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A program in Hewlett-Packard BASIC for calculation of CIPW normative minerals
using HP-Series 80 computers and VISICALC electronic worksheet

INTRODUCTION

The calculation of normative minerals was originally proposed by Cross
and others (1902) as a basis for classification of igneous rocks. Although
the taxonomy-based nomenciature is no longer used, the standardized set of
normative minerals is still employed to characterize rocks or igneous suites
and to compare rocks that have crystallized under different physical
conditions.

The program "NORM" described here follows closely the subroutine with the
same name in the FORTRAN program "GNAP" (Graphic Normative Analysis Program,
Stuckless and VanTrump, 1979). Options suggested by Washington (1917) for
minor modification to the normative calculations have been retained. Use of
these options is initiated by the user through answers to queries from the
program.

The program “NORM" uses data stored by the "VISICALC" electronic
worksheet program as input. The program writes results to a "/SS" file which
can be loaded into “VISICALC" for printing or modification to publishable
quality tables. MNormative results are usually reported in weight percent, but
calculations are performed in molecular proportions. The program allows for
creation of a data file which contains the molecutar proportions of both
oxides and minerals.

EQUIPMENT, TIMING, AND STORAGE REQUIREMENTS

NORM is written for HP-Series 80 computers and may require modifications
if it is to be run on other computers that use "BASIC" as a programming
language. Storage of the program requires 90 records of 256-byte length.
Calculated results are written to a file of 256-byte length records. The
number of records is equal to 5 times the number of samples plus 13.

Execution of the program as listed in Appendix I requires approximately
77 K bytes of memory. Redimensioning the matrix to accept only 45 instead of
62 samples (line 10, Appendix I) lowers the memory requirement to
approximately 63 K bytes.

Most of the execution time is consumed by the data read and data write
segments. It takes about 2-1/2 minutes to read in the data for 62 samples,
and about 13 minutes to write the results to a "/SS" file. The calculations
for 62 samples which generated 19 error statements, 27 quartz-free analyses,
and approximately 20 queries, required about 7-1/2 minutes.

NORMATIVE CALCULATIONS

The steps used to compute normative minerals are exactly the same as
those used by Stuckless and VanTrump (1979), and the description of those
steps is reproduced here for the convenience of the users of NORM. Oxides
used by the program and minerals calculated are presented in Table 1 toaether
with chemical formulae and abbreviations used for each mineral.



1. The arithmetic sum of the analyzed elements is adjusted for F and Cl
because these are actually combined with some of the cations that are reported
in the analysis as oxides. (Usually this adjustment changes the total by only
a few tenths of a percent.) No attempt is made to adjust the sum for S
because such an adjustment requires assumptions about the analytical methods
used for S and FeO; for most analyses the correction would be negligible. For
rocks with a high content of S, the effect of this correction should be
checked. The sum, corrected for F and C1 is used to normalize the analysis to
100 percent, and the adjusted oxides (and elements) are converted to molar
amounts by dividing each by its molecular weight. In the following
discussion, oxides should be understood as oxides and elements, and amounts as
molar amounts. (Washington (1917) ignored amounts less than 0.02, but they
are used by NORM).

2. The amounts of Mn0O and Ni0 are added to Fe0O, and Ba0 and Sr0 are
added to Ca0. The automatic additon of Ba0 to Ca0 can be overridden as
described below. The addition of Ba0 to Ca0 (or K20 or Na20) has the effect
of yielding a Tow total for the normative minerals relative to the oxide total
because the conversion of the calcium-bearing minerals from mole percent (in
which they are calculated) to weight percent does not take into account the
much heavier barium component of the mineral.

3. In the nine steps of rule 3, amounts of minor oxides are combined
with amounts of major oxides to form trace minerals. If an excess of minor
constituents exist, NORM uses as much of the minor constituent as possible,
and then reports the weight percent excess in an error message. In this case,
the normative total is lower than the oxide total. Minor oxides are
apportioned as follows:

3a. Ca0 equal to 3.33 times P20s5 is used for apatite.

3b. Na20 equal to 0.5 times C1 is used for halite.

3c. Equal amounts of Na20 and SO3 are combined for thenardite.
3d. FeO equal to 0.5 times S is used for pyrite.

3e. Equal amounts of FeO and Cr203 are used for chromite.

3f. Equal amounts of Fe0O and Ti02 are used for ilmenite. Ca0
equal to any excess Ti02 is provisionally allotted to
titanite (sphene). (If there is not enough Cad to use up the
A1203 in the anorthite calculations (4d) titanite is not
calculated.) Excess Ti02 is calculated as rutile.

3g3. F equal to 2/3 the amount of apatite (3a) is considered to be
contained in apatite. Any excess is used with half as much
Ca0 for fluorite.

3h. If the rock contains modal cancrinite, equal amounts of MNa20
and CO2 are combined for sodium carbonate, otherwise this
part of step 3nh is skioped. Excess CH2 is first combhinac
with an equal amount of Cal for calcitae. Any excess {02 is



4, Alumina
4a,.
4b.

4c.

4d.

de.

subsequently combined with equal amounts of Mg0 for
magnesite, and then with Fe0O for siderite.

and potash are apportioned as follows:
Equal amounts of K20 and A1203 are used for orthoclase.

Excess K20 is equal to the amount of potassium metasilicate.

Excess Al1203 is combined with an equal amount of Na20 and is
equal to the amount of albite.

Excess A1203 is combined with an equal amount of CaO
(including the Ca0 that had been provisionally assigned to
titanite if necessary) to make anorthite.

Any excess Al203 is equal to the amount of corundum.

5. Sodium oxide and ferric iron are apportioned as follows:

5a.

5b.

5c.

5d.

Fe203 equal to the excess of Na20 is used for acmite.

Any excess Na20 is equal to the amount of sodium
metasilicate.

Excess Fe203 and an equal amount of Fe0 are used for
magnetite.

Any excess Fe203 is equal to the amount of hematite.

6. The relative proportion of any remaining Fe0 and Mg0 are determined.

7. Lime, ferrous iron and magnesia are apportioned as follows:

7a.
7b.

Jc.

Ca0 equal to the sum of Fe0Q and Ma0 is used for diopside.

Excess Ca0 is equal to the amount of excess wollastonite
(that is wollastonite in excess of that contained in the
diopside molecule).

Excess Mg0 + FeQ is equal to the amount of hypersthene. The
proportions of enstatite and ferrosilite are the same as the

Mg0-Fe0 proportions determined in (6).

8. Silica is adjusted for the minerals calculated in steps 3 through 7.
If tnere is a deficiency in silica, the silica-rich minerals are recalculated
as silica-poor minerals.

8a.

The Si02 remaining after (3i) is decreased by tne amount of
titanite, 4 times the amount of acmite, the amount of sodium
metasilicate, the amount of potassium metasilicate, 6 times
the amount of orthoclase, 6 times the amount 0o albite, the
amount of excess wollastonite, twice tne amoun* of anorthitz,
twice the amount of diopside and the anount of nypersthene,



8b. Excess Si02 is equal to the amount of quartz.

8c. If there is a silica deficiency after (8a), hypersthene is
converted to olivine (forsterite and fayalite proportions
are as determined in rule (6)) and Si02 is increased by 1/2
the amount of hypersthene. If this results in a Si02 excess,
hypersthene is increased (from zero) and olivine is decreased
until Si02 is equal to zero.

8d. If there is still a silica deficiency, titanite is converted
to perovskite and silica is increased by the amount of
titanite.

8e. If there is still a silica deficiency, albite is converted to
nepheline and Si02 is increased by 3 times the amount of
albite. If this results in a silica excess, albite is
increased (from zero) and nepheline is decreased until Si02
is equal to zero.

8f. If there is still a silica deficiency, orthoclase is
converted to leucite and Si02 is increased by 1/3 the amount
of orthoclase. If this results in a silica excess,
orthoclase is increased (from zero) and leucite is decreased
until Si02 equals zero.

8g. If there is still a silica deficiency, the clinopyroxenes are
converted to calcium orthosilicate and olivine. Wollastonite
is converted first, then diopside. Si0O2 is increased by
twice the amount of clinopyroxene and the clinopyroxene is
changed to orthosilicate. If an excess in silica results,
clinopyroxene is increased from zero and orthosilicate is
decreased until silica equals zero.

9. Molecular amounts of minerals are converted to weight percent by
multiplying molar amounts by molecular weights.

10. The total normative minerals are then calculated and divided into
two categories. Salic minerals include gquartz, corundum, zircon, orthoclase,
albite, anorthite, leucite, nepheline, kaliophilite, halite, thenardite, and
sodium carbonate. All other minerals listed in Table 1 are femic. If silica
js still deficient after step (8h), NORM follows the convention of Washington
(1917) and reports silica deficiencies after step (8h) as excesses of Mg0 and
Fed (in weight percent) with normative olivine decreased. This has the effect
of yielding a low normative total.

The output of approximate norms and excess oxides provides sets of usable
information. The approximate norm allows data from the sample to be evaluated
in the same manner as samples for which an accurate norm could be
calculated. The excess oxides can then be evaluated in terms of analytical
error or the existence of modal minerals that are not considered in the
normative calculations. For example, an analyvsis witn a low analytical tota!l
(e.q. 98.98%) and a large excess of P20s beyond that used in tne norin (e.aq.
N0.50%) could result from abundant rare earth phosphates in the rock.



Alternatively, an analytical total near 100 percent and an excess of P20s
beyond that used in the norm of 0.01 percent indicates that the norm is
accurate within the limits of analytical uncertainty. As a third example, the
analysis of a dunite may have an analytical total near 100 percent, but
contain a large excess of Mg0 beyond that used in the normative calculation.
This could indicate the existence of periclase or brucite in the rock.

The only major difference in the normative calculations by NORM and the
rules proposed by Washington, is in the treatment of CO2. Washington proposed
that CO2 be treated three different ways, depending on petrographic results:
(1) if cancrinite was present, CO2 was first used for sodium carbonate and
added to the salic component with any excess CO02 used for calcite, (2) if
primary calcite was present, CO2 was calculated as calcite and added to the
femic component, and (3) if secondary calcite was present, CO2 was calculated
as calcite, but calcite was not used in either the femic or salic totals.

NORM provides for a user-initiated calculation of sodium carbonate which is
added to the salic component. After sodium carbonate is calculated, or if
this calculation is not requested, CO2 is assigned to calcite, with excess CO2
used for magnesite, and if necessary, siderite. These three carbonates are
added to the femic total regardless of whether they are primary or secondary.

PROGRAM OPERATIONS

The format for data input for NORM is fixed as follows: The data must
have been stored to mass storage from the program VISICALC or other program
that creates a "/SS" type file. The first row must contain sample
identification. The second row may contain a plotting symbol, a blank, or
other sample information. The third through twenty-third rows must contain
numeric data or blanks that correspond to oxide or element concentrations in
the order Si02, A1203, Fe203, FeO, Mg0, Ca0, Na20, K20, H20 (which can be
total water, - water, + water, or LOI (loss on ignition)), TiO2, P20s, Mn0O,
Zr02, CO2, SO3, C1, F, S, Cr203, NiQ, and BaO. If information other than
blanks (which are read as zeros) or numeric characters are encountered during
the reading of rows three through twenty three, the program will pause and an
error will be displayed.

The program runs interactively through a series of queries, which are
largely self-explanatory and are generally answered by "Y" or "N" followed by
pressing "END LINE". The first query asks for the file name for the data to
be loaded and provides an option to view the catalog of the disc in the
current mass storage device by pressing "END LINE" without entering any file
name. After a file name has been entered, the restrictions for data format
(given above) are displayed on the CRT (Cathode-Ray Tube). The program then
asks if the data file is ready to load. Any answer other than "Y" will cause
the program to restart. An answer of "Y" will lead to the query "WHAT IS
PRINTER ADDRESS FOR ERROR MESSAGES AND RUN CONDITIONS". The designation of an
external, hard-copy printer provides a permanent record of error messages such
as an excess of an element left over after calculation of the norm, or of
user-imposed conditions such as calculations made water free.

If the requested file is not found, the program displays "FILE DOES NOT
EXIST! DO YOU KEED TO CHANGE MASS STORAGE? (YES OR KO)". An ansus~ of "%
prompts a querv for a new file name. An answer of "Y" prompts a auery for a
new mass storaae address. Any other input restarts the proaram. The entry of



either a new file name or new mass storage address causes a new attempt to
read the desired file.

After the data are loaded, the program presents a series of queries. The
first query "DO ANY OF THE SAMPLES CONTAIN CANCRINITE" (YES OR NO)" sets a
flag for calculation of sodium-carbonate. An answer of "Y" will cause a query
during the norm calculation for all samples that contain both Na20 and CO2:
"DOES SAMPLE [name] CONTAIN CANCRINITE? (YES OR NO)". An answer of “Y" will
cause sodium carbonate to be calculated before other carbonates for the
specified samples.

The next query is “DO YOU WANT CALCULATIONS WATER FREE? (YES OR NO)". An
answer of "Y" does not change the reported analytical total (which is always
adjusted for F and C1 if they are reported); however, the total for the
normative minerals will equal 100 percent rather than the analytical total
adjusted to 100 percent. Thus, if the analytical total adjusted to 100
percent contains 2 percent H20, an answer of "N" will yield a normative
mineralogy total of 98 percent and an answer of "Y" will yield a normative
mineralogy total of 100 percent. This query treats the entire data set in the
same way and generates a printed message if calculations are made water free,

The next query is "DO YOU WANT MOLAR DATA STORED IN A FILE? (YES OR
NO)". An answer of "Y" will prompt a query for a file name and cause molar
data for both oxides and minerals to be stored in that file.

The next query is "FILE NAME FOR NORMATIVE DATA". This file will contain
weight percent data of oxides and minerals. The file name must be different
from any file names on the disc in use, including the file for the molar data
(if one was requested).

The responses to the next two queries determine the format the output
data. Any answer other than "Y" to the query "DO YOU WANT VALUES WITH NO DATA
REPRESENTED BY LEADERS (---)? (YES OR NO)" will cause zeros to be used in the
output file. The query "ROUND TO HOW MANY DECIMAL PLACES?" requires a numeric
answer. Rounding is done as the file is stored, and therefore has no affect
on accuracy of calculations.

The program then proceeds to adjusting values to a total of 100%, and
conversion of these values from weight percent to molar proportions. Minor
elements are then added to major elements as described under rule 2 in the
preceding section. If a sample is found to contain Baf, the user is given the
option of adding it to Na20 (if SO3 is also given in the analysis), K20, or
Ca0. A message as to where Ba0 was added is printed.

The program then proceeds with calculating normative minerals. If an
excess of elements or oxides are encountered, error messages are sent to the
printer; for example: “THERE IS EXCESS P205 OF (X) WT% IN SAMPLE (name)".
Similar messages can be generated for C1, S, Cr203, F, CO2, and Zrd. If there
is insufficient Si02 to complete the normative calculations, it is expressed
as excess Fe0 and Mg0 in an error message. After data storage, the total
number of error messages generated is printed.

In addition to normative minerals, NO?' calculates and stores a few
standard variables: the differentiation index of Thornton and Tuttle (1960),



which is identified as "D INDEX"; the partitioning of clinopyroxene (DI) into
DIEN (Mg component), DIFS (Fe component), DIWO (Ca component); WOL (Ca
component in excess of that used to form diopside; HY (Mg and Fe component in
excess of that used to form diopside): HYEN and HYFS (the Mg and Fe components
of HY, respectively); OL (the total of FO and FA); PERAL (the molar ratio of
Al to (Na+K+Ca)), and PERALK (the molar ratio of Al to (Na+K)). Total
normative mineralogy and salic and femic components are also presented.

Data are written to mass storage with several instructions for the
VISICALC program. The row identifiers (oxides and calculated minerals) are
left justified by a local formatting command, whereas all other information is
right justified by a global command. Column width jis set at 8 spaces, and
page length is set at 20 lines. Any recalculation is set to occur
automatically and by columns. An example of output from NORM (slightly
modified by the addition of horizontal lines) is presented in Appendix II.



17.
18.
19.

WO
EN
FS
FO

Table l.--List of variable names used in NORM

Oxides and Elements

1. Si02
2. Al1203
3. Fe203
4, Fe0
5. Mqg0
6. Ca0
7. Na20
8. K20
9. H20
Ti02

Minerals

quartz (Si02)

corundum (A1203)
zircon (ZrSiOy)

orthoclase (KA1Si30g)

albite (NaA1Si30g)

anorthite (CaAl,Si20g)
leucite (KzA]zSqulz)
nepheline (Na2A12Si20s)
kaliophilite (K2A12Si208)
halite (NaCl)

thenardite (Na2SO0y)

sodium carbonate (Na2C03)
acmite (Na2Fe2Siu012)

sodium metasilicate (Na2Si03)
potassium metasilicate {K2Si03)
wollastonite (CaSi03)
enstatite (MgSiO3)
ferrosilite (FeSi03)
forsterite (Mg2Siny)

12.
13.
14,
15.
16.
17.
18.
19.
20.
21.

20,
21.
22.
23.
24.
25.
26.
27,
28.
29.
30.
31.
32.
33.
34,
35.
36.
37.

MnO
Zr02
CO2
S03
C1

Cr203
NiO
Bal

FA =
cS =
MT =
cM =
HM =
IL =
N =
PF =
RU =
AP =
FR =
PR =
cC =
MG =
SD =
DI =
HY =

fayalite (Fe2Si0y)

calcium orthosilicate (Ca,Si0,4)
magnetite (Fe3Oy)

chromite (FeCr20u)
hematite (Fe,)s)

ilmenite (FeTiO3)
titanite-sphene (CaTiSiOs)
perovskite (CaTi03)

rutile (Ti02)

apatite (CasF(POy)3)
fluorite (CafF2)

pyrite (FeS2)

calcite (CaCO3)

magnesite (MgCO3)

siderite (FeCO3)

diopside (EN+FS+WO0-KOL)
hypersthene (EN+FS)

olivine (FO+F~]
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10 REM CIPH NORMATIVE PROGRAM BY J. S, STUCKLESS U6 29,1943

20 DIiM C$f511,>t/4,g?) h%(f/i 1E24 .62 BU62) RH(21), Mﬁ(CQ)

A0 15" ("ACHRE (Z17Y&"CS OR T&CIRG (206267 6 CLEAR @ JHAX,E=0 8 [$="N"

40 GOSUB 2536 & INPUT N%

S0 IF NUT LUN <AS) THEN GOSUB 200 & CLEAR & GOID 49

60 CLIAR ¥ ssenn DS OY PRUGEGH K:Qi“‘(fYUNS FUR DOTA TRPUYT sorwacexaiswesenmxns,
76 DISP TPROSHAM ASSUHES THAT o/t fphit 16 IH RaW 1, SYNBGL IS TR ROW 2, 7
/O PISP "OXIDE #ANFS ARE TH COLUBE 1 TH THE ORDUR ¢ 5102, 081203, Fe203, fel,”
¢ DISP "Hal, Call, HaZil, ¥20, LO03, 1i02, P205, HMall, Zrhi2, CO2, SO03, CI, F, ©
109 DiSP S, Cr203, Nifl, and Bu().” @ DISP & pDISP

P10 BISP "BLANKS RILL BE REAL G5 ZEROS™ & DISP ’

120 BISP "DHONYA HUST HAVE DEREN STORED «PEW TVESICAL O GR OYHER T/887 TYPE FILE.T
130 DISP @ DISP IS "ah%&™ Dain ¢ Lk T LGAY ¢ "4a1% @ 1INPUT BS

14C IF B%#"Y" THEN 4D

156 DISP "HHAT IS PRINTER ADDRESS FOR ERROR MESSAGES NRD RUN COHDITIONS®

160 THPUT B PRIITER 1S A ¢ CLEAR 2 GJTU 288

170 OFF ERROR & 10 ERRN -89 THIN DISP "INVALTD o010 FHRCOUNTURED IR RON™ T

180 GUID 2550

190 OFF FRIRNDR & BLEP & DISP A% FILE DODES NOT EXISTY! Di YBU KEED 10 CHARNGE MASS
STORACE? e Xs 0 FHPLT A%

200 1F 65="H" THIH CLEAR © GUSUR 230 @ GOT0 230

210 IF 0%#7Y" TiEn CLEAR & 60Th 40

220 DISP "MASS STORAGE iq '»ﬁ_ TUoa THPUHT S%& hﬁ’“ STORNGE 18 S% & Giytg 280
230 CLUAR @ DISe & BISP UFHSHRE THAT FILE IS UM IHE CURRENT STORAGE #rpIUM BEF0Q
o DI I HaMDT £ Uii?

ZAG DISD TEHIYRE DR RAPT, BE OPRESS ("'“ LINEY FOR CAIALUC.™ @ RETURN

256 LR 15 2 Q gish & CAT 8 “3f“ UGING "3/ 6 (BT IS

260 DIsP @ 035 “PRESS [CUNTI KEY HHEN REARY " @ PAUSE

270 RETURN

280 0N FRROR COT0 190 @& ASSIGHNs 1 10 A% ¥ SUBRGUTINE 10 LOAD "VISTCALCT FILE =
3G0 CLEAR & DISP "FILE HOKME: "&f$&" 1S BLING LOAGDED” @ ON ERROR GGIO 170

3?0 RiEedx 1 3 Ch

220 W PAS CCE, U7y THEN 240 FLSE ASSIGHy 1 TO = & CLEAR @ GOT0O 450

3’9 7? POS LCSP18,7/™) F W CuTh 310

340 CsL2,21-7 ‘e GHD HUM (CHT312<H8 TIlEN 310

350 CH=C%$L21 8 J=HiH ((s> 65 6 GOSUB 430 6 C5=C%121

2G0 IF HNUM {C8¥ALS Hi 390 LLSE X=NUn (($)-64

370 1F Jeu [HEH J:25+X EESE J=51+X

380 Gtsbﬂ 430 8 C$-CsiZ2]

3908 1L (CEY @ =P8 (OS5, 6 CS~CBE71 & 1 I<3 THEH 410 ELSE I=I-

400 GCL.0y=UNL (CF)y 8 GUTD 310

410 18 T-01 THEH RSO -Cit?1 ELOE HSe) =03

AvG Gl 339

430G 30 AKX YHEN B

A40 RETURN

450 CLii & ISP "“G?h FHE PGS LAGRED™ & PISP @ b{SP

ALY DTGP Th pEe S PG O MORTHITE &1 o THPHT B3O CLEAR

470 I)LS it "i”! Yif 7l SR Tl Pels 6 F"NJ‘ i’

AR D ESE T VD ST TR o D 0 8 JHPUT 6%

490 1 i: { AN DO npt Ak Bhatn 27 @ NEHT L

LOo P o/ Pf‘“ "ti{ B ROBORHG LD BOATA ” @ IHPUT K5d DTS

H10 DIsSP iy VOU HANT Unt Ui HTEH el PR0R REPRUSENTED BY TIADERS G--) "&1S

APTiRDIX T

10



L0
530
540
558
60
570 S
580
90 S
600
GiG
20
630
G40
650

INPUT Fuo@ DISP 6 DISP “ROUND 10 HOW MANY DECTHAL PLACES?™ & TNPUT EY
DISP “ADJUSTIRG OXIDES 10 10077 & jF BS«"Y" THEN 550
PRINY "Vﬂhﬂlf}VL RESULTS CALCULNATED HATER FREE™ @ PRINI
FOR J-1 70 AKX @ S=0 ¢ FIND SUY Ot EACH CUPLUMN #5500 500 0000 X 0010308 5056 06003 363056 3036 56 30 9
?OQ 1=1 70 21 & W ERROR GUTB 580
=$545(1,0) B NEXT 1T @ cO79 598
orr ERROR @ IF ERRE =7 THFN ST, -0 & GATY 570 CLSE GOTO 170
5=5-, 42*?(37‘J)—.23*S(16.J) VADJUST SUM FOR I AND C1 »rosxosrssesmsnmsnxsexxanx
S22, =S @ IF BS#"Y"™ THLH S3,0-5C22, ) ELSE $(23,4y=8¢22,-5(3. . 1)
HEXT J
FOR J=1 10O JHNX 6 FOR T=1 706G 21 @ 1<I,0=CC1,/(SC23,0>/100) € NEXT I
KREXT J & TIF [S$="Y" THIHN 690
FOR T=1 T 21 @ READ RECEYE NEXT 1V MOLECULAR CONVERSION FUOR UXIDES sewsensis
natTh .016b%334, 009507652, . 806262047, 01391858, . 02480688, . 01783186, .6161345,

L01061533, ., 05540825, 03?5‘583;,0970ﬁ5ﬂ8?, 914649594, GU&??\GdJ Q2272213

660
670
689
(30
708
710
/20
73

740
790
760
7740
F&iH
AR
$Gy
816
820
830
8440
850
LY
8270
{ED
290
900
q14
420
430
G40
a50
960
asn
400
390

DaTh L0 ’“%J/Q LU28206306, . 05263801..03128752,.0085?9372,.0133852,.00652148!
GasuR G0 @ et 860

CLEAR © DISP “COHVERTING DXIDES TO MOLAR VALUES®

FOR J=1 10 JhAxX @ S= 0

FOR I=1 10 21 €& T, D=T{I. . =RHI> & S=5+T<(1,J) @ NEXT I

1¢22,0»=S & IF E%="Y" THEN 850

T4, D) =T8,03 1(12,J)4f(2F Jy t ADD o0 AND NiO TO Fell seosexscsesismaranmenssnsnnrns
IF TS5, HD=1¢21,03=0 THEN 770 1 ADD Ball T0 Ha20 DR K20 OR Call sxxxxxxsxrsts
CLEAR @ DISP "DOUS SAMPLE "aN$(J)a™ CONTATN BARITE 2 &I$ @ INPUT BS

IF R&#Y™ THEN 7840 THSE T, D=T7,.D+T(21,.1)

PRINT "Ba0 NDDED TO Ha20 FOR SAMPLE "&NS(J» @ PRINT @ GOTO 849

IFOT28 , 45=0 FliFiN 840 ELSE CLENR

Ea NN o T RS AN "\';«{l'p LARAS I e I I e nY"\( Ty ’;(n
LR R S RN L BRLFL_E . [Ty

BISE g ’f»J HOMT Ba fm/'_D K
PHPUT D36 IF Bse™Y" THEN 830
CRINT “Bal ADLRED 10 K20 [OR SAMPLE "gNE(J) €@ PRINT

148,01 . D+121,.0) @ 6410 840

TG, =T, I T2,

S5C73,0=1(2,0 /¢ :(Y,J)*TCS,J)fT(G,J)) O S(74, D=1, D/, 0+T(8,.1))
NEXT J 6 PETUGRN

l}‘{("l) C‘( f" ("! \4{}{4{:!(1 tl{\t’))ﬂ“

FOR J-1 ?G JMOY

IF TCH, =0 THEH S(BA, 0 -0 @ GOTC 950 1 O CULATE APATTTE woxssssasms st
it 3.3?"J?*l€11,d)<Tku,l) THEN 940 ELSE ${54,4)=1(b,J3/3.33333

T, =T8T, D -SCBA D /M1 8 16,000 @ X=T11, 0

[F X>.064 IHEN GOSUD 2529 LLSE ¢uiu 450

PRINT "THERE 1S EXCESS P20% OF";X;" WT % IN SAMPLE "&N$(J) & PRINT

E-E+1 & GO 959

TG =T -2, 333033111 ,.0) @ s(Sﬂ,J):1(TI,J)

IF Vi, -6 THAY )(JU,J) G R OOl 1020 1 COLCULATE HALTTE wrmxsscsmsnsesnxs
0 Lo b CIG, DT dy GHER §6810 ¢ G0 5435, 0 -T(7,.0
T(?E,J)@(T(!G.J}“?fﬁfia,1’)/%311’) 17,008 X=1016,.1D

I ¥, 004 THEY CUSUR 2520 TEST GO 1026

PRI "THIR IS PYCESS CL O™ Xa™ WY % IH 5AMPLE "&N$(J) & PRINT

i
an SANPLE HANS{JI&IS;

o
r
—
v

1000 E=F 1 @ OB 1070
1610 S€35, ) b (6, 3y @ 14/, 00-1¢7,d2 516, )

1026

IF i, -0 fHEH SE36,J5 -0 & GOIG 1660 ¢ CALCULNTL THENARDITE waxmsxsnsex
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1030 IF T1¢ J))f(!;,J) THEN SEB6,.D-TC15,) ELSE S(36,0=1(7,0)
1640 1(/.J)'rf7 ~5C36,.) 8 TOiL, D=T5,0)--8(36,D )
1050 1(1 8,.D= T(s% D7 as, ADD EXCLSS S03 10 S

1000 T¢I, =0 THFN SCHG,.05-0 8 GOTH 1130 ¥ CALCUINTE PYRITE =oseswmxsmnnnsnnx
1070 IF TC18,0)= 574, J THFEN 1120 [LSE S56,4)- T(4,')
1080 T{18.J)é(T(18,J>»2*T(Q,J))/RH(38) 8 T4, J) -0 ® X~T(18,J)
1090 I X>.004 THEN GUSUB 2520 LS GO0 ‘!?ﬂ
1100 PRINT "THIRE TS EXCESS S OF™; X;” WT 7 IN SAMPLE "aN$<(J) & PRINT

Pi0 L=E+1 @ GO 1130
1120 SO, =% T0i18,0) & T4, D74, D-.5<TC18,.D)

Y130 10 119,00 HHEN S8, 0=0 W GOTO 1200 1 CALCULATE CHRUMITE sxsssmusxssnsnex
1140 TF T<19,0<0¢4a..b Th:N 1190 VILSL S48,0=T(4, D

PA5S0 TC1G, =T 1S, -1, 2 /RIS 8 T, =0 8 X=T(19,.»
1160 1IF X; 004 THE“ GOSUB 2520 ELSE 60710 1760
1170 PRIHT “THERL IS [XCLSS Cr203 OF "X HT 7 IN SOMPLE “&N$<(.J)) @ PRINT
1180 E=E+1 8 GOTO 1200

1190 S¢48,03=T(19,J0) & T4, N=T¢aA, D-T19, D

1200 I Tea, >80, TH‘” S50 ,0)= T(IO,J) ELSE S50, 1-T<¢4,.0 F ILKRENITE wwexsx
1210 T4, =144, 03-5¢50 .0 @ i(!ﬂ Jy= 1(10,J) -S(50,D

1220 IF 1(37,J)=0 THEN “(53 J=0 W Garg 1300 ¢ ﬂﬁJUST P FOR AP & MAKE FR =wxwxs
1230 T(T?,J)ﬁT(!?.J)"?/%*‘(Hé B & IF Y17, <0 THEN TG17,0)=0
1240 I T¢17,0=.5<7(6,.1) THEH €010 1290 lL)l 5405, D =T6,d)

1250 TA17,D=(T17, 1-2=T(G,IN/RM173 B T(5,4)=0 @ X T(i?,J)

1260 IF X>.0064 THEN GOSUB 2520 CLSE 6070 1300

1270 PRINT “THERE IS EXCESS F OF™:;X:™ HT 7 IR SOAMPLE "&N$<¢J) & PRINT

1260 E=t¢t 8 COTH 1300

1290 Sehs, o=, 0=1¢17 .Y @ {6, =T{L, D~-.5=T{17 .1

?JUU Ir ddin,ur=0 Thil S{57,07,0(5¢ .80 ,8450..00 558,00 & 4010 1510
IF DeymY™ TN 5437, .01 -0 2 GUIE 1395 ¢ CALCULATE CARBOHATIS mrsawnrssrarew
1%20 CLEAR 8 PISY "BULS SaNM C "aNSCOAY CONTALN CANCRINITE 7U&ly & IMPUT BS
1330 DISP # pIsh "“DQT.“UI&C RITH MGG CALCULATION"
1340 I DEe7Y” THEN S3/,0=0 & G974 1390

250 PRINT "HO203 ﬂlif””TﬂD FOR SARPLE “&NS(J) 8 PRINT
1360 IF T34, 04747 ,J0 THOR 13806 ELSE S<E37,0=T(7,)) ¥ SODIUH CARBONNTE LUOP
1370 T4, . D=1¢14, D-147,0 & T(7,0=0 & GOT0 1390
1380 S(R7,0D=TC14,.5 8 TGi4,.0,5(5/7,10,5(58,0,5459,. D=0 6 1(7,5H=1(7,1D-5(37,.)
& GOT0 1514

1390 W T4, D <TG, THEN 1410 ELSE SG7, 0 =1T(6, 4y Y CALCITE 1L.0gP
TG0 TOUA,Jr=1C14,d2-5(57,0y & T(5, D=0 & GOy 1420
1410 SC57, D=T<¢14,0) @ T¢(14,J3,5¢58,0),559,0=0 2 1,D=1¢,1-5G7,0) 8 GOTG
1510

1420 IF T4, <5, THEN 1440 ELSE S(58. 1 =T(5.Jy ¥ MAGNESITE LOOP
1430 TCA, D=1C14,0-5(H8,.0) 8 T(5,.0=0 @ GOTU 1450

P4AG SCHR, D -T414,0) @ T4, S¢S0 D=0 & T35, 0=T(5,0)-5(58,0) @ GUI0 1510
1450 010 1414, 0<04,.0) Tkt 1) i LSt S(nn, - ia&,’) v STDERIME Loup

1AGG TCH4,.D=01414, .0~ ‘(‘W,J))/Kw&iﬁ) @A, . =0 8 X184,

1470 TI X>. 0684 THEN G050 29520 LLSL GOTO 151y

1480 PRIHT "THERE IS tK(!»; CO2 0P Xy HT 24 I SaNPLE “aNs<{b @ PRINT

1490 P-1+1 8 GOtg 1510

1500 SMY, DA, 0y & e D=1 D=-1414,.1D

150 3 113000 =0 THEE S5¢26, -6 8 GInY 1hen t CALCULNTE ZIRCOH xwxxssesnsnrwinsx
1520 IV TGi3, D040y TV 150 115 S48, .- 11,0

1530 13,32 =<CH012, -1V D /RMGIGY 6 148,000 & X-1¢13,D)

C.

¢

AR
‘

—
A0

Y
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1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
16560
1670
1620

1690 1

1700
1710
1720
1730
1740
17450
1760
1770
1780
1790
1644
1810
1876

G306
184y
1850
1860
1870
18840

I ¥>.004 THEM GOSHE “ﬂ/h flu‘ 710 1540
PRIFT "IUERL LS DXCESS Z1i Uy X WY X
E=E+1 @ 6a70 1280

S, H=T3. 1 & T, D=7, H-T13, D
IWOT(8, 433 7¢2,0) THEN 1600 FLSE S23,.0=T(8,J) ¢ COLCULATE OR & KS msxxwxx
12, D=12, D-T{&,I)y & T3, N6 & S40,=0 & G0 1620

S, DN=T2, 0 & T3, D=1, N-T2,J) & T(2,1=0

S8, =T, 0 € T, H=0

T (7, 0142, THEN 0640 ELSE SC30,0)=-T .0 ¢ CALCULATE NLBITE woimssesrsw
T2, 0y=T(2, y-T(7, 4y ® Y7 ,.4y=0 & 6070 1650

SC30,=T¢2,J4) & T¢7 . 0y= T(?,J) T¢2Z2..D @ T(z,4y=0

F T2, 00006, HiH 1670 CLSE Sa31, D=1(7,J> ¥ CALCHLATE 6H & Crxxxwxwnxx
TG, =146, 03 -T€2,.h & 1T(2, )= U @ C(?? D=0 e 6010 1690

SC31,D=T(G,Jy € T2,.1)~= T(/ DT, D @ TH,d=6

SR7. 4= (2, ) & T{? Ar=0

T¢hH, DTG, 03 e 1710 FLSE SCHT,Jr=1410,J) ¢ CALCULATE IN & HU mxwxx
T(H, D -6, -TCG.J) & TC10,03=0 8 S(53,.0h=0 0 GOTG 1730

S(51,.02 T(u,J) & T¢18,0=1€10,0)-7<6,J) & T, D=0

S53, D =1010. D)

IF T(Y,J):U THEN SO35,.0),5(3G,.4y=0 8 GOT0 1780 ' NC, NS, HT, & HM #wxxsewsxn
IT T4, D<T¢3,J) THEN 1770

S, D=T¢3,.1> 6 17, N1/, D-T(3.1 8 1(3,H=0

S(39, =T/, 0y 8 T(7, -6 & 6076 1780

°(§u,i):T(7;J} B T3, D=T3, D-17, 8 T{7,5,5(39, =0

IF T¢4,0>>7¢3,J) THEM 1800 ELSE S47,.0=T4, D

1(3,d)= 1(u,w;~!(4,J) # 78, =0 @ S49,.0- ‘(3 Jy @ Go670 1810

0’4/ =143, 6 T74,.0=14,.1-T(3. 0y & S(éQ,J) =()

S(@Z,JFZ?ii,J; & 5(42,}3z1(59J) & SA3, 07 A 0y Y BN, FS, DI & W) sesesmwns
S0, drmanaz  drahialdr o m o ir S0, 0 i 1840

T2, =542 , 0¥ /S¢61 0y @ Y21, =543, .0 /5¢61,.1)

T SR 10e ) THYH 1850 ELSE S0, =S651,.0

S(G,J)=1(ﬂ Ji-8461,) 6 S5, 1=-TChR, D) & S61,0=0 & GOT0 1870

SEH, 0 =70, 8 0(61 J) =0 K:u L 3)=5E67,0-S¢606,D

S(SQ.J),SCQ} 1,534, J) 5¢46,J) ¢ (62 JY,5¢(52,5=0 t BALNNCE STLICA sxsssxux
T¢9,0>=S(51, i)+4*5(38,J¥+S(3‘ NORN (,0 DGS9, N 45E0, D541, D +2+5(31

TH SAMPLE "8N$(J) & PRINT

SRS CH2 J)r (A3, D)

1890
1404
1910
1920
1930
1940
1954
1960
1974
19
1990
2080
2010
2020
20340

it T(?,}) §(1,J) THIE 1910 ELSE SG26,.0D=TU,H-1¢,D

Sa41,00 5441, -8G7 .0y 6 GOTO 1920

COSIB 2150

SCat, D =5¢67 , y+560, ) @ S(GS,J)<S(67,J) @ 3(64,J3,8(57,J)=S(60,J)
)(hJ,J) LG, D12, @ S(b,J)=5(60, =121,

3(42 D=5, DS, D y=1(20,00 & Q(Q&,J) (5(61 yJASB0, 00 =T (21, )
SC59,D=51,0y & S0, =561, D=T(20.J> & ¢ (/1,J} SGH, DT,

S(ﬁﬂ,J)rS(EQ,J)*T(QQ,J) @ S(GG,J)*S(GZ.J)*T(Z].J) ® S(?Z,J):S(S2.J)

T, 0, T 20,4), 142,02, T4, 3 =0

HEXT J

T GS2UYT O THEM 2020 LS CLEAR & BISP "RELGABIRC HOULNAR VALULS TOR OXIDES.™

Phe"Y" & GHnil G20 & GOSUS 2672

EG=YHY & RESTORE 2650

FOR T-1 3 34 & LEDD HNOT6E 1YY T 00 K f(IU! AR CONVERSTHNS iR BIMNERALS =
DOIN 600848, 107, ,\?z..ﬁ H’H.f’, G738, 5246,440%5,278.2102 4365008 260,104,

16,3347, 1108856, 142 0412165, Lang JAG2 . iUﬂ.?RH ge3l, 154, 29&2 Fi6.10642,106.3867
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2040 DATA 131.9212,140.70/6,2082.7776,1772.2430,231.,5383,223.83063,159.6922,151. 744
9,196.063,135.9/2,79.8988,4336.2042 78,6768, 113,975,100, 0894 84, 32133,115 8564
2050 CLLAR @ DISP "(ﬁNU!P?Ihb N}Nf{( S 10 HthHi DIR(EV!

2060 FOR J=1 T UMK 0@ S=0 ¢ FOR 126 T8 59 & I S(J,J¥-4 THEM 2080

2070 SC1L,1)=5¢T, =K1 -25) & $=S+5¢1.J) @ TF 1438 THEN S(61,0)=5

2080 MIXT T @ Ofﬁu J2=5 & SG2, D =500, -5G1,.D

2090 S63,.0)= S(?G,J)#u(/Q,J)*S(?G,J>r§{?3,J)+’(%4 S S22, D)

2100 SG8,D) =S68, N=HMCIE) 8 S(h/,.D=5041,))- 8(58 J)

2110 o(b&,q)*S(GG,J)*Hﬁ(!S} @ S(GS,J)‘ﬁ(Gb,J)*HH(§7) 8 S(76,.H=8¢70,0)~WM017)
2120 S64,0)=5(6Y, DHSGE, J31S67,Jr @ S71, =571, 0)+HHAI8)

2130 S, NS0, D871, 0 8 S(72,1)=544,J¥+5¢45 1) @ S(25,0)=0

2140 NEXT J @ Gt 2580

2150 X=1C8, 0-T(G, 0 +S61,0) @ S(26,.0=0 1 CONVERT HY 710 OL & Si02 »=»xmmrmnnnn
2160 Y=2=X-5(61,.0y € IF Y<0 THEN 2184

2170 SG2, D=8{61,Ji-{ & S6Y, =Y

2180 RETURN

2150 Sfﬁ?,d)=.5ﬂ$(6§,d) 6 S{61,0)=0

2200 KoX-5462,J3S8B1, 0 B I X0 THEN 2220 1 CONVERT TR TO PF & Si(l2 sesxaxsun
2210 )()2 Jy= Q(qi Jr-X & S(51,00=X & REITURN

2220 K= X+b*S(JO }} @ b(%é = % 51,0 & S(51..0=0 ¥ CORVIIRT AB TO NE & $5i02 sxnx
2230 Y= “?*0(30¢J7 & IF Y’“ OR Y>6=8030,.0) TPPN 2250

2240 (dJ,J) 1.5=5(20, -, 26=X 6 5 30,J)=.25“Y # RETURN

2250 5(33,J)- S(}G,J) @ S3¢, D=0 & X=X-2x5(33,1346=5(23,)

2260 Y=X-~- ,/;x("( i¥ 0 CONVERT OR 10 L8 & S22 wxors3e 303565 2363 315 I AN X HTHANNSS
2270 Ir Y4 BQ Y/U%J(ZQ,J/ THIN 225

2250 S32,0y=3=823, 430X & S5(28,0=.5=Y & RETURN

22a0 ‘:‘s(f?}l,‘?}"", 9,0y 8 S(2h, J=0

2A0Y X A-ongmN(ss 'u;+ ib’ Ay b CDHVERT B T U5 4 Si07 #vsenmmnme RN NN FER TR NNE
230 V=S(57,J-X 8 U= Z‘x wE/, D

2320 IF YLl Ui 240 iHEN 2348

2320 s¢AG, DY & (bl.J/‘l & Rffi

2340 X= Y4J¥%(6G,J) ® Yi=2=(X-5(6G, J)‘"S(G7,J) t CONVERY DI TO Cs, 0L, & Si02 »
2350 Y?*ﬂ“S(GO,J)*S(B7.J)"2*X @ Y3*Y2+2“S(67,J)

2360 IF YI<0 (R Y249 OR ¥3<0 THEN 2390

2370 S465, = ,252Y3 @ S(62,J3=5(62,J)+.25=Y2

23860 SQGG.J);,S*Yf & S467,47,54A1,.0=0 @ RETURM

2329 ¢ (Gﬁ‘}}vS(G?,J)F H5(60,.0) € C(éh,J)“ S {567 J)+S(HJ,J))

24040 k’k B0, Y- 5xS{G7 . D s 4xS(R2 0 F CONVERT 1C 1O KP AHD S102 sssoessssesscn nx
2410 S50, JPQS(YX Jr=0 & Yi=X- %*S(?Z.J) @ Y2=K-2=Y1

2420 IF fi)* 0 IHQN 25006 ELSU S{nP, 10 -58462, 00+ Y1

2430 X=ABS (X 6 W(H,J)~'f((?0 J) u;ﬁ (YUDO/RMEGEY @ X, T, =0

2440 14, Jy=2=1(21,.1)=A85 (Y?)/R%(”’ 8 S(34,0)=5(32,0) @ 5(32,H=0

2450 YT 4,0y 8 (Bouh 2570 6 14, =X

2060 Y-TL(5 .0 & (HIUE 25728 @ T<¢5H,.0h+X

ZAC0 PERINTD "R 15 0 BRETCTEHCY GF S T8 SoHPLE "&HNGD

2489 PRINT “LOUIUALENT YO LXCESS Fell ARD Froli GE" s 0C4, 02 "ARD 3 TS, J3 KT 27
2ASO PRI B =041 4 RETURH

2500 S434,00-.0xY2 & S(E2, . D=.5Y1 & RETURY

D10 REM O ROIND T Y DRECIRAT PLACEHS #0585 50 8 5o X 3 56 3 % 59 3040 3 3656 1307 2 5 3 % S 3363 3K I XX K
L2000 X-AE10TE o T CERL Ry -CEIL CGvah) THEH X-IHT OO LLSE X=CEIL X%

2530 XG0 0 “i’“ﬁ#

2540 0L F fpRos o ie Fitty 62 THEH 7570

2550 BISP LRk CUUNTLRE Dy NUMBIR "SERRN 3 UH LTHE NIMBER "iERRL
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2560 DISP “PROGRAM IS PAUSED.™ & pPaush

2570 DISP "DUPLLCATE FILE RONE DHCOURTERED., CHOOST & HEW FILE NAMF OR DIFFERENT
DISC.™ & INPUTI %8 GOTO 2020

2580 FOR J=1 TO Jithd § SUDROUTING 10 STORE DATA TO /7SS FILE smesmeaesexsensistiensxns
2580 [0R I=24 T0 3 STEP -1 & S<I,D=5C1-2,J) 8 NEXT I

2600 X=S(24,0) ¢ GUSUB 20106 @ S5(24,J)=X

2610 HiZXT J 8 0%=K$ @ GB?G 2670

2620 FOR J=1 TO JHnX 8 S=¢

2630 FOR I=24 10 3 STEP -3 6 T, D=T(-2,J) O NEXT T @ S¢(63,02,525, 00

2640 FOR I=26 TU 59 6 S-5(0,D+5 @ 11 I<33 THEN S(61,00-§

2650 HEXT T @ S¢60,.D=5 & S(62,1)-S60,J5-5¢61,0) @ 5(64,0)=2%5(64,.D)

2660 HEXT J &6 651 % :

2670 RESTORL 2920

2680 DISE “STORING DATA FILE &A% © ON ERROR GOTO 2540 @ CRENTE AS,5»JNAX+13
2690 ﬂSSIGH# 1 7 0%

2760 FOR J=1 10 JRaGX

2710 Lth Cae Ce=">"al% @ D$=CY%

2720 FOR =3 {0 74 @ IF Lsx"Y"™ OR 1T>24 THEN 2760

2030 1F T41,0=0 AKD F9=7Y" THEN 2790

2744 ”l<1‘di & Ghsig 2520

2750 GO 2760

27606 IF SI,5)=0 NRND F4="Y" THEN 2790

2774 ¥X=S(E,.0r & GOSUB 2520

2780 CH-DH&VNLE (I)&"'”&Uﬂl$ (X) @ GUT0 2806

2750 Cs-U%avVals (I)&: -

2800 GOSHB 2480

2810 NOXT 1

2620 SRRSOy € GOSUR 2890 6 CH-=DIL"2:7eNEC) & GOsUB 2830
P30 KLET 46 CQXUH 2940

2040 TS HTTECHRS 13560 /600TE0HNG (1338 /6GRATACHRE (13) € COSUl 28940

2354 ="AGCET & GOSUB 2300 @ (m—"/bfP" & GNSUB 2880 @ Ce="/GP" & GHUSUR 2880
2863 ’""/Y"%(hxx (424120Y&7 74001 000107 @ COSUR 2850

2870 ﬂSS{bU# 119 = @ GR7G 2900

2880 CH=CHaCHRS (1)

2299 PRINT= 1 3 C$ & RETURN

2980 17 bseUVt THER 3016

2916 DIGP "RESULTS At SIGRED IR "&ns & UATIT 5000 € RETURN

24920 DRIA ﬁ,f,J [ S I 5 IO SO I A T IO A 00 & O LA 3.? U V ROX,Y,Z.00,88,00 /0 01 AT AG
JAHLAT N 6K ﬂv,:ﬁ ﬁh,f) AP A, Wn.%q 0T, /U, AV, Ol ﬂY iz

2930 0810 UH BB BCLREB, h[ bF BG,i ,uI.iJ BK

2940 DE=" L" # RESTURE /JGO

295G OR l 1 T 74 9 Rifﬂ De8 Ch=">a"&VALE (D&B$&hs @ GOSUB 2880 @ NEXT I

2560 Hin 'UHHPIF SYHDOL

2970 Barn TSl J l}d{ ,Fersi3, Ttell, ﬁgU.')aU.'Na2q K20, LUI TJU2,'P2U5,'NnU,'Z

rZi, T2, T8a3. lz,'l, Syl Ce2ln n:J Ciall, TTEIAL, T JWP ‘Q, z UL,’ﬁb. i, "1.C
2980 BATN 'N" KPR, T TR, TRC, TA s “KS, Ul T, iﬂ ! LS.'HF, R e |

L, 70N, Ty, i, Tal, FR"?’ e, Ju, gﬂ (“lha,, Sﬁtlf FFHIC,'D TRDEX

2098 BATA UL.' Dlln,’ i S, 7 DIEG, THUOL, THY, T HYER, H”’S.'WL,'PFQﬁi,'PERﬂLK
2000 RETURN

30106 Disy "THD ’hhf“ﬁﬁ; e SHETS ARD STHRED TN "ens

3920 PRINT “"IHIS RUN GERLRATED™ '"E.{s"%!‘; WOOF INCOFPLETE HORHMS.™ & PRINT
3030 LHD
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APPENDIX II
Sample Calculations

The following provides an example of output from NORM, The chemical
compositions used are the same as those used for GNAP PROBLEM 1 by Stuckless
and VanTrump (1979) except that the third sample was entered with no water and
water has been renamed LOI (loss on ignition). The first page of output (fig.
1) contains statements of errors and user-imposed conditions generated during
program operations. The next two pages (Table 2) provide a printout of the
weight percent data file. The last two pages (Table 3) provide a printout of
the molar data file. The samples provide a good test for the operation of
NORM in that they use nearly all possible branches in the program.

The first two samples are identical except for the increased Cl in the
second, which causes an error statement. The first and third samples are
identical except for the lack of water in the sample MNO6H. The norm for this
sample is therefore equivalent to that which would be calculated for MNO6A by
the water-free command. Samples 1210A and 1210B are identical, except that
1201B contains enough CO2 to cause an excess and print an error statement.
Similar relationships exist between the remaining pairs of A and B suffixed
samples.

Samples 1165B and 1165C differ in that the calculation of sodium
carbonate was requested for the latter as indicated on the printout of error
messages and execution conditions. This calculation reduces the CO2
sufficiently such that no excess is left after the normative calculation.

Samples AI.I, AI.IS, and AI.IK show the effect of adding Ba0 to Ca0 (the
default condition), Na20, and K20, respectively. The printout of error
messages and execution conditions indicates any use of Ba0 other than the
default condition.

The total execution time for the 24 analyses in this example, including
creation to two data files, was 16 minutes and 15 seconds.
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oae veapght percent

s3I Al.1 £L.IS £1LIK
%

¥ | v v

A

* O "
9 CIVIYTUIELSETTURILTTURELT UL :
5 : 6.25 10,6 1l.16  1l.i6  1l.ie 17.7
9 1.9 1.63 3.22 L.4 3.1 3.1 3.1 2.65 7.16
8 .08 8.95 y.64  21.33 1.21 1.21 1.21 1.58 1.8
36 .36 48.59 19.9 19.3 6.44 44 6.44 .87 3.11
2

6

6

5

A1203 16.5
b e203 &,
¥ ¢cO .

[
1.2 .07 17.76 43 3.46 3.46 3.46 2.9¢ 6.84
6 .05 2.03 <17 1.67 1.67 l.67 9.04 5.42
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Table 3.--Output data fron MM ezpressed inmojecular proportions-- continued
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