
Chapter 6 

ANALYSIS AND DISCUSSION OF EXPERIMENTAL RESULTS 

The results of the experimental study of silt behavior 

performed in this research will now be discussed in terms of 

cavitation and air coming out of solution from pore water 

due to a reduction in pore pressure. The pore pressure 

responses measured in the Q tests will be considered in 

terms of the information presented in Chapter 4. The 

results of the undrained unloading tests will be used to 

consider the pore pressure changes which may occur during 

sampling along with the possible release of air from 

solution due to the pressure reductions. The behavior 

observed in the Q tests performed on specimens trimmed from 

the unloading test specimens will be considered relative to 

cavitation. The results of the Q tests performed in the 

prepressurization study will also be discussed in relation 

to cavitation of soil pore water. The undrained strength 

parameters measured for LMVD silt will be discussed and 

compared. The growth of gas bubbles within the pore water 

of saturated, dilatant silts will be considered in terms of 

its potential influence on the stress-strain behavior of 

these soils in Q tests, and will be related to the stress- 

strain behavior observed in this research. 
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6.1 Analysis of Q Tests with Midheight Pore Pressure 
Measurements 

The results of the Q tests with midheight pore pressure 

measurements will now be discussed and the pore pressure 

reductions measured will be used in further analyses. 

6.1.1 Discussion of Measured Pore Pressures 

The numerous plots of measured change in pore pressure 

vs. axial strain presented in Sections 5.4 and 5.5 showed 

variations in the pore pressure responses and values of pore 

pressure measured in the Q tests performed in this research. 

A number of tests showed erratic pore pressure measurements. 

In most of these tests (UU-1, UU-2, UU-4, UU-5, UU-7, UU-16, 

and UU-23), the erratic pore pressure measurements are 

believed to have resulted from the failure of the rubber 

cement seal where the pore pressure needle passed through 

the rubber membrane. 

When failure of the rubber cement seal occurred, the 

specimens would have experienced drainage to some extent, 

and the assumption that the Q test specimens maintained a 

constant volume throughout the tests would be incorrect. In 

this case, the strengths measured in these Q test would not 

be accurate, and meaningful comparisons of the results from 

these tests with the results of other tests would be 

questionable. In some cases the erratic pore pressure 

ANALYSIS OF RESULTS 381



measurements did not occur until higher values of axial 

strain had been reached. Strength interpretations using 

these tests, at levels of axial strain prior to the 

occurrence of the erratic pore pressure measurements, would 

still appear to be reasonable. Values of peak deviator 

stress, which often corresponded with the occurrence of 

erratic pore pressure measurements, may not be accurate and 

should not be considered in determining the undrained shear 

strength of the soil. 

In one test (UU-13), a failure of the rubber cement 

seal may have occurred as well, because no change in pore 

pressure was measured during the test until after an axial 

strain of about 12 percent. The condition observed in test 

UU-13 also could have possibly resulted from the specimen 

being considerably less than fully saturated or air being 

present within the pore pressure monitoring system. [In this 

situation, as the deviator stress was applied, the free air 

present in the specimen or measuring system would compress 

or expand due to the applied load and a measurable change in 

pore water pressure may not have been detectable until the 

air had dissolved and the specimen had a higher degree of 

saturation. In either case, test UU-13 probably does not 

provide reliable results for an undrained test ona 

saturated specimen. 
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For the ten tests discussed in Section 5.4 in which the 

measured change in pore pressure vs. axial strain behavior 

was reasonable, the test results obtained can be used in 

meaningful comparisons. Figure 6.1 shows the deviator 

stress-strain behavior for the ten Q tests in which 

reasonable pore pressure measurements occurred. Plots of 

the change in pore pressure measured in each test are 

presented in Figure 6.2. 

It can be seen from Figure 6.1 that the deviator 

stress-strain behavior measured in these tests varied 

considerably. All of these tests were performed on remolded 

samples of the same silt. The silt had been Ky consolidated 

from a slurry in a batch consolidometer to an effective 

vertical consolidation pressure, o'y, of 56 psi. When 

tested in Q tests, the saturated specimens would have been 

expected to give the same undrained strength for the soil. 

Based on 10 percent axial strain as a failure criterion 

or a peak in the deviator stress-strain curve before 10% 

axial strain, the total stress Mohr's circles for these ten 

tests have been plotted in Figure 6.3. This figure shows 

that the tests yielded erratic undrained strengths for the 

LMVD silt. Two groups of three circles, however, do 

approach $, = 0, Sy = c envelopes in this plot. The three 

circles from tests UU-12, UU-15, and UU-18, have been 
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Figure 6.1. Deviator stress vs. axial strain relationships 
measured in Q tests in which erratic pore 
pressure measurements were not observed 
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replotted in Figure 6.4. These specimens had void ratios of 

0.531, 0.509, and 0.541. For these three tests, at 10% 

axial strain, the undrained strength of the soil is defined 

by the parameters c = 7.3 psi and $y, = 1.1°. 

Figure 6.5 shows the Mohr's circles for tests UU-3, 

UU-10, and UU-14. These specimens had void ratios of 0.537, 

0.541, and 0.539. From these three Q tests at 10% axial 

strain, the undrained strength of the soil is defined by the 

parameters c = 9.5 psi and $y, = 1.5°. The two undrained 

strength envelopes shown in Figures 6.4 and 6.5 illustrate 

the variation in undrained strength parameters often 

obtained for saturated, dilatant silts. 

As can be seen from Figure 6.2, in the ten tests in 

which erratic pore pressure measurements are felt not to 

have occurred, considerable differences between the measured 

pore pressure responses were observed. The differences in 

the observed pore water pressure responses could possibly be 

due the variations in specimen void ratio. Different void 

ratios would give specimens which tended to dilate to 

different extents during shear. 

All of these specimens were Ky consolidated to the same 

vertical effective confining pressure in the remolding 

process. If the void ratio of the soil was a function of 

the vertical effective consolidation pressure, the specimens 

ANALYSIS OF RESULTS 587



80 | r   

      
  

Total Stress Mohr's Circles 

10% Axial Strain 

60 ULU-12, ULU-15, & UU-18 | 

+r 

40 - = 

S| 
(p ) c = 7.3 psi 

oO 

~, = 1.1 

20 - + 

LAL. | 
Q 20 40 60 80 

O (psi) 

Figure 6.4. Total stress Mohr's circles at 10% axial 
strain for Q tests UU-12, UU-15, and UU-18 
performed on remolded old LMVD silt 
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should have all had similar void ratios initially. Asa 

result, the pore water pressure responses would have been 

Similar for all of the tests. The density and void ratio of 

silts are not necessarily a function of the vertical 

effective consolidation pressure as they are for clays 

(Fleming and Duncan, 1990). Because of this, the void ratio 

of these specimens may have varied even though the samples 

were consolidated under the same vertical effective 

consolidation pressure. Slight variations in void ratio 

were measured for these specimens. These variations in void 

ratio may be the result of both the sensitivity of void 

ratio measurements to error, as well as disturbance effects 

on specimen void ratio. 

Another possibility is that variable amounts of 

undissolved air may have been present in the soil specimens 

or the pore pressure monitoring system. With undissolved 

air present, the measured pore pressures would have been 

different from those measured in a fully saturated specimen. 

Different amounts of undissolved air from one specimen to 

another could have resulted in the observed variations in 

the measured pore pressures. Dissolved air coming out of 

solution from the pore water as pore water pressures 

decreased may have also lead to the observed variations in 

pore pressure response. 
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It is also possible that slight variations in strain 

rate between the different tests may have resulted in the 

observed variations in measured pore pressure. These Q 

tests with midheight pore pressure monitoring were performed 

over a period of about 8 months. Although the strain rate 

was set as close as possible to 1%/min for each test, it was 

not possible to ensure that the strain rate would be the 

same for all specimens tested. Some of the variations 

observed in the measured pore water pressures, may have been 

due to shearing the specimens at slightly different rates. 

Review of Figure 6.2 indicates that the specimens which 

showed the largest ultimate decreases in pore water pressure 

during shear were the specimens tested at higher cell 

pressures. In general, the tests performed at a cell 

pressure of 20 psi had larger maximum decreases in pore 

water pressure than the specimens tested at 10 psi. 

Similarly, the maximum decreases in pore water pressure were 

generally larger in the tests performed at a cell pressure 

of 10 psi than those performed as unconfined compression 

tests. 

The tests with a higher cell pressure would have had a 

higher initial pore water pressure at the start of shear. 

These specimens could have experienced a larger decrease in 

pore water pressure before the pore water pressure would 
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have decreased below atmospheric pressure. When the pore 

water pressure approached atmospheric pressure, gases 

dissolved in the pore water would have been more likely to 

exit solution. In addition, small air bubbles were very 

likely present in the samples when they were first placed in 

the triaxial cell. The specimens tested at higher cell 

pressures should have had smaller air bubbles and therefore, 

have been more fully saturated, giving better pore pressure 

responses. 

The relationship between the measured pore pressure 

responses and specimen void ratio can also be compared for 

tests performed at the same cell pressure. Figure 6.6 shows 

the measured change in pore water pressure vs. axial strain 

relationships for tests UU-10, UU-11, and UU-12. These 

tests were all performed as unconfined compression tests. 

From the results of these tests, it appears that the 

specimen with the largest void ratio, UU-10, had the 

greatest measured decrease in pore water pressure during 

shear. Conversely, the specimen with the smallest void 

ratio, UU-11, experienced the smallest decrease in pore 

water pressure of these specimens. 

This was not what was expected. The specimen with the 

smallest void ratio, UU-11, was the densest and would be 

expected to exhibit a larger decrease in pore water pressure 
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during undrained shear than a looser specimen. This should 

be true if all other variables within the specimens were 

equal. As noted previously, the sensitivity of the 

measurements involved may have lead to variations in 

specimen void ratios being measured. Variations in degree 

of saturation, including trapping different amounts of air 

between the specimen and membrane, may have influenced the 

measured pore pressures. Slight variations in strain rate 

may also have caused the observed differences in the 

measured pore water pressures. Specimen disturbance may 

have varied as well, leading to different pore pressure 

responses being observed. 

Figure 6.7 shows the measured change in pore water 

pressure vs. axial strain relationships for tests UU-8, UU- 

14, and UU-15. These tests were all performed at a cell 

pressure of 10 psi. The results of these tests indicate 

that the specimen with the smallest void ratio, UU-15, had 

an ultimate change in pore water pressure that was between 

that of the other two tests. The other two specimens, UU-8 

and UU-14, had about the same void ratio. Specimen UU-14 

experienced a larger decrease in pore water pressure than 

specimen UU-8, even though the specimens had similar void 

ratios. The relationships between specimen void ratio and 

ultimate change in pore water pressure during undrained 
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shear in these tests were not as expected and may be the 

result of other factors, as discussed above. 

Figure 6.8 shows the change in pore water pressure vs. 

axial strain relationships measured in tests UU-3, UU-6, 

UU-18, and UU-19. These tests were performed at a cell 

pressure of 20 psi. In this case, the specimen with the 

smallest void ratio, UU-6, experienced the largest decrease 

in pore water pressure of the four specimens. The specimen 

with the largest void ratio, UU-18, experienced the smallest 

decrease in pore water pressure during shear. The two other 

specimens, UU-3 and UU-19, had intermediate values of void 

ratio. The magnitudes of the change in pore water pressure 

measured in these two tests were between those of tests UU-6 

and UU-18, but did not increase with decreasing void ratio. 

Of the three different cell pressures used in these 

tests, only the tests performed at 20 psi cell pressure 

tended to show the expected relationship between specimen 

void ratio and magnitude of change in pore water pressure. 

As void ratio decreased, the magnitude of the change in pore 

water pressure tended to increase. The denser specimens 

tended to experience larger decreases in pore water pressure 

than looser specimens with higher void ratios. Other 

factors may have contributed to the inconsistencies in the 

observed pore pressure responses measured in the Q tests 
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performed at a cell pressure of 20 psi, compared to those 

tested at cell pressures of 0 and 10 psi. 

These tests were not originally performed to assess the 

effect of specimen void ratio on the measured pore pressure 

responses. The consolidation pressures used in remolding 

the test specimens were not varied to give different void 

ratios. In addition, the void ratio of low plasticity silts 

may not be a function of the vertical effective 

consolidation pressure (Fleming and Duncan, 1990). The void 

ratios of these specimens did vary, but only over a narrow 

range of values. This makes the assessment of the effect of 

void ratio on pore pressure response difficult. Pore 

pressure measurements in Q tests on silt specimens with a 

wider range of void ratios may allow for a more meaningful 

assessment of the relationship between void ratio and pore 

pressure response in dilatant silts. 

As noted previously, variations in the degree of 

saturation of the specimens may have influenced the pore 

pressure response of the specimens. The remolding of the 

silt slurry in the batch consolidometer resulted in soil 

that was essentially 100 percent saturated. All of the silt 

specimens tested in these Q tests had degrees of saturation 

of 100 percent, based on sample measurements. Even though 

the degree of saturation was measured to be 100%, it is 
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possible that small amounts of air could have been present 

in the specimens that the sample measurements used to 

determine the degree of saturation would not have detected 

(Bishop and Eldin, 1950). 

In addition, in all of the specimens which produced 

reasonable pore pressure measurements, negative pore water 

pressures were measured initially. The measurement of a 

negative pore water pressure or a pore water pressure less 

than the surrounding air pressure indicates the presence of 

surface tension forces within the pore water. Surface 

tension forces act along a water surface in contact with air 

within the pores of the soil and result in a difference 

between the pore air and pore water pressure. The 

relationship between the pore air and pore water pressures 

in soil was given in Eq. 4-29 as (Williams, 1967): 

  

2 43 PB7- B = r «COs 0 (4-29) 

where P, = the pore air pressure, 

Py = the pore water pressure, 

Ts = the surface tension of the water, 

r = the radius of curvature of the air-water 

interface, and 

6 = the angle of intersection between the water 
surface and the soil grains. 

Table 6.1 gives the initial air and pore water 

pressures in these Q test specimens prior to applying the 
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cell pressure. In this table, the initial air pressure has 

been assumed to be equal to atmospheric pressure or a gage 

pressure of 0 psi. The values of pore water pressure were 

measured at the midheight of the specimens. Also presented 

are the values of r which would give the measured difference 

between pore air and pore water pressure for each of these 

tests, determined by Eq. 4-29, assuming 0 = 0. The 

measurement of negative pore water pressure in these 

specimens indicates the presence of air-water interfaces and 

thus, specimens which were not 100% saturated. 

Table 6.1: Initial air and pore water pressure prior to 
cell pressure application, along with calculated 
air-water interface radius, r, for the Q test 
specimens in which erratic pore pressure 
measurements were not observed 

  

  

  

  

  

  

  

  

  

  

  

Test e Pa Py Pa ~Pyw r 
7 (psig) (psig) (psi) (in) 

UU-3 0.537 0 -1.45 1.45 0.000575 
UU-6 0.500 0 -0.89 0.89 0.000938 
UU-8 0.538 0 -1.00 1.00 0.000834 
UU-10 0.541 0 -1.62 1.62 0.000512 
UU-11 0.519 0 -0.93 0.93 0.000896 
UU-12 0.531 0 -1.12 1.12 0.000740 
UU-14 0.539 0 -1.06 1.06 0.000788 
UU-15 0.509 O -1.09 1.09 0.000763 
UU-18 0.541 0 -1.41 1.41 0.000589 
UU-19 0.524 0 -1.11 1.11 0.000751                 

Figure 6.9 shows a plot of P3-Py or suction vs. void 

ratio for the ten UU test specimens listed in Table 6.1. 

From this plot, it appears that the value of P,-Py or the 

suction initially in the specimens tended to increase with 
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increasing void ratio. This may indicate that the specimens 

with higher void ratios had more free air present and lower 

degrees of saturation initially. As discussed in Section 

4.7.1, the value of P,-Py or suction tends to increase as 

the degree of saturation of the soil decreases (Bishop and 

Henkel, 1962). The slightly higher void ratios in these 

specimens may have resulted from more air coming out of 

solution from the pore water during sample preparation. 

This would have lead to lower degrees of saturation and 

higher suctions in the specimens. The range of void ratios 

in these tests, however, is not felt to be great enough to 

draw firm conclusions. 

The values of Pa-P,y given for these Q test specimens in 

Table 6.1, represent the values of residual effective 

stress, 6',, in the soil prior to testing: 

O'r = 03 -u (6-1) 

the residual effective stress in the specimen 

= Pa-Pwr 

' where o'r 

O63 = the applied cell pressure: 03 = 0 psi prior 
to application of cell pressure, and 

u = Py = the initial value of pore water pressure 
measured at the midheight of the Q test 
specimen. 

Because 63 was initially 0 psi, the residual effective 

stress, o'; = -u. The values of residual effective stress 

for these silt specimens varied from 0.89 to 1.62 psi. 
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These values are considerably less than the vertical 

effective consolidation pressure, O'yo, used in 

consolidating the slurry to Ky, conditions in the batch 

consolidometer. During consolidation, the specimens were 

subjected to a vertical effective consolidation pressure of 

about 56 psi. The values of residual effective stress in 

the specimens were only about 1.6 to 2.9% of the initial 

vertical effective stress used in consolidating the 

specimens. These values of residual effective stress will 

be used in further analysis in Section 6.4, where the 

results from the undrained unloading tests will be used to 

apply the perfect sampling approach of Ladd and Lambe (1963) 

to the LMVD silt. 

After increasing the cell pressure on a given specimen, 

the pore air and pore water pressures will have increased. 

The pore air pressure will be assumed to be equal to the 

applied cell pressure, although this may not be totally 

correct. Pore air pressures were not measured within the 

specimens. The cell pressure applied to the specimens was 

measured using a calibration quality pressure gage, so that 

the values of cell pressure applied are felt to be accurate. 

Table 6.2 presents the assumed pore air pressures and 

measured pore water pressures in the Q test specimens, after 

applying the cell pressure to the specimens but prior to 
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shear. Also given are the values of interface radius, r, 

calculated for the given values of air and water pressure. 

Table 6.2: Initial air and pore water pressure and air- 
water interface radius, r, after application of 
cell pressure for the Q test specimens in which 
erratic pore pressure measurements were not 

  

  

  

  

  

  

  

  

  

  

  

observed 

Test 63 Pa Py Pa-Py r 
(psig) (psig) (psig) (psi) (in) 

UU-3 20 20 18.28 1.72 0.000482 
UU-6 20 20 19.43 0.57 0.001447 
UU-8 10 10 8.92 1.08 0.000770 

UU-10 O 0 -1.62 1.62 0.000513 
UU-11 0 0 -0.93 0.93 0.000896 
UU-12 0 0 -1.12 1.12 0.000740 
UU-14 10 10 8.75 1.25 0.000663 
UU-15 10 10 9.01 0.99 0.000838 
UU-18 20 20 18.49 1.51 0.000549 
UU-19 20 20 18.63 1.37 0.000606                 

As can be seen from the values of r given in Tables 6.1 

and 6.2, an air bubble or air-water interface with a very 

small radius is necessary to yield the negative pore water 

pressures measured in the Q test specimens. These values of 

interface radius, however, are up to two orders of magnitude 

larger than values determined using the approximate diameter 

of capillary tubes in soils of =D10, suggested for 

cohesionless soils by Sowers (1979). For the LMVD silt used 

in these tests, D19 from Figure 5.2 varied from 0.0015 to 

0.005 mm (0.000059 to 0.00020 in). A capillary tube 

diameter of =D10 ranges from 0.00001 to 0.00004 in. This 

would give an interface radius, r, ranging from 6x107© in. 
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to 2x107>5 in. The approximate capillary tube radius of 010 

does not account for density variations within the soil. 

The capillary tube diameter can vary with density and pore 

size, as well as soil grain size. In addition to these 

factors, the air-water interface radius, r, can vary due to 

the degree of saturation of the soil and the size of trapped 

air bubbles. 

Although the remolded silt specimens used in these 

tests were consolidated from a slurry with a high initial 

water content, the trimming process resulted in the 

cylindrical surface of the triaxial specimens being exposed 

to the atmosphere. On this surface, numerous menisci could 

have developed in the soil pores at the interface between 

the soil pore water and atmospheric air (Lambe and Whitman, 

1969; Sowers, 1979). 

Variations from test specimen to test specimen in 

factors such as the temperature and relative humidity of the 

air surrounding the trimmed specimens, as well as the time 

between completion of trimming and placing the rubber 

membrane around the specimen in the triaxial cell, could 

have lead to different amounts of evaporation from the 

exposed pore water surface. This would have resulted in 

air-water interfaces of different radii and different 

negative pore water pressures within the different 

ANALYSIS OF RESULTS 605



�s�p�e�c�i�m�e�n�s�.� �V�a�r�i�a�t�i�o�n�s� �i�n� �t�h�e� �l�e�v�e�l� �o�f� �s�p�e�c�i�m�e�n� �d�i�s�t�u�r�b�a�n�c�e� 

�m�a�y� �h�a�v�e� �a�l�t�e�r�e�d� �t�h�e� �s�o�i�l� �s�t�r�u�c�t�u�r�e�,� �t�h�u�s� �i�n�f�l�u�e�n�c�i�n�g� �t�h�e� 

�i�n�i�t�i�a�l� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �a�n�d� �t�h�e� �r�a�d�i�i� �o�f� �t�h�e� �a�i�r�-�w�a�t�e�r� 

�i�n�t�e�r�f�a�c�e�s�.� 

�I�t� �i�s� �e�a�s�y� �t�o� �v�i�s�u�a�l�i�z�e� �t�h�a�t� �a�i�r�-�w�a�t�e�r� �i�n�t�e�r�f�a�c�e�s� �c�o�u�l�d� 

�e�x�i�s�t� �o�n� �t�h�e� �e�x�t�e�r�i�o�r� �c�y�l�i�n�d�r�i�c�a�l� �s�u�r�f�a�c�e� �o�f� �a� �t�r�i�a�x�i�a�l� 

�s�p�e�c�i�m�e�n� �a�f�t�e�r� �t�r�i�m�m�i�n�g� �b�u�t� �p�r�i�o�r� �t�o� �p�l�a�c�i�n�g� �t�h�e� �m�e�m�b�r�a�n�e� 

�a�r�o�u�n�d� �t�h�e� �s�p�e�c�i�m�e�n�.� �P�l�a�c�i�n�g� �t�h�e� �m�e�m�b�r�a�n�e� �a�r�o�u�n�d� �t�h�e� 

�s�p�e�c�i�m�e�n� �w�i�l�l� �u�n�d�o�u�b�t�e�d�l�y� �t�r�a�p� �s�o�m�e� �a�i�r�.� �B�i�s�h�o�p� �a�n�d� �H�e�n�k�e�l� 

�(�1�9�6�2�)� �s�t�a�t�e�d� �t�h�a�t� �t�h�e� �v�o�l�u�m�e� �o�f� �a�i�r� �t�y�p�i�c�a�l�l�y� �t�r�a�p�p�e�d� 

�b�e�t�w�e�e�n� �t�h�e� �m�e�m�b�r�a�n�e� �a�n�d� �s�p�e�c�i�m�e�n� �i�s� �a�b�o�u�t� �0�.�2�%� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n� �v�o�l�u�m�e�.� �F�o�r� �1�.�4�-�i�n�c�h� �d�i�a�m�e�t�e�r� �b�y� �3�-�i�n�c�h� �h�i�g�h� 

�s�p�e�c�i�m�e�n�s�,� �t�h�i�s� �r�e�s�u�l�t�s� �i�n� �a� �v�o�l�u�m�e� �o�f� �t�r�a�p�p�e�d� �a�i�r� �o�n� �t�h�e� 

�o�r�d�e�r� �o�f� �0�.�0�0�9� �i�n�?�.� �I�t� �c�o�u�l�d� �v�e�r�y� �w�e�l�l� �b�e� �t�h�a�t� �t�h�i�s� �s�m�a�l�l� 

�v�o�l�u�m�e� �o�f� �a�i�r� �t�r�a�p�p�e�d� �b�e�t�w�e�e�n� �t�h�e� �s�p�e�c�i�m�e�n� �a�n�d� �t�h�e� �r�u�b�b�e�r� 

�m�e�m�b�r�a�n�e� �p�r�o�v�i�d�e�s� �t�h�e� �n�u�c�l�e�i� �n�e�c�e�s�s�a�r�y� �f�o�r� �a�i�r� �t�o� �c�o�m�e� �o�u�t� 

�o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� �s�a�t�u�r�a�t�e�d�,� �d�i�l�a�t�a�n�t� �s�i�l�t� 

�s�p�e�c�i�m�e�n�s� �a�s� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�s� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� 

�s�h�e�a�r�.� 

�I�n�i�t�i�a�l�l�y� �t�h�e� �s�p�e�c�i�m�e�n�s� �m�a�y� �h�a�v�e� �h�a�d� �a�i�r� �b�u�b�b�l�e�s� �o�f� 

�s�i�m�i�l�a�r� �s�i�z�e� �t�r�a�p�p�e�d� �b�e�t�w�e�e�n� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� �a�n�d� 

�t�h�e� �m�e�m�b�r�a�n�e�.� �F�o�r� �t�h�e� �t�e�s�t�s� �w�h�i�c�h� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �c�e�l�l� 

�p�r�e�s�s�u�r�e�s� �o�f� �1�0� �a�n�d� �2�0� �p�s�i�,� �t�h�e� �a�p�p�l�i�e�d� �c�e�l�l� �p�r�e�s�s�u�r�e� �w�o�u�l�d� 

�h�a�v�e� �d�e�c�r�e�a�s�e�d� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �b�u�b�b�l�e�s� �a�n�d� �f�o�r�c�e�d� �s�o�m�e� �o�f� 
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�t�h�e� �f�r�e�e� �a�i�r� �i�n�t�o� �s�o�l�u�t�i�o�n�.� �T�h�i�s� �w�o�u�l�d� �h�a�v�e� �a�l�s�o� �d�e�c�r�e�a�s�e�d� 

�t�h�e� �v�o�i�d� �r�a�t�i�o� �a�n�d� �i�n�c�r�e�a�s�e�d� �t�h�e� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �t�e�s�t�e�d� �a�t� �1�0� �p�s�i� �a�n�d� �2�0� �p�s�i� �o�v�e�r� �t�h�o�s�e� �t�e�s�t�e�d� �a�s� 

�u�n�c�o�n�f�i�n�e�d� �c�o�m�p�r�e�s�s�i�o�n� �t�e�s�t�s�.� �T�h�i�s� �m�a�y� �t�h�e�n� �h�a�v�e� �r�e�s�u�l�t�e�d� 

�i�n� �h�i�g�h�e�r� �g�u�a�l�i�t�y� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �t�e�s�t�s� 

�p�e�r�f�o�r�m�e�d� �a�t� �h�i�g�h�e�r� �c�e�l�l� �p�r�e�s�s�u�r�e�s�.� 

�I�n� �t�h�e�s�e� �Q� �t�e�s�t�s�,� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�i�n�g� �n�e�e�d�l�e� 

�w�a�s� �i�n�s�e�r�t�e�d� �t�h�r�o�u�g�h� �t�h�e� �r�u�b�b�e�r� �m�e�m�b�r�a�n�e� �a�n�d� �i�n�t�o� �t�h�e� 

�s�p�e�c�i�m�e�n�.� �T�h�e� �n�e�e�d�l�e�-�m�e�m�b�r�a�n�e� �i�n�t�e�r�f�a�c�e� �w�a�s� �s�e�a�l�e�d� �w�i�t�h� 

�r�u�b�b�e�r� �c�e�m�e�n�t�.� �T�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �w�a�s� �t�h�e�n� �i�n�c�r�e�a�s�e�d� �a�n�d� �t�h�e� 

�p�o�r�e� �p�r�e�s�s�u�r�e� �s�h�o�w�e�d� �s�o�m�e� �c�h�a�n�g�e� �o�v�e�r� �t�i�m�e�.� �A�f�t�e�r� �a�p�p�l�y�i�n�g� 

�t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �a�n�d� �w�a�i�t�i�n�g� �u�n�t�i�l� �l�i�t�t�l�e� �t�o� �n�o� �c�h�a�n�g�e� �i�n� 

�p�o�r�e� �p�r�e�s�s�u�r�e� �w�a�s� �o�b�s�e�r�v�e�d�,� �t�h�e� �s�p�e�c�i�m�e�n� �w�a�s� �s�h�e�a�r�e�d� 

�u�n�d�r�a�i�n�e�d� �a�t� �a� �s�t�r�a�i�n� �r�a�t�e� �o�f� �a�b�o�u�t� �1�%�/�m�i�n�.� �T�h�e� �v�a�r�i�a�t�i�o�n� 

�i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �o�c�c�u�r�r�e�d� �a�f�t�e�r� �a�p�p�l�y�i�n�g� �t�h�e� �c�e�l�l� 

�p�r�e�s�s�u�r�e� �c�o�u�l�d� �h�a�v�e� �b�e�e�n� �d�u�e� �t�o� �p�o�r�e� �p�r�e�s�s�u�r�e� �e�q�u�a�l�i�z�a�t�i�o�n� 

�e�f�f�e�c�t�s� �w�i�t�h�i�n� �t�h�e� �s�a�m�p�l�e�.� �I�t� �c�o�u�l�d� �a�l�s�o� �b�e� �t�h�e� �r�e�s�u�l�t� �o�f� 

�t�h�e� �m�i�n�u�t�e� �t�r�a�p�p�e�d� �a�i�r� �p�o�c�k�e�t�s� �c�o�m�p�r�e�s�s�i�n�g� �a�n�d� �a�i�r� �g�o�i�n�g� 

�i�n�t�o� �s�o�l�u�t�i�o�n� �d�u�e� �t�o� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �c�e�l�l� �p�r�e�s�s�u�r�e�.� �W�h�e�n� 

�a�l�l� �o�r� �m�o�s�t� �o�f� �t�h�e� �a�i�r� �h�a�d� �g�o�n�e� �i�n�t�o� �s�o�l�u�t�i�o�n� �t�o� �r�e�e�s�t�a�b�l�i�s�h� 

�e�q�u�i�l�i�b�r�i�u�m� �d�u�e� �t�o� �t�h�e� �a�p�p�l�i�e�d� �c�e�l�l� �p�r�e�s�s�u�r�e�,� �t�h�e� �n�o�t�i�c�e�a�b�l�e� 

�v�a�r�i�a�t�i�o�n� �i�n� �m�e�a�s�u�r�e�d� �p�o�r�e� �p�r�e�s�s�u�r�e� �c�e�a�s�e�d� �a�n�d� �t�h�e� �Q� �t�e�s�t� 

�w�a�s� �p�e�r�f�o�r�m�e�d�.� 
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�I�t� �i�s� �a�l�s�o� �w�o�r�t�h� �n�o�t�i�n�g� �t�h�a�t� �f�o�r� �a� �n�u�m�b�e�r� �o�f� �t�h�e� �t�e�s�t�s� 

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�.�2�,� �t�h�e� �p�l�o�t�s� �o�f� �c�h�a�n�g�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� 

�v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �s�h�o�w� �a� �c�h�a�n�g�e� �i�n� �t�h�e� �s�l�o�p�e� �o�f� �t�h�e� �c�u�r�v�e�s� �a�t� 

�s�o�m�e� �p�o�i�n�t� �d�u�r�i�n�g� �t�h�e� �t�e�s�t�s�.� �A�t� �l�o�w� �v�a�l�u�e�s� �o�f� �a�x�i�a�l� �s�t�r�a�i�n�,� 

�t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �t�e�n�d�e�d� �t�o� �d�e�c�r�e�a�s�e� �m�o�r�e� �r�a�p�i�d�l�y� �t�h�a�n� �i�t� 

�a�i�d� �a�t� �h�i�g�h�e�r� �s�t�r�a�i�n�s�.� �T�h�r�o�u�g�h�o�u�t� �m�o�s�t� �o�f� �t�h�e� �t�e�s�t�s�,� 

�h�o�w�e�v�e�r�,� �t�o� �s�t�r�a�i�n�s� �g�r�e�a�t�e�r� �t�h�a�n� �2�5� �p�e�r�c�e�n�t�,� �t�h�e� �s�p�e�c�i�m�e�n�s� 

�g�e�n�e�r�a�l�l�y� �a�p�p�e�a�r� �t�o� �h�a�v�e� �c�o�n�t�i�n�u�e�d� �t�o� �e�x�p�e�r�i�e�n�c�e� �a� �d�e�c�r�e�a�s�e� 

�i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�u�r�i�n�g� �t�h�e� �t�e�s�t�s�.� 

�T�h�e� �c�h�a�n�g�e� �i�n� �s�l�o�p�e� �o�f� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e�-�s�t�r�a�i�n� �c�u�r�v�e�s� 

�c�a�n� �a�l�s�o� �b�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� 

�o�f� �t�h�e� �s�a�m�p�l�e�s�.� �A�t� �t�h�e� �s�t�a�r�t� �o�f� �a� �t�e�s�t�,� �t�h�e� �m�o�r�e� �r�a�p�i�d� 

�d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �r�e�s�u�l�t�e�d� �i�n� �i�n�c�r�e�a�s�e�d� 

�s�t�r�a�i�n�-�h�a�r�d�e�n�i�n�g� �s�o� �t�h�a�t� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �i�n�c�r�e�a�s�e�d� �m�o�r�e� 

�r�a�p�i�d�l�y� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �s�t�r�a�i�n�.� �A�s� �t�h�e� �t�e�s�t�s� �p�r�o�g�r�e�s�s�e�d�,� 

�h�o�w�e�v�e�r�,� �t�h�e� �s�m�a�l�l�e�r� �d�e�c�r�e�a�s�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �l�e�a�d� 

�t�o� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �r�a�t�e� �o�f� �i�n�c�r�e�a�s�e� �o�f� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� 

�w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �s�t�r�a�i�n�.� 

�S�e�v�e�r�a�l� �o�f� �t�h�e� �t�e�s�t�s�,� �a�f�t�e�r� �e�x�p�e�r�i�e�n�c�i�n�g� �a� �d�e�c�r�e�a�s�e� �i�n� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�,� �u�n�d�e�r�w�e�n�t� �a� �s�l�i�g�h�t� �b�u�t� �g�r�a�d�u�a�l� �i�n�c�r�e�a�s�e� 

�i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�.� �T�e�s�t�s� �U�U�-�3�,� �U�U�-�8�,� �U�U�-�1�0�,� �a�n�d� �U�U�-�1�2� 

�i�n� �F�i�g�u�r�e� �6�.�2� �s�h�o�w� �t�h�i�s� �b�e�h�a�v�i�o�r�.� 

�I�t� �i�s� �n�o�t� �c�e�r�t�a�i�n� �w�h�a�t� �t�h�i�s� �i�n�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �i�n�d�i�c�a�t�e�s�.� �I�t� �c�o�u�l�d� �p�o�s�s�i�b�l�y� �b�e� �t�h�e� �r�e�s�u�l�t� �o�f� �a� 
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�f�a�i�l�u�r�e� �p�l�a�n�e� �f�o�r�m�i�n�g� �i�n� �t�h�e� �s�p�e�c�i�m�e�n� �a�n�d� �t�h�e� �s�i�l�t� �p�a�r�t�i�c�l�e�s� 

�a�l�o�n�g� �t�h�a�t� �p�l�a�n�e� �m�o�v�i�n�g� �i�n�t�o� �a� �m�o�r�e� �c�o�m�p�a�c�t� �o�r�i�e�n�t�a�t�i�o�n�,� 

�y�i�e�l�d�i�n�g� �a�n� �i�n�c�r�e�a�s�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e�.� �B�e�c�a�u�s�e� �t�h�i�s� 

�i�n�c�r�e�a�s�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �w�a�s� �n�o�t� �o�b�s�e�r�v�e�d� �i�n� �a�l�l� �t�e�s�t�s� �i�n� 

�w�h�i�c�h� �f�a�i�l�u�r�e� �p�l�a�n�e�s� �d�e�v�e�l�o�p�e�d�,� �h�o�w�e�v�e�r�,� �t�h�i�s� �d�o�e�s� �n�o�t� �s�e�e�m� 

�l�i�k�e� �a� �c�o�n�s�i�s�t�e�n�t� �e�x�p�l�a�n�a�t�i�o�n�.� 

�A�n�o�t�h�e�r� �p�o�s�s�i�b�i�l�i�t�y� �i�s� �t�h�a�t� �i�n� �t�h�e�s�e� �t�e�s�t�s�,� �c�a�v�i�t�a�t�i�o�n� 

�o�c�c�u�r�r�e�d� �o�r� �a�i�r� �c�a�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �a�n�d� �f�o�r�m�e�d� �b�u�b�b�l�e�s� 

�w�i�t�h�i�n� �t�h�e� �s�p�e�c�i�m�e�n�s� �a�d�j�a�c�e�n�t� �t�o� �o�r� �w�i�t�h�i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� �s�y�s�t�e�m�.� �I�f� �b�u�b�b�l�e�s� �f�o�r�m�e�d�,� �t�h�e� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �m�e�a�s�u�r�e�d� �b�y� �t�h�e� �t�r�a�n�s�d�u�c�e�r� �m�a�y� �h�a�v�e� �b�e�e�n� 

�a�f�f�e�c�t�e�d�,� �g�i�v�i�n�g� �t�h�e� �o�b�s�e�r�v�e�d� �i�n�c�r�e�a�s�e�s� �i�n� �m�e�a�s�u�r�e�d� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e�.� 

�6�.�1�.�2� �E�s�t�i�m�a�t�i�o�n� �o�f� �F�i�n�a�l� �D�e�g�r�e�e� �o�f� �S�a�t�u�r�a�t�i�o�n� �o�f� �Q� �T�e�s�t� 
�S�p�e�c�i�m�e�n�s� 

�F�o�r� �t�h�e� �Q� �t�e�s�t�s� �w�h�e�r�e� �r�e�a�s�o�n�a�b�l�e� �p�o�r�e� �p�r�e�s�s�u�r�e� 

�m�e�a�s�u�r�e�m�e�n�t�s� �o�c�c�u�r�r�e�d�,� �t�h�e� �a�s�s�u�m�e�d� �i�n�i�t�i�a�l� �p�o�r�e� �a�i�r� 

�p�r�e�s�s�u�r�e�,� �t�h�e� �i�n�i�t�i�a�l� �a�n�d� �f�i�n�a�l� �m�e�a�s�u�r�e�d� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�s�,� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�m�e�a�s�u�r�e�d� �d�u�r�i�n�g� �t�h�e� �t�e�s�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �6�.�3�.� �T�h�e� 

�v�a�l�u�e� �o�f� �a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e� �h�a�s� �b�e�e�n� �a�d�d�e�d� �t�o� �t�h�e� �m�e�a�s�u�r�e�d� 

�g�a�g�e� �p�r�e�s�s�u�r�e�s� �t�o� �g�i�v�e� �a�b�s�o�l�u�t�e� �p�r�e�s�s�u�r�e�s�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �B�a�i�r� �(�1�9�9�2�)�,� �s�t�a�n�d�a�r�d� �a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e� 

�a�t� �s�e�a� �l�e�v�e�l� �i�s� �e�q�u�a�l� �t�o� �2�9�.�9�2� �i�n�c�h�e�s� �o�f� �m�e�r�c�u�r�y� �o�r� �1�4�.�7� 
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�p�s�i�a�.� �A�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�s� �a�t� �a� �r�a�t�e� �o�f� �a�b�o�u�t� �1� 

�i�n�c�h� �o�f� �m�e�r�c�u�r�y� �f�o�r� �e�v�e�r�y� �1�0�0�0� �f�t�.� �i�n�c�r�e�a�s�e� �i�n� �a�l�t�i�t�u�d�e�.� 

�T�h�e� �e�l�e�v�a�t�i�o�n� �o�f� �B�l�a�c�k�s�b�u�r�g�,� �V�i�r�g�i�n�i�a� �i�s� �2�0�8�0� �f�t� �a�b�o�v�e� �s�e�a� 

�l�e�v�e�l� �(�T�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �D�i�c�t�i�o�n�a�r�y� �o�f� �P�l�a�c�e�s�,� �1�9�8�8�)�.� �A�t� 

�t�h�i�s� �e�l�e�v�a�t�i�o�n�,� �a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e� �w�o�u�l�d� �t�h�e�r�e�f�o�r�e� �b�e� 

�e�q�u�a�l� �t�o� �1�3�.�7� �p�s�i�a�.� 

�T�a�b�l�e� �6�.�3�:� �I�n�i�t�i�a�l� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e�,� �i�n�i�t�i�a�l� �a�n�d� �f�i�n�a�l� 
�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s�,� �a�n�d� �m�a�x�i�m�u�m� �c�h�a�n�g�e� �i�n� �p�o�r�e� 
�w�a�t�e�r� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �i�n� �w�h�i�c�h� 
�e�r�r�a�t�i�c� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �n�o�t� 
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�o�b�s�e�r�v�e�d� �(�P�3�,�=�1�3�.�7� �p�s�i� �a�t� �V�i�r�g�i�n�i�a� �T�e�c�h�)� 

�I�n�i�t�i�a�l� �I�n�i�t�i�a�l� �F�i�n�a�l� 
�6�3� �P�o�r�e� �A�i�r� �P�o�r�e� �P�o�r�e� 

�T�e�s�t� �(�p�s�i�g�)� �|� �P�r�e�s�s�u�r�e�,� �W�a�t�e�r� �W�a�t�e�r� �A�u�y� 
�P�a�i� �P�r�e�s�s�u�r�e�,� �|� �P�r�e�s�s�u�r�e�,� �(�p�s�i�a�)� 

�(�p�s�i�a�)� �P�w�i� �P�w�f� �P� 
�(�p�s�i�a�)� �(�p�s�i�a�)� 

�U�U�=�-�3� �2�0� �3�3�.�7� �3�1�.�9�8� �1�5�.�3�7� �~�1�6�.�6�1� 
�U�U�-�6� �2�0� �3�3�.�7� �3�3�.�1�3� �1�6�.�4�8�  ��1�6�.�6�5� 
�U�U�-�8� �1�0� �2�3�.�7� �2�2�.�6�2� �1�6�.�3�8� �-�6�.�2�4� 

�U�U�-�1�0� �0� �1�3�.�7� �1�2�.�0�8� �4�.�8�9� �-�7�.�1�9� 
�U�U�-�1�1� �0� �1�3�.�7� �1�2�.�7�7� �9�.�7�3� �-�3�.�0�4� 
�U�U�-�1�2� �0� �1�3�.�7� �1�2�.�5�8� �7�.�5�9� �-�4�.�9�9� 
�U�U�-�1�4� �1�0� �2�3�.�7� �2�2�.�4�5� �1�2�.�0�6� �7�1�0�.�3�9� 
�U�U�-�1�5� �1�0� �2�3�.�7� �2�2�.�7�1� �1�4�.�5�0� �~�8�.�2�1� 
�U�U�-�1�8� �2�0� �3�3�.�7� �3�2�.�1�9� �2�3�.�6�3� �-�8�.�5�6� 
�U�U�-�1�9� �2�0� �3�3�.�7� �3�2�.�3�3� �2�1�.�0�0� �-�1�1�.�3�3� 

�F�o�r� �t�h�e�s�e� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �w�h�e�r�e� �a� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e� �t�o�o�k� �p�l�a�c�e�,� �E�q�.� �4�-�4�1�,� �m�o�d�i�f�i�e�d� �f�r�o�m� �L�o�w�e� �a�n�d� 

�J�o�h�n�s�o�n� �(�1�9�6�0�)�,� �c�a�n� �b�e� �u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �f�i�n�a�l� �d�e�g�r�e�e� �o�f� 

�s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�s�:� 

�P�f� 
 ��_ �� �4�-�4�1� 

�H� �A�u�w� �+� �P�¢� �(� 
�S�f� �=� 
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�w�h�e�r�e� �S�¢� �=� �t�h�e� �f�i�n�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �Q� �t�e�s�t� 
�s�p�e�c�i�m�e�n� �a�f�t�e�r� �a�i�r� �c�a�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� 
�t�h�e� �p�o�r�e� �w�a�t�e�r� �d�u�e� �t�o� �a� �r�e�d�u�c�t�i�o�n� �i�n� 
�p�r�e�s�s�u�r�e�,� 

�P�e� �=� �t�h�e� �f�i�n�a�l� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �o�f� �t�h�e� �f�r�e�e� �a�i�r� 
�i�n� �t�h�e� �v�o�i�d�s� �o�f� �t�h�e� �s�o�i�l� �(�a�s�s�u�m�e�d� �t�o� �b�e� 
�a�b�s�o�l�u�t�e�)�,� 

�H� �=� �t�h�e� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �s�o�l�u�b�i�l�i�t�y� �o�f� �a�i�r� �i�n� �w�a�t�e�r� 
�=� �0�.�0�2� �a�t� �2�0�°�C�,� �a�n�d� 

�A�u�y�=� �t�h�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�d� 
�d�u�r�i�n�g� �t�h�e� �Q� �t�e�s�t�.� 

�I�n� �u�s�i�n�g� �t�h�i�s� �e�q�u�a�t�i�o�n�,� �s�e�v�e�r�a�l� �a�s�s�u�m�p�t�i�o�n�s� �m�u�s�t� �b�e� 

�m�a�d�e�.� �F�i�r�s�t�,� �t�h�e� �e�q�u�a�t�i�o�n� �a�s�s�u�m�e�s� �t�h�a�t� �t�h�e� �s�p�e�c�i�m�e�n� �w�a�s� 

�i�n�i�t�i�a�l�l�y� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d� �p�r�i�o�r� �t�o� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �p�o�r�e� 

�p�r�e�s�s�u�r�e�.� �T�h�i�s� �h�o�w�e�v�e�r�,� �w�a�s� �n�o�t� �t�h�e� �c�a�s�e� �i�n� �t�h�e�s�e� �t�e�s�t�s� 

�b�e�c�a�u�s�e� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �e�x�i�s�t�e�d� �i�n� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �i�n�i�t�i�a�l�l�y�,� �i�n�d�i�c�a�t�i�n�g� �l�e�s�s� �t�h�a�n� �f�u�l�l� �s�a�t�u�r�a�t�i�o�n�.� 

�T�h�e� �s�p�e�c�i�m�e�n�s� �d�i�d�,� �h�o�w�e�v�e�r�,� �h�a�v�e� �h�i�g�h� �i�n�i�t�i�a�l� �d�e�g�r�e�e�s� �o�f� 

�s�a�t�u�r�a�t�i�o�n� �a�n�d� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �t�h�e�y� �w�e�r�e� �i�n�i�t�i�a�l�l�y� �f�u�l�l�y� 

�s�a�t�u�r�a�t�e�d� �s�e�e�m�s� �t�o� �b�e� �a� �r�e�a�s�o�n�a�b�l�e� �a�p�p�r�o�x�i�m�a�t�i�o�n�.� 

�A� �s�e�c�o�n�d� �a�s�s�u�m�p�t�i�o�n� �i�n�v�o�l�v�e�s� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �f�i�n�a�l� 

�p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �i�n� �e�a�c�h� �s�p�e�c�i�m�e�n�.� �T�h�e� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �d�u�r�i�n�g� �t�h�e� �t�e�s�t�s� �b�u�t� �p�o�r�e� �a�i�r� 

�p�r�e�s�s�u�r�e�s� �w�e�r�e� �n�o�t�.� �T�w�o� �o�p�t�i�o�n�s� �e�x�i�s�t� �f�o�r� �e�s�t�i�m�a�t�i�n�g� �v�a�l�u�e�s� 

�o�f� �t�h�e� �f�i�n�a�l� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e�.� �E�i�t�h�e�r� �t�h�e� �f�i�n�a�l� �p�o�r�e� �a�i�r� 

�p�r�e�s�s�u�r�e� �c�a�n� �b�e� �a�s�s�u�m�e�d� �t�o� �b�e� �e�q�u�a�l� �t�o� �t�h�e� �f�i�n�a�l� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�,� �o�r� �i�t� �c�a�n� �b�e� �a�s�s�u�m�e�d� �t�o� �b�e� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �f�i�n�a�l� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �b�y� �t�h�e� �s�a�m�e� �a�m�o�u�n�t� �t�h�a�t� �t�h�e� �i�n�i�t�i�a�l� �p�o�r�e� 
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�a�i�r� �p�r�e�s�s�u�r�e� �w�a�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �i�n�i�t�i�a�l� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�.� �B�e�c�a�u�s�e� �t�h�e� �s�e�c�o�n�d� �p�o�s�s�i�b�i�l�i�t�y� �i�s� �f�e�l�t� �t�o� �b�e� �a� 

�m�o�r�e� �r�e�a�l�i�s�t�i�c� �a�s�s�u�m�p�t�i�o�n� �o�f� �t�h�e� �a�c�t�u�a�l� �c�o�n�d�i�t�i�o�n�s� �i�n� �t�h�e� 

�s�o�i�l�,� �i�t� �w�i�l�l� �b�e� �u�s�e�d� �h�e�r�e� �i�n� �t�h�i�s� �a�n�a�l�y�s�i�s�.� 

�A� �t�h�i�r�d� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �m�u�s�t� �b�e� �m�a�d�e� �i�s� �t�h�a�t� �t�h�e� �s�o�i�l� 

�p�o�r�e� �w�a�t�e�r� �w�a�s� �s�a�t�u�r�a�t�e�d� �w�i�t�h� �d�i�s�s�o�l�v�e�d� �a�i�r� �a�t� �t�h�e� �i�n�i�t�i�a�l� 

�p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e�.� �T�h�i�s� �m�a�y� �b�e� �a� �r�e�a�s�o�n�a�b�l�e� �a�s�s�u�m�p�t�i�o�n� �f�o�r� 

�t�h�e� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �a�s� �u�n�c�o�n�f�i�n�e�d� �c�o�m�p�r�e�s�s�i�o�n� �t�e�s�t�s� �b�u�t� �i�t� 

�m�a�y� �b�e� �u�n�r�e�a�l�i�s�t�i�c� �f�o�r� �t�h�e� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �a�t� �c�e�l�l� �p�r�e�s�s�u�r�e�s� 

�o�f� �1�0� �a�n�d� �2�0� �p�s�i�.� �I�t� �i�s� �u�n�c�e�r�t�a�i�n� �w�h�e�t�h�e�r� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�w�o�u�l�d� �b�e� �s�a�t�u�r�a�t�e�d� �w�i�t�h� �d�i�s�s�o�l�v�e�d� �a�i�r� �a�t� �t�h�e� �h�i�g�h�e�r� �c�e�l�l� 

�p�r�e�s�s�u�r�e�s�.� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�u�r�i�n�g� 

�u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �m�a�y� �h�a�v�e� �t�o� �n�e�g�a�t�e� �t�h�e� �p�o�s�i�t�i�v�e� �p�o�r�e� 

�p�r�e�s�s�u�r�e� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �a�p�p�l�i�e�d� �c�e�l�l� �p�r�e�s�s�u�r�e� �b�e�f�o�r�e� �a�n�y� 

�g�a�s�e�s� �d�i�s�s�o�l�v�e�d� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �w�i�l�l� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n�.� 

�A� �f�o�u�r�t�h� �a�s�s�u�m�p�t�i�o�n� �i�s� �t�h�a�t� �t�h�e� �e�n�t�i�r�e� �v�o�l�u�m�e� �o�f� �s�o�i�l� 

�p�o�r�e� �w�a�t�e�r� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� 

�m�e�a�s�u�r�e�d� �a�t� �t�h�e� �m�i�d�h�e�i�g�h�t� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� �d�u�r�i�n�g� �t�h�e� �t�e�s�t�.� 

�T�h�i�s� �a�s�s�u�m�e�s� �t�h�a�t� �f�u�l�l� �e�q�u�a�l�i�z�a�t�i�o�n� �o�f� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�h�a�d� �o�c�c�u�r�r�e�d� �w�i�t�h�i�n� �t�h�e� �s�p�e�c�i�m�e�n�s� �d�u�r�i�n�g� �t�h�e� �t�e�s�t�s�.� �T�h�i�s� �i�s� 

�u�n�l�i�k�e�l�y�,� �h�o�w�e�v�e�r�,� �b�e�c�a�u�s�e� �s�h�e�a�r�i�n�g� �t�h�e� �s�p�e�c�i�m�e�n�s� �a�t� �a� 

�s�t�r�a�i�n� �r�a�t�e� �o�f� �1�%�/�m�i�n� �i�n� �a� �Q� �t�e�s�t� �i�s� �c�o�n�s�i�d�e�r�a�b�l�y� �f�a�s�t�e�r� 

�t�h�a�n� �t�h�e� �s�t�r�a�i�n� �r�a�t�e� �u�s�e�d� �i�n� �C�U� �t�e�s�t�s�,� �i�n� �w�h�i�c�h� �9�5� �p�e�r�c�e�n�t� 

�e�q�u�a�l�i�z�a�t�i�o�n� �o�f� �p�o�r�e� �p�r�e�s�s�u�r�e� �i�s� �a�s�s�u�m�e�d� �t�o� �t�a�k�e� �p�l�a�c�e�.� �T�h�e� 
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�p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n�s� �m�e�a�s�u�r�e�d� �a�t� �t�h�e� �m�i�d�h�e�i�g�h�t� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �n�e�a�r� �t�h�e� �f�a�i�l�u�r�e� �p�l�a�n�e�,� �w�o�u�l�d� �l�i�k�e�l�y� �b�e� �t�h�e� 

�l�a�r�g�e�s�t� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �s�a�m�p�l�e�.� �A�p�p�l�y�i�n�g� 

�t�h�i�s� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� �t�o� �t�h�e� �e�n�t�i�r�e� �v�o�l�u�m�e� �o�f� �s�o�i�l� 

�p�o�r�e� �w�a�t�e�r� �w�o�u�l�d� �t�h�e�r�e�f�o�r�e� �y�i�e�l�d� �a� �m�a�x�i�m�u�m� �a�m�o�u�n�t� �o�f� �a�i�r� 

�w�h�i�c�h� �w�o�u�l�d� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r�.� 

�T�h�e� �f�i�n�a�l� �a�s�s�u�m�p�t�i�o�n� �i�s� �t�h�a�t� �e�n�o�u�g�h� �t�i�m�e� �w�a�s� �a�v�a�i�l�a�b�l�e� 

�f�o�r� �t�h�e� �a�i�r� �d�i�s�s�o�l�v�e�d� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �t�o� �c�o�m�e� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n� �d�u�r�i�n�g� �a� �Q� �t�e�s�t�,� �d�u�e� �t�o� �t�h�e� �m�e�a�s�u�r�e�d� �r�e�d�u�c�t�i�o�n� �i�n� 

�p�r�e�s�s�u�r�e�.� 

�B�a�s�e�d� �o�n� �t�h�e�s�e� �a�s�s�u�m�p�t�i�o�n�s�,� �t�h�e� �f�i�n�a�l� �d�e�g�r�e�e�s� �o�f� 

�s�a�t�u�r�a�t�i�o�n�,� �S�-�¢�,� �o�f� �t�h�e� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.�3� 

�h�a�v�e� �b�e�e�n� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �E�q�.� �4�-�4�1� �a�n�d� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� 

�T�a�b�l�e� �6�.�4�.� 

�A�s� �c�a�n� �b�e� �s�e�e�n� �f�r�o�m� �T�a�b�l�e� �6�.�4�,� �t�h�e� �r�e�d�u�c�t�i�o�n�s� �i�n� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�d� �i�n� �t�h�e� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �Q� �t�e�s�t� 

�s�p�e�c�i�m�e�n�s� �d�u�r�i�n�g� �s�h�e�a�r� �c�o�u�l�d� �h�a�v�e� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �s�p�e�c�i�m�e�n�s� 

�e�x�p�e�r�i�e�n�c�i�n�g� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e�i�r� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �u�p� 

�t�o� �2�.�2� �p�e�r�c�e�n�t�.� �S�p�e�c�i�m�e�n� �U�U�-�1�0� �c�o�u�l�d� �h�a�v�e� �g�o�n�e� �f�r�o�m� �b�e�i�n�g� 

�1�0�0�%� �s�a�t�u�r�a�t�e�d� �i�n�i�t�i�a�l�l�y�,� �d�o�w�n� �t�o� �a� �m�i�n�i�m�u�m� �o�f� �9�7�.�8� �p�e�r�c�e�n�t�.� 

�E�v�e�n� �t�h�o�u�g�h� �t�h�i�s� �s�p�e�c�i�m�e�n� �h�a�d� �t�h�e� �l�o�w�e�s�t� �e�s�t�i�m�a�t�e�d� �f�i�n�a�l� 

�d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �t�e�n� �s�p�e�c�i�m�e�n�s�,� �i�t� �d�i�d� �n�o�t� 

�e�x�p�e�r�i�e�n�c�e� �t�h�e� �l�a�r�g�e�s�t� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�,� 

�A�u�y�.� �T�h�e� �e�s�t�i�m�a�t�e�d� �f�i�n�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�i�s� 
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�s�p�e�c�i�m�e�n� �w�a�s� �l�o�w�e�s�t� �b�e�c�a�u�s�e� �t�h�e� �s�p�e�c�i�m�e�n� �h�a�d� �t�h�e� �l�o�w�e�s�t� 

�v�a�l�u�e� �o�f� �f�i�n�a�l� �a�i�r� �p�r�e�s�s�u�r�e�,� �P�r�,� �o�f� �t�h�e� �t�e�n� �s�p�e�c�i�m�e�n�s�.� 

�T�a�b�l�e� �6�.�4�:� �F�i�n�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� 
�i�n� �w�h�i�c�h� �e�r�r�a�t�i�c� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� 
�n�o�t� �o�b�s�e�r�v�e�d�,� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �E�q�.� �4�-�4�1� �(�S�8�j�;�=�1�0�0�%�,� 
�H�=�0�.�0�2� �@� �2�0�°�C�)� 
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�F�i�n�a�l� �D�e�c�r�e�a�s�e� 
�P�o�r�e� �F�i�n�a�l� �i�n� �P�o�r�e� 

�P�a�i�n�~�P�w�i� �W�a�t�e�r� �P�o�r�e� �A�i�r� �W�a�t�e�r� �S�¢� 
�T�e�s�t� �P�r�e�s�s�u�r�e�,� �|� �P�r�e�s�s�u�r�e�,� �|� �P�r�e�s�s�u�r�e�,� 

�(�p�s�i�)� �P�w�t� �P�r� �A�u�,� �(�%�)� 
�(�p�s�i�a�)� �(�p�s�i�a�)� �(�p�s�i�)� 

�U�U�-�3� �1�.�7�3� �1�5�.�3�7� �1�7�.�0�9� �1�6�.�6�1� �9�8�.�1� 
�U�U�-�6� �0�.�5�7� �1�6�.�4�8� �1�7�.�0�5� �1�6�.�9�5� �9�8�.�1� 
�U�U�-�8� �1�.�0�8� �1�6�.�3�8� �1�7�.�4�6� �6�.�2�4� �9�9�.�3� 

�U�U�-�1�0� �1�.�6�2� �4�.�8�9� �6�.�5�1� �7�.�1�9� �9�7�.�8� 
�U�U�-�1�1� �0�.�9�3� �9�.�7�3� �1�0�.�6�6� �3�.�0�4� �9�9�.�4� 
�U�U�-�1�2� �1�.�1�2� �7�.�5�9� �8�.�7�1� �4�.�9�9� �9�8�.�9� 
�U�U�-�1�4� �1�.�2�5� �1�2�.�0�6� �1�3�.�3�1� �1�0�.�3�9� �9�8�.�5� 
�U�U�-�1�5� �0�.�9�9� �1�4�.�5�0� �1�5�.�4�9� �8�.�2�1� �9�9�.�0� 
�U�U�-�1�8� �1�.�5�1� �2�3�.�6�3� �2�5�.�1�4� �8�.�5�6� �9�9�.�3� 
�U�U�-�1�9� �1�.�3�7� �2�1�.�0�0� �2�2�.�3�7� �1�1�.�3�3� �9�9�.�0� 
� � 

�I�t� �i�s� �s�t�r�e�s�s�e�d� �t�h�a�t� �t�h�e� �v�a�l�u�e�s� �o�f� �f�i�n�a�l� �d�e�g�r�e�e� �o�f� 

� � 
�s�a�t�u�r�a�t�i�o�n� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�4� �a�r�e� �e�s�t�i�m�a�t�e�s� �b�a�s�e�d� �o�n� �s�e�v�e�r�a�l�]� 

�s�i�m�p�l�i�f�y�i�n�g� �a�s�s�u�m�p�t�i�o�n�s�.� �I�t� �i�s� �n�o�t� �c�e�r�t�a�i�n� �w�h�e�t�h�e�r� �t�h�e� 

�a�s�s�u�m�p�t�i�o�n�s� �m�a�d�e� �a�r�e� �e�n�t�i�r�e�l�y� �r�e�a�s�o�n�a�b�l�e�.� �T�h�e� �v�a�l�u�e�s� �g�i�v�e�n� 

�i�n� �T�a�b�l�e� �6�.�4�,� �h�o�w�e�v�e�r�,� �a�r�e� �f�e�l�t� �t�o� �g�i�v�e� �a� �g�o�o�d� �i�d�e�a� �o�f� �t�h�e� 

�a�m�o�u�n�t� �o�f� �d�e�s�a�t�u�r�a�t�i�o�n� �w�h�i�c�h� �c�o�u�l�d� �h�a�v�e� �p�o�s�s�i�b�l�y� �o�c�c�u�r�r�e�d� 

�d�u�r�i�n�g� �t�h�e� �Q� �t�e�s�t�s�,� �a�n�d� �s�h�o�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d� �u�p�p�e�r� �b�o�u�n�d� 

�v�a�l�u�e�s� �o�n� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �d�e�s�a�t�u�r�a�t�i�o�n� �p�o�s�s�i�b�l�e�.� 

�A�n�o�t�h�e�r� �e�x�a�m�p�l�e� �w�i�l�l� �n�o�w� �b�e� �g�i�v�e�n� �o�f� �t�h�e� �a�m�o�u�n�t� �o�f� 

�d�e�s�a�t�u�r�a�t�i�o�n� �w�h�i�c�h� �c�o�u�l�d� �p�o�s�s�i�b�l�y� �o�c�c�u�r� �i�n� �a� �s�a�t�u�r�a�t�e�d� �s�i�l�t� 
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�Q� �t�e�s�t� �s�p�e�c�i�m�e�n� �u�s�i�n�g� �t�h�e� �e�q�u�a�t�i�o�n�s� �p�r�e�s�e�n�t�e�d� �i�n� �S�e�c�t�i�o�n� 

�4�.�5�.� �T�h�e�s�e� �e�q�u�a�t�i�o�n�s� �a�l�l�o�w� �f�o�r� �t�h�e� �e�s�t�i�m�a�t�i�o�n� �o�f� �t�h�e� �a�m�o�u�n�t� 

�o�f� �a�i�r� �w�h�i�c�h� �c�o�u�l�d� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�o�f� �a� �s�o�i�l� �d�u�e� �t�o� �a� �r�e�d�u�c�t�i�o�n� �i�n� �p�r�e�s�s�u�r�e�.� �I�n� �t�h�i�s� �c�a�s�e�,� 

�h�o�w�e�v�e�r�,� �t�h�e� �i�n�i�t�i�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �Q� �t�e�s�t� 

�s�p�e�c�i�m�e�n� �w�i�l�l� �b�e� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s�.� 

�A�s� �a�n� �e�x�a�m�p�l�e� �o�f� �t�h�e� �a�m�o�u�n�t� �o�f� �a�i�r� �w�h�i�c�h� �c�o�u�l�d� 

�p�o�t�e�n�t�i�a�l�l�y� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� �a� 

�s�a�t�u�r�a�t�e�d� �s�i�l�t� �s�p�e�c�i�m�e�n� �d�u�e� �t�o� �a� �r�e�d�u�c�t�i�o�n� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e�,� 

�c�o�n�s�i�d�e�r� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n� �U�U�-�1�0� �w�h�i�c�h� �w�a�s� �t�e�s�t�e�d� �i�n� �a�n� 

�u�n�c�o�n�f�i�n�e�d� �c�o�m�p�r�e�s�s�i�o�n� �t�e�s�t�.� �I�n� �t�h�i�s� �t�e�s�t� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� 

�w�a�s� �e�q�u�a�l� �t�o� �a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e�,� �o�r� �1�3�.�7� �p�s�i�a�.� 

�T�h�e� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n� �U�U�-�1�0� �h�a�d� �a� �v�o�i�d� �r�a�t�i�o�,� �e�,� �o�f� �0�.�5�4�1� 

�a�n�d� �a� �t�o�t�a�l� �s�p�e�c�i�m�e�n� �v�o�l�u�m�e�,� �V�p�,� �o�f� �5�.�0�9�0� �i�n�3�.� �F�o�r� �a�n� 

�a�s�s�u�m�e�d� �l�a�b�o�r�a�t�o�r�y� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �2�0�°�C�,� �t�h�e� �c�o�e�f�f�i�c�i�e�n�t� �o�f� 

�s�o�l�u�b�i�l�i�t�y� �o�f� �a�i�r� �i�n� �w�a�t�e�r�,� �H�,� �i�s� �0�.�0�2�.� �I�n� �t�h�i�s� �t�e�s�t� �t�h�e� 

�i�n�i�t�i�a�l� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �h�a�s� �b�e�e�n� �a�s�s�u�m�e�d� �t�o� �b�e� �e�q�u�a�l� �t�o� 

�a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e�,� �P�a�;� �=� �1�3�.�7� �p�s�i�a�.� �T�h�e� �i�n�i�t�i�a�l� �a�n�d� 

�f�i�n�a�l� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �w�i�t�h� �a� �m�i�d�h�e�i�g�h�t� 

�p�o�r�e� �p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� �p�r�o�b�e� �a�n�d� �t�r�a�n�s�d�u�c�e�r� �t�o� �b�e� �P�y�j� �=� 

�1�2�.�0�8� �p�s�i�a� �a�n�d� �P�y�r� �=� �4�.�8�9� �p�s�i�a�.� 

�B�e�c�a�u�s�e� �t�h�e� �i�n�i�t�i�a�l� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�a�s� �l�e�s�s� �t�h�a�n� 

�t�h�e� �i�n�i�t�i�a�l� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e�,� �t�h�e� �s�a�m�p�l�e� �w�a�s� �n�o�t� �f�u�l�l�y� 

�s�a�t�u�r�a�t�e�d� �a�t� �t�h�e� �s�t�a�r�t� �o�f� �t�h�e� �t�e�s�t� �a�s� �h�a�d� �b�e�e�n� �i�n�d�i�c�a�t�e�d� �b�y� 
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�t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �s�p�e�c�i�m�e�n� �d�i�m�e�n�s�i�o�n�s�,� �s�p�e�c�i�f�i�c� �g�r�a�v�i�t�y� �o�f� 

�s�o�l�i�d�s� �a�n�d� �s�p�e�c�i�m�e�n� �w�a�t�e�r� �c�o�n�t�e�n�t�.� �T�h�e� �s�p�e�c�i�m�e�n� �h�o�w�e�v�e�r�,� 

�c�a�n� �b�e� �a�s�s�u�m�e�d� �t�o� �h�a�v�e� �h�a�d� �a� �v�e�r�y� �h�i�g�h� �i�n�i�t�i�a�l� �d�e�g�r�e�e� �o�f� 

�s�a�t�u�r�a�t�i�o�n�.� �U�s�i�n�g� �E�q�.� �4�-�2�9� �w�i�t�h� �P�,� �=� �1�3�.�7� �p�s�i�a�,� �P�y� �=� �1�2�.�0�8� 

�p�s�i�a� �a�n�d� �T�e�,� �=� �0�.�0�0�0�4�1�5�4� �l�b�f�/�i�n�;� �t�h�e� �i�n�i�t�i�a�l� �r�a�d�i�u�s� �o�f� 

�c�u�r�v�a�t�u�r�e�,� �r�,� �o�f� �a�i�r� �b�u�b�b�l�e�s� �i�n� �t�h�e� �v�o�i�d�s� �o�f� �t�h�e� �s�o�i�l� �w�a�s� 

�c�a�l�c�u�l�a�t�e�d� �i�n� �T�a�b�l�e� �6�.�2� �t�o� �b�e� �0�.�0�0�0�5�1�3� �i�n�c�h�e�s� �o�r� �0�.�0�1�3�0�3� �m�m�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �S�c�h�u�u�r�m�a�n� �(�1�9�6�6�)�,� �f�o�r� �s�o�i�l�s� �w�i�t�h� �a� �d�e�g�r�e�e� 

�o�f� �s�a�t�u�r�a�t�i�o�n� �g�r�e�a�t�e�r� �t�h�a�n� �8�5� �p�e�r�c�e�n�t�,� �t�h�e� �a�i�r� �p�r�e�s�e�n�t� �i�n� 

�t�h�e� �p�o�r�e�s� �o�f� �t�h�e� �s�o�i�l� �c�a�n� �b�e� �a�s�s�u�m�e�d� �t�o� �e�x�i�s�t� �a�s� �i�n�d�i�v�i�d�u�a�l� 

�b�u�b�b�l�e�s� �l�o�c�a�t�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� �t�h�e� �s�o�i�l�.� �I�f� 

�t�h�e� �s�o�i�l� �i�s� �l�e�s�s� �t�h�a�n� �8�5� �p�e�r�c�e�n�t� �s�a�t�u�r�a�t�e�d�,� �t�h�e� �a�i�r� �p�r�e�s�e�n�t� 

�i�n� �t�h�e� �p�o�r�e�s� �o�f� �t�h�e� �s�o�i�l� �i�s� �b�e�l�i�e�v�e�d� �t�o� �e�x�i�s�t� �i�n� �l�a�r�g�e�r� 

�p�o�c�k�e�t�s� �o�f� �a�i�r� �l�o�c�a�t�e�d� �r�a�n�d�o�m�l�y� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�o�i�l� �p�o�r�e�s�.� 

�H�i�l�f� �(�1�9�5�6�)� �a�n�d� �S�c�h�u�u�r�m�a�n� �(�1�9�6�6�)� �a�s�s�u�m�e�d� �t�h�a�t� �b�e�c�a�u�s�e� 

�p�o�r�e� �s�i�z�e�s� �a�r�e� �s�m�a�l�l� �i�n� �m�o�s�t� �s�o�i�l�s�,� �t�h�e� �r�a�d�i�u�s� �o�f� �i�n�d�i�v�i�d�u�a�l� 

�a�i�r� �b�u�b�b�l�e�s�,� �r�,� �c�a�n� �b�e� �a�s�s�u�m�e�d� �t�o� �b�e� �t�h�e� �s�a�m�e� �t�h�r�o�u�g�h�o�u�t� �t�h�e� 

�e�n�t�i�r�e� �s�a�m�p�l�e�.� �U�n�d�e�r� �t�h�i�s� �c�o�n�d�i�t�i�o�n�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� 

�t�h�e� �p�o�r�e� �a�i�r� �a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �w�i�l�l� �a�l�s�o� �b�e� �t�h�e� �s�a�m�e� 

�e�v�e�r�y�w�h�e�r�e� �i�n� �t�h�e� �s�o�i�l�.� �T�h�e� �s�m�a�l�l� �v�a�r�i�a�t�i�o�n�s� �w�h�i�c�h� �m�a�y� 

�o�c�c�u�r� �i�n� �b�u�b�b�l�e� �r�a�d�i�u�s� �m�a�y� �o�n�l�y� �b�e� �s�i�g�n�i�f�i�c�a�n�t� �w�h�e�n� �t�h�e� 

�b�u�b�b�l�e�s� �r�e�a�c�h� �t�h�e� �s�t�a�g�e� �o�f� �c�o�l�l�a�p�s�e� �(�S�c�h�u�u�r�m�a�n�,� �1�9�6�6�)�.� 

�F�o�r� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n� �U�U�-�1�0�,� �t�h�e� �r�a�d�i�u�s� �o�f� �t�h�e� �a�i�r� 

�b�u�b�b�l�e�s� �i�n�i�t�i�a�l�l�y� �p�r�e�s�e�n�t� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �w�a�s� �e�s�t�i�m�a�t�e�d� �t�o� 
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�b�e� �0�.�0�0�0�5�1�3� �i�n�c�h�e�s�.� �T�h�e� �n�u�m�b�e�r� �o�f� �b�u�b�b�l�e�s� �a�n�d� �t�h�e� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o�t�a�l� �v�o�l�u�m�e� �o�f� �u�n�d�i�s�s�o�l�v�e�d� �a�i�r� �i�s� �m�o�r�e� 

�d�i�f�f�i�c�u�l�t� �t�o� �e�s�t�i�m�a�t�e�.� �I�f� �t�h�e� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �s�p�e�c�i�m�e�n� �d�i�m�e�n�s�i�o�n�s�,� �s�p�e�c�i�f�i�c� �g�r�a�v�i�t�y� �o�f� 

�s�o�l�i�d�s� �a�n�d� �s�p�e�c�i�m�e�n� �w�a�t�e�r� �c�o�n�t�e�n�t� �h�a�d� �b�e�e�n� �l�e�s�s� �t�h�a�n� �1�0�0� 

�p�e�r�c�e�n�t�,� �t�h�e� �v�o�l�u�m�e� �o�f� �f�r�e�e� �a�i�r� �p�r�e�s�e�n�t� �i�n� �b�u�b�b�l�e�s� �i�n� �t�h�e� 

�p�o�r�e� �w�a�t�e�r� �c�o�u�l�d� �h�a�v�e� �b�e�e�n� �e�a�s�i�l�y� �e�s�t�i�m�a�t�e�d�.� �B�e�c�a�u�s�e� �t�h�e� 

�d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �1�0�0� �p�e�r�c�e�n�t� �h�o�w�e�v�e�r�,� 

�t�h�i�s� �a�p�p�r�o�a�c�h� �w�i�l�l� �n�o�t� �w�o�r�k�.� 

�C�o�n�s�i�d�e�r�i�n�g� �t�h�a�t� �t�h�e� �s�i�l�t� �s�p�e�c�i�m�e�n� �w�a�s� �c�o�n�s�o�l�i�d�a�t�e�d� 

�f�r�o�m� �a� �s�l�u�r�r�y� �w�i�t�h� �a� �h�i�g�h� �w�a�t�e�r� �c�o�n�t�e�n�t� �a�n�d� �t�h�e�n� �t�r�i�m�m�e�d� 

�i�n�t�o� �a� �t�r�i�a�x�i�a�l� �s�p�e�c�i�m�e�n�,� �i�t� �i�s� �p�l�a�u�s�i�b�l�e� �t�h�a�t� �f�e�w� �a�i�r� 

�b�u�b�b�l�e�s� �e�x�i�s�t�e�d� �i�n� �t�h�e� �p�o�r�e�s� �w�i�t�h�i�n� �t�h�e� �i�n�t�e�r�i�o�r� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n� �a�n�d� �t�h�a�t� �a�l�m�o�s�t� �a�l�l� �o�f� �t�h�e� �a�i�r�-�w�a�t�e�r� �i�n�t�e�r�f�a�c�e�s� 

�w�e�r�e� �l�o�c�a�t�e�d� �a�t� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �t�r�i�a�x�i�a�l� �s�p�e�c�i�m�e�n� �e�x�p�o�s�e�d� 

�t�o� �a�t�m�o�s�p�h�e�r�i�c� �a�i�r�.� �T�h�e� �t�o�t�a�l� �s�u�r�f�a�c�e� �a�r�e�a� �o�f� �t�h�i�s� �t�r�i�a�x�i�a�l� 

�s�p�e�c�i�m�e�n�,� �n�e�g�l�e�c�t�i�n�g� �t�h�e� �t�w�o� �e�n�d�s� �o�f� �t�h�e� �c�y�l�i�n�d�e�r�,� �w�a�s� �e�q�u�a�l� 

�t�o� �1�4�.�3�2� �i�n�2�.� �K�n�o�w�i�n�g� �t�h�a�t� �t�h�e� �v�o�i�d� �r�a�t�i�o� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� 

�w�a�s� �0�.�5�4�1�,� �i�t�s� �p�o�r�o�s�i�t�y� �w�a�s� �e�q�u�a�l� �t�o� �0�.�3�5�1�.� 

�A�s�s�u�m�i�n�g� �t�h�a�t� �3�5� �p�e�r�c�e�n�t� �o�f� �t�h�e� �s�u�r�f�a�c�e� �a�r�e�a� �o�f� �t�h�e� 

�c�y�l�i�n�d�e�r� �c�o�n�s�i�s�t�e�d� �o�f� �s�o�i�l� �p�o�r�e�s� �e�x�p�o�s�e�d� �t�o� �t�h�e� �a�t�m�o�s�p�h�e�r�e�,� 

�t�h�e� �a�r�e�a� �o�f� �t�h�e� �e�x�p�o�s�e�d� �p�o�r�e�s� �o�n� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �c�y�l�i�n�d�e�r� 

�w�a�s� �e�q�u�a�l� �t�o� �5�.�0�1� �i�n�*�.� �I�f� �i�t� �i�s� �a�s�s�u�m�e�d� �t�h�a�t� �t�h�e� �a�i�r� 

�p�o�c�k�e�t�s� �p�r�e�s�e�n�t� �o�n� �t�h�e� �c�y�l�i�n�d�r�i�c�a�l� �s�u�r�f�a�c�e� �e�x�i�s�t�e�d� �a�t� �e�a�c�h� 
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�p�o�r�e� �i�n� �t�h�e� �f�o�r�m� �o�f� �a� �h�e�m�i�s�p�h�e�r�e� �o�f� �r�a�d�i�u�s� �r� �=� �0�.�0�0�0�5�1�3� 

�i�n�c�h�e�s�,� �t�h�e� �c�y�l�i�n�d�r�i�c�a�l� �a�r�e�a� �e�x�p�o�s�e�d� �c�a�n� �b�e� �d�i�v�i�d�e�d� �b�y� �t�h�e� 

�a�r�e�a� �o�f� �a� �c�i�r�c�l�e� �w�i�t�h� �r�a�d�i�u�s� �r� �t�o� �g�i�v�e� �5�,�8�0�0�,�0�0�0� �h�e�m�i�s�p�h�e�r�e�s� 

�o�f� �r�a�d�i�u�s� �r� �=� �0�.�0�0�0�5�1�3� �i�n�c�h�e�s�.� �T�h�e� �t�o�t�a�l� �v�o�l�u�m�e� �o�f� �f�r�e�e� �a�i�r� 

�i�n�i�t�i�a�l�l�y� �i�n� �t�h�e� �s�p�e�c�i�m�e�n� �c�a�n� �t�h�e�r�e�f�o�r�e� �b�e� �e�s�t�i�m�a�t�e�d� �a�s� �t�h�e� 

�t�o�t�a�l� �v�o�l�u�m�e� �o�f� �5�,�8�0�0�,�0�0�0� �h�e�m�i�s�p�h�e�r�e�s� �o�f� �r�a�d�i�u�s� �r� �=� �0�.�0�0�0�5�1�3� 

�i�n�c�h�e�s�:� 

�V�g�i� �=� �5�,�8�0�0�,�0�0�0� �o�n� �(�0�.�0�0�0�5�1�3� �i�n�)�?� �=� �0�.�0�0�1�6�4� �i�n�?� �(�6�-�2�)� 

�T�h�i�s� �v�a�l�u�e� �i�s� �s�m�a�l�l�e�r� �t�h�a�n� �0�.�2�%� �o�f� �t�h�e� �t�o�t�a�l� �s�p�e�c�i�m�e�n� 

�v�o�l�u�m�e�,� �o�r� �0�.�0�1� �i�n�3�,� �s�u�g�g�e�s�t�e�d� �b�y� �B�i�s�h�o�p� �a�n�d� �H�e�n�k�e�l� �(�1�9�6�2�)�.� 

�U�s�i�n�g� �t�h�e� �v�a�l�u�e� �o�f� �f�r�e�e� �a�i�r� �c�a�l�c�u�l�a�t�e�d� �b�y� �E�q�.� �6�-�2�,� �t�h�e� �t�o�t�a�l� 

�v�o�l�u�m�e� �o�f� �t�h�e� �t�r�i�a�x�i�a�l� �s�p�e�c�i�m�e�n� �c�o�u�l�d� �p�o�s�s�i�b�l�y� �h�a�v�e� �b�e�e�n� 

�0�.�0�0�1�6�4� �i�n�?� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �m�e�a�s�u�r�e�d� �v�a�l�u�e� �o�f� �5�.�0�9�0� �i�n�3�,� �o�r� 

�5�.�0�9�1�6�4� �i�n�3�.� �A�s�s�u�m�i�n�g� �t�h�a�t� �t�h�e� �v�o�l�u�m�e� �o�f� �s�o�l�i�d�s�,� �3�.�3�0�4� �i�n�3�,� 

�i�s� �c�o�r�r�e�c�t�,� �t�h�e� �v�o�l�u�m�e� �o�f� �w�a�t�e�r�,� �V�y�,� �a�n�d� �v�o�l�u�m�e� �o�f� �v�o�i�d�s�,� 

�V�y�,� �a�r�e�:� 

�V�w� �=� �5�.�0�9�0� �i�n�?� �-� �3�.�3�0�4� �i�n�3� �=� �1�.�7�8�6� �i�n�3� �(�6�-�3�)� 

�V�y� �=� �5�.�0�9�1�6�4� �i�n�?� �-� �3�.�3�0�4� �i�n�?� �=� �1�.�7�8�7�6�4� �i�n�3� �(�6�-�4�)� 

�T�h�e� �i�n�i�t�i�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n�,� �S�i�s� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� �c�a�n� 

�t�h�e�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �a�s�:� 

�V�w�i� �(� �1�.�7�8�6�i�n�3� �)� �,� �=� �w�h� �g� �=� �{�_�1�.�7�8�6�i�n�3� �|� �1�9�9�%� �=� �9�9�,�9�8� �-�5� �S�i� �=� �v�y� �1�0�0�s� �1�.�7�8�7�6�4�i�n�3� �?� �(�6�-�5�)� �v�i� 
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�T�h�u�s�,� �s�p�e�c�i�m�e�n� �U�U�-�1�0� �m�a�y� �h�a�v�e� �p�o�s�s�i�b�l�y� �h�a�d� �a�n� �i�n�i�t�i�a�l� �d�e�g�r�e�e� 

�o�f� �s�a�t�u�r�a�t�i�o�n�,� �S�j�,� �o�f� �9�9�.�9� �p�e�r�c�e�n�t�,� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �v�a�l�u�e� �o�f� 

�1�0�0� �p�e�r�c�e�n�t�,� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �l�a�b�o�r�a�t�o�r�y� �m�e�a�s�u�r�e�m�e�n�t�s�.� 

�I�f� �t�h�e� �v�o�l�u�m�e� �o�f� �t�r�a�p�p�e�d� �a�i�r� �w�a�s� �e�q�u�a�l� �t�o� �0�.�2�%� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n� �v�o�l�u�m�e�,� �o�r� �0�.�0�1� �i�n�3�,� �t�h�e� �t�o�t�a�l� �s�p�e�c�i�m�e�n� �v�o�l�u�m�e� �m�a�y� 

�h�a�v�e� �b�e�e�n� �5�.�1�0�0� �i�n�3�.� �A�s�s�u�m�i�n�g� �t�h�e� �s�a�m�e� �v�o�l�u�m�e� �o�f� �s�o�l�i�d�s� �a�s� 

�a�b�o�v�e�,� �t�h�e� �i�n�i�t�i�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� �m�a�y� 

�h�a�v�e� �b�e�e�n� �a�s� �l�o�w� �a�s�:� 

�5�.�0�9�0�i�n�3 �� �3�.�3�0�4�i�n�3� �°� �°� �i�=� �;� �;� �%�=�9�9�.�4�%� �6�-�6� �S�i� �5� �-�1�0�0�i�n�3 ��3�.�3�0�4�i�n�3�*� �0�0� �4� �(�6�-�6�)� 

�T�h�e�s�e� �t�w�o� �e�s�t�i�m�a�t�e�s� �o�f� �t�h�e� �i�n�i�t�i�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� 

�i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �s�p�e�c�i�m�e�n� �w�a�s� �p�r�o�b�a�b�l�y� �s�l�i�g�h�t�l�y� �l�e�s�s� �t�h�a�n� 

�f�u�l�l�y� �s�a�t�u�r�a�t�e�d�.� �I�t� �d�i�d� �h�a�v�e� �a� �v�e�r�y� �h�i�g�h� �d�e�g�r�e�e� �o�f� 

�s�a�t�u�r�a�t�i�o�n� �a�n�d� �t�h�e� �s�l�i�g�h�t� �a�m�o�u�n�t� �o�f� �a�i�r� �p�o�s�s�i�b�l�y� �i�n� �t�h�e� 

�s�p�e�c�i�m�e�n� �i�n�i�t�i�a�l�l�y�,� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �v�e�r�y� �d�i�f�f�i�c�u�l�t� �t�o� �d�e�t�e�c�t� 

�u�s�i�n�g� �n�o�r�m�a�l� �m�e�a�s�u�r�e�m�e�n�t� �t�e�c�h�n�i�q�u�e�s�.� 

�T�h�e� �f�i�n�a�l� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �i�s� �m�u�c�h� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �t�o� 

�e�s�t�i�m�a�t�e�.� �B�e�c�a�u�s�e� �t�h�e� �t�e�s�t� �w�a�s� �p�e�r�f�o�r�m�e�d� �a�s� �a�n� �u�n�c�o�n�f�i�n�e�d� 

�c�o�m�p�r�e�s�s�i�o�n� �t�e�s�t�,� �t�h�e� �i�n�i�t�i�a�l� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �c�a�n� �b�e� 

�a�s�s�u�m�e�d� �t�o� �b�e� �e�q�u�a�l� �t�o� �a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e�,� �1�3�.�7� �p�s�i�a�.� �T�h�e� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�d� �w�i�t�h� �t�h�e� �m�i�d�h�e�i�g�h�t� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �p�r�o�b�e� �a�n�d� �t�r�a�n�s�d�u�c�e�r� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �1�2�.�0�8� �p�s�i�a� 

�i�n�i�t�i�a�l�l�y� �t�o� �a� �m�i�n�i�m�u�m� �o�f� �4�.�8�9� �p�s�i�a�.� 
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�A�s� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�d� �d�u�r�i�n�g� �t�h�e� �t�e�s�t�,� 

�t�h�e� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �w�o�u�l�d� �a�l�s�o� �h�a�v�e� �d�e�c�r�e�a�s�e�d�,� �a�l�t�h�o�u�g�h� 

�n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �a�t� �t�h�e� �s�a�m�e� �r�a�t�e�.� �I�t� �c�a�n� �b�e� �s�e�e�n� �f�r�o�m� �E�q�.� 

�4�-�2�9�,� �t�h�a�t� �i�f� �0� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �0�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� 

�t�h�e� �p�o�r�e� �a�i�r� �a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�,� �P�3�,�-�P�,�y�,� �w�o�u�l�d� �s�t�i�l�l� 

�T�s� 
�r� 

� � �e�q�u�a�l� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� �a�n�d� �t�h�e� �p�o�r�e� 

�a�i�r� �p�r�e�s�s�u�r�e� �w�o�u�l�d� �b�e� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�b�y� �t�h�i�s� �d�i�f�f�e�r�e�n�c�e�.� �T�h�e� �v�a�l�u�e� �o�f� �s�u�r�f�a�c�e� �t�e�n�s�i�o�n�,� �T�s�,� �i�s� 

�e�s�s�e�n�t�i�a�l�l�y� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �p�r�e�s�s�u�r�e� �(�S�c�h�u�u�r�m�a�n�,� �1�9�6�6�)� �a�n�d� 

�c�a�n� �b�e� �a�s�s�u�m�e�d� �t�o� �b�e� �c�o�n�s�t�a�n�t�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� 

�p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �t�h�e�r�e�f�o�r�e� �i�s� 

�d�e�p�e�n�d�e�n�t� �o�n�l�y� �o�n� �t�h�e� �r�a�d�i�u�s� �o�f� �c�u�r�v�a�t�u�r�e�,� �r�,� �o�f� �t�h�e� �a�i�r�-� 

�w�a�t�e�r� �i�n�t�e�r�f�a�c�e�s�.� 

�W�h�e�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�s� �w�i�t�h�i�n� �a� �s�i�l�t� 

�s�p�e�c�i�m�e�n� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� �t�e�n�d�s� �t�o� �b�e� 

�p�u�l�l�e�d� �t�o�w�a�r�d� �t�h�e� �f�a�i�l�u�r�e� �p�l�a�n�e� �w�i�t�h�i�n� �t�h�e� �t�r�i�a�x�i�a�l� �s�p�e�c�i�m�e�n� 

�a�n�d� �a�w�a�y� �f�r�o�m� �t�h�e� �c�y�l�i�n�d�r�i�c�a�l� �s�u�r�f�a�c�e� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�.� �A�s� 

�t�h�i�s� �o�c�c�u�r�s�,� �p�o�r�e�s� �o�f� �d�i�f�f�e�r�e�n�t� �d�i�m�e�n�s�i�o�n�s� �m�a�y� �c�a�u�s�e� �t�h�e� 

�r�a�d�i�u�s� �o�f� �c�u�r�v�a�t�u�r�e�,� �r�,� �o�f� �a�i�r�-�w�a�t�e�r� �i�n�t�e�r�f�a�c�e�s� �t�o� �c�h�a�n�g�e� 

�a�n�d� �t�h�e�r�e�f�o�r�e�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �p�o�r�e� �a�i�r� �a�n�d� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�o�u�l�d� �a�l�s�o� �c�h�a�n�g�e�.� 

�I�n� �a� �s�m�a�l�l�e�r� �p�o�r�e�,� �t�h�e� �r�a�d�i�u�s� �o�f� �c�u�r�v�a�t�u�r�e� �o�f� �t�h�e� �a�i�r�-� 

�w�a�t�e�r� �i�n�t�e�r�f�a�c�e� �w�o�u�l�d� �d�e�c�r�e�a�s�e� �a�n�d� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� 

�p�o�r�e� �a�i�r� �a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �w�o�u�l�d� �i�n�c�r�e�a�s�e�.� �I�n�a� 

�A�N�A�L�Y�S�I�S� �O�F� �R�E�S�U�L�T�S� �|� �6�2�0



�l�a�r�g�e�r� �p�o�r�e�,� �t�h�e� �r�a�d�i�u�s� �o�f� �c�u�r�v�a�t�u�r�e� �o�f� �t�h�e� �a�i�r�-�w�a�t�e�r� 

�i�n�t�e�r�f�a�c�e� �w�o�u�l�d� �i�n�c�r�e�a�s�e� �a�n�d� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �p�o�r�e� �a�i�r� 

�a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �w�o�u�l�d� �d�e�c�r�e�a�s�e�.� �A�s� �t�h�e� �s�i�l�t� �t�e�n�d�s� 

�t�o� �d�i�l�a�t�e� �d�u�e� �t�o� �t�h�e� �s�o�i�l� �g�r�a�i�n�s� �r�i�s�i�n�g� �u�p� �o�v�e�r� �e�a�c�h� �o�t�h�e�r�,� 

�s�o�m�e� �p�o�r�e�s� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �t�o� �i�n�c�r�e�a�s�e� �i�n� �s�i�z�e�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �a�s� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�s� �a�n�d� 

�a�i�r� �c�o�m�e�s� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �i�n� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �H�e�n�r�y�'�s� �l�a�w�,� 

�n�e�w� �a�i�r� �b�u�b�b�l�e�s� �m�a�y� �f�o�r�m� �a�n�d� �t�h�e� �e�x�i�s�t�i�n�g� �b�u�b�b�l�e�s� �c�o�u�l�d� �g�r�o�w� 

�i�n� �s�i�z�e� �s�u�c�h� �t�h�a�t� �t�h�e�i�r� �r�a�d�i�i� �w�o�u�l�d� �i�n�c�r�e�a�s�e� �a�s� �w�e�l�l�.� �T�h�i�s� 

�t�e�n�d�s� �t�o� �i�m�p�l�y� �t�h�a�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �f�i�n�a�l� �p�o�r�e� 

�a�i�r� �a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �w�o�u�l�d� �b�e� �l�e�s�s� �t�h�a�n� �t�h�e� 

�d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �i�n�i�t�i�a�l� �p�o�r�e� �a�i�r� �a�n�d� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�s�.� �T�h�i�s� �h�o�w�e�v�e�r�,� �s�e�e�m�s� �q�u�e�s�t�i�o�n�a�b�l�e� �w�h�e�n� 

�c�o�n�s�i�d�e�r�i�n�g� �t�h�a�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �p�o�r�e� �a�i�r� �a�n�d� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n�c�r�e�a�s�e�s� �a�s� �t�h�e� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� 

�s�o�i�l� �d�e�c�r�e�a�s�e�s�,� �a�s� �w�a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �4�.�2� �(�B�i�s�h�o�p� �a�n�d� 

�H�e�n�k�e�l�,� �1�9�6�2�)�.� 

�T�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �r�a�d�i�u�s� �o�f� �c�u�r�v�a�t�u�r�e� �o�f� �t�h�e� 

�p�o�r�e� �a�i�r� �b�u�b�b�l�e�s� �a�t� �t�h�e� �l�o�w�e�r� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�s� 

�d�i�f�f�i�c�u�l�t� �a�n�d� �t�h�e�r�e�f�o�r�e� �e�s�t�i�m�a�t�i�o�n� �o�f� �t�h�e� �f�i�n�a�l� �p�o�r�e� �a�i�r� 

�p�r�e�s�s�u�r�e� �c�a�n� �n�o�t� �b�e� �e�a�s�i�l�y� �a�c�c�o�m�p�l�i�s�h�e�d� �u�s�i�n�g� �t�h�i�s� 

�p�r�o�c�e�d�u�r�e�.� �A� �b�e�t�t�e�r� �m�e�t�h�o�d� �w�a�s� �t�h�o�u�g�h�t� �t�o� �b�e� �d�i�r�e�c�t� 

�m�e�a�s�u�r�e�m�e�n�t� �o�f� �b�o�t�h� �t�h�e� �p�o�r�e� �a�i�r� �a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �i�n� 

�Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �d�u�r�i�n�g� �s�h�e�a�r�,� �t�o� �o�b�s�e�r�v�e� �d�i�r�e�c�t�l�y� �t�h�e� 
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�d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �p�r�e�s�s�u�r�e�s�.� �T�h�i�s� �w�a�s� �a�t�t�e�m�p�t�e�d� �i�n� 

�t�h�i�s� �r�e�s�e�a�r�c�h�,� �b�u�t� �w�a�s� �n�o�t� �s�u�c�c�e�s�s�f�u�l� �b�e�c�a�u�s�e� �i�n� �s�o�i�l�s� �w�i�t�h� 

�a� �h�i�g�h� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n�,� �a�c�c�u�r�a�t�e� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� 

�m�e�a�s�u�r�e�m�e�n�t�s� �t�e�n�d� �t�o� �b�e� �v�e�r�y� �d�i�f�f�i�c�u�l�t� �(�B�i�s�h�o�p�,� �1�9�6�0�;� �B�i�s�h�o�p� 

�a�n�d� �H�e�n�k�e�l�,� �1�9�6�2�)�.� 

�A�s� �a� �s�i�m�p�l�i�f�y�i�n�g� �a�s�s�u�m�p�t�i�o�n�,� �t�h�e� �r�a�d�i�u�s� �o�f� �c�u�r�v�a�t�u�r�e� �o�f� 

�t�h�e� �a�i�r�-�w�a�t�e�r� �i�n�t�e�r�f�a�c�e� �h�a�s� �b�e�e�n� �a�s�s�u�m�e�d� �t�o� �b�e� �c�o�n�s�t�a�n�t� 

�t�h�r�o�u�g�h�o�u�t� �t�h�e� �t�e�s�t�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� 

�t�h�e� �f�i�n�a�l� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�i�l�l� �b�e� 

�e�q�u�a�l� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �i�n�i�t�i�a�l� �v�a�l�u�e�s�.� �T�h�e� 

�f�i�n�a�l� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �i�n� �s�p�e�c�i�m�e�n� �U�U�-�1�0� �w�o�u�l�d� �t�h�e�r�e�f�o�r�e� 

�b�e�:� 

�P�g�o�f� �=� �4�.�8�9�p�s�i�a� �+� �(�1�3�.�7�p�s�i�a� �-� �1�2�.�0�8�p�s�i�a�)� �=� �6�.�5�1� �p�s�i�a� �(�6�-�7�)� 

�U�s�i�n�g� �t�h�e� �a�b�o�v�e� �i�n�f�o�r�m�a�t�i�o�n�,� �E�q�.� �4�-�2�5� �c�a�n� �b�e� �u�s�e�d� �t�o� 

�d�e�t�e�r�m�i�n�e� �t�h�e� �v�o�l�u�m�e� �o�f� �a�i�r� �w�h�i�c�h� �c�o�u�l�d� �p�o�t�e�n�t�i�a�l�l�y� �c�o�m�e� �o�u�t� 

�o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n� �U�U�-�1�0�:� 

� � 

� � 

�_� �T�i�g�i� �e�\�)� �_� �°� �;� 
 ��g�t� �=� �T�i� �P�y�e� �V�g�i� �+� �F�y� �v�(�=�2�-�)� �H�e� �v�p�(�=�2�-�)� �(�4�-�2�5�)� 

�A�s�s�u�m�i�n�g� �t�h�a�t� �t�h�e� �i�n�i�t�i�a�l� �v�o�l�u�m�e� �o�f� �f�r�e�e� �g�a�s�,� �V�g�i�,� �w�a�s� 

�0�.�0�0�1�6�4� �i�n�?� �a�n�d� �t�h�a�t� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �t�e�m�p�e�r�a�t�u�r�e� �r�e�m�a�i�n�e�d� 

�c�o�n�s�t�a�n�t� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� �Q� �t�e�s�t� �(�T�j� �=� �T�r� �=� 
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�2�0�°�C�;� �H�y� �=� �H�e� �=� �0�.�0�2�)�,� �t�h�e� �f�i�n�a�l� �v�o�l�u�m�e� �o�f� �f�r�e�e� �g�a�s� �i�n� �t�h�e� 

�s�p�e�c�i�m�e�n� �c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �a�s�:� 

�=� �2�0�+�2�7�3�)�1�3�.�7� �+� �0�.�5�4�1� �V�g� �(�2�0�4�2�7�3� �a�t� �(�c�.�c�0�1�6�4� �0�.�0�2�(�5�.�0�9�1�6�4�)�(� �9�-�5�4�1�)� �|� 

�-� �0�.�5�4�1� �=� �+� �3�  ��_� �0�.�0�2�(�5�.�0�9�1�6�4�)� �(�_�9�-�5�4�1�_�)� �0�.�0�4�2�9�4� �i�n� �(�6�-�8�)� 

�T�h�e� �m�a�x�i�m�u�m� �p�o�t�e�n�t�i�a�l� �c�h�a�n�g�e� �i�n� �v�o�l�u�m�e� �o�f� �t�r�i�a�x�i�a�l� 

�s�p�e�c�i�m�e�n� �U�U�-�1�0�,� �A�V�g�,� �d�u�e� �t�o� �a�i�r� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� 

�d�u�r�i�n�g� �s�h�e�a�r�,� �i�s� �t�h�e�r�e�f�o�r�e� �e�q�u�a�l� �t�o� �V�g�¢�-�V�g�i�:� 

�A�V�g� �=� �0�.�0�4�2�9�4� �i�n�3� �-� �0�.�0�0�1�6�4� �i�n�?� �=� �0�.�0�4�1�3� �i�n�3� �(�6�-�9�)� 

�T�h�i�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �v�o�l�u�m�e� �o�f� �t�h�e� �t�r�i�a�x�i�a�l� �s�p�e�c�i�m�e�n� 

�c�o�u�l�d� �h�a�v�e� �p�o�t�e�n�t�i�a�l�l�y� �i�n�c�r�e�a�s�e�d� �b�y� �a� �m�a�x�i�m�u�m� �o�f� �0�.�0�4�1�3� �i�n�?� 

�o�r� �f�r�o�m� �a� �t�o�t�a�l� �v�o�l�u�m�e� �o�f� �5�.�0�9�1�6�4� �i�n�?� �t�o� �5�.�1�3�1�3�0� �i�n�>�.� �F�r�o�m� 

�t�h�i�s�,� �t�h�e� �p�o�s�s�i�b�l�e� �f�i�n�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n�,� �S�r�,� �c�a�n� �b�e� 

�c�a�l�c�u�l�a�t�e�d�.� �T�h�e� �v�o�l�u�m�e� �o�f� �w�a�t�e�r�,� �V�y�,� �i�s� �s�t�i�l�l� �t�h�e� �s�a�m�e� �a�s� 

�a�t� �t�h�e� �s�t�a�r�t� �o�f� �t�h�e� �t�e�s�t�,� �1�.�7�8�6� �i�n�?�.� �T�h�e� �v�o�l�u�m�e� �o�f� �v�o�i�d�s�,� 

�V�y�,� �h�o�w�e�v�e�r�,� �h�a�s� �i�n�c�r�e�a�s�e�d� �b�y� �0�.�0�4�1�3� �i�n�?� �t�o� �1�.�8�2�7�3�0� �i�n�?�.� 

�T�h�e� �f�i�n�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n�,� �S�¢�,� �c�a�n� �t�h�e�n� �b�e� �c�a�l�c�u�l�a�t�e�d� 

�a�s�:� 

�V�w�e� �1�.�7�8�6� �i�n�3�  ��-�  ��w�i� �0� �=� �2�/�9�0� �_� �S�N�}� �1� �y� �=� �7�.�7�4�%� �~� 
�S�t� �V�u�e� �1�0�0�%� �1�.�8�2�7�3�0� �i�n�s �� �7�°�°� �9�7�.�7�4� �(�6�-�1�0�)� 

�C�o�m�p�a�r�i�n�g� �t�h�i�s� �f�i�n�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �w�i�t�h� �t�h�a�t� 

�g�i�v�e�n� �f�o�r� �s�p�e�c�i�m�e�n� �U�U�-�1�0� �i�n� �T�a�b�l�e� �6�.�4� �(�S�¢�=�9�7�.�8�%�)�,� �t�h�e� �t�w�o� 

�v�a�l�u�e�s� �a�r�e� �f�o�u�n�d� �t�o� �b�e� �i�n� �f�a�i�r�l�y� �c�l�o�s�e� �a�g�r�e�e�m�e�n�t�.� �T�h�i�s� 

�s�h�o�w�s� �t�h�a�t� �f�o�r� �a� �s�p�e�c�i�m�e�n� �w�i�t�h� �a� �v�e�r�y� �h�i�g�h� �i�n�i�t�i�a�l� �d�e�g�r�e�e� �o�f� 
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�s�a�t�u�r�a�t�i�o�n�,� �t�h�e�r�e� �i�s� �l�i�t�t�l�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �e�s�t�i�m�a�t�e�d� 

�f�i�n�a�l� �d�e�g�r�e�e�s� �o�f� �s�a�t�u�r�a�t�i�o�n� �u�s�i�n�g� �t�h�e� �t�w�o� �d�i�f�f�e�r�e�n�t� �m�e�t�h�o�d�s�.� 

�I�n�c�l�u�d�i�n�g� �t�h�e� �s�m�a�l�l� �v�o�l�u�m�e� �o�f� �a�i�r� �t�h�a�t� �m�i�g�h�t� �p�o�s�s�i�b�l�y� �b�e� 

�p�r�e�s�e�n�t� �i�n� �t�h�e� �v�o�i�d�s� �o�f� �t�h�e� �s�o�i�l� �i�n�i�t�i�a�l�l�y�,� �d�i�d� �n�o�t� �r�e�s�u�l�t� 

�i�n� �a� �v�a�l�u�e� �o�f� �f�i�n�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �s�u�b�s�t�a�n�t�i�a�l�l�y� 

�d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�a�t� �e�s�t�i�m�a�t�e�d� �a�s�s�u�m�i�n�g� �t�h�e� �s�p�e�c�i�m�e�n� �w�a�s� 

�t�r�u�l�y� �1�0�0� �p�e�r�c�e�n�t� �s�a�t�u�r�a�t�e�d� �i�n�i�t�i�a�l�l�y�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �a�i�r� �t�h�a�t� �c�o�u�l�d� �p�o�s�s�i�b�l�y� �c�o�m�e� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n� �o�n�l�y� �r�e�s�u�l�t�s� �i�n� �a�n� �i�n�c�r�e�a�s�e� �i�n� �s�a�m�p�l�e� �v�o�l�u�m�e� �o�f� 

�0�.�8�1�%�,� �t�h�e� �s�a�m�p�l�e� �v�o�i�d� �r�a�t�i�o� �i�n�c�r�e�a�s�e�s� �b�y� �2�.�2�%� �f�r�o�m� �0�.�5�4�1� �t�o� 

�0�.�5�5�3� �a�n�d� �t�h�e� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �f�a�l�l�s� �f�r�o�m� �9�9�.�9� �p�e�r�c�e�n�t� 

�t�o� �9�7�.�7� �p�e�r�c�e�n�t�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� �s�a�m�p�l�e� �v�o�l�u�m�e� �a�n�d� �v�o�i�d� 

�r�a�t�i�o�,� �a�n�d� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �d�e�g�r�e�e� �o�f� 

�s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �f�o�r�m�a�t�i�o�n� �a�n�d� 

�g�r�o�w�t�h� �o�f� �a�i�r� �b�u�b�b�l�e�s� �w�i�t�h�i�n� �t�h�e� �v�o�i�d�s� �o�f� �t�h�e� �s�o�i�l�,� 

�e�s�p�e�c�i�a�l�l�y� �n�e�a�r� �t�h�e� �z�o�n�e� �o�f� �s�h�e�a�r�,� �c�o�u�l�d� �h�a�v�e� �a� �s�i�g�n�i�f�i�c�a�n�t� 

�i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �s�o�i�l�.� �T�h�e� 

�c�h�a�n�g�e� �f�r�o�m� �a�n� �u�n�d�r�a�i�n�e�d� �t�o� �a� �p�a�r�t�i�a�l�l�y� �d�r�a�i�n�e�d� �c�o�n�d�i�t�i�o�n� 

�c�o�u�l�d� �h�a�v�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �o�n� �s�a�m�p�l�e� �s�t�r�e�n�g�t�h� �a�n�d� 

�b�e�h�a�v�i�o�r�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�e�s�t� �U�U�-�1�0� �c�a�n� �b�e� �f�u�r�t�h�e�r� �a�n�a�l�y�z�e�d� 

�c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �g�r�a�d�u�a�l� �n�a�t�u�r�e� �o�f� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� 

�r�e�d�u�c�t�i�o�n� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�.� �T�h�i�s� �a�n�a�l�y�s�i�s� �w�a�s� 

�p�r�e�s�e�n�t�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�7�.�3� �a�n�d� �f�o�l�l�o�w�s� �t�h�e� �w�o�r�k� �o�f� �E�s�r�i�g� �a�n�d� 
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�K�i�r�b�y� �(�1�9�7�7�)�.� �I�t� �w�a�s� �a�l�s�o� �d�i�s�c�u�s�s�e�d� �b�y� �R�o�s�c�o�e�,� �S�c�h�o�f�i�e�l�d� 

�a�n�d� �W�r�o�t�h� �(�1�9�5�8�)�.� 

�T�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �a�n�d� �p�o�r�e� �p�r�e�s�s�u�r�e�-�s�t�r�a�i�n� 

�c�u�r�v�e�s� �f�o�r� �s�p�e�c�i�m�e�n� �U�U�-�1�0� �a�r�e� �r�e�p�r�o�d�u�c�e�d� �i�n� �F�i�g�u�r�e� �6�.�1�0�.� 

�B�e�c�a�u�s�e� �t�h�e� �s�i�l�t� �s�p�e�c�i�m�e�n� �h�a�d� �a� �t�e�n�d�e�n�c�y� �t�o� �d�i�l�a�t�e� �d�u�r�i�n�g� 

�u�n�d�r�a�i�n�e�d� �s�h�e�a�r�,� �i�t�s� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�d� �w�h�i�l�e� �i�t�s� 

�d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �i�n�c�r�e�a�s�e�d� �t�o� �a� �p�e�a�k� �v�a�l�u�e� �a�n�d� �t�h�e�n� �b�e�g�a�n� �t�o� 

�d�e�c�r�e�a�s�e� �t�o�w�a�r�d� �a� �r�e�s�i�d�u�a�l� �s�t�r�e�n�g�t�h� �v�a�l�u�e�.� �A�s� �t�h�e� �s�a�m�p�l�e� 

�w�a�s� �s�h�e�a�r�e�d�,� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� �c�a�u�s�e�d� �t�h�e� �m�i�n�o�r� 

�p�r�i�n�c�i�p�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�,� �o�'�3�,� �t�o� �i�n�c�r�e�a�s�e�,� �a�s� �e�x�p�e�c�t�e�d� 

�f�o�r� �a� �d�i�l�a�t�a�n�t� �s�o�i�l� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�.� �T�h�e� �p�o�r�e� 

�p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �a�t�t�e�m�p�t�e�d� �d�i�l�a�t�i�o�n�,� 

�h�o�w�e�v�e�r�,� �c�o�u�l�d� �h�a�v�e� �a�l�l�o�w�e�d� �a�i�r� �t�o� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� 

�t�h�e� �p�o�r�e� �w�a�t�e�r� �a�n�d� �f�o�r�m� �b�u�b�b�l�e�s� �w�i�t�h�i�n� �t�h�e� �v�o�i�d�s� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n�.� 

�T�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �a�i�r� �b�u�b�b�l�e�s� �w�o�u�l�d� �h�a�v�e� �i�n�c�r�e�a�s�e�d� �t�h�e� 

�v�o�l�u�m�e� �a�n�d� �v�o�i�d� �r�a�t�i�o� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�.� �T�h�i�s� �c�a�n� �b�e� 

�i�l�l�u�s�t�r�a�t�e�d� �i�n� �a� �p�l�o�t� �o�f� �e� �v�s�.� �l�o�g� �o�'�3�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� 

�6�.�1�1�.� �I�n� �t�h�i�s� �f�i�g�u�r�e�,� �t�h�e� �i�n�i�t�i�a�l� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �s�p�e�c�i�m�e�n� 

�U�U�-�1�0� �a�r�e� �g�i�v�e�n� �b�y� �p�o�i�n�t� �1�,� �w�h�e�r�e� �e�;� �=� �0�.�5�4�1� �a�n�d� �o�'�3�;� �=� �1�.�6�2� 

�p�s�i�.� �I�f� �t�h�e� �s�p�e�c�i�m�e�n� �m�a�i�n�t�a�i�n�e�d� �a� �c�o�n�s�t�a�n�t� �v�o�l�u�m�e� �a�s� �t�h�e� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�d�,� �o�'�3� �w�o�u�l�d� �h�a�v�e� �i�n�c�r�e�a�s�e�d� 

�a�l�o�n�g� �t�h�e� �l�i�n�e� �f�r�o�m� �p�o�i�n�t� �1� �t�o�w�a�r�d� �p�o�i�n�t� �2�.� �P�o�i�n�t� �2� �c�o�u�l�d� 

�p�o�s�s�i�b�l�y� �r�e�p�r�e�s�e�n�t� �a� �p�o�i�n�t� �o�n� �a�n� �a�s�s�u�m�e�d� �c�r�i�t�i�c�a�l� �s�t�a�t�e� �l�i�n�e� 

�f�o�r� �t�h�e� �s�o�i�l�.� �I�f� �d�i�s�s�o�l�v�e�d� �a�i�r� �c�a�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� 
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�A�x�i�a�l� �S�t�r�a�i�n� �(�%�)� 
�F�i�g�u�r�e� �6�.�1�0�.� �D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �a�n�d� �c�h�a�n�g�e� �i�n� 

�p�o�r�e� �p�r�e�s�s�u�r�e� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �r�e�l�a�t�i�o�n�s�h�i�p�s� 
�m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t� �U�U�-�1�0� �p�e�r�f�o�r�m�e�d� �a�s� �a�n� 
�u�n�c�o�n�f�i�n�e�d� �c�o�m�p�r�e�s�s�i�o�n� �t�e�s�t�,� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� 
�L�M�V�D� �s�i�l�t� 

�A�N�A�L�Y�S�I�S� �O�F� �R�E�S�U�L�T�S� �6�2�6



� � 

� � 

� � � 
� � � � � 

�P�o�s�s�i�b�l�e� �L�o�c�a�t�i�o�n� �o�f� �|� 
 ��/� �C�t�i�t�i�c�a�l� �S�t�a�t�e� �L�i�n�e� �|�|� 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � � � 

� � 

� � � � � � 
� � 

� � 
�F�i�g�u�r�e� �6�.�1�1�.� �V�o�i�d� �r�a�t�i�o� �v�s�.� �m�i�n�o�r� �p�r�i�n�c�i�p�a�l� �e�f�f�e�c�t�i�v�e� 

�s�t�r�e�s�s� �f�o�r� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n� �U�U�-�1�0� �(�N�o�t�e�:� 
�l�o�c�a�t�i�o�n� �o�f� �c�r�i�t�i�c�a�l� �s�t�a�t�e� �l�i�n�e� �i�s� �a�s�s�u�m�e�d� �a�n�d� 
�i�s� �p�r�e�s�e�n�t�e�d� �f�o�r� �i�l�l�u�s�t�r�a�t�i�v�e� �p�u�r�p�o�s�e�s� �o�n�l�y�.� 
�T�h�e� �a�c�t�u�a�l� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �c�r�i�t�i�c�a�l� �s�t�a�t�e� �l�i�n�e� 
�w�a�s� �n�o�t� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �t�h�e� �o�l�d� �L�M�V�D� �s�i�l�t� �i�n� 
�t�h�i�s� �r�e�s�e�a�r�c�h�.�)� 
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�t�h�e� �p�o�r�e� �w�a�t�e�r� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �d�e�c�r�e�a�s�i�n�g� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�,� �t�h�e� �v�o�i�d� �r�a�t�i�o�,� �e�,� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� �w�o�u�l�d� �h�a�v�e� 

�i�n�c�r�e�a�s�e�d� �a�s� �6�'�3� �i�n�c�r�e�a�s�e�d�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �s�p�e�c�i�m�e�n� �m�a�y� 

�h�a�v�e� �f�o�l�l�o�w�e�d� �t�h�e� �p�a�t�h� �f�r�o�m� �p�o�i�n�t� �1� �t�o� �p�o�i�n�t� �3�.� �I�f� �a�t� �p�o�i�n�t� 

�3�,� �t�h�e� �s�p�e�c�i�m�e�n� �h�a�d� �r�e�a�c�h�e�d� �t�h�e� �a�s�s�u�m�e�d� �c�r�i�t�i�c�a�l� �s�t�a�t�e� �l�i�n�e� 

�f�o�r� �t�h�e� �s�o�i�l�,� �t�h�e� �v�a�l�u�e� �o�f� �6�'�3�,�,�;�;� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �l�o�w�e�r� �a�n�d� 

�t�h�e� �v�a�l�u�e� �o�f� �e� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �h�i�g�h�e�r�,� �t�h�a�n� �i�f� �n�o� �d�i�s�s�o�l�v�e�d� 

�a�i�r� �h�a�d� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r�.� 

�I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� �e�s�t�i�m�a�t�e�d� �m�a�x�i�m�u�m� �v�o�l�u�m�e� �o�f� 

�a�i�r� �w�h�i�c�h� �c�o�u�l�d� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� 

�Q� �t�e�s�t� �s�p�e�c�i�m�e�n� �U�U�-�1�0�,� �0�.�0�4�1�3� �i�n�?�,� �d�u�e� �t�o� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�d� �d�u�r�i�n�g� �t�h�e� �t�e�s�t�,� �w�a�s� �b�a�s�e�d� �o�n� 

�s�e�v�e�r�a�l� �a�s�s�u�m�p�t�i�o�n�s�.� �T�h�e�s�e� �i�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� �s�o�i�l� �p�o�r�e� 

�w�a�t�e�r� �w�a�s� �s�a�t�u�r�a�t�e�d� �w�i�t�h� �d�i�s�s�o�l�v�e�d� �a�i�r� �i�n�i�t�i�a�l�l�y�,� �t�h�e� �e�n�t�i�r�e� 

�v�o�l�u�m�e� �o�f� �p�o�r�e� �w�a�t�e�r� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� �m�e�a�s�u�r�e�d� �a�t� �t�h�e� �m�i�d�h�e�i�g�h�t� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� 

�a�n�d� �t�h�a�t� �t�h�e� �s�y�s�t�e�m� �o�f� �a�i�r� �a�n�d� �w�a�t�e�r� �w�a�s� �i�n� �e�q�u�i�l�i�b�r�i�u�m� �w�i�t�h� 

�H�e�n�r�y�'�s� �l�a�w� �a�t� �b�o�t�h� �t�h�e� �i�n�i�t�i�a�l� �a�n�d� �f�i�n�a�l� �p�r�e�s�s�u�r�e�s�.� 

�A�l�t�h�o�u�g�h� �i�t� �c�a�n� �b�e� �r�e�a�s�o�n�a�b�l�y� �a�s�s�u�m�e�d� �t�h�a�t� �t�h�e� �s�y�s�t�e�m� �w�a�s� �i�n� 

�e�q�u�i�l�i�b�r�i�u�m� �a�t� �t�h�e� �i�n�i�t�i�a�l� �p�r�e�s�s�u�r�e� �(�a�t�m�o�s�p�h�e�r�i�c�)� �p�r�i�o�r� �t�o� 

�r�u�n�n�i�n�g� �t�h�e� �t�e�s�t�,� �a� �q�u�e�s�t�i�o�n� �a�r�i�s�e�s� �a�s� �t�o� �w�h�e�t�h�e�r� �o�r� �n�o�t� 

�e�q�u�i�l�i�b�r�i�u�m� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �r�e�a�c�h�e�d� �i�n� �t�h�e� �s�y�s�t�e�m� �a�t� �t�h�e� 

�f�i�n�a�l� �p�r�e�s�s�u�r�e�.� 
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�W�i�t�h� �t�h�e� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� �Q� �t�e�s�t� �b�e�i�n�g� �o�n�l�y� �a�b�o�u�t� �2�0� 

�m�i�n�u�t�e�s� �a�n�d� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �w�i�t�h�i�n� �t�h�e� �s�p�e�c�i�m�e�n� �d�e�c�r�e�a�s�i�n�g� 

�g�r�a�d�u�a�l�l�y� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �2�0� �m�i�n�u�t�e� �p�e�r�i�o�d� �t�o� �t�h�e� �f�i�n�a�l� �v�a�l�u�e� 

�u�s�e�d� �i�n� �t�h�e� �a�b�o�v�e� �e�x�a�m�p�l�e�,� �t�h�e� �t�i�m�e� �a�v�a�i�l�a�b�l�e� �m�a�y� �n�o�t� �h�a�v�e� 

�b�e�e�n� �s�u�f�f�i�c�i�e�n�t� �f�o�r� �e�q�u�i�l�i�b�r�i�u�m� �c�o�n�d�i�t�i�o�n�s� �t�o� �b�e� �r�e�a�c�h�e�d� �a�t� 

�t�h�e� �l�o�w�e�r� �p�r�e�s�s�u�r�e�.� �A�s� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �6�.�1�.�3�,� 

�t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �a�i�r� �c�a�n� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� 

�w�a�t�e�r� �o�f� �a� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n� �m�a�y� �o�r� �m�a�y� �n�o�t� �b�e� 

�r�a�p�i�d� �e�n�o�u�g�h� �f�o�r� �e�q�u�i�l�i�b�r�i�u�m� �t�o� �b�e� �r�e�a�c�h�e�d� �i�n� �2�0� �m�i�n�u�t�e�s� �f�o�r� 

�t�h�e� �g�i�v�e�n� �c�h�a�n�g�e� �i�n� �p�r�e�s�s�u�r�e� �a�n�d� �i�t�s� �g�r�a�d�u�a�l� �r�a�t�h�e�r� �t�h�a�n� 

�i�n�s�t�a�n�t�a�n�e�o�u�s� �a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �m�a�j�o�r� �v�a�r�i�a�b�l�e� �i�n�v�o�l�v�e�d� �i�s� 

�t�h�e� �a�r�e�a� �a�c�r�o�s�s� �w�h�i�c�h� �t�h�e� �a�i�r� �c�a�n� �d�i�f�f�u�s�e� �t�o� �c�o�m�e� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n�.� �T�h�u�s�,� �t�h�e� �v�o�l�u�m�e� �o�f� �a�i�r� �w�h�i�c�h� �a�c�t�u�a�l�l�y� �c�a�m�e� �o�u�t� 

�o�f� �s�o�l�u�t�i�o�n� �m�a�y� �h�a�v�e� �b�e�e�n� �l�e�s�s� �t�h�a�n� �0�.�0�4�1�3� �i�n�?� �a�n�d� �t�h�e� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �i�n�c�r�e�a�s�e�s� �i�n� �s�a�m�p�l�e� �v�o�l�u�m�e� �a�n�d� �v�o�i�d� �r�a�t�i�o� �a�n�d� 

�d�e�c�r�e�a�s�e� �i�n� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �w�o�u�l�d� �a�l�s�o� �h�a�v�e� �b�e�e�n� �l�e�s�s�.� 

�T�h�e� �a�b�o�v�e� �e�x�a�m�p�l�e� �d�o�e�s� �h�o�w�e�v�e�r�,� �p�r�o�v�i�d�e� �a� �r�e�l�a�t�i�v�e� �m�e�a�s�u�r�e� 

�o�f� �t�h�e� �a�m�o�u�n�t� �o�f� �a�i�r� �w�h�i�c�h� �m�a�y� �p�o�s�s�i�b�l�y� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� 

�f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� �a� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n� 

�d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �a�n�d� �m�a�y� �b�e� �c�o�n�s�i�d�e�r�e�d� �a�n� �u�p�p�e�r� �b�o�u�n�d� 

�i�n� �t�h�i�s� �s�i�t�u�a�t�i�o�n�.� 

�6�.�1�.�3� �E�s�t�i�m�a�t�i�o�n� �o�f� �t�h�e� �R�a�t�e� �a�t� �w�h�i�c�h� �A�i�r� �C�o�m�e�s� �O�u�t� �o�f� 
�S�o�l�u�t�i�o�n� �f�r�o�m� �S�o�i�l� �P�o�r�e� �W�a�t�e�r� 

�I�n� �S�e�c�t�i�o�n� �4�.�8�,� �a� �r�e�v�i�e�w� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �o�n� �t�h�e� �r�a�t�e� 

�a�t� �w�h�i�c�h� �a�i�r� �g�o�e�s� �i�n�t�o� �a�n�d� �c�o�m�e�s� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �i�n� �w�a�t�e�r� 
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�w�a�s� �p�r�e�s�e�n�t�e�d�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n� �w�a�s� �g�i�v�e�n� �b�y� �D�o�r�s�e�y� 

�(�1�9�4�0�)� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �c�h�a�n�g�e� �i�n� �d�i�s�s�o�l�v�e�d� �a�i�r� �c�o�n�t�e�n�t� 

�o�f� �a� �l�i�q�u�i�d� �o�v�e�r� �t�i�m�e�,� �d�u�e� �t�o� �a� �r�e�d�u�c�t�i�o�n� �i�n� �p�r�e�s�s�u�r�e�:� 

�A�t� 

�(�c� �-� �c�o�)� �=� �(�e�c�,� �-� �c�o�l� �-� �e� �)� �(�4�-�6�0�)� 

�w�h�e�r�e� �c� �=� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �g�a�s� �i�n� �w�a�t�e�r� �a�t� �t�i�m�e� �t�,� 

�C�o� �=� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �g�a�s� �i�n� �w�a�t�e�r� �a�t� �t�i�m�e� �t� �=� 
�0� �(�e�q�u�i�l�i�b�r�i�u�m� �d�i�s�s�o�l�v�e�d� �g�a�s� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�t� 
�h�i�g�h�e�r� �p�r�e�s�s�u�r�e�)�,� 

�C�o� �=� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �g�a�s� �i�n� �w�a�t�e�r� �a�t� �t�i�m�e� �t�=� 
�c�o� �(�e�q�u�i�l�i�b�r�i�u�m� �d�i�s�s�o�l�v�e�d� �g�a�s� �c�o�n�c�e�n�t�r�a�t�i�o�n� 
�a�t� �l�o�w�e�r� �p�r�e�s�s�u�r�e�)�,� 

�e� �=� �e�x�p�o�n�e�n�t�i�a�l� �f�u�n�c�t�i�o�n�,� 

�6�B� �=� �t�h�e� �e�x�i�t� �c�o�e�f�f�i�c�i�e�n�t� �f�r�o�m� �w�a�t�e�r� �o�f� �a� �g�i�v�e�n� 
�g�a�s� �a�t� �a� �g�i�v�e�n� �t�e�m�p�e�r�a�t�u�r�e�;� �w�h�e�n� �t�h�e� �g�a�s�e�s� 
�a�r�e� �t�h�o�s�e� �i�n� �a�t�m�o�s�p�h�e�r�i�c� �a�i�r�,� �B� �=� �0�.�0�0�9�9�(�T� �-� 
�2�3�9�)� �w�h�e�r�e� �T� �=� �°�C� �+� �2�7�3�,� �a�n�d� �B�B� �i�s� �i�n� �u�n�i�t�s� �o�f� 
�c�m�/�m�i�n�u�t�e�,� 

�A� �=� �t�h�e� �s�u�r�f�a�c�e� �a�r�e�a� �a�c�r�o�s�s� �w�h�i�c�h� �t�h�e� �g�a�s� �c�o�m�e�s� 
�o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �w�a�t�e�r�,� �c�m�-�,� 

�V�w� �=� �t�h�e� �v�o�l�u�m�e� �o�f� �t�h�e� �w�a�t�e�r�,� �c�m�3�,� �a�n�d� 

�t� �=� �t�i�m�e� �i�n� �m�i�n�u�t�e�s�.� 

�T�h�i�s� �e�q�u�a�t�i�o�n� �p�r�e�s�e�n�t�e�d� �b�y� �D�o�r�s�e�y� �(�1�9�4�0�)�,� �b�a�s�e�d� �o�n� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�s� �o�f� �A�d�e�n�e�y� �a�n�d� �B�e�c�k�e�r� �(�1�9�1�9�)�,� �p�r�e�s�e�n�t�s� �s�e�v�e�r�a�l� 

�p�r�o�b�l�e�m�s� �i�n� �b�e�i�n�g� �a�p�p�l�i�e�d� �t�o� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �s�p�e�c�i�m�e�n�s�.� 

�F�i�r�s�t� �i�s� �t�h�e� �d�i�f�f�i�c�u�l�t�y� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �i�n�i�t�i�a�l� �d�i�s�s�o�l�v�e�d� 

�a�i�r� �c�o�n�t�e�n�t� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r�.� �F�o�r� �t�h�e� �r�e�m�o�l�d�e�d� �s�i�l�t� 

�s�p�e�c�i�m�e�n�s� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�,� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �w�a�s� �u�s�e�d� �t�o� 

�m�i�x� �t�h�e� �s�l�u�r�r�y� �f�r�o�m� �w�h�i�c�h� �t�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �f�o�r�m�e�d�.� �I�t� �c�a�n� 

�b�e� �r�e�a�s�o�n�a�b�l�y� �a�s�s�u�m�e�d� �t�h�a�t� �t�h�e� �m�i�x�i�n�g� �o�f� �t�h�e� �s�l�u�r�r�y� �w�i�t�h� 

�A�N�A�L�Y�S�I�S� �O�F� �R�E�S�U�L�T�S� �6�3�0



�d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �a�t� �a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e� �r�e�s�u�l�t�e�d� �i�n� �p�o�r�e� 

�w�a�t�e�r� �w�h�i�c�h� �w�a�s� �s�a�t�u�r�a�t�e�d� �w�i�t�h� �a�i�r� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� 

�a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e�.� �T�h�e� �f�i�n�a�l� �d�i�s�s�o�l�v�e�d� �a�i�r� �c�o�n�t�e�n�t� �o�f� 

�t�h�e� �p�o�r�e� �w�a�t�e�r� �i�s� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �d�e�t�e�r�m�i�n�e�.� �I�f� �t�h�e� �p�o�r�e� 

�w�a�t�e�r� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �i�n�i�t�i�a�l�l�y� �s�a�t�u�r�a�t�e�d� �w�i�t�h� �a�i�r� �a�t� 

�a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e�,� �t�h�e� �f�i�n�a�l� �p�e�r�c�e�n�t� �s�a�t�u�r�a�t�i�o�n� �t�h�a�t� 

�c�o�u�l�d� �e�x�i�s�t� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �c�a�n� �b�e� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �H�e�n�r�y�'�s� 

�l�a�w� �f�r�o�m� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n�s� �m�e�a�s�u�r�e�d� �i�n� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �d�u�r�i�n�g� �t�h�e� �Q� �t�e�s�t�s�.� 

�A�n�o�t�h�e�r� �u�n�c�e�r�t�a�i�n�t�y� �i�n� �t�h�e� �a�p�p�l�i�c�a�b�i�l�i�t�y� �o�f� �A�d�e�n�e�y� �a�n�d� 

�B�e�c�k�e�r�'�s� �w�o�r�k� �t�o� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� �t�r�i�a�x�i�a�l� �s�p�e�c�i�m�e�n�s� �i�s� �t�h�e� 

�m�i�x�i�n�g� �o�f� �t�h�e� �w�a�t�e�r�.� �I�n� �t�h�e�i�r� �e�x�p�e�r�i�m�e�n�t�s�,� �t�h�e� �l�i�q�u�i�d� �w�a�s� 

�t�h�o�r�o�u�g�h�l�y� �m�i�x�e�d�.� �T�h�e� �w�a�t�e�r� �m�o�l�e�c�u�l�e�s� �w�e�r�e� �f�r�e�e� �t�o� �m�o�v�e� 

�a�b�o�u�t� �w�i�t�h�i�n� �t�h�e� �c�o�n�t�a�i�n�e�r� �d�u�e� �t�o� �d�e�n�s�i�t�y� �v�a�r�i�a�t�i�o�n�s� �w�h�i�c�h� 

�d�e�v�e�l�o�p�e�d� �d�u�e� �t�o� �t�h�e� �s�o�l�u�t�i�o�n� �a�n�d� �e�v�o�l�u�t�i�o�n� �o�f� �a�i�r� �i�n� �t�h�e� 

�w�a�t�e�r�.� �T�h�i�s� �a�l�l�o�w�e�d� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �f�l�u�i�d� �w�i�t�h� �d�i�f�f�e�r�e�n�t� 

�l�e�v�e�l�s� �o�f� �s�a�t�u�r�a�t�i�o�n� �t�o� �m�o�v�e� �t�o�w�a�r�d� �o�r� �a�w�a�y� �f�r�o�m� �t�h�e� �a�i�r�-� 

�w�a�t�e�r� �i�n�t�e�r�f�a�c�e�.� 

�I�t� �i�s� �f�e�a�s�i�b�l�e� �t�h�a�t� �t�h�e� �w�a�t�e�r� �p�r�e�s�e�n�t� �i�n� �t�h�e� �p�o�r�e�s� �o�f� �a� 

�s�o�i�l� �w�i�l�l� �b�e� �a�b�l�e� �t�o� �m�o�v�e� �t�o�w�a�r�d� �o�r� �a�w�a�y� �f�r�o�m� �t�h�e� �a�i�r�-�w�a�t�e�r� 

�i�n�t�e�r�f�a�c�e�s� �a�s� �d�i�l�a�t�i�o�n� �o�c�c�u�r�s� �a�l�o�n�g� �t�h�e� �s�h�e�a�r� �p�l�a�n�e� �a�n�d� 

�h�y�d�r�a�u�l�i�c� �g�r�a�d�i�e�n�t�s� �a�r�e� �e�s�t�a�b�l�i�s�h�e�d� �d�u�e� �t�o� �v�a�r�i�a�t�i�o�n�s� �i�n� 

�p�o�r�e� �p�r�e�s�s�u�r�e� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�p�e�c�i�m�e�n�.� �T�h�e� �a�c�t�u�a�l� �d�e�g�r�e�e� �t�o� 

�w�h�i�c�h� �m�i�x�i�n�g� �o�f� �t�h�e� �w�a�t�e�r� �w�i�l�l� �o�c�c�u�r� �i�s� �u�n�k�n�o�w�n� �a�n�d� �i�t�s� 
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�u�l�t�i�m�a�t�e� �e�f�f�e�c�t� �o�n� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �a�i�r� �w�i�l�l� �c�o�m�e� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n� �i�s� �u�n�c�e�r�t�a�i�n�.� �I�t� �w�o�u�l�d� �a�p�p�e�a�r� �t�h�a�t� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� 

�s�o�i�l� �p�o�r�e� �w�a�t�e�r� �i�n�a� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n� �a�n�d� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� 

�d�i�s�s�o�l�v�e�d� �a�i�r� �w�o�u�l�d� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �w�o�u�l�d� �b�e� �d�e�p�e�n�d�e�n�t� 

�o�n� �t�h�e� �p�e�r�m�e�a�b�i�l�i�t�y� �o�f� �t�h�e� �s�o�i�l�.� 

�T�h�e� �f�i�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �u�s�e� �o�f� �A�d�e�n�e�y� �a�n�d� 

�B�e�c�k�e�r�'�s� �e�q�u�a�t�i�o�n�s� �i�s� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �s�u�r�f�a�c�e� �a�r�e�a�,� 

�A�,� �a�c�r�o�s�s� �w�h�i�c�h� �t�h�e� �g�a�s� �w�i�l�l� �d�i�f�f�u�s�e� �i�n�t�o� �o�r� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n�.� �F�o�r� �a� �s�a�t�u�r�a�t�e�d� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n� �w�i�t�h� �n�o� �a�i�r� 

�b�u�b�b�l�e�s� �o�r� �f�r�e�e� �a�i�r� �s�u�r�f�a�c�e� �i�n� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �p�o�r�e� �w�a�t�e�r�,� 

�t�h�e�r�e� �s�h�o�u�l�d� �b�e� �n�o� �s�u�r�f�a�c�e� �a�c�r�o�s�s� �w�h�i�c�h� �a�i�r� �c�a�n� �d�i�f�f�u�s�e� �a�n�d� 

�c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n�.� 

�T�h�e� �r�e�v�i�e�w� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �o�n� �c�a�v�i�t�a�t�i�o�n�,� �h�o�w�e�v�e�r�,� 

�r�e�v�e�a�l�e�d� �t�h�a�t� �t�i�n�y� �p�o�c�k�e�t�s� �o�f� �t�r�a�p�p�e�d� �g�a�s� �c�a�n� �e�x�i�s�t� �s�t�a�b�l�y� 

�i�n� �c�r�a�c�k�s� �a�n�d� �c�r�e�v�i�c�e�s� �o�n� �s�u�r�f�a�c�e�s� �a�n�d� �s�o�l�i�d� �p�a�r�t�i�c�l�e�s�.� �I�t� 

�i�s� �l�i�k�e�l�y� �t�h�a�t� �a� �n�u�m�b�e�r� �o�f� �g�a�s� �p�o�c�k�e�t�s� �o�f� �t�h�i�s� �t�y�p�e� �c�o�u�l�d� 

�e�x�i�s�t� �i�n� �a� �t�h�e�o�r�e�t�i�c�a�l�l�y� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �s�p�e�c�i�m�e�n�.� �A�i�r� 

�b�u�b�b�l�e�s� �m�a�y� �a�l�s�o� �b�e� �t�r�a�p�p�e�d� �b�e�t�w�e�e�n� �t�h�e� �s�p�e�c�i�m�e�n� �a�n�d� �r�u�b�b�e�r� 

�m�e�m�b�r�a�n�e�.� �I�f� �g�a�s� �p�o�c�k�e�t�s� �a�r�e� �p�r�e�s�e�n�t� �i�n� �a� �s�a�t�u�r�a�t�e�d� �Q� �t�e�s�t� 

�s�p�e�c�i�m�e�n�,� �t�h�e�y� �c�o�u�l�d� �p�r�o�v�i�d�e� �t�h�e� �i�n�i�t�i�a�l� �s�u�r�f�a�c�e� �a�r�e�a� �a�c�r�o�s�s� 

�w�h�i�c�h� �t�h�e� �d�i�s�s�o�l�v�e�d� �a�i�r� �c�o�u�l�d� �d�i�f�f�u�s�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n�.� �T�h�e� 

�d�i�f�f�i�c�u�l�t�y� �c�o�m�e�s� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �o�r� �e�s�t�i�m�a�t�i�n�g� �t�h�e� �s�i�z�e� �o�f� 

�t�h�i�s� �s�u�r�f�a�c�e� �a�r�e�a� �t�o� �u�s�e� �i�n� �E�q�.� �4�-�6�0�.� 
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�I�n� �a�d�d�i�t�i�o�n�,� �a�s� �a�i�r� �c�o�m�e�s� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �a�n�d� �e�n�t�e�r�s� 

�t�h�e� �e�x�i�s�t�i�n�g� �g�a�s� �p�o�c�k�e�t�s�,� �t�h�e� �g�a�s� �p�o�c�k�e�t�s� �w�i�l�l� �g�r�o�w� �l�a�r�g�e�r� 

�a�n�d� �t�h�e� �s�u�r�f�a�c�e� �a�r�e�a� �a�c�r�o�s�s� �w�h�i�c�h� �t�h�e� �a�i�r� �d�i�f�f�u�s�e�s� �w�i�l�l� 

�c�h�a�n�g�e� �w�i�t�h� �t�i�m�e�.� �T�h�i�s� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �a�r�e�a� �a�c�r�o�s�s� �w�h�i�c�h� 

�d�i�f�f�u�s�i�o�n� �o�c�c�u�r�s� �i�s� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �b�y� �E�q�.� �4�-�6�0�,� �e�v�e�n� �t�h�o�u�g�h� 

�A�d�e�n�e�y� �a�n�d� �B�e�c�k�e�r�'�s� �(�1�9�1�8�,� �1�9�1�9�)� �e�x�p�e�r�i�m�e�n�t�s� �i�n�v�o�l�v�e�d� �a� 

�b�u�b�b�l�e� �w�i�t�h� �a� �s�u�r�f�a�c�e� �a�r�e�a� �w�h�i�c�h� �c�h�a�n�g�e�d� �a�s� �t�h�e� �a�i�r� �i�n� �t�h�e� 

�b�u�b�b�l�e� �w�e�n�t� �i�n�t�o� �s�o�l�u�t�i�o�n�.� �T�h�i�s� �c�o�n�s�t�a�n�t� �c�r�o�s�s� �s�e�c�t�i�o�n�a�l� 

�a�r�e�a� �i�n� �E�q�.� �4�-�6�0� �c�o�m�p�l�i�c�a�t�e�s� �t�h�e� �p�r�o�b�l�e�m� �e�v�e�n� �m�o�r�e� �a�n�d� �m�a�k�e�s� 

�t�h�e� �a�p�p�l�i�c�a�b�i�l�i�t�y� �o�f� �A�d�e�n�e�y� �a�n�d� �B�e�c�k�e�r�'�s� �w�o�r�k� �a�n�d� �D�o�r�s�e�y�'�s� 

�e�q�u�a�t�i�o�n� �t�o� �t�h�e� �p�r�o�b�l�e�m� �o�f� �a�i�r� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� 

�t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �s�e�e�m� 

�q�u�e�s�t�i�o�n�a�b�l�e�.� 

�N�e�g�l�e�c�t�i�n�g� �t�h�e�s�e� �l�i�m�i�t�a�t�i�o�n�s�,� �a�n� �e�x�a�m�p�l�e� �o�f� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n� �o�f� �E�q�.� �4�-�6�0� �h�a�s� �b�e�e�n� �a�p�p�l�i�e�d� �t�o� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �Q� 

�t�e�s�t� �s�p�e�c�i�m�e�n� �U�U�-�1�0�.� �I�n� �t�h�i�s� �c�a�s�e� �t�h�e� �t�o�t�a�l� �v�o�l�u�m�e� �o�f� �w�a�t�e�r� 

�i�n� �t�h�e� �s�a�t�u�r�a�t�e�d� �s�p�e�c�i�m�e�n� �w�a�s� �2�9�.�2�7� �c�m�?�.� �T�h�e� �i�n�i�t�i�a�l� �a�i�r�-� 

�w�a�t�e�r� �i�n�t�e�r�f�a�c�e� �w�a�s� �p�r�e�v�i�o�u�s�l�y� �e�s�t�i�m�a�t�e�d� �t�o� �c�o�n�s�i�s�t� �o�f� 

�5�,�8�0�0�,�0�0�0� �h�e�m�i�s�p�h�e�r�e�s� �o�f� �r�a�d�i�u�s� �r� �=� �0�.�0�0�0�5�1�3� �i�n�c�h�e�s�.� �T�h�e� 

�s�u�r�f�a�c�e� �a�r�e�a� �o�f� �t�h�e�s�e� �h�e�m�i�s�p�h�e�r�e�s� �i�s� �e�q�u�a�l� �t�o� �9�.�5�9� �i�n�@� �o�r� 

�6�1�.�8�7� �c�m�2�.� �F�o�r� �t�h�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �c�o�n�s�i�d�e�r�e�d� 

�p�r�e�v�i�o�u�s�l�y� �i�n� �S�e�c�t�i�o�n� �6�.�1�.�2�,� �u�s�i�n�g� �H�e�n�r�y�'�s� �l�a�w�,� �i�f� �t�h�e� �w�a�t�e�r� 

�s�u�b�j�e�c�t�e�d� �t�o� �a�n� �a�i�r� �p�r�e�s�s�u�r�e� �o�f� �P�a�j� �=� �1�3�.�7� �p�s�i�a� �w�a�s� 

�i�n�i�t�i�a�l�l�y� �1�0�0� �p�e�r�c�e�n�t� �s�a�t�u�r�a�t�e�d� �w�i�t�h� �d�i�s�s�o�l�v�e�d� �a�i�r�,� �a�t� �t�h�e� 

�f�i�n�a�l� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �o�f� �P�a�r� �=� �6�.�5�1� �p�s�i�a�,� �t�h�e� �e�q�u�i�l�i�b�r�i�u�m� 
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�a�i�r� �c�o�n�t�e�n�t� �w�o�u�l�d� �b�e� �4�7�.�5� �p�e�r�c�e�n�t� �o�f� �t�h�e� �i�n�i�t�i�a�l� �d�i�s�s�o�l�v�e�d� 

�a�i�r� �c�o�n�t�e�n�t� �(�P�a�r� �=� �0�.�4�7�5�P�3�;�)�-�.� �C�o�n�s�i�d�e�r�i�n�g� �t�h�a�t� �t�h�e� �m�i�n�i�m�u�m� 

�p�o�r�e� �p�r�e�s�s�u�r�e� �w�a�s� �m�e�a�s�u�r�e�d� �a�t� �2�1� �p�e�r�c�e�n�t� �a�x�i�a�l� �s�t�r�a�i�n� �a�n�d� 

�t�h�e� �t�e�s�t� �w�a�s� �p�e�r�f�o�r�m�e�d� �a�t� �a� �s�t�r�a�i�n� �r�a�t�e� �o�f� �a�b�o�u�t� �1� �p�e�r�c�e�n�t� 

�p�e�r� �m�i�n�u�t�e�,� �a�t� �a� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �2�0�°�C�,� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� 

�d�i�s�s�o�l�v�e�d� �a�i�r� �c�o�n�t�e�n�t� �o�f� �t�h�e� �l�i�q�u�i�d� �w�h�i�c�h� �w�o�u�l�d� �h�a�v�e� 

�o�c�c�u�r�r�e�d� �i�n� �2�1� �m�i�n�u�t�e�s� �d�u�e� �t�o� �t�h�e� �m�e�a�s�u�r�e�d� �p�r�e�s�s�u�r�e� 

�r�e�d�u�c�t�i�o�n�,� �c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �E�q�.� �4�-�4�0� �a�s� �f�o�l�l�o�w�s�:� 

�-�0�.�0�0�9�9� �(�2�0�+� �2�7�3�-�2�3�9�)� �2�4�8�7�9�)� 
�(�c�-�1�0�0�%�)� �=� �(�4�7�.�5�%�-�1�0�0�%�)�|� �1�-�e� �2�9�.�2�7� �(�6�-�1�1�)� 

�c� �=� �1�0�0�%� �-� �5�2�.�5�(�1� �-� �e�7�2�4�-�6�6�)� �=� �4�7�.�5�%� �(�6�-�1�2�)� 

�T�h�i�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �f�o�r� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �a�s�s�u�m�e�d� �i�n� �t�h�i�s� 

�a�n�a�l�y�s�i�s�,� �a�l�l� �o�f� �t�h�e� �a�i�r� �t�h�a�t� �c�o�u�l�d� �p�o�s�s�i�b�l�y� �h�a�v�e� �c�o�m�e� �o�u�t� 

�o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r�,� �w�o�u�l�d� �h�a�v�e� �d�o�n�e� �s�o� �d�u�r�i�n�g� 

�t�h�e� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� �t�e�s�t�.� 

�O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �i�f� �t�h�e� �s�u�r�f�a�c�e� �a�r�e�a� �a�c�r�o�s�s� �w�h�i�c�h� �g�a�s� 

�c�o�u�l�d� �d�i�f�f�u�s�e� �w�a�s� �o�n�l�y� �1� �c�m�2�,� �t�h�e� �f�i�n�a�l� �d�i�s�s�o�l�v�e�d� �a�i�r� 

�c�o�n�t�e�n�t� �i�s� �c�a�l�c�u�l�a�t�e�d� �t�o� �b�e� �8�3�.�3� �p�e�r�c�e�n�t� �o�f� �t�h�e� �i�n�i�t�i�a�l� 

�d�i�s�s�o�l�v�e�d� �a�i�r� �c�o�n�t�e�n�t� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r�.� �S�i�m�i�l�a�r�l�y�,� �i�f� �t�h�e� 

�s�u�r�f�a�c�e� �a�r�e�a� �w�a�s� �o�n�l�y� �0�.�1� �c�m�2�,� �t�h�e� �f�i�n�a�l� �d�i�s�s�o�l�v�e�d� �a�i�r� 

�c�o�n�t�e�n�t� �i�s� �c�a�l�c�u�l�a�t�e�d� �t�o� �b�e� �9�8�.�0� �p�e�r�c�e�n�t� �o�f� �t�h�e� �i�n�i�t�i�a�l� 

�d�i�s�s�o�l�v�e�d� �a�i�r� �c�o�n�t�e�n�t� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r�.� �I�n� �t�h�e�s�e� �l�a�s�t� �t�w�o� 

�e�x�a�m�p�l�e�s�,� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� �i�n� �t�e�s�t� �s�p�e�c�i�m�e�n� �U�U�-�1�0� 
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�w�o�u�l�d� �n�o�t� �h�a�v�e� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �m�a�x�i�m�u�m� �a�m�o�u�n�t� �o�f� �d�i�s�s�o�l�v�e�d� 

�g�a�s� �e�x�i�t�i�n�g� �f�r�o�m� �s�o�l�u�t�i�o�n� �i�n� �t�h�e� �2�1� �m�i�n�u�t�e�s� �o�v�e�r� �w�h�i�c�h� �t�h�e� 

�t�e�s�t� �w�a�s� �p�e�r�f�o�r�m�e�d�.� �T�h�i�s� �e�m�p�h�a�s�i�z�e�s� �t�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �i�n� �E�q�.� 

�4�-�6�0� �o�f� �t�h�e� �a�r�e�a� �a�c�r�o�s�s� �w�h�i�c�h� �a�i�r� �c�a�n� �d�i�f�f�u�s�e� �t�o� �c�o�m�e� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n�.� �I�t� �a�l�s�o� �h�i�g�h�l�i�g�h�t�s� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �i�n�v�o�l�v�e�d� �i�n� 

�d�e�t�e�r�m�i�n�i�n�g� �a� �r�e�a�s�o�n�a�b�l�e� �a�r�e�a� �t�o� �u�s�e� �f�o�r� �h�i�g�h�l�y� �s�a�t�u�r�a�t�e�d� 

�s�i�l�t� �s�p�e�c�i�m�e�n�s�.� 

�A�g�a�i�n�,� �i�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� �a�c�t�u�a�l� �a�r�e�a� �t�h�r�o�u�g�h� 

�w�h�i�c�h� �t�h�e� �a�i�r� �w�i�l�l� �d�i�f�f�u�s�e� �w�i�l�l� �v�a�r�y� �a�s� �a�i�r� �c�o�m�e�s� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n� �a�n�d� �t�h�e� �a�i�r� �b�u�b�b�l�e�s� �g�r�o�w� �l�a�r�g�e�r�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� 

�p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�c�c�u�r�s� �g�r�a�d�u�a�l�l�y� �o�v�e�r� �a� 

�p�e�r�i�o�d� �o�f� �2�1� �m�i�n�u�t�e�s�,� �w�h�e�r�e�a�s� �t�h�e� �e�x�a�m�p�l�e� �p�r�e�s�e�n�t�e�d� �a�b�o�v�e� 

�a�s�s�u�m�e�s� �t�h�a�t� �t�h�e� �e�n�t�i�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� �o�c�c�u�r�s� 

�i�n�s�t�a�n�t�a�n�e�o�u�s�l�y� �a�t� �w�h�i�c�h� �p�o�i�n�t� �a�i�r� �b�e�g�i�n�s� �t�o� �c�o�m�e� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n� �o�v�e�r� �a� �2�1� �m�i�n�u�t�e� �t�i�m�e� �p�e�r�i�o�d�.� 

�F�i�n�a�l�l�y�,� �t�h�e� �w�a�t�e�r� �i�n� �t�h�e� �p�o�r�e�s� �o�f� �t�h�e� �s�o�i�l� �m�a�y� �o�r� �m�a�y� 

�n�o�t� �b�e� �a�s� �t�h�o�r�o�u�g�h�l�y� �m�i�x�e�d� �a�s� �A�d�e�n�e�y� �a�n�d� �B�e�c�k�e�r�'�s� �w�o�r�k� 

�a�s�s�u�m�e�s�.� �I�f� �l�i�t�t�l�e� �t�o� �n�o� �m�i�x�i�n�g� �o�f� �t�h�e� �w�a�t�e�r� �o�c�c�u�r�s�,� �t�h�e� 

�p�o�r�e� �w�a�t�e�r� �w�i�l�l� �b�e� �m�u�c�h� �m�o�r�e� �s�t�a�t�i�o�n�a�r�y� �w�i�t�h�i�n� �t�h�e� �p�o�r�e�s� �o�f� 

�t�h�e� �s�o�i�l� �a�n�d� �t�h�e� �e�q�u�a�t�i�o�n�s� �o�f� �A�d�e�n�e�y� �a�n�d� �B�e�c�k�e�r� �a�n�d� �D�o�r�s�e�y� 

�m�a�y� �n�o�t� �b�e� �a�p�p�l�i�c�a�b�l�e�.� �I�f� �h�o�w�e�v�e�r�,� �m�i�x�i�n�g� �o�f� �t�h�e� �w�a�t�e�r� 

�o�c�c�u�r�s� �d�u�e� �t�o� �h�y�d�r�a�u�l�i�c� �g�r�a�d�i�e�n�t�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �p�o�r�e� 

�p�r�e�s�s�u�r�e� �v�a�r�i�a�t�i�o�n�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�p�e�c�i�m�e�n�,� �t�h�e�n� �t�h�e� �a�b�o�v�e� 

�e�x�a�m�p�l�e� �p�r�o�v�i�d�e�s� �a� �r�e�a�s�o�n�a�b�l�e� �b�o�u�n�d� �o�n� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �a�i�r� 
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�w�o�u�l�d� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� �a� 

�s�a�t�u�r�a�t�e�d� �s�i�l�t� �s�p�e�c�i�m�e�n� �d�u�e� �t�o� �a� �r�e�d�u�c�t�i�o�n� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�.� �I�t� �a�l�s�o� �e�m�p�h�a�s�i�z�e�s� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �t�h�e� �a�r�e�a� �o�f� 

�t�h�e� �a�i�r�-�w�a�t�e�r� �i�n�t�e�r�f�a�c�e� �a�c�r�o�s�s� �w�h�i�c�h� �a�i�r� �c�a�n� �c�o�m�e� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n� �o�n� �t�h�e� �t�i�m�e� �f�o�r� �e�q�u�i�l�i�b�r�i�u�m� �c�o�n�d�i�t�i�o�n�s� �t�o� �b�e� 

�a�c�h�i�e�v�e�d�.� 

�I�t� �m�a�y� �v�e�r�y� �w�e�l�l� �b�e� �t�h�a�t� �f�o�r� �a�i�r� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� 

�f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� �a� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �s�p�e�c�i�m�e�n�,� �t�h�e� 

�d�i�f�f�u�s�i�o�n� �p�r�o�c�e�s�s� �i�s� �m�u�c�h� �m�o�r�e� �d�o�m�i�n�a�n�t� �t�h�a�n� �t�h�e� �s�t�r�e�a�m�i�n�g� 

�e�f�f�e�c�t� �a�s�s�u�m�e�d� �b�y� �E�q�.� �4�-�6�0�.� �T�h�e� �e�q�u�a�t�i�o�n�s� �o�f� �E�p�s�t�e�i�n� �a�n�d� 

�P�l�e�s�s�e�t� �(�1�9�5�0�)� �p�r�e�s�e�n�t�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�8�.�1� �a�r�e� �b�a�s�e�d� �o�n� �t�h�e� 

�d�i�f�f�u�s�i�o�n� �p�r�o�c�e�s�s� �a�n�d� �a�s� �a� �r�e�s�u�l�t�,� �m�a�y� �b�e� �m�o�r�e� �a�p�p�l�i�c�a�b�l�e� �t�o� 

�t�h�e� �g�r�o�w�t�h� �o�f� �a�i�r� �b�u�b�b�l�e�s� �w�i�t�h�i�n� �t�h�e� �p�o�r�e�s� �o�f� �a� �s�a�t�u�r�a�t�e�d� 

�s�o�i�l�.� 

�T�h�e� �e�q�u�a�t�i�o�n�s� �o�f� �E�p�s�t�e�i�n� �a�n�d� �P�l�e�s�s�e�t� �c�a�n� �b�e� �a�p�p�l�i�e�d� �t�o� 

�Q� �t�e�s�t� �U�U�-�1�0�,� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �t�i�m�e� �r�e�q�u�i�r�e�d� �f�o�r� �b�u�b�b�l�e�s� �t�o� 

�g�r�o�w� �l�a�r�g�e�r� �w�i�t�h�i�n� �t�h�e� �s�p�e�c�i�m�e�n�.� �I�n� �t�h�i�s� �t�e�s�t�,� �t�h�e� �i�n�i�t�i�a�l� 

�s�i�z�e� �o�f� �a�n� �a�i�r� �b�u�b�b�l�e� �i�n� �t�h�e� �p�o�r�e�s� �o�f� �t�h�e� �s�o�i�l� �c�a�n� �b�e� 

�e�s�t�i�m�a�t�e�d� �b�y� �t�h�e� �r�a�d�i�u�s�,� �r�,� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�2�,� �a�s� �0�.�0�0�0�5�1�3� 

�i�n�.� �A�s�s�u�m�i�n�g� �t�h�a�t� �t�h�e� �p�o�r�e� �w�a�t�e�r� �w�a�s� �s�a�t�u�r�a�t�e�d� �w�i�t�h� 

�d�i�s�s�o�l�v�e�d� �a�i�r� �a�t� �t�h�e� �i�n�i�t�i�a�l� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �o�f� �1�3�.�7� �p�s�i�a�,� 

�t�h�e� �a�p�p�r�o�x�i�m�a�t�e� �r�e�d�u�c�t�i�o�n� �i�n� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �t�o� �6�.�5�1� �p�s�i�a� 

�w�o�u�l�d� �g�i�v�e� �a� �d�e�g�r�e�e� �o�f� �o�v�e�r�s�a�t�u�r�a�t�i�o�n�,� �f�,� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�w�i�t�h� �d�i�s�s�o�l�v�e�d� �a�i�r� �e�q�u�a�l� �t�o�:� 
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�1�3�.�7� �p�s�i�a�_�4�,�  �� �=� �-�1�3� 
�6�.�5�1� �p�s�i�a� �(�6�-�1�3�)� 

�U�s�i�n�g� �t�h�e� �e�q�u�a�t�i�o�n�s� �o�f� �E�p�s�t�e�i�n� �a�n�d� �P�l�e�s�s�e�t� �(�1�9�5�0�)� �f�o�r� 

�t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �t�i�m�e�s� �r�e�q�u�i�r�e�d� �f�o�r� �a�n� �e�x�i�s�t�i�n�g� �a�i�r� 

�b�u�b�b�l�e� �w�i�t�h� �a� �r�a�d�i�u�s�,� �R�p� �=� �0�.�0�0�0�5�1�3� �i�n�,� �t�o� �g�r�o�w� �i�n� �s�i�z�e� �t�o� 

�r�a�d�i�i�,� �R� �=� �1�0�R�p�5� �a�n�d� �1�0�0�R�,�,� �a�r�e� �t�a�b�u�l�a�t�e�d� �i�n� �T�a�b�l�e� �6�.�5�.� 

�T�a�b�l�e� �6�.�5�:� �A�p�p�r�o�x�i�m�a�t�e� �t�i�m�e�s� �f�o�r� �a�n� �e�x�i�s�t�i�n�g� �a�i�r� �b�u�b�b�l�e� 
�w�i�t�h� �a� �r�a�d�i�u�s� �o�f� �R�o� �=� �0�.�0�0�0�5�1�3� �i�n� �=� �0�.�0�1�3�0�3� �c�n�,� 
�t�o� �g�r�o�w� �t�o� �a� �s�i�z�e� �o�f� �1�0�R�,� �a�n�d� �1�0�0�R�,�,� �u�s�i�n�g� �t�h�e� 
�e�q�u�a�t�i�o�n�s� �o�f� �E�p�s�t�e�i�n� �a�n�d� �P�l�e�s�s�e�t� �(�1�9�5�0�)� �(�t�a� �=� 
�t�i�m�e� �r�e�q�u�i�r�e�d� �n�e�g�l�e�c�t�i�n�g� �s�u�r�f�a�c�e� �t�e�n�s�i�o�n� 
�e�f�f�e�c�t�s�,� �t�g� �=� �t�i�m�e� �r�e�q�u�i�r�e�d� �i�n�c�l�u�d�i�n�g� �s�u�r�f�a�c�e� 
�t�e�n�s�i�o�n� �e�f�f�e�c�t�s�)� 

� � 

� � 

� � � � 

�F�i�n�a�l� �S�i�z�e� �o�f� �t�a� �t�g� 
�B�u�b�b�l�e� �(�m�i�n�)� �(�m�i�n�)� 

�R� �=� �1�0�R�,� �3�.�2� �3�.�3� 
�R� �=� �1�0�0�R�,� �3�2�2� �3�2�3� � � � � � � � � 

�T�h�e� �t�i�m�e�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �6�.�5� �s�h�o�w� �t�h�a�t� �a� �b�u�b�b�l�e� 

�w�i�t�h� �a�n� �i�n�i�t�i�a�l� �r�a�d�i�u�s� �o�f� �0�.�0�0�0�5�1�3� �i�n�.� �c�a�n� �g�r�o�w� �1�0� �t�i�m�e�s� �a�s� 

�l�a�r�g�e� �i�n� �l�e�s�s� �t�h�a�n� �3�.�5� �m�i�n�u�t�e�s�.� �T�h�i�s� �i�s� �w�e�l�l� �w�i�t�h�i�n� �t�h�e� 

�t�i�m�e� �o�v�e�r� �w�h�i�c�h� �t�h�e� �t�e�s�t� �w�a�s� �p�e�r�f�o�r�m�e�d�.� �I�n� �t�h�e� �2�1� �m�i�n�u�t�e�s� 

�o�v�e�r� �w�h�i�c�h� �t�h�i�s� �s�p�e�c�i�m�e�n� �w�a�s� �s�h�e�a�r�e�d�,� �t�h�e� �b�u�b�b�l�e� �c�o�u�l�d� �h�a�v�e� 

�g�r�o�w�n� �o�v�e�r� �1�0� �t�i�m�e�s� �l�a�r�g�e�r� �t�h�a�n� �i�t� �w�a�s� �i�n�i�t�i�a�l�l�y�.� 

�T�h�e� �e�q�u�a�t�i�o�n�s� �o�f� �E�p�s�t�e�i�n� �a�n�d� �P�l�e�s�s�e�t� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d� 

�t�o� �e�s�t�i�m�a�t�e� �t�h�e� �p�o�s�s�i�b�l�e� �i�n�c�r�e�a�s�e� �i�n� �b�u�b�b�l�e� �s�i�z�e� �t�h�a�t� �c�o�u�l�d� 

�h�a�v�e� �o�c�c�u�r�r�e�d� �i�n� �2�1� �m�i�n�u�t�e�s�,� �d�u�e� �t�o� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� 

�r�e�d�u�c�t�i�o�n� �w�h�i�c�h� �w�a�s� �m�e�a�s�u�r�e�d� �i�n� �t�h�e� �s�p�e�c�i�m�e�n�.� �B�y� �t�r�i�a�l� �a�n�d� 

�e�r�r�o�r�,� �i�t� �w�a�s� �e�s�t�i�m�a�t�e�d� �t�h�a�t� �t�h�e� �b�u�b�b�l�e� �c�o�u�l�d� �h�a�v�e� �g�r�o�w�n� �t�o� 
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�a�b�o�u�t� �2�5� �t�i�m�e�s� �i�t�s� �i�n�i�t�i�a�l� �r�a�d�i�u�s�,� �o�r� �t�o� �a� �r�a�d�i�u�s� �o�f� �a�b�o�u�t� 

�0�.�0�1�2�8� �i�n�c�h�e�s�.� 

�I�t� �i�s� �n�o�t� �c�e�r�t�a�i�n� �i�f� �a� �b�u�b�b�l�e� �g�r�o�w�i�n�g� �t�o� �a� �s�i�z�e� �s�u�c�h� �a�s� 

�t�h�i�s� �w�o�u�l�d� �h�a�v�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �o�n� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� 

�s�o�i�l�.� �I�t� �i�s� �e�x�p�e�c�t�e�d� �t�h�a�t� �b�u�b�b�l�e� �g�r�o�w�t�h� �a�n�d� �e�s�p�e�c�i�a�l�l�y� 

�m�u�l�t�i�p�l�e� �b�u�b�b�l�e� �g�r�o�w�t�h�,� �w�o�u�l�d� �h�a�v�e� �s�o�m�e� �i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� 

�u�n�d�r�a�i�n�e�d� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �s�o�i�l�,� �a�n�d� �c�o�u�l�d� �b�e� �a� �m�a�j�o�r� �s�o�u�r�c�e� 

�o�f� �t�h�e� �e�r�r�a�t�i�c� �b�e�h�a�v�i�o�r� �o�b�s�e�r�v�e�d� �i�n� �Q� �t�e�s�t�s� �o�n� �s�a�t�u�r�a�t�e�d�,� 

�d�i�l�a�t�a�n�t� �s�i�l�t�s�.� �T�h�i�s� �a�n�a�l�y�s�i�s� �a�n�d� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �o�n� �t�h�e� 

�r�a�t�e� �o�f� �s�o�l�u�b�i�l�i�t�y� �o�f� �a�i�r� �i�n� �w�a�t�e�r� �t�e�n�d� �t�o� �s�u�p�p�o�r�t� �t�h�e� �i�d�e�a� 

�t�h�a�t� �d�i�s�s�o�l�v�e�d� �g�a�s�e�s� �c�a�n� �e�x�i�t� �f�r�o�m� �s�o�l�u�t�i�o�n� �i�n� �w�a�t�e�r� �d�u�r�i�n�g� 

�t�h�e� �t�i�m�e� �o�v�e�r� �w�h�i�c�h� �a� �Q� �t�e�s�t� �i�s� �p�e�r�f�o�r�m�e�d�.� 

�T�h�e� �a�b�o�v�e� �c�a�l�c�u�l�a�t�i�o�n�s� �u�s�e� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� 

�m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t� �U�U�-�1�0� �b�u�t� �d�o� �n�o�t� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �f�a�c�t� 

�t�h�a�t� �t�h�e� �w�a�t�e�r� �w�a�s� �p�r�e�s�e�n�t� �a�n�d� �b�u�b�b�l�e� �g�r�o�w�t�h� �w�o�u�l�d� �h�a�v�e� 

�o�c�c�u�r�r�e�d� �w�i�t�h�i�n� �t�h�e� �p�o�r�e�s� �o�f� �a� �s�o�i�l�.� �T�h�e� �e�q�u�a�t�i�o�n�s� �g�i�v�e�n� �b�y� 

�E�p�s�t�e�i�n� �a�n�d� �P�l�e�s�s�e�t� �(�1�9�5�0�)� �a�r�e� �f�o�r� �o�p�e�n� �w�a�t�e�r�.� �N�o� 

�c�o�n�s�i�d�e�r�a�t�i�o�n� �i�s� �g�i�v�e�n� �t�o� �t�h�e� �w�a�t�e�r� �b�e�i�n�g� �w�i�t�h�i�n� �t�h�e� 

�c�o�n�f�i�n�e�d� �s�p�a�c�e�s� �o�f� �s�o�i�l� �p�o�r�e�s�.� �I�t� �c�o�u�l�d� �b�e� �t�h�a�t� �t�h�e� �r�a�t�e� �o�f� 

�b�u�b�b�l�e� �g�r�o�w�t�h� �w�o�u�l�d� �b�e� �a�f�f�e�c�t�e�d� �t�o� �s�o�m�e� �e�x�t�e�n�t� �b�y� �t�h�e� �s�o�i�l� 

�p�o�r�e� �s�i�z�e� �a�n�d� �s�o�i�l� �s�t�r�u�c�t�u�r�e�.� 

�T�h�e� �w�o�r�k� �o�f� �B�l�a�c�k� �a�n�d� �L�e�e� �(�1�9�7�3�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� 

�t�i�m�e� �f�o�r� �a�i�r� �t�o� �g�o� �i�n�t�o� �s�o�l�u�t�i�o�n� �i�n� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �d�u�r�i�n�g� 

�t�h�e� �b�a�c�k� �p�r�e�s�s�u�r�e� �s�a�t�u�r�a�t�i�o�n� �p�r�o�c�e�s�s� �i�s� �q�u�i�t�e� �l�o�n�g�.� �E�v�e�n� 
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�t�h�o�u�g�h� �t�h�i�s� �p�r�o�c�e�s�s� �i�s� �s�l�i�g�h�t�l�y� �d�i�f�f�e�r�e�n�t� �b�e�c�a�u�s�e� �w�a�t�e�r� �c�a�n� 

�f�l�o�w� �i�n�t�o� �t�h�e� �s�p�e�c�i�m�e�n� �t�o� �f�u�r�t�h�e�r� �i�n�c�r�e�a�s�e� �t�h�e� �d�e�g�r�e�e� �o�f� 

�s�a�t�u�r�a�t�i�o�n� �a�s� �a�i�r� �d�i�s�s�o�l�v�e�s�,� �i�t� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �t�h�a�t� �t�h�e� 

�r�a�t�e� �a�t� �w�h�i�c�h� �a�i�r� �c�a�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �w�o�u�l�d� �b�e� �s�i�m�i�l�a�r�l�y� 

�l�o�n�g�.� �C�h�a�c�e� �(�1�9�7�5�,� �1�9�8�5�)�,� �i�n� �f�a�c�t�,� �f�o�u�n�d� �t�h�a�t� �t�h�e� �t�i�m�e� �f�o�r� 

�a�i�r� �t�o� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �w�a�s� �l�o�n�g�e�r� �t�h�a�n� �t�h�e� �t�i�m�e� 

�r�e�q�u�i�r�e�d� �f�o�r� �a�i�r� �t�o� �g�o� �i�n�t�o� �s�o�l�u�t�i�o�n� �i�n� �s�o�i�l� �p�o�r�e� �w�a�t�e�r�.� 

�T�h�i�s� �t�e�n�d�s� �t�o� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �a�i�r� �c�o�m�e�s� �o�u�t� 

�o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �m�a�y� �v�e�r�y� �l�i�k�e�l�y� �b�e� �s�l�o�w�e�r� 

�t�h�a�n� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �i�t� �g�o�e�s� �i�n�t�o� �s�o�l�u�t�i�o�n� �i�n� �s�o�i�l� �p�o�r�e� 

�w�a�t�e�r�.� 

�T�h�e� �t�i�m�e�s� �f�o�r� �a�i�r� �t�o� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �w�a�t�e�r� �o�r� 

�f�o�r� �b�u�b�b�l�e�s� �t�o� �g�r�o�w� �l�a�r�g�e�r�,� �d�u�e� �t�o� �t�h�e� �c�o�n�f�i�n�e�d� �c�o�n�d�i�t�i�o�n� �o�f� 

�s�o�i�l� �p�o�r�e� �w�a�t�e�r�,� �m�a�y� �b�e� �l�o�n�g�e�r� �t�h�a�n� �e�s�t�i�m�a�t�e�d� �a�b�o�v�e�.� �F�o�r� 

�t�h�i�s� �r�e�a�s�o�n�,� �i�t� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �m�a�k�e� �a�n�y� �d�e�f�i�n�i�t�e� 

�c�o�n�c�l�u�s�i�o�n�s� �o�n� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �a�i�r� �c�o�m�e�s� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� 

�f�r�o�m� �s�o�i�l� �p�o�r�e� �w�a�t�e�r�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �a�m�o�u�n�t� �o�f� �a�i�r� �w�h�i�c�h� 

�c�a�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �d�u�r�i�n�g� �t�h�e� �Q� 

�t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�.� �I�t� �i�s� �r�e�a�s�o�n�a�b�l�e�,� 

�h�o�w�e�v�e�r�,� �t�o� �e�x�p�e�c�t� �t�h�a�t� �s�o�m�e� �a�m�o�u�n�t� �o�f� �a�i�r� �w�i�l�l� �c�o�m�e� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n� �d�u�e� �t�o� �t�h�e� �r�e�d�u�c�t�i�o�n�s� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �o�c�c�u�r� 

�i�n� �s�a�t�u�r�a�t�e�d�,� �d�i�l�a�t�a�n�t� �s�i�l�t�s�.� �E�x�i�s�t�i�n�g� �b�u�b�b�l�e�s� �w�i�l�l� �a�l�s�o� 

�t�e�n�d� �t�o� �g�r�o�w� �l�a�r�g�e�r� �a�s� �p�o�r�e� �p�r�e�s�s�u�r�e�s� �d�e�c�r�e�a�s�e� �d�u�r�i�n�g� �Q� 

�t�e�s�t�s� �o�n� �s�a�t�u�r�a�t�e�d�,� �d�i�l�a�t�a�n�t� �s�i�l�t�s�.� �T�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �b�u�b�b�l�e� 

�f�o�r�m�a�t�i�o�n� �a�n�d� �g�r�o�w�t�h� �w�i�t�h�i�n� �t�h�e� �p�o�r�e�s� �o�f� �a� �s�a�t�u�r�a�t�e�d�,� 
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�d�i�l�a�t�a�n�t� �s�o�i�l� �s�p�e�c�i�m�e�n� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �d�e�t�a�i�l� �i�n� 

�S�e�c�t�i�o�n� �6�.�1�2�.� 

�6�.�2� �E�f�f�e�c�t� �o�f� �S�a�m�p�l�i�n�g� �o�n� �P�o�r�e� �P�r�e�s�s�u�r�e� �C�h�a�n�g�e�s� 

�A�s� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�3�.�1�,� �d�u�r�i�n�g� �s�a�m�p�l�i�n�g� �o�f� �a� 

�s�a�t�u�r�a�t�e�d� �s�i�l�t�,� �a� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �o�f� 

�t�h�e� �s�o�i�l� �w�i�l�l� �o�c�c�u�r� �a�s� �t�h�e� �t�o�t�a�l� �s�t�r�e�s�s� �a�c�t�i�n�g� �o�n� �t�h�e� �s�o�i�l� 

�i�s� �r�e�d�u�c�e�d� �a�n�d� �t�h�e� �s�o�i�l� �t�r�i�e�s� �t�o� �m�a�i�n�t�a�i�n� �i�t�s� �e�f�f�e�c�t�i�v�e� 

�s�t�r�e�s�s� �(�L�a�d�d� �a�n�d� �L�a�m�b�e�,� �1�9�6�3�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �S�k�e�m�p�t�o�n� 

�(�1�9�5�4�)�,� �t�h�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �o�c�c�u�r�s� �d�u�e� 

�t�o� �a� �c�h�a�n�g�e� �i�n� �t�o�t�a�l� �s�t�r�e�s�s� �i�s� �e�q�u�a�l� �t�o�:� 

�A�u�y� �=� �B�A�o�3� �+� �A�,� �(�A�o�,� �-� �A�o�3�)� �(�6�-�1�4�)� 

�w�h�e�r�e� �A�u�y�=� �t�h�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �r�e�s�u�l�t�i�n�g� 
�f�r�o�m� �a� �c�h�a�n�g�e� �i�n� �t�o�t�a�l� �s�t�r�e�s�s�,� 

�B� �=� �p�o�r�e� �p�r�e�s�s�u�r�e� �p�a�r�a�m�e�t�e�r� �r�e�l�a�t�i�n�g� �t�h�e� �c�h�a�n�g�e� 
�i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �t�o� �t�h�e� �c�h�a�n�g�e� �i�n� �c�e�l�l� 
�p�r�e�s�s�u�r�e�;� �B� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �e�q�u�a�l� �t�o� �1�.�0� 
�f�o�r� �a� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �1�0�0�%�,� 

�A�o�3�=� �t�h�e� �c�h�a�n�g�e� �i�n� �m�i�n�o�r� �p�r�i�n�c�i�p�a�l� �t�o�t�a�l� �s�t�r�e�s�s�,� 

�A�y� �=� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �p�a�r�a�m�e�t�e�r� �r�e�l�a�t�i�n�g� �t�h�e� 
�c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �t�o� �t�h�e� �c�h�a�n�g�e� 
�i�n� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �d�u�r�i�n�g� �u�n�l�o�a�d�i�n�g�,� �a�n�d� 

�A�o�,�=� �t�h�e� �c�h�a�n�g�e� �i�n� �m�a�j�o�r� �p�r�i�n�c�i�p�a�l� �t�o�t�a�l� �s�t�r�e�s�s�.� 

�F�o�r� �a� �s�a�t�u�r�a�t�e�d� �s�o�i�l� �s�a�m�p�l�e� �l�o�c�a�t�e�d� �a�t� �s�o�m�e� �d�e�p�t�h� �b�e�l�o�w� 

�t�h�e� �g�r�o�u�n�d� �w�a�t�e�r� �s�u�r�f�a�c�e�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�.�1�2�,� �t�h�e� �i�n�-� 

�s�i�t�u� �t�o�t�a�l� �s�t�r�e�s�s�e�s� �a�c�t�i�n�g� �o�n� �t�h�e� �s�o�i�l� �w�i�l�l� �b�e� �r�e�d�u�c�e�d� �t�o� 

�z�e�r�o� �w�h�e�n� �t�h�e� �s�o�i�l� �i�s� �s�a�m�p�l�e�d� �a�n�d� �b�r�o�u�g�h�t� �t�o� �t�h�e� �g�r�o�u�n�d� 
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� � 

�A� �=� 

�Y� �s�a�t� �=� �1�1�0� �p�e�t� �>�'�=� �3�7�°� 
�K� �=�0�.�4� �o� 

�z� 

�o�,�=� �1�1�0�2� 

� � � � 

�y� �6�,� �=� �0�.�4�(�1�1�0�-�6�2�.�4�)�z� �+� �6�2�.�4�z� 
�a� �3� 

� � � � � � 

�A�c� �4�=� �1�1�0�z� 

�A�o�,� �=� �8�1�.�4�4�2� 

�F�i�g�u�r�e� �6�.�1�2�.� �S�o�i�l� �c�o�n�d�i�t�i�o�n�s� �c�o�n�s�i�d�e�r�e�d� �i�n� �s�a�m�p�l�i�n�g� 
�a�n�a�l�y�s�i�s� �o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� 
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�s�u�r�f�a�c�e�.� �T�h�e� �v�a�l�u�e�s� �o�f� �A�,� �d�e�t�e�r�m�i�n�e�d� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� 

�s�t�u�d�y� �a�n�d� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �5�.�9�,� �a�l�o�n�g� �w�i�t�h� �t�h�e� �s�o�i�l� 

�c�o�n�d�i�t�i�o�n�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�.�1�2�,� �c�a�n� �b�e� �u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� 

�c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �a� �s�o�i�l� �b�e�i�n�g� 

�s�a�m�p�l�e�d� �f�r�o�m� �v�a�r�i�o�u�s� �d�e�p�t�h�s�.� �T�a�b�l�e� �6�.�6� �p�r�e�s�e�n�t�s� �t�h�e� 

�c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e�s� �o�f� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�u�e� �t�o� 

�s�a�m�p�l�i�n�g�,� �f�o�r� �t�h�e� �v�a�l�u�e�s� �o�f� �A�,�,� �r�e�p�o�r�t�e�d� �i�n� �S�e�c�t�i�o�n� �5�.�5�.� 

�T�a�b�l�e� �6�.�6�:� �C�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 
�s�a�m�p�l�i�n�g�,� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� �v�a�l�u�e�s� �o�f� �A�,� 
�d�e�t�e�r�m�i�n�e�d� �i�n� �t�h�e� �u�n�d�r�a�i�n�e�d� �u�n�l�o�a�d�i�n�g� �t�e�s�t�s�,� �f�o�r� 
�t�h�e� �c�o�n�d�i�t�i�o�n�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�.�1�2� 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

�A�u�,� �f�o�r� �A�u�y� �f�o�r� �A�u�y� �f�o�r� 
�D�e�p�t�h� �A�,�=�0� �A�y�=�-�0�.�1� �A�y�=�-�0�.�2� 

�(�f�t�)� �u�s� �M�e�i�n� �m�a�y� 
�(�p�s�i�)� �(�p�s�i�)� �(�p�s�i�)� 

�5� �2�.�8�3� �2�.�7�3� �2�.�6�3� 
�1�0� �5�.�6�5� �5�.�4�6� �5�.�2�6� 
�1�5� �8�.�4�8� �8�.�1�9� �7�.�8�9� 
�2�0� �1�1�.�3�1� �1�0�.�9�1� �1�0�.�5�2� 
�3�0� �1�6�.�9�7� �1�6�.�3�7� �1�5�.�7�8� 
�4�0� �2�2�.�6�2� �2�1�.�8�3� �2�1�.�0�4� 
�5�0� �2�8�.�2�8� �2�7�.�2�9� �2�6�.�2�9� � � � � � � � � � � 
� � 

�A�s�s�u�m�i�n�g� �t�h�a�t� �t�h�e� �p�o�r�e� �w�a�t�e�r� �w�a�s� �i�n�i�t�i�a�l�l�y� �s�a�t�u�r�a�t�e�d� 

�w�i�t�h� �d�i�s�s�o�l�v�e�d� �a�i�r� �a�t� �t�h�e� �i�n�-�s�i�t�u� �h�y�d�r�o�s�t�a�t�i�c� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�,� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �d�u�e� �t�o� �s�a�m�p�l�i�n�g� 

�w�o�u�l�d� �r�e�s�u�l�t� �i�n� �a�i�r� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� 

�w�a�t�e�r� �t�o� �r�e�e�s�t�a�b�l�i�s�h� �e�q�u�i�l�i�b�r�i�u�m�,� �i�n� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �H�e�n�r�y�'�s� 

�l�a�w�.� �F�o�r� �t�h�e� �d�e�c�r�e�a�s�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �a�n�d� �p�o�r�e� �a�i�r� 

�p�r�e�s�s�u�r�e� �w�h�i�c�h� �o�c�c�u�r� �d�u�r�i�n�g� �s�a�m�p�l�i�n�g�,� �t�h�e� �f�i�n�a�l� �d�e�g�r�e�e� �o�f� 

�s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�o�i�l� �c�a�n� �b�e� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �E�q�.� �4�-�4�1�:� 
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�P�p� 
�S�f� �=�  ��_�-�f�_�_�_� �(�4�-�4�1�)� 

�H� �A�u�w� �+� �P�f� 

�V�a�l�u�e�s� �o�f� �t�h�e� �f�i�n�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �f�o�r� �t�h�e� 

�r�e�d�u�c�t�i�o�n�s� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�6�,� �h�a�v�e� 

�b�e�e�n� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �E�q�.� �4�-�4�1� �a�n�d� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� 

�6�.�7�.� 

�T�a�b�l�e� �6�.�7�:� �P�o�s�s�i�b�l�e� �f�i�n�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �s�o�i�l� 
�s�a�m�p�l�e�d� �f�r�o�m� �v�a�r�i�o�u�s� �d�e�p�t�h�s� �b�e�l�o�w� �t�h�e� �g�r�o�u�n�d� 
�w�a�t�e�r� �s�u�r�f�a�c�e� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �E�q�.� �4�-�4�1�,� �f�o�r� �t�h�e� 
�p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �6�.�6� 
�(�H�=�0�.�0�2�,� �P�g�=�1�4�.�7� �p�s�i�)� 
� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

�S�¢� �f�o�r� �S�-�¢� �f�o�r� �S�_� �f�o�r� 
�D�e�p�t�h� �A�,�=�0� �A�,�=�-�0�.�1� �A�,�=�7�0�.�2� 

�(�f�t�)� �(�%�)� �(�%�)� �(�%�)� 
�5� �9�9�.�6� �9�9�.�6� �9�9�.�6� 

�1�0� �9�9�.�2� �9�9�.�3� �9�9�.�3� 
�1�5� �9�8�.�9� �9�9�.�0� �9�8�.�9� 
�2�0� �9�8�.�5� �9�8�.�5� �9�8�.�6� 
�3�0� �9�7�.�7� �9�7�.�8� �9�7�.�9� 
�4�0� �9�7�.�0� �9�7�.�1� �9�7�.�2� 
�5�0� �9�6�.�3� �9�6�.�4� �9�6�.�5� � � � � � � � � � � � � 

�A�s� �c�a�n� �b�e� �s�e�e�n� �f�r�o�m� �t�h�e� �r�e�s�u�l�t�s� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�7�,� �t�h�e� 

�p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n�s� �w�h�i�c�h� �c�o�u�l�d� �o�c�c�u�r� �d�u�r�i�n�g� �t�h�e� 

�s�a�m�p�l�i�n�g� �o�f� �a� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �f�r�o�m� �d�e�p�t�h�s� �o�f� �u�p� �t�o� �5�0� �f�e�e�t� 

�b�e�l�o�w� �t�h�e� �g�r�o�u�n�d� �w�a�t�e�r� �s�u�r�f�a�c�e�,� �c�o�u�l�d� �p�o�s�s�i�b�l�y� �c�a�u�s�e� �t�h�e� 

�d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�o�i�l� �t�o� �b�e� �r�e�d�u�c�e�d� �b�y� �u�p� �t�o� �3�.�7� 

�p�e�r�c�e�n�t�.� �D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� �p�r�o�b�l�e�m�,� �t�h�e� 

�f�i�n�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�o�i�l� �h�a�s� �b�e�e�n� �e�s�t�i�m�a�t�e�d� �t�o� 

�v�a�r�y� �b�e�t�w�e�e�n� �9�6�.�3� �a�n�d� �9�9�.�6� �p�e�r�c�e�n�t�.� 
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�T�h�e� �v�a�l�u�e�s� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�7� �a�r�e� �b�a�s�e�d� �o�n� �t�h�e� 

�a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �t�h�e� �p�o�r�e� �w�a�t�e�r� �a�t� �a�n�y� �d�e�p�t�h� �b�e�l�o�w� �t�h�e� �g�r�o�u�n�d� 

�w�a�t�e�r� �s�u�r�f�a�c�e� �i�s� �s�a�t�u�r�a�t�e�d� �w�i�t�h� �d�i�s�s�o�l�v�e�d� �a�i�r� �f�o�r� �t�h�e� �g�i�v�e�n� 

�v�a�l�u�e� �o�f� �h�y�d�r�o�s�t�a�t�i�c� �p�r�e�s�s�u�r�e�.� �A�s� �n�o�t�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�2�.�2�,� 

�t�h�i�s� �m�a�y� �b�e� �u�n�r�e�a�l�i�s�t�i�c� �a�n�d� �w�o�u�l�d� �v�e�r�y� �l�i�k�e�l�y� �b�e� �a� �w�o�r�s�t� 

�c�a�s�e� �s�i�t�u�a�t�i�o�n�.� �T�h�e� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �p�r�o�b�a�b�l�y� �w�o�u�l�d� �n�o�t� �b�e� 

�s�a�t�u�r�a�t�e�d� �w�i�t�h� �d�i�s�s�o�l�v�e�d� �a�i�r� �a�t� �a� �p�r�e�s�s�u�r�e� �e�q�u�a�l� �t�o� �t�h�e� 

�h�y�d�r�o�s�t�a�t�i�c� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �i�t�s� �d�e�p�t�h� 

�b�e�l�o�w� �t�h�e� �g�r�o�u�n�d� �w�a�t�e�r� �s�u�r�f�a�c�e�.� �I�n� �a�c�t�u�a�l�i�t�y�,� �t�h�e� �d�i�s�s�o�l�v�e�d� 

�g�a�s� �c�o�n�t�e�n�t� �o�f� �g�r�o�u�n�d� �w�a�t�e�r� �a�t� �a�l�l� �d�e�p�t�h�s� �s�h�o�u�l�d� �o�n�l�y� �b�e� 

�d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �p�r�e�s�s�u�r�e� �o�f� �t�h�e� �s�o�i�l� �g�a�s� �a�b�o�v�e� �t�h�e� �g�r�o�u�n�d� 

�w�a�t�e�r� �s�u�r�f�a�c�e�.� �I�f� �t�h�e� �p�r�e�s�s�u�r�e� �o�f� �t�h�e� �s�o�i�l� �g�a�s� �i�s� �c�l�o�s�e� �t�o� 

�a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e�,� �a� �r�e�d�u�c�t�i�o�n� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�s�h�o�u�l�d� �h�a�v�e� �l�i�t�t�l�e� �e�f�f�e�c�t� �o�n� �t�h�e� �a�m�o�u�n�t� �o�f� �a�i�r� �t�h�a�t� �w�o�u�l�d� 

�c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e� �i�t� �i�s� �t�h�e� �p�r�e�s�s�u�r�e� �o�f� 

�t�h�e� �g�a�s� �i�n� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �w�a�t�e�r� �w�h�i�c�h� �i�n�f�l�u�e�n�c�e�s� �t�h�e� 

�a�m�o�u�n�t� �o�f� �d�i�s�s�o�l�v�e�d� �g�a�s� �i�n� �t�h�e� �w�a�t�e�r� �a�n�d� �n�o�t� �t�h�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�.� 

�A�n�o�t�h�e�r� �c�o�n�s�i�d�e�r�a�t�i�o�n� �i�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� 

�f�i�n�a�l� �p�o�r�e� �a�i�r� �a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �a�f�t�e�r� �s�a�m�p�l�i�n�g�.� �F�o�r� 

�a� �s�a�t�u�r�a�t�e�d� �s�o�i�l� �i�n� �t�h�e� �g�r�o�u�n�d�,� �t�h�e� �p�o�r�e� �a�i�r� �a�n�d� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�s� �a�r�e� �i�n�i�t�i�a�l�l�y� �b�o�t�h� �e�q�u�a�l� �t�o� �t�h�e� �h�y�d�r�o�s�t�a�t�i�c� 

�p�r�e�s�s�u�r�e� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �(�S�o�w�e�r�s�,� �1�9�7�9�)�.� �T�h�e� �s�a�m�p�l�i�n�g� �o�f� 

�t�h�e� �s�o�i�l� �l�e�a�d�s� �t�o� �c�h�a�n�g�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�,� �a�s� �g�i�v�e�n� 

�i�n� �T�a�b�l�e� �6�.�6�.� �T�h�e� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� �s�o�i�l� �d�e�c�r�e�a�s�e�s� 
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�f�r�o�m� �t�h�e� �h�y�d�r�o�s�t�a�t�i�c� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �a�t� �a�n�y� �g�i�v�e�n� �d�e�p�t�h� �d�o�w�n� 

�t�o� �a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �c�h�a�n�g�e�s� �i�n� �p�o�r�e� 

�a�i�r� �p�r�e�s�s�u�r�e� �w�i�t�h� �t�h�e� �c�h�a�n�g�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�,� �s�h�o�w�s� 

�t�h�a�t� �t�h�e� �f�i�n�a�l� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �f�i�n�a�l� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �a�i�r�-�w�a�t�e�r� 

�i�n�t�e�r�f�a�c�e�s� �o�f� �r�a�d�i�u�s� �r�,� �a�s� �c�a�l�c�u�l�a�t�e�d� �b�y� �E�q�.� �4�-�2�9�,� �m�a�y� �b�e� 

�p�r�e�s�e�n�t� �w�i�t�h�i�n� �t�h�e� �s�a�m�p�l�e�d� �s�o�i�l�.� 

�T�h�e� �m�a�x�i�m�u�m� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �a�t� �e�a�c�h� �d�e�p�t�h� 

�o�c�c�u�r�r�e�d� �f�o�r� �t�h�e� �c�a�s�e� �o�f� �A�,� �=� �0� �i�n� �T�a�b�l�e� �6�.�6�.� �T�h�e�s�e� �v�a�l�u�e�s� 

�f�o�r� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �h�a�v�e� �b�e�e�n� �u�s�e�d� �a�l�o�n�g� �w�i�t�h� 

�t�h�e� �v�a�l�u�e�s� �o�f� �t�h�e� �i�n�i�t�i�a�l� �h�y�d�r�o�s�t�a�t�i�c� �p�r�e�s�s�u�r�e� �t�o� �c�a�l�c�u�l�a�t�e� 

�t�h�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e�,� �a�n�d� �t�h�e� �f�i�n�a�l� �p�o�r�e� �a�i�r� �a�n�d� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �f�o�r� �e�a�c�h� �d�e�p�t�h�.� �T�h�e� �r�e�s�u�l�t�s� �a�r�e� 

�p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �6�.�8�.� �B�e�c�a�u�s�e� �t�h�e� �v�a�l�u�e�s� �o�f� �f�i�n�a�l� �p�o�r�e� 

�a�i�r� �p�r�e�s�s�u�r�e� �w�e�r�e� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �v�a�l�u�e�s� �o�f� �f�i�n�a�l� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e�,� �t�h�e� �v�a�l�u�e�s� �o�f� �i�n�t�e�r�f�a�c�e� �r�a�d�i�u�s�,� �r�,� �h�a�v�e� �b�e�e�n� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �E�q�.� �4�-�2�9�,� �a�n�d� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �6�.�8�,� �a�s� 

�w�e�l�l�.� 

�T�h�e� �p�r�e�s�e�n�c�e� �o�f� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �i�n� �t�h�e� 

�s�o�i�l� �a�f�t�e�r� �s�a�m�p�l�i�n�g� �s�u�g�g�e�s�t�s� �t�h�a�t� �a�i�r�-�w�a�t�e�r� �i�n�t�e�r�f�a�c�e�s� �m�u�s�t� 

�h�a�v�e� �b�e�e�n� �f�o�r�m�e�d� �i�n� �t�h�e� �s�o�i�l� �d�u�r�i�n�g� �s�a�m�p�l�i�n�g�.� �I�n� �o�r�d�e�r� �f�o�r� 

�t�h�i�s� �t�o� �o�c�c�u�r�,� �s�o�m�e� �a�m�o�u�n�t� �o�f� �a�i�r� �m�u�s�t� �h�a�v�e� �c�o�m�e� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �d�u�r�i�n�g� �t�h�e� �s�a�m�p�l�i�n�g� 

�p�r�o�c�e�s�s�,� �l�e�a�d�i�n�g� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �v�o�i�d� �r�a�t�i�o� �o�f� �t�h�e� 
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�s�o�i�l� �a�n�d� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�o�i�l� 

�b�e�l�o�w� �1�0�0� �p�e�r�c�e�n�t�.� �I�t� �i�s� �n�o�t� �c�e�r�t�a�i�n� �h�o�w� �m�u�c�h� �a�i�r� �m�u�s�t� �c�o�m�e� 

�o�u�t� �o�f� �s�o�l�u�t�i�o�n� �t�o� �c�r�e�a�t�e� �t�h�e� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� 

�g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�8�.� �I�t� �c�o�u�l�d� �b�e� �t�h�a�t� �o�n�l�y� �a� �f�e�w� �a�i�r� �b�u�b�b�l�e�s� 

�o�f� �r�a�d�i�u�s� �r� �f�o�r�m� �i�n� �t�h�e� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �d�u�r�i�n�g� �s�a�m�p�l�i�n�g�.� �O�n� 

�t�h�e� �o�t�h�e�r� �h�a�n�d�,� �i�f� �a� �n�u�m�b�e�r� �o�f� �b�u�b�b�l�e�s� �w�i�t�h� �t�h�e� �s�a�m�e� �r�a�d�i�u�s� 

�f�o�r�m�,� �t�h�e�y� �w�o�u�l�d� �c�a�u�s�e� �t�h�e� �s�a�m�e� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�,� �b�u�t� �w�o�u�l�d� �m�a�k�e� �t�h�e� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� 

�s�o�i�l� �l�o�w�e�r�.� 

�T�a�b�l�e� �6�.�8�:� �F�i�n�a�l� �p�o�r�e� �a�i�r� �a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �a�n�d� �a�i�r�-� 
�w�a�t�e�r� �i�n�t�e�r�f�a�c�e� �r�a�d�i�i�,� �r�,� �f�o�r� �s�a�t�u�r�a�t�e�d� �s�o�i�l� 
�s�a�m�p�l�e�d� �f�r�o�m� �v�a�r�i�o�u�s� �d�e�p�t�h�s� 
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�D�e�p�t�h� �I�n�i�t�i�a�l� �A�u�y� �F�i�n�a�l� �F�i�n�a�l� 
�B�e�l�o�w� �|� �H�y�d�r�o�s�t�a�t�i�c� �f�o�r� �P�o�r�e� �A�i�r� �P�o�r�e� �r� 

�G�W�T� �P�r�e�s�s�u�r�e� �A�.�=�0� �P�r�e�s�s�u�r�e� �W�a�t�e�r� �(�i�n�)� 
�(�f�t�)� �(�p�s�i�g�)� �u�,� �(�p�s�i�g�)� �P�r�e�s�s�u�r�e� 

�(�p�s�i�)� �(�p�s�i�g�)� 
�5� �2�.�1�7� �2�.�8�3� �0� �-�0�.�6�6� �0�.�0�0�1�2�5�9� 

�1�0� �4�.�3�3� �5�.�5�6� �)� �-�1�.�2�3� �0�.�0�0�0�6�7�6� 
�1�5� �6�.�5�0� �8�.�4�8� �0� �-�1�.�9�8� �0�.�0�0�0�4�2�0� 
�2�0� �8�.�6�7� �1�1�.�3�1� �f�e�)� �~�2�.�6�4� �0�.�0�0�0�3�1�5� 
�3�0� �1�3�.�0�0� �1�6�.�9�7� �0� �-�3�.�9�7� �0�.�0�0�0�2�0�9� 
�4�0� �1�7�.�3�3� �2�2�.�6�2� �0� �-�5�.�2�9� �0�.�0�0�0�1�5�7� 
�5�0� �2�1�.�6�7� �2�8�.�2�8� �0� �-�6�.�6�1� �0�.�0�0�0�1�2�6� � � � � � � � � � � � � � � � � 

�I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� �v�a�l�u�e�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e�s� 

�6�.�6� �t�h�r�o�u�g�h� �6�.�8� �n�e�g�l�e�c�t� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �c�h�a�n�g�e�.� 

�D�u�r�i�n�g� �t�h�e� �s�a�m�p�l�i�n�g� �o�f� �t�h�e� �s�o�i�l� �a�n�d� �t�r�i�m�m�i�n�g� �a� �s�p�e�c�i�m�e�n� �i�n� 

�t�h�e� �l�a�b�o�r�a�t�o�r�y�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� �c�o�u�l�d� �e�x�p�e�r�i�e�n�c�e� �c�h�a�n�g�e�s� �i�n� 

�t�e�m�p�e�r�a�t�u�r�e�.� �T�y�p�i�c�a�l� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �w�o�u�l�d� 

�h�a�v�e� �t�h�e� �p�o�t�e�n�t�i�a�l� �t�o� �i�n�c�r�e�a�s�e� �f�r�o�m� �a�b�o�u�t� �1�1�°�C� �t�o� �2�0�°�C� �(�U�.�S�.� 

�A�N�A�L�Y�S�I�S� �O�F� �R�E�S�U�L�T�S� �6�4�6



�E�P�A�,� �1�9�9�0�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �D�u�n�c�a�n� �a�n�d� �C�a�m�p�a�n�e�l�l�a� �(�1�9�6�5�)�,� 

�c�h�a�n�g�e�s� �i�n� �t�e�m�p�e�r�a�t�u�r�e� �l�e�a�d� �t�o� �c�h�a�n�g�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �i�n� �u�n�d�r�a�i�n�e�d� �t�r�i�a�x�i�a�l� �t�e�s�t� �s�p�e�c�i�m�e�n�s�.� �T�e�m�p�e�r�a�t�u�r�e� 

�c�h�a�n�g�e�s� �d�u�r�i�n�g� �s�a�m�p�l�i�n�g� �s�a�t�u�r�a�t�e�d� �s�o�i�l�s� �m�a�y� �a�l�s�o� �l�e�a�d� �t�o� 

�v�a�r�i�a�t�i�o�n�s� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�.� �T�e�m�p�e�r�a�t�u�r�e� �c�h�a�n�g�e�s� 

�w�o�u�l�d� �a�l�s�o� �r�e�s�u�l�t� �i�n� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g� �c�h�a�n�g�e� �i�n� �t�h�e� 

�c�o�e�f�f�i�c�i�e�n�t� �o�f� �s�o�l�u�b�i�l�i�t�y�,� �H�,� �o�f� �a�i�r� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r�.� �T�h�e� 

�s�o�l�u�b�i�l�i�t�y� �o�f� �a�i�r� �i�n� �w�a�t�e�r� �i�s� �g�r�e�a�t�e�r� �a�t� �1�1�°�C� �t�h�a�n� �i�t� �i�s� �a�t� 

�2�0�°�C�.� �B�e�c�a�u�s�e� �o�f� �t�h�i�s�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� 

�a�i�r� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �d�u�e� �t�o� �t�h�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n�,� �i�t� 

�i�s� �v�e�r�y� �l�i�k�e�l�y� �t�h�a�t� �a�i�r� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �a�b�l�e� �t�o� �c�o�m�e� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n� �d�u�e� �t�o� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �t�e�m�p�e�r�a�t�u�r�e�.� 

�A�s� �w�a�s� �s�h�o�w�n� �i�n� �S�e�c�t�i�o�n� �4�.�5�.�1�,� �f�o�r� �a� �s�a�t�u�r�a�t�e�d� �s�o�i�l� 

�s�p�e�c�i�m�e�n� �u�n�d�e�r�g�o�i�n�g� �a� �t�e�m�p�e�r�a�t�u�r�e� �i�n�c�r�e�a�s�e� �f�r�o�m� �1�1�°�C� �t�o� 

�2�0�°�C�,� �i�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �w�a�s� �s�a�t�u�r�a�t�e�d� �w�i�t�h� �d�i�s�s�o�l�v�e�d� �a�i�r� �a�t� 

�t�h�e� �i�n�i�t�i�a�l� �t�e�m�p�e�r�a�t�u�r�e�,� �t�h�e� �c�h�a�n�g�e� �i�n� �t�h�e� �v�a�l�u�e� �o�f� �H� �c�o�u�l�d� 

�l�e�a�d� �t�o� �t�h�e� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�o�i�l� �d�e�c�r�e�a�s�i�n�g� �f�r�o�m� 

�1�0�0� �p�e�r�c�e�n�t� �t�o� �9�9�.�7� �p�e�r�c�e�n�t�,� �d�u�e� �t�o� �a�i�r� �c�o�m�i�n�g� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n�.� �T�h�e� �a�i�r� �w�h�i�c�h� �e�x�i�t�s� �s�o�l�u�t�i�o�n� �d�u�e� �t�o� �t�h�e� �i�n�c�r�e�a�s�e� 

�i�n� �t�e�m�p�e�r�a�t�u�r�e� �d�u�r�i�n�g� �s�a�m�p�l�i�n�g� �w�i�l�l� �e�x�p�a�n�d� �i�t�s� �v�o�l�u�m�e� �d�u�e� �t�o� 

�t�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �o�c�c�u�r�s� �a�s� �t�h�e� �s�o�i�l� �i�s� 

�s�a�m�p�l�e�d�.� �T�h�i�s� �w�i�l�l� �r�e�s�u�l�t� �i�n� �t�h�e� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� 

�p�o�t�e�n�t�i�a�l�l�y� �b�e�i�n�g� �l�o�w�e�r� �t�h�a�n� �9�9�.�7�%�,� �a�s� �w�a�s� �d�i�s�c�u�s�s�e�d� �i�n� 

�S�e�c�t�i�o�n� �4�.�5�.�2�.� 
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�6�.�3� �D�i�s�c�u�s�s�i�o�n� �o�f� �Q� �T�e�s�t�s� �P�e�r�f�o�r�m�e�d� �o�n� �S�p�e�c�i�m�e�n�s� �T�r�i�m�m�e�d� 
�f�r�o�m� �Q�u�a�r�t�e�r�s� �o�f� �4�-�i�n�c�h� �D�i�a�m�e�t�e�r� �U�n�l�o�a�d�i�n�g� �T�e�s�t� 
�S�p�e�c�i�m�e�n�s� 

�T�w�o� �s�e�t�s� �o�f� �Q� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �1�.�4�-�i�n�c�h� �d�i�a�m�e�t�e�r� 

�s�p�e�c�i�m�e�n�s� �t�r�i�m�m�e�d� �f�r�o�m� �t�h�e� �t�w�o� �r�e�m�o�l�d�e�d� �4�-�i�n�c�h� �d�i�a�m�e�t�e�r� 

�c�o�n�s�o�l�i�d�a�t�e�d�-�u�n�d�r�a�i�n�e�d� �u�n�l�o�a�d�i�n�g� �t�e�s�t� �s�p�e�c�i�m�e�n�s�.� �E�a�c�h� �s�e�t� 

�o�f� �Q� �t�e�s�t�s� �s�h�o�w�e�d� �d�i�f�f�e�r�e�n�t� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r�.� 

�T�h�e� �f�i�r�s�t� �s�e�t� �o�f� �t�e�s�t�s� �w�a�s� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �m�i�d�h�e�i�g�h�t� 

�p�o�r�e� �p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� �o�n� �s�p�e�c�i�m�e�n�s� �o�f� �o�l�d� �L�M�V�D� �s�i�l�t�.� �T�h�e� 

�d�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �m�e�a�s�u�r�e�d� �i�n� �t�h�e�s�e� �t�e�s�t�s�,� 

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.�5�0�,� �w�a�s� �s�i�m�i�l�a�r� �f�o�r� �t�h�e� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� 

�c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e�s� �u�s�e�d�,� �u�p� �t�o� �s�t�r�a�i�n�s� �o�f� �5�.�5� �o�r� �6� �p�e�r�c�e�n�t�.� 

�A� �M�o�h�r�-�C�o�u�l�o�m�b� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e� �f�o�r� �t�h�e�s�e� �t�h�r�e�e� �t�e�s�t�s� �w�a�s� 

�g�i�v�e�n� �i�n� �F�i�g�u�r�e� �5�.�5�1� �a�n�d� �s�h�o�w�e�d� �t�h�a�t� �f�o�r� �5� �p�e�r�c�e�n�t� �a�x�i�a�l� 

�s�t�r�a�i�n� �a�t� �f�a�i�l�u�r�e�,� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �w�a�s� 

�c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �a� �$�y� �=� �0�,� �S�y�=� �¢�c� �=� �1�2� �p�s�i� �c�o�n�d�i�t�i�o�n�.� 

�T�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�s�p�o�n�s�e�s� �m�e�a�s�u�r�e�d� �f�o�r� �t�h�e�s�e� �t�h�r�e�e� 

�t�e�s�t�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �5�.�5�0�.� �S�o�m�e� �e�r�r�a�t�i�c� �p�o�r�e� 

�p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� �t�o�o�k� �p�l�a�c�e� �i�n� �t�w�o� �o�f� �t�h�e� �t�e�s�t�s�.� �A�l�l� 

�t�h�r�e�e� �t�e�s�t�s� �t�e�n�d�e�d� �t�o� �s�h�o�w� �a� �m�e�a�s�u�r�e�d� �p�o�r�e� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �a�t� 

�s�o�m�e� �p�o�i�n�t� �i�n� �t�h�e� �t�e�s�t�s� �b�e�c�a�m�e� �a�n�d� �r�e�m�a�i�n�e�d� �r�e�l�a�t�i�v�e�l�y� 

�c�o�n�s�t�a�n�t� �a�t� �h�i�g�h�e�r� �s�t�r�a�i�n�s�.� �T�w�o� �o�f� �t�h�e� �t�h�r�e�e� �t�e�s�t�s� �r�e�a�c�h�e�d� 

�a� �r�e�l�a�t�i�v�e�l�y� �c�o�n�s�t�a�n�t� �v�a�l�u�e� �o�f� �m�e�a�s�u�r�e�d� �p�o�r�e� �p�r�e�s�s�u�r�e� �a�t� 

�s�t�r�a�i�n�s� �a�b�o�v�e� �5� �p�e�r�c�e�n�t�.� �T�h�e� �t�h�i�r�d� �t�e�s�t�,� �U�U�-�2�4�,� �s�h�o�w�e�d� �a�n� 

�i�n�i�t�i�a�l� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �u�n�t�i�l� �a�b�o�u�t� �3�.�5� �p�e�r�c�e�n�t� 
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�s�t�r�a�i�n�,� �a�t� �w�h�i�c�h� �p�o�i�n�t� �e�r�r�a�t�i�c� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� 

�b�e�g�a�n� �a�n�d� �p�e�r�s�i�s�t�e�d� �u�n�t�i�l� �t�h�e� �e�n�d� �o�f� �t�h�e� �t�e�s�t�.� �E�v�e�n� �t�h�o�u�g�h� 

�t�h�e�s�e� �e�r�r�a�t�i�c� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� �o�c�c�u�r�r�e�d�,� �t�h�e� �t�e�s�t� 

�s�h�o�w�e�d� �a� �s�o�m�e�w�h�a�t� �c�o�n�s�t�a�n�t� �v�a�l�u�e� �o�f� �p�o�r�e� �p�r�e�s�s�u�r�e� �a�f�t�e�r� 

�a�b�o�u�t� �5� �p�e�r�c�e�n�t� �s�t�r�a�i�n�.� 

�C�o�n�s�i�d�e�r�i�n�g� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e� �f�o�r� �t�e�s�t� 

�U�U�-�2�4� �i�n� �F�i�g�u�r�e� �5�.�5�0� �a�n�d� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �M�o�h�r�'�s� �c�i�r�c�l�e� �i�n� 

�F�i�g�u�r�e� �5�.�5�1�,� �i�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�i�s� 

�s�p�e�c�i�m�e�n� �w�a�s� �s�l�i�g�h�t�l�y� �l�e�s�s� �t�h�a�n� �t�h�a�t� �o�f� �t�h�e� �o�t�h�e�r� �t�w�o� 

�s�p�e�c�i�m�e�n�s� �a�t� �5� �p�e�r�c�e�n�t� �s�t�r�a�i�n�.� �T�h�i�s� �m�a�y� �b�e� �t�h�e� �r�e�s�u�l�t� �o�f� 

�t�h�e� �i�n�i�t�i�a�t�i�o�n� �o�f� �t�h�e� �e�r�r�a�t�i�c� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� �a�t� 

�a�b�o�u�t� �3�.�5� �p�e�r�c�e�n�t� �s�t�r�a�i�n�.� 

�T�h�e� �c�h�a�n�g�e� �i�n� �s�l�o�p�e� �o�f� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e�-�s�t�r�a�i�n� �c�u�r�v�e�s� 

�f�r�o�m� �a�n� �i�n�i�t�i�a�l�l�y� �d�e�c�r�e�a�s�i�n�g� �p�o�r�e� �p�r�e�s�s�u�r�e� �t�o� �a� �r�e�l�a�t�i�v�e�l�y� 

�c�o�n�s�t�a�n�t� �p�o�r�e� �p�r�e�s�s�u�r�e� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �s�t�r�a�i�n�,� �f�o�r� �a�l�l� �t�h�r�e�e� 

�o�f� �t�h�e�s�e� �t�e�s�t�s�,� �m�a�y� �p�o�s�s�i�b�l�y� �b�e� �a�n� �i�n�d�i�c�a�t�i�o�n� �t�h�a�t� �s�o�m�e� �t�y�p�e� 

�o�f� �l�i�m�i�t�i�n�g� �p�o�r�e� �p�r�e�s�s�u�r�e� �w�a�s� �r�e�a�c�h�e�d�.� �T�h�i�s� �l�i�m�i�t�i�n�g� �p�o�r�e� 

�p�r�e�s�s�u�r�e� �m�a�y� �h�a�v�e� �c�o�r�r�e�s�p�o�n�d�e�d� �w�i�t�h� �c�a�v�i�t�a�t�i�o�n� �o�r� �d�e�g�a�s�s�i�n�g� 

�o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r�.� �T�h�i�s� �m�a�y� �h�a�v�e� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �o�b�s�e�r�v�e�d� 

�v�a�r�i�a�t�i�o�n�s� �i�n� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �a�t� �h�i�g�h�e�r� �s�t�r�a�i�n�s�.� �A�l�l� �t�h�r�e�e� 

�s�p�e�c�i�m�e�n�s� �a�p�p�e�a�r� �t�o� �h�a�v�e� �r�e�a�c�h�e�d� �a� �l�i�m�i�t�i�n�g� �n�e�g�a�t�i�v�e� �c�h�a�n�g�e� 

�i�n� �p�o�r�e� �p�r�e�s�s�u�r�e�.� �T�a�b�l�e� �5�.�1�2�,� �h�o�w�e�v�e�r�,� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� 

�m�i�n�i�m�u�m� �a�b�s�o�l�u�t�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �i�n� �a�l�l� �t�h�r�e�e� �s�p�e�c�i�m�e�n�s� �w�a�s� 

�g�r�e�a�t�e�r� �t�h�a�n� �0� �p�s�i� �a�b�s�o�l�u�t�e�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �v�a�p�o�r�o�u�s� 
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�c�a�v�i�t�a�t�i�o�n� �d�i�d� �n�o�t� �o�c�c�u�r�.� �G�a�s�e�o�u�s� �c�a�v�i�t�a�t�i�o�n�,� �h�o�w�e�v�e�r�,� �m�a�y� 

�h�a�v�e� �o�c�c�u�r�r�e�d� �i�n� �t�h�e�s�e� �t�e�s�t�s� �a�n�d� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �o�b�s�e�r�v�e�d� 

�s�t�r�e�s�s�-�s�t�r�a�i�n� �a�n�d� �p�o�r�e� �p�r�e�s�s�u�r�e�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r�s�.� 

�A�t� �a�l�l� �t�h�r�e�e� �c�e�l�l� �p�r�e�s�s�u�r�e�s� �u�s�e�d� �i�n� �t�h�i�s� �s�e�r�i�e�s� �o�f� 

�t�e�s�t�s�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� �c�o�u�l�d� �h�a�v�e� �v�e�r�y� �l�i�k�e�l�y� �c�o�n�t�a�i�n�e�d� �h�i�g�h� 

�a�m�o�u�n�t�s� �o�f� �d�i�s�s�o�l�v�e�d� �a�i�r�.� �A�s� �i�n�d�i�c�a�t�e�d� �b�y� �T�a�b�l�e� �5�.�8�,� �t�h�e� 

�4�-�i�n�c�h� �d�i�a�m�e�t�e�r� �u�n�l�o�a�d�i�n�g� �t�e�s�t� �s�p�e�c�i�m�e�n� �(�N�o�.� �3�)� �f�r�o�m� �w�h�i�c�h� 

�t�h�e�s�e� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �t�r�i�m�m�e�d�,� �h�a�d� �a�n� �i�n�i�t�i�a�l� �d�e�g�r�e�e� 

�o�f� �s�a�t�u�r�a�t�i�o�n� �w�h�i�c�h� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �t�o� �b�e� �o�n�l�y� 

�8�6� �p�e�r�c�e�n�t�.� �T�h�i�s� �s�p�e�c�i�m�e�n� �w�a�s� �r�e�m�o�l�d�e�d� �f�r�o�m� �a� �s�l�u�r�r�y�,� 

�h�o�w�e�v�e�r�,� �a�n�d� �i�t� �i�s� �f�e�l�t� �t�h�a�t� �t�h�e� �i�n�i�t�i�a�l� �d�e�g�r�e�e� �o�f� 

�s�a�t�u�r�a�t�i�o�n� �w�a�s� �g�r�e�a�t�e�r� �t�h�a�n� �8�6�%�.� �T�h�e� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� 

�o�f� �8�6�%� �i�s� �p�r�o�b�a�b�l�y� �i�n�a�c�c�u�r�a�t�e� �d�u�e� �t�o� �t�h�e� �a�p�p�r�o�x�i�m�a�t�e� �n�a�t�u�r�e� 

�o�f� �t�h�e� �s�p�e�c�i�m�e�n� �m�e�a�s�u�r�e�m�e�n�t�s�.� �T�h�e� �b�a�c�k� �p�r�e�s�s�u�r�e� �s�a�t�u�r�a�t�i�o�n� 

�p�r�o�c�e�s�s� �u�s�e�d� �o�n� �t�h�e� �4�-�i�n�c�h� �d�i�a�m�e�t�e�r� �s�p�e�c�i�m�e�n� �w�o�u�l�d� �h�a�v�e� 

�i�n�c�r�e�a�s�e�d� �t�h�e� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �c�l�o�s�e�r� �t�o� �1�0�0� �p�e�r�c�e�n�t�.� 

�I�n� �d�o�i�n�g� �s�o�,� �h�o�w�e�v�e�r�,� �i�t� �w�o�u�l�d� �h�a�v�e� �f�o�r�c�e�d� �a� �c�o�n�s�i�d�e�r�a�b�l�e� 

�a�m�o�u�n�t� �o�f� �f�r�e�e� �a�i�r� �i�n�t�o� �s�o�l�u�t�i�o�n� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n�,� �i�n� �o�r�d�e�r� �t�o� �a�c�h�i�e�v�e� �f�u�l�l� �s�a�t�u�r�a�t�i�o�n�.� 

�W�h�e�n� �t�h�e� �u�n�l�o�a�d�i�n�g� �t�e�s�t�s� �h�a�d� �b�e�e�n� �c�o�m�p�l�e�t�e�d�,� �t�h�e� 

�s�p�e�c�i�m�e�n� �w�a�s� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �t�r�i�a�x�i�a�l� �c�e�l�l�,� �s�p�l�i�t� �a�n�d� 

�t�r�i�m�m�e�d� �i�n�t�o� �1�.�4�-�i�n�c�h� �d�i�a�m�e�t�e�r� �s�p�e�c�i�m�e�n�s�.� �F�o�r� �t�h�e� �Q� �t�e�s�t�s� 

�p�e�r�f�o�r�m�e�d� �o�n� �t�h�e�s�e� �s�m�a�l�l�e�r� �s�p�e�c�i�m�e�n�s� �a�t� �c�e�l�l� �p�r�e�s�s�u�r�e�s� �o�f� �0�,� 

�1�0�,� �a�n�d� �2�0� �p�s�i�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� �w�a�s� �l�i�k�e�l�y� �s�u�p�e�r�s�a�t�u�r�a�t�e�d� 
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�w�i�t�h� �d�i�s�s�o�l�v�e�d� �a�i�r�.� �S�o�m�e� �o�f� �t�h�i�s� �d�i�s�s�o�l�v�e�d� �a�i�r� �m�a�y� �h�a�v�e� 

�b�e�e�n� �a�b�l�e� �t�o� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �d�u�r�i�n�g� �u�n�l�o�a�d�i�n�g�,� �r�e�m�o�v�a�l� 

�f�r�o�m� �t�h�e� �t�r�i�a�x�i�a�l� �c�e�l�l�,� �a�n�d� �t�r�i�m�m�i�n�g� �t�h�e� �s�m�a�l�l�e�r� �s�p�e�c�i�m�e�n�s� 

�f�r�o�m� �t�h�e� �4�-�i�n�c�h� �d�i�a�m�e�t�e�r� �s�p�e�c�i�m�e�n�.� �T�h�e� �s�i�m�i�l�a�r�i�t�y� �o�f� �t�h�e� 

�s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �f�r�o�m� �t�h�e� �Q� �t�e�s�t�s� �a�t� �l�o�w� �a�x�i�a�l� �s�t�r�a�i�n�s�,� 

�s�e�e�m�s� �t�o� �c�o�n�t�r�a�d�i�c�t� �t�h�i�s�.� �T�h�e� �Q� �t�e�s�t�s� �w�e�r�e� �t�h�e�n� �p�e�r�f�o�r�m�e�d� 

�a�s� �s�o�o�n� �a�s� �p�o�s�s�i�b�l�e� �a�f�t�e�r� �t�h�e� �u�n�l�o�a�d�i�n�g� �t�e�s�t�,� �a�l�l� �o�n� �t�h�e� 

�s�a�m�e� �d�a�y�.� �T�h�e� �t�e�s�t� �a�t� �0� �p�s�i� �w�a�s� �p�e�r�f�o�r�m�e�d� �f�i�r�s�t� �w�h�e�r�e�a�s� 

�t�h�a�t� �a�t� �2�0� �p�s�i� �w�a�s� �p�e�r�f�o�r�m�e�d� �l�a�s�t�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �w�a�s� �u�s�e�d� 

�s�o� �t�h�a�t� �i�f� �a�i�r� �c�a�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �d�u�r�i�n�g� �t�h�e� �t�i�m�e� �b�e�t�w�e�e�n� 

�t�h�e� �f�i�r�s�t� �Q� �t�e�s�t� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �t�e�s�t�s�,� �t�h�e� �h�i�g�h�e�r� �c�e�l�l� 

�p�r�e�s�s�u�r�e�s� �u�s�e�d� �i�n� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �t�e�s�t�s� �c�o�u�l�d� �p�o�s�s�i�b�l�e� �f�o�r�c�e� 

�t�h�i�s� �a�i�r� �b�a�c�k� �i�n�t�o� �s�o�l�u�t�i�o�n�.� 

�A�l�l� �t�h�r�e�e� �o�f� �t�h�e�s�e� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �c�o�u�l�d� �h�a�v�e� �h�a�d� �p�o�r�e� 

�w�a�t�e�r� �s�a�t�u�r�a�t�e�d� �o�r� �s�u�p�e�r�s�a�t�u�r�a�t�e�d� �w�i�t�h� �d�i�s�s�o�l�v�e�d� �a�i�r� �a�t� �t�h�e� 

�c�e�l�l� �p�r�e�s�s�u�r�e� �o�f� �t�h�e� �p�a�r�t�i�c�u�l�a�r� �t�e�s�t�.� �A�s� �p�o�r�e� �p�r�e�s�s�u�r�e� 

�d�e�c�r�e�a�s�e�d�,� �a�i�r� �w�o�u�l�d� �h�a�v�e� �t�e�n�d�e�d� �t�o� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �t�o� 

�m�a�i�n�t�a�i�n� �e�q�u�i�l�i�b�r�i�u�m� �i�n� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �H�e�n�r�y�'�s� �l�a�w�.� 

�I�f� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �t�h�e� �s�a�m�e� �i�n� �a�l�l� �t�h�r�e�e� �s�p�e�c�i�m�e�n�s�,� �i�t� 

�w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �t�h�a�t� �a�i�r� �w�o�u�l�d� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�i�r�s�t� 

�f�r�o�m� �t�h�e� �s�p�e�c�i�m�e�n� �t�e�s�t�e�d� �a�t� �0� �p�s�i� �c�e�l�l� �p�r�e�s�s�u�r�e� �a�n�d� �l�a�s�t� 

�f�r�o�m� �t�h�e� �s�p�e�c�i�m�e�n� �t�e�s�t�e�d� �a�t� �2�0� �p�s�i� �c�e�l�l� �p�r�e�s�s�u�r�e�.� �T�h�e� 

�l�i�m�i�t�a�t�i�o�n� �o�f� �o�n�l�y� �b�e�i�n�g� �a�b�l�e� �t�o� �p�e�r�f�o�r�m� �o�n�e� �t�e�s�t� �a�t� �a� �t�i�m�e�,� 

�h�o�w�e�v�e�r�,� �m�a�y� �h�a�v�e� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �f�i�r�s�t� �t�w�o� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� 
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�a�t� �0� �a�n�d� �1�0� �p�s�i�,� �e�x�h�i�b�i�t�i�n�g� �m�o�r�e� �c�o�n�s�i�s�t�e�n�t� �s�t�r�e�s�s�-�s�t�r�a�i�n� 

�b�e�h�a�v�i�o�r�.� �T�h�e� �t�e�s�t� �p�e�r�f�o�r�m�e�d� �a�t� �2�0� �p�s�i� �c�e�l�l� �p�r�e�s�s�u�r�e� �w�a�s� 

�t�h�e� �l�a�s�t� �o�f� �t�h�e� �g�r�o�u�p� �o�f� �t�h�r�e�e� �t�e�s�t�s� �t�o� �b�e� �p�e�r�f�o�r�m�e�d�.� �E�v�e�n� 

�t�h�o�u�g�h� �a� �h�i�g�h�e�r� �c�e�l�l� �p�r�e�s�s�u�r�e� �w�a�s� �u�s�e�d� �i�n� �t�h�i�s� �t�e�s�t�,� �t�h�e� 

�a�d�d�i�t�i�o�n�a�l� �t�i�m�e� �w�h�i�c�h� �e�l�a�p�s�e�d� �b�e�f�o�r�e� �t�h�i�s� �t�e�s�t� �w�a�s� 

�p�e�r�f�o�r�m�e�d�,� �m�a�y� �h�a�v�e� �a�l�l�o�w�e�d� �m�o�r�e� �a�i�r� �t�o� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� 

�p�r�i�o�r� �t�o� �b�e�g�i�n�n�i�n�g� �t�h�e� �t�e�s�t�.� �T�h�i�s� �c�o�u�l�d� �h�a�v�e� �r�e�s�u�l�t�e�d� �i�n� 

�t�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �o�b�s�e�r�v�e�d� �i�n� �t�h�i�s� �t�e�s�t� �b�e�i�n�g� 

�s�l�i�g�h�t�l�y� �d�i�f�f�e�r�e�n�t� �t�h�a�n� �t�h�a�t� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �o�t�h�e�r� �t�w�o� �t�e�s�t�s� 

�w�h�i�c�h� �h�a�d� �b�e�e�n� �p�e�r�f�o�r�m�e�d� �s�o�o�n� �a�f�t�e�r� �t�h�e� �u�n�l�o�a�d�i�n�g� �t�e�s�t� �h�a�d� 

�b�e�e�n� �c�o�m�p�l�e�t�e�d�.� 

�T�h�e� �s�e�c�o�n�d� �s�e�t� �o�f� �Q� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �s�p�e�c�i�m�e�n�s� 

�o�f� �n�e�w� �L�M�V�D� �s�i�l�t�.� �U�n�l�i�k�e� �t�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� 

�o�b�s�e�r�v�e�d� �f�o�r� �t�h�e� �o�t�h�e�r� �s�e�t� �o�f� �Q� �t�e�s�t�s�,� �t�h�i�s� �g�r�o�u�p� �s�h�o�w�e�d� �a� 

�v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�a�x�i�a�l� �s�t�r�a�i�n� �c�u�r�v�e�s� �f�o�r� �t�h�e� 

�t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �t�e�s�t�s�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.�5�3�.� �I�n� �t�h�e�s�e� 

�t�e�s�t�s�,� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �o�r� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �a�t� �a�n�y� 

�v�a�l�u�e� �o�f� �a�x�i�a�l� �s�t�r�a�i�n� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �c�o�n�f�i�n�i�n�g� 

�p�r�e�s�s�u�r�e�.� �T�h�i�s� �w�a�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �5�.�5�4�,� �w�h�e�r�e� �t�h�e� 

�M�o�h�r�'�s� �c�i�r�c�l�e�s� �f�o�r� �t�h�e� �t�h�r�e�e� �t�e�s�t�s� �y�i�e�l�d�e�d� �a�n� �u�n�d�r�a�i�n�e�d� 

�s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �a� �c�o�h�e�s�i�o�n� �i�n�t�e�r�c�e�p�t� �o�f� �7� 

�p�s�i� �a�n�d� �a�n� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� �$�,�,� �o�f� �1�2�°�,� �f�o�r�a� 

�f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �o�f� �5� �p�e�r�c�e�n�t� �a�x�i�a�l� �s�t�r�a�i�n�.� 
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�I�n� �t�h�i�s� �g�r�o�u�p� �o�f� �t�e�s�t�s�,� �p�o�r�e� �p�r�e�s�s�u�r�e�s� �w�e�r�e� �n�o�t� 

�m�e�a�s�u�r�e�d�.� �T�h�e� �4�-�i�n�c�h� �d�i�a�m�e�t�e�r� �u�n�l�o�a�d�i�n�g� �t�e�s�t� �s�p�e�c�i�m�e�n� �(�N�o�.� 

�4�)� �f�r�o�m� �w�h�i�c�h� �t�h�e�s�e� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �h�a�d� �a�n� 

�a�p�p�r�o�x�i�m�a�t�e� �i�n�i�t�i�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �1�0�0� �p�e�r�c�e�n�t�,� �a�s� 

�g�i�v�e�n� �i�n� �T�a�b�l�e� �5�.�8�.� �T�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �t�h�r�e�e� 

�Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �s�a�m�p�l�e�s� �m�a�y� �h�a�v�e� 

�c�o�n�t�a�i�n�e�d� �d�i�f�f�e�r�e�n�t� �a�m�o�u�n�t�s� �o�f� �f�r�e�e� �a�i�r� �i�n� �t�h�e� �p�o�r�e�s� �o�f� �t�h�e� 

�s�o�i�l�,� �p�r�i�o�r� �t�o� �t�e�s�t�i�n�g�.� �T�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �s�h�o�w� �t�h�a�t� 

�f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �t�o� �t�h�e� �e�n�d� �o�f� �t�h�e� �t�e�s�t�s�,� �a�t� �a�n�y� �g�i�v�e�n� 

�s�t�r�a�i�n�,� �t�h�e� �v�a�l�u�e� �o�f� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �i�n�c�r�e�a�s�e�d� �w�i�t�h� 

�i�n�c�r�e�a�s�i�n�g� �c�e�l�l� �p�r�e�s�s�u�r�e�.� 

�I�t� �m�a�y� �b�e� �t�h�a�t� �m�o�r�e� �a�i�r� �c�a�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� 

�p�o�r�e� �w�a�t�e�r� �d�u�r�i�n�g� �t�h�i�s� �u�n�d�r�a�i�n�e�d� �u�n�l�o�a�d�i�n�g� �t�e�s�t� �t�h�a�n� �i�n� �t�h�e� 

�o�t�h�e�r� �4�-�i�n�c�h� �d�i�a�m�e�t�e�r� �s�p�e�c�i�m�e�n�.� �T�h�e� �a�p�p�r�o�x�i�m�a�t�e� �i�n�i�t�i�a�l� 

�d�e�g�r�e�e�s� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �t�w�o� �s�p�e�c�i�m�e�n�s�,� �h�o�w�e�v�e�r�,� �w�o�u�l�d� 

�s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �o�p�p�o�s�i�t�e� �s�h�o�u�l�d� �b�e� �t�r�u�e�.� �T�h�e� �v�a�l�u�e�s� �o�f� �A�y� 

�m�e�a�s�u�r�e�d� �i�n� �t�h�e� �t�w�o� �t�e�s�t�s� �m�a�y� �h�e�l�p� �e�x�p�l�a�i�n� �s�o�m�e�w�h�a�t�,� �t�h�e� 

�p�o�s�s�i�b�l�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �a�m�o�u�n�t� �o�f� �a�i�r� �w�h�i�c�h� �c�o�u�l�d� �h�a�v�e� 

�c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �i�n� �t�h�e� �t�w�o� �s�a�m�p�l�e�s� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� 

�u�n�l�o�a�d�i�n�g�.� 

�F�o�r� �t�h�e� �4�-�i�n�c�h� �d�i�a�m�e�t�e�r� �s�p�e�c�i�m�e�n� �o�f� �o�l�d� �L�M�V�D� �s�i�l�t� �f�r�o�m� 

�w�h�i�c�h� �t�h�e� �f�i�r�s�t� �s�e�t� �o�f� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �w�a�s� �o�b�t�a�i�n�e�d�,� �t�h�e� 

�v�a�l�u�e� �o�f� �A�,�,� �m�e�a�s�u�r�e�d� �w�a�s� �-�0�.�2�.� �F�o�r� �t�h�e� �4�-�i�n�c�h� �d�i�a�m�e�t�e�r� 

�s�p�e�c�i�m�e�n� �o�f� �n�e�w� �L�M�V�D� �s�i�l�t� �w�h�i�c�h� �p�r�o�v�i�d�e�d� �t�h�e� �s�e�c�o�n�d� �s�e�t� �o�f� �Q� 
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�t�e�s�t� �s�p�e�c�i�m�e�n�s�,� �t�h�e� �v�a�l�u�e� �o�f� �A�,� �m�e�a�s�u�r�e�d� �w�a�s� �-�0�.�1�.� �I�n� �t�h�e� 

�s�a�m�p�l�i�n�g� �a�n�a�l�y�s�i�s� �p�r�e�s�e�n�t�e�d� �i�n� �S�e�c�t�i�o�n� �6�.�2�,� �T�a�b�l�e� �6�.�6� 

�i�n�d�i�c�a�t�e�s� �t�h�a�t� �f�o�r� �s�o�i�l� �s�a�m�p�l�e�d� �f�r�o�m� �t�h�e� �s�a�m�e� �d�e�p�t�h�,� �a� �v�a�l�u�e� 

�o�f� �A�y� �o�f� �-�0�.�1� �w�o�u�l�d� �g�i�v�e� �a� �l�a�r�g�e�r� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�,� �A�u�,�,� �t�h�a�n� �w�o�u�l�d� �a� �v�a�l�u�e� �o�f� �A�,� �o�f� �-�0�.�2�.� �T�h�i�s�,� �i�n� 

�t�u�r�n�,� �w�o�u�l�d� �c�o�r�r�e�s�p�o�n�d� �t�o� �a� �s�l�i�g�h�t�l�y� �l�o�w�e�r� �f�i�n�a�l� �d�e�g�r�e�e� �o�f� 

�s�a�t�u�r�a�t�i�o�n�,� �S�-�¢�,� �f�o�r� �t�h�e� �u�n�l�o�a�d�i�n�g� �t�e�s�t� �s�p�e�c�i�m�e�n� �w�i�t�h� �a� �v�a�l�u�e� 

�o�f� �A�,� �o�f� �-�0�.�1� �(�N�o�.� �4�)�,� �t�h�a�n� �f�o�r� �t�h�e� �s�p�e�c�i�m�e�n� �w�h�e�r�e� �t�h�e� 

�v�a�l�u�e� �o�f� �A�,� �w�a�s� �-�0�.�2� �(�N�o�.� �3�)�,� �a�s� �i�n�d�i�c�a�t�e�d� �i�n� �T�a�b�l�e� �6�.�7�.� 

�T�h�e� �l�a�r�g�e�r� �v�a�l�u�e� �o�f� �A�u�,� �c�a�n� �a�l�s�o� �b�e� �r�e�l�a�t�e�d� �t�o� �a� 

�l�a�r�g�e�r� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� �s�o�i�l�,� �i�n�d�i�c�a�t�i�n�g� 

�a� �l�o�w�e�r� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �a�f�t�e�r� �s�a�m�p�l�i�n�g�.� �B�e�c�a�u�s�e� �o�f� 

�t�h�i�s�,� �t�h�e� �u�n�l�o�a�d�i�n�g� �t�e�s�t� �s�p�e�c�i�m�e�n� �f�r�o�m� �w�h�i�c�h� �t�h�e� �s�e�c�o�n�d� �s�e�t� 

�o�f� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �m�a�y� �h�a�v�e� �h�a�d� �m�o�r�e� �a�i�r� �c�o�m�e� 

�o�u�t� �o�f� �s�o�l�u�t�i�o�n� �d�u�r�i�n�g� �u�n�l�o�a�d�i�n�g� �t�h�a�n� �t�h�e� �o�t�h�e�r� �u�n�l�o�a�d�i�n�g� 

�t�e�s�t� �s�p�e�c�i�m�e�n�.� �T�h�i�s� �m�a�y� �b�e� �t�h�e� �r�e�a�s�o�n� �t�h�a�t� �t�h�e� �s�e�c�o�n�d� �s�e�t� 

�o�f� �Q� �t�e�s�t�s� �g�a�v�e� �t�h�e� �o�b�s�e�r�v�e�d� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r�.� 

�6�.�4� �P�e�r�f�e�c�t� �S�a�m�p�l�i�n�g� �o�f� �L�M�V�D� �s�i�l�t� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �u�n�d�r�a�i�n�e�d� �u�n�l�o�a�d�i�n�g� �t�e�s�t�s� �c�a�n� �a�l�s�o� 

�b�e� �u�s�e�d� �i�n� �a�p�p�l�y�i�n�g� �t�h�e� �p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� �a�p�p�r�o�a�c�h� �o�f� �L�a�d�d� 

�a�n�d� �L�a�m�b�e� �(�1�9�6�3�)� �t�o� �t�h�e� �t�e�s�t�s� �o�n� �L�M�V�D� �s�i�l�t�.� �A�c�c�o�r�d�i�n�g� �t�o� 

�L�a�d�a�@� �a�n�d� �L�a�m�b�e� �(�1�9�6�3�)�,� �p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� �o�f� �t�h�e� �s�o�i�l� �o�c�c�u�r�s� 

�w�h�e�n� �t�h�e� �i�n�-�s�i�t�u� �s�h�e�a�r� �s�t�r�e�s�s�e�s� �d�u�e� �t�o� �a�n�i�s�o�t�r�o�p�i�c� 

�c�o�n�d�i�t�i�o�n�s� �a�r�e� �r�e�m�o�v�e�d� �d�u�r�i�n�g� �s�a�m�p�l�i�n�g�,� �w�i�t�h�o�u�t� �s�u�b�j�e�c�t�i�n�g� 
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�t�h�e� �s�o�i�l� �t�o� �a�n�y� �o�t�h�e�r� �d�i�s�t�u�r�b�a�n�c�e�.� �I�f� �t�h�e� �s�o�i�l� �c�o�u�l�d� �b�e� 

�s�a�m�p�l�e�d� �p�e�r�f�e�c�t�l�y� �w�i�t�h�o�u�t� �d�i�s�t�u�r�b�a�n�c�e�,� �t�h�e� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� 

�i�n� �t�h�e� �s�o�i�l� �a�f�t�e�r� �p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� �w�o�u�l�d� �b�e�:� 

�o�'� �=� �9�"�.� �[�K�y� �+� �A�y�(�2 ��K�o�)�|� �(�6�-�1�5�)� 

�w�h�e�r�e� �O�p�s�=� �t�h�e� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �i�n� �t�h�e� �s�o�i�l� �a�f�t�e�r� 
�p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g�,� 

�O�y�o�=� �t�h�e� �i�n�i�t�i�a�l� �i�n�-�s�i�t�u� �v�e�r�t�i�c�a�l� �e�f�f�e�c�t�i�v�e� 
�s�t�r�e�s�s�,� 

�K�o� �=� �t�h�e� �r�a�t�i�o� �o�f� �t�h�e� �e�f�f�e�c�t�i�v�e� �h�o�r�i�z�o�n�t�a�l� 
�c�o�n�s�o�l�i�d�a�t�i�o�n� �p�r�e�s�s�u�r�e� �t�o� �t�h�e� �e�f�f�e�c�t�i�v�e� 
�v�e�r�t�i�c�a�l� �c�o�n�s�o�l�i�d�a�t�i�o�n� �p�r�e�s�s�u�r�e�,� �a�n�d� 

�A�u� �=� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �p�a�r�a�m�e�t�e�r� �f�o�r� �u�n�l�o�a�d�i�n�g�.� 

�F�o�r� �t�h�e� �Q� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �m�i�d�h�e�i�g�h�t� �p�o�r�e� �p�r�e�s�s�u�r�e� 

�m�o�n�i�t�o�r�i�n�g�,� �t�h�e� �r�e�m�o�l�d�e�d� �s�p�e�c�i�m�e�n�s� �h�a�d� �b�e�e�n� �c�o�n�s�o�l�i�d�a�t�e�d� �t�o� 

�O�'�y�v�o� �=� �5�6� �p�s�i� �i�n� �t�h�e� �b�a�t�c�h� �c�o�n�s�o�l�i�d�o�m�e�t�e�r�.� �T�h�e� �v�a�l�u�e� �o�f� �K�y� 

�f�o�r� �t�h�e� �L�M�V�D� �s�i�l�t� �w�a�s� �a�s�s�u�m�e�d� �t�o� �b�e� �0�.�4�,� �b�a�s�e�d� �u�p�o�n� �t�h�e� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �f�r�i�c�t�i�o�n� �a�n�g�l�e� �m�e�a�s�u�r�e�d� �i�n� �t�h�e� �C�U� �t�e�s�t�s�.� 

�F�o�r� �t�h�e� �r�a�n�g�e� �o�f� �v�a�l�u�e�s� �o�f� �A�y� �d�e�t�e�r�m�i�n�e�d� �i�n� �t�h�e� �u�n�d�r�a�i�n�e�d� 

�u�n�l�o�a�d�i�n�g� �t�e�s�t�s�,� �t�h�e� �v�a�l�u�e�s� �o�f� �S�'�p�s� �h�a�v�e� �b�e�e�n� �c�a�l�c�u�l�a�t�e�d� �f�o�r� 

�t�h�e� �r�e�m�o�l�d�e�d� �b�a�t�c�h� �c�o�n�s�o�l�i�d�o�m�e�t�e�r� �s�p�e�c�i�m�e�n�s� �o�f� �o�l�d� �L�M�V�D� �s�i�l�t� 

�a�n�d� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �6�.�9�.� �A�l�s�o� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �6�.�9� 

�a�r�e� �t�h�e� �r�a�t�i�o�s� �b�e�t�w�e�e�n� �O�'�y�,� �a�n�d� �G�'�y�o� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �L�M�V�D� 

�s�i�l�t�.� 
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�T�a�b�l�e� �6�.�9�:� �P�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �f�o�r� �b�a�t�c�h� 
�c�o�n�s�o�l�i�d�o�m�e�t�e�r� �s�p�e�c�i�m�e�n�s� �o�f� �o�l�d� �L�M�V�D� �s�i�l�t� 
�c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� �v�a�l�u�e�s� �o�f� �A�,� �f�r�o�m� �t�h�e� 
�u�n�d�r�a�i�n�e�d� �u�n�l�o�a�d�i�n�g� �t�e�s�t�s� �(�O�'�y�o� �=� �5�6� �p�s�i�,� �K�p� �=� 

� � 

� � 

� � 

� � 

�0�.�4�)� 

�A�u� �S�'�p�s� �S�'�p�n�s�/�S�'�v�o� 

�(�p�s�i�)� 
�0� �2�2�.�4� �0�.�4�0� 

�-�O�.�1� �1�9�.�0� �0�.�3�4� 
�-�0�.�2� �1�5�.�7� �0�.�2�8� � � � � � � � � � � 

�T�h�e� �v�a�l�u�e�s� �S�'�p�s� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�9� �r�e�p�r�e�s�e�n�t� �t�h�e� �v�a�l�u�e�s� 

�o�f� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �t�h�a�t� �s�h�o�u�l�d� �h�a�v�e� �e�x�i�s�t�e�d� �i�n� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �a�f�t�e�r� �s�a�m�p�l�i�n�g�,� �i�f� �n�o� �d�i�s�t�u�r�b�a�n�c�e� �o�c�c�u�r�r�e�d�.� 

�D�i�s�t�u�r�b�a�n�c�e� �o�f� �t�h�e� �s�o�i�l� �d�u�r�i�n�g� �s�a�m�p�l�i�n�g�,� �t�r�i�m�m�i�n�g�,� �a�n�d� 

�s�a�m�p�l�e� �p�r�e�p�a�r�a�t�i�o�n�,� �h�o�w�e�v�e�r�,� �i�s� �u�n�a�v�o�i�d�a�b�l�e�.� �A�s� �a� �r�e�s�u�l�t� �o�f� 

�d�i�s�t�u�r�b�a�n�c�e�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� �s�o�i�l� �w�i�l�l� 

�i�n�c�r�e�a�s�e� �a�n�d� �t�h�e� �i�n�i�t�i�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �i�n� �t�h�e� �s�p�e�c�i�m�e�n�s� 

�w�i�l�l� �b�e� �b�e�l�o�w� �t�h�e� �p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�.� �T�h�i�s�,� 

�i�n� �t�u�r�n�,� �w�i�l�l� �a�f�f�e�c�t� �t�h�e� �m�e�a�s�u�r�e�d� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l�,� 

�w�h�i�c�h� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�.� 

�L�a�d�d� �a�n�d� �L�a�m�b�e� �(�1�9�6�3�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� �r�a�t�i�o� �b�e�t�w�e�e�n� 

�t�h�e� �p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�,� �G�'�p�s�,� �a�n�d� �t�h�e� �i�n�-�s�i�t�u� 

�v�e�r�t�i�c�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�,� �O�'�y�o�,� �r�a�n�g�e�d� �f�r�o�m� �0�.�3�5� �t�o� �0�.�5� �f�o�r� 

�n�o�r�m�a�l�l�y� �c�o�n�s�o�l�i�d�a�t�e�d� �c�l�a�y�e�y� �s�i�l�t�.� �F�o�r� �t�h�e� �L�M�V�D� �s�i�l�t� �u�s�e�d� 

�i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �t�h�e� �r�a�t�i�o� �b�e�t�w�e�e�n� �t�h�e� �v�a�l�u�e� �o�f� �p�e�r�f�e�c�t� 

�s�a�m�p�l�i�n�g� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�,� �O�'�p�s�,� �a�n�d� �t�h�e� �e�f�f�e�c�t�i�v�e� �v�e�r�t�i�c�a�l� 

�c�o�n�s�o�l�i�d�a�t�i�o�n� �p�r�e�s�s�u�r�e�,� �O�'�y�o�5�,� �r�a�n�g�e�d� �f�r�o�m� �0�.�2�8� �t�o� �0�.�4�0�.� 

�T�h�e�s�e� �v�a�l�u�e�s� �o�f� �O�'�n�s�/�G�'�y�o� �C�a�l�c�u�l�a�t�e�d� �f�o�r� �l�o�w�-�p�l�a�s�t�i�c�i�t�y� �L�M�V�D� 
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�s�i�l�t� �h�a�v�e� �a� �s�l�i�g�h�t�l�y� �l�o�w�e�r� �r�a�n�g�e� �t�h�a�n� �t�h�e� �v�a�l�u�e�s� �r�e�p�o�r�t�e�d� �b�y� 

�L�a�d�d� �a�n�d� �L�a�m�b�e� �(�1�9�6�3�)� �f�o�r� �c�l�a�y�e�y� �s�i�l�t�.� 

�F�o�r� �t�h�e� �Q� �t�e�s�t�s� �w�i�t�h� �m�i�d�h�e�i�g�h�t� �p�o�r�e� �p�r�e�s�s�u�r�e� 

�m�o�n�i�t�o�r�i�n�g�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �i�n�i�t�i�a�l� �p�o�r�e� �a�i�r� �a�n�d� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�,� �P�,�-�P�,�,� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �r�e�s�i�d�u�a�l� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�,� �o�'�;�,� �i�n� �t�h�e� �s�o�i�l� �s�p�e�c�i�m�e�n�s�.� �T�h�e� �r�e�s�i�d�u�a�l� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �i�s� �t�h�e� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �i�n� �t�h�e� �s�o�i�l� �a�f�t�e�r� 

�s�a�m�p�l�i�n�g�,� �s�p�e�c�i�m�e�n� �t�r�i�m�m�i�n�g�,� �a�n�d� �p�l�a�c�e�m�e�n�t� �i�n� �t�h�e� �t�r�i�a�x�i�a�l� 

�c�e�l�l�.� �T�h�e� �r�e�s�i�d�u�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �i�s� �l�e�s�s� �t�h�a�n� �t�h�e� 

�p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �d�u�e� �t�o� �d�i�s�t�u�r�b�a�n�c�e�.� 

�F�o�r� �t�h�e� �t�e�n� �Q� �t�e�s�t�s� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �6�.�1�,� �t�h�e� 

�v�a�l�u�e�s� �o�f� �P�a�-�P�y�,� �o�r� �o�'�;�,� �w�e�r�e� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�1�.� �F�o�r� �t�h�e� 

�t�h�r�e�e� �Q� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �m�i�d�h�e�i�g�h�t� �p�o�r�e� �p�r�e�s�s�u�r�e� 

�m�o�n�i�t�o�r�i�n�g� �o�n� �s�p�e�c�i�m�e�n�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �4�-�i�n�c�h� �d�i�a�m�e�t�e�r� 

�u�n�l�o�a�d�i�n�g� �t�e�s�t� �s�p�e�c�i�m�e�n� �o�f� �o�l�d� �L�M�V�D� �s�i�l�t�,� �t�h�e� �v�a�l�u�e�s� �o�f� �P�,�-� 

�P�y�,� �o�r� �O�'�y�,� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�0�.� 

�T�a�b�l�e� �6�.�1�0�:� �I�n�i�t�i�a�l� �p�o�r�e� �a�i�r� �a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �p�r�i�o�r� 
�t�o� �c�e�l�l� �p�r�e�s�s�u�r�e� �a�p�p�l�i�c�a�t�i�o�n� �f�o�r� �t�h�e� �t�h�r�e�e� �Q� 
�t�e�s�t� �s�p�e�c�i�m�e�n�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �4�-�i�n�c�h� �d�i�a�m�e�t�e�r� 
�u�n�l�o�a�d�i�n�g� �t�e�s�t� �s�p�e�c�i�m�e�n� �o�f� �o�l�d� �L�M�V�D� �s�i�l�t� 
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�T�e�s�t� �e� �P�a� �P�y� �P�a�-�P�y� 
�(�p�s�i�g�)� �(�p�s�i�g�)� �(�p�s�i�)� 

�U�U�-�2�2� �0�.�5�6�9� �0� �-�2�.�1�5� �2�.�1�5� 
�U�U�-�2�3� �0�.�5�5�8� �0�  ��2�.�2�5� �2�.�2�5� 
�U�U�-�2�4� �0�.�5�7�8� �0� �-�1�.�8�1� �1�.�8�1� � � � � � � � � 

�T�h�e� �v�a�l�u�e�s� �o�f� �P�a�-�P�y� �o�r� �r�e�s�i�d�u�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�,� �o�'�r�,� 
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�f�o�r� �t�h�e� �t�h�i�r�t�e�e�n� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �i�n�c�l�u�d�e�d� �i�n� �T�a�b�l�e�s� �6�.�1� �a�n�d� 
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�6�.�1�0� �r�a�n�g�e� �f�r�o�m� �0�.�8�9� �t�o� �2�.�2�5� �p�s�i�.� �T�h�e�s�e� �a�r�e� �c�o�n�s�i�d�e�r�a�b�l�y� 

�l�e�s�s� �t�h�a�n� �t�h�e� �v�a�l�u�e�s� �o�f� �p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�,� 

�O�'�y�<�,� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�9�,� �w�h�i�c�h� �r�a�n�g�e� �f�r�o�m� �1�5�.�7� �t�o� �2�2�.�4� �p�s�i�.� �p�s� 

�A�c�c�o�r�d�i�n�g� �t�o� �L�a�d�d� �a�n�d� �L�a�m�b�e� �(�1�9�6�3�)�,� �t�h�e� �r�a�t�i�o� �b�e�t�w�e�e�n� 

�t�h�e� �v�a�l�u�e�s� �o�f� �r�e�s�i�d�u�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �a�n�d� �p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �c�a�n� �b�e� �u�s�e�d� �a�s� �a�n� �i�n�d�i�c�a�t�i�o�n� �o�f� �t�h�e� �l�e�v�e�l� 

�o�f� �d�i�s�t�u�r�b�a�n�c�e� �i�n� �t�h�e� �s�p�e�c�i�m�e�n�s�,� �w�i�t�h� �t�h�e� �r�a�t�i�o� �d�e�c�r�e�a�s�i�n�g� 

�w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �d�i�s�t�u�r�b�a�n�c�e�.� �T�h�e� �r�a�t�i�o�,� �S�'�r�/�S�'�p�s�,� �f�o�r� �t�h�e� 

�t�e�n� �Q� �t�e�s�t�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�,� �h�a�v�e� �b�e�e�n� �c�a�l�c�u�l�a�t�e�d� �f�o�r� 

�t�h�e� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �v�a�l�u�e�s� �o�f� �S�'�p�s�,� �a�n�d� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� 

�T�a�b�l�e� �6�.�1�1�.� 

�T�a�b�l�e� �6�.�1�1�:� �R�a�t�i�o� �o�f� �o�'�;� �t�o� �o�'�p�,� �f�o�r� �Q� �t�e�s�t�s� �w�i�t�h� �m�i�d�h�e�i�g�h�t� 
�p�o�r�e� �p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� 
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� � � � � � � � � � � � 

�T�e�s�t� �O�'�y� �O�'�y�/�S�'�p�s� �O�'�r�/�O�'�p�s� �O�'�r�/�O�'�p�s� 

�(�p�s�i�)� �f�o�r� �O�'�p�s� �=�|� �f�o�r� �O�'�p�s� �=�|� �f�o�r� �O�'�p�s� �=� 
�2�2�.�4� �p�s�i� �1�9�.�0� �p�s�i� �1�5�.�7� �p�s�i� 

�U�U�-�3� �1�.�4�5� �0�.�0�6�5� �0�.�0�7�6� �0�.�0�9�2� 
�U�U�-�6� �0�.�8�9� �0�.�0�4�0� �0�.�0�4�7� �0�.�0�5�7� 
�U�U�-�8� �1�.�0�0� �0�.�0�4�5� �0�.�0�5�3� �0�.�0�6�4� 

�U�U�-�1�0� �1�.�6�2� �0�.�0�7�2� �0�.�0�8�5� �0�.�1�0�3� 
�U�U�-�1�1� �0�.�9�3� �0�.�0�4�2� �0�.�0�4�9� �0�.�0�5�9� 
�U�U�-�1�2� �1�.�1�2� �0�.�0�5�0� �0�.�0�5�9� �0�.�0�7�1� 
�U�U�-�1�4� �1�.�0�6� �0�.�0�4�7� �0�.�0�5�6� �0�.�0�6�8� 
�U�U�-�1�5� �1�.�0�9� �0�.�0�4�9� �0�.�0�5�7� �0�.�0�6�9� 
�U�U�-�1�8� �1�.�4�1� �0�.�0�6�3� �0�.�0�7�4� �0�.�0�9�0� 
�U�U�~�1�9� �1�.�1�1� �0�.�0�5�0� �0�.�0�5�8� �0�.�0�7�1� � � � � 

�F�o�r� �t�h�e� �t�e�n� �Q� �t�e�s�t�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�1�,� �t�h�e� �r�a�t�i�o�s� 

�b�e�t�w�e�e�n� �t�h�e� �r�e�s�i�d�u�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�e�s� �m�e�a�s�u�r�e�d� �i�n� �t�h�e� �Q� 

�t�e�s�t� �s�p�e�c�i�m�e�n�s� �a�n�d� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e�s� �o�f� �p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�,� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �v�a�l�u�e�s� �o�f� �r�e�s�i�d�u�a�l� 
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�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �a�r�e� �o�n�l�y� �a�b�o�u�t� �4� �t�o� �1�0�%� �o�f� �t�h�e� �p�e�r�f�e�c�t� 

�s�a�m�p�l�i�n�g� �v�a�l�u�e�s�.� �T�h�i�s� �t�e�n�d�s� �t�o� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �l�e�v�e�l� �o�f� 

�d�i�s�t�u�r�b�a�n�c�e� �o�f� �t�h�e�s�e� �s�p�e�c�i�m�e�n�s� �w�a�s� �c�o�n�s�i�d�e�r�a�b�l�e�.� �B�e�c�a�u�s�e� 

�t�h�e� �r�e�s�i�d�u�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �w�a�s� �m�u�c�h� �l�o�w�e�r� �t�h�a�n� �t�h�e� �v�a�l�u�e�s� 

�o�f� �p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �i�n�-�s�i�t�u� 

�v�e�r�t�i�c�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�,� �t�h�e� �s�t�r�e�n�g�t�h�s� �m�e�a�s�u�r�e�d� �f�o�r� �t�h�e�s�e� 

�t�e�s�t� �s�p�e�c�i�m�e�n�s� �a�r�e� �p�r�o�b�a�b�l�y� �l�o�w�e�r� �t�h�a�n� �t�h�e� �a�c�t�u�a�l� �p�e�r�f�e�c�t� 

�s�a�m�p�l�i�n�g� �a�n�d� �i�n�-�s�i�t�u� �s�t�r�e�n�g�t�h�s� �w�o�u�l�d� �b�e�,� �w�i�t�h� �a�l�l� �o�t�h�e�r� 

�f�a�c�t�o�r�s� �b�e�i�n�g� �e�q�u�a�l�.� 

�T�h�e� �t�h�r�e�e� �Q� �t�e�s�t�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�0� �w�e�r�e� �o�b�t�a�i�n�e�d� 

�f�r�o�m� �t�h�e� �4�-�i�n�c�h� �d�i�a�m�e�t�e�r� �c�o�n�s�o�l�i�d�a�t�e�d�,� �u�n�d�r�a�i�n�e�d� �u�n�l�o�a�d�i�n�g� 

�t�e�s�t� �s�p�e�c�i�m�e�n� �o�f� �o�l�d� �L�M�V�D� �s�i�l�t�.� �T�h�i�s� �s�p�e�c�i�m�e�n� �w�a�s� 

�c�o�n�s�o�l�i�d�a�t�e�d� �a�n�i�s�o�t�r�o�p�i�c�a�l�l�y� �t�o� �o�'�y�,� �=� �6�5� �p�s�i� �w�i�t�h� �K�y� 

�e�s�t�i�m�a�t�e�d� �t�o� �b�e� �e�q�u�a�l� �t�o� �0�.�4�.� �T�h�e� �p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�,� �S�'�p�s�,� �c�a�l�c�u�l�a�t�e�d� �b�y� �E�q�.� �6�-�1�5�,� �w�a�s� �1�8�.�2� 

�p�s�i�.� �I�n� �t�h�i�s� �u�n�l�o�a�d�i�n�g� �t�e�s�t�,� �t�h�e� �v�a�l�u�e� �o�f� �A�y� �w�a�s� �m�e�a�s�u�r�e�d� 

�t�o� �b�e� �-�0�.�2�.� �T�h�e� �r�a�t�i�o�s� �o�f� �o�'�;�y�/�O�'�n�g� �f�o�r� �t�h�e�s�e� �t�e�s�t�s�,� �b�a�s�e�d� 

�o�n� �O�'�p�s� �=� �1�8�.�2� �p�s�i�,� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�2�.� 

�T�a�b�l�e� �6�.�1�2�:� �R�a�t�i�o� �o�f� �o�'�,� �t�o� �O�'�p�y�,� �f�o�r� �Q� �t�e�s�t�s� �w�i�t�h� �m�i�d�h�e�i�g�h�t� 
�p�o�r�e� �p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �4�-� 
�i�n�c�h� �d�i�a�m�e�t�e�r� �u�n�l�o�a�d�i�n�g� �t�e�s�t� �s�p�e�c�i�m�e�n� 

� � 

� � 

� � 

� � 

�T�e�s�t� �o�'�y� �O�'�r�/�O�'�p�s� 

�(�p�s�i�)� �f�o�r� �O�'�p�n�s� �=� 
�1�8�.�2� �p�s�i� 

�U�U�-�2�2� �2�.�1�5� �0�.�1�1�8� 
�U�U�-�2�3� �2�.�2�5� �0�.�1�2�4� 
�U�U�-�2�4� �1�.�8�1� �0�.�0�9�9� � � � � � � � � � � 
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�F�o�r� �t�h�e� �t�h�r�e�e� �Q� �t�e�s�t�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�2�,� �t�h�e� �v�a�l�u�e�s� 

�o�f� �r�e�s�i�d�u�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �a�r�e� �a�b�o�u�t� �1�0� �t�o� �1�2�%� �o�f� �t�h�e� 

�p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�.� �T�h�e� �r�e�s�i�d�u�a�l� �e�f�f�e�c�t�i�v�e� 

�s�t�r�e�s�s� �w�a�s� �h�i�g�h�e�r� �i�n� �t�h�e�s�e� �t�h�r�e�e� �s�p�e�c�i�m�e�n�s� �t�h�a�n� �i�n� �t�h�e� �o�t�h�e�r� 

�t�e�n� �s�p�e�c�i�m�e�n�s� �d�i�s�c�u�s�s�e�d� �a�b�o�v�e�.� �T�h�e� �v�a�l�u�e�s� �o�f� �r�e�s�i�d�u�a�l� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �i�n� �t�h�e�s�e� �t�h�r�e�e� �s�p�e�c�i�m�e�n�s� �a�r�e� �s�t�i�l�l� 

�c�o�n�s�i�d�e�r�a�b�l�y� �b�e�l�o�w� �t�h�e� �v�a�l�u�e�s� �o�f� �p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� �e�f�f�e�c�t�i�v�e� 

�s�t�r�e�s�s�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �s�t�r�e�n�g�t�h�s� �m�e�a�s�u�r�e�d� �i�n� �t�h�e�s�e� 

�Q� �t�e�s�t�s� �a�r�e� �l�e�s�s� �t�h�a�n� �t�h�e� �p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� �s�t�r�e�n�g�t�h�,� �a�s� �w�e�l�l� 

�a�s� �t�h�e� �i�n�-�s�i�t�u� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l�.� 

�T�h�e� �v�a�l�u�e�s� �o�f� �r�e�s�i�d�u�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �w�e�r�e� �l�o�w�e�r� �f�o�r� 

�t�h�e� �t�e�n� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �i�n� �T�a�b�l�e� �6�.�1�1� �t�h�a�n� �f�o�r� �t�h�e� �t�h�r�e�e� 

�s�p�e�c�i�m�e�n�s�:� �i�n� �T�a�b�l�e� �6�.�1�2�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �t�e�n� 

�s�p�e�c�i�m�e�n�s� �i�n� �T�a�b�l�e� �6�.�1�1� �h�a�d� �a� �s�l�i�g�h�t�l�y� �h�i�g�h�e�r� �l�e�v�e�l� �o�f� 

�d�i�s�t�u�r�b�a�n�c�e� �t�h�a�n� �t�h�e� �t�h�r�e�e� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �i�n� �T�a�b�l�e� �6�.�1�2�.� 

�C�o�n�s�i�d�e�r�i�n�g� �t�h�e� �t�h�r�e�e� �Q� �t�e�s�t�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�2�,� 

�t�e�s�t�s� �U�U�-�2�2� �a�n�d� �U�U�-�2�3� �h�a�d� �s�i�m�i�l�a�r� �v�a�l�u�e�s� �o�f� �r�e�s�i�d�u�a�l� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�.� �T�h�e�s�e� �t�w�o� �t�e�s�t�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �t�o� �h�a�v�e� 

�s�i�m�i�l�a�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.�5�0�.� 

�T�e�s�t� �U�U�-�2�4� �h�a�d� �a� �v�a�l�u�e� �o�f� �r�e�s�i�d�u�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �t�h�a�t� �w�a�s� 

�l�e�s�s� �t�h�a�n� �t�h�e� �o�t�h�e�r� �t�w�o� �s�p�e�c�i�m�e�n�s�.� �T�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� 

�b�e�h�a�v�i�o�r� �o�f� �t�h�i�s� �t�e�s�t� �s�p�e�c�i�m�e�n� �t�e�n�d�e�d� �t�o� �s�h�o�w� �a� �l�o�w�e�r� 

�s�t�r�e�n�g�t�h� �f�o�r� �t�h�e� �s�o�i�l� �t�h�a�n� �t�h�e� �o�t�h�e�r� �t�w�o� �s�p�e�c�i�m�e�n�s� �i�n� �t�h�e� 

�g�r�o�u�p�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.�5�0�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �o�n�e� 

�A�N�A�L�Y�S�I�S� �O�F� �R�E�S�U�L�T�S� �6�6�0



�g�r�o�u�p� �o�f� �t�e�s�t�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �h�i�g�h�e�r� �t�h�e� �v�a�l�u�e� �o�f� 

�r�e�s�i�d�u�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �i�n�i�t�i�a�l�l�y� �i�n� �t�h�e� �s�p�e�c�i�m�e�n�,� �t�h�e� 

�l�a�r�g�e�r� �t�h�e� �m�e�a�s�u�r�e�d� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l�.� �I�n� �o�r�d�e�r� �t�o� 

�d�e�v�e�l�o�p� �m�o�r�e� �d�e�f�i�n�i�t�i�v�e� �c�o�n�c�l�u�s�i�o�n�s�,� �a�d�d�i�t�i�o�n�a�l� �Q� �t�e�s�t�s� �w�i�t�h� 

�m�i�d�h�e�i�g�h�t� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� �o�n� �s�p�e�c�i�m�e�n�s� �o�b�t�a�i�n�e�d� 

�f�r�o�m� �4�-�i�n�c�h� �d�i�a�m�e�t�e�r� �u�n�l�o�a�d�i�n�g� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �w�o�u�l�d� �b�e� 

�n�e�e�d�e�d�.� �M�o�r�e� �a�c�c�u�r�a�t�e� �m�e�t�h�o�d�s� �o�f� �m�e�a�s�u�r�i�n�g� �o�'�;� �m�a�y� �a�l�s�o� 

�p�r�o�v�i�d�e� �a�n� �i�m�p�r�o�v�e�d� �m�e�a�n�s� �o�f� �a�s�s�e�s�s�i�n�g� �t�h�e� �l�e�v�e�l� �o�f� 

�d�i�s�t�u�r�b�a�n�c�e� �o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s�.� �T�h�i�s� �w�o�u�l�d� 

�a�l�l�o�w� �t�h�e� �b�e�h�a�v�i�o�r� �s�u�g�g�e�s�t�e�d� �b�y� �t�h�i�s� �o�n�e� �s�e�t� �o�f� �t�e�s�t�s� �t�o� �b�e� 

�m�o�r�e� �f�u�l�l�y� �e�x�p�l�o�r�e�d�.� 

�6�.�5� �D�i�s�c�u�s�s�i�o�n� �o�f� �E�f�f�e�c�t�i�v�e� �S�t�r�e�s�s� �S�t�r�e�n�g�t�h� �P�a�r�a�m�e�t�e�r�s� �o�f� 
�L�M�V�D� �s�i�l�t� 

�T�h�e� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� 

�d�e�t�e�r�m�i�n�e�d� �f�o�r� �L�M�V�D� �s�i�l�t� �f�r�o�m� �C�U� �a�n�d� �C�D� �t�e�s�t�s�.� �A�f�t�e�r� 

�c�o�m�p�l�e�t�i�n�g� �t�h�e� �u�n�l�o�a�d�i�n�g� �t�e�s�t�s�,� �t�h�e� �t�w�o� �1�.�4�-�i�n�c�h� �d�i�a�m�e�t�e�r� 

�u�n�d�r�a�i�n�e�d� �u�n�l�o�a�d�i�n�g� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �t�e�s�t�e�d� �i�n� �C�U� �t�e�s�t�s�.� 

�T�h�e� �s�p�e�c�i�m�e�n� �o�f� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t� �w�a�s� �c�o�n�s�o�l�i�d�a�t�e�d� �t�o� 

�2�0� �p�s�i� �a�n�d� �s�h�o�w�e�d� �d�i�l�a�t�i�v�e� �t�e�n�d�e�n�c�i�e�s� �i�n� �t�h�e� �C�U� �t�e�s�t�,� �a�s� 

�e�x�p�e�c�t�e�d�.� �T�h�e� �b�e�h�a�v�i�o�r� �o�f� �t�h�i�s� �s�i�l�t� �s�p�e�c�i�m�e�n� �i�n� �t�h�e� �C�U� 

�t�e�s�t�,� �w�h�e�n� �p�l�o�t�t�e�d� �i�n� �t�e�r�m�s� �o�f� �i�t�s� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �p�a�t�h�,� 

�d�e�f�i�n�e�d� �t�h�e� �K�e� �l�i�n�e� �f�o�r� �t�h�e� �s�o�i�l�.� �B�a�s�e�d� �o�n� �t�h�e� �K�¢� �l�i�n�e�,� 

�t�h�i�s� �t�e�s�t� �y�i�e�l�d�e�d� �a�n� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� �6�'�,� �o�f� 

�3�6�°� �f�o�r� �t�h�e� �s�i�l�t�.� 
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�T�h�e� �u�n�d�i�s�t�u�r�b�e�d� �s�p�e�c�i�m�e�n� �o�f� �n�e�w� �L�M�V�D� �s�i�l�t� �w�a�s� 

�c�o�n�s�o�l�i�d�a�t�e�d� �t�o� �1�9�.�7� �p�s�i� �a�n�d� �s�h�o�w�e�d� �s�t�r�a�i�n� �s�o�f�t�e�n�i�n�g� 

�b�e�h�a�v�i�o�r� �a�n�d� �c�o�m�p�r�e�s�s�i�v�e� �t�e�n�d�e�n�c�i�e�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �C�U� �t�e�s�t�.� 

�T�h�e� �s�p�e�c�i�m�e�n� �h�a�d� �a� �v�e�r�y� �l�o�w� �d�r�y� �d�e�n�s�i�t�y�,� �c�o�n�t�a�i�n�e�d� �n�u�m�e�r�o�u�s� 

�f�i�s�s�u�r�e�s�,� �a�n�d� �w�a�s� �o�n�l�y� �p�a�r�t�l�y� �s�a�t�u�r�a�t�e�d� �i�n�i�t�i�a�l�l�y�.� �T�h�e�s�e� 

�f�a�c�t�o�r�s� �m�a�y� �h�a�v�e� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �o�b�s�e�r�v�e�d� �b�e�h�a�v�i�o�r�.� �T�h�e� 

�b�e�h�a�v�i�o�r� �o�f� �t�h�i�s� �s�i�l�t� �s�p�e�c�i�m�e�n� �i�n� �t�h�i�s� �o�n�e� �C�U� �t�e�s�t�,� �w�h�e�n� 

�p�l�o�t�t�e�d� �i�n� �t�e�r�m�s� �o�f� �i�t�s� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �p�a�t�h�,� �d�e�f�i�n�e�d� �t�h�e� 

�K�g� �l�i�n�e� �f�o�r� �t�h�e� �s�o�i�l�.� �B�a�s�e�d� �o�n� �t�h�e� �K�¢� �l�i�n�e�,� �t�h�i�s� �t�e�s�t� 

�y�i�e�l�d�e�d� �a� �c�o�h�e�s�i�o�n� �i�n�t�e�r�c�e�p�t�,� �c�'�,� �o�f� �1�.�2�1� �p�s�i� �a�n�d� �a�n� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� �o�'�,� �o�f� �3�1�°� �f�o�r� �t�h�e� �s�i�l�t�.� 

�N�o� �o�t�h�e�r� �v�a�l�u�e�s� �o�f� �t�h�e� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� 

�w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �n�e�w� �L�M�V�D� �s�i�l�t�.� 

�O�n�e� �o�f� �t�h�e� �q�u�a�r�t�e�r�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �f�i�r�s�t� �4�-�i�n�c�h� 

�d�i�a�m�e�t�e�r� �u�n�d�r�a�i�n�e�d� �u�n�l�o�a�d�i�n�g� �t�e�s�t� �s�p�e�c�i�m�e�n� �w�a�s� �t�e�s�t�e�d� �i�n�a� 

�c�U� �t�e�s�t�.� �T�h�i�s� �C�U� �t�e�s�t� �s�p�e�c�i�m�e�n� �w�a�s� �c�o�n�s�o�l�i�d�a�t�e�d� �t�o� �1�0�.�5� 

�p�s�i�.� �T�h�e� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �p�a�t�h� �f�o�r� �t�h�i�s� �t�e�s�t� �d�e�f�i�n�e�d� �t�h�e� �K�r� 

�l�i�n�e� �f�o�r� �t�h�e� �s�o�i�l�.� �T�h�e� �o�r�i�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �K�¢� �l�i�n�e� �y�i�e�l�d�e�d� 

�a�n� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� �$�6�'�,� �o�f� �3�5�°�.� 

�T�h�e� �s�e�r�i�e�s� �o�f� �C�U� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �O�'�3�c�o�o�n� �=� �1�0� �p�s�i� 

�a�n�d� �d�i�f�f�e�r�e�n�t� �v�a�l�u�e�s� �o�f� �b�a�c�k� �p�r�e�s�s�u�r�e�,� �a�l�s�o� �g�a�v�e� �e�f�f�e�c�t�i�v�e� 

�s�t�r�e�s�s� �p�a�t�h�s� �w�h�i�c�h� �c�l�e�a�r�l�y� �d�e�f�i�n�e�d� �t�h�e� �K�r� �l�i�n�e� �f�o�r� �t�h�e� �s�o�i�l�.� 

�T�h�e� �o�r�i�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �K�¢� �l�i�n�e� �f�o�r� �t�h�e�s�e� �t�e�s�t�s� �c�o�r�r�e�s�p�o�n�d�e�d� 

�w�i�t�h� �a�n� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� �$�'�,� �o�f� �3�4�°�.� 
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�A� �s�e�r�i�e�s� �o�f� �C�D� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �o�n� �o�l�d� �L�M�V�D� �s�i�l�t� �g�a�v�e� �a�n� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� �$�'�,� �o�f� �3�8�°� �f�o�r� �t�h�e� �s�o�i�l�.� 

�T�h�e� �v�a�l�u�e�s� �o�f� �6�'� �d�e�t�e�r�m�i�n�e�d� �i�n� �t�h�e�s�e� �t�e�s�t�s� �o�n� �o�l�d� �L�M�V�D� 

�s�i�l�t� �a�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�e� �v�a�l�u�e�s� �o�f� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �f�r�i�c�t�i�o�n� 

�a�n�g�l�e� �r�e�p�o�r�t�e�d� �b�y� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n�,� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �f�o�r� 

�o�l�d� �L�M�V�D� �s�i�l�t�.� 

�6�.�6� �D�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �P�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �S�t�u�d�y� 

�A�s� �n�o�t�e�d� �i�n� �S�e�c�t�i�o�n� �5�.�6�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� 

�p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �s�t�u�d�y� �w�e�r�e� �i�n�c�o�n�c�l�u�s�i�v�e� �d�u�e� �t�o� �t�h�e� 

�i�n�a�b�i�l�i�t�y� �t�o� �c�o�n�f�i�r�m� �w�h�e�t�h�e�r� �o�r� �n�o�t� �t�h�e� �s�p�e�c�i�m�e�n�s� �w�e�r�e� 

�i�n�i�t�i�a�l�l�y� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d�.� �T�h�i�s� �i�s� �e�s�p�e�c�i�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� 

�b�e�c�a�u�s�e� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �Q� �t�e�s�t�s� �w�i�t�h� �m�i�d�h�e�i�g�h�t� �p�o�r�e� 

�p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �6�.�1�,� �h�a�d� �n�e�g�a�t�i�v�e� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �i�n�i�t�i�a�l�l�y�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �w�e�r�e� �s�o�m�e�w�h�a�t� �l�e�s�s� �t�h�a�n� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d�.� �I�f� �t�h�e� �Q� 

�t�e�s�t� �s�p�e�c�i�m�e�n�s� �u�s�e�d� �i�n� �t�h�e� �p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �s�t�u�d�y� �w�e�r�e� �l�e�s�s� 

�t�h�a�n� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d�,� �w�h�i�c�h� �i�s� �h�i�g�h�l�y� �l�i�k�e�l�y�,� �t�h�e�n� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �s�u�b�j�e�c�t�e�d� �t�o� �t�h�e� �h�i�g�h� �c�e�l�l� �p�r�e�s�s�u�r�e� �p�r�i�o�r� �t�o� 

�t�e�s�t�i�n�g�,� �w�o�u�l�d� �h�a�v�e� �p�r�o�b�a�b�l�y� �h�a�d� �s�m�a�l�l�e�r� �v�o�i�d� �r�a�t�i�o�s� �a�n�d� 

�t�h�u�s� �h�i�g�h�e�r� �s�t�r�e�n�g�t�h�s� �t�h�a�n� �t�h�e� �n�o�n�-�p�r�e�p�r�e�s�s�u�r�i�z�e�d� �s�p�e�c�i�m�e�n�s�,� 

�t�o� �w�h�i�c�h� �t�h�e�y� �w�e�r�e� �l�a�t�e�r� �c�o�m�p�a�r�e�d�.� 

�T�h�e� �p�r�e�s�e�n�c�e� �o�f� �e�v�e�n� �t�h�e� �s�m�a�l�l�e�s�t� �a�m�o�u�n�t� �o�f� �f�r�e�e� �a�i�r� �i�n� 

�a� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�,� �w�h�e�n� �s�u�b�j�e�c�t�e�d� �t�o� �a� �h�i�g�h� �c�e�l�l� �p�r�e�s�s�u�r�e� �o�n� 
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�t�h�e� �o�r�d�e�r� �o�f� �2�0�0� �t�o� �2�6�0� �p�s�i�,� �w�o�u�l�d� �h�a�v�e� �l�e�a�d� �t�o� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �e�x�p�e�r�i�e�n�c�i�n�g� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �d�e�g�r�e�e� �o�f� 

�s�a�t�u�r�a�t�i�o�n� �a�s� �t�h�e� �f�r�e�e� �a�i�r� �w�a�s� �f�o�r�c�e�d� �i�n�t�o� �s�o�l�u�t�i�o�n� �b�y� �t�h�e� 

�h�i�g�h� �p�r�e�s�s�u�r�e�.� �S�i�m�i�l�a�r� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �f�r�o�m� �t�h�e� �s�a�m�e� �b�a�t�c�h� 

�c�o�n�s�o�l�i�d�o�m�e�t�e�r� �s�a�m�p�l�e� �s�h�o�u�l�d� �h�a�v�e� �h�a�d� �a�b�o�u�t� �t�h�e� �s�a�m�e� �a�m�o�u�n�t� 

�o�f� �f�r�e�e� �a�i�r� �p�r�e�s�e�n�t� �a�s� �t�h�e� �p�r�e�p�r�e�s�s�u�r�i�z�e�d� �s�p�e�c�i�m�e�n�s� �d�i�d� 

�i�n�i�t�i�a�l�l�y�.� �T�h�e�s�e� �s�p�e�c�i�m�e�n�s�,� �h�o�w�e�v�e�r�,� �w�o�u�l�d� �n�o�t� �h�a�v�e� �h�a�d� �t�h�e� 

�f�r�e�e� �a�i�r� �f�o�r�c�e�d� �i�n�t�o� �s�o�l�u�t�i�o�n� �p�r�i�o�r� �t�o� �p�e�r�f�o�r�m�i�n�g� �t�h�e� �Q� 

�t�e�s�t�.� �T�h�e�y� �w�o�u�l�d� �h�a�v�e� �h�a�d� �a� �s�l�i�g�h�t�l�y� �l�o�w�e�r� �d�e�g�r�e�e� �o�f� 

�s�a�t�u�r�a�t�i�o�n� �a�n�d� �s�l�i�g�h�t�l�y� �h�i�g�h�e�r� �v�o�i�d� �r�a�t�i�o� �a�t� �t�h�e� �s�t�a�r�t� �o�f� 

�t�h�e� �Q� �t�e�s�t� �t�h�a�n� �t�h�e� �p�r�e�p�r�e�s�s�u�r�i�z�e�d� �s�p�e�c�i�m�e�n�s�.� 

�B�a�s�e�d� �o�n� �t�h�i�s�,� �t�h�e� �t�w�o� �p�r�e�p�r�e�s�s�u�r�i�z�e�d� �s�p�e�c�i�m�e�n�s� �s�h�o�u�l�d� 

�h�a�v�e� �h�a�d� �h�i�g�h�e�r� �s�t�r�e�n�g�t�h�s� �t�h�a�n� �t�h�e� �t�w�o� �n�o�n�-�p�r�e�p�r�e�s�s�u�r�i�z�e�d� 

�s�p�e�c�i�m�e�n�s� �t�e�s�t�e�d� �f�r�o�m� �e�a�c�h� �b�a�t�c�h� �a�t� �a� �g�i�v�e�n� �c�e�l�l� �p�r�e�s�s�u�r�e�.� 

�R�e�v�i�e�w� �o�f� �F�i�g�u�r�e�s� �5�.�5�5� �t�h�r�o�u�g�h� �5�.�6�1�,� �h�o�w�e�v�e�r�,� �i�n�d�i�c�a�t�e�s� �t�h�a�t� 

�t�h�i�s� �w�a�s� �n�o�t� �a�l�w�a�y�s� �t�h�e� �c�a�s�e�.� �T�h�e� �g�r�o�u�p� �o�f� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� 

�a�t� �a� �c�e�l�l� �p�r�e�s�s�u�r�e� �o�f� �2�0� �p�s�i� �w�e�r�e� �t�h�e� �o�n�l�y� �o�n�e�s� �f�o�r� �w�h�i�c�h� 

�t�h�e� �t�w�o� �p�r�e�p�r�e�s�s�u�r�i�z�e�d� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �c�o�n�s�i�s�t�e�n�t�l�y� �s�t�r�o�n�g�e�r� 

�t�h�a�n� �t�h�e� �t�w�o� �n�o�n�-�p�r�e�p�r�e�s�s�u�r�i�z�e�d� �s�p�e�c�i�m�e�n�s�.� �T�h�e� �o�t�h�e�r� �s�e�t�s� 

�o�f� �Q� �t�e�s�t�s� �s�h�o�w�e�d� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �w�h�i�c�h� �w�a�s� �s�o�m�e�w�h�a�t� 

�i�n�c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�i�s� �t�h�e�o�r�y�.� 

�A�n� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�i�s� �i�n�c�o�n�s�i�s�t�e�n�c�y� �m�a�y� �b�e� �t�h�a�t� 

�d�i�f�f�e�r�e�n�t� �a�m�o�u�n�t�s� �o�f� �f�r�e�e� �a�i�r� �w�e�r�e� �i�n�i�t�i�a�l�l�y� �p�r�e�s�e�n�t� �i�n� �t�h�e� 

�f�o�u�r� �s�p�e�c�i�m�e�n�s� �i�n� �t�h�e� �o�t�h�e�r� �g�r�o�u�p�s�.� �T�h�i�s� �m�a�y� �h�a�v�e� �l�e�a�d� �t�o� 
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�t�h�e� �p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �h�a�v�i�n�g� �d�i�f�f�e�r�e�n�t� �e�f�f�e�c�t�s� �o�n� �s�a�m�p�l�e� 

�b�e�h�a�v�i�o�r�.� �D�i�f�f�e�r�e�n�t� �a�m�o�u�n�t�s� �o�f� �f�r�e�e� �a�i�r� �i�n� �t�h�e� �s�p�e�c�i�m�e�n�s� 

�m�a�y� �h�a�v�e� �r�e�s�u�l�t�e�d� �f�r�o�m� �v�a�r�i�a�t�i�o�n�s� �i�n� �t�h�e� �l�e�v�e�l� �o�f� �s�p�e�c�i�m�e�n� 

�d�i�s�t�u�r�b�a�n�c�e�.� �M�e�m�b�r�a�n�e� �l�e�a�k�a�g�e� �m�a�y� �a�l�s�o� �h�a�v�e� �o�c�c�u�r�r�e�d� �d�u�e� �t�o� 

�t�h�e� �h�i�g�h� �p�r�e�s�s�u�r�e� �i�n� �s�o�m�e� �t�e�s�t�s� �b�u�t� �n�o�t� �i�n� �o�t�h�e�r�s�,� �l�e�a�d�i�n�g� 

�t�o� �d�i�f�f�e�r�e�n�t� �b�e�h�a�v�i�o�r� �b�e�i�n�g� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �t�e�s�t�s�.� �O�v�e�r�a�l�l�,� 

�i�t� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �d�r�a�w� �f�i�r�m� �c�o�n�c�l�u�s�i�o�n�s� �f�r�o�m� �t�h�e� 

�p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �s�t�u�d�y� �b�e�c�a�u�s�e� �n�o� �p�o�r�e� �p�r�e�s�s�u�r�e� 

�m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �t�o� �e�n�a�b�l�e� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �t�h�e� 

�i�n�i�t�i�a�l� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n�,� �w�h�e�t�h�e�r� �m�e�m�b�r�a�n�e� �l�e�a�k�a�g�e� 

�o�c�c�u�r�r�e�d�,� �a�n�d� �w�h�a�t� �c�h�a�n�g�e�s� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �t�o�o�k� �p�l�a�c�e� 

�d�u�r�i�n�g� �t�h�e� �Q� �t�e�s�t�s�.� 

�O�n�e� �i�n�t�e�r�e�s�t�i�n�g� �t�h�i�n�g� �t�o� �n�o�t�e� �a�b�o�u�t� �t�h�e� �p�r�e�p�r�e�s�s�u�r�i�z�e�d� 

�Q� �t�e�s�t�s� �i�s� �t�h�a�t� �t�h�e� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �a�t� �0� �p�s�i� �a�n�d� �2�0� �p�s�i� �e�a�c�h� 

�s�h�o�w�e�d� �c�o�n�s�i�s�t�e�n�t� �s�t�r�e�s�s�-�s�t�r�a�i�n� �r�e�s�u�l�t�s�,� �w�h�e�r�e�a�s� �t�h�e� �t�e�s�t�s� 

�p�e�r�f�o�r�m�e�d� �a�t� �1�0� �p�s�i� �d�i�d� �n�o�t�.� �T�h�i�s� �m�a�y� �b�e� �a�n� �i�n�d�i�c�a�t�i�o�n� �t�h�a�t� 

�f�o�r� �t�h�e� �t�e�s�t�s� �a�t� �0� �p�s�i� �a�n�d� �2�0� �p�s�i�,� �t�h�e� �s�p�e�c�i�m�e�n�s� �c�o�n�t�a�i�n�e�d� 

�S�i�m�i�l�a�r� �a�m�o�u�n�t�s� �o�f� �f�r�e�e� �a�i�r� �i�n�i�t�i�a�l�l�y�.� �T�h�e� 

�p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �w�o�u�l�d� �t�h�e�n� �h�a�v�e� �h�a�d� �s�i�m�i�l�a�r� �e�f�f�e�c�t�s� �o�n� �t�h�e� 

�v�o�i�d� �r�a�t�i�o�s� �o�f� �b�o�t�h� �s�p�e�c�i�m�e�n�s� �a�t� �e�a�c�h� �c�e�l�l� �p�r�e�s�s�u�r�e�,� 

�r�e�s�u�l�t�i�n�g� �i�n� �s�i�m�i�l�a�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s�.� 

�T�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� 

�p�r�e�p�r�e�s�s�u�r�i�z�e�d� �s�p�e�c�i�m�e�n�s� �t�e�s�t�e�d� �a�t� �1�0� �p�s�i� �m�a�y� �b�e� �a�n� 

�i�n�d�i�c�a�t�i�o�n� �t�h�a�t� �t�h�e�s�e� �s�p�e�c�i�m�e�n�s� �c�o�n�t�a�i�n�e�d� �d�i�f�f�e�r�e�n�t� �a�m�o�u�n�t�s� 
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�o�f� �f�r�e�e� �a�i�r� �i�n�i�t�i�a�l�l�y�.� �T�h�i�s� �w�o�u�l�d� �h�a�v�e� �l�e�a�d� �t�o� �d�i�f�f�e�r�e�n�t� 

�v�o�i�d� �r�a�t�i�o�s� �a�n�d� �s�t�r�e�n�g�t�h�s�.� �D�i�f�f�e�r�e�n�t� �a�m�o�u�n�t�s� �o�f� �f�r�e�e� �a�i�r� �i�n� 

�t�h�e� �s�p�e�c�i�m�e�n�s� �c�o�u�l�d� �h�a�v�e� �r�e�s�u�l�t�e�d� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �l�e�v�e�l�s� �o�f� 

�d�i�s�t�u�r�b�a�n�c�e� �d�u�r�i�n�g� �t�r�i�m�m�i�n�g�,� �o�r� �p�e�r�h�a�p�s� �t�h�e� �t�w�o� �t�e�s�t�s� �w�e�r�e� 

�p�e�r�f�o�r�m�e�d� �a�t� �c�o�n�s�i�d�e�r�a�b�l�y� �d�i�f�f�e�r�e�n�t� �t�i�m�e�s� �a�f�t�e�r� �t�h�e� �s�o�i�l� �h�a�d� 

�b�e�e�n� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �b�a�t�c�h� �c�o�n�s�o�l�i�d�o�m�e�t�e�r�,� �s�o� �t�h�a�t� �o�n�e� 

�s�a�m�p�l�e� �c�o�u�l�d� �h�a�v�e� �p�o�s�s�i�b�l�y� �h�a�d� �m�o�r�e� �f�r�e�e� �a�i�r� �p�r�e�s�e�n�t� �t�h�a�n� 

�t�h�e� �o�t�h�e�r� �s�p�e�c�i�m�e�n�.� 

�F�u�r�t�h�e�r� �r�e�s�e�a�r�c�h� �o�n� �p�r�e�p�r�e�s�s�u�r�i�z�e�d� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �i�s� 

�o�f� �l�i�m�i�t�e�d� �v�a�l�u�e�.� �T�h�e� �p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �o�f� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� 

�w�a�s� �u�s�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �t�o� �s�t�u�d�y� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� 

�p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �o�n� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�s�p�o�n�s�e� �a�n�d� 

�a�s�s�o�c�i�a�t�e�d� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �o�f� �s�a�t�u�r�a�t�e�d� �d�i�l�a�t�a�n�t� 

�s�i�l�t�s�.� �T�h�e�s�e� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �b�a�s�e�d� �o�n� �s�i�m�i�l�a�r� 

�p�r�o�c�e�d�u�r�e�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �c�a�v�i�t�a�t�i�o�n� �l�i�t�e�r�a�t�u�r�e�.� 

�P�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �o�f� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �i�s� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �a� 

�r�e�a�s�o�n�a�b�l�e� �p�r�o�c�e�d�u�r�e� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� 

�o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �b�e�c�a�u�s�e� �i�t� �c�a�n� �n�o�t� �b�e� �a�p�p�l�i�e�d� �t�o� �f�i�e�l�d� 

�c�o�n�d�i�t�i�o�n�s�.� �U�n�d�e�r� �n�o�r�m�a�l� �f�i�e�l�d� �l�o�a�d�i�n�g� �c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �p�o�r�e� 

�w�a�t�e�r� �o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �w�i�l�l� �b�e� �s�u�b�j�e�c�t�e�d� �t�o� �p�r�e�s�s�u�r�e�s� 

�c�o�n�s�i�d�e�r�a�b�l�y� �l�e�s�s� �t�h�a�n� �t�h�o�s�e� �u�s�e�d� �i�n� �t�h�e� �p�r�e�p�r�e�s�s�u�r�i�z�e�d� �Q� 

�t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�.� 

�C�o�m�p�a�r�i�s�o�n� �o�f� �p�r�e�p�r�e�s�s�u�r�i�z�e�d� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �t�o� �n�o�n�-� 

�p�r�e�p�r�e�s�s�u�r�i�z�e�d� �s�p�e�c�i�m�e�n�s� �w�i�t�h� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� 
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�d�u�r�i�n�g� �t�h�e� �Q� �t�e�s�t�s� �a�s� �w�e�l�l� �a�s� �d�u�r�i�n�g� �t�h�e� �h�i�g�h� �p�r�e�s�s�u�r�e� 

�a�p�p�l�i�c�a�t�i�o�n� �m�a�y� �s�t�i�l�l� �b�e� �o�f� �s�o�m�e� �u�s�e�.� �P�o�r�e� �p�r�e�s�s�u�r�e� 

�m�e�a�s�u�r�e�m�e�n�t�s� �d�u�r�i�n�g� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� 

�p�r�e�s�s�u�r�e� �w�o�u�l�d� �a�l�l�o�w� �f�o�r� �t�h�e� �a�s�s�e�s�s�m�e�n�t� �o�f� �w�h�e�t�h�e�r� �o�r� �n�o�t� 

�t�h�e� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d�.� �T�h�e� �m�o�s�t� �u�s�e�f�u�l� 

�i�n�f�o�r�m�a�t�i�o�n� �c�o�u�l�d� �b�e� �g�a�i�n�e�d� �b�y� �m�e�a�s�u�r�i�n�g� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�s� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�.� �T�h�i�s� �w�o�u�l�d� �m�a�k�e� �i�t� 

�p�o�s�s�i�b�l�e� �t�o� �e�v�a�l�u�a�t�e� �w�h�e�t�h�e�r� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �w�a�s� �g�r�e�a�t�e�r� �i�n� �t�h�e� �p�r�e�p�r�e�s�s�u�r�i�z�e�d� �s�p�e�c�i�m�e�n�s� �t�h�a�n� �i�n� 

�t�h�e� �n�o�n�-�p�r�e�p�r�e�s�s�u�r�i�z�e�d� �s�p�e�c�i�m�e�n�s�.� �I�f� �t�h�i�s� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� 

�t�h�e� �c�a�s�e�,� �i�t� �w�o�u�l�d� �p�o�s�s�i�b�l�y� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� 

�t�h�e� �p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �p�r�e�s�s�u�r�e�,� �l�e�a�d� �t�o� �t�h�e� �p�o�r�e� �w�a�t�e�r� �b�e�i�n�g� 

�s�t�r�o�n�g�e�r� �i�n� �t�e�n�s�i�o�n� �a�n�d� �m�o�r�e� �r�e�s�i�s�t�a�n�t� �t�o� �c�a�v�i�t�a�t�i�o�n�.� 

�6�.�7� �D�i�s�c�u�s�s�i�o�n� �o�f� �Q� �T�e�s�t�s� �w�i�t�h� �P�o�r�e� �A�i�r� �a�n�d� �P�o�r�e� �W�a�t�e�r� 
�P�r�e�s�s�u�r�e� �M�e�a�s�u�r�e�m�e�n�t�s� 

�T�h�e� �Q� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �o�n� �c�o�m�p�a�c�t�e�d� �s�p�e�c�i�m�e�n�s� �o�f� �n�e�w� 

�L�M�V�D� �s�i�l�t� �w�e�r�e� �t�e�s�t�e�d� �w�h�i�l�e� �a�t�t�e�m�p�t�i�n�g� �t�o� �m�e�a�s�u�r�e� �p�o�r�e� �a�i�r� 

�a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �w�i�t�h�i�n� �t�h�e� �s�p�e�c�i�m�e�n�s�.� �T�h�e� 

�s�p�e�c�i�m�e�n�s� �t�e�s�t�e�d� �w�e�r�e� �p�a�r�t�i�a�l�l�y� �s�a�t�u�r�a�t�e�d� �b�e�c�a�u�s�e� �t�h�e� 

�m�e�a�s�u�r�e�m�e�n�t� �o�f� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e�s� �i�s� �e�x�t�r�e�m�e�l�y� �d�i�f�f�i�c�u�l�t�,� �i�f� 

�n�o�t� �i�m�p�o�s�s�i�b�l�e� �a�t� �h�i�g�h� �d�e�g�r�e�e�s� �o�f� �s�a�t�u�r�a�t�i�o�n�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e�s�e� �t�e�s�t�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �S�e�c�t�i�o�n� 

�5�.�7�.� �I�n� �t�h�e� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e�s�e� �t�e�s�t�s�,� �i�t� 

�w�a�s� �n�o�t�e�d� �t�h�a�t� �t�h�e� �r�e�s�u�l�t�s� �w�e�r�e� �f�e�l�t� �t�o� �b�e� �q�u�e�s�t�i�o�n�a�b�l�e�.� 
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�T�h�e� �t�e�s�t�s� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �p�o�r�e� �a�i�r� �a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� 

�d�e�c�r�e�a�s�e�d� �i�n� �t�h�e� �s�p�e�c�i�m�e�n�s� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�.� �T�h�e� �r�a�t�e� 

�o�f� �d�e�c�r�e�a�s�e� �o�f� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �t�e�n�d�e�d� �t�o� �b�e� �g�r�e�a�t�e�r� �t�h�a�n� 

�t�h�e� �r�a�t�e� �o�f� �d�e�c�r�e�a�s�e� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�.� 

�A�l�t�h�o�u�g�h� �i�t� �i�s� �f�e�l�t� �t�o� �b�e� �r�e�a�s�o�n�a�b�l�e� �t�h�a�t� �t�h�e� �p�o�r�e� �a�i�r� 

�a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �b�o�t�h� �w�o�u�l�d� �d�e�c�r�e�a�s�e� �d�u�r�i�n�g� 

�u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �o�f� �s�p�e�c�i�m�e�n�s� �w�i�t�h� �d�i�l�a�t�a�n�t� �t�e�n�d�e�n�c�i�e�s�,� �t�h�e� 

�m�a�g�n�i�t�u�d�e�s� �o�f� �t�h�e� �m�e�a�s�u�r�e�d� �p�r�e�s�s�u�r�e�s� �m�a�y� �b�e� �i�n�c�o�r�r�e�c�t�.� �T�h�e� 

�a�c�t�u�a�l� �v�a�l�u�e�s� �o�f� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�d� �i�n� �t�h�e�s�e� �t�e�s�t�s� �a�r�e� �f�e�l�t� 

�t�o� �b�e� �q�u�e�s�t�i�o�n�a�b�l�e� �d�o� �t�o� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �m�e�a�s�u�r�e�d� 

�p�r�e�s�s�u�r�e�s� �a�n�d� �t�h�e� �u�n�c�e�r�t�a�i�n�t�i�e�s� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �c�a�l�i�b�r�a�t�i�o�n� 

�a�n�d� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e� �p�r�e�s�s�u�r�e�s� �w�i�t�h� �t�h�e� �a�v�a�i�l�a�b�l�e� 

�e�q�u�i�p�m�e�n�t�.� 

�T�h�i�s� �i�s� �t�r�u�e� �f�o�r� �t�h�e� �t�e�s�t�s� �w�i�t�h� �h�i�g�h� �d�e�g�r�e�e�s� �o�f� 

�s�a�t�u�r�a�t�i�o�n� �w�h�e�r�e� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e�s� �w�e�r�e� �n�o�t� �c�o�n�s�i�s�t�e�n�t�l�y� 

�g�r�e�a�t�e�r� �t�h�a�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s�,� �a�s� �e�x�p�e�c�t�e�d� �f�o�r� �p�a�r�t�i�a�l�l�y� 

�s�a�t�u�r�a�t�e�d� �s�o�i�l�s�.� �T�h�e� �h�i�g�h� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �m�a�y� �h�a�v�e� 

�p�r�e�v�e�n�t�e�d� �a�c�c�u�r�a�t�e� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s�.� �T�h�e� 

�t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �a�t� �0� �p�s�i� �c�e�l�l� �p�r�e�s�s�u�r�e� �s�h�o�w�e�d� �u�n�u�s�u�a�l� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e� �r�e�s�p�o�n�s�e�s�.� �T�h�e�s�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �a�r�e� 

�f�e�l�t� �t�o� �b�e� �i�n�c�o�r�r�e�c�t�.� �T�h�e� �o�t�h�e�r� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �a�t� �a� �c�e�l�l� 

�p�r�e�s�s�u�r�e� �o�f� �1�0� �p�s�i� �h�a�d� �m�e�a�s�u�r�e�d� �v�a�l�u�e�s� �o�f� �p�o�r�e� �a�i�r� �a�n�d� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �d�i�d� �n�o�t� �a�l�w�a�y�s� �a�p�p�e�a�r� �t�o� �b�e� �c�o�n�s�i�s�t�e�n�t� 

�w�i�t�h� �t�h�e� �p�r�e�s�s�u�r�e�s� �e�x�p�e�c�t�e�d� �w�i�t�h�i�n� �a� �s�p�e�c�i�m�e�n� �s�u�b�j�e�c�t�e�d� �t�o� 
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�1�0� �p�s�i� �c�e�l�l� �p�r�e�s�s�u�r�e�.� �I�n� �s�o�m�e� �c�a�s�e�s�,� �t�h�e� �s�p�e�c�i�m�e�n�s� �h�a�d� 

�m�e�a�s�u�r�e�d� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e�s� �c�o�n�s�i�d�e�r�a�b�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� 

�a�p�p�l�i�e�d� �c�e�l�l� �p�r�e�s�s�u�r�e� �o�f� �1�0� �p�s�i�.� �I�n� �o�t�h�e�r� �t�e�s�t�s�,� �t�h�e� 

�m�e�a�s�u�r�e�d� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e� �w�a�s� �c�o�n�s�i�d�e�r�a�b�l�y� �b�e�l�o�w� �1�0� �p�s�i�.� 

�T�o�o� �f�e�w� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �t�o� �a�s�s�e�s�s� �w�h�i�c�h� �o�f� �t�h�e�s�e� �p�o�r�e� 

�p�r�e�s�s�u�r�e� �r�e�s�p�o�n�s�e�s�,� �i�f� �a�n�y�,� �r�e�p�r�e�s�e�n�t� �t�h�e� �a�c�t�u�a�l� �p�o�r�e� 

�p�r�e�s�s�u�r�e� �b�e�h�a�v�i�o�r� �i�n� �t�h�e� �s�o�i�l�.� 

�T�h�e� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �i�n� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e�s� �m�e�a�s�u�r�e�d� �i�n� 

�t�h�e�s�e� �t�e�s�t�s� �m�a�k�e� �t�h�e� �r�e�s�u�l�t�s� �u�n�r�e�l�i�a�b�l�e�.� �T�h�e�s�e� �t�e�s�t�s� �h�a�v�e� 

�n�o�t� �p�r�o�v�i�d�e�d� �a�n�y� �i�n�f�o�r�m�a�t�i�o�n� �t�h�a�t� �i�s� �u�s�e�f�u�l� �i�n� �s�t�u�d�y�i�n�g� �t�h�e� 

�b�e�h�a�v�i�o�r� �o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �i�n� �Q� �t�e�s�t�s�.� �T�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� 

�t�h�e�s�e� �t�e�s�t�s� �e�m�p�h�a�s�i�z�e�d� �t�h�e� �d�i�f�f�i�c�u�l�t�i�e�s� �a�n�d� �u�n�c�e�r�t�a�i�n�t�i�e�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �p�o�r�e� �a�i�r� �p�r�e�s�s�u�r�e�s� �i�n� 

�s�o�i�l�s�,� �a�s� �h�a�s� �b�e�e�n� �o�b�s�e�r�v�e�d� �b�y� �o�t�h�e�r� �r�e�s�e�a�r�c�h�e�r�s� �(�B�i�s�h�o�p�,� 

�1�9�6�0�;� �B�i�s�h�o�p� �a�n�d� �H�e�n�k�e�l�,� �1�9�6�2�)�.� 

�6�.�8� �D�i�s�c�u�s�s�i�o�n� �o�f� �Q� �T�e�s�t�s� �P�e�r�f�o�r�m�e�d� �a�t� �D�i�f�f�e�r�e�n�t� �S�t�r�a�i�n� 
�R�a�t�e�s� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �Q� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �o�n� �s�a�t�u�r�a�t�e�d� �s�i�l�t� 

�s�p�e�c�i�m�e�n�s� �a�t� �d�i�f�f�e�r�e�n�t� �s�t�r�a�i�n� �r�a�t�e�s� �t�e�n�d�e�d� �t�o� �s�h�o�w� 

�i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �w�h�i�c�h� �m�a�k�e� �i�t� �d�i�f�f�i�c�u�l�t� �t�o� �d�e�v�e�l�o�p� �f�i�r�m� 

�c�o�n�c�l�u�s�i�o�n�s�.� �T�h�e� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �o�b�s�e�r�v�e�d� �m�a�y� �p�o�s�s�i�b�l�y� �b�e� 

�t�h�e� �r�e�s�u�l�t� �o�f� �s�p�e�c�i�m�e�n� �d�i�s�t�u�r�b�a�n�c�e�.� �T�h�i�s� �d�i�s�t�u�r�b�a�n�c�e� �c�a�n� 

�n�o�t� �b�e� �q�u�a�n�t�i�f�i�e�d� �a�n�d� �i�t�s� �i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �o�b�s�e�r�v�e�d� �b�e�h�a�v�i�o�r� 

�i�s� �u�n�c�e�r�t�a�i�n�.� 
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�O�n�e� �r�e�s�u�l�t� �o�f� �t�h�e� �Q� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �a�t� �d�i�f�f�e�r�e�n�t� �s�t�r�a�i�n� 

�r�a�t�e�s� �w�o�r�t�h� �n�o�t�i�n�g� �i�s� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �r�a�t�e� �o�f� 

�s�h�e�a�r� �a�n�d� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �a�b�r�u�p�t� �s�t�r�a�i�n�-�s�o�f�t�e�n�i�n�g� �i�n� �t�h�e� 

�s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�s�.� �T�h�e� �Q� �t�e�s�t� 

�s�p�e�c�i�m�e�n�s� �s�h�e�a�r�e�d� �a�t� �t�h�e� �f�a�s�t�e�r� �s�t�r�a�i�n� �r�a�t�e�s� �t�e�n�d�e�d� �t�o� �h�a�v�e� 

�s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �i�n� �w�h�i�c�h� �n�o�t�i�c�e�a�b�l�y� �a�b�r�u�p�t� �s�t�r�a�i�n�-� 

�s�o�f�t�e�n�i�n�g� �o�c�c�u�r�r�e�d�.� �S�p�e�c�i�m�e�n�s� �s�h�e�a�r�e�d� �a�t� �t�h�e� �s�l�o�w�e�s�t� �s�t�r�a�i�n� 

�r�a�t�e�s� �d�i�d� �n�o�t� �e�x�h�i�b�i�t� �a�b�r�u�p�t� �s�t�r�a�i�n�-�s�o�f�t�e�n�i�n�g� �t�o� �t�h�e� �s�a�m�e� 

�e�x�t�e�n�t�.� 

�T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �i�n� �t�h�e� �r�a�p�i�d�l�y� �s�h�e�a�r�e�d� �s�p�e�c�i�m�e�n�s�,� 

�w�h�e�r�e� �l�a�r�g�e�r� �d�e�c�r�e�a�s�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�o�u�l�d� �b�e� 

�e�x�p�e�c�t�e�d� �a�l�o�n�g� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �f�a�i�l�u�r�e� �p�l�a�n�e�,� �c�a�v�i�t�a�t�i�o�n� 

�o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �a�n�d� �a�b�r�u�p�t� �y�i�e�l�d�i�n�g� �m�a�y� �h�a�v�e� �o�c�c�u�r�r�e�d�.� 

�T�h�e� �s�l�o�w�l�y� �s�h�e�a�r�e�d� �s�p�e�c�i�m�e�n�s� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �e�x�p�e�c�t�e�d� �t�o� 

�e�x�p�e�r�i�e�n�c�e� �s�m�a�l�l�e�r� �d�e�c�r�e�a�s�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�.� �A�s� �a� 

�r�e�s�u�l�t�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� �i�n� �t�h�e�s�e� �s�p�e�c�i�m�e�n�s� �m�a�y� �n�o�t� �h�a�v�e� 

�e�x�p�e�r�i�e�n�c�e�d� �c�a�v�i�t�a�t�i�o�n� �o�r� �g�a�s�e�s� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �t�o� 

�t�h�e� �e�x�t�e�n�t� �t�h�a�t� �a�b�r�u�p�t� �y�i�e�l�d�i�n�g� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�s� �o�c�c�u�r�r�e�d�.� 

�T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �c�a�v�i�t�a�t�i�o�n� �a�n�d� �b�u�b�b�l�e� �g�r�o�w�t�h� �i�n� 

�s�o�i�l� �p�o�r�e� �w�a�t�e�r�,� �y�i�e�l�d�i�n�g� �a�l�o�n�g� �a� �s�h�e�a�r� �p�l�a�n�e�,� �a�n�d� �a�b�r�u�p�t� 

�s�t�r�a�i�n�-�s�o�f�t�e�n�i�n�g� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �d�e�t�a�i�l� �i�n� �S�e�c�t�i�o�n� 

�6�.�1�2�.� 
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�6�.�9� �D�i�s�c�u�s�s�i�o�n� �o�f� �R�e�s�u�l�t�s� �o�f� �C�U� �T�e�s�t�s� �w�i�t�h� �D�i�f�f�e�r�e�n�t� �B�a�c�k� 
�P�r�e�s�s�u�r�e�s� 

�A� �s�e�t� �o�f� �f�o�u�r� �C�U� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �r�e�m�o�l�d�e�d� 

�s�p�e�c�i�m�e�n�s� �o�f� �o�l�d� �L�M�V�D� �s�i�l�t�.� �T�h�e� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �a�l�l� 

�c�o�n�s�o�l�i�d�a�t�e�d� �t�o� �t�h�e� �s�a�m�e� �c�o�n�s�o�l�i�d�a�t�i�o�n� �p�r�e�s�s�u�r�e�,� �b�u�t� 

�d�i�f�f�e�r�e�n�t� �v�a�l�u�e�s� �o�f� �b�a�c�k� �p�r�e�s�s�u�r�e� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� 

�s�p�e�c�i�m�e�n�s�.� �T�h�e� �v�a�r�i�a�t�i�o�n� �o�f� �t�h�e� �b�a�c�k� �p�r�e�s�s�u�r�e� �i�n� �t�h�e�s�e� 

�t�e�s�t�s� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�p�e�c�i�m�e�n�s� �e�x�p�e�r�i�e�n�c�i�n�g� 

�d�e�s�a�t�u�r�a�t�i�o�n� �a�t� �d�i�f�f�e�r�e�n�t� �p�o�i�n�t�s� �d�u�r�i�n�g� �t�h�e� �t�e�s�t�s�,� �d�u�e� �t�o� 

�t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n�s� �w�h�i�c�h� �o�c�c�u�r�r�e�d� �d�u�r�i�n�g� �s�h�e�a�r�.� 

�T�h�e� �d�i�l�a�t�a�n�t� �t�e�n�d�e�n�c�i�e�s� �o�f� �t�h�e� �s�i�l�t� �s�p�e�c�i�m�e�n�s� �l�e�a�d� �t�o� 

�r�e�d�u�c�t�i�o�n�s� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�.� 

�W�h�e�n� �t�h�e� �b�a�c�k� �p�r�e�s�s�u�r�e� �i�n�i�t�i�a�l�l�y� �i�n� �t�h�e� �s�p�e�c�i�m�e�n�s� �w�a�s� 

�n�e�g�a�t�e�d� �d�u�e� �t�o� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�,� �t�h�e� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�e�n�t� �b�e�l�o�w� �a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e� �a�n�d� �r�e�a�c�h�e�d� �a� 

�r�e�l�a�t�i�v�e�l�y� �c�o�n�s�t�a�n�t�,� �l�i�m�i�t�i�n�g� �v�a�l�u�e�.� �R�e�a�c�h�i�n�g� �a� �l�i�m�i�t�i�n�g� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �l�e�s�s� �t�h�a�n� �a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e� �i�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �d�e�s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�s�.� 

�D�e�s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�s� �c�o�r�r�e�s�p�o�n�d�e�d� �w�i�t�h� �t�h�e� �s�t�r�e�s�s�-� 

�s�t�r�a�i�n� �c�u�r�v�e�s� �o�f� �t�h�e� �C�U� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �r�e�a�c�h�i�n�g� �t�h�e�i�r� �p�e�a�k� 

�v�a�l�u�e�s�,� �f�o�l�l�o�w�e�d� �b�y� �s�t�r�a�i�n�-�s�o�f�t�e�n�i�n�g� �b�e�h�a�v�i�o�r�.� 

�D�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n� 

�t�h�r�e�e� �o�f� �t�h�e�s�e� �s�p�e�c�i�m�e�n�s� �d�e�c�r�e�a�s�e�d� �b�e�l�o�w� �a�t�m�o�s�p�h�e�r�i�c� 

�p�r�e�s�s�u�r�e�.� �T�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �n�e�v�e�r� �d�e�c�r�e�a�s�e�d� �a�s� �l�o�w� �a�s� 

�-�1�3�.�7� �p�s�i�,� �a�t� �w�h�i�c�h� �p�o�i�n�t� �v�a�p�o�r�o�u�s� �c�a�v�i�t�a�t�i�o�n� �w�o�u�l�d� �h�a�v�e� 
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�o�c�c�u�r�r�e�d�.� �T�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�i�n�g� �b�e�l�o�w� 

�a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e� �r�e�s�u�l�t�e�d� �i�n� �d�e�s�a�t�u�r�a�t�i�o�n� �o�r� �g�a�s�e�o�u�s� 

�c�a�v�i�t�a�t�i�o�n� �a�t� �p�r�e�s�s�u�r�e�s� �c�o�n�s�i�d�e�r�a�b�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �-�1�3�.�7� �p�s�i�.� 

�D�i�s�s�o�l�v�e�d� �g�a�s�e�s� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �s�o�i�l� �p�o�r�e� 

�w�a�t�e�r� �w�o�u�l�d� �h�a�v�e� �i�n�c�r�e�a�s�e�d� �t�h�e� �v�o�l�u�m�e� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�s� �a�n�d� 

�l�e�a�d� �t�o� �p�e�a�k� �s�t�r�e�n�g�t�h�s� �b�e�i�n�g� �r�e�a�c�h�e�d� �i�n� �t�h�e� �t�e�s�t�s�.� 

�C�o�n�s�o�l�i�d�a�t�e�d�-�d�r�a�i�n�e�d� �t�r�i�a�x�i�a�l� �t�e�s�t�s� �o�n� �r�e�m�o�l�d�e�d� 

�s�p�e�c�i�m�e�n�s� �o�f� �o�l�d� �L�M�V�D� �s�i�l�t� �a�l�s�o� �s�h�o�w� �t�h�a�t� �w�h�e�n� �t�h�e� �v�o�l�u�m�e� �o�f� 

�t�h�e� �s�p�e�c�i�m�e�n�s� �i�n�c�r�e�a�s�e�d� �a�b�o�v�e� �t�h�e� �i�n�i�t�i�a�l� �s�p�e�c�i�m�e�n� �v�o�l�u�m�e�,� �a� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �p�e�a�k� �i�n� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e� 

�o�c�c�u�r�r�e�d�.� �T�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �p�e�a�k� �s�t�r�e�n�g�t�h� �v�a�l�u�e�s� �i�n� �C�D� 

�t�e�s�t�s� �w�h�e�n� �v�o�l�u�m�e� �i�n�c�r�e�a�s�e� �t�a�k�e�s� �p�l�a�c�e� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� 

�p�e�a�k� �v�a�l�u�e�s� �o�f� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �i�n� �C�U� �a�n�d� �Q� �t�e�s�t�s� �m�a�y� 

�c�o�r�r�e�s�p�o�n�d� �w�i�t�h� �v�o�l�u�m�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �u�n�d�r�a�i�n�e�d� �t�e�s�t� 

�s�p�e�c�i�m�e�n�s�.� 

�O�n�e� �o�f� �t�h�e� �m�o�s�t� �p�l�a�u�s�i�b�l�e� �w�a�y�s� �t�h�a�t� �a�n� �u�n�d�r�a�i�n�e�d� �t�e�s�t� 

�s�p�e�c�i�m�e�n� �o�f� �s�a�t�u�r�a�t�e�d�,� �d�i�l�a�t�a�n�t� �s�i�l�t� �c�o�u�l�d� �e�x�p�e�r�i�e�n�c�e� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �v�o�l�u�m�e� �i�s� �b�y� �g�a�s�e�s� �d�i�s�s�o�l�v�e�d� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �d�u�e� �t�o� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�r�e�d�u�c�t�i�o�n� �d�u�r�i�n�g� �s�h�e�a�r�.� �I�n� �a�d�d�i�t�i�o�n�,� �a�n�y� �e�x�i�s�t�i�n�g� �a�i�r� 

�b�u�b�b�l�e�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �s�p�e�c�i�m�e�n� �w�o�u�l�d� �g�r�o�w� �l�a�r�g�e�r� �a�s� �a� 

�r�e�s�u�l�t� �o�f� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n�s�,� �l�e�a�d�i�n�g� �t�o� �i�n�c�r�e�a�s�e�s� �i�n� 

�s�p�e�c�i�m�e�n� �v�o�l�u�m�e�.� 
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�6�.�1�0� �D�i�s�c�u�s�s�i�o�n� �o�f� �U�n�d�r�a�i�n�e�d� �S�t�r�e�n�g�t�h� �o�f� �L�M�V�D� �s�i�l�t� 

�N�u�m�e�r�o�u�s� �Q� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �o�n� 

�r�e�m�o�l�d�e�d�,� �s�a�t�u�r�a�t�e�d� �s�p�e�c�i�m�e�n�s� �o�f� �o�l�d� �a�n�d� �n�e�w� �L�M�V�D� �s�i�l�t�.� 

�M�o�s�t� �o�f� �t�h�e� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �a�r�e� �f�e�l�t� �t�o� �h�a�v�e� �g�i�v�e�n� �f�a�i�r�l�y� 

�r�e�a�s�o�n�a�b�l�e�,� �a�l�t�h�o�u�g�h� �s�o�m�e�t�i�m�e�s� �e�r�r�a�t�i�c�,� �u�n�d�r�a�i�n�e�d� �b�e�h�a�v�i�o�r�.� 

�S�o�m�e� �t�e�s�t�s� �w�i�t�h� �m�i�d�h�e�i�g�h�t� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� �m�a�y� �h�a�v�e� 

�e�x�p�e�r�i�e�n�c�e�d� �l�e�a�k�a�g�e� �g�i�v�i�n�g� �u�n�d�r�a�i�n�e�d� �b�e�h�a�v�i�o�r� �w�h�i�c�h� �i�s� 

�q�u�e�s�t�i�o�n�a�b�l�e�.� �T�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �m�e�a�s�u�r�e�d� �i�n� �t�h�e� �Q� 

�t�e�s�t�s� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �f�o�r� 

�t�h�e� �s�o�i�l� �t�h�r�o�u�g�h�o�u�t� �C�h�a�p�t�e�r� �5�.� �I�n� �m�a�n�y� �c�a�s�e�s�,� �t�h�e� �s�t�r�e�s�s�-� 

�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �v�a�r�i�e�d� �f�r�o�m� �t�e�s�t� �t�o� �t�e�s�t� �s�u�c�h� �t�h�a�t� �t�h�e� 

�v�a�l�u�e�s� �o�f� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �v�a�r�i�e�d� 

�c�o�n�s�i�d�e�r�a�b�l�y� �f�o�r� �d�i�f�f�e�r�e�n�t� �g�r�o�u�p�s� �o�f� �t�e�s�t�s�.� �I�n� �o�t�h�e�r� �g�r�o�u�p�s� 

�o�f� �t�e�s�t�s�,� �s�i�m�i�l�a�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �w�a�s� �o�b�s�e�r�v�e�d� �f�o�r� 

�t�h�e� �s�p�e�c�i�m�e�n�s�,� �e�s�p�e�c�i�a�l�l�y� �a�t� �l�o�w� �s�t�r�a�i�n�s�.� �T�h�e� �v�a�r�i�a�t�i�o�n� �i�n� 

�t�h�e� �m�e�a�s�u�r�e�d� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h�s� �t�e�n�d�e�d� �t�o� �i�n�c�r�e�a�s�e� �w�i�t�h� 

�i�n�c�r�e�a�s�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n�.� 

�M�o�h�r�-�C�o�u�l�o�m�b� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� 

�t�h�r�o�u�g�h�o�u�t� �C�h�a�p�t�e�r� �5� �f�o�r� �t�h�e� �Q� �t�e�s�t�s� �o�n� �r�e�m�o�l�d�e�d� �s�p�e�c�i�m�e�n�s� 

�o�f� �L�M�V�D� �s�i�l�t�.� �I�n� �s�o�m�e� �c�a�s�e�s�,� �t�h�e�s�e� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e�s� �w�e�r�e� 

�b�a�s�e�d� �o�n� �a� �l�i�m�i�t�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n� �a�s� �a� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�.� �I�n� 

�o�t�h�e�r� �c�a�s�e�s�,� �t�h�e� �v�a�l�u�e�s� �o�f� �p�e�a�k� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �w�e�r�e� �u�s�e�d� �a�s� 

�t�h�e� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �t�o� �d�e�v�e�l�o�p� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� 

�e�n�v�e�l�o�p�e�s� �f�o�r� �t�h�e� �s�o�i�l�.� 
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�W�h�e�n� �a� �l�i�m�i�t�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �f�a�i�l�u�r�e� 

�c�r�i�t�e�r�i�o�n�,� �t�h�e� �v�a�l�u�e� �o�f� �a�x�i�a�l� �s�t�r�a�i�n� �s�e�l�e�c�t�e�d� �t�o� �d�e�v�e�l�o�p� �t�h�e� 

�M�o�h�r�-�C�o�u�l�o�m�b� �e�n�v�e�l�o�p�e�,� �w�a�s� �b�a�s�e�d� �o�n� �t�h�e� �o�b�s�e�r�v�e�d� �s�t�r�e�s�s�-� 

�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�s�.� �T�h�e� �a�x�i�a�l� �s�t�r�a�i�n� �c�h�o�s�e�n� 

�w�a�s� �i�n�f�l�u�e�n�c�e�d� �b�y� �t�h�e� �p�o�i�n�t� �a�t� �w�h�i�c�h� �t�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� 

�c�u�r�v�e�s� �b�e�g�a�n� �t�o� �v�a�r�y� �f�r�o�m� �e�a�c�h� �o�t�h�e�r� �o�r� �w�h�e�r�e� �p�e�a�k�s� �b�e�g�a�n� �t�o� 

�o�c�c�u�r� �i�n� �t�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s�.� �T�h�e� �v�a�l�u�e�s� �o�f� �a�x�i�a�l� 

�s�t�r�a�i�n� �u�s�e�d� �a�s� �a� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �v�a�r�i�e�d� �f�r�o�m� �4�.�5�%� �t�o� �1�0�%�.� 

�I�n� �e�n�g�i�n�e�e�r�i�n�g� �p�r�a�c�t�i�c�e�,� �t�h�e� �v�a�l�u�e� �o�f� �l�i�m�i�t�i�n�g� �a�x�i�a�l� 

�s�t�r�a�i�n� �c�h�o�s�e�n� �a�s� �a� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �f�o�r� �Q� �t�e�s�t�s� �o�n� 

�s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�a�s�e�d� �o�n� �t�h�e� �f�i�e�l�d� �l�o�a�d�i�n�g� 

�c�o�n�d�i�t�i�o�n�s� �f�o�r� �a� �g�i�v�e�n� �p�r�o�j�e�c�t�.� �V�a�l�u�e�s� �o�f� �a�x�i�a�l� �s�t�r�a�i�n� �o�n� 

�t�h�e� �o�r�d�e�r� �o�f� �1�0�%� �(�B�r�a�n�d�o�n�,� �D�u�n�c�a�n�,� �a�n�d� �H�u�f�f�m�a�n�,� �1�9�9�0�)� �t�o� �1�5�%� 

�(�F�l�e�m�i�n�g� �a�n�d� �D�u�n�c�a�n�,� �1�9�9�0�)� �h�a�v�e� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �a�s� 

�a�p�p�r�o�p�r�i�a�t�e� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�a� �f�o�r� �Q� �t�e�s�t�s� �o�n� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� 

�f�o�r� �m�o�s�t� �e�n�g�i�n�e�e�r�i�n�g� �p�r�o�j�e�c�t�s�.� 

�A� �s�u�m�m�a�r�y� �o�f� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� 

�t�h�e� �Q� �t�e�s�t�s� �o�n� �o�l�d� �a�n�d� �n�e�w� �L�M�V�D� �s�i�l�t� �w�i�l�l� �b�e� �p�r�e�s�e�n�t�e�d� �i�n� 

�s�e�v�e�r�a�l� �t�a�b�l�e�s�.� �S�o�m�e� �o�f� �t�h�e� �Q� �t�e�s�t�s� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�e�s�e� 

�t�a�b�l�e�s� �w�e�r�e� �t�h�o�s�e� �w�h�i�c�h� �a�r�e� �b�e�l�i�e�v�e�d� �t�o� �h�a�v�e� �e�x�p�e�r�i�e�n�c�e�d� 

�p�r�o�b�l�e�m�s� �w�i�t�h� �t�h�e� �m�i�d�h�e�i�g�h�t� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� �s�y�s�t�e�m�.� 

�T�h�e�s�e� �t�e�s�t�s� �a�r�e� �n�o�t�e�d� �i�n� �t�h�e� �t�a�b�l�e�s�.� 

�F�o�r� �t�h�e� �c�a�s�e�s� �w�h�e�r�e� �a� �l�i�m�i�t�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n� �w�a�s� �u�s�e�d� �a�s� 

�t�h�e� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�,� �t�h�e� �p�r�o�b�l�e�m�s� �i�n� �m�i�d�h�e�i�g�h�t� �p�o�r�e� 
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�p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� �t�y�p�i�c�a�l�l�y� �o�c�c�u�r�r�e�d� �a�t� �a� �h�i�g�h�e�r� �a�x�i�a�l� 

�s�t�r�a�i�n� �t�h�a�n� �t�h�a�t� �u�s�e�d� �i�n� �d�e�v�e�l�o�p�i�n�g� �t�h�e� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�.� 

�W�h�e�r�e� �v�a�l�u�e�s� �o�f� �p�e�a�k� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �w�e�r�e� �u�s�e�d� �t�o� �d�e�v�e�l�o�p� 

�t�h�e� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e�,� �p�r�o�b�l�e�m�s� �w�i�t�h� �t�h�e� �m�i�d�h�e�i�g�h�t� �p�o�r�e� 

�p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� �s�y�s�t�e�m� �t�e�n�d�e�d� �t�o� �c�o�i�n�c�i�d�e� �w�i�t�h� �t�h�e� 

�o�c�c�u�r�r�e�n�c�e� �o�f� �a� �p�e�a�k� �v�a�l�u�e� �o�f� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�.� �I�t� �i�s� �f�e�l�t� 

�t�h�a�t� �i�n� �t�h�e�s�e� �c�a�s�e�s�,� �t�h�e� �p�e�a�k� �v�a�l�u�e� �o�f� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �w�a�s� 

�i�n�f�l�u�e�n�c�e�d� �b�y� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �t�h�e� �p�r�o�b�l�e�m�s� �w�i�t�h� �t�h�e� 

�m�i�d�h�e�i�g�h�t� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s�.� �B�e�c�a�u�s�e� �o�f� �t�h�i�s�,� �t�h�e� 

�u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �t�h�e�s�e� �t�e�s�t�s� 

�a�r�e� �f�e�l�t� �t�o� �b�e� �q�u�e�s�t�i�o�n�a�b�l�e�.� 

�T�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �t�h�e� �Q� �t�e�s�t�s� �o�n� 

�O�l�d� �L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n� �a� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �o�f� �9� �o�r� �1�0�%� 

�a�x�i�a�l� �s�t�r�a�i�n�,� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �6�.�1�3�.� �T�h�e� �u�n�d�r�a�i�n�e�d� 

�s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�1�3� �s�h�o�w� �n�o�t�i�c�e�a�b�l�e� 

�v�a�r�i�a�t�i�o�n�s�.� �T�h�e� �v�a�l�u�e�s� �o�f� �u�n�d�r�a�i�n�e�d� �c�o�h�e�s�i�o�n� �i�n�t�e�r�c�e�p�t�,� �c�,� 

�v�a�r�i�e�d� �f�r�o�m� �3�.�5� �p�s�i� �t�o� �1�1�.�5� �p�s�i�.� �T�h�e� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� 

�a�n�g�l�e�s�,� �$�)�,� �m�e�a�s�u�r�e�d� �f�o�r� �t�h�e� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �v�a�r�i�e�d� �f�r�o�m� 

�0�°� �t�o� �1�9�°�.� �T�h�e� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�1�3� �f�o�r� 

�o�l�d� �L�M�V�D� �s�i�l�t� �h�a�v�e� �b�e�e�n� �p�l�o�t�t�e�d� �t�o�g�e�t�h�e�r� �i�n� �F�i�g�u�r�e� �6�.�1�3�.� 

�T�h�e� �v�a�r�i�a�t�i�o�n� �o�f� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �f�o�r� 

�o�l�d� �L�M�V�D� �s�i�l�t� �p�l�o�t�t�e�d� �i�n� �F�i�g�u�r�e� �6�.�1�3� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� 

�d�i�f�f�i�c�u�l�t�y� �e�n�c�o�u�n�t�e�r�e�d� �i�n� �s�e�l�e�c�t�i�n�g� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h�s� �f�o�r� 

�s�a�t�u�r�a�t�e�d�,� �d�i�l�a�t�a�n�t� �s�i�l�t�s�,� �f�o�r� �u�s�e� �i�n� �e�n�g�i�n�e�e�r�i�n�g� �a�n�a�l�y�s�i�s� 
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�T�a�b�l�e� �6�.�1�3�:� �U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �Q� 
�t�e�s�t�s� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n�a� 
�f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �o�f� �9� �o�r� �1�0�%� �a�x�i�a�l� �s�t�r�a�i�n� 
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� � 

�B�9�-�1� 
�B�9�-�2� 
�B�9�-�4� 

�6�7� �0�.�5�1�2� �1�0� 

� � 

�B�l�1�i�-�1� 
�B�1�1�-�2� 
�B�1�1�-�3� 
�B�1�1�-�4� 

�6�7� �0�.�4�7�9� 
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�F�i�g�u�r�e� �6�.�1�3�.� �U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �f�o�r� �r�e�m�o�l�d�e�d� �o�l�d� 
�L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n� �9�%� �t�o� �1�0�%� �a�x�i�a�l� �s�t�r�a�i�n� �a�t� 
�f�a�i�l�u�r�e� 
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�a�n�d� �d�e�s�i�g�n�.� �T�h�e� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e� �w�i�t�h� �c� �=� �3�.�5� �p�s�i� �a�n�d� �o�y� �=� 

�1�9�°� �a�p�p�e�a�r�s� �t�o� �b�e� �i�n�c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �o�t�h�e�r� �e�n�v�e�l�o�p�e�s�.� �I�f� 

�t�h�i�s� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e� �i�s� �n�e�g�l�e�c�t�e�d�,� �t�h�e� �a�v�e�r�a�g�e� �v�a�l�u�e�s� �o�f� 

�v�o�i�d� �r�a�t�i�o� �a�n�d� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �o�l�d� 

�L�M�V�D� �s�i�l�t� �a�t� �9� �t�o� �1�0�%� �a�x�i�a�l� �s�t�r�a�i�n� �a�r�e�:� �e� �=� �0�.�5�1�3�,� �c� �=� �8�.�8� 

�p�s�i�,� �a�n�d� �9�,� �=� �1�.�6�°�.� 

�T�h�e� �a�v�e�r�a�g�i�n�g� �o�f� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h�s� �o�f� �t�h�e� �s�o�i�l� 

�f�r�o�m� �n�i�n�e� �d�i�f�f�e�r�e�n�t� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �p�l�o�t�s� �m�a�y� �n�o�t� �b�e� �a� 

�v�i�a�b�l�e� �p�r�o�c�e�d�u�r�e�.� �T�h�i�s� �i�s� �e�s�p�e�c�i�a�l�l�y� �t�r�u�e� �c�o�n�s�i�d�e�r�i�n�g� �t�h�a�t� 

�m�a�n�y� �o�f� �t�h�e� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�1�3� �w�e�r�e� 

�d�e�v�e�l�o�p�e�d� �u�s�i�n�g� �t�h�e� �s�a�m�e� �Q� �t�e�s�t�s�,� �w�h�i�c�h� �w�o�u�l�d� �w�e�i�g�h�t� �t�h�e� 

�a�v�e�r�a�g�e� �v�a�l�u�e�s� �t�o�w�a�r�d� �c�e�r�t�a�i�n� �Q� �t�e�s�t� �r�e�s�u�l�t�s�.� �I�n� �a�d�d�i�t�i�o�n�,� 

�s�o�m�e� �o�f� �t�h�e� �b�a�t�c�h� �c�o�n�s�o�l�i�d�o�m�e�t�e�r� �s�a�m�p�l�e�s� �f�r�o�m� �w�h�i�c�h� �t�h�e� �t�e�s�t� 

�s�p�e�c�i�m�e�n�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �w�e�r�e� �K�o�p� �c�o�n�s�o�l�i�d�a�t�e�d� �t�o� �O�'�y�c�o�n� �=� �5�6� 

�p�s�i�,� �w�h�e�r�e�a�s�,� �o�t�h�e�r�s� �w�e�r�e� �K�y� �c�o�n�s�o�l�i�d�a�t�e�d� �t�o� �G�'�y�c�o�o�n� �=� �6�7� 

�p�s�i�.� �T�h�i�s� �a�v�e�r�a�g�i�n�g� �d�o�e�s� �t�e�n�d� �t�o� �p�r�o�v�i�d�e� �a�n� �i�n�c�r�e�a�s�e�d� �l�e�v�e�l� 

�o�f� �c�o�n�f�i�d�e�n�c�e� �i�n� �t�h�e �� �r�a�n�g�e� �o�f� �v�a�l�u�e�s� �o�f� �t�h�e� �u�n�d�r�a�i�n�e�d� 

�s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �t�o� �u�s�e� �i�n� �e�n�g�i�n�e�e�r�i�n�g� �a�n�a�l�y�s�i�s� �a�n�d� 

�d�e�s�i�g�n�.� �T�h�e� �n�u�m�b�e�r� �o�f� �t�e�s�t�s� �n�e�e�d�e�d� �t�o� �o�b�t�a�i�n� �t�h�e�s�e� �v�a�l�u�e�s� 

�m�a�y� �b�e� �c�o�n�s�i�d�e�r�e�d� �e�x�c�e�s�s�i�v�e� �a�n�d� �u�n�e�c�o�n�o�m�i�c�a�l�.� 

�T�h�e� �r�a�t�i�o�s� �S�,�,�/�o�'�,� �f�o�r� �t�h�e� �v�a�r�i�o�u�s� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� 

�p�l�o�t�s� �a�r�e� �a�l�s�o� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�1�3�.� �T�h�e� �v�a�l�u�e� �o�f� �S�,�,� �u�s�e�d� �i�n� 

�c�a�l�c�u�l�a�t�i�n�g� �t�h�e�s�e� �r�a�t�i�o�s� �w�a�s� �t�a�k�e�n� �a�t� �a� �v�a�l�u�e� �o�f� �n�o�r�m�a�l� 

�s�t�r�e�s�s�,� �6�,� �e�q�u�a�l� �t�o� �z�e�r�o�,� �o�r� �i�n� �o�t�h�e�r� �w�o�r�d�s�,� �S�y� �=� �c�.� �T�h�e� 
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�v�a�l�u�e�s� �o�f� �S�,�/�o�'�y� �r�a�n�g�e� �f�r�o�m� �0�.�1�2� �t�o� �0�.�1�7�.� �T�h�i�s� �r�a�n�g�e� �o�f� 

�v�a�l�u�e�s� �o�f� �S�,�,�/�o�'�,� �w�a�s� �o�b�s�e�r�v�e�d� �f�o�r� �t�h�e� �t�w�o� �d�i�f�f�e�r�e�n�t� �v�a�l�u�e�s� 

�o�f� �o�'�,� �u�s�e�d� �i�n� �t�h�e� �Q� �t�e�s�t�s� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�.� 

�O�n�e� �p�o�i�n�t� �t�h�a�t� �i�s� �w�o�r�t�h� �n�o�t�i�n�g� �a�b�o�u�t� �t�h�e� �s�t�r�e�n�g�t�h� 

�v�a�l�u�e�s� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�1�3� �i�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �g�r�o�u�p�s� �o�f� �t�e�s�t�s� 

�w�h�e�r�e� �9�%� �a�x�i�a�l� �s�t�r�a�i�n� �w�a�s� �c�h�o�s�e�n� �a�s� �t�h�e� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�.� 

�T�h�e�s�e� �g�r�o�u�p�s� �o�f� �Q� �t�e�s�t�s� �h�a�d� �l�o�w�e�r� �a�v�e�r�a�g�e� �v�o�i�d� �r�a�t�i�o�s� �t�h�a�n� 

�t�h�e� �g�r�o�u�p�s� �o�f� �s�p�e�c�i�m�e�n�s� �w�h�e�r�e� �1�0�%� �a�x�i�a�l� �s�t�r�a�i�n� �w�a�s� �u�s�e�d� �a�s� 

�t�h�e� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�.� �I�n� �t�h�e� �s�p�e�c�i�m�e�n�s� �w�i�t�h� �l�o�w�e�r� �a�v�e�r�a�g�e� 

�v�o�i�d� �r�a�t�i�o�s�,� �t�h�e� �t�e�n�d�e�n�c�y� �f�o�r� �d�i�l�a�t�i�o�n� �w�a�s� �g�r�e�a�t�e�r�.� �A�s�a� 

�r�e�s�u�l�t�,� �t�h�e� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �d�e�v�e�l�o�p�e�d� �d�u�r�i�n�g� 

�u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �w�e�r�e� �l�a�r�g�e�r� �a�n�d� �t�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� 

�o�f� �t�h�e�s�e� �g�r�o�u�p�s� �o�f� �s�p�e�c�i�m�e�n�s� �b�e�g�a�n� �t�o� �v�a�r�y� �o�r� �b�e�c�a�m�e� �e�r�r�a�t�i�c� 

�a�t� �a�n� �a�x�i�a�l� �s�t�r�a�i�n� �o�f� �a�b�o�u�t� �9�%�,� �r�a�t�h�e�r� �t�h�a�n� �1�0�%�.� 

�T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �i�n� �t�h�e� �s�p�e�c�i�m�e�n�s� �w�i�t�h� �l�o�w�e�r� �a�v�e�r�a�g�e� 

�v�o�i�d� �r�a�t�i�o�s�,� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �a�t� �w�h�i�c�h� 

�e�r�r�a�t�i�c� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �b�e�g�a�n� �o�c�c�u�r�r�e�d� �a�t� �a� �s�l�i�g�h�t�l�y� 

�s�m�a�l�l�e�r� �a�x�i�a�l� �s�t�r�a�i�n� �t�h�a�n� �i�t� �d�i�d� �i�n� �t�h�e� �s�p�e�c�i�m�e�n�s� �w�i�t�h� 

�h�i�g�h�e�r� �v�o�i�d� �r�a�t�i�o�s�.� �T�h�e� �e�r�r�a�t�i�c� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �m�a�y� 

�b�e� �t�h�e� �r�e�s�u�l�t� �o�f� �c�a�v�i�t�a�t�i�o�n� �o�r� �g�a�s�e�s� �e�x�i�t�i�n�g� �s�o�l�u�t�i�o�n� �f�r�o�m� 

�t�h�e� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �a�s� �p�o�r�e� �p�r�e�s�s�u�r�e�s� �d�e�c�r�e�a�s�e�d� �d�u�r�i�n�g� 

�u�n�d�r�a�i�n�e�d� �s�h�e�a�r�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �v�a�l�u�e� �o�f� �l�i�m�i�t�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n� �c�h�o�s�e�n� �a�s� 

�a� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�a� �w�i�l�l� �d�e�p�e�n�d� �o�n� �t�h�e� �t�y�p�e� �o�f� �e�n�g�i�n�e�e�r�i�n�g� 
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�p�r�o�j�e�c�t�,� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �e�r�r�a�t�i�c� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �a�t� 

�d�i�f�f�e�r�e�n�t� �v�a�l�u�e�s� �o�f� �a�x�i�a�l� �s�t�r�a�i�n� �h�i�g�h�l�i�g�h�t�s� �t�h�e� �d�i�f�f�i�c�u�l�t�y� 

�i�n� �u�s�i�n�g� �a� �c�o�n�s�i�s�t�e�n�t� �v�a�l�u�e� �o�f� �l�i�m�i�t�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n� �a�s� �a� 

�f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �f�o�r� �a� �g�i�v�e�n� �p�r�o�j�e�c�t�.� 

�F�o�r� �t�h�e� �o�l�d� �L�M�V�D� �s�i�l�t� �u�s�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �t�h�e� 

�u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �o�b�t�a�i�n�e�d� �f�o�r� �t�h�e� �s�o�i�l� �b�e�g�a�n� �t�o� 

�b�e�c�o�m�e� �e�r�r�a�t�i�c� �a�t� �d�i�f�f�e�r�e�n�t� �v�a�l�u�e�s� �o�f� �a�x�i�a�l� �s�t�r�a�i�n�.� �T�h�e� 

�a�x�i�a�l� �s�t�r�a�i�n� �a�t� �w�h�i�c�h� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �w�e�n�t� �f�r�o�m�a� �$�y� 

�=� �0� �t�o� �a� �o�>�,� �>� �0� �c�o�n�d�i�t�i�o�n� �a�p�p�e�a�r�s� �t�o� �b�e� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� 

�v�o�i�d� �r�a�t�i�o� �o�f� �t�h�e� �s�o�i�l�.� �T�h�e� �l�o�w�e�r� �t�h�e� �v�o�i�d� �r�a�t�i�o�,� �t�h�e� �l�o�w�e�r� 

�t�h�e� �v�a�l�u�e� �o�f� �a�x�i�a�l� �s�t�r�a�i�n� �a�t� �w�h�i�c�h� �t�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� 

�b�e�h�a�v�i�o�r� �b�e�g�i�n�s� �t�o� �e�x�h�i�b�i�t� �e�r�r�a�t�i�c� �b�e�h�a�v�i�o�r�.� �O�t�h�e�r� 

�v�a�r�i�a�b�l�e�s�,� �s�u�c�h� �a�s� �t�h�e� �l�i�q�u�i�d�i�t�y� �a�n�d� �p�l�a�s�t�i�c�i�t�y� �i�n�d�i�c�e�s� �o�f� 

�t�h�e� �s�o�i�l�,� �m�i�g�h�t� �b�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �a�x�i�a�l� �s�t�r�a�i�n� �a�t� �w�h�i�c�h� 

�e�r�r�a�t�i�c� �u�n�d�r�a�i�n�e�d� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �b�e�g�i�n�s� �f�o�r� �a� �g�i�v�e�n� 

�s�o�i�l�.� �T�h�i�s� �m�a�k�e�s� �i�t� �d�i�f�f�i�c�u�l�t� �t�o� �u�s�e� �a� �c�o�n�s�i�s�t�e�n�t� �v�a�l�u�e� �o�f� 

�l�i�m�i�t�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n� �a�s� �a� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �t�o� �d�e�t�e�r�m�i�n�e� 

�t�h�e� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �o�f� �s�a�t�u�r�a�t�e�d�,� �d�i�l�a�t�a�n�t� �s�i�l�t�s� 

�f�o�r� �a� �g�i�v�e�n� �e�n�g�i�n�e�e�r�i�n�g� �p�r�o�j�e�c�t�.� 

�I�n� �s�o�m�e� �g�r�o�u�p�s� �o�f� �Q� �t�e�s�t�s�,� �e�r�r�a�t�i�c� �s�t�r�e�s�s�-�s�t�r�a�i�n� 

�b�e�h�a�v�i�o�r� �b�e�g�a�n� �a�t� �e�v�e�n� �l�o�w�e�r� �a�x�i�a�l� �s�t�r�a�i�n�s�.� �I�n� �t�h�e�s�e� �c�a�s�e�s�,� 

�l�i�m�i�t�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n�s� �b�e�t�w�e�e�n� �5� �a�n�d� �8�.�5�%� �w�e�r�e� �u�s�e�d� �a�s� �t�h�e� 

�n�e�c�e�s�s�a�r�y� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�a� �t�o� �a�c�h�i�e�v�e� �9�,� �=� �0� �u�n�d�r�a�i�n�e�d� 

�s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �f�o�r� �t�h�e� �s�o�i�l�.� �T�a�b�l�e� �6�.�1�4� �p�r�e�s�e�n�t�s� �t�h�e� 
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�u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �o�l�d� �L�M�V�D� �s�i�l�t� �b�a�s�e�d� �o�n� �a� 

�l�i�m�i�t�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n� �o�f� �l�e�s�s� �t�h�a�n� �9�%� �a�s� �t�h�e� �f�a�i�l�u�r�e� 

�c�r�i�t�e�r�i�o�n�.� 

�T�a�b�l�e� �6�.�1�4�:� �U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �Q� 
�t�e�s�t�s� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n�a� 
�f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �o�f� �l�e�s�s� �t�h�a�n� �9�%� �a�x�i�a�l� �s�t�r�a�i�n� 
�a�t� �f�a�i�l�u�r�e� 
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� � 

� � 

� � 

� � 

� � 

� � 

�F�i�g�u�r�e� �|� �T�e�s�t�s� �c�'� �C�a�v�e�  ¬� �c� �s�.�.�/�c�!� 
�N�u�m�b�e�r� �(�p�s�i�)� �(�a�)� �(�p�s�i�)� �o�u� �u�/�O�'�v� 

�U�U�-�1�+� 
�5�.�1�7� �U�U�-�2�+� �5�6� �0�.�5�4�9� �8�.�5� �9�.�8� �0�°� �0�.�1�8� 

�U�U�-�3� 

�5�.�2�1� �U�U�-�8� �5�6� �0�.�5�4�0� �8� �9�.�5� �0�°� �0�.�1�7� 

�U�U�-�1�0� 

�U�U�-�2�2� 
�5�.�5�1�*� �U�U�-�2�3� �6�5� �0�.�5�6�8� �5� �1�2�-� �0�°� �0�.�1�8� 

�D�U�-�2�4� 

�B�8�-�1� 

�5�.�8�5� �B�8�-�2� �6�7� �0�.�4�7�4� �8�.�5� �1�0�.�2� �4�°� �0�.�1�5� 

�B�&�8�~�-�4� 
�5�.�9�4� �B�l�2�-�1� �6�7� �0�.�4�9�0� �7�.�7� �2�0�.�5� �0�°� �0�.�3�1� 

�B�1�l�2�-�3� 
�5�.�9�7� �|� �B�1�3�-�1� �6�7� �0�.�4�7�5� �7� �8�.�1� �2�.� �2�°� �0�.�1�2� 

�B�1�3�-�2� � � � � � � � � � � � � � � � � � � 
� � 

�+� �T�e�s�t�s� �i�n� �w�h�i�c�h� �m�i�d�h�e�i�g�h�t� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� 
�p�r�o�b�l�e�m�s� �o�c�c�u�r�r�e�d� 

�*� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �t�r�i�m�m�e�d� �f�r�o�m� �u�n�l�o�a�d�i�n�g� �t�e�s�t� 
�s�p�e�c�i�m�e�n� 

�T�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �g�i�v�e�n� �f�o�r� �o�l�d� �L�M�V�D� 

�s�i�l�t� �i�n� �T�a�b�l�e� �6�.�1�4� �a�l�s�o� �s�h�o�w� �s�o�m�e� �v�a�r�i�a�t�i�o�n�,� �e�v�e�n� �t�h�o�u�g�h� 

�l�o�w�e�r� �v�a�l�u�e�s� �o�f� �a�x�i�a�l� �s�t�r�a�i�n� �w�e�r�e� �u�s�e�d� �a�s� �t�h�e� �f�a�i�l�u�r�e� 

�c�r�i�t�e�r�i�o�n�.� �I�n� �t�h�i�s� �t�a�b�l�e�,� �t�h�e� �v�a�l�u�e�s� �o�f� �u�n�d�r�a�i�n�e�d� �c�o�h�e�s�i�o�n� 

�i�n�t�e�r�c�e�p�t�,� �c�,� �v�a�r�i�e�d� �f�r�o�m� �8�.�1� �p�s�i� �t�o� �2�0�.�5� �p�s�i�.� �T�h�e� �m�e�a�s�u�r�e�d� 

�v�a�l�u�e�s� �o�f� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� �$�,�,� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� 

�6�.�1�4� �v�a�r�i�e�d� �f�r�o�m� �0�°� �t�o� �4�°�.� �T�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� 

�A�N�A�L�Y�S�I�S� �O�F� �R�E�S�U�L�T�S� �6�8�1



�f�o�r� �o�l�d� �L�M�V�D� �s�i�l�t� �d�e�f�i�n�e�d� �b�y� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �g�i�v�e�n� �i�n� �T�a�b�l�e� 

�6�.�1�4�,� �a�r�e� �p�l�o�t�t�e�d� �t�o�g�e�t�h�e�r� �i�n� �F�i�g�u�r�e� �6�.�1�4�.� 

�T�h�e� �p�l�o�t�t�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �a�g�a�i�n� �i�l�l�u�s�t�r�a�t�e� �t�h�e� 

�e�r�r�a�t�i�c� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h�s� �o�f� �s�a�t�u�r�a�t�e�d�,� �d�i�l�a�t�a�n�t� �s�i�l�t�s�.� 

�S�o�m�e� �o�f� �t�h�i�s� �v�a�r�i�a�t�i�o�n� �i�s� �l�i�k�e�l�y� �t�h�e� �r�e�s�u�l�t� �o�f� �m�i�x�i�n�g� 

�s�t�r�e�n�g�t�h� �d�a�t�a� �f�r�o�m� �t�h�e� �t�e�s�t�s� �a�t� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �a�x�i�a�l� 

�s�t�r�a�i�n�s�.� �T�h�e� �o�n�e� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e� �p�l�o�t�t�e�d� �f�o�r� �c� �=� �2�0� �p�s�i� 

�a�n�d� �$�,� �=� �0�°� �a�p�p�e�a�r�s� �t�o� �b�e� �i�n�c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �o�t�h�e�r� 

�s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �s�h�o�w�n� �a�n�d� �m�a�y� �b�e� �i�n�c�o�r�r�e�c�t�.� 

�T�h�e� �r�a�t�i�o�s� �S�,�/�o�'�y� �f�o�r� �t�h�e�s�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �p�l�o�t�s� 

�a�r�e� �a�l�s�o� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�1�4�.� �T�h�e� �v�a�l�u�e�s� �o�f� �S�y� �u�s�e�d� �i�n� 

�c�a�l�c�u�l�a�t�i�n�g� �t�h�e�s�e� �r�a�t�i�o�s� �w�e�r�e� �t�a�k�e�n� �a�t� �a� �v�a�l�u�e� �o�f� �n�o�r�m�a�l� 

�s�t�r�e�s�s�,� �6�,� �e�q�u�a�l� �t�o� �z�e�r�o�,� �s�o� �t�h�a�t� �S�y� �=� �c�.� �T�h�e� �v�a�l�u�e�s� �o�f� �S�,�/� 

�O�t�y� �r�a�n�g�e� �f�r�o�m� �0�.�1�2� �t�o� �0�.�3�1�.� �O�t�h�e�r� �t�h�a�n� �t�h�e� �v�a�l�u�e� �o�f� �0�.�3�1�,� 

�t�h�e�s�e� �v�a�l�u�e�s� �o�f� �S�,�/�o�'�y� �a�r�e� �s�i�m�i�l�a�r� �i�n� �m�a�g�n�i�t�u�d�e� �t�o� �t�h�o�s�e� 

�g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�1�3�.� �S�e�v�e�r�a�l� �g�r�o�u�p�s� �o�f� �t�e�s�t�s� �h�a�d� �a� �s�o�m�e�w�h�a�t� 

�c�o�n�s�i�s�t�e�n�t� �v�a�l�u�e� �f�o�r� �S�,�/�o�'�y� �o�f� �a�b�o�u�t� �0�.�1�8�.� 

�U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �d�e�v�e�l�o�p�e�d� 

�f�o�r� �o�l�d� �L�M�V�D� �s�i�l�t� �b�a�s�e�d� �o�n� �t�h�e� �p�e�a�k� �v�a�l�u�e�s� �o�f� �d�e�v�i�a�t�o�r� 

�s�t�r�e�s�s� �m�e�a�s�u�r�e�d� �i�n� �t�h�e� �Q� �t�e�s�t�s�.� �I�n� �t�h�e� �Q� �t�e�s�t�s� �w�i�t�h� �e�r�r�a�t�i�c� 

�s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r�,� �t�h�e� �p�e�a�k� �v�a�l�u�e� �o�f� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� 

�w�a�s� �t�a�k�e�n� �a�s� �t�h�e� �f�i�r�s�t� �p�e�a�k� �t�o� �o�c�c�u�r� �i�n� �t�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� 

�c�u�r�v�e�.� �I�n� �s�o�m�e� �t�e�s�t�s�,� �a� �p�e�a�k� �i�n� �t�h�e� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e� 

�o�c�c�u�r�r�e�d� �a�n�d� �w�a�s� �f�o�l�l�o�w�e�d� �b�y� �a� �d�e�c�r�e�a�s�e� �i�n� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� 
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�U�n�d�r�a�i�n�e�d� �S�t�r�e�n�g�t�h� �E�n�v�e�l�o�p�e�s� 

�A�x�i�a�l� �S�t�r�a�i�n� �a�t� �F�a�i�l�u�r�e� �<� �9�%� 

�R�e�m�o�l�d�e�d� �O�l�d� �L�M�V�D� �S�i�l�t� 

�4�0� �b� �4� 

�(�p�s�i�)� 

� � 

� � 

� � � � � � � � �2�0� �=� 

�j�p� 

�0� �_� �i� �_�_�|� �|� �4� 

�O� �2�0� �4�0� �6�0� �o�O� 

�a� �(�p�s�i�)� 

�F�i�g�u�r�e� �6�.�1�4� �U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �f�o�r� �r�e�m�o�l�d�e�d� �o�l�d� 
�L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n� �a� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �o�f� 
�l�e�s�s� �t�h�a�n� �9�%� �a�x�i�a�l� �s�t�r�a�i�n� �a�t� �f�a�i�l�u�r�e� 
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�a�n�d� �t�h�e�n� �a� �s�u�b�s�e�q�u�e�n�t� �i�n�c�r�e�a�s�e� �i�n� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�.� �T�h�e� 

�s�u�b�s�e�q�u�e�n�t� �i�n�c�r�e�a�s�e� �i�n� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �o�f�t�e�n� �l�e�a�d� �t�o� �a� �v�a�l�u�e� 

�o�f� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�a�t� �a�t� �t�h�e� �f�i�r�s�t� �p�e�a�k�.� �I�n� 

�t�h�e�s�e� �t�e�s�t�s�,� �t�h�e� �h�i�g�h�e�r� �v�a�l�u�e� �o�f� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �a�t� �t�h�e� 

�s�e�c�o�n�d� �p�e�a�k� �w�a�s� �i�g�n�o�r�e�d� �a�n�d� �t�h�e� �v�a�l�u�e� �o�f� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �a�t� 

�t�h�e� �f�i�r�s�t� �p�e�a�k� �i�n� �t�h�e� �c�u�r�v�e� �w�a�s� �u�s�e�d� �i�n� �d�e�v�e�l�o�p�i�n�g� �t�h�e� 

�s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e� �f�o�r� �t�h�e� �s�o�i�l�.� 

�S�o�m�e� �o�f� �t�h�e� �g�r�o�u�p�s� �o�f� �Q� �t�e�s�t�s� �h�a�d� �v�a�l�u�e�s� �o�f� �p�e�a�k� 

�d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �t�h�a�t� �r�e�s�u�l�t�e�d� �i�n� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� 

�e�n�v�e�l�o�p�e�s� �f�o�r� �o�l�d� �L�M�V�D� �s�i�l�t� �d�e�f�i�n�e�d� �b�y� �a� �l�i�n�e�a�r� �s�t�r�e�n�g�t�h� 

�e�n�v�e�l�o�p�e�.� �O�t�h�e�r� �g�r�o�u�p�s� �o�f� �t�e�s�t�s� �g�a�v�e� �b�i�l�i�n�e�a�r� �e�n�v�e�l�o�p�e�s�.� 

�B�i�l�i�n�e�a�r� �e�n�v�e�l�o�p�e�s� �t�e�n�d�e�d� �t�o� �o�c�c�u�r� �w�h�e�n� �t�h�e� �Q� �t�e�s�t�s� �w�e�r�e� 

�p�e�r�f�o�r�m�e�d� �o�v�e�r� �a� �r�a�n�g�e� �o�f� �c�e�l�l� �p�r�e�s�s�u�r�e�s�.� �T�h�e� �l�i�n�e�a�r� 

�e�n�v�e�l�o�p�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �m�a�i�n�l�y� �i�n� �t�h�e� �c�a�s�e�s� �w�h�e�r�e� �t�h�e� �Q� 

�t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �l�o�w� �c�e�l�l� �p�r�e�s�s�u�r�e�s�.� �T�h�e� �g�r�o�u�p�s� �o�f� 

�t�e�s�t�s� �w�h�i�c�h� �r�e�s�u�l�t�e�d� �i�n� �l�i�n�e�a�r� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� 

�a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�5�.� 

�T�h�e� �l�i�n�e�a�r� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �p�r�e�s�e�n�t�e�d� �i�n� 

�T�a�b�l�e� �6�.�1�5� �c�a�n� �o�n�l�y� �b�e� �t�a�k�e�n� �a�s� �l�i�n�e�a�r� �w�i�t�h�i�n� �t�h�e� �r�a�n�g�e� �o�f� 

�n�o�r�m�a�l� �s�t�r�e�s�s�e�s� �u�s�e�d� �i�n� �p�e�r�f�o�r�m�i�n�g� �t�h�e� �t�e�s�t�s�.� �T�h�e�s�e� �v�a�l�u�e�s� 

�o�f� �l�i�m�i�t�i�n�g� �n�o�r�m�a�l� �p�r�e�s�s�u�r�e� �a�r�e� �n�o�t�e�d� �i�n� �t�h�e� �t�a�b�l�e�.� �T�h�e� 

�v�a�l�u�e�s� �o�f� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s�,� �c� �a�n�d� �$�y�,� �g�i�v�e�n� 

�i�n� �T�a�b�l�e� �6�.�1�5� �v�a�r�y�.� �T�h�e� �v�a�l�u�e�s� �o�f� �c� �r�a�n�g�e� �f�r�o�m� �3�.�0� �p�s�i� �t�o� 

�1�5�.�5� �p�s�i�.� �T�h�e� �v�a�l�u�e�s� �o�f� �$�,� �r�a�n�g�e� �f�r�o�m� �1�4�.�3�°� �t�o� �2�5�.�3�°�.� 
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�u�s�e�d� �i�n� �t�e�s�t�s�.� 
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� � � � � � � � � � � � � � � � 
�T�h�e� �v�a�l�u�e�s� �o�f� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� �$�,�,� �a�r�e� �b�e�l�o�w� 

�t�h�e� �v�a�l�u�e�s� �o�f� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �o�r� �d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� 

�@�'�,� �m�e�a�s�u�r�e�d� �i�n� �C�U� �a�n�d� �C�D� �t�e�s�t�s� �o�n� �o�l�d� �L�M�V�D� �s�i�l�t�.� �T�h�e� 

�v�a�l�u�e�s� �o�f� �$�'� �m�e�a�s�u�r�e�d� �f�o�r� �L�M�V�D� �s�i�l�t� �r�a�n�g�e�d� �f�r�o�m� �3�4�°� �t�o� �3�8�°�.� 

�T�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�s� �c�o�n�s�i�d�e�r�a�b�l�y� 

�g�r�e�a�t�e�r� �t�h�a�n�.�z�e�r�o� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�r�u�l�y� �u�n�d�r�a�i�n�e�d� �c�o�n�d�i�t�i�o�n�s� 

�m�a�y� �n�o�t� �h�a�v�e� �e�x�i�s�t�e�d� �i�n� �t�h�e�s�e� �t�e�s�t�s�.� �T�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� 

�u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�s�,� �$�,�,� �w�e�r�e� �l�e�s�s� �t�h�a�n� �t�h�e� �e�f�f�e�c�t�i�v�e� 

�s�t�r�e�s�s� �o�r� �d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�s�,� �$�'�,� �f�o�r� �t�h�e� �s�a�m�e� �s�o�i�l�,� 

�s�u�g�g�e�s�t�s� �t�h�a�t� �f�u�l�l�y� �d�r�a�i�n�e�d� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �n�o�t� �r�e�a�c�h�e�d� �i�n� 

�t�h�e� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s�.� �C�o�n�d�i�t�i�o�n�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �p�a�r�t�i�a�l�l�y� 
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�d�r�a�i�n�e�d� �c�o�n�d�i�t�i�o�n�s�,� �p�o�s�s�i�b�l�y� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �g�a�s�e�s� �e�x�i�t�i�n�g� 

�s�o�l�u�t�i�o�n� �d�u�r�i�n�g� �s�h�e�a�r� �l�e�a�d�i�n�g� �t�o� �s�p�e�c�i�m�e�n� �v�o�l�u�m�e� �e�x�p�a�n�s�i�o�n�,� 

�m�a�y� �h�a�v�e� �o�c�c�u�r�r�e�d� �g�i�v�i�n�g� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�s� �g�r�e�a�t�e�r� 

�t�h�a�n� �z�e�r�o�.� 

�F�i�g�u�r�e� �6�.�1�5� �s�h�o�w�s� �t�h�e� �f�i�v�e� �l�i�n�e�a�r� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� 

�e�n�v�e�l�o�p�e�s� �p�l�o�t�t�e�d� �t�o�g�e�t�h�e�r� �o�v�e�r� �t�h�e�i�r� �r�a�n�g�e�s� �o�f� �a�p�p�l�i�c�a�b�l�e� 

�n�o�r�m�a�l� �s�t�r�e�s�s�.� �T�h�e� �e�r�r�a�t�i�c� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �u�n�d�r�a�i�n�e�d� 

�s�t�r�e�n�g�t�h�s� �m�e�a�s�u�r�e�d� �f�o�r� �t�h�e� �o�l�d� �L�M�V�D� �s�i�l�t� �i�s� �a�p�p�a�r�e�n�t�.� �T�h�e� 

�u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e� �d�e�f�i�n�e�d� �b�y� �c� �=� �1�5�.�5� �p�s�i� �a�n�d� �6�,� �=� 

�1�4�.�4�°� �a�p�p�e�a�r�s� �t�o� �b�e� �e�s�p�e�c�i�a�l�l�y� �i�n�c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �o�t�h�e�r� 

�s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �6�.�1�5�.� �T�h�e� �u�n�d�r�a�i�n�e�d� 

�s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �m�e�a�s�u�r�e�d� �i�n� �t�h�e� �t�w�o� �t�e�s�t�s� �u�s�e�d� �t�o� 

�d�e�v�e�l�o�p� �t�h�i�s� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e� �m�a�y� �b�e� �i�n�c�o�r�r�e�c�t�.� 

�T�a�b�l�e� �6�.�1�6� �p�r�e�s�e�n�t�s� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� 

�f�o�r� �t�h�e� �b�i�l�i�n�e�a�r� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �f�o�r� �o�l�d� �L�M�V�D� 

�s�i�l�t�.� 

�T�h�e� �b�i�l�i�n�e�a�r� �e�n�v�e�l�o�p�e�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�6� �d�o� �n�o�t� 

�a�l�l�o�w� �f�o�r� �v�e�r�y� �m�e�a�n�i�n�g�f�u�l� �c�o�m�p�a�r�i�s�o�n�s� �b�e�c�a�u�s�e� �t�h�e�y� �w�e�r�e� �a�l�l� 

�d�e�v�e�l�o�p�e�d� �u�s�i�n�g� �t�h�e� �B�9� �g�r�o�u�p� �o�f� �Q� �t�e�s�t�s�.� �I�t� �i�s� �w�o�r�t�h� �n�o�t�i�n�g� 

�h�o�w�e�v�e�r�,� �t�h�a�t� �w�h�e�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �B�9� �t�e�s�t�s�,� �w�h�i�c�h� �w�e�r�e� 

�p�e�r�f�o�r�m�e�d� �a�t� �h�i�g�h�e�r� �c�e�l�l� �p�r�e�s�s�u�r�e�s�,� �w�e�r�e� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� 

�r�e�s�u�l�t�s� �o�f� �t�h�e� �B�l�l� �t�e�s�t�s�,� �w�h�i�c�h� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �l�o�w�e�r� �c�e�l�l� 

�p�r�e�s�s�u�r�e�s�,� �t�h�e� �n�o�r�m�a�l� �s�t�r�e�s�s� �a�t� �w�h�i�c�h� �t�h�e� �$�,� �=� �0� �p�o�r�t�i�o�n� �o�f� 

�t�h�e� �b�i�l�i�n�e�a�r� �e�n�v�e�l�o�p�e� �b�e�g�a�n�,� �w�a�s� �s�h�i�f�t�e�d� �d�o�w�n�w�a�r�d�.� �F�o�r� �t�h�e� 
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�B�9� �t�e�s�t�s� �a�l�o�n�e�,� �t�h�e� �$�,� �=� �0� �p�o�r�t�i�o�n� �o�f� �t�h�e� �b�i�l�i�n�e�a�r� �s�t�r�e�n�g�t�h� 

�e�n�v�e�l�o�p�e� �b�e�g�a�n� �a�t� �a�b�o�u�t� �o� �=� �7�0� �p�s�i�.� �W�h�e�n� �t�h�e� �B�l�l� �t�e�s�t�s� �w�e�r�e� 

�i�n�c�l�u�d�e�d� �a�s� �w�e�l�l�,� �t�h�e� �$�y�,� �=� �0� �p�o�r�t�i�o�n� �o�f� �t�h�e� �s�t�r�e�n�g�t�h� 

�e�n�v�e�l�o�p�e� �b�e�g�a�n� �a�t� �a�b�o�u�t� �o� �=� �5�5� �p�s�i�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �Q� 

�t�e�s�t�s� �s�h�o�u�l�d� �b�e� �p�e�r�f�o�r�m�e�d� �o�v�e�r� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �c�e�l�l� 

�p�r�e�s�s�u�r�e�s� �w�h�e�n� �t�r�y�i�n�g� �t�o� �d�e�v�e�l�o�p� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� 

�e�n�v�e�l�o�p�e� �f�o�r� �a� �s�a�t�u�r�a�t�e�d�,� �d�i�l�a�t�a�n�t� �s�i�l�t� �w�i�t�h� �b�i�l�i�n�e�a�r� 
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�B�i�l�i�n�e�a�r� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s�,� �s�u�c�h� �a�s� �t�h�o�s�e� �s�h�o�w�n� �i�n� 
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�0� �|� �_� �|� �|� �|� 

�O� �2�0� �4�0� �6�0� �5�0� �1�0�0� �1�2�0� 

�F�i�g�u�r�e� �6�.�1�6�.� �B�i�l�i�n�e�a�r� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �f�o�r� 
�r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n� �t�h�e� �p�e�a�k� 
�d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� 
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�w�h�i�c�h� �w�e�r�e� �n�o�t� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d�.� �A�t� �l�o�w� �c�e�l�l� �p�r�e�s�s�u�r�e�s�,� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �w�o�u�l�d� �h�a�v�e� �d�e�g�r�e�e�s� �o�f� �s�a�t�u�r�a�t�i�o�n� �l�e�s�s� �t�h�a�n� �1�0�0�%�.� 

�T�h�e� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �a�t� �h�i�g�h�e�r� �c�e�l�l� �p�r�e�s�s�u�r�e�s� �w�o�u�l�d� �h�a�v�e� �m�o�r�e� 

�o�f� �t�h�e� �f�r�e�e� �a�i�r� �c�o�m�p�r�e�s�s�e�d� �a�n�d� �f�o�r�c�e�d� �i�n�t�o� �s�o�l�u�t�i�o�n�.� �A�s�a� 

�r�e�s�u�l�t�,� �t�h�e�y� �w�o�u�l�d� �h�a�v�e� �a� �h�i�g�h�e�r� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �a�n�d� 

�l�o�w�e�r� �v�o�i�d� �r�a�t�i�o�.� �T�h�e�y� �t�h�e�r�e�f�o�r�e�,� �w�o�u�l�d� �h�a�v�e� �h�i�g�h�e�r� 

�s�t�r�e�n�g�t�h�s�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �>�,� �>� �0� �e�n�v�e�l�o�p�e� �f�o�r� �t�h�e� �s�o�i�l�.� 

�E�v�e�n�t�u�a�l�l�y�,� �a�t� �s�o�m�e� �v�a�l�u�e� �o�f� �c�e�l�l� �p�r�e�s�s�u�r�e�,� �a�l�l� �o�f� �t�h�e� �f�r�e�e� 

�a�i�r� �w�i�l�l� �h�a�v�e� �b�e�e�n� �f�o�r�c�e�d� �i�n�t�o� �s�o�l�u�t�i�o�n� �a�n�d� �t�h�e� �s�p�e�c�i�m�e�n� 

�w�i�l�l� �b�e� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d�.� �A�t� �h�i�g�h�e�r� �c�e�l�l� �p�r�e�s�s�u�r�e�s�,� �t�h�e� �v�o�i�d� 

�r�a�t�i�o� �a�n�d� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�s� �w�i�l�l� �b�e� �t�h�e� 

�s�a�m�e� �s�o� �t�h�a�t� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �w�i�l�l� �b�e� �t�h�e� �s�a�m�e�,� �a�s� 

�w�e�l�l�.� �A� �$�y� �=� �0� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e� �w�o�u�l�d� �t�h�e�n� �b�e� �o�b�t�a�i�n�e�d�.� 

�I�f� �t�w�o� �g�r�o�u�p�s� �o�f� �s�p�e�c�i�m�e�n�s� �h�a�d� �t�h�e� �s�a�m�e� �i�n�i�t�i�a�l� �v�o�i�d� 

�r�a�t�i�o� �b�u�t� �d�i�f�f�e�r�e�n�t� �i�n�i�t�i�a�l� �d�e�g�r�e�e�s� �o�f� �s�a�t�u�r�a�t�i�o�n�,� �t�h�e� 

�t�r�a�n�s�i�t�i�o�n� �f�r�o�m� �$�y� �>� �0� �t�o� �d�y� �=� �0� �b�e�h�a�v�i�o�r� �w�o�u�l�d� �o�c�c�u�r� �a�t� 

�d�i�f�f�e�r�e�n�t� �c�e�l�l� �p�r�e�s�s�u�r�e�s�.� �T�h�e� �g�r�o�u�p� �o�f� �s�p�e�c�i�m�e�n�s� �w�i�t�h� �t�h�e� 

�l�o�w�e�r� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �w�o�u�l�d� �g�o� �f�r�o�m� �o�y� �>� �0� �t�o� �d�y� �=� �0� 

�b�e�h�a�v�i�o�r� �a�t� �a� �h�i�g�h�e�r� �c�e�l�l� �p�r�e�s�s�u�r�e�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e� �a� 

�h�i�g�h�e�r� �c�e�l�l� �p�r�e�s�s�u�r�e� �w�o�u�l�d� �b�e� �n�e�c�e�s�s�a�r�y� �t�o� �f�o�r�c�e� �t�h�e� 

�a�d�d�i�t�i�o�n�a�l� �f�r�e�e� �a�i�r� �i�n�t�o� �s�o�l�u�t�i�o�n� �t�o� �r�e�a�c�h� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d� 

�c�o�n�d�i�t�i�o�n�s�.� �T�h�e�s�e� �s�p�e�c�i�m�e�n�s� �s�h�o�u�l�d� �a�l�s�o� �h�a�v�e� �a� �h�i�g�h�e�r� 

�u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �i�n� �t�h�e� �9�,� �=� �0� �r�e�g�i�o�n� �b�e�c�a�u�s�e� �t�h�e�i�r� 

�v�o�i�d� �r�a�t�i�o� �w�o�u�l�d� �b�e� �l�o�w�e�r� �i�n� �t�h�e� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d� �c�o�n�d�i�t�i�o�n�.� 
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�T�h�e� �B�9� �a�n�d� �B�l�l� �s�p�e�c�i�m�e�n�s� �f�o�r� �w�h�i�c�h� �t�h�e� �b�i�l�i�n�e�a�r� 

�u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�.�1�6�,� �a�l�l� 

�h�a�d� �m�e�a�s�u�r�e�d� �d�e�g�r�e�e�s� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �1�0�0�%�.� �T�h�e� �a�c�t�u�a�l� 

�d�e�g�r�e�e�s� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e�s�e� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �l�i�k�e�l�y� �l�e�s�s� 

�t�h�a�n� �1�0�0�%� �(�B�i�s�h�o�p� �a�n�d� �H�e�n�k�e�l�,� �1�9�6�2�)� �a�n�d� �m�a�y� �h�a�v�e� �v�a�r�i�e�d� �f�r�o�m� 

�o�n�e� �g�r�o�u�p� �t�o� �a�n�o�t�h�e�r�.� �A�s� �a� �r�e�s�u�l�t�,� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� 

�t�r�a�n�s�i�t�i�o�n� �f�r�o�m� �t�h�e� �9�,� �>� �0� �t�o� �$�9�,� �=� �0� �b�e�h�a�v�i�o�r� �m�a�y� �h�a�v�e� �b�e�e�n� 

�r�e�l�a�t�e�d� �t�o� �v�a�r�i�a�t�i�o�n�s� �i�n� �t�h�e� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �t�w�o� 

�g�r�o�u�p�s� �o�f� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s�.� 

�F�o�r� �t�h�e� �$�,�,� �=� �0� �p�o�r�t�i�o�n� �o�f� �t�h�e� �b�i�l�i�n�e�a�r� �e�n�v�e�l�o�p�e�s�,� �t�h�e� 

�r�a�t�i�o�s� �o�f� �S�,�/�o�'�y� �h�a�v�e� �b�e�e�n� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�6�.� �T�h�e� 

�v�a�l�u�e�s� �o�f� �S�,� �u�s�e�d� �a�r�e� �f�o�r� �S�y� �=� �c� �a�t� �t�h�e� �p�o�i�n�t� �w�h�e�r�e� �t�h�e� 

�s�e�c�o�n�d� �l�i�n�e�a�r� �p�o�r�t�i�o�n� �o�f� �t�h�e� �e�n�v�e�l�o�p�e� �b�e�g�a�n�.� �F�o�r� �t�h�e� �B�9� 

�g�r�o�u�p� �o�f� �t�e�s�t�s�,� �t�h�e� �v�a�l�u�e� �o�f� �S�,�/�o�'�y� �i�s� �e�q�u�a�l� �t�o� �0�.�3�5�.� �W�h�e�n� 

�t�h�e� �B�9� �t�e�s�t�s� �a�r�e� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� �r�e�s�u�l�t�s� �o�f� �o�t�h�e�r� �t�e�s�t�s�,� 

�t�h�e� �v�a�l�u�e� �o�f� �S�,�,�/�o�'�y� �i�s� �r�e�d�u�c�e�d� �t�o� �0�.�2�8�.� �A�s� �e�x�p�e�c�t�e�d�,� �t�h�e�s�e� 

�v�a�l�u�e�s� �o�f� �S�,�/�o�'�y� �f�o�r� �p�e�a�k� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �c�o�n�d�i�t�i�o�n�s� �a�r�e� 

�g�r�e�a�t�e�r� �t�h�a�n� �t�h�o�s�e� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �l�i�m�i�t�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n� 

�f�a�i�l�u�r�e� �c�r�i�t�e�r�i�a�.� 

�T�h�e� �n�u�m�b�e�r� �o�f� �Q� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �o�n� �s�a�t�u�r�a�t�e�d� �s�p�e�c�i�m�e�n�s� 

�o�f� �n�e�w� �L�M�V�D� �s�i�l�t� �w�e�r�e� �n�o�t� �a�s� �n�u�m�e�r�o�u�s� �a�s� �t�h�o�s�e� �p�e�r�f�o�r�m�e�d� �o�n� 

�o�l�d� �L�M�V�D� �s�i�l�t�.� �A�s� �a� �r�e�s�u�l�t�,� �t�h�e�y� �w�i�l�l� �b�e� �p�r�e�s�e�n�t�e�d� �i�n�a� 

�m�o�r�e� �c�o�n�c�i�s�e� �f�o�r�m�.� �T�w�o� �d�i�f�f�e�r�e�n�t� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�a� �w�e�r�e� �.� 

�c�o�n�s�i�d�e�r�e�d� �f�o�r� �t�h�e� �n�e�w� �L�M�V�D� �s�i�l�t�.� �T�h�e� �f�i�r�s�t� �w�a�s� �a� �l�i�m�i�t�i�n�g� 
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�v�a�l�u�e� �o�f� �a�x�i�a�l� �s�t�r�a�i�n�.� �L�i�m�i�t�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n�s� �b�e�t�w�e�e�n� �4�.�5� 

�a�n�d� �1�0�%� �w�e�r�e� �u�s�e�d�.� �T�h�e� �v�a�l�u�e� �o�f� �a�x�i�a�l� �s�t�r�a�i�n� �s�e�l�e�c�t�e�d� �t�o� 

�d�e�t�e�r�m�i�n�e� �t�h�e� �s�t�r�e�n�g�t�h� �w�a�s� �b�a�s�e�d� �o�n� �t�h�e� �i�n�i�t�i�a�t�i�o�n� �o�f� 

�e�r�r�a�t�i�c� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �i�n� �t�h�e� �t�e�s�t�s�.� �I�n� �e�n�g�i�n�e�e�r�i�n�g� 

�p�r�a�c�t�i�c�e�,� �t�h�e� �v�a�l�u�e� �o�f� �a�x�i�a�l� �s�t�r�a�i�n� �c�h�o�s�e�n� �a�s� �a� �f�a�i�l�u�r�e� 

�c�r�i�t�e�r�i�o�n� �w�o�u�l�d� �d�e�p�e�n�d� �o�n� �t�h�e� �p�r�o�j�e�c�t�.� �T�h�e� �u�n�d�r�a�i�n�e�d� 

�s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �Q� �t�e�s�t�s� �o�n� �n�e�w� �L�M�V�D� 

�s�i�l�t�,� �b�a�s�e�d� �o�n� �a� �l�i�m�i�t�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�,� 

�a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�7�.� 

�T�a�b�l�e� �6�.�1�7�:� �U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �Q� 
�t�e�s�t�s� �o�n� �r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n� �a� 
�l�i�m�i�t�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� 

� � 

�F�i�g�u�r�e� �;� �T�e�s�t�s� �o�o�!� �C�a�v�e�  ¬� �c� �8�.�.�/�G�!� 
�N�u�m�b�e�r� �(�p�s�i�)� �(�3�5� �(�p�s�i�)� �o�u� �u�/�S�'�y� 
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�I�t� �c�a�n� �b�e� �s�e�e�n� �f�r�o�m� �t�h�i�s� �t�a�b�l�e� �t�h�a�t� �t�h�e� �u�n�d�r�a�i�n�e�d� 

�s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �o�f� �t�h�e� �n�e�w� �L�M�V�D� �s�i�l�t� �v�a�r�i�e�d� 

�c�o�n�s�i�d�e�r�a�b�l�y�.� �T�h�i�s� �i�s� �a�s� �e�x�p�e�c�t�e�d� �d�u�e� �t�o� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� 

�t�h�e� �v�a�l�u�e�s� �o�f� �a�x�i�a�l� �s�t�r�a�i�n� �u�s�e�d� �a�s� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�a�.� �T�h�e� 

�v�a�l�u�e�s� �o�f� �u�n�d�r�a�i�n�e�d� �c�o�h�e�s�i�o�n� �i�n�t�e�r�c�e�p�t�,� �c�,� �v�a�r�i�e�d� �f�r�o�m� �7� �p�s�i� 
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�t�o� �1�8�.�1� �p�s�i�.� �T�h�e� �v�a�l�u�e�s� �o�f� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� �$�y�,� 

�v�a�r�i�e�d� �f�r�o�m� �1�.�4�°� �t�o� �1�2�.�2�°�.� �F�o�r� �t�h�e� �t�w�o� �s�e�t�s� �o�f� �t�e�s�t�s� �f�o�r� 

�w�h�i�c�h� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�a� �o�f� �4�.�5� �a�n�d� �5�.�5�%� �a�x�i�a�l� �s�t�r�a�i�n� �w�e�r�e� 

�u�s�e�d�,� �t�h�e� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �h�a�v�e� �b�e�e�n� �p�l�o�t�t�e�d� �i�n� �F�i�g�u�r�e� 

�6�.�1�7�.� 

�I�t� �c�a�n� �b�e� �s�e�e�n� �f�r�o�m� �t�h�e� �v�a�l�u�e�s� �g�i�v�e�n� �i�n� �T�a�b�l�e� �6�.�1�7� �a�n�d� 

�t�h�e� �p�l�o�t�s� �i�n� �F�i�g�u�r�e� �6�.�1�7�,� �t�h�a�t� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h�s� �o�f� 

�t�h�e� �s�o�i�l� �f�o�r� �t�h�e�s�e� �t�w�o� �g�r�o�u�p�s� �o�f� �t�e�s�t�s� �w�e�r�e� �d�i�f�f�e�r�e�n�t�.� �B�o�t�h� 

�s�e�t�s� �o�f� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�v�e�r� �t�h�e� �s�a�m�e� �r�a�n�g�e� �o�f� �c�e�l�l� 

�p�r�e�s�s�u�r�e�s�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� 

�e�n�v�e�l�o�p�e�s� �o�f� �t�h�e�s�e� �t�w�o� �s�e�t�s� �o�f� �Q� �t�e�s�t�s� �m�a�y� �b�e� �t�h�e� �r�e�s�u�l�t� �o�f� 

�o�n�e� �g�r�o�u�p� �o�f� �s�p�e�c�i�m�e�n�s� �h�a�v�i�n�g� �b�e�e�n� �t�e�s�t�e�d� �i�n� �a�n� �u�n�d�r�a�i�n�e�d� 

�u�n�l�o�a�d�i�n�g� �t�e�s�t� �p�r�i�o�r� �t�o� �p�e�r�f�o�r�m�i�n�g� �t�h�e� �Q� �t�e�s�t�s� �w�h�e�r�e�a�s� �t�h�e� 

�o�t�h�e�r� �g�r�o�u�p� �w�a�s� �n�o�t�.� �I�n� �b�o�t�h� �o�f� �t�h�e�s�e� �g�r�o�u�p�s� �o�f� �Q� �t�e�s�t�s�,� �a�t� 

�4�.�5�%� �a�n�d� �5�.�5�%� �a�x�i�a�l� �s�t�r�a�i�n�,� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�s� 

�g�r�e�a�t�e�r� �t�h�a�n� �z�e�r�o� �w�e�r�e� �m�e�a�s�u�r�e�d� �f�o�r� �t�h�e� �s�o�i�l�.� 

�F�o�r� �t�h�e� �g�r�o�u�p� �o�f� �t�e�s�t�s� �w�h�e�r�e� �a� �l�i�m�i�t�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n� �o�f� 

�1�0�%� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�,� �t�h�e� �u�n�d�r�a�i�n�e�d� 

�s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e� �h�a�s� �b�e�e�n� �p�l�o�t�t�e�d� �i�n� �F�i�g�u�r�e� �6�.�1�8�.� �F�o�r� �t�h�i�s� 

�g�r�o�u�p� �o�f� �t�e�s�t�s�,� �a�t� �1�0�%� �a�x�i�a�l� �s�t�r�a�i�n�,� �t�h�e� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� 

�a�n�g�l�e� �o�f� �t�h�e� �s�o�i�l� �w�a�s� �c�l�o�s�e� �t�o� �z�e�r�o�.� 

�F�o�r� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� 
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�6�.�1�7�.� �T�h�e� �v�a�l�u�e� �o�f� �S�,� �u�s�e�d� �i�s� �f�o�r� �o� �=� �0� �p�s�i�,� �s�o� �t�h�a�t� �S�y� �=� 

�c�.� �T�h�e� �v�a�l�u�e� �o�f� �S�,�/�o�'�y� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �t�h�i�s� �o�n�e� �g�r�o�u�p� �o�f� 

�t�e�s�t�s� �o�n� �r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t� �w�a�s� �0�.�2�7�.� 

�U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �w�e�r�e� �a�l�s�o� �d�e�v�e�l�o�p�e�d� �f�o�r� 

�n�e�w� �L�M�V�D� �s�i�l�t� �b�a�s�e�d� �o�n� �t�h�e� �p�e�a�k� �v�a�l�u�e�s� �o�f� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� 

�m�e�a�s�u�r�e�d� �i�n� �t�h�e� �Q� �t�e�s�t�s�.� �D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �r�a�n�g�e� �o�f� �v�a�l�u�e�s� 

�o�f� �c�e�l�l� �p�r�e�s�s�u�r�e� �u�s�e�d�,� �s�o�m�e� �o�f� �t�h�e� �Q� �t�e�s�t�s� �y�i�e�l�d�e�d� �l�i�n�e�a�r� 

�u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s�,� �w�h�e�r�e�a�s� �o�t�h�e�r�s� �g�a�v�e� �b�i�l�i�n�e�a�r� 

�e�n�v�e�l�o�p�e�s�.� �A� �s�u�m�m�a�r�y� �o�f� �b�o�t�h� �t�h�e� �l�i�n�e�a�r� �a�n�d� �b�i�l�i�n�e�a�r� 

�u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �f�o�r� �n�e�w� �L�M�V�D� �s�i�l�t� �a�r�e� �p�r�e�s�e�n�t�e�d� 

�i�n� �T�a�b�l�e� �6�.�1�8�.� 

�T�h�e� �v�a�l�u�e�s� �o�f� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �g�i�v�e�n� 

�i�n� �T�a�b�l�e� �6�.�1�8� �s�h�o�w� �s�o�m�e� �v�a�r�i�a�t�i�o�n�.� �F�o�r� �t�h�e� �l�i�n�e�a�r�,� �$�y� �>� �0� 

�e�n�v�e�l�o�p�e�s� �a�n�d� �t�h�e� �$�,� �>� �0� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �b�i�l�i�n�e�a�r� �e�n�v�e�l�o�p�e�s�,� 

�t�h�e� �v�a�l�u�e�s� �o�f� �u�n�d�r�a�i�n�e�d� �c�o�h�e�s�i�o�n� �i�n�t�e�r�c�e�p�t�,� �c�,� �v�a�r�i�e�d� �f�r�o�m� �7� 

�p�s�i� �t�o� �9�.�9� �p�s�i�.� �T�h�e� �v�a�l�u�e�s� �o�f� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� �$�y�,� 

�v�a�r�i�e�d� �f�r�o�m� �1�2�.�2�°� �t�o� �2�0�.�8�°�.� �F�o�r� �t�h�e� �9�,� �=� �0� �l�i�n�e�a�r� �e�n�v�e�l�o�p�e�s� 

�a�n�d� �t�h�e� �$�,� �=� �0� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �b�i�l�i�n�e�a�r� �e�n�v�e�l�o�p�e�s�,� �t�h�e� 

�v�a�l�u�e�s� �o�f� �u�n�d�r�a�i�n�e�d� �c�o�h�e�s�i�o�n� �i�n�t�e�r�c�e�p�t�,� �c�,� �v�a�r�i�e�d� �f�r�o�m� �2�4� 

�p�s�i� �t�o� �2�6�.�5� �p�s�i�.� �T�h�e� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�s�,� �9�,� �f�o�r� 

�t�h�e�s�e� �e�n�v�e�l�o�p�e�s� �v�a�r�i�e�d� �f�r�o�m� �0�°� �t�o� �1�.�7�°�.� 
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