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Final report on project # 257140 
Supported by NRC/Tech 

Under this program in the summer of 1995 the following task were to be achieved. 

Base metal waste rock - inhibition of Acid generation 

1. Take down of waste rock drums which had received phosphate rock treatment 
and were monitored for effluent quality for a total of 700 days. During 
dismantling, data was collected by the students on pyrite content, surface area 
of rocks, particle size and description were made on the presence or absence 
of surface coatings. 

This data has been summarized and was submitted to NRC as part of the last 
progress report. 

2. Rocks from the drums were preserved in 1 % glutaraldehyde for the examination 
of secondary precipitates on the surfaces of the rocks. Samples were prepared 
for SEM EDX analysis. Based on the examination of control samples, it was 
generally found that no phosphate could be detected in the spectra. Control 
samples from 3 types of rock, at the differing weathering stages have been 
investigated using SEM EDX. One of the types (low pyrite fresh waste rock) 
with two treatments (phosphate rock on top or throughout the drum) of 
phosphate rock have been investigated. 

A good phosphate signal was observed A-3 (phosphate treatment in top part of 
drum) in the sample collected from the bottom of the drum. This signal was not 
as strong in the treatment A -2 (phosphate rock throughout the drum) and from 
the samples collected at the top of treatment A-3. 

This does lead to the preliminary suggestion, that dissolution products form more 
readily a coating on pyrite surfaces where AMD is generated. The coat 
formation is dependant on the contact and distribution of the phosphate rock 
throughout the drum. (Attachment 1, spectra and photographs of rocks 
investigated.) 

3. Dissolution experiments were carried out using phosphate rock and acidified 
water by Martina Kasumovich, who was supported on the project for the 
takedown of the drums. Her fourth year thesis addressed, under Prof. Ferris, U 
of Toronto, some aspects of dissolution of phosphate rock. This work lent to the 
evaluation of the application quantities and the potential for secondary 
precipitation. (Attachment 2) 
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4. The last water samples collected prior to the takedown of the experimental 
drums have been submitted for chemical analysis. The results suggest that the 
water quality in the presence of phosphate treatment is significantly improved 
compared to the control drums for all applications. (Attachment 3) 

Coarse coal waste rock - Laboratory and field experiments 

1. In the laboratory, columns containing coarse waste rock were set up to simulate 
the worst case scenario (high temperature and high moisture regime) in 
application of phosphate rock to coarse coal waste. These columns were 
dismantled and the encrustment layers in the columns, which were expected to 
form, were mapped and sampled. A summary of these results has been 
submitted with the previous progress report. 

2. Some of the encrustment layers were subjected to SEM EDX analysis 
determining the presence of a binding layer of phosphate rich material around 
coal waste rock. (Attachment 4) 

3. The research results have been presented to the German Ruhrkohle Monatalith 
through Prof. Wiggering from the : Der Rat Sachverstandigen fur Umweltfragen 
(Government Organization advising Ministers on Environmental Matters). Their 
interest in the technology is expressed in proposing to start a joint project in 
1996. (Attachment 5) 

Conclusion 

This data generated will form the basis of further technology applications both for coal 
and base metal waste rock. 
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ATTACHMENT 1 

SPECTRA AND PHOTOGRAPHS OF 

ROCKS INVESTIGATED 
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MEMORANDUM 

Date: November 17,1996 

TO: M. Kalin, Boojum Research VIA FAX gQ I- 0 63+ 

From: Grant Ferris y u”“o$’ 

Re; Phosphate Rock I AMD Drum Experiments 

Dissolution experiments have been concluded with samples of phosphate 
mck used in the AMD drum experimenti conducted by Boojum Research. The 
objective of these klnetfc experlmments was to ascwtain specific rate constants for 
phosphate dfssolutlon at different pH values. Determination of the phosphate 
dissolution rate oanstants pr’oviclea 8 quantitative basis on which to cOrnpare and 
evaluate performance data from the AMD drum experiments. 

The experiments were done In 125 mL acid-leached polypropylene bottles 
containing 0.5 g of pho~phale rock in dilute aqueous HzSO4 adjusted to pH 3.0, 
5, or 6.5. Samples of the aqueous phase were femOvad from the bottles after 
40,3&M), and 120 mfnutes of reaction time. Dissolved orfhophosphate 
concentrations were determined for each sample using the Hach Phosphover 
reagent and DREL 2000 spectrophotometer. 

Dissolution profiles for fhe phosphate rock at pH 3, 5, and 6.6 are shown 
in Figure 1, The rate of orthophosphate dissolution was the greatest at pH 3.0, 
and about one order of magnitude higher than that which occurred at the higher 
pH values. In each case, dissolution rates decreased with reaction time as 
expected from the hyp=erbolio rate law for mineral dissolutlon (Stumm and 
Morg!n 1981. Aquatic Chemistry, John Wiley, New York): 

The integrated form of the rate law yields: 

(2) ct = co + 2Kplcs 

where Ct is the ooncentratlon of a dissolved species at time t, Co 1s the dissolved 
species concentration at time 0, and KP is the rate constanL Since the 
concentration of dissolved phosphate in the dilute H2SO4 used in the 
axperiments was zero, equation 2 becomes: 

(3) Cl = 2Kpp.3 
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Linear plots of the~&&fmental data according to equation 3 yielded 
dissolution rate eon&ants (normalized fo the mass of phosphate rock} of 
0.01125 mg.gl.mW~ at pH 3.0, and 0.001875 mg.g-1.mln-Q~ at pH 5.0 and 8.5. 
Using these rate corMants, the expected weathering rate of phosphate rock in 
the AMD drums may be calculated as follows. 

The weathering rate of phosphate rock (R) relates generally to the water 
ffux through the drum (Cl), ma58 of phosphate rock exposed to weathering (m), 
and amount of orthophosphate released per unit mfGs of phosphate rock (C): 

, 
(4) R = QmC 

The value C is described by 8quaUon 3. Thus, equation 4 becomes: 

(5) R = C!m2KiG5 

From the dimensions of the phosphate rock AMD drums, and meteoric 
precipitation in the Toronto region (956 mm per year), the yearly water flux Q is 
estimated to be 154.86 L.yf-1. As each of the treated AMD drums was amended 
with 3.6 L of phosphate mck (density of 1.74 kg, L-t), the value of m Is 6264 g. 
The really difficult parameter to estimate Is t, the reaction time over Hkrlch 
phosphate dissolution occur!& Conceptually, t is equivalent to the water transit 
time through the drums (r): 

(6) 1 = 7 = M/Q 

where M is the volume of water In transit through the drum (effectively some 
fraction of tha void volume V, I.e., M = CLV). Measured void volumes for the 
drums are around 20 L, so t must be something less than 0.129.years. Because 
the drums are highly porous (around 50 Se), the transit time for $0 infiltrating 
water was probably fairly short. In view of this, and the rapid decrease in 
phosphate dlssofutlon after SO minutes (Figure I), t is assumed to be around 
120 minutes. This yields a value of 0.0354 L (35.4 ml) for M (perhaps not 
unreasonably as the c@rns must have been dry for some periods of time 
throughout the year). 

If t is taken at 120 minutes and used in equation 5. one finds that 242.4 g 
of orthophosphate would have been dissolved on a yearly basis at pH 3.0. 
Simiiarly, at pH 5.0 or 6.5, only 40.5 g of orthophosphate would have been 
dissolved on 8 yearly basis. Assuming a phosphate content of 49% h the 
phosphate rock, and a duration of 2.75 years for the AM0 drum experiments, a 
total 105s of 1360 g of phosphate rock would be expected at pH 3.0, While a loss 
of227 g should have occurred at pH 5.0 or 6.5. 

P.2 
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The actual amounts of phosphate roch recovered from the AMD drums at 
the end of 2.75 years of operation corresponded to a loss (depending on the 
heatment) of between 500 g (layered on top) and 1000 g (throughout the drum), 
These values are close to those calculated from the dissolution experiments 
The lower amounl(500 g) corresponds to weathering at a higher pH (meteoric 
water pH was between 6 end 6.Q whereas the higher amount (1000 g) 
conforms with weathering under reduced pH KvWitiorW (as mlght be expected 
from the oxidation of pyrite withing the waste rock in the drum). 

Since the amount of phosphate roch used in the AMD drurn~ are close to 
calculated amounts for phosphate rock weathering, it would appear that very 
little phosphate was actually retained as an insoluble FePO4 mineral coating on 
waste roch inside lhe drums. If and where FePD4 mineral precipitation 
occurred, it would depend primarily on the amount of dissolved orthophosphate 
in the water passing through the drum. Phase equilibria diagrams may be used 
to address this issue in greater detail. Examples will follow. 
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Date: November 2.0,1995 ,, 
~,,, 

To: M. K&in, BooJum Research 

F ram: Grant Ferris 

Re: Your Fax .,, : ;, 

P. 1 

VIAFAX 861634 
J Pages 

Magarete, 
~, 

I have sent you another memo repot-l by fax with relevant phase 
equilibrium diagrams. You have all the information you need to further refine my 
mlculaticns of dissolved orthophosphate concentrations at various polnts.inside 
the AMD drums. You might want to do this just to get a more precise picture of 
what happened. 

Your action plan &ems appropriate. Fallowing my return fnxn Sweden, I 
will make arrangements to complete the SEM work on samples from series 2 and 
3 drums. I will also confider whether the information we have collected thus far 
can be related to the pyrite~rface area of the waste rock. 

For your information,, I ,have talked wlth Dave Koren at CANMET. I muat 
edmlt that I am not pleased with the time frame they’ve suggested. 

I return December 4. A floppy disk with copi& of memo reports is in the 
mail (MS Win/Word Ill. 

II 
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Date: November 20,1095 

To: M. Kalln, Boojum Research 

From: Grant Ferris 

VIA FAX 861-0834 

f Pages 

Re: Phosphate Rock I AMD Drum Experiments 

A mineral coating consisting of iron and phosphate was identified by 
scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS) 
on rock samples from treated drum A3. These preclpltafas were not found in 
any of the control drums (A+l, El, Cl), nor were they present In samples from 
treated drum A2. (Note: corresponding SEM micrographs and EDS spectra 
were previously fotwarded to Boojum by M. BerezouJsky). 

Mineral phase equilibrium diagrams can be used to relate the presence 
(or absence) of iron phosphate mineral coatings on rocks from the AMD drums 
to the dissolution of phosphate rock, employed in the treatment of 2 and 3 series 
drums. Speciflcatly, Figure 1 shows the relatianshlp for the solubility of 
FeP04.2H20 (strengite) expressed in terms of dissolved orthophosphate or ferric 
iron wncentratation (mole&L-‘) as a function of pH. The plot shows clearly that 
the solubility of the iron phosphate mineral deueases as pH goes up. Moreover, 
as between pH 2.2 and 7.2 (SKI and plG for phosphoric acid), the main 
dissolved orthophosphate species is li2PO4. 

As outlined In a memo report of November 17,242.4 g of orthophosphate 
would have been dissolved on a yearly basis at pH 3.0, whereas 40.5 g of 
orthophosphate would have been dissolved at pH 5.0 or 6.5. These amounts, 
allowing for a yearly through-put of water of 154.86 1, correspond to 
orthophosphate concentrations of I .65 x 1 Pz and 2.75 x 103 M, respectively. 
Both of these values fall well within the Iron phosphate stability field, as shown in 
Figure I, suggesting that phosphate prectpltatlon may have occurred; however, 
seve1~11 other factors need to be considered additionally. These Include stability 
relatlonshipe between iron phosphate and Iron oxides (i.e., the most insoluble 
mineral phase should daminate), as well as factors controlling dissolved 
orthophosphate wncent~ticns in the drum. 

When iron oxides are present (or may precipitate owing t6 the 
Introduction of dissolved ferric iron into solution through, for example, the 
oxidative dissolution of pyrite), the solubility of iron phosphate may be greatly 
altered (Figure 2). At low pH, iron phosphate is more insoluble than amorphous 
iron oxide and controls the solubility of dissolved orthophosphate; however, at 
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pH values above 3.0, amorphous iron oxide becomes dominate owing to its 
insolubility (I.e., dissolved iron pmoipltates as amorphous iron oxide, leaving 
orthophosphate in solution). Thus, orthaphosphate will be released Into solution 
as iron phosphate is converted into amorphous iron oxide at pH values above 
3.0. Again, the estimated tincentrations of dissolved orthophosphate from the 
dlssolutlon experiments (1.65 x 10” at pH 3.0 and 2.75 x 104 ti at pH 5016.5) 
fell within the iron phosphate stability field, suggesting further that phosphate 
precipitation may have ocourred. 

The phase equilibrium diagrams emphasize the Importance of dissolved 
orthophosphate concentrations on the formation of iron phosphate precipitates in 
the drums. As emphasized in the November 17 memo report, the transit time of 
wafer through the AMD drums effectively determines dissolved otthophosphate 
concentrations as this is the reaction time over which phosphate rock dissolution 
occurs. In 2 series drums, wherethe phosphate rock is distributed throughout 
the waste rock, the transit tlme la estlmated at 120 mfnutes. In these drums, the 
estimated concentrations of dissolved orthophosphate (I.65 x 10” at pH 3.0 and 
2.75 x 109 M at pH 6.0165) corresponding to M/T concentrations. 
Concentrations within the drum must have been somewhat lower. In this 
context, it is important to note that even a IO fold decrease in dissolved 
orthophosphate concentration at meteoric water pH will favor the formation of 
amorphous i$on oxide instead of Iron phosphate. Thus, the phosphate will be 
lost from the drum. This is consistent with the SEM/EDS work that has, so far, 
not detected iron phosphate precipitates in 2 series samples. 

In 3 series drums, where phosphate rock was layered on top of the waste 
ro&, the dissolution reaction time was shorter; however, all of the phosphate 
rock was exposed to the meteoric water prior to infiltrating through the waste 
rock. Thus, the estimated concentrations of dissolved orthophosphate (1.65x 
10-2 at pH 3.0 snd 2.75 x l(r M at pH 5.0165) correspond to /NT.RffAL 
concentrations favorable to the precipitation of iron phosphate. Again, this is 
consistent with SEMIEDS results that reveal iron phosphate coatings on rocks 
from drum A3. 



I 
I 
I 
I 
I 
I 

;I 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

NOV 20 ‘55 El:B=l’l U OF T GOLOGY 416-978-3938 

Chart1 

-16 

” 

I pK1 ~2.2 

1 2 3 4 5 6 7 9 9 

“I’ M 

ret., i 

,.. 

Page 1 

P.3 

, -+- HSP04 
! 
: - l-w04 

- HP04 

---s-P04 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NOV 20 ‘95 Ei:3Sll U OF T EOLOGf 416-979-3938 

PO4OXxLc 

i:_,;, : 

P.4 

- FeP04 

-- FeooH (am) ! 
I 

FePO4!FeOOH (HZPO4) ; 

- FsFWFeOOH (HP04) / 

Page 1 



I 
I 
I 
I 

~1 
~I 
I 
I 
I 

:I 
.I 
‘; I 
‘I 
I 

11 
I 
I 
I 
I 

ATTACHMENT 3 

RESULTS OF LAST WATER SAMPLES 

SUBMITTED FOR CHEMICAL ANALYSIS 
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Notes on Chemistry bf Waste Rock Drum Effluents Collected May II,1995 

For reference: 

A drums = low pyrite fresh 

6 drums = high pyrite fresh 

C drums = low pyrite old 

D drum = background rock 

E drums = high pyrite old 

For each series: 

Drum 1 = control, no phosphate rock 

Drum 2 = phosphate rock mixed 

Drum 3 = phosphate rock top only 

Rain Water 

The only elements exceedings 1 mg/L in the sample from the rainwater drum 

were Ca (6.6; mg/L), K (8 mg/L), Na (1.34 mg/L) and S (4.2 mgll). 

Phosphate Rock Drum 

Water which passed through a layer of phosphate rock had elevated 

concentrations of Ca (33.6 mg/L), Na (2.91 mg/L) and S (‘16.2 mg/L) compared 

to rain water indicating some dissolution and release of materials. Very little P 

was present (0.09 mg/L) as expected. This would only be released at a lower 

PH. 

Control Drums 

The effluents of. control drums were characterized by high concentrations of Zn 

(59-l 10 mg/L), Ca (25-42 mg/L), Mg (7-30 mg/L) and S (53-155 mgll). Smaller 
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but relevant concentrations of Al (1.5-8.4 mg/L), Cu (0.8-32 mg/L), Fe (0.2-8.4 

mg/L), Mn (2.0-6.7 mg/L), Na (U-7.8 mg/L). Of these elements Mn and Na 

concentrations were similar across rock types indicating a similar source and if 

present, similar removal mechanisms. Sodium is very soluble and except 

through ion exchange can not be readily be removed from solution. Mn is 

notoriously difficult to remove from AMD. 

Effluent Fe, Cu and Al concentrations exhibited considerable differences 

between rock types. The high pyrite old (C-l) had the highest Al, Cu and Fe 

concentrations, indicative of release of metal from oxidation and products of 

previous oxidation. A little P was present in the control drum effluents (<0.06- 

0.24 mg/L) indicating the presence of some P in the rock materials and its 

release in low pH conditions found within the drum. 

Drums with Phosphate Rock 

In the presence of phosphate rock, the effluents were characterized by 

substantial reductions in concentrations of Al, Cu, Fe, Mn and Zn. For the 

fresh rock drums, these elements were reduced by around 90 % or more 

regardless of whether the phosphate rock was placed throughout the drum or 

in the top part only. This indicates that both treatments inhibit the oxidation of 

pyrite and release of these metal ions or that they are released locally but 

reprecipitated within the drums. For the drums with weathered rocks, the 

drums with phosphate rock throughout (C-2, E-2), the treatment was as 

effective as with the drums with fresh unweathered rock whereas the drums 

with phosphate rock in the top part only exhibited much less reduction in 

concentration of these elements in the effluent. This indicates that in these 

drums, the low pH remobilized these metals from precipitates in the lower part 

of the drums. In the drums with fresh rocks, presumably such precipitates were 

absent. It is worthy of note that in these two drums, effluent concentrations of 

some elements (Ca, K, S, Sr and Zn) were greater than in the control drums 
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suggesting that local oxidation had occurred. Phosphate concentrations were 

below detection limits in most drums with phosphate rock indicating that none 

was released or, if so, precipitating with metal ions. 

Summary 

Overall, the presence of phosphate rock in the drums substantially reduced the 

concentrations of metal ions (Al, Cu, Fe, Mn and Zn) in drum effluents. This 

inhibition was most effective for the drums with fresh (unweathered) waste rock 

where phosphate rock throughout the drum or in the top part only worked 

equally well. With weathered waste rock, the presence of phosphate rock 

throughout the drum was’ required to maintain low metal concentrations in the 

effluent. Phosphate was absent in effluent of drums treated with phosphate 

rock indicating no dissolution or precipitation of phosphate with metal ions 

released within the confines of the drum. 
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ATTACHMENT 4 

SEM EDX ANALYSIS 

OF ENCRUSTMENT LAYERS 
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ANALYSIS OF SAMPLES PERD COL.3 #6 AND PERD COL.9#4 

I 

Samples PERD COL.3#6 (P36) and PBRD COL.?&l (P94) were examined by scanning electron 
microscopy (SEM) and chemically analysed using X-ray microanalysis (BDX). 
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SAMPLE P94. 
Small fragments of P94 (I-Smm) were med by SEM (see fig.i). The surface of the fragments were 
typically covered in tine grain (<lOmicron) material. B&scattered electron imaging ,revealed no 
significant segregation of different elemental species across the sample surface. 
EDX of the fragments showed that for elements in the range Na to U, Fe represented between 5 and 15% of 
the sample composition. Sea figs Z-6 for sampje spectra. 
The glutaraldehyde tixed sample ofP94 was washed in distilled water then taken through an ethanol series 
before being air dried. With the exception ofthe removal of some fme grain material, the morphology and 
chemistry of the fixed sample was the same as for the dry P94. 

SAMPLE P36. 
Sample P36 was found to,be predominantl%an agglomerate of large grains (I-1Omm) cemented together by 
a tine grained matrix material. For examina tion by SEM a portion of the agglomerate was 6actored and the 
6acture surface examined. Figure 7 is an electron micrograph of the frachire surface. The micrograph 
clearly shows a sb@large grain encrusted by the matix material. Figure 8 is a micrograph of the interface 
between the grain and the matrix. The ma&ix appears to consist of both crystalline and extensive amorphous 
or extremely fme grain material. Figure 9 is a backscattered electron micrograph of the same region 
EDX of the matrix material and the grain (spectra collected Tom points A and B , fig.9) are presented in 
figures 10 and 11 respectively; The grain is composed predominantly of Ca and P with less than 5% of Fe. 
However, the matrix mater@ is approximately 35-40% Fe. Spectra taken from other areas of the matrix 
material are presented ip figure 12-16. Examination of the spectra show that while there are significant 
variations in the presence and amoont of elements like Si, K, Al and S - P is present in all the spectra and 
the Fe content is in the range 25 to 40% in all cases. 
Examination of the glutaraldehyde fixed sample showed no significant differences from the dry P36. No 
bacteria were observed in the sample examined. 

/’ 
.I 

IM4GETEKAna&ticaI Imaging, Neil A. Coombs, Ph.D., 
32 MawdngAve., Toronto, Canda M6J2K4 tel. 416 304.7127 
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LIVE 

. . . . . . 
Peak at .50 keV 
FIT INDEX=lB.90 

ELMT APP . CONC 
CaE:0 .943 
AlK : 0 6.554 ,..~,, 
Sit: : # I#. 613 . 175 ,.!.,.T 
ClK : B -.068 .083,i,;,.C,.,,2 ~~Sigma* 
F K : 0 .288 ., 137 
Tit: : !J .289 .i03 
FeK : ti 8.328 .323,;. 
NaK : 0 .204 ,~’ . 068 ; ‘~:I:::,: 
s t: : 0 4.572 ,... 
K K : 0 2.181 

.,l,;.,~p-r~~~~,,,~~,;.~,, :; i 
,c 123 ;:~ ::‘. ., 

MnK : 0 .081 ‘-j .,1,4& :&2;S,igma* 
CrK : 0 ~.124 . 122W;, <~,:,2~ Sigma* 
NiK : 0 191 
ASK : 0 : 559 

.222&<;: ~2 Sigma+ 
,.621&I:< ,,2~ Sigma+ 

‘, 
ZAF CALCULATIONS 

(spfx. )= 50 TINE 

i 

20.00 kV TILT=i5.00 &EV&&& AZIM=15. ## COSINE-l. rir@@ 

Spectrum: PERD COL.9 SAMP$E::4;.,~PEC#l * INITIAL START-UP * 
,,~ I ~~ ,‘, 

fill elmts analysed,NORMALISEQ,.: 

ELMT ZAF XELMT +-’ ’ Error ATOM. % 
CaK : 0 .a19 2.333 +y .278 1.922 
AlK : 0 .721 18.427 +-~ ., :~ ~.S21 22.553 
SiK : 0 .63S 33.732 t- ~. ~.555 39.653 
ClK : n .&al < .ibS +- .083 
P t: : 0 .643 .910 +- ,433 .970 
TiK : B .778 .754 -I? ,267 .520 
FeK : 0 .G48 19.906 +T .v.,~ ,,.772 11.769 
NaK : @ ,404 . 683 ‘i;~~,~,:’ ,“, ~” 227 . 981 
SK: 0 .605 15,334,,+-,-‘:‘i~:~,:~,.494 15.794 
KK: 0 .812 5.451 ~,+? ,,~,:?I ,: .387 4.603 
MnK : 0 .819 ( ~, 28 1, ‘:+i-;;; i::;;:;:;; 140 
G-K : 0 ,842 ., i :I < . 24s’,+-:~~~~j:~~~l,i; ;p+& r;, ‘122 
NiK : 0 ,844 ( * 444 ‘y+;,~??;;;:?;,~, 222 

ASK : 0 ,749 < 1.~241 +f .621 ,,, : 
TOTAL 97.530. ~~ ~:!I ~, ‘L I@@. OWJ 
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Spectrum file : NC92 
PERD COL.9 SAMPLE 4 SPEW2 LIVETIMe (spec. )= 58 

ENERGY RES AREA 
4.4 86.38 38304”;+i+<d ,,,: Ci :: 

TOTAL AREA= 86222 
..*... 
Peak at .50 keV omitted+ 
FIT INDEX= 8.91 

ELMT 
CaK : 0 
AlK : 0 
SiK : 0 
ClK : 0 
F K : 0 
Tit: : 0 
FeK : 0 
Nat< : 0 
s t:: : 0 
t: K : 0 
Mnk: : 0 
cl-t< : 0 
Nit< : 0 
ASK : 0 

APP. CONC 
690 

7: 621 
ii.819 

069 
1138 
.363 

11.331 
. 104 

4.184 
2.461 

036 
: 056 
. 466 
.03a 

ERROR(WTX) 

: 2:~~ 
.183, 
.080* < 2 Sigma+ 
:109 132*, < 2 Sigma+ 

,364 
.06#*~< 2 Sigma* 
.141 
* 129 
* 1S2+, < 2 Sigma* 
. 133* < 2 Sigma* 
.241+ < 2 Sigma* 
.664* < 2 Sigma* 

ZAF CALCULATIONS 

.s-. L: 4 iterations1 

20. 00 kV TILT=lS.00 ELEVal0.00 AZIM=15.00 COSINE=l.000 

Spectrum: PERD COL.9 SAMPLE 4 SPEW2 * INITIAL START-UP + 

All elmts analysed,NORMALISED 

ELMT ZAF XELMT +- Error ATOM. % 
CaE’ : 0 ,830 1.930 +- .239 I.605 
Alt: : 0 .709 19.334 +- .490 23. BEEI 
SiK : 0 .627 33.931 +-. .525 40.267 
ClK : 0 ,614 < .I60 +- .080 
FK:0 .636 < .265.+- ~. 132 
TiK : 0 .789 .829,+-’ .250 .577 
FeK : 0 .S54 23.883 +- ,768 14.255 
Nat:: 0 .560 < .120+- ,060 
SK:0 ,603 12.497, +- .421 12.994 
G t: : 0 .G23 ‘5.379~ +- * 282 4.586 
MnK : 0 .G25 < ,305 +- ,152 
CrK : 0 .854 < .265 +- .133 
Nit< : 0 .841 C .4%2 +- ,241 

’ ASK : 0 .750 (1.328 +- .664 
TOTAL 97.783 100.000 
--------------------------------------------------------------------------~- 
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&Tlsl i&U NCCI 
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Spectrum file : NC31 
PERD COL.3 SAMPLE 6 SPEC#l 

ENERGY RES AREA 
6.0 03.34 36905 

TOTAL AREA= 63937 # 
. . . . . . 
Peak at .5a keV amitted? 
FIT INDEX= 4.23 

ELMT APP. CONC 
CaK : I3 7.763 
A 1 H : 0 .943 
Si K : 0 .529 
ClK : 0 .llRI 
P t: : 0 4.w40 
Tit: : 0 -.004 
FeK : 0 11.343 
Nat< : fl l 120 

s K : 0 5.818 

t:: tc : 0 .218 
MnK : fl -. 039 
crt;: : w -. l!w 
Ni t:: : 0 . 179 
ASK : 0 -.223 

ERROR (,WT%, 
: 093 181 

.077 

.@74+ < 2 Sigma* 
,181 
.085+ < 2 Sigma* 
.349 
.049 
: @%6 156 

. 131* < 2 Sigma* 

..114* < 2 Sigma* 
.204+ < 2 Sigma* 
.597* < .2 Sigma* 

ZAF CALCULATIONS 

LIVETIME(epec. )= 50 

. . . C 3 iterations1 

21iJ.m kV TILT=i5.00 ELEVxl0.00 AZIM=l5.!80 COSINE=l.GUZU?l 

Spectrum: PERD COL.3 SAMPLE 6 SPEC#l + INIT,IAL START-UP * 

All elmts analysed,NORMALISED 

ELMT ZAF %ELMT +- Error &TOM. % 
CaK : 0 .912 23.031 +- .537 22.566 
AlK : 0 .5811 4.398 +- .433 6. 402 
SiK : ti .671 2:133 +- .31# 2.9132 
ClK : m .683 < .147 +- ,074 
P K : 0 955 11.461 +- ,511 14.532 
Tit< : B :773 < 169 

351609 
+- ..#a5 

FeK : 0 .861 +- l.ti95 25.1338 
Nat:: : 0 .418 .774 +- ,316 1.322 
SK: 0 ,752 20.928 +-, .562 25.635 
K t: : 0 ,903 .653 +-~ ,257 .65S 
MnK : W ,827 < .262 +- ,131 
0-t: : @ ‘.858 < .229 *- 114 
NiK : 0 .839 < .408 +- :204 
ASK : 0 .76S (1.195 +- ,597 
TOTAL 98.986 100. 00l3 
____________________------------------------------------------------------...-- 
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Spectrum file : NC32 
PERD COL.3 SAMPLE 6 SPEW2 

ENERGY RES AREA 
6.5 84.85 37333 

TOTAL AREA= 63176 

LIVETIME(spec. )= s0 

,-.... 
Peak at . 50 keV omitted? 
FIT INDEX= 4.25 

ELMT 
CaK : 0 
IA1 t:: : ra 
S i k:: : 0 
ClK : 0 
p 1’ . . : 0 
Tit;: : 0 
Fct:: : M 
Nat:: : 0 

MnK : 0 
crK : % 
NiK : 0 
AsK : 0 

APP. CONC 
1.983 
4.139 
4.355 
-. G89 
1.876 

.201 
20. 493 

. I350 
.743 

1.343 
.237 

~-. 139 
192 

-: 642 

ERROR (,WT%) 
,122 

1123 141 
.071+ < 2 Sigmas 
,141 
:449 103+ < 2 Sigma+ 

.045+ < 2 Sigma+ 
,087 
. 108 
.146* < 2 Sigma* 
* 127+ < 2 Siyma+ 
.222* < 2 Sigma* 
.580+ < 2 Sigma* 

%AF CALCULATIONS 

. . . C 3 iterations3 

TILT=lS.00 ELEV=l0.00 AZIM=lS.MIII COSINE=1.000 

PERD COL.3 SAMPLE 6 SPECH2 I INITIAL START-UP X 

analysed,NORMALISED 

ZAF %ELMT +- Error ATOM. 4: 
cat: : 
AlK : 
Sit<: : 
ClK : 
PK: 
Tit< : 
FeK : 
Nat< : 
SK: 
E t: : 
MnK : 
crtr: : 
N i K: : 
ASK : 
TOTAL 

.928 

.555 

.S61 
703 

:709 
861 

: 899 
392 

1635 
.920 
.871 
.949 

843 
: 775 

4.619 +- .284 4.472 
16.118 +- . ss0 23.181 
16.775 +- 474 23.172 
< . 142 f- :071 

5.723 +- .429 7.170 
< .207 +: ,103 
49.227 +- 1.068 34.201 
< .09% +- .%45 

2.528 +- ; 295 3.059 
3.155 +- .255 3.131 

< .292 +-, . 146 
< .254 +- 127 
< .443 +- 1222 
(1.161 +- .580 
98.145 100.000 
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‘. PERD CCIL. 3 SPEC#i 

SPECml LABEL SPECTRUM FILE NME 

iiS#O NE1 

FE 
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SPECTRUH LABEL 
SPECTRUil FILE NAilE 

KM NCCl 
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