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\
TANZANIA BUREAU OF STANDARDS Q
0. Foreword ,@

This draft Tanzania Standard is being prepared by Solid Mineral Fuels and Products Technical C @e (MMDC 3) under the supervision of the Mining and
Minerals Standards Divisional Committee (MMDC).

of total tons. The book inventory is compared to the physical inventory for determiningghe ulation of measurement difference that have occurred since

Data obtained from the density of coal stockpiles is combined with volume determinations % Method MMDC 3 (1504) to complete the physical inventory
m
the last physical inventory. @

Since the physical inventory is the reference value used to compare and adjust tlie b inventory, it is important that the standard methods for conducting the
density and volume measurements introduce the least possible error. Close rence to the details of the procedures described in this standard is a
prerequisite to the objective of this test method.

This standard test method for determination of bulk density of stockpile o}s used for all ranks of coal. Proper density determination involves an understanding

of the physical characteristics of the coal types and the stockpiling

In preparation of this draft Tanzania Standard assistance was dégive
of Coal Using Nuclear Backscatter Depth Density Methods.

om ASTM D6347/D6347M — 05 Standard Test Method for Determination of Bulk Density
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1.1 This test method covers procedures for determining the bulk density of coal using instrumentation d@sures the relative backscatter of nuclear

gamma radiation throughout the depth of the stockpile under test. é

1. Scope

1.2 This procedure is applicable to all ranks of coal.

1.3 The values stated in either Sl units or inch-pound units are to be regarded separately ard. The values stated in each system are not necessarily
exact equivalents; therefore, to ensure conformance with the standard, each system s sed independently of the other, and values from the two
systems shall not be combined. O

2. Normative References C)

TZS 1934-1:2016/ 1SO 1213 -1:1993 Solid mineral fuels - Vocabulary - P)@)erms relating to coal preparation.

MMDC 3 (1504) Test Method for Determining the Volume of Bulk x{Using Contours or Cross Sections Created by Direct Operator Compilation Using
Photogrammetric Procedures.

3. Terminology Q

3.1 Definitions of Terms: Q‘

3.1.1 access hole—used loosely in this standar Qte the opening made into the stockpile for insertion of the probe access tube.
3.1.2 counting period—the period of time, e&{sing the scaler time switch, during which the readout device accumulates pulses.
3.1.3 penetration—inserting the probesactess tube in a selected position for collecting test count readings.

3.1.4 reference standard count ies of 30 consecutive standard counts, taken on the occasions specified in 9.1.5.

3.1.5 stability check standard@i—a series of five consecutive standard counts, taken on the occasions specified in 9.1.6.
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3.1.6 standard count—a test count taken with the probe positioned inside the shield and standard assembly. \

3.1.7 test counts—the recording of pulses accumulated by the readout device during a counting period. The test count ISﬁAﬁted by pushing a start button
located on the scaler, which resets the accumulator and starts a new counting period.

3.1.8 vertical interval—the vertical interval moved by the test probe when repositioned from one vertical positio next test vertical position in the same
access hole. For this test method, a vertical interval is equal to 30 in. [76 cm].

3.1.9 vertical position—the position of the probe where a test count reading is taken, measured from a)@e elevation.

4. Summary of Test Method %

4.1 The area of the stockpile accessible for stockpile penetration is first identified. An access ( g) plan for the accessible area is determined, and the
depth of the stockpile is accessed at locations within the area according to plan. The prob d to obtain test count readings at vertical intervals within
each access hole. Test count readings of compacted coal in field calibration vessels ar@ using coal from the stockpile so as to convert stockpile test
count readings to bulk density using a calibration curve. The mean bulk density of t pile is estimated using the test count reading and calibration data.
4.2 The procedures appear in the following order: C)
C
Procedures 9\&'@)
AN

Preparation of Sampling Plan o V4

Standardization of Nuclear Depth Density Gauge N\

Field standardization ~N\ ) |91

Stockpile Penetration and Access Procedures R ET

Standardize the nuclear depth probe Pa 10.1

Penetrate the stockpile ‘\<~ 10.2

Measure and record depth (\ 10.3

Place access stabilization and sample collectiQ&dﬁé 10.4

Taking replicate test counts 10.5

Procedure A—split-barrel sampler/large pdsqpr(;cedure 10.6

Procedure B—small auger procedure 10.7

Procedure C—hydraulic access pro 10.8

Field Calibration of Nuclear Depth=Dewsity Gauge 11

Influence of elemental composi rnuclear depth density probe 111

Perform calibration proceduses Op-site 11.2

Minimum eight calibration vesselS 11.3
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Weight and record empty calibration vessel weight 11.4 \
Compact coal in calibration vessel 115 .
Weigh and record compacted coal in calibration vessel 11.6 4
Penetrate compacted coal in calibration vessel 11.7 V
Minimum number of replicate test counts 11.8 %
Conduct a uniform compaction check 11.9 O
Data for establishing calibration curve (Annex A3) 11.10
Develop calibration curve (Annex A3) 11.11 %
Separate calibration curve for each access method 11.12 &
Interpretation of Results 12
Report 13 @

5. Significance and Use

The measured mean bulk density of a coal stockpile is used with a measurement of th ile volume per Test Method MMDC 3 (1504): Procedures to

determine the quantity of stockpiled coal. This measure of quantity is often used as @ nce value for adjusting inventory records.

6. Apparatus C)

6.1 Field-test location preparation equipment consisting of: \C’

6.1.1 Drilling Rig—mobile equipment capable of boring, driving, or@fally forcing, on its own power, access holes through the entire depth of the
stockpile.

6.1.2 Access Tube—hollow tubing with an inside diameter @ing clearance between 0.035 in. [0.90 mm] and 0.060 in. [1.50 mm] for the nuclear depth
probe to be positioned at specified vertical intervals. T bing shall be sufficiently durable to withstand the applied forces of insertion into the

access hole. The inside diameter of the access tube vide a smooth path with an annular space and wall thickness sufficient that there is no
deformation of shape under normal use, 80 thiclf@ pipe is the most commonly used access tube material. Other materials may be used, but their use

may require a different tube wall thickness or a @fférent counting period, or both, to obtain an equivalent test count.

auger is sized to produce an access ith a diameter equal to the outside diameter of the access tube. To obtain reliable test count readings, it is

6.1.3 Small Auger—a boring apparatus &é&gnecting sections used to provide an access hole the entire depth of the stockpile. The outside diameter of the
I
essential that the access tube fits spu to the access hole with no empty spaces at the junction between the coal and the access tube.

6.1.4 Split-Barrel Sampler/La 4$ er—a hollow device with a cutting edge, which, when driven into coal, can be extracted and leave an access hole. Drill
rod extensions provide for samplipig the entire depth of the stockpile.
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6.1.5 Hollow Stem Auger—an auger with a hollow central shaft having an inside diameter larger than the access tube. This &}ggr is used in the split-barrel
access technique to continue the access hole through previously tested depths of the stockpile.

6.1.6 Nuclear Depth Density Probe—The device required for collecting the test count readings from the stockpile. @ulpped with the following
components:

6.1.6.1 Gamma Source—an encapsulated and sealed radioactive source that meets the specific form re L%ents of Tanzania Atomic Energy Commission
(TAEC). A Cesium 137, nominal 8-milli-curie source is used. &

6.1.6.2 Gamma Detector—a Geiger-Mueller tube housed in the probe is an unlimited life, metal @na detector. A preamplifer is included to amplify and
send the electrical signal to the readout device or scaler.

6.1.6.3 Shield and Standard—an assembly, which protects the probe from mechanical da rovides the necessary shielding of the radioactive source
when not in use and provides a means to obtain repeatable reference and stability ¢ ndard counts.

6.1.6.4 Read-Out Device—a scaler with a resolution and range to display countgfov e density for which the apparatus will be used. The scaler contains
other electronic components and an electrical power supply. Units with a maxi rror of timing + 0.005 and + 0.002 % stability.

6.1.6.5 Electrical Cable—to connect the probe to the readout device. The\ shall be of sufficient length to allow test counts to be taken the entire depth of

coal being tested. V

6.1.6.6 Transport Case—a sampling case used for storing and {ral ing the nuclear depth probe. The transport case shall be constructed and labeled to
meet the Tanzania Atomic Energy Commission (TAEC) of TQ ation requirements.

6.2 Field Calibration Equipment:

6.2.1 Field Calibration Vessel—a vessel with a mj @ inside diameter of 23 in. [58 cm] and a minimum inside height of 32 in. [81 cm]. The volume of the

vessel is measured and certified semiannuall \%g the temperature-corrected water method. A weighing device that has been certified as accurate by a

metrology laboratory determines certificativ@:ig s. A certificate of calibration is provided in accordance with 13.1.12. The vessel can be made of metal or

polymer material, provided the vessel reféins censtant volume during compaction and weighing. However, the coefficient of thermal expansion for polymer
than for steel over the same temperature ranges, can result in calibration error.

material, which can be eleven times $~
6.2.2 Field Calibration Access TL@-&E identical to that used to access the stockpile and specified in 6.1.2.
A

6.2.3 Field Calibration Coal uger—an auger, with a minimum outside diameter of 2.5 times of top size of the coal, used to collect calibration coal
from the stockpile.
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6.2.4 Field Compaction Hammer Assembly—an apparatus for compacting the coal uniformly in the calibration vessel to the &%y’red range of densities.
Manual devices are not recommended for compaction.

6.2.5 Field Calibration Scale—a weighing device meeting Weights and Measures Authority (WMA) Requirement ighing device shall have the

capacity of weighing the calibration vessel empty or filled with coal in a single weighment. The weighing devicebe certified accurate to £ 0.1 % of

applied load and calibrated annually. Provide a certificate of calibration in accordance with 13.1.12. %
t

e top of the calibration vessel to restrict the
lateral movement of the access equipment.

7. Precautions @

7.1 Operators of the equipment shall obtain a license for the use of the equipment from_th zania Atomic Energy Commission (TAEC) and other
regulatory authorities.

6.2.6 Access Stabilization/Sample Collection Device—a sample collection pan with an opening placeg&

7.2 Backfill the access holes to lessen the risk of stockpile spontaneous combu@
8. Preparation of Sampling Plan < )

8.1 Use experienced personnel familiar with stockpiling and reclaimyj dures used at the location. Determine the surface area and the nominal depth of
the stockpile to be sampled. Prepare a drawing that clearly identi as that are not accessible for penetration or else not intended for access, such as
areas covering underground hoppers and reclaiming facilities eavily compacted haul roads.

8.1.1 It is good practice to use laboratory analysis from plés collected at each vertical test interval to identify foreign material from the base of the
stockpile and to convert bulk density to other than in—:’QnMsture basis.

8.1.2 Determine the number (n) of test counts reQui o represent the stockpile. For stockpiles with a prior history of density testing, this data will prove
helpful in making this determination. If no pr”&hi ry is available, it is recommended that a minimum of 100 test counts and a minimum of 8 access holes be

used to represent the stockpile. g
NOTE 1—The minimum test counts d ted for stockpiles with no history available are based on a standard deviation taken from a Z table. Eight borings
were designated to assure reas presentation of the stockpile.

Y
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8.1.3 Using the accessible surface area and the nominal depth of the stockpile determine the number of access holes required to provide the number (n) of
test counts selected in 8.1.2, allowing one vertical interval per test count. Divide the accessible area into the same number @Qf grid openings as the number of
access holes. The grid openings should represent as near equal volume as feasible. The openings need not be identig%ns pe.

8.1.4 Select one access hole site within each grid opening and mark the site locations on the plot plan. For the @%process, use a random location in
each grid.

8.1.5 For penetration and access of the stockpile, choose one of the procedures described as Procedu/r& and C in Section 10.

8.1.6 Treat areas not included in Section 8 such as heavily compacted haul roads, uncompacted sléeas, and large ready piles, separately.

9. Standardization of Nuclear Depth Density Gauge @

9.1 Field Standardization—use these standardization procedures to protect against insttu ault or drift and assure consistent probe response.
9.1.1 Allow the electrical equipment to stabilize in accordance with the manufacture@ mmendation when activated.

9.1.2 Ensure that the probe remains in the “power on” or “stand by” position whil&figldwork is being conducted.

9.1.3 Use the same counting period for test counts throughout the bulk dtx st, including calibration procedures.

9.1.4 Take all standard counts with the probe located at least 3 ft | om other radioactive sources, large masses of metal, or materials other than coal,
to assure that standard counts are not affected by these influence

9.1.5 Take a reference standard count at the beginning of \AQat each stockpile test site. Calculate the mean ¥,.. and sample standard deviation S,.. of the 30
test counts comprising the standard reference count.

count readings from within the hole, and (3) at t eginning of each calibration vessel immediately before taking test count readings within the

9.1.6 A stability check standard count is taken, (}% @beginning of each day’s work, (2) at each stockpile access hole site immediately before taking test
vessel. Calculate the mean y;, of the five stability Standard test counts.

9.1.7 The probe is considered to be irks&e condition and ready for use if:

b_’sc - )_’rcl <13 (1)

where: 9
V.. = the mean of five stability standard test counts,
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¥, = the mean of 30 reference standard reference counts,

and 4\’
S, =the sample standard deviation of the 30 standard test counts taken in the standard reference count.

9.2 When the comparison does not meet the criterion in 9.1.7, take another stability check standard count. If the e
the probe is considered to be in stable condition and ready for use. If the second stability check standard count @
replace the nuclear depth density probe.

of the second run meet the criterion,
not meet the criterion of 9.1.7, repair or

9.2.1 If the nuclear depth density probe is repaired, reconduct the stability checks standard count using the reference standard count taken at the beginning of

the stockpile site work. If the criterion in 9.1.7 is met with the repaired probe, testing may continue, dings taken before repair may be included in the
density calculation for the stockpile. @
9.2.2 If a new reference standard count is run to establish stability criterion in 9.1.7 for the ed nuclear depth density probe, all readings taken before

repair will not be used in the density calculations for the stockpile.
9.2.3 If the nuclear depth density probe is replaced, all readings taken before reb@vt will not be used in the density calculations for the stockpile.
10. Stockpile Penetration and Access Procedures C)
10.1 Standardize the nuclear depth density depth probe in accordance@@ection 9.
(/

10.2 Using the procedure selected in 8.1.5, penetrate the stockpi @ ch access site defined on the plot plan.

10.3 Measure and record the depth of the access holes. If vailable, compare original base elevations to base elevations determined by access

holes and record differences.
10.4 Place the access stabilization/sample coIIectio@t over each access site before penetration.

NOTE 2—It is good practice to use laboratory anglysis of samples collected at each vertical test interval to identify foreign material from the base of the
stockpile and thus assist in defining the us&ase of the stockpile.

10.5 Stockpile Procedures A, B, and ire taking replicate test counts at each vertical position. To minimize data recording errors, compare the difference
between the two test counts. If thissdiffeferice exceeds preselected criteria (based on previous experience with the probe being used), repeat the counts.

10.6 Procedure A—Split-Bar ler/Large Auger Procedure:
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10.6.1 Select the first access site. Drive the split-barrel sampler, to the depth of one vertical interval in a manner that least diwrbs the coal in the stockpile.

*
10.6.2 Remove the split-barrel sampler. Collect, package, and label the coal sample within the split-barrel sampler as the ity sample for this vertical
interval.
10.6.3 Insert an access tube of the same outside diameter as the split-barrel sampler into the access hole. s
10.6.4 Lower the nuclear depth density probe, one vertical interval, into the access tube. Record replicate ount readings for this vertical interval.

10.6.5 Remove the nuclear depth density probe and the access tube. &
SEm

10.6.6 Drill to the top the next vertical interval using a hollow stem auger. The auger has an out%
diameter large enough to allow insertion of the access tube.

eter of at least five 5 in. [127 mm] and an inside

10.6.7 Penetrate to the base material except where liners separate base material from pile.
10.6.8 Repeat 10.6.2 — 10.6.6 until reaching the base of the stockpile. O
gﬂ?cation where the split-barrel sampler has been driven for the tests.

10.6.9 Penetrate the depth of the stockpile with the hollow stem auger in thgssam
Collect sufficient auger cuttings for use as calibration coal (seal to preve @4
collecting in total sufficient coal for a minimum of eight calibration vessgls.

10.6.10 Repeat the procedure from Steps 10.6.1 — 10.6.8 for ea@%s site.

10.7 Procedure B—Small Auger Procedure: Q

re loss and label for location and depth). Repeat at each access hole,

10.7.1 Select the first access site. Using a small diame%uger, penetrate the entire depth of the stockpile in a manner that least disturbs the coal. Collect,
package, and label auger cuttings for each predete vertical interval. Penetration should reach the base material except where liners separate the base
material from the stockpile.

10.7.2 Insert an access tube with the sam inal outside diameter as the small diameter auger into the access hole to the base of the stockpile.
10.7.3 Lower the nuclear depth density e into the access tube and record replicate test count readings for each predetermined vertical interval.

10.7.4 Remove the nuclear dept@robe and the access tube.
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10.7.5 Penetrate the depth of the stockpile with an auger of minimum 5 in. (127 mm) outside diameter in the same location of the penetration of the small
diameter auger for the tests. Collect sufficient auger cuttings for use as calibration coal (seal to prevent moisture loss and labeMor location and depth).
Repeat at each access hole, collecting sufficient coal for a minimum of eight calibration vessels.

10.7.6 Repeat the procedure in 10.7.1 — 10.7.5 for each access site. %
10.8 Procedure C—Hydraulic Access Procedure: O

10.8.1 Select the first access site. Use hydraulic force to insert the access tube the entire depth of the %(or until refusal) in a manner that least
disturbs the coal in the stockpile. Penetration should reach the base material except where liners se tethe base material from the stockpile.

10.8.2 Lower the nuclear depth density probe into the access tube and record replicate test co ngs for each predetermined vertical interval.
10.8.3 Remove the nuclear depth density probe and the access tube.

auger with a minimum 5 in. [127 mm] outside diameter. Collect

10.8.4 Penetrate the stockpile at the same depth as the access tube is inserted. Us
abel for location and depth). Repeat at each access hole collecting

sufficient auger cuttings for use as calibration coal (seal to prevent moisture lossgamd
sufficient coal for a minimum of eight calibration vessels.

10.8.5 Repeat the procedure from steps 10.8.1 — 10.8.3 for each access&@)

?he elemental composition of the material. A probe measurement of two materials of
the same bulk density but with different elemental analysis ield different count rates. The nature of the disturbed surface interface between the access
tube and the walls of the access hole can affect the nu r depth density probe response and, consequently, a different response may result from fine coal

2 these factors to enable a mathematical correction of the nuclear depth density probe response

than from coarser coal. There is insufficient data to g
based on independent measures of these facto& ore, it is necessary that field calibrations be performed using coal from the stockpile being tested.

11. Field Calibration of Nuclear Depth Density Gau

11.1 The count rate of the nuclear depth density probe is infl

11.2 Perform calibration procedures on-sitegimulating actual field test conditions using coal collected from stockpile access sites.

11.3 A minimum of eight pairs of values%ll be used (compaction of eight separate calibration vessels) for field calibration of the nuclear gauge. In planning
compaction of calibration vessels, much of the range of test counts determined in the stockpile as is feasible. The minimum

coverage is the difference betwe@g ean test counts of the lowest and highest access holes tested in the stockpile. Distribute the calibration vessel test
counts uniformly within that r@ e same coal sample shall not be used for more than one calibration vessel.

10
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11.4 Weigh and record the weight of the empty calibration vessels before beginning each calibration vessel compaction. An %\mple calibration vessel log is
shown in Annex A4. .

umber of times using the field
lows the vessel. Level the coal to
ved by changing the thickness of the lift

11.5 Compact the coal in the calibration vessel by placing a uniform layer (lift) of coal in the vessel and striking the la
compaction hammer and compaction plate. Repeat the procedure, compacting successive lifts equally until the
the top of the vessel by carefully striking off the overflowing coal. Calibration vessels with different densities ar
and the number of times each lift is struck.

11.6 Weigh and record the compacted coal and the calibration vessel. An example calibration vessel S@shown in Annex A4.

11.7 Penetrate the depth of the compacted coal within the calibration vessel. Use the same pro reéxthat was used to penetrate the depth of the stockpile.
Use access tubing identical to that used for the stockpile. Place the access stabilization devic compacted coal in the calibration vessel before
penetration.

11.8 Take and record a minimum of 15 replicate test counts (30 total), with the spati ﬁs of the replicate counts distributed uniformly by moving the
probe in 1 in. [25.4 mm] vertical intervals. An example calibration vessel log is SPQE nnex A4.
11.9 Conduct a uniform compaction check using the procedures given in Anaex assure uniform compaction within the vessel.

11.10 The data values, which are used for each compaction vessel in est ng the calibration curve, are the mean of the 15 replicate test counts (the
probe response) and the compaction vessel density. The compacti% density is derived from the volume and the net weight of the coal in the vessel

(the bulk density). See the example calibration vessel log in Ann
gven in Annex A4.

11.11 Develop a calibration curve using the mathematical

11.12 Develop a separate calibration curve for each ae@gmethod used in the coal stockpile.

12. Interpretation of Results Q
12.1 Annex Al, Annex A2, and Annex A4 an example of a typical coal pile bulk density survey. Annex Al shows the calculations for determining the pile
test count grand average. Annex A2 sh calibration vessel uniform compaction check, Annex A3 shows an alternate calibration vessel uniform

compaction check, Annex A4 shows putations for the calibration curve, and Annex A5 shows the Jackknife method to determine the precision at two
standard deviations of the mean @ estimate; the confidence interval at 95 % of the mean density estimate in pounds per cubic foot (pcf) and in percent

of the mean density. Q

11
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13. Report

<
13.1 Prepare a report for each stockpile promptly after completion of field work and include the following information:

13.1.1 The owner, location of the stockpile, the party authorizing the work, identification of the contractors, and its %entative. Identify responsible field
personnel, personnel preparing the report, and subcontractors.

13.1.2 The dates of performance of all major work functions. %

13.1.3 A statement of the mean bulk density estimate, the precision at two standard deviations of tha /s&ate, and the confidence limits at the 95 %
confidence level applicable to the volume of the stockpile covered by the density survey.

tions to the standard procedure including authorization.
S.

13.1.4 List alternative and optional procedures covered by this standard when used. Also list &
Include all relevant procedures and formulas of statistical methods applied for authorized i

13.1.5 A test site location plan developed from a contour map of the stockpile includi rtical and horizontal coordinates of the access locations, if

available. Submit the plot plan required in Section 8 as a minimum requirement.

13.1.6 All raw data and results of statistical calculations. Organize data logi nge test location and elevation. Report nuclear depth density probe
calibration data for each calibration point and vertical position within each,tést vessel. Record the quantity of water added in the calibration
procedure, if any.

13.1.7 A clear description of the calculations and results of the @ompaction tests required in 11.9 and developed in accordance with Annex A2.
tio

13.1.8 A summary chart showing the results of the linear caQ procedures and a graph of the calibration curve required in 11.10 and developed in

accordance with Annex A4. %
13.1.9 A summary chart showing the results of the t n of stockpile test count data and a graph of test count distribution within the stockpile specified in
Section 8 and developed in accordance with Angex A4~

13.1.10 The results of investigation of an &am results and the disposition thereof.

13.1.11 Verify adherence to all test or authorized exceptions, or both. Include a description of all relevant formulas of statistical methods applied for
authorized exceptions.
13.1.12 Certificates of calibratj the calibration vessel and scale.

13.1.13 Operators’ Tanzania Atofmic Energy Commission (TAEC) (or equivalent) authorized license or technicians training certification.

12
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13.1.14 Confirmation of Tanzania Atomic Energy Commission (TAEC) Authorization or reciprocity compliance between j@pns to operate nuclear
apparatus within a country.

14. Precision and Bias §

14.1 The method for determining the precision of the density survey results is defined in Annex A5 and inc%:l e report (see 13.1.3).
haS not b

14.2 There is no accepted reference method for determining the bulk density of coal in stockpile, thus U& een determined.

AN

13
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ANNEXES \
K\

(Mandatory Information) s\/
Al. ESTIMATING AVERAGE STOCKPILE TEST COUNT O

Al.1 Assignment of Data to Strata: &/%

Al.1.1 Prepare a table for each access hole as shown in Table A1.1 and Table Al.2. Beginning with the lowest vertical interval, record the replicate test
counts and the average of those test counts in serial order for each interval. %
u

Al.1.2 Determine the total number (n) of replicate test counts, the summation () of replical@ nts, and the mean test count (y,) for the access hole.

readings for the corresponding vertical intervals from all access locations as column§ labBeled j, where j =1, 2, ..., m is the total number of strata, that is, all
No.1 vertical intervals in Column 1, all No. 2 vertical intervals in Column 2, and

Al.1.3 Prepare a table for each stockpile as shown in Table Al1.3. Enter each access ' iQn’in serial order as row numbers. Align the average test count
Al.1.4 Identify in the column heading the elevation represented by each strattim.
Al1.1.5 Enter the number n;, of average replicate test count readings, that is\vertical intervals in each column (stratum).

Al.1.6 Determine and record the grand average test count given

— 1

Yo = 3 ZiZj)’ij (A1.1) Q
where: Q~

n = total number of observations, O

i = row index,

j = column index, and «Q

¥o=352012/131 = 2687.1145. ‘

14



1 =
Tty

DRAFT TANZANIA STANDARD

R\
v
3

Vertical Depth, Elevation, Test 1 Test 2 zﬁate Average
»

TABLE Al1.1 Access Location No. 05

Interval No. ft ft (Counts) (Counts) nts)
Base ... 4400 ...

1 27.5 442.5 2378 2367  WN23725
2 25.0 445.0 2781 2780 2790.5
3 22.5 4475 2715 2711 \\N T 27130
4 20.0 450.0 2636 2621 2628.5
5 17.5 452.5 2546 @533 2540.0
6 15.0 455.0 2648 2725 27415
7 12.5 457.5 2758  N\._7629 2639.5
8 10.0 460.0 2650 2646 2661.0
9 7.5 462.5 2676 \NN\.J 2539 2523.0
10 5.0 465.0 2507 2793 2775.5
11 2.5 467.5 278N 2645 2646.5
surface . 468.1 2648 .

11 - 29021.5

v )

= Z counts Q63
-

n

n count

Z counts

‘)V
Q&Q
v

Q

15
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TABLE Al1.2 Access Location No. 02 %
Vertical Depth, Elevation, Test 1 Test 2 Replic ’%@rage
Interval No. ft ft (Counts) (Counts) (Cogé
Base 4410 ...

1 30.0 4435 2443 2424
2 275 446.0 2979 3009 2994.0
3 25.0 448.5 2954 2971 » \\2062.5
4 225 451.0 2862 2893 2877.5
5 20.0 4535 2842 2840 ( Y* 2841.0
6 17.5 456.0 2726 2731 27275
7 15.0 458.5 2855 28480J 2850.5
8 12.5 461.0 2660 2680 2670.0
9 10.0 463.5 2698 N\.\2699 2689.5
10 75 466.0 2648 2632 2640.0
11 5.0 468.5 2595 £ ) V2562 2678.5
25 471.0 2604 2638 2621.0
surface 467.2 ~\ ) .
12 Yo 32885.5
= z counts
= 2741.2917

: &Qu S counts
?\
QQ*
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TABLE A1.3 Vertical Interval Test Count Data by Elevation, Stratum j A

R\

Oé\/

9
&

V4

Access 1 2 3 4 5 6 7 8 10 11 12 13 14
Locatio SUM TC
n 442.5 445.0 447.5 450.0 452.5 455.0 457.5 460@ 62.5 465.0 467.5 470.0 472.5
No. -~
1 2550.0 2505.0 2676.0 2604.0 2726.5 2808.0 2815.0 2758.0 2705.5 2666.0 2608.0 29420.0
2 2647.0 2994.0 29625 28775 2841.0 27285 2850.0{"M 2698.5 2640.0 5578.5 2621.0 32895.5
3 24335 2527.0 27340 27480 2757.0 2820.0 2808.5 27355 2535.0 2670.0 2596.5 2640.0 31908.5
4 2337.0 2394.0 2611.0 2605.5 2699.5 2680.5 Zm.Q 2569.0 2506.0 2541.0 25584.0
5 23645 27905 2713.0 26285 2540.0 27415 26395 2661.0 2523.0 2775.5 2646.5 29021.5
6 2372.5 2800.0 2895.0 2786.5 27525 2691.0n 256.0 2506.0 2565.5 2546.5 26415.5
7 2306.5 2610.5 2758.5 2680.5 2623.5 2690.0 2619.5 2474.5 2774.5 2691.5 26362.0
8 2439.0 24995 2942.0 2902.0 2927.5 28\1‘.@} 2762.0 2739.0 2657.0 2681.0 27410.5
9 24395 2727.0 2680 2770.0 2848.0 2784.0 28115 2863.5 2776.5 2837.5 27587.0
10 2456.5 2825.0 2862.5 2858.5 2820.0()777.0 27815 2743.0 2829.5 2903.5 2800.0 2775.0 2727.0 36174.0
11 2353.0 2778.0 2845.0 2816.5 2763.5 2699.0 2516.5 2630.0 2603.5 2644.0 2643.5 2666.5 32184.5
12 2465.5 27045 2748.0 2731.5 2% 2876.0 2735.0 2743.0 2716.0 2676.0 27049.0

» 29164. 32145. 33427. 33007. 32884. 33156. 32518. 322435 31890.5 322725 15973.0 10702.5 2727.0 352012.0

5 0 5 5 5
n; 12 12 12 12 12 12 12 12 6 4 i

A

Where j=1, 2, ... mand m = total nu

&

0 0
K\(lz

rv%f strata.

A2. CALIBRATION VESSEL UNIFORM COMPACTION CHECK

17
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A2.1 Compute and record the average of the replicate test count measurements for each vertical position and place in \
serial order, 1 to 15, beginning from the bottom of the calibration vessel. Denote the ith replicate average as the ith °
vertical measurement.

A2.2 Determine the mean of the vertical measurement: :é

y=2x3 (A2.1)

&

y = mean of vertical measurements,
> yi = sum of vertical measurements, and

n = number of vertical measurements. &
A2.3 Determine the standard deviation of the vertical measurements @
Standard deviation = S, = \[Z (yn‘_ylz) or Jn CyH)-[zy]? (A2.2) CO

n(n-1)

where:
Sy = individual vertical measurements, \< )

y = mean of vertical measurements, and
n = number of vertical measurements. @V
A2.4 Determine the coefficient of variation measurements in p@

CVin % =100 Sy ly (A2.3) Q

If the CV expressed as a percentage exceeds eitherhist@rical values or 2 %, the calibration vessel is suspect. Recheck the
source of the data and the calibration coal used f; rssel before including data to determine the calibration curve. If the
source of the high CV value cannot be reconcil%i the calibration point appears to be an outlier as determined in A2.1,
the vessel shall not be used to determine th€ calibration curve.

AQALTERNATE CALIBRATION VESSEL UNIFORM COMPACTION CHECK

A3.1 Compute and record the a
serial order, 1 to 15, beginni
average as the ith vertical mea

f the replicate test count measurement for each vertical position, and place in
he bottom of the calibration vessel (see Table A3.1). Denote the ith replicate
ment.

18
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A3.2 Form three groups of five vertical measurements, with the first group including vertical measurements 1 through 5, the!\,
second group including measurements 6 through 10, and the third group including measurements 11 through 15.

A3.3 Lety;; denote the ith measurement of the jth group, where i = 1,2,3,4,5 and j = 1,2,3. For each of the thr
formed, calculate the group average yj and the sample variance s;; where j=1,2,3 and i = 1,2,3,4,5 using E

TABLE A3.1 Example Calibration Vessel Log /@

Calibration Vessel

Log
Stockpile Main Point Q

No. 1 a
Vessel |.D. Vessel Volume Scale I.D. Weight, Ib Tare Net
8.83 ft3 Gross
Test Counts 1005.0 471.0 534.0 ) °
Test Strata No. (n) Vi Yy y y2 Comments/
Observations
1 2996 2901 2898.5 (" 8401308.25
2 2909 2905 2907.0 8450649.00
3 2992 2872 2887.0N\, > 8334769.00
4 2896 2884 2888.0 8340544.00
5 2880 2885 2895,/ 8354990.35
6 2871 2873 2876.5 8274252.25
7 2870 2857 €.2864.0 8202496.00
8 2896 2873 2871.5 8 245 512.35
9 2861 2856 Q= 2871.0 8 242 641.00
10 2836 2890 2875.5 8 268 500.25
11 2841 2860 \_/ 2848.0 8 111 104.00
12 2844 2885 2863.0 8 196 769.00
13 2842 A2848" 2846.0 8 099 716.00
14 2838 2839 2931.5 8 017 392.25
15 2824 o 2824 43 049.0 8 014 561.00
16 43046.0 43 052.0 43049.0 123555198.50

: LD Eyz Zy 23’2
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V)= ¢ Sy andsf = SE¥L(vy-5) L (=123 (A3.2) {\

A3.4 Compute the estimate s;* of the variance of the group averages and the corresponding standard deviati@i as:
2 _ 13 ) _
Sy" =5 2j=15] and sy = /s3? (A3.2)

A3.5 Compute the three statistics Q12, Q13, and Q23, using E&%

le — |J’1—J’2|, ng — |13l ’ st — |¥2—¥3l (A3.3) %
Sy Sy Sy
NOTE A3.1 —If Q12, Q13, or Q23 exceeds the critical studentized range value 5.05, the co 10n vessel is suspect. Recheck the source of the
data and the calibration coal used for the vessel before including data to determine the calidration curve. If the source of the high value cannot be
reconciled or if the calibration point appears as an outlier as determined in A2.1, the el will be void and not used to determine the calibration

curve.

A4, DETERMINATI&&Q CALIBRATION CURVE
A4.1 The data values, which are used for each compaction vesse, @shing the calibration curve, are the mean of the
qu h& |

15 replicate test counts (the probe response) and the compacti density. The compaction vessel density is derived
from the volume and the net weight of the coal in the vesseQ density) in accordance with Section 11 (see Table A4.1).

Y Average = () y )/n = (43049.0)/15 = 2870 )

_(Net Wetghth) - _ 534 0/8.83 = 60.48 QO (A4.2)

Vessel Volume,ft3
SS(y) = Zyz -Xy)?/n =7438.4333 Q& (A4.3)

Sy = SS(y)/n-1 =23 Q (A4.4)
Calibration point completion assed.
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TABLE A4.1 Example Calibration Data

\
Calibration Number of Density, Ib/ft3 x Test counts y X2 Y2 Xy A *
Points Tests \\ /
1 15 60.48 2970 3657.8304 8236900 173577.60
2 15 65.69 2756 4315.1761 7595536 18104T6N
3 15 69.92 2698 4874.8324 7279204 188374.36
4 15 69.99 2691 4898.6001 7241481 (88343.09
5 15 70.27 2660 4937.8729 7075600 186918.20
6 15 71.52 2632 5115.1104 6927424( \88240.64
7 15 72.42 2625 5244.6564 6890625 190102.50
8 15 76.44 2558 5843.0736 6548364\  195533.52
P points Y tests Y X >y Y x? > y? > Xy
8 120 556.63 21490 38887.1523 mélu 1492131.55
N
\}
A4.2 Plot the calibration point (xi, yi) on a scatter diagram (Fig. A4.1), for the ith on vessel, letting yi represent

the vessel mean test count and xi the independently measured coal density. Theyrelationship should appear to be a linear
straight line with close correlation. If there is an outlying point that does not@ppear to correlate with the common linear
relationship, recheck the source data and reconcile or identify and justify se for the outlier before proceeding.

A4.3 The following straight-line relationship is assumed: @\/
y = bo +b1 x (A4.5) 0

Where the intercept constant (b,) and the regression li ope coefficient (b1) are estimated from the calibration data
using the least squares method.

A4.4 Determine the test count mean (y) and the%sny mean (x) for the calibration points.

y=Xvi/p (A4.6) Q
=% /p (A4.7) ?\
where:

Y'y; = sum of calibration point unts,
Xx;= sum of calibration point y value, and
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p = the number of calibration points.

Examples:
y = 21490/8 = 2686.2500 (A4.8)

x =556.63/8 =69.5788 (A4.9)

(zx)?

DRAFT TANZANIA STANDARD

A4.5 Determine the sum of squares S(xx), S(yy), and S(xy) and the linear correlation coefficient r. &%

S(xx) = ¥x? — = (A4.10)
Syy) =Xy* - % (A4.11)
SCxy) = S(xy) = Yxy — @ (A4.12)

s(xy) (A4.13) C)

= —_—
VsGx)s(yy)

where:
2x? = sum of squared values of x,

(2x)? = sum of the values of x squared,
2y? = sum of squared values of y,

(2y)? = sum of the values of y squared, Q

2xy = sum of the products of x and y, and

p = number of calibration points. O
Examples: Q

S(xx) = 38887.1523 — 309836.9569/8 Q&%Z? (A4.14)

S(yy) = 57790134 - 461820800/8 2621.5 (A4.15)

S(xy) = 1492131.55- (556.6 /8 = -3115.7875 (A4.16)
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3115-7875

r= J(157-5327)(626215) =—0-9920 (A4.17)

2900 -

2850

7800 S~

2750 [~

2700 =

TEST COUNT

2650

69.54 pcf |

2600 —~

2550 &

2500 1
50.00 55.00 60.00 65.00 70,00 73.00 80,00

DENSITY

FIG. A4.1 Example Calibrati int"Scatter Diagram

NOTE 1—See A4.3 and A4.10.
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A4.6 Determine the percentage of the variation accounted for by the regression by squaring the correlation coefficient !\ .
determined in A4.4 and multiplying by 100. This value is expected to exceed 95% for most calibrations.

Percentage r2 = 100(r?) (A4.18) %V

Example:

100(0.9841) = 98.41% (A4.19) ,@

A4.7 Determine the regression line slope coefficient (b1) and the intercept constant (bo).

_ S(xy) @
b; = SGox) (A4.20) s
by =y —bix (A4.21) O

Example: C)

b1 =-3115.7875/157.5327 = -19.7787 < ,

bo =2686.2500 — (-19.7787 x 69.5788) = 4062.4253

A4.8 The regression line y’ = bo — b1x is the calibration curve. %ls the predicted test count, values for the
measured densities forming the regression line. Plot this line catter chart. Plot the point (x, y) determined in A4.3 on the
scatter chart. By least squares criterion this point always falQl the regression line.

A4.9 Determine the stockpile mean test count (y,) f@ .

A4.10 Determine the stockpile mean density. Q

%, = L= (A4.22) é

by
Example:

Xy = 2687.1145 - 4062.4253/—1@9.54 Ib/ft3
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4\’

A5.1 Use the Jackknife Method to determine the precision, pcf, at 2 standard deviations and the confidence int ;\pf, and in percentage of the mean bulk
density at the 95 % confidence level.

AS5. DETERMINE PRECISION AND CONFIDENCE INTERVAL OF STOCKPILE MEAN BULK DENSITY

NOTE A5.1—The Jackknife Method assigns the original stockpile test count data to subsets equal tf%mber (p) of original calibration points.
The estimates of density of the subsets average test count values are determined from additional calibkations (1 through (p)) that alternately use
p-1 of the original calibration points. The variance of these pseudo density values (PV) about thesriginal’estimate of the stockpile density is the basis
for determining the precision and confidence interval. %

A5.2 From Table Al.3, assign all stockpile test counts to subgroups into Table A5.1.: @

A5.2.1 List test counts by strata in serial order 1 through n, and O

A5.2.2 Assign group numbers 1 through p to all test counts. C)

A5.3 In Table A5.2, list all test counts from Table A5.1 by group numbers\@hgh P. Perform the following calculations:

A5.3.1 Determine the test count sum for each subgroup 1 through V
%’cotal from Table A1.3,

A5.3.2 Subtract each subgroup sum from the stockpile test count g

Ab.3.3 Determine the remainder to be the subset total test cotnt, and

Ab.3.4 Use these average test counts to estimate d alues in pseudo calibrations A5.3.2 through A.5.p, respectively.
A5.4 List the following values from the pseudo Qra ions 2 through 9 from A5.3 in Tables A5.3-A5.10:

A5.4.1 b1 slope coefficients in column 2 gews™ through p,

A5.4.2 b0 Intercept in column 3 rows gh p,

A5.4.3 Subset mean test counis«Coluimn 4 rows 2 through p,

A5.4.4 Pseudo estimates of mean densities in column 5 rows 2 through p, and

25



1 =
Tty

DRAFT TANZANIA STANDARD

A5.4.5 List the original calibration results for the above values in row 1 of Table A5.3 columns 2 through 5.

A5.5 In Table A5.3 column 6, calculate the pseudo density values (PV) for rows 2 through p using the following equationA *

PV=p-(p-1) (A5.1) O%

p = original estimated mean density and

where:

p — 1 = estimate of density from pseudo calibration. E&

A5.5.1 List the square of each pseudo value (PV?) in column 7.

A5.6 Determine the variance of PV = S? py using the following equation: &
S%yv = (Sum PV2 = (Sum PV)Zp)/p - 1 (A5.2) @

A5.7 Determine the standard deviation of PV = Spy using the following equation:C)O

Spv = (S?pv)*2 (A5.3) \C’
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TABLE A5.1 Stockpile Test Count Assignment to Subgroups by Strata

Sarial Group Sanal Group Sarial Group Searial Group
Numbear MNumber Test Count Numbear Number Test Count Numbear Number Test Count Number Numbar Test Count
1 1 2550.0 44 1 26285 a1 1 28115 124 1 2608.0
24335 42 2 27Be5 a2 2 27e1.6 122 2 25785
3 3 2337.0 43 2 26B0.5 a3 3 25186.5 123 3 2506.5
4 4 2364 .5 44 4 2002.0 84 4 2735.0 124 4 2646.5
5 5 23725 45 5 2770.0 a5 b 2756.0 125 5 2800.0
] (5] 2306.5 48 ] 28565 86 ] 2670.0 126 ] 26435
T Fi 24200 47 T 28165 ar T 27355 127 T 2621.0
L] 8 24205 4 g 273156 a8 g 2569.0 128 g 2640.0
'] 1 24565 49 1 27265 80 1 2661.0 120 1 2775.0
10 2 2352.0 50 2 28410 a0 2 2506.0 130 2 2666.5
1 3 24855 51 2 27570 01 3 24745 134 3 2727.0
12 4 2647.0 52 4 26005 a2 4 2720.0
13 5 2505.0 53 5 2540.0 o3 b 2808.0
14 (5] 2004.0 B4 ] 27525 04 ] 28635
15 Fi 2527.0 Bh T 26225 a5 T 27430
16 8 2394.0 56 g 20275 06 g 2620.0
17 1 2780.5 &7 1 284280 a7 1 2705.5
18 2 2800.0 ] 2 2820.0 o8 2 26085
19 3 2610.5 50 2 27635 a0 3 2535.0
20 4 24005 60 4 25850 100 4 2506.0
21 5 2727.0 61 5 2808.0 104 b 2523.0
22 [ 2825.0 62 ] 2725 102 G 2565.5
23 Fi 27780 63 T 2820.0 103 T 27745
24 8 2704.5 B4 g 26B0.5 104 g 2657.0
25 1 2676.0 65 1 274156 105 1 27765
26 2 2062 5 66 2 2601.0 106 2 2829.5
27 3 2734.0 Tl 2 2600.0 107 3 26035
28 4 2611.0 Ga 4 2861.0 108 4 2716.0
29 5 2712.0 60 5 2740 100 b 2666.0
30 (5] 2895.0 70 ] 27770 110 ] 2640.0
a1 Fi 27585 7 T 2609.0 111 T 2670.0
32 8 2042.0 T2 g 2876.0 112 g 2541.0
a3 1 2680.0 73 1 28150 113 1 27755
34 2 2862 5 T4 2 28505 114 2 2548.5
a5 3 28450 75 2 28085 115 3 2601.5
36 4 2748.0 76 4 261320 116 4 2681.5
ar 5 2604.0 T 5 26205 17 b 28375
a8 (5] 28775 78 ] 2566.0 118 ] 20035
a9 Fi 2748.0 70 T 26195 119 T 2644.0
40 8 2605.5 B0 g 2762.0 120 g 2676.0
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A5.8 Determine the standard error of mean SEpy using the following equation:

\.
SEpv = Spv/p?? (A5.4) 4

A5.9 Precision at 2 standard deviations = 2(SE). %

A5.10 Calculate the confidence interval (Cl) at 95 % confidence level, Ib/ft3, at p — 2 degrees of freedom, using

following equation: %

A5.11 Calculate the confidence interval, Ib/ft3, as a percentage of the mean density, Ib/ft3, usin%ﬁlowing equation:

N
O@

Cl=(talpha2atp - 2)(SE) (A5.5)

Cl = (100xCl)/ (mean density) (A5.6)
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TABLE A5.2 Jackknife—Strata Subsets

Subgroup and Subsat |.D. and Tast Counts

i 2 3 4 5 B 7 8
nj 131 13 131 13 13 131 13 131
Sum TC 352012 352 012 362 012 352 012 352012 362012 k2012 352 012
Subgroup
i 2550.0 24335 2337.0 2364 5 2372.5 2306.5 2430.0 24305
2 2456.5 2353.0 24655 2647.0 2505.0 20040 2521.0 23040
3 2780.5 2800.0 2610.5 24005 2727.0 2825.0 2778.0 2704.5
4 2676.0 2062.5 2734.0 2611.0 2713.0 2805.0 2758.5 20420
5 2680.0 2862.5 2845.0 2748.0 2604.0 28775 2748.0 2605.5
B 26285 2786.5 2680.5 2002.0 2770.0 2856.5 2816.5 2735
7 2726.5 2841.0 2757.0 26005 2540.0 2752.5 26235 20275
g 2848.0 2820.0 27635 2585.0 2808.0 27285 2820.0 2680.5
Y 27415 2601.0 2600.0 2861.0 2784.0 2777.0 2699.0 2876.0
10 2815.0 2850.5 2808.5 2613.0 2630.5 2566.0 26195 2762.0
11 2811.5 27815 2516.5 2735.0 2756.0 2670.0 27355 2560.0
12 2661.0 2506.0 24745 2730.0 2806.0 2863.5 27430 2630.0
13 27055 2608.5 2535.0 2506.0 2523.0 2565.5 27745 2657.0
14 2776.5 28205 2603.5 2716.0 2666.0 2640.0 2670.0 25410
15 27755 2546.5 2601.5 2681.0 2837.5 20035 2644.0 2676.0
16 2608.0 2578.5 2506.5 2646.5 2800.0 26435 2621.0 2640.0
17 2775.0 2666.5 2727.0
Sum 46 0155 46 007 .5 44 835.0 425540 420415 43 864.5 43017.0 42776.0
Subset TC Sum 305 006.5 306 004.5 307 176.0 300 458.0 308 070.5 308 147.5 308 995.0 300 236.0
Subsat nj 114 114 114 115 115 115 115 115
Subset Avg. TC 26841708 2684.2500 2604 5263 2600.9391 2687 5696 2679.5435 2686.9130 2680.0087

N3
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TABLE A5.3 Stockpile 1.D.#

MNotme |—Row | = original calibration data; rows 2 through 27 = subset data.
PV = number of onginal calibration points * original estimate of mean density (row | column 5) minus P - | # jackknife estimate of mean
densities (column 5 rows 2 through 9).

Jackknife Calculations Strata
i 2 3 4 5 [ 7
Slope Cosff. Intarcept Meam Test Ct. Est. Mean Density, Esit Pssudo Density, PV Squared PV
[T =

1 —10.7787 4062 4253 2687 1145 £0.5350
2 —10.1525 4017 5017 2884 1708 B0.E161 B0.08T2 47TEE 480 460 20
3 —20.0057 4079.3711 2884 2500 607262 681266 4641.233 627 56
4 —10.8076 4062 0760 2604 52632 600447 720844 5327 282 741 61
5 —10.8172 40632604 2600 9201 602401 71.5362 5117.442 217 60
B —-10.7154 405008244 2687 5606 69,6033 600569 4768.855 437 61
7 —10.540 4048 7814 2670.5435 700400 650037 4355 168 430 60
B —10.6680 4055 4031 2686.9130 595240 601920 4787.532 B64 00
9 —-20.3423 4100.0265 2680.0087 693636 707348 5003411 031 04
10

Sum 556.5057 38757305 T28 40

Maan 69.5745

A
_TPw - (Y PV

Vanance PV=5%,, = T
_ 3BThE7.A9572840 — 38724846657 N
B g—1]
Std. Dav. S, =/5:,=1/4.640867 31 = 2.1564
Std. amor of mean PV Sa) = 5./4/F
=2 156 355 008 50818 = 0.7624
Precision at 2 Std. Dev. = 2(So) = +1.52 Ibff?
Confidence interval at 05 % confidence level in Ibft? = #=2 af p— 2 degrees of freadom® PV sa)
=2.447°0.762 386 656 43 = +£1.87 Ib/ft®
Confidence as a percentage of mean density
100" confidence interval Ib/ft*
- mean density Ib/f?

= 46455

= +2 68 %
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TABLE A5.4 STOCKPILE I.D. Jackknife Pseudo Cal. Pt. No. 2AB

R\

A\

Cal. Pts. No. Density, Ib/ft x  Test Cts., Density Squared,  Test Cts. Squared, et and y,
Tests y X2 y? Xy
1 0 0 0
2 15 65.69 2756 4315.1761 7595536 A Tag1041.64
3 15 69.82 2698 4874.8324 7279204 188374.36
4 15 69.99 2691 4898.6001 7241491 =\  188343.09
5 15 70.27 2660 4937.9729 7075600 196918.20
6 15 71.52 2632 5115.1104 6927424 WS/ 198240.64
7 15 72.42 2625 5244.6664 6890625 190102.50
8 15 76.44 2558 5843.0736 6543364, 195533.52
Sum 105 496.15 19620 35229.3219 49553234 1318553.95
Tests X y X2 ( v Xy
No. pts. P Density mean = Test count mean =
=7 (-x) =70.8786 (-¥ ) = 2660.00
N
s(xx) = Yx? — (2") = 62.9187 0@\/
Skyy) = Yy? — (Z” = 24034.000 Q
S(xy) =XYxy — @ = -1205.0500 OQ‘

slope coefficient b1 = S(xy)/s(xx) = -19.1&

interceptbo = y—(b1*

xX)= 401

subset estimate of stockpile mean

subset estimate of stockpile

t (" yo) =sum of TC/n = 305 996.5/114 = 2684.1798

nsity (x¥,) = y - bo/b1= 69.6161
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BTransfer the following data to Table A5.3 on the row number corresponding to the pseudo calibration point number above: \
- . . . * .
slope coefficient to column 2, intercept to column 3, subset estimate of mean test count to column 4, and subset estimate ean density to column 5.

TABLE A5.5 STOCKPILE I.D. Jackknife Pseudo Cal. Pt. No. 3 AB

Cal. Pts. No. Density, Ib/ft x  Test Cts., Density Squared,  Test Cts. Squared, Pr st and y, xy
Tests y X2 y? ®
1 15 60.48 2870 3657.8304 8236900 173577.60
2 15 0 0 A To00
3 15 69.82 2698 4874.8324 7279204 ~ 188374.36
4 15 69.99 2691 4898.6001 7241481 ==  188343.09
5 15 70.27 2660 4937.8729 7075600 186918.20
6 15 71.52 2632 5115.1104 6927424 WS/ 188240.64
7 15 72.42 2625 5244.6564 6890625 190102.50
8 15 76.44 2558 5843.0736 6543364, 195533.52
Sum 105 490.94 18734 34571.9762 50194598 1311089.91
Tests X y X2 ( v Xy
No. pts. P Density mean = Test count mean =
=7 (-¥) = 70.1343 (-5 ) = 2676.2857
A N4
Q
s(xx) = Yx? — = 140.2500
Sky) = Xy? — (E” = 57061.4286 QO

SCxy) = Txy - E2ED = -2805.7986 Q.

slope coefficient b1 = S(xy)/ s(xx) = —20 OO
interceptbo = y—(b1*x)=4079.

subset estimate of stockpile mean te ét (" yo) =sum of TC/n = 306004/114 = 2684.2500
subset estimate of stockpile me q‘ Y (X%,) = ¥y - bo/bi= 69.7362
A5.

BTransfer the following data t 3 on the row number corresponding to the pseudo calibration point number above:
slope coefficient to column 2 cept to column 3, subset estimate of mean test count to column 4, and subset estimate of mean density to column 5.
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Q
TABLE A5.6 STOCKPILE I.D. Jackknife Pseudo Cal. Pt. No. 4 AB Os

Cal. Pts. No. Density, Ib/ft x  Test Cts., Density Squared,  Test Cts. Squared, oduct x and y,
Tests y X2 y?

1 15 60.48 2870 3657.8304 8236900 - 173577.60

2 15 65.69 2756 4315.1761 7595536  , == 181041.64

3 15 0 0 0

4 15 69.99 2691 4898.6001 7241481 WS/ 188343.09

5 15 70.27 2660 4937.8729 7075600 186918.20

6 15 71.52 2632 5115.1104 6927424\ 188240.64

7 15 72.42 2625 5244.6564 6890625 190102.50

8 15 76.44 2558 5843.0736 6543364 195533.52

Sum 105 486.81 18792 34012.3199 50510930 1303757.19
Tests X y x2 (4 Y2 Xy

No. pts. P Density mean = Test count mean =

= (-X) = 69.5443 (-y) = 2684.5714

A

(Ov
s(xx) = Yx? — % = 157.4662 QO
Syy) =Xy* - % = 62463.7143 Q‘

SGey) = Txy - E2ED = 3119.0271 Q
slope coefficient by = S(xy)/ s(xx) =- 6&76
interceptbo = y—(bi*x) =40 9

subset estimate of stockpile meal ount ( yo) =sum of TC/n = 307179/114 = 2694.5263
subset estimate of stockpile @ nsity (¥,) = ¥ - bo/bi1 = 69.0417
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BTransfer the following data to Table A5.3 on the row number corresponding to the pseudo calibration point number above:
slope coefficient to column 2, intercept to column 3, subset estimate of mean test count to column 4, and subset estimate o mgn density to column 5.

TABLE A5.7 STOCKPILE I.D. Jackknife Pseudo Cal. Pt. No. 548

A\

Cal. Pts. No. Density, Ib/ft x  Test Cts., Density Squared,  Test Cts. Squared, Pr et and y,
Tests y X2 y? Xy

1 15 60.48 2870 3657.8304 8236900 173577.60

2 15 65.69 2756 4315.1761 7595536 A Tag1041.64

3 15 69.82 2698 4874.8324 7279204 188374.36

4 0 0 L= 0

5 15 70.27 2660 4937.8729 7075600 186918.20

6 15 71.52 2632 5115.1104 6927424 WS/ 188240.64

7 15 72.42 2625 5244.6564 6890625 190102.50

8 15 76.44 2558 5843.0736 6543364, N 195533.52

Sum 105 486.64 18799 33988.5522 50548653 1303788.46
Tests X y X2 il Xy

No. pts. P Density mean = Test count mean =

=7 (-X) = 69.5200 (-¥) = 2685.5714

A \\J

s(x) = Ya? — 2") = 157.3394 @\/

Syy) = Ty — (Z” = 62595.7143 QO

S(xy) = Yxy — @"l& = -3118.0200

slope coefficient b1 = S(xy)/ s(xx) = —19 81

intercept bo X ) = 4063.

= y—(bs*

subset estimate of stockpile mean te

X

subset estimate of stockpile mea&~ Yy (¥,) = ¥ - bo/b1= 69.2491

BTransfer the following data to

34

Qt (" yo) =sum of TC/n = 309458/115 = 2690.9391

Ie A5.3 on the row number corresponding to the pseudo calibration point number above:
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slope coefficient to column 2, intercept to column 3, subset estimate of mean test count to column 4, and subset estimate ofqaan density to column 5.
*

TABLE A5.8 STOCKPILE I.D. Jackknife Pseudo Cal. Pt. No. 6B \/
Cal. Pts. No. Density, Ib/ft x  Test Cts., Density Squared,  Test Cts. Squared, Pr et and y,
Tests y X2 y? xy®
1 15 60.48 2870 3657.8304 8236900 173577.60
2 15 65.69 2756 4315.1761 7595536 A Tag1041.64
3 15 69.82 2698 4874.8324 7279204 188374.36
4 15 66.99 2691 4898.6001 7241481  , =M  188343.09
5 0 0 0.00
6 15 71.52 2632 5115.1104 6927424 NN/ 188240.64
7 15 72.42 2625 5244.6564 6890625 190102.50
8 15 76.44 2558 5843.0736 6543364, % 195533.52
Sum 105 486.36 18830 33949.2794 50714534 195533.52
Tests X y X2 ( yv Xy
No. pts. P Density mean = Test count mean =
=7 (-%) = 69.4800 \\/ (-¥ ) = 2690.000
A
s(xx) = Ta? — % — 156.9866 @\/
S(yy) = yy? — &2 _ 0
yy) =Yy = 61834.0000

p R
SCxy) = Yy — Wp@ = -3095.0500 Q~
slope coefficient b1 = S(xy)/s(xx) =-19.71 O
interceptbo = y—(b1*Xx)=4059.8 «

subset estimate of stockpile mean te t ( yo) =sum of TC/n = 309070.5/115 = 2687.5696
subset estimate of stockpile me nSity (X,) = ¥ - bo/bi = 69.6033

BTransfer the following data t@le A5.3 on the row number corresponding to the pseudo calibration point number above:
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slope coefficient to column 2, intercept to column 3, subset estimate of mean test count to column 4, and
subset estimate of mean density to column 5.
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\0
O

TABLE A5.9 STOCKPILE I.D. Jackknife Pseudo Cal. Pt. No. 7A,B r\

Cal. Pts. No. Density, Ib/ft x ~ Test Cts.,  Density Squared, Test Cts. Squared, _Produét x and y,
Tests y x? y? " Cm

1 15 60.48 2870 3657.8304 8236900 173577.60

2 15 65.69 2756 4315.1761 7595536 o \ N\ 181041.64

3 15 69.82 2698 4874.8324 7279204 188374.36

4 15 66.99 2691 4898.6001 7241481 N ,° 188343.09

5 15 70.27 2660 4937.8729 7075600 186918.20

6 0 0 &N\N 0.00

7 15 71.52 2632 5115.1104 6927424 188240.64

8 15 76.44 2558 5843.0736 ﬁm 195533.52

Sum 105 484.21 18830 33642.4959 50899509 1302029.05
Tests X y x2 ~ Xy

No. pts. P Density mean = Test count mean =

= (-x) = 69.1729 (-3 ) = 2690.000

A

2
s(xx) = Yx? — @% = 153.2259

S(yy) = $y? — % = 59258.0000

S(xy) = Yxy — @"l& = -2995.4300
slope coefficient b1 = S(xy)/s(xx) =-1

interceptbo = y—-(b1*x)= 4048%4

subset estimate of stockpile mea@ ount ( “yo) =sum of TC/n = 308147/115 = 2679.5435

o

R

X

S

subset estimate of stockpile r@density (%) = y- bo/by= 70.0409
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*
BTransfer the following data to Table A5.3 on the row number corresponding to the pseudo calibration point number ahove: k

slope coefficient to column 2, intercept to column 3, subset estimate of mean test count to column 4, and subset f$ of mean density to column 5.

TABLE A5.11 STOCKPILE I.D. Jackknife Pseudo Cal. Pt. No. 8AB

p ad
Cal. Pts. No. Density, Ib/ft x ~ Test Cts.,  Density Squared, Test Cts. Squared l?duct x andy,
Tests y X2 y? ‘&
1 15 60.48 2870 3657.8304 8236900 173577.60
2 15 65.69 2756 4315.1761 7595536 N\, 181041.64
3 15 69.82 2698 4874.8324 7279204 188374.36
4 15 66.99 2691 4898.6001 7241486 \N\N" 188343.09
5 15 70.27 2660 4937.8729 7075600 186918.20
6 15 71.52 2632 5115.1104 692424 188240.64
7 15 72.42 2625 5244.6564 6890625 190102.50
8 ~ \J
Sum 105 480.19 18932 33044.0787 51246770 1296598.03
Tests X y x2 SN\ v Xy
No. pts. P Density mean = Test count mean =
=7 (-X) = 68.5986 (-¥) = 27045714
’* N\)4
s(xx) = Tx? — % = 103.7307 Q

2
S(yy) = ¥y? — @% — 48823.7143

S(xy) = Yxy — (mp& = -2110.1243

slope coefficient b1 = S(xy)/ s(xx) = @QB

subset estimate of stockpile
subset estimate of stockpile

N

ensity (X,) = ¥y - bo/b1 = 69.3636

interceptbo = y—-(b1*x)=
:@d st count ( yo) =sum of TC/n = 309236/115 = 2689.0087
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BTransfer the following data to Table A5.3 on the row number corresponding to the pseudo calibration point number above: !\’

slope coefficient to column 2, intercept to column 3, subset estimate of mean test count to column 4, and subset esti mean density to column 5.
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