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Comments: The Dune Sand sample (Lab ID No. 19854-1) was tested as received and
after amending it with Raw Pozzolan in a 95-5 volume mix ratio and T-178 in a 90-10
mix ratio. A particle size analysis of the sand was reported to Nakheel on October 28,
2005. The amount of amendment added to the sand in this mix was small enough that
there would be little expected change in the particle size of the mix.

The physical properties of the sand and mix samples, as detetmined on compacted cores,
are found in the tables on page 2. The sand sample had a saturated hydraulic conductivity
(infiltration) rate that was good. When compacted to the density reported, the sand
should be free draining, although organic matter accumulation is likely to decrease this
with time. The addition of the Raw Pozzolan, which was fine in texture, resulted in a
significant reduction in the infiltration rate. The T-178 resulted in a slight reduction in
the infiltration rate.

The significance of this change in infiltration rate is that if at some point in time they
have to use effluent or other low quality irrigation water, they will want to start out with
an infiltration rate as high as possible to maintain their abilily io leach salts as necessary.

The total porosity was acceptable in the sand and mixes. The aeration porosity is made
up of relatively large pores that conduct water under saturated conditions. When drained,
they are filled with air providing the oxygen that is necessary for root growth. The
capillary porosity is made up of small pores that hold water against the force of gravity,
retaining much of it for plant use. Ideally a growing medium would have an equal
distribution of air and water filled pore space after free drainage.

The aeration and capillary porosity on these samples are reported in Table 1 on page 2 at
(.06 bars. You can see that at this point, the aeration porosity was low and the capillary
porosity high in the Dune sand and the mixes. The addition of the amendments resulted
in slight changes in these values,

We performed a water release curve on the sand and mixes. We applied increasing levels
of energy to the samples to extract water from them, simulating a dry down eycle. By
doing this, we can characterize the water retention characteristics of the sand and estimate
how much of the water held is going to be plant available.

The attached chart shows the velumetric water contents of the sand and mixes in
simulated dry down cycles. The results show that the sand holds water rather tenaciously
at the lower tensions. Water is released steadily throughout the dry down cyele, this
reflected in the downward deflection in the curve with increasing tensions. The addition
of the amendments changed the ¢urve considerably.
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There are a number of ways you can look at this data. In a deep profile, any water lost
between saturation {0 tension} and 60 ¢m lension (0.06 bars) reflects gravitational water
or free drainage. When you look at the curves on all of the mix and the sand in this
range, you can see that the slope is very steep; that is, water is released or drained quickly
from the sand and mixes. This portion is of little agronomic interest.

Of greater importance is the water than is released from the sand and mixes from 0.06
bars on. [ defined plant available water in these very sandy materials as that bemng
released between (.06 bars and 3 bars. All of the samples were almost powdery dry at 3
bars. I believe that a superintendent is most likely to maintain soil moisture in the range
of 0.06 to somewhere between 1 and 3 bars. Therefore, in Table 3 on page two, I listed
the amount of volumetric water released between (.06 bars and 1 bar (water in
management range) and 0.06 bars and 3 bars {plant available water). Arguably, some of
the water held at tensions greater than 3 bars could be considered plant available, but it is
unlikely a superintendent would let the sand or mixes get this dry in the field.

The two curves generated by the two amendments were interesting. The addition of the
Raw Pozzolan resulted in a generous release of water between 0.06 and 1 bar, and then
little beyond that. As a resull, the data in the table shows that the water made available
within the “water management range™ was higher than the sand alone. The unavailable
water was comparable to the sand alone. The T-178 released water slowly in the 0.06 to

1 bar range, but then gave it up in the 1 to 3 bar range at a rate greater than the sand itself.
These data suggest that if you have a tendency to keep your turf on the dry side, there may
be some merit to the T-178.

The results suggest that the addition of either the raw Pozzolan or the T-178 can

beneficially change the water release pattern of the sand depending on the range the
superintendent 18 most likely to maintain the turf at.

I hope that this information is helpful to you. Please let me know if you have any
questions on these results. Thank you.

QAMF%@ ﬂ,g

MNorman W. Hummel Jr.
President
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