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This report describes the system of C02-—in-N2 gas standards
developed at Scripps Institution of Oceanography for the purpose of

calibrating gas analyzers used to measure atmospheric CO These stan-

dards were adopted by the World Meteorological Organizztion in 1976 to
éerve provisionally in their network of Base Line Monitoring stations
until a system of C02—in~air standards is instituted. This report ‘sets
forth the procedures for revising the computations developed previously
in connection with a calibration in 1974, and in use prior to completion

of this 1980 calibration.

Brief History and Introduction

In preparation for atmospheric CO, measurements during the Interna-

tional Geophysical Year, 1957-58, . C. %. Keeling assigned "Index" values
to two gas mixtures of COz—in—Nz. The Index values were chosen to be
close to true concentrations, in parts per million by volume (ppm), but
were arbitrarily fixed irrespective of later data which permitted more
accurate assignments. Other mixtures of C0,-in-N,, and CO,-in-air, were.
then compared to these and assigned Index values through a linear inter-
polation or extrapolation based on the response of the Scripps Institu-
tion Applied Physics (AP) non—-dispersive infrared analyzer. Later on
"these two original gas mixtures were used up and subsequently new mix-
tures were compared to previously assigned mixtures in an ever lengthen-

ing overlapping scheme of intercalibration.

Subsequent manometric calibrations of gas mixtures in 1959 through
1961, 1led C. *D. Keeling to establish a second “Adjusted Index" scale,
,clbser to true concentration. This scale is, however, still 1linear in
the response of the Applied Physics analyzer and consequently also
linear in the Index scale. We will here designate these concentration
scales .by _the letters I and J, for Index and Adjusted Index, respéc—
tively. Manyvdata have béen reportedvon the J scale. However, the I
scale continues to be used by the Scripps Institution, especially for
routine, internally distributed, reports. The relationship between the

scales is by definition:

J = 1.,2186 (I - 311.51) + 311.51 (1)
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Extensive calibrations have confirmed that this Adjusted Index scale, J,
is close to true concentration in the region 310-340 ppm (parts per mil-
lion by volume of dried gas), although it deviates at higher and lower
concentrations -owing to the nonliniarity of the response of the Applied

Physics analyzer.

Since gas calibration mixtures that are directly compareﬂ to air at
atmbspheric CO2 measufing stations are typically depleted within a few
weeks, a hierarchy of gas standards was created to calibrate these so
called "working gas" mixtures. Systematic procedures were devéloped to
intercompare these additional reference gases and to create new ones.,
fhis hierarchy and these procedures are called the Scripps CO2 Referénce

Gas System.

This system consists of manometric standards, Scripps reference gas
system standards, assigned standards, and surveillance standards (Figure
1) The manometric standards, as their mname suggests, have been
analyzed manometrically and are primary standards used to calibrate all
other gas mixtures, but especially the Scripps Reference Gas System
standards.. In recent years the latter have been two in number: a High
Span (at ~340 ppm) and the Principal Span (at ~320 ppm). Assigned stan-
dards, prepared for wuse ih atmospheric Q02 measurement by the Scripps
Institution or by other institutions, are routinely compared with the
Scripps system standards. Surveillance standards, measured against the
Scripps Reference Gas System standards, are intended to show any devia-
tions in the long-term integrity of the Scripps System., In our labora-
tory parlance they have often been referred to as "quarterly tanks"
because they were to be analyzed four times a year, although they have

not usually been analyzed this often.

The operation of the system is schematically indicated in Figure 2.
Overlapé and breaks in the time lines of individual gas mixtures illus-
trate the preparation of replacement Scrippszeference Gas System stan-

dards and their eventual succession as older standards become depleted.

In 1978 another level was added to the Scripps Reference Gas System
‘by creation of a so-called User High Span and a User Principal Span.

Assigned standards for other WMO members were  then compared to these




-5 -
User standards. However, these standards have been closely tied to the
Scripps High Span and Principal Span through frequent comparisons during
their 1lifetime, so this subsidary system is not further discussed in

this report.

An extensive and systematic calibration of the Scripps Reference
Gas System was accomplished in 1974 when a suite of ten manometric stan-
dards were cdmpared to the Principal Span and High Span with the Applied
Physics analyzer. Four of the ten manometric standards had already been
manometrically analysed in 1970. All‘ten were manometrically analyzed
in 1974 and from the data of these calibrations the Adjusted Index, J,
was established as a function of the CO2 mole fraction, X, over . the
range 210 to 450 ppm. The mole fraction values X were found to be well
represented by a cubic function in J. A correction for the use .of the
CO0,-in-N, standards to measure C02-in-air was also determined in 1974,

2 2

based on five’manometrically analyzed CO_ -in-air gas mixtures (Guenther

and Keeling, 1981), and an estimate o%tained of the variation of this
correction with pressure. In 1980 all ten manometric standards were
reanalyzéd -manometrically, and further extensive calibrations were made -
against the Principal Span and High Span, C02~1n—air standards were

also calibrated, but we .report below only the results for C02~in—N2,

since the COz—in-air calibrations are discussed in a further report

(Bacastow, Keeling, Guenther, and Moss, 1982).

Were it not for a problem we refer to as "system drift'" the results
of these CO2 9 calibrations would be expressed by a simple curve of

-concentration X vs. Adjusted Index, J. This curve, of course, would

-in—N

apply only to results obtained with the Applied Physics analyzer at
Scripps, as used in the Scripps Reference Gas System, although it ‘would
be nearly valid for other Applied Physics analyzers, e.g. at Mauna Loa

Observatory, Hawaii.

System drift refers to the observation that a gas mixture is found
" to ’have a progressively lower (or higher) Adjusted Index value, J, by
comparison to the Principal Span and High Span standards. Since 1970,
after four manometric standards were put into use, the drift has been

observed to be "differential': lower concentration gas mixtures have
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drifted downward faster than higher concentration mixtures. Above
approximately 370 ppm the drift is, in fact, positive after 1970. The
drift is apparently in the system; the suite of ten manometrically
analyzed gas mixtures have been essentially constant in manometric con-

centration, X, (see Table 3).

The objective of applying é drift correction 1is to cdrrect. the
adjusted index, measured at a given‘time, to the adjusted index which
would have been determined during the 1980 manometric calibration.
Thus, once the drift correction has been established, and a corrected J
value obtained, the corresponding mole fraction is found by applying the-
1980 calibrating curve, irrespective of when that J value was originally

obtained.

. We have applied three levels of correction to the adjusted 'index
values. Each successive level corresponds to a smaller correction near
the concentration of air and to a reduction in our estimate of the reli-
ability of the déta on which it is based. The results of these three
corrections, in order of application, are called JA, JB, and JC. The

corresponding mole fractions are called respectively X80A, X80B, X80C.

The change from J to JA removes most of the drift; it uses only
information from gas mikturés which were compared directly with
manometric standards, close to the time of manometric calibrations in
1959-1961 = (referred to as '"1960"), 1974, and 1980. The correction from
JA to JB is based on further comparisons with these manometric gas stan-
dards during 1970, 1972, and 1977-78 (the latter referred to as the
"1978" calibration). The correction from JB to JC is based on comparis-—
ons with surveillance standards, and only affects measurements prior to

1 July 1970.

Clearly, corrections could have been formulated in other ways. For
example, the data from 1970, 1972 and 1977;78 could have been treated as
calibrations on an equal basis to thbse in 1960, 1974 vand 1980, How-
ever, the 1970 and 1972 data were for only four gases, and the 1977-78
data was obtained from comparisons involving usually only three to six
gases on .any one déy, and days'were spread over about a year. Since

data from 1970, 1972 and 1977-78 are near the more thorough 1974 and
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1980 calibrations, it was, decided to treat them in second level of

corrections.

Reliability of the System

The present study,allqws an estimate of how large 'might be the
error which remains uncorrected, due to the unavailability of necessary
data. We suggest that a reasonable upper limit on this error is the sum
of the JB and JC corrections. In the general region of air concentra-
tion, 310-340 ppm, this sum is less than 0.22 ppm (see Table 14).

/

1960, 1974, and 1980 Calibrations .

Manometric measurements during 1959-1961 and 1970 (Guenther, 1978),
during 1974 (Guenther and Keeling, 1981),éand during 1980 (unpublished
results) are listed in Table la to 1d, and the results of corresponding
Applied Physics analyzer comparisons are given in Table 2a to 2c. Ref.
Gas Report No.’s refer to reference gas reports on file at the Scripps
Institution of Oceanography. These reports list all reference gas com~
parisons by infrered analysis at Scripps together with subsidery calcu~
lations. Both sets of measurements are summarized together in Table 3.
Infrared measurement dispersion data in 1974 and 1980 are shown in Fig-

ure 3 and discussed in the figure caption.

Calibration cﬁrves for 1974 and 1980.were obtained by making cubic
- fits of the averages ofvall the manometric measurements, X, from 1969
through 1980 for each gas mixture  to the = 1justed Index values, J,
appropriate to each special period of calibration. These data are sum-
- marized in Table 3. Averages of both X and J are weighted according to
the number"of determinations. The 1980 calibration curve is shown in
Figure 4. The difference between the 1974 and 1980 curves, which we
attribute  to drift in the Scripps Reference Gas System, is illustrated
in Figure 5. In the caption to Figure 5, J74 denotes J for the 1974
calibration, J80 that for 1980, The 1974 calibration curve is not
displayed because it would‘look almost identical to the 1980 curve shown

in Figure 4.
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A calibration curve for 1960 was obtained by assuming the same
curve -as for 1974, except for a correction for linear drift as shown in

Figure 6.

The following nomenclature will be ﬁsed to explain these calcula-

tions and the subsequent corrections from JA to JB and JC:

J ‘ adjusted index (proportional to Applied Physics Analyzer

response).

T desighator of a special period of calibration (e.g. T = 60,
74, 80 for the periods in 1960, 1974, and 1980 used to

determine JA as described in the next section).

JT - average adjusted index obtained for a given gas mixture dur-
ing special period, T. '

X S observed CO,

manometric measurements,

mole fraction of a gas mixture based on

X60 average COz,mole fraction based on manometric measurements

during 1959-1961.

X80 average CO2 mole fraction based on manometric measurements

from 1969 through 1980 (T afbitrarily set equal to 80).

CDT central date of special period, T. This central date is a
weight average date for a special period of calibration

under consideration.

D ‘date of a given determination of J not necessarily occurring

during a special period.

ié Correction

The correction of J to JA uses only the data of Table 3 for three
special calibrations with - central dates 1in 1960, 1974, and 1980. A
linear interpolation in time of cubic equations of X as a function of J

is made between the central dates of each calibration period.
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For the period between thé central dates 15 August, 1974 and 19
September, 1980 (CD74 and CDB8O, respectively), calibration curves CUBI

and CUB2 were determined by least squares fits:

xso. CUBL (J74) - } . (@

X80 = CUB2 (J80) ' - - (3)

These two equations (whose coefficients are listed below in Table 12)
predict different relations between J and X. This is presumably owing

mainly to a drift in the Scripps reference gas system.

The drift then is in J, not X. However, the simplestl calculation
‘to make for times between calibrations is a linear interpolation in time
of the values of X obtained at each calibration central date‘ for the
- observed J. Because the drift between calibrations is small, the rela-
tive time rate of change in J ahd X are very nearly equal, and the
difference in result in assuming a linear drift in X instead of in J is‘

negligible. Thus, between CD74 and CD80:

X1 = CUBL (J) o | )
X2 = CUB2 (J) . | (5)
., CD80 - D D - CD74 |
XINTERPL = (mC22 ) X1 + ( ) X2 (6)

CD8O - CD74

XINTERPI is, indeed, the sought after mole fraction based on assuming a
linear drift in time, but since we will apply a second, and possibly, a
- third level of correction, and this will be done in the J system, we
next convert XINTERPI back to the adjusted index system via the
transformation: '

1

JA = CUB2™' (XINTERP1) o (7)

where CUBZ_1 indicates the inversion of the 1980 calibration curve to
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"find J given X.

Data are inadequate to determine a cubic calibration curve for the
1960 special period. It was instead assumed that the 1974 curve was
valid in 1960 except for a linear adjustment in J. A linear adjustment
was deeméd appropriatejon the basis of a preliminary examination of fhe

data. This adjustment was determined as follows:

First, from manometric data, XGO, for the 1960 special period,

corresponding J.values were obtained based on the 1974 calibration:
31 = cusl™! (x60) I (8)

These predicted J values were then compared with the observed J values,

J60, and average differences, /60,
[\J60 = J1 - J60 M

obtained for each manometric standard gas.

The pairs of values, (/\J60, J60), plotted in Figure 6, were fit to
a straight line by least squares after excluding several apparently
aberrant points. The resulting relation (whose coefficients are 1listed

below in Table 12) is:
/V760 = LIN3 (J60) ’ (10)

On the assumption,-again, that the drift was linear in time with respect
"to X, the above equation was used with the calibration curve for 1974,
CUBl, to calculate X from J for any given day D between the central

‘dates of the 1960 and 1974 calibrations, CD60 and CD74. Speéifically:

LIN3 (J) R | 3 (11)

AV

X3

CUBL (J + /\7)

X1 = CUBL (J) o (12)
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CD74 - - CD60

D D
cn74 - cne0’ X2 * (GH77 = cngo’ X! (13)

XINTERP2 = (

Again, although XINTERP2 is the sought after mole fraction based on
assuming a  linear drift, we prepare for second and third level correc-
tions, by convertion back to the JA‘system via the 1980 calibration

curve, i.e. we compute:

JA = cun2™l (XINTERP2) (14)

JB Correction

Second level corrections at central dates in 1970, 1972, and 1978
‘were calculated from Reference Gas System results for the manometric
standards (Tables 6, 7, and 8; Figures 7, 8, and 9). Fifst, JA wvalues
were calculated from data for each special calibration period, in accor-
‘dance wi;h the equations described above. Specifically the procedures

used to find JA at the central dates in 1970, 1972, and 1980 are as fol-

lows:
For 1970:
[\ = LIN3 (J70) S , | '. (15)
X3 = cual'(J7o-+131) " | : o ' (15)
X1 = CUBL (J70) | | | ,",' (17)
JA70 = cupz™! (SR74 = CDTD 44 4 S070 - C'“6()‘)(1)' - (18)

“Cb74 - Ccps0 7 T CD74 - CD6O

For 1972 the same expressions were used with ‘72’ replacing ‘70°.

For 1974 no interpolation was necessary since:

JA74 = cus2”l(cuBl(J74)) a9
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For 1980:

JABO = J8O o (20)

After JA had been calculated for each special period, a correction
at ‘each appropriate central date was found and represeﬁted by ‘a’ qua-
dratic in JA (whose coefficients are listed below in Table 12).  The
correction employed for any measurement was then obtained from a linear
interpolation in time of corrections evaluated at the bracketing central

dates.

Specifically, for the 1970 and 1972 correctibns:

[\I70 = JAT4 - JATO » @D

it

INI72 = JAT4 - JAT2 (22)
were first computed. Pairs of values (/\J70, JA70) and (/\J72, JA72) were
fit. to the quadratic expressions, QUAD4 and QUAD5, by least squares. -

“The resulting relations:

/\J70° = QUAD4 (JA70) : , (23)

QUADS (JA72) | - (24)

INI72

were used to calculate JB for any given day between CD60 and CD74 by
linear interpolation in time of /\JT. - Between CD60 and CD70 (since there

is no correction to JA for CD60):

_ D - CP6O | | SN
JB = JA + (e75—="cngg) QUAD4 (JA) (25)

Between CD70 and CD72:
=D D = CD70_y quaDs (JA) (26)

JB = JA + (D72 5) QUADA (JA) + (

CD72 - CD70 CD72 - CD70
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.

Between CD72 and CD74 (since there is no correction to JA at CD74):

CD74 -~ D

I8 = A+ (o572 = corz

) QUAD5 (JA) (27)

For the calibration.period 1978, the correction was based on{depar-

tures. of JA from 1980:

/\J78 = JA8D - JA78 ‘ (28)

Pairs of values (/\J78, JA78) were fit to a quadratic expression, QUAD6,

resulting in the relation:

/AJ78 = QUAD6 (JAT7S) | (29)
- Between CD74 and CD78:
_ D - CN74 ' ‘ -
IR = JA + (rrg—gp;) QUADS (JA) (30)
Between CD78 and CD80:
I8 = JA + (=P80 =D .y ouaps (JA) | (31)
" 'CD80 - D78 - |

JC Correction

Third level corrections at central dates in 1962 and 1966 were
obtained from data of four surveillance standards (two of which were
composites, as discussed below), by bonstrﬁctions'similar to the con-
struction illustrated iﬁ-Figure 11. The correction at each central date
(based on data listed in Tables 10 and 11) is represented‘ by a linear
ieduation in JB (Figures 12 andA13). The coefficients are listed in
Table 12. The correction employed for any measurement is obtained from
a linear interpolation in time of corrections evaluated at the central
dates, and is assumed zero after the 1970 central date. The effect of

the correction for one of the surveillance gases is shown by comparison
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of Figures 10 and 14,

The two composite standards, referred to above, were created by
overlapping results for a pair of gas mixtures which were within 1 ppm
of each other in concentration. One of each composite had adequate data
for the period near 1960 but was used up in the late 1960’3, while the
other had data in the 1970’s which were adequate to determine its mole
fraction based on ﬁhe- manometric calibration period between 1970 and
1980. Index values, I, for the periods of overlap are listed in Table
9. To form the composites, the Index of the first listed gas mixture
was adjusted by the difference shown in Table 9. Thus the I values of
cylinder 4283 were lowered by 0.84:ppm, and those of cylinder 4287 were
raised by 0.71 ppm.

Data taken from the surveillance standards were used to establish
departures from JB between CD60 and CD70 on the basis of special
periods in 1962 and 1966. First; JB values were calculated for >each
.surveillance standard for the two special periods at the beginning and

end of the caiculation:

For 1960:

JB60 = JA6D o (32)

For 1970:

JB70 = JA70 + QUADS (JATO) (33

Since a zero correction to JB is assumed to apply at both CD60 and
CD70, but the JB values of each surveillance standard on these two dates
are.not identical, owing, for example, to possible change in concentra-
tion over the ten year period, the corrections are defined as the depar-
tures in 1962 and 1966 from a linear variation in JB between 1960 and

1970, as illustrated in Figure 11:
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- 1meg - - _ (CD62 - CD6D)
/162 = JB60 - JB62 + (JB70 - JB6O) 570 = CpE0 (34)
/\T66 = JB60 - JB66 + (JB70 - JB60) LCRO6 = €D6O (35)

CD70 - CD60

"Pairs of values (/\J62, JB62) and (/\J65, JB56) were £it to linear

expressions LIN7 and LIN8 by least squares. The resulting relations:

/\T62 = LIN7 (JB62) | (36)

I\NI66 = LINS (JBAK6) (37)

A

were used to calculate JC for any given day between €ND60 and CD70 by
linear interpolation analogous‘to the interpolation formulas developed
earlier for JB. The JC correction is non zero only between CD60 aund

CD70. After CD70:

JC = JB _ o (38)

Verification of 1960 Calibration

The four surveillance standards just discussed were used to check
the 1960 calibration discussed in the section headed "JA Correction"
(see Table 5). Firstly, that part of the set of original infrared
analysis data for these surveillance gas mixtures which were obtained
during and after the special calibration in 1970 were assembled and  JB
values were calculated from the original I values. From the average of
JB for each gas mixture, JBS (where S signifies a surveillance gas stan-
dard), a mole fraction XS was éalculated on the basis of the 1980 cali-

bration curve:

XS = CUB2 (JBS) o (32)

Secondly, that part of the original data for the surveillance gas

mixtures obtained near the time of the 1960 calibration were assembled,
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and averages, JS60, computed._'Thirdly, adjusted index values, J1S, were
calculated from the derived mole fractions XS on the basis of the 1974

calibration curve:

1

g1s = copt™! (xsy) (33)

Differences, /\JS60, between J1S and the J values of the surveil-

lance standards for the special period 1960, JS60:
[\IS60 = J1S ~ JS60 (34)

are plotted versus JS60, in Figure 6 (as triangles). The agreement with
the selected manometric data (shown by circles) is good. No direct use,
however, is made of the differences ﬁgsso. These are used only as evi-

dence that the surveillance standards are consistent with the manometric

calibration data.'”

Implementation

The above‘described corrections are implemented by the Fortran pro=-
gram MAPCOR2 listed in Table 13. The effect of each of the three
corrections is shown separately in Table l4,vand together in Table 15,
Table 16 lists the differences between the mole fraction XC, calculated

from all the corrections discussed above, i.e.,
XC = CUB2 (JC) (42)

and the mole fraction XWMO, calculated on the 1974 Manometric Scale as.

adopted by WMO:

XWMO = 76.582 + 0.584910 (J’) + 3,1151 x 10-4 (J’)2 (43)

7 3

+7.3225 x 1077 (J°)

where




-17 -

J* =3 - 1.050 + 0.060t 4k

t being the time in years since the beginning of 1957, Table 17 1lists

the differences between the mole fraction XC and the Adjusted Index J.

Drift Model

The differential drift between 1974 and 1980 is consistent with a
model in which each new Scripps system standard (Principal Span or High
Span) is assigned an Adjusted Index value 0.07 ppm too low (see Figure
15). The drift is greater at the Principal Span concentration than at
the High Span concentration, in thié model, because the Principal Span
was replaced more often. New Scrippsfsystem standards are compared
directly to the Principal Span, thus depleting it before the‘High Span.
Assigned standards are compared directly to a transfer standard that is

well known with respect to the Principal Span.

This same 0.07 ppm error per change of cylinder is alsb more oOr
less consistent with the drift observed between 1960 and 1970. The
Principal Span was replaced about once per year, and the Low Span and
High Span each about half as often. We suppose, in this model, that the
use of a Low épan counterbalanced the'use of the High Span during this
period, and the Principal Sﬁan drift then propagated to all concentra-

tions in the range of the calibration.

The cause of the system drift is not well understood. The effect
is consistent with a small increase in concentration (the order of 0.1
pph) of each reference system standard during its lifetime. Since these
standards have been prepared mainly by comparison to the preceding set
of standards, the overall effect has been cumulative. Thus it is to be
expected that the drift would be considerably reduced if all system
standards were prepared by direct comparison to a long lasting set of

higher standards, or to manometrically analyzed standards.

Several phenomena have been suggested as the ultimate cause of the

drift:
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(3)
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A chemical reaction that élowly produces .CO for example, by oxi-

27
dation of a film of o0il on the cylinder walls.
A surface chemical reaction. Newly filled cylinders of gas are

sometimes observed to rapidly decrease in CO2 concentrations for a

few months, possibly due to a -chemical reation involving the

cylinder walls, then stabilize. As pressure is reduced in the

cylinder, such a reaction might reverse and thereby enrich the mix-

ture.

Fractionation‘due to the accelerations of the gas moleCules‘ in
leaving the cylinder. There is an appfoximately 1 square millime-
ter orifice at the entrance to the Hoke pressure regulators wused
until 1978, It seems reasonable to assume that all fractionation
takes place in entering the regulator; the geometry is such that
all molecules that gain entrance are prébably eventually swept
downstream. The flow rate in the APC analyzer was ordinarily 0.5
liter per minute. Thus,-assﬁming an aVeragelcylinder pressure of
1100 psi, the gas molecules had to accelerate from an average velo-
city of 0 to

(035)(1000)(1497) -
N0.01)(60) (1100 = llem/sec

in entering the regulator. One would expect the heavier CO2
molecules to be preferentially left behind and thereby enrich the

remainder of the gas.

Introduction of laboratory air into the cylinder when a pressure
regulator is installed and the main valve of the cylinder opened,
since this allows laboratory air to diffuse into the cylinder;
Owing to the high pressure in the cylinder, the effect is negligi-
bly small for a single installation, but since the regulétors are
installed and removed omn each day of calibration, a significant

cunulative effect is possi‘-le.
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*

Table la. Manometric analyses ofFCOZ—Fin-—N2 standards during 1959-1961.

Individual
Cylinder , Determinations. = Average - No. of
No. Year Run No. (ppm) (ppm) Analyses
: 164 1961 1 284,132 285.43 1
{; 2 285.43
. 3758 1959 1 284,90 © 284,98 2
‘ 2 285.06
6071 1959 1 309.82 309.89 2
; | 2 309.96
1 3760 1959 1 314.68%  314.68%
L 60717 1961 1 318,382 315.63
2 315.63 _
4269 1959 1 334,012 323.042 1
i 2 323,732 '
| 3 323,047 |
2425 1959 1 349,82 349,84 2
1 349.86

1961

aAnalysis judged to be in error because of large departure from

expected value (see Figure 6).

b
Cylinder refilled in 1960.
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Table 1b. Manometric ahalyses of COz—in—nitrogen standards during 1970

(Guenther, 1978).

: Individual
Cylinder Determinations Average No., of
No. Run No. Date (ppm) " (ppm) . Analyses
7366 1 12 MAY 70 276.48 276.57 3
2 12 MAY 70 276.60 |
3 13 MAY 70 276.63
6078 1 2 DEC 69 310.86 310.95 7
2 2 DEC 69 311.01
3 ' 9 DEC 69 310.62
4 10 DEC 69 311.00
5 12 DEC 69 310.93
6 10 MAR 70 311,07 °
7 15 MAY 70 311.14
2399 1 4 DEC 69 324,12 324.19 8
2 5 DEC 69 324.57 ' .
3 12 MAR 70 323.99
4 12 MAR 70 324,46
5 24 APR 70 324,10
6 29 APR 70 324,09
7 14 MAY 70 324,19
8 15 MAY 70 323.98
10069 1 11 DEC 69 . 355.71 355.64 - 4
2 24 APR 70 355.74 ’
3 28 APR 70 355.46
4 14 MAY 70 . 355.65
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Table lc. Manometric analyses of 002~in~nitrogen standards during 1974

" (Guenther and Keeling, 1981).

Individual _ : Overall

Cylinder ’ Determinations Run Average - Average No. of.
No. " Run_No. Date (ppm) (ppm) (ppm) " "Analyses
2408 1 22 MAY 74 196.93 : 196.89 196.90 2

196.85
2 22 MAY 74 196.91 196.90
196.89 :
3753 1 11 FEB 74 246.03 : 246,04 246.02 2
- - 246.05 .
2 13 FEB 74 246.00 246.00
: 245,99 ' ’
7366 1 7 FEB 74 276.82 276.79 276.80 2
‘ 276.66 ‘ o
. , 276.90
2 8 FEB 74 276.76 276.80
_ X 276.85 -
6078 1 18 JAN 74 310.78 ' 310.80 310.82 3
310.81 '
2 21 JAN 74 310.84 310.88
‘ ' 310.91 '
. _ 3 21 FEB 74 310,79 . 310.79
1 A ’ 310.79. ' : : ~
. 2399 1 25 JAN 74 323.90 323.82 © 324.05 4
: : 323.68 ' : :
‘ 323.89 , _ .
2 28 JAN 74 324,19 324.21
: o 324,23
3. 30 JAN 74 324,06 - 324.06
_ 324,07 ‘
4 8 MAR 74 324,08 324.12
: ' 324,17 : _ :
39239 1 15 oCT 74 332.64 332.77 332.78 2
' : 332.80 :
332.87
L2 16 OCT 74 332.83 332.80 -
S - 332.76 . o
10069 1 31 JAN 74 355.69 355.65 355.60 2
: ‘ _ 355.61 S :
2 -1 FEB 74 355,55 355.54
, , 355.53 ,
1540 1 15 OCT 74 380.50 380.50 380.56 2
' 380.51 :
2 17 OCT 74 380.63 380.62
: ‘ 380.62 :




Cylinder
No. Run No.
352é9 1
2
35316 1
2

Date

24 MAY 74'

24 MAY 74

23 MAY 74

. 23 MAY 74
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Individual Overall
Determinations Run Average Average No. of
(ppm) (ppm) (ppm)  Analyses

415,19 415,13 415.06 2

415,07 : _

414,91 414,98

415,05

473.03 473,00 472,97 2

472,98 '

472,91 472.94

472.97
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Table 1d. Manometric analyses of COz—in-nitrOgen standards during 1980.
Individual ‘ : Overall
f Cylinder ‘ _ Determinations Run Average Average No. of
: No. Run No. Date o (ppm) o (ppm) “(ppm) = Analyses
'g 2408 1 ~ 10 SEP 80 196.74 : 196.74 196.80 2
. 196.75 : '
2 . 17 SEP 80 196.85 196.86
196.86 _
3753 1 26 JUN 80 246,00 246,00 245,99 2
, 246,01 : '
2 27 JUN 80 245,99 : 245,98
. A 245,97 :
7366 1 5 0CT 79 276.74 276.70 v 276.67 2
- o I 1276.66 ‘ o
2 19 oCT 79 276.65 276 .64
: : 276,64 .
6078 1 18 SEP 79 310.90 - 310.90 310.96 2
: ' o © 310.91
2 19 SEP 79 311.07 - 311.02
: 210,97 . : . . ' o
2399 1 24 SEP 79 324,12 324,11 324,15 -2
‘ - 324,10 '
2 - 25 SEP. 79 324,21 . "324,19
‘ ‘ ' 324,17 '
39239 1 © 18 JUN 80 332.63 332.64 332.72 2
’ _ 332.66 _ '
2 19 JUN 80 332,80 332,81
" ' 332.82 _ ' v ,
10069 1. 3o0CT79 355.89 355,88 355.82 2 ]
1 ' 355.88 : i .
: : 2 5 OCT 79 355,81 355,76 :
. | _ 355,70 ' _ |
1540 - - 1 19 JUN 80 380.03% 380.02% 380.45 - 2 ?
: o 380.02% ‘
2 24 JUN 80 380.45 ' 380.48 . :
‘ 380.50 ' ‘ .
3 17 SEP 80 380.42 380.42 o :
380.42
% Run No. 1 deleted




Cylinder
No. Run No. Date
35299 1 24 JUN
2 25 JUN
35316 1 25 JUN
2 26 JUN
3 23 SEP
4 23 SEP
5 22 OCT
6 23 OCT
4

80
80
80
80
80
80

80

80 -

Runs Nos. 1 and 3 deleted
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Individual : Overall

Determinations Run Average Average
(ppm) (ppm) (ppm)

414,90 414,90 414,94

414,90

415,00 414,97

414,94

471,671 471,677 472,72

471,677

472,65 472,70

472,74

472.327F 472,30t

472,29t '

472.69 472,68

472,67

472,79 472,80

472.81 -

472,69 472,70

472,70

No. of
- Analyses

2




Y

Table 2a. Applied Physics infrared analyzer

results in Index units, I, for gas mixtures

~analyzed manometricaliy in 1958-1961. Number

of comparisons are shown in parentheses. -

Cyl. No. 164 (from Ref. Gas Report No. 3, p. 50)

25 AUG
9 NOV
9 NOV

10 NOV

10 NOV

11 NOV

Cyl. No. 3758

18 JUN
28 AUG
12 NOV
22 DEC

' Cyl. No. 6071

6 JUL
28 AUG
4 DEC
22 DEC
10 NOV

Cyl. No. 3760

20 NOV-

20 NOV
18 DEC
18 DEC

59
59
59
59
59

59

290.64 (10)
290.26 (12)
290.31 (11)
290.31 (14)
290.25 (11)
290.32 (11)

(from Ref. Gas Reporf No. 3, p. 60)

‘59

59
59
59

290.09 (10)
289.97 (10)
289.95 (7)

289.98 (14)

(from Ref. Gas-Report No. 3, p. 60)

59
59
59
59
60

311.14 (10)
311.15 (10)
311.41 (10)
311,16 (11)
311.25 (10)

(from Ref. Gas Report No. 2, p. 34)

58
58
58
58

314.52 (10)
314,52 (10)
314,50 (11)
314.54 (10)




19 DEC 58
19 DEC 58
13 JAN 59
13 JAN 59
6 FEB 59

6 FEB 59
13 MAR 59
13 MAR 59
17 APR 59
17 APR 59
17 APR 59
29 APR 59
29 APR 59
30 APR 59
30 APR 59
13 MAY 59
13 MAY 59
19 MAY 59
19 MAY 59
.5 JUN 59

5 JUN 59
6 JUN 59
6 JUN 59
18 JUN 59
18 JUN 59
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314.59
314.69
314.71
314.83
314.59
314.61
314.57
314.59
314.66
314.61
314.60
314,60
314.54
314.55
314.62
314.72
314.48
314,55
314.64

314,73

314,53
314.51

- 314.57.

314.59
314.58

(11)
(10)
(10)
(9)

(10)
(12)
(10)
(10)
(11)
(10)
(10)

(10)

(11)
(11)
(10)
(10)
(10)
(9)
(11)
(11)
(10)
(10)
(10)
(11)
(10)

Cyl. No. 6071b(from Ref. Gas Report No. 4, p. 30-31)

16 MAR 61
16 MAR 61
17 MAR 61
17 MAR 61

316,21 (11)

316.30 (10)
316.28 (11)
316.13 (9)




17

13
13
14
14
18
18
27
27
28

28

MAR
APR
APR
APR
APR
APR
APR
APR
APR
APR

APR.

MAY

1 MAY

15
15
22
22
26
26
27
27

JUN
JUN
JUN
JUN
JUN
JUN

JUN

JUN
JUN
JUN

AUG

2 AUG

AUG

3 AUG

10
10
15
15
16

AUG
AUG
AUG
AUG
AUG

61
61
61
61
61
61
61
61
61
61

61
61

61
61
61
61
61
61

61
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61

61
61
61
61
61
61

61

61

61

61
61
61

316.36
316.01
316.13
316.09
316.09
316.13
315.98
316.08
316.04
316.08
316.24
316.05

315,92

316.19
316.16

316.02

316.09
316.09
316.15
315.89
315.82

© 316,14
316.29

315.99
315.98
316.00
316.06
315.94
315.89
316.04
316.18
315.96

(10)
(11)
(10)
(14)
(10)
(10)
(10)
(8)

(10)
(10)
(10)
(10)
(12)
(11)
(10)
(11)
(10)
(10)
(10)
(11)
(10)
(10)
(11)
(11)
(10)
(11)
(10)
(10)
(10)
(10)
(11)
(11)
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16 AUG 61 316,00 (10)
22 AUG 61 316.14 (11)
22 AUG 61 . 316.22 (10)

Deylinder refilled in 1960.

"Cyl. No. 4269

(from Ref. Gas Report No. 3, p. 63)

30
15
18
- 18
31
9
10
11
30
10
11

APR
MAY
MAY
MAY
AUG
NOV
NOV
NOV
JUN
oCT
NOV

Cyl. No. 2425.

25
28
28
31
31

AUG
AUG
AUG
AUG
AUG

1 SEP
1 SEP
9 SEP
9 SEP

16
16

SEP
SEP
OCT

59 321.54 (10)
59 321.58 (10)
59 321.63 (10)
59 321.48 (11)
59 321.65 (10)
59 321.63 (10)
59 321.67 (10)
59 321.65 (10)
60 321.76 (10)
60 321.70 (12)

321.59 (10)

60

(from Ref. Gas Report No. 3, p. 49)

59 343.18 (10)
59 343,18 (11)
59 343.34 (10)
59 343,23 (11)
59 343,42 (10)
59 343.17 (11)
59 343.26 (10)
59 343,27 (8)
59 343.30 (10)
59 343,40 (11)
59 343.36 (10)
59 344.53" (13)




9 oCT
19 oct

- 19 oCT
3 NOV

3 NOV
3 NOV

#

59
59

59 -
59

59
59

- 30 -

364.63" (10
343,00 (10)
343,26 (10)
343,21 (12)
343,24 (10)
343,32 (6)

Omitted from average,




Table 2b. Applied Physics infrared analyzer results in Index units, I, for the ten manometrically

analyzed standards during special calibration in 1974. The number of comparisons is shown in

parentheses. Information is from Ref. Gas Reports No. 25 and 26.

Cyl,
No.

2408

3753
7366
6078

35316

23 MAY

204.78 (10)
204.92 (9)

253.95 (10)
282,13 (10)
311.17 (10)

426.90 (10)

- 427.08 (9)

30 MAY

204.98 (9)
205.17 (10)

254.41 (10)
282.28 (10)
311.34 (9)

427.33 (9)
426.94 (10)

-426.25

20 -JUN

205.29 (10)-

205.25 (10)
254.39 (10)
282.31 (10)
311.27 (10)

426.55 (10)
(10)

27 JUN

203.88
203.86

253.60
281.82
311.17

427.60
427.62

(10)
(10)

(10)
(10)
(10)

(10)
(10)

11 JUL

203.55
203.59

253.59
281.78
311.16

427.78
427,75

(10)
(11)

(10)
(10)
(10)

(10)
(10)

204.31
204.46

253.93
282.06
311.28

426 .84
426.83

© 5 AUG

(12)
(10)

(10)
(10)
(10)

.(10)
(10)

22 AUG

204.74 (10)

204.71 (10)
254,28 (10)
282.07 (10)
311.27

426.59
426.53

(10)
(10)

(10)

9 s

202.84
202.90

253.14

281.58
310.98

428,20
428.00

(10)
(10)

(10)
(10)
(10)

(10)
(10)




Cyl.

2408 205.20 (10) 205.29 (9) 205.64 (10) 203.55 (10) 204.25 (10) 203.64 (10) 203.80 (10) 202.64 (10)

©205.25 (10) 205.12 (11) 205.47 (10) 203.58 (10) 204.29 (10) 203.49 (10) 203.62 (10) 202.72 (10)
2399 321.91 (10) 321.94 (12) 322.00 (10) 322.02 (10) 321.94 (10) 321.98 (10) 322.06 (10) 321.37'(10)
10069 - 346.59 (ll)_ 346.76 (10) 346.63 (10) 346,98 (10) .346.52 (10) 346.85 (10) 346;69 (10) 346.95 (10)
35299 389.15 (12) 389.24 (10) 388.94 (10) 1390.02 (10) 389.40 (10) 389.84 (10) 389.70 (10) 390.08 (10)
35316 426.54 (9) 426.76 (11) 426:17 (10) 428.l3 (8) 427.23 (10) 427.77v(10) 427,44 (10) 428.41 (10)

426.70 (10) 426.86 (10) 426.42 (10) 427.92 (10) 427.27 (10) 427.81 (11) 427.60 (10) 428.18 (10)

. loocr  l4ocr  17ocr 2200t 00T 3Loct L nov 4 Nov
6078 311.28 (10) 311.33 (9) 311.19 (11) 311.15_(10) 311.32 (10) 311.31 (10) 311.24 (10) 311.27 (10)
2399 321.83 (10) 322.05 (10) ‘321.95 (10) 321.96 (9) 322.13 (10) 321.87 (10) 321.88 (10) 321.88 (10)
39239 328.97 (10) 329.00 (9) 329.01 (9) 329.00 (10) 329.03 (10) 329.02 (10) 329.01 (10) 328.95 (10)
328.94 (10) 329.11 (9) 329.05.(9) 328.92 (10) 329.04 (11) 329.02 (10) 328.96'(10) 328.93 (10)
10069 346.70 (12) 346.86 (14) 346.91 (10) 346.88 (10) 346.68 (10) 346.74 (10) 346.63 (10) 346.76 (10)
1540 . 365.23 (14)  365.35 (10) 365.66 (10) . 365.31 (10) 365.02 (10) 365.36 (10) 365.12 (10) 365.26 (10)

365.07 (11) 365.46 (10) 365.60 (10) 365.36 (14) 364.99 (10) 365.38 (10) 365.11 (9) 365.10 (10)

35299 389.04 (12) 389.83 (10) 390.12 (12) 389.69 (10) 389.06 (10) 389.65 (10) 389.13 (10) 389.13 (11)




Table 2c. Applied Physics analyzer‘results in Index uniﬁs, I, for the ten manometrically analyzed
.standards.during 1980 calibraﬁion. The number of comparisons is sh§wn in parentheses. Informatién
is from Ref. Gas Report No. 38.

1980 CALIBRATION (‘INDEX D

Cyl. ' . ’
No. 4 AUG 25 AUG 22 SEP 25 SEP 30 SEP 2 OCT 7 OCT , 9 0OCT

2608  201.04 (10) 201.50 (9)  200.70 (9)  200.91 (11) 201.23 (9) 201.20 (9) 200.96 (9)  201.35 (9)
- 201.23 (9) 201.15 (9)
3753  251.76 (10) ~252.08 (9)  251.74 (9)  251.98 (9)  252.03 (9) 251.97 (9)  252.00 (9)  252.05 (9)
7366 280.44 (10) 280.65 (9)  280.54 (9)  280.57 (9)  280.68 (9)  280.59 (9)  280.62 (9)  280.67 (9)
16078  310.34 (10) 310.43 (9)  310.51 (9) 310.46 (9) 310.50 (9) 310.47 (9) 310.50 (9)  310.51 (9)
2399 321.31 (10) 321.34 (9) 321.31 (9)  321.41 (9) 321.41 (9) 321.35 (9)  321.41 (9)  321.40 (9)
39239 . 328.52 (10) 328.54 (9)  328.54 (9)  328.55 (9) 328.51 (9) 328.50 (9)  328.49 (9) 328.44 (9)
10069  346.77 (10) 346.54 (9)  346.62 (9)  346.75 (9)  346.64 (11) 346.65 (13) 346.70.(9). 346.67 (9)
1540  365.34 (10) .365.08 (9)  365.20 (9) - 365.37 (9) 365.37 (9) 365.41 (9) 365.33 (9) 365.41 (9)
35299  390.07 (12) 389.67 (9)  389.92 (9) 390.10 (9) 390.15 (9) 390.06 (9) 390.14 (9)  390.10 (9)
35316  428.31 (11) 427.48 (9)  428.28 (9)  428.44 (9) . 428.89 (9) 428.81 (9) 428.68 (9)  428.53 (9)
' | | 428.62 (9)
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"

Summary of Calibration data on CO,~in-N, from Tables 1 and 2.

_Table 3. 2 9

" The number of manometric measurements is shown in parentheses. The dates

shown in the heading are central calibrating dates (see text).

SUMMARY OF 'CO,~IN-N, CALIBRATION DATA

2
' "Av. Manometric Concentration (ppm) "Adjusted ‘Index J (ppm)
: ' 1 JUL
Cyl. No. 1960 ©11960
(X60) (J60)
- 164 285.43(1) . 285,71
3758 284.98(2) 385.30
6071 309.89(2) 311.16
3760 314.68(1) - 315.38
60712 315.63(1) 317.09
4269 323.04(1) 323,84
2425 349,84(2) 350.20
' Av. Manometric Concentration (ppm) ‘Adjusted Index J (ppm)
- 1 JUL 15 AUG 19 SEP
Cyl. No. 1970 1974 1980 Wt. Av. 1970 1974 1980
' (X80)  (370)  (374) (380
2408 ©196.90(2) 196.80(2) 196.85 180.83 176.96
3753 - . 246.02(2) 245,99(2) 246,00 241.32 238.93
7366 276.57(3) 276.80(2) 276.67(2) 276.66 275.88 275.55 273.84
6078 310.95(7) 310.82(3) 310.96(2) 310.92 311.49 311.17 310.23
2399 324.19(8) 324.05(4) 324.15(2) 324.14 324,56 324,23 323.54%
39239 332.78(2) 332.72(2) 332.75 332.82 332.24%
10069 355.64(4) 355.60(2) 355.82(2) 355.68 354.38 354.47 354.37%
1540 | 380.56(2) 380.45(2) 380.50 377.02 377.07 .
35299 415.06(2) 414.94(2) 415.00 406.55 407,18+
35316 472.97(2) 472.72(4) 472.80_ 452,55 454,01 #

* Small error detected in final proofing of report (correct value, .0l ppm
. lower, is not shown and not used in curve fits).

t Ditto except .0l ppm higher.

# Ditto except .03 ppm lower.

a leinder refilled.
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_Téble 4a, Data for 1960 calibration. Thé best information is deemed to be
from the gas mixtures in cylinders No. 3758, 6071, and 2425, for which

two manometric measurements agreed closeiy. The column headed J60 is

the average of Reference Gas System comparisons from the years 1958-1961

' (see Table 2a). Data in column headed J1 are obtained from

by inverting the 1974 calibration curve.

1960 Calibratibn

Cylinder No. X _(ppm) J60 (ppm) J1_(ppm) JL - J6C (ppm)
164 284.13% 285,71  283.52 —2.19%
. 285.43 284.90 - -0.81
v 3758 284,90 - 285.30 284 .34 -0.96
| ' 285.06 | 284.51 -0.79
N 6071 309. 82 311.16 310.16 ~1.00
309,96 o 310.30 -0.86
3760 314.68% 315.28 '315.04  -0,247
6071° 318.38% . 317.09 318.73 1,642
315.63 '315.99 ~1.10
4269 334,012 323,84 334.01 10,172
323,732 324,01 0.17%
323.04% 323.33 -0.512
~ 2425 349.82 350.20 349,01 ~1.19

349.86 - 349,05 =~1.15

a'Judged to be in error owing to large départure from value expected
by linear curve through data of cylinders 3758, 6071, and 2425.

bCylinder refilled.
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Table 4b. Summary of 1974 CO_-in-nitrogen calibration. Column headed

2

"Concentration' is average of manometric measurements in 1970, 1974, and

1980. Column headed "Residual" is manometrically measured concentration

less concentration calculated from J and the fitted cubic equation,

. Concentration ' Adjusted Index ‘
Cylinder X J Residual
To. _(ppm) _ (pm) (ppm)
2408 196.85 | 180.83 0.04
3753 246,00 o 241.32 O -0.12
7366 276.66 : 275.55 o ~0,05
6078 310,92 311,17 0.10
2399 - 324,14 : 324,23 0 0.19
39239 332,75 332,82 | -0.02
10069  355.68 : 354,47 ~ -0.01
1540 380.50 ~377.02 -0.13
35299 415,00 ' 406.55 - -0.03

35316 472,80 452.55 0.04
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Table 4c. Summary of 1980 CO,-~in-nitrogen calibration. Column headed

2

"Residual" is measured concentration less calculated concentration.

Concentration - Adjusted Index
Cylinder ' X S J . ‘Residual
_No. (ppm) (ppm) _(ppm)
2408 196.85 ’ 176,96 . ©.,0.02
3753 . 246.00 | 238,93 ~0.09
7366 276.66 | 273.84 0.01
6078 310,92 o 310.23 ~0.07
2399 32604 323,54 0.14
39239 332,75 332.24 ~0.03
10069 . 355.68 | 354.37 -0.13
1540 380.50 377.07 0.00
35299 | 415,00  407.18 . 0.00
35316 © 472.80 454,01 ~o0.01

© Std., Error: 0.092
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Table 5. Check of 1960 calibration data. Cylinde% numbers are for sur-
veillance standards measured against Reference Gas System standards be-
ginning in 1961, or earlier, to 1970 or‘later;;that,dé not apparently drift
in JB after mid-1970. We are better able to judge true'congentration

drift after 1970 because of the continued use.of the same manometric
stan&érds. The column heade& JS60 is the average of Adjusted Index
measurements during the special period 1960, Thé colﬁmn headed JBS is the
average of corrected Adjusted Index values (weighted by number of com~
parisons) obtained after the 1970 central date CD70, and XS is the calculated
correspoﬁding mole fraction. The data in kthe célumn headed J1S are obtained
from ipverSion of the 1974 calibrétion curve, The éptries CMPL and CMPH |
under "cylinder numBer" each . refer to composites of two gas mixtures

(see Table 9 below).

Surveillance Standard Check of 1960 Calibration

cyl. No. JS60 JBS XS J1S - J18 = JS60

CMPL. 290,91 288,70 290,32 290,07 ~0.84
2401  308.78 306.58 307.31 307.62 -1.16
6073 312.05 1310.08 310.71 311.06 -0.99

CMPH 349.19 347.95 349.03 348.27 -0.92
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Table 6. Data summary for thev1970 correction. The column headed JA70
is the average of Reference Gas System results, J70, (not weighted by number
of compérisons),-converted to JA, for 1970. The column headed JA74 is the

average of infrared analyzer results for the 1974 calibration (as summarized

in Table 3), converted to JA.

1970 Correction

Cyl. No. JATG JATO JAT4 = JATO
3753 238.96 238.99 ~0.03

7366 273.91 274007 ~0.09
6078 ©310.20 310,22 =0.02
2399 32349 323.53 ~0.04
10069 354,26 353.83 10.43

#Measurement of 18‘Méy 1970 omitted.

Table 7. Data summary for the 1972 correction. The column headed JA72
is the average of Reference Gas System results, J72, (not weighted by number
oficomparisons), converted to JA, for 1972,  The column headed JA74 is

obtained as described in Table 6 captioh.

1972 Correction

Cyl. No. JATE - JAT2 - JAT4 - JAT2
3753 238.96 239,28 ~0.32
7366 273.91 27412 ~0.21
6078 310.20 310,50 -0.30
2399 2349 323.66 -0.17

10069 354,26 353.93 A 0.33
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Taﬁle 8. .Data summary for.the.l978 correction. The column headed JA78

is the éVerage of Reference Gas System results, J78, (not weighted by.
number of comparisons), corrected to JA, for late 1977 and during 1978.
‘The‘coluﬁn headed JA80 is identical to J measured for the 1980 calibration

(see Table 3) since JA80 = J80.

1978 Correction

Cyl. No. JA18 . JABO  JABO - JATS
| 2408 176.80 176.96 0.16
3753 238.84 238.93 ©0.09
7366 -  273.82 273.84 0.02
6078 310.33 310.23 -0.10
2399 323.62  323.54  -0.08
39239 | 332,23 332,24  0.01
10069 354,34 354.37  0.03
1540 377,34 377,07 -0.27
35299 07,44 407.18 -0.26

35316 454,71 454,01 -0.70
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"

Table 9. Index values, I, for the individual gas mixtures which were

‘combined to form composite surveillance standards CMPL and CMPH. The -

number of comparisons is shown in parentheses. The computed differences

ig in I between each pair. of gas mixtures are shown below for each
PR
composite.
CMPH .
Index I (ppm)
Cyl. No. 4283 3751
5 MAR 64  343.07(10) 342.19(10)
9 MAR 64 342.94(10) 342,11(10)
10 MAR 64 342,84(10) 342.03(10)
Average ' 342,95 342.11

~ Difference (Correction to cylinder 4283) -0.84

CMPL
Index I (ppm)
Cyl. No. | 4287 6074
10 DEC 65 » 293.21(9) 293,97(10)
| - ©293.22(11)
13 DEC 65 203.21(10) 293.93(10)
14 DEC 65 293.28(9) 293.94(10)
Average 293,23 293.95
Difference (Correction to cylindef 4287) +0.72
i

The correction made to cylinder 4287 Index values (I), to make CMPL, was

+0.71, instead of the difference 4+0.72 as indicated in this table. This is
because the calculation was originally done in Adjusted Index, J, and the

differences converted back to the Index scale by dividing by 1.2186.

Difference in rounding resulted in a 0.01 ppm difference,
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Table 10.  Data summary for the 1962 correction., The column headed JB62

is the average of Reference Gas System results, corrected to JB, for 1962

(not weighted by number of comparisons). Third columm is the ‘correction

determined as indicated in Figure 12 caption.

1962 Correction

JB62

288,71

306.70
310.20

347.43

JC62 - JB62

-0.05
0,10
-0.17

0.27

#
Because there were no. measurements during 1962 for this standard, four

néasurements in March and April of 1963 are averaged.

Table 11. Data summary for the 1966 corréction. The column headed JB66

is the average of Reference Gas System results, corrected to JB, for 1966

(not weighted by number of comparisons). Third column is the correction

determined as indicated in Figure 12 caption.

1966 Correction

Cyl, No.
CMPL
2401
6073

CMPH

JB66 -

288,05
306.59
309.96

347.94

JC66 — JB66

0.56
0.10
0.10

~0.07




Year

1960
1974

1980

1970
1972
11978

1962

1966

Table 12. Constants used in the drift correction and calibration procedures.

The equations are all of the form

o | 2 3
Your = Co * Ci¥5n * CZ(Yin) + CB(Yin)

where Yo and Yin are listed in the third and.fourth columns, respectively.

ut

@ A i :
Blank entries indicate zero values for the coefficients. Parameters in

v,Céntral

columns headed Yout and Yin are in ppm.

CALIBRATION_CONSTANTS

Date out Yin Name‘ '20 ' Ql " g, C,
1 JUL 60 J74-J60 J60 TLIN3  0.576  =0.005011
| - -7
15 AUG 74 X J74  CUBL  77.455 0.573302  3.5735 x 10°¢  6.7618 x 10
19 SEP. 80 X | J80  CUB2  84.370  0.542223  4.2284 x 107¢  5.8862 x 10
CORRECTION ' CONSTANTS
. _ . <4
1 JUL 70 JB-JA JA  QUADG 7.036  =0.051734  0.93176 x 10
28 SEP 72 JB-JA  JA  QUADS  6.566  =0.051026  0.93967 x 107
18 FEB 78 JB-JA  JA  QUAD6 -0.444  0.005385  —-0.12695 x 107"
1 JUL 62 JC-JB  JB  LIN7 -1.736  0.005661

JUL 66 JC-JB JB LIN8 3.059 -0.009219

Limits of
Valicdity

of J

285 350

181 453

177 454

239 354

239 354

177 455
289 348

289 348




and.with slight modifi-

Table 13. Fortran program that makes Table 16,

cation, Tables 14, 15, and 17.

SRATCH

C..PGH PRINTS X80C ~ XM74
DIMENSION IDEL25), ICORL{(Z5)., ICCR2(A5)
CBFM‘“/LAx/pDSV;CD62;CD66,CD7OaCD7 , CD74, CD78, CDBO

1000 FORMAT(1HL, / ’ XBOC — XM747)
1001 FORMAT (1HO, ‘YEAR 57 o8 w9 60 61 &t &3 &4/,
X 7 b =Y &7 &8 &9 70 71 72 72 74 7%

Yo 76 77 72 79 80 817)
1002 FORMAT(IH , ¢ J7)
-1003 FORMAT(IH , IR, 2X,2013)
1004 FORMAT(IH , BX, 2515)
1005 FORMAT (10 )

CALL CALDAY
WRITE(L, 1C00)
WRITE(&, 1001}
WRITEL(&, 1002)
DAY74=DAYNO(74, 7,12
DO 100 J=170,45%0, 10
Y59=J

''DO 20 1Y=57,81
DAYN=DAYNMO(IY, 7, 1)
CALL. CALIB(DAYN, Y9, AJBO) -
CALL CORR1(DAYN, aJED, BJUBD)
CAlLL CORRZ(DAYNR, BJESQO, CUBD)
YL59=YI2+0. 06 (DAYN~ DAY74)/365 ”5 .
XM74=CUBM74(YC59) :
KBOC=CUEBC(CURY)
DEL=100. #(X80C—-XM74)
DD=ARS(LEL)+. 5 »
IDEL{IY-54)=81CGN{DD, DEL)

20 CONTINUE

WRITE(S, 1003)Y59, IDEL
100 CONTINUE

ENMD




101
102

103
105
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SURRDUTINE CALDAY o
CDMMON/CAL/CDS?.CD&Q.CD&&.CD?O:CD72;CD74.CD78,CD80”

CD59=DAYND (&0, 7, 1)
CD62=DAYNO (62, 7, 1)
CD66=DAYNO (66, 7, 1)
CD70=DAYND (70, 7, 1)
CD72=DAYND (72, 9; 28)
CD74=DAYNO (74, 8, 15)
£D78=DAYNO (78, 2, 18)

CDEO=DAYNO (80: 9) 19) )
RETURN -
END

'FU‘»T]ON DAYNO(MYEAR, PDNTH.MDAY)

THIS SURROUTINE CALCULATES THE NG. DOF DAYS FROM JAN 1, 1955
DIMENSION MONTHR(12), IDATE(D)
DAlA MONTHR/31,28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31/

NDAYS=0

LYEAR=MYEAR~-1
IF{LYEAR. LT. 5560 TO 102
PO 101 I=55,LYEAR
NDAYS=NDAYS+3&5
J=MODT, 4)

IF (.. EQ. 0) NDAYS=NDAYSH+1
CONTINUE

CONTIRNVE

IF{MONTH. EQ. 1)C0 70 105
LMONTH=MONTH-1
J=HODIMYEAR, 4)

DO 103 1I=1, LMONTH
NDAYS=NDAYS+MOMTHR (1)
TF(I. EQ. 2. AND. J. EG. 0) NDAYS=NDAYS
CONTINUE
ND&YS=NDAYS+MDAY
DAYNO=NDAYS

RETURN

END
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SUBROUTINE CALIB(DAVN;YS? AJBO) ' v
COMMON/CAL/CDSY: CD&E;CD&&:CD7O CD72:CD74;CD7B;CDBO

IF(DAYN. GT. CD74)G0 TO 20

X59=CUBS5Z2(Y57) o _
X74=CUB74(VY59)

XX‘(X74%(DA\N*CD59)+X59%(CD74 -DAYN) ) /(CD74~ CDS?J

GD TO 50

20 CONTIMUE
X74=CUB74(Y5Y%)

XB0=CUBBO(YEY)
XX= (XBO*(DAYN~CD74)+X74*(CD&O—DAYN))/(CDBO ~CD74)

ﬂ ‘ o 50 CONTINUE

: AJB0=CUBBOTI (XX) ‘

RETURN . o B
END

FUNCTION CUBS9(AS9)
DJ=0. 576-0. 005011 #4559
A74 = AS59 + DJ
CUB59=CUB74(A74) o o E
RETURN S o _ Sk
END : : ' :

FUNCTION CbB74(A74)
CUB74%=77. 455+A74% (0, 573302+A74+ (3. 5735E-4+6, 76195 7%AT74))

RETURN

END ) A

FUNCTION CUBS0(ABD) : _ . L
CUBR0=B4. 370+ABO*(0, 542233+AB0% (4. 22RAE-4+5. BRARE-7#AB0))

RETURN- .

END - s

,FUNCTIDN CUBM74(Y ) . g
CUBM74=7¢&. 382+YJ® (0. 58491 0+YJ# (3. 1151E 4+7. 2220E-7%YJ))

RETURN

 END

FUNCTION CUBBOI(X)
A= X
‘PO 10 1=1, 100
XX=CUBBGC(AJ) |
CIF(ABS(XX-X).LT..001) €0 TO 20
AJ=AJS-XX+X
10 CONTINUE
WRITE (&, 101)X
101 FORMAT(’ INVERSE OF 1980 CUBIC DID NOT CONVERGE, X = ‘,Ei4.4)
.20 CUBBOI=AJ ' :
RETURN
END
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SUBROUTINE CORR1(DAYN, AJBO, BJBO) ' ‘
COMMON/CAL/CD59, CD&2, CD&E, CO70, CD72, CD74, CD78, CDRO

T QUALTO(AY) = 7,036 + AJR(-0. 051734 + 0. 000093176+%AJ)

10

30

40

10

20

50

QUAD72(AJ) = &. 565 + AJH(-0. 0510256 + 0. 000093267+%AJ)
QUAD78(AJY = —. 444 + AJ%(0. 005385 — 0. 000012693%AJ)

DJ=0.

IF(DAYN. 6T. CD70)00 TO 10
IF¢DAYN. LT. CDS9)&0 T 50

"DU70=RUAD70(AJB0)

DJ=(DAYN~CDE?)/(CD70~- CDﬁ?)*DJ7O
GO TO 50

IF(DAYN. 6T. CD72)60 TO. 20

DJ70=QUAD70 {AJBO)

DJI72=QUADT2(AJED)

DJ={DJI72%# (DAYN- CD70)+DJ70*(CD7“—DAYN))/(CD7“~CD70)
c¢h TO 50

IF(DAYM, GT. CD743)60 TO 30
DJ72=QUaD7Z (AJBO)
DJ=(CD74~-DAYN)/ (CD74-CD72)%DJ72
€O 70 S0

IF{DAYN. GT. CD7B)G0 TO 40
DU78=0UAD78(AJB0)
DJU={DPAYN-CD74)/(CD7G5-CD74)#DJ78
60 TO 50

COMTINUE

IF(DAYN. GT. CDBLIED TO S0
DJU78=QUAD7E (AJBD)
DJ={CDBO~-DAYN) /7 {(CDBO-CN78)#DJ78

BJBN=AJBO+DJ
RETURN
ErD

SUBROUTIME CORR2{DAYN, BUBO, Cug0)
COMIMON/CAL/CDSY, CD&Z, CD&G, CD70, CD72, CD74, CD78, CDBO-

STLNG2(BJY) = —1.736 + . 0055461 %BJ
STLN&G(BJ)Y = 3. 039 ~ . 009219%BJ
DJ=0.

IF{DAYN. GT. CD&2CG0 TO 10
IF(DAYN.LT.CDS?)GD TO SO
DJ&L2=5TLMOZ(BJR0)

DJ= (DAYN—;DS?)/fCDb”—CDb?)wDJ62

60 TO 5O

IF{(DAYM. GT. CD&6LYG0 TO 20

DJ&R=STLNS2 (BUBD)

DJULL=8TLNLL&(BJIBO)Y
Dd*(Ddéé*(DAYN-UD6”)+DJ62h(CDbé DAYN))/(CD&& CD&2)
&0 TO 30

CONTINUE

IF(DAYN. GT. CD70)GD TO 50
DJs6=8TLNLA&(DJIB0)
DJ=(CD70-DAYN) /{CD70-CD&6) #DJULE

CJ20=BJ80~+DJ
RETURN

END ' .
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year between 1957 and 1981.
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.2 15
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19 =5
18 0
-85 =75
24 a3
20 -1

All

program which calculates JA, JB,

&3

~-210
-7
33

-194
-7
28

=179
-5

22

=163

-3
16

=149
11

-134

-120
10

=106
1&
-6

-93

A
24

~-12

-79
S

-17

~&65
41

-23

differences above have been multiplied by 100,

and JC.
JA - J
JB - JA
JC - JB
b6 &7 68 &% 70 7
-204 ~198 —192 ~156 —-180 ~174
-9 —10 ~12 -13 ~i5 -24
50 37 25 12 0 0
~188 —181 —175 ~169 —142 -156
-8 -9 -11 ~-12 -13 -22
40 30 20 10 0 0
—172 -165 -158 ~152 —-145 -138
-5 ~7 ~8 ~9 =10 =19
31 23 15 8 o )
~156 —149 =142 —135 -128 —121
-3 -4 4 -5 -5 -13
22, 16 11 5 0 o
-141 -134 =127 ~119 -112 -104
1 1 1 1 1 -6
12 9 & 3 ) 0
-127 -119 -111 ~103 =9& -88
& 7 8 % 10 3
3 2 1 1 0 0
-i12 -104 -%6 -88 -80 -72
i2 14 17 19 -2 15
-7 - =5 =3 -2 0 o
-98 -89 =81 -72  -&4 -55
200 23 27 - 30 23 =29
-16 -12 -8 -a ) 0
-84 -75 =65 =57 —49 —40
28 33 38 43 43 43
-25 -19 -13 -b 0 0
-70 ~&1 ~51 -42 -33 -24
33 45 51 ) & &0
-35 -26 -18 . -9 0 0
-56 -4&4 -37 -27  ~18 -8
49 58 66 74 B3 79
~44 -33 =22 -11 + 0O 0

73
-162

-21

-143

-125
=17

-107
-14

-90
-9

=72
-3

-o5

e
o

O W=

ra
[« AN

Values for 1981 are tentative.
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See Table 13
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| which caiculates JC. Values for 1981 are tentative. All J values are in ppm.
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—T9h
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-402
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-355
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~113
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-90
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~413
~-3%92
=372
=332
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-297
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~209
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-288
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-130
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Table 15. Totél correction JC -— J to be applied to J for 1 July of each year between
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1957 and 1981. All differences JC~J‘héve-béen multiplied by 100. See Table 13 for computer program
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Table 16. Comparison of XC = CUB2(JC), where CUB2 is the 1980 calibratiop curve, and XWMO, the 1974
Manometric value (see Equation (43) of text), for fialues ‘of J for each year between 1957. and 1981, | The
1974 Manometric value is based on assuming a drift for all»concentrati'oﬁs of -0.06 ppﬁ (J) per year,

from 1 July 1974». The cubic parameters ax;e from a fit of 1974 analyzer data to 1974 manometric data aloﬁe,
and thus are slightly‘different from the 1974 Curvé used to make the JA correction. All differences XC=XWMO

haverbéen multiplied by 100. Values for 1981 are tentative. All J and X Qalues are'in ppm.

XC - XWMO

81

58 .59 &0 61 62 63 64 863 66 &7 6B &9 70 71 .72 73 74 75 76 77 78 79 80
44 41 37 13 12, 35 82 129 176 152 129 105 82 &3 54 28 -2 37 85 134 180 223 267 312
39 37 3¢ 9 -15 29 73 117 180 137 113 90 66 S3. 29 19 -4 24 80 126 170 210 250 293
35 33 30 & =17 23 64 105 1456 122 99 7% 52 39 =26 11 -5 31 75 118 159 197 234 274
31 29 a7 4 -19 18 56 94 131 108 85 &2 39 26 14 3 -6 29 70 111 149 184 218 254
28 25 23 1 -21 14 48 83 117 95 72 50 28 15 3 -3 -6 27 65 104 140 171 203 =9
= 22 20 -1 -22 10 4% F3 104 82 &1 39 17 5 -7 -8 =7 25 6% 97 130 159 188 220
26 18 17 =3 -z2 & 3% &3 %1 71 50 29 8 -3 =15 -13 ~7 23 57 90 121 147 174 204
16 15 14 -4 -22 3 29 534 79 & 40 20 1 -10 =21 -7 -7 @22 s2 3 11t 136 160 187
12 11 10 -6 -22 1 23 45 48 49 31 12 -6 -16 =27 -19 -& 20 48 76 102 124 145 170
8 8 7 -7 =21 -1 1B 37 57 40 2= 7 =10 -20 =30 -2 -6 19 44 59 92 112 131 154
4 A 3 -8 -20 -3 13 30 a6 31 ib 2 -13 -23 -32 -22 -5 17 39 &2 @2 100 117 137
0 o 0 -9 -ig -3 ¢ 23 35 2 11 -2 -15 -24 -3z -2 -4 15 35 54 72 23 102 120
-5 -4 -4 -10 -14 -5 6 16 27 17 4 -4 -15 -23 -31 -20 -3 13 30 4s& &2 7 87 103
-9 =9 =B =11 -14 -3 210 19 11 3 ~5 -13 -2 -27 -18 -2 11 25 38 51 62 ., 74 S5
~14 -i4 =13 -i2 ~-1§ -5 0 5 11 & i -4 -9 =16 =22 -14 ~1 g 19 29 39 49 5 a8
-20 =19 =17 ~;3 -8 -5 -2 ) 3 1 c -2 -3 -9 15 -9 o 7 12 20 2 35 43 S50
-26 =24 -23 ~14 =5 —4 =4 =4  —f =2 0 2 5 -1 -6 -4 1 4 7 10 14 20 27 G
-32 =80 -8B ~i5 -1 -3 -5 -7 -~10 -4 2 B 14 10 & it 2 1 0 -1 0 5 10 iz
~39  -34 ~34 -1& 3 -1 =& ~-10 =i =5 5 16 D26 23 20 12 2 -3 -8 -13 -i4 =11 -8 -3
~f46 =43 -40 ~17 7 1 =6 -13 -20 -5 10 235 40 38 35 =22 3 -7 -16 -25 -30 -2B -246 -20
-54 =51 =47 -18 = 12 3 -6 -i4 ~23 -3 17 a7 7 56 35 32 4 -11 ~-25 -33 -47 -4& —4& -52
-63 =59 ~55 ~19 17 6 -4 -15 -26 -3 25 51 76 7 76 A5 5 -16 =34 -53 -44 =65 -66 ~75
-72 -67 -42 -21 23 10 -3 -1& -2B 3 G5 66 98 99 100 59 5 -2 -45 -¢8 -84 -86 -88 -99
-22 -77 ~72 -22 28 14 -1 =15 ~30 8 446. B4 123 125 127 75 5 -28 -57 -35 -104 -107 ~110 —-125
-92 -B7 -81 R4 24 18 2 -i4 =30 15 &0 105 150 153 157 o2 5 -35 -69 -103 -126 -130 —134 -151
-102 ~97 =% -2& 40 =3 & -11 -29 22 75 128 181 1G5 190 1li 5 —43 ~-BR -122 -149 -154 —159 -130
-§15 -10% ~102 -26 46 22 10 -B ~Z7 33 2 153 214 220 226 13 5 =51 =97 —-143 -174 ~180 ~186 -210
-128 -124 -112 =31 53 34 15 -4 =24 44 113 181 251 258 255 154 4 -0 =113 -145 -200 -207 -214 -241
~142 =134 -i27 =23 &0 - 41 21 0 -20 B/ 135 213 291 300 309 178 3 27

~70 -129 ~1B88 ~22B -Z3& —244 ~Z7




YEAR

170
180
190
200
210
220
23
240
250
260
=70
280
290
300
310
320
330
340
350
360
370
380
370
400
410
420

430

440
450

Table 17. .Comparison'of XC = CUB2(JC), where CUB2 is the 1980 calibration curve, and J, for

values of J for each year between 1957 and 1981, All differences XC~J have been multiplied

by 100. Values for 1981 are tentative, All J and X values are in ppm,
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1831
1587
1336
1141
240
755
584
42
294
177

75

-7
~73
~123
~-151
-159
~148
-117
=55
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217
357
702
?10
1141
1397
1677

1833
1589
1359
1143
743
758
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300
181
g0
-4
~-69
=116
~144
-132
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-56
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112
229
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2?23
1155
1411
1472
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1390
1361
1146
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761
592
440
304
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-110
-137
~145
-133
-~-100

-47

27
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240
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542

727

234
1169
1426
1708
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1836
1592
1363
1148
948
764
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Q0

-58
-103
-130
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-125
-92
~38
36
132
251
3721
554
740
250

1183
1441
1723

61

1816
1572
1344
1130

62

1796
1533
1325
1112
214
732
567
- 419

63

1847
1401
1370
1154

64

1899
1650
1416
1196
993
805
634
480
[42
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-25
~70
-94
-98
-82
~-34
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201

477
653
852
1076
1326
1601
1902

65

1950

1678
14561%
1239
1032
842
667
510
370
248
144

°8.

-9
-56
-83
-90
-75
-40

17

199
324
473
&46
844
1067
1315
1589
1820
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1747
1506
=281
1072
878
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941
3%8
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1466
77

~42
-71
~g81
-&9
=36

19

197
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835
1057
1303
1577
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XC =-J
67 68 69
1982 1963 1944
1728 1709 1690
1488 1469 1450
1263 1245 1226
1054 1036 1019
861 8a4 828
685 669 654
526 S12 497
385 372 358
261 250 238
156 147 137
70 &3 55
3 -2 -4
-34 -44 -48
~70 -69 68
~76 =72 =47
-61 ~53 -44
-24 -11 1
36 52 69
118 139 161
223 250 277
352 38% 417
506 544 583
683 729 774
887 939 991
1114 117& 1235
1371 1439 1506
1653 1729 1806
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1192

120

-&62
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1432
1268
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265
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213
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868
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1763
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1189
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1435
1226
1032

854 -

693
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822
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Scripps
Reference

Manometric Gas System Assigned Surveillance
Standards Standards Standards Standards

———  High Span

Principal Span

Figure 1, The CO, Reference Gas System consists of 10 manometric

2

standards, two.Scripps reference gas system standards called the
Principal Span and the High Span, and numerous assigned standards

and surveillance standards. All of these gas mixtures are CO ~in—N2,

2

except for some assigned standards consisting of CO,-in-air. All are

2

stored in commercially available 250 cu. ft. chrome—molybdenum steel -

cylinders.
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High Spans
Assigned
i Standards
E Principal Spans
b 0- .
- Surveillance Standards _ _
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1960 | 1970 1974 | 1980

YEAR

Figure 2; Operation of the CO2 Reference Gas System: hdrizontgl lines
represent cylinders of gas, plotted versus time with respect to their Adjusted
' Indeg values, J; solid vertical lines iﬁdicate tiﬁes of manometrig céiibra;
tions.. Aséigned standards are prepared by comparison with the Principal
Span and High Span standards. Prior to 1970, a Low Span standard was
used with the Principal Span standard for part of fhe preparation of low
concentration gas mixtures. New Scripps system standérds are created by
‘ comparisﬁn with older Scripps'system standards. The plot is schematié
. to illustrate the system, since actually;‘many more replacements occﬁrred

between 1960 and 1980 than are shown.b
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Figure 3. Standard deviation o of infrared analyzer measurements: crosses,
1974 calibration: dots, 1980 calibration. One would expect the dispersion

to be greater for extreme concentrations because the sensitivity is deter-

mined by the'Principal Span to High Span difference. By basing the sensitivity
on all the gas mixtures compared during the day, the average standard deviation

was reduced to 0.16 ppm and 0.12 ppm for the 1974 and 1980 calibrations;

respectively, but the means were essentially unchanged. All the standards
were run together on each day for the 1980 calibration, whereas they were
run in three oVerlapping groups in 1974, Also, data for the 1980 infrared
calibration were all recorded digitally. These two differences probably explain

the lower dispersions obtained in 1980;
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Figure 4. Calibration poin;s aﬁd the fitted curve for the 1980 calibration.
Thebvalues of X used are thé weighted avérage of l980,>l974, and 1970
measurements (see Table L){ The curve isathat of X as a’cublc function

of J with‘the assumed error>equal for -all points. The best-fit constants

are listed in Table 12,
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- Figure 5, System.drift pe?vyeér, between 1974 and 1980, The drift expfessed
by differences, (J8O - J74).divided by 6, is plotted on .the vertical axisq The
circles represent observed values plotted versus the average concentration in

X of each ﬁanometric standard. The smooth curve is obtained from the fitted

., calibration curves (seé Figure 4 for tﬁe 1980 curve). A tangent to this curve
.at 330 ppm has a slope of approximately 0,0027 per year (this observation is

used for comparison with a model estimate in Figure 15),
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Figure 6. System drift per year between 1960 and 1974. The circles and crosses are.
from calibration data given in Table 4a. The circles and crosses are differences,
(J1 -~ J60) divided by 14, from Table 4 for each manometric standard, where J1 is

the Adjusted Index value, based on the manometric measurement X60, and is obtained

by inverting the 1974 calibration curve. The difference is thus a construction to
approximate the difference (J74 ~ J60)/14, which could not be computed directly
because no gas analyzer data exist for these gases in 1974, They arévplotted against
‘the 002 concentration measured in 1960. The straight line is a linear regression fit
to data represented by circles; data represented by crosses are judged to be in error -
(two additional rejected data, off scale are not plotted). The surveillance stan~-
dards differences (J1S - JS60)/14, from Table 5, denoted by triangles, and
.discuséed below in the text, are an independent check on the regression line, and
were not included in the fit, The regression fit is actually to points (J1 - J60,

J60) but is here displayed vs X60. The difference between J60 and X60 on the hori~-

zontal axis is negligible.
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Figuré 7. JB correction in 1970, data from Table 6.
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a Figure 8. JB correction in 1972, data from Table 7.
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Figure 9. JB Correction in 1978, data from Table 8.
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Figure 10, Infrared analyzer data for composite surveillance standard CMPL, expressed.by the corrected

index, JB..




JB (PPM) -

- 61 -

.05
. [ 268.71 288.61
N_ zes.66 ) 288.57
288.68 |
{ | | | | | | | | | | |
1960 62 64 66 68 1970

YEAR

- Figure iI. Construction used to determine a JC-JBrcorrection based on data
from the compoéite surveillance standards CMPL (see Figure 10). The value
288.68 ppm plotted on the time axis at 1960.5 years is the average of results
for 1959-61. The value 288.57 ppm plotted at 1970.5 is the average results
for 1969-71. The values 288.66 ppm at 1962.5 and 288.61 ppm at 1966.5 are
ffom linear interpolation bétween values §t11960.5 and '1970.5; 288.71 ppm
is the observed average of JB during 1962, and 288.05 ppm is the observed

average of JB during 1965-67,
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Figure 12. JC correction in 1962, data from Table 10.
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Figure 13. JC correction in 1966, data from Table 11.
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Figure 14. Infrared analy;ér data for»composite surveillance standard CMPL corrected to JC.

(Compare with Figure 10).
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Figure 15. Drift model. Both the magnitude of the drift and its change
with concentration are consistent with a model in which each replaced

Seripps system standard is assigned a concentration of 0.07 ppm too low.

Between 1974 andAl980, thére were 12 réplacements of the Principal Spaﬁ
standard (~320 ppm) énd 7 replacements of the High Span standard (~340 ppm).
.The expecfed magnitude of the drift at 340 ﬁpm is thus (7) (0.07)/6 = 0,08
per year,.and the expectea.differential drift is:

A2 = 7)07) . X |
(350 = 320) (6 ~ 0-0029 (ppm per year) per ppm

The observed drift at.340 ppm is approximately 0.08 ppm and the observed

differential drift at 330 ppm is approximately 0.0027 per year.




