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FOREWORD

Thara are currently about 130 million tonnes of mine wasteas itailings) produced from the
mining and miling of uranium ore that are on, or near, the surface in Canada. At public hearings and
other forums held in connection with proposals for new uranium production facilites, concern has
bean exprassed about the impact that thesa wastes may nave on the envirenmentin the future, Govern-
ment regulatory agencies believe that there may be long-ierm environmantal and health consequences
associaled with uranium tailings that are not vet fully understood.

As aresult of a year-long study, undertaksn by a group of experts from government, in-
dustry, and the universities, into the possible long-term problems of uranium tzilings management,
the decision was taken by the Federal Government to launch an R & D program to assist in clarifying
the nature and extent of problems that may arise in the future. it is anticpated that the results of
such & pragram will be of use to the Atomic Energy Control Board and ta provingcial regulatory agjen-
cigs in the establishment of criteria for the decommissioning and abandonmant of uranium tailings,
To this end, the National Uraniurm Tailings Program of CANMET has been funded to the axtent of
9.5 milicn for a period of five years,

The main objective of this Program is to provide a scientifically credible information base
that will assist government requlatory agencies in making confident, knowledgeabls decisions, and
in establishing criteria for the long-term protection of the environmeant and hurnan health. The acien-
tific information base will, among other things, describa the chamical and physical processes that
involve tailings constituants and their movemant along pathways from the tailings into the biosphers,

The National Uranium Tailings Program's activitiss, which have baen enfirely contracted
out, have included research into the processes involved in the behaviocur and mavameant of con-
taminants fram tailings, field sampling and measurements, chemical analyses, and pradictive madal-
ling. As an important part of the Program output, manuals have been prepared that incorporate the
results of this work.

This manual has been prepared for the purposs of making available up-ta-date information
and dats that will be of interest and practical use to thoze dirsctly concermed with operational aspecis
af uranium tailings managemeant and regulation.

W.G. Jeffery

Direcfor General

Canada Centre for Minaral and Energy
Technology
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PREFACE

Qluality assurance in the production of data is indispensable to the suscess of the National
Uranium Tailings Program. In ordar to provide as much assistance as possible in ensuring high quali-
ty chemical analyses for radionuclides and other conatituents in a uranium tailings matrix, standard
reference materials were prepared to cover the range of tailings composition encountered in Canada,
These reference matarials will be used to maintain = high level of quality control for all work perform-
ed by confract on behalf of the Program, and will also he avallable to all othars that may find them
useful in verifying the performance of their own aquipment and procedures.

As additional reference materials, relevant to the Program are certified in the future, sup-
plements to this manual will be prepared and publishad,
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URANIUM TAILINGS REFERENCE MATERIALS
by
C.W. Smith*, H.F. Steger™ and W.S5. Bowman™*
SYNOPSIS

Samplas of uranium talings from Bancreft end Elliot Lake, Ontaric, and from Beaverlodge
and Rabhit Lake, Saskatchewsan, have been prepared as compesitonal refarance materials at the
request of the Mational Uranium Tailings Research Frogram. The four samples, UTS-1 to UTS-4, were
ground to minus 104 xm, each mixed in ona lot and aottled in 200C-g units for UTS-1 to UTS-3 and
in 100-g units for UT3-4. The materials were tested for homegenaity with respect to uranium oy
neutron activation analysis and to iron by an acid-decomposition atomic absarption procedure,

In a free cholce analylical program, 18 ighoratories contributad results for one ar more of
tatal iran, titanium, aluminum, calcium, barium, uranium, thorium, total sulphur, and sulphate for gl
four samples, and for nickel and arsanic in UTS-4 only. Basad on a statistical analysis of the data,
recommendad values were assignad o all elements’constituanta, axceat for sulphate in UTS-2 and
nickel in UTS-4.

The radioactivity of thorium-230. radium-226, lead-210, and polanium-210 i UTS-1 o
UTS-4 and of tharium-232, radium-228, and therium-228 in UTS-1 and UTS-2 was determined in
aradivanalytical program composed of eight laborataries. Becommanded valizes for the radioactvities
and associated parametars were caiculated by a statistical treatment of the resuits.

*Resgarck Scientizes, Mineral Sciences Laborstarics, CANMET, tnergy. Minzs and Pesources Canada, Otrawa, K14 007
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RESIDUS D’URANIUM, MATERIAUX DE REFERENCE
par
C.W. Smith*, H.F. Steger* et W.S. Bowman*
SYNOPSIS

Des échantilons de résidus d'uranium provenant de Bancroft et d'Elliet Lake en Ontario
et de Beaverlodge et de Rabbit Lake en Saskatchewan ont &té prépaEres camme maténaux da référence
de composition connue a la demande du Pregramme national de recherche sur les résidus d'uranium,
Chacun ces quatre echantillons, UTS-1 & UTS-4, a été broye a une granulométrie inférisure 4 104
#m et melange pour former un lot. Les résidus UTS-1 4 UTS-3 ont été mis dans des boutsilles da
200 g et 'UTS-4 a été mis dans des boutsilles de 100 g. On a varifié 'nomogénité das matériaux
quant & l'uranium par la méthode d’activation neutronicue et quant au fer total par une méthode de
décomposition acide et de spectrométrie d'absorption atomique,

En vertu d'un programme analytique de libre choix, 18 laboratoires ant soumis des résulats
pour un, ou plusieurs des &léments/constituants suivants: fer total, Hitane, aluminium, calcium, banyum,
uranium, thorium, soufre total et sulfate pour les quatre materiaux. et nickel et arsenic pour 'UTS-4
seulement, Aprés une analyse statistiqus des données, on a assigné des valeurs recommandées
a tous les éléments/constituants, sauf au sulfate pour 'UTS-3 e* au nickel pour 'UTS-4,

On a detarming la radicactivité des isatopes, thorium-230, radium-226, plomb-210, et
polonivm-210 pour les guatre matériaux, et thorium-232, radium-228, et thorium-228 pour FUTS-1
et 'UTS-2, dans le cadre d'un programme radioanaivtique auquel huit laberatcires ont particips, Les
valeurs recommandees pour les activités des isotopes et des paramétres associés ont éts caloulées
a l'aide d'une anzalyse statistique des données,

“Cherchaurs scientifigues, Lebararaivas des seionces mindrales, CANMET, Energla, Minps et Ressources Uhnnda, Otawg,

K14 0G1.
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INTRODUCTION

The preparation of compositional reference
materials from several uranium tailings samples, typical
of existing Canadian taillings sites, was intated under
the auspices of the MNational Uranium Tailings
Fessarch Program (INUTRP} in late 1282 (1), These
ware intended for use in quality-centrel functions for
both chemical and radiochemical analytical
measurements with the MNational Measurement Pro-
gram of NUTRP, The reference materials were also
to be made available through the Canadian Certified
Reference Materisls Project (CCEMP) for mare
genersl use by the analytical community.

CORMP currently offers many compositional
referance cres, concentratas, and refated products,
typical of Canadian deposits and not, in genaral,
available from other sources for use in analytical
lzaboratories associated with mining, metallurgy, and
the earth sciences [2). Among these are uranium ores
from Elliot Lake, Ontario, and Beaverlodge, Saskat-
chewan, of which four, DL-1a, DH-1z, BL-da and
BL-5, have been cartifiad for radium-228 activity (3).

This report descripes the preparation and
characterization of the four uranium tailings samples:
UTS-1, UTS-2, UTS-3 and UTS-4, The description of
thair nau. r, physical preparation, and estimation of
the consensus walues and related statistical
parameters for use as reference materials follows.

Thne resulis of the analytical program to
eslablish the concentration of total iron, titanium,
aluminum, calcium, barium, uranium, thorium, total
sulphur, sulchate, nickel and arsenic in the tallings
samples are presented in "Part A™ of this report.

The results of the radicanalytical program to
determine the activity of thorium-230, radium-228,
lead-210, and polonium for all four samples, and also
for UTS-1 and UTS-2, tharium- 232, radium-228 and
thorium-228, are presentad in "Part B",

NATURE AND PREPARATION

UTS1

The uranium tailings sampls for UTS-1 was
donated to NUTRP and CCRMP in Cctobar 1982 by
Madawaska Mines Limited located near Banoroft,
Ontario. The mine is in a belt of mata-gacbro and
amphibolite. The are is part of a zane of iregular
pegrratitic granite dykes, with metasomatic phases,
Uranium is present 25 uraninite and wranothorite with
minor uranaphana (4). The ore is comminuted to 50%
minus ¥4 gm and is leached at pH = 1.6 to 1.5 with

sulphuric asic and sodium chiorate under agitation with
comprassad air with a 24 h retention period, The mill
tallings slurry is treated with ime to pH = 9 before
disposal (5).

uTs-2

The tailings sample for UTS-2 was donated
by Rig Algom of Elliot Lake, Cntaric. The ora is a pab-
ble conglemerate, The pebbles are mainly guartz with
some chert. The matrix is & sericitic, feldsphathic
quartzite containing about 10% pyrite on a whole ora
basis (B). The comminuted ore is leached at 80-70°0
at a cencentration of 40 o/L sulphuric acid under agita-
tion with compressed air for approximatsly 40 h. The
mill tailings slurry is treated with limestons and lime
ta raize the pH to 10 before disposal 7).

UTs-3

The tailings sample for UTS-3 was donated
by Eldorada Nuclear Limited at Beaverlodge, Saskat-
chewan. The orebody consisis of complexes of
disseminations and satringers, lenses and veins of
pitchblende in reddish-brown mylonitized aligoclase
saturated witn dusty hamatite. Pitichblende is the sole
redicactive mineral present. Minor amounts of car-
banates and pyrites ocour along with the pitchblende
(8). The pyrites arg separated as a ccncentrate by
flatation at pH 10 (sodium carbonate) using isopropyl
xanthate. This concentrate is leached with 100 lbitan
[44 k1000 kgl of sulphuric acid and 2.5 Ib'tan (1.1
kgM000 ko) of sodium chlorate. The uranium is
preciptated with magnesium hydraxids and sent ta the
carbonate leaching circuit,

The slurry of flatation tailings and the above
precipitated uranium in 100 g/L dissclved carbonate
and sulphate salts is lsached for four days at 907 C,
Creidation of the uranium and residual sulphide
minerals is accomplished by sparging with 99.5%
oxygen. Tha mill tailings ara dispased of directly (2)

UTS-4

The tailings sample for UTS-4 was provid-
ed by the Extractive Metallurgy Laboratory of
CANMET which nad greviously prepared it from are
danated by, and using the recovery process of, Eldor
Mines (fermerly Gulf Minerals Canada Limited) a
Rabhbit Lake, Saskatchewan, The host rock far the
uranium mineralization is a silicecus dalomite that has
baen highly altered and fractured. The cre consists
of a high-grade zone of such mineralization in the cen-
tre of a brecciated zone, grading to low grade in the
lesser bracciated perimeter (10}, The comminuted ore
15 leached with sulphurie acid and sodium chlorate in
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sEVEN slages whereby pH and temperatura 2re chang
ed from 2528 and 30-34°C to 1.6-1.7 and
48-527C, respectively. The leacn retentan fime is ap-
prosimataly eight hours. The mill tailings are neutraliz-
ad with lime before disposzl (10),

The four uranium tailings samples were dried
at B0EC and dry-ground in Movember-December
1982 to pass a 104-um sieve. The powdered tailings
samples were each tumbled in one lotina 570-L con-
‘cal blengar for 15 h and bottled. Approximately 340
v of each of UTS-7. UTS-2 and UTS-3 wera bottled
in 200-g units. For UTS-4, approximately 7 34 kg were
Bottled in 100-g units. The four tallings samoles wara
found to be sufficiently homogeneous for uranium by
a neutron activation analylical technizus and for total
iron by an acid dissclution-atomic absorption spec-
trometric procadure to gualify as refarence matarials,
Rasults aof the confirmaticn of the homogeneity of
UTS-1, UT5-2, UTS-3 ana UTS-4 are reported in
Appandix A

The particle size analysis of the tailings
sampies is given in Takle 1,

Table 1 - Particle size analysis of uranium
tailings samples (wet screen)

Size ot JT5EA uts-2 urs.a UTS-4

fractior {gm) N -
Mags ¥

- + 04 (BN 0.03 00 <001
=104 + 74 478 40.49 a4 .H 19.7
- 74 4+ BE 176 18.6 15.5 13.1
- B + &7 | £.8 3.3 a.f
— a3 27.5 36.6 204 61,5

The concentration of the elements/consti-
tuents and the activity of the selected radioizotopes
in the uranium tailings samples were determined by
interlabaraiory programs involving eightesn and aight
lzberatories, respectively. All partcipants except one
for each program performed Lhe requasted analytical
wCrs under contract to CANMET with arrangements
mads by Supply and Sarvices Canads (Tables A-1 and
B-1).

ESTIMATION OF CONSENSUS
VALUES AND 95% CONFIDENCE
LIMITS

The: estimation of the consensus value and
related statistical parameters by the following pro-
cadure iz parformed only after auliving valuss are
removed. The criteria for remaoval '2 peculiar to cach
interlaboratory program and as sush iz discussed in
Parts A and B,

Aone-way analysis of variance techrique
was used to estimzate the consensus walug and its
variance. This approach considars the results of the
described certification program to be only one zampl-
ing out of a unversal 2et of results, The analtical datz
wers assumed to fic the maodal (11)

= ok vt

where i = the 1 result in set i

i = the true conzensus vaus,

the discrepancy betwean e mean of

Wi
tne results inoset i (700 end g, 2nd

i tha discrepancy between i and X

Itis essumed that Doth yi ang e are normally
distributed with means of zero and variances of wand
o2, respectively. The significance of w2 is detected
oy comparing the ratic of betwesn-set mean squaras
and within-set mean squarss with the F slatistic at the
25% confidence level ang with the sppropriats
dagreaes of fresdam,

The consensus vaiue of the assumaed macel
iz gatimated by the overall mean ¥ ...

k o
X.=LEE g Znj
P i

whare N = the numoer of results in el i ang
k = the rumber of sets,
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The valus of 72 is estimated by 542 which is given by Table 2 -~ Recommended values for
elements/constituents

k nj k ) ;
512 =1L L (g~ Yi-'azf inp =k Elament: LTS UT5-2 UTs-3 UTS-4
bl £ cansliluant = 3
mass %
The value of w2 i3 estimated by B _ )
Fa (tztal) 4.87 .20 3.25 267
1 k k K Ti .54 01E .23 =4
w2 = (322 — 512 - | Zm = £n®iEng Al g.24 2 .80 6.24
w1 | i i Ca 324 0,42 4.03 1.73
S (fotzh 1,00 3.24 023 1.80
whare zulpbula 2.564 .24 5.21
- / #a'g
552 = Enj (%) — %..)2 k=1 =
! ! paium 324 464 212 fi5
dranium 45 Gh 513 o
The wvariance of tha overall mean is given oy frzrium 138 | 0.0 15.4
HIRENIG 3

k K ®
wE.] =[ TnEit Zajp? we + .-'Eni) e
N i ER

Table 3 - Recommended activity values

and the 85% confidencs limits for ¥, ara for radioactive isotopes
- s FE UTS-- uTs-2 uTs.4 UTS-2
% £10.975, (k- 1} v VIR lsotope — - - -
Bq.".;
It shoulc be nated that 25% confidence Tn-2an 34 4.4 1.3 22z
Imits denate that if the intarlaboratory program were EE---_EEE :I'E;: JE 15.8 31:1.5
performed 100 times, it would be expected that the ;,E'j}g ETJ :';t‘ 1‘1'2 ffj':
A - 0 0 i ' = k. . 5 i wid
overall mean in 95 weuld fall within the prescribed T:??° aEA 0BG
limits. Fa- 228 0,88 1.0
The average within-set standard deviation, Th-228 .71 DRz

op, i3 8 maasure of the average within-bottle preci-
sicn as determined by the analytizal methods used.
The implication exists, theretare, that & laboratory us-
ing & method of average or better reproducibility
should obtain individual results for & given certified ele-
ment with a repeatabiity that is at least comparable
to the reportad valus of oa.

Tha consensus values for the elements/caon-
stituents and the radicactive isotopas are reported in
Tables 2 and 3 respectively and are given recom-
mended value status.
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CONFIRMATION OF HOMOGENEITY

The homogeneity of the uranium tailings
samples was confirmed by Chemex Laborataries Lld .,
Morth Vancouver, British Columbia, (Contract
1550.23440-2-9146) by analyzing far uranium and
total irar in three sepgrate sunsamales for each of 19
battles selected from a stock of 16855 hottles for
UTS-1, UTS-2 anzd UTS-2 and of 1280 aottles for
UTS-4. The siock of UTS-1 to UTS-3 was divided
nta 18 lats of 87 botllez anc a 1 9th ot of 89 nottles;
the stock of UTS-4 was divided into 18 lols of 87
botties and 2 18th lat of 74 bottles, In each case,
tha code number of the first bottle was sslected at
random out of the first lot, The coda numhers of the
remaining 18 bettles were given by the code number
of the preceding bottle plus the numzer of bottles in
gach of the first 18 lots,

Liranium wes datermined by an nstrumen-
tal neutran activation analytical technique. Total iron
was determined oy atomic absorption specirometry
after multi-acid sample decompasition. The results are
shown in Tables 4 ta 7.

A one-way analysis of variance techniques
Wwas usec to assess the homogensity (11} Herein,
the ratio of the batween-botile to within-bottle mean
square is compared with the F statistic at the 95%
level of probability. There was no statistical evidence
for ‘bettle-to-bettle inhomogensity with respeact to
uranium in all four tzilings samples or with respact to
iran far UTS-1 and UTS-2.

The iron results for UTS-3 and UTS-4 did
indicate some botle-to-boltle inhomogeneity. This
nowever does not imply that the inhomogeneity is
physically significant particularly in view of the con-
tradictory results observed for uranium, Moreover, &
datacted inhomogeneaity, statistical, chysical or both,
doas nol necessarily disqualify a candidate reference
material from its intended use provided that its
magnituds is acceptable in comparisan with the overall
uncertainty in the recommeandad value for the element
of interest. Tha batwean-bottle standard desviation for
iron in UTS-3 and UTS-4 was caloulated to ba 0.028
and 0.015% for the overall meanzs of 3,12 and 2.60%
Fe, respectively, The detected inhomagenaity
tharefare givas rise to relative uncertainties of 083
and ©0.88% for UT3-3 and UTS-4, wvalues which
CCRMP concluded would be acceptanle in com-
parson with the between-laboratary relative uncertain:
ty expected from the resulls of the interlaboratary
progrem. Tha latier can be calgulated to be 0.089 anc
0.073% Fe for UTS-3 and UTS-4, L.e., the relative
certainty is 2.74 and 2.78%, respectively, thereby
demonstrating UTS-3 and UTS-4 to be sufficiently
homogeneous for vae g5 reference materias
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Table 4a - Confirmation of homogeneity Table 4b - Confirmation of homogeneity
of UTS-1 for uranium of UTS-1 for total iron
Uranium fug'g) Total iron {%)
Softe Mo, Inividual [LEE Bottle Mo, ‘rcivic Jal Mear
40 54 a3 28 51.7 40 475 4.74 463 27T
127 AT 40 £1 480 127 4,23 1.75 £ .55 L340
214 51 44 50 50.0 214 A B0 4,60 4. 76 L2743
301 53 52 1w 517 301 4.83 4.62 4.BE £482
aRa 44 40 AH 487 386 4.81 4.75 473 LT
475 co 40 5 1 507 475 4.77 476 476 ]
51vs] G 50 54 51.3 LES 483 4.63 477 A.81
G458 B 48 tg 45.0 349 4:78 A 55 4 .52 L
Tau EQ 44 51 R0 Fa6G A BE 4 .81 4. 76 .81
B2 44 49 &7 465 az23 477 4,83 4.81 a0
210 52 ALl 45 50.0 RN 4. 84 4.B6 4,68 £ BE
ca7 c 48 a8 45,3 297 283 4.62 482 £ 83
1CE4 /o 49 45 487 1084 474 4.940 4.80 LHE
1171 A8 43 1=} 45.3 1971 475 4,77 4.65 Rals
1258 48 44 B d8.7 1238 £ BE 4.61 457 4,87
1245 &1 21 43 0.2 1345 4. 82 4,50 d.E1 4.8
1432 50 =i E3 R1.0 1£32 4.7 4.77 4.7T6B 4.78
1519 L BE] &7 B 40.0 1519 2 B0 d.7H 4 66 .82
1606 g aT 49 48,0 1EC6H 4.83 4.51 4.87 £.84
Crearal mean = 42,5 Cverall mean = 4.81
Analysis of variance table for uranium Analysis of variance table for total iron
Scurce of Degrass of hhcan Source of Deaqgrees of hlean
varaton freadam BB variatcn reedam Snuane
Satweer botlles 158 3.555 Batwaan bothas ig B4R ® 104
Within botes jeia) 3R Withia bottles a8 |.861 % 03
Fotal 58 Total EH
Calculassd F stalislic = 0,985 Calnulater F statizlc = 1,421
F 85 (16,54) 2 |.8a83 F.45 [18,38!) a 1,853
il hyoothesis of no dilfererce oetween hottles is accepted for Mull hypethesis of pa differenca betewaon botles is accapted fariran
uranum — C -
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Table 5a - Confirmation of homogeneity Table 5b - Confirmation of homogeneity
of UTS-2 for uranium of UTS-2 for total iron
Uranium [pa5) Total iror (%)
Eotila Ko Inclivichua! Mearn Bottla Mo lrndiviclua! Miean
Te 53 54 ah 54,0 T2 305 3,04 314 3.08
155 H2 53 1] 53.7 163 3.08 3.07 315 3.10
7ag 50 a7 54 56,0 244 305 3z 305 3.0
aaa 4 56 5L 55.0 333 307 a.00 a.14 3140
420 =] 55 BS 55.0 420 311 3.08 3.01 5.07
a0y 6y BT S4 58.0 BOT7 3.04 3.08 3.08 308
594 6 &7 35 5a.0 534 3.04 308 3.08 304
B 1) HE oo 949.3 G5 3.03 318 .05 3.07
TES S4 3G =14 53.3 TBE 304 3,08 3.08 3.07
a1 55 a3 ar g34.7 BEE 3.08 3,03 3.04 306
242 57 57 a5 46.3 47 310 3.13 alg 3.14
10&2 44 o G G85.7 10ze 218 3,15 .12 3.4
1116 aa G4 5 54.7 1118 3:11 3.10 3,04 3.08
1203 G4 af e 54.7 1203 310 312 3.11 211
12490 54 55 =¥ 55.3 1730 3.05 316 3.07 3.08
1377 af 55 5 5.7 1377 3.18 3.07 314 311
1464 54 57 6 55T 1464 3.08 .07 3140 3.0a
1851 (k151 55 = 56.0 1551 a.08 3.13 .07 3.08
1638 B& B3 4 54.3 1836 a.07 3.0 3.08 3.08
Cwergl mean = 55.2 Cverzll mean = 3,08
Analysis of variance table for uranium Analysis of variance table for total iron
Source o Degrees of Mean Souros of Dagreas ol Mzan
variaton freedom BLLEFE ariaton fresdom sOLAre
Between bottos 18 1.582 Betwoon botflas 18 T.BBA ¥ 03
Within bottlss 35 2388 Withir botilas 38 1.348 % 103
Torl o€ Total 58
Calcuiatad F slatistic = 0. GERA Calowiated F statistic = 1400
F.25 (18.38) = 1.883 F.85 {18, 38) = 1.8a3

Ml hypathaziz of mo differerce cetween bottles is accepted for Mull hypothesis of no dfersncs oetwoen bottas s accented tar iroa
usaniunm it BRTERn :
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Table 6a - Confirmation of homogeneity
of UTS-3 for uranium

10

Table &b - Confirmation of homogeneity
of UTS-3 for total iron

Lirarium %)

Gotte Mo, I vidaa Mesn EBotrlc Mz,
3 0513 OE15 LolE 44 315
130 0617 NG .ngz22 130 3.5¢
“4r s 0554 Ral-Tald] 05308 217 316
and 0821 048k Relstaln 304 sor
31 Ganf¥ L0aa1 0518 321 3.13
475 ahe G518 057 474 110
ik iR Lai 0511 SB35 3,06
652 Ll 0521 0atT aa2 3.00
Fas 817 810 oal? 73 3.20
826 0517 .00z CH0G a2e 515
013 a5i1 DE1E G515 913 313
TR00 DEQR DE1E L% [ 1000 J.19
10ar LOE0a OEGA MEAIN 1087 4,08
1174 0517 Q510 D813 1174 3.ca
1261 LE1E el 0518 1261 3110
1345 10531 513 0578 1348 i1z
1435 0513 L2z catg 1435 314
1822 0513 .44y .anz TEZE o i B
1E05 517 AERERG .0B20 1609 d.13
Cwerall maan = (0613
Analysis of variance table for uranium Analysis of
Sovrce of Degraes of MesaEn Source of
waratiar fraaiom sijLEre aratinn
Betwasn boltles 14a 1017 = 1978 Gotween botilas
Within ootiles aa £.628 x 107 Within bottlos
Total L Tao!
Crloulgted Foatatishiz = 1. 8685 Celoulzted F ostatistic =
F.g5 78 54 = 1.883 F.55 [18.38; -

Mull Fypochesiz of no gifferance betwacn collles 5 acceptad 1o-

LIFECiurm

Totzl iren. %,

Inativiciual Mern
317 315 347
315 ifl 315
S0 343 313
310 Sud 505
a.o7 314 2.1
3045 313 4.049
.05 Joa 3.06
3.08 306 305
320 F.4 3158
.11 3.0 314
it 3.15 3.4
3.15 310 14
316 3.1« 31z
a1 d.14 3
305 3.10 5303
314 576 318
3.07 210 3.0
d.10 313 .14
310 310 d.11

Owvarzll maan = 3 72

variance fable for total iron

Deress ol

"
frescom

(=3

348
J.oEd
1.823

fear

Souars
2860 x 10-32
D.E4E X ogn-d

ML hypotnesiz of no d Merance oetween oofies iz rejestad for inon
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Table 7a - Confirmation of homogeneity
of UTS-4 for uranium

raniam 1)

IeEn

Battle Mo, Indivicuzl

51 4078 ACTG 05T 4071
114 AaaT JGES 10546 081
187 AJBS .1CE9 AGrE 071
2585 1063 10645 04 087
323 A0S 1054 10ES 044
am 10828 1055 1048 A053
459 080 13080 a7y OBE
52¥ 1082 066 HOT8 Jdora
505 1060 1082 .iues CIOEG
GEI I REn A0TE L1036 s
731 1078 e A DBE elar]
Foo 1087y 045 N ot 1059
B&T 045 AQED 1063 1056
a3s 064 T0ER 1058 T 0EE
1003 063 072 058 064
1071 1075 V1651 1078 A 088
11349 070 .1CE9 A0ES 068
1207 1071 0GR 1065 Closs
1275 062 .1059 Aioa3 Q55
Owearall moan = 1055

Analysis of variance table for uranium

Souce of Dagraes of Mesn
vasdatan reedarr 0LErS
Betwssn oobtlas 6 1772 % 1068
Within battlas 38 1,250 % 10~E
Total 56
Caloulated = statistic = 1.478
F.99 [1d,:38) = 1.883

MUl hypothesis of Ao difference botween bottles is accepted for
Lrgnium

Table 7b - Confirmation of homogeneity
of UT5-4 for total iron

Total Iron %)

Bottle Ma, [ned viduzl tean
al 2.64 2.61 263 263
118 2.63 261 2.58 287
187 262 262 2.60 2.E1
255 2.87 2,88 2,80 2.E9
323 2,48 2:5 2.85 2.57
381 2,85 280 .48 2.54
458 .58 2.585 2.E3 387
B27 2.58 2.a7 2.53 2.54
535 2548 2.58 2.80 2,58
653 2.89 .61 2.62 2.81
T3l 2,449 261 2.84 281
o3 263 281 2.61 2.62
BE7 2.8 2.82 2.60 267
Bas 2488 2,80 2.55 Z.81
103 255 280 287 2.58
1071 2E3 2,61 Z&E 2.81
1139 2.81 263 2.3 282
1207 261 2.85 2.a3 2.549
1275 2.61 2.61 2.684 2.62

[a}]
]

Owarall mean = 2

Analysis of variance table for total iron

Source of Cegrass of Maan
_variaten freadom aouae
Ratwzan botias 18 1.040 x 10~=32
Wwithin biottes aa 3497 X o=t
Talal a6
Caloulatad F oatalistic = 2820
F.95 {158.38) = 1.884

Full hypothasts of no difference bobweon oottlas is rejacstad fariren
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