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>Sample prep & handling
»Data correlation

>’SD as decision tool
>PSD for “tingerprinting”
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1 Conclusions

w Camsizer
] Quick
3 Reliable
8 21% Century upgrade for PSD and more
z Sample Handling Key to Reproducible Results

@ Natural variability on material is different that
manufactured product

@ Use statistics & trend charts for big data sets vs.
time
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MAJOR LITHOLOGY
DESCRIPTIONS

MINOR LITHOLOGY
DESCRIPTICNS
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PERFORMING A SIEVE ANALYSIS

»  You can begin your particle size distribution analysis after you properly collect,
prepare 2nd i 2 Se. » 8. Make sure the stack s securely in place.

> Select test sieves with mesh openings that reveal partide distribution at critical
sizes. These are usually stated.

»  na product specification or determined by material processing requirements.

»

7. Place 3 cover on the top of the stack

»  9.5et the proper length of ime to agitate the materil.
» 10. Turn on the shaker and run the test.
» 11, After the shaker stops, empty the material from the coarsest sieve into the

To perform the analysis, do the following empty container that you weighed in step (3). Use 3 soft bristle brush to
- % - gently brush the underside of the seve to remove all of the particles.
» | Stack the sieves on top of each other with the coarsest (largest) opening on
the top of the stack. » 12 Tap the side of the frame with the handle of the brush to dean the
21 Put 2 bottom pan under the finest (smallest) opening sieve. This i
> a pan : sieve. pan ¥ 1
collects “fine™ material that passes through the last one. . rq\umnhpmhmlnomaﬂmdd\e
»  3.Usea boratory scale (accurate to .| gram) to weigh an empty container e e

{such as an extra empty bottom pan) and establish the tare weight.
» 15 Repeat steps |1 through 14, using the container referenced in step (3) for

* 4 Wesgh the sampie material. zach sieve. induding the fine materid in the bottom pan.
» 5. Empty the sample into the top of the stack. Make sure youdonotoverload 14, Towl the weights to make sure the sum of the retained material and the
the surface as this causes “biinding” or blocking of the openings. material in the bottom pan is 25 dose a3 possible to the original weight. Check
» 6. Put the stack into the sieve shaker. :
» 17, Diwide the weight obtained from each sieve by the weight of the original

. ll“ﬂm‘hmMam

/‘h. Envirosolutions
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*Gert Beckmann
Retsch Technology
15

May 15, 2014



“representative sample....”
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Camsizer vs. Rotap
learnings

scoop always use sample splitter
2 No mechanical agitation like RoTap

2 Clusters and “coating” source for
discrepancy

2 Smaller sample size — unforgiving!!

18
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Sample prep

19

Air dry

Split & weigh

Wash, wet sieve — P200
Dry and calculate %loss
Micro photograph
Archive sample
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Not Accurate
Not Precise

Not Accurate
Precise

Accurate
Not Precise

Accurate
Precise
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Mean Partial Size

Distribution Curve

| Plot Lrea




Gradation Analysis
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Proving the “method...”

* Creating a “standard” sample

* Splitting “standard” sample — maintain
representative

* Confirm to “ISO equivalence”

* Establish statistically significant like
vs. different

May 15, 2014




Split sample into 5 parts. 4 splits used for ro-tap. 1 split used exclusively for
CAMSIZER

Run 3 of 4 samples in the ro-tap individually - once (saved 2, 3 and 4 to run through the
CAMSIZER)

Run 4th sample three times through ro-tap

Split the one sample used for the CAMSIZER into 4 smaller
parts

Run 3 of 4 samples through the CAMSIZER
once

Run the 4th sample through the CAMSIZER three
times

Run sample 2, 3, and 4 from the ro-tap through the
CAMSIZER

27

p ; , ,
24< Summit May 15, 2014
/‘u. Envirosolutions )




Raw Sand (wanewac]
Standard Sample

P i

.‘: Summit
A\~ Envirosolutions

Sample £l

Sample £

Sample £
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Same split sample using sieves

Ro-tap

Sieve S5ize

(= |

o

C

o

o

Sample 1 Sample 2 Sample 3 Sample 4 Sample 4

(US Stand

(*c)

(*c)

(*c)

(*c)

(*s)

16

0.3

0.3

0.2

0.2

0.5

13

0.5

0.8

0.5

0.7

0.3

20

2.2

2.4

2.3

2.4

2.3

25

0.8

f.0

2.9

f.3

f.4

30

13.6

13.9

13.9

13.9

12.8

35

13.6

18.8

18.9

19.0

18.8

40

21.2

20.9

21.1

20.8

20.9

A5

20.7

20.3

20.7

20.7

20.3

S0

12.0

11.6

11.6

11.8

11.9

o0

2.9

2.7

2.8

2.7

2.6

JO

0.4

0.5

0.5

0.3

0.3

100

0.4

0.5

0.4

0.4

0.3

200

0.0

0.1

0.0

0.0

0.0

Fan

0.0

0.1

0.0

0.0

0.2

.": Summit
A\~ Envirosolutions

959.6

100.5

959.5

100.0

959.5
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CAMSIZER

Test1 Test 2 Test3 Test4 Test4 Test4 Test7-5aTest8-SaTest9-Sampled
(%) (%) (%) (%) (%) (%) (%) (%) (%)
0.3 0.8 0.2 0.3 0.4 0.3 0.4 0.2 0.3
1.2 0.9 0.9 0.7 1.1 0.8 0.9 1.1 1.1
2.7 2.8 2.5 2.8 2.8 2.8 2.8 3.0 2.9
8.5 8.8 8.0 7.7 7.6 8.0 8.3 8.1 8.7
13.3 13.3 12.8 12.9 12.9 12.8 12.2 13.7 13.2
20.8 20.9 20.4 21.1 20.4 19.9 21.0 21.2 19.1

21.4 21.1 22.0 20.9 21.3 21.1 22.1 20.2 21.2
19.4 19.5 20.1 20.0 19.9 20.9 19.7 19.2 20.8
8.8 8.4 9.0 9.4 9.6 9.1 8.8 9.3 9.0
2.7 2.5 3.0 3.1 2.8 3.1 2.8 2.9 2.7
0.5 0.6 0.7 0.7 0.7 0.7 0.6 0.7 0.6
0.3 0.3 0.3 0.3 0.4 0.4 0.3 0.3 0.3
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27
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Same sample 3x Rotap
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Same sample 3x Camsizer




All sets of Rotap data




Rl sizer cata
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Average of all
Camsizer - Blue
Rotap - Red
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ABC

Method

Sieve

20/40 w/f 95% ClI
58.9

62.5

Variance

E4{3x)

Camsizer

60.1

64.3

D{3x)

Sieve Only

29.4

62.3

E4(3x)

Camsizer

60.1

64.3

All Samples

Both

20.9

E1E2E3E4(3x)+BCD

Camsizer

28.8

ABCD(3x)

Sieve

28.8

D{3x)

Sieve

23.4

D({1x) recombined

Camsizer

D{3x Sieve)+1x Camy

Both

.": Summit
A\~ Envirosolutions
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Round/Sphericity....Proving
the “method...”
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Krumbein‘s™ Chart HORIBA

‘umbein‘s™ Chart HORIBA
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Roundness/Sphericity

May 15, 2014




Sphericity average(dupl-5| averageldupl-Store S dupl-S)  S.0.dupl-Sarg (7]
g dupl  dwp?  dupd  dupd  dupS
16 088 098 0931 0838 0906 091025 (8998 0052740718  0.051304971 010548 0.10261
08
0 0845 0839 0864 0838 0845 08402 0841 001754138 0.015811388 003508 003162
5081 0 079 0803 0778 0784 0791833333 0014317821 0023068738 007864 004614
30 078 07 080 0781 078 07792 0779 (014219705 0.00a7menl (02844 002546

506 07 076l 0762 076 07584 079166667  Q.009423375 (.0086351%9 (01885 001727
0 07gd 074 075 0738 0746 07430 0748333333 Q009576012 0011500725 (01915 0023
& 074 0741 074 0740 073 0.7334 0740 0005029311 (0003966574 (01006 001193
0 07 078 0728 074 07 07226 0724166667 (00409878 0.005307228 0.0082 001061
0 0l 077 07 0712 070 0713 0714333333 0001315476 0004179314 0.00583 00083
0 011 (6% 06% 07 0702 06% 0639 0700833333 0002236068  0.004915% (.00447 0.00383
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Roundness average(d average(d 5.0 [dupl-5.0(dupl-S¢4org)  CIIF-Y)

og dupl  dup?  dup3  dupd  dups
16 0665 1 1 0575 065 05 085 018371 0.19068
18 084
0 0846 0913 0791 089 07588 077317 01011 009703 020219 0.19406
5 082 071 0809 0724 074 07538 076517 (0.04106 004609 008213 009218
30 0301 0747 074 0773 (714 07438 075333 002102 002998 004203 0.059%%
3H (78 0.753 0768 0727 07564 076067 001838 001948 003676 0.033%
0 0782 0756 0722 073 07318 073683 001425 001774 002851 003547
& 0716 0715 07 0675 07014 070383 001778 001699 003557 003397
50 0684 067 0679 068 (66l 06744 0676 000709 000746 001415 001491
60 0653 0654 0653 0639 06494 065 000627 (0.00%8 001254 001159
10 0621 0627 0623 0597 06168 06175 001226 00111 002451 002219
-

-~ i
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Sieve Size (US

- % Retained Roundness  Sphericity % Retained Roundness  Sphericity % Retained ~ Roundness  Sphericity % Retained Roundness  Sphericity

0.7595 28.0 0.79275 0.79925 Y 0.79275 0.79925 ! 0.79175
0.7 . 42.4 0.8 0.8 . 0.8 0.8 ! 0.7

0.7 b 36.6 0.7 0.7 b 0.7 0.7 ; 0.7

4 sites

ay 15, 2014




GRADISTAT v 8.0

|’0'| Welcome to GRADISTAT

Grain Size Analysis Program

You are using Excel Version 14.0
This version is supported

Copyright © Simoen Blott 2010
OK

TECHNICAL COMMUNICATION

GRADISTAT: A GRAIN SIZE DISTRIBUTION AND STATISTICS
PACKAGE FOR THE ANALYSIS OF UNCONSOLIDATED SEDIMENTS

SIMON J. BLOTT AND KENNETH PYE
Surface Procesxex and Modern Envinonments Research Growp, Department of Geology, Roval Holloway University of London, Egham
Surrey, TW20 OEX, UK

Recerved 26 January 2001, Revised 2 May 2001 Accepred 21 June 2001

GradStat&

47
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SAMPLE STATISTICS

JANALYST AND DATE:

'SIEVING ERROR:

SAMPLE TYPE: Unimodal Vel Sorted

Bimodal, Moderately Sorteg

nimodal, Moderately Sortg

himodal, Moderatety Sortg

TEXTURAL GROUP: Sand

Sand

Sand

Sand |

SEDIMENT NANKE: Well Sorted Medium Sand

derately Sorted Medium S3

deratehy Sorted Medium S

eratety Sorted Medium =

MEAN o == __ > 428.4

363.2

407.0

386.5

SORTNG € == __ > 1377

210.9

203.0

228.2

SKEWNESS (.54 |: 1.473

1.341

1.181

1.525

KURTOSIS o A= > 8.0

712

G.321

7217

MEAN « == ~» 4 406.9

301.0

353.9

323.4

SORTING = __ "» 1.361

1.873

1.728

1.829

) |SKEWNESS .58 __ ) -0.058

-0.342

-0.581

-0.258

KURTOSIS € Z=— _ > 4.255

2.245

3.068

2.545

MEAN «ff === _. °» 1.2587

1.732

1.459

1.828

SORTING o «—= _. » 0.444

0.805

0.787

0.871

SKEWNESS « S A- ., 0.058

0.342

0.581

0.258

KUBTOSIS « & . » 4.255

2.249

3.068

2.549

MEAN € A __ > 408.7

2881

363.9

324.9

SORTING €« _— > 1.346

1.544

1.724

1.870

SKEWNESS .S — D 0.085

-0.278

-0.201

-0.156

KURTOSIS o A= » 0.957

0.975

1.190

1.078

MEAN € A= _ 1.291

1.756

1.458

1.822

SORTNG € == , > 0.429

0.959

0.788

0.903

SKEWNESS (.S A, O -0.086

0.278

0201

0.156

KURTOSES X __ ) 0.957

0.975

1.150

1.078

MEAN: Medium Sand

Medium Sand

Medium Sand

Medium Sand

WARD METHOD |SORTING: Well Sorted

Moderatety Sorted

Moderatety Sorted

Moderately Sorted

(De=cription) SKEWNESS: Swymmetrical

Fine Skewed

Fine Skewed

Fine Skewed

KUBRTOSIS: Mesokurtic

GradStat8

Mesokurtic

Leptokurtic

Mesokurtic

May 15, 2014




SAMPLE STATISTICS

AMALYST AMND DATE:

SIEVING ERREOR:

SAMPLE TYPE:

Lnimodal, Well Sorted

Himodal, Moderately Sorted

nimodal, Moderately Sortfiimodal, Moderately Sorted

TEXTURAL GROUP:

Sand

Sand

Sand

Sand |

SEDIMEMNT MAME:

IRl = - -~ 2

MODE 2 (um)

Well Sorted Medium Sand

derately Sorted Medium 53

Herately Sorted Medium 3

erately Sorted Medium Sand

= 290.0

b

280.0

280.0

390.0

1125

MODE 3 (um):

MODE 1 (4);

1.364

MODE 2 ()

3.237

MODE 3 (4).

Dyg (pm):

1098.9

Dsg (um):

3395

Dgg (pm):

628.2

(Dlgg | Dyg) (um):

5716

(Dag - Dya) (um):

518.3

(Dizg § Diag) (um):

2416

(D25 - Das) (um):

2789

Do (§)

0.671

Dz ()

1.558

Do ($)

3186

(Dag I Dyg) (8

4750

(Dlan - Dya) (8):

2515

2188

(Dizs { Das) (8

1.272

GradStat8 —cont.
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Bore Sret 20 Hret 30 ZHret 40 Hret50  Sret 60 fret FO Seret 100 HB 2040 5 3050 H40-F0  HF0-200 =200

TB-1 30-3" 3.8 18.7 45 8 0.5 3.8 863 344 46.0 50.8 365 115 18
TB-1 40-4: 459 16.8 308 B4.5 4.3 9.4 839 3.9 a1y 3.6 171 3.5
TB-1 50-5¢ 10.6 318 56.3 f6.2 B4.0 BE.1 93.8 45.6 444 31.8 105 14
TB-1 606! 9.1 32.5 55.6 7159 /8.0 Blb6 88.1 46.6 %4 2549 153 3.1
TB-1 70-7t 3.2 123 317 556 694 782 925 285 433 465 20.3 15
TB-1 BO-B: 3.1 125 30.8 517 632 FLUNg B4.8 277 o2 39.8 26.3 3.0

TB-Z 10-1° 41 248 55.3 B9 Bb.Y 1.8 35.6 512 541 355 75 17
TB-Z 20-2° 10.8 35.7 B7.2 880 33.0 95.1 97.4 56.4 52.3 2749 3.9 10
TB-Z 303" 158 485 724 B4y BB 6 .6 93.8 58.6 3.8 182 7.2 22
TB-2 40-4! 17 B4 2259 415 5354 64.9 839 212 3.1 4148 33.0 21
TB-Z 50-5¢ 2.0 125 32.3 53.1 64.6 2.0 B5.Y 30.3 40.6 s 257 2.3
TB-Z 606" 1l 10.2 31.2 54.8 66.5 3.6 B5.5 296 445 423 23.6 2.8
TB-2 70-7t 0.6 6.7 28.0 534.5 674 5.2 BB 6 274 478 472 215 23
TB-Z BO-B- 0.6 43 158 4.0 48.0 590 828 152 297 431 376 3.4
TB-Z B0-9: 0.3 3.2 185 472 652 75.8 325 182 440 57.3 216 16

TB-6 20-2° 5.7 240 545 751 83.0 B85 35.5 451 512 334 105 12
TB-6 30-3- 3.1 20.0 518 TT.ﬂfI EA.E-! BE8.1 93.2 487 57.3 36.3 0.8 21
TB-6 40-4: 318 345 19 3.9 B4.9 3.5 44.4 401 30.0 131 20
TB-6 5051 7.5 228 444 £3.3 F2.3 759 872 3.9 405 335 185 3.6
TB-& B0-BE 12 8.9 254 46.8 &0.0 68.8 869 242 379 434 282 20
TB-6 70-7t 18 118 33.5 572 692 f6.6 B8.0 3L 454 431 213 21
TB-6 BO-B: 12 10.5 30.7 4.1 65.8 73.1 Bo.4 285 438 414 241 28
TB-b S0-9: 0.5 46 223 480 614 696 B4.5 218 434 473 26.8 3.0

TB-7 30-3° J.B 45.3 692 B2 B1E 415 50.8 375 146 26
TB-7 40-4° 42 402 61y f0.8 6.5 6.0 435 32 183 42
TB-7 50-5¢ 5.7 41.4 = B7.4 iy 357 38.3 31.3 23.3 4.0
TB-7 606" 42 40.2 617 0.8 76.5 36.0 435 362 183 42
TB-7 70-7t 2.0 28.3 471 58.0 £5.3 262 359 37.0 277 7.0
TB-7 BO-B: i 26.2 46.8 = 677 252 38.1 415 273 5.0




"MEAM PARTICLE

. MAJOR LITHOLOGY ' PERCENT 207L PERCENT 20,40 DIAMETER (MM)
GRAPHIC LOG DESCRIPTIONS }

100 O 1

Sandsione soff, brown wiils, L 30 &4 sulanguier o w
fosted modersinly sofed Bece sooesect s, rae ol

Sardaione ot uf Wi % ol enguler %o wed rounde
poofy sofed hire atcenscies fare IKhakeim ramm pr

Sandsione & above, predorenantly 4 o ml

o Sendsioee s0f peliow omnge iU jo il enguler toy
curded. ialed podrly soMad MO SCoRsSOes, (aie P

Sardsione ot coange yekow, ViU 1o i), angues (o
cunded, hodles jodly soind tare acteasoties, fie

Sardsione, sof, buff omange, ViU 1o U maguler 10 wel
fosted Limodel fae scoesaotes

Sandslone, soft, yeliow cvenge VU 1o ol enguier low
fusied pocrly sofed rate acomsdcties, fae nClusions

oo

Erdd of Sority ot &2 fost

Erd of Boning il &3 el




-11LU

TH7

>
-
-
75

TH4

-11LU

TH1

D-TB1

Summit
w,. Envirosolutions

Wy
e

o
2,




Median Diameter Grain Size

# Median Grain Size (mm)

Elevation (Ft. AMSL)

0.20
Median Diameter [mm)
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ArcGIS - Raster block allows X,y,z arithmetic

Measure

x w

Line measuremen?’Planar)
Segment: 10.543292 Meters
Length: 10.543292 Meters

P i

P :
e Summit
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Data used to build.....

* 3d model of subsurface

 Estimate potential resource
quantity

* Data gaps, uncertainty & risks

* Risk/benefit of additional data
collection

» Resource Valuation Model ($$%)

58
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[deal Proppant....

. Stronger than diamonds
. Lighter than water

. Cheaper than dirt

. Available everywhere

59
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Tom Gapinske

Summit Envirosolutions
1217 Bandana Blvd. N

St. Paul MN 55108
(651) 472 2468




