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STANDARD OPERATING PROCEDURE No. 76

SLAKE DURABILITY TEST
REVISION LOG
Revision Number Description Date
76v0 Original SOP — Vanessa Candida Viterbo 03/31/05
76v1 Edits LMK 04/07/05
76vl1 Ginger sent this one out to a consultant friend to edit | Around the middle of
for her April05
76v2 VCV changed data spreadsheet and added comments 03/16/2007
on Documentation and QA/QC sections
Minor corrections by LMK
76v2 4/4/07
Finalized by LMK for posting on the Molycorp project
website and to send to George Robinson for lab audit.
LMK did not re-edit this SOP.
76v3 Editorial by SKA 10/28/08

1.0 PURPOSE AND SCOPE

This Standard Operating Procedure (SOP) is based on ASTM D 4644-87 (Reapproved
1992) Standard Test Method for Slake Durability of Shales and Similar Weak Rocks (see
Appendix II) and provides technical guidance and procedures that will be employed
determining the slake durability index of weathered rocks for the Molycorp Rock Pile
Stability Study project. This SOP addresses equipment, procedures, and personnel
responsibilities.

2.0 RESPONSIBILITIES AND QUALIFICATIONS

The Team Leader and Characterization Team will have the overall responsibility for
implementing this SOP. They will be responsible for assigning appropriate staff to
implement this SOP and for ensuring that the procedures are followed accurately.

All personnel performing these procedures are required to have the appropriate health and
safety training. In addition, all personnel are required to have a complete understanding
of the procedures described within this SOP, and to receive specific training regarding
these procedures, if necessary.
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All environmental staff and assay laboratory staff are responsible for reporting deviations
from this SOP to the Team Leader.

3.0 DATA QUALITY OBJECTIVES

This SOP addresses objectives 3, 4 and 9 in the data quality objectives outlined by
Virginia McLemore for the "Geological and Hydrological Characterization at the
Molycorp Questa Mine, Taos County, New Mexico”.

These objectives are listed as follows, respectively:

* Determine if the sequence of host rock hypogene and supergene alteration and
weathering provides a basis to predict the effects weathering can have on mine
rock material.

* Determine how weathering of the rock pile affects the geotechnical properties of
the rock pile material.

* Determine if the geotechnical and geochemical characteristics of the bedrock
(foundation) underlying the rock piles influences the rock pile stability.

4.0 RELATED STANDARD OPERATING PROCEDURES

The procedures set forth in this SOP are intended for use with the following SOPs:

SOP 01 Data management (including verification)

SOP 02 Sample management (chain of custody)

SOP 05 Sampling outcrops, rock piles, and drill core (solid)

SOP 06 Drilling, logging, and sampling of subsurface materials (solid)
SOP 09 Test pit excavation, logging, and sampling (solid)

SOP 22 Analytical data validation

SOP 35 Volumetric moisture content

SOP 36 Sample preservation, storage, and shipment

The procedures set forth in this SOP are also intended for use with the Molycorp drill
plans and sampling plans.

5.0 EQUIPMENT LIST

The following materials are required to perform the slake durability test:

* slake durability device:

o A test drum comprised of a 2.0 mm (No. 10) standard square-mesh
cylinder of unobstructed length of 100 mm and diameter 140 mm, with a
solid fixed base. The ends shall be rigid plates, with one removable end.
The drum and plates must be sufficiently strong to retain their shapes
during use. The drum shall be able to withstand a temperature of 110 + 5°
C.
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o A trough to contain the test drum supported with a horizontal axis in a
manner capable of being filled with water to a level 20 mm below the
drum axis and which shall allow at least 40 mm of unobstructed clearance
between the through and the bottom of the mesh.

o A motor drive capable of rotating the drum at a speed of 20 rpm
(constantly to within 5 per cent for a period of 10 minutes).

o Woven-wire cloth (conforming to the requirements of Specification E 11,
Appendix 1).

* Oven (thermostatically controlled, capable of maintaining a temperature of
110+5°C)

*  Weighing balance (sensitive to 1 g and having a 2000 g capacity)

* Timing device, such as a watch or clock with a second hand

* Miscellaneous apparatus (including a brush)

* Gloves, safety glasses, dust masks

* Envelopes and plastic bags for samples

*  Weatherproof labels and indelible pen

* Distilled water

*  Thermometer

* Brush for cleaning rocks and wire baskets

* Rock hammer

* Forms for recording data (Appendix I)

6.0 TEST SAMPLES

Transport samples from the field in a manner that retains the natural water content, i.e. in
ziploc bags. The sample for the Slake Durability test shall consist of ten representative
fragments that are intact, roughly equi-dimensional, and weigh 40 to 60 g each. These
fragments may be naturally occurring or may be produced by breaking with a hammer.
Break off any sharp corners, if possible, and remove all the dust by brushing the sample
prior to weighing. The total sample should weigh 450 to 550 g.

7.0 SLAKE DURABILITY TEST PROCEDURE

Fill out chain of custody forms.

Place the sample fragments in the drum.

Weigh the drum containing the sample fragments.

Dry the drum with the sample fragments in the oven for 16 hours or to a constant
mass. Allow the sample and drum to cool at room temperature for 20 minutes and
weigh them again.

Calculate the natural water content (formula in Section 10.0).

Mount the drum in the trough.

Couple the drum mounted in the trough to the motor.

Fill the trough with distilled water at room temperature to 20 mm (0.8 inches) below
the drum axis.

9. Rotate the drum at 20 rpm for a period of 10 minutes.

10. Record the water temperature at the beginning and end of the run.

b=

o =N
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11. Remove the drum from the trough and the lid from the drum immediately after the
rotation period is complete and dry the drum and the sample by retaining them in the
oven for 16 hours at 105 °C, or to constant mass.

12. After cooling, weigh the drum and sample to obtain the oven-dried mass for the
second cycle.

13. Repeat items 5 to 9, then weigh the drum and sample again to obtain a final mass.

14. Brush the drum clean and weigh it to obtain its mass.

15. Retain the sample after testing to archive.

16. Record what type the sample is after the test (Type I, I, or III as described in ASTM
Method 4644-87 in Appendix 1).

8.0 DOCUMENTATION

Data are recorded on Slake Durability Test Data Sheets (see Appendix 1) and then the
data is entered into the Molycorp database.

Slake durability samples are labeled with their field identification number followed by
two sequential numbers for before and after the test is run.. For example, for sample PIT-
VCV-0001 the slake durability sample number would be PIT-VCV-0001-86 before the
test and PIT-VCV-0001-87 after test.

9.0 QUALITY ASSURANCE/QUALITY CONTROL

NMBGMR will archive all samples for mineralogical, geochemical, petrographic, or
other studies as needed. For quality control, sample duplicates will be included for every
20 samples tested. The purpose of duplicate sample analyses is to quantify errors from
the procedure and from sample heterogeneity.

10.0 DATA ANALYSIS AND CALCULATIONS

Calculate the natural water content using this formula:

W= (4-8) x 100,
(B-C)

where:
w = percentage of water content
A = mass of drum plus sample at natural moisture content (g)
B = mass of drum plus oven-dried sample before the first cycle (g)
C = mass of drum (g)
Calculate the slake durability index (second cycle) as follows:
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w,.-C
12(2)= Bf

x100

where:

1; (2) = slake durability index (second cycle)

B =mass of drum plus oven-dried sample before the first cycle, g

Wr=mass of drum plus oven-dried sample retained after the second cycle, g
C=mass of drum, g

11.0 REFERENCES

1. ASTM, 2001, American Society for Testing Materials. Procedures for testing soils
(1964). Standard Test Method for Slake Durability of Shales and Similar Weak
Rocks: D4644-87 (Reapproved 1992). Annual Book of ASTM Standards, West
Conshohocken, PA.

2. Franklin, J. A. and Chandra, R. The Slake Durability Test. Int. J. Rock Mech. Min.
Sci., 9, 325-341 (1972).
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APPENDIX I. FORMS

Figure 1. Slake Durability Test Data Sheet
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Slake Durability Test Data Sheet

Vanessa C. Viterbo - VCV

Date:

Project:

Molycorp Mine Project

[Mass of Drum:

823.27

Specimen N°

Sample 1

Sample 1

Sample 1

Sample 1

Begin and End Date

Drum #

Mass of Sample (g)

Oven-dried Sample before the 1%
cycle (g)

Moisture Content (%)

#DIV/0!

#DIV/0!

#DIV/0!

#DIV/0!

Water Temperature at the beginning
of the 1st run (°C)

Water Temperature at the end of the
1st run (°C)

Oven-dried sample retained before the
2" cycle (g)

Water Temperature at the beginning
of the 2nd run (°C)

Water Temperature at the end of the
2nd run (°C)

Oven-dried sample retained after the
2" cycle (g)

Slake Durability Index (second cycle)
(%)

#DIV/0!

#DIV/0!

#DIV/0!

#DIV/0!

Visual Description for the retained material:
Type I:Pieces remain virtually unchanged
Type II:Consist of large and small pieces
Type III:Exclusively small fragments
Index Classification:

0-25: Very low

25-50: Low

50-75:Medium

75-90: High

90-95: Very high

95-100:Extremely high

Observation:

Checked by:
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APPENDIX II. ASTM Method D 4644-87

qm}’ Designation: D 4644 - 87 (Reapproved 1992)

Standard Test Method for

Slake Durability of Shales and Similar Weak Rocks”

Thiz stzdaed 15 157aed nzder fe Smed detigzanon D 4644, the owmiber tumediarely follawing the dengmation ménane: the vear of

caipzzal adepticg oo the e eftwvrisce the yee ofla sevisioe. A pamber i pioestiee

dieaned 1he vear oflait reagproval A

3

rrpenpt psion (4) indaes a0 edrorial chaage wnoe Ge it tennics o0 meagpeonal

L. Scope

L1 Tlss wst method covers the determmanon of the shke
durability 1ndex of 2 shale or other sumlar reck after two
dryving and wettmg cycles with abrasion.

1.2 The values stared m ST uasrs are to be regarded as the
standad  The values given m pazentheses are provided for
information only.

1.3 This siandard does not purport to address all of the
safery problems, ifamy, associored with 15 use. It is the
responsibility ofthe wser of this standard 1o establish appro-
priate safely and health practices and determine the appiica-
biliy ofreguiatory lmmirations prior to use.

2. Referenced Documnent

12;" A":smmmsmqw* Wire-Cloth Sie" for T
11 Spec tor Wi ves lor lestung
Purposes®

2. Terminobogy

3.1 Description of Term Spacific o This Standard:

3.1 sicke duraBility index—he percentage by dry mass
retamed ofa collection of shale preces on a 2.00 mm (No. 10)
sweve after wo cvcles of oven drang and 10 nun of soaking
w water with a standard tumbling and abrasion action

4. Skgnificance and Use

4.1 The test mwethed 15 wied 10 esumate quahtatively the
durabtliry of weak rocks 1n the service environment,

4.2 Thas west method 15 wsd 10 assign quanntanve duga-
bility values to weak rocks, A pnmary example is the
Franklin Ranag Swstem (1),

5. Apparatus
S.1 Slake Duwrebility Device—The drum (Fig, 1) shall be
made of 2.00 ram (No. 10) square-mesh, woven-wire cloth,

a honzontal manner such that the drum 15 free to rotate
abows 15 a5 Tbemtghshallbembhofbemgﬁﬂed“m
slaking fwd to 20 mm (0.8 m) w the drum axs, and
chall allow at least 40 mm (1.6 1) wnobstucted cleasance
between the trough and the bottom of the mesh. The drum
shall be rotated by a motor capable of maintaining a speed of
20 rpm, constant 1o withn 5 %, for a penod of 10 min.
D@m conformung to e requarements ase commercially
avaddable

5.2 Dryng Over, thenmostaucally contolled, capable of
mawmtaming a temperamee of 10 £ 5°C (230 = 9°F).

3.3 Balance, senamve to 1 g and having a 2000-g capacery

54 Miscellaneous Apparams, includmg a boush

55 Disnlied Warer.

0. Test Specimen

61 The specumen shall comssst of ten representanve,
wmezct, roughly equidimensional shale fragments weighing 40
g to 60 g each These fragments may be naturally occuming
of may be produced by breaking with a hammer. Such
fragments may be obtamed from rock cores or from test pus,
and thetr swes wall vary wath the method of sampling Break
gg‘l :lm:g s}‘gxp comers, if possible, and _xemg{-_; m;l dust bls'

e ust prior 1o we tof &

shall wesgh 4553’132'?5%0 g.p ghing s

6.2 Transport and store the sample 12 such a manaes x
retan the natural water content

7. Procedure

7.1 Place the shale fragments in the drum. Wesgh, and dry
i the oven for 16 h o 10 constant mass. Allow the shale and

drum e cool a1 room temperature for 20 oun and weigh
again. Calculate the natural water content as follows.

we= [(4- BB ~ O)% 100
where

coni 0 the requrements of Specificancn E Nl It CFC X

shall be evlmdrical s shape. wath 2 diameter of 140 mm (5 5 2 PRONISNN Wb GO

’“L,")md‘:d', 1 of 100 nmelng ill)-“éﬁ‘fhﬂflbewd 4 mn drum plus sample at natral mossnge
plates, with one removable end. It must be suffictentdy strong _ -

o retain its shape during use, but neither the exterior ofthe 2 = ma?; of 3 plus over-dried sample before the first
mesh 1oz the mnterior of the drum shall be obstructed by 2  _ g—“'}“' og;' (ﬁm g

drum shall be able to withstand 2 tenperamre
9°F). A wough shall support the dnum 1a

5 3
ef 110=5"C{230 =

¥ This test smebiod i wnden the puisdictioe of ASTM Comuitiee D18 0o Sod
awd Reock and 15 the doect respoasibiliny of Subcomenutree DISI2 0o Rock

Crmreat aditicn sppoved Fes 2, 1987, Puslisked Apral 1587
2 nvansl Book o 45T Seandards. Vol 1402

? Tha boldface menbare 1o pueafieces vedur 1o die L of iefesesces at the cud
of 5is standad
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7.2 Mount the drum in the trough and couple to the
moror. Fill the trough with distlled warter at room rempera-
e 10 20 mm (08 ) below the dmm aws, Rotate the
drum at 20 rpm for a peniod of 10 mun. Record the water
temperature at the beguuung and end of the mn.

7.3 Remove the dmum frem the wough wmediately after
the rotation pencd 15 complete and dry the drum and the
sample retaned in the oven for 16 b, of 1o constant mass.

74 Wagh the dum and ample to obain the oven-dried
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FG. 1 Critical Dimensions of Slake Durabifity Equipment

FG. 2 Whestration of Fragmen: Types Retained

[mass for the second cycle. Repeat 72 and 7.3, Again weigh
{tha drum and sample to obtawy a final mass

| 7.5 Photograph matenals retamed and file a copy of the
‘photo with the laboratory report, or record standard verbal
«(deseniptions, as follows:

Rev. 76v3

751 Npe [—Retained pieces remain virally un-
changed

752 Type ll—Retained materials consist of lage and
small preces.

753 Type [lI—Rewined matenal 15 exclusivelvy small
fragments

76 See Fig 2 for representanive photographs of the threa

ypes

S, Calculation
8.1 Calculate the slake durability index (sscond cyele), as
follows:
L) = [(We = Q)f(8 ~ €)) x 100
where:
142) = slake durability mdex (second cvele),
= mass of drum plus oven-dried sample before the
first eycle, g,
‘e = mass of drum plusoven-dried sample retamned after
the sacond evele, 2. and
C — mass of drum, 2.

9 Report

9.1 The report shall include the following:

9.1.1 Descripion of the matenal and where it was ob-
1amed

912 Slake durabzhiey mndex (second cyele) o the neaest
0.1 %. : 3

9.1.3 Range and average Value of the water temperature.

©.1.4 Natural water content

¢.1.5 Desenption of the appearance of the fragments
retamed in the drum (5ee 7.5)

10. Precision and Bias

10.1 Due to the nature of shale and other similar rock
tested by this test method 1t 15 erther not f2asible or too costly
at this time to produce multiple specimens which have
uatform physical propaities. Any vanaton observad on the
data 15 just as likely to be due to specunen vanation a to
operator or laboratory festing varation Subcommittes
DI8.12 welcomes proposals that would allow for develop-
ment of a valid precision statement. There 1s no accepted

959
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b 04644
reference value of shale or weak rock for thus fest method; 11 Keywords
therefore, bias cannot be determined. &t abeasion resistance; shale: slake durabslity: weal
ok
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