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INTRODUCTION
 

A. SCOPE
 

Roberts & Schaefer Company was contracted by Gilbert Commonwealth
 
International, Inc., 
to determine the potential cleanability of the Lakhra
 
lignite coal. 
 This endeavor was twofold. It encompassed laoratory
 
investigations of a 3 ton subsample that represented the initial 
shipment of
 
PMDC Mine No. 2 raw coal for test burning, as well as the cleaning of a
 
second bulk shipment of 50 tons in a commercial preparation plant. The
 
findings will serve as base line data for preparation plant design plus
 
determine the potential effects that cleaning would have on the burning of
 
this fuel. Confirmation and/or supplementation of this data base would be
 
conducted by Gilbert in cooperation with John T. Boyd Company once data
 
becomes available from the BT-ll washability study and mine plan core
 
analyses. As such, the formulation of the test program for the washability
 
study and plant trial was a 
joint effort between Roberts & Schaefer as
 
subcontractor to Gilbert,-- and John T. Boyd Companies.
 

B. GENERAL SUMMARY AND CONCLUSIONS
 

Theoretical investigations supported by a plant trial indicate that
 
total cleaning through wet beneficiation at a high S.G. of separation (1.87)
 
can 
improve the overall boiler feed heat content by 1160 BTU/lb. or more and
 
reduce the ash/sulfur burden by 40% and 20% respectively.
 

BTU recovery and clean coal yield, however, were lower than projected
 
due to the characteristic degradation of the coal 
mass once exposed to wet
 
cleaning. In addition, determination of boiler performance indices from the
 
theoretical and plant run suggest that cleaning does not improve the raw
 
coal slagging and fouling characteristics and may potentially worsen these
 
important boiler performance criteria.
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In view of these findings and upon careful examination of the whole
 
coal analyses, it appears that the combustion system can be properly

designed to burn raw lignite. 
 The case for cleaning then becomes an
 
economic trade-off between the cost savings incurred through burning a 
more
 
consistent and improved quality fuel that is lower 
in ash/sulfur burden with
 
that of a higher priced fuel associated with the cost of cleaning.
 

Since this lies beyond the scope of our investigation, it is difficult
 
to make a definite case for burning the fuel 
in the raw or cleaned state.
 
Should itbe determined that cleaning be employed, testing indicates that
 
high gravities of separation (_ 1.80) should be considered to ensure
 
acceptable BTU recovery. 
A water or dry process would be amenable to
 
separations at this level.
 



-- 
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PART II - THEORETICAL ANALYSIS OF LAB WASHABILITY (PMDC MINE NO. 2 SZE.AM)
 

A. INTRODUCTION
 

Theoretical washability tests were conducted on a 3 ton subsample of
 
the first PMDC No. 2 seam test shipment represented by the cross-section
 
shown in Figure 1. The primary objective of this investigation was to
 

develop the following:
 

Standard washability analyses of individual size fractions to
 
permit theoretical assessment of the qeneral cleanability of the
 
lignite coal with regard to ash/sulfur reduction and BTU
 

recovery/enhancement. For discussion purposes, emphasis was
 
placed on 
the 4" X lOOM composite size fraction as it represents
 

the cleanable size range should wet processing be employeed. In
 
addition, this fraction represents virtually 100% of the material
 

investigated.
 

Cleanability was gauged by % ash/sulfur removal and BTU recovery,
 
as it is generally recognized that quality values (ash, sulfur,
 
BTU/Lb., etc.) will vary between individual samples in addition to
 
those designated in the mine plan.
 

Decrepitation testing to permit assessment of the effects which
 

air-drying would have'on the raw coal 
size distribution and
 

cleanability.
 

Size reduction tests to gauge their impact on coal cleanability.
 

Whole coal analyses of raw and cleaned coal at 1.60 and 1.80
 
specific gravity to permit determination of indices that would
 
gauge the benefits of burning raw versus cleaned lignite.
 

Selection of the clean coal specific gravities was based on
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preliminary work done by the U.S. Department of Energy that
 
indicated a 25% reduction in raw coal feed weight while
 
maintaining reasonable overoll BTU recovery in excess of 90% when
 
cleaning at gravity levels of 1.60 or greater.
 

Conmercial Testing and Engineering Company performed the analytical
 
testing under the supervision of Roberts & Schaefer Company in accordance
 
with all appropriate ASTM standards. 
 Presentation of the washability
 
program and procedures, test results and any additional calculations
 
required to make an appropriate assessment of the stated objectives 
are
 
enclosed in Appendix A.
 

It is worth noting that all testing was conducted without the addition
 
of the major inseam parting packaged and shipped separately with the bulk
 
sample. It was determined that its occurrence varied with location, and
 
that when present, thickness varied. 
As such, a limited washability was
 
performed on the inseam parting to serve as 
a basis for its mathematical
 
addition to the coal washability shoLld itbe deemed necessary. 
rhis lends
 
greater flexibility to the analysis and permits adjustments should they be
 
indicated by information obtained from core data in the mine plan.
 

B. General Cleanability
 

1. Characteristic Washability Curves
 

Figures 2 through 8 depict the characteristic washability curves of the
 
individual size fractions investigated. They essentially are a graphical

depiction of the ash behavior derived from the constructed washability
 
tables of the bulk washability study and permit one to project the results
 
to be expected when cleaning coal. In addition, they provide insight into
 
the practical range of separating gravities that would yield acceptable
 
cleaning efficiencies as well 
as 
the type uf cleaning processes that could
 
be applied to any given coal. 
 Usually, this information is supplemented by
 

tz 
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ash/BTU relationships, BTU recovery and ash/sulfur removal criteria as
 
depicted in Figure 9 and Table I respectively to more fully determine the
 
effects of various levels of coal cleaning. The general rule is that coal
 
quality becomes enhanced as the gravity of separation decreases due to
 
progressively greater removal of low calorific mineral matter 
(ash, sulfur).
 
Conversely, BTU recovery decreases; therefore the range of cleanability not
 
only becomes a question of technical capability but one of economic
 

consideration.
 

Specifically, the washability curves demonstrate the following:
 

Specific Gravity Yield Curve 
 - shows the theoretical yield of washed
 
coal from the raw feed at any gravity of separation.
 

Cummulative Float Ash (Clean Coal) Curve 
 - shows the theoretical
 
percent ash of the washed product at any given yield of washed product.
 
Since it posseses the same ordinate as that of the specific gravity
 
yield curve, it is possible to determine the separating gravity for a
 
desired product ash content.
 

Cummulative Sink Ash (Refuse Ash) Curve 
 - shows the rate change of ash
 
content at different specific gravities of separation. This permits an
 
assessment of the ease with which the coal 
can be separated from the
 
refuse.
 

+/- 0.1 Specific Gravity Curve - shows the percentage by weight of
 
coal that lies within + 0.10 specific gravity units of any specific
 
gravity of separation. This serves as 
a guide for determining the
 
lowest specific gravity to wash a particular coal as well as the type of
 
cleaning process that should be employed to ensure high cleaning
 
efficiencies and process control. 
 Normally, raw feeds containing in
 
excess of 10% material within + 0.10 S.G. of the separating gravity are
 
difficult to wash.
 

hjt 
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A review of the 4" X lOOM composite washability curve (Figure 2)
 
indicates that the coal becomes increasingly more difficult to clean as 
the
 
grav'ty of separation becomes lower. 
 This effect intensifies with
 
decreasing size fractions (Fiqures 3 through 8). 
 As such, a practical range

of cleanability should lie with separating gravities of 1.6(0 or greater when
 
considering the 10% + 0.10 S.G. criteria. High efficiency cleaning
 
processes (heavy media) are 
favored at the separating gravity range of 1.60
 
to 1.80 while lower efficiency processes (water/air) may be suitable for
 
gravities of separation greater than 1.80. 
 It is possible to achieve ash
 
levels of 17.5% (dry basis) at a 
clean coal yield of 73% when cleaning at
 
the lowest practical gravity of separation of 1.60. 
 These values increase
 
with rising S.G. of separation.
 

2. BTU/Lb. vs. Dry Ash
 

Once an ash level and range of separating gravity is determined, one can
 
determine the expected gain in calorific content at the determined range of
 
S.G. by constructing an ash Vs. BTU/lb. relationship as 
shown in Figure 9.
 
Maximum as received calorific values will approach 7100 to 7150 BTU/lb. when
 
cleaning at the lowest practical S.G. of 1.60 (17.52 dry-ash). 
 This
 
represents approximately an 800 BTU/lb. increase in heat content Vs. burning
 
the material raw in an undiluted state when fully cleaning in
a wet process.
 
Upgrading could be as much as 
1400 BTU/lb. should dilution material
 
extracted with the seam (material of very low calorific content such 
as ash
 
particles) approach 10%. 
 Dry cleaning methods may achieve similar results.
 

3. Effects of Total Cleaning
 

Figure 10 graphically depicts the effects of total cleaning on
 
ash/sulfur removal and BTU recovery for lignite containing zero and 10%
 
dilution respectively (Tables 1 and 2). It
can be seen that sulfur removal
 
and BTU recovery are 
impacted slightly with addition of diluting material to
 
the coal seam as 
it is normally very low in sulfur and calorific value.
 
However, cleaning shows a significantly greater impact on ash removal when
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dilution is present. 
 This becomes magnified with increasing specific
 
gravity as the nature of most dilution is such that the bulk of the material
 
lies in the highest of gravity zones ( 2.10). 
 Maximum ash/sulfur reduction
 
of 55/65% and 36% respectively can be achieved at the lowest attainable S.G.
 
(1.60) while still maintaining BTU recovery in excess of 90%. As the S.G.
 
increases, the effects of cleaning diminish although BTU recovery increases.
 

4. Effects of Partial Cleaning
 

Figure 11 compares full and partial cleaning derived from Table 3 and
 
their affects on ash/sulfur removal and BTU recovery. While it is
 
recognized that the magnitude of change between the two cleaning approaches
 
will vary with the size of material not cleaned, the discussion is presented
 
to illustrate the potential impact. In addition, it is felt that 1/2" is 
a
 
natural break point when dry screening.
 

As can be seen, ash/sulfur removal is adversely impacted when partially
 
cleaning the raw coal through all ranges of separating gravities. BTU
 
recovery, however, is enhanced 
as cleaning always compromises recovery.
 
When partially cleaning at a S.G. of separation of 1.60, an ash/sulfur
 
reduction of 30.5% and 14.3% respectively can be achieved while maintaining
 
a BTU recovery in
excess of 95%. This represents a decrease in total
 
ash/sulfur cleaning effectiveness vs. total cleaning by as much as 45% and
 
60% respectively. A further disadvantage of partial cleaning is its
 
inability to provide a uniform product.
 

C. Decrepitation Due to Air Drying
 

Raw Coal Size Distribution
 

Figure 12 depicts the generation of fines in the raw coal feed when
 
exposed to air-drying. It can be seen 
that the weight percentage of 1/4" X
 
0 fines has increased from 20% to 30% in as little as 4 days time. 
 Its
 
softness (+70 Hargrove) would further contribute to the generation of fines
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through the normal material handling process of the raw coal before
 
cleaning. Expect .ions 
 of forty percent 1/4" X 0 fines in the raw feed
 
would not be unreasonable when collectively weighting these two parameters.
 

Effect on Cleanability
 

Table 4 illustrates the effect that increasing exposure to air drying
 
has on ash/sulfur removal and BTU recovery. 
 It can be stated that increased
 
exposure aids in the reduction in ash/sulfur over the gravity ranges
 
investigated, although the spreads in sulfur reduction at varying exposure

times may not be that significant. 
This may result from the liberation of
 
ash/sulfur minerals once the coal degenerates upon drying. This is
 
supported by the obvious reduction inBTU recovery as well 
as weight yield
 
of clean coal product with time. The yield differential at higher gravities
 
of separation is of significant magnitude to warrant consideration in design
 
of the material balance.
 

D. Size Reduction Testing
 

Table 5 depicts the improvement incoal cleanability with reduction in
 
size. 
 Basically, there is virtually little improvement, if any, in the
 
ability to improve coal cleanability through size reduction. 
Thus, coal
 
preparation schemes would favor coarse feeds to minimize the expensive fines
 
dewatering capacity that is associated with the creation of fine coal feeds
 
when full cleaning is employed in
a water medium. In addition, coarser
 
feeds improve the overall cleaning efficiencies for most cleaning schemes.
 
This may also suggest with the e:;ception of the major inseam partings that
 
the ash and sulfur present in this coal is finely disseminated.
 

E. Whole Coal Analyses/Effect on Combustion
 

Table 6 summarizes the whole coal analyses of the raw lignite and two
 
simulated levels of coal cleaning. Pertinent values were used to construct
 
utilization indices shown in Table 7 from which the potential beneficial
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effects of coal cleaning could be gauged. Special emphasis was placed on
 
the build-up of ash laden particles in the furnace as this appears to have a
 
significant impact on boiler design and management. The values and indices
 
will serve as 
part of the data base that can be correlated with the
 
combustion testing program and supplemented by values determined from cores
 

from the mine plan.
 

As such, the following remarks regarding utilization are offered
 
recognizing that the limits of the test program essentially define the
 
extent of our presentation:
 

--	 Slagging - Cleaning appears to have a potential negative impact on 
the ash cleanability and removal in the predominantly radiant heat 
zone. Ash fusion temperatures indicate a significant reduction in 
fusion temperatures (200 to 250 degrees F) which results in slagging 
over larger areas of the boiler. When correlating this fact with
 
the appropriate temperature/viscosity indices, it appears that
 
cleaning at any level shows a progressive reduction inash viscosity
 
with temperature which results in stickier ash that is less easily
 
removed. This tends to be supported by the slagging index indices
 
which indicate that little improvement and possible deterioration is
 
seen 
in slagging performance which ischaracterized as medium-high
 

to high.
 

Fouling - Progressive levels of coal cleaning indicate a greater
 
tendency for the ash to collect on the convection areas of the
 
boiler. This results from the increase in sodium content of the ash
 
with lower S.G. of separation and is reflected in the increased
 

values of the fouling indices.
 

--	 Ash Resistancy - The resistance to collection of fly ash in a
 
precipator is slightly reduced with lower S.G. of separation
 
(i.e., cleaning). 
 However, the reduction in resistance levels due
 
to cleaning may not have a serious impact on 
ash collectability due
 
to the higher overall magnitude of the resistancy values.
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-- Hargrove - Little, if any, impact on pulverizer wear should be
 
expected with coal cleaning as 
the cleaned indices vary slightly
 

from that of the raw value.
 

In summary, cleaning appears to adversely affect or do little to improve
 
the coal's utilization over the raw state inthe areas 
investigated.
 

(4 
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PART III - COMMERCIAL CLEANING OF PMDC MINE NO. 2 SEAM
 

A. INTRODUCTION
 

This phase of the test program was conducted to assess the behavior of
 
Lakhra coal in a commercial cleaning plant by comparing the data obtained
 
from the test run with that obtained from the theoretical washability study.
 
To accomplish this end, a second 50-ton bulk shipment of PMDC Mine No. 2
 
Seam coal was shipped to the States for processing. The primary objectives
 
of the test were as follows:
 

Generate a clean coal 
sample for a second round of combustion
 
testing. Gauge the effectiveness of cleaning with regard to boiler
 
performance by comparing the indices generated from the whole coal
 

analyses of the raw feed and clean coal.
 

Assess the coal's response to wet processing (general cleanability)
 
in regard to % Ash/Sulfur Removal and BTU Recovery. Compare these
 
results with those projected from the Theoretical Washability Study.
 

Commercial Testing & Engineering Company performed the analytical
 
testing under the supervision of Roberts & Schaefer Company in accordance
 
with all approoriate ASTM standards. Presentation of the washability
 
program, procedures and test results are enclosed inAppendix B.
 

It is worthy to note that the test run was conducted with the major
 
inseam parting contained within the raw coal feed. 
 As such, it became
 
necessary to adjust the theoretical clean coal washability analysis by its
 
percentage contribution to the total 
raw coal to permit proper comparison
 
between projected and actual run 
values regarding coal cleanability. Since
 
this percentage approaches 10%, the run values were compared against those
 
values shown inTable 2, Total Cleaning Seam Plus 10% Dilution.
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B. PLANT SELECTION I TEST RUN DETAILS 

1. Plant Selection/Description
 

Selection of the plant type suitable for beneficiation of the raw
 
coal 
was dictated largely by the relatively small tonnage (by
 
commercial standards) available to process. 
 Investigation of jig
 
facilities indicated that far greater tonnages would be necessary to
 
permit bedding of the jig units and subsequent stabilization of the
 
run for high separation efficiencies. In addition, it
was uncertain
 
whether the separating gravity could be controlled as closely as
 
desired. For these reasons, 
a heavy medium system was chosen as the
 
method of cleaning as 
it has an inherent ability to circumvent these
 
concerns when operating at even the lowest raw coal feed rates.
 

Figure 13 depicts the flow scheme of East Fairfield Coal Company's
 
heavy media cyclone plant chosen to conduct the test run. 
 The
 
method of cleaning is regarded as a feed-to-zero type as the entire
 
raw feed is processed through the cyclones without the need for
 
removal of the -28 mesh fines as with conventional heavy media
 
processes. 
 A plant of this nature iscapable of cleaning and
 
recovering coal values down to a nominal 100 Mesh size. 
 The
 
processing rate for this particular plant is 250 TPH at 2-1/2"
 
topsize.
 

2. Test Run Details
 

The test run was conducted over the two-day interval of May 28 and
 
29, 1985. A large portion of the first day was devoted to plant and
 
sampling station setup as well 
as general cleanup. During that
 
evening, the raw coal hopper was hand-charged with the lignite from
 
the shipment containers, with 50 bags held in reserve for special
 

testing to be conducted by others.
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Day Two commenced at 8:45 a.m., 
with the crushing of the projected
 
plant feed to 
a topsize of 2-1/2" nominal. The comminuted material
 
was subsequently run 
into two 	tandems to permit weighing prior to
 
the test 	run and to prevent ground contamination by foreign coal
 
when feeding the plant. During this two-hour period, samples were
 
taken and stored in plastic-lined steel drums. It is worthy to note
 
that this particular sample was taken prior to the start oF the
 

actual test run to ensure an uninterrupted test period. Details of
 
the samples procured and their locations are outlined inTable 8 and
 

in Figure 13, respectively.
 

The actual plant run commenced at approximately 4:00 p.m., and was
 
viewed by the following parties:
 

Gilbert/Commonwealth - Lyle Thornton
 

John T. Boyd - Jim Schaeffer
 

Jack Ligday
 

WAPDA - Iftikhar Ud-Din
 

Maqsood Butt
 

It was conducted in two segments to permit replacement of the
 
depleted feed tandem with that of the second. 
 This served an
 
additional purpose of permitting the setting and checking of the
 
medium gravity prior to the start and completion of each test
 

segment. Gravity readings were as follows:
 

First: 	 Start - 1.62
 

Finish -	1.68
 

Second: 	 Start - 1.62
 

Finish - 1.68
 

/1) 
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Upon completion of the first segment, the heavy medium was 
cleansed
 
to permit its adjustment to the level 
obtained at the commencement
 
of the test program. 
 In this way, it was hoped that the gravity of
 
separation could be controlled at the overall 
level of 1.75 to 1.80.
 

The actual test run and sampling took approximately 80 minutes to
 
complete. It was viewed largely as a continuous run without major
 
interruptions. 
 However, a slight delay was experienced when
 
pluggage of the coarse clean coal dryer occurred. This was
 
attributed to the accumulation of the jute bag fibers used to
 
package and ship the raw lignite in the screen basket. 
To alleviate
 
this situation, water was introduced with the feed to each dryer to
 
ensure its proper operation. The remaining portion of the test
 
program went without interruption and in a manrFer typical of
 
commercial plant operation. 
To permit a mass balance about the
 
plant, the coarse refuse and clean coal were collected in tandems
 
and weighted. The two tandems containing the cleaned coal 
were
 
subsequently tarped and shipped to Combustion Engineering for burn
 
testing. 
 All test activities ended at approximately 6:30 p.m..
 
Selected photographs of the test run 
appear with the figures and
 
tables.
 

Run observations indicate that a significant amount of fines were
 
generated from the raw feed. 
 This was primarily due to the
 
degradation of the major inseam parting, which 
is clay-based and the
 
coal/ash material that is earthy in nature. 
This was supported by a
 
lower-than-expected clean coal and coarse refuse yield, a
 
slimy-coaly coating of the clean coal and an 
elevated medium gravity
 
of 1.68 after the end of each test segment. The clay-laden nature
 
of these fines made their dewatering through vacuum filtration
 
difficult. 
 This was verified through conversations with the plant
 

operator on the day following the test run.
 

.1 
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While these observations are significant, it should be understood
 
that they are not insurmountable or uncommon 
in the area of lignite
 
beneficiation. 
 For the most part, the cleaned coal maintained a
 
reasonable degree of size consistency and dispels any initial
 
thoughts about its total disintegration upon contact with water.
 
What is important is that the generation of fines be properly
 
addressed in any wet beneficiation scheme.
 

C. RESULTS
 

1. Gravity of Separation/Efficiency
 

Figure 14 depicts the test run distribution plot of raw coal for the
 
plus 28M size fraction obtained from Table 9 when cleaned in the
 
heavy media cyclone. The gravity of separation of 1.87 represents
 
the gravity by which the theoretical vs. actual coal cleanability
 
will be gauged since recovery of values below this size fraction
 
will not greatly alter this finding.
 

In general, the separating gravity exceeded the target range of 1.75
 
to 1.80 by 0.07 gravity units. This was due principally to the
 
degradation of fines that resulted in the elevation of the gravity
 
set-point during both segments of the plant tust (see Section B
 
above). The separating efficiency of 0.065, which depicts the
 
general slope of the distribution curve and subsequent cleaning
 
efficiency, is considered acceptable for this type cleaning method,
 
although somewhat higher than expected when considering the
 
relatively low raw coal cleaning rate for the plant's rated cleaning
 

capacity. This could be improved by proper design.
 

2. Whole Coal Analyses/Effect On Combustion
 

Table 10 summarizes the whole coal aralyses of the raw and cleaned
 
lignite. Pertinent values were used to construct indices shown in
 
Table 11. 
 They indicate that cleaning has a potential deleterious
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effect on boiler slagging and fouling characteristics, which
 
supports those findings established in the theoretical washability
 
study. The actual indices established from the test run fall
 
between the cleaned values shown inTable 7. This may suggest that
 
the values will vary with sample location but fall within an
 
established range. 
The Hargrove again parallels the theoretical
 
values and supports the same conclusion drawn earlier.
 

D. CLEANING COMPARISON / COMMERCIAL VS. THEORETICAL
 

1. Mass Balance/BTU Recovery
 

Table 12 presents the Mass Balance measurements and BTU Recovery
 
determinations. Based on a 
gravity of separation of 1.87, the
 
projected BTU recovery and clean coal yield determined from Table 2
 
are 97% and 79.45%, respectively. Actual values determined from the
 
plant run of 91.5% and 71.7% fall 
short of the projected values by
 
5.5% and 7.75%, respectively. 
This is largely attributed to the
 
breakdown of coal 
particles within the plant (fines generation) and,
 
to a lesser extent, to errors associated in the laboratory
 
determination of the moisture and yield analyses. 
 In addition, the
 
inherent variability associated with lignite coal may also be a
 
contributing factor.
 

2. % Ash/Sulfur Removal/BTU Enhancement
 

When operating at 1.87 gravity of separation, the projected ash and
 
sulfur removal for the lignite coal is 43.5% and 25.5% respectively.
 
Actual values determined from the plant run of 41.3% and 18.37%
 
respectively, indicate that the projected values would slightly
 
overstate the cleaning values expected from a commercial cleaning
 
plant. 
This would be more fully explained by the variability of the
 
lignite seam than differences caused by particle degradation.
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Cleaning improved calorific value over the raw state by 1160 BTU/lb.
 
Again, this is slightly lower than projected but demonstrates that
 
any gain in total moisture due to cleaning will be offset by
 

reduction in the total product ash.
 

In summary, utilization indices generated from the theoretical whole
 
coal analyses are an effective tool for predicting the general
 
response that commercial scale cleaning would have on the resultant
 

fuels performance in a boiler.
 

Cleanability correlations, however, should be supplemented by core
 
data where variability of quality is expected (% ash/sulfur removal)
 
and actual plant test values where particle degradation affects the
 
yield and BTU recovery of the clean coal product.
 



TABLE 1 EFFECTS OF TOTAL CLEANING ON ASH/SULFUR REMOVAL AND BTU RECOVERY 

(SEAM ONLY) 

S. G. 
SEP. % Wt 

Cumulative 
% Ash % Sul BTU/LB 

Lbs./10 6 BTU 
Ash Burden SOS2 Burden 

% Ash 
Reduction 

% S02 
Reduction 

BTU 
Recovery 

1.30 45.2 9.83 2.98 11772 8.35 5.06 77.5 55.5 63.2 
1.45 62.7 13.71 3.55 11147 12.30 6.37 66.9 44.0 83.0 
1.60 73.3 17.52 3.98 10540 16.62 7.55 55.3 33.7 91.7 
1.70 78.0 19.71 4.13 10195 19.33 8.10 48.0 28.8 94.4 
1.80 83.5 22.73 4.14 9733 23.35 8.51 37.1 25.2 96.5 
1.90 88.8 25.71 4.09 9281 27.70 8.81 25.4 22.6 98.0 
2.10 96.3 29.91 4.02 8646 34.59 9.30 6.9 18.3 98.9 
2.80 100.0 31.28 4.79 8421 37.15 11.38 0 0 100.0 



TABLE 2 
 EFFECTS OF TOTAL CLEANING ON ASH/SULFUR REMOVAL AND BTU RECOVERY
 
(SEAM + 10% DILUTION)
 

S. G.
SEP. -- Cumulative
% A h % ---T TUSEP. umu Lb..
ati s./106 PBU%
%-A------
AshP% Sul--BTU/ As% S0BT
Ash Burden-
 sop Burden
1.30 40.68 Reduction
h
9.83 2.98 11772 Reduction
8.35 Recover
5.06 
 82.4
1.45 57.2
56.43 62.4
13.71 
 3.55 
 11147 
 12.30 
 6.37 
 74.1
1.60 46.1
65.97 82.0
17.52 
 3.98 
 10540 
 16.62 
 7.55 
 65.0
1.70 36.1
70.20 90.6
19.71 
 4.13 
 10195 
 19.33 
 8.10 
 59.3
1.80 31.4
75.91 
 22.96 93.3
4.15 
 9698 
 23.67 
 8.56 
 50.2
1.90 27.5
80.97 
 26.06 96.0
4.10 
 9228 
 28.24 
 8.89 
 40.6
2.10 24.7
89.46 97.4
31.22 
 3.97 
 8455 
 36.92 
 9.39 
 22.3
2.8 20.5
100.00 
 36.45 98.6
4.53 
 7672 
 47.51 
 11.81 
 0 
 0 
 100.0
 

1 1 . 8 1
00 

100 .
 



TABLE 3 EFFECTS OF PARTIAL CLEANING ON ASH/SULFUR REMOVAL AND BTU RECOVERY 

(SEAM ONLY - 4" x 1/2" CLEANED, 1/2" x 0 RAW) 

S. G. 
SEP. % Wt 

Cumulative 
% Ash % Sul BTU/LB 

Lbs./106 BTU 
Ash Burden SO, Burden 

% A-h 
Reduction 

% SO2 
Reduction 

BTU 
Recovery 

1.30 71.50 22.86 4.56 9670 23.64 9.43 36.4 17.1 82.10 

1.45 79.93 23.13 4.57 9640 23.99 9.48 35.4 16.7 91.50 

1.60 85.09 24.40 4.61 9449 25.82 9.75 30.5 14.3 95.5 

1.70 87.47 25.27 4.63 9317 27.12 9.94 27.0 12.7 96.8 

1.80 91.03 26.94 4.59 9033 29.82 10.16 19.7 10.7 97.6 

1.90 94.47 28.66 4.50 8781 32.64 10.24 12.1 10.0 98.5 

2.10 98.33 30.69 4.43 8482 36.18 10.45 2.6 8.2 99.0 

2.80 100.00 31.28 4.79 8421 37.15 11.38 0 0 100.0 

(0 



TABLE 4 EFFECTS OF AIR DRYING ON ASH/SULFUR REFYOVALAND BTU RECOVERY 

Hrs. 

0 
24 
48 
96 

S.G. Sep. 

1.60 
1.60 
1.60 
1.60 

Lbs,/ 06Cum. Wt. Ash Burden 

74.7 14.54 
74.2 13.51 
73.6 14.51 
71.2 12.87 

BTU 
SO2 Burden 

7.04 
7.55 
7.09 
6.71 

% Ash Red. 

55.9 
60.1 
57.34 
61.0 

% SO2 

32.6 
31.7 
33.7 
36.2 

Red. BTU Recovery 

92.0 
91.9 
91.5 
89.3 

0 
24 
48 
96 

1.70 
1.70 
1.70 
1.70 

74.2 
77.7 
77.1 
73.5 

16.47 
16.73 
16.44 
13.85 

7.40 
7.90 
7.42 
6.98 

50.1 
50.6 
51.7 
58.0 

29.1 
28.1 
30.7 
33.7 

94.0 
93.9 
93.5 
91.0 

0 
24 
48 
96 

1.80 
1.80 
1.80 
1.80 

85.0 
82.3 
81.5 
77.6 

21.05 
19.76 
19.03 
16.05 

7.99 
8.29 
7.79 
7.41 

36.2 
41.6 
43.3 
51.3 

23.5 
25.1 
27.2 
29.6 

96.8 
95.9 
95.5 
93.5 

0 
24 
48 
96 

1.90 
1.90 
1.90 
1.90 

87.6 
87.3 
85.8 
81.2 

23.03 
26.29 
22.51 
18.42 

8.11 
8.55 
8.04 
7.70 

30.2 
22.4 
33.8 
44.1 

22.3 
22.7 
24.9 
26.7 

97.6 
97.5 
97.0 
95.1 



TABLE 5 
 EFFECTS OF SIZE REDUCTION ON ASH/SULFUR REMOVAL AND BTU RECOVERY
 

Size 
S.G. 
Sep. % Wt 

Cumulative 
% Ash Ln BTU/LB 

Lbs./106BTU 
Ash Burden SO2 Burden 

% Ash
Reduction % SO2Reduction BTURecover" 

4"xlOOM 
4"xlOOM 
4"xlOOM 
4"xlOOM 
4"xlOOM 

1.60 
1.70 
1.80 
1.90 
2.80 

73.3 
78.0 
83.5 
88.8 
100.0 

17.52 
19.71 
22.73 
25.71 
31.28 

3.98 
4.13 
4.14 
4.09 
4.79 

10540 
10195 
9733 
9281 
8421 

16.62 
19.33 
23.35 
27.70 
37.15 

7.55 
8.10 
8.51 
8.81 
11.38 

55.3 
48.0 
37.1 
25.4 
0 

33.7 
29.8 
25.? 
22.6 
0 

91.7 
94.4 
96.5 
98.0 

100.0 

3/4xlOOM 
3/4xlOOM 
3/4x100M 
3/4xlOOM 
3/4xlOOM 

1.60 
1.70 
1.80 
1.90 
2.80 

74.7 
78.2 
85.0 
87.6 

100.0 

15.78 
17.45 
21.13 
22.61 
29.08 

3.82 
3.92 
4.01 
3.98 
4.60 

10856 
10597 
10036 
9816 
8812 

14.54 
16.47 
21.05 
23.03 
33.00 

7.04 
7.40 
7.99 
8.11 
10.44 

55.9 
50.1 
36.2 
30.2 
0 

32.6 
29.1 
23.5 
22.3 
0 

92.0 
94.0 
96.8 
97.6 

100.0 

(D 

r(3
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TABLE 6 SUMMARY OF WHOLE COAL ANALYSES
 

Proximate Analysis Raw 
 1.80 Float 1.60 Float
Moist (AR/DRY, MAF) 22.23/ - / - 30.40/ - / - 31.51/ / -Ash 24.26/31.20/ - 15.82/22.73/ - 11.79/17.22/ -
Volatile Matter 33.23/42.73/62.1 28.76/41.32/53.47 29.68/43.34/52.36
Fixed Carbon 20.28/26.07/37.9 25.02/35.95/46.53 27.02/39.44/47.64

Sulfur 3.96/ 5.09/ 7.4 
 2.88/ 4.14/ 5.36 2.79/ 4.07/ 4.92
H.H.V. 
 6616/ 8507 /12365 6861/ 9858 /12758 7261/10602/12807
Alk. as Na20 0.23/ 0.30/43.6 0.27/ 0.39/ 0.50 0.25/ 0.37/ 0.45
 

Sulfur Forms
 
Pyritic AR/DRY) 2.61/ 3.36 
 1.51/ 2.14 1.63/ 1.91
Sulfate 0.23/ 0.30 0.26/ 0.30 
 0.26/ 0.30
Organic 1.12/ 1.43 
 1.18/ 1.70 1.59/ 1.86
 

Water Soluble Alkalis
 
Na20 (AR/DRY) 0.188/0.242 0.201/0.289 0.250/0.292
 
K20 0.014/0.018 0.010/0.014 
 0.011/0.013
 

Fusion Temperatures (OF)

Initial Deform (RED/OX) 2290/2400 2125/2440 2150/2330

Softening 2440/2550 2230/2530 
 2200/?420

Hemi 2510/2620 2325/2605 
 2250/2505

Fluid 2565/2680 2440/2675 2300/2570
 

Ultimate Analysis

Moist (AR/DRY) 
 22.23/ - 30.40/ - 31.51/ 
 -
Carbon 37.44/48.14 38.49/55.30 
 41.12/60.04
Hydrogen 2.92/ 3.76 
 2.94/ 4.22 -.07/ 4.48
Nitrogen 0.56/ 0.72 
 0.67/ 0.96 0.66/ 0.96
Chlorine 0.13/ 0.17 0.14/ 0.20 
 0.14/ 0.21
Sulfur 3.96/ 5.09 2.88/ 4.14 
 2.79/ 4.07
Ash 24.26/31.20 15.82/22.73 
 11.79/17.22
Oxygen (Diff) 8.50/10.92 8.66/12.45 
 8.92/13.02
 

Mineral Analysis of Ash
 
SiO 
 41.46 39.60 
 34.49
Al 83 28.00 27.59 
 24.68

Ti62 
 2.12 2.07 1.94
Fe203 17.96 17.30 19.42

CaO 
 3.02 3.79 
 5.07
MgO 1.98 2.98 
 3.80

K20 
 0.43 0.39 
 0.48
Na20 0.68 1.46 1.83

S03 
 3.91 
 4.60 8.01
 
P20 5 0.08 0.08 0.07
SrO 
 0.25 0.10 
 0.16
BaO 
 0.09 0.02 0.03
Mn304 
 0.02 
 0.02 0.02
 

Miscellaneous
 
Eq. moisture (3-day) 25.71 
 23.82 24.89

Eq. moisture (5-day) 26.43 -

Hargrove Grind at 9.8%
 

moisture 
 70 111 

Bulk Resistivity 9 x 10 OHM-CM 4 x 10 OHM-CM 2 x 10 

11 
OHM-CM 

http:8.92/13.02
http:8.66/12.45
http:8.50/10.92
http:11.79/17.22
http:15.82/22.73
http:24.26/31.20
http:41.12/60.04
http:38.49/55.30
http:37.44/48.14
http:27.02/39.44/47.64
http:25.02/35.95/46.53
http:29.68/43.34/52.36
http:28.76/41.32/53.47
http:11.79/17.22
http:15.82/22.73
http:24.26/31.20
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TABLE 
7 RAW VS CLEAN INDICIES
 

Slagging: Raw 1.80 Float 1.60 Float 

Ash Fusion-Reducing (IF)
Initial 2290 2125 2150 
Soft 2440 2230 2200 
Hemi 2510 2325 2250 
Fluid 2565 2440 2300 

Base - Acid Ratio 0.34 0.37 0.50 

Silica-Alumina Ratio 1.48 1.44 1.40 

Silica Value 64.36 62.20 54.94 

Iron Ratio 3.59 2.56 2.20 

Dolomite Percentage 20.77 26.12 28.99 

Slagging Index 1.73 1.53 2.04 

Critical Viscosity Temp (IF) 2426 2440 2408 
(Tcv) 

T250 (IF) 2499 2443 2310 

Viscosity at Tcv (poises) 209 135 65 

Fouling: 

Fouling Index B/A (Na20) 0.23 0.54 0.92 

Na2 0Ash 0.68 1.46 1.83 

Bulk Resistivity: 9 x 1011 4 x 1011 2 x 1011 
Ohm-cm Ohm-cm Ohm-cm 

Eq Moisture: 25,71 23.82 24.89 

Hargrove: 70 to 77* 74* 

* Obtained from Clean Coal Test Run 



TABLE 8 SAMPLE SUMMARY
 

Sample 
 Increment
Sample 
 Type Location No. No. Samples No. Increments Weight lbs.
 
Raw Feed Continuous/Stop Belt 
 1 36 
 12 190
 
Clean Coal Product Continuous/Belt Discharge 
 2 15 15 
 146
 
Coarse Refuse Continuous/Screen Overs 
 3 36 36 37
 
Fine Refuse Continuous/Pipe Sample 4 
 30 10 
 15 gal.
Coarse Centrifuge GRAB 5 Undt. - _ 
Product (C.C.) 
Fine Centrifuge GRAB 6 Undt.
 
Product (C.C.)
 

9U 

CO 



TABLE 9 - DISTRIBUTION CRVE D.TERMIN.ATION Pale 29 

Input Data From Washability Analysis:
 

FEED C.C. RETUSE 
Ash, % 33.53 
Float 1.60 S.G., % 72.70 
Float 1.80 S.G., % 78.90 

19.77 
92.90 
98.70 

79.35 
0.1 
0.4 

The yields of clean coal and refuse are calculated by the ash and specific gravity
balances as follows:
 

Ash Balance: 


Specific Gravity Balance:
 
Float 1.60 E.G.: 

Float 1.80 S.G.: 


Average of Ash and S.G. Balances: 


The Refuse Yield 


Based on the yields, the reconstituted 
These are shown below: 

79.35-33.53/79.35-19.77 x 100 = 76.9% 

72.7-.1/92.?-.l x 100 = 78.3% 
78.9-.4/98.7-.4 x 100 = 79.9% 

= 78.4% C.C 

100-78.4 = 21.6% 

feed and distribution numbers are calculated. 

Wt% Distribution No.Specific Gravity Wt.% Clean Coal Wt.% Refuse Reconstituted Feed Tt.% Tc Refuse 
Float 1.30 
 64.5 50.57 0 
 0 50.70 
 0
1.30 - 1.45 19.8 15.52 0 0 
 15.52
1.45 - 1.60 8.5 6.66 0.1 0.02 6.68 

0
0.3
1.60 - 1.70 3.6 2.82 0.1 C.02 2.84 1.01.70 - 1.80 2.3 1.80 0.2 0.04 1.84 
 2.01.80 - 1.90 0.8 0.63 2.0 0.43 


1.90 - 2.10 0.2 0.16 
1.06 40.6
 

35.5 7.67 
 7.83 
 98.0
Sink 2.10 
 0.3 0.24 62.1 13.4? 13.66 
 98.2
 
100.0 78.40 
 100.0 21-60 
 100.00 

From the distribution curve plotted in Figure 14, the gravity of spearationapprached 1.85 or more. The cleaning efficiency (probable error) equaled 0.065. 

http:79.35-33.53/79.35-19.77


TABLE 10 


Proximate Analysis 

Moist (AR/DRY/MAF) 

Ash 

Volatile Matter 

Fixed Carbon 

Sulfur 

H.H.V. 

Alk. as Na20 


Sulfur Forms
 
Pyritic (AR/DRY) 

Sulfate 

Organic 


Water Soluble Alkalis
 
Na 0 (AR/DRY) 

K28 


Fusion Temperatures (°F)
 
Initial Deform (RED/OX) 

Softening 

Hemi 

Fluid 


Ultimate Analysis (OF)

Moist (AR/DRY) 

Carbon 

Hydrogen 

Nitrogen 

Chlorine 

Sulfur 

Ash 

Oxygen (diff) 


Mineral Analysis of Ash
 
SiO 

Al 

Ti62 

Fe u3 
CaD 
MgO 

K20 

Nd20 

so 
P285 

SrO 

BaO 

Mn 0 

Undetermined 


Miscellaneous
 
Hargrove Grind 

Eq. Moisture 


*At 12.82% moist
 
**At 17.80% moist
 

SUMMARY OF WHOLE COAL ANALYSES (PLANT RUN Page 30
 

Raw Clean 
28.79/ - / - 32.31/ - / 
23.18/32.55/ - 13.07/19.31/ 
27.82/39.07/57.92 28.15/41.58/51.53 
20.21/28.38/42.08 26.47/39.11/48.47 
3.49/ 4.90/ 7.26 2.71/ 4.00/ 4.96 

5995 / 8419/12481 7154 /10569/13098 
0.22/ 0.31/ 0.46 0.25/ 0.37/ 0.46 

2.09/ 2.93 1.45/ 2.00
 
0.18/ 0.25 0.15/ 0.20
 
1.22/ 1.72 1.31/ 1.80
 

0.167/0.234 0.165/0.227
 
0.012/0.017 0.008/0.011
 

2470/2610 2150/2390
 
2530/2670 2200/2460
 
2570/2700+ 2250/2510
 
2610/2700+ 2310/2550
 

28.79/ - 32.31/ 
33.43/46.94 40.20/59.39
 
2.56/ 3.59 2.90/ 4.28
 
0.52/ 0.73 0.59/ 0.87
 
0.39/ 0.55 0.22/ 0.32
 
3.49/ 4.90 2.71/ 4.00
 

23.18/32.55 13.07/19.31
 
7.64/10.74 8.00/11.83
 

41.63 36.28
 
28.46 26.25
 
2.09 1.86
 

16.79 18.47
 
3.03 5.14
 
1.76 2.77
 
0.53 0.51
 
0.59 1.56
 
4.23 6.90
 
0.09 0.10
 
0.19 0.09
 
0.07 0.04
 
0.03 0.03
 
0.51 0.00
 

77* 74**
 
25.69 27.42
 

http:8.00/11.83
http:7.64/10.74
http:13.07/19.31
http:23.18/32.55
http:40.20/59.39
http:33.43/46.94
http:26.47/39.11/48.47
http:20.21/28.38/42.08
http:28.15/41.58/51.53
http:27.82/39.07/57.92
http:13.07/19.31
http:23.18/32.55
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TABLE 11 RAW VS CLEAN INDICIES (PLANT RUN)
 

Slagging:

Slagging Reducing (OF) 


Initial 

Soft 

Hemi 

Fluid 


Base Acid Ratio 


Silica-Alumina Ratio 


Silica Value 


Iron Ratio 


Dolomite Percentage 


Slagging Index 


Critical Viscosity Temp (Tcv) 


T250 (F) 


Viscosity at Tcv (poises) 


Fouling:
 

Fouling Index
 

B/A (Na20) 


Na20 Ash 


Hargrove; 


Raw 

2470 

2530 

2570 

2610 


0.31 


1.46 


65.86 


3.51 


21.10 


1.52 


2487 


2521 


183 


0.18 


0.59 


77 


Clean
 
2150
 
2220
 
2250
 
2310
 

0.44
 

1.38
 

57.90
 

2.34
 

27.80
 

1.76
 

2488
 

2363
 

60
 

0.69
 

1.56
 

74
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Table 12 Mass Balance Measurements and Determination
 

A. Tonnage Requirements
 

Listed below is the product balance for the test run. All values are
 
reported on a dry basis as 
adjusted by the total moisture determined
 
in the washability study. Determination of gross weights with the
 
exception of the fine refuse was accomplished through static scale
 

readings of the tandems.
 

Product Tons Wt%
 

Raw Feed: 33.80 100.0
 
Clean Coal: 24.24 71.7
 
Coarse Refuse(+ 28M) 4.25 12.6
 
Fine Refuse(28M x 0) 5.31* 15.7
 

* Determined by difference 

B. BTU Recovery
 

Input Data:
 

Product Source 
 BTU/LB.
 

Feed Head 
 8419
 
Feed Screen Head 8113
 
Feed Total Wash. 
 8118
 
Clean Coal Head 
 10569
 
Clean Coal Screen Head 10511
 
Clean Coal Total Wash. 
 10375
 

The BTU recovery is determined by using the weights reported in
 
section 2 and the quality values outlined above.
 

Recovery = 24.24 (10569) / 33.80 (8419) x 100 = 90.03% 
Recovery = 24.24 (10511) / 33.80 (8113) x 100 = 92.91%
 

Recovery = 24.24 (10375) / 33.80 (8118) x 100 = 91.65%
 

The average of three values is.................... = 91.50%
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FIGURE 1 PMDC Mine No. 2 Seam Cross Section
 

Roof, probably coal shale claystone
 

1.41' Coal
 

r-.21 < - Shale
 

4.58' Coal (Same as above)
 

1.25' Shale 

~ :-:- Shaly coal resinous 

3.2' Coal (Same as above)
 

11.14' Bottom
 



FIGURE 	2 CHARACTERISTIC WASHABILITY CURVE 
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FIGURE 3 CHARACTERISTIC WASHABILITY CURVE 4" X 1-1/2" SIZE FRACTION 
LAKHRA FIELD - PMDC NINE NO. 2 
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FIGURE 4 CHARACTERISTIC WASHABILITY CURVE 
LAKHRA FIELD - PIDC 
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FIGURE 5 CHARACTERISTIC WASHABILITY CU!RVE 3/4" X 1/2" 
LAKHRA FIELD - PfI-DC MINE NO. 2 
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FIGURE 6 CHARACTERISTIC WASHABILITY CURVE 1/2" X ]/4" SIZE FRACTIGN 
LAKIIRA FIELD - PlDC MINE NO. 2 
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FIGURE 7 CHARACTERISTIC WASHABILITY CURVE 
 1I/4" X 28M SIZE FRACTION
 
LAKI-IRA FIELD - PMDC IINE NO. 2
 

ROmERTS & S::cHAEFIIFi[ 
1" CHICAGO. ILLINOII 

~20 
80 

C-)
C 

~30 : 

7 

<
 
Ld rrI 

60 -I 

IMd 
rri 

d
 

60 - -------- C) 
40 z-

S 0 SPECIFIC GRAVITY YIELD70 I00 

CLEAN COAL 
X( REFUSE ASH 

0 

(I)) ASH090ELEMENTARY 

80 "211+1-. SPECIFIC GRAVITYDISTRIBU TION 

1010
 

0 10 20 30 40 50 60 70 80 90 100O-ASH CONTENT 
22 21I 20 19 

U 
18 1.7 1.6 1.5 1.4 1.3 1.2 -SPECIFIC GRAVITY 



FIGURE 8 CHARACTERISTIC WASHABILITY CURVE 28M X lOOM SIZE FRACTION 
LAKHRA FIELD - PN:DC tINE NO. 2 
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FIGURE9 BTU/LB. VS. ASH (4" 
x 1009 - SEAM ONLY) 
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FIGURE 10 EFFECTS OF TOTAL CLEANING ON ASH/SULFUR REMOVAL AND BTU RECOVERY 
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FIGURE 11 
TOTAL VS. PARTIAL CLEANING AND THE EFFECT 01 ASH/SULFUR REMOVAL AND BTU RECOVERY (SEAM ONLY)
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FIGURE 12 RAW COAL SIZE REDUCTION DUE TO AIR DRYING
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FICURE 14 DISTRIBUTION 	CURVE FOR 2-1/2" x 283M RAW COAL CLEANED IN HEAVY MEDIUM CYCLONES
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CHARGING RAW COAL HOPPER WITH AS-MINED LIGNITE (left foreground)

CRUSHING LIGNITE TO -2-1/2" TOPSIZE (center)

STOPBELT COLLECTION OF CRUSHED LIGNITE-OPENED CONVEYOR HOODS
 
(right background)
 

COLLECTION OF CRUSHED LIGNITE (plant feed)
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ANALYT ICAL PROGRAM 

LAKHRA COAL RESERVE 
Sind District, Pakistan
 

INTRODUCTION
 

The government of Pakistan, in conjunction with US. A.I.D, 
has undertaken a project to 
engineer and construct a power

system that mines, beneficiates, transports, and burns native
 
lignite coal.
 

COMMERCIAL TESTING & ENGINEERING CO. (CT&E) performed a test 
program on the Lakhra 
Coal Reserve, based on analytical pro
cedures as set forth in Appendix A.
 

DISCUSSION
 

Because of the and
rank texture of lignite coal as compared

with sub-bituminous and bituminous coals, the float and 
sink

analytical procedures used for coal testing would not yield

accurate results for lignite. This 
is particularly evident
 
in determining the effects of moisture on float and sink 
testing of lignite. Attention is invited 
to the United States
 
Bureau of Mines Report of Investigation R.I. 4184 (Appendix 
"BPI) . 

The influence of the moisture content of lignite on the 
Hardgrove Grindability Index is emphasized in the enclosed
 
Appendix "C", Section 4: 
"Pulverizing Characteristics of Coal
 
Hardgrove Grindability Index", by CT&E's Dr. K. I. Savage,
who performed research on lignite testing techniques d-aring 
the early 1970's.
 

The methods employed by CT&E in performing float and sink 
testing for lignites are thus particularly unique to lignite. 
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CT&E PERSONNEL ASSIGNED TO PROJECT
 

ADMINISTRATION
 

Mr. R. A. Houser, Vice 	President, Western Operations
 

B.A. degree in Chemistry. Thirty-three years with
 
CT&E. Involved with many projects dealing with
 
lignite and other low rank coals.
 

PROJECT COORDINATOR
 

Dr. K. I. Savage, P.E., Director, Technical 
Services
 

B.S. degree in Chemical Figineering. PhD in Earth
 
and Mineral Science. 
 Starting in 1970, researched
 
and developed lignite testing techniques used by
 
CT&E today.
 

PROJECT SUPERVISORS
 

Mr. David W. Cox, Manager, South Holland, 
IL Laboratory
 

B.S. degree in Geology. Ten years experience with CT&E.
 

Mr. David E. Smercina, 	Supt. Field Services
 
South Holland, IL Laboratory
 

Eight years experience with CT&E, specializing in
 
preparation procedures & washability studies.
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CHARACTERISTICS OF LIGNITE
 

Lignite is a brownish-black coal in which the alteration of
 
vegetal matter has proceeded further than in peat but not so
 
far as in sub-bituminous coal. It is composed principally of

carbon, hydrogen, nitrogen, oxygen, sulfur, mineral matter and
 
water. It is a highly complex and heterogeneous hydrocarbon

that has eluded official chemical formulation becuase of a
 
complex variety of chemical bond structures and variations in
 
the amounts of identifiable species in different deposits.

Therefore, chemical and physical characterization of lignites
 
are highly dependent on the testing procedures used.
 

For many parameters, the test procedures followed must be
 
different than those used for bituminous coals if meaningful

results are to be obtained. For example, moisture must be
 
removed by a special two-step procedure before determing heating

value. Conversely, the moisture must be retained in its original

state for several physical tests, such as float/sink, apparent

specific gravity or Hardgrove grindability index (HGI). In

addition, the HGI test must be a performed at several moisture
 
levels to adequately characterize a lignite sample.
 

As previously stated, lignite is only stages away
two from the
 
original vegetation source. Therefore, it is no surprise to
 
find that air drying temperatures and times commonly used for
 
bituminous and anthracite coals are not suitable for 
lignite.
 

Lignite has the lowest heating value, according to the ASTM
 
D 338 "Classifiction of 
Coals". These values range downward
 
from a maximum of 8300 Btu/lb. on a moist, mineral-matter-free
 
basis.
 

Therefore, the moisture value must be determined 
accurately

without affecting other chemical properties such as volatile
 
matter and heating value. Our two-step process is to air dry

the crushed sample at a temperature under 350 C for 12 to 16
 
hours with continual weight checks, and then drying a pulverized
 
portion to constant weight at 107 0 C.
 

For an accurate ash measurement, the pulverized lignite must be
 
burned at a prescribed rate. The oven must be raised from room
 
temperature at a uniform rate 
to 5001C in the first 60 minutes.
 
During the next 60 minutes, the temperature must be raised to
 
7500 C. Two hours of soaking ai: 750 0C are required. The ash
 
and crucible must then be cooled quickly and weighed.
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PARTIAL LISTING OF LIGNITE CLIENTS
 

Alcoa Aluminum
 

Atlantic Richfield 

Amistead Fuels
 

John T. Boyd Co.
 

Central & Southwest Fuels
 

Dow Chemical
 

Farrell Cooper
 

Kennecott Minerals Company
 

Lower Colorado River Authority
 

Morrison-Knudsen 

North American Coal Corporation
 

Paul Weir Company 

Roberts & Schaefer Co.
 

Rosario Dominican, S.A. 

Royal Land Co.
 

Stone & Webster Engineering Corp.
 

Tenneco Coal
 

Texas Municipal Power Authority 

Western Energy
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LIGNITE WORK PERFORMED BY CT&E 

In addition to routine analytical work, consisting of moisture,
 
sulfur, ash, ash fuesions, volatile matter, calorific content,
 
Hardgrove grindability, apparent specific gravity and equil
ibrium moisture, the following work has been performed by CT&E 
on lignite in the areas listed:
 

Location of Deposit 	 Description of Work
 

Alabama, USA 	 Degradation studies of bulk
 
samples
 

Alaska, USA 	 Washability of core samples
 

Dominican Republic 	 Routine analyses, plus mineral
 
analysis of ash on fifty core
 
samples
 

Florida, USA 	 Crushing and seperation of fifty
 
core samples by float and sink
 
technique
 

North Dakota, USA 	 Proximate and Ultimate analysis
 
Sulfur forms
 
Apparent specific gravity
 
Mineral analysis of ash
 
Hardgrove grindability index
 
(at five levels)
 

All work performed on explora
tion core samples
 

Oregon, USA 	 Washability studies on 100 core
 
samples
 

Pakistan 	 Seperation into ten sizes, and
 
float and sink testing at 1.60
 
gravity of bulk samples
 

Texas, USA 	 Crushing and seperation of chan
nel samples at 1.60 specific
 
gravity by float and sink technique
 

Crushing into eight sizes and 
fractionating each size into six
 
gravity fractions. Sulfur forms
 
on each size gravity fraction
 

Washington, USA 	 Operated on-site laboratory per
forming washability studies for 
20,000 pounds of lignite/ sub
bituminous "C" coal every two 
days, including crushing, screeing 
and float and sink testing. 
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SAMPLk: PREPARATiUN 

A. Coal SacKs
 

The coal shipment was received by motor freight at CT&E's
 
South Holland Laboratory. The total of 67 
coal sacks
 
contained 7405.7 pounds 
of coal. The coal was 
in double
 
sacks with a nylon type reinforcement strands in 
the out
side sack. The sacks were received in good condition. 

In order to minimize moisture loss and possible coal
 
structural changes, 
 the coal was handled with extreme 
speed. Carefull weighing 
before and after handling esta
blished that the desired speed had been accomplished. 
All material was resealed after each handling.
 

In groups of three, 
all of the sacks were quickly cut
 
open and the coal was screened at 4-inch round with the
 
following results:
 

Retained on 4 in. Rd. 12.5 percent
 
Passing 4 in. Rd. 87.5 percent
 

100.0 

The plus 4-inch round coal was stored in seperate sacks
 
and when the crew was ready all of the coal was 
jaw

crushed enough to pass 4-inch round.
 

The entire lot of 4-inch X 
0 coal was combined and mixed.
 
Then it was divided into four representative parts by

long piling thre-_ sacks at a 
time and removing increments
 
with a walled shovel-like device as perscribed by the
 
International Standards 
Organization, ISO. As the mass

of sample required for each test varied so did 
the number
 
of increments for that test. The 
result is as follows:
 

Raw Coal Head Sample 713.0 pounds
 
Decrepitation Test A. 
 926.7 pounds
 
Decrepitation Test B. 
 1580.0 pounds

Bulk Washability 
 4171.1 pounds
 

7390.8 pounds
 

During these two operations a total of 14.7 pounds (0.2
percent) was lost. This is believed to be mainly a mois
ture loss because the coal appeared dry but not dusty. 

Analytical results of 
the Raw Coal Head Sample is reported
 
in CT&E's analysis report No. 71-05811.
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COMMERCIAL TESTING & ENGINEERING CO.
GENERAL OFFICES: 1919 SOUTH HIGHLAND AVE., SUITE 210-B, LOMBARD, ILLINOIS 60148 * (312) 953.9300 

YD W.TAYLOR IIPLEASE 
. AGER ADDRESS ALL CORRESPONDENCE TO:

16130 VAN DRUNEN RD., P.O. BOX 127 
MIDWEST DIVISION 

SOUTH HOLLAND. IL 60473 
z t~l-kOFFICE TEL. (312) 264-1173 

SOcf.o TELEX: 283S27 

ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Drive
 
Chicago, IL 60606
 

Sample Identification 
by Roberts & Schaefer Co. 

Kind of sample Coal 4" X 0 Raw Coal Head Sample.

reported to us 

Sample taken at LAKHRA COAL RESERVE 
Sind District, Pakistan
 

Sample taken by Roberts & Schaefer Co. 

Date sampled 

Date received 

Analysis report no. 71-0 5811 

SHORT PROXIMATE ANALYSIS 

As Received Dry Basis 

% Moisture 30.74 xxxxx 
% Ash 21.44 30.96 
Btu/Ib. 5893 
 8509 MAF BTU 12325
 

% Sulfur 3.57 5.16
 

Apparent Specific Gravity (8 Mesh) 
= 1.29 g/cc 

FUSION TEMPERATURE OF ASH 

Reducing Oxidizing 

Initial Deformation xxxx °F xxxx 0F 
Softening (H=W) xxxx 0F xxxx 0F H-Con. Height

Softening (H=/2W) xxxx °F 'Fxxxx W-Con* Width 
Fluid XXXX 0F Xxxx 0F 

Respectfully submitted, -. 
COMMERCIAL TESTING & ENGINEERING CO. 

01.! 

Original Copy Wazermarked
For Your Protection David W. Cox, Manager, South Holland Laboratory 

Charter MemberEWC/nk OVER 40 BRANCH LABORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS, 
TIDEWATER LAKES ANDAND GREAT PORTS, RIVER LOADING FACILITIES 
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SAMPLE PREPARATION
 

B. Parting Sacks
 

1. 	The parting samples were tested separately from the coal.
 

2. Because of the excess surface moisture the sample was air dried.
 
The resulting total moisture was 17.89 percent.
 

3. One piece was larger than 4-inches. This 1.3 pound piece was

jaw crushed to pass 4-inches and was recombined with the rest
 
of the sample.
 

4a. 	The apparent specific gravity was 2.23 (g/cc) at 4.19 percent

moisture.
 

4b. 	The results of the float-sink analysis are attached.
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

SAMPLE PREPARATION
 

PARTING MATERIAL
 

Specific Gravity As Received 
 Total Dry
 
Weight Moisture Weight


Sink Float Percentage Percentage Percentage
 

-- 1.70 4.6 29.54 3.9
 

1.70 1.80 3.8 
 19.17 3.7
 

1.80 1.90 
 3.0 18.55 2.9
 

1.90 2.10 
 17.4 16.57 17.4
 

2.10 --
 71.2 15.38 72.1
 

100.0 16.48 
 100.0
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'f.n vo.i pounu sdmpiJ.e was SCLenenu dr cne aesign-La
sizes. After the initial screening at zero air ary time,
 
the same coal was rescreened after the required air dry
ing times of 24, 48 and 96 hours. During these air dry
ing times the coal was exposed to laboratory conditions 
of about 75 degrees F. Also each size fraction was kept
 
separate and weighed before rescreening. This additional
 
work established the air drying losses for the individual
 
size fraction as follows:
 

Air Dry Loss Percentage 

After After After
 
Initial 24 Hour 48 Hour
 

Screening Screening Screening
 
Size Fraction
 

Before Before Before
 
Retained 24 Hour 48 Hour 96 Hour
 

Passing On Screening Screening Screening
 

4" Rd. 2" Rd. 9.20 3.91 2.56
 
2" Rd. 1-1/2" Rd. 3.95 5.26 4.28
 

1-1/2" Rd. 1" Rd. 1.58
2.10 3.82
 
1" Rd. 3/4" Rd. 3.94 1.89 5.08
 

3/4" Rd. 1/2" Rd. 2.86 1.40 
 4.45
 
1/2" Rd. 3/8" Rd. 4.98 1.70 6.10
 
3/8" Rd. 
 1/4" Rd. 4.09 2.01 5.79
 
1/4" Rd. 5.24 2.34 5.16
 

For the entire four days of test the weight balance is as
 
follows:
 

Pounds
 

Initial weight 926.7 
Loss in Initial sizing 5.2
 

Weight After Initia:il sizing 921.5
 

Weight After air drying 24 hours 873.4
 
Loss in sizing 7.8 

Weight After 24 Hour sizing 865.6 

Weight After air drying 48 hours 844.6
 
Loss in sizing 1.7
 

Weight After 48 hours sizing 842.9
 

Weigh; After air drying 96 hours 803.7
 
Loss in sizing 5.3
 

Weight After 96 hours sizing 798.4
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DECREPITATION TEST A.
 

Direct Weight Percentage
 

Size Fraction
 

Retained Zero Hr. 
 24 Hr. 

Passing On Air-Dry Air-Dry 

4" Rd. 2" Rd. 24.8 10.3 


2" Rd. 1-1/2" Rd. 5.0 
 9.9 


1-1/2" Rd, 1" Rd. 
 13.9 16.0 


1" Rd, 3/4" Rd. 9.9 
 11.6 


3/4" Rd. 1/2" 
Rd. i 10 12.4 


1/2" Rd. 3/8" Rd. 
 7.2 7.5 


3/8" Rd. 1/4" Rd. 
 7.7 8.1 


1/4" Rd. 
 20.5 24.2 


100.0 100.0 
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48 Hr. 

Air-Dry 


9.7 


9.2 


14.9 


11.9 


12.8 


7.6 


8.2 


25.7 


100.0 


96 HIr. 
Air-Dry 

5.3
 

7.5
 

16.3
 

11.8
 

13.6
 

7.7
 

8.5
 

29.3
 

100.0
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DECREPITATION TEST
 

B. 	 Float Sink Test
 

1. 	 The entire 1580.0 pound 
sample was screened at 3/4

inch round and the oversize pieces were jaw crushed 
to pass the screen.
 

2. 	 Then the sample was screened at 100 mesh. 
 A total of
 
16.7 pounds of 100 mesh by 
zero was produced and the
 
analysis is reported in analysis report no. 
71-06570.
 

3. 	 The 3/4 inch by 
100 mesh sample was riffled into four
 
equal parts.
 

4. 	 A 1/8th head split of 
each part was obtained by

riffling. Analysis 
report numbers are as follows:
 

Sample B.1 71-06563
 
Sample B.2 71-06564
 
Sample B.3 71-06565
 
Sample B.4 71-06566
 

As shown on the attached table the results 
of 	all
 
splits were well within the 
plus minus ten percent
 
difference.
 

5. 	 The starting weights for the individual samples 
were
 
as follows:
 

Pounds
 
Sample B.1 323.4 
 No air drying

Sample B.2 358.3 24 hours air drying

Sample B.3 315.0 48 hours air drying

Sample B.4 351.0 96 hours air drying
 

6. 	 After air drying 1/8th head split samples were riffled
 
from the samples. The analysis report numbers 
are as
 
follows:
 

Sample B.2 71-06701
 
Sample B.3 71-06736
 
Sample B.4 71-06876
 

7. 	 On the day each sample was processed it was screened
 
at 1/2 inch, 28 mesh and 100 mesh.
 

8. 	 The individual sizes were seperated on organic liquids

at 
the 1.60, 1.70, 1.80 and 1.90 specific gravity

levels. Weight percentages are presented.
 

9. 	 Each float-sink fraction was 
analyzed.
 

10. Composites were calculated.
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 

For Your Protection 
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COMMERCIAL TESTING & ENGINEERING CO. 
GENERAL OFFICES: 1919 SOUTH HIGHLAND AVE., SUITE 210-B, LOMBARD. ILLINOIS 60148 * (312) 953-9300 

D W. TAYLOR III 
E,AGER 1 h.PLEASE ADDRESS ALL CORRESPONDENCE TO:

16130 VAN DRUNEN RD., P.O. BOX 127MIDWEST DIVISION SOUTH HOLLAND, IL 60473 
OFFICE TEL. (312) 264-1173 

sc ,. TELEX: 283527ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 

120 South Riverside Drive
 
Chicago, IL 60606
 

Sample identification 
by Roberts & Schaefer Co.
 

Kind of sample Lignite Coal i00 Mesh X 0 Coal
reported to us Decrepitation Test B. 

As received.
Sample taken at LAKHRA COAL RESERVE
 

Sind District, Pakistan
 
Sample taken by Roberts & Schaefer Co.
 

Date sampled 

Date received 

Analysis report no. 71-06570 

SHORT PROXIMATE ANALYSIS 

As Received Dry Basis 

% Moisture 21.53 xxxxx 
% Ash 29.58 37.70 
Btu/Ib. 5713 7280 MAF BTU 11685 

% Sulfur 5.70 7.27 

FUSION TEMPERATURE OF ASH 

Reducing Oxidizing 

Initial Deformation xxxx OF xxxx OF
 
Softening (H=W) xxxx °F xxxx 
 °F H-ConeHeght

Softening (H=/2W) xxxx OF xxxx "F WCon*Wldth 

Fluid xxxx OF xxxx OF 

Respectfully submitted, 
COMMERCIAL TESTING & EAGINEERING CO. 

Original Copy Watermarked 
For Your Protection David W. Cox, Manager, South Holland Laboratory 

Charter Membf r 
DWC/nk OVER 40 BRANCH LABORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,TIDEWATER AND GREAT LAKES PORTS, AND RIVER LOADING FACILITIES 



Page A - 16 

ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

0 Hour Air Drying
 

1/8 Head Splits
 

Analysis Total 
Report Moisture 
 Air Dry Dry Sulfur Dry


Sample No. Percentage Percentage Percentage Btu/lb.
 

B.1 71-06563 28.28 29.14 8789
4.80 


B.2 71-06564 28.10 
 29.74 4.83 8664
 

B.3 71-06565 28.08 
 29.52 4.89 
 8667
 

B.4 71-06566 28.49 29.09 
 4.91 8731
 

Average 28.24 
 29.37 4.86 
 8713
 

Average +10% 31.06 32.21 
 5.35 9584 

Average -10% 25.42 26.43 4.37 7842
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 

For Your Protection 

F.466 DWC/nk 
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ROBEITS & SCHAEFER COMPANY June 21, 1985
120 South Riverside Plaza 
Chicago, IL 60606
 

LAKHRA COAL PROJECT 

After Air Drying 

1,/8 Head Splits 

Analysis Total
 
Hours Report Moisture Air Dry Dry Sulfur Dry


Sample Air-Drying Number Percentage Percentage Percentage Btu/lb. 

B.2 24 71-06701 25.81 30.39 4.98 8542
 

B.3 48 71-06736 21.44 30.26 4.87 
 8574
 

B.4 96 71-06876 17.01 30.05 4.82 8544
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 4 

For Your Protection 

F466 WEC/nk 
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ROBERTS & SCHAEFER COMPANY 

Chicago, Illinois 

Decrepitation Test B -

Sample No. B-I 

Float/Sink 
IAKHRA COAL PROJECT 

June 21, 1985 

0 Hours Air Dry SCREEN ANALYSIS 

m 

r 

I-M4-

2 

SIZE 

Passing Retained on 

3/4" Rd. 1/2" Rd. 

3 

% Wt. 

26.4 

4 5 

DRY BASIS 

% Ash % Sul. 

27.57 -76 

6 

Btu 

9149 

7 8 9 10 

CUMULATIVE 

Retained on Screen in Column 2 

% Wt. % Ash % Sul. Btu 

26.4 27.57 4.16 9].49 

11 12 13 14 

RESULTS 

Passing Screen in Column 1 
% Wt. % Ash % Sul. Btu 

100.0 29.07 4.60 8813 

1/2" Rd. 

28 Mesh 

28 Mesh 

100 Mesh 

66.3 

7.3 

28.16 

38.59 

4.69 

5.37 

8828 

7461 

92.7 

100.0 

28.32 

29.07 

4.54 

4.60 

8920 

8813 

73.6 

7.3 

29.60 

38.59 

4.76 

5.37 

8693 

7461 

0 
z
M 

0 
0 
0 

-1! 
00 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

DECREPITATION TEST SAMPLE NO. B-I
 

0 HOURS AIR DRY
 

3/4" Rd. X 1/2" Rd.
 

Specific Gravity As Received Total 
 Dry
 
Weight Moisture Weight


Sink Float Percentage Percentage Percentage
 

-- 1.60 80.7 
 31.02 77.9
 

1.60 1.70 
 3.6 23.43 3.8
 

1.70 1.80 
 4.0 19.23 4.5
 

1.80 1.90 
 3.4 18.08 3.9
 

1.90 --
 8.3 15.09 9.9
 

100.0 28.51 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO.
 
Original Copy Watermarked
 

For Your Protection
 

F.466 IWC/nk 
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ROBERTS & SCHAEFERChicago, Illinois OMPANY 

a DecrepitationI Test B - Float/Sink 
LAKHRA COAL PROJECT 

June 21, 1985 

Sample No. B-I 

0 Hours Air Dry FLOAT & SINK ANALYSIS 

m 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5 

FRACTION ANALYSIS 
DRY BASIS 

% Ash % Sul. 

6 

Btu 

DRY BASIS 
7 8 9. 

CUM. RECOVERY 
(FLOAT) 

% Wt. % Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 

CUM. REJECT 
(SINK) 

% Ash % Sul. 

14 

Btu 

I

m J3/4" Rd. X 1/2" Rd. = 26.4% of Coal. 

- 1.60 77.9 15.40 3.64 11027 77.9 15.40 3.64 11027 100.0 27.57 4.16 9149 
m 

z 
0 

m 

1.60 

1.70 

1.70 

1.80 

3.8 

4.5 

57.68 

66.23 

5.28 

3.86 

4422 

3250 

81.' 

86.2 

17.37 

19.92 

3.72 

3.72 

10720 

10330 

22.1 

18.3 

70.47 

73.13 

5.99 

6.14 

2528 

2135 
m 

0 

1.809 

1.90 

1.90 

-

3.9 

9.9 

73.15 

76.26 

2.62 

8.56 

2291 

1566 

90.1 

100.0 

22.22 

27.57 

3.68 

4.16 

9982 

91.49 

13.8 

9.9 

75.38 

76.26 

6.88 

8.56 

1771 

1566 

CD 

C.C) 
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ROBERTS & SCHAEFER COMPANY June 21, 1985 
120 South Riverside Plaza 
Chicago, IL 6U606 

LAKHRA COAL PROJECT
 

DECREPITATION TEST SAMPLE NO. B-i
 

0 HOURS AIR DRY
 

1/2" Rd. X 28 Mesh 

Specific Gravity As Received Total 
 Dry

Weight Moisture Weight

Sink Float Percentage Percentage Percentage
 

-- 1.60 77.1 
 32.46 74.6
 

1.60 1.70 3.0 26.09 3.2 

1.70 1.80 7.0 23.22 7.7 

1.80 1.90 
 1.5 22.09 1.7
 

1.90 --
 11.4 21.36 12.8
 

100.0 30.20 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO.
 
Original Copy Watermarked
 

For Your Protection
 

F.466 DWC/nk 
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ROBERTS & SCHAEFER COMPANYChicago, Illinois 

r-3 

Decrepitation Test B  Float/Sink 
LAKHRA COAL PROJECT 

June 21, 1985 

Sample No. B-I 

0 Hours Air Dry FLOAT & SINK ANALYSIS 

o 
0 

M 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 
% Ash % Sul. 

6 

Btu 

DRY BASIS 

7 8 9-

CUM. RECOVERY 
(FLOAT) 

% Wt. %Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 
CUM. REJECT 

(SINK) 
% Ash % Sul. 

14 

Btu 

M I 1/2" Rd. X 28 Mesh = 66.3% of Coal 

a 1.60 74.6 15.28 3.87 10875 74.6 15.28 3.87 10875 100.0 28.61 4.69 8828 

M 1.60 1.70 3.2 51.61 6.53 5262 77.8 16.77 3.98 10644 25.4 67.78 7.09 2817 
0
i 

M 

1.70 1.80 7.7 63.16 5.27 3610 85.5 20.95 4.10 10011 22.2 70.11 7.1.8 2464 

o 
1.80 

1.90 

1.90 

-

1.7 

12.8 

69.82 

74.33 

2.68 

8.92 

2715 

1742 

87.2 

100.0 

21.90 

28.61 

4.07 

4.69 

9868 

8828 

1.4.5 

12.8 

73.80 

74.33 

8.19 

88.92 

1856 

1742 
0 

-u 

N,
N) 
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k(UBWrb & SUHA1k'ER COMPANY June 21, 1985 
120 South Riverside Plaza 
Chicago, IL 60606 

LAKHRA COAL PROJECT 

DECREPITATION TEST SAMPLE NO. B-I
 

0 HOURS AIR DRY
 

28 Mesh X 100 Mesh
 

Specific Gravity As Received Total Dry
 
Weight Moisture Weight


Sink Float PercentaQe Percentage Percentage
 

-- 1.60 67.9 
 29.85 64.2
 

1.60 1.70 4.8 15.72 5.4
 

1.70 1.80 5.6 14.13 6.5
 

1.80 1.90 5.8 19.24 6.3 

1.90 -- 15.9 17.78 17.6 

100.0 25.76 100.0
 

COMMERCIAL TESTING & ENGINEERING CO.
 
Original Copy Watermarked
 

For Your Protection
 

F.466 DWC/nk 
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ROBERTS & SCHAEFER COMPANY 
Oc 

Chicago, Illinois 

[Decrepitation Test B - Float/Sink 
LAKHRA COAL PRQ-TECT 

June 21, 1985 

Sample No. B-I 

0 Hours Air Dry FLOAT & SINK ANALYSIS 

rn 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 

% Ash % Sul. 

6 

Btu 

DRY 
7 

0 wI. 

BASIS 
8 9-

CUM. RECOVERY 

(FLOAT) 

% Ash % Sul. 

10 

Btu 

11 

% wt. 

12 13 
CUM. REJECT 

REJECT 

% Ash(SINK) 

14 

S% 
Sul. Btu 

-
m! I 28 Mesh X -00 Mesh = 7.3% of Coal 

0 - 1.60 64.2 22.88 4.12 9906 64.2 22.80 4.12 9906 100.0 38.59 5.37 7461 
m 1.60 1.70 5.4 48.96 5.55 5715 69.6 24.83 4.23 9581 35.8 66.91 7.62 3077 
i 

m 

Q 

0 

1.70 

1.80 

1.90 

1.80 

1.90 

-

6.5 

6.3 

17.6 

60.05 

67.95 

74.57 

5.09 

3.98 

10.50 

4087 

3077 

1895 

76.1 

82.4 

100.0 

27.84 

30.90 

38.59 

4.30 

4.28 

5.37 

9112 

8650 

7461 

30.4 

23.9 

17.6 

70.09 

72.82 

74.57 

7.99 

8.78 

10.50 

2609 

2207 

1895 

0 

CD 

41 
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ROBERTIS & SCHAEFER COMPANY 
Chicago, Illinois 

L Decrepitation Test B  Flrcat/Sink 
LAIIRA COAL PIR3JECr 

June 21, 1985 

Sample No. B-1 

o 

M 

0 

0 Hours Air Dry 

1 2 3 

SPECIFIC GRAVITY 

SINK FLOAT % Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 

% Ash % Sul. 

6 

Btu 

FLOAT & SINK ANALYS!S 
DRY BASIS 

7 8 9. 
CUM. RECOVERY 

(FLOAT) 

% Wt. % Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 
CUM. REJECT 

(SINK) 

% Ash % Sul. 

14 

Btu 

M Canposite 3/4" Rd. X 100 Mesh = 100.0% of Coal 

• 

0 
-

1.60 

1.70 

1.60 

1.70 

1.80 

74.7 

3.5 

6.8 

15.78 

53.04 

63.48 

3.82 

6.06 

5.01 

10856 

5073 

3580 

74.7 

78.2 

85.0 

15.73 

17.45 

21.13 

3.82 

3.92 

4.01 

10856 

1.0597 

10036 

100.0 

25.3 

21.8 

29.08 

68.32 

70.77 

4.60 

6.90 

7.03 

8812 

2776 

2407 

0 

1.80 

1..90 

1.90 

-

2.6 

12.4 

70.80 

74.76 

2.88 

9.01 

2612 

1721 

87.6 

100.0 

22.61 

29.08 

3.98 

4.60 

9816 

8812 

15.0 

12.4 

74.08 

74.76 

7.95 

9.01 

1875 

1721 

-v 

(0 

(71 
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ROBERTS & SCHAEFER cCI'PANYJue2,18 
120 South Riverside Drive 
Chicago, IL 60606 

OAL PROJECT 

June 21, 1985 

mmB-2 
0 

24 Hour Air Dry 

-4 
m 1/8 HEAD SPLITS 

i 
m 
m 

z 
ao 
o 

mArDry 

w24 

Time 

Zero Hour 

Hour 
3/4" Rd. X 100 Mesh 

24 Hour 

100 Mesh X 0 

Repor 

Number_ 

71-06564 

71-06701 

71-06703 

Toea 

Moisture 

28.10 

25.81 

19.79 

Ash~n 

Percent 

29.74 

30.34 

43.15 

Sulfur 

Percent 

4.83 

5.00 

7.48 

Dry 

Btu/lb. 

8664 

8542 

6554 

MAF 

Btu/1b. 

12331 

1.2622 

11577 

toND 

Ial 
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R)BE?1b & SCHAEFER COMPANY 

Chicago, Illinois 

Decrepitation Test B - Float/Sink 
IAKHRA COAL PRO3JECT 

June 21, 1985 

Sample No. B-2 

24 Hours Air Dry SCREEN ANALYSIS 

0 
1 

Passing 

2 

SIZERiZe 
on 

3 

% Wt. 

4 

DRYDRY 
% Ash 

5 

BASISBASIS 
% Sul. 

6 

Btu 

7 8 9 10 

CUMULATIVE 
Retained on Screen in Column 2

% Wt. % Ash % Sul. Btu 

11 12 13 14 
RESULTS 

Passing Screen in Column 1
% Wt. % Ash % Sul. Btu 

-1M 3/4" Rd. 1/2" Rd. 26.4 26.98 4.42 9183 26.4 26.98 4.42 9183 100.0 29.50 4.81 8687 

1/2" Rd. 28 Mesh 67.0 29.50 4.91 8651 93.4 28.79 4.77 8802 73.6 30.40 4.95 8509 

28 Mesh 100 Mesh 6.6 39.56 5.32 7061 100.0 29.50 4.81 8687 6.6 39.56 5.32 7061 
z 
0 
m 
z 

0 

0 

(o 

CD 



Page A - 28
 

ROBERTS & SCHAEFER COMPANY 
 June 21, 1985

120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

DECREPITATION TEST SAMPLE NO. B-2
 

24 HOURS AIR DRY
 

3/4" Rd. X 1/2" Rd.
 

Specific Gravity As Received Total Dry
 
Weight Moisture Weight
Sink Float Percentage Percentage Percentage
 

-- 1.60 81.1 
 27.60 
 78.1
 

1.60 1.70 
 3.3 19.88 3.5
 

1.70 1.80 
 3.8 16.28 4.2
 

1.80 1.90 
 4.1 13.52 4.7
 

1.90 -- 7.7 
 7.79 
 9.5
 

100.0 
 24.81 100.0
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked
 

For Your Protection
 
r-466 DWC/nk 
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-< RCBERTS & SCHAEFER mMPANY 

~0= 
Chicago, Illinois 

LEAKHRA COAL PROCT 
Decrepitation Test B - Float/Sink June 21, 1985 

Sample No. B-2 

24 Hours Air Dry FLOAT & SINK ANALYSIS 
DRY BASIS 

o 
0' 

1 

SPECIFIC 

2 

GRAVITY 

3 4 5 
FRACTION ANALYS;SDRY BASIS 

6 7 8 9" 
CUM. RECOVERY

(FLOAT) 

10 11 12 13 
CUM. REJECT 

(SINK) 

14 

M SINK FLOAT % Wt. % Ash % Sul. Btu % Wt. % Ash % Sul. Btu % Wt. % Ash % Sul. Btu 

r 

3/4-- Rd. X 1/2" Rd, = 26.4% of Coal 

U) 1.60 78.1 15.03 3.77 11020 78.1 15.03 3.77 11020 100.0 26.98 4.42 9183 

1.60 1.70 3.5 54.78 5.71 4741 81.6 16.73 3.85 10751 21.9 69.59 6.74 2632 

m 

i170 1.80 4.2 63.92 4.22 3518 85.8 19.04 3.87 10397 18.4 72.41 6.93 2231 

M 1.80 1.90 4.7 72.12 2.60 2414 90.5 21.80 3.91 9982 14.2 74.92 7.74 1851 
za 
0 

1.90 - 9.5 76.30 10.28 1572 100.0 26.98 4.42 9183 9.5 76.30 10.28 1.572 

0 

CO 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

DECREPITATION TEST SAMPLE NO. B-2
 

24 HOURS AIR DRY
 

1/2" Rd. X 28 Mesh
 

Specific Gravity As Received 
 Total Dry

Weight Moisture Weight
Sink Float Percentage Percentage Percentage
 

-- 1.60 77.1 
 28.16 74.6
 

1.60 1.70 
 3.4 22.75 3.5
 

1.70 1.80 
 4.3 19.81 4.6
 

1.80 1.90 
 4.6 18.09 5.1
 

1.90 --
 10.6 14.78 12.2
 

100.0 25.74 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO.
 
Original Copy Watermarked
 

For Your Protection
 

F.466 DWC/nk 
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,=<o ROBERTS & S4AEFER COMPANY 

Chicago, Illinois 

ow 
Decrepitation Test B - Float/Sink 

IIAKHRA COAL PROJECr 
June 21, 1985 

Sample No. B-2 

24 Hours Air Dry FLOAT & SINK ANALYSIS 

m 

0 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5FRACTION ANALYSIS 
DRY BASIS 

% Ash % Sul. 

6 

Btu 

DRY BASIS 

7 8 9-
CUM. RECOVERY 

(FLOAT) 

% Wt. % Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 
GUM. REJECT 

(SINK) 

% Ash % SuI. 

14 

Btu 

-

m ~1/211 Rd. X 28 Mesh = 67.0% of Coal 

0 - 1.60 74.6 16.25 4.22 10664 74.6 16.25 4.22 10664 100.0 29.50 4.91 8651 

m 

0 z 
m 
m 

1.60 

1.70 

:3 1.80 

1.90 

1.70 

1.80 

1.90 

-

3.5 

4.6 

5.1 

12.2 

53.14 

61.40 

69.90 

74.80 

6.02 

5.31 

3.53 

9.25 

5020 

3840 

2674 

1699 

78.1 

82.7 

87.8 

100.0 

17.90 

20.32 

23.20 

29.50 

4.30 

4.36 

4.31 

4.91 

10411 

10046 

9617 

8651 

25.4 

21.9 

17.3 

12.2 

68.40 

70.84 

73.36 

74.80 

6.94 

7.09 

7.56 

9.25 

2740 

2376 

1986 

1699 

0 
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ROBERTS & SCHAEFER COMPANY 
120 South Riverside Plaza 

June 21, 1985 

Chicago, IL 60603 

LAKHRA COAL PROJECT 

DECREPITATION TEST SAMPLE NO. B-2 

24 HOURS AIR DRY 

28 Mesh X 100 Mesh 

Specific Gravity As Received Total Dry 

Sink Float 
Weight 

Percentage 
Moisture 

Percentage 
Weight 

Percentage 

-- 1.60 56.8 28.60 53.5 

1.60 1.70 3.6 14.65 4.1 

1.70 1.80 5.5 15.57 6.1 

1.80 1.90 4.8 18.86 5.1 

1.90 -- 29.3 19.34 31.2 

100.0 24.20 100.0 

COMMERCIAL TESTING & ENGINEERING CO.
Original Copy Watermarked 

For y on 

F.466 
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Chicago, illinois 

3-"mDcrepitation Test B - Float/Sink LAKMRA COAL PROLTECT June 21, 1985 

Sanple No. B-2 

0 

m 

0 

24 Hours Air Dry 

1 2 3 

SPECIFIC GRAVITY 

SINK FLOAT % Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 

% Ash % Sul. 

6 

Btu 

FLOAT & SINK ANALYSIS 
DRY BASIS 

7 8 9-
CUM. RECOVERY 

(FLOAT) 

% Wt. % Ash % Sul. 

10 

Btu 

11 

% wt. 

12 13 
CUM. REJECT 

(SINK) 

% Ash % Sul. 

14 

Btu 

,28 Mesh X 100 Mesh = 6.6% of Coal 

Q - 1.60 53.5 15.92 3.55 10641 53.5 15.92 3.55 10641 100.0 39.56 5.32 7061 

z 
-

m 
m 

0 

0 
0 

1.60 

1.70 

1.80 

1.90 

1.70 

1.80 

1.90 

-

4.1 

6.1 

5.1 

31.2 

46.97 

53.64 

62.90 

72.56 

6.20 

5.1.7 

4.77 

8.37 

5690 

4736 

3602 

2122 

57.6 

63.7 

68.8 

100.0 

18.13 

21.53 

24.60 

39.56 

3.74 

3.88 

3.94 

5.32 

10289 

9757 

9301 

7061 

46.5 

42.4 

36.3 

31.2 

66.76 

68.68 

71.20 

72.56 

7.36 

7.48 

7.86 

8.37 

2942 

2676 

2330 

2122 

CA) 
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SDecrepitation T[st B 

Sample No. B-2 

- Float/Sink 

ROBERTS & SCHAEFER (OMPANY 
Chicago, Illinois 

LAKHRA COAL PROJECT 
June 21, 1985 

M 

0 

24 Hours Air Dry 

1 2 3 

SPECIFIC GRAVITY 
SINK FLOAT % Wt. 

4 5 

FRACTION ANALYSIS 
DRY BASIS 

% Ash % Sul. 

6 

Btu 

FLOAT & SINK ANALYSIS 

DRY BASIS 
7 8 9-

CUM. RECOVERY 
(FLOAT) 

% Wt. % Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 

CUM. REJECT 
(S.NK)(S!NK) 

% Ash % Sul. 

14 

Btu 

h 

M 

m 

0 

M 

1.60 

1.70 

1.80 

1.90 

1.60 

1.70 

1.80 

1.90 

-

74.2 

3.5 

4.6 

5.0 

12.7 

15.89 

53.10 

61.33 

69.98 

74.73 

Ccrnposite 3/4" 

4.06 10762 

5.95 4998 

5.03 3841 

3.38 2672 

9.31 1742 

Rd. X 100 

74.2 

77.7 

82.3 

87.3 

100.0 

Mesh =99.3% of 

15.89 4.06 

17.57 4.15 

20.02 4.20 

22.88 4.15 

29.46 4.81 

Coa. 

10762 

10502 

1.0130 

9703 

8692 

100.0 

25.8 

22.3 

17.7 

12.7 

29.46 

68.49 

70.90 

73.39 

74.73 

4.81 

6.94 

7.10 

7.64 

9.31 

8692 

2739 

2384 

2005 

1742 

to 
4D 
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00, 

10 

0 

ROJBERTS & SCHAEFER COMPANYJue2,18
m	 120 South Riverside DriveJue2,18
 

Chicago, IL 60606
 
-3 

0LAKHRA COAL PROJ3ECT 

m B-3
 

048 
 Hour Air Dry
 

.4 1/8 HEAD SPLITS 

m Analysis Dry Dry
 
Reprt Total Ash Sulfur Dry MAF
5 mAir Dry Time Number Moisture Percent Pret Btu/ib. Btu/lb.
 

Zero Hour 71-06565 28.08 29.52 
 4.89 8667 12297 
mmm 

048 	 Hour 71-06736 21.44 30.26 4.87 8574 12294
 

~3/4" Rd. X 100 Mesh 
Analyis Dy Dr
 

o 	 48 Hour 71-06746 16.82 43.15 7.48 6233 10972
O X 0	 18 HMesh 


c-f 
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Decrepitation Test B 

Sample No. B-3 

48 Hours Air Dry 

Float/Sink 

ROBERTS & SCHAEFER COMPANY 
Chicago, Illinois 

SCREEN ANALYSIS 

June 21, 1985 

M 

r 

1 

Passing 

2 

Z 

SIZE 
Retained on 

3 

% Wt. 

4 5 

DCUMULATIVE 
DRY BASIS 

% Ash % Sul. 

6 

Btu 

7 8 9 10 

Retained on Screen in Column 2% Wt. % Ash % Sul. Btu 

11 12 13 14 

RESULTS 
Passing Scieen in Column 1% Wt. % Ash % Sul. Bu 

o 

, 

z 

0 

3/4" Rd. 

1/2" Rd. 

28 Mesh 

1/2" Rd. 

28 Mesh 

100 Mesh 

25.0 

68.2 

6.8 

26.90 

29,5% 

38.39 

4.16 

4.76 

5.23 

9185 

8630 

7178 

25.0 

93.2 

100.0 

26.90 

28.85 

29.50 

4.16 

4.60 

4.64 

9185 

8779 

8670 

100.0 

75.0 

6.8 

29.50 

30.36 

38.39 

4.64 

4.80 

5.23 

8670 

8499 

7178 

z 

0 

0i~ 

(DJ 

C 
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<u± & b-HAtktR COMPANY June 21, 1985 
120 South Riverside Plaza 
Chicago, IL 60606 

LAKHRA COAL PROJECT
 

DECREPITATION TEST SAMPLE NO. B-3
 

48 HOURS AIR DRY
 

3/4" Rd. X 1/2" Rd.
 

Specific Gravity As Received Total Dry
 
Weight Moisture Weight


Sink Float Percentage Percentage Percentage
 

-- 1.60 80.7 26.54 77.5
 

1.60 1.70 3.3 15.07 3.7
 

1.70 1.80 4.0 13.03 4.5
 

1.80 1.90 4.0 11.53 4.6
 

1.90 -- 7.40
8.0 9.7
 

100.0 23.49 100.0
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 

For Your Protection 

.466 DWC/nk 
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00 

RCBERTS & SCHAEFER ODMPANY 
C Chicago, Illinois 
80 D p o t F[AKHRA COAL PROJECT 

SEecrepitation Ttst B -Float/Sink June 21, 1985 

Sample No. B-3 

48 Hours Air Dry FLOAT & SINK ANAL,'SIS 

o 

m 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% WI. 

4 5 
FRACTION ANALYSISDRY BASIS 

% Ash % Sul. 

6 

Btu 

DRY BASIS 
7 8 9-

CUM. RECOVERY
(FLOAT) 

% Wt. % Ash % Sul 

10 

Btu 

11 

% Wt 

12 13 
CUM. REJECT

(SINK) 

% Ash % Sul. 

14 

Btu 

hm 3/4" Rd. X 1/2" Rd. = 25.0% of Coal 

UEI 0 - 1.60 77.5 14.53 3.64 11055 77.5 14.53 3.64 11055 100.0 26.90 4.16 9185 

m m 

Q 

0 

1.60 

1.70 

1.80 

1.90 

1.70 

1.80 

1.90 

-

3.7 

4.5 

4.6 

9.7 

55.96 

64.09 

70.80 

76.58 

5.01 

4.04 

3.08 

8.58 

4612 

3471 

2699 

1715 

81.2 

85.7 

90.3 

100.0 

16.42 

18.92 

21.56 

26.90 

3.70 

3.72 

3.69 

4.16 

10761 

10379 

9987 

9185 

22.5 

18.8 

14.3 

9.7 

69.51 

72.18 

74.72 

76.58 

5.96 

6.15 

6.81 

8.58 

2744 

2376 

2032 

1715 
0 

-o 
CD 

en:= 

OO~ 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

DECREPITATION TEST SAMPLE NO. B-3
 

48 HOURS AIR DRY
 

1/2" Rd. X 28 Mesh
 

Specific Gravity As Received Total Dry
 
Weight Moisture Weight


Sink Float Percentage Percentage Percentage
 

-- 1.60 76.3 26.17 73.9
 

1.60 1.70 3.3 
 18.68 3.5
 

1.70 1.80 4.1 
 17.63 4.4
 

1.80 1.90 
 3.9 15.28 4.3
 

1.90 --
 12.4 14.66 13.9
 

100.0 23.72 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 

For Your Protection 

F.466 DWC/nk tbih, 
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mW 

SEecrepitation Test B 

Sample No. B-3 

48 Hours Air Dry 

1 2 3 

SPECIFIC GRAVITY 
SINK FLOAT % wt. 

- Float/Sirk 

4 5 
FRACTION ANALYSIS 

DRY BASIS 
Ash % Sul. 

6 

Btu 

ROBERTS & SCHAEFER COMPANY 
Chicago, Illinois 

LAKHRA COAL PROJECT 

FLOAT & SINK ANALYSIS 

DRY BASIS 
7 8 9. 

CUM. RECOVERY 
(FLOAT) 

% wt. % Ash % Sul. 

10 

Btu 

June 

11 

% Wt. 

21, 1985 

12 13 
CUM. REJECT 

(SINK) 
% Ash % Sul. 

14 

Btu 

M1/2" 

M 

m 
m 

z0 

0 
0 

-

1.60 

1.70 

1.80 

1.90 

1.60 

1.70 

1.80 

1.90 

-

73.9 

3.5 

4.4 

4.3 

13.9 

16.04 

51.07 

59.75 

68.20 

74.53 

3.90 

5.76 

5.36 

3.80 

9.18 

Rd. 

10682 

5285 

4006 

2914 

1796 

X 28 Mesh 

73.9 

77.4 

8]..8 

86.1 

100.0 

= 68.2% of Coal 

16.04 3.90 

17.62 3.98 

19.89 4.06 

22.30 4.05 

29.56 4.76 

10682 

10438 

10092 

9733 

8630 

100.0 

26.1 

22.6 

18.2 

13.9 

29.56 

67.85 

70.45 

73.03 

74.53 

4.76 

7.19 

7.41 

7.91 

9.18 

8630 

2821 

2439 

2060 

1796 

CD 

4C) 
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RUBzEW±r & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

DECREPITATION TEST SAMPLE NO. B-3
 

48 HOURS AIR DRY
 

28 Mesh X 100 Mesh
 

Specific Gravity As Received 
 Total Dry
 
Weight Moisture Weight
Sink Float Percentage Percentage Percentage
 

-- 1.60 59.5 
 25.44 55.8
 

1.60 1.70 
 3.0 12.53 3.3
 

1.70 1.80 
 4.1 12.67 4.5
 

1.80 1.90 
 2.8 13.37 3.0
 

1.90 -- 30.6 13.26 33.4 

100.0 20.46 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 4 

For Your Protection 

F-466 DWC/nk \, 
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_ 

ROBERTS & SCHAEFER OCMPANY 
Chicago, Illinois 

0a TLAKHRA COAL PRCJECT

ecrepitation Test B - Float/Sink June 21, 1985 

Sample No. B-3 

48 Hours Air Dry FLOAT & SINK ANALYSIS
 

DRY BASIS
1 2 3 4 5 6 7 8 9- 10 11 12 130 14FRACTION ANALYSIS CUM. RECOVERY CUM. REJECTSPECIFIC GRAVITY DRY BASIS (FLOAT)m (SINK)SINK FLOAT % Wt. % Ash % Sul. Btu % Wt. % Ash % Sul. Btu % Wt. % Ash % Sul. Btux0 
m 
 28 Mesh X 100 Mesh = 6.8% of Coal
 

Q - 1.60 
 55.8 15.94 
 3.61 10564 55.8 15.94 3.61 
 10564 100.0 38.39 
 5.23 7178
 
1.60 1.70 3.3 
 46.98 6.00 
 5749 
 59.1 17.67 
 3.74 10295 44.2 66.74 7.27 2903
 
1.70 1.80 
 4.5 51.64 5.64 5090 
 63.6 20.08 3.88 9927 
 40.9 68.34 7.38 2673
 m 
1.80 1.90 
 3.0 58.38 5.28 
 4084 66.6 21.80 3.94 9664 36.4 2375
70.40 7.59 

1.90 
 - 33.4 71.48 7.80 2221 J.00.0 38.39 
 5.23 71.78 
 33.4 71.48 7.80 2221
 

0 

4(0 
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00 

RCBERTS & SCHAEFER COMPANY 
- -Chicago, 

Illinois 
n, 

Decrepitation Test B  Float/Sink LAKHRA ODAL PROECT 
June 21, 1985 

Sample No. B-3 

48 Hours Air Dry FLOAT & SINK ANALYSIS 
DRY BASIS 

o 

M 

1 

SPECIFIC 
SINJK 

2 

GRAVITY 
FLOAT 

3 

% Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 
% Ash % Sul. 

6 

Btu 

7 

% Wt. 

8 9. 
CUM. RECOVERY 

(FLOAT) 
% Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 
CUM. REJECT 

(SINK) 
% Ash % Sul. 

14 

Btu 
0 

M Composite 3/4" Rd. X 100 Mesh = 99.3% of Coal 

G4 - 1.60 73.6 15.64 3.82 10774 73.6 15.64 3.82 10774 100.0 29.49 4.64 8671 
m 1.60 1.70 3.5 52.09 5.58 5138 77.1 17.29 3.90 10518 26.4 68.11 6.94 2808 
0
2 

m m 

1.70 1.80 4.4 60.29 5.04 3945 81.5 19.61 3.96 10163 2d.9 70.56 7.15 2452 

0 

z 1.80 

1.90 

1.90 

-

4.3 

14.2 

68.43 

74.39 

3.68 

8.86 

2912 

1850 

85.8 

100.0 

22.06 

29.49 

3.94 

4.64 

9800 

8671 

18.5 

14.2 

73.01 

74.39 

7.65 

8.86 

2097 

1850 
0 

CD 
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RO)BERTS & SCHAEFER CIOMPANY 
120 South Riverside Drive 

Juine 21, 1985 
Chicago, IL 60606 

0
0 LXHRA COAL PIOJECT 

m 
m B-4 

0 
596 Hour Air Dry 

m1/8 HEAD SPLITS 

m Air Dry TimeSPercent 

AnalysisReport 

Number 

Total 

Moisture 

DryAsh DrySulfur 
-Percent 

Dry 
Btu/ib. 

MAF 
Btu/Ib. 

0 
Zero Hour 71-06566 28.49 29.09 5.01 8731 12313 m 

Mm 

z 
96 Hour 

3/4" Rd. X 100 Mesh 
71-06876 17.01 30.01 4.81 8556 12225 

a 
0 
O 

96 Hour 
100 Mesh X 0 

71-06885 11.02 43.80 7.82 6071 10802 

03 

4:2 
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00 

ROBERTS & SCHAEFER COMPANY 
0 Chicago, Illinois 

Decrepitation Test B  Float/Sink AKHRA COAL PROJECT 
June 21, 1985 

Sample No. B-4 

96 Hours Air Dry SCREEN ANALYSIS 

0 

1 

SIZE 

2 3 4 

DRYBAI 

5 6 7 8 9 10 

CUMULATIVE 

11 

RESULTS 

12 13 14 

Retained on Screen in Column 2 Passing Screen in Column 1 
M Passing Retained on % Wt. % Ash % Sul. Btu % Wt. % Ash % Sul. Btu % Wt. % Ash % Sul. Btu 

M 3/4" Rd. 1/2" Rd. 21.3 28.15 4.21 9020 21.3 28.15 4.21 9020 100.0 28.85 4.60 8763 

*, 
1/2" Rd. 

28 Mesh 

28 Mesh 

100 Mesh 

72.0 

6.7 

28.08 

39.41 

4.66 

5.13 

8838 

7146 

93.3 

100.0 

28.10 

28.85 

4.56 

4.60 

8879 

8763 

78.7 

6.7 

29.04 

39.41 

4.70 

5.13 

8694 

7146 
z 

0 
2 

z 

0 31u 

ED 

4:c 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

DECREPITATION TEST SAMPLE NO. B-4
 

96 HOURS AIR DRY
 

3/4" Rd. X 1/2" Rd.
 

Specific Gravity As Received Total 
 Dry

Weight Moisture Weight
Sink Float Percentage Percentage Percentage
 

-- 1.60 76.5 
 18.36 74.4
 

1.60 1.70 
 1.2 9.30 1.3
 

1.70 1.80 
 4.0 9.78 4.3
 

1.80 1.90 
 2.9 8.72 3.2
 

1.90 -- 15.4 8.22 16.8
 

100.0 16.07 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO.
Original Copy Watermarked 

For Your Protection 

F.466 DWC/nk A 
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00 

< R3ERTS & SCHAEFER COMPANY 
- -Chicago, 

Illinois 
0 

C Decrepitation Test B - Float/Sink LA1RA COAL PROJECT 
June 21, 1985 

Sample No. B-4 

96 Hours Air Dry FLOAT & SINK ANALYSIS 
DRY BASIS 

) 

0 

M 

1 

SPECIFIC 
SINK 

2 

GRAVITY 
FLOAT 

3 

% Wt. 

4 5 

FRACTION ANALYSIS 
DRY BASIS 

% Ash % Sul. 

6 

Btu 

7 

% Wt. 

8 9-

CUM. RECOVERY 
(FLOAT) 

% Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 

CUM. REJECT 
(SINK) 

% Ash % Sul. 

14 

Btu 
0 

-1 
LM 3/4"1 Rd. X 1/2" Rd. = 21.3% of Coal 

0 - 1.60 71.2 14.28 3.49 11139 74.4 14.28 3.49 11139 100.0 28.15 4.12 9020 

1.60 1.70 2.3 49.11 5.95 5577 75.7 14.88 3.53 11043 25.6 68.45 6.32 2863 
i 

m 

1.70 

1.80 

1.80 

1.90 

4.3 

3.2 

55.69 

63.94 

5.36 

4.04 

4669 

3445 

80.0 

83.2 

17.07 

18.87 

3.63 

3.65 

10701 

10422 

24.3 

20.0 

69.48 

72.45 

6.34 

6.55 

2718 

2298 
1.90 - 16.8 74.07 7.03 2080 100.0 28.15 4.21 9020 16.8 74.07 7.03 2080 

0 

CD 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

DECREPITATION TEST SAMPLE NO. B-4
 

96 HOURS AIR DRY
 

1/2" Rd. X 28 Mesh
 

Specific Gravity As Received Total 
 Dry
 
Weight Moisture Weight


Sink Float Percentage Percentage Percentage
 

-- 1.60 74.6 19.94 72.2
 

1.60 1.70 
 2.4 9.75 2.6
 

1.70 1.80 
 3.9 9.03 4.3
 

1.80 1.90 
 3.5 7.32 3.9
 

1.90 -- 15.6 9.81 17.0 

100.0 17.25 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO.
 
Original Copy Watermarked
 

For Your Protection
 

F-466 DWC/nk 
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00 

v< ROBERTS & SCHAEFER COMPANY 
Chicago, Illinois 

0 

M 

0 
I-

Cecrepitation Test B 

Sample No. B-4 

96 Hours Air Dry 

1 2 3 

SPECIFIC GRAVITY 
SINK FLOAT % Wt. 

-Float/Sink 

4 5 
FRACTION ANALYSIS 

DRY BASIS 
% Ash % Sul. 

6 

Btu 

LAKHRA OJAL PRO3ECT 

FLOAT & SINK ANALYSIS 
DRY BASIS 
7 8 9. 

CUM. RECOVERY 
(FLOAT) 

% Wt. % Ash % Sul. 

10 

Btu 

June 

11 

% Wt. 

21, 1985 

12 13 
CUM. REJECT 

(SINK) 
% Ash % Sul. 

14 

Btu 

L m 1/2" Rd. X 28 Mesh = 72.0% of Coal 

a 

Mz 
i 

M
M 

0 

-

1.60 

1.70 

1.80 

1.90 

1.60 

1.70 

1.80 

1.90 

-

72.2 

2.6 

4.3 

3.9 

17.0 

14.16 

40.87 

50.28 

59.24 

72.48 

3.77 

6.78 

6.28 

5.39 

7.54 

10946 

6690 

5386 

4174 

2154 

72.2 

74.8 

79.1 

83.0 

100.0 

14.16 

15.09 

17.00 

18.99 

28.08 

3.77 

3.87 

4.01 

4.07 

4.66 

10946 

10798 

10504 

10206 

8838 

100.0 

27.8 

25.2 

20.9 

17.0 

28.08 

64.23 

66.64 

70.01 

72.48 

4.66 

6.97 

6.99 

7.14 

7.54 

8838 

3362 

3018 

2531 

2154 

(D 

to0 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

DECREPITATION TEST SAMPLE NO. B-4
 

96 HOURS AIR DRY
 

28 Mesh X 100 Mesh
 

Specific Gravity As Received Total 
 Dry

Weight Moisture Weight
3ink Float Percentage Percentage Percentage 

-- 1.60 52.9 20.96 49.5
 

1.60 1.70 
 2.2 12.43 2.3
 

1.70 1.80 1.6 
 10.22 1.7
 

1.80 1.90 
 1.7 12.66 1.7
 

1.90 -- 41.6 9.01 44.8 

100.0 15.49 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO.
 
Original Copy Watermarked 4For Your Protection 

F.466 DWC/nk 



F 474 0 

-n

00 
-< RBERTS & SCQAEFER CIOMPANY 

Chicago, Illinois 

Decrepitation Test B  Float/Sink 
LAKHRA COAL PRCLECT June 21, 1985 

Sample No. B-4 

96 Hours Air Dry FLOAT & SINK ANALYSIS 
DRY BASIS 

0 

0 

m 

1 

SPECIFIC 
SINK 

2 

GRAVITY 
FLOAT 

3 

% Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 
% Ash % Sul. 

6 

Btu 

7 

% Wt. 

8 9. 
CUM. RECOVERY 

(FLOAT) 
% Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 
CUM. REJECT 

(SINK) 
% Ash % Sul. 

14 

Btu 
0 

M 28 Mesh X 100 Mesh =6.7% of Coal 

* - 1.60 49.5 12.82 3.24 11075 49.5 12.82 3.24 11075 100.0 39.41 5.13 7146 

M 

m 

1.60 

1.70 

1.70 

1.80 

2.3 

1.7 

40.55 

40.85 

6.43 

6.07 

6826 

6698 

51.8 

53.5 

14.05 

14.90 

3.38 

3.47 

10886 

10753 

50.5 

48.2 

65.47 

66.66 

6.98 

7.00 

3295 

3126 

1.80 1.90 1.7 46.65 6.12 5995 55.2 15.88 3.55 10607 46.5 67.60 7.04 2996 
o 1.90 - 44.8 68.40 7.07 2882 100.0 39.41 5.13 7146 44.8 68.40 7.07 2882 
0 

CD 
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00 
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RCBERTS & SCHAEFER QYMPANY 
Chicago, Illinois 

6-.3 

Oat 
Decrepitation Test B - Float/Sink LAKHRA CDAL PROJECT 

June 21, 1985 

Sample No. B-4 

96 Hours Air Dry FLOAT & SINK ANALYSIS 
DRY BASIS 

m 

o 1 
SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5FRACTION ANALYSIS 
DRY BASIS 

% Ash % Sul. 

6 

Btu 

7 

% Wt. 

8 9.CUM. RECOVERY 
(FLOAT) 

% Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13
CUM. REJECT 

(SINK) 

% Ash % Sul. 

1.' 

Btu 
0 

I-

M Canposite 3/4" Rd. X 100 Mesh =98.5% of Coal 

1.60 71.2 14.12 3.68 10995 71.2 14.12 3.68 10995 100.0 28.83 4.60 8766 
m 

z 
1.60 1.70 2.3 41.84 6.66 6565 73.5 14.99 3.78 10856 28.8 65.19 6.85 3258 

z 1.70 1.80 4.1 51.22 6.07 5263 77.6 16.91 3.90 10560 26.5 67.21 6.87 2971 
m 

G0 

0 

1.80 

1.90 

1.90 

-

3.6 

18.8 

59.73 

72.13 

5.16 

7.37 

4094 

2256 

81.2 

100.0 

18.80 

28.83 

3.95 

4.60 

10273 

8766 

22.4 

18.8 

70.14 

72.13 

7.01 

7.37 

2551 

2256 

0 

-v 

c0 

(D 

U, 
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BULK WASHABILITY ANALYSIS
 

1. 	A head split of about 20 percent of this total sample was

removed by division for analysis. The certificate of 
analysis is number 71-07071. 

2. 	The remaining sample was screened at the designated sizes.

Direct weights, weight percentages and certificates of 
Head Splits analysis is as follows:
 

Size Fraction
 

As rec'd Analysis

Retained Weight weight report


Passing 
 On (pounds) percentage number
 
4" Rd. 2" Rd. 774.8
 

2" Rd. 1-1/2" Rd. 316.2
 

4" Rd. 1-1/2" Rd. 1091.0 33.2 71-07206
 

1-1/2" Rd. 1" Rd. 415.2 
 12.6 71-07235
 

1" Rd. 3/4" Rd. 242.8 7.4 71-07236
 

3/4" Rd. 1/2" Rd. 328.6 10.0 71-07209
 

1/2" Rd. 
 3/8" Rd. 221.8 6.8 71-07237
 

3/8" Rd. 1/4" Rd. 
 255.0 7.8 71-07238
 

1/4" Rd. 28 Mesh 604.6 18.5 71-07211
 

28 Mesh 100 Mesh 
 110.2 3.4 71-07212
 

100 Mesh 0 10.9 
 0.3 71-07214
 
3280.1 100.0
 

3. 	As shown above each head split was analyzed and the certif
icate is enclosed.
 

4. 	Float-sink results for the individual size 
fractions from
 
4 inch round to 100 mesh.
 

5. 	Cumulative composites were prepared and 
analyzed as fol
lows:
 

The 	 cumulative 1.60 float is 73.3 dry weight percent of 
the 4 inch by 100 mesh fractions and the analysis is
 
presented in report No. 71-08130.
 

The 	 cumulative 1.80 float is 83.5 dry 	 weight percent of 
the 4 inch by 100 mesh fractions and the antlysis is
 
persented in report No. 71-08131.
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 

For Your Protection 

F-4S A 
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COMMERCIAL TESTING & ENGINEERING CO. 
GENERAL OFFICES: 1919 SOUTH HIGHLAND AVE" SUITE 210 , LOMBARD. ILLINOIS 60148 * (312) 953-9300 

YD W. TAYLOR III PLEASE ADDRESS ALL CORRESPONDENCE T
JAGEH 16130 VAN DRUNEN RD., P.O. BOX 

SOUTH HOLLAND, IL 60473 
OFFICE TEL. (312) 264.1173 

MIDWEST DIVISION 

S,,CI .0, TELEX: 283527
ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

Kind of sample Clean Coal 	 Sample Identificationby Roberts & Schaefer co. 
reported to us 

Bulk Washability
Sample takenat LAKHRA COAL RESERVE 4" X 0 Raw Coal Head Sample
Sind District, Pakistan
 

Sample taken by Roberts & Schaefer Co.
 

Date sampled 

Date received Analysis report no. 71-07071 

% Weight % WeightPROXIMATE ANALYSIS As received Dry basis ULTIMATE ANALYSIS As received Dry basis 

Moisture 22.23 xxxxx Moisture 22.23 xxxxx 
Ash 24.26 31.20 Carbon 37.44 48.14 

Volatile 29.30 37.68 Hydrogen 2.92 3.76
Fixed Carbon 24.21 31.12 Nitrogen 0.56 0.72

100.00 100.00 Chlorine 0.13 0. 174
Btu/Ib. 6616 8507 Sulfur 3.96 5.09' 
Sulfur 3.96 5.09 Ash 24.26 31.20 

AIk. as Na2O 0.23 0.30 Oxygen (diff) 8.50 10.92 
i00.00 100.00
SULFUR FORMS MINERAL ANALYSIS OF ASH % Weight Ignited Basis

Pyritic Sulfur 2.61 3.36 Silica, SiO2 41.46
Sulfate Sulfur 0.23 0.30 Alumina, t.1103 28.00

Organic Sulfur 1.12 1.43 	 Titania, TIC2 2.12 

WATER SOLUBLE ALKALIES Ferric oxide, FeO 3 17.96 
NaO 0.188 0.242 	 Lime, CaO 3.02 

KO 	 0.014 0.018 Magnesia, MgO 1.98 
Potassium oxide, K20FUSION TEMPERATURE OF ASH Reducing Oxidizing 	

0.43 
Sodium oxide, Na.D 0.68
 

Initial Deformation 2290 OF 2400 OF

His Cone Height Softening (H=W) 
 2440 OF 2550 OF Sulfur trioxide, SO 3 3.91 
WisConeWidth Softening (H=/2W) 	 2510 OF 2620 OF Phos. pentoxide, P2 O5 0.08 

Fluid 2565 OF 2680 OF Strontium Oxide, SrO 0.25
% EQUILIBRIUM MOISTURE 25.71 	 (3 Day) Barium Oxide, BaO 	 0.09HARDGROVE GRINDABILITY INDEX 70 at 9 .8%Moisture Manganese Oxide, Mn3O4 0.02

FREE SWELLING INDEX ---- Undetermined 	 0.00 
100.00
Silica Value 64.36 Fouling Index 0.23 

Base: Acid Ratio 0.34 Slagging Index 1.73 
T250 Temperature 2498 0 F Respectfully submitted, 

COMMERCIAL TESTING & ENCINEERING CO. 

%Equilibrium Moisture = 26.43 (5 Day)
 
Original Copy Watermarked 

For Your Protection 
David W. Cox, Manager, South Holland LaboratoryFor our rotetionChater MemberDWC/nk OVER 40 BRANCH LABORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,

TIDEWATER AND GREAT LAKES PORTS, AND RIVER LOADING FACILITIES 
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COMMERCIAL TESTING & ENGINEERING CO. 
GENERAL OFFICES: 1919 SOUTH HIGHLAND AVE., SUITE 210-B, LOMBARD, ILLINOIS 60148 0 (312)953-9300 

/. TAYLOR III 
PLEASE ADDRESS ALL CORRESPONDENCE TO: 

16130 VAN DRUNEN RD., P.O. BOX 127 
MIDWEST DIVISION 

MANAUER 

SOUTH HOLLAND, IL 60473 
OFFICE TEL. (312) 264-1173 

SINCE 1908 

ROBERTS & SCIHEFER COMPANY June 21, 1985 
120 South Riverside Plaza 
Chicago, IL 60606 

Sample identification 
by Roberts & Schaefer Co.
 

Kind of sample 
reported to us 

Clean Coal Bulk Washability
4" X 0 Raw Coal Head Sample 

Sample taken at LAKHAR COAL RESERVE 
Sind District, Pakistan 

Sample taken by Roberts & Schaefer Co. 

Date sampled 

Date received 

Analysis report no. 71-07071 

BULK ELECTRICAL RESISTIVITY MEASUREMENTS
 

Breakdown Voltage 
 Bulk Resistivity
 

8.4 x 103 volts 9 x 1011 ohm-cm
 

These measurements 
were made as received at a 5% humidity by volume
 
and 300OF following a procedure based 
on the ASME Power Test Code 28
 
of 1965, Section 4.05 for the Determination of Bulk Resistivity of
 
fine particulate matter. 

Respectfully submitted,
 
COMMERCIAL TESTING & ENGINEERING CO.
 

Original Copy Watermarked 

For Your Protection 
DAVID W. COX, Manager, South Holland Laboratory Charter Member 

DWC/nk OVER 40 BRANCH LABORATORIES STATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,TIDEWATER AND GREAT LAKES PORTS, AND RIVER LOADING FACILITIES 
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COMMERCIAL TESTING & ENGINEERING CO.
GENERAL OFFICES: 1919 SOUTH HIGHLAND AVE., SUITE 210.B, LOMBARD, ILLINOIS 60148 (312) 953-9300 

YD 	W. TAYLOR III 
PLEASE ADDRESS ALL CORRESPONDENCE "rW

MANAGER 
16130 VAN DRUNEN RD., P.O. BOX 127MIDWEST DIVISION 

SOUTH HOLLAND, IL 60473OFFICE TEL. (312)5,,c, ,.os 	 264-1173TELEX: 283527 

ROBERTS & SCHAEFER COMPANY June 21, 1985 
120 South Riverside Plaza
 
Chicago, IL 60606
 

Kind of sample Clean Coal Sample identification
by Roberts & Schaefer co.
 
reported to us
 

Bulk Washability
Sample taken at LAKHRA COAL RESERVE 4" X 100 MeshSind District, Pakistan 1.60 Float Composite

Sample taken by Roberts & Schaefer Co.
 

Date sampled
 

Date received 
 Analysis report no. 71-08130 

% Weight % Weight
PROXIMATE ANALYSIS As received Dry basis ULTIMATE ANALYSIS As received Dry basis 

Moisture * 31.51 xxxxx Moisture 31.51 xxxxx
Ash 11.79 17.22 Carbon 41.12 60.04 

Volatile 29.68 43.34 Hydrogen 3.07 4.48Fixed Carbon 27.02 39.44 Nitrogen 0.66 0. 964 
100.00 100.00 Chlorine 0.14 0. 21Btu/Ib. 7261 10602 Sulfur 2.79 4.07

Sulfur 2.79 4.07 Ash 11.79 17.22 
Alk. as Na2O 0.25 0.37 Oxygen (diff) 8.92 13.02 

100.00 100.00
SULFUR FORMS MINERAL ANALYSIS OF ASH % Weight Ignited Basis
Pyritic Sulfur 1.63 1.91 Silica, Si0 2 34 .49

Sulfate Sulfur 0.2 6 0.3 0 Alumina, A120 3 24.68
Organic Sulfur 1.59 1 .86 Titania, TiO 2 1.94 

WATER SOLUBLE ALKALIES Ferric oxide, FeO 3 19.42
Na20 0.250 0.292 Lime, CaO 5.07 

K20 0.011 0.013 Magnesia, MgO 3.80 
Potassium oxide, K.0 0.48FUSION TEMPERATURE OF ASH Reducing Oxidizing Sodium oxide, NaO 1 83 

Initial Deformation 2150 OF 2330 OFH is Cone Height Softening (H=W) 2200 F 2420 F Sulfur trioxide, SO3 	 8.01
Wis ConeWidh Softening (H= 1/2W) 	 0.072250 F 2505 F Phos. pentoxide, P0 5 

Fluid 2300 OF 2570 OF Strontium Oxide, SrO 0.16% EQUILIBRIUM MOISTURE 24.89 Barium Oxide, BaO 	 0.03HARDGROVE GRINDABILITY INDEX Manganese Oxide, Mn3O. 0.02FREE SWELLING INDEX Undetermined 0.00 

100.00Silica Value 54.94 Fouling Index 0.92
Base: Acid Ratio 0.50 Slagging Index 2.04T2 0 Temperature 2310 oF Respectfully submitted, s. 

COMMERCIAL TESTING & ENGINEERING CO. 0
&*Calculated from 

Original Copy Watermarked ulk shability.For Your Protection David W. Cox, Manager, South Holland Laboratory -D 

Charter MemberDWC/nk OVER 40 BRANCH LABORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,TIDEWATER AND GREAT LAKES PORTS, AND RIVER LOADING FACILITIES 1.( 
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COMMERCIAL TESTING & ENGINEERING CO.
GENERAL OFFICES: 1919 SOUTH HIGHLAND AVE., SUITE 210-B, LOMBARD, ILLINOIS 60148 = (312)953-9300 

M 1. TAYLOR III 
MANAER PLEASE ADDRESS ALL CORRESPONDENCE TO: 

MIDWEST DIVISION 

jz~tILOFFICE 

16130 VAN DRUNEN RD., P.O. BOX 127 
SOUTH HOLLAND, IL 60473

TEL. (312) 264-1173 
1) SINCE 19019 

ROBERTS & SCHAEFER COMPANY June 21, 1985 
120 South Riverside Plaza 
Chicago, IL 60606 

Sample identification 
by Roberts & Schaefer Co. 

Kind of sample Clean Coal Bulk Washability
reported to us 4" X 100 Mesh 
1.60 Float Composite
Sample taken at LAKHAR COAL RESERVE 

Sind District, Pakistan
 
Sample taken by Roberts & Schaefer Co. 

Date sampled 

Date received 

Analysis report no. 71-08130 

BULK ELECTRICAL RESISTIVITY MEASUREMENTS
 

Breakdown Voltage 
 Bulk Resistivity
 

8.7 x 103 volts 2 x 1011 ohm-cm
 

These measurements were 
made as received at a 5% humidity by volume

and 300°F following a procedure based on 
the ASME Power Test Code 28

of 1965, Section 4.05 for the Determination of Bulk Resistivity of
 
fine particulate matter. 

Respectfully submitted,
 
COMMERCIAL TESTING & ENGINEERING CO.
 

Original COPY Watermarked 
ori You Protection DAVID W. COX, Manager, South Holland Laboratory e-

Charter Member 

DWC/nk OVER 40 BRANCH LABORATORIES STATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,TIDEWATER AND GREAT LAKES PORTS, AND RIVER LOADING FACILITIES V 
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COMMERCIAL TESTING & ENGINEERING CO.GENERAL OFFICES: 1919 SOUTH HIGHLAND AVE. SUITE 210-8 LOMBARD, N I 4 

YD W. TAYLOR III 
PLEASE ADDRESS ALL CORRESPONDENCE T

I. lAGER 16130 VAN DRUNEN RD., P.O. BOX 127MIDWEST DIVISION 
SOUTH HOLLAND, IL 60473jz ntlkOFFICE TEL. (312) 264-117351fce too TELEX: 283527 

ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

Kind of sample Clean Coal Sample Identification
by Roberts & Schaefer co.reported to us 

Bulk Washability
 
Sample taken at 
 LAKHRA COAL RESERVE 
 4" X 100 Mesh
 

Sind District, Pakistan 
 1.80 Float Composite

Sample taken by Roberts & Schaefer Co.
 

Date sampled
 

Date received 
 Analysis report no. 71-08131 

% Weight % WeightPROXIMATE ANALYSIS As received Dry basis ULTIMATE ANALYSIS As received Dry basis 

Moisture * 30.40 xxxxx Moisture 30.40 xxxxx 
Ash 15.82 22.73 Carbon 38.49 55.30

Volatile 28.76 4132 Hydrogen 2.94 4.22
Fixed Carbon 25.02 35.95 Nitrogen 0.67 0.96 

100.00 100.00 
 Chlorine 0.14 0.201 
Btu/Ib. 6861 9858 Sulfur 2.88 4.14
 
Sulfur 2.88 4.14 
 Ash 15.82 22.73


AIk. as Na2O 0.27 
 0.39 
 Oxygen (diff) 8.66 12.45
 
100.00 100.00
SULFUR FORMS 
 MINERAL ANALYSIS OF ASH % Weight Ignited E'asis

Pyritic Sulfur 1.44 2.14 Silica, SiO 2 39.60
Sulfate Sulfur 0.26 0.30 Alumina, A1.03 27.59

Organic Sulfur 1.18 1.70 Titania, TiO. 2.07 

WATER SOLUBLE ALKALIES Ferric oxide, Fe.0 3 17.30Na20 0.201 0.289 Lime, CaO 3.79
 
K,0 0.010 0.014 
 Magnesia, MgO 2.98 

Potassium oxide, K2O 0.39FUSION TEMPERATURE OF ASH Reducing Oxidizing Sodium oxide, Na2O 1.46 
Initial Deformation 2125 OF 2440 OF

His Cons Height Softening (H=W) 2230 OF 2530 OF Sulfur trioxide, SO, 4.60w13Cone Width Softening (H=/2W) 2325 OF 2605 OF Phos. pentoxide, PO 5 0.08 
Fluid 2440 OF 2675 OF Strontium Oxide, SrO 0.10% EQUILIBRIUM MOISTURE 23.82 Barium Oxide, BaO 0.02HARDGROVE GRINDABILITY INDEX -- -- Manganese Oxide, Mn304 0.02
FREE SWELLING INDEX - Undetermined 0. 00
 

Silica Value 62.20 Fouling Index 0.54 100.00 

Base: Acid Ratio 0.37 Slagging Index 1.53 
T2,, Temperature 2443 0F Respectfully submitted, 

COMMERCIAL TESTING & ENGINEERING CO. 

*Calculated from 
 ii 
Original Copy Watermarked bulk washability. 

For Your Protection David W. Cox, Manager, South Holland Laboratory 

Charter MemberDWC/nk 
OVER 40 BRANCH LABORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,
TIDEWATER AND GREAT LAKES PORTS, AND RIVER LOADING FACILITIES 
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COMMERCIAL TESTING & ENGINEERING CO. 
GENERAL OFFICES: 1919 SOUTH HIGHLAND AVE., SUITE 210-B, LOMBARD, ILLINOIS 60148 * (312) 953-9300 

MANAUER 
16130 VAN DRUIMEN RD., P.O. BOX 127 

MIDWEST DIVISION 
SOUTH HOLLAND, IL 60473 
OFFICE TEL. (312) 264-1173 

SINCE 1900 

ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

Sample identification
 
by Roberts & Schaefer Co.
 

Kind of Gample Clean Coal Bulk Washability
reported to us 4" X 100 Mesh
 

1.80 Float Composite
Sample taken at LAKHAR COAL RESERVE
 

Sind District, Pakistan
 
Sample taken by Roberts & Schaefer Co.
 

Date sampled 

Date received 

Analysis report no. 71-08131 

BULK ELECTRICAL RESISTIVITY MEASUREMENTS
 

Breakdown Voltage Bulk Resistivity
 

7.3 
x 10 3 volts 4 x 1011 ohm-cm
 

These measurements were made as received at 
a 5% humidity by volume 
and 3001F following a procedure based on the ASME Power Test Code 28
of 1965, Section 4.05 for the Determination of Bulk Resistivity of 
fine particulate matter. 

Respectfully submitted, Ar 1. 
COMMERCIAL TESTING & ENGINEERING CO. 

Original Copy Watermarked 4-- ' For Your Protection DAVID W. COX, Manager, South Holland Laboratory 
Charter Member 

OVER 40 BRANCH LABORATORIES STATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,DWC/nk 
 TIDEWATER AND GREAT LAKES PORTS, AND RIVER LOADING FACILITIES ,I 
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ROBERTS & SCHAEFER COMPANY 
120 South Riverside Drive 

line 21, 1985 

Chicago, IL 60606 

o 
0 

LAKHRA OAL PROECT 

BULK WASHABILITY 
m 

0 
m SIZE FRACTION HEAD SPLITS 

-4 
m 

Z 
Size 

Fraction 

Analysis 

Report 
Number 

Weight of 
Head Split 

(Pound) 

As Received 
Moisture 
Percent 

Dry 
Ash 

Percent 

Dry 
Sulfur 
Percent 

Dry 
Btu/lb. 

MAF 
Btu/lb. 

4 Rd. X 1-1/2" Rd. 71-07206 108.0 30.05 28.72 3.61 9004 12632 

zm 

1-1/2" Rd. X 1- Rd. 

1" Rd. X 3/4" Rd. 

71-07235 

71-07236 

30.2 

16.7 

28.76 

28.87 

29.91 

31.08 

4.29 

4.46 

8631 

8470 

12314 

12290 m 

Qo 
0 

3/4" Rd. X 1/2" Rd. 

1/2" Rd. X 3/8" Rd. 

71-07209 

71-07237 

35.0 

25.2 

28.53 

27.90 

31.15 

30.46 

5.05 

5.63 

8497 

8374 

12341 

12042 
3/8" Rd. X 1/4" Rd. 71-07238 26.9 28.03 29.82 5.90 8462 12058 
1/4" Rd. X 28 Mesh 71-07211 71.6 27.46 35.20 6.07 7634 11781 
28 Mesh X 100 Mesh 71-07212 13.4 24.27 46.71 7.19 5815 10912 o 

100 Mesh X 0 71-07214 2.6 18.36 49.36 9.20 5045 9962 
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CLIAKHRA 

ROBERTS & SCHAEFER OMPANY 
Chicago, Illinois 

OAL PROJECT 

BULK WASHABILITY 

June 21, 1985 

SCREEN ANALYSIS 

0 

0 

m 
M 
0 

1 

Passing 

2 

SIZE 

Retained on 

3 

% Wt. % 

4 

DRY 

Ash 

5 

BASIS 

% Sul. 

6 

Btu 

7 8 9 10 

CUMULATIVE
Retained on Screen in Column 2 

% Wt. % Ash % Sul. Btu 

11 12 13 14 

RESULTS 
Passing Screen in Column 1 

% Wt. % Ash % Sul. Btu 

-1 

z m -14" 

0,R~ 1-1/2" 

1-1/2" 

1" 

32.6 

12.4 

28.33 

30.56 

3.67 

4.19 

9032 

8666 

32.6 

45.0 

'28.33 

28.94 

3.67 

3.81 

9032 

8931 

100.0 

67.4 

31.33 

32.78 

4.81 

5.36 

8413 

8113 

z ill 3/4- 7.4 31.82 4.41 8407 52.4 29.35 3.90 8857 55.0 33.28 5.63 7988 

m 
m 

3/4" 1/21" 10.0 30.18 5.06 8567 62.4 29.48 4.08 8811 47.6 33.51 5.82 7923 

z 

0 
0 

1/2" 

3/8"1 

1/4" 

28 M 

3/8" 

1/41" 

28 M 

100 M 

6.8 

7.9 

18.9 

3.7 

30.06 

30.62 

34.97 

46.24 

5.47 

5.82 

6.02 

7.21. 

8411 

8386 

7660 

5878 

69.2 

77.1 

96.0 

99.7 

29.54 

29.65 

3U.70 

31.27 

4.22 

4.38 

4.71 

4.80 

8771 

8732 

8521 

8423 

37.6 

30.8 

22.9 

4.0 

34.39 

35.35 

36.98 

46.47 

6.02 

6.14 

6.25 

7.36 

7752 

7607 

7338 ~ 

5816(D 

100 M - 0.3 49.36 9.20 5045 100.0 31.33 4.81 8413 0.3 49.36 9.20 5045 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

BULK WASHABILITY
 

SIZE CONSIST
 

Total Dry

Retained 
 Weight Moisture Weight
Passing On Percentage Percentage Percentage
 

4" Rd. 2" Rd. 23.6 

2" Rd. 1-1/2" Rd. 9.6 
33.2 29.55 32.6 

1-1/2" Rd. 1" Rd. 12.6 29.29 12.4 

1" Rd. 3/4" Rd. 7.4 28.73 7.4 

3/4" Rd. 1/2" Rd. 10.0 28.62 10.0 

1/2" Rd. 3/8" Rd. 6.8 28.27 6.8 

3/8" Rd. 1/4" Rd. 7.8 27.83 7.9 

1/4" Rd. 28 Mesh 18.5 26.65 18.9 

28 Mesh 100 Mesh 3.4 22.25 3.7 

100 Mesh --- 0.3 18.36 0.3 

100.0 28.35 


COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked
 

For Your Protection
 

F.466 DWC/nk A 

100.0 
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1

00 

oo ROBERTS & SCHAEFER OOMPANY 
Chicago, Illinois 

23 

0 LAKHRA OAL PROGECT 

June 21, 1985 

BULK WASHABILITY 

FLOAT & SINK ANALYSIS 
DRY BASIS 

0 

m 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 

% Ash % Sul. 

6 

Btu 

7 

% Wt. 

8 9. 

CUM. RECOVERY 
(FLOAT) 

% Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 
CUM. REJECT 

(SINK) 

% Ash % Sul. 

14" 

Btu 

r 

Sm Canposite 4" X 100 Mesh = 99.7% of Coal 

i0 - 1.30 45.2 9.83 2.98 11772 45.2 9.83 2.98 11772 100.0 31.28 4.79 8421 

m 1.30 1.45 17.5 23.73 5.02 9532 62.7 13.71 3.55 11147 54.8 48.98 6.29 5658 

1.45 1.60 10.6 40.07 6.52 6949 73.3 17.52 3.98 10540 37.3 60.83 6.88 3840 
m 
m 1.60 1.70 4.7 53.92 6.45 4816 78.0 19.71 4.13 10195 26.7 69.07 7.02 2b06 
C) 1.70 1.80 5.5 65.49 4.29 3185 83.5 22.73 4.14 9733 22.0 72.31 7.14 2134 

o 1.80 1.90 5.3 72.65 3.31 2164 88.8 25.71 4.09 9281 16.5 74.58 8.09 1783 

1.90 2.10 7.5 79.70 3.11 1128 96.3 29.91 4.02 8646 11.2 75.49 10.35 1603m 

2.10 - 3.7 66.97 25.03 2567 100.0 31.28 4.79 8421 3.7 66.97 25.03 2567 

o 
wo 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

BULK WASHABILITY
 

Size Fraction 4" Rd. X 1-1/2" Rd.
 

Specific Gravity As Received Total 
 Dry
 
Weight Moisture Weight

Sink Float Percentage Percentage Percentage 

-- 1.30 63.5 33.38 60.1
 

1.30 1.45 
 9.9 28.78 10.0
 

1.45 1.60 
 6.2 25.34 6.6
 

1.60 1.70 
 2.5 23.05 2.7
 

1.70 1.80 5.2 
 20.90 5.8
 

1.80 1.90 
 6.0 20.18 6.8
 

1.90 2.10 4.7 
 17.33 5.5
 

2.10 -- 2.0 12.20 2.5
 

100.0 29.55 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO.
Original Copy Watermtrked 

For Your Protection 

F.46, DWC/nk 
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RDBERTS & SCHAEFER COMPANY 
Illinois 
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LAKHRA OAL PROJECr 
June 21, 1985 

BULK WASHABILITY 

m 

0 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 

% Ash % Sul. 

6 

Btu 

FLOAT & SINK ANALYSIS 
DRY BASIS 

7 8 9. 
CUM. RECOVERY 

(FLOAT) 
% Wt. % Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 

CUM. REJECT 
(SINK) 

% Ash % Sul. 

14 

Btu 

I
rn 4" X 1-1/2" = 32.6% of Coal 

E I 0 - 1.30 60.1 9.65 2.84 11884 60.1 9.65 2.84 11884 100.0 28.33 3.67 9032 

m 
m 

z 

1.30 

1.45 

1.60 

1.70 

1.45 

1.60 

1.70 

1.80 

10.0 

6.6 

2.7 

5.8 

26.72 

48.21 

60.03 

69.82 

3.95 

3.64 

3.16 

2.35 

9252 

5981 

4226 

2841 

70.1 

76.7 

79.4 

85.2 

12.09 

15.19 

16.72 

20.33 

3.00 

3.05 

3.06 

3.01 

11509 

11033 

10801 

10260 

39.9 

29.9 

23.3 

20.6 

56.47 

66.42 

71.58 

73.10 

4.91 

5.24 

5.69 

6.02 

4737 

3227 

2447 

2214 

1.80 1.90 6.8 74.95 2.43 2062 92.0 24.37 2.97 9654 14.8 74.38 7.46 1968 

1.90 

2.10 

2.10 

-

5.5 

2.5 

80.08 

60.31 

3.16 

30.60 

1240 

3316 

97.5 

100.0 

27.51 

28.33 

2.98 

3.67 

9179 

9032 

8.0 

2.5 

73.90 

60.31 

11.74 

30.60 

1889 

3316w 

01 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

BULK WASHABILITY
 

Size Fraction 1-1/2" Rd. X 1" Rd.
 

Specific Gravity As Received Total 
 Dry
 
Weight Moisture Weight
Sink Float Percentage Percentage Percentage
 

-- 1.30 55.5 
 33.95 51.9
 

1.30 1.45 
 14.1 29.37 14.1
 

1.45 1.60 
 7.5 25.41 7.9
 

1.60 1.70 
 4.2 23.65 4.5
 

1.70 1.80 6.0 
 20.85 6.7
 

1.80 1.90 
 3.8 19.58 4.3
 

1.90 2.10 
 6.8 17.20 8.0
 

2.10 -- 2.1 11.33 2.6
 

100.0 29.29 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked
 

For Your Protection
 

F.466 DWC/nk 
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RCBERTS & SCHAEFER CODMPANY 

Chicago, Illinois 

LAKHRA OAL PROJECT 
June 21, 1985 

BULK WASHABILITY 

o 
0 

m 

0 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 
% Ash % Sul. 

6 

Btu 

FLOAT & SINK ANALYSIS 
DRY BASIS 

7 8 9-

CUM.RECOVERY 
(FLOAT) 

% Wt. % Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 
CUM. REJECT 

(SINK) 

% Ash % Sul 

14 

Btu 

="i 

z 

m 
r1 

p 

0 
0 
o 

-

1.30 

1.45 

1.60 

1.70 

1.80 

1.90 

2.10 

1.30 

1.45 

1.60 

1.70 

1.80 

1.90 

2.10 

-

51.9 

14.1 

7.9 

4.5 

6.7 

4.3 

8.0 

2.6 

10.02 

24.82 

43.65 

56.26 

67.08 

73.92 

80.92 

66.64 

3.09 

4.58 

5.50 

5.90 

4.04 

3.08 

2.36 

24.98 

11781 

9486 

C658 

4763 

3248 

2182 

1107 

2826 

51.9 

66.0 

73.9 

78.4 

85.1 

89.4 

97.4 

100.0 

10.02 

13.18 

16.4.i 

18.72 

22.53 

25.00 

29.60 

30.56 

3.09 

3.41 

3.63 

3.76 

3.78 

3.75 

3.64 

4.19 

11781 

1.1291 

10795 

10449 

9882 

9512 

8822 

8666 

100.0 

48.1 

34.0 

26.1 

21.6 

14.9 

10.6 

2.6 

30.56 

52.72 

64.29 

70.54 

73.51 

76.41 

77.42 

66.64 

4.19 

5.38 

5.71 

5.77 

5.75 

6.51 

7.91 

24.98 

8666 

5304 

3570 

2635 

2192 

1717 

1529-o 
(D 

2826 

/-.. 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

BULK WASHABILITY
 

Size Fraction 1" Rd. X 3/4" Rd.
 

Specific Gravity As Received Total 
 Dry.

Weight Moisture Weight
Sink Float Percentage Percentage Percentage
 

-- 1.30 53.7 
 33.51 50.1
 

1.30 1.45 
 17.8 27.90 18.0
 

1.45 1.60 
 8.6 26.46 8.9
 

1.60 1.70 
 4.1 22.55 4.5
 

1.70 1.80 
 4.5 19.24 5.1
 

1.80 1.90 
 3.6 17.17 4.2
 

1.90 2.10 5.5 
 15.15 6.5
 

2.10 --
 2.2 11.52 2.7
 

100.0 28.73 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO.
 
iginel Copy Watermarked 
For Your Protection 

166 DWC/nk 



F 474 0 

," 

00 

0!! 
ROBETSI & SCIAEER OJMPANY 

Chicago, Illinois 

I~AKHRA COAL PRfaJECT 

BULK WASHABILITY 

June 21, 1985 

0 10FRACTION[ SPECIFIC 

m SINK 

2 
GRAVITY 

FLOAT 

3 

% Wt. 

4 
DRY 

% Ash 

5
ANALYSISBASIS 

% Sul. 

6 

Btu 

FLOAT & SINK ANALYSIS 
DRY BASIS 

7 8 9-
CUM. RECOVERY(FLOAT) 

% Wt. % Ash % Sul. 

10 

Btu 

11 

% wt. 

12 13
CUM. REJECT(SINK) 

% Ash % Sul. 

14 

Btu 

R. x 3/4% Rd. = 7.4% of Coal B1u 

0 

'Elp
m 
02 

m 

-

1.30 

1.45 

1.60 

1.70 

1.30 

1.45 

1.60 

1.70 

1.80 

50.1 

18.0 

8.9 

4.5 

5.1 

14.79 

25.12 

43.23 

55.30 

64.48 

3.18 

5.08 

6.04 

6.31 

5.26 

11064 

9359 

6544 

4712 

3376 

50.1 

68.1 

77.0 

81.5 

86.6 

14.79 

17.52 

20.49 

22.41 

24.89 

3.18 

3.68 

3.95 

4.08 

4.15 

11064 

10613 

10143 

9843 

9462 

100.0 

49.9 

31.9 

23.0 

18.5 

31.82 

48.91 

62.33 

69.73 

73.24 

4.41 

5.65 

5.96 

5.94 

5.84 

8407 

5740 

3698 

2596 

2082 

D 1.80 

1.90 

2.10 

1.90 

2.10 

-

4.2 

6.5 

2.7 

72.87 

81.04 

71.56 

3.34 

2.92 

17.88 

2198 

1050 

1940 

90.8 

97.3 

100.0 

27.11 

30.71 

31.82 

4.12 

4.04 

4.41 

9126 

8587 

8407 

13.4 

9.2 

2.7 

76.57 

78.26 

71.56 

6.07 

7.31 

17.88 

1589 

1311(0 

1940 

'0 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

BULK WASHABILITY
 

Size Fraction 3/4" Rd. X 1/2" Rd.
 

Specific Gravity As Received 
 Total Dry

Weight Moisture Weight


Sink Float Percentage Percentage Percentage
 

-- 1.30 
 45.8 33.84 42.5
 

1.30 1.45 
 20.8 28.83 20.7
 

1.45 1.60 13.1 
 26.26 13.5
 

1.60 1.70 
 5.5 22.26 6.0
 

1.70 1.80 
 4.0 19.64 4.5
 

1.80 1.90 
 3.2 17.98 3.7
 

1.90 2.10 
 4.9 15.75 5.8
 

2.10 --
 2.7 12.18 3.3
 

100.0 28.62 
 100.0
 

Original Copy Watermarked 
COMMERCIAL TESTING & ENGINEERING CO. 

For Your Protection 

F-466 DWC/nk tl 
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-<0 
00 
-o ROBERTS & SCHAEFER O(MPABY 

Chicago, Illinois 

LAKHRA COAL PROJECT 
June 21, 1985 

BULK WASHABILITY 

FLOAT & SINK ANALYSIS 
DRY BASIS 

o 1 

SPECIFIC 

2 

GRAVITY 

3 4 5 
FRACTION ANALYSIS 

DRY BASIS 

6 7 8 9-
CUM. RECOVERY 

(FLOAT) 

10 11 12 13 
CUM. REJECT 

(SINK) 

14 

m SINK FLOAT % Wt. % Ash % Sul. Btu % Wt. % Ash % SuI. Btu % Wt. % Ash % SuI. Btu 

m 3/4"1 M. X 1/2" Rd. = 10.0% of Coal 

- 1.30 42.5 10.10 3.24 11684 42.5 10.10 3.24 11684 100.0 30.18 5.06 8567 

m 1.30 1.45 20.7 23.82 5.67 9526 63.2 14.59 4.04 10977 57.5 45.02 6.40 6263 

z 

0 1.70 1.80 4.5 63.07 5.95 3410 87.2 23.45 4.88 9578 17.3 72.66 6.21 2129 

O 1.80 1.90 3.7 71.40 4.29 2372 90.9 25.40 4.85 9285 12.8 76.03 6.30 1679 
1.90 2.10 5.8 80.22 2.97 .122 96.7 28.69 4.74 8795 9.1 77.92 7.11 1398(0 
2.10 - 3.3 73.87 14.40 1882 100.0 30.18 5.06 8567 3.3 73.87 14.40 1882 

-4 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

BULK WASHABILITY
 

Size Fraction 1/2" Rd. X 3/8" Rd.
 

Specific Gravity As Received Total 
 Dry
 
Weight Moisture Weight
Sink Float Percentage Percentage Percentage
 

-- 1.30 
 40.0 33.57 37.0
 

1.30 1.45 22.6 
 29.77 22.1
 

1.45 1.60 
 16.9 26.28 17.4
 

1.60 1.70 
 5.8 22.09 6.3
 

1.70 1.80 
 3.7 19.10 4.2
 

1.80 1.90 
 3.2 16.77 3.7
 

1.90 2.10 5.7 
 16.10 6.7
 

2.10 --
 2.1 10.99 2.6
 

100.0 28.27 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 

For Your Protection 
F.466DWC/nk JAL 
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We 

00 

-'o 

SChicago, 
ROBERTS & SCIHAEFER 

Illinois 
COMPANY 

-3 
LAKHRA COAL PROJECT 

June 21, 1985 

BULK WASIABILITLY 

m 
m/ 

0 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 

% Ash % Sul. 

6 

Btu 

FLOAT & SINK ANALYSIS 
DRY BASIS 

7 8 9-
CUM. RECOVERY 

(FLOAT) 

w% Wt.%As %Su. 

10 

% AshBu 

11 

Sul.%% wt. 

12 13 
CUM. REJECT 

(SINK) 

Btu% Ash % Sul. 

14 

Btu 

-

S1/2" Rd. X 3/8" Rd. = 6.8% of Coal 

) 1.30 37.0 9.47 3.13 11617 37.0 9.47 3.13 11617 100.0 30.06 5.47 8411 

m 

D 

m 
m 
z 

0 

1.30 

1.45 

1.60 

1.70 

11.80 

1.45 

1.60 

1.70 

1.80 

1.90 

22.1 

17.4 

6.3 

4.2 

3.7 

21.68 

35.60 

50.97 

61.12 

69.84 

5.56 

7.86 

8.12 

6.78 

4.74 

9767 

7465 

5039 

3285 

2171 

59.1 

76.5 

82.8 

87.0 

90.7 

14.04 

18.94 

21.38 

23.30 

25.19 

4.04 

4.91 

5.15 

5.23 

5.21 

1.0925 

10138 

9750 

9438 

9142 

63.0 

40.9 

23.5 

17.2 

13.0 

42.16 

53.22 

66.26 

71.87 

75.34 

6.85 

7.54 

7.31 

7.01 

7.08 

6528 

4778 

2788 

1963 

1537 

1.90 2.10 6.7 80.56 3.15 971 97.4 29.00 5.07 8580 9.3 77.53 8.01 1284(a 

2.1.0 - 2.6 69.71. 20.54 2091 100.0 30.06 5.47 8411 2.6 69.71 20.54 2091 -

C-4w 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

BULK WASHABILITY
 

Size Fraction 3/8" Rd. X 1/4" Rd.
 

Specific Gravity As Received Total 
 Dry

Weight Moisture Weight


Sink Float Percentage Percentage Percentage
 

-- 1.30 37.9 33.94 34.7
 

1.30 1.45 24.6 
 29.21 24.1
 

1.45 1.60 
 16.1 25.22 16.7
 

1.60 1.70 
 5.8 22.01 6.3
 

1.70 1.80 3.5 
 19.17 3.9
 

1.80 1.90 
 3.5 17.64 4.0
 

1.90 2.10 
 6.2 14.76 7.3
 

2.10 -- 2.4 10.05 3.0
 

100.0 27.83 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO.
 
Original Copy Watermarked
 

For Your Protection
 
F.4 60WC/nk 
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00 

RCBERTS & SCHAEFER XOOMPANY 
Chicago, Illinois 

LAKIIRA ODAL PROJECT 
C1 

June 21, 1985 

BULK WASHABILI'IY 

FLOAT & SINK ANALYSIS 
DRY BASIS 

o 

m 

1 

SPECIFIC 

SINK 

2 

GRAViTY 

FLOAT 

3 

% Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 
% Ash % Sul. 

6 

Btu 

7 

% Wt. 

8 9-

CUM. RECOVERY 
(FLOAT) 

% Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 
CUM. REJECT 

(SINK) 
% Ash % Sul. 

14 

Btu 

r 

-1 
m 3/8" Rd. X 1/4" Rd. = 7.9% of Coalxz 
Q - 1.30 34.7 8.02 3.07 11895 34.7 8.02 3.07 11895 100.0 30.62 5.82 8386 

C) 

m 

1.30 

1.45 

1.45 

1.60 

24.1 

16.7 

21.80 

36.74 

5.84 

8.30 

9773 

7388 

58.8 

75.5 

13.67 

18.77 

4.21. 

5.11 

11025 

10221 

65.3 

41.2 

42.63 

54.81 

7.28 

8.12 

6521 

4618 
m 

z0 
1.60 

1.70 

1.70 

1.80 

6.3 

3.9 

52.78 

62.71 

8.14 

6.18 

4865 

3195 

81.8 

85.7 

21.39 

23.27 

5.34 

5.38 

9808 

9507 

24.5 

18.2 

67.12 

72.09 

8.00 

7.95 

2730 

1991 
0 

1.80 1.90 4.0 69.92 4.68 2136 89.7 25.35 5.35 9179 14.3 74.65 8.43 1663 

1.90 2.10 7.3 80.92 3.22 949 97.0 29.53 5.19 8559 10.3 76.48 9.89 1479'0 

2.10 - 3.0 65.69 26.13 2768 100.0 30.62 5.82 8386 3.0 65.69 26.13 2768 , 

-4 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

BULK WASHABILITY
 

Size Fraction 1/4" Rd. X 28 Mesh
 

Specific Gravity As Received 
 Total Dry
 
Weight Moisture Weight


Sink Float Percentage Percentage Percentage
 

-- 1.30 32.6 
 33.47 29.7
 

1.30 1.45 
 25.1 29.87 24.1
 

1.45 1.60 
 12.3 24.10 12.8
 

1.60 1.70 6.0 
 23.02 6.3
 

1.70 1.80 
 5.2 20.52 5.7
 

1.80 1.90 
 5.0 19.46 5.5
 

1.90 2.10 
 9.4 15.12 10.9
 

2.10 --
 4.1 10.61 5.0
 

100.0 26.65 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO.
 
iginal Copy Watermarked 

For Your Protection 

466DWC/nk
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00 

< RCBERIS & SCHAEFER (OMPANY 
Chicago, Illinois 

ml 
SI.AIKIRA OJAL PROJECT 

June 21, 1985 

BULK WASHABILITY 

FLOAT & SINK ANALYSIS 
DRY BASIS 

o 

m m 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5 

FRACTION ANALYSIS 
DRY BASIS 

% Ash % Sul. 

6 

Btu 0/ 

7 

Wt. 

8 9-

CUM. RECOVERY 
(FLOAT) 

A% 

10 

% AshAsh 

11 

%/W0%% Sul.Sul. 

12 13 
CUM. REJECT 

(SINK) 

BtuBtuwt%As % 1 

14 

BU 
0 

-

m 1/4" Rd. X 28 Mesh = 18.9% of Coal 

&W 0 - 1.30 29.7 7.86 2.92 11914 29.7 7.86 2.92 11914 100.0 34.97 6.02 7660 

1.30 1.45 24,1 23.06 5.42 9507 53.8 14.67 4.04 10836 70.3 46.42 7.33 5863 
1.45 1.60 12.8 36.48 7.76 7267 66.6 18.86 4.75 10150 46.2 58.60 8.33 3962 

m 
m 1.60 1.70 6.3 51.08 7.50 5040 72.9 21.65 4.99 9708 33.4 67.08 8.55 2696 
zQ 1.70 1.80 5.7 61.32 5.33 3458 78.6 24.52 5.02 9255 27.1 70.80 8.80 2151 
0 
0 1.80 1.90 5.5 70.51 3.84 2172 84.1 27.53 4.94 8792 21.4 73.32 9.72 1803 

1.90 2.10 10.9 79.30 3.04 1017 95.0 33.47 4.72 7900 15.9 74.29 11.75 1675t 

2.10 - 5.0 63.38 30.75 3109 100.0 34.97 6.02 7660 5.0 63.38 30.75 3109-r

-4 
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ROBERTS & SCHAEFER COMPANY 
 June 21, 1985
 
120 South Riverside Plaza
 
Chicago, IL 60606
 

LAKHRA COAL PROJECT
 

BULK WASHABILITY
 

Size Fraction 28 Mesh X 100 Mesh
 

Specific Gravity As Received Total Dry
Weight Moisture Weight
Sink Float Percentage Percentage Percentage
 

-- 1.30 8.2 
 33.53 
 7.0
 

1.30 1.45 
 31.4 29.31 28.6 

1.45 1.60 
 12.8 24.16 12.5 

1.60 1.70 
 5.7 22.00 5.7
 

1.70 1.80 
 6.2 20.82 6.3
 

1.80 1.90 
 5.9 17.98 6.2
 

1.90 2.10 
 13.5 
 14.49 
 14.8
 

2.10 --
 16.3 
 10.09 
 18.9
 

100.0 
 22.25 100.0
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 

For Your Protection 

r.464)WC/nk A 
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-<0 
00 

o RCBERTS & SCHAEFER COMPANY 
Chicago, Illinois 

0 EO 

IAKHRA OOAL PRQJECT 
June 21, 1985 

BULK WASHABILITY 

FLOAT & SINK ANALYSIS 
DRY BASIS 

m 

m 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT % 

3 

Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 

% Ash % Sul. 

6 

Btu 

7 

% Wt. 

8 9-

CUM.RECOVERY 
(FLOAT) 

% Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 
CUM. REJECT 

(SINK) 

% Ash % ul. 

14 

Btu 

m 28 Mesh X 100 Mesh = 3.7% of Coal 

- 1.30 7.0 8.75 3.23 11722 7.0 8.75 3.23 11722 100.0 46.24 7.21 5878 

1.30 1.45 28.6 19.98 3.81 10043 35.6 17.77 3.70 10373 93.0 49.06 7.51 5439 

m 

1.45 1.60 12.5 34.12 5.36 7748 48.1 22.02 4.13 9691 64.4 61.97 9.15 3394 
m 1.60 1.70 5.7 47.81 5.82 5593 53.8 24.75 4.31 9257 51.9 68.68 10.07 2345 
0 1.70 1.80 6.3 59.42 5.72 3605 60.1 28.39 4.46 8664 46.2 71.25 10.59 1944 
0 

1.80 1.90 6.2 65.62 4.96 2718 66.3 31.87 4.50 8108 39.9 73.12 11.36 1682 

1.90 2.10 14.8 73.99 4.71 1610 81.1 39.56 4.54 6922 33.7 74.50 12.54 1492-"o 

2.10 - 18.9 74.90 18.67 1399 100.0 46.24 7.21 5878 18.9 74.90 18.67 1399, 

--j 



COMPOSITE 4 X 100M : 100 X OF TOTAL (Seam + 10% Dilution) 

SP. GR. I INDIVIDUAL FRACTIONS I CUMULATIVE FLOATSFRACTIONS I I CUMULATIVEZ WT Z ASH X SUL BTU/LB IX WT X ASH Z SUL BTU/LB I X WT X ASH
I0.000-1.300 1 40.68 19.83 2.98 111772 1 40.68 
 9.83 2.98
1.300-1,450 11772 1100.00 36.45
1 15.75 23.73 5.02 
 9532 1 56.43 13.71 3.55
1.450-1.600 1 11147 1 59.32 54.71
9,54 40.07 6.52 
 6949 1 65.97 17.52 3.98
1.600-1.700 1 10540 1 43.57 65.90
4.23 53.92" 6.45 
 4816 1 70.20 19.71 4.13
1.700-1,800 10195 1 34.03 73.14
1 5.71 62.87 4.46 
 3592 1 75.91 22.96 4.15
1,800-1.900 1 5.06 9698 1 29.80 75.8772.61 3.30 
 2180 1 80.97 26.06 4.10
1.900-2,100 1 8.49 9228 1 24.09 78.96
80.41 2.75 
 1077 1 89.46 31.22
2.100-2.800 1 10.54 80,83 3.97 8455 1 19.03 80.64
9.31 
 1030 1100.00 36.45 4.53
AVERAGE RAIJ 7672 1 10.54 80.83
COAL SPECIFIC GRAVITY: 


1.57
 

SINKS 
. SUL BTU/LB 

4-53 
5.60 
5.81 
5.61 
5.49 
5.74 
6.38 
9.31 

7672 
4861 
3172 
2113 
1730 
1288 
1051 
1030 

CD 

00 



COMPOSITE 4 X 1/2 : 
62.4 Z OF TOTAL
 

SP. fR. I INDIVIDUAL FRACTIONS 
 I CUMULATIVE FLOATS 
 I CUMULATIVE
FRACTIONS I X WT SINKS
X ASH Z SUL BTU/LB I Z UT 
Z ASH Z SUL BTU/LB I2 WT Z ASH X SUL BTU/LB

I 
 10,000-1.300 1 54.46 10.34 2.97 111750 1 54.46 10.34 2.97 11750 1100,00 29.13 4.04
1.300-1.450 1 13.48 25.36 8753
4.68 9385 1 67.94 13.32 3.31 
 11281 1 45.54 51.62 5.32 5168
1.450-1.600 1 
8.24 44.18 5.27 6496 1 76,18 16.65 3.52 10764 1 32,06 
62.66 5.59 3394
1.600-1.700 
1 3.80 56.67 
5.32 4583 1 79.98 18.55 3.61 10470 1 23.82 
69.05 5.70
1.700-1.800 1 5.69 67.76 2322
3,51 2044 1 85.67 21.82 3.60 
 9911 1 20.02 71.40 5.77 1893
1.800-1.900 1 
5.50 74.22 2.08 
 2126 1 91.16 24.98 
 3.51 9441 1 14.33 72.84 6,66 1833
1.900-2.100 1 6.16 
 80.44 2.89 1164 
1 97.33 28.49 3.47 
 8917 1 8.84 71.99 9,51 1650
2.100-2.800 1 2.67 
 52.51 24.78 2772 1100.00 29.13 4,04 8753 2.67 52.51 24.78 
 2772
AVERAGE RAW COAL SPECIFIC GRAVITY: 
 1.46 

CD 

00 



LAKIIRA COAL PROJECT
 

BULK WASHABILITY
 

COMPOSITE 1-1/2 X 3/4 
 : 19,8 2 OF TOTAL
 

SP. GR. I INDIVIDUAL FRACTIONS 
 I CUMULATIVE FLOATS 
 I CUMULATIVE SINKS
FRACTIONS 
 I Z WT X ASH % SUL BTU/LB I X WT 
X ASH % SUL BTU/LB I % WT 
 % ASH Z SUL BTU/LB
 
10.000-1.300 

I 
1 51.23 11.76 3.12 111519 1 51.23 11.76 3.12 11519 1100.00 31.03 4.27 8569
1.300-1.450 1 15.56 
24.95 4.80 9431 1 66.78 14.84 3.51 11033 1 48.77 
51.26 5.48 5471
1.450-1.600 1 8.27 
43.48 5.72 6612 1 75.06 17.99 3.76 10545 1 33.22 
 63.59 5.80 3616
1.600-1.700 1 4.50 55.90 6.05 4744 1 79.56 20.14 3.89 
 10217 1 24.94 70.26 5,83
1.700-1.800 1 6.10 66.27 4.42 3288 1 85.66 23.42 3.92 

2622
 
9724 1 20.44 73.42 5.78 2155
1.800-1.900 1 4.26 
 73.53 3.18 
 2188 1 89.92 25.80 
 3.89 9366 1 14,34 76.46 6.36 1672
1.900-2.100 1 7.44 
 80.96 
2.54 1088 1 97.36 
30%01 3.79 8734 1 10.08 77.70 7.70 1454
2.100-2.800 1 2.64 
 68.52 22.26 2487 1100.00 31.03 4.27 8569 1 2.64 
 68.52 22.26 2487
AVERAGE RAW COAL SPECIFIC GRAVITY: 
 1.47
 

-o 
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LAKHRA COAL PROJECT
 

BULK WASHABILITY
 

COMPOSITE 1/2 X 1/4 
 : 14,7 2 OF TOTAL
 

SP. GR. I INDIVIDUAL FRACTIONS 
 I CUMULATIVE FLOATS 
 I CUMULATIVE SINKS
FRACTIONS 
 I Z WT Z ASH Z SUL BTU/LB 1 Z WT X ASH X SUL BTU/LB I Z UT 
 X ASH X SUL BTU/LB

I 
 1 10.000-1.300 1 35.76 
 8.71 3.10 
 11762 I 35.76 8.71 3.10 11762 1100.00 30.36 5.66 8397
1.300-1.450 1 23.17 21,75. 5.72 
 9770 1 58.94 13,84 4.13 
 10979 1 64.24 42.41 7.08 6524
1.450-1.600 1 17.02 
 36.20 8.09 7424 1 75.96 18.85 5.02 10182 1 41.06 4692
54.08 7.85
1.600-1.700 1 6.30 51.94 8.13 4945 1 82.26 21.38 5.25 
 9781 1 24.04 66.74 7.69 2756
1.700-1800 1 4.04 61.95 6.47 3238 1 86.30 23.28 5.31 9475 
1 17.74 71.99 7.53 1979
1.800-1.900 1 3.86 
 69.88 4.71 2152 1 90.16 25.28 5.29 
 9161 1 13.70 74.95 7.84 1607
1.900-2.100 1 
7.02 80.76 
3.19 959 1 97.19 29.29 5.13 8569 1 9.84 
 76.94 9,07 1394
2.100-2000 2.81 67.41 23.74 
 2479 1100.00 30.36 5.66 8397 1 2,81 
 67.41 23.74 2479


AVERAGE RAW COAL SPECIFIC GRAVITY: 
 1,49
 

"0
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COMPOSITE 1/2 X 100M 
 1 37,3 X OF TOTAL
 

SP. GR. 
 I INDIVIDUAL FRACTIONS
FRACTIONS CUMULATIVE FLOATS
II WT % ASH 2 SUL BTU/LB % WT 
I CUMULATIVE SINKS
% ASH X SUL BTU/LB I 
% WT
0.000-1.300 1 29.84 

Z ASH Z SUL BTU/LB

3.01
1.300-1.450 

8.28 11838 1 29.84 8.28
1 24.18 22,20 3.01
5,34 11838 1100,00 34.27
1.450-1.600 1 14.43 
9669 1 54.02 14.51 6.00 7774
4.06 10867
36.15 1 70.16
7.71 45.32
1.600-1.700 1 6,24 
7381 1 68.46 19.08 7.27 6046
4.83
51.13 10132 1 45.98
1.700-1,800 I 5.11 

7.60 5052 1 74.70 57.48 8.28
21.75 4140
61,28 5.73 5.06 9708 1 31.54
3407 1 79.80 67.24 8.54
1.800-1,900 1 4.92 24.28 5.10 2657

69.70 4.25 9305 1 25.30 71.21
2234 8.77
1.900-2.100 1 84.73 2066
26.92
1 9.76 5.05
78.92 3.33 1090 8894 1 20.20 73.72
2,100-2.800 1 5.52 

1 94.48 32.29 4.87 9,54 1727
68.10 25.24 8088 1 15.27
2401 1100,00 75,01 11,24
34.27 6.00 1563
7774 1 
5.52 
68.10 25.24

AVERAGE RAW COAL SPECIFIC 2401


GRAVITY:
 

(D 

co 
0 
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APPENDIX A
 

PROPOSED PREPARATION & ANALYTICAL PROCEDURES
 
OF
 

THE LAKHRA COAL RESERVE
 
SIND DISTRICT, PAKISTAN
 

BY
 
COMMERCIAL TESTING & ENGINEERING CO.
 

Estimated sample weight is 3-1/4 tons. 
 Sample will be delivered
 
to lab in plastic-lined sacks weighing approximately 50 pounds

each. Sacks will be marked as coal or parting.
 

SAMPLE PREPARATION
 

A. 	Coal Sacks
 

1. 	Record the weight of each sack.
 

2. 
Empty each sack and screen at 4" round. Report weight of
 
plus 4" and 4" x 0 material.
 

3. 	Crush plus 4" to 4" top 
size and combine crushed 4" x 0
 
coal.
 

4. 	Remove split and analyze for apparent specific gravity,

total moisture, ash, sulfur and Btu/Ib. 
Report results to

R&S 	before proceeding. Checkpoint
 

B. 	Parting Sacks
 

1. 	Record the weight of each sack.
 

2. 
Empty each sack and screen at 4" round. Report weight of
 
plus 4" and 4" x 0 material.
 

3. 	Crush plus 4" and 4" top size and combine crushed 4" x 0
 

parting.
 

4. 	Remove split and perform following tests:
 

a. 	Apparent specific gravity
 

b. 	Float-sink at 1.70, 1.80, 1.90 
and 2.10 specific

gravities. Analyze float-sink fractions for 
 ash,

sulfur and Btu/ib.
 

C. 	Combine coal and parting material on a weight proportion

basis. Weight factors will be provided by R&S. The fol
lowing decrepitation and bulk washability 
tests are to be
performed simultaneously. Amount of sample for each test to
 
be specified by R&S.
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 

For Your Protection 
F.466 
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PROPOSED PREPARATION & ANALYTICAL PROCEDURES 
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LAKHRA COAL RESERVE, PAKISTAN
 
APRIL, 1985
 
Page 2 of 3
 

DECREPITATION TEST
 

A. 	Screening Test
 

1. 	Dry screen sample to produce: 4" x 2", 2" x 1-1/2",

1-1/2" x 1", 1" x 3/4", 
 3/4" x 1/2", 1/2" x 3/8",
3/8" x 1/4", and 
 1/4" x 0 size fractions. Record
 
weights of each size fraction.
 

2. 	Screen test shall be repeated for the above size frac
tions after air-drying sample 24 48
for hours, hours

and 	96 hours.
 

B. 	Float-Sink Test
 

1. 	Crush sample to 3/4" top size.
 

2. 	Screen at 100 mesh. Analyze 100 mesh 
x 0 for moisture,
 
ash, sulfur, and Btu/lb.
 

3. 	Separate 3/4" x 100 mesh material into 4 equal weights.
 

4. 	Analyze head samples 
for 	each of the 4 samples in step 3
for 	moisture, ash, sulfur and Btu/lb. 
 (Select one head
sample to perform equilibrium moisture). If results for
each of 4 samples 
is within + 10%, proceed with the following analysis. If greater than + 10% 	 redifference, 

port results to R&S before proceeding.
 

5. 	Air-dry 3/4" 
x 100 mesh samples for the following time
 
periods:
 

Sample No. 1 
 0 hours
 
Sample No. 2 
 24 hours
 
Sample No. 3 
 48 hours
 
Sample No. 4 
 96 hours
 

6. 	After air drying sample numbers 2, 3, & 4 for the above

time intervals, analyze head for
samples moisture, ash,

sulfur and Btu/ib.
 

7. 	Screen at 1/2", 28 mesh and 100 mesh.
 

8. 	Float-sink 3/4" x 1/2", 1/2" 
x 28 mesh and 28 mesh x 100

mesh screen fractions 
at 1.60, 1.70, 1.80 and 1.90 spe
cific gravities.
 

9. 	Analyze each float-sink fraction for ash, sulfur and
 
Btu/lb.
 

10. Calculate composite 
over all sizes for 1.60, 1.70, 1.80
 
and 1.90 specific gravities.
 

COMMERCIAL 
TESTING & ENGINEERING CO.

Original Copy Watermarked 

For Your Protection 

F.,66 	 A 
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PROPOSED PREPARATION & ANALYTICAL PROCEDURS
 
LAKHRA COAL RESERVE, PAKISTAN
 
APRIL, 1985
 
Page 3 of 3
 

BULK WASHABILITY ANALYSIS
 

1. 	Renove 20% 
by weight for raw coal analysis. Analyze for

proximate, ultimate, fusion 
 (reducing and oxidizing),

equilibrium moisture, sulfur forms, chlorine, water sol
uble chlorine, water soluble alkalies, mineral analysis

of ash, ash resistivity, 
and hardgrove grindability.
 

2. 	Screen remaining sample at 2", 1-1/2", 1", 3/4", 1/2",

3/8", 1/4", 28 mesh and 100 mesh. Report weight percent

of the 4" x 2", 2" x 1-1/2", 1-1/2" x 1", 1" x 3/4", 3/4"

x 1/2", 1/2" x 3/8", 3/8" x 1/4", 1/4" x 28 mesh, 28 mesh
 
x 100 mesh and 100 mesh x 0.
 

3. 	Analyze a head split of each fraction for moisture, ash,
 
sulfur and Btu/lb.
 

4. 	Float-sink each size fraction except the 100 mesh x 0 at
 
1.30, 1.45. 
1.60, 1.70, 1.80, 1.90, and 2.10 specific

gravities. 
 Analyze each float and sink fraction for ash,
 
sulfur and Btu/lb.
 

5. 	Prepare two cumulative float composites of the 4" x 100
 
mesh clean coal at a 1.60 and 1.80 specific gravity re
spectively. Analyze for proximate, ultimate, 
 fusion

(reducing and oxdizing), equilibrium moisture, sulfur

forms, water soluble alkalies, mineral analysis of ash,

and 	ash resistivity.
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 

For Your Protection 
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F----ORT OF =NVEST!_GATIONS
 

UNIT STATES DEAR1_ OF = UPMIOR 
- BUREAU OF =1-RS 

XCTS OF MOISTUPZ 01 FLOAT -A-SfLM TE=ST( OF LIGNIM, / 

By H. M. Cooper,_/ E. C. Tarpley,3/ and R. F. Abernatho 

INTRO IUCTION
 

The float-and-sir.k testa/_/ is generaLly 
 the fLst test used in determining the washing characteristics of coal. The simplest form of the testis that of using one solution of such specific gravity that the test sampleis separated into "float" and "sink" fractions. In practice, however, aseries of solutions is used, and the sample is separated into a number offractions of a definite specific-gravity range. Analyses of a series offractions of this type are often referred to as the "specific-gravity analysis," and are of great value in the selection, construction, and operation

of commercial washing equipment.
 

The test is rather simple to use, provided a number of conditions arerecogn ized and as many as possible held constant, such as: 

1. In laboratory test ing, two types of solution are available 

(a) Aqueous solutions of calcium and zinc chlorides.
.(b) Mixtures of organic liquids such as carbon tetracho

ride, benzene, gasoline, brcmoform, etc. 

2. Absorption of the solution by the coal. 

3. Solvent action of the solution toward the coal. 

4. Constancy of specific gravity during the test is affected by. 
temperature changes, dilution, and evaporation. 

I/ The Bureau of Mines wil welccme reprinting of this paper, provided thefollowing footnote acknowledgment is used: "Reprinted from the
Bureau of Mines Report of Investigations 4184. " _/ Supervising chemist, Coal Analysis Section, Bureau of Mines Central Ex
periment Station, Pittsburgh, Pa.,/ Associate chemist, Coal Analysis Section, Bureau of Mines Central Exper
iment Station, Pittsburgh, Pa.4/ Chemist, Coal Analysis Section, Bureau of Mines Central Experiment Sta
tion, Pittsburgh, Pa.

5/ Bird, B. M., Messmore, H. E., The Flcat-and-Sink Test for Fine Coal:University of Washingtcn, a--gilneerLng Experiment Station Bull. 46,1928. Also published as Bureau of Mines Rept. of Investigations
2586, 1924, 4 pP..
/ Yancey, H. F., and :Fraser, Thcmas, Coal-Washing Investigations, Methodsand Tests: Bureau of Mines Bull. 300, 1929, pp. 61-62.
 

;/
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3. Personal 	 technique of the test, such as the time the coalis in the liquid., rate of addizg the sample to 	theliquid, st'rring, time of draining, etc. 

6. Moisture content of the coal as tested.
 

All the above factors have been
more,-/ Yancey 	 discussed by Nebel,_7/ Bird and Messand Fraser ,2/ 	 and others. The effect of moisture was dealtwith rather spari_ly, probably due to the relatively small percentagewater in the coal, tested. Indications 	 of 
ranks coal 	

are that subbituminous and ligaiticof are appreciably affected by variations in moisture content ofthe sample as tested. 

PRfL.MZRY WORE 
In the survey of American coals for hydrogenation purposes,and-sinjk test was 	 the floatmade on bituminous, subbituminous, and lignitic ranks of.coal. The same procedure was used on the several ranks, and comparable resuits were obtained on all except the lignite.
 

The first sample of 11.te tested ha.i been
ture-tight drum; consequently, 	 stored 1 year in a moisthe moistz.e equilibrium of the sample had.been disturbed to such an extent that several gallons ofto ths bottom of the drum. The sample 	
water had drained 

was prepared for float-and-sinktesting by air-drying at room temperatmze until it was dry enough to 	becrushed ani screened. The finer sizes were air-dried longer than thecoarser sizes. It was imzossible to correlate these data, probably due tovariations in the moisture content of the sample as tested.
 
Because lignite 
as mimed apmears dry, several float-and-sink testsi'were made at 	the mine on freshly mined and reared samples. Difficultywas not encountered in the preparation or the test. 

OBJECTV E
 
The float-and-sink 
test as applied to bituminous coals gaveand unccmparable results on 	 erraticalr-dried lignite. The results of the following series of 	tests show the effects of moisture on the test: 

1. Effect of 	air-dryng lignite to Various moisture contents. 
2. Effect of 	saturating air-dried lignite -ith: 

(a) Carbon teachlori da-gasoline mixture of 1.000 specific
gravi ty.

(b) Water.
 

7/ Nebel, M. 	L., Specfifc Gravity Studies of iillnois Coal: University
of Illinois Bull . 89.

8/ See footnote 5. 
9/ See footnote 6.
10/ Crentz, W. L. and Burns, J. 	 J., unpublished w",.z% 

-21959 
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Figure I. - Bureau of Iines containers for float-and-sink coal testin. 
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3. Mfect of direction of samle tEr6tgh a series of solutions;
i.e.; 
1.60 tO !.50 to 1.40 ...... 1.2, or 1.25 to 1.27
 
to 1.29 ...... !..
6o.
 

4. 
Devise a modified test apPicable to undried lig..te.
 

=. RATION OF TEST SAMPLES
 
The moisture content of air-dried lignite is not a constant; therefore,
variations in size and different times of preparation will yield sampleswith varying percentages of moisture.
 

A special eample of freshly mined lignite was obtained and. prepared asgiven below to determine the variations due to different mostare percent
ages. 

A sample (approximately 400 pounds)39.5 percent moisture was crushed in a jaw 
of North Dakota lignite containing

crusher to pass throughinch round-hole screen. a 3/4-It was screened on a 14 -mesh sieve into two portions. T7he minus 14 -meeh portion amounted to about 10 percent of theple a.-nd was too samwet to be screened on sieves with sna!_.er openings. The3/ 4 -inch by 14 -mesh portion was split into eight parts with a riffle, and.stored in metal, moisture-tight containers until the float-and-sink testscould be made. The entire reparation was carried out without air-dryingand with as little moisture loss as possible.
 

APPARATUTS AND 14.=Ol OF TEST
 
A number of machines/2/3//Z/ 
 have been devised for nalfloat-and-sink thetest on cca2.. The chief disadvantage ccmmonmachines is that the coa 

to all of theseis tested in only one solution at a time. 
The equipment (see fig. 1) used to make the separations in this studyconsisted of a cylindrical

and 12-1/2 
metal vessel with straight sides, 18 inches highinches in diameter, to hold the solution. A conical metal tube12 inches in diameter at the top, 8 inches in diameter at the bottom,14-3/4 inches high andwas placed in the container. A 20-mesh screendepending on the size of or fine:-,coal being tested, was attached to theor bottom, 8 -inch end., 

over 
of the tube by spring clips. A piece of cotton cloth was spreadthe top of the screen before it was pressed onto the cone toa filter when serve asthe inner container w-as lifted out to remove the sink.
 

/ Del= aer, . R., Coal-W-shery ?lazt Control: 
 Mins and Mnnerais, vo. 

30, 1909, pp. 55-58.L/ McMi.LL-=., B. R., and Bird, B. M., A Float-and-Sink Method and Apparatus for Testing Coarse-Size Coal: Bureau of Mines Rent. of Investigations 2570, 192L, 4 pp.
!3 / See footnote 5.
Drakeley, T. J., 
Coal Wash:_g; A Scientific Study, Discussion: 
 -"ans.
Inst. Min. Mng., vol. 55, 1917-18, p. 162.
15 Sinnatt, F. S., and 'Wood,C. G., Cca1-WashLug Tests, Part l, An Apparatus for the Float-and-Si-mk Test: 
 Trans. Inst. M.m.. Eng., vol.

66, 1924, pp. !58-165.
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The tests in this report were made by preparing nine solutions to thedesired specific gravities, using gasoline and carbon tetraclhoride. Thecoal was placed in the solution With the greatest specific gravity (1.59),stirred, and, after a few -miutes(or -when the movement up or down had.sto.ped.), the float was si-ned off by usin-g a wire screen stainer. ThestraLiner containing the float was suspended above the level of the liquidand a-lowed to draiz. When the liquid. ceased- to drip, the coal was placedin the next heavier solution (1.50).. This process was repeated on eachsolution of decreasing s-pecific gravity until all the ligite sank orfloated on the 1.25 specific-gravity solutian. The inner containerraised. to allow wasthe solution to drain. The contents were emptied into separate shallow pans and placed in a down-droft hood until the odor of the

solution had disappeared.
 

The solutions were kept in a down-draft hood to take away the toxicvapors of carbon tetrachloride. The samples and solutions were kept in thesame room in order that both would assume the same temperature. The temperature and smecific gr!,vity of the solutions were measured beforeafter the test. The foi'.owing is a typical work 
and 

sheet. 

Specific "ravity and tamernsture of solutions 

Before test After test 
Specific Specific 
grtvity Tem-_. .gravity Temp .3-,59.0 23.0 1.5830 22.0
.1.5000 1.5010
 
1.4000 1. 10O
1.3505 1.3510 
1.3305 
 1.3310
 
1.3100 
 1.3110
 
.1.2910 
 1.2905
 
1.2710 1.2710

1.2520 22.5 1.2515 23.0
 

The specific gravities *f the solut.cns 
were determined. to the fourthdecimal place with spindle hydrcmeters, bu- were only reported to thesecond decimal place. The heaviest solution used in the series was the undiluted carbon tetrachloride, nd actually tested 1.58 to 1.59 specificgravity. The values of 1.58 to 1.59 are remortid as 1.60 to gave greater
uniforzity. 

ZIFECT OF AM-DR=-G LIITE TO VARIOUS MOISTU E CON=S
 

The effect of air-dr7ing the 
lignite was determined by drying portionsof the sample 16, 24, 48, and 136 hour3. These then contained 28.8, 28.0,20.5, and 10. percent moisture res-ectlvely. The cuzualtAve yield andin percent, for these samples are ccmpared -with en undrled sample given
ash, 

as 
in table 1, and the yield 1s shc,- gra;hica y in the curves in f.gure 2. 

-41959 
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R. 1. 418. 
TABLE 1. - Ct=.ulative yield and ash, percent, on air-dry-ing 

Air-dried Air-&±red.lPercent moist. As-received i6 hours Ar-dr' ed Ajr-driLe7L"82) hours Z hours 136 hoursas floated.: 39.5 -. 2d'd o0uu7 2 

SDec_ .c 
 Dr I.17gravity Yield ash -r- ry= a Yi.-eld. ash afyFloat - 1.25 Yield ash Yield.. 93 .a- 3.6 1.-1, 3.7 ash Yield ash 

1.25 0.4 7.5 0.2 T.
- 1.27 ... 73.3 6.8 11.7 4.4 8.5 4.3 1.9 3 91.27 1.29 5 4.390.2 7.1 31.2 5.6 21.9 5.2 6.2
1.29- 1.31 ... 93.8 7.2 
4.2 1.9 4.052.7 6.1 42.5 
 6.0 !4.8 4.9 5.5
1.31- 1.33... 4.2
95.5 7.3 72.2 6.4 66.4 6.4 31.8
1.33- 1.35- ... 96.5 7.4 5.6 12.7 4.584.2 6.6 83.8 6.7 60.3 6.2 25.8
1.35- 1.4o ... 5.3
97.4 7.5 95.0 6.9 95.0 7.1 92.4
1.40- 1.50 ... 97 7 6.9 82.1 6.9
97.1 7.1 97.2 7.3 96.8 7.1 95.8
1.50 - ..60 ... 7.497.9 97.4 7.2 97.4 7.4 
 97.1 7.2
Sink - 1.60 96.5 7.5... 100.0 
9.1 100.0 
9.0 100.0 9.1 1!00.0 9.2 100.0 9.8 

EFFECT OF SATURA=_ A'IG -
 D LiGNI.'!T
 
A-s stated _reviously, the wet coels odinarily 
=st be at least partlyair-dried to prepare the samvle and make the test. It was attempted to restore the air-dried lignite to about the same state as it was in-the mine
by saturating the air-dried sample 
 (1) in a solution of carbon tetrachlorideand gasoline of 1.00 specific gravity and (2) -withwater. 

One saple'-ras air-dried 136 hours and split onOne half a riffle into two parts.was run without saturating; the other half was submerged inbon tetrach-loride-gasolie a carsolution of 1.000 specific grarity 24 hours. Itwas removed and allowed to drain before the wastest made.
 

Another sample was 
 treated in the same 
was saturated by immersing in 

manner, except that one half 
a carbon te-achcride-gasolinethe other mixture andin water for 96 hours. This latter sample was removed from thewater, allowed to drain, spread out, and carefullyof visible surface moisture before 

dried unti). it was free
the float-and-sink

cumnlative yields test was made. Thefor each of the four seanles are given in table 2. Thecurves in figure 3 show graphically the eflfect of saturating the air-dried 
lignite.
 

- 5 1959 
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TABLE 2. - C'au.latis y.eld nd ash. Dercent. on saturatjg 
a 4 -dri ed. 2.gr.it 

Air-dried. 136 hours 
Satura-ed Saturated SaturatedPercent Not 24 hours in 96 hours in 96 hours

moist. As received saturated CCIL,gasoline CClL-gasoJlie in water as floated 39.5 i 0.4 i0.4*. ___ ._ 3 7.Smec:Lfcic IDry IDry Dry Dry Dry
g-av t Yield ash Yield ash Yield ash Yield. ash Yield ash

Float - 1.25 29.3 5.6 0.2 00 0.02) 5.51.25 - 1.27 73.3 6.8 .5 .3 .- 4. * . 3.8 7.3 5.61.27 - 1.29 90.2 7.1 1.9 4.0 .7 
 .2 50.1 6.6
1.29 - 1.31 93.8 7.2 3.25.5 4.2 3.9 1.2 3.7 90.1 7.41.31 - 1.33 95.5 7.3 12.7 4.5 10.1 3.9 5.6 3.6 95.8 7.6
1.33 - 1.35 96.5 7.4 25.8 5.3 21.4 4.7 16.o 4.3 97.0 7.71.35 - 1.40 97.4 7.5 82.1 6.9 86.6 6.6 78.7 6.5 97.9 7.9
1 4 - 1.50 97.7 95.8 7.41.50.-.260 .. 97.9/ 76 96.07989.2.395.3 6.9 95.6 7.0 98 8.0 
.50- 1.60 90.9 96.5 7.5 96.2 7.0 96.5 7.2 98.6 8.1sink -1.60 100.0 9.1 100.0 9.8 100.0 1 9.5 100.0 9.-..100.0 8.8 
*Moisture content when sa-urated 

D-EC NCNOF SA= TMUGR A SEP= S OF SOLTJrIONS 

Many times vIsual ins'oection of a sample will show that it contains a
large quantiy of refuse or is relatively clean coal. A great saving in
time =-d handliag of meteri4.J can be accomlished by determining whetherthe sample should. be put into the heav-est- cr lightest solution first.
portions of the as-received lig-ite were put through 

Two 
the series of solutionsof 1.25, 1.277, 1.29, 1.31, 1.33, 1.35, 1.40, 1.50, and 1.60 in opposite directions. When the lignite was put into the heaviest solution (1.60) first,

the float was sdzzed off and passed into the next heavier solution (1.50);but when the samle "as put into the lightest solution. (1.25) first, the
inner container with the sink was moved into the next heavier solution
(1.27) and the float skimed off, which imediately became the sample. Twosamples were air-dried. 136 hours and also passed through the solutions in 
opposite directions. 

The results obtained from these aretests given in table 3, and shown 
graphically in the curve, figire 4. 

- 61959 
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TAB= 3. - Direction of sampnle t:h-ou h a series of solutions 

As-received I A'r-dried coursPercent moist. J1.c0-l.25 1 l. 2 5-1.oo0 .o0-1.25 i1.25-!.b0
asfloated: 39.5 39.21 i0.-, i 11.7
Spe fci Iry Dry I Iygravity Yield ash 

-r 

Yield ash Yield ash Yield ash
Float 1.25 . 29.3 5.0 33.9 0.25.7- 4.o 1. 5.351.25 - 1.27 .. 73.3 6.8 75.1 6.61 .5 4.3 1.8 5.21.27 - 1.29 90.2 7.1 89.3 6.9 .1.9 4.0 2.9
1.29 - 1.31 .. 93.8 7.2 92.6 5.5 

4.7 
7.0 4.2 5.9 4.41.31 - 1.33 .. 95.5 7.3 94.3 7.1 12.7 4.5 13.0 4.5
1.33 - 1.35 .. 96.5 7.4 95.4 7.2 25.8 5.3 25.2 5.1.1.35 - 1.40., 97.4 7.5 96.6 7,3 6.982.1 81.9 6.6
1.4o - o7 61.51.50 97.17 95.8 7.47.4 7.0L.7 5.8 95.71.50 - 1.6o 979 97.3 96.5 7.5 96.4 7.1sink 1. .. 100.0 9.1. 0.0 9.3 1oo.o 9.8 9.4oo.o 

.-s~ io 
DISCUSSION! 

The foregoing tests were made to determine the effect and extent thatmoisture has on the float-and-sink testing of lignite. These data are notto be considered a washability stud7 of lignite. In table 1, coluMn i, isgiven the percent cumu.lative yield for lignite containing the bed moistureof 39.5 percent. Columns 2, 3, 4, and 5 give the yield for partly driedssmmles containing 28.8, 28.0, 20.5, and. 10.4 percent moisture, respectively. The sample for moisture content -was collected by takng a number ofs.all increments as the sam=le "was tested. The "as-received" sample containg 39.5 percent moisture yielded 29.3 percent "float" on a, solationof 1.25 specif.c gravity. The yield for a sample containing 213.8 percentmoisture dropped to 3.1; and for a moisture content Of 10.4, he yield was0.2 percent. Approx-t3 yields of 29 percent fell on specific gravitysolutions 1.25, 1.29, 1.30 (estimated), 1.33, and 1.36 for the five samples tested. The percentages of ash for these yields are within elperimental error of each other: 5.8, 5.6, 5.6 (estimated), 5.6, and. 5.5 (estimated). This indicates that a ligite containing 20 percent moistarewould have to be cleaned on a specific gravity of almost 1.33 to be coparable to that obtained on a 1.25 specific gravity for the undried I.Ig
nite. 

Nebe,!-6 Bird and Messmore,17/ Yancey and Fraser,_8/ and others havedetermined that a-dried bituminous coals cpn be restored to about theiroriginal states by boiling in water for 1 hour or 1=ers4-- in -ater forlonger time. Table a
2 gives the results obtained by saturatuing air-driedlignLte sam-les in a. mirture of gasoline-carbon tetrachlcride solution of1.000 specific gravity, and with vater. LIgite behaves differently f-cmbituminous coal on the wetting of air-dried samples. K.ng and Wkinl__'1/ 

L See fooiote 7. 
17/ See footnote 5. 
7U / See footota 6.
T9/ King, J. G., and Wilins, E. T., chap. on "The interamal St.-acture ofCoal" from ThUla-ine Stzucture of Coal and Coke, p. 50. 
1959 - 7

http:i1.25-!.b0
http:J1.c0-l.25
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have stated that "'changes which are not reversible may take placeinnous coal during the initial dzy-ing 
in bitu

of freshly mimed coal.-" Lignitebreaks on drying, probably d-e to the shrim'age of the coal substance orsome other disturbance in the imtermal stucture of the ligite.
 
The immersing of the air-dried sample 
in the gasoline-caraton tetrachloride solution had very little effect on the yield. of the float-andsink test as shown by colimns 2 and 3. Also, there was little differencebetween the results obtained by saturating for 24 and 96 hours. It is believed that the pores and crevices of the lignite filled up with the solution and. then drained out before the test. Likewise, in the float-nd-sink 

test, the openings filled with the particular solution,out again before the sample was placed in which would drainthe next solution.
 

The air-dried sample saturated with 
water gave results that indicatedsome of the pores were filled with water that did not drain out, nor was
it leached out due to the imiscibility of the water in the pore and the
separating media of organic liquids. 

Table 3 gives the results of undrled and dried lignite tested in.site directions through oppothe series of solutions. The variations of resultsare within experimental error. 

CONCLUSIONS
 
1. The yield of float material in a float-and-sink test is greatly

influenced by the moisture content of the sample as tested. 
2. Air-drIed limate differs from bituminous coal in that it cannot 

be restored to its origial state by satura-ting with -water. 
3. Saturating air-dried lignite with a gasoline-carbon tetrachloride
mixture has no effect on results, and as expected does not restore the sample to its original condition. 

I. Lignite coarser than 14-mesh can be tested in organic solutions
without air-drying. 

5. The direction in which a sample is tested through a series of solutions is without effect on the results. 

- 81959 



Page A - 101 
APPENDIX C
 

Pulverizing Characteristics
 

of Coal Hardgrove
 

Grindability Index 
Dr. . I. Savav 
Au ant T chslicl,-Dire cior
 
Commercial Ticuinxg n-nnrw Co.
 

Introduction 

The pulverizing or grindability characteristics of various 
coals and lignites can be of utmosf importance to the 
designers and users of commercial size grinding equipment.
The capacity of this equipment is correlated with the rela-
tive ease of reducrion oi particle size. Soft coals require less 
energy to be ground to a given size than do harder. tougher
coals. The capacity of commercial grinding equipment is 
therefore governed by the softness or hardness- of the feed 
to this equipment. As a consequence. the cost of operation
of a modern fuel utility plant is in part determined-by the 
pulverizing characteristics of the fuel available. 

Laboratory Test for the- Hardrgrove-
Grindability Index 
Numerous methods have been proposed for determining a 

laboratory index of grindability, but after many years of 
experimentation and consideration of the various proposed
methods, the American Society for Testing and Materials. 
ASTM, decided in 1951 to approve the Hardgrove method 
of test as standard under ASIM Designation D 409-51. 

The laboratory test for grindability index was standard-
ized with the intent of minimizing the influences of particle
size and surface moisture. All coals tet for grindability
index by the standard Hardgrove method are air dried to 
constant weight and prepared to a standard size 16 x 30 
mesh. before being ground in a standard laboratory mill. 
Thus. the results of a grindabilirT test reflect, primarily, the
pulverizing characteristics of the coal. rather than a com
plex mixture of inducnces from the numerous factors which 
affecr commercial gtinding. 

The method for determining the grindability inidex was 
not meant to give a composite answer as to the reasons whythe operation of a commercial mill can vary. Ilhe method 
was designed to determine the relative ease of pulverizing
coals, in comparison with a standard coal having a grind
ibilitv index of 110. This standard coal had been a low 
volatile run-of-mine bituminous coal from the Jerome 
Mine. Upper Kittanning Bed. Somerset County. Pennsyl
vania. 

This itandard was a soft coal. MoSt other coals have in-
dices less than 100. and the harder :he coal the less the 
index. Thus. a coal having a grindability of 40 is harder 

than a,coal having a grindabilIty of 60, but both coals are 
harder than the standard coal. 

To tighten the specification standards ASTM now speci
ties in D 409-71 that the Hardgrove Grindability system
shall be standardized by using four standard coals of 
approximately (but precisely known) 44. 60,.80 and 110 
index values. These standard samples are available from the 
U.S. Bureau of Mines in Pittsburgh. This standardization 
system aumomat caly inrludes the fina crushing step. the 
sieve, and the Hardgrove macbine. 

7
 
Typical Values - --


Typical Hardgrove grindability indices 'for various. types of 

Its. 

A 
- , 

-

: as 

is 

55 I' 
tIo 20 ]a 40 W- ti 71 I 

ASH. 01T ' 

Figure 1. Influence of Ash on the Hardgrove Index. 

coal ,re listed in the following table: 

GonttdaatuKi,d .1 Coal Io¢s 
to., volatile ,,iluminous AS to It 

2Em wKoriu,v. r oi 

Reprinted from 1974 KEYSTONE COAL INDUSTRY MANUAL 
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On the Hardgrove Index. 

Gubwmit, Since the grindability did change-u o~~al l for a given lithotype
[idex with a changeLgitle .......... in coal rank. the grindability
Jo to 65 coal should be tested. of each newWem*en Kt nacky . ................
oAo .O to 70. ........ S o 05
diana Since no universal parameters have been found.. ............ 5sto 64 to precisely predict the Hardgrove Grindability Index, the actual ............... 


................ 
 46 to test must be performed.The grindability index varies not only from seam to seam.but also within the same seam. The reason for this is that Lignite Grindabilitv
the impurities associated with the coal are usually harder orsofter than the coal, and the impurities frequently tend to wt
segregate ;n certain sizes. Therefore, the grindability index 
 As with anthracite and bituminous coal. the lignites
can vary from size to size, and in accordance with the h e s ro gee it t oe a d 
 wtin a biv nde xamount of impurity associated with the coal. This means 
that if 

changes from deposit to deposit and within a given'deposit.a coal is cleaned by washing, it can be expected that Even within a seam, the Index may vary 10 units at diferthis cleaning may affect the grindability index of the coal. ent depths. This may not be tooIf the surprising since seamimpurities a is
hefpthe rnd a 

are harder than th~e coal, cleaning will usually 60 to 90 feetre thancoa l, will thick sometimes over 100 feettheandehninhelp the grtndabilit could represent considerable geological andof the coal, and the grindality index variation and haveinfiltration of sediments into part of the lignite itself.will be higher than the index of the uncleaned material. In Recent investigations revealed that the Hardgrove Indexcontrast, if the impurities are softer than the coal. cleaning varied greatly with the moisture content of the lignite. Forwill tend to lower the grindability index in the cleaned coal. a rie ng n it the m it e 15nt Manyn t liga given lignite the variation might be 1,5 units. Many lig-
Research Investigations nires have the typical U-shape change of grindability withmoisture (Figure 3). 

However. at least one deposit has aA continual decrease inmeasure of the coal's impurities is the ash content. The Hardgrove Index as the moisture decrease.ash content may affect the Hardgrove Index. British 
Since some 

found 
moisture is lost during grihding, overdrying before pulverizresearchers' two coals that had a decreasing Hard- ing may actually increase grinding costs. Therefore.grove Index as the ash increased (Figure I). However, 

the 
relationship between the Hardgrove Index and the moistureanother coal increased. Also. there were two coals that had content maya complex response in that 

be used to save money by optimizing thethey first decreased and then. amount of predrying. Since the Hardgrove Grindabilityincreased in Hardgrove Index as the ash content increased, varies greatly with the degree of drying, itTheir conclusion was is important tothat both the ash and petrographic have an Hardgrove Index at threeconstituents must be considered, or four different moisture 
levels. Suitable moisture levels might 10.be 15 and 20%.The volatile matter and the Hardgrove Index were found Also a 25 or 30% moisture level might be desired dependto be correlated in an inverted "U" shape (Figure 2). The ing on the amount of equilibrium moisture.British researchers' also found similar correlations between Which moisture level actually represents the grindabilitythe Hardgrove Index and the dry-ash-free carbon and the of the lignite? While lignite has beendry-ash-free hydrogen. used for years. there
remains much to be learned about its grinding characterts-The petrographic constituents also affect the Hardgrove tics as a function of moisture. However. inIndex. A recent Penn one case whereState study- has been made indi-

viduJI 
on the moisture reduction during grinding was from 39% tocoal lithotypes. For bituminous lithotypes. the 29%, the Hardgrove Index at 29% moistureHardgcove Grindability Index increased 

was in general
n the order of correlation with the actual mill grinding rate.durian, clarian and vitrain. However. for anthracite litho-types, the reverse order was 

The loss of moisture represents another problem. Wfound. Fusain thewas most water must be transported away from the lignite. Theretore,friable of al, the bituminous coal lithotypes. in addition to a grinding capacity, a mill must have a drying 
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Use of the Hardgrove Index 
The performance if commercial rindin g uu pment is 
affected [iv the following' factors: 

1. Size consist ofi the feed, 
2. Surface~ moisture of the feed,
3. Abrasive characteristics of the feed.4. Fineness to which the feed coal is to be pulverized. 

and 
S. Grindabilitv of the feed. 


Feed size and 
 surface moisture can he controlled at themine preparation planr. except that coal in transit or in stor-age is subject to adoition of moisture from rain or snow.and to iize degradation by handling. For most Easterncoa s. surface moisture in excess of three per cent is detri-
mental to pulverizer capacity, in general size degradation isbeneficial. 


The abrasive characteristics 
 of the feed can be partiallycontrolled by thi: mine preparation plant, in ti:at frequently
abrasive impurities, such as pyrite and sandstone particles. 
can be removed by gravity concentration. Abrasive charac-teristics are usually only a minor factor in pulverizer per-formance. The influence of abrasiveness is mainly on main-
tenance costs while the influence on capacity is due only tothe wear of the grinding surfaces of the mill.The Hardgrove Index is usually plotted along with Mill
capacity, and fineness of grind. Such a.'elationship as pub-lished by Combustion Engineering, Windsor. Conn., isshown in (Figure 4) for one of their Bowl Mills. 

The Combustion Engineering relationship can be used intwo ways. Assume your present mill is producing 220 TPHof 70 percent passing 200 mesh coal with a Hardgrove
Index of 55. Should the coal become more difficult to grindand the Hardgrove Index reduce to a value of 45. one oftwo things will happen. Either the capacity would drop to
about 194 TPH 38% x 220) if the fineness was main-tained at 70% or the capacir! could be maintained at 220
TPH but the fineness would decrease 
to 60 to 62% passing 
200 mesh.The capacity and fineness relationships with the Hard-
grove Index may not be directly proportional with every type
of mill or coal. Some find a curvilinear relationship. Manu-
facturers of commercial mills have determined the correla-
tions for their various mill designs by comparing commer-
cial mills performance with the laboratory Hardgrove
Grindability Index. 

Another use of the Hardgrove Index is to predict pulver-
izer wear. In conjunction with 
 tonnage figures. the Hard-grove Index is used to estimate how often hammer replace-ment is necessary. Hence. component life can be predictedand purchasing can be done in advance so that the parts
will be on hand when needed. 


Fundamentals of Grinding 
Each particle is involved in two fundamental operations:(1) the Selection-for-Breakage and (2) the Breakage-Distributon.-' Both particle operations are determined
experimentally; although there are theoretical aspectsinvolved. For example in a mill uimilar to the Harigrove
the Selection-for-Breakage value :s the number of particles 
per given time that 1) are caught between the race and theball and 12) are broken to a finer size. The number of largerparticles (16 x 30 mesh) "selected" per unit time is greaterthan the number of smaller particles (140 < 200 mesh) in a
machine like the Hardgrove. Also, the "harder, morediffcult to bre.tk" coals would have a lower Selection-for-
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Figure 4. Hardgrove Index. Mill Capacity and Fineness 
Relationship.

Breakage value. Actual mill conditions are used to give thefinal values. The Breakage-Distribution function is simply a measure of the distribution of progeny particles. This is aresult of the applied force and the nature of the brokenmaterial. The applied force can vary depending on milldesign. Also, the distribution of progeny particles fromlarge coal particlm (16 X 30 mesh) often differs from thedistribution of progeny particles from small coal particles
(140 x 200 mesh).

The development of fundamental standards is a difficulttask due to the large variety of theories. Researchers look
ing.at the limited aspects of the overall grinding concepthave de,,eloped mathematical approaches used to representthe size distribution of the product. Examples of thesethe Rosin-Rammicr and 

nre 
Gaudin-Schuhmann size distribution relationships. Bennett, Kick. and othe had theoriescentering around the idea that breakage, occurring preferentinaly at preexisting flaws, could be mathenatically corre-

Lated with size distribution. Although these relationshipsmay exist, the practical significance remains to be seen.Other researchers have developed general energyequipment relationships. Two of these 
to 

are the Hardgrove
test relationships and the Bond test relationships. In thiscategory, but much advanced, is the Broadbent and CallotMatrix Representation, which predicts product distribution 

from a given feed in a specified mill. The predeceors. ofthese works were the theories of Rittinger, Kick and Holmes-
Charles. 

The relationship that has stood the test of daily usage isthe Hardgrove Index of coal. Hopefully, research will continue to expand the selection-for-breakage and distribution
it -progeny particles hypothesis. In the meantime we have
the Hardgrove criteria. 
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COMMERCIAL 
ClENERAL OFFICES: 

TESTING & ENGINEERING CO.1919 SOUTH HIGHLAND AVE.. SUITE 210.6, LOMBARD, ILLINOIS 60148 . (312) 953-9300 

WEST VIRGINIA DIVISION MANAGER 
PLEASE ADDRESS ALL CORRESPONDENCE TO:TOM BRAZEAU 

P.O. BOX 808, CHARLESTON, WV 25323 

~~ly,,c OFFICE TEL. (304) 925.66315, 1985 

Mr. Keith Mondale
 
Roberts & Schaefer Company

120 South Riverside Plaza
 
Chicago, Illinois 60606
 

Dear Keith:
 

Below please find the procedure in which your samples were
 
processed:
 

A. Ra- Coal Feed Analysis - record weight of 
raw coal

from truck scale. Obtain sample of plant feed after
crushing from stop belt sample. 
 Perform the following

laboratory analyses.
 

1. Record sample weight and remove head split for the
 
following analyses:
 

(a) Moisture(equilibrium and Total)

(b) Ash
 
(c) Sulfur and Sulfur Forms
 
(d) Btu/lb.
 
(e) Volatile Matter
 
(f) Ultimate Analysis (B, C, N, 0 & S)

(g) Total Chlorine
 
(h) Water Soluble Alkalies
 
Wi) Total Chlorine
 
(j) Total Phosphorus

(k) Ash Mineral Analysis

(1) Ash Fusion (oxidizing and reducing)

(m) Hardgrove Grindability Index (HGI)
 

2. Perform screen analysis of the plant feed at the

following sizes: 2", 1-1/2", 1" 3/4", 1/2", 3/8", 1/4"
28 mesh and 100 mesh. Report weightpercent of each
 
size fraction.
 

3 .*Combine the plus 28 mesh size fractions and float-sink
 
at 1.30, 1.45, 1.60, 1.70, 1.80, 1.90 and 2.10
specific gravities. Analyze each gravity for ash,

sulfur and Btu/lb.
 

4.*Float-sink 28 mesh x 100 mesh size fractions at 1.30,
1.45, 1.60, 1.70, 1.80, 1.90 and 2.10 specific

gravities. 
Analyze each gravity fraction for ash,

sulfur and Btu/lb.
 

OVER 40 BRANCH LABORATORIES STRATEGICALLY Chatter MemberLOCATED IN PRINCIPAL COAL MINING AREAS,TIDEWATER AND GREAT LAKES PORTS, AND RIVER LOADING FACILITIES 
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5.*Analyze I00 mesh x 0 size fraction for ash, sulfur and
 
Btu/lb.
 

B. Clean- Coal Product Analysif - record weight of clean
coal from truck scale. 
 Obtain sample from discharge of
product belt conveyor cutting full stream. 
Perform the
following laboratory analyses:
 
1. Record sample weight and remove head split for the


analysis as outlined in A-I.
 

2. Run screen analysis as outlined in A-2.
 
3 .*Combine the plus 28 mesh size fractions and float-sink
at 1.30, 1.45, 1.60, 1.70, 1.80, 1.90 and 2.10
specific gravities. 
Analyze each gravity fraction
of ash, sulfur and Btu/lb.
 
4 .*Float-sink 28 mesh x 100 mesh size fractions at 1.30,
1.45, 1.60, 1.70, 1.80, 1.90 and 2.10 specific
gravities. 
Analyze each gravity fraction for ash,


sulfur and Btu/lb.
 

5.*Analyze 100 mesh x 0 for ash, sulfur and btu/lb.
 
C. Coarse Refuse Analysis - record weight of refuse
material from truck scale. 
Obatain sample from
discharge of refuse belt conveyor cutting full stream.
Perform the following analyses:
 

1. Record sample weight and remove split for total
and air-dried moisture analysis.
 
2. Screen sample at the following sizes: 2", 1-1/2", i,
3/40, 1/2N, 3/84 1/4, 
 28 mesh and 100 mesh. Report
weight percent of each size fraction.
 
3. Combine all the plus 28 mesh size fractions and floatsink at 1.30, 1.45, 1.60, 1.70, 1.80, 1.90 and 2.10
specific gravities. 
Analyze each gravity fraction for
ash, sulfur, and btu/ib.
 

4. Float-sink 28 x 100 mesh size fractions at 1.30, 1.45
1.60, 1.70, 1.80, 1.90 and 2.10 specific gravities.
Analyze each gravity for ash, sulfur and btu/lb.
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D. Fine"Refuse Analysis - obtain a sample from thethickener feed slurry utilizing a pipe for sampling
a portion of the flow.
*Report weight percent of dry solids in sample. 
Analyze
sample for ash, sulfur and btu/lb.
 
E. Plant-Moisture Samples 
- obtain grab samples from
coarse and fine coal centrifugal dryers.
*Report sample weight and analyze for total and
air-dried moistures.
 

Very truly yours, 

COMMERCIAL TESTING &ENGINEE.ING CO. 

B. Snellings, Miager
 
Charleston Branch
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COMMERCIAL TESTING & ENGINEERING CO.
GENERAL OFFICES: 1919 SOUTH HIGHLAND AVE.. SUITE 210-B, LOMBARD, ILLINOIS 60148 * (312)953-9300 A 

TO iAZEAU 
MANAGER PLEASE ADDRESS ALL CORRESPONDENCE T.9 

P.O. BOX 808, CHARLESTON. WV 25323
WEST VIRGINIA DIVISION 

OFFICE TEL. (304) 925-6631ROBERTS & SCHAEFER COMPANY
 
120 SOUTH RIVERSIDE PLAZA 
 SINCE JULY 3, 1985 
CHICAGO, ILLINOIS
 
60606
 

PLANT FEED SAMPLE Sam ) ti , SCHAEFERKind of sample byreported to us PLANT FEED SAMPLE 
EAST FAIRFIELD PILOT PLANT TEST


Sample taken at 

Sample taken by EAST FAIRFIELD LAHKRA COAL RESERVE
FROM EAST FAIRFIELD WASH PLANT
 

Date sampled 
Datereceived June 3, 1985 61-05119WDaterecevedAnalysis report no, 

% Weight % WeightPROXIMATE ANALYSIS As received Dry basis ULTIMATE ANALYSIS As received Dry basis 
28.79 xxxxxx Moisture 28.79 xxxxxxAsh 23.18 32.55 Carbon 33.43 46.94
Volatile 27.82 39.07 Hydrogen 2.56 3.5920Nitrogen 0.52 0.73dFixed Carbon 100.00 100.00 Chlorine 0.39 0.5 

Btu/Ib. 5995 8419 Sulfur 3.49 4.90Sulfur 3.49 4.90 Ash 23.18 32.55Alk. as Na20 0.22 0.31 Oxygen (dif,) 7.64 10.74 
SULFUR FORMS 100.00 100.00MINERAL ANALYSIS OF ASH % Weight Ignited Basis

Pyritic Sulfur 2.09 2.93 Silica, SiO 2 41.63
Sulfate Sulfur 0.18 0.25 Alumina, A1203 28.46

Organic Sulfur 1.22 1.72 Titania, TiO 2 2.0 9 
WATER SOLUBLE ALKALIES Ferric oxide, Fe2O3 16. 79 

Na2O 0.167 0.234 Lime, CaO 3.03 
K20 0.012 0.017 
 Magnesia, MgO 1.76 

Potassium oxide, K20FUSION TEMPERATURE OF ASH 0.53Reducing Oxidizing Sodium oxide, Na2O 0 59
Initial Deformation 2470 OF 2610 OF
 

Hi Con. Height Softening (H=W) 2530 OF 
 2670 OF Sulfur trioxide, SO3 4.23
 w,conswlidt Softening (H=1/2W) 
 2570 OF 2 7 0 0 +° F Phos. pentoxide, P205 0.09Fluid 2610 F ° F2 7 0 0 + Strontium Oxide, SrO 0.19% EQUILIBRIUM MOISTURE 25.69 Barium Oxide, BaO 0.07HARDGROVE GRINDABILITY INDEX 77 @12.82 % mois. Manganese Oxide, Mn3O. 0.03

FREE SWELLING INDEX XXXXXX Undetermined 

Silica Value 65.86 Fouling Index 0.18
Base: Acid Ratio 0.310 Slagging Index 1.52
T290 Temperature 2521 Respectfully submitted.COMMERCIAL TESTING & ENGINEERING CO. 

Original~ C o y W t rm ~r eC 

Original CoP Watermarked EDWIN SNELLINGS, Manager, Charleston Laboratory 
Charter Member 

OVER 40 BRANCH LABORATORIES STATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,
TIDEWATER AND GREAT LAKES PORTS, AND RIVER LOADING FACILITIES 

0.51 



Page B-5 

JUNE 27, 1985
 

ROBERTS & SCHAEFER COMPANY
 
120 SOUTH RIVERSIDE PLAZA
 
CHICAGO, ILLINOIS 60606
 

LAKHRA COAL PROJECT
 

PLANT FEED
 

MOISTURE AND WEIGHT ANALYSIS OF SIZE FRACTIONS
 

LAB NO. 61-05),19
 

AS RECEIVED TOTAL 
 DRY
SIZE 
 WEIGHT MOISTURE WEIGHT
PASSING RETAINED ON P RNTPTAGE 
 PRENTAGE
 

2" RD 1-1/2" RD 11.0 30.04 10.8
 

1-1/2" RD RD
1" 21.8 29.50 21.5
 

1" RD RD
3/4" 13.2 29.04 13.1
 

3/4" RD 1/2" 
 RD 13.4 28.30 13.4
 

1/2" RD 3/8" RD 8.3 
 29.34 8.2
 

3/8" RD 1/4" RD 8.6 8.7
27.70 


1/4" RD 28 MESH 19.3 
 27.30 19.6
 

28 MESH 100 MESH 3.5 
 23.40 3.7
 

100 MESH 0 
 0 23.04 
 1-1
 
100.0 28.47 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original CpVpWatermarked 

For Your Protection 
F-A66 
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CD 

ROBERTS & SCHAEFER COMPANY
10 
CHICAGO, ILLINOIS
 

ngow 

PLANT FEED SAMPLE 
S= 

PILOT PLANT TEST
 
LAHKRA COAL RESERVE
LAB NO. 61-05119HS FROM EAST FAIRFIELD WASH PLANT 
 June 1985
 

SCREEN ANALYSIS 

0 1 2 3 4 
 5 6 7 8 
 9 10 11 12 13 
 14
Z DCUMULATIVE 
3SIZE RESULTS

DRY BASIS Retained on Screen in Column 2 Passing Screen in Column 13m Passing Retained on % Wt. % Ash % Sul. Btu % Wt. % Ash % Sul. Btu % Wt. % Ash % Sul. Btu 

L 2- RD X 1 " RD 10.8 27.88 3.70 9216. 10.8 27.88
1 RD X In RD 

3.70 9216. 100.0 33.88 5.11 8113
21.5 30.85 4.12 8676.
1- RD X N" RD 32.? '19.86 3.98 8857.
13.1 31.44 4.67 89.2 34.61 5.28 7980
8508. 45.. 30.31
P A.18 8756. 67.7 35.80h" RD X " RD 5.64 7759
13.4 32.52 4.83 8346.
p h" RD X 3/8" RD 58.8 30.82 4.33 8663. 54.6 36.85 5.88
8.2 33.01 5.68 8151. 67.0 31.08 7579

4.49 8600. 41.2 38.25 6.22 7330
0 3/8" RD X h" RD 8.7 35.07 5.84 7825. 
 75.7 31.54 4.65 8511. 
 33.0 39.55 6.35
RD X 28 MESH 19.6 39.32 6.50 7165. 95.3 33.14 712628 MESH X 100 MESH 3.7 48.61 5.03 8234.
6.25 5690. 99.0 33.72 5.07 8139. 24.3 41.16 6.53 6875
4.7 48.83 6.68 5667


N 100 MESH X 0 1.0 49.65 8.25 5584. 100.0 33.88 5.11 8113. 1.0 49.65 8.25 5584
 

i 

0¢
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-m
-<000 

ROBERTS & SCHAEFER COMPANY 
-u CHICAGO, ILLINOIS 

5-3 PLANT FEED SAMPLES 
PILOT PLANT TESTLAHKRA COAL RESERVE 

LAB NO. 61-05119W FROM EAST FAIRFIELD WASH PLANT June 1985 

SCREEN ANALYSIS 

0 

1 2 3 4 5 6 7 8 9 10 
CUMULATIVE 

11 
RESULTS 

12 13 14 

* Passing 

SIZE 

Retained on % Wt. 

DRY 

% Ash 

BASIS 

% Sul. Btu 

Retained on Screen in Column 2 
% Wt. % Ash % Sul. Btu 

Passing Screen in Column 1 
% Wt. % Ash % Sul. Btu 

-4 
U 2- RD X h" RD 76.3 31.79 4.70 8534. 76.3 31.79 4.70 8534. 100.0 34.21 5.13 8119. 

z h RD X 28-MESH 19.3 40.46 6.50 7040. 95.6 33.54 5.06 8232. 23.7 42.01 6.53 6784. 
li- 28 MESH X 100 MESH 3.5 48.57 6.27 5670. 99.1 34.07 5.11 8142. 4.4 48.79 6.68 5663. 

0 100 MESH X 0 0.9 49.65 8.25 5635. 100.0 34.21 5.13 8119. 0.9 49.65 8.25 5635.

i¢ 

.Q 
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-nm
o" 
-<
0 ROBERTS & SCHAEFER COMPANYCHICAGO, ILLINOIS 

n-
PLANT FEED SAMPLES 

x. 
CL 

LAB NO. 61-05119W 
PILOT PLANT TEST 

LAHKRA COAL RESERVEFROM EAST FAIRFIELD WASH PLANT June 1985 

FLOAT & SINK ANALYSIS 

) 

m 

1 

SPECIFIC 
SINK 

2 

GRAVITY 
FLOAT 

3 

% Wt. 

4 5 

FRACTION ANALYSIS 
DRY BASIS

% Ash % Sul. 

6 

Btu 

DRY BASIS 
7 8 9. 

CUM. RECOVERY 
(FLOAT)

% Wt. % Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 

CUM. REJECT 
(SINK)

% Ash % Sul. 

14 

Btu 

- 1.30 45.6 9.97 3.30 11826. 45.6 9.97 3.30 11826. 100.0 34.06 5.11 8145. 
z 1.30 1.45 17.4 26.58 5.66 9288. 63.0 14.56 3.95 11125. 54.4 54.25 6.62 5057. 

Iz 

1.45 

1.60 

1.60 

1.70 

8.7 

3.1 

43.45 

57.59 

6.49 

5.31 

6614. 

4512. 

71.7 

74.8 

18.06 

19.70 

4.26 

4.30 

10578. 

10327. 

37.0 

28.3 

67.27 

74.59 

7.08 

7.26 

3067. 

1976. 

m 
mm 

U 

0 

1.70 
1.80 

1.90 

1.80 
1.90 

2.10 

3.3 
4.1 

12.1 

67.56 
75.06 

82.78 

4.73 
3.96 

2.93 

3127. 
1937. 

873. 

78.1 
82.2 

94.3 

21.72 
24.39 

31.88 

4.32 
4.30 

4.12 

10023. 
9620. 

8498. 

25.2 
21.9 

17.8 

76.68 

78.05 

78.74 

7.50 

7.92 

8.83 

1664. 

1444. 

1330. 
2.10 - 5.7 70.17 21.37 2299. 100.0 34.06 5.11 8145. 5.7 70.17 21.37 2299. 

co
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00 

ROBERTS &SCAEFER COMPANY 

05 
CHICAGO, ILLINOIS 

a-3PLANT
*" FEED SAMPLES 

PILOT PLANT TEST 

LAB NO. 61-05119W 
LAHKRA COAL RESERVE 

FROM EAST FAIRFIELD WASH PLANT June 1985 

FLOAT & SINK ANALYSIS 
DRY BASIS 

o 
0 

m 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5 
FRACTION ANALYSIS

DRY BASIS 

% Ash % Sul. 

6 

Btu 

7 

% Wt. 

8 9. 

CUM. RECOVERY
(FLOAT) 

% Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 
CUM. REJECT

(SINK) 

% Ash % Sul. 

14 

Btu 

Composite 2" RD x 28 MESH = 95.6% of PLANT FEED SAMPLE 

-

1.30 

1.30 

1.45 

47.0 

17.1 

9.97 

27.02 

3.30 

5.80 

11827. 

9229. 

47.0 

64.1 

9.97 

14.52 

3.30 

3.96 

11827. 

11134. 

100.0 

53.0 

33.53 

54.43 

5.06 

6.63 

8234. 

5047. 

1.45 1.60 8.6 43.87 6.56 6552. 72.7 17.99 4.27 10592. 35.9 67.48 7.03 3055. 
1.60 1.70 3.0 58.34 5.28 4425. 75.7 19.59 4.31 10348. 27.3 74.92 7.17 IS53. 
1.70 1.80 3.2 67.88 4.72 3091. 78.9 21.55 4.33 10054. 24.3 76.97 7.41 1648. 
1.80 1.90 4.0 75.48 3.92 1885. 82.9 24.15 4.31 9660. 21.1 78.34 7.82 1429. 
1.90 2.10 12.0 83.16 2.90 840. 94.9 31.61 4.13 8545. 17.1 79.02 8.73 1322. 
2.10 - 5.1 69.26 22.44 2455. 100.0 33.53 5.06 8234. 5.1 69.26 22.44 2455. 

-u 

CD 
co 
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<0 

<ROBERTS 

0! 
& SCHAEFER COMPANY 

CHICAGO, ILLINOIS 

aPILOT 

LAB NO. 61-05119W 

PLANT FEED SAMPLES 
PLANT TEST 

LAHKRA COAL RESERVE 
FROM EAST FAIRFIELD WASE PLANT June 1985 

o 
0 

m 

0 

1 

SPECIFIC 
SINK 

2 

GRAVITY 
FLOAT 

3 

% Wt. 

FLOAT & SINK ANALYSIS 
DRY BASIS 

4 5 6 7 8 9. 10 11FRACTION ANALYSIS CUM. RECOVERY 
DRY BASIS (FLOAT) 

% Ash % Sul. Btu % Wt. % Ash % Sul. Btu % Wt. 

2 RD x 1/4" RD 76.3% of PLANT FEED SAMPLE 

12 13 
CUM. REJECT 

(SINK) 
% Ash % Sul. 

14 

Btu 

0

4 

Q 1.30 

1.30 

1.45 

51.1 

15.9 

10.05 

27.47 

3.31 

5.57 

11819. 

9203. 

51.1 

67.0 

10.05 

14.18 

3.31. 

3.85 

11819. 

11198. 

100.0 

48.9 

31.79 

54.51 

4.70 

6.15 

8534. 

5101. 

2 

mm 

o 

0O 

1.45 

1.60 

1.70 

1.80 

1.90 

2.10 

1.60 

1.70 

1.80 

1.90 

2.10 

-

8.3 

3.0 

2.9 

3.2 

11.3 

4.3 

44.09 6.22 

59.11 4.81 

67.50 4.63 

75.30 3.76 

83.60 2.79 

70.71 20.73 

6556. 75.3 

4314. 78.3 

3227. 81.2 

2006. 84.4 

823. 95.7 

2477. 100.0 

17.48 

19.08 

20.80 

22.87 

30.04 

31.79 

4.11 

4.13 

4.15 

4.14 

3.98 

4.70 

10686. 

10442. 

10185. 

9875. 

8806. 

8534. 

33.0 

24.7 

21.7 

18.8 

15.6 

4.3 

67.54 6.43 

75.42 6.50 

77.67 6.73 

79.24 7.06 

80.05 7.74 

70.71 20.73 

3124. 

1971. 

1647. 

1403. 

1279. 

2477. 

iu
 

C)
 

-0
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JUNE 27, 1985
 

ROBERTS & SCHAEFER COMPANY

120 SOUTH RIVERSIDE PLAZA
 
CHICAGO, ILLINOIS 60606
 

LAKHRA COAL PROJECT
 

PLANT FEED
 

SIZE FRACTION 20 RD X 1/40 RD
 

LAB NO. 61-05119
 

SPECIFIC GRAVITY 
 AS RECEIVED TOTAL 
 DRY
 
WEIGHT MOISTURE WEIGHT
SINK FLO~AT PECNAEPRENAE 
PRETG
 

-- 1.30 
 54.8 33.73 51.1
 

1.30 1.45 
 16.0 29.42 15.9
 

1.45 1.60 
 8.0 26.30 8.3
 

1.60 1.70 
 2.8 23.27 
 3.0
 

1.70 1.80 2.6 20.49 2.9
 
1.80 1.90 2.8 
 13.17 
 3.2
 

1.90 2.10 9.5 
 16.01 
 11.3
 

2.10 -- -11 11.96 -A4a 
100.0 28.92 
 100.0
 

COMMERCIAL TESTING & ENGINEERING CO., 
Original Copy Watermarked 

For Your Protection 

F.466 z", 
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-<r 
00 

- ROBERTS & SCHAEFER COMPANY 
ot CHICAGO, ILLINOIS 

0.= 
PLANT FEED SAMPLES 

S0. 

LAB NO. 61-05119W 
PILOT PLANT TEST 

LAHKRA COAL RESERVEFROM EAST FAIRFIELD WASH PLANT June 1985 

FLOAT & SINK ANALYSIS 

0 
0 

m 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 

% Ash % Sul. 

6 

Btu 

DRY BASIS 
7 8 9-

CUM. RECOVERY 

(FLOAT) 

% Wt. % Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 

(SINK) 

% Ash % Sul. 

14 

Btu 
1/4" RD x 28 MESH = 19.3% of PLANT FEED SAMPLE 

E 

-

1.30 

1.30 

1.45 

30.7 

21.8 

9.45 

25.71 

3.22 

6.45 

11879. 

9305. 

30.7 

52.5 

9.45 

16.20 

3.22 

4.56 

11879. 

10810. 

100.0 

69.3 

40.46 

54.20 

6.50 

7.95 

7040. 

4896. 
1.45 1.60 9.8 43.13 7.69 6539. 62.3 20.44 5.05 10138. 47.5 67.27 8.64 2873.00 1.60 1.70 3.1 55.37 7.09 4848. 65.4 22.09 5.15 9888. 37.7 73.54 8.89 1920. 

m2 

0 

1.70 

1.80 

1.90 

1.80 

1.90 

2.10 

4.5 

7.3 

14.6 

68.86 

75.78 

81.82 

4.94 

4.20 

3.23 

2744. 

1676. 

892. 

69.9 

77.2 

91.8 

25.10 

29.90 

38.15 

5.14 

5.05 

4.76 

9428. 

8695. 

7454. 

34.6 

30.1 

22.8 

75.17 9.05 

76.12 9.67 

76.22 11.42 

1658. 

1495. 

1438. 
2.10 - 8.2 66.26 25.99 2409. 100.0 40.46 6.50 7040. 8.2 66.26 25.99 2409. 

-j 
03 

co0J0Ca 

Vk 
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JUNE 27, 1985
 

ROBERTS & SCHAEFER COMPANY
 
120 SOUTH RIVERSIDE PLAZA
 
CHICAGO, ILLINOIS 60606
 

LAKHRA COAL PROJECT 

PLANT FEED
 

SIZE FRACTION 1/4m RD X 28 MESH 

LAB NO. 61-05119
 

SPECIFIC GRAVITY 
 AS RECEIVED TOTAL 
 DRY
 
WEIGHT MOISTURE WEIGHT
 

FLOT PRCETAG 
 PRENTAGE PERCENTAGE
 

-- 1.30 34.1 33.47 30.7 

1.30 1.45 22.9 29.87 21.8 

1.45 1.60 9.5 24.10 9.8 
1.60 1.70 3.0 
 23.02 3.1
 

1.70 1.80 4.2 20.52 4.5 

1.80 1.90 6.7 19.46 7.3 

1.90 2.10 12.8 16.12 14.6 

2.10 -- Ll 
100.0 26.18 100.0 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 

For Your Protection 
F.466 
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-O<C, 
00"<0 ROBERTS & SCHAEFER COMPANY 
ot CHICAGO, ILLINOIS 

5-3 
PLANT FEED SAMPLES 

C0 
PILOT PLANT TEST 

LAB NO. 61-05119W LAHKRA COAL RESERVEFROM EAST FAIRFIELD WASH PLANT June 1985 

FLOAT & SINK ANALYSIS 

0 
1 

SPECIFIC 

2 

GRAVITY 

3 4 5 
FRACTION ANALYSIS 

DRY BASIS 

6 
DRY 

7 
BASIS 

8 9. 
CUM. RECOVERY 

(FLOAT) 

10 11 12 13 
CUM.REJECT 

(SINK) 

14 

SINK FLOAT % Wt. % Ash % Sul. Btu % Wt. % Ash % Sul. Btu % W. % Ash % Sul. Btu 

r 
28 MESH x MESH = 3.5% of PLANT FEED SAMPLE 

i 

-

1.30 

1.30 

1.45 

6.1 

27.1 

10.30 

18.98 

3.29 

3.27 

11649. 

10294. 

6.1 

33.2 

10.30 

17.39 

3.29 

3.27 

11649. 

10543. 

100.0 

93.9 

48.57 

51.05 

6.27 

6.46 

5670. 

5281. 

1.45 

1.60 

1.60 

1.70 
11.8 

6.5 

35.19 

48.10 

5.04 

5.61 

7847. 

5617. 

45.0 

51.5 

22.05 

25.34 

3.74 

3.97 

9836. 

9304. 

66.8 

55.0 

64.06 

70.26 

7.76 

8.34 

3248. 

2261. 

2 

0 

1.70 

1.80 

1.90 

1.80 

1.90 

2.10 

4.1 

7.2 

15.5 

60.72 

68.78 

74.76 

4.89 

4.59 

3.56 

3901. 

2720. 

1553. 

55.6 

62.8 

78.3 

27.95 

32.63 

40.97 

4.04 

4.10 

4.00 

8905. 

8196. 

6881. 

48.5 

44.4 

37.2 

73.23 

74.38 

75.47 

8.71 

9.06 

9.93 

1811. 

1618. 

1405. 
2.10 - 21.7 75.97 14.48 1299. 100.0 48.57 6.27 5670. 21.7 75.97 14.48 1299. 

-o 

CD 

I
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JUNE 27, 1985
 

ROBERTS & SCHAEFER COMPANY

120 SOUTH RIVERSIDE PLAZA
 
CHICAGO, ILLINOIS 60606
 

LAKHRA COAL PROJECT
 

PLANT FEED
 

LAB NO. 61-05119
 

SPECIFIC GRAVITY 


SINK FELOAT 

-- 1.30 

1.30 1.45 

1.45 1.60 

1.60 1.70 

1.70 1.80 

1.80 1.90 

1.90 2.10 

2.10 --

SIZE FRACTION 


AS RECEIVED 

WEIGHT 


PERCENTAGE 


7.1 


30.1 


12.3 


6.5 


4.1 


6.9 


14.2 


100.0 


28 MESH X 100 MESH
 

TOTAL DRY 
MOISTURE WEIGHT 

PERCENTAGE PRCENTAGE 

33.42 6.1 

30.16 27.1 

25.52 11.8 

23.24 6.5 

21.99 4.1 

18.71 7.2 

15.31 15.5 

22.46 100.0 

COMMERCIAL TESTING & ENGINEERING CO.
Original Copy Watermarked 

For Your Protection 
F-466 
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COMMERCIAL TESTING & ENGINEERING CO.
GENERAL OFFICES: 1919 SOUTH HIGHLAND AVE.,SUITE 210-B. LOMBARD. ILLINOIS 60148 * (312) 953-9300 

M 	 'AEA 

MWESAGER 	 PLEASE ADDRESS ALL CORRESPONDENCE TO: 

P.O. BOX 808, CHARLESTON. WV 25323
WEST VIRGINIA DIVISION iOFFICE TEL. (304) 925-8631ROBERTS & SCHAEFER COMPANY ,~NC1
,9o
 

120 SOUTH RIVERSIDE PLAZA 

CHICAGO, ILLINOIS
 
60606
 

Kind of sample CLEAN COAL 
reported to us 

Sample taken at EAST FAIRFIELD 

Sample takenby EAST FAIRFIELD 

Date sampled
 

Date received June 3, 1985 

PROXIMATE ANALYSIS 

Moisture 

Ash 
Volatile 

FixedCarbon 

Btu/Ib. 
Sulfur 

Alk. as NaO 

SULFUR FORMS 
Pyritic Sulfur 

Sulfate Sulfur 
Organic Sulfur 

WATER SOLUBLE ALKALIES 
Na2O 
K20 


FUSION TEMPERATURE OF ASH 
Initial Deformation 

H, Con. Hoh, Softening (H =W) 
WisConeW.th Softening (H -'/2W) 

Fluid 
% EQUILIBRIUM MOISTURE 

HARDGROVE GRINDABILITY INDEX 
FREE SWELLING INDEX 

Silica Value 
Base: Acid Ratio 
T25 Temperature 

Analysis report no. 

% Weight 
As received Dry basis 

32.31 xxxxxx 

13.07 19.31 

28.15 41.58 

26.47 39.11 


100.00 	 100.00 

7154 10569 

2.71 4.00 

0.25 0.37 


1.45 2.00 
0.15 0.20 

1 31 1 80

1.3 1.8 


0.165 0.227 

0.008 0.011 


Reducing Oxidizing 
OF OF 

2150 oF 23 90 OF 

2200 oF 2460 OF 

2250 oF 2510 oF 

2310 2550 

27.42 


JULY 3, 1985
 

Sample identification 
by ROBERTS & SCHAEFER
 

CLEAN COAL SAMPLE
 
PILOT PLANT TEST
 
LAHKRA COAL RESERVE
 
FROM EAST FAIRFIELD WASH PLANT
 

74 @ 17.80 % mois. Undetermined 
XXXXXX 

Fouling Index 
57.90 
 Slagging Index. 
0.440 	 Respectfully submitted, 

61-05172W
 

ULTIMATE ANALYSIS 

Moisture 

Carbon 
Hydrogen 

Nitrogen 
Chlorine 

Sulfur 
Ash 

Oxygen (diff) 

MINERAL ANALYSIS OF ASH 
Silica, SiO2 

Alumina, AI203 
Titania, TiO 2 

Ferric oxide, Fe20 3 
Lime, CaO 

Magnesia, MgO 
Potassium oxide, KO 

Sodium oxide, Na20 

Sulfur trioxide, SO3 
Phos. pentoxide, P2O 
Strontium Oxide, SrO 

Barium Oxide, BaO 
Manganese Oxide, Mn3O4 

2363 
 COMMERCIAL TESTING & ENGINEERING 

Original o ermarted EDWIN SNELLINGS, Manager, Charleston LaboratoryFor Your ProtectIon 

OVER 40 BRANCH LABORATORIES STATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,
TIDEWATER AND GREAT LAKES PORTS, AND RIVER LOADING FACILITIES 

% Weight
 
As received Dry basis
 

32.31 xxxxxx
 

40.20 59.3 9 
2.90 4.28
 
0.59 0 80
 
0.22 :
 
2.71 4.00
 

13.07 19.31
 
8.00 11.83 

100 4APeight i egPS sis 
36.28 
2625
 
2 6

1.86
 

18.47
 
5.14
 
2.77
 
0.51 
1.56
 

6.90 
0.10
 
0.09
 
0.04 
0.03
 
0.00
 

0.69
 
1.76
 

CO. 

Charter Member 
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JUNE 27, 1985
 

ROBERTS & SCHAEFER COMPANY
 
120 SOUTH RIVERSIDE PLAZA
 
CHICAGO, ILLINOIS 60606
 

LAKHRA COAL PROJECT
 

CLEAN COAL
 

MOISTURE AND WEIGHT ANALYSIS OF SIZE FRACTIONS
 

LAB NO. 61-05172
 

PASSING 
SIZE 

RETAINED ON 

AS RECEIVED 
WEIGHT 

PECNAG 

TOTAL 
MOISTURE 
PRCTAG 

DRY 
WEIGHT 

P ETAGE 

2m RD 0.4 27.86 0.4 

20 RD 1-1/2" RD 4.0 27.91 3.9 

1-1/2" RD 1 RD 17.5 26.82 17.5 

1" RD 3/4" Rn 15.9 27.45 15.7 

3/4" RD 1/2" RD 18.4 27.39 18.2 

1/20 RD 3/8" RD 11.0 27.11 10.9 

3/8" RD 1/4" RD 10.6 26.29 10.6 

1/4" RD 28 MESH 19.1 25.45 19.4 

28 MESH 100 MESH 2.5 20.68 2.7 

100 MESH 0 0.6 17.62_ 
100.0 26.58 100.0 

COMMERCIAL TESTING & ENGINEERING CO.
Original Copy Watermarked 

For Your Protection 
F.466 



F-475 0 

-<m
 

-,< ROBERTS & SCHAEFER COMPANY
 
CHICAGO, ILLINOIS 

o3 5/30 E. FAIRFIELD 
CLEAN COAL 

LAB NO. 61-05172S 
June 1985 

SCREEN ANALYSIS 

0 

2 3 4 5 6 7 8 9 10 11 12 13 14 
CUMULATIVE RESULTS 

M Passing 
SIZE 

Retained on % Wt. 
DRY 

% Ash 
BASIS 

% Sul. Btu 
Retained on Screen in Column 2 

% Wt. % Ash % Sul. Btu 
Passing Screen in Column 1 

% Wt. % Ash % Sul. Btu 

r 
I

* 

z 

2" RD X 1 " RD 
1 RD X I- RD 
l1 RD X RD 
" RD X " RD 
" RD X 3/8" RD 

3/8" RD X h" RD 

" RD X 28 MESH28 MESH X 100 MESH 
100 MESH X 0 

4.3 23.56 
17.5 18.45 
15.7 18.46 
18.2 18.50 
10.9 18.96 
10.6 19.11 

19.4 20.002.7 25.79 
0.7 39.15 

3.25 
3.29 
3.58 
3.88 
4.21 
4.46 

4.794.71 
6.70 

9902. 4.3 23.56 
10702. 21.8 19.46 
10733. 37.5 19.04 
10675. 55.7 18.86 
10461. 66.6 18.88 
10555. 77.2.18.91 

10406. 96.6 19.139427. 99.3 19.31 
7398. 100.0 19.45 

3.25 9902. 
3.28 10544. 
3.41 10623. 
3.56 10640. 
3.67 10611. 
3.78 10603. 

3.98 10564.4.00 10533. 
4.02 10511. 

100.0 19.45 
95.7 19.27 
78.2 19.45 
62.5 19.70 
44.3 20.19 
33.4 20.59 

22.8 21.273.4 28.54 
0.7 39.15 

4.02 10511. 
4.05 10538. 
4.22 10501. 
4.39 10443. 
4.59 10348. 
4.72 10311. 

4.84 10198.5.12 9009. 
6.70 7398. 

0 

00 
CD 

f!
0, 
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ROBERTS & SCHAEFER COMPANY

CHICAGO, ILLINOIS 

~PILOT CLEAN COAL SAMPLEPLANT TEST 
L6 

LAB NO. 61-05172W 
LAKHRA COAL RESERVE 

FROM EAST FAIRFIELD WASH PLANT June 1985 

SCREEN ANALYSIS 

1 2 3 4 5 6 7 C 9 10CUMULATIVE 11 12 13 14 
M Passing Retained on % Wt. % Ash % Sul. Btu Retained on Screen in Column 2% Wt. % Ash % Sul. Btu 

RESULTS 
Passing Screen in Column% Wt. % Ash % Sul. 1Btu 

0 

4" 
2- RD X h-" RD 

RD X 28 MESH 
28 MESH X 100 MESH 

77.2 19.76 

19.4 19.80 
2.7 26.14 

3.92 

4.51 
4.46 

10442. 

10364. 

9301. 

77.2 19.76 

96.6 19.77 
99.3 19.94 

3.92 10442. 

4.04 10426. 
4,05 10396. 

100.0 20.08 

22.8 21.14 
3.4 28.82 

4.07 10375. 

4.57 10147. 
4.92 8909. 

0 100 MESH x 0 0.7 39.15 6.70 7398. 100.0 20.08 4.07 10375. 0.7 39.15 6.70 7398. 

0 
0 

i! 

-D 

cai 



~ 
~ 

~-i 
o~ 

oP
age 

B
-20 

, 

U
%

75i r-
10 

LA 
N

 
C

%
 

0
m

J 
0 

IV
s 

r-
qw 

0%
 

m
 

l 
w

 
a0 

,q a, 
1 

LA 
LA 

LA U
; 

CN
 

LA
 

Cr z 

000
L

O
 

O
'%

 
0

 
w
 

N
 

r-

H
 

(V
) 

LA 
10 

10C
D

1 
r
-
m
 

E
-

H
 

m
 

0 
0 

0 
* 

0 
0 

0
-

10 
m

 
m

 
m

 
H

10 
H

 
>

4o 
C

 

0
4* 

M
0-

0 
0 

0 
0 

0 

U
~ 

0
 

0
w

0 
04 

IZ
~~~ 

H
 

H
 

H
-

H
. 

H
 

H
D

 
H

0 

W
N

 
<~ 

o
 

u0
4
 

in
 

>-o
 

O
n

a%
 

o
 

r-0 
H

 
-E

-~
 

(0 
tf 

c
; 

r4i)1 
a
; 

c 
;O

; 
a 

M
H

 
0
E

C
I0-

D
0 

-jC3 
1 

-

U

 
0C

/ 
N

 
U

 
w

 
0 


,A
m

-
<

5 
0
 

o 
m0 

~ 
Oh 

' 
~ 

w
 

H
 

0 
104 

0 
~ 

1
 
'U

iU
 

U
 N

~
4 

N
 

10-
' 

O

 

U
2a 

0w
 

IH
E

-
N

H
-

%
 

r 
w

 
0 

0. 
0

 
0
 

0 
0
 

%
0 

0
~

 
0
n

 
0 

4-
(n 

rn
 

F1 
40 

H
i 

N
i 

0 
U

 
3
 

H
1 

04 
10 

M
 

0
V
 

N
 

H
 

N
 

*m
 

H
 

C
C

J) 


*n 
N

e 
N

3 
0

 
10 

N
 

Z
>

 
< 

0 
0
n

 
0 

0 
0 

0 
* 

0
c~i 

LA 
w
 

' 
LA 

10 
L

A
10 

w
 

z 
L

z 

* 
0 

0 
0 

0 

v
 

w


 

W
aterm

N
arked 

or 
tna 

0op 

F~~~~1 

roeto 
N

rY
u 


U
. 

jx~tH$M
I120 



5 

-< 

00 

ROBERTS & SCHAEFER COMPANY 
CHICAGO, ILLINOIS 

CLEAN COAL SAMPLE 
CPILOT PLANT TEST 

LAB NO. 61-05172W FROM 
LAKHRA COAL RESERVE

EAST FAIRFIELD WASH PLANT June 1985 

FLOAT & SINK ANALYSIS 
DRY BASIS 

o 
0 

m 
m 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5 
FRACTION ANALYSIS 

DRY BASIS 

% Ash % Sul. 

6 

Btu 

7 

% Wt. 

8 9. 

CUM. RECOVERY 
(FLOAT) 

% Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 
GUM. REJECT 

(SINK) 

% Ash % Sul. 

14 

Btu 

Composite 2" RD x 28 MESH = 96.6% of CLEAN COAL 
-

- 1.30 64.5 10.57 3.23 11848. 64.5 10.57 3.23 11848. 100.0 19.77 4.04 10427. 

a 1.30 1.45. 19.8 24.69 5.37 9795. 84.3 13.89 3.74 11366. , 35.5 36.47 5.50 7844. 
m 1.45 1.60 8.5 41.82 6.09 6819. 92.8 16.45 3.95 10950. 15.7 51.32 5.66 5384. 

1.60 1.70 3.6 56.84 4.94 4527. 96.4 17.96 3.99 10710. 7.2 62.53 5.16 3690. 

2 1.70 1.80 2.3 65.44 5.01 3283. 98.7 19.06 4.01 10537. 3.6 68.23 5.38 2852. 

0 
0 

1.80 1.90 0.8 71.76 3.54 2307. 99.5 19.49 4.01 10471. 1.3 73.16 6.03 2089. 
1.90 2.10 0.2 76.65 5.99 1502. 99.7 19.60 4.01 10453. 0.5 75.39 10.01 1740. 

2.10 - 0.3 74.56 12.69 1898. 100.0 19.77 4.04 10427. 0.3 74.56 12.69 1898. 

-0 

CD 

I-. 
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-<0o 

-< ROBERTS & SCHAEFER COMPANY 
0 CHICAGO, ILLINOIS 

Ow CLEAN COAL SAMPLE 
PILOT PLANT TEST 

LAB NO. 61-05172W 
LAKHRA COAL RESERVE 

FROM EAST FAIRFIELD WASH PLANT June 1985 

FLOAT & SINK ANALYSIS 

o 
0 

m 

1 

SPECIFIC 
SINK 

2 

GRAVITY 
FLOAT 

3 

% Wt. 

4 5 

FRACTION ANALYSIS 
DRY BASIS 

% Ash % Sul. 

6 

Btu 

DRY BASIS 
7 8 9. 

CUM. RECOVERY 
(FLOAT) 

% Wt. % Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 

CUM. REJECT 
(SINK) 

% Ash % Sul. 

14 

Btu 

2" RD x 1/4' RD-= 77.2% of CLEAN COAL 

ca - 1.30 68.2 10.81 3.27 11818. 68.2 10.81 3.27 11818. 100.0 19.76 3.92 10442. 
0 1.30 1.45 16.7 26.27 5.37 9640. 84.9 13.85 3.68 11390. 31.8 38.95 5.31 7491. 

1.45 1.60 7.7 43.32 5.74 6574. 92.6 16.30 3.85 10989. 15.1 52.98 5.24 5114. 
0i 1.60 1.70 3.7 58.25 4.57 4290. 96.3 17.91 3.88 10732. 7.4 63.04 4.72 3596. 
m
2 1.70 1.80 2.6 65.94 4.49 3194. 98.9 19.18 3.90 10534. 3.7 67.83 4.87 2901. 
0 1.80 1.90 0.8 71.98 3.31 2264. 99.7 19.60 3.89 10467. 1.1 72.29 5.77 2210. 
0p 1.90 2.10 0.2 77.30 6.11 1407. 99.9 19.71 3.90 10449. 0.3 73.11 12.32 2065. 

2.10 - 0,1 64.73 24.75 3382. 100.0 19.76 3.92 10442. 0.1 64.73 24.75 3382. 

(0 

CD 

I 

mO 



Page B-23,
 

JUNE 27, 1985
 

ROBERTS & SCHAEFER COMPANY
 
120 SOUTH RIVERSIDE PLAZA
 
CHICAqO, ILLINOIS 60606
 

LAKHRA COAL PROJECT
 

CLEAN COAL
 

SIZE FRACTION 20 RD X 1/40 RD
 

LAB NO. 61-05172
 

SPECIFIC GRAVITY AS RECEIVED TOTAL 
 DRY
 
WEIGHT MOISTURE WEIGHT
SINK FLOAT N P
 

-- 1.30 69.8 28.78 68.2 

1.30 1.45 
 16.3 25.47 16.7
 

1.45 1.60 
 7.2 22.14 7.7
 

1.60 1.70 3.4 
 20.29 3.7
 

1.70 
 1.80 2.3 17.90 2.6
 

1.80 
 1.90 0.7 16.10 0.8
 

1.90 2.10 
 0.2 13.85 0.2
 

2.10 -- 0.I 1 M37 011.1 
100.0 27.09 100.0
 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 

For Your Protection 
F-466 
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00< 
ROBERTS & SCHAEFER COMPANY 

CLEAN COAL SAMPLE 
LB NLAKHRA 

PILOT PLANT TEST 

LAB NO. 61-05172W 
COAL RESERVE 

FROM EAST FAIRFIELD WASH PLANT June 1985 

FLOAT & SINK ANALYSIS 
0 

0 

m 
a 

1 

SPECIFIC 

SINK 
= 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5 

FRACTION ANALYSIS
DRY BASIS 

% Ash % Sul. 

1/4" RD x 

DRY BASIS 
6 7 8 9. 10 

CUM. RECOVERY 
(FLOAT) 

Btu % Wi. % Ash % Sul. Btu 
28 MESH = 19.4% -f MCEAN C-OAL 

11 

% Wt. 

12 13 

CUM. REJECT 
(SINK) 

% Ash % Sul. 

14 

Btu 

-4 -

1K1.30 

1.45 

1.30 

1.45 

1.60 

49.7 

32.2 

11.7 

9.28 

21.43 

37.90 

3.03 

5.38 

7.00 

12013. 

10116. 

7459. 

49.7 

81.9 

93.6 

9.28 

14.06 

17.04 

3.03 

3.95 

4.33 

12013. 

11267. 

10791. 

100.0 

50.3 

18.1 

19.80 

30.19 

45.79 

4.51 

5.97 

7.03 

10364. 

8735. 

6279. 
Go1.60 1.70 3.1 50.14 6.72 5652. 96.7 18.10 4.41 10626. 6.4 60.21 7.08 4121. 
m 1.70 1.80 1.3 61.45 9.15 3987. 98.0 18.67 4.47 10538. 3.3 69.66 7.42 2682. 

2 1.80 

0 1.90 
2.10 

1.90 

2.10 

-

0.8 

0.2 

1.0 

70.89 

74.06 

78.47 

4.48 

5.53 

7.89 

2479. 98.8 

1881. 99.0 
1308. 100.0 

19.10 

19.21 

19.80 

4.47 

4.48 

4.51 

10473. 

10456. 

10364. 

2.0 

1.2 

1.0 

75.00 

77.73 

78.47 

6.29 

7.50 

7.89 

1834. 

1404. 

1308. 

fu 
CD 

wo 
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JUNE 27, 1985
 

ROBERTS & SCHAEFER COMPANY
 
120 SOUTH RIVERSIDE PLAZA
 
CHICAGQ, ILLINOIS 60606
 

LAKHRA COAL PROJECT
 

CLEAN COAL
 

LAB NO. 61-05172
 

SPECIFIC GRAVITY 


SINlK FLOAT 

-- 1.30 

1.30 1.45 

1.45 1'.60 

1.60 1.70 

1.70 1.80 

1.80 1.90 

1.90 2.10 

2.10 --

SIZE FRACTION 


AS RECEIVED 

WEIGHT 


PECNTG 


51.6 


31.8 


11.1 


2.7 


1.1 


0.7 


0.2 


100.0 


1/4" RD X 28 MESH
 

TOTAL 
MOISTURE 

Pf~ECETAGE 

DRY 
WEIGHT 

PERCETAG.E 

29.97 49.7 

26.47 32.2 

23.16 11.7 

18.31 3.1 

16.35 1.3 

14.65 0.8 

12.96 0.2 

....-l1 
27.32 100.0 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 

For Your Protection 

F-466 
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O00ROBERTS 

-o-

3 

LAB NO. 61-05172W 

& SCHAEFER COMPANY 

CHICAGO, ILLINOIS 

CLEAN COAL SAPLE 
PILOT PLANT TEST 

LAKHRA COAL RESERVE 
FROM EAST FAIRFIELD WASH PLANT June 1985 

C, 

0 
& 

m 

0 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

FLOAT & SINK ANALYSIS 
DRY BASIS 

4 5 6 7 8 9. 10 
FRACTION ANALYSIS CUM. RECOVERY

DRY BASIS (FLOAT) 
% Ash % Sul. Btu % Wt. % Ash % Sul. Btu 

28 MESH x 100 MESH = 2.7% of CLEAN COAL 

11 

% Wt.% 

12 13 

CUM. REJECT 
(SINK) 

% Ash % Sul. 

14 

Btu 

a 

C. 

z 

00 

-

1.30 

1.45 

1.60 

1.80 

1.90 

2.10 

1.30 

1.45 

1.60 

1.70 

1.90 

2.10 

-

18.8 

45.7 

20.1 

7.3 

1.1 

1.0 

4.3 

9.15 2.25 

19.17 3.07 

32.61 5.12 

49.09 5.76 

69.93 6.08 

73.86 7.69 

68.88 22.07 

11956. 18.8 

10337. 64.5 

8335. 84.6 

5950. 91.9 

2629.- 94.7 

1870. 95.7 

2507. 100.0 

9.15 

16.25 

20.14 

22.44 

23.70 

24.22 

26.14 

2.25 

2.83 

3.37 

3.56 

3.62 

3.67 

4.46 

11956. 

10809. 

10221. 

9882. 

9688. 

9606. 

9301. 

100.0 

81.2 

35.5 

15.4 

6.4 

5.3 

4.3 

26.14 4.46 

30.07 4.97 

44.11 7.41 

59.12 10.40 

69.84 17.07 

69.82 19.36 

68.88 22.07 

9301. 

8686. 

6561. 

4246. 

2428. 

2387. 

2507. 

(0 
CD 
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JUNE 27, 1985
 

ROBERTS & SCHAEFER COMPANY
 
120 SOUTH RIVERSIDE PLAZA
 
CHICAGO, ILLINOIS 60606
 

LAKHRA COAL PROJECT
 

CLEAN COAL
 

SIZE FRACTION 28 MESH X 100 MESH
 

LAB NO. 61-05172
 

SPECIFIC GRAVITY AS RECEIVED TOTAL DRY 

SINK T 
WEIGHT 

PL 
MOISTURE WEIGHT

P 

-- 1.30 19.9 25.66 18.8 
1.30 1.45 47.0 23.68 45.7 

1.45 1.60 19.2 17.96 20.1 
1.60 1.70 6.8 15.23 7.3 

1.70 1.80 1.5 13.89 1.7 
1.80 1.90 1.0 13.61 1.1 

1.90 2.10 0.9 11.75 1.0 

2.10 -- _71 4.3 
100.0 21.47 100.0 

COMMERCIAL TESTING & ENGINEERING CO. 
Original Copy Watermarked 

For Your Protection 

F .466 
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JUNE 27, 1985
 

ROBERTS & SCHAEFER COMPANY
 
120 SOUTH RIVERSIDE PLAZA
 
CHICAGO, ILLINOIS 60606
 

LAKHRA COAL PROJECT
 

REFUSE
 

MOISTURE AND WEIGHT ANALYSIS OF SIZE FRACTIONS
 

LAB NO. 61-05118
 

SIZE 

PASSING 


2" RD 


1-1/2" RD 


1" RD 


3/4" RD 


1/2" RD 


3/8" RD 


1/4" RD 


28 MESH 


100 MESH 


RETAINED ON 


1-1/2" RD 


1" RD 


3/4" RD 


1/2" RD 


3/8" RD 


1/4" RD 


28 MESH 


100 MESH 


0 


AS RECEIVED 
WEIGHT 

P 

TOTAL 
MOISTURE 

DRY 
WEIGHT 

£AFlcIR 

3.4 10.36 3.5 

14.8 12.73 14.8 

14.3 12.83 14.2 

16.9 12.18 17.0 

10.4 13.98 10.2 

9.4 12.66 9.4 

26.7 12.78 26.7 

3.3 12.37 3.3 

0 1 _,,0A. 
100.0 12.68 100.0 

COMMERCIAL TESTING & ENGINEERING CO.Original Copy Watermarked 
For Your Protection 

F.466 



F-475 0 
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00 
1< 
 ROBERTS & SCHAEFER COMPANY
 

CHICAGO, ILLINOIS
 
W-, 

COARSE REFUSE SAMPLE
 
aPILOT PLANT TEST
 

LAKHRA COAL RESERVE
 
LAB NO. 61-05118 FROM EAST FAIRFIELD WASH PLANT 


SCREEN ANALYSIS
 

0 1 2 3 4 5 6 7 8 9 10
0 CUMULATIVE 
SIZE DRY BASIS Retained on Screen in Column 2

Passing Retained on % Wt. % Ash % Sul. Btu % Wt. % Ash % Sul. Btu 

-4
 

20 RD X 1h" RD 3.5 71.73 9.78 2179. 3.5 71.73 9.78 2179. 

1 " RD X I" RD 14.8 78.11 9.90 1324. 18.3 76.89 9.88 1488. 

1" RD X RD 14.2 79.46 8.18 1159. 32.5 78.01 9.14 1344. 


1P " RD X RD 17.0 80.94 6.23 1062. 49.5 79.02 8.14 1247.
" RD X 3/8" RD 10.2 79.39 8.11 1203. 59.7 79.08 8.13 1240. 

3/8" RD X h" RD 9.4 77.50 10.09 1373. 69.1 78.87 8.40 1258. 
" RD X 28 MESH 26.7 77.30 11.33 1457. 95.8 78.43 9.22 1313.

M 	 28 MESH X 100 MESH 3.3 78.53 8.36 1324. 99.1 78.43 9.19 1314. 
100 MESH X 0 0.9 80.17 5.72 1073. 100.0 78.45 9.16 1311. 

0
 
0
 

June 1985
 

11 12 13 14
 
RESULTS 

Passing Screen in Column 1 
% Wt. % Ash % Sul. Btu 

100.0 78.45 9.16 1311. 
96.5 78.69 9.13 1280. 
81.7 78.80 8.99 1272. 
67.5 78.66 9.17 1296. 
50.5 77.89 10.15 1375. 
40.3 77.51 10.67 1418. 
30.9 77.51 10.85 1432. 
4.2 78.88 7.79 1270. 
0.9 80.17 5.72 1073. 

-o 
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2. 

00 ROBERTS & SCHAEFER COMPANY 

0 CHICAGO, ILLINOIS 

COARSE REFUSE SAMPLE 

0. 

LAB NO. 61-05118W 

PILOT PLANT TEST 
LAKHRA COAL RESERVE 

FROM EAST FAIRFIELD WASH PLANT June 1985 

SCREEN ANALYSIS 

0 
1 

SIZE 
2 3 4 

DRYBAI 

5 6 "7 8 9 10 
CUMULATIVE 

11 
RESULTS 

12 13 14 

Passing Retained on % Wt. % Ash % Sul. Btu 
Retained on Screen in Column 2

% Wt. % Ash % Sul. Btu 
Passing Screen in Column 1% Wt. % Ash % Sul. Btu 

-4 
M 2- RD X h-" RD 69.1 79.46 8.18 1190. 69.1 79.46 8.18 1190. 100.0 79.37 9.14 1238. 

" RD X 28 MESH 26.7 78.99 11.85 1373. 95.8 79.33 9.20 1241. 30.9 79.18 11.28 1345. 
28 MESH X 100 MESH 3.3 80.39 8.18 1197. 99.1 79.37 9.17 1239. 4.2 80.34 7.66 1170. 
1100 MESH X 0 0.9 80.17 5.72 1073. 100.0 79.37 9.14 1238. 0.9 80.17 5.72 1073. 

nin 

C) 
-

0c 
0.3 

uD 

C! 
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ROBERTS & SCHAEFER COMPANY 
CHICAGO, ILLINOIS 

0PILOT 

LAB NO. 61-05118W 

COARSE REFUSE SAMPLE 

PLANT TEST 
LAKHRA COAL RESERVE 

FROM EAST FAIRFIELD WASH PLANT June 1985 

FLOAT & SINK ANALYSIS 

, 

0 

m 

1 

SPECIFIC 

SINK 

2 

GRAVITY 

FLOAT 

3 

% Wt. 

4 5 

FRACTION ANALYSIS 
DRY BASIS 

% Ash % Sul. 

6 

Btu 

DRY BASIS 

7 8 9. 

CUM. RECOVERY 
(FLOAT) 

% Wt. % Ash % Sul. 

10 

Btu 

11 

% Wt. 

12 13 

CUM. REJECT 
(SINK) 

% Ash % Sul. 

14 

Btu 

I-
Composite 2" RD x 100 MESH = 99.1% of COARSE REFUSE 

-4
- 1.30 0.0 8.11 2.56 12090. 0.0 0.00 0.00 0. 100.0 79.41 9.17 1233. 

a 1.30 1.45 0.0 21.02 4.32 10004. 0.0 0.00 0.00 0. 100.0 79.41 9.17 1233. 

1.45 1.60 0.1 35.51 7.83 7659. 0.1 35.51 7.83 7659. 100.0 79.41 9.17 1233. 

m 
m 

1.60 

1.70 

1.70 

1.80 

0.1 

0.2 

50.07 

59.50 

9.78 

8.26 

5227. 

4093. 

0.2 

0.4 

42.79 

51.15 

8.81 

8.53 

6443. 

5268. 

99.9 

99.8 

79.45 

79.48 

9.17 

9.17 

1227. 

1223. 

1.80 1.90 2.0 73.06 4.60 2079. 2.4 69.41 5.26 2610. 99.6 79.52 9.17 1217. 

1.90 2.10 34.7 80.60 2.88 1098. 37.1 79.88 3.03 1196. 97.6 79.65 9.26 1199. 

2.10 - 62.9 79.13 12.79 1255. 100.0 79.41 9.17 1233. 62.9 79.13 12.79 1255. 

co 
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00 

ROBERTS & SCHAEFER COMPANY 
0!! CHICAGO, ILLINOIS 
;;0 

COARSE REFUSE SAMPLE
 
0PILOT 
 PLANT TEST
 

LAKHRA COAL RESERVE
LAB NO. 61-05118W 
 FROM EAST FAIRFIELD WASH PLANT 
 June 1985
 

FLOAT & SINK ANALYSIS
 
DRY BASIS
 

0 1 2 3 4 5 6 
 7 8 9. 10 11 12 13 14
FRACTION ANALYSIS CUM. RECOVERYSFCIFIC GRAVITY CUM. REJECTDRY BASIS (FLOAT) (SINK)m SINK FLOAT % Wt. % Ash % Sul. Btu % Wt. % Ash % Sul. Btu % Wt. % Ash % Sul. Btu 

0 Composite 2" RD x 28 MESH = 95.8% of COARSE REFUSE
 

-
- 1.30 0.0 7.79 2.51 12151. 0.0 0.00 0.00 0. 00.0 79.35 9.21 1238. 

1.30 1.45 0.0 19.09 4.00 10276. 0.0 0.00 0.00 
 0. 100.0 79.35 9.21 1238.
 

m 1.45 1.60 0.1 35.68 8.37 7615. 0.1 35.68 8.37 7615. 100.0 79.35 
 9.21 1238.

0 1.60 1.70 0.1 50.37 10.26z 5152. 0.2 43.03 9.32 6384. 99.9 79.39 9.21 1232.
 

m 
m m 1.70 1.80 0.2 59.39 8.35 4106. 0.4 51.21 8.83 5245. 99.8 79.42 9.21 1228.
 z 1.80 1.90 2.0 73.16 4.55 2063. 2.4 69.50 
 5.27 2593. 99.6 79.46 9.21 
 1222.
 

. 1.90 2.210 35.5 80.64 
2.87 1095. 37.9 79.93 3.03 1190. 
 97.6 79.59 9.30 1205.
 
2.10 - 62.1 78.99 12.98 1268. 100.0 
 79.35 9.21 1238. 62.1 
 78.99 12.98 1268.
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COARSE REFUSE SAMPLE 
PILOT PLANT TESTLAKHRA COAL RESERVE 

LAB NO. 61-05118W FROM EAST FAIRFIELD WASH PLANT June 1985 

FLOAT & SINK ANALYSIS 

DR" BASIS 

01 2 3 4 5 5 7 8 . 10 11 12 13 14 

m 

SPECIFIC 

SINK 

GRAVITY 

FLOAT % Wt. 

FRACTION ANALYSISDRY BASIS 

% Ash % Sul. Btu % Wt. 

CUM. RECOVERY(FLOAT) 

% Ash % Sul. Btu % Wt. 

GUM. REJECT(S;NK 

% Ash % Sul. Btu 
2" RD x 1/4" RD = 69.1% of COARSE REFUSE 

t - 1.30 0.0 0.00 0.00 0. 0.0 0.00 0.00 0. 100.0 79.46 8.18 1190. 

z 
0 
m 

1.30 
1.45 

1.45 
1.60 

0.0 
0.0 

0.00 
0.00 

0.00 
0.00 

0. 
0. 

0.0 
0.0 

0.00 
0.00 

0.00 
0.00 

0. 
0. 

100.0 
100.0 

79.46 
79.46 

8.18 
8.18 

1190. 
1190 

zm 

Q 
1.70 

1.80 
1.80 

1.90 
0.1 

2.2 
58.23 

73.84 
6.78 

3.92 
4366 

1946. 
01 
2.3 

58.23 
73.16 

6.78 
4.04 

4366. 
2051. 

100.0 

99.9 
79.46 

79.48 
818 

8.18 
1190. 
1187. 

00 1.90 2.10 38.8 81.78 2.77 996. 41.1 81.30 2.84 1055. 97.7 79.61 8.27 1170. 
2.10 - 58.9 78.18 11.90 1284. 100.0 79.46 8.18 1190. 58.9 78.18 11.90 1284. 

_0 

D 

! 

C., 



Page B-34
 

JUNE 27, 1985
 

ROBERTS & SCHAEFER COMPANY
 
120 SOUTH RIVERSIDE PLAZA
 
CHICAGO, ILLINOIS 60606
 

LAKHRA COAL PROJECT
 

REFUSE
 

SIZE FRACTION 2" RD X 1/4" RD
 

LAB NO. 61-05118
 

SPECIFIC GRAVITY 
 AS RECEIVED TOTAL DRY
 
WEIGHT MOISTURE WEIGHT
 

Sfi LOAT PRCENTACR PERCEIiAn 
 PERCNTAG
 

-- 1.30 

1.30 1.45
 

1.45 1.60
 

1.60 1.70 ..... 

1.70 1.80 0.1 
 10.76 
 0.1
 

1.80 1.90 
 2.2 13.64 
 2.2
 

1.90 2.10 39.6 
 14.64 
 38.8
 

2.10 -- ILI 11.77 58. 
100.0 12.95 
 100.0
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0. PILOT PLANT TEST 

LAB NO. 61-05118W 
LAKHRA COAL RESERVE 

FROM EAST FAIRFIELD WASH PLANT June 1985 

FLOAT & SINK ANALYSIS 
DRY BASIS 

o 1 2 3 4 5 6 7 8 9. 10 11 12 13 14 

9 

m 
SPECIFIC 

SINK 
GRAVITY 

FLOAT % Wt. 

FRACTION ANALYSIS 
DRY BASIS 

% Ash % Sul. Btu % Wt. 

CUM. RECOVERY 
(FLOAT) 

% Ash % Sul. Btu % Wt. 

CUM. REJECT 
(SINK) 

% Ash % Sul. Btu 

1/4" RD x 28 MESH = 26.7% of COARSE REFUSE r 

0 
cc -
1.30 

1.30 
1.45 

0.1 
0.1 

7.79 
19.09 

2.51 
4.00 

12151. 
10276. 

*0.1 
0.2 

7.79 
13.44 

2.51 
3.26 

12151. 
11214. 

100.0 
99.9 

78.99 11.85 
79.06 11.86 

1373. 
1362. 

m 1.45 1.60 0.3 35.68 8.37 7615. 0.5 26.78 6.32 9055. 99.8 79.12 11.87 1353. 
G) 1.60 1.70 0.3 50.7 10.26 5152. 0.8 35.63 7.80 1591. 99.5 79.26 11.88 1334. 
m 

1.70 1.80 0.3 60.39 9.71 3882. 1.1 42.38 8.32 6580. 99.2 79.34 11.89 1323. 

1.80 1.90 1.5 70.56 6.96 2509. 2.6 58.64 7.54 4231. 98.9 79.40 11.89 1315. 

1.90 2.10 27.0 76.40 3.26 1461. 29.6 74.84 3.64 1704. 97.4 79.54 11.97 1296. 
2.10 - 70.4 80.74 15.31 1233. 100.0 78.99 11.85 1373. 70.4 80.74 15.31 1233. 
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ROBERTS & SCHAEFER COMPANY
 
120 SOUTH RIVERSIDE PLAZA
 
CHICAGO, ILLINOIS 60606
 

LAKHRA COAL PROJECT
 

REFUSE
 

LAB NO. 61-05118
 

SPECTFTC GRAVITY 


FILQAT 

-- 1.30 

1.30 1.45 

1.45 1.60 

1.60 1.70 

1.70 1.80 

1.80 1.90 

1.90 2.10 

2.10 --

SIZE FRACTION 


AS RECEIVED 

WEIGHT 


PERENAGR 


0.1 


0.2 


0.3 


0.3 


0.3 


1.5 


27.6 


100.0 


1/4" RD X 28 MESH
 

TOTAL 

MOISTURE 

ERCENTAGR 


27.03 


24.51 


19.71 


16.97 


14.73 


11.65 


11.96 


9.31 

10.20 


DRY
 
WEIGHT
 

PERCENTJAGE
 

0.1
 

0.1
 

0.3
 

0.3
 

0.3
 

1.5
 

27.0
 

ia 
100.0
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COARSE REFUSE SAMPLE
 
PILOT PLANT TEST
 

LAKHRA COAL RESERVE

LAB NO. 61-05118W 
 FROM EAST FAIRFIELD WASH PLANT 
 June 1985
 

FLOAT & SINK ANALYSIS 
DRY BASIS 

o 1 2 3 4 5 6 7 8 9. 10 11 12 13 14 
FRACTION ANALYSIS CUM. RECOVERY CUM. REJECTSPECIFIC GRAVITY DRY BASIS (FLOAT) (SINK) 

m SINK FLOAT % Wt. % Ash % Sul. Btu % Wt. % A~h % Sul. Btu % Wt. % Ash % Sul. Btu

Fl* 28 MESH x 100 MESH = 3.3% of COARSE REFUSE 
I

- 1.30 0.1 10.74 2.93 11596. 0.1 10.74 
 2.93 11596. 100.0 80.39 8.18 
 1197.
 
0 1.30 1.45 0.4 24.92 4.97 9454. 0.5 22.08 4.56 
 9882. 99.9 80.46 8.19 
 1186.
 

1.45 1.60 0.7 34.92 5.96 7810. 1.2 29.57 
 5.38 8674. 99.5 80.68 8.20 1153.
 
0 
j 1.60 1.70 0.6 48.88 7.86 5534. 
 1.8 36.01 6.21 7627. 
 98.8 81.00 8.22 1106.
 
mi 1.70 1.80 0.8 60.11 7.74 4020. 2.6 43.42 6.68 6517. 98.2 81.20 8.22 1079.
 

1.80 1.90 1.3 68.71 6.77 2792. 3.9 51.85 6.71 5275. 
 97.4 81.37 8.22 1055.
 

p 1.90 2.10 9.9 76.79 3.31 1442. 13.8 69.74 4.27 2525. 96.1 81.54 8.24 1031.
 

2.10 - 86.2 82.09 8.81 984. 100.0 80.39 8.18 1197. 
 86.2 82.09 8.81 984.
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ROBERTS & SCHAEFER COMPANY
 
120 SOUTH RIVERSIDE PLAZA
 
CHICAGO, ILLINOIS 60606
 

LAKHRA COAL PROJECT
 

REFUSE
 

SIZE FRACTION 28 MESH X 100 MESH
 

LAB NO. 61-05118
 

SPECIFIC GRAVITY 
 AS RECEIVED TOTAL DRY 
SIKFLOAT WEIGHT MOISTURE WEIGHTPECNG PECNAE PRETG
 

-- 1.30 0.1 27.50 0.1
 

1.30 1.45 
 0.5 26.81 0.4
 

1.45 1.60 0.8 
 20.17 0.7 

1.60 1.70 
 0.7 17.05 0.6
 

1.70 1.80 
 0.8 13.14 0.8
 

1.80 1.90 
 1.4 11.12 1.3
 

1.90 2.10 
 10.0 9.34 9.9
 

2.10 -- 2.8a 8.00 -.l2 
100.0 8.56 
 100.0
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Kind of sample COARSE CENTRIFUGAL DRYERS COARSE CENTRIFUGAL DRYERSPILOT PLANT TEST
 

LAKHRA COAL RESERVE
Sample taken at EAST FAIRFIELD FROM EAST FAIRFIELD WASH PLANT
 

Sample taken by EAST FAIRFIELD 

Date sampled TOTAL MOISTURE = 45.79%
 
Date received TOTAL SAMPLE WEIGHT
June 3, 1985 = 126#AIR DRIED MOISTURE = 31.301 

Analysis report no. 
 61-05142
 

Air Dried Moisture -, 31.30%
 
Total"Moisture 
= 45.79%
 
Total Sample Weight~ 126#
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SHORT PROXIMATE ANALYSIS 
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% Moisture xxxxx 
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I. SUMMARY AND RECOMMENDATIONS
 

The proposed Lakhra Power Plant project will consist of one 300 MW
 
baseload coal-fired power plant to be located on one of three
 
sites in the Sind Province of Pakistan. These potential sites
 
are at Jamshoro, Khanot, and Lakhra. The Jamshoro site is located
 
4 km west of Indus River and approximately 12 km northwest from
 
Hyderabad, a city situated approximately 100 km northeast of
 
Karachi. The Khanot site is located only 2 km west of the Indus
 
River and approximately 30 km north of the Jamshoro site. The
 
Lakhra site is located in the Lakhra coal mine area and is
 
approximately 20 km west of Khanot. The site location plan and
 
location map are shown on Figures I and 2.
 

This report summarizes the results of the site investigations and
 
presents the evaluations and recommendations of the foundation on
 
soils/rock and hydrogeological conditions for each site. Site
 
investigations which include review of information, field 
ex
ploration, laboratory testing, and analysis were conducted to
 
determine the surface, subsurface and ground water conditions of
 
each site.
 

A. SITE CONDITIONS
 

All three sites have similar geology and are relatively level.
 
However, the Khanot site may require slightly more site develop
ment work than Jamshoro or Lakhra.
 

B. SEISMOLOGY
 

Based on the Seismic Zoning Map of Pakistan, all three sites are
 
within the Zone I area where only minor damage, distant earth
quakes may occur. The Zone I area corresponds to Intensity V
 
and VI of the Modified Mercalli (MM) scale. However, a study of
 
the earthquake magnitude, the location, and distance of the Active
 
Fault system around the sites indicates that the zoning system
 
around these sites should be reviewed. Both the Jamshoro and
 
Khanot sites are located approximately 28 km north of the Jhimpir
 
Fault and 28 km east of the Surjan Fault, respectively. The
 
potential horizontal ground acceleration is estimated to be on
 
the order of 0.08 g based on the established empirical corre
lations for both sites. The Lakhra site is located only 10 km
 
east of the Surjan Fault. The potential horizontal acceleration
 
isestimated to be on the order of 0.14 g.
 

Both the Jhimpir and Surjan Faults are active faults and have
 
produced numerous earthquakes having magnitudes from 4.5 to 6.1
 
on the Richter Scale (Table 1). It is therefore recommended that
 
a detailed seismic analysis based on a joint effort with local
 
seismologists be conducted prior to the design stage for the
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selected site. The horizontal acceleration should be verified.
 
Based on the seismic evaluation, either the Jamshoro or Khanot
 
site is preferable.
 

C. FOUNDATION CONDITIONS
 

Individual footing and/or mat on rock are the most suitable
 
foundation types for the plant structures subjected to compres
sion load for all three sites. For structures subjected to
 
lateral or uplift loads, shallow drilled pier and/or rock anchor
 
are the recommended foundation types.
 

The limestone bedrock at both Jamshoro and Khanot is shallow and
 
of similar quality. Solution cavities filled with stiff clayey

materials were found inside the limestone at both sites. Recom
mended allowable bearing capacity for cost estimate is 5 kg/cm 2
 
(5 tons per square foot, TSF) for both sites. The side friction
 
between the grout/concrete and the limestone for the rock anchor
 
or drilled pier design is recommended to be .2 N/mm2 (2TSF).
 

For the Lakhra site, the bedrock is soft sandstone and soft shale.
 
The recommended allowable bearing capacity on rock is 4 kg/cm2
 
(4TSF). The recommended side friction for rock anchor or drilled
 
pier design is .1 N/mm2 (ITSF).
 

Due to the limited information, the estimated bearing and fric
tion values are suggested to be used strictly for preliminary

design and for cost estimate. Detailed geotechnical investiga
tion should be performed on the selected site. Menard pressure
meter tests or plate load tests on rock at cavity locations are
 
the recommended field tests to verify the rock design parameters
 
in the future.
 

D. COOLING AND FRESH WATER SUPPLIES
 

Based on the results of the site investigations, the ground water
 
quantity of each site is extremely limited. All cooling and fresh
 
water supplies tend to entirely rely on the Indus River. Among

these sites, Khanot isthe best site and is only 2 km away from
 
the Indus River.
 

Based on the results from the chemical analyses of the Indus River
 
and ground waters at different sites, the water qualities are
 
very poor. Ground waters (Table 3) contain high total dissolved
 
solids, sulphate, chloride, bicarbonate, calcium and sodium and
 
should be treated prior to use for drinking water.
 

Due to the high total dissolved solids, sulphate and chloride
 
contents in the river water (Table 4), 
the water to be supplied

for cooling or fresh water uses should be treated. The river and
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ground waters having pli values varying from 7.2 to 9. They can
 
be classified as alkaline. It is recommended that a filter be
 
installed inthe system and that the water be treated to minimize
 
any scaling effect inside the boiler or other plant components.
 

E. WASTE DISPOSAL
 

Since rock is at the surface or at a very shallow depth for all
 
three sites, the use of the evaporation ponds for discharging all
 
wastes such as fly ash, bottom ash, miscellaneous wastes, and FGD
 
sludge (ifan FGD system is required) isrecommended. The ponds

will be encircled by 12 to 20 m high dikes. The number of ponds

required shall be based on the waste quantity.
 

For the Jamshoro or Khanot site, the ponds can be constructed in
 
several stages. The first stage is to build enough primary ponds

using on-site rockfill or excavated material to handle a period

of 5-10 years' ash production. The second stage is to construct
 
secondary ponds using production wastes such as bottom ash and
 
fly ash from the primary ponds.
 

The results from the site investigations indicate that the lime
stone rock at the Jamshoro and Khanot sites isdecomposed and
 
fractured and has high permeability values based on field water
 
pressure test. The wastewater may seep through the rock and may
 
contaminate the ground water and Indus River water at these two
 
sites. Thet2fore, an impermeable liner on the top of the ground
 
and o the upstream slope of the dikes is required. Since clay

is difficult to obtain on the sites, fabric membrane, asphaltic

paving or cement paving to be used as a liner is recommended.
 
The selection of the liner shall be entirely based on installation
 
skill availability in Pakistan and its cost.
 

The rock at the Lakhra site is mainly soft sandstone and shale.
 
The ground water is far below the surface (> 30 m). Since the
 
site is in a remote area and is on shaly bedrock, the potential

contamination of the ground water by the wastewater isminimal.
 
Therefore, an impermeable liner under the wastewater ponds may
 
not be required. The disposal dikes can be constructed using

random rockfili with thin clay core obtained from on-site clayey
 
materials.
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II. INTRODUCTION
 

A. PURPOSE AND SCOPE
 

Site investigations were conducted to determine the surface and
 
subsurface conditions of sites at Jamshoro, Khanot and Lakhra.
 
The purpose was to obtain site-specific information for a pre
liminary foundation design of the power plant structure on each
 
site and to provide input -itothe hydrogeological development of
 
the cooling and fresh water supplies.
 

The investigations included literature search; review of geology,

seismology, and hydrogeology; field exploration; laboratory

testing; and analysis. Field exploration conducted from April 14
 
to June 16, 1985 consisted of a boring program and a hydrogeo
logical survey.
 

The boring program included drilling and sampling of two in
formatory bore holes at the Jamshoro site, eight informatory and
 
five main bore holes at the Khanot site, and two informatory bore
 
holes at the Lakhra site. Permeability tests in rock were also
 
performed in some of the borings at the Khanot site. An Elec
trical Resistivity Survey for the hydrogeological study was carried
 
out by WAPDA to investigate the availability and suitability of
 
the surface and ground water within and in the vicinity of the
 
Khanot site.
 

The laboratory testing program consisted of soils, rock and water
 
quality tests to determine soils/rock classifications, water quality

and soils/rock engineering properties.
 

An analysis was made of the subsurface conditions to prelimi
narily determine the type of foundation required for the power
 
plant structures at each site. The analysis was based on data
 
collected from the boring data and the results of the laboratory
 
testing program.
 

Boring work and laboratory tests were subcontracted to Drilltech
 
Drilling Co., Karachi. Laboratory tests were actually performed

by Soils and Materials Testing Laboratories Ltd., Karachi. The
 
Electrical Resistivity Survey was performed by Hydrogeology Direc
torate WAPDA, Lahore.
 

Boring work was supervised by Mr. William Santamour, GCII Senior
 
Geologist. Review of the geotechnical findings and foundation
 
recommendations was performed by Dr. Kin Y. C. Chung, P.E., GCII
 
Supervisor, Geotechnical Services.
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B. SITE LOCATIONS
 

All three sites investigated are located within the Sind Province
 
of °"'kistan. The Jamshoro site is located 4 km west of the Indus
 
Rivr and approximately 12 km northwest from Hyderabad, which is
 
a city situated 100 km northeast of Karachi. The Khanot site is
 
located only 2 km west of the Indus River and approximately 30 km
 
north of the Jamshoro site. The Lakhra site is located in the
 
Lakhra coal mine area and is approximately 20 km west of Khanot.
 
The site locations are shown on Figures 1 and 2.
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III. DISCUSSION
 

A. GEOLOGY
 

All three sites, Jamshoro, Khanot, and Lakhra, are similar from a
 
geologic standpoint. All are located in the Laki formation of
 
early Eocene age. The rocks of this formation are mostly lime
stone, some mar! and shale. Sandstone and lateritic clay are
 
also interbedded in this formation. 
The base of the Laki forma
tion is on the Ranikot formation. The limestone is mostly soft
 
to hard. Massive, bedded and soft-nodular limestones are common
 
in all three sites. Solution cavities are frequently found in
side the limestone, both at the Jamshoro and Khanot sites. 
 They
 
are filled mainly with calcareous clayey materials.
 

The site locations and the general descriptions of the geological
 
terms are 
shown on Figure 2 (Geo. Survey of Pakistan, 1964 and
 
1982).
 

B. SEISMOLOGY
 

1. General
 

Based on the Seismic Zoning Map of Pakistan (National Engi
neering Services, Pakistan, 1984), there are a total of 4
 
seismic zones in Pakistan (Figure 3):
 

Zone 0 - Negligible damage
 

Zone 1 - Minor damage, distant earthquakes may cause damage
to structures with fundamental periods greater
than 10 seconds, corresponds to Intensity V and 
V1 of the Modified Mercalli (MM) scale.
 

Zone 2 - Moderate damage, corresponds to Intensity VII of
 
the MM scale.
 

Zone 3 - Major damage corresponds to Intensity VII and
 
greater of the MM scale.
 

A more refined zoning map was also given by the Geological

Survey of Pakistan (1984) which added Zone 4 areas within
 
Zone 3 determined by proximity of certain fault systems.

All three sites are located within Zone 1 (Figure 4).
 

There were 11 earthquakes of magnitude varying from 4.3 to 6
 
on the Richter Scale which occurred from 1819 to 1980 in the
 
vicinity of the sites (Figure 4 and Table 1).
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Two major active fault systems are also found in the
 
vicinity of the sites - Surjan Fault and Jhimpir Fault.
 
The Surjan Fault is north-south trending, located west of
 
the sites, and cuts Quaternary deposits. The maximum
 
magnitude of the earthquake associated with the fault is of
 
the order of M=6.1+ on the Richter Scale. The Jhimpir Fault
 
is north-west trending, and located southwest of the sites.
 
A number of epicenters are located on this fault. The fault
 
has produced an earthquake of M=5.6+ on the Richter Scale.
 

2. 	Evaluation of Earthquake Horizontal Acceleration
 

a. 	Based on Seismic Intensity
 

The following formula was developed by Trifunac and
 
Brady (1975) to evaluate horizontal earthquake ac
celeration with known seismic intensity of the sites:
 

Log Ah = 0.3 (IMM) + 0.014 (also see Figure 5)
 

In which, 
IMM = Modified Mercalli Intensities 
Ah = Horizontal Acceleration, cm/sec2 

Based on the Seismic Zoning Map of Pakistan, all three
 
sites are located within Zone 1. The selection of the
 
maximum intensity for the Jamshoro and Khanot sites can
 
be considered to be conservative. Since the Lakhra
 
site is very close to the Surjan Active Fault (less

than 10 km), the intensity at the Lakhra site atten
uated from the fault which has been associated with
 
earthquake events of the order of M=6.1 on the Richter
 
Scale may result with an intensity of 7 MM scale (Modi
fied Mercalli Intensity). The site intensity is a
 
function of the attenuation characteristics of the
 
regional and local geology, earthquake magnitude, focal
 
depth of the earthquake and distance from the epi
center.
 

Using site intensities of 6, 6 and 7 for Jamshoro,
 
Khanot and Lakhra, the horizontal acceleration can be
 
predicted to be 0.07, 0.07 and .13 g respectively.
 

b. 	Based on the Earthquake Magnitude, the Location, and
 
Distance of the Active Fault System.
 

Schnabel and Seed (1972) obtained a correlation among
 
rock acceleration, fault distance, and earthquake

magnitude. The results are presented in Figure 6.
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The Jamshoro site is located 28 km east of the Surjan

Fault and approximately 30 km northeast of the Jhimpir

Fault. Based on the maximum earthquake magnitude of
 
5.6 from the Jhimpir Fault and of 6.1 from the Surjan

Fault, the horizontal acceleration can be evaluated to
 
be 0.08 to .13 g. The high value (0.13 9) postulates

that the maximum earthquake occurs along the fault at
 
the closest distance from the site. Should it be based
 
strictly on the epicenter distance from the known 1960
 
earthquake which has the epicenter at a distance of

55 km away from the site, the horizontal acceleration
 
is computed as 0.06 g. Therefore, the design hori
zontal acceleration of 0.08 g for the Jamshoro site is
 
reasonable.
 

The Khanot site is located 28 km east of the Surjan

Fault and 50 km+ northeast of the Jhimpir Fault.
 
According to the known 1960 earthquake along the Surjan

Fault, which has the epicenter at a distance of 38 km
 
away from the site, the maximum horizontal acceleration
 
is found to be 0.08 g.
 

The Lakhra site is located only 10 km east of the Surjan

Fault. However, the site is approximately 30 km away

from the known 1960 earthquake epicenter. The horizontal
 
acceleration is predicted to be 0.14 g minimum.
 

C. FIELD AND LABORATORY INVESTIGATIONS
 

1. Borings
 

Two informatory borings were drilled at the Jamshoro site.
 
Boring locations are superimposed on the WAPDA boring plan

shown in Figure 7. Eight informatory borings, with widely

spaced grid and five main borings under the major power plant

structures were drilled in Khanot site. 
Standard penetra
tion tests (SPT) were performed in the overburden soils and
 
at the clayey layers inside the rock. Rock coring, and water
 
pressure tests in rock were performed at designated boring

locations. The SPT test is
a soil test during drilling to
 
determine the density or consistency of soils, and can pro
vide the engineer with a disturbed soils sample for classi
fication tests. This test isperformed by measuring the
 
resistence using a 63.6 kg (140 lb.) 
hammer falling 76.2 cm

(30 in.) to drive a 5.08 cm (2 in.) 00 splitspoon sampler

30.48 cm (12 in.). Boring locations are shown in Figure 8.
 

Two informatory borings were drilled at the Lakhra site.
 
SPT tests in the overburden soils and at the clayey layers

inside the rock. Rock coring and bag sampling were per
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formed at each boring. Boring locations are shown in
 
Figure 9. The drilling footages in soils and rock, number
 
of SPT tests, number of water pressure tests and ground
 
elevation of each boring are given in Table 2.
 

Drilling and field test operations were inspected by a GCII
 
geologist, who also maintained a continuous log of the soils
 
encountered. Boring logs are presented in Appendix I.
 
Soils encountered during drilling were described in accor
dance with the Unified Soil Classification System (ASTM D2487).
 
The meanings of various descriptive terms used in the logs
 
are provided in the Key to the Log of Boring, also in
 
Appendix I.
 

2. Laboratory Testing
 

Soils, rock and water samples obtained from the borings and
 
from the river were sent to the Soils and Materials Testing
 
Laboratory in Karachi. One river water sample and four ground
 
water samples from drilling wells at Lakhra coal mine areas
 
near the power plant site were sent to Karachi Laboratories
 
for chemical analyses by John T. Boyd Company. The laboratory
 
testing program and test results are included in Drilltech's
 
Report (1985) and in Appendix II.
 

D. SITE DESCRIPTIONS
 

1. Jamshoro Site
 

The proposed power plant structures are located next to the
 
WAPDA 250 MW Oil-Fired Power Station which is under con
struction (Figure 7). As stated inthe WAPDA Geological
 
Report (1985), there were a total of 39 borings which had
 
been drilled around the site. Two informatory borings were
 
then drilled by GCII to confirm the geological conditions of
 
this site. The site is relatively level with ground eleva
tior, varying from 40.63 to 44.51. According to the boring
 
results, the Jamshoro site is covered by thin overburden
 
soils. The overburden soils consist of coarse, broken rock
 
fragments with a thickness from zero to 0.25 m deep. Thick
 
limestone bedrock underlies the thin overburden soils. The
 
limestone has strength ranging from soft to hard with very

low to zero Rock Quality Designation (RQD) percentages. RQD
 
is a method to measure rock quality based on the relative
 
amount of fracturing and alteration in rock. RQD percentage
 
is obtained by summing the total length of rock core
 
recovered by counting only those pieces of hard and sound
 
core which are 10.2 cm (4 in.) or more in length and
 
expressed as a percentage of the total length of the core
 
run.
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The weathering process of limestone has occurred to a depth
of more than 25 m and shows softening and decomposition in 
the cores. Iron staining has occurred throughout the depth
of the holes along fractures and bedding planes. Solution 
cavities were found in the upper and lower chalky limestone. 
Those cavities were frequently filled with calcareous clayey
material. The soil and rock profile is presented on Figure 10. 

2. Khanot Site 

A total of 14 borings were drilled at this site by GCII. 
The results are presented in subsurface prufiles A-A and B-B 
on Figures 11 and 12, respectively. The overburden soils 
consist of brown clayey sand with a thickness varying from 
zero to 2 m. The foundation rock is again Laki limestone. 
A shale sequence occurs at approximately 25 m depth, and 
below that depth shale and limestone are interbedded to at 
least 50 m. Solution cavities were found within limestone 
bedrock. These cavities are filled with clayey or silty
materials which can be classified as ML, MH, CL or CH in 
accordance with the unified classification system. These 
materials have the similar specific gravity of 2.65. The 
low portions of the site appear to be dry drainage areas 
which may receive some flow during the rainy period in August
when most of the 15 cm (6 in.) yearly rainfall occurs. 

Nearby rock outcrops show an unusual structure of limestone 
beds. They appear to be composed of nodules of medium hard 
to hard limestone grading outward to soft and then decom
posed limestone. This structure might explain the zero to 
low RQD during drilling. The site elevations vary from 26 
to 38.6 m. Some excavation and backfill work for site 
development is necessary. 

3. Lakhra Site 

The site is located south of the Lakhra coal mines. Two 
informatory borings were drilled to confirm the subsurface 
conditions. The results are presented in the subsurface 
profile on Figure 13. The overburden soils consist of brown 
silty sand and brown silty clay with a thickness varying
from 1.5 to 3 m. The foundation rocks are soft sandstone 
and soft sandy shale. They are interbedded with each other 
throughout the drilling depth (30 m). RQD value is zero 
from the top of the rock to a depth of 20 m below ground.
Standard penetration tests were performed inside the soft 
shale and sandstone. The SPT values vary from 20 to 
100 blows/per 30.48 cm. The site is relatively level. 
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E. FOUNDATION CONSIDERATIONS
 

The selection of foundation type under each structure on each
 
site ismainly dependent upon the site soils/rock conditions,
 
structural type, loading condition, site seismicity, and economy.
 

1. Jamshoro and Khanot Sites
 

The Jamshoro and Khanot sites are similar in geology according
 
to the foundation point of view. The rock is near the sur
face and is soft to hard, weathered and highly fractured
 
limestone. Stiff to hard clayey material frequently fills
 
inthe solution cavities inside the limestone layer. The
 
rock quality is extremely poor as shown by zero RQD during
 
most of the drilling. Individual footings and mat founda
tions are the most suitable foundation types for the power
 
plant structures on these sites.
 

Based on the SPT values on clayey material inside the lime
stone cavities, the clay consistency varies from stiff to
 
very stiff. In order to minimize differential settlement
 
due to the clay inside the cavities and to reduce the over
stress of the upper limestone, an allowable bearing capacity
 
of the foundation on limestone should be less than 5 kg/cm2
 
(5TSF). All foundations shall be rested on rock. A mini
mum of 30 cm (12 in.) rock excavation for the power block
 
and chimney foundations is recommended. The purpose of the
 
rock excavation is to remove extremely weathered upper lime
stone. For structures subjected to wind or other uplift
 
forces, rock anchors and/or drilled piers as adequate foun
dation types shall be considered. The side friction between
 
the grout/concrete and the limestone can be estimated to be
 
.2 N/mm2 (2 TSF). Due to the limited information, the afore
mentioned bearing and friction values are suggested to be
 
used for preliminary design and for cost estimate. Should
 
one of the sites be selected for the power plant, a detailed
 
geotechnical investigation should be performed. Menard
 
pressuremeter tests or plate load tests on rock at cavity
 
locations are recommended to be performed in-field to verify
 
the rock design parameters in the future.
 

2. Lakhra Site
 

The site is covered by soft sandstone and shale of the Laki
 
Formation. Layers of stiff to very stiff clay are inter
bedded with sandstone and shale. Individual footings and
 
mat foundations are the most suitable foundation types for
 
the power plant structures on this site. In order to mini
mize differential settlement due to clay inside the soft
 
rock, an allowable bearing capacity of the foundation on
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sandstone or shale is recommended to be 4 kg/cm2 (4TSF)

Since the overburden soils on site may have a thickness up

to 3 m deep, the allowable bearing capacity of individual
 
footings on soils with a minimum 1.5 m embedment is recom
mended to be 2.5 kg/cm 2 (2.5 TSF).
 

For structures subjected to wind or other uplift forces,

rock anchors and/or drilled piers as adequate foundation
 
types shall be considered. The side friction between the
 
grout/concrete and the soft sandstone and shale can be esti
mated to be .1 N/mm2 (I TSF).
 

F. COOLING AND FRESH WATER SUPPLIES
 

Ground water investigations during boring at the three sites and
 
surface water investigations at the Indu River have been made.
 
Information was also gathered from the work done by the J. T. Boyd

Company for the Lakhra mine area. The results of the soil
 
resistivity survey for ground water investigations in the flood
 
plain area east of Khanot (WAPDA 1985) have been reviewed. Water
 
quality data in the Indus River near Sehwan, 85 km upstream of
 
Khanot, from 1972 to 1979 and 1981 to 1983 by the Public Health
 
Engineering Department (PHED) of Pakistan were also gathered and
 
reviewed. The sounding record of the Indus River at Khanot is
 
also obtained by WAPDA as presented on Figure 14. The chemical
 
analyses of the ground water and river water at Khanot by GCII
 
and the river water quality data by PHED of Pakistan are included
 
inAppendix II. The results are summarized in Tables 3 and 4.
 

Ground water was not found during drilling to 30 to 40 m deep at
 
the Jamshoro and Lakhra sites. Although ground water was 
found
 
at approximately 4.6 to 13 m below ground in borings KM-i, 4, 5
 
and 6 of the Khanot site, no ground watpr was observed in other
 
borings. Based on the hydrogeologic study (WAPDA 1985), the
 
ground water quality inthe Khanot area isgenerally alkaline and
 
saline. 
A fresh ground water belt of small thickness occurs on
 
top of saline water only along the non-perennial streams or along

the Indus River.
 

Based on the results from the chemical analysis on the ground

water quality (Table 3), ground waters at all three sites contain
 
high total dissolved solids, sulfate and calcium. 
The pH value
 
ranges from 7.2 to 7.8. The water is slighlty alkaline and should
 
be treated before use.
 

Table 4 summarizes the water quality results of the Indus River.
 
The water samples were obtained near Sehwan. The suspended sedi
ment concentrations in the river water vary seasonally from 22 to
 
7000 ppm. The pH values varying from 7.3 to 9 indicate that the
 
water is alkaline. The results also indicate the the water con
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tains relatively high calcium, magnesium, sodium, bicarbonate and
 
sulfate.
 

It is concluded that all cooling and fresh water supplies should
 
be obtained from the Indus River.
 

Due to the high concentrations of the total dissolved solids,

sulphate and other chemical elements, it is recommended that a
 
filter be installed in the system and that the water be treated
 
to minimize any scaling effect inside the boiler or other plant
 
components.
 

G. SOLID WASTE DISPOSAL
 

Based on the climate and subsurface conditions, the use of the
 
evaporation ponds for discharging all wastes such as fly ash,

bottom ash, miscellaneous wastes, and FGD sludge (ifFGD system

required) at all sites is recommended. The ponds will be en
circled by 12 to 20 m high dikes. 
 The number of ponds required

shall be based on the waste quantity.
 

1. Jamshoro and Khanot Sites
 

Since rock is shallow and near the surface, there is lack of
 
sandy or clayey material for dike construction. It is
 
therefore recommended that the ponds be constructed in
 
several stages. The first stage is to build enough primary

ponds using on-site rockfill or excavated material to handle
 
a period of 5-10 years' ash production. The second stage is
 
to construct secondary ponds using production waste such as
 
bottom ash and fly ash from the primary ponds.
 

The results from the water pressure tests in rock at Khanot
 
during the boring program indicate that the permeability of
 
the limestone is relatively high, with an average permea
bility value of 1.2 x 10-2 cm/min. In order to prevent the
 
contamination of the ground water at the Khanot site, an
 
impermeable liner such as membranes or asphaltic paving on
 
the top of the ground in the pond areas and on the upstream

slope of the dikes is recommended.
 

Since Jamshoro has similar rock formation and is close to
 
villages and the river, an impermeable liner may also be
 
required.
 

2. Lakhra Site
 

The Lakhra site is located in a remote region. The rock
 
consists of sandstone and shale. Because of shale and
 
laterite materials in the rock formation, permeability is
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expected to be small. 
 Since the overburden soils consist of
 
clayey materials, an impermeable liner under the ponds is
 
not required. The disposal dikes can be constructed using

random rock fill with thin clay core obtained from on-site
 
clayey materials.
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TABLE 1 

DESCRIPTION OF EARTHQUAKES
 

S. No.* 

Year 
of 

Event 
Intensity 
MM Scale 

Magnitude 
(Richter 
Scale) 

Strain 
Release 
Log. 
(Ergs) 

Focal 
Depth 

1. 893-894 8-10 6.3-7.6 10.6-11.5 Undeter

mined 
2. 1050 9-10 6.5-7.5 11.5 -do

3. 1668 8-9 6.3-7.0 10.6-11.1 -do

4. 1819 9-10 7.0-7.6 11.1-11.5 -do

5. 1819 9-10 7.0-7.6 11.1-11.5 -do

6. 1819 9-10 7.0-7.6 11.1-11.5 -do

7. 1819 9-10 7.0-7.6 11.1-11.5 -do

8. 1819 7-8 5.6-6.3 10.1-10.6 -do

9. 1819 7-8 5.6-6.3 10.1-10.6 -do

10. 1819 7-8 5.6-6.3 10.1-10.6 -do

11. 1819 8 6.3 10.6 -do

12. 1819 8 6.3 10.6 -do

13. 1819 7-8 5.6-6.3 10.1-10.6 -do

14. 1819 5-6 4.3-5.0 9.2-9.7 -do

15. 1819 9-10 7.0-7.6 11.1-11.5 -do

16. 1820 4-6 3.6-5.0 8.7-9.7 -do

17. 1820 4-6 3.6-5.0 8.7-9.7 -do

18. 1845 7-8 5.6-6.3 10.1:10.6 -do

19. 1920 7 5.6 10.1 33 

20. 1940 6 5.0 9.7 Undeter

mined 

21. 1940 7 5.6 10.1 33 

22. 1950 - Undeter- - 166 
mined 

23. 1956 7-8 5.6-6.3 10.1-10.6 33 

24. 1960 - Undeter- 33 
mined 

25. 1960 6-7 5.0-5.6 9.7-10.1 33 

26. 1963 7 5.6 10.1 17 

27. 1965 5-6 4.3-5.0 9.2-9.7 33 
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TABLE 1 (Continued)
 

DESCRIPTION OF EARTHQUAKES
 

S. No.* 

Year 
of 

Event 
Intensity
MM Scale 

Magnitude 
(Richter
Scale) 

Strain 
Release 
Log.
(Ergs) 

Focal 
Depth 

28. 1965 5-6 4.3-5.0 9.2-9.7 40 

29. 1965 5-6 4.3-5.0 9.2-9.7 33 

30. 1966 6 5.0 9.7 5 

31. 1966 - Undeter- - 33 
mined 

32. 1966 6 5.0 9.7 33 

33. 1968 6 5.0 9.7 33 

34. 1968 6 5.0 9.7 33 

35. 1969 5 4.5 9.3 19 

36. 1969 - Undeter- - 25 
mined 

37. 1970 6 5.0 9.7 33 

38. 1971 5 4.5 9.3 44 

39. 1971 5 4.5 9.3 33 

40. 1971 5 4.5 9.3 44 

41. 1971 - Undeter- - 33 
mined 

42. 1972 5 4.5 9.3 10 

43. 1972 5 5.0 9.7 33 

44. 1973 6 5.0 9.7 29 

45. 1973 6 5.0 9.7 10 

46. 1974 - Undeter- - 96 

mined 

47. 1974 - -do- - 33 

48. 1975 5 4.5 9.3 23 

49. 1975 4 3.6 8.7 105 

50. 1975 - Undeter- - 33 
mined 

51. 1976 6 5.6 9.7 14 

52. 1976 - Undeter- - 14 
mined 

53. 1976 - -do- 33 
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TABLE 1 (Continued)
 

DESCRIPTION OF EARTHQUAKES
 

Year 

of Intensity 


S. No.* Event MM Scale 


54. 1976 6 


55. 1977 

56. 1977 5 


57. 1977 

58. 1978 5 


59. 1980 5 


60. - 3-6 


61. - 3-6 

62. - 3-6 

63. - 3-6 


64. - 3-6 


65. - 3-6 


66. - 6-9 


67. - 3-6 

68. - 3 

69. - 6-9 

70. - 6-9 

71. - 6-9 

72. - 3-6 

73. - 6-9 

74. - 3 

75. - 3-6 

76. - 3 

77. - 3 

78. - 3-6 

79. - 3-6 

* See Figure 4 for locations 

Magnitude 

(Richter 

Scale) 


5.0 


Undeter-

mined
 

4.5 


Undeter-

mined
 

4.5 


4.5 


3-5 


3-5 


3-5 


3-5 


3-5 


3-5 


5-7 


3-5 


3 


5-7 


5-7 


5-7 


3-5 


5-7 


3 


3-5 


3 


3 


3-5 


3-5 


Strain
 
Release Focal
 
Log. Depth
 

_(Ers) 
 (Km
 

9.7 	 18
 

- 33
 

9.3 33
 

- 33 

9.3 33
 

9.3 33
 

8.2-9.7 0-50
 

8.2-9.7 0-50
 

8.2-9.7 0-50
 

8.2-9.7 0-50
 

8.2-9.7 0-50
 

8.2-9.7 0-50
 

9.7-11.1 0-50
 

8.2-9.7 0-50
 

8.2 0-50
 

9.7-11.1 0-50
 

9.7-11.1 0-50
 

9.7-11.1 0-50
 

8.2-9.7 0-50
 

9.2-11.1 0-50
 

8.2 0-50
 

8.2-9.7 0-50
 

8.2 0-50
 

8.2 0-50
 

8.2-9.7 0-50
 

8.2-9.7 0-50
 

Note: 	 The underlined earthquake events occurred in the vicinity of these three
 
sites.
 

Ref. 	 Geological Survey of Pakistan, 1984, "Seismic Risk Map of Karachi,
 
Hyderabad Divisions and Lasbela District, Pakistan."
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TABLE 2 

BORING PROGRAM 

Standard 
Penetration Water 

Hole No. 

Soil 
Drilling 

M 

Rock 
Drilling 

M 

Test 
SPT 
No. 

Pressure 
Test 
No. 

Water 
Samples 

Bag
Samples 

Ground 
Elevation Remarks 

Jamshoro 
JC-1 
JC-2 

0.0 
0.25 

25.0 
10.0 

0 
0 

0 
0 

0 
0 

0 
0 

40.03 
44.51 

Khanot 
KI-1 
KI-2 
KI-3 
KI-4 
KI-5 
KI-SA 
KI-6 
KI-7 
KM-1 
KM-2 
KM-3 
KM-4 
KM-5 
KM-6 

1.00 
1.50 
0.50 
0.30 
1.5 
1.4 
0.4 
0.0 
1.0 
0 
1 
1 
.45 
.6 

19.0 
18.5 
19.5 
19.7 
28.5 
17.8 
19.6 
20.0 
49.0 
0 
14 
14 
15.05 
14.4 

2 
1 
0 
0 
1 
7 
0 
0 
1 
0 
0 
3 
0 
1 

0 
2 
3 
2 
1 
0 
2 
2 
5 
0 
2 
2 
2 
0 

0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 

1 
1 
0 
0 
1 
0 
0 
0 
1 
0 
1 
0 
1 
0 

27.655 
26.945 
38.555 
37.185 
28.855 
28.855 
29.195 
31.315 
27.545 
0 

28.135 
28.085 
32.165 
26.125 

Hole eliminated. 

Lakhra 
LC-1 
LC-2 

1.5 
3 

28.5 
27 

8 
5 

0 
0 

0 
0 

0 
0 

123.940 
123.004 
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TABLE 3 

GROUND WATER QUALITY 

Test Jamshoro Khanot Lakhra 

Total Dissolved Solids 465-1371 ppm 
Sulphate (S04) 
Chloride (Cl) 
pH 

1080-2760 ppm 
35-175 ppm 
7.8-8 

1197-1380 ppm 

7.2-7.8 

155-615 ppm 
20-34 ppm 
7.4-7.8 

Bicarbonate (HC0 3) 
Calcium (Ca) 
Magnesium (Mg) 
Total Iron 
Manganese Dissolved 

2.5-5 ppm 
15.5-67 ppm 

171-403 ppm 
104-240 ppm 
4-40 ppm 
0-1 ppm 
Nil 

Suspended Solid 
Turbidity 

.02-.05 ml/l 
6-25 FTU 

Sodium (Na) 
Total Dissolved Salts 

70.5-190 ppm 
6050-6694 ppm 

10-40 ppm 

Salinity 6100-6600 ppm 
Conductivity 9531-10312 

micro mohs/cm 

LPS/S-T/D11 , ,j(
 



TABLE 4
 

WATER QUALITY OF INDUS RIVER
 

Near Sehwan I 

Test 1972 1973 1974 

Total Dissolved 
Solid (ppm) 140-304 170-310 170-370 

Suspended Sediment 
Conc. (ppm) 
Spring 130-540 33-3160 22-136 
Summer 1070-4330 4450-6950 121-3070 
Fall 2600-201 3720-149 4410-54 
Winter 20-1080 12-285 50-325 

*Ca 1.12-1.69 .82-2.0 1.1-2.11 
*Mg .85-1.71 .8-1.79 0.6-3.29 
*Na .15-1.80 .31-2.30 .55-2.37 
*C03 
*HC03 
*Cl 

0 
1.41-2.92 
0.64-1.57 

0-.72 
1.68-2.41 
.47-1.65 

.3/-.74 
1.71-3.16 
.76-1.72 

*S04 .19-.95 .41-1.48 .09-2.47 
Total Cations 
Total Anions 
pH . 

2.4-4.75 
2.45-4.97 
8.3-8.6 

2.4-5.15 
2.40-5.15 
7.7-9.0 

1.05-5.86 
3.75-5.96 
7.4-8.5 

Sodium Absorption
Ratio (SAR) (mg/l) 0.13-6.6 

Iron 
Manganese dissolved 
Turbidity 

*(mi1liequivalent/litre)
 

IFrom Public Health Engineering Department (PHED) of Pakistan
 
2 From GCII
 
3From J. T. Boyd Company
 

1975 


172-296 


20-341 

1490-5620 

3460-21 

55-170 


.77-2.13 


.83-3.15 


.59-2.19 


.17-.34 

1.53-3.56 

0.96-1.57 

.09-1.53 


2.9-5.66 

2.9-4.93 

7.5-8.3 


.45-1.6 


1979 


17-300 


1790-3280
 
2200-2560
 
2150
 
100-1160
 

1.3-2 

.7-1.1 

9.2-2.8 

0 

.8-1.8 

1.4-2 

.1-2.1 


2.3-5.2
 
2.3-5.2
 
7.9-8.2 


.1-2.7
 

At Khanot
 

19852 19853
 

236
 

8 140
 

44 1 
20 40 

35 
Nil
 

88
 
164 34
 
140 53
 

7.3 7.8
 

Nil Nil
Nil Nil
 
5 75FTU
 

LPAJIL-T/D11
 

http:2.9-4.93
http:2.9-5.66
http:0.96-1.57
http:1.53-3.56


TABLE 5
 

WATER PRESSURE TEST RESULTS IN ROCK
 

Boring No. Test Depth 

KI-2 3-20 m 
KI-2 3-20 m 
KI-2 10-20 m 
KI-2 10-20 m 

KI-3 3-6 m 
KI-3 6-12 m 
KI-3 6-12 m 

KI-4 3-20 m 
KI-4 10-20 m 

KI-5 3.5-9 m 
KI-5 3.5-9 m 

KI-6 3-10 m 
KI-6 3-10 m 
KI-6 10-20 m 
KI-6 10-20 m 

KI-7 3-10 m 
KI-7 3-10 m 
KI-7 10-20 m 
KI-7 10-20 m 

KM-i 3-10 m 
KM-1 3-10 m 
KM-i 10-20 m 
KM-1 10-20 m 
KM-i 20-30 m 
KM-1 20-30 m 
KM-1 30-40 m 
KM-1 30-40 m 
KM-I 40-50 m 
KM-1 40-50 m 

KM-3 3-9 m 
KM-3 3-9,m 
KM-3 9-15 m 
KM-3 9-15 m 

KHANOT SITE
 

Gauge K
 
Pressure (PSI) (cm/min)
 

20 1.56 x 10-2
 
30 1.51 x 10-2
 

-2
20 2.25 x 10

40 1.51 x 10-2
 

10 9.8 x 10-4
 
15 1.08 x 10- 3 

30 1.63 x 10-2
 

10 3.6 x 10-2 
25 2.29 x 10-2
 

10 2.12 x 10-2
 
20 2.60 x 10-2
 

10 1.21 x 10-2
 
20 1.3 x 10-2
 
20 1.27 x 10-2
 

-3
40 6.68 x 10


10 3.96 x 10-2
 
20 1.94 x 10-2
 
20 2.10 x 10-2
 
40 1.46 x 10-2
 

10 6 x 10- 3 

20 6.5 x 10- 3 

20 3.33 x 10- 3 

40 5.1 x 10- 3 
-3
35 2 x 10

70 2 x 10- 3 

50 2.8 x 10- 3 

100 1.4 x 10- 3 

65 2.15 x 10- 3 

130 3.8 x 10- 3 

10 1.8 x 10-2
 
- 320 	 6.5 x 10

- 320 	 3.33 x 10
- 340 5.13 x 10

LPS/S-T/D11
 



TABLE 5 (Continued) 

WATER PRESSURE TEST RESULTS IN ROCK 

KHANOT SITE 

Boring No. Test Depth 
Gauge

Pressure (PSI) 

KM-4 3-8 m 10 
KM-4 3-8 m 20 
KM-4 8-15 m 15 
KM-4 8-15 m 30 

KM-5 3-10 m 10 
KM-5 3-10 m 20 
KM-5 10-15.5 15 
KM-5 10-15.5 30 

K
 
(cm/min)
 

2.66 x 10-2
 
1.37 x 10- 2 

-2
1.76 x 10

9.1 x 10- 3 

- 36.2 	x 10
- 39.9 x 10

8.8 x 10-3 
4.54 x 10- 3 

1.2 x 10-2 (avg.)
 

LPS/S-T/D11
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SEISMIC RISK MAP OF KARACHI, HYDERABAD DIVISIONSAND LASBELA DISTRICt, PAKISTAN, 1984 
(by Director General Geological Survey of Pakistan) 

_ _ _ _ _ FIGURE 4 
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C-3 WAPDA Boring 

0 , RQD Value,% 29 

CLAYSTONE, Black, 
NOTES carbonaceous, med. soft 

1. Boring location are shown on FIG. 7 

2. RQD- Rock Quality Designation, total length 
of recovered core pieces measuring 10.2 cm. 
(4 in.) or more in length, expressed as a 
percentage of the total length of the core run. 

FIGURE 10 

SUBSURFACE PROFILE A-A 
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exijrusscd is a percentage of the total length (if core run. 
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"- _Silty CLAY , br wn.6S -

120 ; white, med. hard 45SS-3 

100 SS-40 SHALE, brown to gray, soft 200 

___5 9SS' 
100 SS-6 

SANDSTONE, red, soft clayey
_..0

0 

100 SS-7 
10SS6Silty 

SHALE, grayish pink, soft 
CLAY, red 

c9ayeyilty CLAYredtclayey ----- ow to 
0 

g SS-4gray 

110 98 SS-8 0 
n,, 00j SANDSTONE, brown to gray, 0 
U, soft clayey 

0 27 

z0 105 0 
0 SHALE, brown, medium soft to soft 

00 
000 I0 

6SANDSTONE, red, medium hard -CLAYSTONE, yellowish cream, soft 

95 0 SHALE, greenish gray, soft 0 L-(;END 
SANDSTONE, red soft clayey 0 29 SS-] SPT Value in rock cavity 

90 
0_0 RQD Value, % 

NOTES 
i. Boring location are shown on FIG. 8 
2. SPT Value- Number of blows of a 63.5 kg (140 lbs) hammer 

falling 76 cm (30 in) required to drive a 5 cm (2 in) O.D. 
splitspoon sampler 30.48 cm (12 in) 

3. RQD Value- Rock Quality Designation, Total length of FIGURE 13 
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BORING LOGS
 



GENERAL NOTES 
FOR LOG OF BORINGS 

GRANULAR SOILS RQD INTERPRETATION 
SIEVE

COMPONENT SIZE RANGE RQD = TOTAL LENGTH OF RECOVERED COREBOULDERS >8 in. PIECES MEASURING 4"OR MORE IN
COBBLES 8in.- 3 in. LeNGTH, EXPRESSED AS A PERCENTAGEGRAVEL(COARSE) 3 in.-3/4 in. OF THE TOTAL LENGTH OF THE CORE
GRAVEL (FINE) 3/4 in. - #4 (4.75 mm) RUN.
SAND (COARSE) #4 - # 10 (2.00 mm) DESCRIPTIVE TERM RQD. PERCENTAGESAND (MEDIUM) #10 - #40 (0.425 mm) VERY POOR 0-25
SAND (FINE) #40 - #200 (0.074 mm) POOR 26-50
SILT < #200 FAIR 51-75 

GOOD 76-90 
EXCELLENT 91-100
 

DEGREE OF COMPACTNESS OF CONSISTENCY OF COHESIVE SOILS
GRANULAR SOILS UNCONFINED
 

COMPRESSIVE
N-BLOWS/FT DESCRIPTION N-BLOWS/FT STRENGTH, qu, TSF CONSISTENCY

<4 VERY LOOSE <2 qu <0.25 VERY SOFT
4-9 LOOSE 2-3 0.25 <qu <0.50 SOFT10-29 MEDIUM DENSE 4-7 0.50 <qu <1.00 MEDIUM STIFF

30-49 DENSE 8-15 1.00 <qu <2.00 STIFF
50-80 VERY DENSE 16-32 2.00 <qu <4.00 VERY STIFF
>80 EXTREMELY DENSE >32 4.00 <qu HARD 

N = NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 
30 IN. REQUIRED TO DRIVE A 2 IN. O.D. SPLIT-
SPOON SAMPLER ONE FOOT. 

LEGEND CLASSIFICATION TERMINOLOGY 
SS - SPLIT-SPOON SAMPLE PERCENT


UNDISTURBED SOIL SAMPLES DESCRIPTIVE TERM BY WEIGHT 
ST - SHELBY TUBE SAMPLE 
OST - OSTERBERG SAMPLE 
D - DENISON SAMPLE TRACE 0-9 
BG - BAG SAMPLE LITTLE 10-19
RQD- ROCK QUALITY DESIGNATION (see above) SOME 20-34 
CR - CORE RUN NO. 
22 - N-VALUE, BLOWS PER FOOT AND 35-50 
P - HYDRAULICALLY PUSHED 
TV TORVANE TEST 
UC UNCONFINED COMPRESSION TEST 
Gs SPECIFIC GRAVITY LAKHRP POWER

C CONSOLIDATION TEST FEPSIBILITY STUDY 
PN PENETROMETER 
CU CONSOLIDATED-UNDRAINED TRIAXIAL 

COMPRESSION TEST 
UU UNCONSOLIDATED-UNDRAINED TRIAXIAL 

COMPRESSION TEST Ji KEY TO LOGLL LIQUID LIMIT 
PI PLASTICITY INDEX BO IGOF BORINGS 

B/188 IG.Form 
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see= Predoinantly one size or arange of sizes Poorly grddsands. gravelly Ln, itsirrrin size. sorundled u 
= 

ct Nnneiagalgaaro eQ~emnsfrS 
. .ediare massing na lines suianarula sa.d grain .. - - w itrh sonae in ..... .i.es sands. liltle or - ciraieaid lIi liflc. abaur IS'.lrain- - = - a E -... .................-


Alibeig Is bclars Abore *A line 
" --- Nonplastic lines (for identlicalion pro- Slty sands, poorly graded sand-

I n rallusral sand; Pill maluresmaoid in place. S andh b rleenli 5. S-= - 7
AlL cediaes.blossl -..]1 tur Saisigath.(~) itd i V "A'lneorPlcssthan carreeaeno r--- s-+'eLblo*%.i .. se Salry m nell cInpaled - - -

hla--srs)n t i du i cs 
i .atlio n p rocedures. C la )cy sands. Frnitely gadedn Plastic tines (fo r id en rlt 

- see CL bel,-.) SC sand-c•a) nnirturcs lual usof 
thian dulsybl~~greater-

Idcenarian Pracdurcs on Fraction Smaller than No. 40 Ste Size 

o 

Icrusing Dlaenzy (consistency . ~ 60 

- 10hAF2Ctr- near plastrc oils equal 


Dry Strength DTl Tughaness 

1o shaking, + S fin-
C n soi t l li forced.quiI.)....... lamar 


Inorganic sills and very fine ir pianmeadcaslge - w 
sxds rsre flaaur sill care anrd eliarir r t pl~rsiiay. !f'0f 40 lecgtrrar and di, jlrpg-, sntr 

SNone 1 Quick 0 None AlL no sands rri h slllh aaural narsluni of .iiruirs adh .rde.saanoey and size mnezliOluli-
s slow re ... v I.. to f lo 

lilrdiuom to None 1, Medium CL peiupa lllyy gravelly jcohieli nate, and other rl 'A 
c-ri~~lcou high very____ slow _ CL____ clays, sandy cla), $all) clays. ncrl tIcs. rill!e in.ormalaon. 20 .. l 

I+ + 

. . . - T . . _ .--
S. . . . . . . . . ...l 'an .... .. and s) yar . i . a.ff - I +. Inballni C - Js.rly 

m. . . . . .. cla ) s. u[ I.. , p.. la' C" l,l . F ill u1nnis tu) -!wdl t l:sod , a d d hianlor 0-. l L + - [
L6 m. d iudShhto Slow Slight OL Ocgan, sills and organic sill

• lj: + ~ ]~~~~~~~norganr+.-- -- silts,- rnlljs cous-i-niaanor ran sitraactlure. |. ... I - -+ -I 

sghto l atcns ouIUaalhadlr- - i-- - -- - ----- _____ ---- - sriaiaica-
Slght none sandy and ren.uldcd sates. ,i-tuc 0 20 30 40 60 80 100gmhdium Sl 1o-_l dialiriafnaleaium line io!n. .. 0 10 i 50 70 90 
m d mi e e usailly s ils. clasra. sla arid dralnarie nd "Ials 

flegh t0 Nane Ilgh C I niaani la), if high plas. 
sery high Ifiy lal lars Eraniplc 

Mealaum t0 0 iI} ngani.. sil nied lea Ii high C oil. brorn; slightly Plasticily chart(I.-)None Slight Oni a)
high s ecey slow mcdium 0 f plas,,.; arall pcrvcnage of for laborat0oy classification of fine grained soils 

Peal aInd slhl highly or3n i l; In aed dry 
Ia d- il) iyiReadily idenilfied by colr,. adouer. hles. in 

l an1 
lahghly Organic Soils sporingy I ce ane frequently by fibrouus pr ailosl 

- . AL
 
1les 1
lu.rIe; 

From Wagner. 1957.
 
SBoum..day claia a.lan$ Soils possessing charicteritics of two groups arc designated by combinaions of garou s) -nbols. I-or csarriple G r1-C, %ell graded rasc-sand miluc wilh clay binder.
 
i All sieve sizcs on Ihas chart are U S. standard. 

Fie l tnifiiaiinoo Proilir (ii, floor Grain.:~Siid -r Frucjlins 
by hand lr.¢c I;These proscdures are lobe performed on Ihe minus No. 40 sieve size particles, approximately . c in. l of field lassilie.aliun purposes. s.rcrneig rs not Inlended, simply remove le coaerst parlesnle .. '1e" essI. 

Diluarrey (lKcarIin [,, shakingl; Dry Sar-g"nga (Crushling cb-aiCroleislcsl ) Touiglress(Consitlrcn y trear plasicI mrit):
 

AIcer rirIo inia parrslics larger ihan No. 40 sare size. prepaeo a pat of Afier rcrnosng pailes fjrwcr than No. 40 s e size. miould a patrit( sa Alte rcnraorang palrrslas larger Ian ihe Na. 40 sieve size. a specimen of
 

miatl Sal wi h aAilumc of about one-half cubic inch. Add enough o rhe consleleny of pury. adding waler it nCLCsJly. Allow re par Io ea1l aboul (in hall ich itiiih41si-c, is miulded 
 i, Ihe nir silency ofis 

Saler Ic n11r ,-aliy to make tlhe soil soti but nal sticky. dry conaplec~l) b) usn. stin lir air day lag, and ilic eicsI 
 Isl sicntil hly uly. II coit dry. mllr nius! Ie added aid If slily. the '"pLnec 

e i 
liz*iraiaasiy aai-Ias Ihe iher hand evcral lames. A .f haracIre lt)a r11c- carllaadal an raain:d in by e 1 h ,spcriir- is b) a snlrarrilh

Plac tie flla in the crc palm ofonc hand and shake hor onlally, sh1rilnnally.strking breaking and ciunf hliig I Iii l s. IIlie s11ieifih is a Icasie shaulJ be- spread ir in a thin la)c anrd all ....J to lose smi1ie nr lic 

postlie reaction rhe ind quailii ofatreI im lie J 1il lI -fea th e:n tadled srt hand on 


liniis ir I l g ep "lren . of n-aler on the 1
surface of r h pal whic h soil. 'ilie dry sri-eglai iral ir% i h increa-alg |i1i y suirface air b lctt ihe paln imina al r cad *lsil aou nc-erlll inc i in 

Charades lo a 1arty cansiscrny and b ceim ,s ghlosy. AiehentliC sample Iligh dry sicielh as ci'ar-a c llli Jlr cla)s ii lhe II rriup. A ypial d aJin er. he ilicad is Ih:n ladcd and ,:-#aied rcpctacdly. During 

is squcccd tiihsiceri wleur and gloss disappear from intergic oly Silly lane sands Chi% manapuliaaan be lilaic contenis gradually rhduced and Ihefingers, the le sill p-iisc seay slighl dry slitLara 

sura e. rhe par sialfns and Irnally iI cracks or cumblr The rapidrty andslaishaseabrullie l sghJllhdry s1iength. bult an tic dsiniuisld specimen 1i. fiii|lnally loses Is plas1u.i1y, and cLulbles when the 

.f apl .+aance of le during shaking and of its disaprilaranec during wlen pade 1iar dlled lcienn. plasill isby the feel 11r s rile sand lccs iraaly h111ra .tasbod 

sqaurezalll assil in ideralriag lh characer r he lines rn a strl. islicicas a typical sill 1as lhe sne ill c ol flour. Alter lhiC lhleiJ IL fbyes%, lire pieces be lunitpcd lo cilhcr and ashould 

Vcry line ljn si il give rle quickesl and maisl dlsiln. resirn whereas lhl kneaing -211111 Lolilucd untl On, tutp %:Iunshl. 
a plall Uly h recti on. Iorganic settle. such as a"typical rll.ih l a11 a lir ll ell :anrp ahcnlah- i it nar plastic I arid tic sI1 
floor. show a namr -craiclyquick icnllon, Iiallny mren potentl s chu La3) init acatire ire Clh.dal sd lluaap 

5 ,l!. w c.lkns or lie Ihr cad art Ire plasi c nil arid tiu- Iis, oif 

c riernenie IOne luar liel hp ileh pla ih ;intr silds-c ealier inIlllC 

cI.y al Iii. plI l.1ll air rarll -h such a, klan -r1n |c fl)l arid orgalniC 

Mlalh) aigal1ic clJ)s lave a %cyweak and spoaagy (ecl ar the lasri unart. 
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JAMSHORO SITE
 



I I I I I I I I I I I I I II I I IEAR I I ATTERBERS INATURALI DRY I I I BLOW I I I II I I STRENGTH I I LIMITS I WATER IDENSITYI I ICOLNIT/FTI I IIDEPTHI TEST I 2 I SPECIFIC I-:]C[ NTENTI IRECOVEREDIRECOVEREDI OR ISAMPLE IClASSIFI-I 	 DESCRIPTIONI(M) I TYPE I KG/CM I GRAVITY I LL I PI I (%) I (PCF) I M)4 - I i I I 	 I (%) I RQD I NO. I CATION II I 4 I i I i I I 	 Ii 
i i i I I I I i 0.75 1 90 1 8%i I 1Brown gravel Limestone fragmentII I I I I I I I I I I I LS ILight grayL STE fraEmenI I II I I I Ii Ii II II II 6.88 1I 681I 81II Ii II Badly broken. Piece less than 3". 	 iI 

I +I +I +I +I +I +I +i +I 0.38+I 58+I 8%+I +I +i 	 + 
I I I I I i I i I I I i I I 	

I 
I 

i I I I i I I I 0.65 1 541 8% Ii i I I i I I 	 II I I I I I I! I 
1 5+ + +I I I I +I +i + + + 0.78+ 78+ 8%+ + +I I I I iI I I	 + 

I I I I I I I I I i I I I Soft seam (6.25 to 6.4) 1
I I II II iI Ii iI iI II Ii 8.67 1i 48 1I 8%1i iI II Ii 

+ + + + + + + + 	 + ++ 	 + + +i I I 2.66 164.4 135.5 1 
I i 

I i 1.51 96 8%I I I Soft seam (7.85 to 8.)
i I I Ii iI iI Ii II II II iI II II II Soft seam (8.4 to 8.5) iI 

I 

I I I I I I I I 1.48 1 99 1 8%I I I Decomposed seam (9.55 to 9.65) 	 I1 + + + + + + + + + + + + + +i i I I I I I I I I I I I Soft clay (18.2 to 16.3) 	 II I I 2.64 164.4 32.5 1 I I 1.35 1 90 1 8%I 1 1 Gypsum (10.3 to 1.5)I 
1 Soft clay and gypsum (10.8 to 11.2) I 

I +I +I + + 
I 

I I +I +I +I +I 2.8 +I 8 +I 0 +I +I LB +I Medium hard with soft chalky seams. 	 +II I I I I I I I I I I I I II I I I I I I I I I I I I i
I I I I I I I I I I I I I I 	 I 

I 

15+ + + + + + + + 1.95+ 35+ 8%+ + +I I I I I I 	 +
I I I I I I I II II II II II II II Soft, chalky (15.5 to 17.9) III I I I I I I I I I I I i I I 

I I I I I I I I 1.20 1 75 1 8%I I I Alternating 6" layers, medium hard to soft chalky I+ + 	 +I I I +I I +i +i +I + + + + + +I I I I I I 	 +I 
I II II II II II II II II 1.8 II 67 II 8%II II II Alternating layers, soft to medium hard (28 to 22)1II I I I I I I I I I I I I I I 

128+ +I i I +I + + + + + 1.85+ 78+ 8%+ + +I i I I I I I I I i 	 +I 
I II II Ii II ii II II II 1.45 1i 78 1I 8%II II II I 

I I I I I I I I I I I I I Soft to medium soft (22 to 25) 	 I+ + +
I I I I +I +I +I +I +I +I +I +I +I LS + 	 +II 

I I I I I I I I 0.75 1 58 1 %I I I
I I 	 II I I i I I I I I I I Boring ended at 25 .	 II I I I I I I I 1.05 1 78 1 8% I I

1 25+ + + + +1 	 - -I-1- +1-1-1 + + + + + + + 18% water during drilling. 
I 
I

I 1I 	 -- 1I.I.. I I II Lost Hole was dry. + 

6EDTECHNIC(.. INVESTIGATION - BORING REPORT BORING NO: JC-I 	 INSPECTOR: W.SAITJ ]OUR- PAKISTM - LAMfir"u POWER PROJECT FEASIBILITY STUDY 	 LOCATION: JAN SHORO-Prepared by: Gilbert/Comonwealth Inc. ELEVATION: 40.63 M DATE: 	 April 27, 1985 
Anril 28. 1985 



i E._AR I I ATTERBEG INATUII DRY I II I 	 I BL I II STRENT I 	 I 
IDEPTHI TEST 	

I LIMITS I WATER IDENSITYI I ICOLNT/FTI II 2 I SPECIFIC 	 I.-.+ - CONTENTI IRECOVRDIRECOVEREDI 	 IOR ISAPLE ICLASSIFI-II (M)I TYPE I KS/CM I 6RVITY I LL I PI 	 DESLRIPTINII (%) I (PCF) I (M) I (%) I FD I NO. I CATION I
IIIIII-----

4I I I I I I I I I I I 
Broken LIMSTONE
 

I I 
I 
I I I I 

I 
I 

I 
I 

I 1.12I I I 75 1 I 0%I I I LSI I White mediu soft LIMNE I chalky, badly broken.
I I I I I 	 II I+ + + + + + + + + + +I I I I I I 	 + +
I I 1.02 1 68 1 8% 1 	 +I I Alternating layers, hite medium hard andI I I I I I 	 II I I I I II I I I I I I I I I I I I medium soft (3.25 to 6.25)I	 1I 1 LI 61 1 II 5+ + 	 I I 1145.8 1 1.38 1 871 9% I I+ + + + + + 	 1+ + +I I I I I I I I 	 +I I I IC II 197.51I II 	

I I I I 
+ 
I 

+ 
III II II187.81II 1,. II 941I %lII I I I 	 II LS II Medi softI I I I I I 	 III I I I II + + + + + + + + + + +I I II 1I 19.5 1I 2.65 174.3I 128.6 1 	 + +I I II 65.3 1I 1.14 1I 76 1I 27% 1I II II 	 + 

1II I I I I I I I II I I I 	 I I Soft, nearly claystone
11 + 

2.66 173.5 123.3 1 I I 1.63 1 65 1 
I 

35% 
I 
1 I I 	 I+ 43 + + + + + 111.4 + + + 	 II I I I 	 + + +I I I I I I I I I 	 +I I I I I I 	 II I I 	 II I I I I 	 I I I I Boring ended at 10.I I I I I I 	 II I I I I 	 I I 

I + + + 
I I I I I I I I I 	 I 

+ + + 	 Lost approximately 10%drilling water.I + + + + + + + 	 II II II II II II II II II 	 +II II III I I I I 	 II II Hole was dry.I I I I I I 	 III I I I 	 I I II I I I I I I 	 II I I I 
1 15 + + + + +1 I II II II 	 +. + + + + +II II II 	 + +

I I I I I I I 
II II II II II II II	 +I I I I I I I 	 I 

II I I I I I I1 + + + + + + + + 
I I I I I 	 II 	 + + + + +I II II II II II II II II II 	 +I I I I I I I 	

II II II III I I 	 +II I I I I I I 	 I I I II I I I I 	 I128+ + + + + 	 I I+ + + + + + 	 II I I I I 	 + +I I I I I I 	 4I I I I 	 I I II I I I I I 	 II I I I 	 I I I II I I I I I I I I 	 Ii I I I I I I 	 II I I I I I 	 III + + + + 	 I+ + + + + + +I I I I I 	 + +I I I I I I I I II I I I I I I I I I I 	 II I II I I I I I I I I I I 	 I
125+ + + + + + 

I I I 
I-I---I + + + + + + + 

I
I I-I- I I-- -- I 	 +I I- I-- I I6EOTED4NICAL. INVESTI6ATION 	 "I 

- BORINS RPORT BORING NO: JC-2INECO: .SAOU 
- PAKIST AWN POWER PROJECT FEASIBILITY STUDYPrepared A ilbertComonwealth Inc. 	 LOCATION: JAN SHOROELEVATION: 44.51M DATE: April 985 



KHANOT SITE
 



I 1 ifI i IIi 	 iiii 
II I ! SHEAR I I ATTERBER6 INATURALI DRY I I I BLOW I I I 	
II I I SEN!TH I I LIMITS I WATER IDENSITYI I ICOUNT/FTI I I 

IDEPTHI TEST I 2 1 SPECIFIC ' .	 '+,---CONTETI IRECOVEREDIRECOVEREDI OR ISAMPLE ICLASSIFI-I DESCRIPTION l 
I PI I (%) I (PCF) I (M) I (%) I ROD I NO. I CATION II 4'I(M) I TYPE I KS/CM I GRAVITY II LL ,- +-------+I+ - 4 I I 	

I 
+----- 4-! 

I 

I 
I
I 
I 
+ 
I
I
I 

I 
I
I 
I 
+ 
I
I
I 

I 
2.65 1

I 
I 
+ 
I
I
I 

I I 
54.7 118.3 1

I I 
I I 

36.9 +13.F +35.1 
I I 
I I
I I 

I 
I
I 
I 
+ 
I 
II 

I 
I
I 
I 
+ 
I 
II 

I 
I 
I 
I 
+ 
I 
II 

I 
0.73 1 

I 
0.58 1 

+ 
1.16 1 

II 

I 
731 

I 
581I 

+ 
64 1 

II 

I 
% I 
I 

% 1 
81 + SS-1 
0%I 

II 

I 
1 . 
I 
I 
+ 
I 
II 

SM 

LS 

I Dull brown loose to medium dense silty SAND, some clay 
1 and little gravel.

I Yellowish white LIMESTONE, soft to medium hard, 
I weathered and fractued 
+ 1.9 to 2.5 Yellow and cream color calcareous 
I soft silty clay
IWhite medium hard LIMSTONEI 

I 
I 
I 
I 
+ 

I 

I I UC I 
1 5+ + 

I I 
I I 
I I 
I I 

I + IJC+ 
I I I 
I I II I 

I I 
1 1+ +I I 

I I 

1 I UC I 
1 I I 

+ + 
I I
I I 
I I 

50.5! 
+ 
I 
I 
I 
1 

13.0 + 
I 
II 
I 
+I 
I 

90.0 1 
I 
+ 
I
I 
I 

I I I I I 
+ + + + 153.5+ 

2.66 162.6 121.1 I I I 
2.66 131.9 18.1 1 27.5 I I 

I I I I I 
I I I I I 
+ + + + 154.8 + 
I I I I I 
I I I I I
I I I I I 
I I I I I 
+ + + + +
I I I I I 
I I I I I 
I I 1 1 143.5 1 
I I I I I 
+ + + + + 
I I I I I 
I I I I I 
I I I I I 

I 
1.85+ 
" I 

I 
I 

1.83 I 
+ 
I 

0.90 1
I 
I 

0.75+ 
I 
I 

0.45 1 
I 
+ 

1.0 1 
I 
I 

I 
68+ 

I 
I 
I 

74 1 
+ 
I 

6 0
I 
I 

50+
I 
I 

38 1 
I 
+ 

671 
I 
I 

I 
18%+ 
56 I SS-2 

I 
I 

10% 
+ 
I 

0% I 
I 
I 

8 +
I 
I 

7% 1 
I 
+ 

0% 
:I 
I 

I 
+ 
I 
I 
I 
I 
+ 
I 
I 
I 
I 
+
I 
I 
I 
I 
+ 
I 

I 

LS 

LS 

LS 

I I 
+ + 

I I 
I I 
IYellowish white soft to medium hard LIMESTONE, I 
I fractured with occasional very soft thin layers ofl 
+ silty clay (from 6.8 to 7.2) + 
I I 
I I 
IWhite, medium hard, fractured and weathered I 
I I 
+ + 
I I 
I Cavities at 10.55 to 11.20 11.4 to 11. 52 , I 
I 11.8 to 12.0 12.20 to 12. 5 12.45 to12.55, I 
I 12.68 to 12. %, 12.85 to 13.5, i3.50, 13.78 1 
+ to 13.90 + 
I I 
I I 
I Cavities - 14.65 to 14. 86 

I 
15 +I I 
I I 
I I 

I 
+I 
I 
I 

I 
+I 
I 
I 

I 
+I 
I 
I 

I 
+I 
I 
I 

I 
+I 
I 
I 

I 
+I 
I 
I 

I 
+I 
I 
I 

1.24 1 
I 
I 
I 

831 
+I 
I 
I 

% 1 
+I 
I 
I 

I 
+I 
I 
I 

LS 
I 
+I 
I 
I 

+I 
I 
I 

I 
+

II I 
I I 

I 
+
II 
I 

I 
+
II 
I 

I 
+
II 
I 

I 
+ 
II 
I 

I 
+ 
II 
I 

I 
+ 
II 
I 

I 
+ 
II 
I 

9 

I 
+ 
1I 
I 

I 
+ 

641I 
I 

I 
+ 

8%I 
I 

I 
+ 
II 
I 

LS 
I 
+ 
II 
I 

Medium soft to medium hard 
No cavities. Clay seam at 19.8 to0. 

I 
+ 
II 
I 

I 
1 28+I 

I 
I 
I 

+I I 
I I 
I I 
I I 
15+ 

1 

I 
+I 
I 
I 
I 

+I 
I 
I 
I 
+
1I 

I 
+I 
I 
I 
I 
+I 
I 
I 
I 
+ 

I 
+I 
I 
I 
I 
+I 
I 
I 
I 
+
I.~i 

I 
+I 
I 
I 
I 
+I 
I 
I 
I 
+ 

I 
+I 
I 
I 
I 
+I 
I 
I 
I 
+ 
-!I 

I 
+I 
I 
I 
I 
+I 
I 
I 
I 
+ 
lI 

I 
+I 
I 
I 
I 
+I 
I 
I 
I 
+ 
l 

0.75 1 
+I 
I 
I 
I 
+I 
I 
I 
I 
+ 
I 

38 1 
+
I 
I 
I 
I 
+I 
I 
I 
I 
+ 
'-

8% 1 
+
I 
I 
I 
I 
+I 
I 
I 
I 
+ 
I 

I 
+
I 
I 
I 
I 
+I 
I 
I 
I 
+ 

-

LS 

-

I 
+ Boring ended at 20 a. 
I 
IWater level at 26 ft. (8.1 m) 12 hours 
I after drilling
I 
+ Lost all water during drillingI 
I 
I 
I 
+ 
1 

1 
+ 
I 
I 
I 
I 
+I 
I 
I 
I 
+ 
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I I p I p ii 

S EAR I I ATTERBERG I1ATURALI DRY I I I BLOW I II I I STRENGTH I I LIMITS I WATER IDENSITY! I 1COtJNT/FT! I IIDEPTHI TEST I 2 I SPECIFIC -ft +CONTENTI IRECOVEREDIRECOVEREDI OR ISAMPLE ICLASSIFI-II (M) I TYPE DESCRIPTIONI KG/CM I GRAVITY I LL I PI I (%) I (PCF) I (M) I (5) I ROD I NO. I CATION ISI 

I I 
I I 
I I 

I + + 
II C II I 

I IPN; 
I II 5+ + 

I I I 
I I II I 

I I 
+ +I I I 

I II I I 

I 
I 
I 
I 
+ 

51.5 II 
4 1 
I 
+ 
I 
I1 

I 
+I 

II 

I I 
2.64 1 17.6 I 

I I 
I I 
+ +
I II I 
I I 
I I 
+ + 
I I 
I II I 
I I 
+ +I I 

I II I 

I 
2.i I 

I 
I 
+
II 
I 
I 
+ 
I 
II 
I 
+I 

II 

I I 
I I 
I I 
I I 
+ + 
1 156.0 1I I 
I I 
I I 
+ + 
I I 
I II I 

I I 
+ +l I 

I II I 

I 
0.5 I 

I 
1.05 I 

+
II 

.9 ! 
I 
+ 
I 

1.25 1I 
0.4 1 

+I 

8.5 1I 

I 
67 !1 

I 
70 1 

+
II 

36 1 
I 
+ 
I 

97 1I 

531 
+l 

28 1I 

I 
%1 
I 

8% 
+
II 

.05%I 
I 
+ 
I 

0% 1I 
801 

+I 

8% I 

I SM IDark brown silty SAND, some gravel, loose
I--CL- -1 Yellowish brown soft silty CLAY and decomposed
I---- I LIMESTONE 
I LS IBrownish white medium hard to hard LIMESTONE 
+ + with clay seams and badly broken clayI I seams at 1.8 to 1.9 and 4.1 to 4.2I II 

I 
I IBrownish yellow with sandstone mix
+ + 
I I Hard 

II II 

LS I 
+ + Brownish white soft to medium hard with clay sixI I 

I II II 

I 
I 
I 
I 
+ 

I 
I 
+ 
I 
I 

I 
+I 

I 
I 

10 +i I 
I I 

I 
+I 
I 

I 
+I 
I 

I 
+I 
I 

I 
+I 
I 

I 
+.i 
I 

I 
+I 
i 

I 
+I 
I 

0.68 1 
+I 
I 

57 1 
+i 
I 

0 1 
+i 
I 

+I 
i 

I 
+i 
II 

I 
+I 

I 
I 

I 

I 

I
I 
+ PN 
I 
I 
I 
I 

15 + 
I 
III 

I 
+i I 

i I 

I 
I 
+ 
I 
I 
I 
I 
+ 
I 
II 

I 
+ 
I 
IIi 

I 

I 
I 

4.5 + 
I 
I 
I 
I 
+ 
I 
II 

I 
+Ii 
i 

I I I
I I I 

2.65 + 32.6 + 11.8 + 
I I I 
I I I 
I I I 
I I I 
+ + + 
I I I 
I I !I I ! 

I I 
+ + +i iI 
i ! I 

I I I 

i 
I 
+ 
I 
I 
I 
I 
+ 
I 
II 

I 
+I 
i 
! 

i 
I 
+ 
I 
I 
I 
I 
+ 
I 
II 

I 
+ 
I 
I 

1.2 1 
I 
+ 
I 

1.0 1 
I 

0.5 1 
+ 
I 

8.4 1I 

I 
0.7+ i 

I 

6 1 
I 
+ 
I 

67 1 
I 

331 
+ 
I 

32!1I 

I 
56+ i 

I 
i 

0% 1 
I 
+ 
I 

0%1 
I 

0%1 
+ 
I 

8% I 

I 
8%+I 

I 
I 

I 

i 

1 -
I 
+ CL 
I 
1 
I LS 
I 
+ 
I 
II 

I 
+IiI 
i 

I 

I1 
I Brownish yellow clay and decomposed rock, soft to 
+ medium stiff 
I 

-
I Brownish white medium hard to hard LIMESTONE,
I fractured and weathered with calcite veins 
+ and oxidation 
I 
I 

I Brownish-yellow, medium soft to soft with clay seams 
+ 

I 

1 
I 
+ 
I
1 
I 
I 
+
I 
II 

I 
+ 
I 

I PN I 
1 20+ +I I I 

I I I 

2.01 
+I 
I 

I 
+I 
I 

I 
+I 
I 

i 
+I 
I 

I 
+I 
I 

1 
+I 
! 

1.5 1 
+! 
I 

75 1 
+I 
! 

,1 
+! 
I 

I 
+! 
! 

1 
+ Brown CLAYI 
I 

seam with limestone fragments 
1 

+ 

I I 

+I 

II ! 
I 

125+I1 

! 

+I 

!I 
I 

+1I 

! 

+! 

II 
I 

+ 

I 

+I 

I! 
I 

+I----

II 

+I 

II 
I 

+1---'--

II 

+I 

!I 
I 

+1.--.-. 

II 

+I 

II 
! 

+1-I---.. 

I II I 

+ +I I 

I II ! 
I I 

+ +1--.---I-- ---...iI 

II 

+I 

II 
I 

+ 

I I 

+I 

I! 
! 

+1I1 

I! 

+I 

II 
I 

+ --

IBoring terminated at 20 MI 

+ Water level at 27.6' (8.6 M)24 hours after drillingI 

I Lost all water during drilling 
I 

+1I 

II 

+I 

II 
I 

+ 

GFlTE[4INT& 
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' I I I I I I I I I 

I I I SHEAR I I ATTERBERG INATURAI DRY I I I BLOW I I II 
I I I STRENGTH I I LIMITS I WATER IDENSITYI I ICOUNT/FTI I I 
IDEPlHI TEST I 2 1 SPECIFIC ! i CONTENTI IRECOVEREDIRECOVEREDI OR ISAMPLE 1CLASSIFI-I DESCRIPTION I 
I (M) I TYPE 
+- + -

I 
I 
I 
I 

+ 
I I 

I 
I 
I 

1 5+ 
I I 

I KG/CM 
-

I 
I 
I 
I 

+ 
I 
I 
I 
I 
+
I 

I GRAVITY 
+--
I 
I 
I 
I 

+ 
I 
I 
I 
I 
+
I 

I 

I 
I 
I 
I 

+ 
I 
I 
I 
I 
+
I 

LL I PI 
I i 
I I 
I I 
I I 
I I 

+ + 
I I 
I I 
I I 
I I 
+ +
I I 

(%) I (PCF) 
-+-
I 
I 
I 
I 

+ 
I 
I 
I 
I 
+
I 

I 
I 
I 
I 
I 
I 

+ 
I 
I 
I 
I 
+
I 

(M) I 
+-
I 

0.7 1 
I 
I 

+ 
0.8 1 

I 
I 

1.25 1 
+
I 

() I ROD 
---------
I I 

70 1 8 1 
I I 
I I 

+ + 
53 1 0% 

I I 
I I 

83 1 0% 
+ +
I I 

NO. 

I 

ICATION 
i 
I - -
I LS 
I 
I 

+ 
I 

I 
I 
I 
+
I 

I 
i 

I Overburden badly weathered and broken rock 
I Gray white to grayyellow mediu soft to medium 
I hard LIMSTONE, fractured and weathered 
I 1.88 to 2.0, numerous calcite veins 

+ 
1 
IOFF-White chalky, medim soft to medium hard,
I fractured and weathered. Hard fossiliferous 
I (5.85 to 6.0). Oxidize stains 
+
I 

I 
I 
I 
I 
+ 
1 
I 
I 
I 
+
I 

I 
I I 

I
I 

I
I 

I
I 

I
I 

I
I 

I
I 

I
I 

0.8!1
I 

53 1
I 

8%
I 

I
III 

I I 

I I I I I I I I 1.0 1 67 1 % I I I I 

I 
+ 
II 

+ 
II 

+ 
2.64 1I 

+ 
45.0 1I 

+ 
II 

+ 
1I 

+ 
II 

+ 
II 

+ 
II 

+ 
II 

+ 
1I 

+ 
II 

+ 
III 

+ 
I 

II II II I1 II II II II 0.8 11 53 1I 0% I IIII I 

10 

1 15I 

+ 
I 
I 

I 
+ 
I 
I 
I 
I 
+I 

+ 
I 
I 
I 
I 
+ 
I 
I 
I 

+I 

+ 
I 

2.65 ! 
I 
I 
+ 
i 
I 
I 
I 
+ 

+ 
I 

49.9! 
I 
I 
+ 
I 
I 
I 
I 
+I I 

+ 
I 
I 
I 
I 
+ 
I 
1 
I 
I 
+!I 

+ 
I 
I 
I 
I 
+ 
I 
I 
I 
I 
+ 

+ 
I 
I 
I 
I 
+ 
I 
I 
I 
I 
+! 

+ 
I 
I 
I 
I 
+ 
I 
I 
1 
I 
+! 

0.7 + 
I 
I 

1.4 1 
I 
+ 

0.75 1 
I 
I 

0.95 1 
+I 

47 + 
I 
I 

93 1 
I 
+ 

50 1 
I 
I 

63 1 
+I 

+ 
I 
I 

0% 1 
I 
+ 

0% 
I 
I 

0%1 
+I 

+ 
I 
I 
F . I 
I SH 
+ ----
I LS 
I 
I 

+I 

+ 
I Yellowish-white, decoposed
I 
I 
I Red-gray medium soft SHLE. 
+ Brownish-whit2 LIMESTONE, medium hard to hard, 
I fractured andweathered 
I 12 to 12.5 Brown soft shale 
I 12.2 Gypsum
I 13.8 to 13.95 Grav soft SHLE 
+ 13.95 to 14.1 Yelow brow LIMESTONE 

+ 
I 
I 
I 
I 
+ 
I 
I 
I 
I 
+ 

I 
I 
I 
+ 
I 
II I 

I 
I 

+ 
I 
I I 

I 
! 
I 
+ 
I 
I I 

i 
I 

+ 
I 

I 

i 
I 

+ 
I 
I I 

I 
I 
I 
+ 
I 
I! 

I 
I 
! 
+ 
I 
! I 

i 
I 
I 
+ 
I 
! 

0.95! 
I 

08.52 ! 
+ 
I 

1.25 1I 

63! 
I 

75 ! 
+ 
I 

78 !! 

0% 

0% 
+ 
I 

%I 

I 

I 

- .-- IWhite to gray medium hard weathered 
I 1 16.5 to 18.0 Gra own soft CLAY 
I CL I 18.0 to 18.85 Dar gray carbonaceous SHLE 
+ + 18.5 to 20.0 Gray medium hard LIMESTONE 
I - -- 1 19.02 to 19.17 Brown CLAY seam 
I SN I . . .. . 

I 
I 
+ 
I 

I 
I 

20+I I 
I 

I 
+I +I 

I 

I 
+I 

I 
+I 
I 

I 
+I 
I 

I 
+I 
I 

I 
+I 
I 

1.1 1 
+I 
I 

100 1 
+I 
I 

53% 1 
+I 
II 

I LS 
+I 
I 

I 
+I +I 

I1 II I! II II II I II II I! II II IBoring ended at2I M. I 
+ 
I! I 

1 
I 

+ 
II 
I 
I 

+ 
1I 
I 
I 

+ 
II 
I 
I 

+ 
I! 
! 
I 

+ 
II 
I 
! 

+ 
I! 
I 
I 

+ 
II 
! 
I 

+ 
II 
! 
I 

+ 
I! 
I 
I 

+ 
II 
I 
I 

+ 
II 
I 
I 

+ 
II 
II 
I 

Lost water during drilling at 15 M 
Ground water table not found. 

+ 
II 

I 
125+ 
I -_ 

+ 
II 

+ 
-

+ + 
I -

+ 
I-

+ 
I 

+ 
I 

+ 
I 

+ + 
_I -! 

+ 
I-I 

+ + 
I 
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I I I I l I I I I I ! 

I I I SHEAR I I ATTERBERG INATURlI DRY I I I BLOW I I I I 
l I I STRENGTH I I LIMITS I WATER IDENSITYI I ICO.NT/FTI I I

IDEPTHI TEST I 2 I SPECIFIC i "CONTENTI IRECOVEREDIRECOVEREDI OR ISANPLE ICLASSIFI-I DESCRIPTION

I (M) ITYPE I KG/CM1 I I II GRAVITY II LL I PI I (%) I (PCF) I (M) I (%) I R9I I NO. ICATION II I I I + 4 4t 

I I I 
 I I I I I 0.20 1 100 1 0 1 I LS IChalky medium hard LIMESTOE. Broken, fractured II I I I I I I I I 0.59 1 74 1I i I I I I I I I I I 0 I I I I II 
I I I I I I I I I 0.7 1 70 1 01 I I medium to hard
I + + + + + + + + + + + + + 2 to 8 M iron stained, hard to soft +
I I I I I I I I I 0.69 1 69 1 11%1 I I II UC I 141.5 I I 1 I1154.0 1 I I I I II I I I I I 0.8 1 8 1 0 I I II I I I I I I I I II I I I I I 
1 5+ + + + + + + + 1.0+ 55+ 08+ +I I I I I I I I I I I I I +I +II I I I I I I I I I I I I I I 

I I I I I I I 0.4 1 50 1 08 I I II I I I I I I I I I I I I II 
+ + + + + + + + + + + + +I I I I I I 0.55 1 37 1 0I I I soft, weathered, decomposed to clay 

+ 
I I I I I I I I I I I I I I III I I I I I I I I I I I I I I 

I I I 2.66 1 37.4 114.0 I I 0.95 1 63 1 08I I I I18+ + + + + + + + + 
 + + + + soft, weathered
I I I I I I I I I I I I I I +II I I I I I I I I I I I I I I 
I I I I I I 0.83 1 44 1 0 I I I

I I I I I I I I I I I Decomposed I
I 

+ + + 2.64 + 45.5 + 14.9+ + + + + + + + +I I I I I 0I.95 1 63 1 0% I I Medium hard to soft II I I I I I I I II I I I I I I Decomposed II I I I I I I I I I 
I I I I I I 0.95 1 63 1 I I I I

1 15 + + + + + + + + + + 08 + + -- -- +
I I I I I I I I I -

+ 
I tSH I Gray soft SHALE II I I I 
 I I 0.9 1 60 1 0 1 I- LS--I Light gray LIMESTONE II I I I I I I I I ISH-1 Dark gray soft SHALE II I I I I I I I I I -I Gray medium hard LIMESTONE, I 

+ + + + + +I I I I +I I +I I I 0.9 +I 60 +I 0% + + LS + Brown, medium hard, oxidized +I I I I 
I I I I II I I I I I I 100% water loss at 18 . II I I I I I 0.85 1 57 1 0% I I I 
 I
I I I 
 I I I I I I I IWater level at 18.6 M.after completion of drilling. I
120 + +
I I I I +I + + + + + 0.55 + 55 + 0 + + + Boring ended at2 M. +I I I I I I I I I 
 I


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

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

+ + I I I I 
 I I I I I I I 
 I

1 + + + + + + + + + + + + + +I I I NION I I
I I I I I I I II II II II II II II II

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

I 5+ + + + + + + + + + + 
I-I-I I I-I -- I -- I --

+ 
II -- I -- - I -- I- I 


- EOTEDIC~ INVESTIGATION - BORING REPORT BORING NO: KI-4 INSPECTOR: W.S1*T#OUR 
'- PAIST i=WRA POWER PROJECT FEASIBILITY STUDY LOCATION: KHANOT 
- Preparedl' Gilbert/Commonwealth Inc. ELEVATION: 37. 185 M DATE: i , 1985 



* I I I IIIIIIII 

I I S-EAR I I ATTERBERS INATURALI DRY I I I BLOW I I I 
I I 
IDEPTHI TEST 
I (M) I TYPE 

I STRENGTH 
I 2 
I KG/C 

I 
I SPECIFIC 
I GRAVITY 

I LIMITS I WATER 
-+ ---- +CONTENTI 

I LL I Pl I (%) 

IDENSITYI I ICOUNT/FTI
IRECOVEREDIRECOVEREDI OR ISA?4PLE 

I (PCF) I (M) I ) I ROD I NO. 

I I 
ICLPSSIFI-I 
I CATIONI 

DESCRIPTION 
I 
I 
I 

I 
II 

I 
II 

I 
I 

I 
II 

I 
II 

I 
II 

I 
II 

I 
II 

I 
II 

I 
II 

I 
II 

I 
I SCI . .. 

I Clayey coarse SAN 
I silt, loose 

with fine gravel, trace I 
II 

I I I I I I I I 1.4 1 93 1 0%I I I Off-white to yellow white, medium to hard I 

1 

+ 
1 
I 
I 
I 

5+ 

+ 
I 
I 
I 
I 
+ 

+ 
I 
I 
I 
I 
+ 

+ 
I 
I 
I 
I 
+ 

+ 
I 
I 
I 
I 
+ 

+ 
I 
I 
I 
I 
+ 

+ 
I 
I 
I 
I 
+ 

+ 
I 
I 
I 
I 
+ 

+ 
0.75 1 

I 
1.0 1 

I 
+ 

+ 
50 1 

I 
67 1 

I 
+ 

+ 
0%I 

I 
0%I 

I 
+ 

+ 
I LS 
I 
I 
I 
+ 

+ 
I 
I 
I 
I 
+ 

LIMESTONE. Highly fractured and 
weathered. 
2.5 to 2.6 Decomposed
4.65 to 4.9 Medium soft 
100%water loss at3M. 

+ 

I 
I 
I 
+ 

I 
II I 

I I 

I 
II 
I 

I 
II 
I 

I I I 
2.66 1 49.4 1 20.4 1I I I 

I I I 

I 
II 
I 

I 
II 
I 

1.8 I 
II 
I 

67 1 
II 
I 

0% I 
II 
I 

I 
II 
I 

I 
II 
I 

Weathered and decomposed with clay washout. 
Intermitten layers of soft clay. 

I 

I 
I 

+ 
II I 

+ 
II 

+ 
II 

+ 
II 

+ 
II 

+ 
II 

+ 
II 

+ 
II 

0.88 + 
II 

59 + 
II 

0% + 
II 

+ 
II 

+ 
II Medium soft to medium hard 

+ 
II 

II I II II II II II II II 0.8 1I 53 1I 0% II II II Medium hard to hard, highly fractured II 
18+I I 

I 
+I 
I 

+I 
I 

+I 
I 

+I 
I 

+I 
I 

+I 
I 

+I 
I 

1.05 +I 
I 

70 +I 
I 

0% +I 
I 

+I 
I 

+II 
I 

+ 

I 
I 
I 
+ 
II I 

I I 

I 
I 
+ 
II 
I 

+ 
II 
I 

I 
I 
+ 
II 
I 

I 
I 
+ 
II 
I 

I 
I 
+ 
II 
I 

1 
I 
+ 
II 
I 

I 
I 
+ 
II 
I 

1.35 1 
I 
+ 

1.11I 
I 

90 1 
I 
+ 

73 1I 
I 

0%I 
I 
+ 

0%II 
I 

I 
I 
+ 
II 
I 

I 
I 
+ 
III 
I 

Chalky, medium soft to medium hard, 
intermitten layers of soft clay, 
highly fractured 

I 

+ 

I 
I I I I I I I I 0.98 1 65 1 0%I I I 

115 + 
I 
II I 

I I 

+ 
I 
II 
I 

+ 
I 
II 
I 

+ + + 
2.64 1 47.1 1 20.8 1 

I I II I I 
I I I 

+ 
I 
II 
I 

+ 
I 
II 
I 

+ 
I 

0.95 1I 
I 

+ 
I 

63 1I 
I 

+ 
I 

0%II 
I 

+ 
I 
II 
I 

+ 
I 
II 
II 

15.4 to 15.85 small fragments of 
LIMESTONEwith clay washed away 

+ 

I 

+I +I +I +I +I +I +I +I 0.5 +I 50 +I 0% +I +I +I +I 
II I 

I I 
II 
I 

II 
I 

II 
I 

II 
I 

II 
I 

II 
I 

II 
I 

0.6 1I 
I 

60 1I 
I 

0%II 
I 

II 
I 

III 
I 

I 
I 

I20 + 
I 
I 
SI 
I 

+ 
I 
I 
I 
I 

+ 
I 
I 
I 
I 

+ 
I 
I 
I 
I 

+ 
I 
I 
I 
I 

+ 
I 
I 
I 
I 

+ 
I 
I 
I 
I 

+ 
I 
I 
I 
I 

0.75 + 
I 

1.25 1 
I 
I 

50 + 
I 

83 1 
I 
I 

0% + 
I 

51% I 
I 
I 

+ 
I 
I 
I 
I SH 

+ Light gray shaley LIMESTONE with black soft clayey 
I shale at 20.4 to 20.5 and 20.75 to 21.0 
I 
I Dark gray limey SHALE 
I 

+ 
I 
I 
I 

+ 
I 
II I 

I I 

+ 
I 
II 
I 

+ 
I 
II 
I 

+ 
I 
II 
I 

+ 
I 
II 
I 

+ 
I 
II 
I 

+ 
I 
II 
I 

+ 
I 
II 
I 

1.4 + 
I 

0.9b 1I 
I 

93 + 
I 

64 1 
I 

0% + 
I 

0%II 
I 

+ 
I 
II 
I 

LS 
+ Light gray medium soft to medium hard LIMESTONE. 
I Dark gray carbonaceous limey shale, 22.6 to 
I 22.7 and 23.0 to 23.2.I 
II 

+ 
I 

1 25+ + + + + + + + + + +I-- I--I I -I-----I-I-----I--*--------I I---I + + +l-----I--II 

GEOTECHNICAL INVESTIGATION - BORING REPORT BORING NO: KI-5 INSPECTOR: W.SANTMUR
 
PAKISTAN - LAKHRA POWER PROJECT FEASIBILITY STUDY LOCATION: XHANOT DATE: May 14, 1985
 
Prepared by: Gilbert/Cormonwealth Inc. ELEVATION: 28.855 M May 16, 1985
 



S ii EAR I I RiTEWE INATULI DRYI I I I BLOW I I II ISTRENGTH I I LIMITS I WATER IDENSITYI I ICOtINT/FT i 
IDEPTHI TEST I 2 I SPECIFIC A- . CONTENTI 

I IIRECOYEREDIRECOVERE)II (M)I TYPE I KG/CM IIRVITY I LL I PII OR ISAMPLE ICLASSIFI-I DESCRIPTION(%) I (PCF) I (N) I () ESIII ROD NO. ICATION 

I I i i i 
 I I I II iI I I i I I I Dec mpo isedi I I I I I II iI 0.75 1 751 %1 Iii i i i I_ LS II Sandy LIMESTONE 

1 I I 8.58 1 58 1 
+ + + + + 

26% 1 1 I Brownish-black limey carboraceous soft to+ + + +I I + + + SH +I I I I I I 0.6 1 68 1 0% 1 
medium soft SLE, with high plastic CLAY +I I I I II I I I I I I IFI GrayI II I I I I I I I I m edium soft to medium hard shaley LIMESTONE with II I I I I I 8.85 1I I 851 48%II I 1 LS II several clay seams I

1 38+I I I + I + I + I + I + + +I I I0.4+ I 48+ 8%+I I + +I 
I I I I I II II I I I I I I I I I I I I I I I II Boring ended at 3. 

+I 

III I I I I I I I I I I III +I I + I + I + I + I + I + I + + Ground water level unkog due to the use of I
I I I I I I + I + I + +I drilled water.I I I I I I I +II I II I I I I I I I I I II I I I I1 35 I I I I I I I I I I I I35+ + + + + + + + + I+ + +1 40 I +I I I I I I I I I I I I I +
I I I I I I I I I I I I I II II I I +I I I I I I I II

II I I I I I I I I I1 I +I +I +I + + + + + II I I +I +I +I +I + +I I I I I Ii + +I I I I I I I II I II I I I I I I I I I I I I I I 
I+ I I I I I I I I I148+ + I I I+ + + + + + + II I + + + +I II I N I GI I I I I I I I I I +I I II II II III I I I I I I I I I I I II 

I + + 
I I * I I I 

I 
I I 

II I I I I I I I 
+ + + + + + I

I I I I I I + + + + ++I I I I I I I II I I I I
I I I I 

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

I I I I I I I I I III I I I I I I II
I45 + + + + + I

I I I I I I I 
+ 

I 
+ + + + + + 

I I I I 
I I I I I I +

I I i I I I I I +I I I I I III I I I I I I I I III I I I I I I I I I I II I II + + + + + I
I I I I I + + + +4-+ +I I I I I I I I II I I I I I I I I I I I +I I I II I I I I I I I II I I I I I I I I I I 

I 
II 

II I i III56+ + + + + + I+ + + + + 4+I I - II I--*-*'I--.-..-- I--1. 1-.-..--i I I-. -.--.--.-1-- I ICEO]TED*UNCA. IN'iESTIBATION - BORINO JE.PORT BORING NO: KI-5 (Continued) INSPECTOR: ILV[II#OUR
" PAKISTAN1kKHR POWER PROJECT FEASIBILITY STUDY LOCATION: KHANOTPreparefW 6ilbert/Comonwealth Inc. DATE: 14ELEVATION: 2.855 M W16, 1985 



; ; iiiI I I I Iii i I 
I I I SHEAR I I ATTERBERG INATURALI DRY I I I BLOW I I II
I I I STRENGTH I I LIMITS I WATER IDENSITYi I ICOUNIT/FTI I II
IDEPTHI TEST 1 2 I SPECIFIC -+-- CONTENTI IRECOVEREDIRECOVEREDI OR ISAMPLE ICLASSIFI-I DESCRIPTION lI(M) I TYPE I KG/CM I GRAVITY I LL I PI I (%) I (PCF) I (M) I () ROD I NO. I CATIONI I 

II I I I I I I I I I I I II I I I I I I I I I i I I II
I I I I I I i I I I I I I I I 

I I 2.65 1 32.5 1 11.7 1 13.7 1 I I I I 23 1 S-1 I GP I Brownish yelow decoposed LIMESTONE I+ 
I I 

+ 
I 

+ 
I 

+ 
I 

+ + 
I 

+ 
I 

+ 
I 

+ 
i 

+ 
I 

+ + + 
II 

+ 
I I l I I I I I II I I I l I 

I I I I I I I I I I III I I I I I I I I I I I I I II 
5+ + + + + +I I I I I I I + I + I + + + + + +I I I I II I I I 43.71I15.11I24.9 I I I I I I I I I 

I I I I I I I I I I 72 5-2 I LS I Yelow-bw mftLImSTOtE, decoposed, andAY with I
I I I I I I I I I I I I I ockrag ents. I 

+ + + + + + +I I I I I I I I + I + + + + + +I I I I II I I I I I I I I I I I I I I 
I I I 24.9 I 6.6 I 2.6 I I I I I 5 11 SS-3 I LS I Yellow-bhbow medium soft d eposed LIMSTONE with II I I I I I I I I I )100 I SS-4 I ocasional fragments. II cikton

18+ + + 34.4+ 11.6+ 26.3+ + + + + )I8+SS-5 + + +
i I I 8 I 2 I I 1 I I
I I I I I I I I I I I I IM.
I I I I I I I I l I I Ia II I I I I I I I I I I I I I 

1 + + + + + + + + + + + + +
I I I + 

I I I II II II I1 II II II I I NO: II I I II
I I I I I I I I I I I I III
I I I I I I I I I I I I I I I115 + + + + + + + + + + + + +iI I i i i i I i I i I I LS i Yello-white mediuusoft clayey dc posed LI ST(]E 

+
I

l I I 23.1 116.1 118.1 I I lI l )1881IS- I I rockfraguents andsand 
P aI b I I I I I I I I I

I 1 I I I I I I I I I I 
1 

III 
I 

+ 
I 

+ 
I 

+ 
I 

+ 
I 

+ 
I 

+ 
I 

+ 
I 

+ 
I 

+ 
I 

+ 
I 

+ 
I 

+ 
I 

+ 

I I I I I I I I I i I I I I II I I I I I I I I I I I I I
I I I I 2.51I8.71I23.6 I I I I I )I1 I SS-7 I I 

I 
I12 + + + + + + + + + + + + + Withcoarse tofinesand +

I I I I I I I I I I I I I II
I I I I I I I I I I I I I II
II l i i i i i i i i i l i oring ended at19.2 M. I
I I I I I I I I I I I I I I Water level at 8.6 ft. (2.7 M)2 hoursafter II + + + + + + + + + + + + + drilling +I I I I I I I I I I I I I I I
I I I I I I I I I I I I l I Lost18%of drilling water atl15.5 M. I

I I I l I I I I I I I I 1 I I
I I I I I I I I I I I I I I

I25+ + + + + + + + + + + + + +
I 

GEOTECI-tIICAL INVESTIGATION - BORING REPORT BORING NO: KI-,SA INSPECTOR: W. S NOUIR
PA.KISTAN - LAKRA PIkR PROJECT FEASIBILITY STUDY LOCATION: KH-ANOT
Prepared by: Gilbert/Comnmonwealth Inc. ELEVATI ON: DATE: May 16, 1985 



I I ISHEAR I I ATERBER INATURPLI DRY I I I BLOW I I II I I STRENGTH I I LIMITS I WATER IIDENSITY! I ICOUNT/FTI I IIDEPTHI TEST I I2 I SPECIFIC .-. •-"CONTENTI IRECOVEREDIRECOVEREDI OR ISAMPLE ICLASSIFI-I DESCRIPTIONI (M) I TYPE I KG/C GRAVITY I LL I PI I (%) I (PCF) I (M) II (%) I RQD I NO. I CATIONI I 

I 
I 
I 
I 

I 

1 

I 
I 
I 
+ 

I 
I 

5+I I 

I 
LC 

I 
I 
UC 

I 

I 
I 
I 
+ 

I 
I 
+ 

I 
136.01 

I 
I 
+ 

I 
I 
56.0 1 

I 
+I 

I I I 
1 I I 
I I I 

2.63 1 34.6 112.0 1 
+ + + 

I I I 
I I I 
I I I 

I I I 
+ + +I I I 

i 
I 137.3 
I 
I 
+ 
I 
I 
I 132.3 
I 
+I 

I 
I 
I 
I 
+ 
I 
I 
I 
I 
+I 

i 
0.43 I 
0.45 I 

I 
+ 

0.45 ! 
I 
I 

1.51 
+I 

I 
0.2 I 
95 1 

I 
+ 

261 
I 
I 

188 I 
+I 

i 
27% I 
8 1 

I 
+ 

a I 
I 
I 

% I 
+I 

I SC 
1 -
I LS 
I 
+ 
I-
I SS 
I -_ 
I LS 
+I 

I Clayey coarse to fine SAND loose 
I Grayish-white weathered LIESTONE, oxidized and 
I vuggy with calcite veins. 
I Yellow-brown decomposed, with calcite fragments 
+ 
I Limey SANDSTONE to sandy LIESTOE 
I 
I 
I Brown-ite medium hard to hard LIMESTONE, oxidized 
+ and weatheredI 

I 
I 
I 
I 
+ 
I 
I 
I 
I 
+I 

I 
I 

II 
I 

I 
I 

I I 
I 

I I 
I 

I I 
I 

I II 
I 

1I 
I 

1I 
I 

0.7! I 
I 

47 1I 
I 

6%1I 
I 

II 
I 

II 
I 

II 
I 

I 
I 

+I 
I 

I 
I 

+ I 
I 

+ I 
I 

+ I 
I 

+ +I 
I 

+I 
I 

+i 
I 

1.35 +I 
I 

9 +I 
I 

8 +I 
I 

+I 
I 

LS +I 
I 

Clay seams with decomposed limestone +I 
I 

1 
1 

I 
I 

I UC I 
I I 

+ + 
I 
I 
I 
I 

+ +I I 
I I 

881 
I 
+ 

I 
I 
I 
I 

+I 
I 

I I 
2.65 1 52.0 148.2 1 

+ + + 
I I I 
I I I 
I I I 
I I I 

+ + +I I I 
I I I 

1143.4 1 
I I 
+ + 
I I 
I I 
I I 
I I 
+ +I i 
I I 

1 
1.0 1 

+ 
I 

1.0 1 
I 
I 

0.95+ I 
I 

I 
58 1 

+ 
I 

57 1 
I 
I 

63+ i 
I 

I 
6%1 

+ 
I 

6% 1 
I 
I

85+I 
I 

I 
I 
+ 
I 
I 
I 
I 
+I 
I 

I 
I 
+ 
I 
I 
I 
I 
+I 
I 

Decomposed 

Brown clay seams 

I 
I 
+ 
I 
I 
I 
I 
+I 
I 

115+ 
I I 

I 
I 
I 

I + 
I Ii 

i 

I I 
1 28+ 
I II I 

I I 

I 
I 

i 
i 

I 
I 

+ 
I 
I 
I 
I 

+ 

Ii 

I 
+ 
I 

I 
I 

I 
I 

+ 
I 
I 
I 
I 

+ 
I 
I 

I 
+ 
I 

I 
I 

I 
I 

+ 
I 
I 
I 
I 

+ 
II 
i 

I 
+ 
I 

I 
I 

I 

I 
I 

+ 

I 
+ 
II 

I 
+ 
I 

I 
I 
+ 
I 
I 
I 
I 

+ 
II 
I 

I 
+ 
II 
I 

I 
I 
+ 
I 
I 
I 
1 

+ 
Ii 
i 

I 
+ 
II 
I 

I 
I 
+ 
I 
I 
I 
I 
+ 
II 
I 

1 
+ 
II 
I 

I 
1.45 1 

+ 
I 
I 
I 

1.25 1 
+ 
II 
i 

1.15 1 
+ 
II 
I 

I 
58 1 

+ 
I 
I 
I 

55 1 
+ 
II 
I 

461 
+ 
II 
I 

I 
4% 1 

+ 
I 
I 
I 

8% 1 
+ 
Ii 
i 

8% i 
+ 
II 
1 

I 
I 
+ 
I 
I 
I 
I 

+ 
II 
i 

I 
+ 
II 
I 

LS 

LS 

I Badly broken 
I 
+ 
I Soft to hard, with soft brown clay inclusions. 
I Badiy bro~en 
I 
I 

+ 
I Badly brokeniI 
I 

I 
+ 
IBoring ended at 29M.I 
I 

I 
I 
+ 
I 
I 
I 
I 
+ 
I 
I 

I 
+ 
II 
I 

I 
I 
I 
I 

I 
+I 
I 
I 
I 

I 
I 
I 

I 
+ 

I 

I 
I 
I 

I 
+ 

I 

I 
I 
I 

I 
+ 

I 

I 
I 
I 

+ 

I 

I 
+I 
I 
I 

I 

I 
+I 
I 
I 

I 

+i 
I 
I 

I 

I 
+I 
I 
I 

I 

I 
+I 
I 
I 

I 

I 
+I 
I 
I 

I 

I 
+I 
I 
I 

I 

i 
+I 
I 
i 

10% water loss at 5 M. 

I 

I 
+I 
I 
I 
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I I I I I I I I 	 I
I I SEAR I I ATTERBERG INATURALI DRY I I I BLOW I I I I

I I I STREN6TH I I LIMITS I WATER IDENSITYI I ICOUNT/FTI I I I
IDEPTHI TEST 1 I SPECIFIC - -----+CNlENTI IRECOVEREDIRECOVEREDI OR ISAMPLE ICLASSIFI-I DESCRIPTION I
I (M) I TYPE I KG/C I GRAVITY I LLI PI I (%) I (PCF) I (M) I 

I 
(%) I ROD I NO. 

I 
I CATIONI 

t 
I
II I I I I I 1 

I I I I 1 I 0.40 I 89 I 0% I I I Brownish-white hard LIMSTONE, fractured and weathered.,
I I I I I I I 0.43 1 95 1 0%1 I LS I .45 to .9 Soft and chalky I
I I I I I I I I 0.35 1 76 1 0%! I 1I I I I I I I I I I I I III
 
+ + + + 
 + + + + 0.70 + 42 + 0% + + LS + Yellow brown, medium hard, fractured with sarly +
I I I I I I I I I I I I I facies
I I I I I I I I 0.65 1 55 1 0%I I I I
I II 	 I I II II II II II II II II II lI II Whitish brown, medium hard to hard Il 

1 5+ + + + + + + + 0.95 + 73+ 0% + + + +
I I I I I I I I I I I I LS I White medium hard to hard, fractured and weathered I
I I I I I I I I I I I i I with oxidation. Maximum piece 3.5'. Soft clay I

I I I I I I I 0.9 II 961I %I I I seam (9.1 to 9.5). I
I I I I I I I I I I I I I1 
+ + + + + + + + 0.94 + 63 + 0%+ + +I 	 I I I I I I I I I I I I II + 

I 	 I I I I I I I I I I I I I I 
I I I I I I I I 0.85 1 571 0%I I LS I Yellow-br-mn medium hard.
I I I I I I I I I I I I I Intermittent soft clay or decomposed limestone, I

10 + + + 2.65 + 31.3 + 8.9 + + + + + + + + fractured and weathered +I 	 I I I I I i I I I I I I II 
I I I I I I I I 0.82 1 55 1 0% 1 I I II I I t I I I I I I I I I 	 I 
I I I I I I I I 0.55 1 301 0% I I 
+ + + + + + + + + + + + LS + White medium hard to hard, highly fractured and +
I I I I I I I I I I I I I weathered. II I I I I I I I 1.10 1 73!1 0% I I II 	 I I I I I I I I I I I I II 
I I I I I I I I I I I I LS I Yellow-brown medium soft to medium hard. Decomposed I 

1 	15 + + + 2.64 + 47.5 + 17.2 + + + 0.70 + 47 + 0%+ + + (14.35 to 14.55)
I I I I I I I I I I I I LS I Weathered and oxidized. 

+ 
I

I I I I I I I I 0.80 1 898 0% I I II 	 I I I I I I I I I I I I I II 
I I I I I I I I 0.70 1 641 0% I I I 

+ + + + + + + + + + + + +I 	 I I I I I I I I I I I I Ii + 

I I I I I I I I 0.70 1 70 1 0% I II 	 I I I I I I I I I I I I II 
I I I I I I I I 0.40 1 28 1 0% 1 I LS I I 

1 20+ + + + + + + + +I 	I I I I I I +I I I I +I +I +I + 

I I I I I I I I I I I I I Boring ended at2 M. 	 II 	 I I I I I I I I I I I I I I
I 	 I I I I I I I I I I I I I I 

+ + +
I I I I +I +I +I +I +I +I +I +I +I +I 100% water loss at 8.25N. +I 
I I I I I I I I I I I I I II 
I I I I I I I I I I I I I II 
I I I I I I I I I I I I I I I 

125+ + + + + + + + + + + + + +
I-I--I I "1-1- - -- I I -- I-- I-- I I 	 I 

G6EOTECFIICAL INVESTIGATION - BORING REPORT BORING NO: KI-7 	 INSPECTOR: W. SANTAMOUR 
- PAKISTAN - LAKHRA POWER PROJECT FEASIBILITY STUDY 	 LOCATION: KHANOT 
- Prepared by: 6ilbert/Coamonwealth Inc. 	 ELEVATION: 31.315 M 
 DATE: May 12, 1985 
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I I I I I I I I I I I II I ISHEAR I I ATTERBERS INATURALI DRY I I I BLOW I I 
I 
I I

I I ISTRENGTH I II LIMITS I WATER IDENSITYI I ICOIJNT/FTI I IIDEPTHI TEST I 2 I SPECIFIC a-- ItUNTENTI I IECOVEREDIRCOVEREDI OR ISPLE ICLASSIFI-II (M)ISIiTYPE I KS/CM I GRAVITY II LL II PI I (%) I (PCF) I (M) I 
DESCRIPTION I 

I I I I (%) II ROD II NO. II CATION II 
I I I I 

t 
I I I I 1.0 I 188 I I I SMI I I I I I I I I 

IDull brown silty, clayey SAND, medium dense, some I
 
I I I I I I I I 

I I I I gravel I0.5 1 1@@ 1 0% 1 I II I I I I I I I I I I 
+ + + + 

I I I LIMSTONE; Grayish wite to brownish white, medium II I I I I +I +I +I +I 0.48 +I % +I 8%+I +I LS +I hard to hard, highly fractured and weathered +I 
I II II II II II II II II 0.38 1I 75 1I 8% 1I II II I

I I I I I I I I 1.5 1 75 1 8%115+ + + I II I I I +I +I +I + + + + + II I I I I +I +I Decoposed clay seas at 3 Ft. and 3.5 Ft.I I I I I I I 
+II I 1.81I 881I 18% [ IIII I I I I. I I I I I I I I I I

I I I I I I I I 1.2 1 92 1 10% 1 L _ _ _J+ + + + + + + + + + + I
I I + + Yellow-cream soft, decomposed CLAY with limestoneI I I II II II I I I I I +I I I I I 80 1I SS-I II CL II fragments 
I I I I I I I I I 

II 

I I I I I I LS I LIMESTONE, grayish brown, hard, calcite veins II I I I I 0.69 1 86 1 21% 1 L. _ _I+ + + + + + + + + I 
II I I I + + + CS + Dark brown, soft CLqYSTON at 9.5 to 9.7 Ft. +I I I II I I I ILS--- LIMSTONE, badly broken at 10.5 to 10.7 Ft. II I I I I 1.05 1 781 I I II I I 

I I 
I 
I 

I 
I 

I 
I 

I 
I 

I I I I I I IYellowish white chalky LIMESTONE, medium hard to II I 1.1 I 73 I 8%I I I medium soft+ + + + + II I I I I I +I + + + + + +I I I I I I +I +I 
II I! II II II II II II I

I I
I 

I
I 

I
I 

I 
I

Yellowish white, medium hard LIMESTONE, badly broken Iat 13.7 to 14.5I I I I I I II I 1.3 1 74 1 6%I I I115 + + + + + + + I+ + + +I I I + +I I I I II II II II II 1.8 1I 8 1i 10% 1i Ii II 
+ 

I I I I I I I I i I I I 
I 

I IBrownish gray LIMESTONE, soft decomposed clay seam atI I I I I I I 1.3 1 I86 1 6%I I I 16.7 to 17.8 Ft.I +I +I +I + + + + II I l I +I +I +I +I + +I I +I
I I I I I I I I I I1 I I I Medium soft chalky LIMESTONE badly broken at l8.3I I I I I I I I 1.4 1 93 1 8%I I I 

I I I I I I I I to 18.5 Ft. and at 2.7 to 2.95 Ft. II I I I I I I1 26+ 
 + + + + + + + + I
 
I I + + + + +I I II II II II Ii II II 2.1 1I 78 1I 0% 1I II II III I I I I I I I I I I 
 I I I Off white hard, light, fractured, oxidized II I I I I I 
 I I I I
+ + + + + + + + I I I LIE TONE+ + + + + II I I I +I I I I 1.8 1 68 1 0% 1 I II I I I I I I I I I III II IMedium soft to medium hard grayshaley LIMESTONE II I I I I I I I I I I I I 

I
I with occasional pyrite grains I
I 

1 25+ + +
I-I-I I + + + +l-- ---- -- ---- +lII + + +-- I -- I - +I- +I +I 
"- POTOEDIICAL INVESTIGATION - BORING REPORT BORING NO: K-I INSPECTOR: C. H. BITTINGPA T POiER PROJECT FEASIBILITY STUDYPreparE, J Silbert/Comonwealth Inc. LOCATION: KI-NOT

ELEVATION: 27.545 M DATE: Ma 1985 
June 3.1985 



I I I I I I I I I I I I 
I I I S EAR I I(TTERBEFR INATURALI DRY I I I BLOW I I II 
I I I STRENGTH I I LIMITS IWATER IDENSITYI I IC0UNT/FTI I II 
IDEPTHI TEST I 2 1SPECIFIC -.--- CONTENTI IRECOVEREDIRECOVEREDI OR ISPA4PLE ICLASSIFI-I DESCRIPTION 
I (M) ITYPE I 6G/CM I GRAVITY I LL I PI I (%) I (PCF) I (M) I (%) I ROD I NO. ICATIONI 	 I 
* 	 4 * I I I -+------ t I I- +------- --- 4 ------- -- - t 

I I I I I I I I I I IGray shaley LIMESTONE,medium soft to medium hard, I 
I I I I I I I I 1.4 1 931 0%! I LS I occasional pyrite grainI I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I 
+ + + + + + + + + + + + + 	 + 
I I I i I I i I 0.87 1 87 1 13%I I - 1Gray, hard LIMESTONEI 	 I I I I I I I I i I I I I I 
I I I I I I I I I I I I SH I Soft, brown, sticky SHALE, pyrite grain I
I I I I I I I I 1.1 1 73 1 8%I .. I 	 I 

1 	38+ + + + + + + + + + + + + +
 
I , I I I 1 1 1.14 1 76 1 13% 1 I I I 

l 1l l l l I l I i l LS I LIMESTONE qraymediumhard shale seas at I , , , I , , l Il , l lIl 38.95 to !.0 	 i 
I 	 I I I I I I I I I I I I . . 

+ + + + + + + + 1.1 + 55 + 0% + + CL + Sandy silty CLAY, with limestone fragments +I I I I I I I I I I I I I . . . .I I 
I I I I I I I I I I I I III 

I I I I I I I I I I I I SH IBrownish black, medium soft SHALE I 
I I I I I I I I I 1.2 1 8 1 0% 1 I I I 
1 35 + + + + + + + + + + + LS + Sandy LIMESTONE, gray, medium +

I 	 I I I I I I I I I I I I II 
I I I I I I 1 1 0.97 1 77 1 24%I I I Hard to medium soft iayers of sandySHALE at 34.5, I 

I I I I I I I I I I I I I 34.8, and 35.75 to 36.4 Ft. I 
I I I I I I I I I 0.9 1 721 12% I I 1 

+ + + + + + + + + - + +- -+ 	 +I 	 I I I I I I I I I I I I II 
I I I I I I I I 0.8 1 61 1 22% 1 1 I I 
I I I I I I I I I I I SN 1SHALE, blackish brown, soft with pyrite grains. II 	 I I I I I I I I I I I I II 

1 4 	 + + + + + + + + + + +-- -- + + 
I I I I I I I I I I I I IBroken at 38.0 to 38.3 and 39.9 to 40.1 Ft. I 
I I I I I I I I 2.6 1 81 1 38% I I LS ILIMESTONE hard to medium hard, gray. SHALE layer at I 
I I I I I I I I I I I I I 41.1 to 41.25 Ft. II 	 I I I I I I I I I I I I I 
+ + + + + + + + + + + + + +
I I I I I I I I I I I I ILIMESTONE, medium hard to medium soft, badly broken II I I I I I I I I I I I I I 

I I I I I I I I I I I I I II 
I I I I I I I I 1.7 ! 68 0%! I.. I I

145 + + + + + + + + + + + + + + 
I I I I I I I I I I I I SH I SHALE, blackish brown, medium soft I

I I I I I I I I 70 1 55% I I I 	 II 	 I I I I I I I I I I I I II
 
I I I I I I I I I I I I II
 

+ + + + + + + + + + + + + 	 + 
I I I I I I I I I I I I ISahley LIMESTONE, gray, medium hard, occasional nodulesl 
I I I I I I I I 2.0 ! 88 1 7% 1 I LS-SH I and fossiles, trace sand. II 	 I I I I I I I I !I I III 
I I I I I I I I I I I I IBoring ended at 50 . I 

S50 + + + + + + + + 1.5 + 10 + 30% + + + Water level at 7.4M after drilling. + 

GEOTECHNICAL INVESTIGATION - BORING REPORT BORING NO: K1-1 (Continued) INSPECTOR: C.H.BITTING 
PAKISTAN - LAKHRA POWER PROJECT FEASIBILITY STUDY LOCATION: KHANOT 
Prepared by: Gilbert/Commonwealth Inc. ELEVATION: 27.545 M DATE: May 30, 1985 

Timp 3. 1985 



' I I i I I I I I I I I 
I SHEAR I I ATTERBERS INATURALI DRY I I I BLO II I ISTREN6TH I II LIMITS IWTER IDENSITYI I ICOUNT/FTI I I
IDEPTHI TEST I 2 I SPECIFIC m- 'CONTE-T-r IRECOVEREDIRECOVEREDI I 

I() ITYPE I KS/CM I GRAVITY I LL OR ISAMPLE ICLASSIFI-I DESCRIPTION II I I I lI 
I PI I (%) I (PCF) I (M) i (%) I ROD I NO. ICATIONIl I I ~ I I S I I

I 1 Ii.e 1 181
@ 81% 1 SC 
 iBrown clayey fine SAMD,
I 1 1 8.38 1 661 1 I 
trace silt, fine to coarse
 

I I 1. gravelI I I I I I I I
I I I I I I I Brownsih-white to yellowish wite medium hardI I i I I I I I 
+ + + + + + + + 

I I LS I to hard LIMSTONE, highly fractured ard I1.18 + 74 + 8%+ + + weathered
I I I I I I I I I I I I + 
I I I I Decomposed, clay seas (1.6 to 1.9 and 2.75 to
I I I I I I I I
 
I I I I I 3.0).
I I I I I I I I
I I I 
 I lRD
I I I I I I I
I I I 1.34 I 67 1 6% 1 I1 5+ + + I Clay inclusion (4.0 to 4.2)+ + + + + + + + + + I 

I I I I I I I I I +; I I I
I I I I Hard,badlybroken.
I 1 1 .99 1 661 8%I I I I
 
I I I I I Medium soft to soft, decomposed. I
I I I I
I I I I I I I I I I II I I I Medium hard, oxidized.
i I I I 
+ + +
I I I I +I + + + + 0.99 + 66 + 


i I 
I I I I I I 9%+I +I +I Kdiu hard to soft, with clay inclusion. +I I I I I I I I
I I I I 
 I


I I I I I I I I I
I I I I I I I Chalky medium hard to medium softI I I I I 0.98 1 68 1 8% I
118+ + I I uggy 1 .6 to 9.8 cavities)I I I +I I+ +I +I +I +I + + + II I I +I +I +II I I I I I I I 1.05 1 70 1 8% I LS IWhitish-yellowI I I ! I I edium soft to soft, clayey, LIMESTONE II I I I I I I I I I I I II I I I I I III (Lot of small cavities) I 
I I I I I I+ + + + + I I I II I I I 

+ + + 0.84 + 56 +I 0% +I +I LS +I Off-white, chalky, medium soft (Lot of small cavities) +II I I I I I I I I I I 
I II II I I II I i II II II .90! I 68 I1 0% I1 II II II 

1 15+ + + + + 
 + + + 0.90+ 90+ 85+ +
I I I I I LS +I I I I I I I +I I I I I I I I I I I I I IBoring ended at 15M. II
I I I
I I I I I I I
I I I I I II II I I I I
I I II Lost all drilling water at 4 
 I
 

I I I + + +
+ + I I I +I +I +I +I +I +I 4-iI + Water table at 8.6 M belowI I I i ground surface. +II I -I I I I I 
 I I I
I I i I I I I I I I
I I I I 
 I 
 I
1 I I I I I I I I 
 I I I I I
II +I +I +I + + + II I I +I + +I I +I +I +I +II I I I I I I I I +II I I I I
I I I I I I I I I I I
I I I I
I I 
 I I I I I I I I
I I I I I
I + +- + 
 I
+ + +- + + +- +" +I
I I I I I I I I I 
+ + 

'" I I I I I
I t I I 
 I I I I I I I I
I I I
I I I I I I I I I II I I I I I 
1 25+ + + + + +
- + + +-- Ii I-- -- I.....-I---..- -- + + + +I -- I - I--I-.-.... I + 

6E
GITEO-NICAL INVESTIGATION - BORING REPORT 
 BORING NO: KM-3
i, PAKIST INSPECTOR: W SATAMOUR
I I{HRA POWER PROJECT FEASIBILITY STUDY 
 LOCATION: KHANOT
Preparec Gilbert/Comonwealth Inc. 
 ELEVATION: 26.135 M DATE: W 7 1985 



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

I I I SHEAR I I ATTERBERG INATURALI DRY I I I BLOW I I i I
 
I I I STRENGTH I I LIMITS I WATER !DENSITYi I ICOUNT/FTI I I I 
IDEPTHI TEST I 2 I SPECIFIC +-,[NTENTI IRECOVEREDIRECOVEREDI 0,r ISAMPLE ICLASSIFI-I DESCRIPTION I
I(M) ITYPEI K/CM I GRAVITY I LL I PI I (%) I(PCF) I (M) I ( ) IROD I NO. I CATIONI Iu 0 I I 	 m I - m**--*- m m * i 4-.-

I I I I I I I l I I I I SC I Clayey, coarse SAND, fine to coarse gravel, I
I i i I I i i I 1 861 01 I I trace siltI I I I I I I I I I I I I 	 I 
I I I I I I I I I I I LS I Brownish white medium hard to hard LIMESTONE, highly I 
+ + + + + + + + 1.19 + 72 + 9%+ + + fractured and weathered +

I I I I I I I I I I I I I CL I I
I I I I I I I I I 0.56 1 93 1 9%1 I .-- --- I Clay seas (2.5 to 2.6) I 

I I I I I I I I I I I I LS I Sandy LY soft with LIMESTONE fragments I
I I I I I I I I I I I I I (2.8 to3 ,4) I 

1 	5+ + 4 + + + + + 1.09+ 68+ 8%+ + + +
I I I I I I I I I I I I I Badlybroken 3.4 to .3.5, 3.6 to 3 7 3.8 to 4. ,1

I I I I I I I I I 0.60 40 1 0% I I 5.2 to 5.3, 6.95 to 7.15, 8.95 to9:9 II 	 I I I I 1 I I I I I I I I I 
I I I I I I I I I I 29 1 SS-1 1 I 7.5 to 8.0 Clay seam 
+ + + + + + + + 0.64 + 61 + 0%+ + + +
I I I I I I I I I I 26 19S-2 I I II 	 I I I I I I I I I I I I I I 
I I I I I I I I 0.69 1 66 1 9.5% 1 I I Calcite deposit at fracture surface II 	 I I I I I I I I I I I I I I 

18+ + + + + + + + + + + + LS + Off-white chalky, medium soft to soft, fractured + 
I I I 1 0.75 1 8 I I LIMTONE II I I 50 0% 
I I I I I I I I I I 27 1 SS-3 I I
I l I ! I I I I I I I I l Brownish white, hard I 
I I I I I I I 0.84 1 56 1 8 I I I 	 I 
+ + + + + + + + + + + + + Medium soft +
I i i I I I I Ii I I I I Hard I 
I I I I I I i I 8.99 1 6 1 85 I I I
I I I I I I I I I I I I I Sandy clay inclusions 	 II I I I I I I I I I I I I I I 

115+ + + + + + + + 1.8 + 10 + 85+ + LS + +I 	 I I I I I I I I I I I I I I 
I I I I I I I I I I I I I Boring ended at 15 M. II 	 I I I I I I I I I I I I I I 
I I I I I I I I I I I I IWater level at 8.6 after 24 hours I 
+ + + + + + + + + + + + + Lost all water during drilling +I I I I I I I I I l I I I I I

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

1 I I I I I I I I I I I I I I
28+ + + + + + + + + + + + + +I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I i
I I i I I I I i I i I i I I I 
I I I I i I I I I I I I i I I 

1 + + + + + + + + + + + + + 	 +
I I I I I I I I I I I I I I 	 II I I I I I I I I I I I I I I 

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

I 25+ + + + + + + + + + + + + 
I - Il Il I- l-I --- I1I I., I 

--- GEOTEItlICAL INVESTIGATION - BORING REPORT BORING NO: K.-4} INSPECTOR: W.SAoNTAO]UR 
c) PAKISTAN - LAKHRA POWER PROJECT FEASIBILITY STUDY LOCATION: KHI(NOT

Prepared by: GilbertComonwealth Inc. ELEVPTION: 28.085 M PATE: May 25, 1985 



: 	 I I I I I I I I I I I II 
I I ISHEAR I IltTERBERG INATUPLI 	 DRY I I I BLOW I II I I STRENGTH I I 	 LIMITS I WATER IDENSITYI I ICOUNT/FTIIDEPTHI TEST I 2 I SPECIFIC *. : XCONTENT IRECOVEREDIRECOVEREDI 	 I

OR ISAMPLE ICLASSIFI-I 

I NO. ICATION I
 

I I I I I 


I (M) I TYPE I K/CM I 6RAVITY I LL I PI I (%) 
I 
I (PCF) I (M) I (%) I RD 	

DESCRIPTION 

I I 	
I I I 0.45 1 to 1 0%I I SC_ IClay, fine SAND, trace siltI I I I I I 1.0 I 	 I951 0%1 I- LS I Brownish white, medium hard to hard, LINSTONE, highly II 	 I I I I II I I I ! I I I1 I , I fractured and weathered, occasionally oxidized I 

+ + + + + + + + + + +I I I I I i I 	 Badly broken (.95 to 1.6) +1.10 1 73 1 0%I I I I I I I I I I I I 
I 

Sandstone and limestone 
I 

I I I I facies, medium hard II I I I 0.90 1 901 0% 1I I I 	 I 
1 5 + + + + 

I 
4 
I I I 

+ 
I 0.95 I 95 1 0%I I LS I Brownish-yellow, sandy, medium hard to medjium soft. I+ + + + +I I I I I I I I 	

+ + Badly broken (4.2 to 4.45) + 
I I I I I 	

I I I I II I I 8.90! 681 8%I II I I I 	 I Clayeysand inclusions II I I I I I I I I Calcite veins, inor clay inclusionsI I I I I I I I 	 I 
+ + + + + + + 	

I I I I I Badly broken (7.0 to 7.2, 8.2 to 8.4) 1 
I I 	 + + + + . +I I I I 	 + 
I I I 	

I I 0.84 ! 56! 0%! I CL I Yellow-white decompsed, clay sea, and hardII I I I I I I II 	 I-- - -I calcareous material aI I I I
I I I I I 

I 
I 

I 
I I 

I 0.90 1 681 8.7%I I LS I Off-white, chalky, medium softI I I i110 + + + + + + 	 + + 
I Badly broken (9.6 to 9.8) I+ + + + 

I II II II II II II II II 0.95 II 66 II I Medium hard, 
+

II (I8 t 8 7 with clay inclusions, 	calcite veins II 	 I .I 

t (98to10.
I I I 	

I I I LS I Yellow-brown medium soft clayey nodular 
1 

I I I I I 0.90 ! 60 1 0%1 	 I 
+ + + + + 	

I I (11.0 to 11.6) I+ + + + 
 + + + + 
 Medium hard calcite vein (11.6 to 11.8) 
 +
 
II I I I II II II II II II I

I I I IYellowish-white, medium hard to hard fractured I 
I 	

I I I and weathered, LIMESTONE (Lot of cavities) I
I 	I II II II II I I I 0.51 ! 17 ! 00% 1 LSI I I I I I I II 	 II 
115 + + +I 	I I I +t +I +I +I +I +I +I +I +I +I +I

I I I I I I I II l I I I I I I II I I I IBoring ended at 15.5I I I II M. I 
I I I I I I I I I I I+ + + + + + + 	

i I Water level at 13.6 M.after 24 hours.+ + + + + + 
I 	I +I I I II II II II II II ',II I II IIII I Lost all water during drilling (at 6.5 M.) II 	I I I I I I I I I I I I II 

1 I I i I I I I I I I I I I2+ + + + +I 	I I I I I +I +I +I +I + + + +I I II I 	 I +II I I I I I I I I I I III 	I I I I I I I I I I I I III 	I I I I I I I I I I I I II
 
1 + + 
 + + + + + + + + + + +I I I I 	 +I 	I II I II I II II II II I I IRI I I III 	I I I I I I I I I I I I II I I I I I I 	 II I I I I I II 25+ + + 	 I+ + + + + + + + +S I---1---- 1- I I-------1 -------	 I 

+ +1. I I-- - I1 I 
"--	 EOTECIr. INVESTI6ATIOt; - BORIN6 REPORT BORING NO:I1(1-5 INSPECTOR: P/N4TtUOUR

PAKISTI PRAPOWRPROJECT FEASIBILITY STUDYPrepared . Gilbert/Comwirealth Inc. 	 LOCATION: KHANOT
ELEVATION: 32.165 M DATE: K I, 1985 



II II 	 I I i ii i I i 1 
I I I SHAR I I ATTERBERG INATURALO DRY I I I BLOW I I I II I I STRENGTH I I LIMITS IWATER IDENSITYI I ICOUNT/FTI I I
IDEPTI TEST I 2 I SPECIFIC --- H--]NTENTI IRECOVERED IRECOVEREDI OR ISAPLE ICL1SSIFI-I DESCRIPTION I
I(M) ITYPEI KG/C I GRAVI YI LL I PI I (%) I(PCF) I (N) I I ROD I NO. ICATIONII I I I I # I 1 * I I 	 I

I 

I I I I I I I I 0.60 1 too I 0%I _SC_ Brown clayey SAND, trace silt I
I I I I I I I I 1.0 I 100 I 0%I I LS IYellowish-wite to brown-white medium hard LIMESTONE, I
I I I I I I I I 0.50 I 108 I 0%I I 1 highly fractured andweathered. Oxidized, I
I I I I I I I I I I I I I jointed calcite veins I
 
+ + + 

I 
+ 
I 

+ 
I 

+ 
I 

+ 
I 

+ 
I 

1.0 + 
I 

66+ 0%+ + + +
I I I LS I Off-white very soft, chalky II 	 I I I I I I I I I I I I I I 

I I I I I I I I 1.0 1 66 1 0%I I I Yellow-white, mediu soft, calcite veinI 	 I ! I I I I I I I I I I I I 
1 5 + + + + + + + + + + + + LS + Grayish-white, hard, highly fractured oxidized with +
 

I I I 138.2 1 15.4 1 I I 0.4 1 26 1 0% I I cavities I

I I I I I I I I I I 88/8" I SS-1 I IYellow-brown, soft, clayey I
I I I I I I I I I I I I I II
 
I I I I I I I I I I I I LS IYellowish-white, medium soft, few clay inclusions I
 
+ + + + + + + + 0.54+ 33+ 0%+ + +
I 	I i I i 1 i I I i I i I I +I
 
I I I I I I I I I I I I Li I Yellowish-brown,soft to medium soft, clayey I
I I I I I I I I 0.75 1 50 1 0% 1 I I I
I I I I I I I I I I I I LS IOff-white, medium soft tomediuuhard, chalky, I 

10+ + + + + + + + + + + + + LIWSTONE, joints oxidized (11.8 to 11.5 +
I I I I I I I I 0.80 I 53 1 7% I I I and 13.95 to 14.0), small clay inclusions. II 	I I I I I I t i I I I I I I 

I 	I I I I I I I I I I I I I I
 
I I i I I I I 1 1 0.84 1 56 1 0% 1 I 1 	 1 

+ + + + + + + + + + + + + 	 + 

I I I I I I I I I 1.10 1 73 1 0% I I 	 l

I I I I I I I I I I I I I I I 
I I I I I I I I I 0.90 1 90 1 0%I I LS IBoring ended at 15 M. I
115 + + + + + + + + + + + + + +
 
I II II Ii i i i I i i i i I INo measurable water level after 24 hours.
I I I I i I I I I I I
 

I I I I I I I I I I I I I I Lost all water during drilling (at 4.5 M.) I

I I I I I I I I I I I I I 
 I
 
+ + + + + + + + + + + + + 	 +I 	i i I I I i i I I I I I I 	 i
I 	I i I I I i I I i i i I i i


I 	I I I I I I I i I I I I 
 I 
i I i I I I I I I I I I I I I
28+ + + + + + + + + + + + + +I 	I I i I I i I I I I I I I I
 
I 	l l l I I I l I I l l I l l
 

I I I I I I I I I I I I II
 
I I I I I I I I I 
 I I I I I 

I + + + + + + + + + +I I I I I I I I I I I +I +I +II + 

I I I I I I I I I I I I I I II 	I I I I I I I I I I i I I

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


125+ + + + + + + + + + + + + + 
I-I-I 1I -I I11 1 I1 - I - I 1 1 -- 1 I 

GEOTECHNICAL INVESTIGATION - BORING REPORT 
 BORING NO: KM-6 	 INSPECTOR: W.SANTIAMOUR 
PAKISTAN - LAIHRA POWER PROJECT FEASIBILITY STUDY 	 LOCATION: RHANOT 
Prepared by: Gilbert/Comaoriealth Inc. 	 ELEVATION: 26.125 M DATE: May 28, 1985
 



LAKHRA SITE
 



a I I I 	 I I1 
I I I SHEAR I I ATTERBERI INITUI LI DRY I I I BLOW I I I 	 I
 
I I I STRIN6TH I I LIMITS I WATER IDENSITYI I ICOUNT/FTI I I I 
IDEPTHI TEST I 2 I SPECIFIC -, --- CONTENTI IRECOVEREDIRECOVEREDI OR ISAMPLE ICLASSIFI-I DESCRIPTION I 
I (M) I TYPE I K/CM I GRAVITY I LL I PI I (%) I (PCF) I (M) I I ROD I Jff.I CATIONI I
| 	 I I I I I t I I I I I * 

I I II I I I .40 1 100 I %I I I Dull brown loose to medium dense silty SAND, trace I 
I I I I I I I I I I I I SM I root zones I

I I I I I I I I I 0.90 I 180 I 0% I I - 1 Off-white to brownish white, medium soft, calcareous I 
I I I 2.65 1 26.1 1 9.0 1 3.7 1 I I I 53 1 SS-1 I SS I SANDSTO E. I 
+ + + + + + + 1.05 + 70 + 0% + + + + 

I I 2.63 I 21.8 I 7.7 I 9.1 I I I I )100 I SS-2 I I Medium hard I 
I I I I I I I I I 0.901 681 0% I I I 

I I I 2.63 1 28.5 1 9-8 1 3.8 1 I I I )10 15S-3 I SH I Brown to gray, soft, sandy SHALE II 	 I I I I I I I I I I I I I I 
1 	5+ + + + + + + + + + + + + +


I I I I I I I I 1. 21 68 1 0% I I I I 
I I I I I I I I I I I I I Soft, limestc fragments I 
I I I I I I I I I I )100 15 -4 I I I 
I I I I I I I I 1.11 I 74 I I I I 6ray to reddish pink, thin sandy SHALE layers, I 
+ + + + + + + + + + + +----+ medium soft + 
I I I 2.65 1 21.2 1 N.P. I 11.0 1 I I I 97 159-5 I 5 I Cherry red, .soft clayey SAIDSTONE, trace I 
I I I I I I I I I I I I I ferruginous grains I 
I I I I I I I I 3.12 1 68 1 %I I I I 
I I I i I I I I I I )188 1SS-6 I I I 

18+ + + + + + + + + + + + + + 
I I I I I I I I I I )100 I 55-7 I I Grayish pink soft sandy SHALE 	 II 	 I I I I I I I I I I I I I I 
I I I I I I I I 1.35 1 90 1 0% 1 I SH I II 	 I i I I I I I I I I I I. . . . I I 
+ + + 2.64 + 32.0 + 10.8 + 21.5 + + + + 98 +SS-8 + SS + Brown to gray soft clayey SANDSTONE, badly + 
I I I I I I I I 1.29 1 861 0% I I I broken, thin layer of shale and ferruginous I 
I I I I I I I I I I I I I material. I
I I I , I I I I I I I I I I Grades to gray, intermittent layers of soft I 
I I I I I I I I 0.75 1 50 1 0%I I I shale. Oxidized and fractures I 

1 	15 + + + + + + + + + + + + + + 
I I I I I I I I 0.84 1 54 1 0%I I I I
I i I I I I I I I I I I I Yellowish-brown, medium soft. I 
I I I - I I I I I I I I I I Reddish-brown, medium soft, thin shale layers, I 
I I I I I I I I I I I I I silty clayey. I 
+ + + + + + + + + + + + + + 
I I I I I I I I 0.60 1 40 1 8%I 16 I II 	I I I I I I I I I I I I I I 

I 	I I I I I I I I I I I I . . . I 
I I I I I I I I 0.45 1 38 1 0%I I SH I I 

1 2+ + + + + + + + + + + + Reddish-brown to grayish brown medium soft to + 
I 1 I I I I I I I I I soft, arenaceous SHALEI in layer III I I I I I 1.50 I 100 1 21%I I I of ferruginous material. 

I I I I I I I I I I I I I I 
I I I I I I I I 1.00 1 66 1 0% 1 I I 

+ + + + + + + + + + + + + 	 +I 	I I I I I I I I 1 I I I I I 
I I I I I I I I 1.0 1 67 1 0%I I II 	I I I I I I I I I I I I I I 

I 	I I I I I I I I I I I I I I 
125+ + + + + + + + + + + + + 	 +I - I -- I I I -- I- I -- I -- I - I -- I -- I -- I 	 I 

GEOTECHNICAL INVESTIGATION - BORING REPORT 	 BORING NO: LC-1 INSPECTOR: W.SANTAOUR 
PAKISTAN - LAKHRA POWER PROJECT FEASIBILITY STUDY LOCATION: LAI{HRA
Prepared by: Gilbert/Comonwealth Inc. ELEVATION: 123.94 M DATE: June 9, 1985 



I 
 I I I I I I I I 1 

I I'i'AR I IATTERBERSi IITuRLJ.i DRYIiI I I STRNGT I .OIBLWI I
IDEPTHI TEST I I LIMITS IWATER IDENSITYI I2 I SPECIFIC ; i---l ICOJNT/FTI Icl IM II (N)ITYPE IK /sCMI6,AVITY I LL I PI I (%) I (PCF) I 

RE)I I OR ISAMPLE IU.LSIFI-I DESCRIPTIONI(M) I (5) I ROD I NO. I CATIONI II I 4I I I I I 8.95 1 631 16%1 I + 
I II I I I I I I I I I 

SS I Red medium hard argillaceous SANDSTONE fracturedI I I I II I I I I I I and badlybe .I brow1 1.10 1 73 1 50%1 r I 
+ + + + + + + +I I I I I I I 

+ 
I 

+ 
I 

+ + SH + 6reenish gray soft, SHALE intermittent clayey +I I I I I I I I I I sanrstone, badlybroien.I 8.90 1 661 II I I %1 I II I I I I I I I I II Gray red, sandy.
38+ 1 1.65 1I I I + I + I + I + I + I + I + I + 78 1+ 851 1 1 Medtm hard to hard baly bokenI 

I 
I +I +I +I Ferruginous, clayey +II II II II II II II II III I I I I 

II Ii I I II Boring ended at 3NI I I I I I III I I I 
+ ++ + 4 +4 4 + +1 I II + + +II II iI ii Ii ii Ii II ii I II II +

I I i i i I I i I I I +I
I I i I I iI I I I I I iI I i I II + + + + + + + + + + +I I I I + +I I I I I I II I I I I I i I I II I II I I +I I *I I I I I I I III I +I I I I I I i I I I I I I 

I II 
I 

"+ + + + + + + + 
I 

+I I I I I I I I + + + 4I II I I I I i I 4i I i I I I II I I I i I I Ii I I I i I i I I I II 
I +I I I + I + + +I i I + i + +I I I I I I I + +I +I II I I I +II i I I I I I I II I I I II I II I II I I I I i I I I i I II I i I

1 + + + + + + +I I 
+ 
I 

+ + + + +I I I I I i I TI I I I i I iR I I I II II I +I I I I I i I iI i I I I I II I I II I I 
14S' + + + 

i I i I II I i I 
I

I I I + 4- + + + + + +I I I i I +I I iI I I I I I i I I i I I +I i I I *i I I I i I I II I I II ! II I I I i i I i I I i I 
I + +" + I
I + +" +" 4+ +I I +- 4-+"
I 

I I I I I I I I I-I I I I I I I I I II I I I I I II I I I I I II 1 I I I I I I I I I 
I 
I 

I 
I 

I I151+ + + + I+ + + + + + + + + I 
II - II III- - I1 - - - 1 4
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I I I I I I I I I I I I I 
I I I SHEAR I I ATTERBERG INATURALI DRY I I I BLOW I I I I
I I I STRENGTH I I LIMITS I WATER IDENSITYI I ICOLINT/FTI I I I 
IDEPTHI TEST I 2 I SPECIFIC I- --- INTENTI IRECOVEREDIRECOVEREDI OR ISAMPLE ICLASSIFI-I DESCRIPTION I 
(M)ITYPE I KGCM I GRAVITY I LL I Pl I (%) I (PCF)t (N) I () I ROD I NO. ICATION IS 	 I i I I. I I I I I 

I I I I I I I I 0.38 1 100 1 0% I I S1 IDull brown silty clayey SAND 	 I
 
I I I I I I I I I I I I- - - I I

I I I I I I I I I I 91 1 SS-1 I CL IDull brownsiltysandyCLAY,mediuusoft,trace I 
I I I I I I I I 1.36 1 80 %I I I si ica and coarse sand I 
+ + + 2.64 +48.6 + 19.9+ 36.8+ + 0.94+ 94 + 38+ SS-2 + + + 
I LIC I I 1 43.2 1 16.41 I I I I 45 1 55-3 I- - I I
I I I I I I I I I I ISS I Yellow-brown, softSADSTONE 
i I I I I I I I 1.58 1 93 1I I . . .I 	 I
I I I I I I I I I I I I IYellowish brown, soft calcareous, sandy SHALE, facies I 

15 + + + + + + + + + + + + SH + of calcareous shale and clayey sandstone + 
I I I I I I I I I 1.14 1 76 1 20%I I SS I I
I I I I I I I I I I I I I I I 

I I I I I I 1 I 0.70 I 70 1 %I I I Red calcareous SANDSTONE, intermittent thin layer I 
I I I I I I I I I I I I I I of clayey sandstone. I
I + + + + + + + + + + + + + Greenish to gray brown, soft intermittent clayey +
I I I I I I I I I 0.70 1 78 1 0%I I I SANDSTONE and sandy shale (7.5 to 8.0) I 
I I I I I I I I I I I I I I 
 I 

I I I I I I I I 8.50 1 50 0%I I CL I Red brown to gray silty sandy CLAY, trace silica, I 
I I I I I I I I I I I I I coarse, and ferro sand. I

18+ + + + + + + + + + + + + + 
I I I 2,63 I 21.0 I N.P. I 8.9 1 I 1.00 1 50 1 90 I SS-4 I I II 	I I I I I !I I I I I I I 
 I 

I I I I I I I I I I I I I I I 
I I I I I I I I 0.50 1 50 1 0% 1 1- I 
+ + + + + + + + + + + + SS + Red brown to gray ferro clayey SANDSTONE, medium +
I I I I I I I I 0.80 1 53 1 0% I I I hard to soft, thinly layered with sandy I
I I I I I i I I I I I I I shale. II I I I I I I I I I I I I II 

I I I I I I I I I 0.90 1 60 1 %I I I Medium soft to soft. I 
1 	15 + + + + + + 
 + + + + + + + +I I UICI 0.95 1 I I I I I I I I I I Yellowish brown to red, clayey at 16.9 to 17.0. 1 
1 1 I I I I I I I 1.50 1 75 1 27% 1 I I II 	I I I I I I I I I I I I -. . ..I I 

I I I I I I I I I I I I SH I Red to gray soft sandy SHLE. I 
+ + + + + + + + + + + + + + 
i I I I I I 1 1 0.90 1 60 1 0% 1 I 	 1I 	I I i i i I I I i I I I II 
I I I 2.64 I40.8 I 11.3 I I I I I I I I Reddish brown, medium hard SILTSTONE (19.0 to 19.2) I
I I I I i I I I 1.00 1 8 1 %! I -I I 

1 20+ + + + + + + + + + + + SS + Red to rnd brown, medium soft to soft clayey +
I I I I I I I I 0.83 1 64 1 0% I I ,DS{ONE I
I I I I I I I I I I I I I Medium hard I
I I I I I I I I I I I I IGray, soft sandy SHALE (21.0 to 21.2) I

1 I I 1.82 1 I I I I I 1.05 1 70 1 %I I I I 
+ + + + + + + + + + + + + Brownish red, medium hard to soft +
I I I I I I I I 0.99 1 66 1 0% I I I
I I I i I I I i I i i I I Black II I I I I I I I I I I I I- - I I 
I I 23.5 1 I I I I I 0.90 1 60 1 0% I CS I Yellowish cream, soft CLYSTONE (24.0 to 24.5) I 

25+ + + + + + + + + + + + 	 +I- I-I I I -I-!I I---------Ii l I ,, I 	 I
 

-" 6EOTECHNTICAL INVESTIGATION - BORING REPORT 
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!!I 	 I i I I i ii I I I |
I I I MSH.RI I ATTERBERG INATURLI DRY I I I BLOW I I II I I STRENGTH I I LIMITS I WATER IDENSITYI I ICOUNT/FTI 	

I 
I I I-CONTENTI OR

I (M)I TYPEI K6/CM I GRAVITY I LL I PI I (%) I (PCF) I (M) I (%) I RO I NO. I CATIONI 
IDEPTHI TEST I 2 I SPECIFIC - : IRECOVEPEDIRECOVEREDI ISAMPLE ICLASSIFI-I 	 DESCRIPTION 

I 
I I I I I I I I I I I I II I I I I I I I I I I 5H I Reddish-gray soft sandy SHALE (24.5 to 25.5) 	 II I SS - I I 
I I I I I I I I 0.60 1 48 I %I I I Grayish red to pinkish red, soft clayeySANDSTONE, II I I I 2.65 1 24.2 1 N.P. I 21.8 1 I I I 88 1 5S-5 I I trace mira 	 II + + + + + + + + + + + + 
 + Silty, trace silica and coarse sand +
I I iCI "5.51 I I I I I 0.481 321 8 1l I Ii i i I I I I II I I I i i I I I I I I I I Whitish red, medium hard to soft 	

1 
II I I I I I 

I I I I I I I 1.14 I 76 I 8%I I 
13 + 	

I Red gray to gray cream, soft, little claystone I+ + + + + + +
I I I I 	 + + + + +I I I l I I I I I I 	 +I 
I II II II II II II II II II II II II II Boring ended at 30 . I 
I I I I I I I I I I 1 I I I 

I 
I 

+ + + + + + + + + + + + + +1 I II II II II II II II II II II II II II 	 I
I I I I I I I I I I I I I I 	

I 
II I I I I I I I I I I I I I 

35+ I I I I I I I I I I I + 
+ + + + + + +I I I 	 + + + + + 

I I I I I I I I I I i I I I 	
I 
II I I I I I I I I I I I I I

1 I I I I I I I I I I I i I 	
I 
I 

+ + + 4 + +i i I I I I I +I +I +i +I +I +i +i 	 +Ii I I I I i I i I I l I I I ii I I I I I I I I I I i i I 	 Ii I I i I I i I I I I I I I I 
I I I +I +I + + + + + + + + + 

+ + I I I I I I I I I 	 +II I I I I I I I I I I I I I 	 II I I I I I I I I I I I I I II I I I I I I I I I I I I I I 
S5+ + + + + + + + + + + + + +
I I I II I I I II II II II II II II II II II 	 I 

I I I I I I I I I I I I I 	
II 
II I I I I I I I I I I I I II45 + + + + 4 + 4 4 4 	

I 
4 + 4 4 +I I I I I I I I I I I I I

I I I I I I I I I I I I I 	
II II I I I I I I 'I I I I I I II I I I I I I I I I I I I III + + 4 4 4 4 + 4 + + + 4 + 4 

S I II II II II II :II I I I I I I II I I I I I 	 III I I I I I I I I I I I I I
I I I I I I I I I I I I I I 

I
I
I584 4 4 4 4 4- 4 4 4 4 4 4 4


II 1I- I I1I1I- 1 I-- I1I1 - II 
4
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APPENDIX II
 

LABORATORY TESTING PROGRAM
 
AND
 

RESULTS
 



SWI-Jzed ServicesIn : 
EXPLORATOAYSORINGSSOILINVESTIGATIONRILLTEC 
FOUNDATION DESIGN -DRILLING 
CAST.IN.SITU PILING ARILPAND 
TUBEOELL CONSTRUCTIONN
 
DEWATERING PILING 
PRESSUREGROUJTINGEN I ER
AQUIFERTESTING LIMITED 

re: 617/213
 
dt: June 17,1985
 

14/s. Soils & Materials Testing Lab
 
Federal 'B' Area
 
KARACHI
 

Sub: LABORATORY TESTING ON SOIL/CORE/BAG SAMPLES
 
& WATER SAMPLES FOR LAKHRA FEASIBILITY
 
PROJECT SITE.
 

Dear Sirs,
 

We are forwarding to you 18 Disturbed/clay, 12 Rock core,

7 SPT Samples, 6 Water :imples and 6 bag samples from

the above sites of work for the enclosed laboratory

testing program.
 

It is to add that we have already forwarded to you one
 
water sample from Indus River near Khanot for necessary

laboratory t-, ts already stated to you on phone. For
 
-your record - are however, enclosing herewith the

list of above tests. You are cequested to kindly forward
 
to us 
six copies of the above test results.
 

Thanking you,
 

Sincerely yours,

for DRILLTECII CORPORATION LIMITED 

T. Siddiqui )
 
9D I - CTT 3) 


c.c. /s. Gilbert Coimuon- alth International Incorp 

,,.--" ,. ,
 

, '.,.-'*
 

683-C. Allama ,qbal Road, P.E.C.H.S. Katach,.2913 Phones: 43 2075, 43 3505 Res: 43 1617 Cable: "DRILL TECH " ck 



DRILLTECH 
CORPORATION .0 

LIMITED 

LAKIIRA POWER FEASIBILITY STUDY
 

LABORATORY TEST ON WATER SAMPLES
 

FROM RIVER INDUS, NEAR KHANOT
 

S. NO. D E S C R I P T IO N
 

1. Conductivity
 

2. p11 value
 

3. Total Alkalinity
 

4. Total Hardness
 

5. Total Dissolved Solids
 

6. Turbidity
 

7. Total Suspended Solids
 

8. Bicarbonate
 

9. Carbonate
 

10. Calcium
 

I1. Chloride
 

12. Iron Dissolved
 

13. Iron Total
 

14. Megnesium 

15. .enlganese Total 

16. Manganese Dissolved
 

17. Potassium
 

18. Silica
 

19. Sodiuma
 

20. Sulfate
 



DRILLTECH 
CORPORATION :°. 

LIMITED 

LAK1IRA POWER FEASIBILITY 

LABORATORY TESTI NG PROGRAfi-KHANOT SITE 

LIST OF "CROUN1D WATER SAXPLE" 

AT BOREIHOLE 'NO KM-I 

S.No. Sa-mle No. Test 'Required 

1. - 1. Total Solids
 
2. Sul"U*ate Content
 
3. pilvalue 
4. Conductivity
 
5. Salinity
 

2. W - 2 1. Total Solids 
2. Sulphlate Contents
 
3. pil value
 
4. Conductivity
 
5. Salinity
 

3. W - 3 1. Total Solids 
2. Sulphate Content 
3. pil value
 
4. Conductivity
 
5. Salinity
 

4. w - 4 1. Total Solids 
2. Sulphate Content
 
3. pi value
 
4. Conductivity
 
5. Salinity
 

Cont'd .......
 



DRILLTECH . 
CORPORATION "I° 

LIMITED 

-2

S.No. Saule No. Test Required 

5. W - 5 1. Total Solids 
2. Sulphate Content 
3. pil value 
4. Conductivity 
5. Salinity 

6. W- 6 1. Total Solids 
2. Sulphate Content 
3. p'l value 
4. Conductivity 
5. Salinity 



DRILLTECH 
CORPORATION ,°
LIMITED 

LAKMRA POWER FEASIBILITY
 

LABORATORY TESTING PROGRAM-KHANOT SITE
 

Dt: 13.06.85 
 LIST OF SPT SAHIPLES
 

S.No. Borehole De h Sample Nos. 
 Test Required
 

1. 	 1(I - 1 6.00 SS - 2 1. Unconfined Comp. Test (UC)
 
( if possible )


2. Gradation (with Hydrometer
 
Analysis G.A)
 

3. Atterberg Limits (AL)
 
4. Natural Moisture Content
 

Test ( WN )
 
5. Specific Gravity (SP)
 

2. KI 5A
- 2.00 SS - 1 GA, AL, WN, SP
 

3. SS - 2 	 GA, AL, WN.
6.00 


4. 
 8.9 SS - 3 
 GA, AL, U1.
 

5. 
 10.4 SS - 5 GA, AL, W-N.
 

6. 
 15.5 SS - 6 GA, AL, MN. 

7. SS - 7 	 GA, AL, WN.
19.0 


http:13.06.85


DRILLTECH ...... 
CORPORATION 

LIMITED 

LAKHRA POWER FEASIBILITY
 

LABORATORY TESTING PROGRAM-KHANOT SITE
 

13.06.85 
 LIST OF BAG SAMPLES
 

S.No. Bore Hole Depth "ft" 
 Test Required
 

1. KI 
- 1 2' - 6" 
 1. Compaction Test (modified).
 
Each Compaction Curve should
 
have 5 points.
 

2. Gradation test
 

2. KI 2'
- 2 - 8" 
 1. Do - as - above.
 

2. Do - as - above.
 

3. Kl - 5 3' - 4" 
 1. Do - as - above.
 
2. Do - as - above.
 

4. KM - I 3' - 0" 1. Do - as - above.
 
2. Do - as - abuve.
 

5. FN - 2 2' - 3" 1. Do 
- cs - above.
 
2. Do - as - above.
 

6. KM - 5 1' - 3" 1. Do 
- as - above,
 
2. Do - as - above.
 

t7~
 

http:13.06.85


DRILLTECH 
CORPORATION " 

LIMITED 

LAK!LA POER FEASIBILITY
 

LABORATORY TESTING PROGRAM-KHId,10T SITE
 

DISTURBED CLAY & ROCK SAMPLES
 
S.No. Borehole Depth Sample Type 
 Test Required
 

No. C1 ) 

1. 	 KI - 1 2.00 DS/clay Gradation with Hydrometer(GA)
 
Atterberg Limits ( AL )
 
Specific Gravity ( SP )


2. KI - 1 6.00 DS/clay 	 GA - AL - SP 
3. 	 1I - 1 4 - 5 Co3e/Rock Density ( D ) 

Unconfined Comp.Test (UC)
4. I - 1 6 - 7.5 Core/Rock 	 D & UC 
5. KI - 1 10.5-12 Core/Rock 	 D & UC 
6. KI - 2 1.5 DS/clay 	 GA - AL SP-

7. KI - 2 11.5-12 DS/clay GA - AL - SP 
8. KI - 2 3 - 5 Core/Rock 	 D & UC
 
9. KI - 3 8.00 DS/clay 	 GA - AL - SP
 
10. KI - 3 11.0 DS/clay 	 GA - AL - SP
 
11. KI - 4 9.5 DS/clay 	 GA - AL - SP
 

12. KI - 4 12.5 DS/clay 	 GA - AL - SP
 
13. KI - 4 2 - 4 Core/Rock 	 D & UC
 
14. KI - 5 6.00 DS/clay 	 GA - AL - SP 
15. KI - 5 15.5 DS/clay 	 GA - AL - SP
 
16. KI -,6 1.65-3.00 DS/clay 	 GA - AL - SP
 
17. KI - 6 9.5 DS/clay 	 GA - AL - SP
 

18. KI - 6 0 - 2 Core/Rock 	 D & UC
 
19. KI - 6 3 - 6 Core/Rock 	 D &UC
 
20. KI - 6 (3 - 10 Core/Rock 	 D & UC 
21. KI - 7 10.00 DS/clay 	 GA - AL - SP
 
22. KI - 7 15.00 DS/clay 	 GA - AL - Sp
 

http:1.65-3.00


DRILLTECH ....... 
CORPORATION ° 

LIMITED .... 

LAKATRA POWER FEASIBILITY 

LABORATORY TESTING PROGR.AM-JSHORO SITE 

DISTURBED CLAY & ROCK SAMPLES
 

S.No. Bore No. Death 
 Sailnne Type 
 Test Required
 

1. JC  1 8.0 DS/Clay 
 1. Gradation with Hydrometer(GA)
 

2. Atterber, Limits ( AL )
 

3. Specific Gravity C SP )
 

2. JC - 1 11.5 DS/Clay 	 GA - AL - SP 

3. JC - 2 7.5 DS/Clay 	 GA - AL - SP
 

4. JC - 2 9.5 DS/Glay 	 GA - AL - SP
 

5. JC - 2 4.5 Core/Rock 	 Density ( D )
 

6. 	 Unconfined Compression Test(U
 

6. 	 JC - 2 6.0 Core/Rock Density ( D )
 

Unconfined Comp. Test (UC)
 

7. 	 JC - 2 7.5 Core/Rock Density ( D )
 

Unconfined Comp. Test (UC)
 

S. 	 JC - 2 10.0 Core/Rock Density ( D )
 

Unconfined Comp. Test (UC)
 



LABORATORY TEST RESULTS
 

SOILS/ROCK
 



SOILS AND MATERIALS TESTING LABORATORIES LTD. 

DISTURBED
 

TEST RESULTS OF / SOIL SAMPLES RECEIVED FROM ' LAKHRA POWER FEASIBILITY, JAMSHORO S!TE.
 

CLIENT: M/S. DRILLTECH CORPORATION LTD. REPORTtMO. DCL/SS/10/85 REPORTING DATE: 26. 6. 1985.
 

Your Eef. No. 617/213 dt. 12.6.85
 

GRAIN SIZE ANALYSIS ( passing by wt. Smaller than dia in m.m.
 

SL BORE 
NO. NO. DEPTH. 1/2" 3/8" #4 #8 #16 #30 # 50 #100 #200 0.04 0.02 0.01 0.004 

I JC-i 8.0 Meters 100 88.8 84.2 80.9 79.1 77.7 76.4 75.3 69.3 46.5 32.0 23.0 08.5 

2 11.5 " - 1o0 98.8 97.5 95.5 91.9 88.9 82.1 70.5 49.0 35.5 07.5 

3 JC-2 7.5 .- 100 91.6 87.7 85.6 92.8 82.0 78.0 38.5 25.0 02.5 

4 9.5 0-10 99.8 99. 4 98.2 95.9 94.2 93.7 78.5 41.0 27.5 06.0 

*KFS.' 9/20 

FOR SOILS Fjf9T R ORIES LTD. 

K SRAJ ULHAQ QU 

DIREGTQ 

ESHI 



SOILS AND MATERIALS TESTING LABORATORIES LTD. 

TEST RESULTS OF DISTURBED SCIL & IROCK CORESAmPLES RECEIVED FROM LAKHRA POWER FEASIBILITY JAMSHORO SITE.
 

CLIENT: DRILLTECH CORPORATION LTD. REPORT NO. DCL/SS/11/85 REPORTING DATE: 26. 6. 1985.
 

Your Ref.No. 617/213 dt.1Z.6.85 A T T E R B E R G 
 L I M I T S UNCONFINED COMPRESSIVE STRENGTH
 

DENSIT;
 
SL BORE DEPTH IN Liquid Plasticity SPECIFIC 2 


Index. GRAVITY. P. S. I. Kg/Cm Gm/c.c. p.c.f.

NO. NO. METERS Limit 


-
 -
-
-35.5 2.65
64.4
1 JC-i 8.o 


---32.5 2.64 
2 	 11.5 64.4 


---28.6 2.65 74.3
3 JC-2 7.5 


--2.66 	 9.5 	 73.5 23.3 

- - 1,728 122 2.32 145.0 

4 


5 4.5 

6 " 6.0  - - 5,614 395 1.?2 107.0 

- - 553 39 2.09 130.6
7 	 7.5 

- - 1,221 86 1.78 111.41 	 10.0 

0.KFS 
 FORlSOILS a 	~~*1.-~ORIES LT. 

SIRAJ ULHAQ QU ESHIOR
0- DitRECTOR 

http:dt.1Z.6.85


SOILS AND MATERIALS TESTING LABORATORIES LTD.
 

' LAKHRA POWER FEASIBILITY KHANOTE SITE.
TEST RESULTS OF SOIL DISTURBED SAMPLES RECEIVED FROM 

REPORT NO. DCL/DS/10/85 REPORTING DATE: 26 JUNE, 1985.
 
CLIENT: M/S. DRILLTECH CORPORATION LTD. 


YOUR: Ref. No. 617/213 GRAIN SIZE ANALYSIS ( ' passing by weight ) 

BORE . 17.6.85 (Sieve izes) Smaller than dia in m.m. 

SL 
N-O. 

hOLE 
NO. 

DEPTH IN 
METERS 11" 1" 3/4" 3/8" #4 =8 .16 R30 d50 "100 200 0.04 0.02 0.01 0.004 

I KI-I 2.00 - - - 100 97.8 95.1 89.8 83.5 79.8 75.7 62.0 51.0 41.5 16.0 

2 " 6.00 - - 100 99.2 98.5 97.9 96.3 94.6 93.6 90.6 -0.0 50.5 40.0 17.5 

3 KI-2 1.50 - - - 100 98.2 93.5 89.6 86.5 83.0 78.3 74.5 66.5 52.0 40.5 31.0 02.5 

4 11.5 to 12.0 - - - 10 96.1 93.9 88.5 d5;0 82.0 79.2 78.2 75.1 64.0 47.5 35.0 16.5 

5 KI-3 8.00 - - 100 95.0 91.0 84.3 80.9 79.1 75.1 71.6 69.9 67.4 52.5 43.0 34.0 05.5 

6 11.00 - - 100 99.3 98.2 96.5 93.1 90.3 88.5 84.5 65.0 46.0 31.5 09.5 

7 KI-4 9.50 - 100 98.9 95.6 91.1 88.5 8Z.8 79..5 76-.9 70.9 58.0 45.5 34.0 -

8 " 12.50 - 100 89.0 84.7 77.6 75.1 72.8 69.5 67.9 64.2 40.5 16.0 19.0 -

9 KI-5 6.00 - 100 63.0 19.8 03.5 03.3 03.2 02.8 02.6 02.5 02.2 01.7 - - -

10 " 15.50 - - 100 96.2 91.5 89.9 89.1 86.4 80.6 74.4 71.2 67.0 55.5 42.5 35.0 18.0 

II KI-6 1.65 - 3.00 - - 100 78.7 58.5 40.9 33.1 29.7 27.6 25.8 24.6 18.2 - - - -

12 " 9.50 - - 100 82.8 69.2 59.6 56.9 56.1 54.9 53.3 51.3 47.7 39.0 30.0 22.5 01.0-" 

13 KI-7 10.00 - - 100 8.5 78.9 75.7 70.5 68.3 65.5 62.6 59.2 55.9 37.5 27.0 19.5 04.0 

14 15.00 100 52.5 39.1 32.9 19.2 15.2 14.1 13.9 13.4 13.1 12.7 12.0 - - - -

S'FOR SOILS 2uI Liu. 

.KFs " ,? 1 :ES ! " 

///a.0,. . 



SOILS AND MATERIALS TESTING LABORATORIES LTD. 

DISTURBED
 
TEST RESULTS OF ) AOIL 11K1MVIU SAMPLES REFEIVED FROM ' LAKHRA POWER FESIBILITY KRANOTE SITE. 

REF. YOUR LETTER NO. 617/213 DT.17.6.85 

CLIENT: DRILLTECH CORPORATION LTD. REPORT NO. DCL/DS/1O/85 REPORTING DATE: 26 JUNE, 1985. 

DEPTH IN A T T E R B E R G L I M I T S 
SHO. BORE HOLE HO. METERS SPECIFIC GRAVITY Liquid Plasticity 

Limit Index. 

I KI-I 2.00 2.65 54.7 18.3 

2 " 6.00 2.66 62.6 21.1 

3 KI-2 1.50 2.64 17.6 2.1 

4 11.5 - 12.0 2.65 32.6 11.0 

5 KI-3 8.00 2.b4 45.0 00.6 

6 11.00 2.65 49.9 03.0 

7 KI-4 9.50 2.66 37.4 14.0 

a $ 12.50 2.64 45.5 14.9 

9 KI-5 6.00 2.66 49.4 20.4 

I0 15.50 2.64 47.1 20.8
 

II KI-6 1.65 - 3.00 2.65 34.6 12.0 

12 9.50 2.65 52.0 48.2 

13 KI-7 10.00 2.65 31.3 08.9 

14 -- 15.00 2.64 47.5 17.2 

• ,F- . .. .- \ " " = r;,; .=., . . ,,, . ... .. ., u 

U'F' 
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SOILS AND MATERIALS TESTING LABORATORIES LTD.
 

TEST RESULTS OF ' SOIL ( S P T ) 
 SAMPLES RECEIVED FROM ' LAKHRA POWER FESIBILITY KHANOTE SITE.
 

REF. YOUR LETTER NO. 617/213 dt. 17.6.85
 

CLIENT: M/S. DRILLTECH CORPORATION LTD. 
 REPORT NO. DCL/SPTS/10/85 REPORTING DATE: 
 26. 6. 1985.
 

GRAIN SIZE ANALYSIS ( PASSING BY WEIGHT 
BORE (Sieve Sizes ) Smaller than Dia in m.m. 

SL HOLE SAMPLE 
NO. NO. DEPTH NO. 1" 3/4" 1/2" 3/8" #4 #8 r16 #30 #50 #100 #200 0.04 
 0.02 0.01 0.004
 

I K-I 
 6.00 SS-2 - 100 91.6 79.0 69.2 63.8 60.6 58.0 55.3 53.8 50.2 34.5 28.0 
 21.5 02.0
 

2 K-1-5A 2.00 
 SS-I - 100 90.8 88.8 80.2 77.4 75.2 72.0 68.0 66.3 62.4 39.0 27.5 20.0 7.5 

3 6.00 SS-2 100 88.8 8b.5 b5.1 81.1 7d.8 77.5 76.5 74.0 73.1 68.4 56.0 36.5 27.5 09.0 

4 " 8.90 SS-3 100 59.9 52.3 47.7 45.6 42.2 40.7 38.2 34.7 32.2 28.3 - -  -

5 I0.40 SS-5 100 91.4 89.2 86.1 84.1 82.0 78.7 72.4 62.1 58.1 52.0 40.0 27.5 19.5 06.0 

6 " 15.50 SS-6 100 88.5 81.3 76.1 72.4 70.1 66.6 61.4 59.1 57.0 52.3 44.5 30.5 23.0 08.0 

7 19.00 SS-7 - - 100 99.0 97.7 95.3 93.5 90.5 85.2 82.6 77.8 63.5 45.0 31.0 08.5 

;'KFS"'..//2. FOR SOItSS . ,, ATORIES LTD. 

SIRAJ NI.TO 



SOILS AND MATERIALS TESTING LABORATORIES LTD. 

TEST RESULTS OF ,'ROCKCORE SAMPLES' RECIEVED FROM LAKIRA POWER FESIBILITY KJANOTE SITE.
 

REF. YOUR LETTER NO. 617/213 DT.17.6.85.
 

CLIENT: M/S. DRILLTECH CORPORATION LTD. REPORT NO. DCL/DS/10/85 REPORTING DATE: 
 26 JUNE, 1985.
 

DENSITY UNCONFINED COMPRESSIVE STRENGTH
 
2
S.NO. BORE HOLE NO. DEPTH IN METERS gms/c.c P.C.f. P. S. I. Kg/Cm


I K!-I 
 4.0 - 5.0 2.46 153.5 1,436 I01
 

2 6.0 - 7.5 2.48 154.8 364 26
 

3 10.5 -12.0 2.30 143.5 2,565 180 

4 KI-2 3.0 - 5.0 2.50 156.0 1,465 103
 

5 KI-4 
 2.Q - 4.0 2.48 154.0 4,031 283 

b KI-6 0.0 - 2.0 2.20 137.3 3,867 272 

7 " 3.0 - 6.0 2.12 132.3 1,588 112 

8 " 8.0 - 10.0 2.30 143.4 221 IE
 

3
KFS* , /d FOR SG:LS TTIES G. 

i D:RECTOR 
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SOILS AND MATERIALS TESTING LABORATORIES LTD. 

TEST RESULTS OF SOIL ( SPT) SAMPLES RECEIVED FROM ' LAKHRA POWER FESIBILITY - KIANOTE SITE. 

REF. YOUR LETTER NO. 617/213 DT. 17.6.85. 

CLIENT: M/S. DRILLTECH CORPORATION LTD. REPORT NO. DCL/SPT/10/85 REPORTING DATE: 26. 6. 1985.
 

ATTE BERG LIMITS NATURAL
 

SL BORE HOLE DEPTH IN Liquid Plasticity MOISTURE SPECIFIC GRAVITY.
 
NO. SAMPLE NO. NO. METERS. Limit Index. CONTENT.
 

1 SS-2 KI-1 6.00 31.9 8.1 27.5% 2.66
 

2 SS-1 KI-5A 2.00 32.5 11.7 13.7% 2.65 

3 SS-2 6.00 43.7 15.1 24.0% 

4 5s-3 ".90 24.9 6.6 20.6% 

5 SS-5 10.40 34.4 11.6 26.3%
 

6 SS-6 15.50 23.1 6.1 10.1%
 

7 SS-7 19.00 29.5 8.7 23.6%
 

KFS--., FOR SOS "RIE LTD. 

-D=ZECTO 



SOILS AND MATERIALS TESTING LABORATORIES LTD. 

BAG
 
TEST RESULTS OF "/SOIL SAMPLES ' RECEIVED FROM ' LAKHRA POWER FESIBILITY KHANOTE SITE.
 

CLIENT: M/S. DRILLTECH CORPORATION LTD. REPORT NO. DCL/DS/1085 REPORTING DATE: 26. 6. 1985. 

Your Ref. No.617/213 dt. 17.6.85. GRAIN SIZE ArIALYSIS ( 5 passing by weight 

( Sieve sizes )SL BORE HOLE 

NO NO. DEPTH 2" 1" " 3/4" 1/2" 3/8" v4 a8 #16 #30 #50 #100 #200 

I KI-I 2'-6" - - - t00 88.0 73.4 64.0 59.0 56.2 53.5 48.4 44.4 42.5 

2 KI-2 2'-8' - 100 91.o 85.3 83.1 81.3 76.6 72.3 66.6 60.6 53.6 49.5 47.8 

3 KI-5 3'-4' - 100 91.3 84.5 74.9 65.7 57.9 52.2 48.0 42.5 33.4 27.1 24.9 

4 31 - 0" - - - 100 95.3 90.9 88.1 85.8 84.2 81.8 76.5 70.5 67.3 

5 K-2 2'-3" - - 100 97.3 93.3 81.4 72.8 65.9 60.4 53.8 43.8 36.7 33.9 

6 Kti-5 1'-3" 100 81.2 74.9 55.2 42.5 32.1 28.6 26.0 24.6 23.6 21.8 20.4 19.6 

FOR SOILS , ." RATRIES LTD. 

SIR/.J U_%Q Q " 

C )~ D;ECTOik. 



SOILS AND MATERIALS TESTING LABORATORIES LTD. 

CC,'PACTIOI TESTl RESULTS TAKEN AT K H A N 0 T 
 A N D L t 1. H R A S I T E S. 

RE. YOUR LETTER NO. 617/213 dt. 17.6.85.
 

CLIENT: :I/S. 
DRILLTEC4 CORPORATION LTD. 
 REPORT NO. DCL/SS/10/85 
 REPORTIJG DATE: 26. 6. 1985.
 

MOISTURE DENSITY RELATICUISHIP CURVE.
 

2.-
X. , - - -r 

T-I 
- - - ! i- _2 o 

• 
- - - -"r1.9 
 132 14
 n 2 0L 1L 



aenen. 
2 4 6tmu .,_ _W 

10 12 1m itue aim nmer y dont u%y .O.._~ 
Wa"ter content, w %ptamu moisture bMaximum dry dnsity 2 (10r cc imum moisture= Z -.r. _ % Maximum dry donsity = -'.- -g.J/cc 

-
, FOR SOILS EMAT S TEST • 

tS 

jL~ 



SOILS AND MATERIALS TESTING LABORATORIES LTD. 

COMPACTION TEST RESULTS TAKEN AT 
 K H A N 0 T A N D L H P A S I T E S.
 

REF: YOUR LETTER NO. 617/213 dt. 17.6.85
 

CLIENT: M/S. DRILLTECH CORPORATION LTD. 
 REPORT NO. DCL/SS/IO/85 
 REPORTING DATE: 
 26. 6. 1985.
 

MOISTURE DENSITY RELATIOIISHIP CUR'E.
 

U 

I2.04 

1.90
 

6 10 12 7 
9-6Water content. % Water content. t,%

Optimum moisture _______% Maximum dry density = 2.08 gm/cc Otmmmitr . % I..xmmdydniy=IL..(qC 

.. 9Y misur,.t=%Maxium ry ensty6,2Opsmu ,o3,1'2o,,cc, 

.'. . 6 
180 S 



SOILS AND MATERIALS TESTING LABORATORIES LTD. 

COMPACTION TEST RESULTS TAKEN AT K H A 11 0 T A N D L K rH R A S I T E S. 

YOUR REF. NO. 617/213 dt. 17 .6.8.
 

CLIENT: H/S. DRILLTECH CORPORATION LTD. PEPCRT NO. OCLSS/I1O,'35 REPORTING CATE: 26. 6. 1985. 

PIOISTuPE DENSITY RELATIO)NcHIP CURvE, 

20-02 .z\ 2.0f4z 
 zj 

I
. 9t 

5 9 13 15 m 3 4 5 6 7 9 
Wa8er content. u. 2 Water content. u.% 

Optimum moisture _ .___%taximum dry density = 2.06 Opmum moisture __ Mrimn-jm dry density 2.14 gm/cc 

'7/2 0 FOR sOiLs rG L ....OEs LTD. 

" * , , " ~ C ?T0 . 



SOILS AND MATERIALS TESTING LABORATORIES LTD. 

S I T E S.

TEST RESULTS OF SPT CLAY SAMPLES RECEIVED FROM' KHANOT & LAKHRA, 


REF. YOUR LETTER NO. 617/213 DT. 17.6.85
 

26. 6. 1985.
REPORTING DATE:
REPORT NO. DCL/DS/1O/85
CLIENT: M/S. DRILLTECH CORPORATION LTD. 


GRAIN SIZE ANALYSIS ( % passing by weight 

Sieve Sizes ) Smaller than dia in m.m
 

SL B.H TYPE OF 0.004
DEPTH IN
 
#4 #8 #16 #30 #50 #100 #200 0.04 0.02 0.01 


3/4" 1/2" 3/8"
NO NO SAMPLE METERS " 


88.5 85.6 74.5 52.5 38.5 12.0
 
100 99.0 97.6 95.3 93.9 93.1 90.2 


I KI-1 SPT-I 02.0 - 2.45 

60.0 40.0 27.5 

- - 100 97.0 96.4 95.1 91.4 89.3 86.1 81.3 73.1 07.5 

-

2 KI-2 SPT 01.0- 1.15 


-
-
22.7 19.0 15.5 
66.3 56.5 45.8 36.3 30.1 


01.0 - 1.15 100 86.8 67.3
3 KI-5 " 


72.5 66.5 55.0 41.0 29.5 07.5

86.1 82.9 79.9 75.7 


4 Km-6 " 06.0 - 6.35 - 100 97.3 93.3 90.1 

29.5 19.0 04.0
94.4 94.0 91.9 89.3 58.1 45.0 

- - 100 96.8 95.7 94.8 

5 LC-I SPT-1 01.5- 1.95 


27.5 17.0 03.0
 
- 100 97.0 96.0 95.1 94.6 94.0 91.5 87.9 49.7 41.5 

6 " 3 04.5- 4.75 

;KFS* -2A
 

.7aT. 
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SOILS AND MATERIALS TESTING LABORATORIES LTD. 

SPT CLAY SAMPLES RECEIVED FROM I KHANOT & LAKHRA, S I T E.
 

REF. HOUR LETTER NO. 617/213 dt. 17.6.85
 

CLIENT: M/S. DRILLTECH CORPORATION LTD. REPORT NO. 	DTC/DS/1O/85 REPORTING DATE: 26 JUNE, 1985.
 

TEST RESULTS OF ' 

ATTERBERG L I M I T S
 

NATURAL 
 Liquid Plasticity
 

SL TYPE OF DEPTH IN MOISTURE SPECIFIC -Limit Index.
 

tIdex
METERS CONTENT GRAVITY -Li__ 


1 KI-1 SPT-1 2.0-2.45 35.1 % 	 - 36.9 13.4 

2 KI--2 SPT 1.0 - 1.15 11.5 % 	 - 23.5 9.5 

- 20.3 5.3 

NO B.H.NO. S4IPLE 


3 KI-5 	 1.0 - 1.15 8.6 % 

38.2 	 15.44 Km-6 6.0 - 6.35 41.0 % 

5 LC-1 SPT-I 1.5 - 1.95 3.7 % 2.65 26.1 9.0 

6 ... 3 4,5 - 4.75 3.8 % 	 2.63 28.5 9.8 

2rES5dFan SOILS 5 !1 TJJPLS 

12L. 	 DIRECTOR 
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SOILS AND MATERIALS TESTING LABORATORIES LTD. 

TEST RESULTS OF ROCK SAMPLES RECEIVED FPOM I KHONOT AND LAKHRA S I T E S.
 

_.CLIENT: i/S. DRILLTECH CORPORATION LTD. 
 REPORT NO. DCL/DS/1O/85 REPORTING DATE: 
26. 6.*- 1985.
 

BULK DENSITY COMPRESSIVE STRENGTH
 

SL. NO. B.H. NO. DEPTH IN METERS 
 gm/cc 
 P.S.I. Kg/Sq.cm.
 

KM - ! 6.25 
 2.51 7,797 548
 

2 LC - 2 6.00 
 2.24 2.599 183
 

*KFS:':20
 

FOR SOILS L' A 3 LTD 

',RAUL .C
Q, R63/,
i. 7 . DIRECTRoi 
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SOILS AND MATERIALS TESTING LABORATORIES LTD. 

TEST RESULTS OF SPT CLAY SAMPLES RECEIVED FROM KHANOT & LAKHRA, SITE.
 

REF. HOUR LETTER NO. 617/213 -17.685
 

CLIENT: DRILLTECH CORPORATION LTD. REPORT NODCL/DS/10/85 REPORTING DATE: 26. .'JUNE, , 1985.
 

'-GRAIN SIZE ANALYSIS ( passing by weight 

(Sieve sizes ) Smaller than dia in m.m 
SL B.H DEPTH IN SPT 
NO NO. METERS NO. 3/4" 1/2" 3/8" #4 #8 #16 #30 #50 #100 #200 0.04 0.02 0.01 0.004 

1i K-1 08.0 - 08.3 1 - 100 98.6 96.3 93.6 89.8 U4.4 81.1 71.7 65.0 46.0 32.5 15.0 

2 LC-I 03.0 - 3.33 2 - - 100 98.2 93.0 88.9 84.1 62.3 50.9 35.2 31.0 21.0 13.0 03.5 

40.2 33.8 26.3 - - - 3 7.5 - 7.j 100 88.6 78.6 68.0 64.7 60.6 52.4 

4 12.0 - 12.4 8 - 100 96.8 93.6 9i.8 89.3 85.9 80.2 75.9 58.0 50.5 31.0 21.5 06.5 

5 LC-2 02.0 - 2.45 2 - 100 97.7 95.9 94.1; 90.4 85.1 78.0 70.7 58.1 49.5 31.0 21.0 07.5 

4 
 22.3 14.3 - - - 6 " 10.0 - 10.45 - - - iO 97.5 73.9 44.1 29.6 

7 27.0 - 29.45 5 100 89.3 68.5 63.7 61.0 60.0 58.9 56.6 51.4 42.3 34.0 21.5 15.5 04.5 

*'KFS." 4/2 o . AB LTD. 
FORSILS M* 'A.
 

Q R L . 
SIRJI UIl. A 

V CTOR..... 




SOILS AND MATERIALS TESTING LABORATORIES LTD. 

TEST RESULTS OF ' SPT SAMPLES RECEIVED FROM 1 KHANOT & LAKHRA SITE.
 

REF. YOUR LETTER NO. 617/213 dt. 17.6.85
 

-CLIENT: MIS. DRILLTECH CORPORATION LTD. REPORT NO. DCL/DS/1O/85 REPORTING DATE: 26. -6.. 1985.
 

ATTERBERG LIM ITS
 

NATURAL
 

B.H SAMPLE DEPTH IN MOISTURE SPECIFIC Liquid Plasticity 

NO NO. NO, METERS. CONTENT. GRAVITY Limit Index. 

I IM-I SPT-I 08.0 - 8.3 15.6 % 2.65 37.9 14.3 

2 LC -1 " 2 03.0 - 3.3 9.1% 2.63 21.8 7.7 

3 5 07.5 - 7.9 11.0% 2.65 21.2 N.P 

4 " 8 12.0 - 12.4 21.5% 2.64 32.0 10.0 

5 LC-2 2 02.0 - 2.45 36.8% 2.64 48.6 19.9 

6 " 4 10.0 - 10.45 8.9% 2.63 21.0 N.P
 

7 5 27'0"-29.45 21.8% 2.65 24.2 N.P
 

SL 


-H sKFSA5/2a.: 

FOR SOILS&hMAT .1*,-r-:, DRIE LTD 

V SIRAJ U 1-1 CU-H 
R CTOR 
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SOILS AND MATERIALS TESTING LABORATORIES LTD. 

TEST RESULTS OF DISTURBED CLAY SAMPLES RECEIVED FROM 'KHANOT & LAKHRA SITE.
 

REF. YOUR LETTER NO. 617/213 dt. 17.6.85
 

CLIENT: MIS. DRILLTECH CORPORATION LTD. REPORT NO. DCL/DS/1O/85 REPORTING DATE: 
 26. G. 1985.
 

GRAIN SIZE ANALYSIS ( % passing by weight
 

Sieve sizes ) Smaller than dia in m.m. 

SL B.H. DEPTH IN 
40 NO. 1.ETERS I" 3/4" 1/2" 3/8" 4 #8 #16 #30 #50 #100 #200 0.04 0.02 0.01 0.004 

I QI - 1 09.2 - 9.5 - - - 100 99.4 96.4 90.2 81.7 77.4 72.8 64.0 42.0 30.5 16.5 

2 " 12.5 - 13.0 - 100 88.2 78.0 69.2 67.0 63.9 58.7 50.3 46.3 40.0 36.0 25.5 16.5 02-0 

3 LC - 1 08.5 - 9.0 - - 100 98.1 97.7 97.3 96.8 94.2 89.4 85.8 81.1 71.0 43.5 31.0 13.0 

4 " 23.0 - 23.5 100 44.5 39.9 38.1 36.7 34.0 32.5 31.8 29.8 28.6 24.4 - -  -

5 LC -2 04.5 - 4.75 - - - - - 100 96.8 92.3 85.0 81.8 75.1 63.5 44.0 29.5 09.5 

6 " 18.0 - 18.5 - - - 100 99.4 97.2 93.7 90.3 86.5 84.3 81.5 62.5 28.0 17.0 05.5 

FOR SOILS 6 : . LTD 

SIRAJ .Q S.HI 

DIRECTOR 



SOILS AND MATERIALS TESTING LABORATORIES LTD. 

': OF DISTURBED CLAY & ROCK SAMPLES RECEIVED FROM KHANOT & LAKHRA SIT[. 

REF. YOUR LETTER NO. 617/213 DT. 17.6.85 

:LIEI::, . E t' CC.' 1,,..: REPORT NO.DCL/DS/1O/85 REPORTING DATE: 26.' K ,1985.LTD. 


A_.,.TE R B E R G L I M I T S UIJCO14FINED COMPRESSIVE STRENGTH 

SL ".H , L:. L, Plasticity Bulk
DENSITY SPECIFIC ; strain Unconfined strength 

N,. Li 1-r.: Index. Qms/cc GRAVITY. at failure tons/Sq.ft. 

1 ;J ,..5 25.3 2.64 -

S ', . , ' .L ' .16.0 - 2.64 

3 C ""3 - 2.43 - 161 

11. - - 2.30 - 705 

5 "- . "7 3- 1.96 -106 

" ..C. - - 1.81 - 15 

LIC-I je. . .2 11.1 2.63 -

j - 36.5 13.6 2.65 -

1 4. -" 1.78 - 2.0 2.19 

"-. . . -: - 1.76 3.2 1.96 

II " . . " - 1.87 2.2 2.07 

r - - 1.82 - 3.3 2.03 

I; LC-' ( ..  7. 5 43.2 16:4 - 2.63 -

4 ".' - .5 43. 11.3 - 2.64 

. 1I .',1.79 3.4 1.90 

I '. - 1.74 3.3 2.03 

- . - 1.97 - 47 

- 1.87 31 

F0 SOILS 6 M."., ..:.. :. ") IES LTD 

720. 
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SOILS AND MATERIALS TESTING LABORATORIES LTD. 

CHEMICAL TEST RESULTS OF 1 WATER - SAMPLES RECEIVED FROM ' LAKHRA POWER FESIBILITY KHANOTE SITE 

Ref. Your letter No. 617/213
 

DE. 17.6.85
 

CLIENT: MIS. DRILLTECH CORPORATION LTD. DCL/WS/10,'85 REPORTING DATE: 26 JUNE, 1985.
 

S.NO. LAB.REF. 1O. SAMPLE MARKED. TOTAL DISSOLVED SALTS SULPHATE AS SO4 pH VALUE.
 

1 6415 BP.NO.KM.I 6,466 ppm 1,279 ppm 7.2 (Alk.)
 
W -1
 

2 6416 b.H. NO. Kfi .1 6,132 1,264 7.8 " 
W-3 

3 6417 B.H. NO. KM.1 6,436 " 1,2861" 75 " 
W-4 

4 6418 B.H. NO. KM.l 6,694 1,380 " 7.2 " 
W-5 

5 6419 B.H. NO. KM.1 6,276 " 1,259 7.6 " 
W-6 

6 6415-A B.H. NO. KM. 6,050 " 7.8 "1 1,197 
W-2 

KFS 

.i- . :on SOILS 5 JAT-r .M.> 

//SPAULM,. jRE I 



4 fRafiq Essa 
ERVICES B. E. (CiMil) PA. ngg. AIT. Bangkok 

C~Il F&Geotechnical Engineers Saif Ahmcd Saeed 
B. E. (Civil) M. Engg. AIT. Bangkok 

Tesing Laboratory 

Date 1.8.85. 
1st Floor, 
86-111. C. P. & Berar Society LR No. 162/85 
Karachi-5 Tole 411361 

CLIENT : M/S DRILLTECH CORPORATION LIMITED 

PROJECT : LAKHARA POWER FEASIBILITY STUDY 

LOCATION: KHANOTE 

S.NO. BORING SAMPLE SALINITY CONDUCTI VITY 
NO NO ( ppF (micro mohs/cm) 

1. KM-1 W-1 6100 9531 

2. KM-1 W-2 6200 9688
 

3. KM-1 W-3 6400 10000 

-
4. KM-i W L-/ 6600 10312 

5. KM-1 -5 6500 10156 

6. KM-1 u-6 6200 9688 

o.*o..* *** o*oo. .. *.o *oo.e. o..oo .e.e oo.o 

For GEOTEST SERVICES
 

SAIF AHMED SAEED, P.E. 



PAKISTAN COUNCIL OF SCIENTIFIC &,INDUSTRIAL RESEARCH 
KARACHI LABORATORIES 

OFF UNIVERSITY ROAD, KARACHI-39 

T ' 466308,a: 460101-2 TeIegran : "CELSEARCH" 
REF: ILD/ATR-50/85. DATED .12.6. 1985.
 

...... 
 MATERIALS/PRODUCTS EVALUATION 
.ANALYSISITEST REPORT ON SAMPLES DECLARED TO BE:WATER S;JMPLES. 

FROM: John T. Boyd Company,
 
NUMBER OF SAMPLES; Five. 
 RECEIVED ON: 
REF: CASE NO. . 
METHOD AGAINST LAD. CODE:WHICH TESTED: (Please see conditions S;r. N I &. 

on reverse) 1A "<r 

RESULTS 1 4 
.... 
 SET-B 

tLLk-
Serial No.  2 3 4 5 
Sample No. AW 
 HW 
 KDW lISPS SW

Collection date 50185 50185 50185 50185 50185 
PH 
 7.4* 7.7
?IrnNil 7.8 7.8I ppm Nil ?.4NiaL Nil 

Manganese. Nil 
 Nil 
 Nil Nil
Total Nilsuspended 
solids 188 56 362 140 846
Alkalinity 240 140 170 150 330Acidity/freeCO
2 I 2 1 
Calcium 148 104 

2 
240 40


Magnesium 4 5 
236 

17 13 40
Potassium 
 5 5 3.5 5.5Chloride 20 1620 25 34 4Sulfate 
. -155 161 494. 53 615
Total Dissolved

solids 567 
 465 994 
 254 1371
 
Settleable

solids 
 0.05 ml/1000 0.05 ml/1OOOml t.0.5 mI 0.02m]/ 0.05 ml/1000ml 
 ml 1000
 
Sodium 10 12 20 5 ml 40
 
Turbidity 18 FTU 6 FTU ':5 FTU 75 FTU 25 ITUBicarbonate 
 293 
 171 207 183 403
 

In ppm,excepting' where mentioned otherwise.
 

' RMA U OO )DIRECTORDh1 ' - b (M . JiUjiltAR kS---145FIOR RE5EARCH OFFICER 



RIVER WATER QUALITY
 



SOILS AND MATERIALS TESTING LABORATORIES LTD. 

CHEMICAL ANALYSIS OF - WATER SAMPLE'
 

SAMPLE MARKED: ' RIVER INDUS NEAR KHANOT(SIND) LAKHRA POWER FESIBILITY PROJECT.
 

CLIEJT: i/S. DRILLTECH CORPORATION LTD. REPORT NO. DCL/WS/1O/85 REPORTING DATE: 26. 6. 1985.
 

REF: Your Letter No. 617/213 dt. 17.6.85
 

S.11O. T E S T S P E R F O R M E D R E S U L T S
 

1 Total Dissolved Solids (T.D.S.) 236 ppm 

2 Sulphate as SO4 140 

3 Chloride as Cl 164 

4 pH value 7.3 (Alkaline) 

5 Carbonate as CO3 Ill 

6 Bicarbonate as HCO 3 88 ppm 

7 Calcium as Ca 44 

Magnesium as M9 20 

9 Total Hardness as CacO 3 110 

10 Total Alkalinity as CaCO 3 109 it 

I I I r o n dissolvud Ni 
12 Total Ircn Nil 

13 Manganese Dissolvcd Nil 

14 Total Manganese Nil 

15 Silicon as Si Nil 

16 Suspended Sol d 08 ppm ? 

17 Turbidity 05 

, ' "I U U. 



Rafiq Essa 
SERVICESS. E. (Civil) M. Engg. AlT. Bangkok 

Civil & Geoechnical Enginaers Saif Ahmed Saeed
Testing Laboratory g e. E. (Civil) M. Engg. A?'. Bangkok 

Date 29.7.85. 
1 st Floor,
 

86-111, C. P. Et Berar Society 
 LRNo. 162/85
 
Kerachi-5 Tele 411361 

CLTENT : M/S DRILLTECH CORPORATION LIMITED 

PROJECT : LAKHARA POWER FEASIBILITY STUDY 

LOCATION: KHANOTE 
TESTS ON INDUS WATER SAMPLE
 

SAMPLE MARKS WATER FROM RIVER INDUS
 

CONDUCTIVITY 469 micro mohs/cm 

SODIUM AS Na 35 ppm
 

POTASSIUM AS K 05 ppm 

. .. .... & ................. ..
 

For GCDTEST SERVICES
 

SAIF AHMED SAEED, P.E.
 



232 INDUS RIVER NEAR SEHWAN4A 

Suspended sediment r:,,ice-tration'. 1972
 
'72 Discharge_ 
 Tem.a of' Total PP,' " PercentSate in cusecs 
Water OF by weight Sand Silt Clay 

.16 Jan "16,20'0 59 1,040 6 6222 Feb 1,810 
32 

66 59
19 Mar 1,510. 79 

20 Apr 7,310 79 

130
 

13 May 22,200 80 
201
 
540 4 56 38 

7 Jun 34,000 -88 1,070 8 51 41
.4 Jun 1311000-14 9.,

14Jul 259,000 


90 4,000o 9 , 38 
90 4,260 
 9 36 5529 Jul 213,000 
 90 3,750 10.31 Aug *74,500 50 . .4086 4,330 
 4 51 45 

8 Sep 33,800 82. 2,600 2 64..• 3424 Sep 62,200 
 84 3,430
28 Sep -33,800 . 
4 60 3683 2,370 
 3. ... 54.. .4322 Oct . 6,110 . 77 201 .. .....10 Nov ,.2,960 .;75 .' 20...
 

18 Dec . 1,640 . '"62 .. 32
 

Note : Sand'is all sizes above 0.0625 mm. .-

Silt is all sizes between 0.0625 mm 
and 0.0055 mm.

Clay is all sizes smaller than 0.0055 mm.%



I WDIIS It! VI ' f All ,.rlw/ft! 

Data El g No 

Chem.ica 

ILLICOUTUALCHT5 PER LTRr 
' 

K co CO 50 

Ansh1yoL. .s~uWtor S .pl-s 

•PARTS 
IYorAL 

NO1 r LL, nun 

- 1972 

" 
SLO

2 
t 

PCR MILLN 

C 0 2.!;. by 
Ec..1O 

1 6  

t"
:5 2-C 

pH it.9 CO
2 

.. /t 

SAN' 

19 1.65
Apr' 
20 1.45 

May 

13 1.62 

1.*0 

0.91 

0.89 

1.60 

1.64 

0.69 

2.92 

2.00 

1.86 

1.57 

1.12 

0.87 

0.48 

0.95 

0.20 

4.75 4.97 

"..00 4.07 

' 

13.00 • *3.01 

0. 

256 

192 

475 

00 

300 

0 

0 

. .,0 
. ' 

0.11. 

7 
2, 

3u0 
1a 
2) 

A.g 
21 

Sop 
8 

1.37 
1.36 

1.24 
1.14 

1.36 

1.12 

0.98 
0.05 

0.11 
1.18 

1.00 

1.13 

0.15 
0.19 

0.25 
0.18 

0.39 

0.36 0 

1.65 
1.41 

1.67 
1.57 

1.62 

1.19 

0.64 0.19 
0.96 0.28 

0.60 0.78 
0.66 0.21 

0.85 0.28 

0.97- 0.43 

2.50 
2.&0 

2.50 
2.50 

2.75 

2.59 

2.4d 
2.v5 

2.55 
2.51 

2.75 

2.59 

160 
1i2 

140 
156 

1l"6 

I., 

250 
240 

250 
250 

275It 

2.0 8.2 

a 

0 

0 

0 
10 

33 
016 

.3 

1.60 1.61 0.27 0 2.05 1.05 0.38 3.4 2.683.4. .30 0.4 0.2 

18 1.67 1.66 0.747 0 2.40 0.03 0.76 6.07 4.07 240 390 8.3 0 6.6 

Dec 

18 1.69' 1.71 0.56 2.51 1.07 0.28 3.96' '3.96 21.0 392 8.4 0 * 0.4 

4'.4
 



234 INbus RVER AT SEH.IAN 

Suspendad Sediment concentration - 1973 
1973 Discharge Temp , or Total PPm PCerci'
.Dete in cusacs Wet2 r vF by ,eight Sand Si; ,-:' 
13 3an 18, 200 59 2-5 
27 Feb 1,35 69 12

13 Mar 92 72 
 33 
11 Apr "1JiO 86 
 66
 
23 Mar 61 000 
 94 3,160 3 53
 
12 Jun 95 ,200 ion 4,450 a 5
7 Jul 335 ,000 86 6,700 6 5S.19 Ju " 445,000 91 6,730 8 

26 Jul 438,000 90 6,950 8 50

17 Sep 237,000 87 3,720 7 51 
4 Oct 118,000 87 2,610

23 Nov 9,260 66 .149 71 

21 Dec 7,070 64 7.6 

Note : Sand is all 
sizes abovee.0625 mm.
Silt iz all sizes between 0.0625 mm and 0.0055 t,4 
Clay is all sizes smaller than 0.0055 mm.
 



l.uS RIVER( NEAR 5[IAN 

Ch..ilc.I Anaysi Of W4-tt 5-apIf - 1973 

MILICQUIVALCNTS PER LItRE TOTAL . 
PARTS PCR MILLIO.0 ECa1o' 

t 
poe R. CO, SAR 

0.L. C. Mg l. K col OlC0 C 
t 

504 NO Fr CwLi-, Ansiob, SiC2 re 8 0.. 

' . 

by 25 C 

1b 4 

/ 
J 

.. 't 

1 1.7 1.0 1.36 - E 2.37 1.65 0.56 4.58 4.1a .. 1 0 

27 3.9) 1.1. 1.J7 - U.72 2.25 1.08 0.41 4.40 4.46 260 4,0 a.) 0 1.1 

13 1.10 1.2? 3.6. 0.02 2.07 .90 0.U 4.21 4.21 240 41,1 5.4 0 

A,, 
It 1.3. t.7 2.30 - 0.21 2.28 1.57 2.03 4.99 4.99 4(10 0.) 0 1.9 

21 1..82 1.2) 0.13! - 0.26 1.29 0.4? 0.01 2.83 2.63 170 200 B.3 0 0.7 

12 U. 11 1.2U u.71 - 0 1.68 0.41 0.27 2. 4U 2.40 1:,1[)* 't. II 0 U.) 

7 
1 

.227 
1.22 0.-) 

-.1) 
U.72 

-
-

0.3'1 
0.10 

1.86 
1.76 

0.71 
0.55 

0.62 
0.45 

3.47 
2.v7 

2.67 

2.97 

2U 

lid " 

1350 

10 

U. 

. 

U 

0' 

1.1 

0.7 

17 1.CU I.od 0.75 - 0 2.04 0.77 0.12 3.57 3.57 21 35 it.1 0 0.6 

1.5,0 0.OU U.71 - 0 2.0' 0.52 0.45 3.U 7.21i 12U 310U '1.1 0 0.6 

27 2.U 1.73 1.37 - 0 2.5.0 1.15 1.-0 .5.15 5.15 )10 51111 J.0 0 1.0 

012.
21 1.76U 1.79 (.24 - 2.41 0.7/6 1.48 4.65 4.65 270 650 7.7 22 0.'0. 



r ,-, INDUS RIVER NEAR, SEK?.AJ 

Suspended sadi.ment concontration 1974 

1974 Discharge Tomp. of Tota',l PPM Perclt 
Date in cusec- Waiter F by weight Sand •.Silt 'lay 

8 n 55250 64 135 

20 3n 28,700 60 325 
16 F b 53800 64 30 
2 b 4. 10 70 27 
'5 Mqar 2)250 8 1 23 

7 Ap: *1.500 90 22 
10 Apr 13)900 80 136 

7 May 8,570 85 33 
21 May 7,250 U35 89 

6 Jun 6,840 87 121 

17 Juri 55,100 88 2,400 2 66 " 
19 3un '106,000 87 3,070 6 '59 35 
11 Jul 21,900 88 1, 170 
'4, Jul 39,700 91 1 550 10 .47 43 
10 Aug 72.500 91 1,460 12 49 

"16 Aug 101,000 89 1,820 6 65 2 L 

a Sop 247.000 87 4,410 6 67 27 
26 Sp 21" 00 86 466 13 43 44 

'Ort 167 100 84 58
6 r-ct 5,250 76 54 

Nov 2,240 6B 58 
14 Dec I,20 65 50 
27 D1 .1,650 62 148 

lota .: Sand is all r~~is above 0.0625 inm, 

Si t is all sizoa .botwfi-en 0,,!625 :m and 0.00!5 i::. 
cy i all sizes mlco than 0. U055 mam. 
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EXPLANATION OF DATA
 

Yae sites in the 
 The samples for 
chemical analysis have been collected at
 
or near points on 
streams where gauging stations are operated by the
Surface Water Hydrology Project, 
for wnich cnemical* analysis has
been made by the Ouality of Water Laboratory oF Central Monitoring
:mined from water 
 Organization of WAPDA.
edto take in 
 The following determination are 
made on'the samples:
are of two, generalin continuously 
 Calcium (Ca) is determined by titration with the
a vertical section, versenate


(E.D.Y.S) using 
ammonium purpurate indicator in
-t-intergrating the presence of sodium hydroxide solution and
point in the 
 colour change.
 
Magnesium (Mo) is determined by titration similar to 
calcium and
zals in the stream, 
 colour change. Calcium and Magnesium are calculated
5-:hird of the flowt. as Vol. of versenate X normality 
of versenate X
only one sample 
 1000/ml in aliquat.
:les is taken at 
the 'Sodium (Na) is determined by Sodium Flame Photomete
aken more 
frequently


Dns. Water tempera-
 Carbonate and Bicarbonate (CO 
 and HCO 3)- are determined by titrat* ~ ng the water sample with a standard solution Qfc i
1uconcentration by sulphuric acid using phenol-phathalein and methyl
orange indicators. The end points of- titration
-ution by use ofes are
selected as the inflection point in the titrationipettes and sieves 
 of sodium carbonate with sulphuricid be noted that acid. The carbon" ate end-point is taken at PH G.2 and the bicarbonate
water and not that 
 at pH 4.5.
 

Chloride (Cl) is determined by titrating the
for each discharge sample with standard
silver nitrate solution using potassium chromate 
as
ing the table of 
 indicator.
 are the total
colids by weight and 
 Sulohate 
 SO) is determined by adding. known quantity of barium
he temperatures and 
 .. chloride to the sample to precipitate all the sulphate
a time at which 
 ........ ions. 
Dissolved Solids (O.5) arL determined by evaporation to give the
total amount of soluble ealt per million cc 
of water.
 

ar natter. wAt-
 ..
 A know volume of the water
or sea, the watez 0 
sample is evaporated atC
 

some minerals. Th, 
 Electricalconductivity
imarily on the (EC) is measured by means of a Wheat-stone 
t with and the 

Bridge %here resistance is equated to the resistcnce

of the unknown solution surrounding electrodes inboth surface runoff aconductivity cell. The conductivity is expressed in
rac'ter of their 
 micro-nhas per centimeter usually athly mineralizad than 25 'C. Conduct
ivity is closely relatedtact with the rocs to the sum of cations andanions in solution and is a rapid method to knowtion of dissolved the.
total dissolved solids in a solution.


made causel-_name'.y 
isposal of industilal
 
lands. 



EXPLANATION OF DATA 

the hydrogen ion concentration is 
determined by
a pH meter using glass and 
calomal-Kol electrodes.
diumAdsortion Retio 
 (eAR) 
 is 
an index 
of the sodium
,.aa'o expressing the 
or alkali
 

ions in exchange 
relative activity of sodium
r'eactions 

expressed as 
with It iste soil.


follows. 

SAR = Na + 

(Ca+ + MCI-

Where the 
concentrations
Cations 
are of the
ie three Soluable
 
(mei 
 given in milliequivalents 
per litre
Residual C rbonate ResC 
 34 is expressed 
as the
Carbonate sum of th
ano Bicarbonate anions
of the minus the sum
Calcium and.Magnesium 
cations.
 
Res CO3
 (CO 3--
 + HC03-') 
 (Ca + + 

+
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INSTITUTE OF 

.L' ,; PUSLIC HEALTH ENGINEERING 
• , ,,.:: i;,L AND RESEARCH 

TELE UNIVERSITY OF ENG1EERING TECHNOLOGY. LAHORE31 PAKISTAN 

:;Y.-.2RA.JU LITY J:<'.J :CT 

D'T F ORtI 

i. .rfo.: c : , ;( '.c . ...........................
 

..... ... . ... . .Z. 1 , "U : ; (D r. u.nt)
3. V ut :;[it. ,; .K.iI ( tu.ini ,o) #qfo9/ 

........... .
4. Ti i: S 2'1, f 'J. (, u.iEH) o. 
5. S , ]:.-'H I: 17..3 ............ o. O @.J. .
 

6. l1 , U' .2 ;0 S '-JPL........ .... .... V. ... ....
 

..... ................. ................... ,. ..
 

. ..... ... . . 

AG.;,:C . institute nf P,,blc H.Ith riginjoring J. hosearch 
... .... 
 Lahor
 

. . .. ......C'hSIC D) ;/ IN'.iDS i 

Temper P.T iuri *r A.L .G . ..... . ... 

pH - r.L ............
 

.1i)ctric.tl 0 . mnductivitymh/cL.G . ...........
 ' Disso~lved, Oxyge..n /l..G: 0 

tOtd mg/l R. 
Suspended (nlids) r.//.A . . •'
 
flitrn,,,.n, immonia (.N)mfll A.L.G. ..... . .,
 

,4,0A . .. .1: ,irc--n . -. .....m,311L. .Nitro~m~l 2+ i3(il) .. .t ' 

Flu,'rido (F) ng/l , ..... .... . . 

Orthaphosphit (P) mg,/l L.P...............
 

F a.c.2I Coliform Bact..ri- .P/17ioo ml A.L.G. !./..O-.O
 



.. . . °. ... . .
 

COD mg/l A.L.G. *: ...... . 

0 or."," ..'. mg/ R. . '- ......... 
Cl-"cmi:!z- nex -v:in1C z Ln'g/ R ...... . .C......... 
PT, _ ,; .. . 

• ,xmg/i g ..... .. * . 

Zinc 	 mg/l R 
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Alkh Caunal FPicalbad 056005 

Indus River it Kotri 056006 
Doemicll Lahnr 056007 



INSTITUTE OF 
" PUSLIC WEALTH ENG.IN 

AND RESEARCH 
LAHORE-

31 
pAKISTAN

b TECHNOLOGY.OF ENGINEERING 
TELZ 33102"7, UNIVERSITY 

.,... ........ 
 .. 

S.. ... ............
 
. ...... (Country S unt) 

......... ......
 
• . " . . - I 

-. [..
/.v / 

..' ,.." .... 
...t I.. 

. ........
 ...................... 


' .. ,.'< ; s . . 
• c r %t.....S 

:
R DG -, 7 ... ....... . .


Jn zg/Disolv:I d O 
. 1. : A . 

4.t2 rn-n/ :." .:.v~ag ......... •:........
2"2.] ,,...,. 
/ ' * . .RL . 1.9-........ . . .
 

. rco,' k 'ilfl t• .$.2 G; 


I) Sgi
 

mg/T.,....S.... V'.. ...',SolCidSS , .......................... 


...
 
j U:-cndcii Y mho/cm@1 ..'. .... 

Diescl-I Coxyforn Buct/ri -£;/o.1i 6 G . o.. .o. 
: ....

1P/OR'..Gi/"'B .c/1 ' .=e.t, Cto r~ 



.. . .. . . . . . .. .. 

SIG . .......
 

g/ .......... .......
 

. . ..... . .mN'S u, o 	 / 

..........
 . . -........ m . ..... 


I ...................
SinIu6/ 

C 	 .........
 

o S.o . ...... . ....' . 

.nz l'JL c mglj .L.G. . . .. . :.......
R 'ig ...... .......
u;. - ,= 

L = LlIces, G = Groundwater." =Rivers, 


ST pln r:)quency =Groundwater ( ,vcry. 3 months)
 

Tikcs , (.,vory;2.mc. ths).•
 

R4ivrs '(j ry. 2 rooks) 

., : 	 K.l ir'i L -tko Karachi 10560-02 ,."".5 

ivi -.i "j r Syphon Lahore 0560C13 

p.vi :?',-	 z jcllki Ho.dqorlkc 056104 

rt".h 	Cuin! Fiiso.ibad C56005 

'; ,t Kotri G16006Ind u ix 

L,,'L.Ai~ro 0-)b'0 07 

http:vory;2.mc


...,.'-..., : ST;TU7T OF 
""FUL HEALTH ENGIINEERING 

T.,i: 1.IC27 UNI/ERSITY OF ENGINEERING U TECHNOLOGY. LAHORE.31 PAKISTAN 

3 " 'i .U \LiTY PROJ 'C2 
D'T\ FOR .1

* 0" n D\ .c.) " 
i. I .00L ', fG:('. .......... . ....
-. C 

2. 3A"I.. . -!U. -;R (Country S:quafit) ... ' . 

* 2...... ... .. ..........
 

. . . .. 
-0 

.;, ( . ..... ... 

. - -r 2\ .2 ;)2 (b ; "....o .... 

5.rvturS i ; i i . .. .... .... ........
 

.. v. r ........ ..
2. C , n o/cm. ... . . .... .... 

C,'Yl - . ,./. " .'. ....................... .................
 

AG ;i': . Insi tute rf Public 1rngin.l-I th .Lcseirohrin(" 
L-ihor.
 

Sud• Sc ,ida -g/i/ .- ,<.AI ') 
T,),,pC-{. -Li.. ; . . ..... . ;. . .' 

p. -ill. ...... . .. 
Jlac- ric.tl U" nductivit y mhio/cm R.L.G ... 'q.. 

Dissolved O:<ygan, mg/ll jL.G.'.... S. ..
 

Chlorida mg/! it.L .G. •
 

...Uhnl-iiy total MZ / I R.L .G.. ,..... 
Suap-nded Solids mg/l it .- .O. 

Niitro e,or mmz'ni- (N)mg/l A.L.G;". .... 2 .. 

e
lk ..!02.; (])mg/l R.,: . 1' 

Tlu t':ri - ( F) :;/l' .. . 2 . . 

Urt h ,:o 'sph ,'., (p) m 'lL . . ?:q. .. 

:-,:. Cl Coli.form B-ict rii I P[:/1co r.l A.L.G.. ... .. 

http:LAHORE.31


. . ... ... 

. . A ... .. 

D0. .... . .
 

, ,
 

oor,m t o/ . .. ........ {... ........
 

. . . . . .. ..........'
 

...... ... 
..........
,tR 


rag!i ;R.. .Q ................. i
 
Onr, ... t 


i'u 0;On . O/ 2. A R .. 

mg/i R.L.G.
s-:cd" 


:~i***~*
.?AaA2 tro;tococci 11PI/0Oml R'L.G&R~~ .. .. o&Bu ... 

........
S L.G. 

L G~o0 roundwitor.R ivcrs, 

S. ,iing Frequacy = GrundwLtor (ra!ry 3 mnths) 
Kotee5600
'..ee
indusRiv 

L:Lkos (.'vory 2 me.nths) 
' Rivars *(,Ivory 2 wooka) 

Kxrioh±i 056002 i 
___________ Kliri Lake 

i iivor Syphon Lahoro 0560C13R 
avi Rivar Baiioki Hoaidqorks 056110~4 

Aal Ciruil :Li31jabad C56005 

L n 056007SRDiotwe i =horo 

(I r ots
kE

It S 



_ _ 

~o
 

',' . '.
 

S ,;V:g.CfV 0;i ElqG;N% p36 N i:¢},IOLOGY, LAHO. V.31 PAKISTAN 

2. ~ ~ U~Cutr (!,:z S<qun 

, Y o , 

.-. -" irl" " p:' o ' Aq' IP"'' ~I. 

.,.a..... 4 .4 4.5 * - b ' . .... ... 

'4 
'-.i ..*;.. A-~.• -. .. +- :. . , 

.
 
Ts+
C. f. 

. ............................
c............... 


C , o -r . mg o 

r . .. . ..
tW L-h .. . . . ..
 

'-

": u f' t 'rr,,.,t., ', . 4,--.,.,.--. , , ,; -'- ,, .. . . . . 

. .,...., 
-a . -' - .'m g / 1 

.. .............. ......................... .............

"'~ .4 ,'I , **,, i 4
. ... t 

(2) .. 

v 4" .a _ . * t!4...., '... . I..,,n*,.:.,.. n , ,'g/ , .... ,". " .- , . .
 
£r~ nzo+~o(,),,g :. . - .*,, ' e. . '...1q 


•r'/ *0...' ..z+ . , ,.*',.t ......... :,* 4I
 

4 ",,.. 

".,4 .... + , '. 4+ , 44 ,*4 I_4' 


++ •l • I I I/l~l i ,. •
 



Zinc 

o.
11,7/1 A 

.
mg. :. I . .
Zin 

r/1. H.. . ..... . . ..Hyo:ppo'rd 


. ./. ... ... 

0.I4~gnoj
Sr'3. ~~ C-wrdwia~ o'UOC.3 .= .on.h~ ~~o.. .~r 

U.R:s, L Lies, .=!.honLndworoO60 

:Fr~qowl. GruAwitor B.W1oryi mbdonths 06) 
~ Likos~ Fariy 'b2. 056005-S 

rias R iAvorotr . 65600 

DUopw1a11 05600'0'hnk 

R:-.9.vryhj Lhr-1560 

ruiRvrBloi bdok 510 
4-n- ~ial bd C60 

9jrr --. a :tKti 660 

Dop.ol 0607 anr 



.~. ....
 

~LZ.. '.::2 Z...........~... .... ...- .
 

EIT7I 
:7 ? -. 41N t 1 . ... .. . 

* , ? Z *. L oo 

4 A 

. . .. . - . r1",. , .. . .". . . . . . ..d . 

,............. ... .
 
.......... ....

.. . . .. k.CC..... . .C . ...... 
,,.'Z.Z:O:CL' ......-....
:,,~~~~~ .. ~~ ' 

- -i Il l t 

l IIL. .1 . . . 0 1. . . .. .ill 1 . t .
 

.~ ~ , .. :.........._,..._.
......~ ~ ~~~~~Z ..._-...'-...,... 
.. :. . ... ....... ,.:.0.0; ,,
:-;,......,........ ........ ... .. .


.,~~2.. . .f..~ ..: ~.1. ....oo 


L. .......... 

CC' I f* * * @ CC CS C .C 

. 
 .L.G .... .....Oh!:r!'-%' l~i. ,.......• 

" 


--- .':::I4 ' 

....... .... C. a.......
- , 

. .., ....'. *...*,.. ' / ' 
,. o ,,.. .. ,. .
 

.. t_..{,....... .* .,,:; :.'J/ .,= -- .tlu~oloto t e eAoCe o ee
 

-. L " . SC CC* CCC"CC 



----------------- 
---------------------- 

-- 

... 

... ... ..............
4 ,, ... .. 2 - . . . . . .. 

. 
, 


. .. . . .. . .. . .................. 
 ......
 
... .
 .......
 

..
" " .... 
 ... ... I .o.. . 

S o cocooooooo
 

: " " ": 

.,,.:/-' ".L.Clr' ........ ..... ., ...........
 

•.L.. ...........
 

.4 . ,... 1
 

- -

..':".... 
 :.Z-.Aja G G= ',:dwato..,O-z ,!:-'.. ,.., = n..")J ,
sJ=Y.: 
 1,.*..= 


LI Ln~s (37cry a~~ 

Kr ar! Lao 
 0 
 . r 
.:.±..
.hovo,,on,,siohGL0h o5o0 . , ')I000 

quara06I:c- ,z3.0 . ...o ,. 

R '- Iot-- 0 6oo6 

ti2L-hora 055C07 

''I.I 
.
 

•.. 


'4A 



APPENDIX III
 

WATER PRESSURE TESTS INROCK
 
(PACKER TEST)
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PRESSURE TEST REPORT 	 S-7 _ CF 

--. :E LAKIRA P0'E FSI.ILITT SITE VANLTE 

B'6rin'g'; No. KI-2 _F._C_'.- .- T :E 7[' iT,- ____er_"T-_-_ _CT 

:-- ,,--=:r-=,,-..-. DRILLI£CHRILTEH ORP~AIO~_1 I, IT __ = - & Mannan ' ., ili antamourj_ --E'. =yS 	 CORPO:l'A-\T LITKhalique 

EE. __ 	 7.9 ,meters %.ATE: PPE I _.--_EFTH __-__-EVEL, F .GTH ..
.-LCA .:ETE-N . .ESE_ ; :i ET 


P rS 	 T_______________,;TE.RVAL; CEFT;i ___'_ _ __,CA~E, z ____________ :'.J:E 	 EST EEV. 

: =;= 4U 	 psiI --*:.:= .	 - .?= - "=-U ,N :20. psi = U _ C E t Pal:,:.-. psi - .. '-. !'--' ;GFAUG " ItF' 


P___AC KE:- -;F 2T-, 

-: LC ," L F-Z.Y ' -' •E S F 2- "
- - - F C.' , D F_,-,Y 

.... F Ti.E F . FL;j... 
 -	 3"r ! . . ; *'-1d 	 . i' FEAf,,.n "L 

0.0 444 0.0 493 	 0.0 624 0 - 0.0 698 

0.5 447 	 03 0.5 505 12 0.5 633 0.5 710
 
06 	 07 07 , _9__ 

1.0 453 1.0 512 1 .0 640 	 1.0 719
 

1.5 457 	 04 1.5 519 07 1.5 647 , 07 1.5 728 n .
07 	 07 7-oz2, 1 39 i .,

2.0 	 j 464 i I"7392.0 ,526 2.0 654 2.0 


3 
 71__2__5 467 H 2. 5308 	 2.5 662 00 2.5 
3.0 	 473 3.0 541 07 3.0 669 3.0 -759 08
 

05 0 a 8 00
 
478 	 54 065 3. 677 .------;3.5 768f3.5 

4.0 	 4834. 4 30 - 4.0 555 ; 09 '• 4.0 684 7 , 4.0 779 _ 
1 1 

_____
 

0- 1 564 7
_4. 488 4.5 	 4.5 1 691 4.5 788 9 ,, 
m 05 06 	 . 1_______ 

5.0 493 	 5.0 570 i 06 5.0 I 698 07 5.0 797 09 

,_ i _ ____• 	 I " 
I 	 I .. . . ; -

1 14 

Test No.1 's 	 !.
 

Ele.3 to 10 metersest 	 NO.2 
0lev. to 


Stick Up 1.8 meters Stick Up 1.3 meters.
 

l. 	 ItoE 10 20 meters
 

/'- C' " - , ,; ,''* ;7 -- p. 	 C,',-' 

II*1
 

"-:..-,
 



______ 

boring No. KI-3 GRCUND ELEV. " TOTAL DEPTH ?n TOP OFR-F'C.K.'DEPTif 
CZ'TA:ZTCR DRILLTECH CORPORATIO: L*IITED CZ ZLE Marnan I'::cEc-:R- Bill 	 Santamnaur_ By _-..' 

W-'TER LEVEL; C FTH EE., 	 /.ATER PIFE LE.iGTH 7-9 mnfprs V. ATER PC I D. 
FLO, .ETER N. 	 PF=E - F.= 3,JE NZ. _ TEST iNTERVAL; [.EFT-i ELEV. 

GACE ~ESILIp iI 4 U3PE I b/5 PS 3SAJGr PRESS. _45 psiGC)SIG________1 PRESS._______ 
iF: F.:.; E__= N____ z.ES5PCER!, ____7_ I PACKER it,*F2-TIJ F~EsrcK~S I~ 

P E FLS C 	
____ 

ELIPSED FL.y 0 EL'=E-D FLUN A, ELASED FLOW /T,!'E I D,,, FL OW TI F.EAZ.tG C" , Ei . .FLCW T,.E i3 FML. .E iEA 
MC. oI. Mi;; I TME :' 	 MG. Goi 
0.0 1482.00 
 - 0.0 4B9.00 --- 0.0 480.00 I 

0.5 J4 2.0 ! 0.250.5 1482.50 	 zero 1 10 I0.5 i 492.00 3.0 0.5 492.00 12 I 
1.0 1482.75 , 1.0 492.00 1.0 502.001.5 48l.00 	 0.25 1.5 1 492.00 zero 1. 515.00 13 
2.0 1483.125 	 0.125 2.0 492.00 zero 2.0 524.00 09 

0 s izerol 	 12[.5- 1483.25 2.5 o 	 2.5 1 53.00 ,_49 2.oo -j

:0. 125 
 09 	 f
3.0 14a3.37 3.0 49.0 eo . 545.00 

IS0 	 13
12 3. 1.0 3	 


3.5 1483.50 	 0.125. 
 5SO.ro
 
4.0 	 1483.62 .5 4.0 1 93.00 z ero 4.0 569.00 11
 

0127 zero F 12
0.125.7 14932.00 4.5 .581.00____T
 
5.0___ 0483125 
 ____493.50 
 5.043.7 592.00
 

_ __6.0 1494.00 J 

I 	 A Em -IRI REI., Rr'3: " 'E'AL S 	 ,S1_AFK,_REMARKS.	 t 
Test No. 3 	 Test rjo. 4 1Test NJo 5 

Elev. 3 to 6 meters 
 Elev. 6 to 12 meters II Elev. 12 
to 20 meters
 
Stick Up: 1.11 M. Stick Up: 1.8 M. Stick Up • 1.8 M.
h 

Ist.3 minute 15 psi I , ' - . > -./ ?
2nd. 3 minute 30 psi 	

*L" 

&/ /.' r. ,,. " ,/,....DRILLTECH 	 ... 

CORPCRAIION-	 '" •IITiED 

http:14932.00
http:F.EAZ.tG


PRESSURE TEST REPORT sT __ f 

Za ECT LAKHR-A POWER FEASIBILITY S17E KHAI'O TE DATE 6.5.85 

Boring No. KI-4 GCU*:J ELEI. TOTAL CEPTIH 20 meters TDP OF R:;CK; DEPT 

. Bill Santamour -C:.T: --. DRILLTECH CORPORATION LIhITED Marmn 

I TER LE'.'L; CEFT __ E-.E'.. _ .TER CIRE LE:GTH 7.9 meters YATE= F'P.E I __. 

FL '.% E.ME7 [o.Af,_F.,_-_- . -, :E -ZE --N: . _ _ _ __ ;NJTERVA:; CEF T _i ELEV. 

CL 
; :: E:I,:'T. : -... 

G U E= 
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25 pDSi I 
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CKE R tFLiTII E:-'..___ 

-E '- .- FL\ ,j. ELa=EED FLC.; j L :E FLOW z. E.ADSED FLOV j ' .i 

T:%- =zADri' LCW TIt. 
-- Mi I 

E-%~, 
G. 

FLw , TRtE :EA!I:5 FLCW TI'E 
.I. Min: 

.EAO::;3
G:., 

FLCA 
-Mw. 

0.0 346 0. 0-- 410 I 

0.5 i 351 - 0.5 417 i _I__ 

\ .0 357 06 1.0 4 07 ' 

1.5 i 363 06 1.5 431 
\1t I 2.0 1 369 i 06 ,0?I
 

2.0_ 369. 2.0 I 438 I 
___ 25 3.06 . 07 11__ 

-044571
3.0 '75 2.5 

06 31 3.0 452 07 _ I 
! 3, 1 ,7 ! 3.5 459 -, ,
 

I - .0 393 06 " 4.0 I466 07 
06 :07 

_______ __ _ _4 

39 06 73 07 1 
" 

_____ _ 405 _ _5.0 480i. ,__5.0 I 


A E_ __ -F __ __'

\, aI. , 
AcI.MAV.S i 

Test No. 6 Test No. 7
 

Elev. 3 to 10 meters ! Elev. 10 to 20 meters
 

Stick%Up 1:1.m Stick Up 1.8* M1 

CORPORAIIh-N "'
 
LIMITFD 

',.______________I i__________ 
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- ". IFPACKER 

'F T . -=IA::E1* F AI" r -_ _t ' . .O 
F~;""FLC.. ... . T 

0.0 1105 , 

____' ___0.0 .5 1 1 1 0 1 0 5:" 
0 04 

1.0_____ _ 122;:1403 1.5 1119 
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fE£ L -W,
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2.5 1129 05 
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10 9)!11101. 
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4 . 5 
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I 1138 
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1 1 4 8
115 

- t 0.214ooI 
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Stick Up 0.76 meters P.. 

Ii. 
II 

L'PdLLTECrd 
CCRPC II . .... 
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P!HESSURE TEST REPOR'T st,-r e,-F 

;-:O.;EcT LAYHRA ?OWIR FEASIBILITY $17E KHA NOTC 0-TE 1c.5.85 

_ pr inLI "11-. -'U-:__rU . 
:TOTE.L C-Tri .._..L . T F R-E THC-'.:.-- CR DRILLTEC11 CO.p0R..TO' ILT'-L -. 1-halilie & Plz.mn ir. ...- Bill Santarnour .. i-__'_,___ 

.E_ LEVE--L; CFTH E*E '?, .E. MiFE 'E.GT 7.9 meters ,,-E" . i 

FL ,# ' ER Itc. _J__ _Z__TET ;_TE_'.-.- ELEV.I -:. -- _-r I . . - - 20. psi -40 J-: E 
_ _ _ __..Z:~p V,± . .. 

I " T m A-:.. 


0.0_ 1160 .0 0 
 ;1 1181:_0.0 ' 0 1234 . 0.002... 0 - -
12r0 -O.5S 0.5 i118 an 0.5 i 124i ' 07 07) 1162__i , . 12,9 7 

_____ 04 - ---- o~01.0 1163 1 1.0 1192 - - 1.0 ; 124Y 0- - ' 1.5 1 1294 07t 01 05 I07 i
1.5 1164 


5 5. 1. 1252 05
1197 5 1.5 . 1301 05
2.0 I 1167 F2.0 I1202 '12.0 1?57 2.0 I 1307 r 0 
, 2.5 i 11"9 _______2. 2 8: . t 2 2 . 1 1 

I
 

3. t 1171' L3 3.0 11213 5 ; 3.0 1 1 005 
r 5 !3.0 1317 ' 
n.5 11742 1216 01 3.5 1270. - 3.5 I 1321

4.0 117? J 2 24.0 1220 02 4,,0 1273 I0 12 1 j' 
0


4.5 02 .T 1226 22 4.0 132606 
4.5 1230 , -04 •
 

5-0 I 1181 n.0 1230 L.5 . 0 127945 133 04
 
_ _ _,_0 30 5 .0 1 2 7 9 ,A 5 .0 1 1 3 34 1 

:______....
____,_-_ t_-----
_t '_ --. 4 

" 
 .- __________________ I , ~ II 

F EM - R-P:5; E  ".."
Test No 9 
 Te.lest No 10
 

Elev. 3 -to 10 n~letirs I!Elev. 
10 to 20 meters I 
Stick Up.: 1.11 meters Stick Up : 1.42 meters 

. !I _ ____ _ _ _ L_L__ . . .. . . . ~COPPO R II"0N .. 
LftMI IEL ... 
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PRESSURE TEST REPORT 
St __ CF 
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F VELCE7ER No. 
 ..- -R E---J :
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-£"5t3F / Ti'E F.I 5: 3 FS 7. TiP F: W T.M" 
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" ."" __- 0.0 513 F " '' ... 0.0 745 - .... -- 0.0 j 83008 08 , 1_ ,,-05 521 0.5 1752 2 0.5 841 
! 1.0 527 -_ 1.0 765 08 '. 
S06 0 1.11.5 1 533 1.08 1 1.7I 8622.05 7- 7707 F - 5-. 862 n. -2.0 I 538 . 2 .O 710 - 2.0 21- "0 0 0 7 Pl

2 . 5 083 .0 O?
25 0 I '- o'!i 
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Abstract
 

This report presents the 
findings of the electrical
 

resistivity survey carried out in conjunction with general
 

hydrogeologic studies to 
ascertain the groundwater potential
 

of the Lakhra Coal Mines Project Area, which forms the part of
 

Sind Province,of Pakistan.
 

The ar!a investigated is a bedrock plane with a thin
 

covers of alluvium. On the basis of electrical resistivity survey
 

the sub-surface material upto the explored depth has been classi

fied into three distinct zones,each (f which has different litho

logic unit.The conductive nature of the sub-surface is atributed
 

to the sub-surface salinities where potential drops 
are low
 

corresponding to high current flow, and to fractured dry/compact
 

nature of the bedrock where low potential drops corresponds tc
 

low current flowage.However, regardless of the 
cause of resistivity
 

variations electrical resistivity soundings have proved to be a
 

good tool in establishing a comparative interpretation of the sub

surface material which is consistent and correlative to the geology
 

of the area.
 

The studies reveal that the project area of Lakhra Coal
 

Mines is not promising for development of groundwater on large
 

scale.However a test hole may be drilled to know the exact sub

surface hydrogeological conditions at 
any of the comparatively
 

promising probe site P-28,P-36 or P-37.
 

1}
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INTRODUCTION
 

Electrical resistivity Farvey in Khanot area for Lakhra
 

Coal Mines was carried out by Hydrogeology Directorate,WAPDA,
 

Lahore, during June,1985. The survey was initiated on 
the
 
ecommendations of M/S Gilbert/Ccmmonwealth International, Inc., 

Consultants to Wapda for Lakhra Coal Mines.
 

The Project area 
is located between latitude 25058 ' to
 

68022' (toposheets 40C/5 and 40C/6). 
The investigations were
 
extended beyond the project area limits for correlation and
 
collection of additional informations in the surrounding areas.
 

The purpose of the survey was to locate sites suitable
 

for exploitation of groundwater,required for the industrial use
 
at Lakhra Coal Mines. The total requirement of water has been
 
estimated by the Consultants 
as 15 cubic feet per second (cusec).
 

In order to determine the sub-surface hydrogeologic
 

conditions of the area, 37 Vertical Electrical Soundings (VES)
 
were taken at different sites (Fig.l).The data obtained on 
the
 
behaviour of current penetration and its corresponding potential
 

drop,at each site,has been interpreted in respect of lithologic
 

conditions. A general hydrogeologic reconnaissance of the 
area
 
was 
also carried out to collect the existing water resources
 

informations.
 



Physiography
 

The project area is a plain,begining from the foot hills
 
in the west,sloping gently in the direction of east finaly 

terminating at Indus River. 

A number of nor-perennial streams, drain the area into 
Indus River during rainy seasons.These streams have ec osed 

the sections of bedrock or alluvium in the area. 

Geology
 

The rocks exp-osed in the west of the 
area belong to
 
Rani Kot and Laki Formations of Eocene Age. The rocks of these
 

groups 
are mostly limestone, but marl, calcareous shale,
 

sandstone and lateritic clay are also present in the 
area.
 
The limestone is mostly hard and massive, but other tD-pes 
are also 
common and include the bedded limestone or soft
 
marly and nodular limestone. Some beds are 
chalky and soft,
 

others are splintry and hard.
 

The thickness of alluvium in the -lair, is not known.
 
However it is understood that the alluvial overburden over the
 

bedrock is 
shallow except in the abandoned or active flood
 
plain of Indus River. The alluvium generally constitute the
 
clay, silty clay or fine sand, the grain size of alluvial
 

deposits increases in the deposits near the river. 
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GROUMd'ATER 

Very few open wells exists in the area investigated; 
five open wells and one hand pump were inventoried (Table-l,
 

figure-l). Only one 
tubewell exists at 
Jatoi Ka Dad in the
 
forest; in the north-east of Khanot near the 
Indus River; 'To
 

record of this tubewell is available.The quality of Sroundwater
 

of that tube.: ll 
is fresh,and it is irrigating about 12 
acres
 

of land.
 

Depth to water in 
 the area ranges from 10 to 20 feet 
below ground level. The groundwater occurs in water table 

conditions (Table-i).
 

Although very little information 
on the quality of
 

groundwater is available in 
the 
area it has been concluded
 

that generally the groundwater is saline in the west of the
 
area and mineralization decreases as 
we move towards river in
 
the area.Generally the open wells have been constructed in the 
bed or along the bank of Nalas which provide a limited supply
 
perched groundwater.The thickness of this fresh .,ater body is 
very limited may be of the order of 5 to 10 feet,overlying on 
the top of the saline groundwater.The thickness of the fresh
saline groundwater interface increases towards river. 



----------------------------------------------------------

TABLE: 1 ELL INVENTORY OF THE PROJECT ARE' 

S . o Location erth 	to 
 ' ater Column E.C.valuebelow, groLY-d m / Cp. 
level Mf)
 

]. 	 ?'ear Kanot
 
under the Rail.ay 14' 
 , 
bridge.
 

2. 	 Unarour
 
(close to the forest) il'l' 	 700
 

3. 	 Aliabad. 18' 
 8' 	 1200 

3A Aliabad. 18' 	 i' 120C
 

4. 	 Unarpur village. 16' 
 5' 	 2500
 

5. 	 Kanot
 
(close to the forest) (Hand Pump) 
 800
 

•. . . . 



ErUiiEk"Y ATTh .'ZELD P' "E;D'JUP 

A 3ish-Rooney type of geohme.er with double commutator 

was used to record resistivity measurements using Wenner 

configuration of electrodes seperation. In this technique, 

four copper goated steel electrodes are driven at equal 

distance apart into the ground. The earth is energized with 

the help of power packs specially designed to provide vol

tage according to the field requirements. The commutated 

D.C. is passed through the outer electrodes and the resulting
 

potential difference is recorded by the two inner electrodes. 

The ratio of potential drop (V) to the energized current (I) 

multiplied by 2T1 times the inter electrodes spacing gives
 

the apparent resistivities which is a cumulative effect of
 

true resistivities of different geologic formations from the
 

surface to the depth to which the current penetrates. 

Apparent resistivity is thus
 

Pa = 21 a V/I 

Ra = Apparent resistivity in ohms-cm. 

V = Potential difference in milli volts. 

I = Current in milli amps. 

a = Seperation between two electrodes in.feet. 

The deptrn to which the resistivity is measured can be 

controlled by varying the spacing between the electrodes.For 

depth probing the central point is fixed and the spacing of 

the electrodes is gradually increased. Thus the depth of 

penetration/probing is increased and the apparent resistivity 

is obtained as a function of depth.
 

http:geohme.er
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METHOD OF EVADUATION 

Apparent resictivity values complexare functions of 

a number of parameters i.e. specific resistance. Compactness,
 

in homogeneties, quality of groundwater and nature of material
 

etc. To evaluate the true resistivities of different subsurface
 

layers, the apparent resistivities are plotted against their
 

respective 'a' values on a log log graph paper and the 
curve
 

obtained is then matched with the 
standard set of the following
 

theoratical curves.
 

1. Two layer Roman standard curve. 

2. Three layer curves by Mc.Murry and Wetzel. 

3. Three layer curves by Orellana and Mooney. 

All these types of curves present a large variety of 

sub-surface conditions but even then sometimes it becomes
 

difficult to cover all the natural conditions within the earth 

which are infinite in number. In those cases where the standard 

curves fail to offer a proper match, the field resistivity
 

curves 
is evaluated by interpolation and by comparison with the
 

trend of the best matching field curve. The 
empirical methods
 

of interpretation are usually avoided. They are 
resorted to
 

when the standard curves of all types fail to give an appro

priate answer, as is generally the case in multilayer problems. 



INTERPRETATION OF V.E.S.DATA
 

In the absence of bore hole lithologic data and any of the
 
geophysical logs from the area the correlation of the interpre
ted electrical resistivity layers has been broadly based on the

available geologic observations.The classification of sub-surfacE
 
lithologic materials in terms of electrical resistivity has been
 
grouped into three distinct 
zones. 
In the following text, the
 
pertinent properties of each zone have been discussed with
 
respect to the sub-surface resistivity variations.
 

l.Low Resistive Zone:
 
The irterpreted resistivity values in the rprqe of 0-1500
 

ohms-cm are termed 
as low resistive zone. 
 The interpreted
 
lithology for this resistivity zone is inter layering of clay

stone/shale. This 
zone forms the part of the bed rock and the

variation of the resistivity in this zone is mainly controlled
 
by the 
amount of saturation of the interstacial water. The
 
contact between the inter layers are difficult to be established
 
on 
the basis of resistivity sounding because no observable
 
resistivity constrast coud* oe 
recorded.
 

2.Medium Resistive Zone:
 
The interpreted resistivity values ranging from 1500-5000
 

ohms-cm are interpreted to 
form this zone. This zone mainly

comprise of massive limestone. The resistivity variations within
 
the wide range are considered to be because of the fracture
 
frequency in the bedrock. 
In many instances elsewhere
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limestone has been documented as 
a good aquifer under favourable
 
conditions, but has not been seen promising in the area.
 

3.High Resistive Zone:
 

The interpreted resistivity values greater than 5000

ohms-cm form this zone.This zone generally forms the top layer

in the area. The interpreted lithology for this zone is dry
compact dominantly finer material of the overburden and the
 
weathered 
zone of the limestone bed rock. This zone is generally

of little significance because of its limited thickness.
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CONCLUSIONS AND RECOMMENDATIONS
 

The alluvial plain of investigated area is bordered by
 
hills in the west and Indus River in the east. The rocks are
 

constitued of limestone, marl and clay stone of Rani Kot and
 
Laki Formations of Eocene Age. From resistivity soundings it
 
is concluded that bedrock in the area occurs within the explored
 

depths and the thickness of alluvial 
cover is limited.
 

Formation resistivities shows that the alluvial deposits
 

are 
thick layers of finer material like clay, silt, shale and
 

fine sand.
 

The groundwater quality in the 
area is generally saline.
 
A fresh groundwater belt of small thickness occurs on ton of
 
saline groundwater,only along the non-perennial streams or along
 

the Indus River. 

The potential drop at 
all the probes dropped rapidly with
 
increase in depth and it 
even dropped bep20n 
 at mcst of the
 
soundings which shows the sub-surface formation is either highly
 
non-rorous 
and non-permeable or the formatior: is highly mineralized
 

Only sub-surface forMations at probe sites No.4,9,15,28, 35 , 
56 & 37 are found comparatively more resistive then the rest of 

probe cites.
 

Probe site 
 o.4,9, & 15 .,ere conducted at different location 
as shoun in the locetion map, where the limestone formetlion w.as 

exposed so t-he high resistivity of these probes show.s the pre
sance of bedrock with alternate beds of clay while probe sites No.
 
28,5,36 & 7 were conducted in the thick forest(known as Jatoi 1a
 
Dand),where a small capacity tubewell is installed for irri.gation 
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Purpose.Probe site 
 o.,5 as conducted very close to 
the tube:el!
 
for comparison while site 
'o.28 .,as conducted about 5...' 
 f the
 
tubewe~l, 
 F-:6 about 8.n' east of the tube,.ell and F- 7 about 7"1 
. of the tubewell. 

A test hole may bedrilled to 
collect the irformtiors about
 
sub-surface hydrogeologica! conditions 
at any of the 7robe site
 
P-28, P-36 or P-77 irt 
order to 
asses the litholo~gy as %-.'ell cs
 
quality of groundw!ater conditions.
 

After interpretation of V.E.S.data it is concluded that
 
the groundwater in the 
area cannot be exploited on large scale
 
fcr the industrial use at Lakhra Coal Mines.
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INTRODUCTION
 

The purpose of this work plan is to address and adequately investigate those areas of 
concern of USAID and donor agencies that have been expressed in various documents 
and reports concerning the proposed 300 MW power generation Lakhra fueled unit. The 
concerns are: 

1. 	 Is the quality of Lakhra lignite suitable or unsuitable for use as fuel for a 
steam generator? See Tasks B-500 to B-550, B-600 and B-610. 

2. 	 What is the impact on the steam generator, its auxiliaries and fuel handling 
equipment of the use of cleaned coal compared to raw coal. See Tasks 
B-520, B-530 and B-540. 

3. 	 What are site considerations with respect to coal delivery to a mine mouth 
plant. See Tasks 1-400, C-415, C-520 and C-425. 

4. 	 What are site considerations with respect to coal delivery to a non-mine 
mouth plant. See Tasks B-400, C-415, C-420 and C-425. 

5. 	 What are the realistic installed plant and power production costs for a 
300 MW net output unit fired with Lakhra lignite? See Task C-440, C-445 to 
C-449. 

6. 	 Should the unit be located at the mine mouth or remote from the mine at 
Jamshoro or Khanot? See Tasks C-420, C-440, C-445 to C-449 and C-460. 

7. 	 What is the impact of makeup water supply at the Jamshoro Plant Site. See 
Tasks C-320, C-410, C-415, C-420, C-425 and C-440. 

8. 	 What is the impact of makeup water supply at the Rhanot Plant Site. See 
Tasks C-320, C-410, C-415, C-420, C-415 and C-440. 

9. 	 What is the impact of makeup water supply at a mine mouth plant site. See 
Tasks C-310, C-410, C-415, C-420, C-425 and C-440. 

10. 	 What are the impacts on the environment and the costs of air pollution 
control devices to reduce emissions of sulfur oxides and particulate matter 
from the unit to a level consistent with World Bank guidelines? See Task 
C-450. 

11. 	 What are the differences in environmental impact considerations for a mine 
mouth site, the Khanot Site or the Jamshoro Site for a 300 MW net output 
unit fueled with Lakhra lignite. See Tasks C-415, C-420, C-425 and C-440. 

12. 	 Whit considerations must be met for disposal of coal ashes on site or 
adjacent to a non-mine mouth site? See Tasks C-415, C-420, C-440 and 
C-450. 

13. 	 What are the impacts of transporting coal ashes back to the mine for a site 
located remote from the lease area, for example, Khanot and Jamshoro sites. 
See Tasks C-320, C-415, C-420, C-440 and C-450. 

1 
A3514-intro G 



14. Can it be demonstrated that a Lakhra lignite-fired 300 MW unit is required 
to meet forecast loads; is least costly of alternatives available and will 
produce satisfactory economics and financial rates of return on investment? 
See Tasks C-445 to C-449. 

To address these concerns GC 1Hwill visit Pakistan for interviews and face-to-face 
meetings and discussions with USAID, WAPDA and World Bank; review documentation 
from previous studies by JICA and SWEC; arrange for a suitable quantity of 
representative Lakhra lignite to be shipped to the USA for analyses; contract with the 
laboratory of a U.S. steam generator manufacturer to perform various tests on Lakhra 
fuel; prepare model specifications for the plant; perform a Basis of Design Analysis
(BODA) which will include detailed cost estimates of site sensitive and non-site 
sensitive components of the 300 MW plant; and develop a ref~cence layout specifically 
selected for utilization of Lakhra lignite. 

GC II's approach to the concerns over fuel quality and potential adverse effects of 
Lakhra coals is to test burn samples from PMDC Mine No. 2 and from the 52 square
kilometer lease area. PMDC Mine No. 2 coal and PMDC lease area coals are similar in 
nature such as follows: 

PMDC 2 PMDC LEASE 

As received 

Moisture - % 30.0 + 30.0 + 
HHV - Btu/lb 6,000 - 7,000 6,000 - 7,000 
Sul. - % 3.8 - 6.3 6.1- 7.7 
Silica - % 30.0 + 30.0 + 
FE203 20.0 + 30.0 + 

These fuels classify as sub-bituminous "C" to lignite "A", but are characterized by high
sulfur and high ash content in addition to high moisture content. The test burn with 
PMDC No. 2 coal can be accomplished early enough in the study schedule to set base 
line data for boiler and furnace design parameters for raw coal and for cleaned coal. 
These base line data can be compared to test burn data from lease area coal to modify
design parameters by addendum to the final feasibility report, if required by those test 
results. A sufficient quantity of fuel from the lease area will not be available in time 
for combustion testing to meet study schedule restraints. 

Lakhra coals match other coals in the world for most items of a specific comparison, 
but, they vary in one or more items of analysis when compared line by line. Empirical
formulae used for predicting combustion behavior have been calibrated by comparison to 
laboratory and field results. The use of such formulae can result in a high degree of 
confidence for determining design parameters, if laboratory test results are available 
for analytical comparison to known combustion and corrosion results for specific
characteristics of a similar nature for other coals and ashes. 

2 
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The various data determined by the test burns and other analyses of the representative 
Lakhra fuel will determine various parameters for sizing the steam generator furnace 
and convection passes, the air quality control devices, fuel handling and storage 
facilities and other auxiliaries and equipment of the 300 MW unit. This will result in a 
layout and cost estimate that is specifically oriented to a unit designed for Lakhra 
lignite. The cost estimate will define non-site sensitive and site sensitive items so that 
information being developed by other contractors can be used to determine the 
socioeconomic acceptable location of the proposed 300 MW generating unit. 

The work plan is described in detail bv the following sections: 

A. Management and Organization 

B. Field studies, information gathering and analyses. 

C. Power plant feasibility. 

D. Institutional development and training. 

E. Reports and report outlines. 

F. Interfaces with other consultants. 

During the initial phase of the study GC II will interface with (at least): 

USAID
 
WAPDA
 
World Bank (WB)
 
John T. Boyd Company (JTB)
 
Tokyo Electric Power Services Co., Ltd. (TEPSCo)
 
TAMS
 
Steam Generator Suppliers
 
PMDC
 
Roberts & Schaffer Company (R&S)
 
Argonne National Labs (ANL)
 
ADB
 
American President Lines, Ltd. (APL)
 

GC II will continue interfaces with these entities during the course of the study. These 
interfaces are identified at each task. 

The work plan is a living document and to utilize it as a project management manual as 
well, the following sections have been added to address project control and 
management: 

G. Project communications. 

H. Project identification system. 

I. Project design input. 

J. Subcontracted services. 

3 
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K. Scope changes. 

L. Project records. 

Controlled copies of the Work Plan/Project Management Manual (WP/PMM) will be 
issued to u, . et team members and to USAID. The manual will be updated as work 
progresses .,equiririg a modification or quarterly, whichever occurs first. Revisions to 
the WP/PMM will be dated and approved by GC 1I and USAID before release to WP/PMM 
holders. 

4 
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SECTION A 

MANAGEMENT AND ORGANIZATION 

Task A-000: Study Objectives 

The primary objective of this feasibility study for the 300 MW thermal unit is to develop
sufficiently detailed analyses of the technical, financial, economic and environmental 
aspects of this proposed project to allow potential donor agencies to justify supplying 
financial support. 

The primary feasibility subjects to be addressed are: 

1. 	 The economic viability of the project. 

2. 	 The requirements for and design of a suitable air quality control system. 

3. 	 The potential impact on the serviceability of the furnace and boiler equip
ment from the firing of Lakhra fuels. 

4. 	 The possible benefits of washing the fuel prior to combustion. 

5. 	 The optimum location of the plant. 

6. 	 Evaluation of the compatibility for this plant to fit into WAPDA's system. 

The primary effort to support the study objectives will be the establishment of a 
conceptual power plant design based on the requirements of the initial site review, fuel 
studies, site field survey results, and environmental data obtained from others during 
the information gathering phase. The effort in preparing this conceptual design will be 
broken down into systems, structures and service facilities requ'red for complete site 
development including the requirements for local infrastructure and non-power related 
development of facilities for construction and operating staff. Particular emphasis will 
be given to the testing of Lakhra fuels for combustability and washability character
istics to establish the characteristics of this undeveloped indigenous fuel. 

USAID has identified the following specific activities to be performed during this study 
program: 

1. 	 Evaluate the design of a power unit which would be capable of firing Lakhra 
lignite and/or oil from both technical and economic viewpoints. 

2. 	 Prepare a Final Feasibility Report for USAID to use in their preparation of a 
Project Paper. This project paper will be USAID's assessment of this project 
and the vehicle through which decisions to finance the design and 
construction of the project will be made. 

3. 	 Provide a detailed and accurate cost estimate for design and construction of 
a 300 MW lignite-fired power unit. The cost estimate will provide USAID 
with cost figures necessary to determine the financial feasibility of the 
project. 
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4. 	 Develop the bases of design criteria, define the type of equipment most 
suitable for the project and establish the plant air quality control system
emission limits for NOx, particulate and especially SO 2 emissions. From the 
various studies performed and correspondence from lending institutions and 
USAID, there is a major concern of the impact on the environment of the 
high sulfur content and high ash content of Lakhra fuel. 

5. 	 Develop an integrated preliminary project engineering and construction 
schedule. This schedule will note major milestones such as procurement of 
key equipment, significant construction activities, and system checkout and 
testing. The schedule will also identify the critical path. 

6. 	 Support WAPDA in the institutional development of the Coal Projects
Department, identify the specific areas where training is required and 
prepare a training program to meet these needs. 

Task 	A-050: Organization of Study Team 

The organization of the GC II study team is shown, graphically on the attached project
organization chart. The responsibilities and functional relationships of the study team 
members are as outlined below: 

Responsible Executive - R. A. Dickie 

The Responsible Executive, the corporate representative of GC II, who is in responsible 
charge of the entire project. The executive who is accountable for providing USAID 
with a qualified project team and support staff to ensure a quality and cost-effective 
project. He will consult with USAID on overall job progress and satisfaction with the 
program. In addition, because of his experience in the technical disciplines or projects
and his specific familiarity with international projects, he will serve as overall 
managerial advisor to the staff. 

Project Manager - R. G. Fuller 

The Project Manager will control and coordinate all efforts of the project team. He will 
provide the direction for technical and administrative functions within the GC [1 work 
scope and make direct contributions to the project in his areas of technical expertise to 
ensure that his experience is used to advantage. He is directly responsible for the work 
program activ-'lies as listed in Section A. He will interface directly with the USAID 
Project Director and ;oill be accountable to the Responsible Executive. 

Resident Project Manager - C. H. Bitting 

The Resident Project Manager will be located in Lahore, Pakistan. He provides
direction to GC II's local subcontractors field activities and coordinates all activities 
between GC II and USAID, WAPDA and other subcontractors in Pakistan. He is 
responsible to the Project Manager and will coordinate in-country collection of 
information for the various Task Leaders. 
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Task Leader/Environmental Planning - G. C. DeCamp 

The Task Leader for Environmental Planning is responsible for the development and 
completion of the following activities as listed in the work program. 

C-320 and 

Environmental Aspects of: 

B-400 C-410 

C-100 C-415 

C-200 C-450 

The Environmental Task Leader is also responsible for preparation of corresponding 
sections of interim technical reports, detailed progress report and final feasibility 
report. 

Task Leader/Institutional Development and Training - A. V. Pacchioli 

The Task Leader for Institutional Development and Training is responsible for the 
development and completion of the following activities as listed in the work program. 

D-100 

D-200 

He is also responsible 
above areas. 

for preparation of written training materials and reports in the 

Task Leader/Power Engineering - R. L. Herrick 

The Task Leader for Power Engineering is responsible for the 
completion of the following activities as listed in the work program: 

development and 

B-200 B-510 C-100 C-405 C-430 

B-300 B-520 C-200 C-410 C-435
 

B-400 B-530 C-300 C-415 C-440
 

B-500 B-540 C-310 C-420 C-450 

B-550 B-600 C-400 C-425 C-460 

The Power Engineering Task Leader is also responsible for the preparation of corres
ponding sections of interim technical reports, detailed progress report and final 
feasibility report. 
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Task Leader/System Planning - R. D. Camburn 

The Task Leader for System Planning is responsible for the development and completion 
of the following activities as listed in the work program: 

B-100 C-447 

C-100 C-448 

C-445 C-449 

C-446 

The System Planning Task Leader is also responsible for the preparation of corres
ponding sections of interim technical reports, detailed progress report and the final 
feasibility report. 

Task A-100: Approach and Methodology 

GC 1l's performance of the detailed technical tasks discussed in Sections B, C and D will 
be accomplished utilizing the following approach and methodology: 

1. Liaison, Organization and Planning 

2. Data Gathering and Analysis 

3. Detailed Technical, Economic and Financial Studies 

4. Interim Technical Reports 

5. Detailed Progress Report 

6. Supplementary Studies 

7. Final Feasibility Analysis Report Preparation 

8. Final Feasibility Analysis Report Submittal 

GC II will initiate the project by visiting Pakistan to meet with USAID, Donor Agencies, 
other USAID contractors and WAPDA staff to finalize details of the Work Plan. These 
details and the interfacing with the various parties involved in this study will be 
documented in the GC II Project Management Manual for the study. During this visit, 
arrangements will be made to obtain, collect and transmit subsequent coal samples to 
the United States for washability and combustion tests, and to perform the necessary 
site survey work, soil borings and analysis. We will also provide guidelines and direction 
to the Lakhra Mine Feasibility Contractor regarding the aerial survey to be performed 
for the power plant site. Coordination meetings will be held in Hyderabad with TEPSCo, 
the consultant for the Jamshoro site, 250 MW oil-fired plant. This interface will aid in 
the preparation of a coordinated layout of the site, including possible sharing of 
infrastructure and elements of the cooling water system. 
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New field data and information derived from existing field data or other sources as 
appropriate will be used as input to develop the various alternatives, plant layouts, 
analyses, reliability studies and economic alternatives. The technical data, evaluations 
and costs will then be summarized in a series of Interim Technical Reports with 
conclusions and recommendations on each topic. These reports will be submitted over 
the course of the study period. 

A detailed Progress Report will be submitted, which will provide information to allow 
USAID to begin appraisal of the project in a timely manner. The report will be a 
comprehensive discussion of all work completed at the mid-point of the project schedule 
as well as work remaining. GC II suggests that a meeting be held at GC II offices in 
Jackson, Michigan, USA, for the mid-point project review and provide the most up-to
date possible input to USAID's project paper. Attendees should include, USAID, WAPDA 
personnel and other USAID contractors as appropriate. 

A draft of the Final Feasibility Report will be submitted to USAID for review. A team 
of principal task leaders, and others as designated by USAID, will travel to Pakistan to 
discuss the review comments. Prior to returning to the U.S., GC II will prepare a 
summary of the modifications to the draft report as a result of the discussions with 
USAID, if required. 

After preparing the modified final report, one or more principal task leaders will return 
to Pakistan for a presentation of the report to USAID if required. 

The following is a detailed description of the functional activities. 

Activity I - Liaison, Organization and Planning 

The purpose of this activity is to organize, plan and schedule the work and to establish 
proper liaison with USAID, WAPDA, local subcontractor to GC II and other USAID 
contractors: 

" 	 GC II project team will travel to Pakistan to meet with USAID and WAPDA 
management, and others and to introduce the project team. It is important 
at these meetings to explore particular concerns on the part of USAID arnd 
WAPDA. GC II will establish proper working relationships covering Such 
matters as the timing and conduct of interim and presentation meetings and 
the interrelationships among project consultants, USAID, WAPDA and GC II's 
subcontractors, particularly regarding the discussion and review of critical 
findings and conclusions. 

* 	 GC II will meet USAID, WAPDA and other study contractors' representatives 
to review the study work plan and to be introduced to the personnel who will 
work with the GC II study team. 

" 	 Each member of the project team will review all tasks and subtasks for each 
area under his responsibility. The various tasks as agreed to by USAID will 
form the basis for developing the overall schedule. 

" 	 GC II suggests that USAID, WAPDA and the other study contractors conduct 
an initial briefing on their operations and management concepts for GC II. 
We have found that such a briefing is an effective means of gaining general 
exposure and overall understanding for all participants in a project. It is 
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assumed that USAID, WAPDA and the other contractors will have made 
internal announcements regarding the scope of the study and GC II's role. 

GC II's resident project manager will be stationed in Lahore and is 
responsible for maintaining communications with USAID and WAPDA, he will 
help to expedite subsequent coal sampling and shipping and will work with 
local subcontractors on in-country activities. 

Activity 2 - Data Gathering and Analysis 

Each member of the project team visiting Pakistan will follow a similar pattern of 
inquiry for data collection and analysis. This will include: 

0 	 Initial examinations of previous power supply plans, water and fuel availa
bility report and load forecasts as well as other reports, standard forms and 
documents, particularly those supporting generation planning and operations/ 
maintenance management systems and subsystems. 

* 	 Obtaining financial, statistical, and other related data. 

Interviews with WAPDA executives, managers, superintendents, supervisors, 
engineers, selected staff members and other persons, as appropriate, for 
institutional development and training plan needs. 

0 	 Interview with TEPSCo personnel at Hyderabad to review current and future 
requirements for the 250 MW oil-fired facility at Jamshoro. 

* 	 Arranging with a local subcontractor to perform the following activities: 

- Provide services to acquire, collect and transport an adequate and 
representative quantity of Lakhra fuel to the United States for com
bustion and coal washing tests, if USAID approves these options in GC 
II's contract. 

- Perform the necessary site survey and soil borings such that the data 
can be readily used in subsequent planning, design and cost activities. 
While much of tnhese data will be obtained during our initial visit, addi
tional information as needed will be obtained by our Resident Project
Manager and Local Subcontractor and our Resident Project Manager,
thus reducing the need for multiple return trips to Pakistan. 

Information obtained during the data gathering visit, such as reports, docu
ments, interview notes and observations recorded on visits to facilities and 
work locations, will be analyzed in depth by the project team and home 
office specialists. Additional data as necessary will be obtained through the 
resident project manager. 

The work of each member of the project team will be directed toward developing a 
thorough understanding of the characteristics and operations of the WAPDA system as 
well as as the on-going planning and construction work at the Jamshoro site. 
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Activity 3 - Detailed Technical, Economic and Financial Studies 

The data gathered and analyzed under Activity 2 will be compiled into comprehensive 
studies including: 

* 	 Conceptual design and layout of the power generating unit 

* 	 Power system planning 

* 	 Capital cost and operating cost estimates for various operating conditions 

* 	 Financial analysis to determine the economic viability of this project 

* 	 Environmental considerations 

* 	 Institutional development recommendations for the WA-21DA Coal Projects 
Department 

* 	 Operation and maintenance training plans 

Activity 4 - Interim Technical Reports 

This activity consists of a series of technical reports submitted during the course of the 
study period which will summarize the results of the analyses, tests, key technical and 
cost issues as they become available. These reports will become appendices to the Final 
Feasibility Analysis Report submitted at the end of the study period. The topics 
proposed for this form of report are as follows: 

* 	 Power Plant Site Plans 

* 	 Alternative Fuels Comparison 

* 	 Basis of Design 

* 	 Personnel Training Needs 

* 	 Institutional Development Plans 

Activity 5 - Detailed Progress Report 

A progress report will be submitted detailing the status of GC Il's activities to the mid
point of the project schedule and will include an analysis of activities remaining. The 
purpose of this report is to provide USAID with a summary of the study tasks to allow 
initiation of the Project Paper preparation. A description of this report is presented in 
Section E, Task E-200 "Detailed Progress Report." 

Activity 6 - Mid-Point Project Review Meeting 

This activity will occur in GC II's offices in late April or early May. The purpose of this 
meeting is to provide an update of the study and a preliminary list of conclusions and 
recommendations which will be made. Attending this meeting should be representatives 
from USAID, WAPDA and others. 
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Activity 7 - Supplementary Studies 

This activity includes those additional interviews, data gathering activities, operational 
observations and analytical work which may be required as a result of USAID and 
WAPDA's review and comments of initial study work. 

Activity 8 - Final Feasibility Report Preparation 

As the analysis activity is being completed, findings, conclusions and recommendations 
of this study will be documented by GC II in a draft report and will include: 

o 	 A management summary 

* 	 Summary conclusions about each area of study 

* 	 GC II's opinion on the economic viability of the plant fuel concepts studied 

0 	 Discussion of the technical and economic bases used for the evaluation of 
alternative schemes 

a 	 Recommendations for alternative expansion schemes, including site analysis, 
fuel alternatives, design philosophy, generation and transmission planning 
considerations and associated costs (both capital and life-cycle) and pre
liminary implementation schedules 

0 	 Considerations of alternatives for optimizing the site plan for the next 
increment of plant expansion 

In order to meet the August 21, 1985 date for submittal of the Final Feasibility Report, 
a 1-month review period has been allotted. The review will cover the validity and 
completeness of data, including clarifications in the documentation of the findings, 
conclusions and/or recommendations. After review of the report by USAID, GC I1will 
meet with USAID and WAPDA to discuss comments and concerns. A detailed 
description of this report and its format is presented in Section E, Task E-300: Final 
Feasibility Report. 

Activity 9 - Final Feasibility Report Submittal 

As the final step in the study, the GC II will meet with USAID and others as deemed 
appropriate to present the findings, conclusions and recommendations of the Final 
Feasibility Report and obtain USAID approval. USAID acknowledgement of the study 
completion will be obtained at that time. 

Task 	A-200: Task Activity Schedule 

A task activity schedule has been developed to establish a time-phased outline and end 
dates for completion of individual tasks and is attached. 

Task 	A-300: Task Descriptions 

The Work Program is divided into tasks and subtasks. A description of these tasks is 
provided in subsections B, C and D. 
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Task A-400: Work Program Logic Diagram 

A work program logic diagram will be developed to identify interdependencies among 
tasks and to emphasize those tasks critical to the completion of the study in accordance 
with the time schedule. This logic diagram will be developed after the Work Plan has 
been approved by USAID. 
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SECTION B 

FIELD STUDIES, INFORMATION GATHERING AND ANALYSIS 

Task B-100: Information Gathering for System Planning Studies 

Interface with USAID/WAPDA/ANL 

At the commencement of the study, a team of specialists from the United States and 
Pakistan will be assembled for the purpose of data collection and preliminary investi
gations necessary to the formulation analysis and evaluation of the existing WAPDA 
electrical system. 

The specialists will observe and become familiar with on-going power generation 
projects, electric transmission and substation facilities, operating and maintenance 
standards and policies; and management of the electric system. The survey will include 
obtaining a facilities inventory of all generation, substation and transmission facilities 
for the complete WAPDA electric system. The information included in the facilities 
inventory will include all necessary engineering and management information required 
to perform the system planning study. This information will include: 

* Load forecast data 

* Generator characteristics 

* Substation data 

* Local and foreign costs for materials and labor 

* Mapping data 

• Operating procedures 

* Relationship between WAPDA and Karachi Electric 

* System planning criteria presently in use 

* Cost estimating data 

* Financial and economic data 

The field team will note operating problems such as high frequency of outages, sche
duled load shedding, insufficient capacity, excessive losses, low power factor and low 
voltage. 

GC 11 intends to hold meetings with USAID, WAPDA, the World Bank and the Asian 
Development Bank at the start of the feasibility study. GC II will meet with represen
tatives of Argonne National Laboratory. This organization is presently placing the 
WASP generation planning program in operation on the WAPDA computer. These meet
ings will permit the GC II staff to exchange information and ideas with these organiza
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tions concerning study methodology. It will also permit GC II to learn of concerns these 

organizations may have related to the Lakhra Project. 

Task B-200: Coordination with TEPSCo 

Interface with WAPDA/TEPSCO 

In order to efficiently compile the existing site information required for the feasibility 
study, GC II will coordinate efforts with both our local subcontractor, Resident Project 
Manager, and with TEPSCo who is presently working in Hyderabad developing pre
liminary design of a 250 MW oil-fired unit on the Jamshoro site. The maximum use of 
information available will be made. Meetings will be held during the information 
gathering stage to update GC II personnel regarding site development that is underway 
for the oil-fired unit(s) at Jamshoro. During these meetings, available topographic and 
soils information will be reviewed along with the available layouts of the oil-fired 
unit(s). GC II and Allied will then prepare a site studies plan that will develop the 
additional data necessary, as discussed in Sections B-300 and B-400 below. 

Task B-300: Aerial Survey 

In' 'rface with WAPDA/Local Sub 

Topographic information, if already available, will be used to establish key reference 
points and provide a grid system for layout of the new work. Contours of the site areas 
will be established along with the natural runoff patterns of surface water drainage.
Proximity of the sites to access by road and rail will also be determined. Topographic 
and site grid information will be incorporated into site plans developed by GC II. Site 
topographic information not readily available will be developed through the aerial 
survey program initiated by the coal mine consultant. GC 1 will meet with the mining 
consultant to establi. h site survey requirements. As a minimum, the new aerial survey
should cover the existing Jamshoro and Khanot substations; the 52 square km lease area; 
the adjacent proposed plant areas; the corridors to the Indus River for cooling water 
make-up and the proposed new site(s). 

Task B-400: Site Ground Survey 

Interface with WAPDA/Local Sub 

GC I's local subcontractor and resident Project Manager will de'velop, at the direction 
of GC 1I, new data and ground level surveys as required to support the preliminary 
design and feasibility efforts. These data will include site mapping, soil borings and 
sample collection plus hydrological studies for the presence, quantity available and 
quality of groundwaters for the Jamshoro, Khanot and mine mouth sites. 

Since initial ground level surveys of the Jamshoro site has been initiated by WAPDA, 
(through TEPSCo), it is anticipated that a major ground survey will be performed by a 
local subcontractor to GC [I and consist of a detailed survey of approximately 135 acres 
of the primary Khanot site area including the existing switchyard. The following items 
will be established as a result of the survey: 

1. A key plan with reference to existing landmarks. 
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2. A 1-1500 site topographic which details features of interest and contour lines 

at an interval of 1 m. 

3. The establishment of the natural site drainage pattern. 

4. A defined access route to the plant area. 

The conceptual level soils survey of the Khanot plant site area and confirmatory borings 
at Jamshoro and the mine mouth sites will provide adequate information regarding soils 
substructures in the plant areas to determine the type of foundation that will be 
required to carry heavy boiler room and turbine room loads. At the Khanot site, it is 
anticipated that three informatory boreholes (two in the boiler room and one in the 
turbine room) will be drilled to determine overall uniformity of the soils in the plant 
area. Six main boreholes will then be drilled to establish the profiles of the soils under 
the plant. The common main borehole depth will be 10 meters. One of the main 
boreholes will be extended to 30 meters in depth unless rock is encountered at shallower 
levels. Borings will extend 2 meters into sound rock. 

At the Jamshoro site, two confirming boreholes in the area of the coal fired unit will be 
drilled to supplement the geotechnical program which has been initiated by TEPSCo for 
th oil fired unit. At the mine mouth Site, information from full depth coring holes 
being drilled by the J. T. Boyd Company will be used to characterize soils at that 
potential site. Supplementary boreholes will be drilled as warranted pending results of 
the initial boring program. 

Elements of the borehole testing program will include the following: 

a. Standard penetration tests at 1.5-meter increments 

b. Collection of undisturbed shelby tube samples 

c. Laboratory tests such as: 

1. Sieve analysis 

2. Atterberg limits 

3. In-situ moisture content 

4. Direct shear and triaxial tests 

5. Unified compression tests 

6. Consolidation tests 

7. Permeability tests 

In conjunction with the soils testing program, baseline hydrological studies will be 
performed by another USAID contractor (TAMS) to establish the presence, usability and 
sensitivity of site ground and surface waters. The groundwater level and soils per
meability work done as a part of the soils drilling program will be combined with water 
quality data, frr m TAMS, including, but not limited to total solids, total anions and 
cations, total dissolved solids, total alkalinity, color, turbidity, Langelier Index dissolved 
oxygen, carbon dioxide, silicates, sulphate content, conductivity, BOD, COD, TOC, 

B-3 
A35 14-SB/G 

," 



conforms, heavy metals, chlorine demand, temperature and pH value, to provide input
into the development or' designs for demineralized, potable and service water systems. 
These data will also be used in the planning of protection of the groundwater from 
contamination by site wastes. 

The results of the soils and hydrological testing programs will be finalized in the form of 
a report which will be an attachment to the final feasibility study report. It will be 
necessary to complete the review and information gathering stage of this effort as soon 
as possible after the study work is begun in order to support the basis of design analysis 
efforts. 

Task 	B-500: Fuel Combustion Analysis 

Addresses Concern 1 
Interface with WAPDA/PMDC/JTB 

GC II will obtain the required amount of coal needed for testing and will have it 
transported to the laboratory of the combustion testing subcontractor. During the 
combustion tests, GC I will overview the testing at the subcontractor's facility. The 
full scope of this task is described in Tasks B-510 through B-550, 

Task 	B-510: Fuel Sample Collection and Shipment 

Addresses Concern I 
Interface with WAPDA/PMDC/JTB 

In coordination with the John T. Boyd Co., (JTB), the mining feasibility contractor, and 
the Pakistan Mineral Development Corporation, (PMDC), GC 1I will develop and 
implement a plan for the reference combustion test sample collection and shipment. It 
is intended that the reference sample for combustion testing be collected from PMDC 
Mine No. 2 as soon as possible with confirmatory test samples collected from the J. T. 
Boyd test shaft near BT- 11 at a later date. 

For the combustion testing program as presently defined, the following bulk samples are 
required: 

0 	 A 49 ton sample of "as mined" Lakhra lignite from PMDC Mine No. 2 for 
reference coal baseline data determination. 46 tons of this sample are to be 
used for combustion testing, and 3 tons for preliminary washability 
laboratory testing. 

0 	 A 40 ton sample of coal from PMDC Mine No. 2 to be washed for the 
production or a 30 ton cleaned coal sample for combustion testing. 

0 	 A 15 ton sample of coal from the J. T. Boyd Co. test shaft located adjacent 
to borehole BT-l1. This sample will be burned in an "as mined" condition for 
confirmation of furnace and boiler design parameters determined from 
previous tests and comparisons to bore hole analyses data. 

The combustion test results from the as-mined reference coal from PMDC Mine No. 2 
will be used to establish base line data for comparison to empirical formulas and 
procedures used in the boiler industry for sizing furnaces and convection passes of steam 
generators. These data will be compared with combustion test results from the washed 
sample from PMDC Mine No. 2 to determine the impact on boiler sizing and cost. The 
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combustion test data from the test shaft near borehole BT-11 will be used to establish 
any modification or refinements to specification parameters determined from previous 
combustion test results of PMDC Mine No. 2 coal. 

Task B-520: Test Burn Program 

Addresses Concern 1 and 2 
Interface with WAPDA/PMDC/JTB 

GC II will obtain coal bulk sample for combustion testing program from PMDC Mine 
No. 2. PMDC Mine No. 2 fuel has been selected as it has indicated it will take 3 to 
6 months to develop a shaft at Bore Location BT-11 to collect representative bulk 
samples for testing from the dedicated mine area. The fuel analyses from PMDC No. 2 
are comparable to the samples analyzed by JICA. Using PMDC No. 2 for initial combus
tion testing will permit the study to proceed on schedule. Prior to actually starting the 
combustion test program, Boyd will have analytical results from test borings at BT-11 
PMDC No. 2 and a channel sample to compare against other fuel analyses. If the 
comparison shows significant deviations in analyses, the combustion test program will be 
delayed until Boyd can provide reference bulk samples from the dedicated mining area. 
If comparison analyses confirms the fuels are similar, then combustion testing will 
proceed using PMDC No. 2 fuel. After the bulk samples from Boyd are collected, a 
shorter confirmation combustion test will be run. A comparison of test results will be 
made between PMDC No. 2 and Lakhra lignites from Boyd boring(s) for any impact on 
furnacc and boiler auxiliaries design. 

GC I has prepared a scope of work for the Combustion Testing Subcontractor and has 
issued this scope to Babcock & Wilcox, Combustion Engineering and Foster Wheeler for 
bidding. These vendors will submit pricing and other pertinent information required for 
this testing. GC II will issue a subcontract with USAID's approval for this testing. The 
Combustion Test Program will include the following tests on a 45 ton sample of Lakhra 
lignite: 

Bench Tests 

* 	 Proximate - ASTM D3180 

* 	 Ultimate - ASTM D3176 

* 	 Higher Heating Value - ASTM D2015 

* 	 Chlorine - ASTM D2361 

* 	 Screen Sizing - ASTM D410 (6 samples total) 

* 	 Thermogravimetric Analysis (TGA Combustion Profile) under Air and 
Nitrogen 

* 	 Differential Scanning Calorimetry (DSC Combustion Profile) under Air and 
Nitrogen 

Forms of Sulfur 
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" 	 Screen Analysis will also be performed on pulverized coal taken both prior to 
and after firing each of the fuels 

" 	 Analyses of lignite ash, according to ASTM procedures, will include the 
following: 

a. 	 X-ray fluorescent for determination of SiO 2 , A12 0 3 , TiO2 , 
Fe 3 0 4, CaO, MgO, K20, Na 20, S03 P2 0 5, SeO and BaO. 

b. 	 Active alkali evaluation by acetic acid leaching. 

* 	 Ash resistivity 

* 	 Ash abrasion index 

* 	 Ash fusion temperatures, both reducing and oxydizing 

* 	 Pulverizer wear and pyrites rejection rates 

Pilot 	Plant Test 

The following tabulation represents key temperatures, flow rates and gas 
components which will be measured and recorded at regular intervals during the 
combustion testing in the fireside performance test furnace: 

Temperatures: 

Furnace Centerline
 
Furnace Exit
 
Convective Zone Flue Gas
 
Secondary Preheat Air
 
Primary Air
 
Slagging Probes
 
Fouling Probes
 
Furnace Refractory
 
Various Cooling Air and Water Locations
 

Flow 	Rates: 

Fuel Feed
 
Secondary Air
 
Primary Air
 
Various Cooling Air and Water Locations
 

Gas Components: 

Oxygen (02)
 
Carbon Dioxide (C0 2 )
 
Sulfur Dioxide (SO 2 )
 
Carbon Monoxide (CO)
 
Oxides of Nitrogen (NOx)
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Task B-530: Optional Test Burns Program 

Addresses Concern I and 2 
Interface with WAPDA/PMDC/JTB 

Included as an option to the contract between USAID and GC II is the addition of 
increased combustion testing procedures. These optional tests are suggested as required 
because there is no significant experience of burning lignite fuels with ash and fuel 
characterist;cs similar to those found in the Lakhra seams. These optional tests will 
more fully define the boiler design parameters necessary to insure extended life of the 
steam generator. These tests will evaluate the desposition rates as well as the slagging,
fouling abrasive and corrosive effects of Lakhra fuel as a function of actual operating 
conditions. They will also provide a more accurate method of evaluating the desirability 
of selecting unwashed or washed coal for design purposes. 

1. 	 A long duration test of a minimum of 100 hours of approximately 30 tons of 
"washed" Lakhra fuel from PMDC Mine No. 2. 

2. 	 One lab tnalysis of each of the seams of Lakhra fuel considered mineable. 

3. 	 A lab analysis from a representative core sample where the highest ash 
content is identified. 

4. 	 A lab analysis from a representative core sample where the lowest ash fusion 
temperature is identified. 

5. 	 A lab analysis from a representative core sample where the potential 
effectiveness of washing Lakhra is the lowest. 

6. 	 A short duration of a minimum 40 hour test burn of a 15 ton sample taken 
from the bulk sample provided by Boyd from the test shaft near Borehole 
BT-11. 

The schedule for these optional tests will be determined after GC [I receives approval 
from USAID to proceed. 

Task 	B-540: Test Burn Analysis Report 

Addresses Concern 1 and 2 
Interface with WAPDA/Subcontractor 

At the completion of the test burn program (Task B-520), a report will be prepared and 
will include: 

1. 	 Significant observations made during the testing. 

2. 	 Establish design parameters for the furnace, convection surfaces and boiler 
auxiliaries to assure a 30 year operating life while firing Lakhra fuels. 

3. 	 Develop a boiler performance sheet and suggest performance guarantees for 
boiler and auxiliaries, (if optional test burns are not performed). If optional 
test burns are performed this item will be in final report after test burn of a 
lease area sample from BT-11 test shaft. 
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4. 	 Include all fuel analysis, ash analysis and pilot plant operating data obtained 
during testing. 

At the completion of the optional test burns program identified in Task B-530 (if
approved by USAID), a report will be prepared and will discuss the four items above and 
also: 

1. 	 Impact on boiler performance and design parameters if washed Lakhra coal is 
the primary fuel. Also to be identified are the associated savings on capital 
and operating costs for firing washed coal. 

2. 	 Impact on the boiler and auxiliaries by each of the coal seams in the Lakhra 
field. 

3. 	 Identify the potential effects on boiler performance and operating life when 
firing Lakhra fuel with the highest ash content anticipated in this coal field. 

4. 	 Identify the impact on boiler and furr',-,e size when firing Lakhra fuel with 
the lowest ash fusion temperatures. 

5. 	 Identify boiler design parameters for "similar" coal investigated and make a 
comparison in the recommended design parameters for Lakhra fuel and 
discuss reasons for any significant deviations. 

6. 	 Discuss the impacts of fireside corrosion on furnace water wall, superheater, 
reheater and economizer tube life from test data gathered. If boiler life is 
impacted by corrosion effects, provide alternatives to reduce corrosion rates 
and improve boiler life. 

Due to the duration and qua; :ity of tests, these reports may not be available at the 
Final Report Deadline of July 21, 1985. If this is the case the above reports will be 
issued as addenda to the Final Report. 

GC II has reviewed USAID's December 28, 1983 telex (Annex D), in regards to 
combustion testing being a key factor in the feasibility of this project. The outlined 
Combustion Test Program in the work plan will provide sufficient data and evidence to 
determine whether the use of Lakhra lignite can be used as the primary fuel for power
generation and not adversely impact performance and expected life. 

Task 	B-550: Investigation of Similar Commercially Used Coal 

Addresses Concern I and 2 
Interface with R&S/JT B/P MDC/Subcontractor 

GC 1Iwill investigate through technical literature search, utilities and other sources and 
discussions with steam generator manufacturers the possibility of identifying a fuel 
which is similar to Lakhra or as a minimum similar to the worst characteristics of the 
ash, and which may be fired in a commercially operated pulverized coal subcritical 
power generating unit similar to the proposed power unit design for Lakhra. If the 
similarities in heat value, chemical composition of fuel and ash, proximate analysis,
ultimate analysis, grindability and ash fusion temperatures are determined to be close 
enough to not significantly affect the boiler and ancillaries design criteria, GC II will 
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attempt to obtain any available operation and maintenance data that has been compiled 
on this similar fuel from the power plant owner. 

In the event that no similar fuel with significant operating experience can be found, 
GC II will select an alternative fuel for comparison considerations. The alternative fuel 
selected will have similar ash characteristics and will preferably have significant avail
able field operational experience. The ash characteristics of the Lakhra lignite are 
those which differ most significantly from lignite fuels commonly in use throughout the 
world. Because this "similar" or "alternative" fuel may be in use in a full size 
commercial unit, GC I will attempt to establish a correlation between combustion test
ing of Lakhra fuels and full scale boiler performance of the selected fuel. If an 
"alternative" selection is r2cessary, analytical methods to correct the non-ash 
characteristics will be utilized. A demonstration of this correlation will strengthen the 
credibility of the design parameters selected because of the test results of the Lakhra 
fuel. Whenever operating problems are discovered with this "similar" fuel, GC II will 
identify modifications to the boiler design parameters which may be required. 

Task B-600: Coal Washability Analysis 

Addre.seu Concern 1 and 2 
Interface -vithR&S/JT B/P MDC/Subcontractor 

GC II will provide, in cooperation with Roberts & Schafer Co., a technical washability 
analysis for Lakhra lignite to determine the potential boiler performance and 
environmental benefits to be gained from pre-washing the fuel. The samples required 
for the washability analysis will be collected as a part of the reference coal bulk 
sampling program as discussed in Task B-510. A 3 ton sample is required for chemical 
and physical laboratory analysis plus a series of sink float tests to be performed at five 
different size fractions and eight specific gravities. This testing will allow conclusions 
to be drawn regarding the degree of improvement to be gained in reducing the sulfur and 
ash content of the Lakhra lignite. Roberts & Schaefer will also assist in determining the 
method by which a bulk sample of Lakhra lignite may be washed to give the most 
representative clean coal product for use in the second phase of the combustion testing 
program. 

The results of the washability analysis and the second phase combustion testing will be 
combined to quantifiably determine benefits to the design and costs of the boiler and 
back-end air pollution control equipment. 

John T. Boyd Co. will utilize results of sink/float testing to begin their washibility 
analysis. The Boyd analysis will develop single line flow sheets, potential plant 
arrangements, capital costs, and operating costs for a coal washing plant to be installed 
at the mine lease area. The Boyd Co. will also confirm the results of washability testing 
done initially on the 3 ton sample of PMDC Mine No. 2 fuel by obtaining a 3,000 pound 
sample from the test shaft near Borehole BT-11. 
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Task B-610: Coal Washability Analysis Report 

Addresses Concern 1 and 2 
Interface with R&S/JTB/WAPDA/Subcontractor 

The base study report to be prepared for the analysis of coal washability will include the 
following: 

1. 	 Characteristic washability curves will be established from the PMDC Mine 
No. 2 coal sample for the Lakhra field coal. 

2. 	 Potential cleaning schemes, projected clean coal quality and yield predic
tions will be identified and discussed. Specific attention will be given to 
discussion of coal quality characteristics which impact boiler furnace and 
back-end design parameters as determined between GC II and its combustion 
test subcontractor. 

3. 	 A discussion of the utilization problems encountered with the handling and 
combustion of washed coal will be provided. 

4. 	 A discussion of the set-up, conduct and results of the combustion test sample 
coal washing program. 

5. 	 A comparison of test sample washing results with predicted performance 
based on the theoretical washability analysis program. 
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SECTION C
 

POWER PLANT FEASIBILITY 

Task C-100: Review of Existing Information 

Addresses Concerns 1 through 14 
Interface with USAID/WAPDA/JTB/WB/ET.AL. 

GC II will review in detail the 1981 JICA Feasibility Study and the 1983 WAPDA-PMDC-
SWEC Project Review and any other pertinent documents. In preparation for early 
meetings with USAID, World Bank, ADB and WAPDA, GC II will examine the 
correspondence attached to the Request for Proposal and prepare an agenda covering 
subjects discussed in those documents and others appropriate to the study. 

As a part of the initial trip to Pakistan, GC II will schedule the above referenced 
meetings. To ensure a good line of communication and free flow of information 
between GC II and USAID, WAPDA and other contractors working on this project, GC II 
has placed a resident project manager in Pakistan for the duration of the study. 

Task C-200: Task Activity Schedule 

See attached. 

Task C-300: Site Plan 

Addresses Concerns3, 4, 7, 8, 9, 12, and 13 
Interracewith TEPSCO/WAPDA/TAMS 

GC II will develop a Power Unit Site Plan which will be presented as an Interim 
Technical Report. The site plan will be developed as a result of the analyses performed 
in Tasks C-310 and C-320. 

Task C-310: Site Survey Results 

Addresses Concerns 3, 4, 7, 8, 9, 10, 11, 12, and 13 
Interface with USAID/WAPDA/ET.AL. 

The information gathered during the field studies will be used to generate site 
topographies and design criteria for use in the Basis of Design Analysis (BODA). 
Topographic information will be shown in background form on the site arrangements and 
will be used to help establish the optimum arrangement of structures and yard systems. 
Soils information will set the design criteria for support of plant structures and 
equipment. Hydrological and surface water quality data will be used to establish the 
preliminary design of potable, service and demineralized water systems and establish 
the design criteria requirements for water trctment systems. 
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Task C-320: Environmental Aspects 

Addresses Concerns 10, 11, 12, and 13 
Interface with WAPDA/TAMS/OTHERS 

Environmental information and control data obtained as part of Task C-100 will be 
reviewed and evaluated. These data are being developed under a separate USAID con
tract. Any deficiencies in environmental information required for Basis of Design
Analysis (BODA) activities will be identifed to USAID. GC II will establish with USAID 
input, the appropriate environmental guidelines and standards (i.e., World Bank) to be 
applied for BODA activities. These guidelines and standards, together with above
mentioned environmental information and control data, will be used to formulate design
criteria to be used in conducting BODA activities described in Task C-400. If BODA 
activities indicate the necessity or desirability to deviate from applied environmental 
guidelines or standards, rationale for such deviation will be developed and resolution of 
such issues would be effected in consultation with USAID, WAPDA, and other appro
priate parties. Descriptions of environmental control systems and other plant facilities, 
including operating characteristics, will be suitable as input to parties responsible for 
the overall assessment of environmental impact of the Lakhra Project. 

Since potential degradation of air, surface water, and groundwater is of particular 
concern, GC 1I will direct its efforts largely toward the definition of stack emissions 
(S02, NOx, particulates) and liquid waste streams (e.g. cooling tower blowdown, boiler 
cleaning wastes, sanitary waste effluent, ash transport water, etc.). Receipt of results 
of ambient air quality and meteorology data to be supplied by TAMS and the results of 
plume dispersion modelling of stack gas effluents, being conducted under another USAID 
contract (environmental assessment contractor), is particularly crucial to GC I design
efforts for the proposed 300 MW unit, as well as establishing design philosophy for the 
three additional coal-fired units contemplated in the future. Coordination with these 
parties will thus be established early in the project as part of C-100 activities to assure 
that ambient air quality, the two Jamshoro oil-fired units, and the ultimate 1,200 MW of 
coal-fired capacity anticipated, and other potential sources are taken into account in 
the analysis. 

Task C-400: Basis of Design Analysis, BODA 

Addres.es All Concerns 
Interface with USAID/WAPDA/OTHERS 

GC I will develop a Basis of Desigi, Analysis which will be presented as an Interim 
Technical Reports. This design analysis :s the result of the studies performed in the 
following subtasks: 

Task C-405: Mapping 

Addresses Concerns 2, 3, 4, 7, 8, 9, 12, and 13 
Interface with TEPSCO/WAPDA/PMDC/GOP 

As discussed under Task C-310 initial arrangements for the power plant development 
will be generated on area maps established during the field study phase. The area maps
will be in sufficient detail to tie-in accurately the surrounding access, including roads 
and railroads, plus existing or planned site development for the oil-fired unit at 
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Jamshoro which is being engineered by TEPSCo. The map grid system will be 

coordinated with the work being performed on the oil-fired unit(s). 

Task C-410: Soil, Water and Climate Characterization 

Addresses Concerns 7, 8, 9, 11, 12, and 13 
Interface with TAMS/WAPDA/PMDC/ 
OTHE S 

Results of the soil and hydrological surveys conducted under Task B-400 together with 
water quality data obtained by TAMS will be utilized to identify bearing capacities for 
designing foundations and subgrade structures and for providing guidance for 
groundwater protection. 

The site survey data will also be used to develop design criteria for a water source for 
plant cooling systems, service water, potable water and demineralized water. Basic 
design criteria parameters, such as yearly variations in water temperatures, suspended 
and dissolved solids in the water source and pH of the water source, will be listed. 

Meteorological data will be summarized as appropriate to define operating conditions 
for the stack gas emission system. The meteorological data GC II expects to receive 
from the environmental assessment contractor are listed below: 

1. Yearly temperature (highs and lows) 

2. Annual rainfall 

3. Average and maximum relative humidity 

4. Design wet bulb and dry bulb temperatures 

5. Direction, speed and percentage of occurrence for prevailing winds 

6. Naturally occurring fugitive dust 

GC I also needs amtient air quality and metrological data from TAMS, as well as plume 
dispersion modeling results from the environmental assessment contractor, (to be named 
by USAID), in support of Task C-320. 

Task C-415: Fuel, Chemical, Raw Material and Wastewater Requirements 

Addre.3es Concerns 1, 3, 4, 5, 7, 8, 9, 10, 11, 12, and 13 
Interface with JTBIW AP DA/AE/P EPSCO/'AMS/OTHER 

GC 11 will develop basis of design specifications for fuel, chemicals, raw materials and 
wastewater for the Lakhra Power Plant. Fuel requirements will cover two areas: coal 
and fuel oil. The specification for lignite fuel will be based upon the results of the 
combustion analyses conducted under Task B-500 and certain scope tasks of John T. 
Boyd Company. 

Two fuel oil specifications will be developed. The first will be ignition oil for warming 
the steam generator prior to introduction of coal. Ignition fuel oil is generally a No. 2 
fuel oil, (high speed diesel) because of its easy handling characteristics and ease with 
which a stable flame can be maintained under a wide variety of firing conditions. The 
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second specification will be for fuel oil for supplemental firing or to serve as an 
alternative fuel to Lakhra. This fuel will be either a crude oil or a residual oil. The 
boiler manufacturer, who will conduct the coal combustion test program, will be 
consulted during the development of the fuel-oil specifications to ensure compatibility
of the fuel oil and boiler design developed from the Lakhra lignite test program. 

The specifications for chemicals required to operate the plant will include: (1) acid for 
the demineralizer and waste water systems; (2) caustic for the demineralizer and waste 
water systems; (3) chlorine for the circulating water systems and (4) chemicals used in 
the feedwater and condensate systems such as ammonium hydroxide, phosphate and 
hydrazine. 

Other raw materials required for plant operation are limestcne and salt. Limestone will 
be required for an FGD scrubber system. The salt will be needed should sodium 
hypochlorate generation of chlorine be required. GC II will prepare design criteria 
specifications for these materials. 

In conjunction with the Lakhra lignite test program, GC II will obtain samples of the 
bottom ash and fly ash. These samples will be analyzed by the combustion testing sub
contractor to determine their chemical constituents. After analyses are completed, the 
method of ash disposal will be determined. 

GC II will define the expected composition of the various waste streams to be treated. 
These streams will be from the cooling tower blowdown, plan't floor drains, boiler blow
down, demineralizer regeneration waste, coal pile runoff, limestone leachate and oily 
wastes from equipment. These streams will be characterized in sufficient detail to 
identify the type of equipment required to properly treat them. 

Task C-420: Site and Plant Layouts 

Addresses Concerns 2, 3, 4, 7, 8, 9, 10, 11, 12, and 13 
Interface with TEPSCO/WAPDA/JTB/VENDORS 

The development of site and plant layouts in support of the basis of design analysis will 
be completed to the point thEt the technical feasibilibity, equ~pment and systems
required plus the capital costs of the final installation can be established. The develop
ment of layouts and system requirements will concentrate on the following areas and 
identify site sensitive and non-site sensitive items: 

* Boiler and turbine buildings 

* Coal handling and storage 

* Circulating water system 

* Boiler and auxiliaries 

* Turbine generator and auxiliaries 

* Major mechanical systems 

* Major power plant electrical systems 
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* Miscellaneous equipment and materials 

* Infrastructure 

The conceptual system and facility layouts will be accomplished in accordance with GC 
II's standard practices and will draw upon the layouts and system designs generated for 
the Gilbert/Commonwealth Reference Fossil Plant (RFP). The layout work will provide 
a definitive description of the system function, basis of design, system configuration and 
functional requirements for major system components. The physical layouts and 
arrangements along with summary system definitions will provide a record of the design 
intent, design requirements and design philosophy for the power plant. 

Items to be included in each of the areas listed above are discussed in succeeding 
paragraphs.
 

Boiler and Turbine Buildings 

As a first phase in the development of the conceptual design and layout, space 
arrangements for major equipment in the turbine and boiler room will be established. 
The arrangements of this main power block area will include necessary laydown, main
tenance and access areas for the operation of the plant, and will define the working 
levels that are required for the boler, turbine and major supporting equipment, such as 
feedwater heaters, boiler feed pumps, the condenser and fans. 

Following the spatial arrangement of the plant, the civil and structural requirements for 
building steel, concrete and grating floor areas and foundation requirements will be 
established. Sufficient analysis will be performed at this time to establish upper bound 
loads and forces on the structure in order to make a valid determination of the types of 
foundation systems required at the Jamshoro, Khanot and mine mouth sites. 

Lignite Delivery, Handling and Storage 

The conceptual design of the on-site lignite handling plant will commence at the area 
where lignite is received from the transport facility and stacked out in on-site live and 
dead storage areas. During the conceptual design, final determination of on-site storage
requirements for the ultimate plant capacity will be made along with methods of 
stacking and reclaiming lignite which will be consistent with high reliability fuel 
handling operations considering the operating staff available for the plant. 

The arrangement will also include the methods of moving fuel from the stockpile areas 
to the plant, allowing for both normal operation and emergency backup to optimize the 
lignite handling system reliability. The arrangement of the in-plant fuel handling 
system will be performed in conjunction with the development of the boiler room 
layouts as discussed above with the objective of simplifying the handling requirement 
and determining the optimum in-plant storage. 

The layout of the lignite handling system will define the requirements for such items as 
unloading facilities, storage, conveyor systems, stacking and reclaiming methods, 
crushers, weighing systems, feeders, trippers and tramp iron collection. 

As subsidiaries to the lignite handling plant, fugitive dust collection and suppression 
systems, fire protection systems and fuel handling controls will be determined in 
sufficient detail to allow costing of these elements. Development of requirements for 
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on-site sampling of both as-received and as-fired fuel will be coordinated with the mine 
development consultant. 

The design of a fuel handling, storage and reclaim system for lignite fuel dictates that 
careful consideration be given to the selection of equipment and methods that minimize 
the adverse impacts of such characteristics as weathering/degradation, spontaneous
combustion, fugitive dust and potentially high moisture contents. GC 11 will coordinate 
with the mining consultant to develup a system of mining, transportation and delivery to 
achieve the desired objective of or-site contained and protected active storage capacity
with a low usage, compacted dead pile area. Typically, a three- to four-day active 
storage capacity would be maincained to allow for long weekend type mine shutdowns 
with compacted dead storage being sized to handle infrequent but longer shutdown 
periods. 

Given the size of generating unit being considered, it appears that covered active 
storage using either a slot type bunker and rotary plow reclaimers or an active storage 
silo may be feasible. 

Care will also have to be taken in the design of in-plant storage silos to minimize 
residence time, provide a free flowing design which will minimize buildups and provide
adequate dust collection and fire protection/detection systems. Throughout the lignite
fuel handling system, careful attention will be paid to design details and supporting 
systems which will minimize the degradation of the material, optimize dust containment 
within the system and provide housekeeping methods which will help to control the 
buildup of potentially explosive dust. 

On site long term storage may vary considerably between the mine mouth site and the 
remote sites at Jamshoro and Khanot. The actual amount of long term dead storage will 
be determined during the course of the study in conjunction with USAID, WAPDA and 
J. T. BOYD. 

Circulating Water System 

The cIculating water system layout will include preliminary selection of optimum con
denser and cooling tower equipment, sizing of the circulating water pumps and associ
ated piping, and layout of circulating water system structures, such as circulating water 
pumphouses and makeup water intakes and screen houses on the Indus River. The 
system design will be developed in sufficient detail to allow estimates to be prepared
for building and equipment foundation requirements, as well as electrical power, instru
mentation and control requirements and protection against silt buildups in the pumping 
bays. 

The main variables between the mine mouth site and the Jamshoro and Khanot sites are 
the length of the pipeline and the magnitude of lift of the water which will effect 
capital and operating costs between these three sites. 

Boiler and Auxiliaries 

The required performance of the boiler and associated auxiliary equipment will be 
developed based on the combustion characteristics of Lakhra fuel as determined in the 
test burn program and required steam conditions at the turbine stop and control valves. 
The auxiliaries will include, but not be limited to, lignite feed devices, combustion and 
flame safety controls, air heaters, primary and secondary air systems, necessary ducting 
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and breeching, and associated insulation and lagging. The cost estimate will be based on 

preliminary quotations received from boiler vendors. 

Turbine-Generator and Auxiliaries 

Preliminary full load guaranteed heat balance will be established. Once the required 
turbine-generator performance is known, preliminary quotations for the turbine
generator and associated auxiliaries will be requested from turbine vendors and used as 
input to the cost estimate. Auxiliary equipment will include the lubricating oil system, 
cooling system, shaft sealing system, main steamstop and control valves, excitation 
system, and necessary instrumentation and controls. The condenser will be supplied 
with major mechanical equipment. 

Major Power Plant Mechanical Systems 

Major mechanical equipment will include induced draft and forced draft fans, feedwater 
heaters, main and start-up boiler feed pumps, condensate pumps, condenser and deaera
tor. Other equipment items as dictated by the cycle configuration will be added as 
necessary. Performance requirements for each of the above items will be developed and 
will include size, quantity, type, design conditions and material requirements. Prelimi
nary cost estimates will be obtained from equipment vendors for use in the preliminary 
estimate. Sufficient work will be done to enable establishment of the cost estimate 
required for high pressure piping, low pressure piping, and field fabricated and run 
piping. 

The air quality control equipment layout will include selection of flue gas cleaning 
equipment, required support steel, ash hoppers, inlet and outlet flanges, insulation and 
lagging, and all gas breechings from the air heater to the flue gas cleaning equipment 
and from the flue gas cleaning equipment device(s) to a flange on the chimney. This will 
also include all necessary electrical power and instrumentation and control require
ments. Space allocations will be made for the potential retrofit of S02 and/or particu
late removal equipment to simplify implementation of any future requirements should 
they be required. 

The design requirements for the chimney will be developed during the preparation of the 
preliminary plant design. These requirements will include the determination of the final 
height of the chimney and the selection of the number and type of chimneys needed to 
serve the total number of units determined for the fully developed site. Sufficient 
detail will be developed for the chimney to determine the number of flues per chimney, 
type of flue required, flue velocities, obstruction lighting requirements, flue gas 
monitoring and general chimney access. 

It is anticipated that a pneumatic system will be used for fly ash and a water slurry 
system for bottom ash. The ash will be collected in a collection tank and then slurried 
and pumped to an ash pond located on the site. 

Auxiliary Systems 

Preliminary auxiliary mechanical system requirements will be established which includes 
fire protection system, water treatment plant, auxiliary boiler, emergency generator, 
house and service air system, and service water system. The system designs will include 
identification of equipment performance requirements and preliminary sizes and 
numbers, as well as system diagrams to identify individual system functions. 
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Major Power Plant Electrical Systems 

Preliminary one-line diagrams will be developed for all major electrical systems, such as 
generator transformers, main busbar systems from the generators, unit and station 
service transformers, MV and LV switchgear and medium voltage motors, plant battery
and uninterruptible control power systems, as well as switchgear and control equipment
not included in other major work areas. The systems will be priced using GC II data and 
cost information from vendors. 

Overall plant monitoring and control concepts will be developed to the layout stage to 
firm up the design, type and implementation strategy. Again, integration of major 
systems will be established with balance of plant monitoring and control systems. 

A preliminary layout will be developed for the central control room that will outline 
location of control desks, alarm systems and other control equipment required for 
overall control and monitoring of the entire power station. This room will include an 
HVAC system layout for climatic conditions experienced in the region. Human factor 
concepts will be utilized to maximize operation effectiveness for the monitoring and 
control task on both a system and plant basis. 

A preliminary layout of the plant generator and unit and station service transformers 
will be developed to coordinate interconnections to the plant switchyard. The prelimi
nary design will include the method of connecting the power station to the WAPDA grid 
system. 

The preliminary design of emergency power supply will include the establishment of load 
demands for the on-site emergency diesel generator system which will serve as the 
primary power backup for the unit. Once the loads are established and the equipment
for this system is sized, a preliminary layout and a single line electrical diagram of the 
system will be established. 

Conceptual designs and cost estimates will be developed for all minor cost items such as 
lighting, general purpose power, raceway and cable systems, motor control centers and 
grounding. 

Infrastructure 

Layouts for infrastructure and ancillary services will be prepared which will further 
define structures and service systems required for project development. The 
preliminary design of the infrastructure will be completed in sufficient detail to allow 
accurate quantity estimates to be made for inclusion in the overall project preliminary 
cost estimate. 

Site work will include work necessary for the preparation of the construction project
and final earth work in the site area. Construction access, site clearing and grubbing,
construction and final grading, security fencing, any required groundwater control and 
drainage, and final landscaping will be laid out in preliminary form. 

Locations and space requirements for all peripheral site buildings required as a 
permanent part of the power station site will be defined. These buildings include 
security and gatehouse structures, the administrative and service building, work shops
and store areas, operating change rooms and locker facilities. In addition to locations 
for space arrangements, sufficient layout work will be performed for these buildings in 
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order to determine the type of building construction most practical for the area and 
foundation system requirements. 

The development of the preliminary design for on-site water systems will include the 
definition of total site water requirements, such as potable water supply for the main 
power block, ancillary buildings such as the colony, offices and services building, supply
requirements and ;ource for fire protection water and plant equipment cooling water 
systems. The on-site distribution network for these systems will be included to define 
the quantities of equipment and materials required. 

Initial activities for dealing with human sewage generated on the site will be an 
estimate of total volume requirements and daily peaks. These basic criteria will be used 
to make a judgment as to the degree of treatment and/or disposal required. After this 
decision is made, a conceptual layout for sewage and sewage disposal will be made. 

When water quality and quantity requirements are established, a study will be made of 
the capability and expandability of any existing installation in the area which may be 
present to support construction of the oil-fired unit(s). If considered inadequate, then 
recommendations will be made as to the most desirable method for augmentation. It is 
vital that a secure, high quality water supply be available to the station, not only for 
domestic use and fire protection, but also for boiler-turbine cycle make-up require
ments. Plans for these water supplies will be made in conjunction with the development 
of the cooling tower makeup water system to provide a coordinated water supply 
system. 

GC 1I will review the availability of electrical power in the area and will determine the 
preferred approach for timing the supply of power from the Jamshoro substation for 
construction and start-up. The line voltage, route and type of structure will be deter
mined. In addition, the in-service data, construction schedule and cost will be provided. 
All work will be closely coordinated with the development of the basis of design analysis 
study. While the reliability of this supply is not vital, it should be reasonably secure to 
ensure uninterrupted work schedules. Development of construction power supplies will 
be coordinated with the connection to the power grid discussed above. 

The building of a large power station will result in an influx of workers to the selected 
site area. In the first instance, there will be a need to house construction workers, both 
single and married persons, prior to the arrival of permanent operating staff and 
supervisory personnel. 

An overall assessment will be made regarding general access to the site to convey 
equipment, material and personnel. The major plant components to be received and off
loaded are the boiler drum, boiler support girders, low pressure turbine rotors, generator 
stator and main transformers. The optimum site access system will be determined by 
the requirements that movement of these components impose in relation to the 
proximity of existing transportation systems. 

Development of on-site access roads and transportation to and from off-site infrastruc
ture will be required and included with the capital cost estimate of site development. 

C-9 
A3514-SC/G 



Task C-425: Energy and Material Balance 

Addresses Concerns 5, 7, 8, 9, 10, 12, and 13 
Interface with WAPDA/JTB/R&S/OTHERS 

The energy and materials balances will be developed and presented in the following four 
diagrams: 

1. 	 Heat Balance - GC II will prepare this diagram which shows the condensate, 
feedwater and steam systems. This balance is used to determine the heat 
rate for the plant. 

2. 	 Water Balance - This diagram identifies various water requirements of the 
plant, such as cooling tower water makeup, condensate makeup, domestic 
water, service water, ash systems and fire protection. Also to be shown are 
the discharges from the cooling towers, wastewater and ash systems. 

3. 	 Material Balance - This diagram will show the inputs of coal, oil, salt and, if 
required, limestone as well as the discharges of bottom ash, fly ash and, if 
required, flue gas desulphurization waste. 

4. 	 Electrical One-Line Diagram - This one-line diagram will show the estimated 
station power requirements including major motors for plant equipment and 
transformers that supply the lower voltage systems. 

The above diagrams will show approximate quantity flow rates, temperatures, pressures 
and voltages needed for equipment sizing. 

Task 	C-430: Equipment Specifications and Bid Packages 

Addresses Concerns1, 5, and 10 
Interface with WA PDA/JTB/R&S/OT HERS 

GC 11 	 will prepare a list of bid packages for the supply of equipment, materials and labor 
for erection of the entire power plant and auxiliaries. Each package will have a brief 
description of the proposed scope including a list of equipment, material and erection 
specifications which should be a part of the bid package. GC 11 will provide a suggested 
recommendation of which donor agency should provide financing for each package. 

GC II will provide, after suitable review, a complete set of "as available from GC 11's 
files" specifications for a complete thermal power unit of the general size and type
proposed for Lakhra. The following specifications will be appropriate for the general 
size and type of equipment for the Lakhra Power Unit. 

EQUIPMENT MODEL SPECIFICATIONS 

Steam Generator 	 Air Quality Control Devices 
Turbine-Generator 	 Transformers 
Surface Condenser and Accessories Motors 250 HP and Over 
Closed Feedwater Heaters 	 Motors under 250 HP 
Deaerating Feedwater Heaters 	 Switchgear 
Boiler Feed Pumps and Drives 	 Motor Control Centers 
Condensate Pumps 	 Diesel Generator 
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Circulating Water Pumps 	 Instrumentation and Control 
Cooling Tower, if required 	 Chimney
Demineralizer System 	 Concrete 
Wastewater System 	 Structural Steel 
High Pressure Piping 	 Coal Handling Equipment
Ash Handling 	 Circulating Water Piping 
Service Water 	 Traveling Water Screens 
Fire Protection Equipment 	 Turbine Room Overhead Crane 
Low Pressure Piping 

All specifications rely heavily on codes and standards used throughout industry. GC II 
will utilize U.S. codes and standards for these specifications and for the design of the 
plant. These model specifications will not include commercial terms or instructions to 
bidders. 

Model bid specificatios to be supplied for the boiler and air quality emission control 

equipment will be F-epared specifically for the Lakhra Power Station. 

Task 	C-435: Detailed Procedures for Project Implementation and Organization 

Interface with WAPDA 

GC II will prepare recommendations regarding steps that should be taken by WAPDA to 
develop a management team for the execution of this project. These recommendations 
will include project organization charts for the office engineering staff and field staff 
plus start-up and commissioning personnel necessary to carry the project from detailed 
design through construction to commissioning and operation of the units. The 
recommended organization of these factions of the project will be developed within the 
control of a central management team to oversee the completion of all project phases.
Included with the organization charts will be position descriptions for key positions, and 
recommendations will be made regarding required experience levels, and expatriate or 
Pakistani personnel who may be utilized. 

The second component of these recommendations will be suggestions for ways in which 
the project staff may implement a consolidated project control system which will com
bine the functions of planning and scheduling, procurement and construction cost 
accounting, and project budget tracking for the work. This project control element of 
the recommendations may be discussed in terms of the utilization of a project control 
program such as G/C CUE. This program was developed by Gilbert/Commonwealth and 
is widely used throughout the world by power and other industries for consolidated 
project controls. 

Basic elements which will be discussed in making recommendations on project controls 
are: 

0 Planning and Scheduling - to provide an overall work plan and work break
down structure from the conceptual sta.ge through detailed schedules and 
logic networks to final project tracking. 

* 	 Cost Estimating - to define the overall budget requirements for the project 
in accordance with the work breakdown structure. 
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" 	 Cost Monitoring and Performance Measurement - to track actual expendi
tures against estimates and provide an early warning system of deviations 
from the project budget. 

* 	 Purchase Agreement Control - to provide a monitoring system for cash flow 
and expenditures itemized by purchase order. 

* 	 Materials Control - to establish a working plan for monitoring fabrication, 
shipment, receipt, storage on-site and final use of materials. 

* 	 Drawing Monitoring and Control - to provide a system of scheduling,
tracking, distribution and record keeping for the preparation of engineering 
and vendor drawings. 

* 	 Contract Administration - to provide a system for the control of on-site 
contractors plus the establishment and monitoring of contractor payments. 

* 	 Accounts Payable - to provide a system of tracking and controlling invoice 
status from the receipt and approval process to the diFr. orsement of funds 
and check writing. 

* 	 General Ledger - to provide a general ledger accounting system integrated 

with cost controls and monitoring systems outlined above. 

Task C-440 Capital Cost Analysis 

Addresse3 Concern 5 
Interface with JTB/TEPSCO/OTHERS 

GC 11 will develop estimated total capital costs for the non-site sensitive fuel options by
combining various subsystems and component costs. Site sensitive components of the 
capital cost analysis will be delineated for the three sites under consideration. The 
generic non-site sensitive layout cost estimate can be added to the site sensitive cost 
estimate for each of the three sites to obtain comparable cost estimates. The cost 
bases for most of these components will be based on GC Wi's historical data of similar 
international projects, vendors' quotes based on the specific engineering analysis for the 
project and in country analysis of the cost of locally provided labor and material. The 
analysis of the cost of labor will include crew sizes, productivity and wage rates. The 
estimates will be divided into the following major plant areas: 

* 	 Boiler and turbine building 

* 	 Yard and civil works 

* 	 Fuel handling and storage 

* 	 Circulating water system 

* 	 Boiler and auxiliaries 

* 	 Turbine generator and auxiliaries 

* 	 Major mechanical systems 
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* Major power plant electrical systems 

* Miscellaneous equipment and materials 

* Infrastructure (on site and off site) 

* Engineering, consultants and construction management 

0 WAPDA administration costs 

The estimates will be further subdivided between foreign exchange and local currency 
components. 

In order to develop this estimate to the required level of accuracy, conceptual design of 
the major areas of the plant, buildings and services as specified in Task C-420 will be 
developed. 

These conceptual designs will provide the basis to make a quantitative survey of the 
major bulk material commodities. The bulk material will be estimated based on 
composite quantities developed from Gilbert/Commonwealth's knowledge of material 
requirements for each system with the required modifications as directed by the 
conceptual design. Bulk material pricing will be determined by the in-country analysis 
of the availability of locally purchased materials versus imported materials. 

The major equipment such as the boiler, turbine generator, precipitator, FGD system,
transformers, switchgear, pumps and heat exchangers will be priced by contact with 
equipment vendors to provide budgetary quotes based on the preliminary performance 
specifications as developed in Task C-430. These budgetary quotes will be compared 
against in-house data to ensure the reasonableness of the information. 

Specific cost factors such as labor productivity and construction methods as determined 
by an in-depth analysis of common practices, will also be factored into the development
of the capital cost estimate. Indirect costs, such as project contingencies, engineering 
fees, import duty and administrative costs will also be included. The infrastructure 
costs will include sharing with the 250 MW oil-fired power unit(s) designated for the 
Jamshoro site. A schedule with a corresponding time phase financing and disbursement 
plan will be Drepared. This time phase disbursement plan will form the basis for 
estimating the associate escalation for the project. The assumption on the escalation 
rates will be so stated in order that outside agencies reviewing the report could 
substitute their own internally generated rates. 

The Final Feasibility Analysis Report will contain a description of the cost development 
methodology and basis of costs. The written scope will define the estimate basis and 
qualifications, exclusions and any assumptions that were made. The capital costs 
developed in the sub-task will be used as input into the capital and operating cost 
analyses. 
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Task C-445: System Planning Considerations 

Addresses Concern 14 
Interface with WAPDA/WB/ANL/JTB/ OTHERS 

System planning is required to justify the need for Lakhra fueled unit(s). Specific 
considerations for its implementation are delineated in the next four tasks. 

Task C-446: Load Forecast 

Addresses Concerns 5 and 14 
Interface with WAPDA 

A load forecast, recently prepared by the Pakistan Planning Commission (PPC), will be 
used in the generation, transmission and substation planning studies. This load forecast 
is beiievad by GC II, WAPDA, USAID and World Bank personnel to be valid to use in the 
system planning studies related to Lakhra. This load forecast has been approved by the 
PPC for use in other technical studies presently being performed by WAPDA. The fore
cast takes into account suppressed power and energy demands for the nation. That is,
WAPDA could actually serve more load than shown in the load forecast. WAPDA will be 
unable to do so because of financial and economic constraints. 

GC 11 will obtain the PPC load forecast directly from WAPDA. GC 11 will break down 
the forecast into loads at individual substation buses for those years that load flow and 
stability studies will be performed. This work may have already been performed by
WAPDA engineers. If this is the case, GC If will review the resultant values for various 
substations with WAPDA. 

Task C-447: Generation Planning, Capital and Operating Cost Analyses 

Addresses Concerns5 and 14 
Interface with WAPDA/JTB/OTHERS/ANL 

GC 1I intends that the WASP generation planning program be used for the Lakhra feasi
bility studies. The final stages of placing this program into operation on the WAPDA 
computer should be completed by WAPDA and Argonne National Laboratory personnel 
by the end of January, 1985. 

GC 1I will use the WAPDA computer to perform the generation planning studies for 
Lakhra, as time and budget constraints permit. This will be accomplished by sending 
one GC 11 engineer to Pakistan to work with WAPDA engineers to produce the required 
computer runs. It is expected that this work will start during the first week of March, 
1985. A period of 3 months has been allowed by GC II to complete all investigations
related to generation planning. Included in this time period are the technical 
investigations that will be performed in the U.S. 

GC 1I is of the firm opinion that the generation planning studies are a critical part of 
the Lakhra feasibility study. If by February 20, 1985 it is apparent to GC I that 
performing these studies in Pakistan will result in a delay in meeting the deadline for 
delivery of the required technical report to USAID, CC [I will perform the generation
planning studies in the U.S. At that time GC 11 may use its GPC computer program, 
which is installed on the GC II IBM-370 computer. Alternatively, GC II may use the 
WASP program, which resides on the Argonne National Laboratory computer. The 

C-14 
A 3 5 14.SCiG 

,\ 



decision of exactly which computer and program will be used will be determined by 
GC I, with input from USAID. 

The generation planning studies, conducted through the year 2000, will permit the: 

1. 	 Economic comparison of alternative generation expansion plans for various 
unit sizes and various fuels. The operation of the new Lakhra unit(s) on 
single and dual fuel will also be evaluated. 

2. 	 Determination of optimum timing and in-service dates. 

3. 	 Analysis of capital costs and operating expenses for the project. 

4. 	 Analysis of power and energy balances for the WAPDA system, with sug
gested generation dispatch schedules to provide an adequate and reliable 
power supply. 

The financial impact of the Lakhra plant capacity factor on operating costs and 
investment merits will be considered and included in the capital and operating cost 
analyses. The following conditions will be analyzed: 

1. 	 Seventy (70) percent annual plant capacity factor. 

2. 	 Plant operation limited to 2,500 hours per year for the first 1.5 years of life. 
Plant operation limited to 4,000 hours of operation per year for the period 
when the plant is 1.5 to 3.5 years old. Plant operation limited to 5,200 hours 
of operation per year after the plant is more than 3.5 years old. 

As applicable, time for lignite mine development and construction and expenditure 
schedules will be factored into the above analysis. 

GC II will determine the unit cost of power generated by first unit of the Lakhra Power 
Station considering various fuel options. The fuel options considered will be imported 
oil, imported coal, Lakhra lignite, a mixture of imported coal and Lakhra lignite, as well 
as a dual lignite/oil fuel option. In order i'or a sensitivity analysis to be performed, the 
cost of power generated will be broken inio the following components: 

1. 	 Capital Expenses 

2. 	 Operation and Maintenance Expenses 

3. 	 Fuel Expenses 

4. 	 Interest Expenses 

GC II will analyze whether the proposed 300 MW coal fired unit constitutes an element 
in a least cost generation expansion program, when evaluated in the same time frame as 
other generation projects under consideration for implementation in Pakistan through 
the year 2000. GC II will compare the reasonableness of the costs and other factors 
assigned to the several alternative projects in this determination. 

The above evaluation will be based on project and unit costs provided to GC II by 
WAPDA for the several alternative projects. Computer runs may be obtained from the 
Argonne National Laboratory (ANL) for a least cost system expansion plan of the 
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WAPDA power system, as modelled by ANL, utilizing the WASP program. These 
station/unit costs will be reviewed by GC I, and compared to typical costs for stations 
of size, type and site characteristics similar to the individual power stations included in 
the WAPDA system expansion plan. This comparison will be provided only for those 
stations having unit costs and other parameters that resuli; in an equ il or more favorable 
evaluation than that of the Lakhra lignite fired unit. Whe re notablI cost advantages are 
indicate6 for other power stations when compared to Lakhra, available cost estimating
data for such power stations will be reviewed to determine its validity. 

Task 	C-448: Transmission System Planning 

Addresses Concerns5 and 14 
Interface with WAPDA 

In conjunction with the capital and operating cost analyses and the generation planning
studies, GC II will determine the transmission and substation additions required through
the year 1992 for each generation expansion alternative at the mine mouth, Khanot or 
Jamshoro sites. These plans will be based on the reliability objectives of the WAPDA 
transmission system planning criteria. Capital and economic costs will be determined 
for the required transmission and substation additions, and combined with those 
determined from the economic generation planning studies. Thus, the total cost for 
each alternative system expansion plan will be determined. 

Studies will be performed for peak and light load conditions for the normal and facility
outage conditions. These studies will be conducted for two system expansion plans for 
the initial and final development years at the new Lakhra power plant. For the purposes
of this study, the initial and final development years are assumed to be 1990 and 1992,
respectively. The load flow studies vill be used to determine: 

1. 	 The operating voltage and rating for required system additions. 

2. 	 The voltage regulation and voltage profile of the WAPDA system. 

3. 	 The power transfer capabilities between different regions of the WAPDA 
system. 

4. 	 The reactive requirements for local area voltage support. 

5. 	 Possible operating restrictions resulting from the installation of the new 
power plant. 

6. 	 The merits of alternate expansion schemes. 

7. 	 Overall system performance during normal and contingency conditions. 

8. 	 The magnitude of power losses on the WAPDA system for various years, load 
levels and transmission system configurations. 

The stability investigations will be performed for normal qnd contingency conditions 
during peak and light load periods for the initial and final development years at the 
Lakhra plant, as follows: 

1. 	 The sudden loss of key transmission and generation facilities. 
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2. 	 Three phase faults cleared in primary time on transmission facilities 
associated with the new power plant. 

3. 	 Three phase faults cleared in back-up time (stuck breaker condition) on 

transmission facilities associated with the new power plant. 

The stability studies will be used to determine: 

1. 	 The overall stability of the system with contingencies. 

2. 	 Circuit breaker switching and reclosing times. 

3. 	 The stability performance of new and existing generating units. 

4. 	 The desired characteristics of exciter and governor systems. 

GC II will conduct short circuit studies for the recommended generation/transmission
expansion plan for the initial and final development years at the Lakhra plant. Short 
circuit conditions for three phase faults will be determined for all locations where new 
major power system facilities are planned. Fault levels will also be reviewed for 
existing locations that may be significantly affected by the installation of these new 
facilities. 

It is understood that members of the WAPDA Power Planning Department in Lahore will 
assist to the greatest extent possible ih. erforming the power system studies. GC II 
welcomes this participation and will perform load flow, stability and short circuit 
studies using WAPDA's computers and programs, as schedule and budgetary constraints 
permit. GC I will send one system planning engineer to Pakistan to work with WAPDA 
engineers to produce the required computer runs. It is expected that this work will start 
in Pakistan during the first week of March, 1985. A period of 3 months has been allowed 
by GC II to complete this work. Included in this time period are technical investigations 
that will be performed in the U.S. 

As is the case with the generation planning studies, the transmission planning studies are 
an important component in preparing the Lakhra Feasibility Studies. Therefore, GC II 
retains the option of performing this work in the U.S., if GC II finds that performing the 
work in Pakistan would cause strain to the study budget or cause a delay in meeting 
reporting deadlines to USAID. 

If the system planning studies are performed in Pakistan, GC 11 will use the Philadelphia
Electric Program. This program is operational on the WAPDA computer, and will be 
used to perform the required load flow, stability and short circuit analysis. If the work 
is performed in the U.S., GC II will use the EPRI L.ad Flow Program, the EPRI Stability
Program and the ESSCA Short Circuit Program. These latter programs are operational 
on the GC II IBM-370 computer. 

The short circuit studies will be to determine three-phase short circuit levels at the new 
plant and other affected locations for normal and facility outage conditions. 

C-17 
A3514-SC/G 



Task C-449: Transmission and Substation Engineering 

Addresses Concern 14 
Interface with WAPDA 

Conceptual design and cost estimates will be developed for the transmission lines and 
substations that are required to connect the new power unit to the WAPDA system. The 
purpose, general location, electrical capacity and physical configuration of each substa
tion wili be presented. GC II will pay special attention when developing substation 
configurations to minimize the possibility of the power output being restricted for 
planned and unplanned outages of substation equipment. 

Task C-450: Analysis of Environmental Control Technologies 

Addresses Concerns2, 10, 11, 12, and 13 
Interface with USAID/WAPDA/WB/ADB/JTB/R&S/OTHERS 

The proposed Lakhra unit may be the first of a series of large lignite-fired power units 
in Pakistan. GC II therefore feels that environmental controls for the Lakhra Plant 
should represent an environmentally responsible approach even in the absence of regula
tory standards, yet reflect high sensitivity to Pakistan's economic/ir-frastructural capa
bilities. These concerns on sulfur dioxide emissions limits and the establishment of 
guidelines are described in World Bank's telex of December 7, 1983, Item G, ADB letter 
November 24, 1983, Item 4iii in GC il's contract for the feasibility study and USAID's 
December 28, 1983 cable, Items 4E and 5G. GC II intends to address these concerns, as 
outlined in the following paragraphs. 

GC [l's approach will be to evaluate commercially proven, highly reliable and cost 
efficient designs. Although such designs may represent less than best available control 
technology, (BACT), in some instances, the necessary environmental controls can be 
confidentally and consistently achieved, demonstrating Pakistan's commitment to 
minizing adverse impact to the local and regional environment. This philosophy will be 
reflected in our evaluation of all environmental control technologies for the proposed
plant, most notably those dealing with gaseous emissions, wastewater treatment and 
solid waste (ash) disposal. 

For this project, the analysis of stack emissions, especially sulfur dioxide, is a key 
concern of this feasibility study. This analysis will cover S02, NOx and particulate 
emissions. Of these three pollatants, S02 is the area of most concern because of the 
high sulfur content of the Lakhra lignite. GC II will work closely with J.T. Boyd
Company concerning the fuel benefication studies. Beneficiation could have a 
significant impact on reducing the levels of S02 and particulates and the combustability 
and corrosive behavior of Lakhra fuel. This could enable use of less costly and less 
complicated air pollution control technology, such as dry scrubbers rather than wet 
scrubbers or eliminate S02 scrubbers from the first and even the second lignite fueled 
units. Beneficiation may also improve the quality of the fuel to have a positive impact 
on equipment sizing. 

The control of NOx emissions will take place in the steam generator furnace, since this 
is where NOx is formed during the combustion process. GC II will consult with the 
Combustion Testing Subcontractor for suggestions on control of NOX.  The two 
approaches presently used in the United States are to use low NOx design burners or to 
control the flame temperature by limiting the air entering the combustion chamber 
through the burners, then overfeeding the remaining secondary air to complete com
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bustion. The limitation requirements for NO x emissions will be included in the model 
boiler specifications. 

Due to the high quantity of ash (14 to over 20 percent in the Lakhra fuel), the particu
late control system may be separated from the flue gas desulfurization system. Two 
conventional alternatives will be evaluated. The first is an electrostatic precipitator 
having a rigid frame discharge electrode design. The second is a fabric filter baghouse. 
Precipitators have the advantage of lower anticipated maintenance than baghouses for a 
fuel with this ash content. GC II will provide an analysis for these alternatives on a 
technical as well as an economic basis. 

As noted in the discussion under Task C-320, GC 11 environmental scientists representing 
appropriate specialty disciplines will work in concert with GC II engineers to achieve 
coordination with and take into account results of the environmental monitoring and 
analysis program being conducted under a separate USAID contract. 

Task 	C-460: Construction Phase Considerations 

Interface with WAPDA/OTHERS 

GC 11 will recommend the most appropriate and effective contracting organizational 
approach. Factors to be taken into account in providing the recommendations include: 

Capabilities of local firms to undertake major portions of the work. 

The degree to which ;nvolvement of local contractors is both desired and 
practical, and the work packaging concepts to achieve this goal to the 
highest degree possible. 

* 	 Availability of local material and equipment. 

* 	 Contract pricing and packaging methods based on schedule considerations 
and phasing of the work. 

* 	 Options regarding owner-furnished vs contractor-furnished materials and 
equipment. 

* 	 Past practices of WAPDA regarding construction contracting arrangements 
and the resultant outcome of those practices. 

An overall assessment of ,ther construction phase considerations will also be made as 
these considerations impact project cost and schedule factors. These considerations 
include review and evaluation of the following: 

* 	 Off-site infrastructure conditions such as: 

-	 Local housing of construction personnel 

* 	 General access to the site for the conveyance of equipment, material and 
workers. 

* 	 On-site infrastructure considerations such as: 

-	 Access roads 
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- Construction site services and utilities
 
- Laydown and storage space requirements
 
- Temporary construction buildings
 
- Security fencing
 

0 Other considerations of a constructability nature which may impact or 
influence technical matters during the course of the study. 

Contingency Allowance 

Contingencies will be based on GC I's current knowledge of design material procure
ment and labor conditions in Pakistan as well as available data from local sources 
including WAPDA and local subcontractors. Contingency percentages for labor,
materials and purchased equipment established by GC II will be reviewed and approved 
by USAID early in the project. 
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SECTION D 

INSTITUTIONAL DEVELOPMENT AND TRAINING 

GC II will develop Interim Teihnical Reports for Institutional Improvements and a 
Preliminary Training Plan. A description of GC II's scope of work to develop these two 
reports is discussed below. 

Task D-100: Institutional Development 

Interface with WAPDA/OTHERS 

GC II will provide institutional development assistance to the WAPDA Coal Projects
Department specifically related to the management of the power unit and transmission 
components of the Lakhra Project activities. 

A review of the organizational structure and management requirements of the Lakhra 
Project will involve analyses of those management processes and operating methods 
where the potential exists to significantly affect the overall level of service and 
efficiency. The review that relates to the power plant and transmission activities of the 
Lakhra Project will cover the functional aspects of the Coal Projects Department. The 
analyses will include identification of appropriate measures of operational performance
and the establishment of actual performance requirements. Initial meetings will be held 
with WAPDA management to provide a oasis for prioritizing the tasks. The general
approach to be followed by GC II in the assessment of each operating and functional 
area of the power plant and transmission activites will be a review of the following: 

* Plans, goals, policies, procedures in effect or contemplated 

* Managerial accountability and responsibility, written or implied 

* Budgets established, current and historical 

* Reporting procedures and communications patterns (formal and informal) 

* Staffing levels 

* Definition and assignment of functional responsibilties 

* Basic work practices and methods for r-easuring output and performance 

, On-going or planned improvement activities 

Once data gathering is complete through interviews, observations and review of written 
material, the following basic criteria will be used for evaluation: 

* Requirements derived from the needs of the Lakhra Project 

• Internal historical trends 

* External trends and comparisons 
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0 Generally accepted standards, codes and practices 

* Professional judgment 

In this context, the goal will be to examine and clarify requirements for performance as 
well as to pinpoint the direction of institutional development based on proven 
management techniques and processes. 

The basic performance aspects of each critical position within the Coal Projects
Department will be evaluated to determine whether they are compatible with the 
requirements of the project and whether they conform to those generally established in 
utility companies. The approach will concentrate on processes or responsibilities with 
potential major significance in the management of the power plant and transmission 
activities. This evaluation will result in the identification of recommendations for insti
tutional dev-,lopment, improvements or changes, itemizing any problems to be corrected 
and the resultant benefits to be derived. This will be accompanied by an indication of 
the relative urgency of implementation of the improvements or changes recommended. 

Concentration will be directed toward those areas where, in past review experience, the 
greatest effectiveness of performance may be realized, and on the identification of any
strengths or weaknesses that relate to the overall performance, efficiency or capacity 
of the organization. 

The final step for each area and activity will be to summarize the findings and make 
recommendations for immediate or future development and implementation or further 
analyses with cost/benefit estimates and assumptions as appropriate. The objective of 
this phase of the project will be to provide a firm basis for subsequent implementation 
activities. 

Fundamental to the success of the institutional development task will be a close 
relationship with key Coal Projects Department personnel. GC II recognizes the 
importance of the proposed program to WAPDA. The attainment of the desired 
objectives will benefit from a free and unimpeded flow of communications between 
GC [I, consulting specialists and representatives of the various functional groups within 
the Department. In this regard, it is recommended that a representative of the 
Department be appointed to provide liaison and coordination in support of activities 
throughout the institutional development phases of the project. 

The scope of the consulting services to be provided for the institutional development of 
the WAPDA Coal Projects Department is described below. The assistance will be 
divided into two phases: an analysis of institutional development requirements and the 
development of recommendations for improvement. 

Phase1 - Analysis of Institutional Development Requirements 

GC II will examine the organization, staffing and management requirements related to 
the power plant and transmission aspects of the Lakhra Project. Organizational struc
ture and staffing plans and needs will be evaluated for the purpose of establishing a 
basis for providing recommendations for appropriate institutional development. Position 
descriptions will be prepared covering definition of authority, duties and responsibilities. 
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The areas to be reviewed will include the following functional activities of the Coal 

Projects Department: 

* Organization, management methods and staffing 

* Planning 

0 Operations and maintenance 

* Administrative and financial 

Phase 2 - Development of Recommendations for Improvement 

The product of the analysis of the institutional requirements will be in the form of 
recommendations for further improvement and development of the Coal Power Projects 
Department performance, efficiency and capacity as related to management of the 
power plant and transmission components of the Lakhra Project. 

The thrust of these recommendations will be directed at the individual functions of the 
Department. In order to provide a comprehensive, objective evaluation of the overall 
basic strengths and weaknesses that will establish a realistic basis for future planning, 
the study team will use the information derived from the individual investigations 
coupled with consideration of other factors. These supplementary factors will involve 
broader aspects of Department performance such as the approaches followed for 
determination of policies, application of technology, external relationships and internal 
communciations. 

The recommendations will be supported by conclusions drawn from the analysis of 
strengths and weaknesses performed during the course of the study. Any other measures 
deemed necessary to further improve the performance of the Department in the 
discharge of its functions to meet the goals of WAPDA will also be recommended. 

All findings, conclusions and recommendations resulting from the review process will be 

documented in an interim technical report. 

Task D-200: Training 

Interface with WAPDA/OTHERS 

GC [I will develop a Preliminary Training Plan that addresses WAPDA's training needs to 
meet the personnel and skills requirements dictated by the construction schedule for the 
Lakhra thermal power plant. 

The first activity of the training program will be an assessment of WAPDA's trarMing 
needs. GC II will interview key members of WAPDA to define training needs perceived 
by these individuals. In addition, existing members of WAPDA's operating plant staff 
and training organization will be requested to identify available training materials and 
other material useful to training, such as existing operating and maintenance 
procedures, vendor documents and plant drawings. Contractual commitments to provide 
training will also be discussed during these interviews, as well as job classifications 
within the proposed station organization. 

The training materials and other documentation will be reviewed and the training needs 
will be identified. Also, the level of experience and training of currently operating 
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fossil plant maintenance and operations personnel will be evaluated, based upon a review 
of available personnel records relevant to training and interviews of a sample of the 
operating and maintenance personnel. Training objectives will be established based upon
needs identified during the training needs assessment. These objectives establish the 
goals to be achieved by the training plan. 

The training plan will address the purpose of the training, objectives, definition of terms 
and the responsibilities of training personnel and other elements of the WAPDA 
organization. The training plan will also identify the types and classifications of people
who will be trained. A training schedule will be developed that corresponds with the 
anticipated construction schedule for the Lakhra power plant. Outlines for the training 
courses will be included, and various instructional methods and techniques will be 
identified. Testing methods will be described, and the reoerds and reports necessary to 
document training activities will be defined. 

Training course outlines included in the training plan will be developed to support a 
progression schedule from entry level to the most senior plant operation and main
tenance positions. These course outlines will be general in nature for planning purposes.
Instructional methods and techniques addressed in the training plan will include 
classroom instruction, overseas training and on-the-job training (OJT). 

Formal classroom training will include both plant specife and general material.course 
OJT will be conducted in the plant by qualified operators and maintenance personnel on 
the basis of detailed job qualificaton cards for each position requiring OJT. The 
interrelationships between classroom training and OJT, as well as vendor/consultant 
supplied training, will be addressed by the plan. 

The training plan will discuss testing requirements for classroom training and practical
application testing of classroom knowledge during OJT. Classroom testing will include 
oral tests, written tests and timed laboratory exercises. OJT related testing will 
include participation in appropriate emergency drills, timed maintenance exercises and 
laboratory work. 

The training components programmed for overseas training will identify locations such 
as the GC II training facilities, universities and other institutions as well as the types of 
training to be provided at each location. 

GC II will evaluate the plant simulator needs of WAPDA. Through a close working
arrangement with Autodynamics, Inc., plant simulator training services can be supplied.
Autodynamics, Inc., is a world leader in power plant and process simulation with over 
150 simulators in 30 countries. 
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SECTION E 

REPORTS AND REPORT OUTLINES 

This section discusses the requested reports and outlines GC II intends to use for the 
Lakhra Power Feasibility Study. 

Reports will be prepared in the number required and distributed in accordance with 
USAID requirements. Proposed outlines of the Tables of Contents have been developed 
based upon prior similar projects. The form may be revised to meet any special project
requirements as agreed to by USAID and GC I. The schedule of report submittals is 
included in Section A, Task A-200. 
The various reports are listed below, followed by detailed descriptions and proposed 

outlines of those reports. 

* Interim Technical Reports 

* Detailed Progress Report 

* Final Feasibility Analysis Report 

* Home Office Reports 

* Special Reports 

Task E-100: Interim Technical Reports 

GC II will submit interim technical reports on certain study topics as soon as the results 
of the analysis on tests or key technical and cost issues are available. Topics for the 
interim technical reports are summarized as follows: 

* Power Plant Site Plans 

* Alternative Fuels Comparison 

* Basis of Design 

* Personnel Training Needs 

• Implementation Plan 

Each report will discuss the objective to be achieved, methodology utilized, a detailed 
technical discussion, an economic analysis and conclusions reached. Summary and 
Recommendation section will be provided which preceeds each report. 

The outline proposed for these ,eports is shown on the following page. 
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INTERIM TECHNICAL REPORT 

OUTLINE 

I. SUMMARY AND RECOMMENDATIONS 

II. INTRODUCTION 

Ill. DISCUSSION 

* Objectives 

* Methodology 

* Technology Discussion
 

0 Economics
 

IV. CONCLUSIONS 

V. REFERENCES 

VI. APPENDICES 
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Task E-200: Detailed Progress Report 

A Detailed Progress Report will be submitted no later than March 1, 1985 for the 
express purpose of allowing USAID to begin appraisal of the project in a timely fashion. 
The report will be a comprehensive discussion of all work completed as of Mid-February, 
1985 and work remaining. Analyses not yet completed at that time, but in progress, will 
be summarized as to what conclusions may generally be expected based upon the work 
performed to date. 

Topics to be addressed in the Detailed Progress Report will include: the structural, 
environmental and economic implications of burning as-mined or washed Lakhra fuel; 
the economics of decisions *o not colocate the mine and power plant, to build a 
dedicated railroad rather than other transportation methods, and the extent to which 
these decisions are based on other than economic factors; and, the overall economics of 
burning domestic versus imported coal or other fuels. 

The discussion section of the report will include a status of the work tasks and an 
anticipated schedule for completion. The conclusions section will provide "To Date" 
information in the following areas: 

1. Washability Testing 

2. Combustion Testing 

3. Power Plant Location 

a. Transportation of lignite 
b. Water Supply at different sites 
c. Labor Supply and Requirements 
d. Power Transmission 
e. Environmental Implications at different sites 
f. Economic Implications at different sites 

4. Power Plant Design and Costs 

5. System Planning Studies 

6. Environmental Control Analysis 

7. Institutional Development and Training 

References and Appendices will include copies of significant project correspondence 
from subcontractors and other involved organizations, copies of completed Interim 
Reports, and copies of GC II internal memos of note. 

GC II will be available to present the Detailed Progress Report at an Interim Project 
Progress meeting in Jackson, Michigan, to ensure prompt review and understanding of 
the results of these very important analyses. 

The general outline proposed for this report is shown as follows. 
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DETAILED 	PROGRESS REPORT 

OUTLINE 

I. EXECUTIVE SUMMARY 

If. INTRODUCTION 

III. 	 DISCUSSION 

" Task Status 

* Report Status 

* Problem Areas and Proposed Resolutions 

* Remaining Work 

IV. 	 CONCLUSIONS AND PROPOSED RESOLUTIONS 

V. 	 REFERENCES 

VI. 	 APPENDICES 
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Task 	E-300: Final Feasibility Report 

A Final Feasibility Report will be submitted by August 21, 1985 to USAID addressing the 
technical, economic and overall power system development feasibility of the Lakhra 
Power Plant Project. 

The content, format and level of detail will be commensurate with the objectives which 
were to be achieved in initiating this study in the first place, i.e., an assessment of the 
proposed Lakhra Power Plant project in association with the Lakhra Lignite Mine 
project. This report will allow prospective financing organizations such as USAID to 
appraise the project and aid the evaluators in reaching a final decision in providing 
financial assistance. 

The Final Feasibility Report will be a comprehensive summary of all previous Task 
Activities performed during the Study. 

Specific areas which will be addressed in the Report include, but are not limited to: 

1. 	 Justification for the development of a power facility in conjunction with the 
proposed Lakhra lignite mine will be examined in a total context considering 
indicated mining costs, need for power, transportation to the proposed or 
alternate site and alternative costs associated with various fuel states and 
operating conditions. A comparison of a Lakhra lignite fired plant will be 
made to an imported oil-fired plant as well as a dual fired Lakhra lignite/ 
imported oil plant. A thorough discussion of environmental factors which 
have been considered in the layouts and system designs for the proposed 
plant will be made, including expected performance characteristics consider
ing available environmental control data and the proposed environmental 
control regulations. 

2. 	 Confirmation of the input provided in the Detailed Progress Report to 
support the assessment USAID has outlined in the Project Paper evaluating 
project financing. 

3. 	 Establishment of the Lakhra Power Plant project BODA. These design 
criteria will be very comprehensive and will form the basis for design of the 
plant. Model specifications will be provided for all major equipment, includ
ing selection and sizing of air and water quality control equipment to 
mitigate possible environmental control technology concerns. 

4. 	 Establishment of a Lakhra project design and construction schedule wh'.h 
will provide overall guidance to WAPDA. Project Milestones will be 
provided, including a logic diagram which delineates Critical Path activities. 
Additionally, expected cash flows will be provided to assist WAPDA and all 
potential project financiers of the monthly expenditures. 

5. 	 Assistance to be provided to WAPDA for the successful design, construction 
and operation of the Lakhra Power Plant. This program includes 
development of WAPDA's newly formed Coal Projects Department as well as 
training for the personnel. It also includes a similar program for assisting 
the private sector. 
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The results of the Interim Technical reports will be extensively analyzed and 
summarized to provide a sound basis which will support a bankable Project Paper for 
final assessment of the Lakhra Power Plant project. 

GC II will provide for the availability of appropriate staff through September 30, 1985 
to answer questions regarding the material contained in the Final Feasibility Report. 

A proposed general outline of this report is shown on the following pages. 
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FINAL 	FEASIBILITY REPORT 

OUTLINE 
LAKHRA POWER FEASIBILITY STUDY 

EXECUTIVE SUMMARY 

TABLE 	OF CONTENTS 

1. INTRODUCTION 

Address and outline concerns of AID and donor agencies 

2. SCOPE OF STUDY 

Address field studies, information gathering, fuel collection 
and shipping, interfaces with AID, donor agencies, AID con
tractors and WAPDA, test burn program, coal washability, 
power plant arrangement and specifications, system plann
ing, environmental control technology, construction phase, 
institutional development and training. 

3. DISCUSSION 

3.1 	 Results of Field Studies, Information
 
Gathering and Analysis.
 

3.2 	 Fuel Combustion Analysis
 
3.2.1 	 Fuel Collection and Shipment
 
3.2.2 	 Test Burn, as Mined PMDC #2
 
3.2.3 	 Optional Test Burns, if OK'd
 
3.2.4 	 Coal Washability Test
 
3.2.5 	 Investigation, "Similar" Ash Coal to Lakhra Ash Coal
 

3.3 	 Power Plant Feasibility
 
3.3.1 	 Aerial Survey, Ground Survey, Borings
 
3.3.2 	 Environmental Limits and Impact
 
3.3.3 	 BODA
 
3.3.4 	 Site and Layout of Plant
 
3.3.5 	 Site Sensitivity Considerations
 
3.3.6 	 Turbine Heat Balance Cycle
 
3.3.7 	 Steam Generator Design Parameters and Guarantees
 
3.3.8 	 Air Quality Control Technology
 
3.3.9 	 Plant Input and Output Balances
 
3.3.10 	 Specifications and Bid Packages
 
3.3.11 	 Construction Phase Considerations
 
3.3.12 	 Capital Cost of Power Plant
 
3.3.13 	 Generation Planning and Operating Cost Analysis
 
3.4 	 Institutional Development and Training
 
3.4.1 	 Discuss Institutional Development
 
3.4.2 	 Discuss Institutional Training
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4. CONCLUSIONS 

4.1 Combustion Test of Raw Coal from PMDC 2
 
4.2 Combustion Test of Washed Coal from PMDC 2
 
4.3 Combustion Test of Raw Coal from Lease Area
 
4.4 Air Quality Technology Study
 
4.5 Site Sensitivity Investigations
 
4.6 Generation/Operating Cost Analysis
 

5. RECOMMENDATIONS 

5.1 Boiler Design Parameters
 
5.2 Turbine Heat Balance Parameters
 
5.3 SO 2 , Particulate and NOx Emission Rates and Controls
 
5.4 Power Plant ,'osts
 
5.5 Power Generation Projected Costs
 

6. REFERENCES 

7. APPENDICES 
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Task E-400: Home Office Reports 

A report detailing all project activities, including subcontractors' activities, performed 
for the previous month will be submitted on a monthly basis to USAID. This report will 
be submitted within the first two weeks of the month following the reporting period. 

The reports will discuss both home office and field efforts and specifically will cover: 
activities, problems, constraints, recommended solutions, actions required by others, 
and an assessment of project budget and schedule including estimated accruals for the 
following three months. 

A proposed outline of the Home Office Reports is as follows. 
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HOME OFFICE REPORTS 

OUTLINE 

1. EXECUTIVE SUMMARY 

II. INTRODUCTION 

III. DISCUSSION 

FIELD
 

0 Activities (Completed and Proposed)
 

* Problems 

l Constraints
 

" Recommended Solutions
 

* Actions Required
 

1% Budget and Schedule i. !jsis
 

* Estimated Accruals (Cash Flow for Next 3 Months) 

HOME OFFICE 

" Activities (Completed and Proposed) 

" Problems 

" Constraint.s 

* Recommended Solutions 

* Actions Required 

* Budget and Schedule Analysis 

* Estimated Accruals (Cash Flow for Next 3 Months) 

IV. GC II STAFFING 

V. APPENDICES 
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Task E-500: Special Reports 

It is understood that USAID may, from time to time, request special reports from GC II 
regarding certain project activities. GC II is prepared to respond to those requests if and 
when they may occur. The contents of these reports and the subsequent outline will be 
discussed with USAID prior to initiating any work. 
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SECTION F 

INTERFACES WITH OTHER CONTRACTORS 

This section is prepared to identify all the interfaces and information to be exchanged
between the various contractors USAID has hired or will hire to perform the overall 
Feasibility Study for the Lakhra Project. These contracts are: 

1. 	 Coal Mining Feasibility - John T. Boyd Company 

2. 	 Environmental Monitoring - TAMS 

3. 	 Environmental Assessment - To be named 

4. 	 Social Assessment - To be named 

5. 	 Economic Assessment - To be named 

6. Power Plant Feasibility - Gilbert/Commonwealth International, Inc. (GC II) 

Other contractors or agencies which GC II will interface with are: 

1. 	 Japanese Consultant, TEPSCo, for Jamshoro Oil Fired Unit 

Interfaces with WAPDA, USAID and GC II for the duration of the Power Plant 
Feasibility Study will be on a continuous basis as the project progresses. 

Coal Mining Feasibility - John T. Boyd Company 

GC II has identified the following interfaces and information to be exchanged with Boyd: 

1. 	 Task B-300 Aerial Survey - GC II needs to know the approximate entry loca
tion of coal delivery on the power plant site. 

2. 	 Task B-510 - Fuel Sample Collection and Shipment: 

a. 	 Review with Boyd the developed bulk sampling plans for initial "as 
mined" reference sample from PMDC Mine No. 2. 

b. 	 Boyd will provide proximate, ultimate, ash and other analyses of core 
samples. 

c. 	 Boyd will identify the location in the Lakhra field which has the fuel 
with the highest ash content. 

d. 	 Boyd will identify the location in the Lakhra field which has the fuel 
with the lowest ash fusion temperature. 

e. 	 Boyd will identify the location in the Lakhra field which has the fuel 
with the lowest effective washing potential. 

F-i 
A3 514-SF/G 



f. 	 Boyd will analyze at least three of the 43 odd test cores for the 
following trace metals: In coal; As, Cd, Cr, Cu, Hg, Ni, Pb, Se and Zn. 
In ash; As, Cd, Cr, Cu, Ni, Pb and Se. 

g. 	 Soil boring information collected from the Lakhra field for general
information for potential foundation evaluation. 

3. 	 Task B-600 - Coal Washability Analysis: 

a. 	 Boyd will provide the results of the sink/float tests run on the coal 
samples taken from the test shaft. 

b. 	 GC II will provide Boyd with the results of sink/float tests and coal 

washing tests from the 3 ton PMDC Mine No. 2 sample. 

Environmental Monitoring Contractor - TAMS 

GC II has identified the following interfaces and information to be exchanged with 
TAMS in these areas: 

1. 	 Task C-320 - Environmental Aspects: 

a. 	 TAMS will provide surface water quality for environmental and water 
treatment parameters. 

b. 	 TAMS will provide groundwater quality for environmental parameters. 

c. 	 TAMS will provide ambient air quality and meteorologic data including: 
wind speed, wind direction, sigma theta, inversion height, tempera
ture(s), precipitation, solar radiation, NOx, SO 2, TSP and CO. 

Environmental Assessment Contractor - To be named 

GC II has identified the following interfaces and information to be exchanged with this 
contractor:
 

1. 	 Task C-320 - Environmental Aspects: 

a. 	 GC II will provide this contractor with the following data so he can 
computer model the plume dispersion of the flue gas from the stack: 
Analysis and quantity of flue gas, temperature, exit velocity from the 
stack, NOx concentration, S02 concentration, particulate concentra
tion, stack height, building height(s) aod site layout. 

b. 	 This contractor will provide GC II the centerline ground level 
concentration for NOx, S02 and particulate as a function of distance 
from the stack. 

2. 	 Task C-410 - Soil, Water and Climate Characterization. This contractor will 
provide the following meteorological data: 

a. 	 Year temperatures (highs and lows) 
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b. 	 Annual rainfall 

C. 	 Average and maximum relative humidity 

d. 	 Design wet bulb and dry bulb temperatureg 

e. 	 Direction, speed and percentage of occurrence for prevailing wind 

f. 	 Naturally occurring fugitive dust, (note: some of this information may 
be obtainable from the Office of the Director General of Meteoro
logical Services in Karachi -and WAPDA Surface Water Hydrological 
Report (1960-1979)). 

3. 	 GC II will provide layouts, design operating characteristics of other plant 
systems of environmental concern to facilitate environmental impact 
assessment. 

Social Assessment Contractor - To be named. 

GC H1does not have any identified interfaces or information to be exchanged at this 
time. 

Economic Assessment Contractor - To be named. 

GC II has identified the following interfaces and information to be exchanged with this 
contractor: 

1. 	 Task C-440 Capital Cost - GC I will provide a cost estimate divided into the 
major areas identified in this task. 

2. 	 Task C-447 Generation Planning, Capital and Operating Cost Analysis - GC II 
will provide a cost for each of the following: 

Capital Expenses
 
Operation and Maintenance Expenses
 
Fuel Expenses
 
Interest Expenses 

Tokyo Electric Power Services Co., Ltd., The Consultant for Jamshoro Unit 1 

GC II has identified the following interfaces and information to be exchanged with this 
contractor: 

1. 	 Task B-200 Coordination with TEPSCo: 

a. 	 Obtain available topogaphic and soil information. 

b. 	 Layout(s) of oil fired plant. 

c. 	 Analyses of Indus River, cooling water, tap water, local limestone and 
groundwater. 
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d. 	 Anticipated stack emission characteristics and pertinent operating data 

of tho oil fired 250 MW unit. 

2. 	 Task B-400 Site Ground Survey: 

a. 	 Available site mapping information. 

b. 	 Available hydrological information on presence, usability and 
sensitivity of site groundwater. 

3. 	 Task C-405 Mapping - TEPSCo will provide information on existing and 
planned roads and railways plus existing or planned site development for the 
oil-fired unit(s) to be sited at Jamshoro. 

4. 	 Task C-420 Site and Plant Layout: 

a. 	 Circulating Water System - Investigate using common screenhouse on 
the Indus ano piping corridor from river to power plant. 

b. 	 Infrastructure - Obtain TEPSCo's plans for the infrastructure for the 
oil-fired power plant to integrate the infrastructure for the Lakhra 
lignite-fired unit. 
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