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', et al. (4)

S ‘i-;’method for th‘e quantxtatlve mea.surement of orgamc specxes, mmeral constxtnents,'. SR

Near—mfrared dlffuse reﬂecta.nce (NIR—DR) analys:s ha.s become ‘an acceptedj""

","'_.,and mmsture m a vanety of sohd substrates (1 2) The analysls m rapld non—’-;;,

L -_._V"‘destructwe n nature, and m many 1nsta.nces reqmres httle Or no snmple preparatron o -: ;
T A rna_]or reason for th,e succe&s of the techmque 1s thnt advances made in xnstru- :'i'-':'; _.'.;_";i
A fmentatlon a.nd software permxt mrnulta;neous multl-component deterrmnat:ons to? B

:b$ performed on'a sxngle sample Comprebens:ve revxews of the technology, along e

o Bt mth surveys of the vanous a.pphcatlons, q.re presented by McDona.ld (3) and Stark K

LT

In NIR dxﬁ'use reﬂectanc:e ana.lysxs, radxatlon from a.n mca.ndescent source is. dx- By

a5y rected onto the Sa.mple where it penetrafes the surface oi thé matena.l for a short'.'vu D

' »".'dlsta.nce a.nd scatters as it encounters ra.ndomly onented partxcle bounda.nes Re-

L dratlon that is ultlmately reﬁected back from the sa.rnple is collected over 8 Wlde.‘.-{:{

' v'range of angles and passed to a detector As 1llustrated in Flgure 1 the mtensxty' ;.:,',.:- "

;' '.‘-of the reﬂected hght wrll be d.lmimshed m relatxon to t‘hat of the mcxdent ra.dlatlon ;.:_ ;
ﬁ‘hns wxll depend on the eﬁ'ectlve thxckness of the path wnthm the snmple, a functton

- T =of the penetra.txon depth a.nd number of scattenng events whrch can occur. Some S

S -of the xnadent hght may also be absorbed upon excrtmg the vnbrg.tnona.l m‘bdes of

B "_Amolecules present m the sa.mple matnx

g The tradrtronal a.pproach to the ana.lysxs of dlﬁ'u!e reﬂecta.nce spectrn is based on )
; " _.the theory oi Kubelka. a.nd Munk (5) The theory takes xnto account that ra.dla.txon/

s both absorbed by the specxes of xnterest and scattered by non—abwrbmg partlcleu_

s ‘ ’:conta.med mthm a sample The Kubelkn—Munk equatxon mby be wntten u
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o v _"‘coeﬁi;:xent and s rs a scattenng coefﬁcxent The Kubelka—-Munk 'thepry predtcts_
o a hnear rclatxonshrp between the molar absorptron coefﬁcxent and the peak value

o e ’,of ores fed xo an orl sand extractron ‘:vplant is- based on theoe pnncxples.).Although the ,

o .':;:' i i spectra. by the functxon Log(l/ R) |

o -vv_o{ _f(R) for each absorbance band provxded that the scattermg coeﬂ'icrent remaxns}-::'.

B constant

For relatrvely dxlute samples, the molar absorptxon coeﬂicwnt can be rel&ted to f~’"-"-‘;‘--

o the concentratlon of the absorbmg specxes through the expreseron'

: ,'.‘_'where_-.e.is'__the: i.rﬁolar_'absorpt_igdty:"and-.c"'r's,_,the..fx_'nol,a‘? é?tilt"entrfation,_ (6) Therefore S

2R

where lc o

f(R) 2 303e

-’~‘:L:- L

- _Tlms, the dnffuse reﬂectance spectrum, f (R), of a sample dlspersed in ﬁncly pow.; e

o

| B dered KBr, for example, rmght be expéctorl to be smular to the abs‘ bance spectrum-;-

L v,of the sample prepared and ana.lyzed as a KBr dlsc (7)

R‘thef than usmg tele Kubelka.-Munk theory, most prv, in: the ﬁeld of e

L near—mfra.red drﬁ'use reﬁectance analysis relate the xnte"“ ; of reﬂected radxatlon Y

;the mverse of the reﬂectance prov:des a

- :dnrectly relpted to concentratlon

.f‘._.';:. A LA o

Log R

= "'I‘he anht aad anht orl sand momtor (8) use ,}to estxmste the‘tumen content




. :.the contra.st between basehne and absorbance pﬂl‘ks e

g "cally remove samples from the core barrel subsample, and homogemze the ma.term.l"

-pnor to annlytxcal mspectxon R _:4-» ..;p-_ .

B

.°,.

The wavelength reglon of mterest for NIR—DR work typnc::.lly spa.ns the range-:..:';:
' ‘f 1000-2500 nm Absorptnons at these wavelengths are rel&ttvely wea.k smceﬁley'f
o compnse overtories or combxna.trons of fundamental bands from the 1md—1nfra.red - E
S -'T‘As a: consequepce, mstrumentatlon requxrements are moi'e strmgent than those for“.
3most other routme spectroscop:c mea.surements Jﬂxgh slgna.l to no;se ratxos rnust"‘._;,

.” be aSsured by grvmg specla.l cons:deratxon to fa.ctors such a.s source stabxhty, optr-
- ca.l deslg‘n, sa.mple regrstratxon, and detector sensntwrty Unfortunately, structural, _‘
s v,-l—mformatron that can be deduced from spectra obtamed in the nnd-mfra.red regron
,. ‘|s often obscured in‘the near-lnfrared due to tlre multlpllcrty a.nd oVerla.p of hrgher":.‘;ﬁ
) ; frequency overtone ba.nds Further:, specular reﬁectlon (glare from the sa.mple sur-._.: _' 1

' ,'g‘-fs,ce) a.nd the eﬂ'ects of: partrcle size, sample packmg, a.nd surface 1rregula.nt1es can”v .

) 'h‘.‘..have a. substantra.l Jmpact on- both the overall mtenslty qf reﬁected radxatlon and L

B '-f':mg a ca.hbratron curve developed iby correlatmg detector response at a number of
& _. N selected wavelengths to known composmons for a senes of stand&rd samples, Tlns«.n_' o
: '_'j,-senes of standnrds is commonly teferred to a.s the traxmng set It 18 essentna.l that .{ o
‘the mean pa.rtlcle dlameter, psrtlcle slze dlstrrbutron, a.nd other {actors govermng»f.'_l::f T

‘?-reﬂectance be consxstently reproduced from sample to sa.rnple The use of. multr- e
: vmate regress;on techmques a.nd sophxstrca.ted a.lgonthms ths.t correct for ba.selme«"'.':_" :‘_:,‘
B anomolles, extract and reconstruct compqnent spectrn from complex mlxtures, and .‘

: ;optxmize the number of wﬁelength readmgs requlred for a robust s.nd unbr&sedl’"_i;‘

s V'estlmate for the concentrstron of ea.chrconstxtuent m the sample serve to enha.nce‘:. :

‘ L ._the versatrhty of the method (9—15) B S i B

Near-mgru‘ed dxﬁ'use reﬁectance ana.lysrs has potentxal for prowdmg a qmck and s
“jcomprehemnve charactenzatlon of orl sand samples The method 'Would seem espe-f L
.cxally suited *the ana.lysxs of core The sla.bbed fa.ce of a. core could prdsent an ‘_" |
. -_1desl surface for dlﬁ'use reﬂectance mcasurements, rehnqtushmg the need to phy“,, s

= \

To a.llevxste these apparent shortcommgs, qua.ntltatlve §nalysxs is performed us-.:,; Y




: e Determme whether heterogenelty of the deposlt can be modelled in terms of B

fra.cta.l dunenslon and to augment current samphng theory xn a.ccordance

Sa.mphng equa.tlons developed to establxsh the slze and number of sa.mple mcrements

‘ reqmred so as not’ to exceed a predetermmed level of uncerta.mty when samplms bulk "._-;"‘-;- |
wil h matenalsf‘_.'-:_;',




Ind persrstence of vsns.bxhty in : ’.f bxtumen content of feed to an extractxon plant.f"-:"_

- : vnll yxeld xnslght a.s to the v1a.b1h: ' of proposed process control strategles

e

The core examlned over the -durse. of tlus stndy is from the Athabasca orl sp.pd_:‘" - ‘."j'_:f.:i

deposrt in a reglon of the Syncr de Canada Ltd m.me area known as’ Lease 22,‘ -
(Core ID 22—38—60—-0—0) "The ap' oxlmate 10catlon of the site (16 17 3 1s mchcated in o
Fxgure 2 The core was orlgmallf arllled& and analyzed 1n 1985 ssay data obtmned.'v' S

on sampte mcrements snzed to repllesent the vanous geologlcal st\ata a.re summanzed L

m Ts.ble I fT hls data Was provrded to the Energy Resources Conservatlon Board :

\/ i Provmce of Albeata, in‘ comphance mth Synctude s hcensrng agreement The core-i'i’

_ was processed and g,na.lyzed accordmg to the procedures outhned an (18)

‘! The slabbed_and V—notched sectxon made avallable for more: detaxled analysls..:"'..gv_f_'.

has heen stored under anrblent condrtlons’ for a cohsfﬂ/erable tlm ) Exposure to '

:-,_ the atmosphere has resulted __gn complete dehydratlon of the maten ]

Tlus‘ls not

however, consxdered a drsad\tantage The condltxon is. sctually favorable in that we..,'_ o

f' need not contend thh changes in: the posxtlon of the basehne '

the NIR ’B‘sorba.nce spectra due”to the presence of a,strong free water', eak

ther features of. A

ﬂ ;ﬁ .' S S \ T R

Geolpglcal lnspectlon mdxcates that the core tra.nsects 01l ssnds from a varlety;»;--_ |

of deposltlona.l envn'onments As 1llustrta,te—d~r i’ Fxgure 3 gra.des mthm the ore zone S

| rsnge from 1% t° 15% by We!sht b}tumen on an anhydrous basrs ?‘here isa pa.ttern

RN be followed by an ore of compsrable or lower grade There are drscontmmtxes m-‘!“ -
% ,thls trend however as evxdenced by the dra.rna.tlc shxft towa.rds lugh bntumen content “’ Eo

; mstemal The onglnal pattern showxng a.n mverse correlatlor between gtade a.nd
RS depth is, then repeated e kR :' S e , SRS A
e S . \ . St ( =

“to the down-ﬁe vnna.txon in grade whxch appears to beaof a cychc nature: The dsta; ‘
) ‘evea.ls that af one wer}e to take s senes of samples at regulsrly spaced mtervals in - " e
"he vertlca.l dJrectxon, the orl sand at’ any gwen depth xn the reserve mll most hkelyl D

The thrust of thxs resea.rch eﬁ'ort is to see 1f thls structure m the gra.de proﬁle ; e

SR ensts at a much hlgher spatxal riesolutxon If 30, 1t msy be possrble to charactertze‘

the reserve in terms of bltumen content and va.nablhty by Cxammmg only a sm a.lI R
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Table I Compomhonal da.ta for samples obtamed from core hole 22- 38—60 0 0 0 .

as reported to the Energy Resources Conservatxon Board Provmce of Alberta
K * DEPTH

.  ANHYDROUS
" INTERVAL

BITUMEN = WATER -SOLIDS = .-

<7 (metees)

(Wt %)

(%)

1 03-49.8
. 49.8-511
511 - 524
i 52.4-53.0 M
- 53.0-54:1 ¢

| 54.1- 554
55,6~ 58.2

'582 61.0 -
’mo -62.8

62.8-652 - -
5.2 - 67.7 .
87.7-70.0"
70.0 - 72.9
©72.9-176.2
76.2-11.7

71.7-178.0
78,0~ - 79.9
79.9 - 814

T 81.4-829-
1 829-850
- 85.0,~ 86:4
au 87.2
87.2-888

| 88.8-90.4
| - 90.7

90.7T-933
93.3-96.3 -

96.3-99.4
() 99.4- 101.0

,101.0-103.9
103.9 - 107.0

107. 0 108,5

"‘1035-1093‘-

109.3 ~ 109.6
109.6- 114.0

. 114.0- 119.2

Anhydrou: %Bttumen ==

-*14.1 v
144
13.8
3.7

14.9

135

10.8

‘Mmg Core

: 3.8
ang Core -

ngs'rorgs

R N

Csea L
o1

&1
ce33

- 83.0 -

© . 83.1

82T
.. 820.
840
81.8
.82
. 80.7
. 80.0
941

- 82.0

18

3 8'2_.6'f" o
.. 818 ¢

- 802
.83.9

829

- 86.0

833
81.9
824,
o83
- 87.8
1839
. 83.9.
853

-4

v .

89.2 -

" (100)(%Bitumen) -

6.4

18
" 3.2

CBITUMEN oy
W %)

*6.'3-' S
1337
83

Came,

‘14.8 .
1. 9
12. l
128

6.5

BT
e

4.7
14 7

149 2

142

151

L 138
1.2

T4

100 - %Water = %Sohdc
-/ v

'«4.’0 L

.

109
12,0

. “11515
IR X SR
134 ,

.;/v R
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Fl‘l‘e 3 Va.nability in the bxtumen »content of samples {rom core hole
22—38-60—0-—0-0 as a. functxon of dcpth thhm the deposnt




B T
o e '.pb'rt'ion of the core.’ RésultS‘:;wil'l permit one to éstéblish"a 'ﬁioté:éiﬁdiént sampling.
. protocol for évz;;luafihg'-,'bil sand.grades. B | o

O



o the sample To be absorbed hght must penetrate the surface of. the sample a short "

- ,. 'dsstance and transfer energy to molecular bonds The energy is transferred when

© - brations.. The: {requencles of these V|bratlons are specxﬁc to the: molecular structure Sl

-

2 PRELIMINARY EVALUATION OF NIR—-DR TECHNIQUES
. : FOR OIL SAND ANALYSIS

R

Near—mfrared dsfl’use reﬁectance analys:s is- predlcated on the fact that the chem- S
. 1cal composxtlon of & a substance can be deternnned m relatxon to the amount of hght.':_. : B
S absorbed at various dlscrete wavelengths When radxat:on stnkes 2 sample of opaquev’v :
i 'rﬁatenal some of the. energy is. absorbed and some is reﬂected The fractnon of hght_:.":.j“ i

' N absorbed varles w1th wavelength accordxng to the physxcal and chermcal structure ol‘ .

“.. the {requency of the 1nc1dent radxatlon is the same as ‘the frequency of molecular vi- L

‘_ol' the materral and thus absorpl[on is charactenstnc of the chemlcal attnbutes of'__-j o

s the substance Absorptxon of neaf—m{rared hght occurs because of mteractxon thh' g

o N strong chenncal bonds between hght atoms. If the chermcal bonds were Weak . _

ot the atoms heavy, the Vlbratlonal ﬁ‘cquency Would be too low l'or overtones to

7 in the bondxng scheme wluch caésses hsall changes in the posmon of fundamental,jf L

@'

overtone and tbmbmatlon frequenc1es of these wbratlons

The v1bratlonal overtones in the near—mfrared onglnate thh wbratxons mvolv-‘:"“ :

be seen in the near-—mfrared The result of tlus is that we see’ prnmanly chenncs.l S
: _bonds contarmng hydrogen attached to atoms such as mtrogen, oxygen, and carbon e
'These weak overtone vxbratxonal bands are: xnﬁuenc.ed more by their envnronment»‘_[".ﬁ_ o

" 'thasl are the iundamental modes of tge same vxbratlons Thus a shght perturbatlon SR

a bands can lead to drasﬁcally large shxfts in’ the near—mfrared Thns results in an‘. v"_;

unexpectedly sensxtlve response to alteratxons m the molecular envn'onment

The sensntmty of near-mirared spectroscopxc techmques for elucxdatxng the " :

; 'chermcal composltlon of materlals has been known forf many years It is only thh

tl‘.developmeut of hlgh speed optxcs and paweriul mexpenswe nncrm’:omputers o
that NIR-DR fnalysls has become a practxcal tool %}s the more tradltlonal ap-. -

‘J,

A analysxm it wss tedlous to dec er the brosd overlappmg bands




vxde the correlatrons between spectral features and composltlon are responsxble for e

Ve m—

: the recent success of NIR—DR methods T S R '

.-

In thxs sectxon, we dlscuss some prehrmnary work undertaken to examme the

apphcatlon of NIR—DR analysrs for evaluatmg the composxtnon of oxl sand samples ; o

1Spectral features charactenstxc of the components present m the matenal and the’V

o _.‘.sxmple relatronslups between absorbance and brtumen content are descrrbed The .

'-detarled analysxs o?‘orl sand samples contamed wrtlun a length of core usmg more

o 'sophlstrcated calrbratlon procedures is dealt thh m a future chapter

Explorat.ory studws desrgned to. assess the utxhty of NIR—-DR analysrs for 011,

' vwater, solids assay deterrmnatlon and for the detectron of clay mmerals in il sand."" L

V' 'samples were ‘first pursued by Dougan (19) Results were. based in- large part on'._ib. "_'f“

spectra obtamed at Purdue Umverslty (Labofatory for Apphcatrons of Remote Sens- -
mg) on samples subm1tted from a vanety of sources wrtl'un the Athabasca deposrt B
‘ Fmdmgs mdlcated that ' ' ‘ .

RY

w———

. Spectral features charactenstlc of the 1nd1v1dual brtumen, _water, and clay

o constntuents can be seen m the spectra of an orl sand

_'_ . . . - ' . v-.

AT

. Reasonable correlatlons aPpear to exlst between bltumen content and mea-'

sures of absorbance peak helght at several wavelengths -

Ca .
¢

e . Subtle dmcrepancres in baselme curvature and band mtensxtles among onl sand

: e samples of srmrlar composrtlon may be ascnbed to dlﬁ'erences in deposxtlonal S e

ennronment PR R ey

’ The latter result is very srgmﬁcant in that criterla can perhaps be establlshed (based__ o

} _on pecuhantles in the spectral patterns) for categonzxng ores with respect to ongm -

B () also demonstrates the need to classrfy samples before mterpretmg near—m‘frared |

reﬂectance data. Separate cahbratxon curves relatmg absorbances to component o

- '..concentratlons would be reqmred for estuarme and mapne type ores. " G T

More recent study regardmg the apphcatlon of NIR—-DR techmques for oil sand,"" e

05?

e



S _' | '_peaks at 2285 nm and 2330 nm and theother wlth peaks at 172.5 nm and 1760 nm

R ._analysrs has been-conducted and 1s reported here Results obtamed usmgﬂ \ Nxcolet .
:' _77199 FT—IR and Cary 17 UV—VIS—N IR spectrophotometer, each especxally adapted

"for d}ﬂ'use reflectauce work are descnbed Data generated were mtended to augment

. prevxous ﬁndmgs, thereby further estabhshmg the utrhty oi' the procedure
S 2. 1 Studles Wlth a Nlcolet 7199 FT—IR Spectrophotometer S

| icompartment of the spectroph6t" meter The optlcal system and relatrve posxtronmgi}(.-'

crahzed chﬁuse reﬁectance attachment was mounted xn the open sample_ A

of the sample w1tlun the devrce is schematacally 111ustrated m F\gure 4. The sample_f.-':_f“ '_

'holder, a slrallow cup appronmately 5 cm in dxameter by 0 2 crn deep, 1s threadedf'

}.;T mto a gurde base and can be moved up or down by rotat:on Upon ensurmg properu;. L

reglstratxon of the gmde base thhm the d:ffuse reﬂectance attachment the sample’ﬁt;_: | _- .

cup was turned to posttxon it such that detector sxgnal to nolse ratlo was maxnmzed

Iucxdent radxatxon was prowded {rom a tungsten source wrth the dxﬁ'use reﬂected .3 o
. ?hght measured usmg a lead sulfide. detector Wavelengths scanned covered thc reglon
.»1200-2550 nm (3920——8330 c‘rn") Instrumental resolutxon was a normnal 16 cm” i

- "All spectra were recorded in absorbance mode ﬁsmg a total of 50 scans Spectra.

o w&e ratloed agamst a background response obtpmed w:th powdered KBr o

7 Component spectra. obtamed for bntumen, water, quartz, and a vanety of clays .
v_are shown in Frgures 5 and 6 Specrﬁc features of each spectrum and tentatwe

‘band assxgnments based on the mformatron presented in (20 21) are summansed m ' ° “
. Table H : ‘_ : | , : _ - 1 L

0

The brtm‘nen spectrum shows two drstxnctxve sets of doublets, one wtth major

S These absorbances, a:long wrth the mhch weaker bands at 2400 um and 2460 nm, can
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Figure 4. NIR dxﬂ'use rgﬂecta.nce atta.chment for Nlcolet 7199 FT—IR !pectropho— i
tometer. The devxce :s mounted in the samplc compartment o[ the mstrument &
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R m the regron around 2200 nm’ wluch tends to be dxagnostrc of alummum—beanng-_f_*-‘»:‘

. - '.sxgmﬁcant absorbance bands in the near-mfrared

i

; to a contammatxon by clay, most probdf»ly kaolnute

. The dxﬂ'use reﬂectance spectrum for water mdlcates two s’tron&absorbance peaks e
A _‘at 1440 nm and 1935 nm These bands- re'presentmg combmatlons of fundamental} )
. ! 'Vlbrations assomated mth £ree water molecules, are also seen in the spectra obtamed. L

,_’for Lllrte, kaohmte, and montmonllomte The latter spectra also shoma major band\ o

clays It is. apparent from the spectrum ob‘red for quartz that slhca has no | g
Dlﬂ'erences in. the spectral patterns for the vanous clays appear to be slgmﬁcant e
' In the spectrum ol' kaohmte, l'or example, peak,s centered at 1440 nm and 2200 nm e
are resolved as doublets Only smgle peaks at. tlxese wavelengths are ob@rved for S
illite and montmonllomte One can, speculate that the splrttmg of the 1440 nm--' '

_absorbance band may be mdlcatlve of dxfferences m cor pling. between the vxbra- —

B v.tlm“"l frequencres °f free hygroscoplc water and those assocxated mth the water,t S

- of hydratron In contrast vnth tb spectrum for montmonllomte, the free water )
‘. 'absorbance at 1935 nm for kaollmte and 1lhte are relat;vely weak Further, 1lhte

o ‘exlublts a progresswe mcrease in absorbance (dummshmg ;&ectance) towards. the. :

shorter. wavelengths ina ‘manner. very slmxlar to that of bxtumen A completely' v

opposlte trend 1s evxdent in the spectra for other types of clay..

, The near-mfrared dxﬁuse reﬂectance spectra for a fresh and dehydrated sample_'-_ .4 |
| ":‘of high grade oil Sand (approxnnately 13% bxtumen cor;tent) are, shown 1n Flgure 7 | »
Many of the slgmﬁcant features of the mdrvrdu*component spectra appear to be e
/present The free ws,ter absorbance band sntuated at: 1935 nm 1s clearly absentj'.i |
= in the \spectrum for the dehydrated sample Iti is mterestmg, to note that overall i
 reflectivity is’ aﬁ'ected‘by the waté‘F content of the matenal Morsture in the fresh od B
g ..sand‘sample contnbutes to an xncrease 1n absorbance readmgs at all wavelengths,"-_ g .
e presumably due to xnternal reﬁectnons w1tlnn tlun ﬁlms of water To elmunate’_f_"" o
' uncertamtnes in: absorbance measurements, all subsequent spectra herem dxscussed :
- _have been obtamed usmg aged OIl sand sarnples whlch have dned upon exposure to/
o :‘,the atmosphege Samples were grOuud tp a ﬁne powder uslng a mortar and pestle : :'ﬂ'” -

A 5
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anure 8 presents sample spectra obt" ;ned for nch medmm, snd low grade oxl-l

sands The reductxon in, the pea.k helghts of the major hltumcn absorbance bands ... ._: |
(relstrVe to an 1mposed ba.sehne) wrth decreasmg oil- saturatron 1s ev1dcnt Note IR
thst the sbsorbance sca.les for these spectra. have been oﬁ'set for the Pllrposes of' R

S

o

Suhﬂe_dlﬁ'erences in the spectra.l patterns a.mong ores of marme a.nd estuarme j. . o
: ongm can -be seen in- the NIR dxﬁ'use reﬁectance spectra presented in- Fxgure 9 - ;
| Alt,hough the two ssmples of oil ssnd depxcted here ‘are compsrahle m terms o{ i
-bulk composxtlon (sppronmstely 13% bxtumen content), the tota.l amount of hght S
reﬁected from the manne sa.mple is. marked.ly less ths.n that from the estuanne %
L matenal Further, the trsce for the marme ore tends to hm)e a shallower slope at‘-i; SR
- short ws.velengths, leadmg e Iess pronounced curvature xq, the spectrum towsrds L .
“the lngher wsvelength reglon The ratlo of the absolute sbsorbance at 1200 nm‘_'-"‘.“f,:.-‘_'-" .'
to ‘tlra.t of th tumen peak st 2295 nm is nea.r umty for the estuanne orev.ndj‘ s
SOmewhet grester for the marme ore. Concenmbly, these tra.xts can be used to .

estsblxsh 3 drsc @snt functxod that a.llows one to dxstmgulsh oxl sands w1th respeFtF. -7 .

to deposxtlona.l envxronment S ,.e. "' L

C et

} The reproduabxhty of dxffuse reﬁecta.nce measurements can ‘be stfected by the_j.‘_
_ " o nsture of the sa.mple sur{qce presented for analysns. Replicate spectrai&c&rded for
o '- a ssmple of oil sand under various conchtxons of surfsce preps.rs.tlon are shown m'. L
Fxgure 10. “The ongmal surfsce is that obtsmed b)’ placmg the powdered matenal - -
“into the ssmple cup mthout compactnon The surface was levelled by scmdlng

~the seumle wrth a strmght edge. hlade ~The spectrum for the ssrnple generated'v'_f’ _-

sfter—psclung t)le mstenal mto the sample cup (by tampmg thh a spg,tula) shows
‘a general decres.se in sbsolgae reﬂectsnce over. much of the wavelength range. At_ ‘

ﬁrst gls.uce, thls would not constxtute a senous problem since qusutxtatnre sna]ysxs is.

concerned thh the relstxve sbsorbance from B basehne that'i is drawnmi'th respect to - -

the shspe snd posntxomng of the curve. Closer mspectlon of the spectrum however, '
reveals that the pea.k henght of the sbsorha.nce bsnd at 2285 nm is dnmmshed in’



2

1200 monuoo mo 1900 1960° 2100 - aoo uoo aoo
mva.:ucmmm: e



‘o

9.9

CABSORBANCE. .

~.
TR

~ .
—

134

@
oy
..

: Estuorlno

anure 9. Companson of NIR dxﬂ'use ,

4
v

and eatuamne orlgm

14

WAVELENGT’% (,)

v

ecta.m:? spectta for 011 sands of manne

A )
. e
bt

71200 1350 1500 1650° 1800 1980 ‘éu')o' 2250_- 2400 2850

‘

oo L



’_,[Pccm R
~" Original
_'.Scrotehod

. A “A

ABSORBANCE

|goo»_.133b |soo 1650 - |ooo 1980 2100" aso zooo zseo
' WAVELENGTH (nm) e *

; .

anure 10 Eﬁ'ect of surface prepara.txon procedure on the dxﬂ'tue reﬁectance specﬁ'a
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24

. -relastlon to that ot' the orlgmal uncompacted Sa.mple surface Tlns would lead to an

- underestxmatron of bitumen content ifa cahbratlon curve had been developed usmg L |

the nutxal sample handhng procedure Roughemng of the packed sample by su'nply e

: 'scratclung the surface wrth a pm appears to restore the mtegrlty ol' the spectrum, R

- (albelt with a- hxgher overall reﬂectwnty) Results. 1nd1cate that methods used to |

" prepare samples for dlﬂ'use reﬂectance analysxs must be consxstent from sanlple to L

’ ..sample

R L e . . >

_ A senes of rephcate NJR——DR measurements were made for a valje tx f oxl sand o

samples coverlng a wide raxlge of composltlons Sample descnptlons and relatlve

absorbances deternuned at ,wavelengths selected to represent the bltumen and clay ‘

-

£ components are hsted in Table III Assay data is reported on an anhydrous basxs

Relatxonshxps between the bltumen content of these samples and the absorbance ,

,for peaks centered at 1725 nm and 2285 nm are “shown in Fxgures 11 and 12 Dif- .

vbrferences in the slope of the cahbratxon curves for 011 sands of marine and; estuanne e -

o orngm are clearly ewdent The correlatxon between clay content of the sample (as

. ‘measured in terms of - the —5 5 mlcron partlcle size fractlon) and absorbance i in tlle" RN |

- region of 2200 nm is’ presented in F lgure 13 The plot suggests that NIR«-DR analy-:-

~-sis at this wavelength would be mappropnate for the quantltatlve deternnnatxon of N

N ., clays Tlus observatnon should be tempered however, by the reahzatlon that much ,

| of the sohds in thxs fractlon could be silica. Wxthout ‘more. detmled m.lneraloglcdl?. =

) ‘mformatxon, the actual amount of clay present in the materlal cannot be assessed

Although the correspondence between the 5. 5 mlcron partlcle size fractxon and | o

absorbance peak helght is poor, the data has sxgmﬁcant mﬂuence in. terms of pre-+ .

_dxctmg the sample bxtumen content Correlatxon between mdependently measr'red .

e : bltumen assays and those denved by consxdenng a lmear combmat:on of spectral Ly

3 readmgs over the three selected wavelengths is 1llustrated in Flgure 14, Regressxon 5

statlstlcs presented in Table IV .ndlrate that brtumen content can be adequately B

determmed usmg only two absorbance measurements, namely those obtamed at
.the 2285 nm bxtumen peak and- tﬁe 2200 nm clay pealr Redundant mformatmn

: provxded by the bltumen absorbance at 1725 nm serves httle to mlprove the overall -
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n fffﬁ,’Figure 14. Cbrrela.hon between mea.sured bxtumen usays for an estumne onl sand e
B :"":':»s_ample and those predxcted from a hnea.t model bued on absorbance uadmgs ut
o . 1725 2200 and 2285 nm The dashed lme reprmnts an”'-ideal ﬁt. S :_*::i P




Table IV Regressmn qtatxstxcs for a hnear model relatmg spectral {ea.tures and

sample bltumen content for an estuanne 011 sand o

'.)
S

N Dependent “Variebl_'e LY AnhygromBltumen ;antent; (;vt %)
g Independent Vuxebles X 1 Absorbé.nce at 2285 am - i

I R " . X2 Absorbance at 1725 nm
o X 2 Abaorba.nce at 2200 am

" I

. —
—" [,

. PERCENT VARJATION EXPLAINED ..~ . -94.88

'/ 'MEANOF THE RESPONSE -~ 8.308

%) BEGREESOEFREEDOM - - . 6. . .
s

MULTIPLE COR.RELATION COEFFICEENT 09741 B
a‘ Ll

EE vmllmou SUM op: DEGREES OF . m.} 'STANDARD :
) _' souacu | sq_umzsf', msznom VA ch DBVIA’_I‘ION F-—VALUE

/ TOTAP '.‘656.0; ‘ B R ) .
"',./azciwssxon 6283 3 2084 HMA4 1608

oy awnuu. S 26 ',,1-.2%;_,‘ L1

| INDEPENDENT PARAMETER STD
| wmuLE E§TIMATE ERROR -VALUE

R R o ,‘j .; 6386 2257'._1 2830
e xa .—15.72_ o260 coms. o s
K CONSTANT T et |



. co’rrel'ation'.‘- SR / R ' ‘_"
The fact that absorbances at 2200 nm constxtute a s:gmﬁcant tern‘ in a functnon o -_‘: e

” ':_‘predxctmg bltumen concentratwn 1mphes that measures for- the a.mouut of clay ln';",,"‘? Lo

P a sample can provrde an’ ancﬂlary estlmate of hydrocarbon saturatxon, For: reasons“ s

e ; ‘c1ted above, this is mot a sxmple artlfact of the i mverse relatnonshrp between sollds.:

L ,content and bntumen assay The relatxve proportron of clax in the sohds fract:on

S .extracted from a vanety of 01} sands is not necessanly a constant

: ‘2 2 Studxes Wxth a Cary 17 UV—VIS—NIR. Spectrophbtometer o v'

Dxﬁ'use reﬂectance spectra for oil sand samples were also obtamed uslng a Cary 17 ‘

-»'UV—VIS—NIR ’spectrophotometer equipped: wrth a.n mtegratmg sphere type acces- fe

_j. ;_fsory afﬁxed to the sample compartment of the mstrument The devxce and optlcal‘

,f.arrangement are’ schematxcally 1llustrate m Fxgure 15 Incndent radnatlon reﬁected". o

;'s\"from the sample is captured by the sphere and dlrectr.d’ to the detector The in- o
.:ternal surface of the mtegratmg sphere 1s coated mth a thm ﬁlm of MgO ‘Note B
_ ""that the collectlon of all dxffuse reﬁectance from the saumle enahles a large sxgnal[ : e
. to reach the. detector Further, any dxrectmnal de/pendence of the reﬂected hght ls"" o

S "ehmmated smce the sphere collects energy from a.ll dlrectxons SpecuIar reﬂectance. i o

o .;:Afproxrmately 6%, 10%, _and 12% bxtumen content, respectwely) are shown in Flg-v _

o j"‘_(glare from the sample)/ is essentxally neghglble The specula.r component is d1rected;_" .
.back through the entrance port ARV L __/ S
Incrdent radxatxon was provxded {rom ftungsten halogen source wnth the re-;,,:

. '.ﬁected hght measured nsmg a lead sulﬁde detector Wavelengths scanncd covered;“_' s :

el -_vthe range 2000—2500 nm. All spectra werg recorded in absorbence mode (span 0-1 0' =
. \ ‘n." R : . ‘ :
I

o fabsorbance umts)

p—

. l,.:' -.,e S 'j ,:4

Rephcate spectra obta.med for samples of lean, average, and r:ch grade ore-(ap—

- ures 16-—18. From prevxous studles, one would expect to see strong absorbance peaks
(douhlete) due to brtumen centered at 2285 and 2330 nm as well as's

band at 2200 nm deplctxng the presence of clay‘ e rther, the relntlve peak herght
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Coe

ol' the bltumen bands should mcrease wrth nicrcasmg hydrocarbou saturatron Over- -

all reﬂectance wrll typrcally mcrease (ze lower ba.sehne absorba.nce) a.s the grade of

: the sampledecreases SRR O e T P S P s

kY

Unfortunately, the spectra generated w1t11 the Cary 17twere severelyicorrupted-f o

: wrth n01se, owmg to the low sensrtrvrty of the detector system Only general fea: .

o v'tures could be drscerned As such the spectra did not ment ﬁrrther mterpretatron. : T

l-It was concluded that use of thrs spectrophotometer and mteﬁtatlng sphere should.f' HRSNS

. : ~1ntegrrty of the spectra could be enhanced by usmg multrple scans and dlgrtal pro—‘ -
.~ cefding of detector s1gnal the apprcacn would be techous ‘The fse of other NIR—DR" L

f"mstruments whrch already mclude these farxhtles is clearly p ferred

E .'c_‘

A,lthough the spectra obtarned wrth lie Cary 17 are not useful for the analy-‘ - -

:srs of oil sand samples, the earher results generated usmg the Nrcolet FT IR ‘were

S not be consldered for quantrtatlve NIR—DQ analysrs of orl sands Although the"v.'f S

5 .-_'encouragmg The data 1nd1cates that the brtumén content of oxl sand sanlples can‘ e

be determmed from near—lnfrared absorbance measurements Combmmg the basm '

techmque wrth more soplustlcated data handhng and multrvanable statlstxcal ana.l-r-- B

- ysrs procedures for. correlatmg spectra.l response and. brtumen assa.y could greatly: :

enhance the utlhty of the rnethod The remamdgr “of: thrs report deals wrth the - ;

- analysls of orl sand ln a core usmg a‘nucroprocessor based 1nstrument specrﬁcally

e v - et

"‘. 3 | deslzned/or NIR—-DR analysls L

~;;

B



ST 3 NIR—DR MEASUREMENTS FOR THE GRADE or om SAND
S CONTAINED WITHIN A can : -

. a .

Asrde from establ.\shmg the apphcabrhty of a.n mstrumental techmque fdr de-;‘.;*,

I :termmmg the bltumen content of oil sand sarnples an ob Jectwe of tlus WOrk is

' to eva.luate the composltlona.l vanabrhty of an oil sa.nd deposrt m Vertlcal cross—'_.v,"-:',

o sectlon Resu.lts a.re ba.sed on NIR—-DR measuremelyl obtmned at 1 cm mterva.ls \

' . ‘,'along a length of core ‘The lugh resolatron proﬁle depxctmg the ﬁuctuutmm in ol

".n";»l'_"’sand grade as. a functron of depth w1ll be used to establlsh a seml-mlogram for_."j."i;

g _1s regxona.hzed "and changes ag a functron of spatxa.l locatron

".modelhng composrtlonal trends }he study is desxgned to provxde a foundatron for B L

; ’ " the development of sa.mplmg protocols for matena.ls wherem the varxable of mterest”".ﬁ; |

In order to provxde the extensrve data ba.se reqmred fo' g.'ssessment (andf . )

N ._to a.ccomphsh thrs w1thm a: reasonablegﬁme frame) it is des irable. ,ha.t analyses be.'_i- ,_._'_‘.{

: performed usmg a spectrophqtometer havmg raprd data acqmsrtxon and processmg : O

L icapabxhtres These quaht:es are met m the deslgn of the Quantum 1200 Ncar—,:::-',-‘: :_

, 'Infrared Analyzer marketed by LT Industrles Inc One of these mstruments was

L gcontrolled N/IR—DR spectrophotometer developed for on—lme &nd la.boratory epph -\

'recently purchased by Syncrude Canada. Ltd and made avmlable for core analysxs

o

3 1 Descrrptron of the Equrpment

The LTI Quantum 12&) Near-—lnfrared Analyzer isa dedxca.ted mrcrc?-pro b

B 4'_catlons Spectral response covers the ra.nge 1200—2400 nm (gratmg monochroma—v'f_ \

g tor) The hrgh speed optncs permxt spectra to be obtuned at the rate of 5‘ R
- .."_ vper second wrth a spectra.l resolutron of 1 nm Sample 1llurmnatxon 1s provrded wrth"f";‘ i

Tl_le mstrument was mterfa.ced w:th a Compaq Deskpro 286 computer to run

o ‘vﬂthe qccompanymg LT SpectraMetnx Softwire Pa.ckage These algonthms drwe thef R

data acqmsrtaon, mathematrca.l processmg, modellmg, and graplim un:ctxons for
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| Flgqre %9 Optlcalarrangement wlthm the LTI Quantnm1200 NIR Analyzer i
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) a.nd performa.nce of the umtr % ;‘.
Arf 1mportant {Qature o{ the LTI Quantum 1200 Near-Infrared Aha.lyzer 1s 1ts

S :" ‘ Vrela.twel_y sma.ll sxze The umt is: extremely rugged and ca.n be convemently_operated

m any desu'ed spatral onenta.txon F%l‘ ana.lyzm&oxl sand samples contmned thhm i

L 3 sectnon of core, the 1nstrument was, pos;tloned on end such that the mcxdent | ‘&’

’E“ra.dxatron could be du'ected downward onto the surfoce of the sample A specra.hzed RIS

o | samphng ta.ble, conslstmg of a co,re hplder, regxstratxon gmde, a.nd bndge ass'emply g : _.'-,-f;

~ for mountlng the spectrophotometer, was constructed‘ to permxt cbre to be rastered S

o _"_'beneath the’ v1ewmg port é.t drscrete 1lem mtervale The,\newmg port 1teel£ was e

e - masked to prov;de a square sample wmdow mea.eunng 1 cm. onfa md& A ache;ﬁhtlc ;
e : fn""o{ the tomphng table 1s provxded in Fxgurc 20 The overall: drra.ngement of the E
PR RO '“eqmpment ig’ lllustrated m Flgurc 21 RO __'-v'f?':' _' \ i . | vv "

As prevrously mtroduced the core sam(gle made a.vmlable for thls study repre- A

" sents'a vertrcal transect of the Athabe.sca. oil: sa.nd deposxt in'a regxon known as -

o i‘:_fSyncrude Canada Ltd Lease 22 The coras approxlma.tely 120 metres ln length'"‘_."';.._';' -

| :. -f_and wa.s ongma.lly encased m 8 plashc corefba.:rel havmg asi lnnde d“lmeter of ap.:._,::._.'._ |
S pronmately 6. 4 cm a.nd wa.ll’thxclmess of 0 1 cm Ae thé re:ult of eorher procemng,;

_'f tmled NIR—DR annlyms The sectlon was chosen to represent what appea.red to be :
AN j"typxcal of grade vanatxons seen over the entxre length of core. Photogreplu of the

i f-_sampne, mdxcatmg the elevation at swhich {he samiple was taken and the geolog_: cal-
o o .envxronments irom wluch the material ongxnated are show "m F'guree 22 and' 23, :

g -‘"'-th! core has been cut in half longxtudma]ly md n V—notch sample removed from.,:“__"

_ "»‘a.long the center lme The core has been stored under ambnent condmons since it S
i was ﬁrst ana.lyzed Consequently, the dll sand contmned vnthm the core is vu'tua.lly g
- deidbwer L T T R

A sma.ll sectron of thns core, Just over 4 metres m length wu selected for de- - L
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‘ctlon, a senes_." L
I -—DR analyZer LR

: of expenmé?ts ”were conducted to evaluate the operatlo':' ofe' I

e and fletérmme the optxmal mstrumental condxtlons for oxl sand analysls. Procedural, .
- notes and a’ dlscusslon o{ these results follqms R A |

AR

3 3 1 Sarnple Wmdow

o A test was undertaken to determme the locatlon and area: of the sample wmdow. R
'3‘ . when v1ewmg core samples Proper onentatlon of the core in relatxon to the optrca.l _

path o{ the NIR analyzer is obvrously essentxal for conslstent and accurate results S

A paper test pattern’conslstlng of hght and dark areas of knovm geometry was\ s

. : o used to evaluate the ahgnment and dnnenslons of the optlcal wmdow The template_-‘; -

surface of the template was posltnoned parallel to the sample table and normal to _- :_:
the optxcal path (honzontal checked mth a lme level) Overall reﬁectwity and otheri‘v._ = =
' spectra.l features of the llght and dark areas dlffer Reference spectra are shown mg'_‘. |
Flgnre 25 ' "’»‘ Lo ‘ '

Co .'-}’ - . AT R - . R . L g

| ‘v . N IR data ‘were collected at regular 1ntervals B8 the sample table was rastered be-: o y

o neath the vrewmg port Template locatxon was: recorded {rom the vermer All spec-? s ._
tra were obtamed by averagmg 10 scans. over the wavelength reglon 1200—-/2490 nm -

T

“ \ - Spectra were corrected for a background response measured at the 3. cm mark (hght - {; ‘

.-AA_

- area of template) SRR

_ ' ‘. Ongmal reflectance data were transformed as Log(l / R) Absorbance data ob- Bt S
- tamed at. 1800 nm (a reasoeably ﬁat reglon m the spectra thought to be mdxcatxve
of transltxons from hght to. dark reglons) i presented in Table V Resu.lts are. plotted Sl

L as a functron of measured template locatlon in’ anure 26

Ve

The geometry of the sample wrndow Was determmed on. the basrs of peak ha.lf- T

hexghts as shown in Flgure 27 Resplts mdlcate that the area wewed is square, X o
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anure 25 Dnﬂ'uae reﬂcctmce spectra of the hght a.nd dark reglons of the optlcal
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- .~ground correctlons The desxtcd qua.htles of a reference materm.l ar@that lt be

' 3 3 .2 Selectlon of Background Reference Maternal

Y

’

ivnewed R 3 N S

"e*

,orlgm The vermer rea.dmg at tlus manmum is. 4 75 cm Thus, when reglstermgv"

,_""1 1- 1 9 cm along the sample table axis., e '. L S

Ba.Sed on the actual posltlon a.nd dxmensno.ns of the vertlcd.l ba.r on the template, '

| -:a,pproxxmately 0 8 cm' along a 51dg The sample wmdow does not overlap the pla.stnc-"'
‘ core barrel. A clearance of appronmately 2 mm is provnded leen t)mt the face of e |

: ‘-the core presented [or analysxs is: nonunally 1 cm w1de, a portlon of the V—notch is o

: a maxxmwn m absorb&nce data is expected to occur at a dmtance of 5 25 cm from theﬂ '

--'_»core samples, a’ glven vernler readmg corresponds to a sa.mple centered at that - B

- d dlstance pluSJO 5 cm: For a. vernier readmg of 1. 0 cm, the sample wmdow v:eWed is R

The ob Jectlve of thls' w0rk was to select a suxtable reference materxal for back-':_ w0y

relatlvely devoxd of spectra.l features and eXhll)lt a low overall reﬁecmuty

. 4 . : b
thca Sand ( 50 +80 Mesh)
KBr Powder (Spectra.l Grade)
thte Paper Test Card
Black Paper Test Ca.rd

Ceramlc (Alurmna) -

,’. O : . 'ﬂ.

s 'o Cerarmc (LTT St&ndard Reference)

e Carbon Black (Darco G- 60 Actlvated Ca.rbon)

-

- Spectra were oljta.med for a vanety of pr’oposed reference matena.ls These in- s S
: cluded v ' 3 '

Samples were posntloned m the Optwa.l path gf the mstrument at a constant ele-

: vat:on from the sample table The. plane of. the sample surfa.ce was’ at the same_‘i 3 -

henght as that of a core when plated in the honzonta.l posltlon Partlculate samples '

‘ were placed ina small tray The su.rface of these materlal was prepared by slnlply_‘.‘ L




S

Ll ;'screedmg wrth a strarght ed e . ”‘;';';7'.:..

» Spectra were recorded usmg 10 scans over the wavelength reglon 1200—27&)0 Qm
| “-.":V(Background =1. 0) Results transformed as‘Log(l / R), are presented in Flgnres 28- j .
o 30 Spectra obtaxned in hke manner for a typrcal oxl sand and clay reglon m a core”

. ~sample are: shown in F1 ure 31 ,
: P%ﬁf 8 A ‘“ s .
Carbon black appears to be the most sultable reference matenal lt exlublts ol
S a lugh absorptxvxty (low reﬂectance) and is relatx\rely featureless over most o[ the
. wavelength Tange. The broad absorptron band centered at approxxmately 1430 nm
:-.l’m the spectrum of carbon black 1s a.lso prevalent in the spectrum of the orl sand
L sample The spectrum of clay ls more llke that of the slllca sand and ceranncs, :

.:vt-n.'showmg two absorbance bands at 1410 nrn and 1460 nrn

Spectra of orl sand and clay when ratloed agamst carbon black exlubxt the sxgna- R
ture absorbances charactenstrc of the hydrocarbon and rmneral components. Data
,‘:ls presented 1n Flgure 32 For companson, the spectrum of orl sand corrected l'or a L
o "tf_,'sdlca sand background is: shown in Flgure 33 It is not as well deﬁned A spectrum
“ of srhca sand ratroed agamst carbon black is: also lllustrated A - L ° :

! LI -

| Dlscontmultres ;n theaspectra observed over the wavelength ra.nge 1400—}500 nm
: _"V'(wate,r absorblng reglon) are- the result of over and under compensatlon by the : o
‘background Thxs coqld fpress

" _ ‘- response and componen,t % saz;data usmg the modellmg programs avallable on tl\e

AR | ,_system I,t 1s recommended :tha.t spectra be collected over the lmnted range of

.

L 3 3 3 Sample Elevatron -

bl

A study was conducted to evaluate the sensxtxvrty of detector fesponse to clx s e

i “ m sample elevatlon. Spectra were obtamed for samples of carbon black and orl mnd ‘

) g each contalned thlnn a spht core barrel
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OIL SAND




Number of scans ..’"’ A0 e

Wavelength’Range 1200—2400 nm; : l'::_[.'; : o
Background Carbon Black .' T

B .,v ..,_-.-0 s I e s ,‘3 . “

L -Samples were placed a.t a reference elevatron (52 smm. above sampl‘ ‘table) w1th

| surface plane normal to the optlcal path Comparat,me spectra were thenorecorded‘; S

after movmg the sample surfaces up and down 2 mim from the ongmal posiﬁt)lon Note : :

e },that thxs operatlon 1mparts an @ngular'deﬂectxon to the surface of approx.lmately 5
- :_Ldegrees from the norfna.l B “ _ ' , ,f‘ 5 : o _/ :

Absorbance sprect/ra for carbon black are presented in Fxgure 34’.~< It wonld ap—'- "

| ".*:» . pear that mlnor changes in sarnple elevatlon slgn:xﬁcantly alte,r the mtenslty of hght": '

" reflected bac to the detectors Results suggest that movmg the sample surface up: .

“"or down 2 mm from the reference elevatlon affects the gam by appronmately 2%‘.

. .relatxve /Tlus was determmed as follows _;.1 St ,j 0
”‘»‘_'Dveﬁrn'e;' S - ) - '_ . R
o ]S'( 0) . Reﬂectance spectrum of sample%t the reference elevatlon .

- G(0) - Instrumenta.l gain for detector response at the reference elevat:on
°§(X) . Reflectance spectrum of sample ‘at, +2mm from the reference elevatlon
o G(X ) Instrumental ga.m at elther/of these posltxons o
Assurmng gams to be consta.nt ,over all wavelengths, the follo'ng eQuahty holds
. v o s R '
G(X )g -,

O sk () S (0)

ST G(x&)
,, Takmg Logs of recrprocal terms leads to the expressxon v r |

and hence S (X )

OR 1"'5
G(X)+L 3(0)

S ""”S(X) o9

B | 'Subst:tutmg mean absorbance values as the charactenstxc feature of the spectra
o yxelds the relatxonshxp ' ." LA _'\.,'.' ;.‘;ff L g '

""“":».'4(_5() LoyaG((fc))“(O) andthus L.,gG(")'_A(x) Q)
Al )= A

| 6x)

i

e ‘ . . B Y . PP .
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ELEVATlm :

Flgure 34. Dxfluse reﬂecta.nce spectra for ca.rbon bhck determmed at m:ou

ple elevatnons ( Background = carbon black) e




L Solvmg for G(X)

y

§

surement of sample elevatron

Mea.snred Vaers X ,
A®0) oooo T

| e
COTAX ) -0 0089 a.t +2 mm Elevatlon
e A(X')- = +o 0094 a.t -2 mm Elevatnon

G(X) . 0207 G(O) at +2 mm Elevatxon - e
(X)%— 10.9786 G(0) at -2 mm Eleva.tlon s ol

The apparent asymmetry about unxty gaxn may be due to shght errors in the rnea.-~ ' f .

Inspectlon of the oxl ssnd spectra. shown in Frgure 35 on the other hand reveals -

that the peak herghts of absorptle{n bands change as the sample is moved closer to e

or Lsrther from' the detector Thjs 1s not consrstent thh a slmple gmn functron -
As lllustrated in: Fxgure 36 one Wonld expect absorba.nce bands to be of eqmva.lent ; :
peak hexght (albelt oﬁ'set {rom one another by a factor correspondmg to the Log of

- the gmn ratxo) Peak herghts for the oil sand ss.mple measured at 2320 nm relatrve :
to a basehne at 2060 nm are noted below : '--‘_-” : T ’ B o

S .S_AM_PLE ABSORBANCE PEAK | -
" '| POSITION ,‘2320 nm | 2060 nm | HEIGHT |
| Horizontal | -0.0521 | -0.0872 | 0.0351

| 'Up2mm |-0.0842 | <0.1360 [ 0.0518 | - -

Dowrp2 mm-| -0.0190 | -0.0400 | 0.0210 |-

! N i

Conceiﬁhlj, othe’r':‘faeto‘rs snch as o

/.

e Changes in hght sca.ttermg propertles as. they relate to the sha.pe and onen-i o

tatron of fine pa.rtxcles in the oil sand , .
‘. Changes in the specular component of the reﬁected llght - ,
e ('hanges m the area of the sarnple actually vxewed (a functlon of proxrmxty to o
, the mask) and hence composxtlon of the matenal
may serve to expla.m these results Use of the Knbelka-—Munk tra' : form (a.n algo- o

nthm deslgned to dmnmsh the effects of d:ﬁ'erences in partrcle scattl 8 Phenomena ,' o :




e _”_anure 35. lefuae reﬂectance spectra for an 011 !wd umple determmed “ “’“"”" i
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- hexght actually represent changes m sample composxtlon Normahzed absorbance":"

o 1mperat1ve that grea .
» _ .To ensure adequate cle@
S f9f 5,2mn.i§b6?€§thj¢féa e

: f"_f;among samples) seg;ns to bnng the spectra more xn hne w1th each other Results 5

o are shown in Fxgure 37' j,It WOuld seem unhker that d:ﬂ‘erences observed m peak

_ S spectra are shown m Flgure 38 Changes in sample composltxon would be revealed g
o by dlsplacements in the relatlve peak°helghts of the hydrocarbon anigl mmeral com- L

nse ‘is extremely sens)tlve to samp]e elevatxon, it .s.".;

vaen that detector

: 2, :
: to ensure consxitent poextxomng of the sam;ﬂe S

The purpose of thJs expenment/ was to exaxh.me th relationshxp betWeen spectral :

nonse and number of scans, Spectra of an onl sand sarnple Were obtalned by varymg

-"'-x.the number of scans used for sngnal averagmg Background correctpns in each case

S length range 2060—2100 nm (a reasonably ﬂat regon m thel spectra)

Lo ’were based on the same uumber of scans as that used to generate tlrg_sample spectra

2T 1.

Number of scans - - Range 10 500 -
. Wavelength Range 1200-2400 aim f } AT
) ' B’ackground Carbon Black B

i f'f_The sample and background matenal were poslt:oned at the reference elevatlon mth o

L gurface plane normal to the o,pttcal Puth

C‘ oy

Estunates for the level of norse m the sample spectra we e determmed by cslcu- :

- 'latmg the standard dematnon o£ the mean absorbance as easured over the ane-'_:

The relatxonsh}p between spectral nmse (eveluated m tell

ms of the relatsve_RMS;-:.

"::‘devxatnon lrom meﬁn response) and number of scans is. sh



Table VII Absorbance measurements and assocmtcd uncerta.mty vnlues obtamed i
fromiﬁre mcan specttum of vaneus core samples Data. has been coded lmng mulh- ;..f‘
phca.tlvq, factgrs o‘f 10‘ for absorbance readmgs and’ 10‘ for estxmates of stindard

dévnatlon

wmyELENGTH
~ . Anm) ”

OIL

ﬁg SAND jj

INTERBEDDED -”

MATERIAL - . CLAY

ABS STD

H

: I)EV’

et
18
) 20

.20

21

“ 21

L 20
.

22‘.._..'
5121

?20;,
it
S

14

L jl7~.;_

ABS

sTD
*-Q;L DEV"

48
.49
80

;2043;;*‘
2009
2136 "
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\22‘18 .:'_. ;
2224
2227
12216
22810
2288 .
2295
2274

2233 -

2001
2128
1941+
1&85
3042

P
480
a7
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42
S48

ABS

433687
4332
4300 -7
4288 -
48 4262
4333
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aun
,;421gl¢
4017
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4138
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SRR
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. '_.;reﬂectance spectrum of the reference

'",,‘;f'It fol'low_s that';_i'_ _. T

" “.In terms of the propagatxon of random error

contrr : ution of each source of error tg the total based on the addxtlvxty of vanances

_ T-lns was \n'wed at by consadermg the followmg fundamental expressrons

. :-'_- ""i.where R(.S' )-—- absolute reﬂectance spectrum of the sample, and R(B) —-‘ absolute

o

L°~" R" L"-" R(S) L""’ R(B) e

. -_‘ B . “ : S LT

AR

'"%ﬁf”ngAgGAéﬁwfﬂﬂﬁf”“”"

. I
L.

oA

\-_---—s_,__..

o -

e aA A

11_.

Ce— B, 6.4(3) N

Therefare, "i="3(s>+"24(8) P

he reproducrhxhty of absorbance spectra for carbon black (Background = 1 0)_ 8.
=’,"1:1llustrated in: Fxgure 48 The magmtude of. the standard devra‘t:on 1s reasonably '.

: 'where A A S ), and A(B )rrepresent the correspondmg absorbance spectra o o




Flgure 48 _Réproducxbxhty of dtﬁuseareﬂectance apectra fo carbon blaci_ E’ck-i
*)/ : = c' 'bon bluck) '»Results are balscd:on 10 rephca.te determmmons” In 'the'




R b"..::Number of scans 50 - ;: S
T Wavelength Range 1200—2400 nm. o
o _-'ri_fBu!fsrqnnd_ Carbon Black (Core Samples)

| ,.Sample spectra and COrrespondmg estrmates for the standard dewatron among the o

i . b : 'dmly values are shown m Frgures 49 and 50 Results mdxcate that the magmtude-‘

N ':prevrously obtmned m an evaluatron of spectral measurement precrsron Although':

B some degree of mstrumental drxft 1s present (as evrdencecHay the relatwely hréhﬁ

.,-:"’ :

of the varrabrhty m absorbance readings for the core sample is comparable to. thatl.‘.l-v S

‘ "f.“:‘_'standard devratxon among spectra of the reference matenal), 1t 1s masked by the

'uncertmntles that anse due to subtle Changes in samplé“p‘osrtromng

'3 3.6 Wavelen&th Cahbratron

The reﬂectance spectrum f o3 "T"" tandard rd{erence materxal'(NBS SRM 1920) was

T :..obta.med to estabhsh the accuracy o£ the wavelength scale for. the NIR analyzer". L

o T."_‘-Tlus standard conslsts of a mxxture of rare earth oxrdes 6f dysprosmm, erbxum‘ o
L i mfrared transrmttmg wmdow The standard reﬁectance spectrum prov;ded for t!ns o

- ,are hsted m Table VIII

iand hohum contamed m a sma:]l alummum cup The matenal 1s sealed behmd an'-'-'.-i.

N ,:matenal is 1,llustrated in- Fxgure 51 Certlﬁed wavelengths for thb reﬁectanc‘e bands .







v"”-_.-":'Flgure 50' Reproducxblhty of dlffuse reﬂectance spectra. for.;carbon black nllustrat
=" carbon black) Spectra. %ere

fmg the eﬂ'ect of, nstrumental dnft (Ba.ckground :
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Figure 52. __Dlﬂ'uae reﬁectmce spectrum of NBS SRM 1920 (Nearglnfrtu‘ed Re-
ﬂectmce Wuvalength Standud) obtmned thh the L'QI Qumtum 1\200 NIR Ana- ;' .
'._. lym (Background = carbon black) ' ) - '












o

- SAMPLE |

Soxhlet extractxon procedurc“

. bﬂ'_" ,: :

*.

BITUMEN
(Wt %)

SQ'hibs .
(wt %)

MAss' S
cmsmua_ e

' LEAN GRA‘D’E”"_ © MEAN
=9 . . STODEV

'LEAN GRADE MEm
(a=2) . 'SIDDEV .

MEDI'UM GRADE MEAN

(n =3, WPDEV

" RICH GRADE MEAN

=4 STDDEV";'.

M au Cloauv‘e ==

o8

315
035

1022

0,22

Y 13e
'-  0;67" o

9Q48
oM

- 3* L

8681
042

%B:tumen + %Sol:da ’ o

L

[)

100

95.15 . ‘

84.28
070

0.9763 - -
£0.0033
oot :

00013

409142

0.9 9704 R
0.0044 -

PR

'I‘able IX Prelnnmary estlmates for the precxslon pf bxtumcn andv solxds analyses'..._‘»é"i

performed on samplcs of lean, medmm, and nch grade 011 sand usxng the mlcro—




. " i of oxl sand samples. by‘ nncr‘o—Soxhlet extractlon

LOSSES OF BITUMEN LIGHT ENDS
UM GRADE OIL SAND ‘

P RS R -y R e
Table X Data obta:lihsﬁ\ier evaluatmg thc eﬂ'ect of systema.tac ertors m the ana.lysts

-
e

S WEIG,H'T x;,ﬁiwmﬁﬁ-’_(six _‘

Extract Evaporated
Under Amblent Condntxong
(24 Hom's at 20 ‘90)

. 0.1086 .

© 01145

S ~0.0300. 0
©.o-0.1081
0a288
ce 0T A
01385,

., B

. BLANK THIMBLE EXTRACTIONS

Extract Dned in
Forced Draft Oven T
(16 Houn at 120 °C)' S

L '?J‘.om o

72700930

©..0.0988. -
o003
00040 0 L L g
D02 e W
oo0da3 '

-‘ ‘_Wenght Lou Upon“'brymg
+." in-Forced Draft Oven.
_'_for 1. 5 Hour at 120 °C

| ‘ Wenght Lou Upon Extractxon MEAN
R S ' STD DEV

- MEAN "
sm DEv

001528




: »"'.?.,'by sunply drymg the thnnbles for 1 5 hours at 120 °C mdrcate that the ma.gmtugle
"'v_"of bras mtroduced by not accountmg for resrdual morsture 1s comparable to that R

. t‘f.‘,.'.f‘assocxated mth t»‘e loss' of brtumen hght ends _ l ‘ } S

| ‘::'thunbles must be drletf pnor to anal)’sls Further, extract solutrons should be
., . evaPOratcd tP dryness at room ternperature As shown by )the rephcate samplei
S -“»jaualysrs data presented in Table XI Tecoveries Of better than 99% can. be achieved .
AREE .":‘under these condxtxons The Precxsron of the and.lytrcal method s ajv:cell't‘"ble ana
- i‘ﬂ“‘{f.‘.based on prehmmar}' mvestrgatxons, comparable to that whlch csn be attamed_‘jcn,‘?,
}‘_._Lffrom\NIR—DR measurements It should be noted that dxﬂ'erenccs amons these "

rephcate sample ana.lyses probably reﬁect sa.mpllng vanablhty more than actual ,f'-_}‘;

analytrca.l varrablhty Sarnplmg uncertarntres when dealmg Wlth small quantrtxes Of
heterogeneous matenal are most hkely the donnaant source Of el'l'Of 1n an a.na.lysxs

: . Ag a . G . . B . B B .
ot

o .:3 5 Trammg Set and Data Modellmg | '5:" e

~Havmg speclﬁed the operatmg condrtlons Qr the analyzer, sample spectra wererf"'f
- ‘obta.lned for orl sand at l:cm mterva.ls along the entlre length of the test core sectlon

The spectra Were drgxtlzed and stored on ha.rd dlsc in the o 0,plx)t5r.-__ e

. ‘ \ To estabhsh a model relatmg the spectra.l featur:es of these samples to Oll sand‘ N
S ‘composrtron, it'is nece’qsary to develop a reference hbrar‘y of spectra for whrch as-

< says of the oil sa.ncf sampfes are: known Smce)he spectra o{"'a.ll satgple.s in the core

S 'were alrea«}f on ﬁle, 1t became a srmple matter of ana.lyzmg a number of the sam-.'-:_'_'
r .' R ples to prowde the reqmsrte assay 1nformatron Thls traxmns set, onte developed -

54

RS "would be used to generate correlat:ons between spectral charactenstrcs and satnp]e AN

o 'composrtnon o

e -
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order of" 1—2 grams, Were removed from the core usmg & scalpel The samples K
ldentxﬁed wrth respectiq thelr posltxon along 'h]e core Care was takeu to ensure
that samples mthdrawn matched the exact area vrewed‘when takmg the NIR—DR 5

spectra e

Each of these traxmng set samples was ground m a mortar and pestle*A sub-v L
sample of the homogemzed matenal was then ana]yzed usmg the rmcro—Soxhlet
extractlon procedure Assay data, along wrth a: quahtatwe descnptlon ol’ the sam-

ples, 1s presented m Table XII. , f . _,'_ o RN " L _1_ g

leresentatwe spectra for some of the samples mcluded in’ the trammg set are

1llus rated in Figures 55-63 The ﬁrst and second derwatnve spectra were. generated\

from the absorbance spectra (r e the Log(l /R) transformed data) Note that the . -

E ._ ii'trammg set rncludes samples of coal Tlus materxal was found to be relat‘wely

‘,_abundant in the test sectxon of core, ol'tentxmes mterzbedded thh orl sand As"jvv”.

-"-"Zevndenced in. the spectra for these samples (and further substantrated m the mass- |

L closure results from the sample analysls), these sedxme\ts contam an apprecxable[

: amount of water

It became apparent when analyzmg the samples in thrs tralmng set ’ 'at'_'four:,.‘;’

L ‘lecurrent understandxng of the structure of&nl sand may not. be adequate to explam\

; “the range of grades found wlthm the deposlt As postulated by Takamura (22), oll-

. sand is- thought to conslst of a matnx of small sand and clay partlcles held thhm aj’:‘.f

- contmuum of bltumen and water Thls structure is shown in Flgare 64 The bltumen -
S content of am orl sand sample is presumably governed by the size dlstrxbutlon of the-':v':".‘
- sohds (and hence related to the mﬁerstrtxal volume) Itis beheved that tlus model of.”'.'_

“-an oil sand apphes only to samples whxch can ‘be uneqmvocally classxﬁed as onl nch -

tmatenal and contmmng perhaps 12% brtu or ‘more. Orl sands of lower gratle arev S

| -“'v;.thought to be the result of drlutxon wrth relatwely ml—free sedxments (clay or: coal)-’.:' :

£ "-bntumen—lean matenals; N

B Thus, an oil sand contammg less than\IR% bltumen is not a homogeneous dlspersron_

. of. bntumen, water, and sohds, but rather a mrxture of dxscrete bltumen—nch andj:: :;,
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i) _FlSﬂre 55 Reptesentatlve dlffuse reﬁectance spectra f°f samples °f °‘l sand m the
"trammg set (Backgroundla\ca.rbon black) ERE e
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Flgure 59. Repv‘ntanve dtﬂ'use reﬂectance spectra (ﬁrst denva.txve of Log(l/ R)
data) for samples of clay a.nd mterbcdded onl sand a.nd clay m the trmnmg set

(Backgrohnd —‘ carbon blgck)
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da.ta) for samplcs of od snnd m the tr&‘imng set (Background = carbon black)
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Flgure 63. Reprcsentatlve dxffuse reﬂectancc spectra second denvatn\v?of Log(l /.R)

dhta) for samp[cs of coal: a.nd mterb%dded onl sand and ;oal in the trammg set (Back-

ground = carbon blac.\) . : T
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Flgure 64. Structura.l model of an o:l sand contuned mthm the Ath;m-‘ ‘dep,',f,j‘
Adapted ’m quamura (22) ST 5 Lo
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. absorbance ban

"model of the form

4..’;..'_ B

.'Ehe.cotrelatlons between composmonal data and spectral features as. a functxon

: of Wavelength for samples 1n the trammg set is graplucally shown m Flgures 65—67

from sop eimposed basehne ! IR s

)
cnmmatmg than those based on absolute reﬂectl 1

B dr:ﬁ

are conmderablyv n

"reﬁected hght ha\re are: normahzed Thus, the derwatwe spectra. are descnptlve'-'
“of the actual absorbance peaks In these mstances, there‘xs a strong dependency
_'between tlle correlatxon coefﬁcrent and wavelength Mddels based on derxvatlve

{spectra are hlcely to prov1de a better relatxonslup between spectral features and

B R I AT
amplecomposrtlon RO D SR

A statxstlcal procedure kll’(')wn as stepwxse hnear regressxon was used to model

- ',

B Y =G 4'1_c1(vw1.),.+fc;(wz-)+,->e---,_+‘; CaWa)

where Y 1s the parameter of 1nterest (m our case’ % bltumen content) and Wl,

There appears to be a dxrect relatxonslup“’between absolute absorbance and bxtumen E ,
gcontent over v1rtually all wavelengths 1n t}le range f500 2400 nm. From these*““'.‘" ‘.
‘results, 1t would seem that a model relatmg sample hltumen content and absorbance' i
.'could be pred:cated sxmply on the 1ntenslty of hght reﬂected from the sample surface o o
.at any g:ve& melength Note that unhke the prehmlnary correlatlons estabhshedi.; “t
:'dunng studses !thd.he NlCOlC’ FT IR we are. not lookmg at the peak+he1ght of e

e ﬁrst or second derlvatlve of the absorbance spectrum'-fﬁ T

' vxrtue of the mathematlcal processmg, dnﬂ'erences in thc bas'ehne mtensltles of the-’_,‘f el

the data prov1ded irom the tralnmg set The ob Jectxve of the analysls is to denve a

. W; through W, represent the magmtude ofa spectral feature (absolute absorbance o

' factors

o derlvatlve value) at wavelengths for which there s correspondence thh sample

composxtxon The coeﬂ'ic1ents C‘o, C1, Cz through C are the assocnated welghtmg

"‘\ L

In order to reduce the problem of solvmg tlus model to a manageable level 1t is .

assumed that the magmtude of a s’pectral feature at a wavelength for wluch there . |

Soe

<. i R
- Iy B 4
B A Y N
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Flgu 65 Correlatxon coeﬂicnent and 1ts—assoc:ated standard errot for the rgla.
& bctwcen composmonal data and spectral (eatures J{l;’R), Bukground".
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Flgure 66. Correlahon coeﬁicxént and 1ts assocxated standard error for the relatxon- .
""shxp between composmonal data and spec;ral features (ﬁrst denva,twe of Log( 1 / Ry, .
*.i'Background = carbon black) as a: functnon of wavelength for samples in the trammg o

set{.;-" '






5 3 exlsts a lugh correlatlon between response aud sample assay ser&s to explam most" "

of the vanabrlxty m the data Thls s:mple model is ngen by the expresslou

Any lack °of ﬁt is. ca.used by second order effects whxch can be mode.lled usmg ad-;'-._;

dntxonal wavelengths The selectlon and add,ntlon of subsequent terms 1s based on'-'

thexr abxhty to reduCe the resrdua.l error (determmed by means of an. F—test) and 1s_

dlrectly related to an 1mprovement ln the multnp::"(;brrelatron coefﬁcxent

'Vﬁ'.

Composlte models were developed for the tralmng set spectra obtamed in ab- .

sorbance, ﬁrst denvat;ve, and second denvatxve mode In: all cases, thqpnmary S

o relahonslup between assay da‘ta and spectral feature was determmed for each of ten e -

-l startmg wavelengths These wavelengths correspond to the ten best posxhons at

whxch there xs lugh correlatlorrbetween sample assay and spectral response Havmg pe
estabhshed thls, addxtxonal terths were added (up to a maxlmum of 4 wavelengths) T

‘. in order to reduce the sum of resldual errors The vanous models generated by thls ;'-_;:_;; o
'*procedure are tabulated in. Appendlx A The best model obtamed (lughest mul._’_._." 2;'3

txple correlatlon coefﬁclent) for each senes of trammg set spectra rs descnbed rnjl.;"""'

Table XIII PIots of predxcted grade versus the actu&l measured bxtumen content of,'-"?'_'_.:-,_ -

traxmng set samples are shown in Flgures 68-70 "'V L

B Pw

Results wou.ld suggest that the best model for the cahbratlon of spectral response e

is that based on the ﬁrst denvatxve of absorbance data. Thxs model was used to
R estahhsh the bntumen content of all samples analyzed by NIR—DR in the test sectlon |
- of core. The resultmg grade proﬁle will be mterpreted usmg geostatlstrcal analysls' "

S

. ', and the concepts of fractal dxrnensxon
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Figure 7 1. Koch’s Tnadxc Idmd a &acta.l obj ject that conﬁnea a ﬁmte a;m wnthm :.-5}}
m mﬁmte boundary Adapted from Bcddow (25) a.nd Kaye (26) : & 3 -’ f: o




Ry ':,":matlcal rcqmrelﬂf"mt f°’ f’“t‘l beh‘m“r’ mw' "
e .:,_'_.self-nmnlanty are’ by dcﬁmhon fracta.l ‘ObJeC“ A
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Flgure 72 Examples of &aqtal ochcts thns«;hx i
Adapted from Mundclbrot (24)



RI ‘an experlmenta.l basls He d.lscovered that xf one estlmated the extent of a coasthne

RS

by constructmg a polygon of 51de length z thhm the coasthne boundary, then the L ‘,j T

'bonnda.ry estxmate based upon the pernneter of the polygon was dependent on the,;' T

- ma.gmtude of z accordmg to the relatxons

bslaetsles

~'n‘.

where L length of the coasthne, —length of the polygon slde, q . proportlonahty L

e v' constant, a.nd p = exponentml factor This rela.tlon is known a.s R.tcha.rdson s Law.

;The\constructxon of a polygon around the shore bounduy 15 a.nalogous to wa.lkmg
, varound the bounda.ry thh a stnde of magmtude z! From the perspectwe of such a *

i structured wdk strlde length 48 in ‘essence- a yardstlck and hence deﬁnes a degree

o ‘-“of measurement resolutlon Thus, a plot of coa.sthne length versuaﬁmeuurement

§ j"»slope p

resolutlon graphed on a log-*log sca.le W1ll conform to a stra.lght lme havmg negatwe

' ' What appearpd to be drstmctlve about the vanous coa.stlmes studled by Rxchard- :
- son was the rate at wh:ch the boundanes tended toward mﬁmty He noted that

- boundanes, all of whlch are essentlally mﬁmte, can ‘be cha.ra.ctenzed by the rate

o Cat whlch they approach mﬁmty Mendelbrot showed tha.t R.lchardson ] Law holds

v;;for natura.l rugged boundanes other than coasthnes a.nd tha.t in fact 1t s a wxdely

. . on a R.rchurdson s plot could be rela.ted to the fractal d.lmensron u R \‘.’7 A

. '.D-1+|p|

®

; l‘ A T

Thus, data. depmtmg the value of some result as a functxon of ya.rdstxck length or e

o '.measnrement resolutnon‘ permxts one to eva.luute ‘the fracta.l dlmenuon oi the systém e
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Flgure 73 Apphcatxon of the ctructured wa.lk techmque to eva.luate the {ractal
g "-f_dxmenaxon of a rugged proﬁle The slope of the relatxonshxp between Log L and
'7",:'Log z w -0 32 Adapted from Kaye (26) ' : ‘

~



; : j-respect to the longest prolectcd length of the contour. T o PR B

' Log z follows a strmght hne relatxo’nshxp from Wthh the fra.cta.l dlmenalon is. readlly S
. deduced, For thxs partlcular example, both L and T have heen normdi"é}Lwnth -

. of core We can envmon a, lme connectmg the mdmdua.l point’s m the data senes B

| s theory a; 1t perta.lns to reglonahzed vnnables Ees m the mod. | ,
. .Iv_a.s a sequence of pomts m—etther the tempogal or spatml gwm%

- on how samples should be collectedf-.v""", ord :

_ The penmeter of the polygon drawn around the outhne of the partxcle is-an “‘lmate o ‘,:{...v_;'-:;
S vof the length of the boundary at. resolmtlon z; As the :magmtude of z m changed s
. g0 does the percelved length of the crystal boﬁnd&ry The plo_ : of Log L an o ”;}_’:: ..

i) >

i S W
b < 5 A

In tlus report We are concerned about the varmbxhty in ‘oxl sand bxtumen content .'

. m a deposrt as a fuﬁctxon of depth The data base, consnsts of a. senes of eatlmatea A. '

" of % b:tumen obtmned at 1 cm spacmgs in’ the vert:ca,! d:rect,lon along a sectxon

o :structured walk tec h mque For extenswe da.ta bases, homever the procedure is. very ;'4
"_-.txme consunﬁng a.n’d tedlous to 1mplement As wrll be descrlb.ed in more detml later,' T
an alternatwe method for calculating the fractal’dlmenmon o{ the system bued on':' )

o '; some prmcxples of geostatxst)cs provldes a more convement approa.ch ‘-? - *

e .j:fvs}_:the pmnt ma.tcrml Sa.tnple mcrements n;uat be ohtmned in. ro.ndom Iuhioni' B

.....




b

avoxded Oftentlmes, for econOmlc ressons or perhaps because of some physxcal

s constramt of the sa.mplmg system, mcrements must be obtamed a.t regularlyjspaced

j -'_estlmate bulk composltlon may be mvahd

the. structure of contours denvzed from :enal data may be of beneﬁt in. deﬁmng
s samplmg protocols for bulk matena.ls m ‘which sa.mple mcrements are reglonahzed". : " o

: ;:(and hence 1dent1ﬁable in. terms of titive or loca.tlon) Further, the relatxon between. 3

umber ot' saﬁzﬂesﬁ*a.p.d

:":_‘ . S

It is of 1nterest to determlne whether the use of fractal dlmenslon to charactenze o

™

- exammed in" the followmg sectxons

-“Tﬁtxona.lly analyzed usmg the methods of Box and Jenluns (32) Equatlons demgnedi : | ; 3
3 '_to model the trends in the data and provxde the ca.pablhty for predxctmg some fu- .‘ ER R
" ture result in the senes can be determmed from the atltocorrelatlon functlon The_f_- “ ,:
,‘ autocorrelatxon functxon is deﬁned as the set of correlatxon coeﬂiments r(k) obtamed','.'il. : "

dby hnear regresslon of a value, at tlme t mth its correspondmg va.lue at tlme t + ko

Data collected at regularly spaced tlme mtervals constltute a txme senes conven-.’ et

”where k represents the txme lag between data pomts e

can also be modelled m terms of fractal drmensnon Tlme serxes that dxsplay &
- cha.ractenstlc fra.ctar d}mensxon are termed fractxonal gaussla.n noise models. In the_ i -
o mre forma.l sense, Iractlona.l Gaussnan nonse 1s that generated £rom whnte noxse by.b e

o _;A;-fractlona.l chﬂ'erentlatlon or mtegrataon.. : _" L

o 33' _Let us consider a'.‘ G“aussian rand,om .prOCess'B(t) IWhichsa;tisﬁ'es thecondxtxon;

1y erva.ls w:tlun the bulk matenal; With ut | pnor knowledge of how the component

e f-'_'_:-:&f@nterest is d:stnbuted throughbut,_ ]

e_-'bulk th,e apphcatxon of sa.mplmg equatlons S

f mcrements requlred to conﬁdently‘: BRI

‘segregatlon thhm bulk materxals and concepts based on fracta.l dlmenslon wxll be S

Ma.ndelbrot and co—workers (33,34) have demonstrated that tune serxes data’,‘ , o

B“” -0, ElB(t] o BB

| “a -

¢

e



et

pege }, dependent qf t where kaga.m represents the mterml tlme lag between the samples,

= 'of mterest If we conﬁne our attentxon «to discrete metants of txme, the dlﬁ'erence e

_ .'._‘cept of fractlonal d:menslon The graph of &re&hzatno';:;__-._. T o
- :-\ .mensxon of D = 2 H Thus, a fracta.l d:mensmn of 1 5 would mchcate that t’ne?-. :,.__i;

'va.nable under consxderatnon is’ randomly dxstnbuted as a functnon of txme.e

e A further use of the parameter II hes m 1ts relatxonslup tq':‘ he 1dea of perhstence :
L -‘Va.lues of H° greater than 0 5’ (for wluch D < 1 5) a.re usocxa. ed rnth proceuec ihat
o _exhxb:t trends m the data 'I'hese tlme serxes are termed permtent a.nd a.re formed:i"ﬂff’__ 'v:'_;ffj'
“by the fractronal mtegrat:on of white norse Values of " less th' 0.5 (for whlchj_.";l
| . “D > 1 5) angmfy anhpermtent‘ﬁrodesses {otmed by fractlonal dxﬁ'erentxatmn o£ whﬁc,;7
P : nonse These txme senes tend' ’o, ﬂuctuate between_hfgh and low valuemoge ghmg
R "f"would be expe ed: with a. purely ra.ndom vmable . .:.'.. i jes {he
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<2 _,‘Q'-‘4s 3' 2 Relatlonshxp to ﬁle Semx—-Vanogram

3 = ':dlmcnmon and the structure of. curves deplCth t'l:F
el -.fv'pOSItlon of a grven bulk ma.tenal 1t w111 be. uaef

L .jfundamenta.l pnnclples of geostatlstlca.l analysxs .;:7 el

."pomt grade estxmates, g, separated by a dJstance h

o '-,"d.“.The sraph is; called a.aemr—va.rxogram G TR

Befo ..e-:"proceedmg mth a dlscusslog on the mt jons y factal -
spatml vanablhty m the com-
to ﬁrst mtroduce some of the"

A prerequlsxte m the geostattstlcal evaluatlon of an ore reserve mvolves the mvee— R

B _.tlgatlon a.nd podelhng of the physxca.l structure of the depomt Measures of spatlal
. rvanablhty a.nd con,tmmty mthm the deposlt a.re embodsed in the mterpretatlon of : |
'”‘f‘expenmental seml—-vanograms An understa.ndmg of the semx-vanogram prowdes )

- “the foundatxon for globa.l reserve estlmatxon, a procedure known as kngmg

The seml—varlance, Y(h), 1s de,ﬁned as half of the nean squared dlﬂ'erence &mongf‘ '

Y(h)—--2[g(z) g(z+h>1 |

J

o »Where T denotes posntxon and n is the number of pmred data. ponnts uled f°1' tlle'.;i’.?:f»"l;

‘ ‘;__-eVa.luatxon Results are. norma.lly plotted u Y functxon of the spa‘txel separa.txon f

1':

Geosta.txstxcs assumes that the dxstrxbutxon of the dxﬁ'erence between two pomt A

L ‘samples is the same over the entlre deposlt a,nd that 1t depends only on the dutence‘ £

. ""':between and onentatnon of the pomts Normally, pomts cloee together w,\ll be pee




C - between sample pomts The total vanance in the drstnbutlon of d.lﬂ'erences among L 2

I “to somé thec\)retlcal model that descnbes, on'a more general basrs, the underlymg
' datt? rns of‘ varxabxhty and contmurty ust as there are few d.rstnbutlons avallable.r- g

. be used to construct an expenmental serm—vanogram deprctmg the vanabrhty m S

] pomt grade estxmates can be consldered the sum of two vanance components One-.:‘ '
E mi'reasmgly larger - dlstances The other represents the localrzed or, short range o s

B small dxstances Thxs latter component is termed the nugget eﬂ'ect. A typrcal semr-f-_;-.-

3>

- _‘ F}rrther, it ls specrﬁc to the data base upon whrch the serm—vanogram was produced :_' L

As prevrously mtroduced the mean squared dxﬂ'erences between samples can .

va:nogram, shown in Frgure 75 serves to ﬂlustrate these pomts

Whrle a calculated semx—vanogram based on expenmental resu_lts may assmt; S

' iny determrmng the structure of a deposlt xt 1s merely a data sumtna.ry techmque .

- ’36) drqﬂ conéluslons regardmg the nature of the entlre reserve, 1t must be relatedﬁ..f'

) t,heoretrc senu—vanogram These models ca\m be c&tegomzed as: : S

B . Those in wluch the seml—varrance mcreases as the drstande between samples

L - geologxcal and envrronmental data

;mcred.ses (generahzed hnear model)

. Those in whrch thc semrvarlance mcreases at ﬁrst and then tends to level oﬂ' o

-
‘.)

The chsractenstlc shape of these theoretlcal semr-vanograms are shown 1n an-

L ure 76 -Although othcr models exist to descnbe the underlymg patterns in reglon-

‘nzed varrables, the ones descrrbed above are by far the most common The sphencal

v :

B 127

a.";' R

; composrtxon or other attnbute of a matena.l as a; functron of i mcreasmg drstance i

. represents the spatml vanance determmed by the drﬂ'erences in sample values at 8

' _vsdrlanog determmed by dlﬂ'erences m sample quahty a.t pomts separated by very ;.' k

o to the prac itloner of ;:lasslcal statxstlcs, there are only a few srmple models for ar

s at a constant value, termed the srll (exponentlaf“or sphencal model) . ;

model m partxcular 18 w1dely used to approxrmate the trends ~typ1cally observed in ot

L On§ useful .characterrsti‘cj.o‘f‘. r'nodels__,,that ‘possess a sill is that the plateau value -



The range of mﬂuence 13 denoted by 8. .'7 '

sy

.-(r'« ,“" . ‘

 SEMI-VARIANCE Y(h) = .~ =~

Vnrlom

msfmcs BETWEEN SaMPLES () 1
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L .Flgure 76. Theorehcal semx—vanograms, Note tha.t t.he sphencal and eprncntml

fmodels a8 showu llave the same sxll C‘ a.nd range of mﬂuence,



'of Y(h) provxdes a measure of the varxance‘_.'n‘.'the set of sample ‘valuea.used to

| "_..;'construct the senn—vanogra.m Thus the va.nance o{ the da,ta. set cnn be determmedﬁ'_'

: sa.mple va.lues has dnmmshed to zero "Tlns separat, o n'dxata.nce 13 referred to u the
ra.nge of mﬂuence Beyond thxs dxstance, samples no longer resemble &h other_;

' ":.a.nd can therefore be consxdered, mdependent A more comprehensrve dlscusmon"‘"_li_',f»

4 © of the procedures used to gener;te expenmenta.l sem:-vmograma and to deduce ) fl-{}'t-
P B - ‘_ftheoretlcal models for the struog’uxe of a gwen ore. deposxt is prov:ded by Clark (35)

”.

Havmg bneﬂy descrxbed the deﬁlopment a.nd modelhng of e1penmental sexm,,‘.

-__‘varlograms, let us. now drsue .“the 1dea of calculatmggthe f:rwctal dzmermon of a

rugged curve subtende._ E :,8' Bpatl al da_ta. sene' .'Th e form of the equa.hon for,f' '-
=calcnlat1ng the seml—va.ri a.m 13 very slmﬂa.r to thnt prevxomly glven for’ th .,.dlf*';": o

S "_ferencea between successxve values in, a tlme senes Not sutpnsmsly then, 1t would;‘- Ry

e For data obtamed as a spufxal senea (as 13 the cue for ml und 3redes determmed"
. _ .as & funct:on of depth) 1t is con;ectured that a meuure of permtence, or conversely



- 'm composmon Tlus suggests that heterogenelty 1s dommant over the short range

13; Y

v Thus, the ftactal dxmensnon provrdes a measure. o{ thie scale over wluch segregatlon, - o

y becomes of concern ERI ,’.": T

N

Note that as the value, of D mcreases, more of the range of composltxonal data

o u :ls seen among samples of a ﬁxed mcrement size.. A corrollary is that the number of- o

S samples reqmred to provxde a glven conﬁdence mterval for estxmates of mean value .

- .decrease thh D Although the effects of sample segr;egatlon are not. addressed
' 'the results ﬁt well Wlth classxcal statlstxcs wherem the rehabxhty of a mean value ‘

mcreases as the number of mdependent estrmates 1ncrease S

5 4. 4 Apphcatron to the Geostatxstlcal Analysns' _ SERve
L of an Orl Sand Deposlt o

-,‘

In Burrough’s paper, a dxversxty of envxrdnmenta] data was: exaxmued to see 1f‘}-.

_‘ features could be modelled in terms of an mtnnsxc fractal dlmensron Forttutously,.'

B the fractal d'memwn °f °‘1 sand grades obtamed through vertxcal sectxons of. the',. S

o Athabasca deposlt was. mcluded in his study The value D = 1 7 W&S l"H"’fted based L

; i_'on evaluatxon of a semx—vanogram ongmally pubhshed by Dowd and Royle (37)

This: seml—vanogram, further- dxscussed by Journel and Huubregts (38) as a case | e

;study in geostatlstlcal analysns, was developed from estlmates of the average bltu- _‘.. P

'vmen content of core samples obtatned at 60 cm’ spacmgs m ‘the vertlcal drrectlon,.‘, o

= - The data base encompassed more than 40 cores dnlled through the reserve, each .

- ’averagmg about 107 metresm depth The exact. locatlon of the lease area exammed

N -was not reported The ei’penmental senn—vanogram is 1llustrated m Flgure 77 The o

~curve: depxctmg a best ﬁt sphencal model w1th nugget effect 1s also khown

The relatlvely hlgh fractal dnnensxon suggests that the vanabxhty among adJa-' TR

cent samples is. not a random functxon Dxﬁ'erences among samples separated by_ L

short lags (multxples °f 60. cm) can. be ascnbed to the doxmnatmg eﬁ'ect of locahzed"jf;-' L

o segregatnon Burrough questnons the msdom of lnterpolatlon mappmg of ml sand':; o

ey ,:gra des mth depth g;ven tl\e hlgh value for fractal dnhensnon

N






An ob Jectlve of the current researc‘h work was to determlne the fracta.l dxmeusxon o

R}

\ _ | ol' reglonahzed oxl saxld assay "data based ona samplmg resolutxon of 1 cm If the B

it can’ be assumed w;th some degree of certamty that vertlcal contours cexhlbrt self

_ the same as that obtamed at a lower level of resolutxon, ;I‘hls could have srglgﬁcan’c » N
o 1mphcatxon in. terms of how the- geology of the region should be vrewed, espec:allyv

" as it pcrtams to understandmg the patterns by whlch the sedlments were orngrnally s s

i matrlx ST e 5. . \ -

L D E
& R

Slr‘tld the calculated value for fractal dlmensmn dxﬁ'er from that based on. Dowd'..é 4 '

- freemltmg value is comparable to t‘l:at calculated from Dowd and Royle s data, then .

‘ suml&nty Stated another way, the structure of the grade proﬁle at lugh resolutlon 1s-:_':-

o deposlted and explammg the 1ntrusnon of hydrocarbon wlthm the sand partxcle

B jand Royle s data, it could be construed that several scales of vanablhty may exlst He

. . mtlnn the formatlon If tlus is- reasonable, an examlnatxon of D values would bei e

o useful for trymg to’ separate scales of varlatron that nnght be the result of partlcular- ' S B

. 'natural processes Moreover 1dent1fyrng suc’h scaless could be of enormous nractlcal _b

7 value because one. could tlu-n tmlor samphng plans to the specrﬁc phenomenon m‘f."

g f:unStIOD

ST Sl e T B 3 . \’r' T



S :A‘.; 5 1 Varrabrhty m a Spatral Serres }of Orl Sand Grades ":

L mfrared drﬁ'use reﬁectance spectra (based on the ﬁrst derwatwe of Logl/ R data),» )
L j "sample assays were obtamed from the spectra preVmusly generated i'or the remamde

S - of the test core. sectron Results represent predrcted measures for anhydrous brtumen e

L :.of depth in Flgure 78 and tabulated m\ppendrx B Results are summan "ed below

Obtamedz at ngh Samplmg Resolutmn

Havmg selected a model to relate the brtumen content of 2 sample to rts :near .

B saturatron at spacmgs of 1 cm a.long the length of ¢ core Data :é plotted as a functlon-"':‘,< :

.\"’ .

Number of Samples .427

R “» : . _ " ,@ - Mean. Grade .'10 56 % Bltumen h -

L : 'Fortran program used to generate these results 1s also provxded

to that of a damped slne wave and srgmﬁes the presence of long term trends m "

T 'jsqhow posxtxve correlatxons Thxs penodrcnty xn the data rs also revealed_upon closer":

"mspectxon of the grade verms depth proﬁle Assay results appe_ar to.cy ', wee ")

Vanance o -""'19 596 _
Standard Devratlon 4 427 L o

'r:-,""Assay"va.'lues' sp’an' a w’id-e: ran'ge‘-. fr_'om zeroftg 'Jalrnost}_ 20% by 'Weight ‘_'b'i‘t'_'umen." i

L The autocorrelat:én funct:on and semearlogram for the data senes are 1llus- ‘ ;
trated m Flgures 79 and 80 Data are tabulated in- Appendlx C A llstlng of the‘;i' ,;'

'.IZhe pattern m the correlatxon coefﬁcrents as 3 functron oi d:stance lag is; smula"":'

_‘ ; the data.. Od sand grades n&easured at spacmgs ‘on the order of f00 cm. apart :
. tend to be mversely related whereas data obtalned at more or less drstant mtervals

SN _lllgh and low values at a frequency correspondmg t° a 2 metr' 'uarnphng mterval
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Flgure 80. Expcnmental semx—vanogra.m for pomt grade est:mates obtamed at

1 cm aample spa.cmgs. o




- g i.'.‘semr—vanogﬂm :
: t"the <:af¢?'nlate%Q vdha.nee of' the tota.l data set »

o series (bued on the relatxonslup between Log Y(h) and ' °9 h as “P"“'t“m d:stance

- . .',approaches zeto), We need not be concerned mth the mphcatxons of long ra.nge
- :.ppnodlc trends in. the data The apparent penodxcxty in, the results may be umque
e _.1' to this’ partxcular sect;on of core Gwen that the Iength of core exammed is: short

o '_:thls beha.\nour ls mamfest over longer sectxons i :_ R e

v _m oﬂ'ﬁand)tends towa.rds‘a constant‘va.lue o{; Y(h) compa.rable i

Smce we a.re ultimately herested in denvmg the fra.cta.l dxmensxon .of the data

i ':'»:'—relatlve to the frequency of the penodrc trend 1t can not be determmed whether

We wﬂl consrder the data obtmned over the ra.nge of la.gs havmg Y(h) .valuea"" :

o 4‘ _.less than or equa.l to the srll va.lue a.s repreaentmg a statlonary proceu Under tluss,i"h

L pretext 1t ns expected that the slll value wouid be rea.ched a.t much shorter dutance e

R '-_"‘A_spaange The separatxon dlstance a.t Wthh thxs would occur is. m the vrcxmty of

o ff'fthe mtersectron of a hne drawn through the first few pomts of the semn-vanogram i

',,:j‘and the hne extended through pomts of the 8111 Trea.ting the data in thls manner.'?;‘ ;

,f'."perrmts one to use a s:mple model for evaluatmg the theoretlca.l seml—vanogra.m

- ,where C'Q = nugget varumce, _' = sxll Cl C’ Co, h dutance between samples,

" 'and a= range o{ mﬂuence The nugget vanance, C’o, 13 an estxmate of the random}*
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Flgure‘SI Sphencal model of the expenmental sem:-vanogram for ,pomt grade o
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_ the slll 1s reached a.t a separatron dnstance of appronmately 30 cm Therefore, a ads

The range of mﬁuence, a., deﬁnes the .dlstance'between sarnples mthm wluch " e

sa.mples may be assumed to bear some relatlonshlp to one another Pomts separs.ted

by a dlstance greater tha.n a a.re unrelated a.nd mdependent Thus a corresponds t :
the separatron dlsta.n& at thch the slll 1s reached For a sphencel model the range

gf mﬂuence is norma]ly ca.lcula.ted from the e""

taon that a strmght hne dravm
through the ﬁrst few pornts of the expenmental serm—vmogrs.m will miersect the o
”"'evalua.te R
the nugget effect and solvmg for h at Y(h) 19 596, lt can be determmed that

sxll at h . 2/ 3a Grven the hnear regresslon hne prevxously developed

An a.lternat:ve means for deducmg the range of mﬂuence can be ha.sed on tl\e

- a.utocorrelatlon functron Smce a. represents the spacmg a.t whxch semples become-:f’f ':'

mdependent 1t can be eva.lnated as the sepmtron dlstence at whrch t; g
- ff relatron functxon rs zero Tlus occurs a.t h 50 crn Thrs procedux:e ior obtuning L
value for the range of mﬂuence 1s convement and deemed to provrde s more rehs.ble f»j : '-

estrmate over tha,t obta.med by conventronal means- o
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Flgure 33, Ev&luatlon of fructal dxmenalon from the cxpemmcnta.l seml-va.nogram ‘




s of observa.txon W:th referalce to matenal co 'ﬁned vnthm a core, mcreaemg{'sample

- ‘Vsl.ze by a factor of 60 or 50, does httle !o reduce samphng uncertmntnes ucnbed to

R B ':.,_"",,-3.',.

segregatlon,,effects 4‘ g

_ Outwardly, 1t would appear that vana.blllty m vertxcal gra.de proﬁles of an oxl
L :Z“J,sand deposxt could be charactenzed in, terms of an mtnnsxc !’ractel dunenslon that
hes sornewhere in’ the range 1 7 < D < 1 8 It becomes of mterest to see whether
* : the fracta.l dlmensxon of such da.ta senes obtmned at some mtermedmte sa.mphng
'"‘-"-_.,‘*resolutxon falls mthm the expected range Thxs pomt is dmcussed m the Iollowmg Sy

- '_“-'i'sectlon

Estxmates for the fractal dunensmn of the grade proﬁle m our tesf. sect)on of

‘ ".'--,oore a.t samphng resolutnons cw'ner tha.n 1 cm were obtmned ina somewha.t artxﬁcxal -

- b o snmﬂar {uluon, sample values for yet loWer degrees of reaolutlon were obtmned by
“‘3 ' LI groupmg the data over the mcrement ra.nge of mterest a.nd ca.lculatmg the mea.nl _

R At thxs pomt there may'. be some confusmn as to how samplea obta,med over
'va.nous lengths of core ma.y be related to sample uize To clu.nfy thie ‘inue, let us



s
" _..“‘.

gF Ty
* 3

: ":_"1-"dnnenslon of the samphng umt Further, 1f we as‘hume tha.t sample composltmn

réepo dmg : esults &om*a geostatlstlcal analys;s, , cludxng the plots for

: ,,;samples at spat:mgs grcater than 020 cm i SRRt

approaches that expected for a ra.ndom dlst 'butron

. . -'vthe more genera.‘l case, these dxmeusxons would norma.lly be govemed by the type of"f‘ ‘j'
; samplmgtool used to wnhdraw a.n mCrement from qna.ntxty of bulk matenal For::-;\ o
[ .samples of eqmvalent denslty, 2 the weaght of a sa.mple mcrement W is gwen by L

',\.

‘W dAL kL

ek ’f,'for a ngen cross—sectlonal area Thus the welght of a a sample mcrement obtaxned}._ 7:1‘_ f B U

‘;-from matenal conﬁned w:thln 8 sectlon of core m chrectly proportronal to the hnea,r S '.:' 2

.,; -mva.nant along the plane of cross—sectlonal areq, (m our case acr Oss the m dth Of the:_-;
o ';_‘core), then the vunance among samples of welght W 1s the salne a.s the vaflance: R
A :_*'__famong samples of length L ' : - SRR .

. Grade proﬁles basednm sample mcrements obtamed a.t 2, 5 10 a.rf‘d 20 cm |
“ 1?._ spaclngs a.long the length of the core sectxon are 1llustrated m Flgures 83—90,.001-- S
» 5 PR

| the fracta.l d:menslon of these Contours, are also provxded Data is; tabulated m",

"i*'javeraslng PI'OCCBB it 18 unrea.hgtlc to pursue an evaluatlon for the vatiablhty among' :

The data mdrcates that the fracta.l chmensxon of grade proﬁles decreases as sa.m~ g’

e ;ﬂe size mcrea.ses Smnlarly, the nugget va.nance dlmmlshes as the amdunt of sampl’e,_-’ v N

‘;les m the spa.tlal senes become more homogeneous thh mcreasmg sample size. 3

Segregatlon eﬁ'ects decrease and the vatl&blhty among adjacent 38mple lncrements;: ’

The "1"“°n3hlp between ftaCtal Chmension and sampie sxz .'”,(or thxs tes-t sectxggr_.. j.-:,":':’. .

of core is. shown in Fxgure 91 The_fr,act

to the log of the sample sxze By a0 ,pohtxug a best ﬁt hne through the pomts, 1t".'

--‘“Appendrces B and C Due to l.mltatlons m mze of the data set as a result of theif__v _".

d. '0 estabhsh pomt grade estlmates bccomes larger These results were nnex-

& ’*' -ted It would seem that patterns in the vanablhty of oxl sand grades wlth depth‘

-alre not self-snmdar a8’ prevlously thought The data further suggests that Sa.m-_;fj ‘,

fmensxon appea,rs to he mVersely related“ o
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B nc'erta-mty (exprgssed as va.nance), would 1mprove by a factor of 1 /n,,
o the number of samples used to generate the mean. The number of sa.mples reqmred,_'

to ensure a glven conﬁdence mterva,l for the estlrna.te could easlIy be detenpmed

- ':}?segregatlon

e "the data dependmg on the resolutron used for measurement To exlil°1'° tlhs further o
- which- our test core sectron 1s but ;

{f-‘_'_‘regula.rly spaced mtervals Samples va.ned in- length between 0 3 and 3 3 metres,;,,__._‘ .

wher'e n le Fi

;Samples of slze less than 40 cm do not vary at random due to the eﬂ'ects %‘t‘ Iocahzed. o

i
. L

a

The ﬁndme%m thls work in z’qhte.' ha.t there a.re dxﬂerent sca.les.of vanation i

.'\

- the vana.blhty in the composltlon of 011 ss.nd thlun the parent core sgmple (from
- sn‘m.ll fractnon of the total length) wa.s examuxed.:’;_; . :

Unfortunately, 58“}’ data Oﬂglnau}’ obta.med for thxs core ‘was not determined Bt

.and Were selected on the b,as:s of tbnuno‘n geolog:cal feature The avera.ge s.ample-i_'-"}':r‘i

Ve

S .spacmg was 1 8 metres N , e .

TR

It 18 posslble to regulanze the da.ta at somc constant sarnple spacmg by a pro-:.‘-y-_-‘: s

' _‘.cedure known as reconstxtutlon In thls method data obtamed at lrregula.r sample

R spacmgs a.re a.vera.ged over some specrﬁed samp]mg mterval m ordet to cres,te a new'-

:/ 1mage of the spstxa.l senes The sxze of the: samphng mterval must exceed the aver~,' B

" _a.ge dlstance spscmg of the ongmal senes It must be noted that restoratlon, of the:_
_ .da.tu ba.se usmg thxs hnear mterpolatxon process smooths out sdme of the va.ns.tlon?

- m the spatm.l serxes and hence must not be carned out mdeﬁmtely

The vanabxhty in- oxl san _grade as’ # functlon of depth for thxs core based on

o ';sample values reconstrtuted at regular 2- metre spactngs is shown m Flgure 92 Data}’ i

e ",)s tsbulated m Appen B T he correspondmg autocorrelatxon functnon and serm -

- :5.vanogram,. for whxch the data is prowded in- Appendxx C along thh the graph;
a O e Ty T e






e '._‘ -~me&surement scale

It is mterestmg to. note that a hne Jommg thls estlmate of fractal‘ dxmensmn and :

- "f ':-"the value obtalned from Dowd and Royle s data has a slope sumlar to that for the}"l

‘:"f-’..results obtamed at much h:gher samphnig resolutlon‘s Data is Lplottedjl

L -_v"‘.."_:apphcsble at other sca.les of observatnon R

. ‘ylmphcatmns Wlth Respect to Sémﬁlmg Theory

.v . There appears to be a transxtlon zone, separatmg dxstlnct sta‘tes of sa.mple hetero—

= '_ geneity Matena.l consxd’ered homogeneous at’ one seale of measurefnemkresolutnon_' o

» is suddenly a segreg{ted mlxture ’when resolved at’ the next sca,le of measurement

o ~ These ﬁndmgs suggest that samphng protocols must be tuned Eo a partncular scale_j
o j-r(range of t'he P enomenon in questlon Moreover, &n estunate for the Samplmg un-:.-f’:

' ..certa.lnty a.ssoC:ated thh a value for the compo.«ntlomof aﬂllulk matenal may ‘not bef;._? - g

Q»J 1 ‘ ;

for Segregated Bulk Materials RS /

. i
1“‘

| When estlmatmg-the composltlon o{ a bulk matenal £rom subéamples thhdrawn |
: from the lot, 1t xs 1mperat1ve tha.t the magmtude of samphng unc’érts.mth be known
vesuch that a rat:onal mference ca.n be made regardmg the mtegnty of the result
B :_To control these sa.mphng uncertamtxes, a: samphng protocol must be. developedv"_lf__:‘f,'.
S ﬂ.that takes into aogount the vaqabnhty in the bulk property bemg meaSured An"’v'_'-:,
' ”'f-v'i,mtroductxon to the concepts of samphng theory and the factors wlnch mugt be-""-y-,"
: E : consldered in the d&lgn of samplmg plans is prowded by l\ratochvxl and Taylor (39) .
*L""","..}_»_More detaxled treatments of sa.mphng theory and a rev1ew of practical apphcatxons? x
L :cs.n be found m the extenslve blbhography prepared by Kratochvxl Wallace andv :
Taylor (40) TR B A

) Samphng eq(ustlons for bulk sohds, such as those proposed By Gy (41’) a.nd
lngamells (42) for well mxxed matenals and Vlsman (43) for the more genera.l case .'
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: .-,:__‘v‘whxch must be charactenzed m terms of a spatlal serxes of samples Wlth°regard B

. to reglonahzed oil sand grades, for example, samphng vanabahty appears to. change-: i

RS dependmg on' the scale pf measurement resolutlon used to estxmate the quabty of
" the bulk. PR o TS T L L S

o '_'“dnstnbutlon of assay va.lnes can. be reduced by mcreasmg elther the sxze of number of : .
samples mthdrawn from the bulk Uncertamtles resultmg ﬁ'om trend or segregatlon,":‘ b

- 'ﬁ'_eﬁ’ects, however, can only be reduced by mcreasmg the number of sample mcrementsi"‘v:

i collected to represent bnlk matenal composxtxon. ”.The apphcatxon of thxs theory as 2

o it pertams to. the charactenzatlon of a bulk oxl sand sanmle has been cbscussed by '_‘.'f'_‘v-'
- :i,'Wallace and Kratochvﬁ (45 46) BRI ' : #

"uatxon of the sarnplmg constants A and B in bulk matenals for whnch there exxst

'.senal correlatxom among consecutnve sarnple 1ncrements Rose (47) addressed thrs’ ‘f'l

mean presents a:g era

'due to. trend or segregatlon .phenomena The basrc 1deas of hls samplmg theory have
e been' mcorporated in‘“the. deslgn of samphng plans for coal (44) szman s samphng_ - ;
H' ‘:v.equatlon descnbes samphng unCertamty, .9 , 88 8. sum of random and segregatlon:'t_,j_“t"ﬁ'
S vanance componenta e o N R

- . e O

: ,,_.»:'where A samplmg constant for random vanance, B = Samphng conata.nt, for o ;
5 “8"83“011 vanancc, Welght of B, samme mcrement and n = number of sam ple-" S

B increments. In thxs expreasnon, amplmg uncertamty attnbnted to the random-_}"-"“,_'.f

Ll

A deﬁcxency m the apphcatxon of szman 8 equatron has to: do thh the eval-- 'r‘ E

,,’problem from a theoretxcal perspectxve and mtrodnced a model to eva.luate sam- 5

phng unce‘ftamtles for data obtamed at regularly apaced mtervals m exther the trmg,. :



» __or spatla.l domam As reported by Mcrks (48),liyar1ance estunntes beised on this.

model when samplm'- tream of coa.l are in: close a.greement thh values._'_obtamedi

usmg Vlsman 8 equatxon in: wlnch A a.nd B wcre estm‘ted from a. nmo' '

samplc mcrement slzes Nexther of these modéls, howe\rer, conuder the imphcatlons'

of extenua.tmg segregatlon eﬂ'ects that change dependmg on’. the scale of remluhon
used to sample the bulk matena.l° S ST

Estnnates for mean 8 samplmg constants for some specxﬁed lot'j_'f. ] a‘.tenal are

obtamed by ana.lyzmg sets ,of }a.rg v_and, sma.ll sa.mple u}crementa For a l"'ell !mxed

If equalny does not hold,; nnplymg that _ X )

B oWy S
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. 0.3678E+08F . .

CACTUAL -
DIFF -

Bl




| OMODEL MDMBERTT .9 . 0T oo o

-MULTIPLE CORRELATION: ('a)’ ‘0. 9410E+00 o
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' 0.1361E+02 .
. 0.2070E+01
:-'0:8120B+01
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.05 15713+oz
0.1381B+02"
"0.6714B+01

f70888+01

- 0.7640E401 0.7

‘44 . 0.9680E+01 -

'E;iolizazxfo
"»o 9600R+00"
" 0.1017E+02
0l 1303:+o:;.

0. eez?z+o1
',.12623+02 '
'0.28648+01°
0: 12313&02 .
‘0. 11923+oz q

ﬁ —10 92;
-216.99

Psncxnrff;,Z "
DI

90" 0. 1sass+o1;f.:;;w
.10. ~0;1328E+01. . .,
|- ¥0.8458E+00 .
45 . ~0.3094E+01

70 1o4as+oof];
:89.0.2440B+01, . .
.07 " 0.1504E+01. = . .
' 0.3362B400 . . .

(0,0136B+00 « - . ...
=[-o 12228400 - 1
:0: .-o 2204E+01°. - .

.97 - 0.57T86B+00 . -

17.88° 0.1186B+01 . " .
“45.53 0. 2604E+01: .

o, 1044E+01 .
<0:2170B4O1 L - il
2 /=0, 8749E+00- - .

. 0.2633E400 - 7
7.0,/ 0.4837B+00° . " .

90 " :0:12028401 ", . .

8. - 031188401 .-
";'-o 10818301 -
0. 2453!#’01j
1 20,2659B801

*:'0.1530E¥01"
=0.3061E401

38 -0:8090E+00. %
14 <0.1242B401 S
94 -0.0888E+00." " .- ..
3" ~0.6423B+00
.04 °0.1584E401 1. "
26 10.1621B+01.
oLATEBRMOL 1 D
‘ 40958#00">‘ e
{-0,33T3R400 . -




.. F TEST

‘fnbnzi,juﬁbtg!*ij 8 -

E;HULTIPLB CORRELATION. (n)kﬂﬁ (9614E400
| 'STD BRR OF ESTIMATE (SE). " OM433E+d1. = . =
- SUM ‘OF SQUARED : ‘ERRORS - 088

'jsun OF nssxbuALgr

o ,'fVAVi-"ﬁr noozL §rnnblnb"“" RN o
.. LENGTH cosrrxczsnr znaon COEFF - TVALTE

f:*1793;o ~--o 41993+os¢,, o 39372+o4:-;uo 1066E+02

©'1986.0  0.383BE+05_ > 0.5712E+04 - -:0.6714B+01
'1931.0°  0.18B67B+05 .10 4762E+04 -0, 3907B+01
- '22365.0  '0.8037TE+04 @
©© INTERCEPT .. 0.1327B+02°. . = ..o

B 23

'AIALYSIS OF VARIAICE FDR THB REGRBSSIOI

VARIATIOI souncz pr' suu or s ?{. HBAI 59 7;_' F. vanos k.f‘”

, .ATTRIB 10 nzcnzssxonu,-34: ,;p,;oaogfgg-,.“o-z,oog+°3 ; o 13143,03
. DEV FROM: nzcnsssrou_ ‘43~ 0.8836E+02 " 0. 2osss+o1 R
' TOTAL 47 "0.1168B+0% ~ . " e

3 .

(2184404 0.36TORe01 . . | .

~




. ”H";yuu e

BoaNGn s wN R

4a_o,9saog+01;
0.4130E+01
. 0:1361E+02
o 2oros+oij

.81205401

. 0.1639E+02"
0, 1069402 -
- 0.13T1E+02
*-0.8210R+01
" 0:4800E+01
- 0.47T90E+01
© 0.14578402
0. 1stos§bzg
7.0, BT20E+01:
.~ 0.95608+01 "
8" 0.1000E+01 " °
-+ 0,6360E+01 -
10,1642B402"

:,j194~p0w15913+02

.Aﬁ .2°?

et
22

23
28

e

2e
C2e
:,-,.33-
‘f:-;‘34

38

‘0. 9soos+o1f

0312808+02

0 14123+oz?

0 1T74E+02 -

" 0.1618E+02 .
.0. 14sss+oz”,;
o;ssoxs+oig
0.7437TB+01
0.7T119B#01. . -9
0.6266E+01 °
0.7364E+01 -
0,4807E+01° -
-0, 62T9E+01 - . —¢

‘0. 71608+01

0.6860E+01.
0.6480E+01 -
.0.5610K+01:"
.0,8490E+01
S0, 43108+01f
.0.3160B+01 . .
,o 32305+01f

.._ jfo 20303401
S -,51535_ -
s 37, /

30, 7$4og+oti
1 -0.9880B+01
£ 0.17628+02

CUACTUAL

0. sasos+o:;;i”'“ .
0.6748E+01.

0 12333+02

-0’ 4aozs+q;.; 13
"'0,8407TB¥01 . " -3
0. 1B59E+02°

-0,1080E+02 . . -
~0.1436E#02 - - ~4
<< 0.61T1B¥01: .
o 54185+011'

0. escog+o1

0, 1126B+01-
0.4757E+01

0.1544E+02 - -

L0 1saog+02~,f,y
0.6870E+01 . -
S 0.1031E402 ..
0.1486E+02. -
04 15923+021,3
0. 1795:+oz{5;

'-13 31‘)-0 12728401
-12,62,

11. 24

5.95"
3¢82\;
26 13”-
19.48°
" -5 21’. ;
'10.25
-10.97 " -

FOAE ic‘rt_t_ipy I

' -0.6370R+00
93865801
i78 7~0.8179E+00
.08° =0, 17wsn+o1
161 =0,2341B+00 |

91 -0, 1641E+01
.91 =0, 1BTTE+01
"'-o 83393400

0.83055*00

’};-o 2618E+01

0. 12298401
0. 27328*01

| =0, 2871E+00 l};
7 708032E+00

1008!*00 :

,7426!400
.4322!—01

-0, .1262E+00. .’
*0.6027B+00"
0. 9775:»00

0.8079E+00"

0;24303+o1--
0.2493E+01
~0:7360E+00
[0.1819B+01. -

-0, 177ss+01

"0,6222E+00

0.7550!#00

'31 -0, 8641B+00

-0.2144B+01 < 33.

0, 9917s+oo”j;,f &

L 0.1TI1E+OL '
%2zzog+o1fj;_‘i SE+
137as+oz;~,“”' :

7 0; 1asis+o'5
0 60038401.

{'fli-o”2974s+oo

2119l+01

L 12028401 -
.0 177ﬁl+01
2875:+01




"omlvnssn el

-“;rﬁf+f-fnuurrrns CORR!LATIOI (u) 0. 9sasz+oo ;r
.| "'STD ERR OF ESTIMATE.(SE). = 0.1570E+0t ",
w1 ,SUM OF squnnzn snnons " 0.1080E+03 42
o UFTBST oo o Ul U 0,1078E403 .- S A
",i'sun or nzsxnunns fjj ~0. 28425—13 { g e S O PSP S P

. WAVE- . NODEL. - -~'STAKDARD. .
:’;ﬂjnsnctu,;-‘cosrrlczsnr |ERROR COEFF - T-VALUE -

,1668 0 . 0.3866E+05 wo.ssoiz+o4h*gio s1asa+01- 52
- 2108.0 .-0.34P1E+05 . 0.8392E+04. 0,5461E+01 . =
._}":,2327 0 - -0.196TE+06. . - 0.4027E+04  : 0.4859E+01 - -
L. .. 1882.0 . 0.2970E+05. . 0.1116E+05. ' 0.2662E+01 .
Ilrznczpr~.i 0.1222B+402 ~ . .00 PR

ANALYSIS or VARIAICB ron rns uzanzssrou”‘
AR X G o e D T
L VARIATIOI souncs{_;pr sun op sq usAl s - " F VALUE -

o ATIRIB 0 nscasssxon",*i” 0.1062E+04  .0.2656E+03 - 0.1078E+03 - |
' DEV FROM REGRESSION 43  0.1060E+03 . ~0.2484E+01' = . - /.

N CTOTAL. 47 0.1468Es0a . . 0Tt .
. ; -



IDE ff:psncsurﬁfgtf

'f"o 9eeos+o1y
27 70.4130E401"
3 0.1361B+02"
0:20T0E¥0% " -
1+ 0:8120B+01 -
.87 '0.1839E+02
.7 . 0.1069E+02
C0:1371B402

& 9 0. ezxos+01;,; .
o 0" 0.4600E+01 . O
5 S 4100 4790:+01”-}
o 2 0.1467E+02 0
. 0. 1sxos+ozj';‘
14. - 0.6720E+01
: “"0.9560E+01 .0, 1046E+02
e 0. 1000E+01 _,o;13515+or-
T - 0.5360EM01 .~ 0.6283E+01-
T E {8 0.1642840F - 0L 14TORAO2
. 9 0.1591E+02 - 0.1473E+02
L ) - 0,9300E+01 - 0.72138+01.
21" 01280E+02 . 0,1003E+02
22 . 0. 1412:+oz;‘-0'1soss+oziﬁ
S 3 0.1774E+02
L7 24 0.1618B402
S 260 0. 14698402 2.+ 11,43
T 28 % 0.7160B+01 0. 1oosg+ozL 7=40.41
ﬂ,' 0i5860R+01 . 0.7621E+01. "~
8 0.48808401. " 0.8243B401
| 0.5610E+01 ... 0,82068+01
" 0.6490E+01 - 0,84268+01
- 0.,4310E+01° Bioﬂwi_;
3 4260840
+-£:0.32308401 0.
4 . .0.1880B+01 -
. };&o 2osos+on'w 8788+00 .- . -850
£ 73870, 22208408 7 -0,27618401 - 1 1-24
" T '37.:»0.1378B403 | 0,14738402. -
+ 0. 13483402?-]0;;§x?nfg:

39 0. 1ao4x+ozf'-
0 . 0. quoz+oxy :
- 0. “8240%+01"
0. 1618B+02:
n,g*o 7540E+01"

0 87305401; 9.30. .0,
| 0.4887B01° ©  -17. .
1“o*13923+oz;““
13762B401°
0.7TITR¥0E
" 0.1436E+02 .
0.9089B+01" |

7 4,72 0.38338+400."

'fr'tv‘ 0. 41708401 . o

0,72108+01"
+02 " 0.13098+02
)0 -0, 40723*01

3 0. 1eezs+ox Ea

" 0.20438401 :v’{'_i
U 0.1831E4015
70, '1227E+01
96 . 0.1609E+00
54700, 4848E+00
0 '~0.1964E+01 -
. -0.6010B+00- .
0 0.1374B+01
7 0.2244E+01
.33 ~0.8917E+00" .
11 -0.3511E+00
:22° -0.9228E+00

-0, 17228401

o 20878+01 ,VA. :._ e
- o 27OEEHOL. o
587 0t 18748401 e
- -0.2188B401 T
0. 1668E+04
'o’zagan+01
.08 =0, 1761E+01
21 ~0.1763B+01
=0 69B4E+00
)83 .. ozxoasn+ox
4" -0.TO49B+00° -y o
0 ~0,1100E%01 " i 'gb
0L 9aoal+00~:’ RARER
|- .0.13208+01.

). 0.16428+01 -

\v_f;-o¢54oax+oo- SESRRSENE

89 -0 PIME00. .
- 0,83128-02 " . -

' 1008!400
0 247Ql+01



o antﬁfpﬁﬁhsn!fk-io

- "'STD ERR OF ESTIMATE. (sz) - 0.4T11B+01
. SUM_OF SQUAasn snnons -".0,1269E+403 .

S ETmEST o omsoamsoz oo
e sumoF nssxnunns L t=0,T10BE-13

wAvE- |  3053$;,_j; STANDARD
. 'LENGTH ' COEFFICIENT ;vsanoa cozrr

. 1736.0 “:o.aseét+05fjf.o;azqu 94_1

©1931.0- 0'2876E¥OS"'3047950 +04

: i-;”.;:oss 0 | 0:3739E+06 cb 1097E+08
20960 . 0.1743E+06 - 0. 74815+o4 g

IITBRCEPT 0 13028+02

“'nunrrpns CORRELATION B o.0a4émi00 -

R o VALUE

0. 1@365+02q_,

+0.3618E+01
0 31082+01

' ;@§}:;“‘

- 0:2336E401

L AlALYSIS OF. vAnItucE FoR rng nncnzsuson

"254’ v;nxnrxbl souncsnf'ng‘ sun o?‘sq:ff"'

ATTRIB ro ascnassron "‘4'{ 0. 1o4zz+o43'

nzv raon nscnsssxunfw-43 0, 1269E+03

0. 2eosa+oa
B 0. 29288+01
TOTAL 47 0.1168E+04 - .

HEAl SQ

F VALUE'

-

| 0.80028402




;;o~9osog+oz o 31413+o1
0. 41aoz+04' 10,5450E401
1 0:1361E+02 o 12768402
0.2070B+01 [
0, 81203+01_-.J :
- 0.16398+02"
0 ,1ooss+ozr-, 186B+01. " -
"~ 0.13718+02 .0 331x+02
U9 082108401 07296401 .
10 - 0.4600E+01 . 0.4T722B+01 -2\
. 11 0.4790E+01 08994401
w12 0.14B7E+02° 0.1399E402°
7137 0.1610E¥02 ' "0:1391E+02 '
-1 14 0.57208+01 . '0:3116E+01-
S A6 0. 9suon+oa? -0.1060E+02"
¥ 0.1000E+0i . 0, 3170E+01
: ;fogsseos+ot 10.6236E+01 -
18 0,16428402'. ”o’iciva+ozf
ST 19 0.1691E402 © 0.1676E+02
© T 20. 0.9300B+01" ' 0.8008E+01 '
o2t 0, 1zsoz;oz:f 0:9682B+01 "
0,141 2.+ 0,1520E+02;
330, 1714x+oz;';o;fﬂpa;+p
AR /724 .0,16188+02 " 0.1874B+02
st .26 0.1459E+02 - 0,1306E+02
oo 26 0. 71eox¢ovau‘,1021g+oz
ot 0. sacox+01,.,o 7633E401
Li0T. 28 [10.6480E+01- 10.8508E+01 .
L 29. 7 0.5B10E+01 - 0.6310B+01
0300770, 04903#011}” m77323+01
731 . 0.4310E+01 0 0
32- 0, 3iool+ozf
33 70,32308+#0:
.34 .0.,1880R+04 - 0. 2sasx+oo
C 38 70, 2oaos+ox_ o ,2654B+00
By s_'o'zzzon+o: 0.49108+01
9,14118+oz :
.-0116TTE+02
v 0.1381E+02"
-019714x+o1
0.7086E+01 -
10.1301B#02
._}75503401

[ 0.104BE¥00 . -

89 - 0.2440E+01 . . -
- 0.1504B+01 -

~ 0.3362B+00 -

o'91aos+oof?‘,

o‘1gzzs+ooj;,;fn,,~;._;;;
zzotzioa_ PR

o o~ @ wo e R

1186E%01
126048401 -

13:90 -, 0. tammer -
'132§5§93'50’311sz+01”,,_. L

_ﬂ,q,zssog+otj?gf* o
0.49 . 0.1630B+01 © -
) .;-o 3os1s+oz;.’f"“

',;g-o.ogzsgyoo; ;‘.»L*¢4

fﬁ:A°'82403+013
;;*0_1018&+oz




7

P
£

| TRAINING 'SET MDDELS U

e .

- AND ASSOCIATED LOCAL uxn:nun sun ‘OF -
‘;;squnnzn znnnn (ssz) VALUES:

nonnn HAVELE TH
nuunzn o

© ® 4.97m'¢'w:p59 :

e o

-

e
.1906.5
.:i1733’5 R
f,2376 5

17168 -

897,65

. 1618.8 .
2189.6 .
- 1792.5

= . 2288.5 -
1.;1769;5-;

B

"a'

~-BES‘1‘ MODEL FOUIID HAS HDD& NUMBER

.r!r'

"f°'°'°-°¢¢”o'0"o_o:of_; ‘*‘?4:

3j,0;_

SSE. -

,43733*03gv;’
.4868E+03
;48833+03'
.5149E+03
.S9TTE+03 .
.5982E+03 -

.6004E+03
.6132E+03

.6136E+03 -
;61852{03”»

. Second Derivative of Log 1/R Diffuss Reflectance Spactra
i i -f B '.?r3;'5  R
-;-‘INITIAL HAVELENGTHS FOR CDMPOSITE MODELS

s

Wy



B nonsx.uunsn s

. uuLTIPLx connsnarruu (n).,_o 9462B+00 o n

. "STD ERR OF ESTIMATE (SE) oiigatg;qg-;;  T
S sun OF'SQUABED saanns L 0,1223E+037

- F.TEST - " _ :0.9194E+02

'-.qﬂjsun or aESIDUlLs

o GavEs t
‘*'Lspe11f. .

1,906 5 0% 1974 % 0.8828B401 . .,
16975 -0, 474640 E+04 . -0;6B36E401 - .-
"-:/1991 6 ~0.2803E+0 0.6410E+04 - 0.4373B#01 . ' - - % .V
.1764.5° - ~0. 2830E+05. -'0.7T8T2E+04 .~ 0.3341B+01 = T
Ilrnnczpt 0: 94423+o1b L A A S

AulLtsrs.or VlﬂIllCE ron rnn nxsnnsszo S

. VARIATIOI SOUBCB SUH OF SQ e F VALUB /

& ATTRIB 0 nncﬁsssxou i4‘j- 0. 1o4ea+o¢} 0. 2exsn+oslgl 0. 9194:+oz
o DY, FROM-REGRESSION . 43 ' 0.1223E+03 . 0. 2e44n+oxﬁ_,u_m ol
s - TOTAL 47,;, 0. ;168;+o4-;.v DTN

Tyt




N
. >
. EXP " ACTUAL: _
IR EE
"1 . 0.9680E+01
2 . 0.4130E+01
T 3. 0.1361E+402
‘4 | -0.2070E+01"
/6. - 0.B8120E+01-
6 0.1639E+02.
"7 . 0.10698#02 -
8  0.137HE+02
9 0.8210E+01
10 0.4600E+01
11 - 0.4790E+01"
12 -~ 0.146TE+02
13 " 0.1510E+02. .-
14 - 0.5720B+01
16 1 0.9560E+01 -
16 0.100PE+01
17 o.53doeso1,
18 . 0.1842E+03.
19 - '0.1591E+02
20 0.9300E+01-
.21 0.1280E+02-.
22 | 0.1412E+02 .
23 0.1774E+02
24 0.1618E+02
25 0.1469E+02
26 0.7160E+01 -
37 0.5B60E+01
© 28 0.6480E+01"
*29 - 0.5510E+01
30 0.6490E+01
31 . 0.4310E+01.
32 ©0.3160E+01
33 . 0.3230E+01
34 © 0.1880E+01
°36  0.2030E+01
36. 0.2220E+01
‘3T 0.1378E+02
£ .38 ° 0.1348E+02
39 0.1364E+02
40 ' 0.6540E+01
- 41" 0.8240E+01
42" -0.1618B402 - 0
43 0.T540E+01 ..
. 44 - 0.9680B+01.~
" 45 - 0.1262E+02"
46 0.9600E+00
47, 0.10178+02

. 0.1363E+02

°0.9930E+01

© 0.T014E+01

0.1269E+02
0.584BE+01 . °
0.7793E+01

0.1501E+02 .

0.1002E+02

ot1aazs+02 :
- 0.9026E+01
- 0.6321E+01
0.6470E+01
0.1320E+02'
0.1391E+02 .

'0.5768E+01
.0.9137E+01

' 0.3989E+00 .

 0.5369E+01

0.1441E+02

'0.1613E+02

0.7692E+01

.0.1061E+02

"0.1362E+402.
. 0.1607E+02"
0.1960E+02 -
0.1201E+02 .
0.7086E+01: .

0.5977E+01
0. 8350E+01

- 0.7T196E+01

'0.8768E+01
_0.3T19E+01
 0.5164E+01

" 0.2342E+01

0.1 164E+02

0. 1osos+oz"*

_ MODEL
OUTPUT .

~ PERCENT
bnzrr,;j

—2 683
-w-s9 84 -
CT.at
-182.49 .-
4.03

8.40

8,30

-0.78
-9, 94

-37.41

_ -35.07

9.43
‘2. 7.90
-0.84
4,42
" 60.11 .

-0.17
12.24
" -1.40

.17.14
4,23

9.40

-21:17

17.71
1.04
=2.00
-28.86
-30.58

. -36.09

13.72
-63.42

17.29

ACTUAL -
DIFF

-0.2591E+00

-0.2884E+01

0.1016E+01

-0.3778E+01°
' 0.3269E+00

.0.13T6E+01

. 0.6735E+00 -

~0.1072E+00-
. -0..8168E+00 "
~0.1721E+01
i20,1680E+01 -

. 0.1374E+01

- 0.1182E+01
-0.4792E-01
0.4227E+00

0.8011E+00
- ~0.9268E-02

0.2010E+01
-0.2223E+00

0.1808E+01
. 022194E+01

0.5970E+00

o.1aean+01,,:

~0.3426E+01
0.2584E+01
"0.7436E-01

-0.1172E+00 -
-0.1870E+01 - -
~0,468BE+01 " "
'-0.2278E+01 .
0. 5914s+oo'
=0, 2ooqa+o1

0.1141E+01 . 64.68  0.2089E+0 :
. 0.2110E+01 12.70 -0. 2asas+gz P,
0. 17s4s+01-_j ,/__13.57‘ 0. 2755344)
-0.103E+01 . /147.87 =~ 0.3283B+
0.1416E+02 .-f2;78,;ro,38345+oo" SRR
© 0.1640E+02 . -14,22 . -0.1917B¥01" . .
- 0.1262E402 - 7.49° ~0:10228401-
'0.781BE+01 . -19.49 - -0;1275E+01
' 0.8528E+01 = 20.77  0.1752E+01
.166BE+02 . 3,25 1E+00
0.7844E+01 " -4.0 /3036E+00
0.9236E+01 - 4.59 ' 1¥.4441E+00 -
‘0.1324E+02 - =489 700.6166E400

//_o 13823+o1"

.‘-% ’

_.iélégﬁf:.

Kl



. MODEL NUMBER:

MULTIPLE COHRELATION (R) -
 STD ERR OF ESTIMATE (SE)
" SUM OF SQUARED ERRORS

F TEST:

mSUH OF KESIDUALS :

RS uAvn-',
“LENGTH

ﬁihée“s
. 1766.5
. 2238.8
- 1976.5

IlTERCEPT

-

" MODEL

-0, 1e4zz+os
-o,szaosfos.y
—o 1403E+06 -

o o o0 B

.9529E+00

.1074E+03

- STANDARD

Acbzrrxcxanw'

. 26993+05 -

O 12422+02: -

3 ik

annon cnsp?

0 1618E+04

- 0.5649E+04 - -
© 0.1625E+04

1oeia+03;":-
as715—l3»~—r

1581E+01 .«

10.1025E+05 .

VARIATIOH souncs ------- nf-

"Arvnrn 0 nzcnsssron Y
- DEV FROM. 'REGRESSION _»43

TOTAL 47

'ZAIALYSIS OF VARIARCB FOR THE REGRBSSIDN'

“SUM oF sq,*'

”fo.10615+o4'

0.1074E+03

0. 11682#04]

- )

- 0,10165+02
0.9258E+01.
0.8632E+01
0.2633E+01

s

0. 28525+035

F VALUE

0.1061E+03 '
0.2499E%01

T

‘121?f¥ K




“EXP ACTUAL - =~ - MODEL Enacsnr,
NUM LR OUTPUT ";n;rr" L
1 0.9680E+01 - 0.8098E+01 .~ '16.34
‘2 0.4130E+01 - 0.8260E+01 ~ -61.68
3  0.1361E+02°  0.1161E+02 14.68-
__4  0.2070E+01 0.6261E+01 | -164.18
"5 - 0.8120E+01 . 0.89183E+0%t  -13.09
6 0.163DE+02  .0.1710E+02 . -4.34
© 7 0.1089E+02 . 0.1145E+02 - -7.12°
'8 ' 0.137T1E+02 -0.1286E+02 8,22 -
9 0.8210B+01 ' ‘0.9860E+01 - ‘ =20.10
10 0.4600E+01 . 0.5611E+01 -~ -19.80
11 " 0.4790E+01 . 0.6270E+01  -30.90
12 -0.146TE+02 0,1343E+02.° . 7.83
13 0,1510E+02 - 0,1544E+02 = - -2.25
14 05T20E+01 ~ 0.6911E+01 - -3.35
15'  0.9560E+01  0.1170E+02 - ~22.34
16- 0.1000E+01 ~ 0.1673E+01.  -67.33
17 "'0.5360B+01° . 0.4566E+01°~  14.81
18 0.1642E+02  0.1663E+02 -  -1.26
19 . 0.1691E+02 - 0,1653E+02 . -3.90
20°  0.9300E+01 - 0.6921E+01 ~ 25.59
i217./0.1280E+02 .0.8060E+01 . 37.03 |
‘22 0.1412E+02  0.1494E+02 .. -5.83
.. 23 0.1774E+02 - 0.1514E+02 '14.66 -
24 ©:0.1618E+02 0.1656E+02 - -2.31
26 - 0.1459E+02 - 0.1324E+02 .~ 9.25.
26 0.7160B+01 0.7979E+01 . =~11.44
‘27, 0.5860E+01 . 0. 6763E+01 ~ -15.42
. 28" '0.6480E+01 . 0.7169E+01- . -10.48
29 '0.5610B+01  0.4409B+01 ' 19.99"
30°.°0.6400E+01 - 0.6889E+01 ~ -6.14"
31 0.4310E401 ' 0.4509B+01 = - -6.71
32 0.3160E+01 . '0,5028E+01 . ~ -59.11~
33 ' 0.3230E+01- 0.1924E+01 40.43 "
34 - 0.1880E+01 ~ 0.1667E+01 ~ ~'11.31°
©36 0.2030B+01  '0.2245E+01 -~ -10.68
36 0.2220E+01 0:4619E+00- - 79.19
37 0.437T8E+02 . 0. 1081E+02 .21.54 .
38 0.1348E+02 = 0.1426E+02 ~ .~5.71:
39 0.1364B+02 .0.1471E+02 . -7.85
40 .'0,6640E+01 ' 0.6870E+01 " -5.04
41 0.8240E401  0.TO79E+01 - - 14.09 '
42 © 0.1618E+02 '0.1660E+02 - .°3.56
43 '0.7640E+01 . 0.TT36E+01 ' -2.58
44 -.0.9680E+01 ~ 0.8316E+01:  14.10 "
(45 70.1262E+02 . 0.1473E+02 = -16.70
48 .0.9600E+00 ~ 0.2317E+01 ~141.37
47 0.1017E+02 0.1021E+02. . -0.36
48 0. 13633+02_3,o.13213+oz ©3.06 -

ACTUAL_
DIFF_‘

o 1582E+01;..
'-0.2130E+01

0. 1998E+01

<0, 319IE+01
-0.1063E+01
~0. 7106E+00

-0.7612E+00

~0.3394E+00
-0.1914E+00
-0.2136E+01

4;0'67333+00
0.7937E+00-
\-o .2066E+00 . -
-0.6203E+00 ..
0.2379E+01 -
0.4T40E+01
. ~0,8236E+00

0.2600E+01

~0.3742E+00
. 0.1339E+01
‘—o 8193E+00
'#0.9033E+00 .
~0.6790E+00 .
- 0.1101E+01 -
-=0.3988E+00
-0,2893E+00: -
~0.1868E+01
-0:1306E+01 -
0.2127E+00 ..
=0 214aa+oo>j--

0.1758E+01

0.2069E+01 . .
120.7697TE+00 .
~0.1071E+01
-0. 3299E+oo .
©.1161E+01
0.5761E+00
-0.1946E+00 -
0.1366B+01 -
-0.2107E+01
1.=0.136TE+01
-0.3672E-01.
0.4156B+00. '

0.8534E+00
'-0.1660E+01
-0.9107E+00 -
-0.1480E+01
0.1141E+01

8



: 7hob§£’huﬁnsﬁ{,féf33 R

Y

"'~fnunrrvns CDRRBLATIOI (n)
STD ERR OF ESTINATE. (sq}

"sun or quAaaD znnons

' F.TEST o
,sun or RBSIDUALS -’.;’_ 7

Tie.s

MODEL

‘“*ﬁpﬁsrrrcxhlr E

.9444E+00

1264E403 - . |

.8864R+02

©*.' STANDARD -
'ERROR COEFF -

Q .
0.1714E+01
-0
0

,95045_,3;;:'” B

76118+05

InTiRCEPT |

;..;4

2982E+05 o

wﬁo;11315+os-7
0.4“13+“ e
: ' *0.423BE+04
~0.3521E+06"

. 70.8844E+08 -
'°‘1145‘*°2Lx~‘ o

o -
R LI
3
j 3 4
s ..

: T-VILUB

%

0: e7zos+ot.3_\.,
_0.66TO0E+01 ~ -
e, 44soz+o1*‘b.
0 39818+01,f-'“

e : 4
B ' e
T o
. R N
o ) :
. v
AR [}
RN T 1.
2 ) A
. . K .
P v v
., t . ‘.
. E
( S 1 o

. DBV’ FROH RBGRESSIOK.

'HAIALYSIS Of VARIAICE FOE THE

E

Dr’

‘*‘Iou souucs~m
:;rrnxn qp nscnsssrurt s

TOTALZ 47

43

nsck35510i7
I3 sun oF. sqf

*"o.1o4zg+o4
0.1264E+03

o,ﬂ;qsz+o4-

'f'ffnshlfsd

0. 2eosz+o3
0. 2939k+o;

’-3

SR VALUE

t

sy Cot

'd.égcgkﬁg)z: o




P

44

46

47

_ - acuaL
ZHM nUM '

"0.1610E+02
"0:5T20E+01
".0.9660E+01
" 0.1000E+01
" 0.5360E+01 -
0,1642E+02

0. 15913+02
0. 93005+01
0. 12808+02

" 0.1412E+02
. 0.17T4E+02
0.1618E+02

O 14598+02. '0.1168E+02

'50 7160E+01 °
" 0.6660E+01

0. 64808+01

'0.56510E+01 -
_0.6490E+01
'0.4310E+01

0.3160E+01 -

.0.3230B+01 -

. 0,1880E+01: '

 0.2030E+01 °
.. 0.2220E+01"

- 0.13788+02- -
0,1348E+02

o-1354x+02T
) 0.6540E+01.

"0, az4on+of,
- 0.1618E+02
©0.7540€+01

' 0,9680E401

- 0.1262E+02 -
oty

0 98008+00

0. 1o:7s*ozg

; »4qlv>o 1aeas+ozh;.

0.6B46E+01 " 40.36  0.3764E+01
0.1080E+02 . - 15.61 . 0.1998E+01
0.1262E+02  11.31. . 0.1897E+01
0.1623E+402  ~ 8.51°° 0.1509E+01'
'0:1742E402.  -7.68 -0.1243E+0t,

. /20.60 . 0.3006E+01

|0.7903E+01.. -10.37. -0.7426E+00 .

~0,8962E+01 ~ -62.94. -0.3102E+01
'0.6239E+01 . 3.72 0.24118400 -

’ 0.487TE+01 11.49  0.6333E+00

" 0.8866E+01 ' -36.60 ‘~0.2376E+01 - .
,0.42T6E+01 .. "0.79  0.3413E-01 -
0.4606E+01 . -45.76 -+0.1446E+01 -
.0 1729:+o1.‘;.,45;473'59.1501s+01 o
, 0,3664E+00 . " 81.04° 0,162¢E+01 .
o 2013E+01 .. <43.50 . -0.8830E+00 .
T0.1493E+0f 32,73 . 0.7266B+00
10:1464E+02 ~6.28 'v0.8650E+00
0.1407E+02 . -4.37 -0.5886E+00. -
'0.1613E+02 . -~10.95
:0.6681E+01°  -1.86
‘0.8344E+01 - -1.26
0.1463E+02 9.57
'0.6916E+01 - ' B.29
©0.8361E+01 | '13.73
0.1377B+02 . . -9.08
| 0.3542E+01  -268.93
'0.1206E+02  -27.33
0.1161E+02 = . 15.52

L ‘

(0.1620E+02 ' ~7.

10.5320B401 7
- 0.1015E+02.. . -8,
0.1197E+01 "~ ~18.
0.4666E+01
0.13418+02 "
0.1596E+02 . - .-

.70 -oxzazoz+oo~r
-0.2911E¥00
=0, 144sx+ol_v'v;:~
.+ ~0.1097B+01"
0.3998E+00 .
~0.5860E+00

0.4130E%01° 78
-0.1361E+02.  0:1162E¥02 - " 16.3
. 0.2070B+01 0.5824E+01 ~'-181.37
. 0,8120E+01 . 0.9904E+01 ~21.97
0.1639E+02 - 0,1446E+02 =~ 11.82
0.1069E+02 ~ 0.1051B+02 1.66
0.1371E+02-* . 0.1365E402 - . - 0946
10.8210E+01 ' 0.7923E%01  T'3.40
0.4600E+01 . 0.5322E¥01 = -15.70
0.4790E+01 0. 5081E+01  -6.08
" 0.14B7E+02 . 0.1601E+02 - = -9.80

-0, 1T84E+01.

- 0.1937EB+01
; 0.1779E+00 .-
: o 6352E-01

2868B+00

-0. 19883+00
/0.6939E+00

0.3010E+01
~0.4895E-01

7-0,1494E401 .
~0.1215B+400 .
-0.1042E+00
0. 1549E+01

*.0:624BE+00 -

- 0.1320E+01 .
<0.1146E+01
-~0.2682E401 .
1 =0,27T9B+01- -
. 0.211BE+01

| AcruuLif
DIFF

184102+oo"
). B8TTE+00 .
0. 20922+019“
7 -0.3754E+01

iy




o 949634»00

0. 1633§201

v » _ ;o 11473103

. F TEST - ,;*' T 0.9BTLER0R
: sun or nBSIDUALS ;A;--= vO 23203-13,J

fVAvs-:,-; HODEL
_»lectu_u CUBFFICIEIT % .
f}"1715 s,'“-e dé93n+os TR
. 2047.5.- -0, 4o4zs+os‘i 9. zarag«oi e o 02123+o1_;;;_‘j:: .'
' 2216.5  0.3854E+04 - 0.92708 i 10.4168B+01 " .
- -/1614.5. . -0.4489E#06 0. 117sn+oB' 0. aaz1x+ot-,,v' .
Ilrzncsrrn;_ 0. 1369E+02 S

"Agnnxsxs or vnn:ancn FOR rnn nncnxssxo.j”' E

| VAnIArxol souacs ﬁrf sun op sq,”: ng‘| sq -”f;fﬂiAiusﬂf'“”

ATTRIB 1 ro nscnxsston - g o'1054s+o4 0. 2034s+oa
- "DEV FROM REGRESSION 43  0.1147E+03° ..0. 2eeaz+01
ST - TOTAL 57', ‘0. 1xeas+o4;g PR




10
11

“*_‘12.~

13 .

s

ST
18

T

18 ¢

._19f‘

,zzo

}21
22
123
T 24
28

26

et
28
29

..31

.32
33

-V

36
i

" 3T

L

SRIMAR- | R
B 1
8
42
T “3

L AT
s

19/0_$lﬂijm.a.d:ks;a“‘ g5 o n

0 9680!+01

1 0.1361E402
0.2070E+01

0.1839E+02"

0. 1069E+02 :
0. 137xs+oz;‘
7 0.82108+01"
0. 4eoo:+oa
- 0.4T90E+01"

0. 14878+02

B 15108+02
0. 57208#011

-0; 98605*01
0 1000!+01

0 sseog+01f

0.1642E+02 -
0. 1591E+02
0. 9300!*01

0. 12808+02‘

0 14125302
Q 1174B+o2
9. 18188+02
0. 14598+02

'0.7160B+01. -

0. 88603+01
0 64805401

o, 6610E+01 - -
.0 e496;+01~

0., 43108+01
‘0. 31608+Ot

.0, 323OB+Olf

-0.,1880E+01
0:2030E+01 .
0. zzéds+oi
| 0.1378E+02 .

10.13488402

0. 13048+02
0 654OB+01

0. 8240E+01

10:16188+02

0.7540B+01 .
0.9680E+01 -
0. 12623+oz

0 96008+00
0 10178+02

0 l&ﬁSBﬁO?Jf

el T

ACTUAL

0. 41308+01f

© " ook
e

1?0:93818%01_
0.3956E+01 .
0.7821E+01.
-0, 56333+o1;
- 0.8120E+01 ' .0,9365E+01-.
-0.1340E+02 "
0.5034E+02
0.1427B%02 -
0. 9134E+01;'7
' 0.4768E+01 .-
“0./6714E401 .
0.1468E+02 ..
0.1336E+02 - -
10,4483E+01.
0.1141E+02
0. 2oszz+oi‘
0.5623E+01.
. 0.1682E+02
"0 1541z+02.g
.0, 7ssas+01{}
[0.11638402 © 7
0, 1szag+o2;;}
L0, 177ag+oz31
. 0.1708E+02 -~
~.0. 1330E+02" . .
0.8610E+01 .
o ;8040E+01 .
. 0.T914E+01

0 74308+01

o 8434E+01

0. .2890E+01

L l0.82

w46
;'15}"10'.:'

ﬂpzncznr?”_
Dxrpf.;

4.25
142,537

;-172,12f
"+15

18.23

‘11.26
i3

-19
o

*21.62.

-19.36.
-106.24

:»-4 92

3764
3. 16
CATTL
~9.91 .0

~7.88

=37.19

-22.13:
©-34.85 -
.=29.96
.32.96
104 4354:+o1'Lz
0% 24593+01 2
0. 11T9R+04. " -
‘0. 17943+oxg;
. 0.1599E+01 -
0,1283E+02
:0.1336E+02 " .~
0.1326E+02
' '0.6814E+01
0. aaszs+01;}
“0,1626E+02
o_poaqs+ox;1;
- 0,7349B+01
14588402
o 139OE+01.
0. 1177x+02,,ﬂ
_12725+oz:

37,78

23,88
" 37 27"
.11 82]“
98-
6.87
0.87.
s 25g1jj
418

e 18

U‘T
-;19.9v
2¢
=156
13

- 8:66

.33

© /3,20
C-4.11-

84 -
.29, ¢
78’
11,59 -

-0. 25
-S 58"
" 8.82:"
 ?20.2§ 

;OBM
.39

0. 1786400 ¢
“0:5TBOE+OL - . .
'~0.3663E+01. . . ..

.~0. 1245401 ¢
0.298TE+01 " -
0.3519E+400-° .
~0.6632E+00 ... ..
~0.9241E+00 ~
-0.1876E+00 ~

=0, 92383+00f

-0:1139E400°
0.4750E401. 1,

0 1237E+01

-0. 1851s+01j;.,_ .
~0:1062E+01 -
‘~0.263BE+00 .
0/BOTIE+00 .
0. sos4s+oo,*_;u‘
0.1647E+01 .-
0.1260E+01 - .
. -0.1108B4+01 - -
~0.4440E-01 .
=0 9003E+00.:7151"»:
0.1287E+01° . .
-0.1460E¥01° . ..
~0.2180E+01 . o -
-0:1434E401 © -
<0.1920E401_ - -
~0.19448+01 .0 -
5.0 14205+01 =j=..
-0:1194B+01 .~

.0 7T06E+00.

0. TO0BE+00 -

© 0,2360E400.7° .

| 0,8211E+00, -
 0.9482B400- 0 . 7

"0./11T4E+00:

IR}

e

10.3834E+00

-0.273SE+00 |

azi-oieszaa+oo;i{],
3853‘01f"” REEI

FDT1601E 01 .

0. 23313+011;\¢ :
-0.1942E+01° . T
=0.4363B+00 . "
“0.489TE¥01 . .o .
. soeps+oogt;,A:_.'“




HODEL IUHBER' :

..,th C

U TEST

| f,f~sun OF nssxnu;ns R s

 " l:fHULTIPLE CORRELATION (n)
: 1 STD ERR OF ESTIMATE" (ss)
. SUM'OF squnnsn ERRORS:

R

Lk

vuva-4z“¥=
LEIGTH‘;

1006.5

*571714.5 :

1874, 5
- '2023.5
Iu'rsncsn'

/0.267T5E+05
'0.6785E+05 -

0 252TB+OS

© 0, 2312B406

©MODEL
. .COEFFICIENT .

0‘96113;001}‘
0.1440E+01- " ...
-fo'69222+02 e
Lo 1300E+03 * .
»-o 13325-13;';3

stunn§@n
ERROR’ cosrr

;o 1aeez+o4;
0.TSTTE+04 "
" 0.3309E+04
0., eaoeg+o4;f

0. 11323+ozk;{;:ﬂ

r-vunus 'J ~Y;L"_

gjo 14343+02
+0.8506E+01

0. 7638E+01

i{o 3asas+ox

"’“'yfAuALYSIS OF. VARIAICB ron ras nscnsssxonf'ﬁ:&fif-?J"'

VARI!TIOI SDUBCE

ZF;xTTﬁIs 10 nxcnsss:ou 134

o 'DEV FRON nzcazsszou 43

~TOTAL :;47f;?

0 10798+04
LA 89228+02
0. 11683+04

sun or sql}f

E nzan sc

0 36988+03

0 20758#01

PRI SN

r VALU! ;{

o 1sooz+oa }, B

7
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=
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[ty
ON B W

=3

1
;;‘€5;4t5'f},;.x:”.iﬂfbsixi$~4‘”'55 = : o
-0 T

. g

TS
16

~

17

. ,;‘.:ﬂ. 20
AR

C -{ 22
23.

: 24

R
&2
31

T '_33'
g 1.-:". 34 -
o 35"

» 0:96B0E+01 .
" 0.4245E+01
0.12208+02
'0.4B4BE+01
0.9194E+01
‘0.1891E+02 -
0.1080E+02 .
10.1331E+02
10.9113E+01
- 0.54208401 -
~0.5949E+01
0.:1442E+02
0.1424B+02 -
| 0.5109B+01
'0.1024E402
0.7846E-01
‘0.T489E+01 -
-0.1677E+02. " -
0.1689E+02° -
0.9226E401 "
0. 1113402 ©
0. 1686E+02

. 4130E+01

;13313+02

+2070E+01

.1639E+02- .
-0.1069E+02 "'
. 0.1371E402
~0.8210E+01

0.4600E+01

0

0
- 0.207¢
430.8120E+01"
o

0

0.

0.

0.

0.

".0.4790E+01
0.14B7E+02°
- 0.1610E+02
"'0.5720E+01.

0. 95@og+01

.18 &ao 1000E+01 -

0, 83808+01

‘0 1842E+02.

o.{s#15+02
0 23 0E+01

OB+02
05 4125+°2

-0 47745+02

0 16188+02
14§93+02
0. 71603+01

)- 0. jheog+01

0.8480E+01-
0. §s1oz+01
1084008401
-0.43108+01
.0.3160E+01
- 0.3230E401"
0. 1880E+01
. 0.2030B401

33 .ﬂ 22205+01

3‘37

39
S SR 1 8

.; ?:'J’ 42&5
. e ‘3“v

a4 B
. 40 A

R

".,” . . o
Lo e 38

4T
:;4_
il qu ¥
A

‘;§7ag+02

0‘96808+01
{o. 1262E+02
[ 0. 96005+°°
0 1017E+02

.1363E+02

0 1348E+02
.0.1364B+02 ©
0,6540E+01
0. ai4os+ot
9. 1etas+02

0;#44SE+01}.“ﬂ

0.1677E+02

0.1801E+02
| 0.1084E+02
20, 9027£+01 e

.0‘32795+01'

0. 7199E+01 "

"0.6816B+01 -
0.7738E+0t -
- 0.3682E+01 .
. 0.2767B+0t "

. 0. 14998401 .
0+1136E+01 -

- 0.1499E+04
0.4494E+00 -
0. 1235&#02*3‘
| 0.1348E+02
'0.1249E+02.
0.7239E+01

£ 0,7620E401

0. 14543402"
-0, e1ess+ot"‘

f;o 824TE+01“
o 12738402

'0.3243B+01
"0:1167B+02

o 1402B4+02 -

uonan
_ ourpur;

- PERCENT
.DIFF -

=317

'5.69

10014

-23.69.

-10.41

10,15 .

2,42
42,18
L9.T1
. ~134.04
_-13.22"

“1.02

2.93
'211.00
'-16.02
L =24.20°

" 1,00

10.87
57y°9¢
‘92.15
[-o 2129E+01
0.6499E+00 .

11=39.73
.3.96.°

1 0.80"
13.04°.
12028
11,09
-11.30
140
+=26.07
<la1:287
~11.10.

 -19 24
16165 -
12,77

:;53—°° -

: 39.83
- 26,18,
.79.76

C0001
T 8.44
~10.68

7.45 "

L 18.2T
T.~.14.80
. H0.85
T.-237.77T
-14.74 .
~2.84’

. ACTUAL

 ‘DIFF_ i

0. 2347z+oo
~0.1148E+00

0. 1322E401 -

f—o 2775E+01
-0. 1074E+01
-0.5191E+00 -
=~0.1090B+00

0. 40158+00

~0.9032E+00
=0 32885+00
-0.1169E+01 -

0. 1451£+00
0. 85888400
0 6105!*00

=0. 67783+00

0. 9215!+0°

.0+ 2246E-01. -
0:T417E-01
0.1670E+01

-0 17\283*‘01

0. 19§7g+01

-0. 1829B+01

0. 39505+01

+0.1867E+01-
-0.2419E+01
,-0”71922+00= 3
~0.1306E+01 -

-0.1248E+01
0. 71753+cy&
0. 4oasz+oh

0.1731B+01
- 0.7450E+00_
-0.5311E+00

, 0;17;;8+01A'  
© 0.1434E+01 -
:0.2002E-02.

0.1164E+01

~0.6965E+00 7?' )

0. 6142E+00

204 1642E+01

0 1377E+01
0 1433E+01

f-O 1076 00
;-0 2283 1

-0, 14998+01

-0‘38708t00
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' ;509§£fuuﬁnén£f‘

"-F TEST’

: esun oF nxsxbunns
LNavE-
- LENGTH

”52239 5

cL o AefLE
‘; 1l:;ncsPI¢

. MULTIPLE CORRELATION (R)
"'STD ERR OF -ESTIMATE (ss)
3sun or SQUARBD znnons '

50 1T26.5
CASTT. B

8

HODEL

cosrr:cxsur B

-0 21655+05-

<0.3334E+05

- 0.507T4E+06
-0. 92253+o4; ‘
" o 132933'02.7

-;0 9811E+00

0. 1441!+01

'”}o 8923E+02 "

0. 13OOE+03

'-0 88825-15

STANDARD

- ERROR cnsrr‘

*”o 1957z+04_
- 0.3094E+04 - -
" 0.8191E+04
0.1634E+04

IRECI

LTWALIE

0.1101B+02 - .
0.1077B402 -~ .+ =
| 0.6104E+01 . - -

-0: so;ss+oii '

AIALYSIS OF VARIIICB FOR THE lEGRESSIOli'

VKRIATIOK SOUncs¥f né;"

- ATTRIB TO nzcnsssrougggff
 DEV. FRON REGRESSION. 43

CTOTAL a7 -

som: or sq~'

o 1ovos+o4ﬁe
'0.8923E+02°
0.1168E+04 .

. nzan sq e
.‘o 2ooss+oa
0. 2o7sg+o1 .

F VALUB

o f%oos+oa




3
2.

3
e
5
8
7

8

9

¥

CLUBRP
U NUB.

10
11

12

13
14
. 1B .

16
BRI ¥ ¢
'é"axa

'.21
22

’-24-‘ 0.1618E+02 ' .0. .
: 0,1407E402°
'9_84035*01-.
0.7368E+01

0.T191E+08 ..
10.3506E+01 -
0. 7016B+01

03627T1E+01 .-
“0.5603E+01
' 0.2400E401
0.1020B401
. 0,1980E401

28
29
30

31

32

33

-7 S
36 -

36 -,

S “137
,,“%39
.40

R §
42

43,

: ‘44}
T 48
v  -4°v
T 48

i;,.v‘crugp” SERTNE

] o.oohosfoi.
" 0.4130E+01
0.13618+02
0.2070E+01
0.8120E+0%
0:1639E+02
. 0.1069E+02
0.1371E+02."
-0; ,8210B+01 .

.48005401

0.4790E+01

_ o 1457E+02 .0
*0.1610E+02 -

0. 57205+o11:;

0.9660E+01"

-0.1000E+01 .

0 .5360E+01

" o. 10425402,1

p 1691E+02

« 0-9300E+01" -
% 0,1260B402
0.4412E+02-

| 0.1VT4E+02

- 0.1469E+02

©0.7160E401
' 0.5860E+01 .
- 0.6480E+01-
'0.6510E+01

S0, 04908*01

0@43103+01'

6. 3160E+01
0.32308+01

/018808401 -
0.20308+01

0.2220E+01
0.1378E+02
1 0.1348E+02
013648402 .
'0.6B40E+01 "

0.8240E+01"

0.1618E+02 -
. 0.7540E+01
0.96B0E+01
0.12628+02
0.9600E+00 .

0.10178402

0.1363E+02 -

0. 73133+o1f':
- 0.6067E+01

0. 119OB+02

0. 51ssz+01'
~0.9504E+01
0.1684E+02
" 0.997T4E+01
0.1454E+402
0. 987TE+01 .-
0. 4368E+01 -

“0,4762E+01
0. 12858+02’f
0.1504E+02 -
0.5130B+01
0.1185E+02
0.1460E+00 .
0.5486E+01. °
0.1636E+02. " ~6.48 -
L0 14oos+02}
0. 82538401
0.1082E402
0.1593E+02
. 0.1560E+02"

+1TT8E+02

-0,1798B+01 -
0.1436E+02. .
U 0.1448B402
10.1520B492
0.6956E+01 -
- 0.6062E+01 . -

“0.1459B402 | .
0.8117B+01
'0.9216B+01 ..

0.1346E+02

0 12213¢o15
©.0.9921E+01 |
- 0.1187TE+02.

g«jbzﬁcsiraéfv

~'24I45

-48:01-
12,84
~149.03
ﬁ¢<17;o¢_u
- 3,38
- 8.70

-6.03

20031
26.77

. 0.79

11,79
. 0.39
-+ 10.32.
~23.94.

85.40 -

=2.33

o 11;63

-111.28"

T.82 |
- -12.78
12,04

- #9.90

. '3.868
17,37
~26.58
“10.98:
. 36.38

-84

-22.30°
L STT.32

25 70
-2 12
2.46

4931 -

-4.16"

-T.44
©=11.45
~6,34 -
16,51
9,83 .-
" =7.86

4.79
5~8 66
-27 14"

2,46

;;z;ssf

0. 2387E+OL»
-0. 1937E+01
-0 1:073+o1p
*£0.3088E+01
-0. 1384s+01“

0.5§492E+00

0.7160B+00 -
;-o 8262E+00 -
=0.1667E+01

ACTUAL
e

0. 1232s+or“_

©.0.3807E-01 .
0.3T17B+01 .
0.6922E-01" .- .
0.5901E+00 .
~0.2289E+01 ' -
-0.8640E+00
©<0.1248E+00

0 1064B+0$

-0.2443E+01.

0.8302B+00
~0.3982E-01
“0,4984E-01 -

0.42438+00

0. 1o47x+ 10
70.2281B+0% . .
=0.180BE+01 . .-
0.2136B+01
-0.1601E+01 -
0.5189B400
-0.1243E+01 . -
~0.:1498E+01
-0.7114E+00 -
0.2004E+01
<0.5262B400 . . Cd
-0.9812E+00 -

-0.5TiTE+00 ~

-0.1003E+01
 =0.1562E+01

~-0. 41498+00

0.1278E+01 . .

0:1591E+01

-0.5T6TE+00 . °
0.4637E+00
~0/8411E+00 .
~0.26088+00
0.2495E+00 -
. 0.178TE+01




NODEL WUMBER: 7

" MULTIPLE CORRELATION (R)

STD ERR_OF ESTINATE (SE) -

_SUM OF squ;nxa ERRORS -
. F TEST o
“.‘sun or nss:nuums

eveTn

©2226.5
' 1882.5.
z1733 6"
72180,5
IlTBRCBPT.f‘

"'A’)_

3 o 2517s+os
=04 1ssss+§,
| -0.4237E+

-0, 1oesx+os
o. ;1333+02

0. 94215+oo;>
. 0.1748E+01
©0.1314E+03
e 84q53402<
o 1x§hs-13

To 387TTE+04.
' 0:2822B+04 °

W0 9668E+04

0 4144£+04

“'COné?3"

-VALUE

s g
,,vo 04915+o1 .

| 0L6167E+01 -

'_0 4383R491 G
{o 26438401:f R

AIALYSIS or VARIIICB‘FOR THE nacnsssxqu.gz*ii*-

T CATTRIB TO nxcnsss101'-f;4_‘
“vv; bEV runn REGRESSION 43 ._‘U
. M .‘“ B - _» TOT‘L .4‘7

'ATIOI souncz{ijpé,~»

sun or sn;f

;1osra#o4qf
.1314E#03
011688404

o HEAI SQ'

0. 25928403
O 30558+01»:.

UE

0 84085#02

L dgL
.<\\H_




\

CEXP. .. "ACTUAL - . 'MODEL . PERCENT CACTUAL - ..
THUM SR ‘ou"r'_Ptrr ©. . DIFF. . " DIFF
"1 0:9880E401° 0. 8724E+01 . 9.87 0,956TE+00
2:'0.41308+01  0.1887E+01" 54 07 . 0.2233E+01 -~ -
3. 0.136{E+02 ©. 1115s+oz__,,~1a,oc___ou24saz¢nx____; o
- & _.0,2070E+01 . 0.4667E+01 -120 61 -Q.2497B+0i -

-5 '0.8120E+01. -0. 774_3_z+_o1, 4.66 0.3TT3E+00 -

8 . 0.1639E+02 - 0.1623E+02 - 7.08 0.1161E+01 .-

. 7 . 0.1069E+02 : 0.8659E+01 . 19.00. 0.2031E+0% .

87 0.1371B+02 ' 0.1266E+02 © - 8.41  0.{163E+01

"9 " 0:8210B+01 - 0.7952B401 . 3.15  0.2682E+00

10 0.4600B+01. ~0.6B2GE+01 . -48.37 ,-0.2225E+01" =~

11 ' 0.4790E+01 . 0.57TE59E+01 .. '-20.23 -0.9691E+00"~

12 o. 14s7x+ozg' 0. 1ozex+osz\n-11's1<--9,17203401

13 "0.1610B+02 ' 0.1417E+02 ¥ . . $.13° 7 0.9264E4+00 -

134 -0.67T20BE+01 . 0. 7osaz+01-_‘f-zaa4o ~0.1338E+01

16 0.9660E+01— '0.1174E+02 = -22.82 0. .2181E+01

16 ' 0.1000E+01 . " 0.1030E+01 ' - -2.99 -0.2987B-01

17 ' 0.5360E+01 0.T121E+01, - ~32.85 -0.1761E+01

18 .'0.1642E+02"  0.1622E+02 .- 1.23 . - 0.2019E+00

19  0.1691E+02 - 0.1854E+02  .-3.94 --oﬁazezs+oo

20 0.9300E+01 . 0.6908E+01. . 25.72 . 0,2392E+01
.21 0.12B0E+02 - 0.1045E+02 18.37 ..0.2351E+01

22 0.1412E402 . 0.1603E402 ' ?13:55,--0 1914E+01

23. 0.1774E+02 -0.1665E+02 . - 6.15  0.1091E+01, .

28 0. 1618E+02 * ~0.1849E+02 - ~14.27 -0.2308E+01
. 26 . 0.1460E+02 . 0.1339E+02 . 8.23 - “0.1200E+01 _

26 0.7160E+01 - 0.8422E+01 - 217, 82 -0.1262E+01 "
/27 . 0.5860E+01, 0.6B56E+01, ' -11.88 -0. 6962E+00.

28 0.64BOE+01 . 0.7T615E+01 '- ~17.51 -0.113BE+01
.29 7 0.6510B+01  0.7323E+01.  ,-32.90  -0.1813E+01 -
130 - 0.6490E+01  0.810SE+01 . -24.86. -0.1613E+01
731 0.4310E+01° 0. 5577x+01j<_;—29 39 -0.1267E+01..
.32 ° 0.3160E+01 0. 5241£+01 | -66.84 ~.2081E+01
|33 0.3230B+01 - 0.3085E+01 . - 4. 49 ' 0.1449E+00

34 . 0.1880E+01 - .0.1699E+01  14.93 - 0.2806E+00

'35 0.2030B+01  0.3240E401. . “69.59 -0,1210E+01-

36  0,2220E401 . 0.1727E+01 = 22,19'° 0.4926E+00
37 0.1378E+02 0.4337E+02 ~  2.94 0. 4osen+oo &
387 o 13488402 - 0.1207E+02. ' 10.44 . 0.140BE+01 &
/39 0.1364E+02 . 0.1G89E+02 - -16.48 -0.2749E+01":

. 40: " 0.6540E+01, . 0.T144B+01 - -9.24 0. 8042E+00
41" 0.8240B401 ~ 0.667EE+01 18.99  :0.166GE+01:

42" o, 1618!+02‘svo 1329E+02 - - 17.88  0.2892E+01

43 | 0.7540E+01 . 0:7906E+01 - . -4.86 -0.3663E+D0 “';
.44 70.96B0E+01. '0.6092E+01 . 37.06 ' 0.3688E+01
45 0.1262E+02° 0,1358E+02 . -7.60 ' <0.9593E+90
.48 '0.9600E+00- ..0.1671E+01 | . ~74.04 - -0.7108E+00 .

“47 . 0.1017E+02 ~ 0.9896E+01 - ' 2.69 0. 273€z+oo :

48 . - 0.13638+02 0.9936E+01 - 270 30943*01
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' ,'{,"uutrxpnz cnnnELATIOI (a)Q.'o 9sqoz+oo.;r
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Ll SUMOF squnnsn znnnns 70 0,1080B+03 - o L
¢ F TEST. . : . 0.1089E403 | ... . . -~.‘f«:a,‘-\\ G
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- 0.4560E+06 ‘_ovzgqsz+ogix1 0.6543E+01 . -~ .. )

0.3195E+05.. ~ 0.9B6BGE+04 .. 0. 3242:+oxf R

0.12318+02 ‘

o

Te

i br | sun oF sq— . wEA sq_ SR YALUE

4 0. 10633*041 4 .aosas+os”.,j6;1Qeax4§§j'¥,*‘ ‘
43 - 0.1050E403 . o 2441s+01“,j'~‘,’_:*aﬁé;:-1*
*47‘ 0. 1xean+04 v EE
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EXP 1 ACTUAL’

vigngfbii?j,guunm

o R
O VM NAN D WN

© @ ~ a.m<huw_s”’

n-k.n g'w'w;n w
VOB LR = O

28
- RRe

.32
S 33
-7 S
38

. -36.‘

38
39
.40
R
427

,T)43;:

- 44
NG T
S U 1 8

© Eiig. e

©0.96B0E+01

© 0.4130E+01 -
"0.1361E+02

0.2070E+01 .

~0.8120E+01"
0.1639E+02
' 0.1089E+02
- 0:13T1E+02.
. 0.8210E401
©/0,4600E+01
0.479CE+01 -
= 0.145TE+02
0.1610E+02 -
" 0.57T20E+04
" 0.9660E+01
- 0.,1000E+01
0. saeoz+01'7
L0 1e4zs+02;
- 0.1891E+02
. -0.9300E+01"
- 0.12B0E+02
- 0,1412E+02
' 0.1774E+02 .
0.1618E+02
0,1459E+02
" 0. T460E+01
" 0.5860E+01
0.6480E+01 -
0.6610E+01
. 0.6490E+01
. 0.4310E+01. "
,0.3160E+01
0:3230E+01
0. 1seos+01f'
0.2030B+01
'0.2220E+01 .
. 0.4378B¥02 -
0.1348E+02
"0.1364B+02
'0.6540E+01 "
- 0.8240E+01"
-0.1618E+02:
0.7540E+01 .0

0.98B0E+01 -

. 0.1262E+02 .
0.9800E+00
0.1017E+02
0:1363E+02 -

10, 5353s+o1 o
0.4234E+01 -
0.1084E402 - -

205 5194E+01

."0.8762E+01 .
' 0.1498E+02 .
'0.1016E+02
. 0.1207E402 . *
. 0.9337E401,
- 0.6414E301
0.54T1E+01
- 0.1336E+02. ©
. 0.1524E+02
' 0.6273E+01 -
. 0.1102E+02
'0.7202E400

0. 6612E+01

0.1636E+02 - °
0.14T4E+02
‘0. 8264£+o1""
L0 1160E+02
0.1603E+02."
L0, 17125+02‘”
0.1902E+02
'0.1496E+02 -
:0.8934E+01 .
0.741TE+01. .
'0.7899E+01 -

0.5942E+01

0.7934B+01 .~
0.6375E+01 "
0.6633E+01
'0.2842E+01

0.254QE+01

0.2103E+01

0.17T44E+01
0.1295E+02 <. .5
0.1368E+02 -
0.1534E+02
0.6014E+01
0.6627E+01
0.1612E+02
‘seo7s+01‘
s 20E+01 " -
E+02v.’

0 42713*00

0. 8891E+015“

0 1207E+02

U mopEL: |
. outRUT..

i3g

=2
-21.,

'~150.

. ,._7

=13
17,
Cl1a
8.
-0,
=9
S
Y
=23,
o

7
11

10.
'1'713;
. 3.80

-17.
22,
-24,
=26 57
=21,

b 3

R &

=22,
. -4T
-75.
12.
~-35.
.58
.43
.99
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‘f12;

8
8

.30
-2

14

11.

19.

Loy

PERCENT * -
DIFF

‘3f

.52
80
91

.91
.8,

5:
11.96
72

61

09 -

96

70

.22

31
92

87,
.36
98 ..
36
36 .

38

50

53

44

78

90
86
24
81
09" .

DIFF

0.3327E+01 ..

-0, 1042E+00

0 2967E+01
-0. 31243+01

.-0 6421E+00

0. 1411E+01
0 4395+00
64OE+01

_-0 1127E+01

-0 8143E+00

Z0.6812E+00

(0:1211E+01 -

0. 27982+00

0. 1252E+01

0. 5981#—01

7 0.1174E+0%; -
14 7
14

0. 1osss+o1
0.1298E+01
-0.1806E+01
0. ezosz+oo
-szasos+go

-0.2373E+01

01° '0.3878BE+00

13

48

04
57

.25,
.49
-2.60
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.55
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47}
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'?-0A72835f°1w
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. o{82603+00j
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0.5256E400 ;v%'~ .

0.16813E+01
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0. 5329E+00
0.1479E+01

0.1564E401 _.‘

'
L

:~0.1385E+00 ~ °
~0.6634E+00
|=0,1458E+01 .

-0.36636+007 .
=0.17T4E+01 N
© =0.15BTE¥01 . o
~0.1419E+04 ¢ -
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' 'MODEL ‘NUMBER: "~ ‘B

'*-"HULTIPLE CORRELATION (n)' O‘QSBOE#OO,fuv 
_-:fsrn ERR OF ESTIMATE (SE) = 0. 1asss+o1lf~; SRR
. SUM OF squaaan ERRORS - J: 0. 1447n+os.,&_.H RN Rt

CUETESTL e (OL7BO3E402- Lt M
11,,sun OF ussxnuans . .:, ' —o 31095 13 R

e f”.”;
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L
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X 1T13.6 . -0.T1S9E406 .- O, -1164E+05 . "0.6203E+01 - -
T 1989.5¢ -0.2894E+05 0., T6IOE+04 - 0.3TERE+01. . -
'2288.5°  -0.7191E+04 0. 2137E+04 0,3365E+01 -
Inrsnczpr o,;isgsfdz?i, TN
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'IJANALXSIS OF VARIA!CE an IEE aaensssxou
VARIATIOI souncs ;{nr.~. SUM. or 505~ HEA! ELR F”VALUE
;:ATTRIB 0 nscnessxou e . 1024a+o4 0. 25593+03{ “0. 7eoax+oz

~.''DEY .FROM’ nacnssszon:3 43 0.1247E+03 o aasez+o1
: : TOTKLT;E4? 0. 11ess+04 :




. 0.9680E+01:

. 0.4130E+0

8.7 0.1371E+02
) 0;82108404
946008401;;

.4790E+01

.6720E+01

R10008001
;83608+01

‘o vé See d"c' -

V0.9300E+01 -

0:1412E402 -
' 1T74E+02 -
f46185+02
5. 0, 1469B+02
" T0LT160E401
.;huo 58608+01
8 0.6480E+01

,53'0 3160E+01 .
L0 32303+01

f;*o 20308401
" 0.2220E+0t’

Z{z 141DB+02.
' 0.1492E+02 .

" 0.f378Be02

- 0. 1818iFb2

0. 7640B+01
0.,9680E+01,
i 1202E+02 °
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