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INTRODUCTION

As to direct result of the properties of effluent emanating from wool scouring,
anaerobic digestion was considered as the most appropriate remediation
technology for the following reasons:-

e The process is capable of treating high strength wastes
¢ The end products of the process are useful gases

e Biochemical mechanisms under anaerobic conditions are known to
impact on chemical species such as Lindane which are present in wool
scouring effluent.

The commercial evaluation of the process requires that several key questions be
answered. These include:-

¢ will the process impact on the target substrates

¢ what loading rates can be achieved and hence what are the reactor
sizes required,

e can the process be easily controlled in practice

e can the biomass be contained within a reactor to render the system
comunercially feasible

e what are the concomitant economics.

In order to address these questions a lengthy study needs to be carried out which
is the subject of this project.

This report details the work and results carried out over an initial three month
period which assesses whether or not anaerobic digestion impacts on the target
substrates and to indicate whether the system is capable of further development
leading ultimately to full beneficial and economically attractive commercial
application.



SUMMARY OF FINDINGS
‘The application of anaerobic processing to wool scouring effluent fulfilled all of
our expectations with regard to its pollutive remediation capabilities.

Based on effluent provided by Haworth Scouring and on daily results the system
was found to:-

¢ Remove up to 96.9% of the COD load
¢ Remove Lindane to a very low level (1ppb)
¢ Reduction of COD appears to conform to a standard kinetic model

o The process has the potential for considerable improvement.



THE NEXT STEPS

As outlined in the Introduction, this project has several distinct components with
regard to developing adequate information for the design of a commercially
attractive pollution remediation route for the wool scouring industry.

This initial overview of anaerobic treatment of wool scouring effluent
demonstrated that the process has good potential for the solution of wool
scouring environmental problems, It has identified that the process efficiency
not only demonstrates a high remediation capability but the manner in which
those efficiencies are achieved would appear to obey classical scientific theory.

The next step is to carry out detailed microbiological research in order to achieve
the following:

¢ To optimise the biological consortia in terms of comumunity dynamics
with regard to the target functions

o To determine the most favourable processing parameters in the
interest of process efficiency (eg. temp, pH, etc.)

o To determine the properties of that developed consortia, We refer in
particular to loading rates, reaction kinetics etc. so that a meaningful
plant design criteria may be produced

¢ Toidentify the technology required for the containment of the
microbiological consortia so that effective reactor internals may be
applied :

e To commence process engineering research and in particular process
modelling using Computational Fluid Dynamics simulation software.

¢ To design a suitable pilot plant to demonstrate the process on-line and
to allow particular engineering problems to be addressed facilitating
the full scale implementation of the process.



BIOCHEMICAL SCHEMATIC OF ANAEROBIC DIGESTION
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LABORATORY METHODOLOGY

4.1

4.2

Objectives

To acclimate a broad spectrum anaerobic biomass to wool scouring
effluent and then to overview its properties. In the first instance those of
specific interest were COD and Lindane removal.

Theory

A very simple description of the anaerobic process is offered in schematic
form on the opposite page.

This diagram broadly describes the process at the molecular level and
demonstrates the close relationship between the various bacteria
responsible for the conversion of complex organic molecules to smaller
molecular weight gaseous products Carbon Dioxide and Methane. The
process is complex but may be broadly classified as follows:

e Macro molecules are converted to smaller soluble chemical species

e These small molecules are utilised by acid forming bacteria to
produce acetic acid or higher molecular weight fatty acids eg.
Butyric and Propionic

e Acetogenic bacteria convert the higher fatty acids to acetic acid

¢ The Methanogenic bacteria then utilise the acetic acid to produce
Methane. Methane is also produced from hydrogen and Carbon
Dioxide.

In our experience, the most susceptible group of organisms to process
shocks are the Methanogens and it becomes clear from the diagram
opposite that in the event of a sudden feed overload that an excess of
substrate is presented to the hydrolytic and acid forming bacteria resulting
in a rapid increase in volatile acid levels in the fermenter. This is because
the slower to respond Methanogens are unable to metabolise the increase
substrate levels fast enough. This results in a lowering of pH because of
the build up of volatile acids and brings about feed back inhibition of the
Methanogens and ultimately system failure.
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Because of the short time period given to the initia] phase of this study the
anaerobic process components cannot be fully elucidated. Such important
issues as to whether a particular step is rate limiting when the biomass is
confronted with wool scouring effluent, whether there are any major
inhibitory chemicals present etc. will be addressed later in the work
programme.

At this point we are evaluating whether or not the anaerobic process
offers any potential for subsequent process development so the consortia
has to be protected against process excursions in order to get a proper
view of the biomass’s potential.

This approach will answer the key questions which include:

¢ Is COD removed?

What is the expected maximum removal rate?

Is the removal mechanism understood?

Is Lindane removed?

Apparatus

The apparatus used for this work was an enclosed § litre glass vessel fitted
with continuous stirring, level and temperature controls a calibrated feed
pump and a simple siudge recycle system. Gas monitoring was carried out
using a W.R.C, gas meter connected to the reaction vessel,

Method

Biomass was added to the reaction vessel so that approximately 4.5 litres
of liquid contained 10 &/l mixed liquor Suspended Solids. The system was
continuously stirred and maintained at a temperature of 35°C wool
scouring effluent was fed to the reaction vessel via calibrated feed pump
at arate that maintained stable process conditions. Liquid overflowing
from this vessel was passed to a small glass container where the biomass
was allowed to settle and subsequently be returned to the reaction vessel,



During the study period the following parameters were monitored:-

ph in and out

COD in and out

Gas production

Gas methane content

Suspended Solids in and out
Reactor contents alkalinity

Reactor contents total volatile acids
Lindane in and out

pH was not controlled since the effluent samples received were already
very alkaline. On dilution, necessary because of the very high COD
concentration, the pH fell to a level reasonably suitable for this process.

The alkalinity of the reactor contents were maintained at approximately
1000 ppm and wool scouring effluent feed rates controlied to maintain
volatile acid levels at below 200 ppm.

At the loading rates experienced no major problems were observed with
the process so nutrients were not evaluated at this stage, it appeared that
the effluent source contained adequate nutrients for this part of the
project.



INTERPRETATION OF RESULTS

Theory:

The scientific theory that is relevant to biological processes is that shown below
which is the Michaelis Menton equation. This demonstrates g clear relationship
between substrate concentration and reaction velocity in enzyme related systems.

v= Vmax[s]

Km + [s]
Where v S The rate of the reaction
Vmax = The limiting rate
[s] = The substrate concentration
Km = The Michaelis constant

Whilst this relationship is determined classically for molar concentrations of
discrete substrates and known ehizyme systems the model should sti] relate to

Rearranging the equation and incorporating [a] in place of [s] to a more
convenient form we have



If [a] is plotted against a/v for an enzyme system the following should be the
result.

&y
v
yd
- Slope = U
Km e
Vimax /
-~
- Km [a]

An additional problem in using the Michaelis Menton equation to analyse the
study results is the measurement of velocity.

During the study different loads were applied to the laboratory unit and removal
rates measured daily. In order to overcome this problem the results obtained
were all converted to unit COD removed per unit applied for each of the COD
concentrations applied.

This approach was thought to be satisfactory because it was clear that the
biomass volume in the digestor was in a steady state condition ie. constant mixing
etc and that the system was not loaded to its maximum with regard to load of
COD applied per day, implying that excess catalytic capacity was always available
(ie. appropriate enzymes).

Process Analysis:

The first step in analysing the process data was to calculate the required
parameters for incorporation into the model discussed above. This has been
carried out and is tabulated in Appendix II ie. COD removed by the system in
grams per day.

On obtaining the COD removal data it was transformed into grammes per day
removed divided by grammes per day applied to give the required [v] value
discussed above. This was tabulated against the associated concentrations of
COD applied figure which was [a] above. a/v was then calculated and the data
arranged in ascending order of COD concentration applied. The table of this
data is offered in Appendix II but a/v has been multiplied by 100 which
corresponds to percentage removal in the final result.



figure also corresponds to percent remova) of COD per day, a plot of applied
COD concentration against COD removed Was carried out and is offered in
Appendix II. It clearly demonstrates the process performance.

The resulting mathematical process mode] was:-

% COD removal &2 = CODmo 1x0,9691
1160 + COD mg/l




CONCLUSIONS

The conclusions of this brief initial study may be concisely stated as follows:-
COD removal

COD was effectively removed by the acclimated biomass without major difficulty
at the loading rates applied. The maximum removal rate expected was 96.9%
each day.

The removal rates experienced during the study were related to concentration of
substrate applied as predicted by a classical kinetic model.

No serious inhibition of the process under the study conditions was experienced.
Gas Production

The gas production predicted by theory was not often observed during the study.
The equipment used at this stage was fairly basic and resulted in gas losses. As
this was not a major issue at this stage it was not seen as important. However,
this will be addressed in the next stage when mass balances will be produced but
using far more sophisticated equipment.

Lindane Removal

The process removed Lindane effectively demonstrating that Lindane
biodegraders were present in the consortium This aspect of the process was not
studied in any depth. It will be a major element in the next stage of the research,
when the detailed microbiology of the system is described.

Suspended Solids

During the study the Suspended Solids built up in the reactor at a rate that
exceeded expectations. At this stage it is suspected that this excess material is the
result of inorganic debris entering the system and is not due to biological growth.

10



the following:

® {0 optimise the biological consortia in terms of community dynamics
with regard to the target functions

® 1o determine the most favourable Processing parameters in the
interest of process efficiency (e.g. temp, pH, etc)

® to determine the DProperties of that developed consortia, We refer in
particular to loading rates, reaction kinetics, etc., so that a meaningful
plant design criteria may be produced

* toidentify the technology required for the containment of the

microbiological consortia so that effective reactor internals may be
applied

the full scale implementation of the process.
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Activities 2 to 4 will be addressed using laboratory fermenters operated under
continuous flow conditions. By observation of the enclosed anaerobic schematic
it becomes clear that the key stage of interest is that which may be broadly
defined as acidogenic. In order to study this in some detail the following
fermenters will be commissioned,

Two prehydrolysis reactors, one fully mixed and the other partially packed
followed by three methanogenic second stage reactors. At this point in time
these will consist of upward flow sludge blanket, fluidised bed and partially
packed reaction vessels. The performance of each stage of the process will be
optimised as the scientific work and data production proceeds.

12



APPENDIX

RAW DATA FROM TRIAL

(Graphs and Tabulations)
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WOOLSCOURING PART 1
Effluent source: Hawarth Scouring
Single Stage Anaerobic Digester

COD conc, effect,

n
W
—
[da]
=

19 588¢
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2@ 7640
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WOOLSCOURING PART 1
Effluent source:Hawarth Scouring
Single Stage Anaerobic Digester

COD conc. effect cont.

Dav No COD mg/l COD meg/sl
in out
45 114409 1529
11379 1520
11210 1520
11210 152¢
11219 1529
5@ 11219 1520
11219 1529
11219 152@
11210 1520
2280 1736
55 3280 1736
8282 1736
8280 1736
23280 1736
8280 1736
21%] 2288 1736
3280 1736
828@ 1736
8289 1736
828@ 1736
65 3280 1736
7699 1536
7699 1536
6398 1916
o@90 1756
7@ 7870 1796
7870 1756
7870 1756
5650 1112
5650 1112
75 5300 1029
5300 1920
8568 1628
8560 1688
856@ 1608
30 7060 1246
790609 1246
6579 1732
657@ 1732
6559 1364
85 5559 1364
65559 1364
5849 1120
5840 1189
7380 984

99 738@ 984
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WOOLSCOURING PART 1

Effluant =zource:Hawarth Scouring
Single Stage Anaerobic Digester
as FProduction

Cav No Zaz Yield Expected Methane¥
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WOOLSCOURING PART 1
Effluent source:Hawarth 5couring
Single Stage Anaerobic Digester

Zas Production cont.

Day No Zas Yield Expected Methane?,
L/daxw vield
435 236 2.4304
L 236 1.379
@ 1.3566 b23%]
. 3399 1.81745
. 33915
5@ .76 1.3566
76 1.3566
76 1.3566
.76 1.3%66
. 684 @
55 .57 68712
.513 1,1452
. 467 1.37424
L4687 1.37424
467 1.37424
6@ . 467 1.37424
467 1.37424
. 285 68712
. 399 .B8712
. 304 68712
55 . 304 68712
. 304 64617
. 342 ‘ . 64617
. 285 . 710386
. 228 . 39338
7@ . 285 .54197
. 285 .64197
. 285 64197
. 285 . 58149
. 399 .58149
75 . 399 . 4494
.42 1.0486
42 1.70324
42 1.70324
.38 2.18988
20 . 342 1.42443
. 456 1.83141
513 1.52397
.38 1.5%2397
.38 1.63359
85 .38 1.452e8
.32 1.45288
.32 1.6872
.32 1.8081
.38 1.79088
3@ 32 1.56702
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WOOLSCOURING PART 1
Effluent source:Hawarth Scouring
Single Stage Anaerocbic Digester

Suspended Solids conc. effect,

Dav Ne 55 mg/l 55 me/sl
in out
@ @ @
292@ Gl@
2920 519
2649 53¢
2649 830
5 34009 729
3429 720
34909 728
Z850 720
2180 72@
1 2189 720
2188 729
39069 710
3060 710
3069 713
15 2700 570
2700 570
2940 590
2940 590
2500 770
20 2509 770
2500 778
526@ 570
5260 67@
3569 61@
25 3569 SN
3568 612
3420 590
3429 399
3600 510
38 3000 31¢@
39060 730
3060 730
2820 51@
2820 510
35 2820 51@
4760 479
4760 473
4760 470
4760 47
4@ 4629 33@
4629 830
45620 830
4620 830



WOOLSCOURING PART 1
Effluent source:Hawarth Scouring
Single Stage Anaercbic Digester

Suspended Solids conc. effect cont.

Dav No 55 mg/l 55 mg/sl
in out
45 h300@ 19070
6320 1070
5229 1929
5220 19029
5220 1929
5@ 5220 1020
52209 1929
522¢ 1920
522 1920
2320 530
35 2320 5309
2320 530
2329 539
2320 53@
2320 539
5@ 2320 539
2320 539
2320 530
2329 538
232¢ 530
65 _ 2329 530
2729 670
2729 679
2860 700
2860 708
78 1700 700
1700 700
1700 760
1520 838
1528 830
75 1620 770
1620 770
2260 719
2269 719
2260 719
8@ 2400 840
2400 849
1900 630
1900 630
2220 1350
85 2229 1359
2220 1350
2349 1310
2349 1310
2400 1460

90 2409 1460
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WOOLSCOURING PART 1
Effluent source:Hawarth Scouring
Single Stage Anaerobic Digester

Process Parameters

Day No pH pH Alk mg/l TVA mg/l
in out out
@ @ @
3 8.5 1120 120
8 8.5
8.3 8.5 1040 122
8.3 8.5
5 8,2 8.3 1029 198
8.2 8.3
8.2 8.3
8 7.8 1020 128
3.4 8.3 1149 132
10 8.4 8.3
8.4 8.3
8.2 8.5
8.2 8.5
8.2 8.5
15 7.9 8.4 1929 96
7.9 8.4
8.2 8.3 980 156
8.2 8.3
7.5 8 19020 399
20 7.9 8
7.5 8
8.5 8.5 1000 156
8.5 8.5
8.4 8.3 1209
25 8.4 8.3
8.4 8.3
3.4 8.4 1280 156
8.4 8.4
8.4 8.4 1125 135
30 8.4 8.4
8.2 8.3 920 120
8.2 8.3
7.7 8.5 1162 149
7.7 8.5
35 7.7 8.5
7.8 3 1029 144
7.8 8
7.8 8
7.8 8
40 8.3 8.5 11409 144
8.3 8.5
8.3 8.5 1149 144
8.3 8.5
8.3 8.5



INo

]

-l

N

i

b._c__ox_{lmk_mumck_o\_oa $8200.d

L LdVd ONIYNODST00M

000G

0001

00G 1

/B oy



WOOLSCOURING PART 1

Effluent source:Hawarth Scouring

Single Stage Anaerobic Digester

Process Parameters cont.

Day No

Alk mg/l TVA me/l
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WOOLSCOURING PART 1
Effluent source:Hawarth Scouring
Single Stage Anassrohic Digester

Lindane Removal [epbl

Pav No Lindane Lindane

1@

15

34 14
29

3@

35

46

Lindane

)
rJ

Lindana
snat out
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APPENDIX II

COD REMOVAL EFFICIENCY

(Graphs and Tabulations)







WOOLSCQURING PART 1
Eff luent source:Hawsrth Scouring
Single Stage Anaerobic Digestar

Process EfficienC?—CDD

2 i 12200 3 a @
1 13200 3.532 258 8.662
3 13209 2,859 L2694 2.598¢8
2 15850 1.4396 . 1888 1.3972
1 15850 7.48 . 344 5.5385
=l 1.1 1585@ 19.129 . 9284 3.182&
1.3 15350 11,347 1.@3972 1@.3438
1.3 1585@ 11.347 1.0972 1@.24398
1.3 13850 3.373 1,17 3.203
1.1 12750 7.568 39 6.578
1@ 1.2 13759 8.258 1.8 7.178
1.1 12750 7.568 .39 5.578
1 13759 2.11 1.91 7.1
W7 13750 5.877 . 707 4.37
.7 13759 3.677 . F@7 4,97
15 .7 1375a 4.529 5288 4.0082
) 1375a 3.882 . 4484 3.4358
.5 15750 3.305 4215 2.90825
| 1575¢ 5.61 .8@3 5.8@7
.E 15750 4.524 4044 4.179¢
20 .7 1575@ 5.348 . 4718 4.8762
V7 15758 9.348 L4718 4.8782
i 15750 7.728 . 43986 7.2884
.5 15750 5.524 .314 5.21
.3 13650 5.405 507 4.838
25 .5 13650 5.405 . 5@7 4.898
) 136850 5.488 .6084 5.8778
.7 13650 6.132 . 5908 5.541z
.7 13650 5.132 .39¢8 5.5412
7 13659 5.313 .5132 4.6338
E10] .7 13850 5.313 .B132 4.6998
.7 1325¢ 4.897 5768 1.1202
.7 1325¢@ 4.697 . 3768 4.12092
.7 1325¢@ 5,201 . 5908 4.6192
.8 13259 D.944 6752 S.2688
35 .8 13250 5.344 5752 5.2688
.8 3809 5,112 672 5.44
.7 3800 3.348 .588 4.76
7 3809 3.348 . 588 4.76
.7 9200 5.3248 <588 4.75
40 3 200 4.54 .B38 3.902
3 200 2.724 - 3828 2.3412
.3 330@ 2.724 . 3828 2.3412
.7 3820 5,355 . 8332 20,4628
.7 3300 b.356 . 8932 5.4628



WOOLSCOURING PART 1
Effluent source:Hawarth Scouring
Single Stasge Anaerocbic Digester

Process Efficiency-COD cont.

Day No Vol.l/d MLSS mg/1COD g/d COD g/d COD g/d

in out rem
45 .7 9ROD 8.008 1.964 £.944
.4 393900 4.548 . 608 3.94
.4 9303 4,484 .6@8 3.876
.3 9803 3.363 . 456 2.907
| JR02 1.121 . 152 , 969
5@ .4 3380 4.484 . 688 3,876
.4 3809 4,484 .508 3,876
L4 9809 4,484 .608 3.876
.4 3800 4,484 .68 3.876
5] 3800 @ 1] @
595 .3 JRPD 2,484 5208 1.9832
.8 98@@ 4.14 . 868 3.272
.B 3839 4,968 1.0416 3.9264
.b6 3800 4.968 1.0416 33,9264
.5 9R0G 4,968 1.84186 3.9264
6@ .B 9800 4.968 1.2416 3.9264
. B 98@9 4.9868 1.24186 3.9264
.3 9820@ 2.484 .5208 1.9632
.3 9800 2.484 .5208 1.9632
.3 9803 2.484 L5208 1.9632
£5 .3 3800 2.484 L5288 1.9632
.3 980@ 2.307 . 4608 1.8462
.3 980 2.307 . 4608 1.84862
.4 14700 2,436 L AP64 2.0296
.2 1470@ 1.218 .35812 . 8668
70 .3 14700 2,361 .5268 1.8342
.3 1470 2.361 .5z268 1.8342
.3 14709 2.361 . 5268 1.8342
.3 14709 1.995 . 3336 1.6614
.3 14700 1.995 . 3336 1.6614
75 .3 13500 1.59 . 306 1.284
.7 13580 3.71 .714 2.996
.7 13509 5.992 1.1256 4,8664
i 13599 5,992 1.1256 4.8664
= 13509 7.704 1.4472 6.2568
89 7 13500 4.942 . 8722 4.0698
.9 13500 6.354 1.1214 5,.2326
.9 1550@ 5,913 1.5588 4.3542
.9 15508 5.913 1.5588 4.3542
.9 19500 5.895 1.2276 A,.6674
25 .8 15509 5.24 1.8912 4.1488
.8 15500 5.24 1.8912 4,1488
.8 15500 5,472 88 4,592
.9 15500 5.196 .99 5.166
.8 18900 5,904 . 7872 5.1188
9@ .7 183900 5,166 ,6888 4,4772
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WOOLSCOURING PART 1
Effluent source:Hawarth Scouring
Single Stage Anaerobic Digester

oD removal analysis [a]l=C0OD0mg/1l applied
[v1=C2Dg rem/g app/dav

fal {v] Ia/v1/1@¢
2 @ @

[S30@ L Bp7RAT2 E5.53084
5300 L BQ75472 £5.63084
S@30 . 3331891 73.,39440
k=15 L, 711R585 8/, 57476
5472 . RA5P077 73.19671
£470 . BEHQ077 73.18671
552 , 7917557 82.72754
£550 . 7917557 82,72754
5550 . 7817957 82.72754
557 L 72E2RT77H 89, 22055
570 L 7AE3775 89, 22055
661@ - L B785174 75,24049
6610 .8785174 75.24049
6690 8227820 79. 85283
5652 LB327R20 79, 85283
671@ .8771382 76.49354
6710 L. 3771982 76.49354
£840 . 8391813 21.50201
5840 .8391813 81.508@1
5280 . RE91869 79.,15452
5820 .B8691860 79,15452
6288 . 8691860 79. 15452
7060 L 32358127 25, 73031
7068 8238127 125, 73031
7210 LB8751734 82,38368
7388 . 8666667 85,15385
7380 .86EB667 £85.15385
7430 . 8864065 &3,82189
7430 . BBE4065 83.82159
7439 . 8864065 83,82159
7480 . 8737968 25,680343
7480 L 8737968 85,.60343
7590 .B8ADRSO 85, 80295
7590 . 8845850 85, 80295
7540 .9117801 83,.739213
7649 .9117801 £3,79213
7640 .9117881 83,79213
7640 . 8900524 25,83765
7640 . 8900524 85,83765
7640 . 8900524 85.82765
TEAQ . 3900524 85,83765
7690 . Be026@1 96.09376

76390 . 2002601 36.03376



WOOLSCOURING PART 1
Effluent source:Hawarth Scouring
Single Stage Anaerobic Digester

COD removal analysis cont.

{al (vi la/v1/100
7870 . 7768742 121.3034
787 . 7768742 121.3034
7870 . 7768742 101.3034
811@ . 8754624 92.63676
811@ . 8754624 32.63676
8110 . 8754624 92.83676
3280 . 7903382 1904. 7853
8280 . 7903382 1924.7653
8283 . 7903382 124, 7653
828¢ . 7903382 194. 7653
828¢ . 7903382 1@4,7653
8289 . 7903382 14,7653
828¢ . 7963382 124, 7653
828@ . 7903382 1204, 7653
8289 . 7903382 104, 7653
828¢ . 7823382 1904. 7653
8280 . 79083382 124, 7653
3560 8121495 195. 33993
856 . 8121495 195.3993
3560 .8121495 195.3993
8760 . 8036530 36.93987
3760 . 9036530 96.933987
9080 83534714 1905.64863
99088 . 8594714 105.6463
9930 . 8594714 105.6483
99309 . 8594714 195.6463
9980 . 8594714 185.6483
91959 . 3981610 101.1935
31350 . 3081610 191.1935
9139 . 3081610 1901.1935
8530 . 9089192 124.8498
9532 . 9089192 124.84398
12810 . 9061980 119.2896
19810 . 90613980 119.2896
10810 . 9061398¢ 119.28386
11240 . 9431159 117,0588
11948 . 9431571 117.1385
11219 . 86440868 129.6843
11210 . 8644068 129.6843
11210 . 8644068 129.6843
1121@ . 8644968 129.6843
11210 . 8644063 129.6843
11219 . 8644068 129.6843
11219 . 8644068 129.6843
11379 . 8663149 131.2456

11440 . 8671329 131.9239¢
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WOOLSCOURING PART 1

Modelled Process

COD Remowval COD conc.mg/l [al
Y removal [vixtoe

(al la/v1/100 [vI%100

@ 11.97461 )

500 17.12552 29.19619
1060 22.27644 44.89048
1500 27.42735 54.68994
2000 32.578286 61.33@63
2500 37.72918 66.26171
39009 42, 880@9 69.96254
3599 48.03101 72.86959
AQGQ 53.181392 75.21353
4503 58,33283 77.14352
500@ 53.48375 78.76331
5500 68.634565 83 ,13444
520¢ 73.78558 81.31673
6500 78.93649 82.34468
7000 84.0874 83.24872
7500 89.,23831 34.0@4462
8000 94,38923 84, 75543
3533 99.54214 85.39269
99230 124.6911 85.95719
9500 129,842 86.48786
12000 114,9929 86.96189
1950 120.1438 87.39527
11200 125.2947 87.793@2
11500 130. 44586 88.15936
12000 135.5985 88,4978%

Linear correlation of (al against [v1%108 gave : -

A = 11.97481
B = 1.830183E-02
r = 0.9504787

When [(v1*100 = Blal + A
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