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REDOX_ACCOUNTABILITY TEST PROGRAM - INITIAL RFRIMLT

1.  INTRODUCTION

I an effort 1o rescive present 100 Area-200 Area uranium and plutonium b-PID'«,
a large scale accountability test program was recently carried ¢ t {r tre Relox
Facility. The test, as originally planned, was to consist of the .omplete
processing (no inventory-clean plant basis) of about 5% toms of seleztel metal

in conjunction with an extensive analytical, sampling, and volume measurement

" progras Jdesigned to provide the following fundamental data:

1. & comparison of 100 Area predicted plutonium values versus a) H-7 tank

receijis, v) L-0 lomd-outs, and ¢) plutonium i{nput values calculated by
the plutonium-to-uranium ratio wethod. '

2. A omparison of 100 Area uranium values versus H-7 tank receipts ang E-12
“ank load-outs.

3. A complete material balance for uranium and plutonium through the Redaox

plant, vhich in turn will provide a cowparison of measured waste losses
versus receipcs minus total product recovered.

§. A weasure of sampling precision and accuracy.
S. n estimate of volume measurement accuracy at H-T and E-12.

6. A test for possibie inherent analytical biases (method biases) that are not
detected by norsml quality control standards.

T. A evaluation of the application of analytical bias corrections based on
quality comtrol data.

dith tne exception of two incidents, the processing requirements (minimum
icventory and measurement of all material ) necessary to the success of the test,
vere met, The two incidents which increase the uncertainties sssociated with
some of the mgterisl balence values obteined were: 1) the discharge of an
sstimazed TOO pounis of uraniup to the floor in a tranefer from F-5 to F-b

ius 1o the improper installation of the F-5 to F-4 transfer line (Jumper) and
Z) the discovery of a large accumulation of plutomium (~~ 15 kg) in the L-2
stripping tover after completion of the test run. The first incident decreases
the accuracy which can be attached to E-12 load-out values, whereas the second
invident decreases the accuracy which can be attaci.ed to L-6 loal-out values.
Sowever, from the data obtained in the pre-processing and post-processing
flushies, 1t 18 generally believed that the material found {n tue L-2 stripping
tLover represents a long term accusulation and neither contridbuted to L-u load-
out valuwes nor represents & part of the test runs.

A ifmportant qualification {n regard t0 the 100 Area-200 Area test relatiomuiip

{s the fact that the test material wvas from the oli pt.es (D pile, H pile, and
DR pile) and wes of relatively low aversge MWD/T, ~ 500. Consequently, it
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more representative of 100-Area production prior to receips of proau-i
the K-piles than of reczent (FY-57 and %8) proiuztion. It s-ould aino :

A

{on from
eoncteld
tha" the test run did include cne small {~v/. tons) taszh of Nigh MWD, T (wm0n

NWD/T) from DR pile which was iissclved ani sazpled separacely befors being
comtimed with the rest of the tes: material.

Exzluding ¢ .e above qualificatiore, the material balances and o-l.r per:i:insnt
zeasurement data obtained can be considerei as representative of typical rlant
operation and nuclear material conirol.

The purpose of this report is L0 present the measurement data (Obiained o imte)
for further study and anaiysis ani to summarize those zonclusions whiczh carn be
Justified at this time, -

II. SUMMARY, CONCLUSIONS, AND RECOMMENDATIORS

A. Susmsary

Tz proceasing phase of the test run and all plant and control laboratory measure-
ments have been ~ompleted. This data is summarized and discussed in this report.
Process Chemistry measurements, which include measurement of t e H-7 plusonium-
to-urarium ratio (on the H-7 composite) by independent analytical methods, measure-
ment cof plutonium and uranium isotopic concenirations, and measurement of the

special batch of high level MWD/T, have not been completed and will be repcries
separately.

B. Couclusions

‘The conclusions listed .elov are based on preliminary examinations of the measure-
ment data of more immediste concern. More complete presentation of the sigrificance
of the measurement data will te forthcoming from the various specialists concerned,

1. In the test rum, excellent agreement vas achieved between plutorium {n-put
values, as calculated by the plutonium-to-uranium ratio mettod, and load-out values,
This close agreement reinforces the view that CFD in.put, waste, and load-out
measuresents £or plutonium are reliable.

2. For this lot of material, Redox plutomium values at H-7 and L-5 were signifi-
cently higher (3-5%) tian the 100 Area predicted vealues, This illustrates the
Liltlivuily bu moalkg Gvvui@ale capusuic calluiaiivue ful samil Labilce wi -alc] el
and lerds welight to the argument that 100 A-ea predicted values or small batches
arc not a reliable measure of tue plutonium content. It also seemingly refutes
the view that current 100 Area values are cotsistently over-stated. It saould be
noted, hovever, that the material used in tuils run was all produsei in the old
yiles, @ belleve that the predicted values for the K-pile materis!. wh.:: made
up &pout 40 per cent of the production for the last two years, are more iixely

Y0 Le wver-stated than are the values for the older piles. In corngejuense of
troge: factors, and in view of the apparent reliubility of CPD mea: iremonts,

v. . L have shown general 100 Area over-statement Over “hLe past two v.ars, wve io
U belleve thal the plutoR.um recovery on this run refutes Le rrecabiliny of
geacras tuntinued 100 Area over-statewment,
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3.

i, Individual plutoniuw-tc-urarium ratios which are the quotient -f twe :ije-
Pendent reasurements appear to e as precise as the iniividual pinten um values,
This lends support tc the view that the ratio methnd 18 iese sul ‘et to sampling
variation than the volume-concentration method.

L. Srmpling is not a zajor s-urze of concern at H-7, E-12, ani L-~

ALy

S

3.7 uranium values (czorrected for anslytical biases) determi-.ed by the con-
ventional density meihod (UD-la) are consistently higher than ccrrespondinz
values obtained by tue TBP Extraction-X-ray Absorption (UX-4a) wmethol. However,

further work is needei to estavilish the exact cause and magnitude =f tnis 1.8~
crepancy.

L. D-v and B-i0 measurcments have the largest variance of all the s countar!lity

meAsurements maie. HBowever, this variance does not appear i~ he duec tc ~orslsternt

errors and because of the small amount of material involved these measurements
ar'¢ not & wAlor sourve of concern

C. Recommendations
The following future actions are recommended:

1. The plutonium-to-uranium ratio, as measured at H-7 at Redox and at E-5 at
Purex, snould be used routinely to correlate 100 Area-200 Area plutonium values.

ture accountabilily tests used to establish this relatiomship should be designed
t take advantage of the routine application of the ratio method.

2. A thorough statistical analycis of the measurement data should be made to
establish sampling precision and accuracy. These values should thenm he presented

10 the Atomic Energy Commission as evidence of the Department's performance and
efforts in this regard.

3. Aralytical bilas correctlons should be applied to the H-T7 urarium, plutonium,
and specific gravity values. The H-T plutonium correction should in:lude biss

corrections far americium-curium in addition to those applied to the "F" factor
and the tlotal alpha measurement.

L. Analytical tests designed t0 uncover inherent analytical tiases (those t'Ases
“iich are due primarily to process constituents such as corrosion products,
flsgion products, etc., and mre rot detected by cortrol staniards) should be
roryinued on the H-T7 specific gravity urarium wethod, the L-6 piutontum X-ray
nethod, and the H-T apericlum-curium method. Wien a definite innerent tias Las
teen ustablished it should ve applied to source daia.

IIT1. DISCUSSION
h. Litroductine
«xf e the Jromasy porpose ©f the tesl run vas to make a compa-iss

Vgt

prett ol values versus Y00 Area measured values using & se.e e

Sl LN Ares
‘

LA I Y metal,
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wie Yulk of extraneous msaterial such as dissolver heels and normal rroress hoid-
up material was proccssed and removed prior to the test. In addition, to meet
anterial balance rejuirements of the test, all process vesse.s werc flushe: pricr
10 the test ani the SS materials accumulated in the flushes (beginn.ng nvertcry)
weTe assayed by the most accurate tehnijues practical. Following plart -lean-
oul ani measurement of thie beginning inventery (vhich amourted to ies. than 1}
Sf Ule rTun waterial), iiw test metal was d.ssolved and processed -n A conmpl
reccvory and comy lete weasurement tasis In orier w0 obtain the highes' jrz
S.si0n and accuracy nractical, and also to establish experimental evidence of
tne validlily of p.ant measurements, an extensive analyti-zal, sampliing, an!
Voilme measurcmerns program was carrcied out. The material balances ottainci anl
various experimenial prases ¢f the est program are discussed separately in the
su’tecliing sections.

a

B. Uran:uzs Material BRalan:e

The uraniuz material balance obtained and the amount of material involved
veoginning and exding icventory arc illustrated ir Tables I and 1ll. ‘lhe
individual R-T and E-12 batch sizes and the magnitude of the analytical tias

correciions applied are listed in Tables IV and V.

41

is showm by the data ia Table I, adjusted H-7 uramium values agree witiin
0.¢ - 2,14 of aijusted E-12 load-out values, depending om the analrtical method
usel at H-7 and the application of analytical bias corrections. The application
cf aralytizal tios corrections increases the discrepancy tetween H-7 and E-12.
T..s discrepancy is further increased by the use of the TBP Extraction-X-ray
A sorption method (UX-4a) in place of the conventional Densitv-Calculation
method (UD~la) for uranium. In the case of these two analytical methods, the

application of analytical bias corrections decreases the between-method dis-
srepancy.

The general sgrrement between the three uranium belance areas H-7, E-12, and
100-Area elimipates the possibility of large undetected losses. However,
vecause of the uncertsinties involved in the measured values, it :ioes not
eliminate the possibility of small unrdetected losses.

The fact that the corrected H-T values are jowver than both the 12C Area and E-ig
vhiued lallcates the posslbility of a volume measurement bias at H-7. fowever,

Wwretser s significant bias exists or not is dependcnt on a further statistical
analysis.

As yet, the physical cause and the exact magni!tude of the between-m-thinl bias
(UD-1a versus UX-ka) has not beem fully determined. Sinze the Doniity-laleula-

t o1 method {8 ™1ind", 1.e., 1t reports anything taat contritutes <o the lengivy
“f v sulution ms uranium, it i belleved thal part of thits lef repancy ie due
“~ the jrescnze of swall smounts of process contamirates in the H-7.  The most
. 4oy source of such contaminates {8 from the tra~ve Of roat'!ng wastoc soluion

Lot cumpietel v reaoved fros the dissolver prior to the actd adii*:on an: me.al
SomwoLaboon o siey . Altnoughe b Ls gonersally felt that the amount f t.an lue to

|
i
|
|
f
|
]
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e plutorius matertal talante cttatiel and amount Of material .nunlve
tegdnttina and ending ‘nventory are shoan (0 Tacles 12 ani 117, "V dro
SR ei2ue ABd Lhe magnitule of o Atalviizal vias sorretticn sl oeloa
showvn in Mabia VI.

A8 phowm vy the date fn Marle 11, Relox plutopiua valurs at ALl e
poiuts and ty all the varioue se.k...is usel are siznmifizantly
A0 Area predicted values., In view of t. e run size w53 tons
wnrertainties in yrelictel valwe:, nis
pautonium valuen (8 noY suryrising. Also, (% 820 ...i !-* nc:w-‘. L .a%
i entirely from the old p.ms ar !l as such (s N L representaiue
wirent produstion.

e zost significant aspest of e plutonium talamce is -he

iRy 2
tcivweed H-7 amd L-€ values bty the various meihods. As is iilusse 4 le II,
the sonventional B-7 weasuremsnis are arout 1 ,5¢ lower than T.o laei.out valuse,
with the jiffervnce teing only zligntliy affc:tcd oy the applicatica Of analsiloal
cias correstions. The best asremr.'. between H-7 and L-© values ‘s otiainel ty

$piyimas the B-7 plutonium-to-uramium ratio to 10C Area prei.ctel values, with
e test agreesent be'ng obtained vhen the X-ray uranium (UX-4a) values are

ur: L. This result lends further support %0 the passidbility of a:n icherent high
timx im the comventional Density-Calowlatioan sethod.
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TANLE I
FLANT URANIUM 2ALANCE

Measavment $ BFID ~eizx
Area Pounds Uranium - 10C Ares
1X Acca Value 101,13
feidcx Values
D ey (2) :

:y Ubnl.a + coating Sorrected 110,197 -C.Tw

e losses corrected 111,068 -0.02

2) Fbcel(gss

ty UX-ba + coating Corrected 199,359 1.9

uaste Losses Unsorrected 109,469 -1.87
3, E-12 load-outs

corrected for vaste Corrected 111,766 +.57

1oases and Smveniory Umcorrected 111,559 ¥

(1) TUranium as dezermined by the conventiomal ladboratory specif!

{s gravity meihol
<p vhich ursmius is calculatel from the B-T laboratory specifi:

sravity.
(2) Uranium as determined by the TBP Bxtraction-X-ray Absorptiorn meilod.

{3) VYalues sorTected for enalytical biases based on control staniarl recoveries.

g g+ ot
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IABLE I1

PLANT FTLUTONIUM BALAXCE

Measuremeant $ 3P Reiox
Ares Srams Plutom:um - 1 Aren
10 Area 232,832
Redox Values
1) BT Receipts by (1) )
volume-concentraica method corrected'” b, 5% 1.2
lus coating vaste losses umiorTected 2b,7h7 3.8
2) E-T Receipts by Pu/U Ratio
. thod using UD-1A Uraniua(2) )
vaives sorrecstel 2%,850 5.3
unsorrested 25,808 4.1
3) E-7 Receints by Pu/U Ratio 30:-:1::& 25,063 t.1
method usimg UX-ba Uranium(3) unzorrected 25,172 5.5
values.
k) L1-6 losd-outs corrected correctel 24,975 h.58
for Waste losses amd unsorrected 25,099 $.3
inveatory

(1) Values corrected for amalytical l.imses based om control staniarld recoveries.

i
(2) Uranium as determined by the comvenional laboratory specific gravity method !
im vhich uranium is calculated frcm the H-7 laboratory specific gravity. .

(3) Uranium as determined by the TBP Bciraction-X-ray Absorption metliod.
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TABLE ITI
BEGINNING AND EKDING INVENTORY AND WASTE LOSSES

> Sount Pu-grams U-pounis
Beginning Inventory 199.1 353.3
(3-% tanx)

Coating Waste losses Lko.3 383,0
D-9 Waste losses corrected for D-1 9.4 111.3
Ending Inventory (B-4 Tank) 184 1 32:.7
Amcunt  added to H-T Receipts bo.3 338.0
Amount 793(1)
added to B-12 ©82.6
load-out values

Amount

Added to Pr

Load-out values 119.7

(1) 709 1bs. (estimated) of U lost to floor durimg transfer from F-5 to F-4
because of an improperly imstalled jumper.

. A S e b
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TABLE IV
H-7 RECEIPTS
RAW DATA
Pounds Uranium _

Batsl Fo. By UD-1all! By UX-ual<) Grams Plutoriua(3)
s-30 T934.2 T843.3 1867.1
ws-31 T1927.5 1827.5 1884.9
ws-32 T961.1 7896.5 1856.8
ns-32 1872.3 T759.1 1745.9

1 8105.4 7925.6 1851.9

3 8032.% T92h.2 1753.9

3 15,974.6 15,839.8 3376.3

& 179.9 8019.5 1833.7

5 16,345.5 16,137.% 31b1.0

§ 7950.5 T166.5 1495.5

? T961.6 7800.8 1738.2

g 5927.0 5852.2 1159.3

S 488.5 488.5 55.3
AF-1 5.8 5.8 2.1
AP-2 3.b 3.b 2.6
Total 110,679.7 109,080.7T 23,764.5
Coeting
Waste 388 388 40.3

"F* Pactor
Correction + 942

Analytinal - 871 - 110 - 151
Bias correction
Corrected total 110,197 109, 359 24,590
Uncorrected total 111,068 109,469 2k, 47

]

(1) Uranium calculated from laboratory specific gravity.
(2) Uranius by TBP Extraction-X-ray-Absorption method.

(3) Plutomium by Radiocassay

-
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TABLE V

e e 1 e

E-12 LOAD-OUTS

Batch Mo. Pounds Urmim!l)
1 6328.4
e 6553.7
3 s424.5
. L 6527.7
5 6297.8
€ 6323.3
‘ T 6718.5
. 8 6793.3
9 707%.6
10 Th03.1
11 6785.3
ic T843.7
13 6706.3
1% 6576.1
15 631k .7
16 6868.7
17 2780.1

18 Nush 16
Uacorrected total 110,972.4
Analytical bias correctioa + 111
Corrected total 111,083

(1) Values determimed dy X-ray Absorption method.

o ame v ——
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TABLE VI ‘ Hw-£2277

L-6 LOAD-QUT VALUES

Grams Plutop!
o

Rux Mo, Can No. ty PUX-3a
pt §-106 1446.3
A-37 1453.0
A-28 1466 .6
2 A-bl 1749.6
A-25 1758.6
§-31 1777.5
3 A-20 1870.5
A2 1854 .7
A-12 1859.9
i 8-136 1858.1
8-134 1861.2
§-129 1687.2
5 A-iie 1289.9 | -, .
A-19 1256,
6 §-122 Lk,
8-127 h65.2
-4 PUA-60(2)
7 8-12k, S-101, A-hT, A-MS 3M.8
R ‘A-2%, a6, A-20, 8-123 1€1.C
9 8-138, 228 120.3 1
10 1-6 Tush 13.6 t
11 L-6 Nush 8s.). ?
Uscorrected Sub-totals 24,106.% 47e.8 f
Uncorrected totals 24,979.2 t
Analytical Biss Correctiom  -119.9 4.3
Corrected total 23,986.5 868.5 2h,85%.,0

{1) Plutontum by X-ray Absorption

(.) Plutonius by Radicassay using am "F" of 1.347 based om averags of R

ani R-b.
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e waste losses sustained in the test ™in are illustrated in Table V10 an) tie
ind.viiual analytical values are 1istedl tn Tatles XV and XV1, page

0. Wasurel Waste lLosses

S T

As is icwmomstratel in Tatle VII, the largest single vastie 1088 nucurred . n a
~omtimg vaste batck [C-1 bat-k). Simce this happening is the res 1t of a
rrocess ervor (the inadvertem: letting of the diseolver rinse silution ¢ tie
comtirg waste tank), it can not be consiiered as representative of norma; p.a°°
speration. Wore {mportamt thaa 10ss itself is the fact tha larg: ~oa%ing waite
losses are realily detected, 8 fa:% vhich .as lomg beer the sub 'est of iispute
que L0 the chemical amd physizal nature of clating vaste

TABLE VII

MEASURED WASTE LOSSES

WNeasurement L.

Point tatch Mo, Grass Plutoaium!l) Uraniaw iounis'l)
B-10 ¢-1 2.7 Wwr.2
18 o.7 1.4
19 1.0 3.5
.o} 1.2 §.9
D.2 2., 18.8
Db 2.0 12.2

Total §0.3 Total ~¥B.C
p-2 Composite K SN <1

D-9 Pu-2 7.9 1.5
PW-3 &7 19.5
Pu-b 9.6 12.6
PY.S 18.0 47.2
Pu-6 8.8 25.3
Pu-7 9.4 31.6
Pu-8 8.8 27.0
-9 b.b 12.3
Pu-11 Q2 oLk
Py-12 10.6 11.8
P¥-13 5.5 4.4
Pu-14 3.h 1.9
Pu-15 5.8 1.0
Pd-1E Z.B 5.5
Pu-17 E 26.1
Total 12«. : Total 1.0
, (2) - .0 - 151.7
Do o De1t€ Total  9h.b Tetal 11 ¢

(1)

Al un-orrected for analytical biases ani “"F" factor a!l'ustmen?t .

) D% waste {n-luted 30 grams of plutosium and 150 7 pounis of uramium
from D-1 whicn weas preseat vefore 8peisl Run.



: | @y

. Ly

- '“-d-"v ﬁ'(

Lotn effart ta eatignte the precieliin of plan’ wantmele 1ewil o, o ok

e ii sty Le folloving special tests were male 1) Lo sanoaster reali.s
vak:n & ginutes Apart woere maie on each H-" Aand p-l0 velume mens.oiment an. 0
with eazh PR-zan welgning a comparison was male of tie orserve] tare wel{g .t arn.
otservel tere welgnt plus 10 kilogram c.oecr weight. In a.ll cunacs, * & tLwo
smeter realiings were identical. In the welghing tes's, the maximuz (i fferenae
cvgerved butween the tarc welght and the tare weight plus 10 kili.gram check el
was 25 graas, with the average deviation for the 21 weighing tests mal: ejual
(¢) & grame.

£. Wanometor and Scale Cheka

ma’ -

=t
>

F. Samplimg aud Analytical Precision

The ravw data flurcorrected for analyticsl blases) illustrating sampling ani

analyti:al precision at the various accountability points is giver ‘n the foll w-
ing tabies:

B-7 Uranium Values, Teble VIII, page 1€.

H-7 Plutonium Values, Table IX, page 18.

H-7 Plutonium to Uranium Ratios, Tatle X, page 20.

E-12 Uranium Values, Table XI. page 2.

L-& Prutonium gsd "P" Pacior Values, Taule XII, page ¥ir.
#-7, B-12, and L-6 1Incidemtal Analysis, Table XIII, page ¢ .
D-8 Plutorium snd Uranium Values, Table XIV, page 28.

H-10 Plutonium and Uranium Values, Table AV, page 30.

«
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The most significant fact illustrated by the experimental data is tne excellent
sampling and analytical precision obtained at H-7, E-12, and L-6. From the
tandard deviations, wirlch imclude both sampling and analytical varianc2 of the

individual results, it is evident that sampling is not a major sour~e of variation
at H-7, £-12, and L-6.

Another item of importamce is the comparatively high precision of the individual
plutonium to uranium ratios illustrated im T-ble X. S3ince the ratio incluies

tvo independent measurementi, uranium ard plutonium, it would be reasonauvle to
exdect a larger variance for the ratios than for either of the individual measure-
meit variances. However, as the data showa, the precisiom of the Iniividual ratios
compares very favorably with the precision of the individual plutorium values

{3 = 0..23% for individual Pu results on same run versus S = 1,91% for R usimg
UK-ka urentum and S = 1.45% for R using UD-la uranium). Since "5

3" inzludes
sampling variance, this result reinforces the view that the ratis method is less

--------

YC.ume concentration systenm.
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TAHLE YITZ
H-7 URANIUM ANALYTICAL vaLUEs'!’
] Meunod
up-lal?) UX-bal>)
Criginal Referce 9;@»:& Referee
Run No. Sample Mo, 1t8/gal-U 1ts./val-U lvs/gai-J wlﬂuw\\,.hww.c
M5-30 1(8) §.12 N.13 L 05 LS
2 L.16 4,13 L.le L .06 .
3 k.13 L.13 .11 4 12 RR(S)
L 07
4 a3 4.13 4.05 4.0k RR
k12
5 b.19_ b.19 b.15_ 4.15
X =L 14L0 X =4.0 .25 RR
MS-31 1 bh.27 4.26 b.28 L.20
2 L.2%6 L.27 4.15 4,17
3 h.25_ b.29 - Lol
X = 4.2067 X = L4.2123
»S-32 1 4.52 L.s2 4.53 b.b7
2 h.51 k.55 k.53 b.bo
3 b.52_ 4.52 b.b6_ bbb
X = b4.5233 L= :.mew
N5-33 1 b.b9 &.48 b ks L4
2 by 4 .50 L.WT FR 4.L3
3 4.50_ %.50 b.bs_ L.45
X=b:4933 PR ILXK
MS-1 1 b.49 b L6 4.35 b 26
2 k.r2 k.53 k.50 4.37
3 h.52 k.53 k.50 547
Xaub. X - b.4033
MS-2 1 k.52 b.Sh k.35 5.3
2 b.55 h.55 L.5) b0
3 w.HY 4.5 b.57_ L.52
Toboop X - bbBi7
"3 1 k.37 .37 h.33 -- 1
2 b.37 k.38 k.31 h.ob
3 F:m . b 4Bl _ b.bo
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TARLE Vvii: (Cont.)
Methiod
UD-1a UX-La
Original Referee Criginal Referee
Run M, Sample Mo,  1ts 'gal-U ivs ‘gal-U 1ts /gal-U 1ti/6al=U
RS-4 1l 4o .- ) -
2 4,36 4.l L. 30 b2t
3 L.39_ h.32 L.2o_ L o3l
X = 4.3860 )
Ms-5 1 L.u8 4.5k L% L7
2 b, 48 L.87 L.b3 L.47
3 446 L L3 L.33_ bk
X = b 4767 A s e On
w-5 1 §.35 k.30 b 29 L, 28
2 k.38 -- L -
3 L9 4.3 8.20_ k.22
x-h.‘iﬁ X = 4.2L40
s-7 1 3.h2 3.40 3.41 3.32
2 3.41 3.43 3.36 3.36
3 3.2 3.82 3.28_ 3.3
X = 3.416 X = 3.3483
ws-8 1 3.11 3.08 3.05 3.1
2 3.10 3.08 3.06 3.02
3 3.09 306 3.02_ 3.03
X = 3.080 X = 3.0483
X =425 8 =0.57%(C) X «1.153 S = 1.38%

(1) Rav jata umcerrected for analytical biases.

(2) Uranium cslculated from the H-7 laboratory specific gravity.

(3) Ursaius by the TBP Extraction-X-ray Absorptior wethod,

(4) Samples taken uight minutes spart with full sewpler circulatiom between

samples and continuous tank agitation.

(5) RR = analytical reruns.

(£) The standard deviation of an imdividual analytical result o tle same un -
ot tained from the pooled variamce ani inclules ssmpling and aralyt:ics.

variante but not tetween-run varlan:e.

i
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TABLE IX
8-7 PLUTONI'N ANALYTICAL VALUES
Plutanium Grans&ulon(l)
R No. Sazple No.(3) Origirar  (PUA-5c)(2) Referce
-0 1 0.370
2 0.970
3 0.380 C.97%
4 0.67u Q.63
5 0.334 a 78
X = 0.97
-3 1 016 1.01o
2 1.015 1021
3 1.011 1.002
X = 1.01L50
”ws-32 1 Tok0 1.016
2 1.072 1.084
3 1.043 1.076
X = 1.05516
NS-33 1 1.000 0.997
2 0.983 1.010
3 0.997 0.992
,f_"_".m
-1 1 .030 1.030
2 1.020 1.030
3 1.040 1.030
X=1.0
-2 1 0. 0.987
2 0.99% 0.9584
3 0.99 1.07
X = 1.0048
wS-3 1 0.93% 0.908
2 0.93% 0.911
3 0.937 0.937
X = 0.9268 3
M- 1 5.965 0.3995
2 0.970 0.381
3 0.968 1.020
X = 0.98316
w-5 1 0.533 c.961
1 2 0.845 € .80k
3 0.845 0 .%0u
i X = 0.86033
d o-u 1 0.52 0.32%
i 2 0.813 --
: 3 0.803
0

JEEN
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TABLE 1X_ (Cont.)

K-7 PLUTONIUM ANALYTICAL VALUES
lutonium orass, Gallon

R No. Sugle x. 0“‘.5‘.!\&1 (FUA"-“‘)— K f(":;?i_
-7 1 o™ O "3
2 C.Te0 SRS N
3 C.72% ¢.7Le
X = 0.7L600
ws-8 1 0.602 0 ¢i0
2 0.505 0.897
3 © 0,600 C.2a3
X = 0.50383
-2 1 ¢.0517 C O%C¢
2 0.0LTk --
3 C.0806 0.0460
X = 0.04856
X = 0.865 s(®) . 1.33%

(1} Rav iata uncorrected for analytical biases and not adjurted for "P" factor.

(¢} Plutonium by direct radicessay.

(3) Sample taken eight mimutes apart vith full sampler cireculation betveen
samples and continmuous tank agitatiom.

(8) e standard deviatics of an iniividual analytical result on the same run -
ottainel from tae pooled variance and includes sampling and arnalytical
. yariance but not betveem-run (process) varianmce.



— e

= &l

- Ta-qulT
-

AL X

E-7 PLUTONIUM TO URANIUM RATIOS o
Grams Plytonium Poyuni Uraniia °
&) \3] v

Pu by PUA-G:\,é ty UX-ua

PU -y FUA-2c U oy UD-la'”
Ric N 1e{5)  Griginal Rcreree Origiral R feros
NE-30 1 0.23%9 0.23%4
2 0.2354 0.g322
3 0.239 £.2369 RR 0.2387 ¢.23¢
c.2:38
L 0.2405% 0.2398 RR 0.2388 C.o3ke
0.2318
s 0.2371 0.2357 C.23u8 0.2334
X = 0.2376 X = 0.2353
. 0.2391 RR
’»s-21 1 0.2374 0.2u19 0.2379 0.2385
2 0.2428 0.2b43 0.2332 0.2391
3 0.2407 0.23% 0.2373 €.23%
X = 0.2009 X =0.2378
MB-32 1 0.229% 0.2273 0.2301 0.22L8
2 0.2366 0.241k 0.2377 0.2382
3 0.233 0.2623 0.2308 0.23%
X » 0.2352 X = 0.2332
s-33 1 0.2247 0.2261 0.2227 0.2225
2 0.2199 0.2280 0.2189 C.2244
3 0.2240 0.2229 0.2216 0.2204
X = 0.2243 X - 0.2218
»w-1 1 0.2368 0.2418 0.229% 0.2309
2 0.2267 0.2357 0.22%7 0.2274
3 0.2311 0.2304 0.2301 0.227h
X = 0.2338 X = 0.2285
-2 1 0.2290 0.2274 0.220% 0.217k
2 0.2208 0.2139 0.2185 0.2163
3 0.2179 0.2367 0.2170 c.a37e
X = 0.22u3 X = 0.2212
-3 1 0.2157 -- c.az7 ¢. .78
2 0.2167 0.2138 0.2237 0.20%0
3 0.2110 0.2130 0.2125% 0.2125
X = 0.2240 X = 0.2314
7 Spn 1 0.2218 0.2X3 --
2 0.22% o.zzzg 0.222¢% .
3 0.2272 0.23%¢ 0.2*% ¢ L2223
X = 0.2281 ¥ =-c.ili
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TA3LE XI
E-12 URANIUM ARALYTICAL vALUEsS'!’
Method
UD-.a (2) UX-2a [:)
: Original Referece Crig:inal R ferece
Batch # Sample No. #/gal U #/gal U #'gal U = gal U

(&) 3,49 RR(5)
1 1 3.52 3.52 1,42 2.8
2 .48 3.48 2.k3 i.ks

X = 3,5025 X = 3.47c0
2 1 bl 4,12 4.09 4.10
2 Lae L.11 L.03 4.0a

X = l‘-llso X = U.OQES
3 1 4.15 b.18 4.17 b8
2 4.5 4.18 k.15 b.lb

X = 4,165 X = 4.1550
b 1 4,18 4.19 k.15 k.16
2 b.16 4.20 L.1% .18

X = 4.1900 X = 4.1575
5 1 4,22 4,22 h.20 k.19
2 -] §.22 b.20 k.20

Xeb4.22 X =4.1975
6 1 4.20 L.20 k.20 k.19
2 k.20 k.22 b.19 k.10

X = 4.2025 X = 5.1925
7 1 4.18 §.19 .17 4.16
2 .19 5.19 k.18 5.18

X = 41875 X = u.1725
8 1 4.16 A7 L.16 i
2 b.16 &.17 k.15 L.is

X = 4,165 X = 4.1500
9 1 4.16 4,17 b1k boys
2 b.12 b.17 by R

X = 5.15% X = 5,1375
10 1 4,21 L.21 5.18 A Ls
2 §.20 b2 Las Y

X =4 2075 X = 5.1%0




TABLE XI (Cont.)
E-12 URANIUM ANALYTICAL VALUES
_ Metrnod
UD-1la (2) UX-ca (1)
. Original :feree Original Ref g.l;
Sat:: §# Sample No. f#/gal U #lgal U #/gal U #leai
11 1 L.17 L.23 4,2 b,1%
2 4,17 4.22 4.2 L3
X = 4.1975 X = k.2025
12 1 y.21 N 4.18 Lo
-2 h,22 4.21 4.19 L.19
X = 4,2125 X = 4.1875
13 1 -3 h.23 4.2 b,22
e L.26 L.23 L.2u Lh.23
X = 4.2450 X = 4,2325
1% 1 L.2L 4,26 b.21 L,22
2 .2l 4.25 L.20 h.22
X = 4,2475 X = 04,2125
15 1 L.2y b2k 4.21 L.23
2 4.2k b.25 4.24 4.23
X = L4.2425 X = 4.22715
16 1l L.17 b.17 h.1b L3
2 k.16 k.16 k.15 b1k
X = 4.1650 X = 4.1400
17 1 2.98 2.97 2.92 2.92
2 2.94 . 2.9 2.% 2.93
X = 2,965 X = 2.9275
X = 4.082 % = b4.053
s = 0.294¢(8) s = 0.2969(3)
(1) Rav date uncorrected for amalytical biases.
(2) Uranium calculated from laboratory specific gravity
(1) Uranium by the Direct X-ray Absorption method. i
(4) Samples taken 15 minutes apart with full saapler circulation betveen i
samples and coatinuous tank agitation. i
(%; Analytical rerun.
(2

T2 standard deviation of an individual unalytiﬁal result on the same
te%ch - obtained from the podled variance and in:ludes sampling and

araly-ical variance cut not betwveen (process) variance.
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TABLE XII (Cont.)
L-6 PLUTONIUM ANALYTICAL VALUES
— Method o
PUX-3A PUA-tB-1 F-Pa~tor
Run Sample Sample grams/gallon counts/min'4allon grams/count a.r.
M. Mo Type Original Referee Original Referee rig.nal R forec
R-5 366 L-6 Tank  540.3 -- L.oul3 3.9613 1.3%7 --
) 388 L-6 Tank -- - 4,033 k0733 -- -
: 02 L6 Tmnk  562.6 560.6 u.14l3 u,26)3 1.357 16
) k03 A-1k 573.3 570.8 42713 y.2213 1.7 1,353
3 404  L-6 Tank - -- ,1513 5.13}3 -- --
%05  A-19 552.4 556.4 8733 L3313 1.385 1oask
«i X = 559.49 X = 4.133 x 10~ X = 1.:410
X = 75483 X=1.:2
’ )
: (PuXx-3s) ] = 0.95% S =1.36%
: __Method
., PUA-GB-1
c/m/gallon
t Run Ko.  Sample Fo. Can Fo. Origisal Referee
; r-6(7) B1S L-6 Tank 1.3343 13443
416 L-6 Tank 1.3213 1.35%3
i 417 §-122 1.45%3 1.5713
; 18 8-127 1.3813 1.3783
1.6213 RR
_ 13 1.6513 =
X=1.h28 x10
R"( k66 L‘6 Tank 5.%12. 3'0012 % Flier thrown
' 3.0232 Out
7T A-AS 3.0412 3.1912
¥76 L-6 Tank 2.9812 3.0212
wz H? 3.3012 3-3712
483 L-6 ‘ank 2.8712 .
484 8-12k 2.8812 3.0912
; 48 L-6 Tank 3.0412 3'103 =
i . .10
% h&g 8-101 3.091° 3 .02
: X = 3,076 x 1012
! R-E k95 -5 1.qi2 1.3312
i 3 A-2h 13732 1.wl2
' 512 L-6 Tank 1.281¢ 1.2082
513 A-6 1.35%2 1.321%
i 516 L-6 Tank 1.2812 13018
530 8-122 1.3712 1.kot2
« 5:1 A-2 1.46%2 1 52t2




— - 5 ¢

&v

TABLE XZI (Cori.)

Methiod
PUA-DE-1
c,m/galion
Run No. Sample No. Can No. Original Referee
R-9 529 $-138 1.0712 _—
5h2 A-28 2.00%2 Conet
X = 1.987 x 10%2
R-10 556 Lk 1.1 1.3242
R-11 - L-k Tank 11112 L 11112
X =422 x 1083 5= 2209

(1)
(2)

(3)
(6)
()
(6)

)

Raw data uncorrectel for analytical biases.

One sample of L-6 tank was takem with each PR Can load-out with 15 minutes of

circulatior pricr 1o each sawple. Can numbers, e.g5., S-106, represent tnief
samples of the respective cans,

Plutonium by X-ray Absorption.
Plutonium by direct Radiocassay.
"F" = grams/gallon/c/m/gallon = grams/c/m

The standard deviatioan of an imdividual result on the same rum - obtained from

the pooled variamce amd imciudes sampliang and amalytical variance but not
betwveen run variance.

Runs 6, 7, 8, 9, 10, 11 measured by Reslioassay using em "“P" factor based on
R-b and R-5 of 1.347 x 10°11 grams Pu/count/minute.




‘ TABLE XIII

1" ' INC IDENTAL ANALYSES

4 g;f& Det'n Method  Rumber of Analyses % g M

H-T Spo DZ-1A Tl 1.6856 0.21

i H-7 ANCN ANCH-1B 73 167x107 956
B-7 HNO, HPE-1B-3 Th 0.190 23.87
B-12 9pG DW-1A 68 1.6512 0.08
B-12 SpG DZ-1A 32 1.655 0.08
E-12 HNO, EPH-1B 32 ~ -0.051 5.5
L-6 SpG DZ-1A 69 1.4546 0.32
-6 TE FES-1F 66 0.1043 L,66
L-6 HNO, BV-3E 68 2.2u66 5.38

(1) Te standard deviation of am individual result en the same batch of

material - obtained from the poeled variance and imcludes sawpling amd
analytical variance but mot betwveem batch variaace.
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D-O FLUTONIUM AND URANIUM ARALYTICAL VALUES " *

Eran/gallion
PU by PUA-2al )

Original
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TABLE XIV
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TARLE XIV (Jom:.}

D-9 PLUTONIUM AND URANIUM ANALYTICAL VALUTS

Uranjus-Pounis galion Piutor:ux g-am ya..co:
U by UF..c PU bty PLA-TDw
Pat ie Origt Referee Or sinal Releores
Pd-i2 3 £,¢ x 10°3 $.2x 1073 1,82 x 107 S.40 x 1T
2 s.¢ x 1073 =.6 x 1073 3,50 x 1673 €.z x 17
X « 6.0 x 107} T4 x LI AR
- R h.ED X 4 °- R=
X =u.89 x 1273
P¥-13 Y 2.1 x 1073 2.1 x 10°3 2.80 x 1073 2.25 x 107}
G 1.5 x 1073 212103 299x1200% 231 x 17
T=2.02x120°3 X=25x 127
PN-10 1 1.5 x 1072 8.9 x 1072 1.67 x 1073 1.68 x 078
2 1.5 x 102 1.1 x 107} 1.97x16°3 1.7k x 1”
9.9 x 10 T«l1.76x 77
_ 9.5 x 1077
=57x10"3
PV-15 1 1.0 x 1073 1.4 x 1073 2.58 x 1073 2.61 x 1073
2 9.7 x 10-3 1.3 x 1073 2.8 x 10-3 2.72 x 1073
Xe=3.6x103 X - 2.88 x 1073
P¥-16 1 1.32 x 1072 sAx1003 278 x10°3 5.70 x 1073
& E-3 2 3.7 x 10°3 4.0 x 20°3 5.% x10°3 _ .80 x 13
$1x30°3RR. A.7x2103 B X =1.66 x 2073
X =6.0.103
PN-1T 1 1.7 = 10'2 1A x 10‘2 5.16 x 10-3 5.29 x 103
2 15x0% o 13x10 s.11 x 1073 5.16 x 1077
X«1.5x10" X = 5.8 x 1073
-
X=9.1x 1073 % =003 x103
86) - 3¢ s = %%

(1) Rav dats umcorrected for amalytical dilases.

(2) Uranium by the coaveational Hexome Extractiom-Fluorimetric Uranium method.

(3) Plutomium by the comventiomal TTA Extractiom-Tetal Alpha Ceuzting Method )
using a2 "F" Factor of 1.271 x 10-} grams M/cew:/min. ?

() Semplesa taken 15 mizutes apart with full sampler circulation tetveem sam-les
and conti{zpuous tank aygitation.

(5; MAalyticel Rerun.
() The standsrd deviation of an 1mdividusl determination On the same batch -

octairel from the poaled variance and fmcludes saspling and aaslytical
variaace, but not teiwvees-datch variance. ’
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TARLE XV

o
§-1C PLUTONIUM AND URANIUM ANALYTICAL vaLtes 't

Uranium-Pounis/Gallon Prutoniur - Orams./lall.
__Uvty UF-1v {2) _PU by FUA- A 07
Basc No. Sample Criginal Referee Original Referes
>-4 1(8) 1.5 x 1072 14 x 108 261 x 0] 2.4l x 7
2 1.5 x 108 16x 1072  2u2x 1077 2.1% \ Lo”
X = 1.5 x 10°¢ X = 2.4 x 1073
D2 1 11 x m‘g 7.0 x 1c‘g 225 x 1073 .70 x 0T
2 2.2 x 107 .0 x 107 2.06 x 10~ 2,438 x 107
T=1.5x 102 X =2.13x 103
#0 1 3.6 x 1073 3.1x 1073 7.78 x w0°Y 8 23 x 107
c 36x103  s.0x10°3 1.14 x 10-7 1.52 x 1073
X =3.6x103 X =92 x o4
o 1 2.7 x 1073 25x10°3  7.8x10™ 4 x 10
2 2.6 x10°3 2.5 x10-3 1.8 x 10°% 6.5 x 0%
X = 2.6 x 103 X =7.37 x 10°%
3 1 5.5 x 107 9.0 x10* 5.7 %107 .6 x 107
2 1.1 x 1073 1A x10°3 6.1 x10°% 6.2 x 10°%
1k x10°3 X a5.65x 207k
X~1.1x10°3
c-1 1 0.506 0.505 5.2 x 10~2 b6 x 10°°
2 0.584 0.505 6.1 x 10~2 5.9 x 10-2
3 0.7%5 6.6 x 10°2
i 0.7%7 6.% x 10-2
X = 0.599 X = 0.058
2000 B W T
8‘5) = 209 3(5) =- 124
(1) FRav data umcerrected for smalytical biases.
(2) Urenium by the convemtional Hexome Extraciien-Fluorimetric Uranium wmethod.
{3) PFlutonium by the conventiomai TTA Ectractioa-Total Npha Counting merthnd nating
an "P" factor of 1.27h ¥ lo-ii grams Pu/count/minute.
{8)

(%)

Sam;ies taken 15 minutes apart with full sampler circulatiom between santles
and comtinuocus tamk agitation.

The s:aalard deviation of am iadividual result om the sume batoh - octained
from tne aritametic average of batch % standari deviaticn Fer indiviiual result
sad includes sampling and analytical varismce tut not betweer batc: variance




e o ™
> LA

<31~

,

[

B.as Control

.

Tnocomlurotion with tne analytical piase of Lhc o8 JTOSTAR, AL walenalve snalv-
s.cml comtrol staniari aralysis Frogsas vas carriel cust for tie [urpose o7 iag

soutrcl.  In all zcases, che comtrel standaris were amaly:el! n a manLer llextioel
¢ taet usel fOr the Frocess samp.es. In adiitlos, the composiiien If stanaci.,

insofar a8 it vas prastical, approximated tie OFpOSLIion ©f Lie FTOICES sAmT .t
e numper of cominv. standards analyzel ty tle various ana.ytical meliols cum-
7e0yed anl the re-overies and pre:isions odtainel sr¢ illustiratel Iir Tarle XVI,
e Various analyticel wethods referrel to in 20le Lo tie XV1I are more ¢
ded:xrided in Tatle XVII.

V30 daall

Proa the comtrol staczlard recoveries shown ia Taple XVIII, analyti-cal tilas c:or-
recticns were app.led %c B-7, B-12, and L-6 totals %o odiaim ihe orrestel
zaterial balance previcusly discussel. Because 0f ke small amour: of malerisl
taveivei, no blas sor-ections wvere applied to D-C and E-1C values. The mas:m:
and iirection 0f *he tims corre:ztioms uged are glven in Tmvle XVIII.
<0 the conventional analyticai bias zorrectiom (i-at vasel on control s-anis
resoveries) appliel 20 L-5 X-ray resulss, a8 correz:lem ©2 0.2% was appliei =
Flutonium X-ray resu.:s to cosmpersate for the amoun: of :hromium and nizkel
(iezemainei bty speztrographic analysis) presemt im the process sawples cut ot
sorrecteld for in normal control lavorstory practice.

e wos: striking exasple of the verth of analytical tias correctiioms ozcurcing
ia the test run is fllustrated by the E-12 uramium resulis. Tvo mettols, ‘um
ty X-ray (UX-2a) ani Ursotium by Demsity (UD-1la), w-.ich umder unblased coniiziorns
Froduce ilentical resuls wvere used for all E-12 precess samples. As the rav
iatas (Stown in Teble XI) shows, the UD-la values ax :omsistently Ligher thas
(Rtgher on the average by 0.71%) thaam the X-ray vaiues, indicatim: the existen:e
of & lefinite bias. This is further borme out by the ceatrol staniard recevery
values of 100.7% for UD-ia and 100.0% fer UX-2a. After making the mecessary
awslytizal biss correction te the UD-la values. the :tvwo corrected values for he
;rocess samples nev agree vithin ©.01%,

B. "P" Pactor Determimatioa

For the sake of simplicity, a comstan: "F* factor ef 1.2T1 x 10-!! gram R/
alpta count/minute was used by the Jeutrel laboratery througheut the test rum to
convert E-7 alpha tetal values te plutemium veight umits. After completionm 0?
the test rum, p veighted (veighted i terms of plutoziwm produzed) "F" facter
of 1.3z1 x 1074** vas computed from the "P" factors ottalmed at L-6. Tis "¥"
facler whi:zh represents the umncerrected "P" factor for ihe entire tert rum

tatch vas used to adjust H-T receipis to the values previcutrly discussed. From
ihe uncorrected "FT faster a corrected “P" factor €2 1.25C x 10°-: was ovtaiae:
ty the application ef Zhe anmalytical bims correctioms previeusly describeld.

LR
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TABLE XVL
QUALITY CONTROL STANDARD RECOVERIES
Avg. ¥ Sti. Dev.

Mt od Det'm $Anal . Recovery of Anal, Commert
Di-ls & 3pG 12 100.6 0.50%
D2-1a & SpG 17 100.k 0.2h9
UD-1s v 10 100.7 0.30% By Dd-1a
UD-1a 1] 17 10L.2 0.52% By DZ-la
Du-ia 8pa 16 100.1 0.07%
HPE-1b §1 ENO, 17 91.3 14.52%
BPi-1t #3 ENO3 W7 105.5 6.97%
UX-2a v 19 100.0 0.18%
ACK-1b ACK 20 117.9 21.bug (for B.7)
PuA-6b AT X 99.6 1.22%
PuA-20a P 32 95.9 Q.72%
ur-1v ] 35 100.3 22.41%
PUX-3a Pu bh 100.3 0.80%
PUA-6b AT 64 98.8 C.4hg
F-Pactor bl 101.5 1.16%
FES-17 n 56 101.8 1.70%
Bv-32 no3 59 100.8 5.10%
DZ-1a Tuve §3 9p0 26 100.0 0.10%
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AmCa.lb

D¥-1a
Si-la

F" Mclor

Fel-1t
RprR-1t

Hv-w

g ST
PUA-20a
PUI- 38
| UP-10

UX-2n

UD-la

4’0/3’%

TABLE XVI:

DEX RIPTION CF ARALSTIZAL PETHOD “Of ras

Determinat ion

Americius-curium

Density or spe2ific gravity
Density or specifi- gravity

Grems Pu/alpha sount/sinute

rom
Nitric Acid

Rtric acid

Alpha total
Flutoaium alpbe

Flutenium

Descriptive T1tn

TBP, TTA Separationm - Teial A.;ta
Counting

Deasity ty Pycnome'er.
Demsity by Fall:ag Drop

Fiuonium Specific Aipia Activ.®y
Pacor.

Colorimatric-Orthophenathroline.
Nitric acid by pH.

Fitric acid-oxalate compiexing of
plutonium-microtitration.

Direct Raitlocassay.

TIA Separation - Total Alpha Counting
Direct X-ray Absorptiom.

HBezome Extraction - Ursa‘um Fluorescer:e.
Divect X-ray Avserptiu...

TEP Extraction-X-ray Absorptien.

Uranium calculated from Density.

e ¥




-t

- j“-
TARLE X111
ARALYT:TAL BIAS CORRECTION3 APPLIED TO MEASUHEMENT VALUES

Wrasure -

$ Coatrol Measure- P Measure.
wwont Nerthod 0td. nent went YVa,ue

Blat Deteruination Code Recovery Value changed chanza !

g specific gnvny(” DZ-1a 100 .4 Velume * G.b

8.7 Mmericium-curiua Anle-lb  117.9 plutenium alpha ¢ 6.3

. D urenium 1) | TY 100.5% uraniua - C.5

| uranium UD-1a 101.2 urasium - .2

8.7 slpha total (Pu) PuA-bb 99.6 (2; alpha total +

8.7 plutonivs *F* Pactor 101.5(+0.2) plutosnium -

R-12 urasius UX-2a 100.0 5. c.(3) ¢.0

B-1e uranium UD-la 100.7 uranium - C.7

B-12 specific gravity DN-la 100.1 volume +0.1

-6 pluteniva PUX-38  100.3(%0.2) plutonium +0.5

L-6 specific gravity DZ-la 100.0 R.C. 0.0

(1) My be iatarchamged vith demsity.

() Correctiea for chrewium amd mickel present ¢» rrocess L-6 samples not
coupsnssted for by preseat meathod. Chrewium and nickel values deteruined
ty spectregraphic amalysis.

(3) N chamge ia msasuremeat valus.
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