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Pref a ce 

Manometer Report I, summarizing the manome tric ref er ence ga s cali

br a t i ons carried out in 1969 and 1970, was originally pr epa r ed i n 197 0. 

I t is pr es ented her e unchanged, aside from r e t yping and minor changes 

i n f ormat and nomenolature in .order to more closely f ·ul lo.w that: in sub

s equent reports. The calibration results were calculated b y a prelimi

nary procedure using the 1959 and 1961 manome tric volume ratio and there

f ore differ significantly from results calculated using the current volume 

r a tio and procedures. To underscore this difference, the calibration 

r esults summarized in Tables 1, 2 and 6 and depicted in Figure 3 are 

termed partial pressures instead of mole fractions. 

The appendix to Nanometer Report I presents the original data and 

results of 1969-70 in the identical format used in Manometer Reports II 

and III. The calibration results or mole fractions reported in the 

appendix were calculated using the current procedure, first used in 

1972, with the manometric volume ratio de t ermined in 1974. Only the 

calibration r e sults listed in the app end i x can be compared to the results 

of 1972 and 1974. See Manometer Report III for details of the calculation 

procedur e and Manometer Report IV fo r the de termination of the manometric 

vol ume r a tio used to ca l culate the resu l ts in the appendix . 
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I . In troduction 

The co
2 

Pro j ect at Scr ipps I nstitution of Oceanography maintains 

an extensive series of reference gases (of close to atmospheric concen

tra tions of co
2 

in N
2
), to which all measurements of atmospheri c and 

oceanic carbon dioxide and total carbon are related. To a first ap

proximation, these reference gases are assigned index values, pseudo 

concentrations - expressed in ppm co
2 

of dry mix ture - that are linearly 

related to their observed scale differences on the infrared analyzer. 

Th e index value of a re fe rence gas is determined by a series of com

parisons on the infrared analyzer with standard reference gases. The 

RE FGAS system is internally consistent back to the beginning of the 

project in 1958. 

The true partial pressure of co
2 

in dry mixture, however, is not 

linearly related to the observed scale difference on the analyzer. 

Calib ration of the index value system is accomplished by absolute de

termi nation of t he co
2 

partial pressure of reference gases on a pre

cis i on constant vo lume manometer located in Room 2317, Ritter Hall. 

Such calib r ations were car ried out in 1959 and again in 1961 by C. D. 

Keeling . 

During November, 1969, C. D. Keeling and P. R. Guenther initiated 

a ne\·.' s e ries of calibrations . The following report summarizes twenty

seven calibration runs on f our selected reference gases plus associated 

s tudies carried out from November 1969 t o May 1970. This work consti

t ut es "Phase I " of the ne\v calibration series. 

li . Experimen t al Procedures 

The calibration apparatus consis t s of the const ant volume manometer 

.. , 
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in its insulated cabinet, the connected high vacuum s ystem ( "isotope 

rack"), the infrared analyzer and connecting tubing, and a precision 

cathetometer to measure mercury levels in the manometer. The fo llowing 

notes describe the experimental procedures followed for the calibration 

runs. No attempt is made here to fully describe the apparatus. 

A. Passage of Reference Gas into Large Manometer. On the day 

before a given run, the reference gas to be determined is passed directly 

through the infrared analyzer until a steady trace is obtained. Then 

the gas is passed through the manometer connecting tubing until the 

trace is again steady and identical to the direct trace. The manometer 

line is closed off and the gas again passed directly through the analy

zer. On the day of analysis, the above procedure is repeated with care

ful attention to any leaks in the connecting lines, observable as a 

"blip" on the analyzer trace after beginning passage of gas through the 

manometer line. The large volume (5000 cc) manometer and connecting 

manifolds are also carefully checked for l eaks with vacuum gauges after 

being pumped to a high vacuum (better than 1 micron). If a ll is well, 

approximately 2 em of gas is passed into the large manometer through a 

dry ice trap to remove wa ter and then pumped out a g ain. Finally, about 

58 em of the reference gas is passed into the large colume. The sample 

is t hen confined in this vo lume, a nd the air circul ation fans in the 

cabinet are turned on. 

B. Large Volume Pressure Measurement. Af ter waiting about one hour 

for temperature equilibration, the mercury l evel is brought above and 

then back below the 5000 cc pointer . The mercury is then slowly raised 
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to < 300 microns f rom the pointer fo r the required accuracy . The 

pointer cannot be approached much closer than 300 microns b ecause the • 

mer cury begi ns to bulge toward t he pointer, perhaps even prematurely 

touching it , making measurement of the height ve r y diff i cult . When 

the mercury level is s t able , the sample column (No . 5 on Fig . 2) height 

is measured . The vacuum column (No . 8 on Fig . 2) height is then 

measured , followed by the sample column again . I n all cases a measure-

rnent consists of the average of two r eadings . If the second sample 

column measurement is significantly different from the first , the mea-

surernents are repeated until constant values are obtained . During 

these measurements , thermomet e r No . 6112 is also read several times . 

At the end of the measurements, all seven cabinet thermometers are read 

(see Table 4 and Fig . 2). The temperature of No . 6112 is used as the 

temperature of the large volume . 

C. Extraction. The vacuum lines are carefully checked for l e aks . 

If all is well , the carbon dioxide is ex tracted from the r eference gas 

i n t he l arge manometer by slowly pumping it th rough a spher i cal trap 

fil l ed with liquid nitrogen . The speed of the extraction i s expressed 

by t h e pressure of the gas flowing through the trap. This pressure is 

maintained at about 1.0 ern of mercury . The maximum pressure f or indi-

vidual runs in Phase I ranged from 0.8 to 3.5 em (momentary maximum) . 

Although no ccrrelation between extraction rate and partial pressure of 

co2 is found in the available data, a systematic investigation of the 

s pherical trap efficiency will be made in Phase II . Extraction is con-

tinued until t he pressure gauges indicate all of the gas in the large 
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manometer has passed through the trap. 

D. Transfers. The extracted carbon dioxide (plus any residual 

water) is transferred to a U-trap in liquid ni trogen by warming t he 

spherical trap with a heat gun. The sample is then moved into t he 

small 4 cc manometer by a series of four transfers accomplished by 

cooling the second trap to liquid nitrogen temperature and then warming 

the f irsttrap to dry ice or liquid/solid ethanol temperature. In this 

way, residual water is separated from the co
2

• For the first transfer 

from the spherical trap and for the following two transfers, the system 

is also pumped through the liquid nitrogen trap after the bulk of the 

transfer has taken place according to the vacuum gauge. After the trans

fer, the U-trap can be tested for residual condensable gas by warming 

it to room temperature and observing the vacuum gauge. The sample alway s 

tested clean afte r the second transfer. Table 2 summarizes the transfer 

times and the trap material (dry ice or liquid/solid ethanol) used for 

the transfers. 

I n addition to the us ual vacuum gauge l e ak tests, a f urther check of 

the vacuum in the small manometer is made by raising the mercur y all the 

way to the top of column No . 4 before the final transfer. The manometer 

functions here as a McLeod guage - the size of the remaining bubble, if 

any , indicates the degr ee of vacuum. This t es t is mo r e sensitive than 

the Autovac vacuum gauge . Fo r mos t runs , no bubble at all remains in 

the tub e - the mer cury "sticks " when it is lowe r ed . At worst a ver y small 

bubble remains (the difference between these two conditions is not ob

ser vable on the Au tovac) . 
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Af t e r t he sampl e is in the manometer , it is confined and th a,.,red 

i nto gas . The cabine t f ans are turn e d on . 

E . Small Volume P r e ssure He asuremen t. Aft e r allowing about one 

h our f or temperature equilibra t i on , t he mercury is brought above and 

then back below the 4 cc pointer . The mer cury is then very slowly and 

ca r efully raised to t he point e r . Th e pointer is a pproached as closel y 

a s possib l e wi t hout contac t being made with the mercury . The s ample 

co l umn (No . 4 on Fig ure 2) height is measured, fo llowed b y the vacuum 

column (No . 2 on Figure 2) height . The s ample column is again me as ured 

a s a check . The mercur y is then raised until i t just makes contact 

1vith the pointer , the sample column is measured , and finally the vacuum 

co lumn is measured. The recorded values of the mercury heights are the 

ave rages of the before contact/after contact measurements on both the 

sample and the vacuum columns. On a good run the sample column r eadings 

re 10 to 20 micron s apart, and the vacuum column readings are about 

100 mi c r ons apart. 

The temperature o f the run is read on thermome t er No . 6112 . 

F . Reruns . Duri n g Phase I , reruns of the co
2 

pressure on the small 

manometer were ma de af t er trans fe rring the sample out to trap U-1 in 

one s tep a n d t hen b ack into t he manome te r in two steps via t r a p U-R-4. 

The pu r pose of these reruns was to t e st the t r ans fe r eff i ciency . Table 

2 s umma rizes t h e rerun data . In all cas es the t r ansfer t ime o u t of the 

manome t er to trap U-1 was long e r than the listed rerun t r a nsfe r t ime 

for the in transfers. For those reruns with transfe r times of one 
, 

minute, the trans fer out to U-1 was accomplished in five minutes. At 

least three minu tes was required for the bulk of the transfer ou t to 
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occur accordin g to t he vacuum g auge in the trans fer path. The mano

meter was then pumped for two minutes through trap U- 1. The transfers 

back in t o t he manome t er (one minute each) \ve r e accompl ished a s described 

in se c tion D. 

G. Heniscus Corrections. Before and after a series of runs, 

meniscus corrections are determined for the small volume manometer, 

where the sample column is of a smaller diameter than the v acuum column. 

Corrections are also determined for the large volume manometer - these 

reflect the non-level swing of the cathetometer scope. 

For the small manometer corrections, Col. No. 4 and Col. No. 2 

are pumped to a high vacuum while connected to each other by the mano

meter manifold in the cabinet. The system is closed off from the pump 

and tested for leaks ("bubble test" as in Section D). The mercury level 

is then brought up near the pointer. The meniscus corrections in Phase 

I were measured at varying distances from the pointer. The correction 

see~ed to increase as the mercury approached the pointer. Heasurements 

seemed to be mos t valid at about 50 micron s from the pointer, also 

about the closest possible approach b efore the mercury began to bulg e 

toward the pointer. 

Fo r the large vo lume corrections, a small amount of reference gas 

(about 2 em of mercury) is introduced into Col. No . 5 and Col. No . 8, 

connected to each other by the manome ter manifold, so t ha t the mercury 

level c an be lowered below the 5000 cc pointer . Measurements are made 

with the mercury at the fifth fiducial mark, very close to t he mercury 

level during t he large volume measurements. 
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The meniscus corrections are s ummarized in Table 3 . 

H. Cal cul ation £f co
2 

Partial Pr essures . The data ob tained a bove 

0 
(p r ess ure o f t h e entire gas sample at X C, p r ess ur e o f the co

2 
con t en t 

at Y°C and t h e meniscus cor r ections) are combin e d with the volume ra tio 

of t he 5000 cc and 4 cc v olumes ( 1319 . 75 2 - de termine d in 1959) and 

with co rrec t ion s for n onideali ty to ob tain the partia l pre s s u re o f co
2 

in the sample . A compu t er prog r am (CALTANK) exists fo r these cal cula-

t ions, bu t has not been used for th e new calibrations becaus e the me t ho d 

of cal culation must be reviewed . In t he meanti me pa r t ial pressur es (s e e 

Table 1 a nd Tab l e 6) a r e c alculated u s ing a " f ictitiou s v olume ratio" 

t h at incorpora t es t he corrections f or nonideal i t y , assuming they are 

ve r y close f or all o f the re f erence gases (1313 . 5 - consistent with t h e 

19 59 calibrat i ons ) . 

co
2 

Part ial 
P r ess ure 

i n ppm 

The equation us e d is the followin g : 

Co rr'd pressure o f co
2 

in sma ll manome ter at 300°K 
X 761. 30 

Corr' d pre s sur e of tota l g as in larg e manome ter 
at 300° K 

Ill . Res ult s : Data Pres e n ted in Tables and Fi 8ur es 

A. Tab le 1 . Data req uired for ca l c ulation of t h e t wenty - seven 

calibra tion runs and thei r r eruns is pres en ted in Table 1 . Also included 

are the co
2 

concentration s or p ar t ial p r essures calculated as explained 

in Part 11 , Section H. Data are not presented for runs 1 through 5, as 

these " debugging" runs yielded anomalous results that are omitted from 

the averages. Manometer column numbers are def ined on Figure 2. Menis-

cus corrections are discussed l:elow and summarized in Table 3 and Figure 

1. The listed temperatures are those of thermometer No. 6112 plus 273.16°K. 

' 

.. 
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B. Table 2 . Details on transfers and r e runs are presented in 

Table 2 . For most runs, the transf e rring trap mixture was a dry i ce /2-

0 
butoxy ethanol slush (tempe r at ure= -78 C). On some earlie r r uns 

(Nos . 6 to 10 , 12, 13), a liquid/solid ethanol slush (tempe r atu r e 

-117°C) was us ed in order to confirm that the f inite vapor pressure 

of water ice at -78°C (about 1/2 micron) was not interfering in runs with 

long (greater than ten minutes) transfer times (for example, in the 

anomalous Runs 1 to 5). While a lack of co
2
/water separation and 

consequent high partial pressures may have occurred in these runs, the 

data show no such effect for long and short transfer times with liquid/ 

solid ethanol or for short transfer times with dry ice. 

Calculated rerun partial pressures show that transfer times of 

one minute are adequate for complete transfer. Although most rerun 

partial pressures show a decrease, the amount of the decrease does 

not correlate with the rerun transfer times. Rerun transfer times of • 
less than one minute (in order to find a time so short that comple te 

transfer does not oc cur) were not attempted f or the following reasons: 

(1) One minute is about as fast as a transfer can conveniently be 

accomplished , and (2) the limit seems to be approximately one minute 

anyway . The Autovac pirani tube is i n the transfer path for t he second 

rerun trans~cr (fro1n U- R-4 into the manometer) . Only one small stop-

cock mus t be passed on the way . The time for complete recovery of 

the Au tovac gauge was about 45 seconds. There is no vacuum gauge in 

• the transfer path, however, for the first rerun transfer (U-1 to U- R-4 ); 

furthermore, three small s topcocks must be passed on the way. It is 
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thus reasonable to expect this transfer to be the slower of the t wo. 

Hen ce one minute is a reasonable lower l imi t f or transfe r times . At 

any rat e , transfer times of one to three minutes using a dry ice 

slush appear t o be entirely adequate fo r complete trans fe r and for C0 2/ 

wa ter separation . 

C. Tabl e 1 , Figur e ! · The meniscus correction studies made 

during Phase I a r e suiTmarized in Table 3 . Of these , four pairs of 

cor r ec tions we r e used in calculating the partial pressures for the 

runs. For t he small manometer, these corrections vary considerably : 

- . 430 for runs 1 to 13 , -.384 for runs 14 to 16, -. 330 for runs 17 to 

20 , and - . 444 for r uns 21 to 27 . Comparison of the run results, how

ever, does not show a correlation \..rith the meniscus correction used 

(a 0 . 10 mm error in the small manometer correction should cause an 

inverse 0 . 10 ppm error in the partial pressure) • 

An important fac tor in the magnitude of the small volume meniscus 

co rrection is the dis tance of the mercury l evel from the sample column 

pointer. As the mercury approaches the pointer , the correction inc r eases . 

This may be due to an ac tual dep ression of the mercury by the pointer 

(electrostati c?) or to an optical effec t due to the difference in 

meniscus illumina tion by the menis cus reade r . It was decided t o in

vestiga te the distance factor some\vha t. 

Figure 1 is a plot of the observed small manome ter meniscus corrections 

versus the distance of the mercury from the 4 cc po i nter . The data are taken 

fr om Table 3. In most cases the pointer height was measured during the 

determination - the distance of the mercury from the pointer was thus 

• 
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directly dete rmined. In a few cases where the point er he i g ht wa s not 

meas ured, the distance was estimated from adjacent runs (dis tance from 

pointer in parentheses for these cases). If the mercury was moving, 

an average distance is plotted. 

Figure 1 displays at least a rough correlation of distance 

from t he pointer with magnitude of the m~niscus correction. A l east 

squares reduction of the data (all sixteen determinations weighted 

equally ) is drawn. The least squares line yields a meniscus correction 

of -.423 rnrn at 0.05 mm from the pointer or -.458 rnrn at the pointer 

(mercury bulging e ffects eliminated). 

(If the relationship is approximately linear, Figure 1 suggests 

a way of accurately determining the small manometer meniscus correction. 

A series of perhaps ten determinations of the correction at varying 

distances from the pointer (for example from 300 microns to 50 microns) 

could be made and t hen plotted versus the distance from the pointer. 

As it is di ff icult to directly measure the height of the pointer tip, 

it would probably be more accurate to plot the values versus the sample 

column height and to use the average before/after contact reading of 

column No. 4 from calibration runs as the leve l o f the pointe r.) 

No such pr oblems occur with the large volume co r rections. The 

menis cus co rrec tions and t he f inal l a r ge manome t e r s ample column measurement s 

are made at t he same heigh t or dis t ance from the pointer - at about 

t he 5th f iducial mar k or 300 microns be low the pointer. The correction 

here is due to t he non-level swi ng of the ca the t ome t e r scope from column 

No . 5 to 8 . Changes in the correc t ion caused by r eleve ling t he cathetomet er 
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are very apparent in Table 3. Since the large volume measurements are 

less c ritical, the corrections are also less critical; and the fact 

that the y cannot be determined as accurately (due to poor illumination 

of Column No. 8 meniscus) is inconsequential. 

D. Table i, Figure 2. Table 4 presents the temperatures read 

on the cabinet thermometers immediately following measurement of the 

large manometer pressure for each run. The observed temperature of 

thermometer No. 6111 is listed, along with the corrected deviations of 

the other six thermometers from it (the observed temperatures are 

first adjusted by the corrections listed in Table 4). Figure 2 

diagrams the placement of the thermometers in the manometer cabinet. 

The observed (uncorrected) temperature of thermometer No. 6112 

is used as the temperature for both the large and the small manometer 

pressure measurements. For the latter, this temperature is as valid 

as possible since the thermometer is located very near the 4 cc manometer. 

The closest thermometers to the large manometer, however, are Nos. 6113, 

6115 and 6117; and these are on the average .01° to .03°C lower than 

No. 6112. This difference would lead to the calculated partial pressures 

being from .01 to .03 ppm too high. 

Placement of the lower baffle board in the cabinet is seen to 

h a ve improved the a ir cir c ula tion in the c abine t somewhat (that i s , 

lowere d t h e cabinet t e mp e ratur e g r a dients s lightly ). 

E . Table 5 . The inf rare d analyzer r uns made on the fo u r tanks 

cal ib rated in Phase I are summarized in Table 5. The data l is t ed fo r 

tank 7366 n eed some explan ation . Fo r those r uns designa ted wi t h + , the 
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recorder scale factors were determined in the usual way f rom the 

difference between the primary and high span standards. For the 

runs designated with a 0
, the recorder scale factors were determined 

from the difference between the primary and low span standards. 

The results of these two methods show a difference of almost one 

part per million. They should yield the same result since the low 

span standard was originally determined by extrapolation, using the 

high span recorder scale factor and comparison with higher tanks . 

Since that time, however, the low span standards have slipped or 

an instrumental change has occurred. It happens that the high span 

value correlates better with the other Phase I calibrations (see 

below). This "low span problem" is in the process of being rectified. 

As part of the solution , tank 7366 will be better determined with 

about 100 comparisons . 

F. Table~. Figure 3 . In Table 6 and Figure 3 the analyzer 

calibration obtained from the Phase I results is compared with the 

1959 manometric calibration and with the 1968 gravimetric calibration 

done by C. S. Wong. Figure 3, the calibration curve for the analyzer, 

shows the curvature of the new calibration as compared with the linear 

1959 calibration. The differences Partial Pressure-Gravimetric show that 

a nearly constant value (average of 3.13 ppm over the four gases) sepa.,. 

rates the new curve from the Wong calibration - the curvature is the 

same but the absolute value is different. The explanation for this 

differepce is not yet known; a thorough review and comparison of 

Wong's method and the new method is required. 
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The Partial Pressure-Gravimetric differences for tank 7366 lend 

circumstantial evidence that the index values derived using a high span 

recorder scale factor are more nearly correct. Calibration of additional 

low span tanks is necessary before this problem is solved. Initiating 

a new low span standard determined using high span recorder scale 

factors will be the basis of the solution. 

IV. Discussion of Errors 

The manometric calibration method was originally expected to be 

capable of delivering a precision of one part in ten thousand. The 

data in Table 6 shows that the Phase I calibration runs at best 

reached a precision of about one part in 5000 - -equivalent to a 

precision of .06 ppm for a typical reference gas of 300 ppm. The 

standard deviations reported in Table 6 range from .05 (only three 

runs) to .20 ppm. Perhaps more indicative of the error problems 

encountered are the two high runs on tank 2399 (run Nos. 9 and 16) -

these cannot be explained by any experimental variable. In the 

fo llowing discussion error magnitudes are assigned to various possible 

sources. Systematic errors that affect all of the Phase I data will 

not b e considered (e.g. volume ratio errors). 

Errors in measurement of the mercury levels are of prime interest. 

As dis cuss ed in Section II E, the r ecorded small manometer measurements 

are averages of adjacent before contact/ after contact meas uremen ts. 

With all of the cabinet fans on to aff ord adequate air circulation , the 

closest possible approach to the pointer results in a difference of 

about 100 microns between the before contact and after contact readings 

• 
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on the vacuum column (this is possible unless a certain infrequent -

and unexplained- high frequency vibration is present) . The recorded 

measurement of mercury height when it just makes c ontact wit h the pointer 

is the average of these two readings. Under these conditions, a maximum 

error might reasonably be ± SO microns which, for the most susceptible 

gases (low spans) , could yield an error of one part in f our thousand 

or between .05 and .10 ppm in the result. However, the consistency 

of reruns with first runs seems to indicate that this factor does not 

appreciably contribute to the difference between separate runs on a 

particular gas. 

In the large volume measurements, the mercury level is brought 

to within 300 microns of the pointer and then the columns a re measured. 

A cylinder with a height of 300 microns in the large manometer column 

3 
cuts off a volume of about 140 mm out of a t otal of 5000 cc. The 

pressure of this amount of gas could amount to .02 mm, or perhaps .01 ppm 

in the result. This would seem to be an insignificant error source . 

As discussed in Section JTI C, meniscus co r rections fo r the small 

manometer may be in error by as much as 0.100 mm. A 0.10 ppm error in 

t he results could be attributed to this source, although evidence of this 

effect ~ould not be found in the data (comparison between calculations 

us ing different meniscus corrections) . The error here can definitely 

be improved by determining the meniscus corrections more carefully, 

perhaps as suggested in section III C. The meniscus corrections for 

the large volume manome t e r may be in error by ± . 02 mm , l eading to an 

insignificant error of ±.01 ppm in the result . 



Page 16 

The cabinet temperature gradients could cause an error of .03 ppm 

in the result, as discussed in Section III D. Table 4 indicates, 

however, that the gradients are nearly identical for all the runs -

hence this error source would affect all of the runs systematically. 

Another possible error source is actual gains or losses of sample 

during extraction and transfer (volumetric errors). As discussed 

in Section II C, the available extraction data do not indicate the 

possibility of incomplete extraction, although a thorough investigation 

of this factor will be made in the Phase II studies. Furthermore, 

tests indicated that water vapor was effectively removed from the sample . 

Finally, the excellent rerun results down to transfer times of one 

minute indicate that complete transfer of the sample is accomplished. 

Any errors attributable to these volumetric sources would seem to be 

on the order of less than one part in ten thousand. 

Errors due to the cathetometer "jumping" or moving are a possibility . 

These can be observed as differences between closely spaced measurements 

of an identical fid ucial mark. The maximum difference observed was .02 mm, 

which could lead to an error of .03 ppm in the result. 

Th e conclusion of this error discussion would have to be that precise 

identification of e rror sources in not possible at this time. Hopefully , 

a ft er f urthe r work , either the precision of the work will i mprove or 

more detai l ed i n f ormation on errors will be available . 

V. Future Plans 

The primary accomplishment of the Phase I s tudies is the bare out

line of a new calibration curve fo r t he inf rared analyzer. Al so of 
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great importance a re the development and testing of measurement procedures . 

The next phase of work will involve modifications of the apparatus. 

A glassblower will be retained to replace several small s topco cks in 

the transfer lines with larger ones, to replace the existing thermo

couple gauges with three more Autovac vacuum gauge tubes, and to repair 

a few odds and ends . The air circulating fans will be checked out in 

an attempt to further reduce the vibrat ions . An attempt will be made 

to eliminate the slight leak in the upper manifold. Finally , many 

stopcocks will have to be regreased and extensive leak tests made. 

Phase 2 studies will include tests of the extraction e ff iciency 

(extraction at various speeds through the spherical trap) and some 

additional transfer tests (reaching a rerun transfer time too short 

for complete transfer and running several "round trip" transfers). 

Of necessity, these experiments will be performed on previously deter

mined gases, probably 6078 and 2399 . All four Phase I gases will be 

run at least once to check reproducibility with Phase I runs . Finally , 

calibration of a very high (index va lue 372 ppm) and a very low (index 

value 254 ppm) gas will be made to further define the Partial Pressure

Gravimetric relationship. Final CALTANK calculations of all runs up to 

this point should also be possible by this time . 

The experience and results of these first two phases will be applied 

during Phase III in attempts to reach the ultimate precision possible 

for the method. The long term reference gases of the C02 project should 

also be run during this time in order to fill out the calibration cur ve 



and to afford additional evidence concerning their long-term 

stability. 

Phase IV will probably involve extensive calibration and 

recalibration of the manometer volume ratios and calibration of 

additional selected reference gases to fill in the calibration 

curve. 
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Table 1_. Phase..!. Data ' Sununar y 

Hg Height Hg Height Co r r e cted Partia l Pr e · 
Reference Location in in Vaeaum in Sample Meniscus Pr essure sure of 

Run Gas Cylinder Original Data C::olumn~* Column*** Correction Temp . at 300°K CO in N *''"''' 2 2 
No. Date No. Book II Manometer* (mm) '• r (nun) (nun) (oK) (nun') (ppm) 

1 25 Nov 69 607 8 Part 3, p 98 /"'313. 02 

2 26 Nov 69 607 8 107 312 . 09 

3 27 Nov 69 607 8 ll5 Samples 1-5 are "debugging" r uns 314.28 

4 28 Nov 69 607 8 121 315.93 

5 28 Nov 69 60 78 125 unfinished 

6 1 De c 69 607 8 135 Large 772.173 177.232 -.070 293.31 608. 439 

140 Small 618.844 374.697 -.430 293. 17 249 .395 312.05 

144 Small-rerun 618.899 374.646 -.430 293.25 249.435 312 .10 

7 2 Dec 69 607 8 141 Large 769.870 177.252 -.070 293.07 606 .560 

146 Small 618.124 374.682 -.430 293.07 248.758 312. 22 

150 Small-rerun 618.47 2 374.684 -.430 293. 40 248 . 832 312 . 31 

8 3 Dec 69 2399 149 Large 766.602 177.249 -.070 293.45 602 .498 

Part 4, p 1 Small 626.890 374.694 -.430 293. 37 257.456 325 . 31 

5 Small-rerun 629.996 374.67 8 -. 430 293.74 257. 256 325.06 

9 4 Dec 69 2399 3 Large 777.489 177.274 -.070 293. 56 61 3. 3ll 

8 Small 631.857 374.685 -. 430 293. 46 262 . 464 325.80 

9 Small-rerun 631.688 374.69 3 -. 430 293. 39 262.345 325.65 

10 8 Dec 69 607 8 14 Large 768.700 177.370 -.070 293 . 05 605. 282 

18 Small 617.370 374.774 -.4 30 293.04 247.918 3ll. 82 

19 Small-rerun 617.566 374.779 -.4 30 293 . 23 247. 85 9 311.75 

ll 9 Dec 69 607 8 17 Large 767.572 177.315 -.070 292 . 84 604.617 t-tj 
Ill 

()Q 

23 Small 616.716 374.621 -.430 292 .42 247 . 929 312.18 ro 
f-' 

25 Small-rerun 617. 249 374.620 -.430 293. 15 24 7. 858 312.09 \.0 



Table 1. Phase ~ Data Summary (con' t) 

Hg Height Hg Height Corrected Part ial Pres-
Referen ce Location in in Vacuum in Sample Meniscus Pressure sure of 

Run Gas Cylinder Original Data Column** Column*** Correction Temp. at 300°K CO in N ***n 2 2 
No . Date No. Book II Manometer* (nnn) (mm) (mm) (oK) (rom) ·' (ppm) 

12 10 Dec 69 10069 Part 4, p. 26 Large 771.326 177.243 -.070 293.ll 607.976 

29 Small 652.387 374.613 -.430 291.91 285.030 356.91 

32 Small-rerun 653.019 374.594 -.430 292.69 284.938 356.80 

13 ll Dec 69 6078 31 Large 774.840 177.182 -.070 292.55 612.806 

35 Small 620.472 374.621 -.430 293.02 251.26 7 312.15 

36 Small-rerun 620.165 374.629 -.430 292.78 251.150 312.01 

14 9 Mar 70 6078 44 Large 764.348 173.649 -.127 292.46 605.798 

47 Small 613.548 371.014 -.384 292.35 248.486 312.27 

so Small-rerun 613.381 370.996 -.384 292.29 248.384 312.14 
15 10 Mar 70 2399 49 Large 760.504 173.657 -.127 292.30 602.176 

54 Small 622.094 371.019 -.384 292.35 257.251 325.23 

56 Small-rerun 622.165 370.994 -.384 292.42 257.288 325.28 

16 12 Mar 70 2399 57 Large 764.160 173.552 -.127 292.41 605.808 

60 Small 624.ll3 371.014 -.384 292.52 259.177 325.70 

61 Small-rerun 624.028 371.001 -.384 292.48 259.139 325.6.5 

17 23 Apr 70 2399 86 Large 773.375 173.374 -.104 293.20 613.810 

91 Small 627.755 370.962 -.330 293.32 262.304 325.33 

94 Small-rerun 627.410 370.948 -.330 293.04 262.215 325.22 

18 24 Apr 70 10069 95 Large 766.329 173.512 -.104 293.04 606.791 

98 Small 649.408 370.963 -.330 293.19 284.575 357.04 

99 Small-rerun 649.137 370.943 -.330 293.02 284.483 356.92 
'"d 
Pl 19 27 Apr 70 10069 103 Large 771.880 173.519 -.104 292.70 613.178 OQ 
Ct> 

107 Small 651.634 370.944 -.330 292.72 287.333 356.74 N 
0 

109 Small-rerun 651.895 370.964 -.330 292.87 287.432 356.87 

) 



Table 1. Phase I Data Sununary (con 1 t) ---

Hg Height Hg Height Corrected Partial Pres-
Reference Location in in Vacuum in Sample Meniscus Pr~ssure sure of 

Run Gas Cylinder Original Data Column** Column*** Correction Temp. at 300°K CO in N **** 2 2 
No. Date No. Book II Manometer* (nnn) (nun) (nun) (oK) (nun) ·' (ppm) 

20 28 Apr 70 2399 Part 4, p.l08 Large 762.994 173.472 -.104 292 . 76 603.994 

ll3 Small 622.990 370.970 -.330 292 . 56 258.091 325 .31 

ll5 Small-rerun 623.235 370.973 -.330 292.84 258.092 325.31 

21 ll May 70 7366 124 Large 759.159 173.600 292 . 96 599.630 

127 Small 585.092 370.982 -.444 293.14 218 .666 277 . 62 

131 Small-rerun 584.772 371.005 -.444 292 . 83 218 .546 277.47 

22 12 May 70 7366 132 Large 765.191 173.633 292 . 82 606.063 

134 Small 587.199 370.962 -.444 292. 81 221.092 277.72 

J15 Small-rerun 587.418 370.971 -.444 293 . 07 221.111 277 . 75 

23 12 May 70 7666 136 Large 768.269 173.495 293 . 10 608.776 

138 Small 588.257 370.974 -.444 292 .90 222 . 095 277 .74 

142 Small-rerun 588.190 370.949 -.444 292 . 91 222.045 277 . 68 

24 13 May 70 2399 140 Large 764.344 "173.561 292 . 82 605. 259 

144 Small 624.333 370.965 -.444 293 . 25 258 .746 325 . 45 

145 Small-rerun 623.965 370.947 -.444 292.84 258.749 325 . 46 

25 14 May 70 10069 146 Large 760.347 173.545 292 . 83 601.170 

148 Small 646.598 370.962 -.444 292. 89 281.872 356 . 95 

149 Small-rerun 646.910 370.969 -.444 293 . 21 281. 877 356 . 96 

26 14 May 70 6078 150 Large 762.000 173.492 293 . 25 602 .054 

152 Small 612.586 370.988 -.444 292 . 89 246.988 312 .33 

Part 5, p. 3 Small-rerun 612.607 370.976 -.444 292.97 246.974 312 . 30 
"' 27 15 May 70 2399 5 Large 762.927 173.588 293 . 01 603 . 39 8 Ill 

OQ 
ro 

7 Small 623.445 370.956 -. 444 293 . 33 25 7. 776 325.23 N 
I-" 

8 Small-rerun 623.625 370.949 -.444 293 . 60 257 . 730 325 . 17 



NOTES: 

* Large 

Small 

Large Hanometer (M000cc) Total Gas Pressure, co
2 

+ N
2 

Small Manometer ~cc) co
2 

Pressure 

Small-rerun Rerun on Small Manometer co
2 

Pressure 

** Vacuum Column is Col. No. 8 for L and No. 2 for S 

*** Sample Column is Col. No. 5 for L and No. 4 for S 

**** Calculated using "fictitious volume ratio" Cone Corr'd. Pressure of Small Mano. X 761 • 30 
Corr'd. Pressure of Large Mano. 



Table 2. Transfer Times and Reruns 

1st Run Rerun 
Transfer Transfer 1st Run Rerun Rerun 

Cylinder Run Trap Times Times Partial Pressure Partial Pressure Difference 
No. No. Mixture (min.) (min.) (ppm) (ppm) (ppm) 

6078 6 Liq-Solid 10 20 312.05 312.10 +.05 
Ethanol 

7 L-S Eth 15-20 10 312.22 312.31 +.11 

10 L-S Eth 10 5 311.82 311.7 5 -.07 

11 dry ice 3-4 4 312.18 312.09 -.09 

13 L-S Eth 5-6 3 312.15 312.01 -.14 

14 dry ice 5-7 2 312.27 312.14 -.13 

26 dry ice 3 1 312.33 312.30 -.03 

2399 8 L-S Eth 10-17 10 325.31 325.06 -.25 

9 L-S Eth 10 10 325.80 325.65 -.15 

15 dry ice 5 2 325.23 325.28 +.05 

16 dry ice 5-8 1 325.70 325.65 -.05 

17 dry ice 5-22 . 1 325.33 325.22 -.11 

20 dry ice 5-8 1 325.31 325.31 .00 

24 dry i .ce 3 1 325.45 325.46 +.01 

27 dry ice 3 1 325.23 325.17 -.06 

10069 12 L-S Eth 5-6 5-6 3S6.91 356.80 -.11 

18 dry ice 4-5 1 357.04 356.92 -.12 

19 dry ice 5-6 1 356.74 356.87 +.13 

25 dry ice 3 1 356.95 356.96 +.01 

7366 21 dry ice 5 1 277.62 277.47 -.15 
t-0 

22 dry ice 5 1 277.72 277.7':) +.03 OJ 
OQ 
(1) 

23 dry ice 5 1 277.74 277.68 -.06 N 
w 



Small Manometer 

Date 

21 Nov 69 

27 Nov 69 

8 Dec 69 

12 Dec 69 

9 Mar 70 

13 Mar 70 

22 Apr 70 

23 Apr 70 

23 Apr 70 

27 Apr 70 

27 Apr 70 

27 Apr 70 

27 Apr 70 

30 Apr 70 

6 May 70 

18 Hay 70 

Approx . Dis t ance 
f rom Hg to 
Pointer 

(mm) 

. 07-. 01 

. OS 

. llS-. 070 

. 133- . 073 

( . 191) 

. 100 

( . lll) 

. 278 

. llO 

. 212 

. 20-. 10 

. 158 

. 183 

( . 205) 

. 03-. 04mm 

. 06 

Number of 
Determinations 

6 

4 

10 

10 

10 

10 

5 

5 

5 

3 

5 

4 

3 

3 

10 

10 

Average Sampl e 
Column Heigh t 

(mm) 

374.603 

374.615 

374.726 

374.528 

Average Vacuum 
Column Height 

(mm) 

375. 021 

375 . 045 

375. 136 

374 . 891 

(releveled cathe t ometer) 

370.821 

370.912 

370.883 

370.716 

370. 884 

370.788 

370.857 

370.842 

370.787 

370.765 

371.180 

371. 319 

371. 292 

370. 992 

371. 231 

371. 061 

371. 146 

371.163 

371.109 

37l.ll9 

(releveled cathe tomete r ) 

370.938 

370.920 

371. 348 

371.397 

Applied 
Cor r ection 

(mm) Comments 

- . 418 

-. 430 

-. 4ll 

-. 363 

-. 359 / 

-. 409 r 
./ 

-. 409 

-. 276 

-. 346 

-. 272 

-. 289 

-. 321} 
-. 322 

-. 355 

-. 410 } 
-. 477 

Va l ue used fo r Runs 
1 t o 13 

Start at 5t h Fiducia] 
Mar k 

Start a t 5t h F- mark , 
Hg sli ghtly bulging 

At 5th F-mark 

Av . = -.384 us ed for 
Runs 14 t o 16 

At 5th F- mark 

J ust below 5th F- mark 

J ust above 5th F- mar k 

Just below 5t h F- mark 

Hg moving-bulging 
toward po i nter 

Just above 5th P-rua r k 

J ust above 5th F- mark 

'\, Just below 5th F-ma r k 

~ Av . = -.330 us ed for 
Runs 17- 20 

Sligh t bulging of Hg 

Av . =-. 444 used for 
Runs 21- 27 



Table 3. Meniscus Corrections (con't) ----
Large Manometer 

Apprn x , Di.stan c 
frm.1 llg to Average Sample Ave rage Vacuum Applied 
Pointe r Number of Column Height Column Hei ght Correction 

Da t e (mm ) Determina tions (rom) (rom) (rom) Comments 

25 Nov 69 . 20 4 177.310 177.371 -.061 All rough l y a t 5th 
F-ma r k unless o t her-
wise noted 

27 Nov 69 11 176.156 176.226 -.070 Value used fo r Runs 
1-13 

8 Dec 69 . 3-.1 6 177.402 177.438 -.0 36 Hg moving 

12 Dec 69 . 22 10 177.162 177.188 -.026 

(releveled cathetometer) 

9 Mar 70 .20 10 173.622 173.750 -.1271 Av . = -.l.27 used fo r 
Runs 14-16 

13 Mar 70 . 28 10 173.524 173.649 -.126 

22 Apr 70 10 173.519 173.623 -.104 Va lue used f or 
Runs 17-20 

29 Ap r 70 3 173.542 173.656 -.114 

30 Apr 70 3 173.553 173.665 -.112 

5 May 70 3 173.566 173.669 -. 103 

(releveled cathetometer) 

6 May 70 10 173.527 173.541 -.OlJ Av . = 0 . 000 used for 
Runs 21 to 27 

15 May 70 . 20 10 173.512 173.498 +. 015 Above 5th F- mark -
no bulging 
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Distance of Hg from 4cc pointer, mm ~ 

Figure ! · Small Manome ter Meni scus Cor rec t ions Plot ted Versus the 

Dis t ance££ the Me r cury Column f rom the Pointer . The squar es represent 

the corrections measured from 21 November to 12 December 1969 , the 

circ l es thos e measured f rom 9 March to 30 April 1970 and t he triang l es 

those mea sured on 6 May a nd 18 May 1 970. 
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Table 4. Manometer Cabinet Temperature Gradients * -- - - -

Corre ct e d'~ '~ Devia t ions of Thermome t ers f r om No . 6111 in "C 
Run No . Date 6114 6113 6111 6112 611S 6117 6116 Comments 

1 2S Nov 69 -.02 -.04 20.07 -.01 -.03 -.04 - .00 Bottom baffle board not i n 

-.02 -.OS 20.09 -.01 -.03 -.04 -.01 place fo r Runs 1 to 13 

2 26 Nov 69 -.02 -.OS 20.18 -.01 -.01 -.06 -.01 

3 27 N"ov 69 -.06 -.OS 20.2S -.02 -.02 -.04 -.02 

4 28 Nov 69 -.02 -.04 19.90 -.01 -.01 -.03 -.01 

-.03 -.04 19.96 -.01 -.03 -.OS -.01 

7 2 Dec 69 -.02 -.04 19.92 -.01 -.02 -.OS -.01 

8 3 Dec 69 -.01 -.04 20.30 .oo -.01 -.03 .00 

9 4 Dec 69 -.01 .04 20.42 -.01 -.01 -.03 -.01 

10 i3 Dec 69 -.04 -.OS 19.93 -.02 -.OS -.07 -.01 Only middle and outer fans on 

11 9 lJec 69 -.02 -.07 19.73 -.02 - .'02 -.03 .00 

12 10 Dec 69 -.03 -.OS 19.97 -.02 -.04 -.06 -.02 

13 11 Dec 69 .00 -.02 19.44 -.02 -.02 -.OS +.0 3 On l y midd l e and outer fans on 

Averages -.02 -.04 -.01 -.02 -.04 -.01 

14 9 ~Llr 70 +. 01 -.04 19.30 -.01 -.02 -.06 +.02 Bot tom ba f fle board in place 

lS 10 Mar 70 +.04 .00 19.12 +.02 +.01 -.03 +.03 (or Runs llf to 27 

16 12 Har 70 +.01 -.02 19.26 -.01 -.02 -.04 +.01 

17 23 Apr 70 .oo -.OS 20.04 -.01 -.03 -.04 +.01 

18 24 Apr 70 -.01 -.04 19.89 .oo -.01 -.OS +.01 

19 27 Apr 70 .00 -.04 19.S6 -.01 -.03 -.04 .00 

20 28 Apr 70 .00 -.03 19.61 -.01 -.02 -.04 . 00 1-cJ 
Ill 

()Q 
(1) 

N 
--.J 



Table 4. Manometer Cabinet Tmperature Gradients* (can't) 

Corrected~<>'< Deviations of Thermometers from No . 6111 in oc 
Run No . Date 6114 6113 6111 6112 6115 6117 6116 Conunents 

- ---- -· - -
21 11 May 70 . 00 -. 05 19.82 -. 02 -. 03 -. 05 .00 

22 12 May 70 .00 -. 03 19.68 -.01 -.02 -. 05 +.01 

23 12 M..ay 70 -. 01 -. 04 19.96 -.01 -.03 -. 0 5 .00 

24 13 May 70 .00 -. 03 19.68 -.01 -. 01 -. 05 +.01 

25 14 May 70 .00 - .03 19.70 -.02 -.03 -.03 +.01 

26 14 May 70 -. 02 -.04 20.14 -.01 -.03 -. 04 . 00 

27 15 May 70 -. 01 -. 04 19 . 90 -.02 -.03 -. 05 .00 

Avera ges . 00 -.03 -.01 -.02 -. 04 +.01 

Overall Averages -. 01 -.04 -.01 -.02 -.04 . 00 

* Except as otherwi se noted, readings were wade after all cabinet fans had been on for at least one hour. 

~b'( Corrections added to observed temperatures (determined by Elliot Atlas in September 1968 - Book II , 
Part 3, Page 29): 

6112 + .0 1 °C 

6113 +.02 

6114 -. 03 

6115 +.03 

6116 -.03 

6117 -.03 

• 

1-t:f 
OJ 

IJQ 
(1) 

N 
en 
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Figure 1· Placement of Thermometers in 't-1anometric System Cabinet 
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/ 

l ] .... · 
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6116 1=~~~: 
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6112 .; 

l l l 
6113 

:::::: i,f-~ ]~~~ 

•••• 

}. 61 14 

:::: 
·:·: 
~: ~: 

1 2 3 
I ••••• 

4 5 
cnLUM N 

Front to Rear Placement : 

.6 
NUMBER 

7 

6111, 6112: Close to front beside Col. No. 4 at 4cc pointer 

6114, 6117: About halfway to rear 

6113, 6115: Close to rea~ beside Col. No . 5 

6116: Between 6113 and 6114 beside large manometer control 
ballast (not pictured) 

• ••• 

l 

• ••• 
~ ~ ~ ~. 
8 



Table 5. I.R. Analyzer Runs on Manometer Calibration Refe r ence Gases 

Pressure of Index 
Cy l indl t- HEFC:I\S Standa rd Compared cy linder. No . of Va1u 
No . Dat e Report No. Cylinder No. (p.s . i.) Compa rll:ions (p[Jm) 

6078 17 Ju1 69 16 4284 2140 12 311.54 

25 Jul 69 16 4284 2110 10 311.49 

14 Aug 69 16 4284 2120 10 311.53 

28 Oct 69 16 4284 2110 10 311.61 

6 Nov 69 16 4284 2110 11 311.36 

18 Nov 69 16 4284 2100 12 311. 49 

5 Dec 69 16 4284 1830 10 311.56 

22 Jan 70 16 4284 1680 10 311.51 

2 Mar 70 17* 18220 1690 10 311.51 

12 Mar 70 17* 4284 1680 9 311. 46 

17 Apr 70 17* 4293 1680 9 311.62 

18 Hay 70 17* 4284 1560 10 311. J2 

Weighted Average 123 311. so'~ 

2399 12 Sep 68 15 11076 2120 11 322.42 

6 Nov 69 16 4284 2120 10 322 . 28 

18 Nov 69 16 4284 2110 12 322 . 34 

5 Dec 69 16 4284 2000 10 322 . 29 

22 Jan 70 16 4284 1970 10 322. 30 

24 Feb 70 17)'( 4284 1970 10 322. 27 

16 Mar 70 17:'c 4284 1900 10 322. 23 

17 Apr 70 17* 4284 1850 10 322 . 28 
I-'d 

18 70 17* 4284 1750 10 322 . 27 
Pl 

May ()Q 
rt> 

Weighted Average 93 322 . 30* w 
0 

---



-
Table 5. I.R. Analyzer Runs on Manomete r Calibration Ref erence Gas es ( con ' t) 

Pressure of I ndex 
Cylinder REFGAS Standard Compared cylinder No. of Value 
No. Date Report No. Cylinder No. (p.s.i.) Comparisons (ppm) 

10069 13 Jun 69 15 11076 2120 11 346 . 85 

2 Ju1 69 16 18220 2100 14 346 . 80 

14 Aug 69 16 4284 2100 10 346. 75 

28 Oct 69 16 18220 2100 10 346 . 89 

19 De c 69 16 4284 2040 10 346 . 83 

22 J an 70 16 4284 2010 9 346 . 84 

24 Feb 70 17* 4284 2000 10 346 . 78 

16 Mar 70 17* 18220 2000 11 346 . 66 

17 Apr 70 17l'( 4284 2000 10 346 . 70 

18 May 70 17* 4284 1930 10 346 . 83 

Weighted Average 105 346. 80* 

7366 2 Jul 68 14 18207 2100 10 282 . 47t 

1 Oct 68 15 11076 2170 9 282. 59t 

15 Apr 69 15 6067 2120 10 281. 68° 

5 Feb 70 17 4284 2050 11 282 . 22t 

5 Feb 70 17* 4284 2050 11 281. 45 ° 

18 May 70 17* 4284 1930 10 282. 12t 

Weighted Average 40 282 . 35 "1- >'' 

Weighted Average 21 281.5r,·, 

* REFGAS temporary value 

t Determined with High Span RSF 
'""1::1 

0 De termined with Low Span RSF ( I LS 2400) Ill 
()t) 

ro 
w 
f--1 



Table 6 . ---- Summary and Comparison of Calibration Results 

Infrared Manometric Differences 
Cal culated Phase I I ndividual Average Partial Partial 

l ndex 1959 Mano. 1968 Gravimetric Pa rtial Pressure Partial Standard Pressul'e- Pressur e -
Cylind er Value Value''' Value~<* (1s t Runs only) Pressure Deviation Index Gravimetric 
No. (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

bU78 311.50 '311.50 308 . 99 312 . 05 

312 . 22 

311. 82 

312 . 18 

312 . 15 

312 . 27 

312 . 33 

Av . of 7 312 . 15 . 16 . 65 3 . 16 

2399 322 . 30 324 . 66 322 . 34 325.31 

(325. 80) 

325 . 23 

(3 25 . 70 ) 

325.33 

325 . 31 

325.45 

325.23 

Av . of 8 325 . 42 . 20 3.12 3 . 08 

A.v . of 6 (Values 325 . 31 . 07 3 . 01 2 . 97 

brackets omitted) 
'"0 

in Ill 
(]Q 

10069 346. 80 354 .51 353 .78 356.91 
(1) 

w 
357.04 N 

356 . 74 

356 .95 

Av . o f 4 356 . 91 . 11 10 . 11 3 . 13 

• 



Cylinder 
No. 

7366 

Table 6. Summary and Comparison of Calibration Results 

Infrared l<.t~ ~ometrj c 
- calculated Phase I Individual Average 

Index 1959 Hano. 1968 Gravimetric Partial Pressure Partial 
Value Value* Value~ (1st Runs only) Pressure 
(ppm) {ppm) (ppm) (ppm) (ppm) 

282.35*** 275.95 274.52 277.62 

277.72 

277.74 

Av. of 3 277.69 

281.57**** 275.04 273.63 

* 1959 Mana. equation 

~ - (~ -311.51)"1.2186 + 311.51 mano.- index 
1968 Gravimetric equation by C. S. Wong 

~ = 58.4220 + 0.387232 
wt 

+ 0.00133919 (~ )
2 

~index index 

(can't) 

Standard 
Deviation 

(ppm) 

.05 

*** Index value derived from runs made with High Span RSF determination 

**** Index value derived from runs made with Low Span RSF determination 

• 

Differences 
Partial Partial 

Pressure- Pressure-
Index Gravimetric 
(ppm) (ppm) 

-4.66 3.17 

-3.88 4. 06 
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12 ~-------------------------------------<~[0~0~64~)--~ 

0 

(6078) 
o '-......f968 Wong Calibration 

~ -2 (7366) 
1959 Manometer 

Calibration 
0 
~ 
0: 
0 
0 z 
<:r 280 
~ 

300 320 340 
INDEX VALUE (ppm) 

Figure l · Calibration Comparison . The circles, squares and triangles 

r epresent the r esults of t he 1969-70 manometric calibra tion . The 

t riangl e uses an index val ue derived f rom a l ow span ea libration of 

the analyzer f or gas 7366, while the square uses an i ndex value derived 

der i ved from a high span calibration. 
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Appendix l· (Table l·) Manometric Reference Gas Calibra tions -

Experimental Data 

This table summarizes the experimental data of the 1969-70 

Page 35 

manometric calibration in the same format used in Manometer Reports 

II and III. In all runs the second 4 cc measurement listed was made 

after transferring the sample out of and then back into the small 

manometer (see text). 



·-· - ·-· --- ----- ----- - ---------

TABLE 1• MANOMETRIC REFFPENC_£ GAS CALl_U_~ _ATIONS • £XP£RlMENTAL_~~T~-- ____ _ __ _ 

CYLI NJER NO• REF• GAS DATE V 0 L u· ME - -- V A C • t:" 0 L ~--~<; AM r' L E C b L --;--. T EM P ·:- ME N I ~ • 
•RU N NO. T}?.E CC HEIGHT,MM HEIGHT,MM OEG,C CORR,,MM ------ - - ------ ----·---- -- ---- ----·-----

607 ~ - 6 \.02 IN N2 

607b • 7 '02 IN N~ 
- ·---- - -- --- - ·-·--- - ------ ---- - - -·--·-2 ore 69 -- --- -~ -ooo ______ i69~87o __ _ _ l77.2s2 ____ · i9~91--·-;;o·;oro 

_ ___ __________ -·----------- -- ---- ----- _ ____ 2 or e 69 4 618•124 374.6R2 tY.<~l -o.430 
3 ore 69. -------- 4 ------- 618·4 -,2 ·------ - 374.6~4 - - ---- ?.0.24 -- -0.430 

239 9 • 1 l02 IN N2 3 DFC 69 
- ------- - ·- ···-- ____ ____ -~- . ______ _ ·--· _ ___ _____ 3 !J F C 6 9 

4 ore 69 
- . 

2 3Y 9 • 2 C0 2 I~ N' 4 OFC 69 

5000 
4 
4 

766t602 
626.1:~90 

626•996 

177.249 
374,694 
374.678 

20e2'i ·o.o70 
20.2.1 •Ot430 
2o.sn ··-:.o~430 

5000 7?7,489 177,274 20.~0 •Oa070 
________ . ________________ 4 DEC 69 

s ore 69 
4 ________ 631;057 __ __ __ 374.6115 ?.0.30 -0.430 
4 631.688 . 374.693 ·----- - ~0.23 --- -0.430 _ _________ _ 

6 07 b • 8 C02 IN N2 
-- --·-------- - -- ·--- --

8 0 r: C 6 9 5 0 0 0 7 6 8 • r 0 0 1 7 7 , 3 7 0 -- ---- 1 9 ~ d 9---;;. 0 6 0 7 0 
9 DF C 69 ________ ____ 4 __ __ __ 617.370 _______ 374.774 _____ .19.!30 •O,ll30 
'1 0 E C 6 9 4 6 1 7 • 56 o 3 7 4 , 7 7 Q 2 0 • l 8-- --- ;;; 0 • 4 3 0 

-------

- -· . .- - - -· 
6 0 7 t:} • 9 1.. U 2 I I ~ 

.. ----- -·-
N' 9 DrC 69 5000 7 6 7. 57 i - ----·· ·1 7.,. 31 5 ------, 9. 0 !3-- - - ~0 ~ 0 7 0 -------

1 0 DFC 69 4 616.716 374,621 19.26 •Oa430 -· -· -- - ---· - --·------- .. -··- ---·-· 
l 0 DrC 69 '~ 

6 1 7. 2 4 9. - -----3 7 4. 6 t! 0 -- - - --1 9. (,j 9-- -- b" .-4 3 6--------

-
100 6i • l C0 2 IN N~ 

···~·----- -· 

- - ----- 0 • 0 7 0 
---- - - ----

10 DrC 6:} 5000 77le.326 177.243 l'la'J':l 
1 1 DrC 69 4 652t387 374i6l3 18.7~ •Ot430 

DFC 
.. ------ --· ·-· ·-- --

------. 0 • 4 3 0 
~----- - - -·- - --

1 1 69 4 653•019 37A,594 19.~3 

·-----------

- --·---- ·-------------- - -------



CYL IN UER NO . ~(Fe GAS UATE 
• RUN NO • TYPE - . . 

- 6o ib --1o - co2 - i"N N2 ____ - _______ 11 ore 69 

11 ore 69 
12 DrC 69 

c o7~ '"ll t:U 2 IN NC. 

----·-- ·---·- -·--·-·· --

239~ • 3 C02 IN N' 

-- - ----- -
239Y • 4 C02 IN N' 

9 ;,1 A R 7 0 
1 0 :~A R 7 0 
10 MAR 70 

1 0 r~ A ' 7 o 
1 1 i ~ A R 7 0 
12 MAR 70 

12 MAR 7o 
__ _ __ __ _ 1 2 ~~ A R 7 0 

12 MAR 70 

~ -.-- -. -· -· . - ------------·-- ------ ----------

-- -- --- -- --··· --·-- - -- ·-·-· -- ·-·-- ·- ---- ------·--------·----------

---------------

v o L u ME -- - v A. c • c o L -~---- s" M PL. E: c ·a L ; -·- ·- T E. M P ~-- "MEN I ·s -,. 
· - --- - CC ___ _ ___ HEIGH"i",M~I HEIGHT,Mt>I ___ O~: G.C t:OH~· - ~~- ~ 

5000 
4 

4 

5000 
4 
4 

5000 
4 
4 

5000 
4 

4 

7 7 4 • 8 4 0 1 7 7 • 1 8 2 -----1 9 • j q---;. 0 • 0 7 0 
620e 4 72 374,6?1 l9oti6 •Oe430 ·- ---- ·-------
620.l6S 374,629 19•62 •0,4 30 

764.348 173.649 19.30 
6 1 3. ~ 4 8. ____ _3 7 1 • () 1 4 _____ _ _19. 1 4 

613•381 370e996 l9ol3 

760•=>04 
622·094 
622e16S 

173.6'37 
371,019 
370.994 

19.14 
19.1Q 
19.26 

764•160 17~,5~2 l9ol5 
624.113 371.014 19.36 
624.02a 37t.ool l9.J2 

•OtlC::7 
•0.3b 4 
•Oe3ti4 

•o d 27 
-0.384 
·U.3ij4 

•0.127 
-0.3h4 
·0.364 

--·---~- ·-·-··---·- --- ·-

----

-------· 

2 399 • 5 C02 IN N~ 23 AP~ 70 5000 773.375 171.374 20e04 •O t l04 

----- - -- - . ----- --· -------·- ·--· - 2 3 APR 7 0 __ __ _ 4 627 • 75S _____ 370 • 962 . ___ ___ 20 .16 _ _ •0 • 330 ___ _ __ _ 
24 APR 70 4 627•410 370.948 19.88 •Ot3 30 

·- - ----- - - -~- ··-- ----
10 069 • 2 C02 IN N~ 

1006~ • 3 C02 IN Nt 

24 AP R 70 
24 APR 70 
24 APR 70 

27 APP 7o 
___ 28 APR 7o 

28 APR 70 

- ----------------·-- -· ----··-

·- - -------·-

5000 
4 
4 

766.329 171.512 
6 4 9 • 4 0 8 -· -- - . 3 7 0 • 9 6 3 
649.137 370.943 

5000 771.880 173.519 
- - ... -·· 4 -·· - - 6 5 1 • 6 3 4 -- - · --- 3 7 0 i 9 4 4 

4 651a895 370,964 

.. 

19 .88 
20.03 
19td6 

·O d U4 
-o .330 
- 0. 330 

19,54 •Oal 04 
1 9 • s 6 ___ __ ~ 0 • 3 :; 0 --------- --· -
19.71 -0.330 

---- -- ·-- ------ -------- - -------- --



-------· -- -- - · ---·- ·- - . . .... ---. -· . - ·-·-·-· --. -· -- --------- ------ - . ---· -- --. ·--- ---· ----·-- - - --- ---·----- -

____________ _TA8LE _ _l , _ M A N0~-J ETRIC_ REFE RENCE _ _s; As C_ ~ LJ .~~ATI O_N S •. --~~~_ERIME IHAL -~~ TA _____ _ ____ _ 

-C Y LIN u E R - N 0; REF • . GAS DATE -----· voLUME ____ VAC,C uL;- -SAMPLE CO L;-- TE MP ; ---- HE N I~· ---

__ :~u !.L__N 0 -~ ________ . J ... V.~-E ___ _ _ CC HEIGHT,MM HElG HT,MM OEG,C COR H,, MM ------

2399 - 6--co2_1_N_N __ 2 _ ______ 2-" AP R 7o _____ __ s .ooo ·--- 762• 994 i7~.472 _ ___ 19~6o--• o d o4 

---
7 366 - 1 C02 IN N~ 

--- --- ------- - -· ----·-·- . -· 

736 0 • 2 C0 2 IN N~ 

73 60 - 3 C02 IN N2 
--- ·--·-------· -· ---· --·---· --

- - - - - ---- ----.... -- ·-- -- ·-- ··- -· 
2 .39'1 - 7 C 0 2 I ;~ N ~ 

- ------

6 0 7 ~ • 12 ~02 IN N2 

29 APR 7o 4 622a990 37o, 9 70 1 9 • 4 0 • u a33 0 
29 APR 70 -·-----· 4 623•235 ---- --370.973 --19•6A~ ---·.;·Oa330 _ ______ _ 

. - - - ·- ·- ·-· -------- - 7 s 9. 15 9 - - --· i 7 ~, o o o----------1 9 . d·o -- -··-u . o 66 11 MAY 7o 
11 MAY 7o 
12 ~AY 70 

12 MAY 7Q 
12 ro~ A v 7 o 
12 MAY 7Q 

12 MAY 7o 
13 MAY 70 
13 M,\Y 70 

1 3 · ~ ~ y 7 0 
13 M.-\Y 7Q 
i 4 M A ·t 7 0 

5000 
4 
4 

58 '5 .CJ 9 2 .-- 3 7 0 • 9 8 2 1 9 • 9 8 - 0 • 4 4 4 
584. 772 37t.005 19. 67 - 0.444 

5000 76Sol9l 171,6~3 

--·· . 4 ···- - - 58 7 • l 9 9 . ·--- - - 3 7 0 ' Q 6 2 
4 587;415 310,9 7 1 

5000 768•269 171.495 
- 4 ------·. 58 8 . 2 57 - - - 3 7 0 • 9 7 4 

4 588.190 370.949 

- ·--·--~·--- ···- --- --·- - ·-· 

l9ob6 Oe OOO 
19 . 65 - 0~444 

1 9 . 91 - 0 . 444 

1 9 . 'i 4 
l 9 • ., 4 

19.7"} 

Oa OCJO 
- o a444 ·- --- - -
· 0.444 

5000 
4 

764o334 171,561 19oo6 U•OUO 
6 2 4 • 3 3 .3 - -- 3 7 0 ' 9 6 5 --·- -- ? 0 • 0 9 -- - 0 ~ 4 4 4 
623.96~ 370.947 19. 68 

--- - --- ·- -- · ·------- - --
14 HAY 7Q 5 000 760.3 47 1 7] .545 19 . 67 o.o oo 
l 4 I ~ A y 7 0 .. , ____ -- . 4 
1 4 MAY 7Q 

14 ~~A'!' 7 0 
15 '·1t .. Y 7o 
15 MAY 70 

I~ 

50 00 
4 
4 

·---- .6 4 6. 59 8 ______ _) 7 0. 9 6 2 _ _ _ __ 1 9. 7 3 .. -~ 0 ~ 411 ~ 
64 6 oYl0 370,9~9 20.0~ • 0•444 

762•000 1!~. 49 2 ? 0.0 9 o. ooo 
612, :> 8 6 ----·-- 3 7 0, 9 9 8 ____ _19 • 7 3 ____ ,:":0 • 4 4 4 . _______ _ 
612·607 370.976 19. 5 1 •O t444 

... ------- ------.. ---- --·------- -· ·- - - ·----

--------- - --------- -··--·- ·-- -. -- -------- ·- --·- --- -- - -- --- ---- ----- --------- -----

_ _ _____________ .. __ ---- , __ -

, 



. ·- .. . - -. ·----· . ---- ... ----- - .. ·---- ··-- ---------- - ···-----···------

_ T ABL £ 1 • M ANO :~t:TR I C REF EREtJ C £ GAS CAL I tjRA T IONS • __ f XP£R 1 ME i'-JT AL _DA.T..A. ___ --------- --- - - - - --

CYL IN~ER NO• HEF• GA~ 

--~~HuN . . N 0 I -. -----·· . . t Y.P E . .. ··- --···-

DATE 

15 MAY 70 
15 MAY 7Q 
1'5 MAY 7Q 

----- --- --- - -- ··- -- ---- . . ---- -· -- --- .. -

- - ---···------- - -- - - - - ----- ----- ----

VQLU t~ E v A c.~ OL·.- ---SA H p L £ c O L~---{l ~ p·: - - Mt::"N is •. 
... .... _ C C _ ___ __ tit: I GHT, MH ____ HE I GHT.; MM _____ Df.(:i • C __ ~q~-~- • !. MM 

-- - - --- - --·-- ----·- ··--· 
5000 762•927 171.588 19·tl5 o.ouo 

... . 4 ···-· -· - 6 2 3 I 4 4 5 ______ _ __ 3 7 {) t 9')6 20 ~ -l ! __ ~_0 __ ~ 4 4~------
4 623•625 370.949 20e44 ·0·4~4 

- --------

------------- - ---------------------------

·- --- ----------·--·- - -----······ . -- ---- ·-·- --· . . -·- - - . ... --- --- ·-- ------------ ------------ -- - - --- -- - - ------ -------·---

I 
I 
I 

... ---------- ···- --- --·--· ---- -- --- .. --- -----------·-------- ----------------

- ·. ·--- - .. ------ - -- - -- ·------------ - ·--·-·--

.. - - - · ---- - -------- ·- - - -- -·------
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Appendix £.. Pointer Heights for Reference Gas Calibrations 

Cylinder No. 
- Run No. Date Volume, cc. Pointer Height, nun 

6078-6 l DEC 69 5000 177.448 
.. 

2 DEC 69 4 374.660 
2 DEC 69 4 374.645 

6078-7 2 DEC 69 5000 177.468 
2 DEC 69 4 374.644 
3 DEC 69 4 374.684 

2399-1 3 DEC 69 5000 177.454 
3 DEC 69 4 374.690 
4 DEC 69 4 374.675 

2399-2 4 DEC 69 5000 177.500 
4 DEC 69 4 374.680 
5 DEC 69 4 374.680 

6078-8 8 DEC 69 5000 177.592 
9 DEC 69 4 374.782 
9 DEC 69 4 374.800 

6078-9 9 DEC 69 5000 177.590 
10 DEC 69 4 374.614 
10 DEC 69 4 374.618 

10069-l 10 DEC 69 5000 177.408 
11 DEC 69 4 374.620 
11 DEC 69 4 374.600 

6078-10 11 DEC 69 5000 177.420 
11 DEC 69 4 374.618 
12 DEC 69 4 374.632 

6078-11 9 MAR 70 5000 173.802 
10 HAR 70 4 371.020 
10 MAR 70 4 370.996 

2399-3 10 MAR 70 5000 173.800 
11 HAR 70 4 371. 014 
12 MAR 70 4 370.984 

2399-4 12 MAR 70 5000 173.820 
12 MAR 70 4 370.990 
12 HAR 70 4 371.018 

2399-5 23 APR 70 5000 173.756 
23 APR 70 4 370.948 
24 APR 70 4 37 0.970 

10069-2 24 APR 70 5000 173.790 
24 APR 70 4 370.956 
24 APR 70 4 370 .972 

10069-3 27 APR 70 5000 173.752 
28 APR 70 4 370 .972 
28 APR 70 4 37 0.950 
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Appendix l· Pointer Heights for Reference Gas Calibr a tions (con' t) 

Cylinder No. 
- Run No. Date Volume 2 cc. Pointer Height 2 mm 

.. 
2399-6 28 APR 70 5000 173.758 

29 APR 70 4 370.972 
29 APR 70 4 370.960 

7366-1 11 MAY 70 5000 173.776 
11 MAY 70 4 370.980 
12 MAY 70 4 371.000 

7366-2 12 MAY 70 5000 173.760 
12 MAY 70 4 370.980 
12 MAY 70 4 370.960 

7366-3 12 MAY 70 5000 173.738 
13 MAY 70 4 370.996 
13 MAY 70 4 370.963 

2399-7 13 MAY 70 5000 173.766 
13 MAY 70 4 370.970 
14 MAY 70 4 370.970 

10069-4 14 MAY 70 5000 173.746 
14 MAY 70 4 370.950 
14 MAY 70 4 370.976 

6078-12 14 MAY 70 5000 173.748 
15 MAY 70 4 370.990 
15 MAY 70 4 370.978 

2399-8 15 MAY 70 5000 173.726 
15 MAY 70 4 370.940 
15 MAY 70 4 370.958 

• 



Appendix 3. Infrared Analyz er Measurements on 

l1anometric Reference Gases 
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The f ollowing pages summarize the ind ex values determined on the 

infrared anal yzer AP55 in Room 2317 Ritter Hall , S . I.O . for the reference 

gases a nalyz ed on the constant volume manometric system in 1969-70. 

The pages are copies made from Table 9 of Reference Gas Report 17. 

Under the heading, "Single Set", are listed the index values obtained 

on given dates of analyses. The Cumulative Average is taken over all 

the analyses made on a reference gas, while the Subcumulative Average 

i f dif ferent from the cumulative is taken over only a recent part of 

the analyses • . Column 1 lists the standard reference gases to which 

t he manometric reference ga ses were directly compared on the analyzer. 

Column 9 lists the cylinder pressure in pounds per square inch. Columns 

11 to 14 list codes used in the reference gas system and will not be 

described here. 

For gas 7366 , the two analyses derived fr om low span calibrations, 

the runs made on 4/15/69 and 2/5/70 , are starred and are omitted fr om 

th~ Cumulative Average. The ave rage thus is made only over analyses 

derived f rom high span calibrat i ons (see text) . 

,. 



-r 

• 

- .. ----- ·- - - · - - --- --- -
Tfi3!...E 9~ 3U t 1MA.~Y JF lHF- HISTORY OF fiLL. TAt--KS TH~OUGH REPORT 17 

------ ----·-- ---- --··---
t 2 3 4 5 6 7 e 9 10 11 12 13 14 

5INr.L= i SET :; ~_'1Y_!,_t~ T 1 V E_~ V, s u lig ~ ~AI{j_ c Q. t1 cAR~- [L___ _ _______ _ c 9-~~ s 
STANDAf~D C0 t1PA qED \JJ, GF N J' UF NO. OF TANK DATE OF USE•RUN-RPT•CARD 
TANK NO, TANK 'JO, :'J'1:JAfi J .. INDEX :0'1PAHI .. JNUEX C0t1PAHJ,. INr:EX PRESSURE A~!.l YS IS NO ~0 

SONS SONS SONS 

2399 0 0 0 0 7/ 3168 7777-135-14- 66 0 
--- - - ---==2 3 9 9 _ ___ 11____ ___ ___ o o __ _________ a___ __ ________ B/2 616 B _ _ fl o ~ -11 2 .._ ~ 4 ·14 o o __ 

11n?o 23 99 11 322,42 11 322.42 11 ~22~42 2120 9/12168 6oo-tto - 15- ~ 9o 
--------'2~,S ..:..9..:..9 ________ _ __..:1,. _ _ ~ 2 2! 4 2 ___ _ ,_ 1 _ _ ~ 2 2, 4 2__ ___ __ _ __ 11,/ _5 ~ 6 ~-__21 Q 1 :J 1 ~-~ 1 ~ _:_g Q_?_Q__ 

4~A4 ~399 to 322.2~ 21 Jz2.35 21 ~22,35 2120 111 6/69 5101-110-16·222 0 
--------=-2 ~_~ 9 a1_~22! ~5 __ _ 21 ___ J22' 35 ---- -- ___ _ 11/10 /6~_~10~-_11~-16:2280 __ 

4~H4 2 3~9 12 322,34 33 322,35 3~ 322,35 2110 11/18/69 5103-110·16·236 0 
_______ ....:::2 _.~ 9 9 33 ~22. '--~5 ___ 3~ ____ 322, 35 ____ . __ l.1/2 Z !6~ __ 2~ _Q:11_5_~1~_ -:_2_5.Q _U _ 

4~H4 2399 10 322,2~ 4~ 322,33 4J 322,33 2000 12/ 5/69 210-110·16·264 0 
4~ 84 2 :~ . 9 9 10 3.?.? ._3 0 53 322.! 3~ __ 53 __ J?.2' 33 ____ ~ 97 0 _, /22/"'-Q __ _? 11! .:-.11 Q: 1 ~ -= 4_? 3 !1_ 
4~84 2399 10 322,25 63 322.32 63 322,3~ 1970 2/24/70 210-110-17· 52 0 
4~H4 2399 10 3.?~?. 3--~--~22, ;3Q ___ z_..s _ _ 322, 30 __ __ 190 0 --~/16 ~7_0 __ ~1 0 ·11 0 ~ -1 z_ -:_113\l _ _ 
4<84 ?.J99 10 3?.2,27 83 322.30 83 322,30 1850 4/17/70 210·110-17·198 0 

_ __ ___,4':.84 ____ ?._~1_ 1 10 3 2~_ . _2 _ ? ___ _?__l__ 322 •. ?.2 __ . 9J _______ 3?.2! 2~ __ ___ 17~0 ___ _ 5/18 1?_0 __ _?1 _0 -110 -:1_7 .. 2?~_Q_ 
4~84 2399 10 322,29 103 322.29 103 32~,29 1730 7/14170 210-110-17-314 0 
18t ?.3 99 1 o 3 22, ~a 1l~ __ 3 2.£.L~~ __ ,.13 __ ~_g2, 2~ - ----~ 76 o __ ~/17_[~_p ___ ?_!Q.:1~ll.. -1Z:.~Z~_o_ 
181 2399 10 322,21 123 322.28 123 322,28 1730 9/25/70 210·11 0-17 ·454 0 
181 2 3 9 9 1.1 3 2 2 , o 9 13 4 3 ~2.§ __1_~ 4 __ ~.f -~_ .. _2.Q_ __ .1 .~?._0 ___ _ l ."?J l~.l} o _ _ .2l...9~ll.JL~_t.?_-:.?_?_?_a 

---- - --- ·-·--- - - -- - -

240 ---------=---"'--lL-----------""o· ____ o p ______ _ _ Q ____________ 8!2 316A 7 77 Z ::-.1: ~5 -:.1 9. :.~ 7. ~ o 
~400 0 0 0 0 9/ 8/66 1·115-1 0-2 9 00 

11.1139 2~00 1Q 2 ~l,_, ~ 2 ~----1 a______ge l .... ~.2_...-:._ 1 o --~e:~.. ~~ ---- 215 o __ __ 9./?.116~----~ -1 ~. 1.1 o_~l.o ... 3 2 9Q __ _ 
2'108 ?.400 10 230,81 2n 2~1.c6 20 2a1,0n 2150 9/21166 31-110-10·3 32 0 

111)89 2400 l.O 2.31 I 2 3 _ _ _,......._.:....=...;'-----=~-"----~"---' -"--'""----L'~----"3'--"0'----~ -H L .:lf _ _ ~ 0 _ _ ? H 1 • 1 ? ___ :Z ~ 4 0 _ 9/2 8 /. 6 ~ 31~ 1 0 - l_Q_ • 3 3 ~-
2 408 2400 10 230,83 40 2~1.05 40 281,05 2130 9/28/66 31-110-10·34 2 0 

11rJ89 2400 10 23 -1.29 
240 8 2400 10 230,80 

----'~~'----:::~...l!:.---~~--i~'--'-io~---...::.5~0---;::_2 !::..8 dr...1.!..... 0~-9~-~5 _Q __ ~-~ tl-O 9 ~ ~ O __ Q_1 QL??J 6 6 31- t~ o -1 o .. 4 0 _l_Q_ 
60 281,04 60 281,04 2100 10/25/66 31·110-10-4 040 



----------- -- -- ---- -------- -- - ------- ----------· 
T6 3LE 9 , SU M M~RY Jf TH~ HISTORY OF AL ~ TA~KS THROUGH RE PORT 17 

1. 2 3 4 5 6 7 8 9 10 11 12 13 14 
__________ __,.,S I ~ G !,.._:: S_E T __ :: \JiU_l.,_~l_I_Y_ t;_~_Y2_~~-E3 _ClJ ~Lt_-~_L_ _ _ _j;_Q_Ij_~ ~-RJJL _______ G_Q_QE ~-

S T A N f) At<O C 0 ~lP A ~ E 0 'J :l , 0 F N J • U F N 0 , 0 F T A N K 0 A T E 0 F U S E • RUN- R P T .. C A R D 
_ ..L.T-.Au.NK...,.___.N_._.O..u,'----'T:.J:A,_._,NL:.:K.__,\l_..:l-1-t- ...... ':""'-0--'--'1,::>:_}AF I · LNDE X :Q.'1f?.A~_lND.EX COt1~AR~LN t.E_X _ E.B_E_SSJ1.8..LAN.AL'LSLS ~_Q~O~--

S~N S SO NS SONS 

. 18?.07 6074 j 0 21__:,t.L8 7 16 _6_2. 9. 1 __ , 31. 2 Q__ .f '2 ~ ' 21 9 4 O __ JL2 5./.6 8_ __ 2_13 2..:___1 0 ·:1- 3 • 2 9 0 0 
18~07 6U 74 11 2 ~ 3,92 ~77 294,29 31 293,91 8 9 0 3/28168 5135- 1 0 .. 13-3120 
18?.0 7 6074 11 2~3,8) 1 .§. ~-~2-.1. ~ ~6 42 .?~~- . ~ o 900 4/ 9 L_6_~ _ _ 51 ~-~- 10·13·3410 
11194 n074 9 2~3,8 3 197 294.25 51 293,89 sao 4 / 9/6 8 5135- 10-13-3450 

60?4 197 2 ~ ~_!_ _?. -5 51 293 . 89 ----- - . . . - - ------~ t_ 11.! 6 _ _1?. 4 3. ~__:__j._ 5 ·14. 70 
11176 6074 1 0 2~4 ,33 20 7 294.25 61 293,97 8 90 9;23/68 431- 10-15·123 0 

2400 6074 11 2~3,6S'*' 20? _ _ 291 _. ? ~ ___ _ 61 __ 293 t 97 8_~_0 --~ /1 51 6_9 ___ _131~_j.!__ "':.A ?..::_~_?5o 
6074 207 294,25 61 293,9 7 4/21/69 430- 15-15-3670 
6Q74 2 0 7 294.25 61_ __ 293_. 9? 5 L~ Q Lf> ~--6 _3 o • 15 - 15·4510 
6074 207 294.25 61 293,97 11/ 5/69 5153- 15-16-212 0 

4~84 6Q7 4 11 2 i4,23 218 29~.25 72 2_?~._0 1 870 :t tL.Q_L6 9 51 53 ... 10·16-22 5 0 
6074 218 294.25 72 294,01 12/ 3/6 9 51 54· 15·16·2 520 

-------- ---- -- --

---------~ - ----- ·· - -- -· . ·-· ·-- - -----· .. -~---- ·---- ----·. --~----·- -· ----------- --------·-- --
6 078 0 0 0 0 5/'2316 9 77 7 7.-1.5:,-1 5 - 458 0 
6Q76 o __ ____ o ___ _ _ o ___ ____ _ __ o_ _ __ _ ____ ___ __ ? /16 16 9 ____ 1.:-J. ~ ?.~J f?_:__~ ?. o __ 

4~A4 6 079 12 311.54 12 311.54 12 311,54 2140 7/17/ 6 9 1-110·16- 38 0 
4284 bQ76. 10 3J__l,_L!l_ 2_2 _____ 3.1 L .? ?.._ _ _ 2 ~ --311 , 5 ~ __ _ 2ll Q ____ _ _? /2 5 I. 6 9 ___ _ 1: 11 0. ~. 1 ~ ::._~ ~ _0 _ 

6078 22 311.52 22 .511,52 7/29/ 6 9 41 0-115·16 - 620 
4~8 4 6078 10 3.J=.1.!..2 3 ~2 3l.L.? ~-------3 ~--~ 11 , 5 ~--212 Q __ S/14 16 t __ 41 Q __ ~ 11 0 ~ 1 ~~- -~~ __ li_l _ 

4~84 607 8 10 311 , 61 42 311.54 42 311.54 2110 10/28/69 410- 110 -1 6·188 0 
607 3 4_2_ _ _ 31 L? 4 4? __ ~11 t 54 . - ___ _11 /__ __ 5 / 6 9_:?_9.13_:J. 1_5._:_ ~ .9~~ -1 ~ 0 

4284 6 Q78 11 311, 3 S 53 311.5 0 53 311,50 2110 1 1./ 6 / 6 9 531 3-110·16·224 0 
4?.84 6078 12 ~_l_L__ 4 ~ 65 3_1l ~..?. _a _______ 6. 5 ---~ 11 I ~ Q _ _ __ 2 1 0 _0_ .1 ~ I ~ 8_(~-CL~_l_:~_:JJ. 0 -16 - 2 3 7 () 

6Q79 65 311.50 6~ 311,50 1 1/26/69 210 - 1 15-16 ~249 0 
4~R4 6076 10 311 ,5 6 75 311, _~_5 t ___ _ _z~ __ 311' 51 t~ 3_0_ t? t_ _ 5_L6_9 _ _ ~1_Q__- 1__~ o -1_ 6- 2E.ll n 
4?.84 60 78 10 31 1 ,5 1. 85 311.51 85 311,51 1680 . 1 /22 / 70 210-1 10·1 6-4 210 

18?.2 0 6078 10 3 11,51 95 311.51 95 311.5 1 1690 3/ 217 0 210-110-1 7 .. 830 
4?.84 6076 9 311,45 104 31:1.50 104 3i t-;5-o 16'80 __ _ 3 I 1717 0 21 0• 110·1 7-1280 
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----------- ·---·-··- -------
1 2 3 4 ~ 6 7 € 9 10 11 12 13 14 

--- - - ---=-------=-5-=-I . _;~_G L:; · ~IT_ : U ~'!. U LA T 1 V E A V , S ~ Q _g ~~~y_ , __ _f.Q_t.-1 !:_~ R E 0 C 0 DES 
S T MJ DAR 0 C U H P A ~ : D \J J • 0 F N :> , U F N 0 , 0 f T AN K 0 AT E -0-F-..,-U-::;S-:::-E"' R u·-:-:N--=R-=-P-=T .. CAR 0 

_ __;_T.o.A.:...:.N ....:..K __;_NO~, _T:......:.A.:...:.N.:.....K_ 'Jc...::' :)'-'-'-~:~0.....:."1 .:.....? A R 1• I NUE )( :o "1P A R ~J~.QE X CO,~ P-~ .. R I • INC~~- P Rt.?_ SURe__M.J..A LYSIS NO \lO 
SONS SONS SONS 

4~ 93 607o 9 31_!,62 
4?.8 4 6Q7~ 10 311.31 

---"113 3J. l:.-L2J. _ _ 1 +;s _ _ .3~1_ . 51 ___ 168 q _ _ ~/17 !_?__0 2!_.Q_-11 0-17 .. ~ -0-=4,..-0_ 
123 311.50 123 .311,50 1560 5/18/70 210·110-1 7- 22 70 

4?84 6Q79 10 :.__~1 ;t3 _ _ ~ 1.1.• 4 ~-J .. ~~--~J + __ ._4 9 1~ !_Q __ 7/J .. ~_t_?_g __ ~_tQ..:. t1 0 -1]- 3 !~_0 --3.11 J-±.4 
1_ 81 6078 10 311,52 ' 143 311.49 143 311,49 1680 B/17170 210·110•17-37 6 0 
1 81 6Q78 10 _..:....;:__-=1=5-=3 3 .t L..1_9 __ ~? .. 3 _ _ 3_1 ~ .. _4 -~--1 .. 6 __ 6 o __ J 1.2 ?_t7 o 21_0 -11 o -1 7- ~-56 o_ 3~1...s_42 
181 6079 10 311,6 ;' 163 311.50 163 J11,50 1640 12/14/70 210•110-17-5340 

6081 0 0 0 0 11/ 4/69 7777-235-i6- 1;9 o 
608 0 - ---- ~ 0 0 ____ J 2/ ~ 8 I~ 9 1-215-16-277 0 ·--- - -· - - -- 1- 2 fa-.:-·r6--:'29~ 4 284 6081 11 321,96 11 321.96 11 321,96 2140 12/18/6~ 

60~1 11 321.96 11 321 96 12/22/69 5103-215-16-314 0 ----·· ... ·- ··· ---- - --- . ' --- - · - ---·---· - --- ·-· ·-· --- - - . --· ---· . --
4 ~~ 84 6Q 81 10 321,91 21 321.94 21 .321,94 2120 12/?.3/69 5103-210-16-332 0 

6061 21 ~-~1_. 94 21 ~2J ~.?.4 J ~~ ~LQ__?_1_Q_4_: ?_1 ~ -16- 4 4 6 0 

6081 21 321.94 0 0 10/27170 5105-22~- 1 7 -4 78 0 

181 6081 10 321,8S 31 321.91 10 321,86 480 12/ 4/70 5t6' 5- 21 0 -1 7 -51 9-0-
6091 31 321.91 l,_Q_ .l_.?-1 .._§_6 12L 9170 7 770-215-17-53 50 

-·--- ·---· 
6775 0 0 0 0 12/28/70 10423- 15·17-58 30 

-- - - ----·---· -69 85 0 0 0 0 4/ 1168 7777-135-13-3 280 
69 85 0 0 0 ~/ ___ 3_[6~-~. 2 0 3 .:J.15·14- l9 Q 

18?. 07 6985 11 318,46 11 318,46 11 318,46 2210 7/18/68 520.3-110•14- 91 0 
6985 11 316.46 11 31_~ 7/30/68 5204-115-14- 96 0 



-
TA3LE 9 ' 5lhH1 A R Y Jf-" THE HTSTURY OF ··ALL. TA~KS THRO ~IG4 RE POFH 1 7 

·------·-
\ 2 J 4 .. 

:> 0 7 e 9 1 0 11 12 13 14 
S l N (~ L = SET :U'lULATIVE AV, SUBCUM, AV, COMPARED CODES 

STANOARD CUMPAq: n "J I OF N J • UF' NO, OF TANK DATE OF' USE~RUN-RPT·CARO 

T~NK NO, TANK \IJ , ::0 '1? Aft I • INDEX :;O'lPAHI· IN DEX COMPAHI· rr~c Ex PRES5UR~~1VSIS NO NO 
SONS SON::i SONS 

7362 10 323.35 10 323,35 1/12/7 0 7770-2 15-16 - 3790 

7362 0 0 0 0 12/11/7 0 7777-335-17·5 420 
-------· 

7364 0 0 0 0 4/ 1/6B 7777- 335·13·3250 
---------:::7-::-3-:-&--=-4-----------o--- o o ---·-·- 6- - ·-·- -- 4; 3 o 16 8 4 3 i-= 3i-5: i4-- 140 

18~07 736 4 10 ?.35,31 10 285.31 10 ~~?,31 2100 7/ 2168 431-31 0 -1 4- 48Q 
----=1=-=1~1:.._:7...:..6----=7-=-3-:-~-'-4----=-1..-:...0 --2'-"--::----3 r=::-:> -'-. ::::..4. =-7 ---'2:=._0=---2i:i 5:3 9-2 0--2 H 5 , 3 9---212 0~0 /1'/68 4 3 0- J l. 0- fS ·1 5--rQ 

2 4 0 0 7 3 6 4 12 ~ 3 4 t 4 0 • 2 0 2 8 5 • 3 '; 2 0 __ 2 ~ 5 ! 3 _? __ . 2 q ~ Q __ _ 4_/_! ~ ~~ 9 4 3 0 - 31 7 -15- 3 51 0 
___ __:;4'-=2:-:B"'""4----==7-=3-:-6--:-4---.;;...17o --.:.:2 3 ~ , o ,---"3'....:;o_--'2 a? • 2 8 3 o 2 e 5 , 2 s 2 o o o 7 !14 t7 o 4 3 o:-3 f o-Tt:'3 f80 
___ _.:4.__::?:...:..:8~4 __ -:-7~.5..:::.6...:..4 ___ ~9 _ ___:2_~.1_._1~} 3 9 ~- 8 5 • _1 ~--- ~<;-. 2 8 5 I 1 9 -·--- 2 0 4 0 ___ _7 I 2 3 ll_Q__4_ ~-0...:~ ~Q_ - 1 7 - 3 ~-~-Q_ 

t81 /J64 10 2~5.10 49 285.17 49 2£,5,17 ?.040 9/22/70 430-310•17 ·440 0 
_ _ _ __;;:1::...:::8'--""1.__ __ /-=-3..:...6...:...4 __ ____:1::....:0:___.,Zc...::oS...::..5~,..,l_-'-'.B __ .;:_5_9 _ __;::2 8_2_~_ .17 _59 ~.o? ,_1.7._ _ __ ~ O_Q. Q__t~L--~ 1.) 0 4 ~ 0- ~ _1_9 -17 • 5 31 u 

·---·------ -------
_ _ ______ _u~ _____________ ,._O__ o 0 __ 0_ __ ______ 4/ __ l / 6 L_l_Z77-335~l_~~~1.~9 __ 

7356 0 0 0 0 4/30168 431 -3 1?-14- 150 
___ _.:::1"""8-'~:...::0-"-7----::'· ..::-3-:-6-=-6---=1....:..11 ---""2. 3 2 • 4 7 1 Q __ ( H? ! 11 ___ _1, Q. _ _ 2 8 2 .. ~ ( __ 21 0 9 7 I 2 I 6 8 4 31 - 3 l 0 -1 4 • 4 6 0 

11rl76 1:ss5 9 2~2.5~ 19 2s2.s3 19 2ti2,53 217o 1 oi- it 68--4-3a:3to-:ts=-t59 o 
6~67 7366 10 231.6g* 19 282,53 19 2 8 2 , 53 2120 4/15/6 9 430-317-1~-3480 

-=----~- ·--- · ···--·-- - ·· -- - I --· ·- -- - -- . . ·-- - - - · - -·- - -·- -
/365 19 28?.,53 19 ~ ~82.5~ 1?/12/69 230-~1~-16-2 670 

___ ___,4c_:'?c..:.;A:.._:4 __ --=7_:.:.3...:...S-=:.6 ___ =1=1 _ ___,Z ~2_, __ 2...:!.0 __ -=-.3 .::...0 _ __;?._~ f!. 41 ~ O_J H 2 I 4 +_ __ 2 0? 0 _ _ 2/ __ 5 '- ~ _0 _ _ 2_3 9 ..:J ~0 ~)._ z..:_t ?_O_ 
2400 7366 10 231,43• 30 282.41 30 2 b2,41 2030 2/ 5170 230-31 7-17- 200 

___ _...:4~<C..::.A'--'4 __ --=7-=-3...:...6-=-6 ___ _,_1-=-0 _ ___,2_~'---'4'----'-4-'!.o _ _ 2 ~ 2 • ;3_1 4 o ~ e 2 , 3 4 ~ ~ 3 g _ _ 5/1 ~_17 o 2 3 o - ~-!. o -1_7 - 2_~ 
4284 7366 10 232,24 50 282.32 50 2~2.32 1930 . 7/14170 230- 310 -17-3 200 
4 ~ H 4 7 3 6 6 1 0 2 :12 , 1 S 6 0 2 8?. , 3 0 6 0 2 E ~-0 +..:; 2 9 7 /2 3 I 7 0 2 3 0 - 31 0 • 1 7 - 3 3 6 0 

18 1 7J66 10 232,35 70 282.31 70 2e2,31 1930 7/311 70 230·310·17- 3530 

.. 
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'1. 2 3 'l c· 
:,) 6 7 e 9 :tn 11 12 13 14 

5INGL~ . SET :U'1ULATIVE AV, SU QClJM I AYf c Q.t1 ~.A 8_E;.Q_ _ _ c_o__Q_s s 
STANDARD COMPA~r:O 'JJ, OF NJ, UF' rJ o, OF TANK DATE OF USE•RUN-RPT·CARD 
TANK NO, TANK \JD, :0'1PAf-' I• It~[) E >< :O"iPA!H· I N U E LG..01:1.£. Af~ I - INI:_E?C P 3 E ~~.U.B.L.ANAUS I S NO ~0 

50 ~l S SON::i SONS 

1. 81 7 3 6 6 1 0 2 3 2 .4 0 8 0 2 8 2 , ~2,.__ _ __,8 . .:..0 _ _:::,2li~-t-~.?~-"1_2_l_,._O -~A l2_D_ll.Q__l.~ 0-310 ·1 7 • 3 91 0 
181 7366 10 252,27 90 2B2,31 90 282,31 1910 9/22/70 230•310•17- 4 420 

-----~1~8=1 _____ 7~3~~~6~----~10~~2~9~2~·~3~7---=1~0~0--~2~B~2~·~3-=2---=1~00~~2~~~2~1~3~2--~1~00 1~ 8170 230·310•17• 5280 

9184 0 0 0 0 6L20 t§4 7777- 35--0- 0 
9194 0 0 0 0 9; 1/66 7600- 15·10-2860 

9194 (I 0 0 0 71 9/70~777-135·17•3070 
9184 0 0 0 0 7;~1/70 7600-115-17·3250 

9 2 Q_ Q __o _Q._ -·--- ---· tl. ___ ___ .~ !_'?. 0 I {).!___7 7 7_!_-: __ l ~ ~-=11 - 0 
9200 0 0 0 0 9/ 1/66 7600- 15·10-2870 

200 0 b 0 0 7/977o-7TI7~:)-17- 3 o au 
920 0 Q 0 0 7 ?.1..LZ.O 7600-115-17-326 0 

10063 c 0 0 0 1/12168 7777-235-13- 68 0 
l00~3 0 0 0 __ Q ~L3_1_6 ,8_5_2_0 .~~1 :> ·t;.s- 2 23 u 

18207 jQQ63 10 311,97 10 311·97 10 311,97 2190 3/15/68 52Q3-210-13-240 0 
10063 10 311.97 1.Q 311,97 3/18/68 5204-215·13-24 7 0 

10064 0 0 0 0 1/12/68 7777-135-13· , 59 0 



T A 3 L E 9 , 3 U r1 M rdi Y J F 1 HE Y I S T 0 fn 0 F .. ALl., T A ~ I< S T H ~ 0 UGH R E P 0 R T 1 7 

1 2 3 4 5 6 7 · 8 9 1 0 11 12 13 14 
----------- ---"s'-=-1 Nr.L: s ~_._:_r -~:u '1_ld LAil.Y.t__A'{_, _ _$_L}Q_~~~ v. co ttE~8.tJl _______ __ ~9Qli_ ______ _ 

S T A N rJ A R D C 0 ~1 P A ~ E C \J J , (' F N J , 0 F N 0 ~ 0 F T A N K D A T E 0 F USE '"' R UN - R P T • C A R D 
_ ____,T--<=A'---'-'N'-'-'K'---'-'N-"LQ--L, __,___T '-'--A '-'--'N Kc_:_\J-'--';)"---':'-----_.:;'--"D'-----'1l-::>__:::!A__:__:R__._I _. _. _;_I _:__!_N _!_!_D E~X ___;::>L'c>.!...) '1---'---!P___!A ~_illi)__E_~__Q-~f_~~I_.t{C_F,: L _ P R_E1) S \)Jt.LANALY_S_l_L _ __ ____ tt~9 __ 

SO NS SONS SONS 

--- -- ·----- -
1 00S7 0 0 0 0 11/13/66 7777·235-15-21 10 

__:____ _________ _ ___:_:_(l _ __ -0 (1__ - - --- 0 ----- _ _1_ g /j, 3 I 6 ~--6! L-:. ~1 ?_•1? _-._ _? ? z__g_ 10 067 
60n7 10067 10 3 13 , 51 10 313,51 10 J13,51 2140 t /2 8 16 9 610-210•1 5-25 40 
6067 10067 10 

1 0067 
-=----_____:;c_:=_ _ ___:::_:313 _! 6 4 fO __ ~ 1~_. 5 _~ ___ _?Q _ _ ~13 I ?A __ __ ?O Q 9. __ _ ~ L1 _~ !6~ _ _ 21 Q:gJO_~J5- 4~~9-

20 313.58 20 313,5 8 11 / 5 16 9 5343·215- 16 -2 1 40 
6067 10067 12 
6~67 10067 11 

-------7--;;:--:----:::----=----,c---'<-----:-=----:-----:c'-------3 _~~_!_2~ ~~_2 _ _ 313_. s_x__ _ _ ~2 __ _ _ ~ 1. 3, 57 ___ _ 19ao ___ _ 1 tl 6!69 ___ ~34~~210~1 6_:_ 2 ~~o_ 
3 ! 3,6 3 43 313.58 43 313,58 19~0 11/18/ 69 5343-21 1-16-23 10 

18220 10 067 11 
6067 1 0067 9 

--=------=--::=----~L ~--_?_~--~ ~ ~--'--~ -o ___ ? ~---- 313 , 6 o __ 1 9 3 0 ___ 1 ~ 11 ~ 1__ 6 ~-2 ~ 4 ~_:_2 1 ?_~ ~ §_:_ 2 ~ 2 o_ 
313,5~ 63 313,60 63 j~3,60 1900 12/ 5/6 9 53 43 - 21 0· 16-2650 

6()67 1 006 7 11 31=~, 52 7 4 31_3 _ _!_59 74 ~~ ~- ~-~-9 189 o _1 ?L? 1LQ_9_5 3~_3 - 21 o ·16 .. 3 3_~ 
10 067 74 313.59 74 313,59 12/29/6 9 5 34 4 -21~~16-3 500 

·-- - ------- ----- ----- ---- ·--------- ---·- -----------
1006 8 0 0 0 0 11/13/66 7777- 235- 15 - 21 20 

0 _9_~ _8 __________ _!:Co. _Q_ o ____ _ __ 9_ _ __ 12/~3 t 6~ _ _ 61t~_ ?l?._:_J? _ _:__22~_o_ 
6067 100 68 10 31.2,36 10 312.36 10 312,36 2140 1/28169 610-210· 15-255 0 

11076 10 o 6 a :_____ ,1_Q __ 3"~-· 36 ____ 1 0 _ 31.2 t 36 ____ 29 0 ___ 6/ t 0 16 9 __ _ 6_1 Q.:::~l {._:__15 :__180_0 -31 ~J 0 ~-
111176 10 0 68 10 312,73 

10065 
20 312.54 20 312,54 290 6/13/6 9 610 ·210·15- 48 40 
20 312.54 20 31?2i _______ Q/~ .~~-~9 7770 · 215-15·49 70 

10068 0 0 0 0 

1 0069 0 0 0 0 ____ 5 1_ __ ~! 6? 7777 .. 235 .. 15-4 300 
·-·--- 1.;2: i 5 ::1s - 4 76o 10069 0 0 0 0 6/ 91 69 

11!'J76 100 69 11 346,85 · 11 346,85 11 346 85 2120 6 / 13 169 1-210-15-4 91 0 
18220 1006 9 14 3 46,8 0 25 346,8"2 25 346~8 2 21 o o·-- ·-7; 2 / 69 1·210 .. 16· 90 
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---------------------------------------------·---·--·- -- ---- -----
3 4 5 . 6 7 e 9 10 11 12 13 t4 1 2 

____________ __,_3 I N G L =, 5 J; T :; __ l,J ~ U L ~ J.J.'{ ~_A_v__.__~ U B_G l!_t1 1 _ _A_Y_1 C _0 t:1 ~A~ f D _____ ____ C QQ ~ S 
STANDARD COMPA~:O ~~. OF N), OF NO, OF TANK DATE or USE•RUN-RPT-CARD 
TANK NO, T AN_K \1~:......,_.%..-:o=-~~_A_~ I •" I NOE .~- :;_Q _~f ~-~j_-:__.lt:!lJ.E .~ _ _Q_OMPAru.:__I ~~ -~X__f.F_~ _S_~VB_E_~_NAL._ V~ IS NO 'lO 

SONS SON~ SONS 
----- --------

10 0 ~9 
4284 10 0 69 ~0 346,75 . 

_?5_34~_.82 25 __ ~~6,82 __ _ __ . __ __ ?1 _71.69 42~~?~~~1~ .:._ __ ~80_ 
~-- 35 346.80 3~ J46.80 2100 8/14169 420-210-16" 890 

18220 19 .. Q ~ 9 10 __ 4~---~46! 82 ___ ~~-346 I 82 __ __ 2.10 Q _ _ lQ/28/6~---~29 : ?10:-1 ~~_1~30_ ~~-~ .. a} 
1UQ69 45 346.82 45 346 1 82 12/12169 220•215-16·2 S80 

4~84 10~t~9 10 0----~ 5 ~ ~ 6 ! . 8 2 ---~-~-~ 4 6 I 8 2_ -- -·· 2 0 4 0 ___ 1 __ 2/1 9 ~ 6 ? __ 2_ 2 Q_:_~ ~ ~--~.t~:E.~ _9_0_ 3~~.~3 
4?.84 1ll069 9 346,84 64 346,83 64 346,83 2010 1/22170 220~210-16-427 0 
~?.84 100~9 10 34t~,?J _ _ 7 4 ~ 4 6 ' 8 2 _ _ _ ~ 4 __ 3 4 6 I 8 2 -- 2 0 0 0 - 2 I 2 4 17 0 -- - 2 2 0 .. 21 0 ": 1 7 . _ 56 0 __ 

18?.20 10069 11 346,67 85 346,80 85 346,80 2000 3/16170 220~210~17•109 0 
4284 100~9 19 __ 3..1~.t -~ 9 9 5 3 4 ~-'?-~--- 9 5 __ _ 3 4 6 1 7 9 _ _ 2 o o o _ _ ~ 11 z LZ.O _ _ ? 2 Q.~-21 Q ~ 1 7__~ 2 o 2 __ Q_ 
4~84 1ll069 10 346,79 105 346.79 105 346,79 1930 5/18/70 220·210~17-2310 
4284 10069 9 3~~- 9 

181 10069 10 346,54 
~----""1-~ 4 3 -~ 6 _!_z_a _114 __ ~ ~ ~- L? ~--1 9 o o __ } 11 ~ L~.P 2_?.Q.:~1- ~-1~-~ 1=-:3-=o_ 

124 346,76 124 3~6176 2000 9/25170 220•210-17·4510 
18220 10069• 10 346,70 -:....=:._---=~--'!<....:...::::..L.L-L--...:tl . .=..3....:...4 _ _:3::_4§_L.Z.9 ___ 13 4 ___ J_i ~._7 6 ___ 1J_0_9_~_2_/1_?_j_]~ _ _ ?_2 0 ~ 2_1 0 P. ~ 7 •5 6 9 0 

--- ·- - ·-··--·-·-- ·----··------·--- ·-·---- -

______ __,1~0.0 .. .:.......7 "------------~0- 9. _Q ___________ _ p ______ --~ L _1! 6 ~--7?? Z.:.t~? ~li -~~ ~-o _ 
10070 0 0 0 0 6/ 3/68 5203~11~·14- 200 

_ __.1....,8:=2_0,._..~.....7 __ _l_QD_?......,0'-------'1"-.2"-----""31_h2,_.1.._: _ _.12 . 315 I 21 ____ 12 _ __ 3 J. ~. 21 ___ ___ 2 0 9 Q__ ? I - 3/6 8 ____ ~ 2 Q 3 -~ 11 0 ~ 1 .4 _!....2_5 Q_ __ _ 

10070 12 315.21 12 315,21 7/30/68 5204-115•1 4- 97 0 
I - - -- ----··- ··- --- . - --·· . ... ---- - -·. . ·· - -·-·--·----- -- -- ·- ·- ---

----:-2_4_2_7-~i-~ ~ ;"'-t;---l·o---3-39. o o 1ci---33 ·9;o-~---i ~ ----339 ~ o 6---- 23o rs--~~ -- {;:~-5-22~: }~:--~:--i"~~--
----=2'-1?. .:......7_~1.::.....oo_z~ 10 33..£3,.2 =::-~ _ _ ?.Q __ 3JB.9<? _____ 2o _ _ 338,98 _ _ _ 23oo _ ___ 11 2164 ____ 5223~ _ 1o ~ __ 8~ _ 2 4Q. __ _ 

4288 10071 10 338,92 . 30 338,96 30 338,96 2300 7/24164 5223· 10· 8- 40 0 
4288 10071 10 339_._25 · 4Q ~.39,Q_~---~0 ___ :539,03 _ _ 22?0 ____ 8/26/64 5223_:_1Q~_~_?.~.Q_ -
4~aa 10071 10 338,91 . 5o 3J9,01 50 J39 1 0l 2260 9/17164 5223-. 10• a- 74 0 
4 '- 8d 10 0 71 10 3 38 I C) 6 6 0 33.~~--0 6 __ 0 __ ~~ 9 _J_O ?.?.!Q_1j)j ~?/ . .Q..L2.? __ 23... 10.. 8 •1 0 9 0 

10071 60 339.00 60 339 00 2/12165 5224• l~ ~ 9· 13U 
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Appendix 4 . Printout from Computer Program 11ANO l 

The f ollowing page s a r e copies of the printout from computer 

program 1AHO 1, which calculates the manometric co
2 

concentrations 

f rom the experimental data. Se e Manometer Report III and its Appendix 

f or a discussion of the method of calculation and a listing of the 

computer program. Some comments on the printout follow. 

In all cases a g iven run consists of one total gas measurement 

in the large manometer and two co
2 

measurements in the small manometer, 

the second being a rerun after transfer of the sample out of and back 

into the small manometer. Thus for every run there are two pages of 

printout showing calculation of the C02 concentrations by combination 

of the large manometer measurement with each of the small manometer 

measurements plus another page summarizing both concentrations obtained 

for that run. The f ollowing experimental data appear on the printout: 

The observed mercury height, the observed temperatures and the appro

priate meniscus corrections. Also shown are the mercury densities, 

linearly interpolated f rom the table included in the program ; the 

virial coefficients, interpolated from the tabular values using a 

quadratic Lagrang ian interpolation; the calculated pressure in dynes 

per s quare centime t er; the values o f the constants, acceleration 

due to gravity and ga s constant ; and the calibrated volumes of the 

4 cc and 5000 cc sample chambers. 

The r uns made i n 1969-70 are arranged in the appendix in order 
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of reference gas cylinder number. Various comn1ents appear on some 

of the printouts, referring to a particular co
2 

measurement. In 

the earlier runs a comment is made that the transfers were made using 

liquid solid ethanol, i.e. that the sublimations were made at the 

temperature of a liquid-solid ethanol slush, or about -100°C. In 

all other cases, a dry ice slush, at -78°C, was used. The transfer 

time length is also specified. For the first co
2 

measurements of 

runs where no comment is made the time is either five minutes or 

three minutes (near the end of the calibrations) • 



C02 IN N2 

_ M ~ N l ~ C U ~ C J H R [ C T I U r~ F U R C J 2 V 0 l U ME = - 0 • 4 3 0 M M 

_M~R CUHY Cu~UMN 11EluHTS FU:ot ~02 '>'OLU~E WERE 626.890 MM AND 374,694 .M~~~ .UMPE.R~HJR(_\'I~S___?.O___!_?J..._J:l(G•~'------------
M ~ RCUkY Dl~SITY WA~ 13 1 54~3 GtCC 

Mf:RC UHY ClJ~UMN HEll>HTS FO~ TOTAL GAS VOLUME WERE H6t6.02 MI-l AND 177~2-49--MM•.;T"tMPE-fHfUR£1iis20.29bTGa C 
M t. R C U H Y DE ~ 5 I TY _ W A 5 p • 54 ; 1 G /l C _ _ _ -- ---------

C02 

v'O LUME<CI.J 
. TEMPlRATu H((C) 
--· ~ R[S~ukECuY~~/SCJ 
___ "IRIIIL.CCCIMOLU 

J.79;4 
20·21 
t33i!OS~-t06 

•127tB 

. - --·- -· -- ----
VOLUMECCC) 5014•9 
TEI.IPEHATURE(C) ____ . 20e29 
PRESSURECOYNE/SC) ,78188E•06 
VIR I AL ( Cl.: /MULE) -----~ 6 t.O __ _ 

GAS CU~STANT = •83144E+08 ERG/MOLf•DEGREE 
ALClLt~ATlUN Ut GRAVITY = V79,558 C~/SEC••2 

__ _!*"!_ C02 CUNCENTRATION _OF. JHlS IJAS .IS.32tlel2 .PP..M. _ ____ _ 

_ ___ C0 2 _MEASUREMENT _ •• TpANsfE.R~ USlNG _LlQUIO•SOLIO _ ETHANOL __ ________ _ 

-----·-· ------- -·-------- - ---------------- ------------------------------------

.. ---- -- ---------· ---- ---·---------- ·-----·-------------------



£ 3 '/ f.i , R U N N () • C02 IN N2 

M~NIS~U~ CJKRECTIUN FOR CJ2 VULU~E = •oo430 MM 

MENISCU~ C~HRECT!Uh FOR T~TAL ~AS VQLU~~ a •Q,Q7Q MM 

M~RC.URY C u ~uMN HE1C.HT5 FO~ C02 VOLUME rot:RE. 626o_996 __ M_ t-L _A~D __ }]_~~ 6r~-~M··_!_~!:!fERATURE WAS 2-~~-DEG• 1: 
Mt.RCU f<Y --DlNSITY WAS tJ,S4'114 Gtl.C . - ---- · 

-MTRc u-R-y·-c u'~· uMN HE I G·Hrs - F- o ~ r o-r AL --GA's- -iiciCuME ·wE'R-E ·-i6 6 ~-6oi- M'~-- i·N"oT77-;2/i9M-M"-.;-rw ERA TuRE wAS 201 29u.EG. " 
_ M.f fiCUt!Y _ Qt:'.Sl.J_Y WAS 13 1_5451 G/C __ C _ __ __ __ _ ______ --· ---- ·----·-·-·-· -- - - --

.. -- - ·-··- - - ·-·--· - - -
GAS QATA 

C02 TOTAL GAS 

VQLUME,CC> 3o7974 VOLUMECCC> S014o9 
_ _ TE~PE.RATu"<E(C) . -· - -- __ 20o5B _ . --- - - - -·. TEMPER HURE ( c L _ __ __ __ 20 I 29 ___ _____ ___ _ 

PRESSUKt(JYNE/SC} ,J3419E+06 
___ '~lRIALlCCirWLU .•127•'4 __ _ 

--- - -· -- - - .. ·- ------ ··- __ _________ __ ... _ .. _ 

GAS CU~5TANT c •831~4[~0ti ERG/MOLE•DfGREE 
ACCt.Lt~ATlON uF GRAVITY s y79o558 C.M/SEC••2 

PRESSURECDYN~/SC) o7B188E+06 
_ ____ V_l FUAL C C_C_O<!OL_E _)_ _ _____ ~ 6 -•_ 0 _ _ _______ __________ _ 

______ , ___ -·- -·- - -· --- -- - -·---·- --- - ·- - --- - - -- --- -- ----- --------- · ----· 

~~.C.O 2_~0 r~ C .E ~J.B AT 1 0 .. ~ Of . LH IS_ l.i_A ~ __ lS _ 3 2 3, 8 4 _ ~P_1:1 _______ -·--------- -- --

-- -- ·--·-- - -- ..... ·-- - - - -·- .. - - .. ____ _ _ ____ __ - - - -

__ CJl .~ _M_E A ~.Uii t: M EN_T ~ • ___ R E.F<U '4 . ~F'.H: ~ ... TRANS r ER 9F __ S AMPLE _ Ol,J_T _OL ..MA~ 0_~~ l~JLJ:.!:H: .. ~ BACK IN T 0 M A NOM U i:..R USING 
LIQUID·S~LID ETHANOL, 

- - -----·-- - -- ------.. - ·- ·- · ·- --- ----· .. - -- - - ---·-· _____ .. ______________________________________________ _ 
- - - -------- - - -- ·- - - - -- -------- --·---·- -· ----~ 

- -- rri_i _SMEA SW~ t:MUI T W.AS -MAD E --o-... ----3-6Ec 69- CTO T A.L --GA.S)--AN0--- 4-·oic- ·-b9 'c 02) 

--a.,TA"iN£"Dr~-o"Mc·o2--MEAsuriE:~-E. 'IT NO. 2 ANn -;;cn.-"AL GAsME:"As-uRE:M"fN"r Na. 



SJM MAH Y 0~ MANUMETHlC C02 CJNCE~TRATlnNS ON CYLINDER NO• 

- - - -------

luTAL C.A;, 
HuN NQ, 

_1 

C02 
HUN NO, 

2 

CoNe, 

2399 RUN NO• 

--- - - - ··-----·-· ---- -

- - -------·----· ·------- - '--- - ··- -------------- - ----------- ------------------ ----

- - - - - - ··· - -· --------- - - ·- -- - - -------- -- - --



NJ, 0~ TESTED CYLlNDrR = (39'0 RtJN NO • 2 C02 IN N2 

_ __ ~o~ENISCU~ CJRRt:CTlu~t FOR TJTAL c;.AS VQLUt-IE • •Ot07Q _M"! __ ~---- - ------ --------·-·- -------------

Mi.:RCUKY Cln·UMN HElC.HTS rO=< ;oc VOLUME l'lfRE 63lo857 MM A~P ___ 374t68_5_ ti~ : ~_U_M_ E_~U.\,J_R_E_~ ~-LJ-_9_!_3_~ _ D_E; _'-i• C 
- -MERC UR-Y OEt-.SlTY WAS 13tS451 G/(;C . 

-M~E-RC-ukY ··c ·u ~ uMN HEiuHTs ro; roTAL c.As VoLUME wER·E· 77.7. -;·a ·~ ---M ·M·---A-ND--17-7.274 M-M-·TEMfiE:iiATukE wAs 2o.4o OE"• t 
_ M~R_CUB.Y . .Qt. ~Sl .U. . . ~AS __ L3 •. s.~- ~9 G t_ C_ ~ ---·--------- --- ---------------

. --- - ---- - --·-- ···------·-·····--· ····------------------- - · 

-'------- - - - -·- ·--- ----

.. -··· - -- -·- . - .... . . -·· . -- .. ···--·- ---- - ---·- ---· ------ - -------------------
GAS DATA 

C02 TOTAL GAS 

- ---------- - ------------ ·-- .. -- -- ----- --
VQLuME<CC~ 3,7974 VOLUMECCC) ~014o9 

__ lEMP£HATLii\E (C).. -- --- . 20• 3 0 __ . _ - ----·- -- ------ ---- - -------- TEMPERATLIRECC )_ ____ __ 20• 40 __ _ ______________ _ 
PRES5UkEC~YN£/SC) ,34065~•06 PRESSURf(DYNE/SCl .79627£•06 

_ _ i..IJUAL.<..C.(.l_t•10L. .EJ ____ _ •.12~• 7 ____ __ ________ ----· · ___ ----~lRI.AL..CC_V_fiOLE.) ___ !:.6.•..0 ______________ __________ _ 

-----GI~S _ ..C.LJ~ S TA~ T. ::: -- • 8 314 4 E. +0 e _ERG/MOL F • DE GR E [. _ ____________ ------------- ---- -------------
ACClLEkATlON Uf GRAVItY a ~79.558 CM/SEC••2 

-*-~.*_C Ci2 .. .l!J.~C Elljl_R_A T 1 O.N •. O.L l.l:i l_S _ uA_S __ lS. __ 324 .•.5! .. PP_~--- ----------

_ C Q.~-- t.-1 E..A ~U.R EM E Nl. . ....::.:-_ l R) N.S.f E._B_S_ J.J. S.l.!i.UJQ ~-l.O~_S_O_Lj 0 _ __!_1!-1 A_N_O L 

--- · ---- ·--- -----------

----------~- ------- - --- --- - - - ---------- -- ----------·-------------

_I~ I_s _ ME ~_s _u R t M Eli_T __ ~A_S __ t-1 ADE __ Q ~--~ ___ 0_.(_~_6 9 ·----------- ------ - --- - - ------- -------

- -- ---- -- --- --- - ---- ·- - ----·----



NO, Qt lE~l EO CYLI~DFR a 2399' RUN NO. 2 COc IN N2 --------- -- ----- --------- - -----

-- -- -- ------ -- ------ ------------ ----- ------- - ---- ------ --------------------

-- - --- - - -- - ---- ------ . --- ------------------ --- ------- -

M~ RCURY ClJI.UMN HEluHTS f01 \:U<:! VOLUME ~~FRE 631•688 MM AN_Q 374 _•693_ .1'\_M~~-H_!.~.f'EB_ I\]_U_RE_ ~~I\L?Oa23 DEG• C _____________ _ 
M~R lUHY Dl~SITY WAS t3o54~3 Gt~l 

Mf.R CUHY Cl!loUMN HEIGHTS FD1 lOTAL GAS VOLUME WERE 777a489 --MM-ANifT77-~ii4MM;;.--;TEM_P_E_'lATURE WAS 20o40 DE • 
_M ~R_C_ UR_Y DlNSITY WAS 13o54l49 Gtl:C ___ _ ______ --------------------- ----- --- -

-- ___ . ____ ____ --- - - ---------- -- ------ ----'-- - --------------------------------

------- ---------- --- -- ------ - ---- ------------------

GAS DATA 

C02 

. VOLUME(CC) 3o7974 VOLUMECCl) 5014o9 
_ _T Et-~PERATUkE(C) ________ 20o23 __ ___ ____ _____ ____ __ ______ TEMPERATURE(C) _ 20o40 

~ RESSUkE(~YNE/SC~ oJ4~42E+06 PRESSURECDYNE/SC) a79627E+06 
__ ~RIAL ( C_C! M 0 L U __ ___ •_12 7_t !:L __ __ _________________ _ --.Yl.RJA l._U:_C./."t.O ~E)'------· • _6_._0_ 

GAS CLJ .'j SfANT " o83ll;4C:+OU ERG/~1DLr·DEGREE -- ---------- --- ---- -------- ---- -- -- -- --- - ----------- - ------ - --
ALClL[kAT10N 0t GRAVIlY = 979o558 C~/SEC••2 

- ---------------- ----- - ------ ----- - ---- - ---- - -- --- --- - -- - ----------------- - - --------- - --------------.---------------

_ C :l 2 __ Mt: A~Utn.MEWL ·- . __ R ERU 'I _ &~F' T E~ . . lR AN sF' EB _Of _.SAMPL LOU.T __ Qf_ __ MANOM E.I.ER_.TJif;_N_~-A~JLl.NJJl_MAN.Q~_E_l_E._B_U._Sj_,_,_NG,__ __ _ 
LlOUl)·~OLiD ETHANOL• 

- piTs -- ME AS ·W~E ME tiT - -WA 5-M ADE"-o ~-~ -- -DEC-69-- (To T-AL--GAs )- A-NO·---s- o··EC_ 6_9- ,-c-o-2)" 

-orifA!N"E6 - rRciM ___ c--o2 ---;.,f:isu-RE:-;;-E- ~-t--No. 2 A No TD-iAL -G"AS"I-i"EA"s-iTRE:"MENT No. 

--- - ------ --- --------------------



SJM~A"Y Of MANOMETRIC C02 CJNCENTRATlnNS QN CYLINDER NOo 2399 

T u TAL -G-A !:> 

RlJN NOo 
---- t 02 
RUN NO, 

·-- -·~ --C QNC-~ -· - ---·--------

---------- - -------- ----- --

RUN NOe 2 

32 4 ~ 5I_ _______ ___________ ___o ______________________ _ 

2 324e43 

------ ----·- - ---- -· - - --- -·--- ----·- ------

--- --- - - - ----- - - ··-··-- -··-···--·------------------------------------

- ----- -- - · ---- ---- --- - - - --··- -·- - - -------

·--- --- ---- -- -·- --- ------------ ----- _, ____________ _ 

------------- -- ·----- ----------------

--·-·--- -------·-----·------



NJ , 0 ~ lE~rEO CYLI~DFR c ~399~ HUN NO. 3 C02 JN N2 

_M ~ N ISCU~ C OR RECTIU~ FOR _CJ2 VOLUME = •oe384 MM -- ----·----·-----·------- ------- --- ·-------------------
_ Mi: NI SCU !:l CJHHt: CTIUN FOR T:HIIL LJ/15 VOLUMF c •Oel27 MM 

M~R CuHY CU~UMN HEltiHTS F01 ~0~ VoLUME WfRE 622e094 MM AND 371e019 MM••TEMPERATURE WAS 19el9 DE~• C 
- Mt.RCUKY DE~SITY WA~ 13

0
5479 G;CC - ·- - ·· - -- ----- ---- -- -· -~---------------

Mt R CUNY c· U ~oUM N HEIGHTS f 0 Fl. r 0 TAL GAS VOLUME WER-E i6o ~ -SO 4--MMA-N0--1f3;""657"M J;1-;;-;;rt"MP£R-~lurc E WAS 19 .14 OEG • C 
_ J4 t: R CUR Y D £'iS I T_ Y _ W A:> _l 3 , 5_4 6 0 G ICC_ _ __ - - -- --- ·- - - - ---· -·--- - ----

-------- - ----- ----·--·------'------ --- - - -------------

C02 

V QLUt-~E<CCl 
_ T£MPcRATU1lCCl 

~ KESSUkECJYNE/SC) 

-- ·- -- ---- -- --- ---
GAS QATA 

TOTAL GAS 

J,79!4 VOLUMECCC) 5014e9 
_ ___ 19 • 1 ~ _ . __ __ _ . __ _ ___ TEMPER AT U R E ( C ) _. ___ ___ l 9 • 1 4 __ _ 

oJ3~69E+06 PRESSURECDYN£/SC) e77864E+06 
__ YI RJAUCCI MOL[) __ _ - •12 !:l • !l ___ ·- - _____ __,_ __ V.I R lAL C. C.CLMOLU ~..6 .J.3 _______________________ _ 

GAS CU NSTANT a •83144E+08 ERG/MoLF•DEGREE 
ACClLlRATl ON UF GRAVll~ = 9f9,558 CM/SEC••? 

----------- - · 

.J. *~ -C U2 C.U ~C ENlBAJ l OtLOU .ti IS ...£~A_S__l_s.......3~3. •. 9~ _P_p...!i_ ________________________________________ _ 

. . . 
T r1 1 S ME AS U REM EN T I' AS M A I) E 0 ~ 1 0 MAR 7 0 C T 0 TAL GAS ) .. AND . (1 MAR - 7 0 C C 0 2 -) --

O ~ TAINEu F~OM C02 MEASURE~E~T NU, 1 AND TOTAL. GAS MEASUREMENT NO, 

- - -·--- - -- ----· 

- - ---- - - - ---··---

-- ----· -- -· - - -



NJ, Of TESTED CYL1NDFR = 

_~E~ISCU~ C~rlRlCTIUN FOR CJ2 VULUME c ·o,J84 MM 

MENISCU~ L~ H RECTIUN FUR TJTAL ~AS VOLUMF = •Oe127 MM 

C02 IN N2 

_ Mt.RC UHY _C Ui..UMN HE 1 IJHT$ FO 1 ; 02 VOLUME WF.RE 622 o165 MPC AND __ 37_0 • 99 4_loi.M.~·-U__M~E_R.AJ_U RLJ! ALL9~_..E....,Gc.::•---='-------------
~ERCUHY Dl~SITY WAS 13 1 S477 G;CC 

-,,a:R-Cu~Y -co .:-u MN HElt.~iTS F01 TOTAL -GAS - VOLUME -WE-R[7 6o;5_04_MM-·AND 173,657 ~M·•TEMPEtHTUkE WAS 19ol4 OEG• C 
-~~CU!n _ _ot:.~SI _T_J WAS J 3 !_54b0 G/C.:~ _ _ __ _ _ __ --- ---------------- - - - - --

- ---- - - - - --- ------- · ------ - - - ----------------------------------

C02 
- .. 

YOLUME,CO 
_ _ TEMP£RATURECC) 

PRES~UkEl~YNE/SC> 
_ _ .J lRIAl<CCIMOLE> 

GAS DATA 

- - ----- --- --- - - · - - ----- ------- ---------------------
TOTAL GAS 

- ·- -- --·----- - ---· ·----·-- ·-------· . 
),7974 
19·2o 
.Jnsu:•o6 

- •12ll.7 

VOLU~ECCC) ~Ol4e9 

- ----- --- - - --·- TEMPERATURE(C) ___ 91.14 _ 
PRESSURECDYNE/SC) e77864E+06 

--··- ___ ... _ _____ __ VIRIAL(C.C/MOL(_t __ ~6•.L-------· 

G~s cu~sTANT a •Bllq4E+Ou ERG/MoLr•oEGREE 
ACC£LE~AT10N UF GRAVITY • 979,558 CM/SEC••2 

---- --- --------- ---------· -·---·- ------ - - ----·---- - - · 

- *~* .. CO:LCIJ .~CENTRATlON OF TH1S GAS .lS 324•03 . P.PM - --------- --- - - - - - - ----- - ---- - --- - - --·--- --

CJ2 M[ASU~EMENT •• RERU~ ,FTlR TRANSFER OF SAMPLE OUT Of MANOMETER THEN . BAC~. INTO _MANOM£TlR _ _ _ _ 
2 MI~UTE THANSFER TIMES ) 

-- -- -·- - - _, , --- --- ---- -·- -- ------ ·-------- -------- ------------------·-----------------------

- Ti-l ts MEASU~EMENf WA~- MADE . O'l -Hi M-AR-- 70 - CTOTAl. -GAS) - -ANO i2 M-Ak 7o- - cc·a 2- ) 

-~T i INEU f ROM -1 02 - MEA SURE ~ (~ T--NO ;-- 2- A'Ni)rbfAT 'G'i:s-MEASUREMENf NO, 1 

-------- . -- - - ·------- ---- ----- - ----·- ----- ------ --------- -----------



S~M~ARY Uf MANOMETRIC C02 CJNClNTRATlnNs QN CYLINUER NO• 

ToTAL -GA) 
RUN NOe 

C02 
MUN 1~0_. __ 

. - -- --·-- -- ·- --- - ~23 _.9~---

----- ------ ------- ------ - ______ 2 _ _ ___ ---- --~ 2~~ 3 

- ------- ---- --- - ------- - · --·- - ------ ----

------------

--·-· -- --- --- ------- - - -------------- --------- --

-------···------·· 

- - - ---- ----------------- ---

RUN NO• 3 

·- --·-----

.. . 



N~• oF TESlED CYLlNDFR = 2JY9' RUN NO. 4 C02 IN N2 

M~NlSCU5 CJRRECTI ON FOR CJ2 VOLUME = 
--- - ------ ----- - ------------ ------ - ------------- - ------------------------------ - -- ····- . 

_ _ ~ ~_NI S C u 5 C .; R RECTI IJ N r 0 R T J TAL l.i AS V 0 L U M F. • _ _ : Ot 1 ?.7 __ _M M _________ __ -- --------------------------- ---- ----

M~RCUHY Cu-UMN HEiurlTS F01 ~02 VOLUME WERE 624tl13 MM AND 371•014 MM••TEMPERATURE WAS 19t36 DE~• C ___________ _ 
- - - Mii:RCURY ___ D£-.SITY WAS 13,5474 G/CC - - . --- - - ---- --- - --- --- -- - - - ----- -- - - --

M(RTU-kY -,-ci-~uMN- -H-E (GH r s ·- r o .1--- r or Ai:--cii s--vo"l: ui-4E --w"ER"[- 76 ·~- ;160M"M"-A"Nl>T73-;5 52 MM- .. fE:"MF>"E R A ruiliWA"s-----r9:2nt ~. c 
----~~~~ll_Y_Q_~ :".A I T~- --~-~S _ 13 • 54] _!_ ~IC_~--- __ ____ ____ ___ __ _____ ____ _ 

------- -------- - --- - ------- --------------------------- - ---------------------------

-'------ ------- --- --- ---- - ------------ - ----- ------- ------ -- --- ---
GAS DATA 

--- - --- -- -- -- -------------- - ---- - ----------- ----------- - ----- -- ----- -
C02 TOTAL GAS 

VOLUME<Ctl 3,7974 VOLUMECCC) 50l~t9 
- --=T E_f £' ~ El ~ T U t'-1 E < C > _________ 19, 3 ~ ______ ___ -- --------- ----TEMPE kAT U R E' C )_ _ __ _ 1.9., 2 5 __ ____ _ 

PRES~U~E<JYNE/SC> ,33~37E•06 PRESSURE(OYNE/SC) t78361E+Oh 
_ _ _ v_:_,IJU ttL u c I_M o L. E) __ ---~ 1 2 !) , 6 _. _ _____ _ ___ ___ _ _ __ ______ v lllA I. .W .l.M a_L. E > • 6 • .2..___ _ ____ _ 

----- -- ----- -- ---- - -- -·- - - -- -- - -----· ·--· -- -- - ------- - -- ---- -------·-------------
_ _ _______ GAS CU'ISTANT = . •8 .il44~+0~ ERGIMOLF.•DEGREE - - -- ----- ---- ---- --- ----------

ACClLlkATION uF GRAVITY • 979,558 CM/SEC••2 

-- H .L CL.l2 .. CU :'4CENTRAT ION _ OF THl S liAS I S .. 324 • 4.6 . PPM·------- --- - ----------------

- ·· -"- ~ - - . ·- -- --- ·-- -------- ------ -·----- - --- - -----·- - - -- --- -·------ --- ----- - -
fMIS MEASUREM~NT nAS MADE 0~ 12 MAR 7o 

- -a a f,\ -z ~-E:o ·· uq:JM ·c a2 ~a:-. StJRE >~-E ~r li"IJ -. - -CANn --ror-ALG.As·"M-ffA-su-Rf.MENT -Nu. 
----------- - - -

--------- ----

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



NU , Ot TESTED CYLl~Dr R = ~39'.1• RUN NO , 4 C02 IN N~ 

_ M ~NI SL U S C JH RECTIU~ FUR CJ 2 VOLU~E = •no384 MM 

_ 1-!tN lS\. U!:I CiJRRECTIUI~ F OR LiTAL !..AS VOLUME = •Otl27 MM _ _ 

_ Mt RC UH Y _ C O •UMI~ HE I C.H T S F 01 .. n VQL UM[ WER E 6 ?.4 • 028 MM _AND _ J7 1 o 0_.9 L_MM· .~TJ;. M.P.1.R A TURE WA.;_;S::.__::...19.;_:_, .::c.3=2--'-D·E=-_G_t _ C ____________ _ 
MtR CUHY Dt~SITY WA~ t3.5475 u/~~ 

-~-a~RC UR y -c o~:uMN HE I <.HTS FO ~ TO-T AL-·G·A-S---V-DLUME -WERE-76~ ~16-0 .MM ANU 17 3. 552 MM··TEMPE.RA TURE WAS 19.25 OEG. c 
_ MC.f1 CUfi Y _Q f. ~SLU _WAS _13 a51t77 . G/C ~-------·----

GAS OATA 

·--·-------- -·- ·-----· -----·-· ------- ----
C02 TOTAL. GAS 

· - - ··---- - . - - -------·---·--- - · -- - ·- ·· ---- -- ---
VOLLMEt CCJ ],7974 VOLUMlCC~) 5014o9 
TEMP£R ATU rt E(C l -- - l9o 32 -------·- __ . ·- - --- TEMPEHATURE(C) .19o£5 _ ______________________ _ 
PRESSUH[ ( vYNE /SC) o33~27l+06 PRESSURECOYNl/SC) t783~1E+06 
_VIRlAU CCIMDL£) _ •12~.~ _ ·----- -- _ -----~IRl.ALCCC./MOL(L ___ ~lL•-~-----

-·-- GAS CU't!)TANT "' - •83144E.:.tCl8 ERG/r~oLE•OEGREE_ ______ _______ _ 
A C ClL[~ATlON Uf GRAVIfY = ~79o558 CM/SEC••2 

----- - ·- - -- - -· - ·- - .. ---· --------------· 

_•_!_!_C.02-.C.U~C EJHR.A UDr~ nL _LH 1 S ___ G_~_5_LS_32 4, 4 2 _ P.Y~ 

- ------ - ------ ------··- - -- ---- - --·--·---

_ C.:l2. MEA::iUR ;:ME NT _•• ___ RERU 'l AfJ[H _TRANSFER _ OF:. _ S.A.MtLf._O ULO.f_M.ANOMt_UR_I.l:i~lL~-MLlt:H..O_I'i.AN.O.~.kl~ 
< 1 Ml~UTE TRANSFER TIMES ) 

-----------·-------·-- ------

TM IS MEASU~EMENT ~AS MADE 0~ 1~ MAR 7o 

OOTA I NED t~O M C02 MEASURE~E~T ~0 , 2 AND TOTAL. GAS MEASUREMENT NOt 

- -- -- - ----· -- --



SJM~A~Y Of MANOMET~IC C02 CJ~C E NTRATlnNS ON CYLtNO[R NO• 2399 

luTi~L GA:, 
HUN "lOe 

co2 
RUN NO. 

1 

coNe. 

.. _ 324 •. 46 ______ _ _ 

• 

·-----·-----·------· ------··-----

RUN N0• ______ 4 

2 __ ________ 324._42. __ ________ _________ __________________ ____ _ 

-------- ·---- -·- ·---·-- ----·--- - -·-- - ----------------------------------

----------

·- - ---- - · --- --- ·- ·- .. ----- --··------·-----------

.. . _ .. __ - .. -- ·------- - --------- ---

- - - - - - -- --·-

- - - - - - -- -·-- -· - - -·- ---·-- - ·- - - -- ·- ·-------·-----

----- - ·--- - ----- --'---



. - ·- -·---------------·-·-·---

C02 I~ N2 

M~R CUKY Cu~UM N HElGHT~ FO~ ~02 VQLUHE WFRE 627e755 MM AND 370•962 MM••TEMPERATURE WAS 20•16 DE~• C 
·- M i: R CU~Y Qt.% I T'f WAS 13.54 ~5 G;CC - - ---- -- ---·- --- ------------ ---------------

-M~R-c-u0i -co~MN-Hr r GHrs ro 1 1 a rAe ~GA-s - ~Jo·L -UME 
___ MC: H_ C URY Ot: "'SIT~ WA;) L3, 54; 7 G (C ~ ____ --· ----· __ . ·--· ----·- ·- ------·------- ·---------------------------------

---··-----·------ --· 

GAS DATA 

l02 TOTAL GAS 
- ---- ·- -·· ----- · ·-- ·- -- - ---- ·------ ------------ --·- -- - - -·- -- -- --

VOLUM lCCl> 3•7974 VOLUMECCC) 5014a9 
_ TEMPEP.ATU RE(C) . ___ zO,lb . - --- -- ---·- · ·-·· ______ n: MP ERA T UR E C C ) __ _____ ?._0_, 0 L ___ --------------------

~ RES~UKEC~YNE/SC> ,34~29f..+06 PRESSURECQYNE/SC) a7959~E+06 
_ _ ~ .LRIALCCCIMOLE> ____ ____ •12~• ~ ____________ ______ _ _ _ ___ '{l...Bl.A L_ LCY.I~l 0_~ E > ____ ~6-•_1 __ _ 

------ GAS C 0 .'1~ T AN L = -- • 831'+4 ~ +Oti .ERG /t-4nLF•DEGREL. ______ _ 
ACCt.Lt.~AllON ur GRAVllY = 9l9,55e CM/SEC••2 

- - -----·· · .. - -- - ···-·. ------- -------- - -·- - - --·-··---------- -- - ---·--- --------·-·- ----·-------·---

- ·- - ·- - - -------
O~ lAINEU f~ O~ C02 MEASURE~E~T N~• 1 ANO TOTAL GAS MEAS~REMENT NO• 

- ---- ------- --------- ------------------
1 • 



- --------

d99• RUN NU. 5 C02 IN Nt' - --- ------ ---------

•Qtl04 l-IM --------- ______ _ __ _______ - ------------·- _ 

Mt:RC U~Y C (.;~o.uMN Hf I GHTS tO"< ~ 02 V OLUMf. WERE 627 • 410 MM ___ ANQ _ 3_7_0_• _~_ 4tiJ_M_~T;-~_f'_E8~ lUJ~ -~-;;_A_S__l'Lt_8§_Q EG . ...::•~C~-------------
-M~RCUNY DE~SllY ~AS \3.;4~1 CtCC 

Mt:RCUI-'Y COI.UMN ~•ElGt1TS tO~ lOTAL GAS VOLU~o!E WERE 773.375- MM -· ANIJ .. i7j~-Ti4MM::-;;TEMP[-RATURf WAS 20o04 DEG, C 
_ M t:_Ft_C UH)' __ .PE -.sIT '!'_ ~AS _1_3 • 5_4 ;7 G /_ C ~ ____ _ ____ _______ . __ ___ ----- - -- --

·- - - ~- ---
GAS DATA 

C02 TOTAL GAS 

- . ---- ----·----- - ... .. ·- --- . .. ·- . --------· --- --------------------------
VOLUME<CC) 3o7974 VOLUME(CC) ~014o9 

_ __ TE~Pt.RATUR£( C l 19 • B!) - ---- TEMPERATURE{C) ------?.0oU4 
~RES~UH((JYNE/SC) ol3~87E•06 PRESSURE(DYN(tSC) o7Q599E+06 

__ YlRIAL.<CCIMOLE> ___ •12~t1 _ __ - ---· - · . .. . _________ V_IR IAL. CCC /MOL£.)__ • 6 •-·"----

·- ----.GAS CU~STANT = a8Jl't4C.+Oti ERG/MQLt•OEGHEE - ----·----------· 
ACC~Ll~ATION uF GRAVITY • 979,558 CM/SEC••2 

- - - - -- ---- -- ·- - - -- -- -. - --· --------------------------------------·--- -------------

_CJ~ M~A~Uri~M(NT. •• ___ HEHU~ _ AfTik_ IRANStER . Dt .. SAMPL[_OilT-O E_MA~O~~TLR_ItilN~ I NTo MANQ~Ll£B__ _____________ _ 
C 1 MI~UTE TkANStER TIMES ) 

- - - ---- -- - -- ----· - - -· ----- - - -- · ----- -------------

--r;;-rs MEAsu'1 EME NT i."As-r·u~o[ - a~ -2-3 -APR7a-cror ii- c;A-s> ANo 24 APR 1o cco2> 

-boT A I N'"{u-f' !:< uf'fTo2 ~-EASURE· ~ -(~·T- NU • 2 ANO fil r~L GAS MEASUREMENT NO • 



SJ MMAkY Of MANOMETHIC C02 CJNC EN TRATinNs ON CYLINDER NO• 239Y RUN NO. 5 
- ----------

. .. ------------ - ------------ ----- ------
co2 coNe. 

HUN NO, __ 

----- ------ ---- --- -

32 4. 10 ------------ --------- --------------------

2 324 ,O L_ ______ _ 

-------- -- - - ----

----------- --

----- - ----- -------· ------------ ------------ ------

-------------- ----

---- -- ---- -------------------

- - - - -------------

------- -----------------

-·· ------- - - ------ -- - -------

' 



NJ. Qf TE!:dtD CYL ltiDFH = 6 C02 It-4 N~ 

~~~lSLU~ CU RRl CT!UN FOR CJ~ VULUME = •o,JlO MM ·- - ·- -- --- ---- ·----------- ---·--- -·---------------------

_ _ Mi.RCU~Y CO~UMN HE!t..HTS F01 .:02 '~OLLIME ~lfRE 622t990 MM A~D 370•970 __ _M.M_·_~T.lMP.f.RAJU~_E;_\'!_AS _ _ \.~-'-~_Q_ _ _D_(Ca-=..•--=cC ____________ _ 
M~RCU~Y DENSITY WA~ 13 1 5473 G;ll 

-._.~F<C UH Y C u~uMN HE! GHT S FO ~ lOT AL GAS VUL UME WERE 762 :99.4;1M- AN0- i73-;4 7 2 M~··TEMPER A TURE WAS 19 • 60 OE ~ • C 
_M~R_CU !l.L.D. l :~SIT!_ WAS t3,54~6 _ (l_/C~ - _ __ _ __ _ _ __ _ 

C02 

V~LIJME' C L) 

_TEMPE~ATU:-<[(C l 
PRESSuHE(~YN£/SC> 

___ !lRIAL(CCIMOLEl 

GAs nATA 
- --- - -- ---

TOTAL liAS 
-·-- --- ---- - -- ---

3,7974 VOLUMECCC) 5014o9 
____ 19,11 :l .... - ---- _______ _ TEMPERATURE ( C l ------19, 60. 

,JJ400E+06 PRESSURE(OYN£/SC) o7R215E+06 
~ 12 ~ d _ _ _ __ --- __ _ . __ . _ _ __ ______ y I Rl A~ tc CLM U L (_l_ .. i1 • '---------------------

··- - -··- · ---·-··--· -·- -- - --------------------------------------------

_ __ GAS CU'4STANT ,. _ •d311l4E:+Oti ERG/MOLF•OEGREE - - - ----------
ACClL£1ATION OF GRAVIIY ,. ~79,558 CM/SEC••?. 

------------------
----· - - --- - - -. - -- -· ------ -- ------- -- ---------

-- --- -- ------ ------ ----- --- --- ·-· ------- -- -- --- ------------ --· 

T~ls MEASUREMENT WAS MADE ll'4 28 APR 70 CTQTAL GAS) AND 29 APR 70 (C02> 
- -- - - · ---- - ··- . -· - ·- ·· - ·-- - - -··-·· -

o=TAINED fROM C02 MEASURE~E'4T NU, 1 ANO TOTAL GAS MEASUREMENT NO• 
- ------ --- --- ----- ------ - --- - ------- ---- -----

------------------------------------------------c ---------



NJ • oF TE S fED C YU ND F"H = d99' RUN NO. 6 C02 IN N2 

_ 1<1 t:. N I S C U ~ ~ J K R t:. C T I u ~~ F" 0 R __ C .J 2 V 0 l J ME :0 - o , 3 3 0 M M 

-· ----- · - ·- --·- -- ------------·- ---------- - - -

- ---- - -- .. - - - --- - -----
M~ RCUKY co~u~N HEIGHTS FO~ fD TAL GAS VOLUME WERE 762o994 MM AND 173e472 MM••TE MPER ATUHE WAS 19o60 DEGt C 
M~~ CUR Y Dt:'lSIJ.J. WA S 3 154t1 .8 _GjC~---

---------- - - ·-- - ----·-- -

-- ---·--- -- ---- ---- ----------- --
GAS DATA 

- -----------
C02 TOTAL GAS 

VOLU M~(C ~ ~ 3,7974 VOLUMECCC) ~Ol4o9 
TEMPE R ATU~ECCJ ___ 19·63 -------· __ TEMPERATUR£{C) _ __ ___. 9e60 __________________ _ 
~ RES5U ~ EC U YNE/ SC~ o33431E•06 PRESSURECDYNE/SC) o78215E•06 
~ I RIA U CCI M 0 L E> . ___ ~ 12 8 • 3 ____ __ ___________ VJU.AJ,..C. '-~.Q.~E ) • 6 • ..2 __________________ _,__ ____ _ 

- ------ - -------- - ---- - ----- -- -- ----------------------------------------

__ GAS Ci..l ·~STANT • e83144E:+Od ERG/t>!OLE•DEGREL __ __ _________ _ 
ACCLLERATlON uF GRAVITY • ~79,558 CM/SEC••2 

·-- 0 2 ME. ASU RE:MEN.T _ •• _ _ AE.RU~ 1\tJEK _TRANSf.ER 0F: ... S_AJ1~LE __ Q_\,J_T __ Qf.__~A!i0~~--U .. R THEN BACK INTO MA_~_Q~L TER _______________ _ 
< 1 Ml'lUfE TRANSfE~ TIMES ) 

-- - -- --- -- --·-- -- ---- --- -----

Tr1 f s -MEAsui<EMCNf fi'As r-l~OE-0 ~ -2B -AP~-7o-<T oT u ·GA5->A -N0--29- APR--7_o(T02 > 

·- QOTAINED (riiJr.1.C 02 r~EA$UR(.,[>.jl NO . 2 A~ln TOTAL GAS MEASUREMENT NO , 

--- ------ - - -·---- - ---

-- - -------- ------------·- --- ----- ---- - ----------------



S~MMAHY Of MANOMETRIC C02 CJNCENTRATIONS ON CYLINDER NOo 

TliTAL GA) 
kUN NOt 

C02 
HUN NO, 

coNe. 

2391; RUN NO• 6 -- - ------------·-------

1 324.09 ___ --- -------- --- -------------- - - --------

2 32~. 07 ____ - -- ·----

-- ---- ---------------------------- - - ------

-·---- - ·- ---------

- --------- -----------· ------ --·----------------------------------
------ -- ---- - -- ----------- ---·----------·-------- - - - ----------

-- --------- ---------- -- ---------

------------ - ------

- ---· - -- -- --------

---- ------ ------- ------------- ------------------------

--- ------------------------· 

-------- --- - -----·-

-------------- ---------

-------------------------



NO , oF TESTED CYLl~DER = C02 IN N2 

Mt NISCUS CJRR E.CT!UN FOR CJ2 VO~U~E 2 ·o.444 M~ 

__ M ~~ IS CUS L~KRECTluN FOR TJTlL ~As VOLu~E = --------- - --- -------------------------- ---------

_ Mt: RCU f< Y CUI.UMN Hf:IGHTS F01 ~02 VQ LU t~E WERE 624o333 MM AND 370•965 __ ~M -~_·T_Et.1PERAT_URE_I') ~S_?_Q_.___9_9_Q__E~• - ' 
MtH CUHY Dl~S ITY WAS 13 1 54) 6 G;CC 

••~ • - • • • W• o •·- - · - · · -~-----· o •-·-- ·---·- - - · --- -

M~ RCUHY CU~UMN HFlGH TS FO~ tOTA L GAS VOLUME rlERE 764o334 MM ANU 173,561 MM••TEMPfRATURE WAS l9o66 D[b, ~ 
__ M;R CURY 0[~5ITY WA S 13 1 54117 G;C~ ____ -------- - --- - ---

-- ·----------- -------- -----------------

GAS DATA 

C02 TOTAL GAS 

VQLU ME<C C) 3o7914 VOLUME(CC) 5014o9 
___ !EMPt: RATU rt E.(C) ___ ____ 20oO:; _____ ___ _____ ____ ___ ______ TEMPERATURE(C)_ 9o66 _ --- - ------- -------------

~RE S SU~E<JYN E/SC) o33~60E•06 PHESSURECOYN[/SC) ,7R394E+06 
__ Y l R I AL <~ C I MO LE ) __ •_12 7 • 1 - - ----- ---- --- - -- _ __ ___ _ _ __ ll_lR1AI,. LC_CLM_DLE__) ____ ~6.t_L_ 

--- ---------------- -----------------------------------

GAS co~sTANT D •S31~4~+0ti ERG/MnLr·oEGREE 
ACC~LE~ATION UF GRAVITY 2 979,558 CM/SEC**2 

-* ~·-C 0 2 -~ i.J ,~ CENTRA T 1 0 N 0 F __ THIS _ (j AS _ IS 3 2 4, 1 9 _ PPM ______________ ________ __ ----------------------------------

TRANSF ~R T I Mt:S __ Qf__ .L MINUTES __ WITH. DRY _ l C E J:HOI-1 J:iE.RE__ ON ---- -----------

---- ----------------------

_ T~ lS _ ~EA~U-~[ MENT n_AS_ MA_DE _ O~ ___ l3 M_A_Y ___ t o ___ _ -------------- -- ---------- -- --



.. 1 

- ·--------·------- - - -- -··---

C02 IN N2 

Q,QOO MM 

Me. Rc uK Y c o~uM~-- HE I uH Ts ··Fa, roT A~ GAS VOLU"'iE WERE 764. 3 34 MM --4-Nif .. I "t3 -;C) 6T-MM-;;;.· rEM· P - tFrA·ruriEWAS_1_9-:.-.:6'L6--nD~ET.G:-:,-r~~--------

_ "l ~ RcuRY Dt>~ ~IT _Y _WAS l3,_54H G/C~-- - .. -- -·-· --------·-·---------------------

--- ----- -- -- -- ·- --- -- _______________ , ___________ _ __ 

- - ---- ---- - - · -- --- ·-------. ___ _______ , ____ ---- -- -·-·----- -------- .. ------- .. --------- ---- --
GAS DATA 

C02 TOTAL liAS 
----- -- -- -·-- -- --- -- - - ·- ·--·- - - ·-- --------··--- - ---· ··--- --- - - ·- -··· ·------------

't'OLuMECCC) 3e7974 VOLUME(CC) ~014•9 
_ _ ] EMP(RATWi[CC) _____ ___ l9o6:L ______ _______ _ -----·· ____ TEMPI:: RAT UR t: (C) _______ 1_9_• 6 ~ 

PRESSuKE(~YNE/SC> e33)16E+06 PRESSURECDYNE/SC) •78394£+06 
_ __ 'd_R I AU C C I M 0 L E ) __ _ ~J 2 ~ • 3 _____________ _ ______ V I .Rl.Ah t C_G../.M U L E:_L___ • 6 .. tJ 

__ _ __ . G A S C u -'~ S T AN T " _ • B 1 4 4 ~ + 0 8 E R G I M 0 L E • DE G ~ F. E _ ___ ____ _ 
ACC E Ll~ATlDN uF GRAVlfY = 979o558 CMtSEC••2 

------------------------ -- ---- _ , __ _________ , __ _ -··----------- -------- - -

-- ------- ----- - --- - · 

-- friTs---M.E A"su -~-(M-EN f ~ "A s--t-ii.r)( -o ~---l-3"MAY- ·r c) .. c fo t ""A C'-G'A_s_) __ A"N'o- i 4·-M-AY -ro- CCa2·> 

- ot:lT A-I-N£ T;-7 :i u M"-c o 2 -i-i"t~-s·u R E-~E~,.--N-u.-2"AJ.fi).T"bl'A'L'GA5--M't As u f~ tM"E N r N71o~.-.----------------------------



MAIWMET RIC 

lOHL GA~ 

KU'IJ NO• 
C02 

~UN NO, 

2 

[lN CYL!:'-.lf)[R NO• 2399 RUN NO• 7 

CQ"JC, 

.. - -· ·- ··-·-- - -- -----·-·-·- -·- - -------------------- ------
324.22 

- - - ···- --- ------ - - -------

---------- -- -·--- --- ·-- -- ·· ···- -- · ·--- -·----------------------------------------

-----·--·- - ·----·- ------ -- ------·---- ---------------- - - -----

- ---- ---- ---- ----·--- - -··- ---- -- --- - --- -- -·----------------·- - - --- ------ - -

--------- ---

--·---------------------·------'--~-----·----------

- - ---------- --·- ---·-·--- ----

- ------·- -·--------------------



C02 IN N2 

0, 000 ~Hoi 

M~RCvRY Cu~UMN HfiGHTS FO, ;o~ vOLUME WFHE 623.445 MM AND 370e~56 MM••TEMP~RATUR( WAS 20e17 OE~• C 
- t.~£RC U HY DE.~SlTY WA~ 1Je5454 G/CC - ····-------· ---------· ·- - ----- - --------------

-Mt:.tf(uHY -·c O~ooUMN ·- HE 1 GH-TS ··ro, TOTAL __ G_A_S VOLUME . WER-E 76·2~-921-~ANUlTJ, 588 MM••TnlPEtU TURE-wAS.-,1<9>:,:>sns:--ront:'11i:;-•;--~Cr-----------

_ _Mf~~lJfiY _Dt:~!)l]_! _WAS_p~_5_4b2 _ ~_/ ~~ ---------- . ------------------------~---· 

- _____ ,, ------- ·- ......... .. ______ ----·-·------·----------------------

.. - ---- · G i\ sr)AT i.------- ··-- - --·- ---- ·---·----

C02 TOTAL liAS 
- - --- - ---· - -----

~OLUM[(CL) ]o7974 VOLUMECCC> ~Ol4e9 
_ _1 E.MP£RATI..~E C C > . ___ _ _ 20 ,17 ________ _ _ ___ _____ ___ TEMPE-RATURE C ~}. 9~ 8.5 

~RESSUHEC~YN[/SC> ,33443£+06 PRESSURE(DYNE/SC) ,7A201E+06 
-~lRIALCCLIMOLE> . __ •J2ld _________________ - ·- ___ _'t l.IUA..L._t_C_C.l_M_Ol._E) •6d 

_ _____ GA~ Cu ,'lSTANl. _= _ _ .a831 ~lf~+ .. OtLERij/MQLE~DEGREE_. 
A'CE.LE~ATION uF GHAVITY • 919,558 CM/SEC••2 

-•-~!__C.02~ U~C Et!.I~.A T 1 ON .. O .~ _j _l"l S __ G_A_S_ lS __ 12l.! 98 PPM 

T~lS MEASW~EMENT nAS MADE O'l ~S - M~Y 70 

- -c)C! TAr 'NEo· F ~oM ·-, 62 -ME isuRE li(~f ·N-lf; --r --.Nn- ·Tor~L.'GTs'MfisuRE:ME'N f - Na. 
- - ·- ----- -- - - ------ . -·---~----------------



--- ---------- --- --- -- - --- ------- -------------- - ---
NJ . Qf T E ~ T E O CYLlhOrR : 239"1' RUN ~.JO. 8 C02 IN N2 

Q,QOO MM - - --------

!-~C: RCUKY c o .. uMN HEI GHTS FO-< TOTAL. GAS VOLUME WERE 762.9-2f-- MM - AND .Tf3~-S-S8 MM-;,-;-,_-EMP{RiTURE WAS~SOE~. 
M~ R C UHY DE~SlT Y WAS 13,54~2 G/CC 

- ------ - ---- -- - --- - ·------- - ···-·-----

.... -- -- - ----------- ---- ------ --------- -----

··~. - -----·-
C02 TOTAL GAS 

- - - .... - - 4 - -· · - • - •• -- - ·-. - ~ 

. V O LUME<CL~ ],7914 VOL.UM£(CC) ~014e9 
_ LEMP t::.P.A T u~ Ec C) . 20 • 4 4 _ . ___________________ ____ TE"'PEAATURE C C L - ----- --L 9 • 85 _________ _ ___ ___ _________ _ 

~ R ESS Url E( J Y N E/SC) ,33466E•06 PRESSURE(OYNE/SC) ,78201£•06 
~_lR I AU C C ( MOLE.J _____ •12 7• ~ - _ --------- -- _ _________ V_l !U.AL.lC-'.b10L£> • 6 ,_..__ _ _ _ _ _ _ 

--- --- - - - ----- -- - - - -- - --- ---- -· . . --- -----

_ GAS CU ~';STANT = a8314''!;;+0C ERG/MnLF:•OEGREE ---·- -----·--~--- · - ·-------· 
AC C lL.E~ATlO~ OF GR~VI [Y = 979•558 CM/SEC••2 

--*~ -*-.CU2 cu :-. c£ NTRATlON_ 0£. LHlS ... uAS _l.S. 32Je90 ?f:l~ 

_ q[RJ N M'TER T~A r~SFER oF _SA"'!PLE _QUL .. OLMANUM£.lER_T~EN_BA~JL.l.N..:UL.MAN.OtiE.l""-J..l_ ___ _ ___ _ _ ____ _ 
( 1 Ml~UfE THANSFER TIMES ) 

--- ---------- ---- - -

- --- - -- -- - ----- --- . - --.:--- --- - - - - - - ---- - - - ---- -----:-- -----------------------------
O ~TA I N E U FRO M C02 ME~5URE~E~T NO, 2 ANn TOTAL GAS MEASUREMENT NO, 

------------------ --- -- - - -------- ---- - --- - - - ----- -- - --- -



SJMMARY Of MANOMETRIC C02 CJNCENTRATinNS ON CYLINDER NO• 2399 RUN NO• 8 

10TI\L GA) 
P.UIII "-10• 

- ---· - -·- ---- -· --- --- - -- .. 

C02 
KlJN NO, 

2 

- - ------ -- - --·- --~ -- -- ·-- ··-- -- -

- - ------ - ---- -- - _ :____ 

·-----· -··- ------· -----------

----·----- - -- ---------------- - --------------- -------coNe. 
- --- ---- - --·- ---------------------· 

-- ----- - - --·----

-----------

--·- ------ -------



b0 7 b ' RUN NO, 6 CO£ lN N2 

M£N ISCu~ l ~RRE CTIU N FOR CJ2 VO LU ME = • o o430 M~ 
. ·-· -· - - - ·- --------- ---- -- ------· --------- -------------- ----- ----------'-----

M~N ISCU~ l~RRECT I~N FOR T~TA L LA S VOLU~E = ·o.o70 MM 

__ "'t: RCURY COL.UM N H EluHT~ fO~ '02 '>'OLUME WER E 6l8o844 MM AND 374e69L MM••TE.MPER~T UR E _~~~-2_0_o .Q l __ D_E G o 1.: 
M~ R CU RY Dl NSITY WA~ 13 o5 4 ~8 Gt tC 

- -;£ R'c0-Rv-- c·ccu"'N --H'E I<>Hrs-ro~ ror AL · e;As v oL-uM E · WERE __ n _2 .-17 3 M-M'AN·u-177:-2-32.MM··T EM-P(R'A ruRE wAs 2 o .1s otll . 
-~j. RC L.i!X_DU• S II.'LWAS _13 t54 ;)5 G_/C~ ----- - - - -------------- ----

----- -- --- --

C02 

VO L UMElCCl 
__ TEMPl RATIJ ri ECC) _ 

PR E S S UK E C~Y Nl/SC) 
____ '~l.RIAUCCI M O~E> . 

- - --.- .. ----------- --- --- ----- - ----------·------ ------ - - ---------------

- ·------- -- -- ------------------------~ 

GAS QATA 

TOTAL GAS 

3 o79 7 4 VOLUMECCC) 5014e9 
_____ 20t01 ________________________ TE M Pt:~ATURE,C) ___ 20tl5 . 

, 3 2339Et06 PRESSURECDYNE/SC) t7893l~• 0 6 
_ •12 8 • ~ _ __ ________ __ __ _ _____ VIRIAI.("lMO~E..L_ __ •6.t.O _ ________________ _____ _ 

- . . ------------- --------- - -· 

.. _-GAS C U ~ S T ANT " • 8 Jl ~ 4 c; tOb ERG I MO L F ·DEGREE . -- . ---------- ----- ----------- --- --------- ------ -
ACC l Ll~ATlON uF GR AVI TY ~ 979,558 CMISEC••2 

_ • .! ·L C lJ2 .. C (J ~ C ENTRA Tl DN Of .T H 1 S_ (!AS ... ! S . 310,8 6 P.PM __ -------------- --

. ---- ----- ---· ------- - ----- - - -

-- ~ ULMEASUH I: MEN T _•• . TR A NSf ~R S U~ I NG _ LI QUI Q•SOL.l 0 .. ETHANOL ______ ___ .. ------------------

- - --------------- ----------- - - ---- - -- · .... ------ --- ---- --------------·---------------------- -------

__ Tr11S ME ASUi<EMENT 11AS MADE 0~ l Df.C 69 (TOTAL GAS) AND 2 DEC 69 CC O?.) ________ __ _ ________ _ _ 

__ O~.TA I NE: lJ_fRO M . ~ 07. __ J1(,6,5UREME'lLNO , _ _ l.. A~D_T0TAL. GAS . ~EAS U REMENT NQ, __ _ l_ 

----- - -- --------- ----

1 



NO, Of TESTED CYLlhDFR = ~07b' RUN NO, 6 C02 IN N2 

- - -· - - - - -·------·-·--· 
' 

~ERC UF< Y Cu'-UMN HE 1 t.HTS FO~ '02 VOLUME ~l [R[ 616 t 699 M~ - AND _ 37'4 • 6 .. ~ . .!'lM··~;_M~E.B.H.Y_~_E_ ~~- g_Q_!-9._~j:ti'-. ..:...• _ '-____________ _ 
-- MERCUWY - O[NSITY WAS 13 1 54~6 Gtll 

-~-t:Rc Uk Y c·u-~uMN- HEI -~HTS -··Fa, TOT AI.. GAS VOLUME WERE . .. 77 2 ~i-7 3·-MMA-NDl-7 7 -;2-32MM~-:-fEMP-EfU TURE WAS 2 o .15 LIE (a • c 
__ M~I!CUF<Y OE~iSITJ W~S t3.S4:i5 G/C~ -------- _ _ ____ -------------

------ -- ·-- - . -- --- -- ..... --- - ------'---· 

GAS DATA 

C02 TOT AI. GAS 

VOLUM[C~t> 3,7974 VOLUM~CCC> ~Olqt9 
_ _ TEMPt. RAT u f1 E (C l ---- 2 0, 0 "-1 _____ __ _____ - ·- _ ___ _ TEMPER AT U R E ( C )__ ___ _ 2 0 • 15_ ---=----::------ ------- ---- --- --

PRESSUH[(JYNl/SCl ,3~j52E+06 PRESSURECOYNl/SC) ,78931Et06 
_ __,v_._..uLLCCit~OL...£L .. _ . -•127d _ __ __ ---- -- -- ______ VIIUAI._(C.C./J oiOI-E> •6_..o_ 

GAS . C U :--4 S -rANT = . . , fl 3 1 II 4E: t 0 ti ERG I M 0 l F • [) E G R E E - ------- ------·· 
ACCLL[~ATlON UF GHAVllY • ~7Q,55B CM/SEC••2 

•*• C U2 CQtK£.til.RAllllN-OL .lHlS.... CL~-1..5-3. 10 • 9.0 .. f:P-I!L. _. ___ _____ . __ 

_ C 0 2 _ t-1£ A Sa U H t.M EN.L~ • ___ R E R U 'i 11 F:. H: R _TRANSfER .. 0 f. __ s AM F.' L.. E. 0 U L 0 L MAN 0 ~ E.J E: R _ltli::N..~A~-L~TJLJ.1A ti.Q ti£.li R _ _,v~S,._.luN~G!!_ _ _____ _ _ _ _ 
LJQUID·S~LIO ETHANol, 

-------·----.. ·- ·--·--------------·--- ----------------------

.... - . . 
TMIS MEASUnEMENT WAS MADE 0~ 1 DEC 69 CTOTAL GAS) AND 2 DEC 69 'C02) 

- - - -- -- -- ------------------------ ______________ .. - --
QdTAINEO FROM t02 ~EASURE~E~T NO, 2 ANn TOTAL GAS MEASURE~ENT . NO, 



S~MM ~ k Y Of ~ A N OMflRIC C02 C~NCENTHATlnNS ON CYLINDER NO• 6078 RUN NOo 6 ·--- ----------- ------------------

- ----·-···----- -------
TuTAL G A~ 

HUN NOo 
C02 

RUN NO, 
coNe. 

.. ·-· ------· ----

.. 2 . - 31.0' 90 _____ _ 

-------------

---------··· ----------- -------- -- ---·----··-------

- ----- -----

----- ------ - - ·-- - - ----- ---- - ------ - ------ ----- - -------

--- --·-· - - -------·-···· --- --------- --- ---- - -. ------ -- ------------- - -------------------------------

--- ------·--- -------------- ------·------ --··-----------·-------------

----·- - ---



6078, RUN NO. 7 

M~NISCU~ CJRRECTIL~ fUR CJ2 VU~0~£ : · o .430 ~~ 

- ~t.. t! IS~US CUtiRECTllJI\ FOR TJ TAL l.JAS VOLUMI=:: = •Oe070 i'-ir.t 

C02 IN N2 

Mt..RCuRY C lJ ~JMN HElGHTS fQ~ ;02 VOLUME ~rRE 6l8o124 MM AND 374t682 ~M-•TEMPERATURE ~AS 19e9l UE~• ~ 
- - Mi.RCURY Dl~SITY WAS 13 1 '5 11~1 G/CC - - ··------- - - ---------· ---

-MtR-C U-K Y---C U "-IJ~Ii HE l C.H-TS --FO 1 TOTAL - GA-S VOL-UME ~ERf.: -r6 ·~ ;8iO ___ MM_A_Nb-ft7---;2-if2M-1~-~Ht~~E:ffilJREWA~~uT\it 

MiRC U ~Y _ DE ~ SlTY WAS 13 1 54~1 G/CC 

------- ----- . -·.- ------------- ------ - - - --· ------ · ---

--- ---- - --- ------- -------- ·--··-·--"'" _ _____ .. ...... ----·-·- -·- .. ----

GAS DATA 

C02 TOTAL \.iAS 

- --- - ~ ··-- -- -- --- .. . ----- ··- - - ·----· ··-· ··--·---- --- . - ·-·- --·-- - - --
VOLU !'. UCC) 

_ __ T EM Pt.. R ~- T U k £ ( C > 
~RESSUHE< O YNE/SC) 

__ __!'_lR 1 A L ( C C I M 0 L. E ) 

3e79r4 VOLU~ECCC) ~Ol4t9 
.. 19e9l ___ ··--- -- .. ________ TEMPEF<ATUR£(C) _______ l9e9l __ 

e32246E•06 PRESSURE<DYN£/SC) e78626E•v6 
_•l28tl _ ______ _ ___ _ VIBH~H-~~MOLEJ _ _ ~tu._.l'-----

GAS CONSTANT • •83llt4i:+08 ERGIMOlf'"DEGREE .. _ __ __ ____ _ ___ _ 
ACClLEKATlON UF GAAVIlY • 979,558 CM/SEC••2 

----------- - --------- --

- ·- ·- ----- .. ... ---- ---- - ----------- -----·-- - - ----··----"-·-- -

·--------------

·---- ---- -- ---

·- - - --- - ------ ----- - - -



607t' RUN NO. 7 C02 I~ N2 

- - -- -- ------ -- --- . ---------- --------

Mi.RC Urn' C UI.UMN HEl GHT S F"O"' ~02 ~ OLUME Wr.RE 618 • 4 72 ~M AND 37 IH 68ft ~~~-·_T _~ _~f:'_EB_ ~TUB_E _ _ ~_A__L_?_Q__~~EG a_ C _ __________ _ 
MERCURY DENS I TY ~AS 13.5453 GtCC 

Mi.RC UHY ClJbUM~ HElC.I·qS F01 TOTAL GAS VOLUME ~ERE 769.870-- MM AND --fi7~2s· 2-MM--; ·;fEM_P_ER-ATUFfE-WAS19-;91Dtca.-

__ MfR_~Uii_Y DE~Slp WAS p,~Hl G/C~ __ _ _____ ------------ - - --------- --

C02 

. VOLUME CCU 
_ _ TEMP ERAT\Ji<E C (;) 

~RE SSU HEC~Y NE/SC) 
_ ~ I R I ALCCC IMOL.E) 

3t7974 
20e2'1 

.32290£+06 
-- •127•7 -

- --- ----- - -. -- ------ - -- -·----- ----- - ·--·-------------- ------ --- --------------

··----·- ----
TOTAL. GAS 

VOLUMECCC) ~014t9 
.... _ _ T EM P E R A T U R E ' C ) ___ ____ _ l 9 • 9 1 __ _ 

PRESSURECDYNE/SC) t78626E+06 
. __ _ ___ Y 1 RIA.!- ( CCI "1 0 L U _ ----~6 • 1 __ _ - - ------ --- ---------- ------

·-- ·-------- ----------·--·- -----------·--- ---------

_. __ GAS CUN STANT = •83llf4i.+08 ERG/MQLF•DEGREE 
ACCLLEi<ATlON UF GRAVITY s 979,558 CM/SEC••2 

---------····· ·-····-· - - ·· --···- ·------ -- ---- --- - ------ -----------------------

--*!*. __ CQ2 _CCNCENTRATION OF . lHlS ~AS IS 311.09 PPM _ 

_ CD2_ MlASUtH.ME NT •· _RERUij AfH.R TRANSFfR OF SAMPL.E. OUT OF . MANOMETER __ JHf:N_ 6ACA._lNlO . .MANOMf:_U:.fLJLS.l~lt __________ _ 
LIQUIO•S OL lD ETHANOL, 

- -- - --- - -·- .- --- ---- - --· ---------- ·- -- - ·--- - ·- - -·-·--·---- - -- ----- · --------:----
QO TAINE~ fkOM C02 MEASUR E ~E~T NU. 2 AND TOTAL GAS MEASUREMENT NO. 

-- - - - --------------- ----------

--------------- --- ·-·-

.. 
---· -- --· -- ----- ·--- - ---- -- --- ------~--------------



-- ··----------------------- - -
S~MMARY Of MANOMETRIC C02 CJNtENTRATinNs e N CYLI~OER NO• 6078 RUN NOo 7 

TUTAL r.A~ 
kUN NOo 

- ------ ------ -- ·- -

-------- --

--------- - -- -

c 02 
HUN ti O, 

CONC, 

--- -- ----- . - - -·- -------------

____ l _ _____ 3U..t Ol 

. _2 

------- -- - --- - -------------------------

--·----- --·-----

- -- -------·------ -----------------------

- --------- ---



N • Of lE ~ llO CYLI ND FR ~ ~07 8 ' HUN NO, 8 C02 IN N2 

M t:R Cu r~ Y Cll .. uM N HElC.. HTS FO~ ; 02 VOLUME wr~E 6l7e370 MM AND 374e774 _ M,_,·~TEMPERATURE WA5_ 1_9_e_88 _D E_C.e -'''---
MtR CURY O£~S ITY WAS 13.~4b1 ~~C~ 

Mt. RCU k 'f CCJ I.UMN HEl GHTS FO"' TOTAL GAS VOLUME ~ERE 768,700 MM -·AN lf .. 1i·7 ·; -3TO ·MM·;. .. fEMP (~-ATUHE WAS 19.89 OE~. C 
_!4 L R CU t-< Y 0 E. N S I TY _ W A S l 3 • 5 4 b 1 G I ~ C . . .. __ _ ... ___ ____ -------

- ------------·-·· . - - -- - .•. ·--- -·· -------------------------- ------
GAS DATA 

C02 TOTAL GAS 

VOLUM E<C CJ Je7974 VOLUMECCC) 5014e9 
_ _T EM P£R ATU R({C L .. __ . - l9e8!l . - -· -- - ·--- ---- - ---- TEMPERATUR£(C >----+9 ... b.___ _ ______________________ _ 

fR E S ~UH( ( O YN E/SCJ e32134~+06 PRESSURE<OYN£/SC) e7A455£+06 
__ v lR.IA U C C-'. MOL£ L __ ----~ 12~ d ______ _ _ 'liR-1 ALtC.C/...MOL.£J ~6-6-1-

- - - -----···· --- ------ ·--·-·--·- ------ ·-- - -·--- - - ---- ---- --- -----------------------------------

- ----G AS CON STA NT "' . • 8~ 1 '14 ~ +08 ERG/MoLr•OEGREE -·- -------- - - ------ - - - ----
A C Cl L ~RATION Uf GRAVITY - = 979e55A CM/SEC••2 

__e"!.. ..CLJLCU.''IC( NlRAllDN- OF_lHlS_ Ii.A5._l.S_.J1.o.62_.PP...M.. ___ ___ _ 

~CJ 2 . M £A. !:l U R.f.M E N.L~~- JRANSF.i.R~-U~ N.G_Ll.QU.l.O ~SQL.lO_..E..T.HANOLCl.!L.Hl.N.U.IE .. _lRAtiSL£.iLJ. li!ILSJ __________ __________ _ 

- - - --- --- -

----- - .. ---- ------ -- - ----------- ----------------· - --- - - --
_ T r1 I~ _ _l1 E.~ S ~f<~ME NT W~S- ~~ .D L..Q~ __ fl __ D~_<;__j,_9_(_l_O_! Ah __ (! ~Sj __ ~ND_~_QE.~ -~-'L.t~02) 

M~~EA.§_UR~E-~ T NOe 1 A N .o__LOliLG.~~.USJi.Rilt.NT N.O~--'-------------.....:......-------------

. -- --- --·----------------------- ------------- - -

--- - ----------- ----------- - - - -- - --- · - - - - --- ----- -------

-- - --- ---- - ---



NJ, Of TE~TED CYllhDFk • t>07tJ, RUN NO. 8 C02 IN N2 

-M~ RC.uRY Cul.uMN- H[lC.HTS fa~ lOTAl.. -GAs -·v-6LUME w-ERE-76-8-:7-0o MM~b 177.370 l.4M··TEMPE ~ ATURE WAS 19•89 oEG. t 
__ MC:RCUH 'f DE ';S I T_Y WA 5 13 t 54 61 _ G/C_~------ __ ---------------- ---

--------------------- ---- --- --·----------

-- ·---- --- - ·- -- --------. ------· 
GAS DATA 

--- --------- ------ ------ ------- - - ----- - --· ---- ------
C02 

V'OLUM["I.:l 
_ JEMPERATu'lE(C) 

~RtS5UM[(JYN£/SCl 
_ .ll!ilAU.CC lMUL.[ L 

TOTAL GAS 
- -· --- ---------

3.7974 VOLUMECCC> ~014t9 
. 20ol!:! __ ------··-- __________ TEMPE HATUR[CC) - ·· 19•89 

e32157l•06 PRESSURECOYNE/SC) e78455E+06 
•.12 7. • B _ ______ ··----· _ _ __ __ V._l Rl A 1... ( C.C 1!!10 L. El • 6...1---------------- -----------

------- ------------- -·-· -- ------
___ GAS C G';5 TANT • __ • 83111 4E. +OfL ERG/Mol.E•OEGR£[_ __________ __ _ 

ALCLLtkATION uf GRAVIlY • 9f9e558 CM/SEC••2 

-*~l3LCJl!!.Ct1U.RA..U_Q~O£.-IliiS __ ~~LJ.S._ .3.lO.ts__3 _ _p___p_M:!..._. ____________________________________ _ 

_ C Q 2. __ M t: A~ U R E. ME~ 1~ • ---~ E R U '; _ A F J t R _TRANS~ E !L QF _ SA ~f' L E_ QU T __ O F __ MAN 0 M EJ ~ fLIH EN.__§_~ C K_llilQ_~A N 0 M £ T E R-'--'U~S=-.!t!..!.N!..=G=------------
L.IOUlO•SOLiO ETHANOL( 5 MINUTE TRANSffR TlM£5) 

··-··------- -------------------:------------------
- ------·--·--- -- ---

------ -- -----------..,.....,.----~ ---~ 

T~IS MEASUk[M[NT hAS MADE 0~ ~ DEC 69 CTOfAL GAS) AND 9 DEC 69 <C02) 

oaTAINEu f kOM CO? ~1EASURE~E-;T NU, 2 AND TOTAL GAS MEASUREMENT"N~a',--'1.---------------------------------------------------

----------- -----

---------~-



SU~M A~Y 0~ MANQM[fhiC C02 CJNCENTRATIONS QN CYLINDER NO• 6078 RUN NO• 6 

fuTAL IJA:) 
kUN NO• 

C02 
I~ UN NU. 

2 

- -- ------- ··-· --- -·- - - ·-·------

310. 62 _______________ _ 

310~5~~- ------------------------------------------------------

---------- - - - -------------- - ------------ --------·--------- ---------------

- --- --·------------ ·------------------- -------------------------------------

- - ---- --- ---------·------------- -- ------------- ---- ----------------

---------

- -------- ·- --· ---- ·---·----------------________ ...:__ ____________________________ _ 
---·------ --- - -·-- - -·--- .. ------------------------------

-----· -- ------- --- ·--- - - --- --- -.. _. ------



, 

NJe OF TESTED CYLI NDF R = 607tl' RUN NO. 9 C02 IN N2 

M~NISCUS CJRRECTIUN fOR Cj2 VQ~v~( 2 •oe430 MM -· - - ·-- --· -----·- - -

_ M~NlSI.;U!l Ci.JRRt:.CTlUN FOR T:JTr.L LIAS VuLUMF ,. •o,Q7Q MM 

~E~CURY CO~UMN hEIGHTS FO~ ~02 ~OLUME WrRE 616o716 MM AND 374•621 MM••TEMPERATURE WAS 19o26 UEG• C 
-M~RCURY Ot::~SITY WAS 13.5477 G/C..C ·---··--·-- --. ---·--·--

-MERe Urt Y ·c u~ouMN-· HE! I.OHTS -ro '< 1 OTAl"-GA.S VOLUME l'i{RE--i6 i, sY2 MMANUll7 • 315""MM••T""OfPERA TUHE WAS 19 • 68 O£G • C 
Ml~CURY DE~SIT_Y WAS l3t54b6 G/C ~ _ -· 

. - -- ·-· . - ·- . . -- --- .. -· -- ---·- -· --·- -----·--- ----

GAS nATA 

C02 TOTAL GAS 

YQL-uME <w - - -- ----3·. 7974- ··- ·- - - - - - - -------vaLu~o~t:.C cc> - .,o 14.9 
_ J EMPERAJUil[( C) __ _ .J 9, 26 _ _ _______ _ ·- ·--··--- TEMP-ERATURE (C) . ___ ___1 9 • 68 

~~ESSUHE<vYNEISC) o32~71E•06 PRESSURE<DYNE/SC) ,78316£+06 
_ ~lRlALtCI.:IMOLE). ___ ~125• 7 -·· -------· ·- --· ~.lRl AI...H.~l~uL.E.> •6,1 ___ ___ _________________ _ 

__ __ _ .GAS CLJNSTANT c . •83144£.+08 Ef<G/MoLE•DEGREE .. -----···- - --·----------- - - -· 
A~ClLEHATlON ur GHAVITY 2 979,558 CMISEC••2 

--------- - --·--- - - - -----

_ *...!LC.U 2.....t.L1 N C E.!UiiA.ll.UN....Of _ J.H 1 5_ ~AS_l_S __ llL• 0 .!L.f_P M 

_C_QLM.£ AS..URf.MENI_~~..RAN5.f ~R I.ISJN~ __ DB_L _lC E_C.LM 1N. UlE.... _tR~~Sf..E T 1./iES) _ _____ ·--------·-----------

_ !!11.5 ,£ ~-U RE ~~J~L ' ! A.L M A..QE_ O_to_ J_ DEC ~UO_T_~l,. _M~~Q_J_Q___Q_If_~ii_0:!..!2~>~------------------------

_ QE1 A~ E..~ M C 0 2 t-1 E A S..lJ.R.E ~ E ,q ~ 0 • 1 AN o T.Q..l!.L _ _ G}_s~s-.U:::.. R'-l.f'=-M"'-['=-N'-'-!...T _NC!._Q~, -=-----------------------------

-------·-· -· - --



N ~ . Of TE51E D tYLI~Dfk e b078, RUN NO. 9 C02 IN N2 

MLNIS CUS Cu~RE CTIUN FOR CJ2 VULU~~ c •n•430 MM 
. . - -- · - --·. ···--·- -- ---------- -- . - ··--------- - - ---------------

Mt:N ISCUS CLJKHE CTI Ur, F OR T~TAL GAS VOLUMF = •Q.Q7Q MM_ ________ __ ___ ___ _ ___ ________ - -----------

- M( RC URY C (JI.UMN Hf.ll,H T 5 fO 1 ~ 02 VOLUME WERE 617 • 249 MM AND 37.# t 620 t-~M••T.EMPE.RATURE _ WAS_ L9 t!P9 _DE~ t C ___________ _ 
Mt RCUkY Ol~SlTY WAS 13.~~59 G/CC 

M(RC UHY Cu .. UMN HE lt,HT5 fO~ lOYAL GAS VOLUME WERE 767t572 MM AN0-·· i"f7 ;-3i5-;i~;. .·TEM-P"f:R A-TURE WAS 19o68 DEC.• C 
_ M~R CURY Dt: ~S ITY WAS 13e54b6 G;CC ____ ·----··-------

-- - -- -·- ------ ---------------------------

·- .. - - ... 
GAS DATA 

C02 TOTAL GAS 

- - - ·- - . ~ - ·-·-~ - - - -- - -- -· - ·· -· -·- . ·-- ·· - -
VOLUM U CO 

_ _ TEMPERATLJRU C) 
fR lS5Uk[(uYNE /SC) 

- ~lR lAL{CCIMOLE) 

).7974 VOLUMlCCC) ~Ol4e9 

. 19 • 9 ~ ------ -------- --- - ----TEMPERATURE ( C >- - ----19 • 68 
,32137(+06 PRESSURECOYN£/SC) ,78316£+06 

•12 b • 0-- --- -------- - . _ --- . V lR I AL.tC..C./J40L.U ·6~-------------------'-----

·- - . GAS CLJ:-4STANT • •83144E+08 ERG/MQlf'•OEGREE . - - --- -- ------
ACC£LlRATION OF GRAVIlY = 979,558 CM/SEC••2 

- -*.!*_ CQ2 .. CQNC ENTRAT! ON OF THIS. GAS _ts . 310t86 P.PM __ _________ __ _ __ _ 

_ CP 2 MEASURE:M ENT _ .. _ RERU\4 AF_H.R TRANSfER OF SAMPLE_ OU.L.OL.MANO t~ ELER.....J I'iE.N._IiA~NJJl.JIA!iD.M.EIE.!L....U..S..lN_,.G __________ _ 
DRY ICtC4 MINUTE TRANSfER TIMES) 

O ~TAI~E~ fkO M C02 MEASURE~ENT NOo 2 AND TOTAL GAS MEASUREMENT NOe 1 



SUMMARY Of MANOMETfl iC Co2 C ~ NC(NTRATioNS ON CYLINDER NO• 

- - - - -- ·-··- --· TUTAL G AS 

HUN NO• 
C02 

RUN NO. 

1 

coNe. 

--- - ------

6076 RUN NO• 9 

__ 1 __ --·- - _ _ _ 2 ___ -- ___ 3_1Q_t 86 _ _________________________________ _ 

·---·---- ·--·--- ---- -- - ------ ---·-----· 

----------- ------ - ----- --

---- - - -- ---· - -·- -·---- ---- ___________________________ __:_ ________________ _ 

----- ------- - ------ -----



Nu, OF TESlED CYLl NDrR • 607t:i' RUN NO. 10 C02 IN N2 

_M C:N ISCU~ CuRREC T! UN F"OR CJ 2 VULUME = •o,430 MI-l 

. ·- --·-- -- ·- ·- - · . -- ---------- -----·-- ----

MC.RCUH Y CUI. u MN HE I C.HT S ro~ ~ 02 VOLUME WfRE 620,412 MM AND _ ~ 1- 4_ ~ 62 ~-- M~~~ T!_t~_f_ERATURE W_~A.:.::S~l~9......:•......:6......:6~0-=E:._CI_•_C ____________ _ 
-M ~R CURY DE~ SI TY WAS t3.S4b2 G/C~ 

ME. RCURY- c·o ~o.uM NH ElliHT-5 ro ~ TOTAL- GAS VOLUME WER_E_7_ 7 _4 ~ 84o"MM"TN6177tl82 MM··TEMPEruTuRE WAS l9e39"M • 
_J4C.R~ URY D_t: ~' .. SlT!_ Ii AS 1 1 •5_4_ ~ 4 _G t_C~ __ 

--- -----·- ---- ------- --

-·- -----·---- --- ---·----·- -···- -·--·--·-- - ·· - - -- - · ·-------------------- ----- ----
GAS DATA 

C02 TOTAL GAS 

VOLUME <C 0 :it 7 9 "1 4------ --· ------ ------- --- --V OLUMt: C co so l4 • 9 

_TEMPl::RATU~ECC ) __ __ _ 19•85 _ --------·- __ •... __ TEMPERATURE(C) ______ __1 9o39 __ 
e32566E•06 PRESSURECOYNE/SC) e79302E•06 P RES ~ U~Et~YN E / SCJ 

_ VIBlAL (C CI MOL E) _ ___ •t2::1t 1 __ _ _ _ ____ VIAIALCCClM"LEJ •6_.2. _________________ _.:... ____ _ 

_ GAS CO~ST A N T "' o83l114E:•O~ ERG/MQLt.•DEGREE ·- --- -- -·- - - ---·--·- --- -- --
AC CELE RATION OF GRAVITY "' 979•558 CM/SEC••2 

----- . ·------··- - - -- - -·------------

_ Tri 1 S MEASURt::MEN T_ ~ AS _MAO_E . 0 \1 . ll _OF;_c__6_~--- ·--

_0d_! A li_E ~~Q_M_...l.QL.'iWU !iE"'E'lT_~ __ l _AJ!Q TOTAL GAS MEASUR=.E.:....:~I.::E.:..:N...:..T-..:.:N . ..::O...:.•--=-----------------------------

-- --- - - - -- - - - - ------ --- - - ----------- ----;------ --- ------ - --- - ----- --

--- -- -- -------- - ------ -- - - --- ----·------------------- --- ----- ---- -----------



(..078' RUN NO. 10 C02 IN N2 

MENISCUS CWHRECTIUN FOR TJTAL ~AS VOLU~F a •Q,070 MM 

MC:RCURY COI.UMN HU<.HT~ FO~ ;;02 VOLUME WFRE 620d65 MM AND 37l!t62~-~M~U.M.~J:RA_TUkE_~A_~ __ l _~-~- ~_?_Q!_Ge_ l,;.::....' ___________ _ 
MLRCURY OtNSITY WA5 13,54~6 G/~~ 

Mt:RCUHY CO~UMN HElGHTS F01 TOTAL GAS VOLUME WERE 774~a46 -·~M-AND ··-f"r7-~its2 MM;.-;-T{M-P.EifATUREWASl9e39-0E~ 
ME~CU~Y OtNSIT! WAS 13e5474 GJC'. __ . ····- -----------·--··----·-

- -----·----- ·-- ·--- -----· -·· -- . ··--·- .... ·- · -- -··· -- - ·--- -----···-- ·--·-···· ·- ·· - -·----·-·----

C02 

VOLUMUCC~ 
TE~PERATURE<C~ 

- - PRE SSUHE ( IJY NEISC J 

·- - qRIAL<CCIMOLE> 

TOTAL. GAS 

3e?974 VOLU~[(CC) 50l~e9 
. 1 9 • 6 2 . ... _____ --·-··. _ ... _____ T£ M PERATURE ( C ) __ _ _ _ _ 1 9 • 3 9 ... __ 

e32525E+06 PRESSURE(DYNE/SC) ,79302[+06 
. .. •12 6 • 4 ... _ VI RIAL. CCC /MOI..E >------~6 • 2 ______ --- - -

-------·-----·------
GAS CUNSTANT c •83144~+08 ERG/MOlt.•OEGREE 
ACC~LERAT10N uF GHAVITY a 9f9.558 CMISEC••? 

·--·--···· ·- · -. · ·--- ·--- --- - ··- - - -·----- -- - - -------- --------

__ w !ot..C02CO~CENTRATION of" THIS liAS .IS 310e80 P.PM 
·•· ·--· ------·-----·- ·· --·---- ------- · ---------· 

__ COl. MEASUt(t;MENl .•• ___ _ R[RU'l AFTER TRANSfER OF SAMPLE OUT Of MANOMETER._"(HEN .BAC.K • . JNI.Q_ I!IANOME.TULU.S.lJ'i..l.i,__- -----------
LIOU10~SOL.lD ETHANOL() MINUTE TRANSFER TIMES> · 

- ---- ·---- - - ·· -- - - --- - ---·- -- -- - -- - -·- ··- -----·--· ------ -- --·--- ---·-----------------------------------------------

- T r1 t s ·ME Asi.JREMENT "As MA-DE - o ~ --1 1 ___ 6_t.C6q--( ra·r A-C -"GAs) · -;;-·N"o- -r2- ·o-( C .69- Tco2 > 

~fAt-N"E:oF'"H-oM·c·o-2--~1£"As uRE-~£-~"T -N o-.-2-- ANn rofAL- GAs- MEAsUREMENT NO. 

· - --------- ·-- -- -- ----- ------ ·-------- ----------------·- -···-· ·--- ----------

__ x.,_- . ·- ---- -- ---· -· ----------·-·------------ ·------------- - ----- ------



SJMMARY Of MANOMETHIC C02 CJNCENTRATinNS ON CYLINDER NOo 6078 RUN NO• 10 

TOTAL -~A!:. 
I~ UN N 0 o 

l 

C02 
HUN NO• 

2 

----- - - - - - --. - --- ---------

- --------

·- -·- - - ----------

C QNC ~ - - ·- ·--- - ·-

-·---· . - --- . - ---------·- -----·--------

310.93 ----·-· . ·- - - =-------------------------------------

- - - ------· 

--------·- - --· --- ----------------- -------------------------------



N~• oF TESTED CYLlNOrH a bOlt:' RUN NO, 11 

_ M~NIS~U~ CJHRECTIU~ FOR CJ2 VOLUME = •oo384 MM 

~~NISCU~ C~ R RECTIU~ FOR TJTlL ~AS VOLUME • •Oe127 MM 

C02 IN N2 -- - .... -·--- ·---- - - ---------

- - - -·· - - ------------ - -- ~--

M~RCUKY CU~UMN HEIGHTS fO~ TOTAL GAS VOLUME WERE 764,]48 MM ANO 173,649 MM••TEMPERATURE WAS 19•30 OE~• ~ 
_ M t. R ~ U W :t' 0 £ N S 1 TY _ WAS p , 54 7 6 G I (. ~ . _ . _ .. __ . __ _ _ . ____ _ _ _ 

- -· -. - - ·-·--- · - ---- - --··--·---- -

---------- ------· -- · ··· -. - - - -- --- -·· -· --- ·-··----··-···--·--- ·-·--·---·----·------------------------

C02 TOTAL GAS 
.. --·-- - ----

VOLUM£,CC) 3o7974 VOLUMECCC) ~Ol4o9 
TEMPE.RATU HECCL _____ 19.1Y _______________ TEMPERATURE,C) 19.30 _ _______ _ _ __________ __ _ 
PRES~URECuYNE/~C) ,J2l36E•06 PRESSURECDYNE/S~) e78373E+06 

_ V_I R 1 A L CCC. I MOL.£)_ ·- ___ •12;, • tL __ ___ _ __ _ __ _ __ _y 1 RIAL tC CL.M OL £.L_ ·~6.a.• ,2------------ --------- ---

__ GAS CO~S T ArH c • 8 314 4C: +Ob ERG/MoLr•DEGREE .•.. - --- ---- - ---- · 
A'ClLlRATlON Uf GRAVITY. a 979,558 CM/SEC••2 

-" *it .. CU2 CO NCENTRAllON . Qf_ THIS C,AS . IS . 311e07 . PP.M.·- - - ·-- - --· - -- ------ - -

;J 2 J1 0SUHlMENJ_ •• _ TRANSfERS ~SlNG_..DR .L IC£ fROM . ..H ERE _QN ___ (..S_ Ml.NUTE. J.liANS.EER _li.M ESJ 

·----- - · - -- - ·-- - - --· ------------- ---·--··--- -·-- - -----------------------------------

_.!~ .!_ S __ M F;_ A S ~R EM EN T WAS M • OE_ Q ~ _ _.J . ~~.!LlO . .J..J.O TAL __ G A _~ L~NO _ _!_Q__~_A_R _7_Q__ , C 0?) 

~~lllNE~fl OM S~U~~~E~~gL_LAH~QU~~L~O~~~~~~------------------------~ 

---- ·---- - - - -· -·-- ---------------------·--------------------------------



NU e Gf TE~lED CYL I NOF R = b07tP RUN NO, 11 C02 IN N2 -- -

_ MC. NISC U~ CJ kRECTJu r. FUR C:J2 VOLUMf c ·o.~84 MM 

M tt'US CU ~ lJHREC Ti l.JtJ FUR T..1TAL l:AS VULuMF = •ool27 MM -·-- - - ·--- --- ---------- · 
t~ t.RCUH Y Cui.U MN HElGHTS F01 ~0 2 '~OLUME WFRE 613e381 MM AND 370t~96__~ M·•TEt! P.~~TU~_WAS 19.13 DE"•' 
ME RCU R Y DENSITY WAS 13e54~0 G;CC -----------------------------

- MC:R C UH Y CUI.U MN- HU t.H T S - FO ~ TOT 11CGAS ·voi..··ui-1E: ·· vi"ERE-764-;348--MMAN·o-Tt3---;-6~M"M••TEMPffU TU~f WAS 19 • 30 DEti • I> 
~o~ E RC UHY Dl 'lSIT! WA!> _}3 ,5 476 G/l~ _ _ _______ -------- -- -- ----- --

- --- ----- -- - --- -----

-- -- -- ------- ----- ---------- . --- -
GAS DATA 

C02 TOTAL GAS 

- - - - ---- - - ·-
'IO L UME < CC l 3 • 79?4 -----VO.LUME-( CO-- c;o i 4 • 9 

_ TEt-< PE. k ATU RE.C C) _____ 19 o13 _ ------ -------· _ TEMPEHATURE (C) __ __ _ _ 19 • 30 ____ _ 
PRESSU~EC~YNt/SC) e32116E.+06 PRESSURE<DYN£/S') t78373E+06 

_ _ i lRIAl<CC IM OLE.> ___ _ ~ 12!l•ti ----------- --· ______ __ ...Y_l.RIAh.i.C£l.!iO."=-.E_> ___ •6._t_2 -------------------'-- -----

- ----------- ·----- -----·- ·---- --···- ---------- -------------------------------

GAS CU ... ST ANT c - •83144~+0e EHG/MOL£•DEGREE . 
ALClllMATlON UF GRAVITY 2 979o558 C~/SEC••2 

--- -- - - - - --·- - - --

- - - - - -- - ·- - -- - --·- - - -···--- ------ --- - - ---·-----· 

- •...! L C !J 2-C.U.r-. C E tilRA U 0 ~-- O.LJ.H l..S_ C.~ S_LS _ _ .Jl O..a. 9 5._P._p_~----------· 

---- -· -- --- -- - - - -··--- - ----- -

-- -- -- - -- - --- --- -------
.. 



SUMMARY OF MANOMETRIC C02 CQN C[NTRATlnNS ON CYLINDER NO• 

TOTAL GA~ 
I~ UN NO I 

C02 
HUN NO, 

coNe, 

607ti RUN NO• 11 

3 11 • or ·--- ______________ _ 
2 31_0.9'5_ 

--- ·---·- - - ·-·· - - ·- --- -·- ·-- - -·------- -··- -------· 

. -· --- ·- ------------

------------ ---- ----- --------------------------------------------------- ---------

---·- --- -- - ---- ----- ---------

--- ---- ·-- ·- --- ----·-------------------------------------------------------

. - - -·- -·- - - -- - - - ·- -- -· - -----

·-··- - - - -- ·--- - - -··------ ------------------- - - ----·--------------------------------------~----

--·-· - -- - -- ·- · --·- ··--··- --- ----··- -·--------···--- -------- ---



~:)7!:J• RUN t~O. 12 C02 IN N2 

__ M t. N I S C u ~ C J R R t:c T I U N F 0 ~ T .; T r. L ll 1\ S V 0 L U 1'1 F = 0,000 M~ ------ ------------------- --

_ Mt: RCuR'I' Cul.ur~N Hf l(;H TS F01 ~ 02 VJLUME WERE 6l2o586 MM AND. 3'l0t .. ~_ 't_tL_M i"••jJ)tE..~Al.lJJ<j: __ WAS l9o73 DJ~ (I·-~------------
M~ RC UR 'I' OE~SIT'I' WAS t3,54~5 G/C~ 

ME RCUK'I' ClJ ;.U I'lN HElGrlTS F01 rOTAL. GAS VOLUME WERE 762,00U MM AND - 173,492 MM'"· :-Tf~F'-(HA-fUKE--w-AS- ·- 20.09 OE(I• ' 
__ _M.~_ftC U ~ '1' __ 9E'4 SIT_'!'_ WAS t3o54~6 G/C ~ -- _ _ _____ -·--······ · ·-- -- ------ -- -----

C02 

- - -- · - -
'V0 L i.J f'1 U CU 

_ TE~P E R ATU k [( C ) 
~ R E S SUH EC ~ Y N E/SC) 

_ _ -~ 1R I AL ( CCI M 0 LE) 

'>,,7974 
.19a7J 

.Jl~99:::•o6 

GAS nATA 

TOTAL GAS 

VOLUMECCC) ~014o9 
.. _ _ _ .. __ TEMPER AT U R E ( C L . ____ 2 0 • 0 9 __ . ... _ ___ ___ _ 

PRESSURfCD'I'NE/SC) ,78087E•06 
_ .... ___ _jl_ l RIAL ( C C /..MOLE ) ___ • .6 .• L ---------------------'-- ----

. ··--··-- --- ----------

GAS CO ~ ~TA N T = •83144:::+0~ ERGIMOLF•DEGREE 
ACCl LER ATION UF GRAVITY 2 979 e55a CMISEC••2 

•** CU 2 C O~C E N TR A IION OF THIS _ GAS IS 311•14 ~PM _ 

• ~ • -· ' ~ A• - · - • -------------- - ---- -

TM IS MEA SUREMENT WAS M~OE 0~ 14 MA'I' 70 (TOTAL GAS) AND 15 MAY 70 'C02> 

QdTA INEU FRO M C02 MEASURE~E~T NO, 1 AND. TOTAL GAS MEASUREMENT NOe 
--- -- -- ·- -- ..... -· . -- - ------- - ---- - --·--------- --- ------- ---·- - ---

----'-- -- ------ -



!>07tl' RU I~ NO. 12 C02 IN N2 

-----·-·-- ···---···-- - ·--------- ---------------

OaOOO M~ -·----- ·- ·· ·----- - - ·- -· ·-· --- - ·- ---

- - - -- - -- - -- - - - -- --- ---· ·· .. -·-------------·- - -
M~KCU~Y C O ~uMN HEIGHTS F01 TOTAL GAS VOLUME WE~E 7~2.000 MM ANU 173,492 MM•·TEMP ERATUKE WAS 20.09 DE~• 

__ ME~CURY Q£-..SITJ WAS 13o54:S!l G/CC 

GAS DATA 

C02 TOTAL. GAS 
--- -- -

VOL UME<CL) 3a797 4 VOLUM[(CC) ~014a9 
_ _ ] £MPE.f<ATU~£(C) _ _ --l 9a8l _ - -··--·-- ---- .. ______ _J [M~£RATUR£(C) _ ___ ____2 0o.0.9 ____ _ _ 

~RESS U HE(~Y N E/SC> .32 ~ 04E•06 PRESSURE(QYNE/SC> ,78087£+06 
_ 1 1RI AL LC C I ~1DLE L . ___ ~ 12 a, 2 ·------ __ __ ________ Y.IRJ.AI.--' C...C./M.Ol,.E.l_ •tuJ _ 

- - - -GAS COt-lS T ANT- =- - . 8 31 Ui: +.08 . ERGLMOLF ~OEGREF.:--- ·-·--------------· 
ACClLl~ATION OF GHAVIfl = 979a558 CM/SEC••2 

- • .!!.... .C.02 ._C L!.'l C Et:LtRA T 1.0 N OL T H L 5 _ t:a A 5 __ 1.5 . . . 31. L• 1 L P.P ~---------· . 

- - -- - - - ---- - -- - - --- - - ·· - · -- -- · --· -- ·· ·- ·· --·- -- -- - --- - --------·-···· ··-- ---- · - ---- - -- - - ·- - - -

_C _QL~~AS.URi.: r~E:~l -~~ - - - -- RER JN . A.[.TER __ TRANSFER OL .SA .~f~[ __ O.Ul _Of _MA NOt1t::,U: .. IL_L~.f.!':L6_gK INTO MANOMETt:R _ _ _ ___ _______ _ 
< 1 MI ... UfE THANSFER TIMES ) 

- - - -- ·--- ----- ---·--- ·- ·-··-- ---- - - --- - -

-T~ i~- ~ E i~u ~E ME~ f WAS -M~~E - 0 ~~4-~~-f~T~C -~~ ~)-~~~~ 70 ,,~0~2~)~---------------------~~--

·- 0-; fAI N E o- TR"o MC 0.2 - MEAS lJ RE ~E-~T-N u. 2 AN 0 T 0 TAL G "s · -;M-;-;E:-A;-:S;;-;U-;-;R:::-~E:-:M::-E;:-o;-:-N ""T -;;-N"a-. - -;----------------------------

-- - - -·----- · 



-- ------------------------ -

SJM MA RY Ot MAND~ETRIC C02 CJ N CE~THATin N S QN CYL!ND[H NO • 6078 R\.JN NO• 12 --- - - -- ------ _::___ --------------

TOT.\L GA:> 
RU IJ NlJo 

C02 
~~UN N LJ • 

2 

---------- - --------

-- -- ---------------------------------c 0 1~C. 

- -·- - ---- ---------- -------- -----------------------

-------· ----- ---

-----·-- - -------- - - ·- ----- ·-- - - _____ , ____ _ 

- --- - -· -- -- ·---- - -------- -------- -- ------------------



/366' RUN NO, C02 It-4 N2 
- --------- --- - ----- ----------------- -----------

OoOOO M"' - -----------

MERCURY CO~UMN HEIGHTS FO~ ~02 VOLUME WFRE 585o092 MM AND 370o982 MM••TEMPERATURE ~AS 19,98 DE"• ' 
Mt:RCUHY ot. rlsiTY WAS t3.54:>~ GtCC --------------- ------------------ --------- --- -

M L R c-u ;y -cuI. u M N H E.l (.liT s F~- 0 i - T 0 TAL. GAs VD LlJ ME wERE 7 59 .159-MM AND 1 7 3. () 0 0 ~Hoi- .. TEMPER A r u R E ~~As 1 9 • 6 0 [J E G ' c 
_Mt.RCURY _QE-.SlU_ WAS _ LJ,54~3 GtCC _ _ ____________ -------

- - - - ·- - ------

- ---- -·-··--· --- ·-- - - .. -
C02 TOTAL \.lAS 

VOLU~E<CC~ 3o7974 VOLUME(CC) 5014o9 
_ T E t-1 PER AT u '< E C C J ___ ·- . 19 • 9 j _ _ _________ _ _ _____ TEMPE H A. T lJR E C C) _ __ ____..~ _9.J BO. ____ _ __________________ _ 

~RESSUM[(~YNE/SC> ,,8351[+06 PRESSURECDYNl/SC> ,77700E+06 
~. lRIALCCCIMOLEl __ ··--- •J2~•:J -------------··- _ _____ V_l_R.l_A \-_i~_C I t-U)_L E_) • 6 ,_,_1 ______ _ __________ _ _ ___ _ _ _ 

__ GAS _(Q'jS T ANT _= ____ t 8314 4 ::::tO.o _ E_RGI .MOLE~DF.GREE ____ _ _ 
ACCI:.LE~ATlON uF GRAVITY = 979,558 CMISEC••? 

- Trifs MEAsuREMENT I'IAS-- MAD-E ·· a-. Ti-- MTY- io ____ ____ _ 

- a;, fA. z ;E-G-7 io Mea 2 M os uiE"~E" -;r- N J -, -1- A"NnToruG"A"sM"EA"su REM E:"N-r--No. 

·-- --- -- - --- ------ --- ------ - --

-- ---- ------ - -----

------.-- -·---- ---··-- ----------- ----· 



NU1 OF TEST ED CYLl N O~R = C02 IN N2 

. ·--- ....... ----- -------· ·--------·--------

0100Q MM 

~t: ~c uR v c D '-Ut.~N H:.l ~H r s ro 1 ; 02 vat. Ut.~E .-I ERE 58417 7 2 _ "'~·L AI~D HJ 1 oo_s ___ llM.~.T.E~Pt::H.H .. UHE_~_A.S __ 1....9_ .. H~~~L_c 
M C:rt CU~Y D~~SITY WAS 13 1 54~7 G;CC 

Mt.RCUKY CO'-UMN HEIGH TS F0 .1 TOTAL. GAS VOLUME WERE 759.159 r;M -iNU-i73~-6oo-I:;M;-:Oy[,~-PE-RA-fURE-WAS_1_9~80 DEi.!e C 
MERCURY 0 l ~S I T Y WAS 1 3 • 54~ 3 G_! C S _____ _ ___ _ _ ___ _ ____________ ·----·--- ----- - --------

-------~-- --- -- -· ----- --- - - .. --- -- · --------- ------· - ----- --- ---· - ·-·-··- ·---------------·---:---------------------

GAS OATA 

C02 TOTAL GAS 
-------· - - . .. 

117974 VOLUMECCC) 5014e9 
___ TEMPERATURUC> -- --------- -19o80 . 

PRESSURf.COYNE!SC) e77700E+06 

VOLUI'IE<CC~ 

TE~PE R AT\J~ECC) 
PR ESSU kECJYNE/SC) 
~IR IAUCCI ~IOLE) 

19a67 
.~8307E•06 

.. 1 2 !j • 3 -- .. -- - . ________ V 1 RIAl. C CCI M 0 L. E L _____ ~6 ,1 ___ ___ _ 

--- - - r,A c; Cll~STA rH "' •8 .3144::-tOd ERG/MQLF'"DEGREL---- --- --·-- ------ --
ACCELl~ATlON JF GRAVIJY = ~79o558 CMISEC••2 

- -- - -.... -·--· ---- ....... . ··· -·-- ·------·------------·-···---- - -------- ----------·· ·---------- - -

_•.! .!... .. C 02 _ .C O·';C ENJ RA T l ON O.f. . LH l S. G A 5.__1 S. '?.!6, 3 5 . .. e.P.M. ______ _____ ____ _ 

-- - CCl2. ME.ASUHt.MENT •• - - RERU 't ;.fTEk .TRANsFrR OL SAMPLE .. .. QULOL. MANOME1IfLJ..H(N_ 8AC.lL1J'il..U- ..MA.NDM£l.t . .n.... _________ ___ _ 

C 1 MI~UfE TRANSFER TIMES ) 

- - ---··-------------------- --- -·· - ---·--·----------- ----- ---------------------------------------------

THI S MEASUREMENT WAS MAOE 0~ ll MAY 70 CTOTAL GAS) AND 12 MAY 70 <C02) 

QOT A!NEu F ~ OM C02 MEASURE~[~T NU; 2 AND TOTAL GAS MEASUREMENT NO. 

------- ---- -·~·---·-·---- ---- ---·----~ - ·------------



-----------------·- ---~------~ 

S~MM4~Y Of MANOMETRIC C02 CJNC~~TRATinN~ ON CYLINDER NO• 7366 RUN NOt 1 

--- · - -- ··-- · 

TUTAL GA~ 
fWN NO, 

C02 
HUN NO, 

1 

- - ----~----

-· .. - ·- ---·- --··--··- --------------------------CO NC. 

2 Z6o35. ________________ ____________________ _ 

. ··---· ·--- - - -----------------------

------------ - - ·---------

. ---------------

-------- ---- -

·----- - - -------- ----- - --- - --------



-- ------·--····--· - -------- - ---·--·- ---

736o• HUN ND. 2 C02 IN N2 

OoOOO MM 

_ Mt:RC URY CUI. uMN HE! GH T~ FO-< .:02 VoLUME WERE 587d99 Mt-1 AND 370e962 _ ~M_•_•TEMP _E_R_,UU~E __ _l;_ 4_Ll_~-'-Q2_ .P_Eti• C 
M~~C UHY D(~SITY W~S 13a54J7 G; CC 

~t:R CunY CU~>UMN HEl GH TS FD-< iOTAL GAS VOLUME WERE 765-;i9i- --M-MANO-·C73.6)"3- MM•:;-H:.M" PER AT-Ut<E WAS 19o66 OEGe C 
MER CUioiY DE'lSlTY WAS t3,S4!>7 G/C~ _ _ _ __ - -------·- - - - ----

- ------ ------- -- --- -- ----- ·- --------·---

GAS DATA 

.. . -·-- ---------· 
C02 TOTAL GAS 

VOL UME(CC) VOLUM~(CC) ~014e9 
_ l Et-4Pt.: RA TU ~E (C ) 

3o7914 
19.6~ 

•!8~35[ ... 06 
•12:;d -

TCMPEHATUR[(C) . ·- -- - 19·66 __ . ------- - -- - - · 
~R ESSU HE(jYN E/SCl 
V 1 R I A U C C I i~ 0 L E> 

PRESSURf(DYNEISC) •78498[+06 
. ____ __ VIR1AL(CCIMOLEL ___ . _6.1 _________________________ _ 

--- ---------------------------------
____ GAS C O ~STANT = . _e83144t:•08 ERG/MaLr•oEGREE- ----- ·------- ---------- --

ACC L LE~ATlON ~f GRAVITY ~ 979,558 CM/SEC••~ 

- -- ·-- ·----- - -- ----------- -

_ * !..!. .. C0 2 ...Cu'4C ENTRATION. OF _T_HIS_ G~S_j~ . 2J .. tu6.Q _ P.._p...M_ _ _ _ ______ _ 

TH IS MEA SUHEMENT ~'~AS - MADE 0 '4- l2- MA Y- fo ___ --- -------- --·- - - -- - ---

-Qd r" 1 NEU - F Ro Mc o·2 M.E isuR(-tE 'lT- NIT-. -1-"i"Nn-·ra-r·Al:G"AS'ME'A'su'RE'M .ENT--r·io~ 

- - ----·--· --- --------

- ------- - ·--- - ----- --------------------------------------------------

--· --- --- · -----• 



• 1 

-- --- --·-------·- ------ -------------------
7366• RU N 1-1 0 . 2 C02 IN N2 

------ -------·------------

- - --·---- -- ---------- ---- - --- -------------- -
Mi:.NISCUS C:J HRECTIU N '-OR TJT~L i..A5 VOLUMF = OoOOO Mt~ - -- ·--··-·----- -----

~ ~ RCUKY CU~U MN HEI GHTS F0 1 ;02 VOLU ME WFRE 587o418 M~ AND 370o971 M~·-TE~PERATUHE WAS 19o91 DE~• C 
- Mt: qC tJ RY O E~ SITY WAS 13.54~1 G/ t.:C -~ --- -----

-MfR_c_u .~Y -COI.uM N- HEl GHTS F- o~ - rOTAL GAS VOLUME WERE · 7~s. i 9 i" - M M _ A_ND TY3.63-3MM··T1:M"P·u~ATUtu: wAS 19·66 otG. C 
_ }'1 t. R C u rH D £ ~ 5 1 T Y _ WAS 1 3. 54 H G ICC - - ·- -·--·-- ----- ---

GAS nATA 

C0 2 TOTAL ~ AS _ 

- - - ------ - - -
VOLUM((CL) 3o7974 VOLUME CCC) ~014.9 

_ TE M PE R ATU~[((; ) 19o9l . _ - ----·- __ ___ _ TEMPERATUR[(C) ___ 1 '1•66 ___ ·---------------- -----··-
~RES~UrlEC ~ YNE/SC> .~8 ~ 62£+06 PRESSURECDYNE/SC) ,7849~£+06 

- ~ lRIAL<CCIMOL.E) _ --- ~12:1tl __ - ------- _____ V I R1 A L_tC ~~ t!!_O .L EL ___ ~ d 

- ------ ----- -·----------- --- ·-- ----------

-- - GAS CU'1STA NT = -- • 8 31'14~+06 ERG/MnLE•OEGREE _____ _ _ _ 
ACC E LE~ATIDN UF nRAVIlY ~ 97Qo558 CMISEC••~ 

----------- -

_ •..!..!_C Ll..2._~Q ~ ~ fJilR!J I.O f'L Qf ___ l _tii S _ ti_~_)_l !L 2 .I6.t. 6 l __ .e_p M--- - ----------------- ---------- --------

-------------- - --- ---- -- -------- ----- - ------- --------------------· 

__ Cu2_ M£A S.UHt:MEN 1 •• __ RERU'l ~FJ E R TRANsfER OF __ SAM.£' LE . .OUT __ Of_M~N.DMEltF.LJJi_E_N __ B~~LN_lP MAN_OM_UJ::.:H-'---------------
( 1 Ml'lUTE TRANSfER TIMES ) 

- - ------ -- --·- - - --- ·- -- ·--· - .. ________ ___________ ____________________________ :.__ ________ _ 
-------- -·- ---- ------·--------

- r r1 fS -M E A5u~ t: M-ENT- ~~A-s M A -o E -· a ~ 1TMAY7o 

-oi:I TAINEI)FR-(i MC02~SUH olE -.T NO • 2 ANn TOTAL GAS MEASUREMENT NO • 



SJr-IM o\HY Of MAN OMETHIC Cf12 CJ t4 CE IHRATlONS ON CYLI ~IDER NOo ____ 7366 ~UN NO• 

TUTAL GAS 
kU~ NOe 

CrJ2 
rlUN NO. 

- _____ 2 

co~c. 

2 '6. 60 ______ ___ - - ··---

276.61 _____ - - ----- -

·-. - . ---·-- ---··------ ··-----

_2 _ 

-- ·· - -- - - - - - --- - - - - -- -- ·- - . ·----· - ------·- ------ - ----------------------------

- - -- ·- · - ---- --·· ·· -- - - -- --------- - - - ·-·--- ·----------- -

- ------ · ---- -- --. -------- ------ - ----·- --- ·-----·-----------------

------- --- - - --- · --·- - -·------------

- -- .. --- --- --- ·--- ------------------· --------- - ----- ---------

- - ··---- - -- --·-- - -- --
) 



• 

N~. oF TESTED CYLINDtR ~ C02 IN N2 

\.loOOO MM 

-~tR-CuRY · cu•uM N HElGHTS -fO~ TOTAL - G4-s VOLUME Wt:R{ r"68,2·6 ~MMAN·0--TI3.49~M··-ftMPE-HATUTH: WAS-19.94 DE • 
_ M ~ R C U ~ Y 0 t.: 'i 5 I T :!_ W A 5 _l 3 , 511 ~ 0 G I C ~- __ _ ___ _ _ 

--------------------------------

- - ---------------
GAS oATA 

---- -- - -- -------- ------ -·-- ---------- -- -
C02 TOTAL GAS 

- -- ---------------- -- --- --- -·-
VOLUME<CL) 3o1974 VOLU~ECCC} ~014o9 

_ J E1.1P E. RATU AE(C) __ _ 19o7~ _____ _____ _ . ____ ___ TEMPERATURECC)__ 19•94 _______ __ _ 
rRESSUKEC~YNE/SC) ,(8774[+06 PHESSURECDVNE/SC) ,78921E+06 

-~-1RIAL<CLIMOLE) ____ __ •.12~• 2 _ _ _________ _. _______ VtR.IAL.<CC_I!'IiJLU __ ~6-'-~1 ____ _______________ ___ _ 

_ ____ GAS C(J~STANT ,. _ •831 ~4i:+Od ERGIMOLE•OEGREE _ ----- -- - ----------
ACCELE~ATION ~F GHAVIFY :a ~79,~58 CM/SEC••2 

------- ------- ----- ---- ---

1 ANO TOTAc-GAs MEASUREMENT NO. 

---- -----------------·------ - - - ----- ------- ----------- - -



I 3 6 ~ • R U I~ N 0 , 3 C02 IN N2 

··- · - ·-·-··-·----·------ ·-- ·------ - ·- - - ----------------
t~ E r~ I S ~ u ~ C .1 f< R [ C T I lJ N F 0 q T J T o. L ll i\ S 'I 0 L U '~ f " Q,QOO M'-4 ·- ··-·-----·--·---·--·-----·--------

Mt.~ CU~Y CU- UM N HEIGHT S F0 1 ;;rJ2 VQLUI'IE WF.RE '58Bol90 MM AND 370o949 _11 M_•_ •H.!:1f .Ej!~_TU fi_E_WAS l9o75 DE Go C 
M~R CU~Y D~~~ IfY WA S ! 3,54~5 G; CC ------------

-Mi:~CutH Cu .. uMN HEIGHTS F0 1 TO TA L GAS VOLUME WERE 768o 2 6Y . MM - AND - 17 j -;4-9.5MM":.-:;f("MVE:-fi i .TUHE WAS 19,94 DEGo C 
ME RCURY 0£~ 51 TY WAS t 3 , ') 4~0 G( C ~ -·- - - - · __ __ 

GAS DATA 

C02 TOTAL. GAS 

.. - - -
VOLUME< CU VOLUM E (CC) 5014o9 

_ TE: 1-4PERATU;(E CC} 
3.T 9 /4 
19.7) 

o28768E+06 
- •12:lo2 -

__ --· TEMPE R AT uR E C C) _ 9, 9 4---- ---·-------------------
~ RESS uHE CJYNE /SC) 

·- ~ lRl AL <CCI M OL E> 

-- ·- ___ GAS C 0~ 5TANT = • 8 31~4::+0tj EHG/MQLF:•DEGREE 
A CCl L E~A TION uF GHAVIlY 2 979,558 CM/SEC••2 

PRESSURECDY~E/SC) o78921E+06 
__ _ VIRIALCCC_IM OLE t .. _ . ___ ~ 6• L ____ ---· 

_*! !...._ Cu 2 CON<.: ENJR A 11 ON OF TH l S GAS IS 27 6, 56 P.P :~L . . · ··- -·--··-- ·- - - ·-- -- - ------- ---

\ 
_C OZ. M£A~UHE:M EJ-i T •• _ RERU~ AF TE.ti TRA NSFER OF SAMPL L OUT . Of _ MANiJME:.JER _.THEN _13Ac_K_lN IO_M.A ~ O M..t::..U.rl 

( 1 M l~ U TE TRANSFER T!MES ) 

P 1IS ME A Su~EMENT ~AS MA-DE 0~ 12 - MAY -io--cTOTAL-· GAS) - AND - i) MA Y __ _ 7o -{{.o2)·-----------

-0d TA 1 NEo-r~oM-coi -~E:4s uR E ~E"~ T - · Na- .-2"ANn-i6rA·L-GA-s M EA5-u'RrME:Nf- N·o. 
-

~- - --- -- --- --·· 

----·-- ·- ·· - ----- --- ---·-------- - ---------- ---·-·- ---



• 

SUMMARY OF MANOMETRIC C02 CJNCENTRATinNS ON CYLINDER NO• 

TUTAL GA) 
hU~ NOe 

c 02 
riUN NO. 

CQ NC• 

---------
r 

7 36 C) RUN NO. 3 

-- - -·----- - --------------------------------

--- - - ---- - -- -
- ___ ____ 2 ____ _ - --· - 2.7 6. 56 __ _ 

------- - ---- ---- -- - --- - -- -

- ------- - -- --- ----

-----·--- -

-- ------ -------------------------------

·-- - - ---------- -

---- - ·-- - ----- - - ---- · ------------------·-- --- ----- ---------------------------------

---------------------------------------------------- ------------------------------------------

-------- ---

- -- --- ·---- -- ------- -·---------------------------



NOo QF TES TED CYll~O rR ~ 1 0009' RUN NO. C02 It-1 N2 

_ MLRC UH Y C CJ "-UMN HE ll..HtS tO"< ~ 02 V OL.Uio1E W[RE 6 52 o 38 7 MM ANO_ 3Z IH 61_3_ __ ~M.~.IJMPf:fl_ A_T_U~ E- WAS 18 '75 DE_tl:...:•:__:<;:.__ ____ _ 
M ~R CUHY DE~SITY WAS 13 1 54~0 GtCC 

MER CUIH C OI.U MN HE l C.HTS FO il TOTAL GAS VOLUME WERE 77' 1,-iz6 ___ MM ___ AND-· if7-;243-MM-.;;-TEM-PERifu~E- WAS 19 • 95 DtG • C 
_M~RC URY D EN SIT ~ WA ~ tle54b0 G(C~ _____ ·-- - ---- - ----

---- ------------- ------· --- - ----------

- ------ GAS - OA TA --- ---- -- --- -·- ---- - ·-- ------·----- ----

--C02 ~--·-- ----
TOTAL GAS 

VOLUME(CC) 3e7974 VOLUME(<;C) ~014e9 

TE MPERATUKECC) 18•75 _ _ _____ __ ---·--- - - - - TEMPERATURE(C) _______ _ l9.•95 
- - PR ESS U fiE t ~ Y NElS C 3 --- , 3 6!! 0 9E.., 0 6 PRESSURE ( 0 Y N E IS<; ) , 7 8 8 2 0 E + 0 6 
_ ~l.R I AL <CCI MOL E> ______ •12i'e' __ - - -- ---------- . ________ '!_I R.IAL_lC C./HQ_LU •6_..1, _ _____________________ _ 

_ _ __ GAS CONSTANT o: •831114~.-0b ERG/MnLE•OEGREE --- --- -·-- ------
ACCELERATION OF GRAVIlY c 979,558 CM/SEC••2 

_!t !.•_ C 02 C CJ ~ CENTRA TI ON_ DC T H 1 S _GAS _IS. . :45!'i e.71 . PPM_ _ --- ·----- ---- - -· ····------------------------------

_ C iJ2 MEA~UR t.M EN1 •• TRANSF i.R S USING L. I aU I O•SOL I 0 _ETHANOL (_5 .MINUT E._ T.R ANSfEFLJ'.ltiE.SJ ______ _ 

. -- - - · - - - -------- - ---------
___ T~l.S ME A SURE MENT w A S __ _MAOE _0 ~- .19 0_~~_6_9_(1_0 T A~-~A~ L AN_Q_ 1j _ _j)[~---~9_( ~=2~> __ _ 

_ p =T ~t~D~~OM~O~Y~U~~~~~~--l_A~~ GAS MEASUREMENT NO~·~~-------------------·------

- --- -- ------

------------- -------- ------- ----------



• 

NO, oF TE~lED CYLINDER s 1~069' RUN NO, C02 IN N2 

_M~NISCU~ CWRRECTION FOR _ CJ2 VO~UM£ 2 •oa430 M~ 

MERCU~Y CO~UMN HEl~HTS FO~ ; 02 VOLUME ~t.RE 653a019 MM AND 374t594 MM••TEMPERATUAE "AS 19t53 DEG• ~ MERCUHY D U~SITY WAS 13eS470 G/,c __________________ .:::_ ____ _________ _ 

-MlRcu~vc ·o~uM N-- HEliiHTS r o~ TOTAL GAS VOLUME WERE--771.- 326MM--A ND--fi7~4-3 ~M··T"CI'IlfERATURE wAs 19.95 o£ca, c 
_!oi ~R ~ U B_ Y j)__E NS l_T_!_ WAS _t3 ,2_~ ~-0 __ Q_t ~ ~ --- ____ _________ -------- -

------------- - ------ -------- · ----------------- ----------------------------------

GAS QATA 

C02 TOTAL. GAS 
-- - - - ---- - ------------ --- --------------

VOLUME,CC) 3•7974 VOLUM[(CC} 5014•9 
_ __ TEMPER AT U R E ' C > _ l 9 , 9 5 PRESSURECOYNE/SC) a788 ~2~0~E-+~0-6 _ _ _______ _ __________ _ - I E M p t: RAT u R E { c ) _J. 9 I 5 3 - - ---- - -

PRES~UREC~YN~/SC) a36b90E+06 
_ _ H R IA L. {C C I M 0 L. £:> _ _ _ ._ 1 2 b • 11 _ _ _ . _ _ _ __ _ ___ VIRIAI-(_CC!!!IOLU ~6.t_...__ _______ ____ _ 

_ __ GAS CONSTANT • . --- • 8 314 4 ~ +Ob ERG/MQLf•DEGREE.- ------- - --------
ACClL.[RAT10N UF GRAVITY 2 979,558 CMISEC••2 

__ C 02_ MEA~UR i:;MENT _•• ____ R EAU '4 A> TER _TRANsFER OF SA MPL[ OUT .Of MANOMETER _r H~.N - ~AC. ~_l_tlQ_~~ O-~ li_~ __ \LS_~_G~--
LIQUlD•SO~lD ETHANOL.{5 MINUTE TRANSfER TIMES) 

·--aaTAiNEu-fHa~2-~EASURE~E~ T NUa 2 AND TOTAL GAS MEASUREM£7-N~T~N~Q-,-.--~--------------------------------------------

--- --------



SYM MAHY OF MANOMETRIC C02 C~NCLNTRATinNs ON CYLINDER NO• 

TUHL GA~ 
RUN NO. 

CQ2 
fo(UN N0 0 

caNe. 

10069 --- - ~~N NO_• ___ _1 ___ _ ____ _ 

··- - ----··-----·----------------------------

-. - -· - -- ---. ·--·--------· - --·---------·- - ---·-------------

- ----- - ·----- ------- ----------------

35'). 71_ ·--·-------------------------------------

- ___ 2 ____ -·- - --· )55. 54 _ __ _ 

----- ·---· -- - -- - ·--·- -- - ·----- ------------------------------------- -

-------- --- - -· ·- - - - ·--- ·· -------·-··--- -··-----------··-

- - --- --·- ·--· - - - - ---- ---- ---- ---- ·· - - ·-·-- - - -------

·------ - - · ----------- -----· 

--- - ------- -- - --- ·----- ·-- --·-------

----- -- - ------- - - - - -·- ------

--·-· - - ·-·--- -·-·---

- -- ·----- ~---· -. --· - - · -.-.- ·-- - ' 



• • 

N~• Of TESlED CYLI~OFR = l~OOY' RU~ NO, 2 COC! IN N2 -------------

M~NISLUS ~JHRECTIUN FOH CJ2 VOLUM E s •n,JlO MM 

M £ N 1 5 C U!) C J R R ~ C T I 0 ~ F 0 R T J TAl l.l AS V 0 l U M F = • 0 • 1 0 II M 1'1_ ___ _ __ -------- - -- --- - - - _ 

_ Mt:RC URY C uo.UMN hf:l C.HTS FO ~ ~ 02 v OLUI~E 11[R[ 6119 • 40tL ~1M AI~D . 370 • IJ6 3 __ ~M~.JJ:_Mf?_[B_A_TU_f! E~~l)_7.0 _t_Q DE~ ' -=-'-------------
M~RCUrtY O~~SITY WAS t3.~4~8 G;CC 

--Mt:R"cuHY co~uMN - HEIGHrs -f"o1 ro·rAc. GAs - voLUME · wERE -- 766;-32~i-lt.1--"AN"o 173.512 MM·-TEMPERATURE wAs 19~se DE , 
_M ~f!~_U_t!Y~E~S I)__'!_ _WAS __ j 3 ,_54 p GjL~ _ ____ ____ ----------------

------ ---·-·-----

C02 

VOLUME{CCl 
TEMPlRATU~ECC) 
PRES~UHE(JYNE/SC> 
YIRIAL<CI;/MOL£) 

3o79f4 
20o0) 

•J6.;0JE+06 
.. 128•:> 

GAS DATA 

TOTAL - ~AS·--- - ---· -----

VOLUMECCC) ~014•9 
TEMPERATUR[(C) l9o88 
PRESSURECDYNE/SC) .7864HE• 06 
V I R I A L ( C C I M 0 L E > .... ___ _ __ _:: 6 •-l_ _ ____________ _ 

_ ____ GAS CU~STANT • _ •83144::+05 ERG/MoLE•OEGREE ____ ___ ____ ____ __ 
ACClLE~ATION uf GHAVIT.Y = 979,558 CMISEC••2 

- ·-- - - --- ·-- - ------- - _____________ ,;_ ___ _ 



C02 IN N:l 

_M~~JSCU ~ CJR~E~ TIUN FU~ CJ 2 VU LUME = ·n.33Q MM 

_ MENI SCU~ CJHRl CTI UN r UR TJTA L ~AS VOLUME = •Q,J04 MM 

M~R Cu~Y CD·UMN HEI GHTS F U ~ ~ 02 VOL UME WFRE 649ol37 MM AND 370o943 MM••TEMPERATURE ~AS 19oH6 DEG• C 
- MER CUR Y DE '4 SIT Y WAS t 3,5 4 ~ 2 G; CC ------------ c___ _ _ ___________ _ 

-M1.Rc UHY --C-O •lJMI~ HE l liH T s -Fo-1 TO TAL - GAS 
_ M ~ R _c U f< Y D £ '4 S I T_'! W ~ S _ p • 54 ~ 1 G_( C ~ __ _ _ ----- ------- -----

---------------------- --------- - -------- - - - ------------- ------- -----------------

----------------"--- - --- --- --------- ----

GAS nATA 
---------- ---- -- --- -- ----------------------- --- ---------- ----------------------- ------

C0 2 TOTAL GAS 
------· ---- ·---- - -------- -------- ----- -- - - - -- -- -------

V OLUME<CC~ 3,7974 VOLUMECCC) ~014o9 
_ lE MPERA T U~E. (C) _ _ __ 19.8" ____________________________ TEMPERATURE,C) __ __ _19·68_ 

P RES S UHE<~Y N£/SC) ,36671[+06 PRESSURECDYNE/SC) o7R648E+06 
_q RIA U CC I M 0 I.E> ~ 12 ~ ol _ _ ____ ____ _ _ _ . _____ ______ Y_I RJ A~ (C_C.Lt'l O_~_E) • 6.•-L --- ------------- - -----------

-- --- -- -- - --- ----- - -----------------------------------------

GA S Cu~STAN T = ___ •8Jl44i:+_08 EBG/.~tJLF..~DEGREF,_ _ 
ACClLE~ ATlON OF GRAVlfY 2 919.5~8 CM/SEC••2 

*** 

_ C iJ 2 "1 t: A:) U R ~ME N I • '". __ R E fW 'l AFT E t_<. T RA N sff R _ 0 F_ S A_M_f ~-£. __ Q_!J_T___Qf___ti~ N 0 _11_;__u: _!L_l_t!f!L~~!i]..Q_ MAN O.:..:M.=E___:_T.=£.:.:R ________________ _ 
( l Ml 'l UfE fRANSFER TIMES ) 

--------

-------- ------- ------- -----

r r1 T 5 - ,.. E A"su ~ E ME N r -i'j A"S- MAo E-o ~ -2 .. --"Ar"R- i o __ _ 

QdTA I NEU ~RO M C0 2 ME ASURE~E~T NO, 2 AND TtiTAL GAS MEASUREMENT NO, 
--·------------- ----------- - ---

-------- ------------

-- --~----y--- -

• t 



• • 

- - ---------- --------------- - - ----

SJMMA~Y 0~ MANOMETRIC C02 CJNCENTHATinNS QN CYLINDER NDo 10069 RUN NO• 2 
. - --· -- ·--.- --- ·- ------

li..:TAL GA::. coNe, 
RUI~ NO • 

C02 
11U~ NO, - -------------- ----------- --- ---- - - --

1 

------ __ ___ 4_ . 3_?5 _t.~3 _______ _ 

------------ ----- -- ------·- ------------ ---------- ---------

--- --- - - ---- -

- --- - ----- ----- - - -- - ---- -

------- - --- --- - -

------------- -. 

-------- -- - ----------

--- ------ --- - - - - - -- ----- --- ---- ----



NJ • (J ~ TE~ fED C YL! t•DF"R " l :J 06Y' RUN NO . 3 C02 ItJ N2 

_~ f. N 1 S C U ~ _C J R R E CT I cJ ~ r D ~ _ C .J 2 V U L. U ME = - o • 3 3 0 M "1 

_Mt: NI SCU!l c:J fiRECTIUr. FtJR T.JHL C. AS VOLUMF = •Od04 MM 

M t: R C U tl Y C U 1. U M N H f .l <. h T S F 0 "< " 0 2 V 0 L U ~~ E IJ F R E 6 5 1 , 6 3 4 MM .. _A_~_Q_ _3 t.Q.• Y~ 4--~~_:_:j t: M P £ RAT U R E WAS 1 9 • ~ 6 DE Ci • C 
--ME RCU~Y Dl ~ ~ ITY WA~ 13,54~9 G/~~ - ----~~--~-----------------------------

-M1 RCURY Cll~UMN H-[ 1UHTS fO-< ro-T AL GAs -·VCJL-UME WEREU77 l:·aao·--;;M- AND17 3. 51.9MM--T-EMPERATUHE WAS 19.54 oEG. c 
_ ME.fiCUiiY O.t.~Sl. Y _WAS_L3.L5 4]0 __ G..fC-'-C ____ _ 

----- -------

GAS DATA 

C02 TOTAL GAS 
--------------------

~OLUMEttC> 3,797 4 VO LU"1£CCC) ~014o9 
l EMPERA Tu~E ( C l ___ - 19, S !I _ _-------- _________ TEMPERA T.URE (C) ____1._9.• 5_ll ___________________________________________ _ 
rR ES S uHEC~YN E/SCl ,37204£ +06 PRESSURECuYN£/SC) .79389£+06 

.2' lH I AU CCI M 0 l. U ___ !" 12 :l • q • ___ ____'LlJU.Al...lC.C.l..MO,_,l.CJ.E._,_) ____ •..a6~._.. ____ _ _____________ ;__ ____ _ 

_ . G A 5 C U -.STANT " • 8 3 1 '+ 4 t: + 0 8 ERG I M 0 L E • DE G R £ E -··----·-·-------
A,CEL~ ~ A TIO N uF GRAVITY o y79o55 8 CM/SEC••2 

- . -- - ---- ---- - -·---- ------- ·------- ------------------------------------- -

----------------,--.-:-;:;-:--;;;:;-;-;-;-·-;;-.-;:-;:;-;:-::-;:-;-~-::;;::-:;;---;-:-;-;-----;------------------------

OOTAI N£0 f~OM C02 ~EASURE~E~T NU, 1 ANn TOTAL GAS MEASUREMENT NUt 
--- ---------------

\___ ·-'-----··- ------- ----------------------------============-==::---



• .. • 

-- --- ---- --- ------- - ----- ------- --- ------- - --------------- -------
C02 IN N2 

___M ~ N I S C U ::;, C .J n R E C T 1 U I~ • IJ R _ C j 2 V 0 L i.J "' E = • 0 , 3 3 0 M M --- ------------- ----- --- ----------- ------------------

MENisCu::;, LJRRECTIUN FOR TJT4l GAS VOLU MF = •Q,l04 M~ 

_}4~RCUR Y C UI.UMN Hrl GHTS FO ~ ~ 02 VOLUME W[RE 651t 895 _MM_ ANU __ 3_7_0 • (jl:i MM••U_Mt:' (8 _AT _\J_f!~ WAS 19 • 71 D E"'--'Ci"--'t'---~'-- -------------
1-IC:RCUHY ue: :~si ('( ,..AS l3o54~6 GtCC 

t~C:RCURY cu;.uMr(HElC.HTS F01 lOTAL GAS VOLUME WER( 771,-aa·O -MMA_N_O 173.519 MI•I'••TEM-PERAT UIH: WA S 19.54 DEG, C 

_M f_R_~ U fi_Y OE. ·~SIT_!_ WAS t 3, _)4i'O _ GtC~ ___ ___ -------------- -

-- --- - - - - -------------- - ---- - ----------- - ----------- -------------

-------- ---- ---- ---- - --- - -------GAs--oAT A--- - ------------------ --- ------

- ------- -T o_2 ____________ -------

- -- - - -- --- - - - - - -- ------ --- -- ---- -- - ------ ---
VOLUM((C~> 3o7974 VOLU ME CCC) ~014o9 

_ __!Et~PE.R ii Tu!'([CC) ______ 19•7 1 __________ _ _____ _ ___ TEM t' ERAJUR[(C) __ 9. .•.S.fi'--------------------------
PR£S~UH[CJYN(/SC> ,J7235E+06 PRESSURE(QYNl;SC) ,79389[+0 6 

_ ___!:_ lR I AL C_C C! MDL.£) •12 5 • 3 . _ _ ------- -- ______ VI RJ AL.lC.C.I.tiU!-- £1--~•.r-..------------------------

GAS C u -~STANT ,. • 8 311+ 4 ~ +- 0 0 ERG I M 0 l. E •D E G R EE .. _ - -- - --------------------------------------
ACC~LE~ATION uF GRAVIfY = 979,558 CM/SEC••2 

- nr S - ~EA-SUi1EM-t:NT WAS t·1ADE 0 ~ -27 --APR7o-c fo T"A CGA'S )--AND ,8- AP·R- t occon 

~fAT~I{uf"~-OMCOUii:4SLiRE ;;-(~T NO, 2 AND TOTAL GAS MEASUREMENT NO • 1 



------- - --·-----------------
SJ~MA ~Y OF MANO METRIC Cn2 CJN,ENTRAT ioNS ON CYLIN DER NOo 10069 RUN NO • 3 

Tor A L 6-A ~ 
~~UN NI.J. 

------------- --------------------- ------------
C02 

klJN ~lO • 

_ _ ______________ _______ ______ __ ______ -- ---~:.s_._4_6 

- - ---- ? _______ -- - _ 3 ~'j .57 _ ___ --- ------------·------ ·------------

-- - ------

---- ---- --- -------------·------·-----------·----

--- -------

---------- --- ------- - -

------------------------------- ---------- ------ -------------

---- · ----..---- ·- - -



N~. QF TE~fED CYLI~O~R 2 1J06~• HUN NO, q C02 I~ N2 

Q,QvQ t~M 

M~RCUHY CU~UMN HEl~HTS FO~ ;02 ~OLUME WfRE 646e~98 MM AND 370•962 MM••TEMPERATIJR[ HAS 19,73 DEG• t 
MERCUkY Dl~SITY WAS 13.54~5 G/ CC - - - - --- - ---- -----

. - · - -··- --·--- ··-- -- --------- ·· 
M~RCuRY CU~UMN HEIGHTS FO~ TOTAL GAS VOLUME ~ERE 760.3q7 MM A~D 173,545 MM••TEMPER4TU~f WAS 19.67 DE~• C 
Mt:RCUHY Dl~SilY WAS 13 1 54~7 GtCC 

- - - - ·-- - --- - - ------ -----------·-------

·· - . - ·------ - -- --------
GAS DATA 

C02 TOTAL GAS 
---- ------- - --···---- ---- - --- .. ---------- ---

VOLU~E(CC) 3o79/4 VOLUMl(CC) S014o9 
_ TO':Pt:RATUKE(C) 19•73 - - - - ----- __ _ ___ _ _ __ TEMPER AT U R E ( C ) _ _ _ _ 19 • 6 7 _ 
~RESSU ~ [(JYNE/SC) ,36~17~•06 PRESS URECOYNE;SC) .77867£+06 

- --HRIAUCCIMOLEJ __ ------ •l2:i•C! - __ - - -·- ----- _ _______ 'llRJAk.LCJ.:JI!lOL£1 •6,....._ ___________________ .:__ ____ _ 

- - ---- GAS CO -~S TANT = . - , ~ J 1 ~t4:: +0~ - ERG/MnLE·OEGREF.: --
ACCELE~ATlON uF GR~VI!Y z 919,558 CM/SEC••2 

---- - ------ - - - - ---- - -

- -- - - ---- --- ---------- - .. ----- --- ---- - ----

TMIS MEASU~EMENT ~AS M~OE 0~ 14 MAY 70 

ocrAINED F~OM C02 M[~SURE~E~T NU, 1 ANO TOTAL GAS MEASUREMENT NO. 1 

_________ _________ ___ ______ __ _________ _____ _:_ ____________________ _ 

-----------------------



S~MMA~ Y Of MANOMEfRl C Cn2 CJNCEN T RA Ti n ~ S ON CYLI ~DER ~ Q. 10069 RUN NO• 4 

lO TfiL -r; AS 
~U I~ NU o 

------------

-···-- - ------- - -- ---c n2 CQNC, 
I< UN i~ f l • 

3'i5.1)5 

2 3'55.64 

-------. --------------------- - - ---- ·------ -

- ---- - --·-----

-·---- ---------

- - - .. - - --------- - -- -- ---- - --- - -- -------

---------- ------

- - ---:- - - -------· 



.. 

C02 IN N2 - ---- - -- ·--- -- ---- ·- - - --·---

M~NISCU5 CJ HKECTiuN FO~ TJT~L ~AS VOLU~F = 0.000 M"l 

loi~RCU R Y CLJ .. VMN HF:lGHTS FO~ :02 '~OLUME WrRE 646t91Q MM . AND 370.969 _MM~·JEMPERA.TURE _W~S_:?0!..05_Q ((! • _~.;::..· _____________ _ 
M~RC U ~Y Dl~SITY WAS \3,54'7 Gt CC 

MtRCUMY Cu•UMN HE!GHT5 FO'i rDTAL GAS VOLUME WE~E 760.347 MM ANU·- ·ci 3-.-s-4sM-M~~T-(MP"£kA--r'iJREWAS~71)t~a, 
_M~f!CUF(f DE~SITY WAS t3,54H GtCC _______ _ 

C02 

'O'OL UMElCO 
_ lEMPERATu~ECC) 

?~ES~URECJYNE/SC> 
_ ~IRlAL<CCIMOLE) 

- -- - - GA s oArA --- ---------·----

--- ----- ------- --------------------------
TOTAL. uAS 

--- - - ----------- -
]o79f4 VOLUMECCC> 5014•9 
2 0 • 0:) .. TEMPE HAT U R E ( C ) . ______ 19 • 6 7 _ 

,J6S5SE•06 PRESSURECUYNE/SC) ,77867E+06 
_ • 12 7 • 1 V I RIAL ( C C I M IJ L E ) . ___ ----~ 6 • 1. ________ _ 

GAS Cu~STANT = •8]lij4~+08 ERG/MOLF•DEGREE 
A~CELE~ATION uF GRAVIIJ • 979,~58 CM/SEC••2 

-**~_ C02 CONCENTRATION Of I HIS GAS . IS 35So64 ~PM _ - · ·- - ------------------ . - ----

---- - ---- - - --- - - - -- - - ----- - - --

RER.JN AFT!::~ TRANSFER OF SAMPLE OUT OF . MANO:-!£TER .. TI'i£N ... BACK . lNTO . .i'1ANOM£lER 
C 1 Ml~UTE TRANSFER TIMES ) 

--- - -- ----- - -- ---- -- - -------------- ------

- -- ---- ----
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Appendix ~- Summary of Results 

Results of the 1969-70 manometric reference gas calibrations as 

calculated by the current method first used in 1972 are summarized in 

Appendix 4. Twenty-two runs on four reference gases were made. The 

first runs and reruns are summarized and averaged separately. On the 

average the reruns are .06 ppm or about .02% lower than the first runs, 

perhaps due to loss of co
2 

during the transfers out of and back into the 

small manometer. The average adjusted indices in the last column are 

obtained from the average indices in Appendix 3 by the following cali

bration equation determined in 1959: 

Adjusted Index = 1.2186(Index)-68.096 
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Appendix l· Summary of Results 

Average 
Individual Determination Average Adjusted 

(~) (~) Index* 
Cylinder No. Run No. lst Run Rerun lst Run Rerun (~) --

7366 1 276.48 276.35 276.57 276.51 275.94** 

2 276.60 276.61 (a = • 08 .14 

3 276.63 276.56 

6078 6 310.86 310.90 310.95 310.89 311.50 

7 311.01 311.09 ( a = .17 .20) 

8 310.62 310.53 

9 311.00 310.86 

10 310.93 310.80 

11 311.07 310.95 

12 311.14 311.11 

2399 1 324.12 323.84 324.19 324.12 324.61 

2 324.57 324.43 (a = .22 .22) 

3 323.99 324.03 

4 324.46 324.42 

5 324.10 324.01 

6 324.09 324.07 

7 324.19 324.22 

8 323.98 323.90 

10069 1 355.71 355.54 355.64 355.60 354.47 

2 355.74 355 .63 (a = .12 .05) 

3 355 .46 355.57 

4 355 .65 355 . 64 

*From Reference Gas Report 17 (Appendix 3) . 

**Derived from high span calibrations only. 


