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ABSTRACT

.,The intillntion method (Argonne ——il «r) for the —1yl« or noatum 
o1d2 uned to calibrate a plug indicator. The deseription or 
the joint, procedure, and experlences with the T-g - Samplra are 
prenente in Erent detail to aid future uners of this methoa. Although 
tills method is not very precise, it has Woo thorougnly checkea cut ana 
is recomended m • oTWra mm for sumpling ana amalynia for oxte 
la lquid metal systems.
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Varlous oath a de for the sugpling of liquid metalm end nil not analynis 
of modium oxide have been tested over a period of years la a comtimitag at- 
temyt to perfect eat accurte and reliahle "oteadord method." One of the flrat 
■ethnda tested woo used during a plug indicator calibration test, <■ described 
la Beference 1. Thia method piped the hot HaX samgle from the DASA pump bowl 
into a hyrogen fired nckel bottle and al inwil the RaX to cool before taking 
several al t parti from the bottle using the three-bulb glass thief tube. The 
■aK la the dlass tubes vaa unnlyzed for sodium oxide content by usins the butyl- 
bi wide method, the results of thia teat showed that, mlthough the plug n-
dicator ave good ganlitative agr tt vita the na—f rial annlyneu, these
mnalyses were —ally unnccountably high, probably due to th* drfriculty of pre- 
ventins contaminmtion of the HaK by mere trnces of air or wter.

Za late 1955, Humpbreys of AIL prea vatad a radl nelly dirferent method for 
aaapl 1 o< and ennljsis for nodum aside usins the Argomne Sampler. Aa described 
la Reference 2, thia aothnd hept the BaK sumple la only one container, the 
nckel-fo1l Heed cup 1nside the Heap l ar, until the HeK vaa distilled off 
lenvins only aa inert reeidee vhch inclued the oartde. This residue vaa then 
anmlyzed by st ea de rd chemical methods. Thia Argonne desyl ar method, also called 
the Distilistiom Method, vaa tested, modified aliehtly, ead release by the 
Analytical Overt rtrp Division with a detailed procedare. Reference 3- In all, 
seven tanhat, m lava have been txulaed la thia eathod aad haw participated la 
calibration testa at various plug ndicators. Since thia ezperience va* 
favorable, the teat reported partially beret a vaa roe to calibrate another plug 
Andtcntor.

The Amnalyticml Chemistry Divinion baa also relensed a second senpling method 
using a modified MBA Sampler, Reference 4. Attemgts to use this metbod la th*
cnlibration tests at the plug indicators have been ful. The difficulty

dure, and experiences vith the
Argoune Semplers will be presented with a grent amount, perhaps ezcensive, de­
tail la thia report. The resson la ths: althoueh thia method la not wry
precise, it has been thoroughly checkad out and la reca
meena for sampling ead analyala for cade la 11quld metal o'yat—i. These de- 
tails then ase to aid future opezators of thia equigment.
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tion.

The basic sempler wait is shonm la the echemntic. Figure 1. A brief 
description of Ite awe facilitates the discussion of the equipmet. While 
neapl Ing, NaK (or sodium) flow from the transfer llaa (sumpling line) end 
valve into the wait where a fized volume of tbe l1quid metai ia ratal w< oa 
a removable cap. The excess HaX, used to el saw the line-vlve-cup, falls 
iato the overflow receiver fleet. With the valve chat, the NaK retmined la 
the cup le distilled off carter anna at 800° lesving a residue of iaert 
sodium oxide. The cup can then be removed from the wait, the oxlrte dtssolved 
la water end titrted with standard solutions of hydrochloric acid to determine 
the laltlal concentration of oxide la the fixed will of BaK. A complete 
analysis requires 7 hours.

Four nempler units were uped uring the test- Two of the oeapl ere, No"a. 
1 and 2, wra supplied by the Annlyticn Chemistry DIvision. Another sempler 
wait, No. 3, vas made according to the dravings listed la Reference 5. The 
only laportaat dtfference mmons these samplers as la the construction of the
vent pert cn the druin 11 —» as shom la T 
mde using the dravingn <1 v— la Reference

aura 8. The last sagpler, Bo. 5, 
, was a opectal design vhich pro-

vided a window for obeervine the nample cup during sampling and vacuum dis- 
tillation operations. This vinow vorked vary satiafactorily.

The megple cup uned la tbe eampler unta la shoum la Figure 3 with
aa leeort, lasert hester, end wall type thermocouple. These sample cuyo were 
preen! out of soft nickel sheet, 0.010 tachee thick. The folds ia the cup 
t wail an to rotala mimute emounts of HaK even after a long distillation tme. 
Several perfectly smooth cups hed been mde by plating nickel onto alumimam
cups vhich were then enten way by cnustic. Bowe er, these plated were
very brittle end broke la une- If the plated cups were mde thicker (they 
were only 0.010 nches thick) and mnnesled, they would be better than the 
pressed cups.

The las cits were not let ornhaagwbl ■ between sampler units and were marked 
correspondins to the eating units. The mark, the mumber of the wait, serve! 
to led cw the nsert as there was a tend co try for the BaK to leak doum along the 
side of the lac art and ch newel ate la the sump at the bottom if the lasert was 
not clamped streteht lato and oa the 1ader mark of the wait. The glassure 
wood ea the sempler units was custom ends, as shoum oa Yigzre 4.

The Max valve oa the trenafer Ilse operated under severe conditions. While 
samplins, the valve controlled the flow of 1300*7 MaX into the sampler unit. 
During the w w distillatiom, the valve had to be leek tieht becmuse drip 
legks would result la either high or ruined enalyses, depening on vhether the 
rip Hex evaporated off before or remnned la the cup vhen the cap was removed 

from the unt. The valves used were modified Bohe bellows valves, Bo. 1197.

UCLASSIIED
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ess bellovsThese Bote valves vere mnde of 316 f fit— steel except for the 
vhich were of 37 stainless steel- The body was provided vith integral 1/4 lack 
Sugelok connections and the sent *1—f r wns 5/32 late. The modification.

This modified Bote valve had a 11arttod 11fe; after a muber of samples, 
a drip leak through the valve developed, taste rd prectice we to provide two 
valves la series end to woo first one ate then the otter unt1l both were lenk- 
ing. As it was a difficult oterw to replace valves on a contaminated Has 
(the services of a waiter, laspooter, mochanic, electrician, insulator, ate in- 
strument man were repelled), the sempler units ate valves were assembled late

eted late the trensfer line and replaced as
necessary. A pair of safety valves were pla oof la the troasfor lias betwesn 
the comnectiom end the sump of the Cola Trap Test Staal so that the test state 
cvula remnin la operation as sampler waits were replaced.

Althoueh mnother wtl float lea of the Bote 1197 valve was available. 
Reference 8, it vs not used during the teat. Previous experlence vith a 
aimilar modification of the Tulton Sylyhon Model 515 tall tea valve, Referemce 9» 
showed that this valve was completely tesstlsftetory becmuse of bellous failures.

A qick comnect neeyUte tea used to comnect the varlous easier units 
to the BaK trensfer lines. Ths coupling, abate on Figure 5, vorked very well 
ae lons aa the coupling was kopt at the temperature of the sempled BaK. A par 
of standara -1— -o—it teat era (2-3/8 late Iasi de disaster, • inches lonE», 290 
watt, 97 volt) were clamped around the couplns for teatleg. The couplng was 
insuatea with a strip of Thermoflex hl sabot.

After anise a oawpl er wait for a neg of analynes, the oxide formed
ench tlas the wait was opened to etas opt ire to remove the sample cup would 
buila up ate plug the inside of the wait ate the drain line. Also the ties of er 
vlves woua evelop drip leaks as explaned at ore. The woo of portable sampler 
oeoetelloo mitignte the difficulties mvolved la removing, cleenng, replacine 

able, plug-in sampler 
etaads. The time we pessary to replace a ewey! ir steal was only aa hour ate 
the craft teip r»p1 rod were a mechanic, electrician, ate aa lastrasent aaa.

cted to Cold Trap teed 1. The hmndles
of the safety valves are visible to the right of the two tranafer valves oa the 
rieht hate smpler state. Valve tags were used to ladloate the position of the

UMCLASSIIED SI5 CO!
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valves. On the left hand stand, the upper valve ia tagged open; the lower valve
On the right Lund stand, the lower transrer

valve la taesed » it lenks; the upper tranafer valve la being uned to take 
samples. Sot shovm are the vacuum pumps vhich were removed for the photogragh. 
The tread on the left la la Sampler X position vhile the stana on the rieht la 
la ne^p! er IX position. The diff* rance la the positions was the nstrument 
controls attached to the sumpler.

The nstrument ne tol aeta for the Argonne Samplers are shoum la Figuare 9* 
Sempler X position had caly the rudmentary controls deseribed la Refereace 5. 
Although these controls (largely manumlly operated) vere satisfactory, their 
opezation vaa time consuming as the technicina had to check the prayer of 
the sampler wait freqently and wake the 1nd1 noted changes la the control 
settings. A different set of controls for Soapier XX position vas evalumted 
during the toot. These controls, mostly mutomtic, were mounted la a single 
portable cabinet nh with the repl ■feeble portable sampler stands were to 
form aa assembly that could be treae ported eround the laboratory to sample BaK 
or sodtum from any boat stand for oxide enalyais. Thia cabinet waa assembled 
using the dravines Hated la Reference II. These autommtic controls functioned 
very satisfactorily during the toot. The temperature controllers maintaned 
the important temperatures at the desired values for sempling aad distillation 
without the variability noted in the operation of Weopi er X. Alt bony the Toxboro 
controller on the invert heater tended to raise the t eop era turn of the SaK ia the 
cup too rapidly and overshoot at the be pt owl n< of the dstillation period (which 
mieht resuit la low oxide mnalyses beoeneo the NaK would bump out of the cup), 
thia minor difficulty woo solved by rasing the set point of the comtroller la 
periodic steps instend of a single large etep.

Basic la elther system of controls was the 12-point tempe e recorder
which mde a contimoas record of the thermocouples» shoum la Fly re 10, mounted 
on the sampler units. A typical record of a sempler run la shoum la Figure II.

The pressure la a sampler unit durins the vacuum distllmtion period van 
measured toy a thermocouple ypo mounted on the nail fold of the vw rw pump- 
These gages were the Model Gv-3 mde toy the Enstinga Instrument Company. The
two vacuum pumps used for the sampler unts were the Bee ■■al 
M. W. Welch Mamufacturins Comgany, Serial Mumbers: 807-97 end

* mnde by the
-97. These

pumpa vere run vith 3/4 hp electric motors mmde by General Electric Compeny.

onama or to Asac— mew

The pra c edwre followed la operatins the Argomne Samplers dirrered la nome 
wy eta from that given la i nui 3. A mjor difference was la aalataialac 
the safety valves, transfer valves, end trunsfer line at 1000" loot aad of hest- 
la< end coolins these parts for esch sample. Aa a previous teat (umpublished) 
indicated that the life of the valves woo mot avparently shortened by ■alatai a- 
ing them at the high temperature, this change la procedure «aa mnde to reduce

t nr" juts tf rm 2.6 ros
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P, T, end W. During the first part af the toot, esch operator was responsibie 
for taking and titrating complete samples on his sbift. Io the second part or 
the toot, one mn, P, essumed thhe responsbility or titretng the sumples as they 
came out or the umits.
the diet matico step. Subtly more samples were run ench day la this latter ~ 
period as the f —1c—o well. —glc a new semple as soon as the previous sumple 
was cleared of the umit tart ft or witins for the technician on too next shirt

umed, is given la Table IX below:

IX

No. Taken Throuffe Titratioc

22 Both transfer valves lenked

14 11

——1 ir Position IX

15

Top cal rod burmt out

clesnod fg— previous use)

Top cl rod burnt out

9

2

5

1

9

2 2

1

T
1

o

O

20 Not removed, toot termt

to PI 10, to close

UCLASSIIED 211 r0:
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the vacuum valve, open the helium and vent valves, and to cheek that hellum could 
flow through the glassware, sampler body, drain line, and out the vent valve. This 
check step was done twice, once before the prehest step sad once before the esapi - 
lag stop. Failure to do those cheek steps could result in flooding the glass- 
ware with HaK if the drain line was plugged vhen the transfer valve was opened. 
This mistake occurred once during the test. When the check step is unsuccessful, 
the procedure calls for rodding the 1 Inee. Ths horzontal line connected to the 
glassware was seldcm plugged. The drain line was scmetimes plugged and was roddod 
only by removing the glass receiver flask. The vent valve was frequently plugged 
and was usual ly replaced with a new valve. About 25 of the Hoke Compeny’s Mh82 
valves were used ee vent valves during the test. The bottom portion of the drain 
pipes was frequently plugged. This area is shown in Figure 2. Although the new 
design on waits 3 and 5 featured a trap to prevent the HaK from backing up and 
flowing out the vent line, the feature didn't work. Instead, the trap prevented 
effective rodding of the vent hole as compared to the old design. When this area 
was fi-tanfl with oxide, the effective recourse was to remove the glass receiver 
flank end the glass-pipe joint and wash the arrumi.1 a ted NaK and oxide cut of the 
flanged area of the drain line with water. The area was dried with a propane 
burner end al l need to cool before the joint and flask were replaced. A constant 
flow of helium down the drain pipe was maintaned during this operation. Although 
this recourse was relatively baaardous, ths only alternative was to change out the 
portable sampler unit.

The mjor drriculty encountered during the nampling and distillation steps 
vas la preventing the Bak from bmping out of the sample cap and thereby losing 
part of the sumple- NaX could be bumped out by the vibration of the mechancal 
acuta pump, err 1 deaf al jars of the sampling stand, flashing of the hot NaK 
vhen the vacuum was first applied, hosting to dstillation tsmpe return too rapidly, 
and by other unknom reasons. Care was mnintaned throughout the test to isolate 
and prevent the vibration of the vacuum pump from being trensmitted to the sampler 
stead. The possibility of accidentally jarring the sampler stands was aggravated 
by the eloss quarters about the two stands as shown in Figure 8; there was barely 
enoueh room to move between the two stands for the work required. Flash, eg of the 
hot HaK vhen the vacuum was applied never occurred when observations were ends 
of samples through the window of sampler wait Bo. 5. The procedure nailed for 
the cup to be heated to the distillation temperature la 30 to 45 minutes and the 
strip chart records of each sample showed that this step was almost universally 
fallowed to prevent the HaK from bumping out by too rapid boating. Some fl ash - 
lag say occur during the dstillation period, after vacum has been applied and 
the cup heated to B00"F, if the observtion of White, Reference 13, is correct.

Several special experiments on the Argonne Samplers vere run during the 
last part or the test to demonstrate that hingl ■< or flashing of the NaK mmy

rred almost consistently throughout the latter part of the test. Thesehave
experiments incl aded the fairly of cap samples as a maaas of determining the 
smount of NaX retained in the cap after the aempl f ng stop. A pair of cup samples 
were taken on 12-13 as Ing the procedure of Reference 3 which fallown the normal 
steps of preheating amt sampling. Eowever, once the vacuum is applied, the beat 
in turned off and the emit is al l need to seal instead of boating to the distil- 
lotion conditions. The cup and insert are removed after the RaK has been frozea 
with a jet of carbon dioxide from a fire eztngisher. The aanunt of BnK re- 
tained in the cup is determined using standard wet analysis techniques. A second

UWCLASSIFIED
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pair of cup samples were tel— on 12-1 vith the vacuzm step cmtte. Two 
semples were also run tor alia on 12-1 (0555-0557 hrs) by allorins the cup to
cool to 300° before the vacuam was 
the vecuuzm vith the cup at 40o to 6

mamgling. Before

from 320°7 to 790°. Wi really the vacuum was applied very soon after the trees 
for valve was shot before the cup could cool appreciably swept la the exgeri- 
asst described above. The proceure, Beference 9, called for about 200 al ot 
HaK to flow through the unit. The procedure used here called for floring ft 
inches of NaK into the receiver flask uaing the ft lack rl ape marked on the flask 
as a aside. These riato, shown la Yigzre 8, were equivalent to about 250 al 
ot Baft per ring. The variability ia cap temperatures resulted from different 
flow rates (h1 ^ar flows didn't bent as mach) aad different quantities of MaK 
used by the several terbnl rises. As larger qunntities ot MaK probably helped 
make cleaner sazqles, the technicians tended to flow more than the qumntity 
called for la the proceduare. When the glass receiver flasks were filled with 
NaK, they were renew d and stored wader kerosene la a laree G.I. can to await 
disposal. Bow glass flasks were used to replace full flasks bocanse they could 
not be nl sewed economically.

In contret to the bumping which loses part ot the ezmple, three effects 
were obearved which tend to tan rasa e the else ot the semple. One such effect
is a surface t—1w jt vhich permitted the cup to hold more we than
voulld be the case if the mxtooo ot the HaK lay flat across the cup edges. 
This ws sboeA red first using the vindow ot unit No. 9, but one of the cup 
saw*1 ■■ taken on 12-14 also d—tinted this effect. All the cup samples had 
HaK la the depzession of the insert under the cup. This MaK had leaked a* under 
the eaves ot the cup edge shoumn la Figare 9. When the oxide ot this HaK ad- 
hered to the cup, it vas titrated la the a— lye is la addition to the art As in- 
side the cup. Looitly» the tie ne for 11— tended to drip HaK after a transfer 
valve vas shut, particularly when the lune* salvo vas left open ani the uvper 
valve was uzed. When this drippng comtinued very long, the dripe fell into 
poztly distilled cugs ot HaK and would, ot 000*00, add more oxide for the 
titration.

Due to all the different effects noted, there was considermble variability 
la the eznct qmntities ot NeK la the samples. This variability aaa! footed it- 
selr la -he cup samples which usunlly are remarded as the primary standard for 
measuring the emount ot HaK sumpled. In Ilea of the cup samples, a caneadary 
standard was emnployed which involved titrating water into individual cups until 
they were full. Care was taken so that the surface ot the water did not rise 
above the edge ot the cups due to the sume enact wurface tension effect acted 
above with NaK.

25 nil
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the W valve —111 the distillatiom t

la the insert wall shom la Tigzre 3. These t

Toi* m

600" 1000"

DITference
oo"y

Tn 135

680 120

7*0 815 75

790 50

705 7*0 55

to knep from using them mgnin. The 12 egapies vhich were not ecpletely dis- 
tilled were partly tee to thia thermocouple error. Qaeo the calibratlon pro- 
cedure waa instituted, thia error vas ellartwteA.

After the wus compls-. he unt had cooled, the twn

drepped at ths step ruinng the semple.
Ome cup was

mting trouble was the
tendmcy rar M to lenk hawa the side of the insert and accumlate la the wall 
at the tott—. Gloves were requfred to protect the hands la case the HaX la 
the wall er al wag the riba rail cfr while handlng the nsert. Th wee HaK lesks.
which do mot hurt the semple, were a—Uy prev a by ni —■< the laewrr

from a ol—r yellow solutiom to a y

?11 012’
I-
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titretion step (voum aT acid atai byT,tn Twble 12). mis back titraticn 
la mne after the first titretion mni after’the solvtiom kaa been bolled an
all o—A to cool. Only • aaall emount of acid la 7 to rMKMala the

Three different trengths aT at—AarA hyrochloric acid solution were umed 
la titrating the vartous samples • The different atrergths, o.01 M, 0.005 T, 
and 0.001 N, vere mmde up UMlnotrtc flasks from a primry solution aT 0.1 • 
acid duvplied by the Amnlytical Chemistry DIvisiom. Ths primry solution was 
checked by the writer a—fact a stendardized aci soluton al— oa—IlaA by the 
A.C.D. and fa—A to Mo correct within a 25 maizm error. Three difrerent 
Marotta were used, one far each solution. These Marotta were la the stendnrd 
ola—» O to 25 al or O to 90 al vith a lenst dvimion of 0.1 al. The Marotta 
were read to — accuracy of only 0.05 ml- The strength or solution umed a— 
selected to mmhe the r—A1a< error less than 55 of the titration an wa baned

—leal bg the vriter by mxine 0.1 W ac1d molutiom lata the 0.01 • acid 
burett solution before the tit rat in— weze mne.

Ome deta1l la t— mssembly af the portable smmpler stands la la* *
la masurine fall eups of Max mfter sempling. Ths —tall la the position aT

PIgare 12 fi — Hef 10. Mhen the end or two 11— la laaide the ——lit

la eale 
factor. ary standare previously

the eps were used inter bly la all sumpler aalta mnd as no record was

d
were lumped la

216 013
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TtMLa TV

Volut Capacity, ala

1 4.85

4-90
2 4.65 

5 4.50 

4.75

Averege 4.73 vith a standard
deviation of 0.1605

mhe 995 gomfidence 11mita ob thts volume are: 4.39 b1 to 5.07 mor a ranga 
of 2 7-25. The weleht of MaX at 500° represente by 4.75 mi la 4.o mu The 
comversion factor enlculated using the eqmtion of Reference 5 La:

CF • 1000 •1(8-00)
queldtorwxample,em)

Or: CT • loop (0.01 »)(8.oo) - 20

CT, MB O2/m Acid, 1o the comversiom factor
H, e of Acia la 1000 m solutiom. La the Mormmlity or aeK (o.01 ■)
8.00, La the equivalent wlght or oxygnn

The comversion factors for the three strengths of acid uned are tabulatea belov:

Tablev

Conversion Tactors for Various Eyrochloric Acia Solutions

Acid Etrength Comversion Factor
Acid

0.01 20

10

0.001 a o

2 6, 01 ,
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2mdlev

•=

Date
Time, 
Eours

Positiom-
Unit_ _ _

re Application
Wil of 
o.0 ■ Actatitzated.netm tration,vm O2

12-13-56 1411
1415

I-2
XX-1

5.30
2.03

110 
U

12-14 56 0335 
0357

I-2
II-1 770 11.65

2.73 “55

Tim, Position-
Unit_ _ _

Semgling

Ter; re.

12-13-56 2125 I-2 790

8130 II-1

12-14-56 1307 I-« a)
1309 II-1

TbleVII

Welght of 
MaK,ems

Factor for 
0.01 ■ Acid, 
vmO2/misAcia

18

a)Bempled,then coole,3.65 28

UCLASSZI • ■ 15
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npplication 
or the nta.

and provided oF

ficulttes have beem deseribod. These difficulties ntrouce variables which 
possibly 1eweldlate the statisticml testa above. A erticnl emginntiom wee 
mde on the data to essess the 1mpnct eat mportamce af these other varlahles. 
She mmjor end obvicus variables are Hebei below:

1.

S.

3.

emieE Eostttone, teze were two X “f XX 1mvo-vine leetr

Sagpler Umita, there were four, X, 2, 3, and 5, mvolving the 1 
unita.

Unfort

tion aif-

dhle

ed

She data were divided late five groups teyaldnd ee the renge of plug

emalyais. She method of e—dentine wee to feat sets of orthogomal ecmgarisons 
(individun degrees of freedom) vhich wH reflect as mny ee possible the dif-
fez rated above la each group. Btandara enalymis

Table VIII
Bummry, Analymis of Variance Tests on Argoune Sempler Position and oeit Varlables

2enB> er Position 
XX

Obit Berber

X 3 5 No test possible

II 3 X No test possible

No significant difference

2 Md 3 X

IT 2 X

A difrerence mny be now 
jectured

No signiricnnt drrerence

2 X No mienificunt Alfre* aeon
• 2 ’» n ig
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(
Thum, there Is no ■WT—rt eifference la thhe emalysis resutins from the dif-
ferences la tawta

the followins tmble:

X AvP, MP W P, P vs L,
PaL va T

Ho test possible

XX A is mignificantly at Mm 
than the others. Bo drf-
f
mar three technicians.

Ill A-P vs L-P vs T-P,
L-P va W-P, A-P vs L- vs T-P vs W-P

Mo test possible

XT F-P vs W-P Wo significant difrerence

P-P va T-P va W-P Bo alp f float dirrerence

tint, ezcept for the one techntcian. A, all the technicimns apparently run the 
Ay w ■ Semplere alite art eive nimlar results. The ome man. A, tens to give 
hteh annlynin. There la no direct comparison possible to teat if tea titrutions 
mde by P helpe to mkn the enmlymis more neat meat.

The standar eviatiomns calculated la the aw lyate ar variance testa are 
ccmgared to tee nuule mereow on Figuzre 1 and la tee following table.

(listed la ncremsing menitude of nample avernge)

Fowl tion »
Grouz Vnit

Degrees of Bample Avemge
Pwftoa Bet al aclA Mevantzcn

netmiacia
Batla of
St. Dev.
to Ara.

IT II,1
111,182

III IT XXA 
1,2

P-P 
W-P 
P-P 
w-p 
A-P 
W-P

1 
1
2 
3 
2
1

0.16
0:55
0.92
1.06
1.09

0.085 
0.11 
0.24 
0,42
O. 
o.

0.1850 
0.149 
0.286 
0.459 
0.035*

UCLASSIFIED f9 17
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X - omU.

(listed 1* L 1 itud

Fositicn 
Umit

Deviatiom 
wt al acta

■Ml• of
•W. Dew.

toAvE..

Iv
XXX 
XX

II

II,1
IX ,1
II,1
II,1
1,5

IAII,142

XX 
X
IX

X

XX 
X

1,7
1,3
1,3
1,2 
TL^ 
1,2 
1,3

F-P 
F-P 
L-F

u-p
L
F 
F-P 
V-P 
imir
F

Y-P
F 
v-P

1 
1
1
2 
S
3 
2
3 
9
1 
1
1 
1
1 
5 
a

2.20
2.69
5.30
7-35 h.07
1.16

6-03

2:22
7-45

3:92
10.48
11.5

0.55 
0.2 

32 
2:84 
2.26 
1.72 

4:0
5.18
3.61
2.23
1.87
1.50

0.266• 
0.0960 
0.138 
0.170
0.26h• 
0.2210 
0.430 
0-2 
0.205
0.299
0.568
0.185 
o.k10•

0.221•
0.178• 
0.135

(• Denotes namgles that were pooled for several estmtes of at——1< evintion)

The

0.587. mhis zutio fs amoumed to be e populatiom for the prpones of predictins 
future zution to be f Mal aa Argomme Bempler ennlyais. In thla enlelatio, 
tim smmples that mre flail (a—MM Oy • in Table X) are not uned es they 
are reprenented by the f IM result. Also, ench zetio wa wviched by Ma dn- 
«rm or frail i— avuilable mfter chlculating the MaaMM deviatiom; to tend 
to give am weleht to the rutlos that Maria be am precime. The remulte of 
this emlcuatian are shoum la Table XX.

TahlleX

27 
o.xsn 
0.130

0-38 
0.6 n 1 "f.
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mhile these zetios do not directly ndlente comfidence UM ta of error la the 
sumple avezges, thuy do imdicnte that these comfidence Malta will be wide-

la usng 
their use for omde aznlyais.

Much of the a—aria l covering the deseriptiom a— operutiom of the —a— 
Samplers ws written to etd the tea—tit— —a mght be r—ya—tala for operat- 
lac the Samplers. IB—a three eact— am be summarized by anying» "trent the 
Be—lire like a beby."

The operution of the —pl in sbomla — the responsibility of omly a few 
technicians — the pre hi Bare la difricult a— re—i roe care. Ths —all — a 
full time J— — the complete emalysea re—ire at — T —are. eo a— «—» 
or Boaree, — color HIM ta rd e— yellou» the emd —lata of he methyi —— 
indtemtor used la the tit—tl—. The few techmiciane at—31 — e——4 sta-
tistcmlly ome a—to— amother, — a— the possibility of cme a— teeaH— — 
sumgle Ml—, — e— the case for tea—1 it— A- 

the net results of the a—lyiif. The —ta—tic —role aa— — position II

ta—t — la eveldins ths dflemlties

cme to rom * of the op- 
Imdeed,

genble plug-im
the zelability of the mempler metho during an ez-

aredevintiom zetios e—ert—e— —ri — the ta— are 0-25 ta O 
yele a——

These

limits fntente that the errors la the —tail are large end that severul memples
are requred to give z dble comfidence la thhe oxide mmmlyais.

2. b
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1. R. D. Paak and W- ▼. Smith, Sodum Ozlde Eistory af IE Stend 1, Inter- 
office memo to *. R. Dytko, July 1, 1955.

5. Aasemhly — Sumpler Type "A", Dug- -2-02-05-479, pmrtet C-4795, 
C-4796, B-4797, B-4798, B-6799, B-480o, ■ *801.

6.
B-1797, B-4798, B-1799, 
B-4806, B-4807, B-4808.

pe tr, Dug- E-2-02 
, B-4B6o, -4801, »

prts: C-4796,
KA, B-4805,

7. 1 ■■■Aly - Eoke 1197 Valve Modifiention n, Dug. O-a-ce-<IJI *88* A, purte: 
B-4885, ■ 4887, a *889-

8. Assembly - Eoke 11 
» kite, B-4e

7 Valve Modificmtion, 
3, B-khh, B-4h5, B-

- P >4*0, pmrtaz ■

9.

10.

Assembly - Fultom Sylghon Model 515 Valve Modificmtion, Dug- D-5205, 
parts: -5206, -5207, B-5208, B-k209-

Aes=az-sEozt-le —pl t> D-a- («) K aw Mh, parte: ai w 8*5,

11. Comtrol Cabinet Panel 
part*: > 5*01, 1 , D-5h2B.

xa.

13-

Cold Trap Stand 1, Operations Mmmuanl, 9-21-56, A. D. Pemk- 

Ft—1 Camntcntton vrh 3. c. wmire, 12-5-56.

1*. Colored Fhotogregh, I-12, 26274.
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Tygical variable valune

•ft n
Control op

Comtzol lnk

Contzol evice

Tt—Tn Lne
WC _____

Valves (gaz)
;/C 1)

1000°2

Mectrie power to
Calrod Eenter

62 u/rt.

1000*5
Mectrie poer to
clam Shali Eontezs
130 u/vave

fir Velves (par)
(T/C »__________

Temerurure
1000*

n atria power to
Cl— Shell Hesters

130 v/valve

__ £VC 21___
Tempersture 

8o*, 500*, 1000* 

Hectrie pouer to 
Calrod Henter 

arr,55 u, 500 u

1 
(©■

T

Varinc Varisc Varinc Varinc

controller

Variac Varinc Variac

035

«

mtn on)
(T/C 8)

80"7, 300"•

Mr Aa t2

off» 4.7 SCn 
at 55 peig

■ Ur *
r stor

Pneumatie temp.

n e-sir

Fueumatie air 
cantrol valve



)

Coot-rol Pot sts
(sa-yqec,)

(T/C 6)
T>— f Line 
(T/c 10)

(-0-mingcoh.)
___ CVe ______ Cxi)

P—« la i 
(w ill)

Variable led

Temgezeture
Bo", 8oo* 
maetrie pover to

80"2, 300°2

Mlectrie power to

*

Typical varimble wl — 10 W

80*2,150*2
Air fl— to — 
coil
aer, 10. sena at
80 Psig

1000-,
Mectrie pover to 
m— ■nii hesters

175 u

Control device

Cl—tral limk

Control device

Variac WrtM Varlac
lL

Air motor driven Varinc 
Yarinc

726' A, 
Q36

Varimc

——— ...

...



Tech-

12-12 0630
0610

H-PP 
V-F-

I-2 
11-1

12-13

2100 
2103 
0845 
ego 

127

1415

T--P 
T-M-P 
u-F- 
V-F-P 
F8 
F-F
FT-F 
P-T-P

1-2
11-1

II-1 
1-2 
II-1 
1-2 
1-1

12-1 0020 M-F n-1

12-13

12-14

0555 
0557

H-F-F 
u-F-F

-2 
11-1

Ci

510 
800

600 
510 
390
350 
5«

50 
500

210

rsq "

mtratton

' .T " ‘ — s ■ weeeem-/

h- 1 *
Table 12 - oaM.

Flug Ipicuter Deta
Cold Trep Data

2125
2130
1307
1309

T-P 
T-P 
F-P 
P-P

I-2 
ixa 
1-2 
11-1

790 
:10

ON*

ww.
Tme

60
50

30
20 
50 
23
30
16
40
20

10

40
L0

Volumes 
- n

Ttratdom 
net mla.e 
T47317 74

L-55 
1.9

.2
7.5

6.4
8.25

4 d

Hyrochlorie 
MM Concen- 
Wailua tirilnr

.002 
.OC1

Orgem
TV* rat rtf

Time Totel Cool- 
at Rate 

2zzak. I--Mn-

Coo line tate
During

2 min-grior 
to Lrenk

Jtartinc 
Ai

Break 
Texperature Remdinc Fla

son..
Thmre-
Ccuxle_-Tcrn-

2

.25 
as

:25
.15

„25

13
14

57 BOC 9 38 -53
30 C50 .72 €4 L00

V—w late
1825
2129

400
420

8
11

56
37

-28 
.49

RO 
730

1505
2045

.65
1.13

84
84

E55 
86

3.7
3.75
8.4

9.85
2.3
5.2
2.1

2.85

.35 11-45
.25 2.65

3.75
3.8
8.5
4.35

10.05
2.35 
5.5 
2.05

2.9

11.65
2.75

TItretlom 
IM

E1.Acid=Nszmalax
12.95
1.7

20 „6
2:.2

.10 

.10

.10 

.1C

h-M

„01 
„c1 
.01 
AU 
.Cl 
.Cl 
.01 
01

323

385

Not nend
Bot used
Uscd Cl of 38
Not uned
Uacd GF of
Not ha art
Hot une
Ne t uned

C22

C829

107

.Cl

.QI
•Cl

M45

Ssmlesidtaf
2.13 

„28
6.6 
3.65

770 0200 1-13 24 50
380

420

30

3

L

4

93

R4

91

.(9
ELO CE20 1.21 4 F£5

-5

.52
E10 1.16 84 ELO

Lstilleticn tep 
rear bort 10 zn-
Not unod
Used or ar 38 
not uned

Cup 1/2 full 
Just a drep 
Cup cver rull 
Cup just uner Full

2116 
2400

C536

C720 
ce.9 
0953 
110/

310
280

300

3C 
300

30

9 
2

2

F
4
4
3

43
140

13*

29

-52 
.53

53

1
23

I

815 
«5C

830

20
840
820
820

2100 
24co

C530

26-038

1.13
3.3

3.3

84
84

82

84

935
860

860

873



UCLA J

Procedure Used for

- 39 -

AIT—DIX

Amalyais. (quoted fi— Reference 12.)

"Pollow the nstructions givemn la tho mmmuml.

Use the different strengths of acid soutions eccoretns to the follcwing: 
for r—w—l—oa^ use the acid strength vhich will use la— than one buret 
fill of acid; for eccurecy, use the acid strength vhich will use — then 
5 milliliters for titratng Um sumple. Ba— your decision — vhich strength 
to use — the previous zesults givea la Um log book.

Use only one t—for —1— at a ti—» lenving the other op— aad label of 
— op—. Wb— the tr—afor vlve lenks under vacuzm, — aha— by BUK bens 
left la the cup after the dlatlllatl—; mark that on1— — leaky —d l— It 
op— and labeled — open. Th— use the other tie—fer valve. Mb— both 
t—for valves leak under —f th— close the afety valve next to the 
sempler and change out the sempler tan. B—*t use the snfety —l— am apt 
vhen changing out the namplers.

ProcedureA.PrehentingPerioa
1. Ammume that the sampler wa left set up by the previous f nhnl nt — 

mua 4-fm 4 4-%im --u mma 4-aa-me m-m 4 « maa 4 maam-t Bam4m- —ma 4lma. — UHV E- GUP EG 4E —= XU E—Og D-G —EVEE E— E—-
couple are screwed in, end that the sempier la all set to go.

2. Prior to turning — the prehent, shut the — stopcock and open 
the hell— stopcock (set at ebout 2 to 3 pal).

5. Op— the pressure rellef valve and check that, there la hell— vent- 
lac throueh the valve. If the— la — halt— venting, take the 
vnlve orr. If helium vents out tha comnectiom» replace the —1—. 
If boll— doesn’t vent out tha n—m nt Ine, then rod lines a— neces- 
sary, based — past experlence, until Um— la halt— venting out
the » • relief vmlve.

Close the hall— stopcock end open the vacuum stopcock.

5. Uhile the sampler la balag —a—tad, edjunt the variacs to hent 
Um top of tha sempler to 40o-500°F, and the lion—r— 11— to 
300°F. It la essumed that tha varlacs — —111 n< tha tie—for 
—1—a, sefety valves, and tie—for 11— a— met to held thaw at 
1000°.

6. While the umpler la being h—tad to the— operating tempertures, 
flush the enpler alter—tely with hell— and —b—te it to the 
boot vacuum attainable at lenst th—e tin—.

UNCLASSIFIED 226 30



i

B.

V ik elomy.

- ho -

relief valve slomy emd check that there la helium
—1* out the collar —1—. XT there la — helium —tag, unplug

C. MistillatiomofSmmdle
Op— the air valve for the hi—alas col (300"F co1), an the 
air —1— rar O ring cell (150" co11)-

2.

3.
t re of 1000"F during the distillmtiom period.

5-

Adjust the air —1— for the O ring col to mnintain — lou a 
it* rum — possible at the n—.

7. C—tt— the distillation at B00"F for at lenst 2-5 hours, fa—ky 
for 3 hours, counting the start of distllmtion — that time the 
t—rt first renchea B00"F.

B. At the end of the distllation perlod, shut ofr the varincs to the 
1—ai* to—f r and the cmlrod at the top of the sempler.

1. When the inmert t re is less thmn 200", shut the VMM* stop-

8.

3.

Stoat off the variac on the discharge 11— to—tor.

Cl— the ar velves — the comdensing —11 —* — the O ring —11.

Place — estimmted1 25 al of distlled —tar lata ench of two 150 al 
brenkers aaA add a— rop or methyi orane 1*11—tor to ench lir—toar. 

924, r,o



(T1)-
B. Rupest step T with the mecond taster comtatning anly the water. 

This volume of Em s (T,).

9. MIace bota bemkars om a to* plate, bent the scluttons to a bot

VMM.

12.

3 2 5 C4f
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renpomdtns mOa contemt can be oal ealataO far any semple with the comversL 
factor of 20 Pm Og/met al. *eU.

na fret group, imn the trail temgerature zanga ar 660- to 690-), com- 
sists of 10 eemples takem between 11-23-56 (09*9 boura) and 12-1-56 (1635

Baek titratiom was pern

Table 15

Het al. kail Titrated
12.7

ze Bnnge 660" to Mot
1 ir Pomittom, IX

• Sempler Obit, 9
Met m. Acia Mratea

F

L

660

9-5
690
660

6-5

11.6

8.9

12.6

12.1
P 

(• zun c zently)
5.39

Tnble 1*
Qzoup I, i—lyU of vartance of Data la Break Tempezature Range MOT to 690-y
Soure

Mathn Positom X
Degrees of Freedom

6601 va 6B0• 1 14.58000

1 27.

16.11

1 15.00900

1
1

.10900

we

526 ,2



-em

Total

B

L 
L 
L

UMCLASSIIID

-43-

Tahle 1* -

1

A

9

Aning

Met m- Acid Titrete
11.8
10.6

H12:9

.m.900 
2289888

15.25100

perature zango of 600’7 to 630"1, con- 
12-2-56 (0900 hours) 12-7-56

re Runge 600° to 630"

600
610
610
610

S
#3
83

«.3

2:7

7.9
Q1 *, •4,:



-4-

Znble 16
Qroup II, Amalyats ot Wat—im ce Data la Wilt zemg re Bnnge 600° to 630°

vthin Ponitton X
600* va 610•
Within A at 610°
Pooled estimte of A

variability

1
2

2-30083
4.0055

3 3.47583

630° va 615* (avezage)

203; 232; 220:: iunsztae
Pooled Estimte of P

varimbility

1 
1
1
3

2.29688
1.201256.30375
3.26729

Technician L
610*, 6152, 680* - lfr
610°, 615°, 680* - qnraticPooled estimte of L

mfI ability

1 1.12500
.48167

2 .80334

1 15.00500

1
1

79-69531 
13.7363,

Mithn Position XX
A at 610° ve T at 625°
P at 610* verat 615*
A mnd 2 va F
Combine

1
1
1

Total 161

15.68000
-32000

2:2993

X. The four 11^1 II for techncian A, position I, CM be 
a./xmrs xx'xxxzx x xx. - - — 

610*9 ■—pill with the 6OO*P sample (2.3). The resuiting estimnte or the 
variability for techncien A la 5.68 (3 degrees or freedom). mhe -ht-t—* 
deviation for A on position X, unit 3, la 1.86.

2. The four ■■■<! !■ for techncian F, position 1, can be poolea because 
the meen equres reflecting the varlous differences (2.30, 1.20, 6.30) are not

UNCLASSIPIED 2. f f, 1
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L on position X, unit 3, is 0.90.

4. Hot mch rel 1mm am to pince on the estimte of tbe variability 
for technician T, position I, of 13.61 (1 degree of fra ■1m). The torn tort 
devlation for T m positom I, unit 3, to 3.61.

6. Vite respect to tee atm* mt variability, of the sumples, tee com- 
parisons mtet are a comyenlence for position X. The mm equnre for the 
comparison AveF (79.70) to certainly not a random fluctumtion of the other 
comparisons, L vs T (13-7*) or Ave L (11.09), which la themselves are 
not significuntly different. Table 15 Am that technician A’s shmples are 
httear tem team of tee other technicians and avparently are significantly

7. Hot mmach reliance am to placed on the estimte of the variability 
for technicien F, position XX, of 0.32 (1 degree of freedom). The oteetort 
deviation, 0.57, to not slenificantly dirferent from that obtained for F 
m position I, 1.81.

8. The three comparisqns shoum vithin position XX to not test significantly 
different one from enother (o.32, 3.2k, 15.7).

The third group, la the brook tempezrture range of 460° to 570°, 
consigts or 12 semples taken between 12-7-56 (1625 hours) mt 18-10-36 (0325 
hours). With this group the four tortoil wlom took the sumples vhile a com- 
mon man, P, did all tit rattom. The tote eat annlyeis of variance are as 
folimat

UCLASSTFIED
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TUU IT

Bnmgler Position X 
net m. acia titzate
Dnit 2 Umit 5

Brenk
T—iiet

I
—

A-P 
A-F 
A-P
L-p 
1-P 
L-P
z-p 
T-P
w-p

2.6

1.7

4.0

1.6

0.68

510 
5*0 
55©
550 
550
570
Mo 
550 
515

1.02
1.10
1.05
1.42
1.95

1.5

1.15

5»1* 1B
Group III, Amalynis of variunce of Data la BriO Tempezature Ranen 460-p to 570-p

Source

Position I
Rig 2

Between Teciniciuns

Betveen Units

tcmicl.n A m=tmaat. 
Technician L varlabilty 
Among TortoHd—

Between ii Postions
Total

1

2

1

2 
1
5

1

11

„40500

2.93813

.00385

.00142 

.1*0*5 

.16195

2.01760

Although the brenk t etoerot uro range for this group to 110’, no
■—I—tl— la possible —1— it la assumed tout toe alee of this —j- tea 
no effect on toe a—lye— of variance. The pertnent fetures of tola group 
ares

1. Mithin position I, there appears to be ao difrerence Bit—— unita 2 — 
5 (0.0038).

2. The ource or rentest variability to position X to toe Alffer—ei among 
toe techmcinns (2.9k), particularly vlto A’s t—<!—try to sample hieh as note 
before la group too.
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3. Mithin pgaitigm XX, the grentest vuriability le We to etfferences among 
techmicians (0.16). Thaw is leeernm—l data to test whether thia varinbility 
le tenifienety differemt from We varimbility er We intvieun teWl tri mb 
(o.o00h, oa*).

The fourth Erop» x« the brenk f«—w zengn er 395" to 395°, con- 
giste of ony B l^l II tmken between 1211-56 (083 hourm) Mt 12-12-56 
(0630 hours). The reliability or the emmplera wna remarnle beenune no

M-P
M-P

Het m- ecid titruted
1.0
1.47

395

Sempler Positiom II 
empler Unit X

Net m. acid titrated

8:28
o.e2
0.66

Pooled estimmte of F 
veriability

X 
X 
1

X 
X 
1

126200
5
1

7

.180100

.0091125
1.2676875

for this fourth group arez

1. The dtfference between ■ Wil positions vithin technicians F (o.60) «e< 
W (0.12) is not nignificnnt.
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2. For < a —1 irt na T, the aaaa aqunzes (o.60, 0.031, 0.087) cam be poole to 
dive a varimbility of 0.099 (2 norm of f—i). The standard — for 
7 cn positicm I end Tt, unita l ana 2, la 0.25.

The firth group, la the brenk temyeruture zange of 730*7 to 050*7, con- 
sists of 11 na——aa betupen 12-12-56 (2100 hours) end 12-14-56 (0957 
houra). Agim, the —aa techad cimms took the memples with the commom mm.
P, oing all the titrtions. The Oata and amlyais af mre em followt

Table 2
Oroup V, Argomme Bnmpler Ilyin in Arenk Temp Pmngs 730" to 850"

Arenk —oil ir Pomittom II 
Sempler Omit l

Met m. Acta Titzted

T-P
P-P

10.0
5.5

800
Bio

2-35 
2.05

T-P 3.75 T30 3.8
W-P 
W-P 
v-p

11.659
(8.21)•n

830
850

4-55 
2.75• 
2.9

(• mis pr of —Ua were cooled1 to 300"F before the vcumm wa ep- 
plied.)

(" This mumber wea to facz11tmte the smalymis. It la aa wg
Mw the remte.

#,



mimmemm

1

*

Ammen 730" to 850"

72.09026

5-92178

Petwmem Tempozratures 
F wriamity
Pocled eutimte of F 

vurimbility

1 7-76000

5.08500

v variability
Fooled estimte of v 

varinbility
1

1.3552

3 2.9725 I

Total

2
10

im ezcessive, 120",

1. Althouch the mm ngaze far the eomparimom between mempler positions 
(72.09) is lars, it is not larser them wall be exgected from im4m 
fluetymtiom ——I taring that the semler-pomitiom z techmicinn mtezction 
(7.45) is also large.

3- 
are

___  Ths 1s • etanard devietiom for F om pomitioms 
X mA II, wmite 1 emd 2, of 2.26,

9. If there 1e m difference emong the three techmiclans, F, T, W, this df- 
ference (5.92) fs make b the slze of the variability for the technictans F

(5.09) mA w (2.95).

<
t, • ,‘1



UCLASSTIED

-50-

I 6. The vuriability between technciem F amd W is not mientficantly dif- 
ferent, mo thay MB he combined to sive a pooled estmte of techuictan 
varimbility of 3.80 (5 l l«fB ll B of freedcm) . Ths correnpomm to • stundard 
evintiom of 1.95.

mture runge da

END
--r-r- .--Ti-T.-. , -----------------------
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