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A new approach to water treatment here at Pearl Beach
International Golf Club is changing the way superinten-
dents, course-builders and club managers cope with
water-quality issues in the development and mainte-
nance markes.

The technology is known as sulfur-burning, a
surprisingly basic process whereby water is pumped
from an irrigation lake info a specialized unit that burns
elemental sulfur to create sulfur dioxide (SO2) gas,
which, once it is introduced to the water source, creates
H2SO3. H2SO3 is a very unstable gas that, during the
sulfurburning process, converts to H2SO4  (sulfuric
acid) and neutralizes bicarbonates and carbonates,
thereby lowering the pH of the water. The water continu-
ally passes through the unit and back info the irrigation
lake until the desired pH level is achieved.

“It doesn’t change the salt in the water, percentage-
wise. It changes complexities of the salt in the water,”
explained David Lundardelli, director of agronomy for
Troon Golf Asia-Pacific, which manages agronomy
specifications and implementation at the Pearl Beach
International property for its owners, Singapore-based
Keppel Land. “This change allows the salts to move
through the soil profile more easily and not lock up the
calcium and magnesium in the soil profile. There are
quite a few components to the science, but basically we
are increasing the porosity of the soil and washing
unwanted salts out through the profile, and that's good
news for the turf.”

Sulfurburning is necessary only where the quality of
irrigation water is poor, and Pearl Beach International
has coped with very poor quality water indeed. The
course was originally built in 2000, but today Troon and

agronomic consultant Roger Cagle are presiding over a
thorough redesign of the existing layout. The low-quality
irrigation water was responsible in part for the decision
to redesign.

“The water in Tianjin is high in total dissolved solids,”
Cagle said. “It's high in pH. I's high in bicarbonates. By
every measure you can think of, it doesn’t meet the stand-
ards of irrigation water. It's a big reason they decided to
renovate here because the original golf course was
simply not built to take into consideration the poor quality
of the water.”

Cagle explained that water with such high salt content
naturally results in soil with high salt content. However,
the original course did not feature nearly enough drain-
age capability to effectively flush those salts from the soil
— and every instance of irrigation just added more salt
to the equation.

The original course was not built with a sand cap,
either — a layer of drainage-promoting sand underlying
the footprint of every fairway. The result was a cycle of
poor turf health that could not be broken.

Troon and architect Tripp Davis were tasked with
redesigning a new course that featured a sand cap, a far
more extensive drainage system, and more saltfolerant
grass varieties. The first two issues were addressed at the
construction stage — grassing is now underway and
scheduled to be complete by Oct. 1, 2012, with the goal
to re-open by May of 2013.

This left the issue of water quality still to be addressed.
Sulfurburning was the chosen solution, based on
successes experienced elsewhere by Troon (at projects in
the Middle East) and Flagstick Golf Course Construction
Management, the Kunming-based firm overseeing



reconstruction of Pearl Beach. It is believed the sulfur-
burning effort at Pearl Beach International GC is the first
such waterremediation effort undertaken on a Chinese
course.

“It's a two step system but the main issue at Pearl Beach
is simple: The sodium load in the water is so high,”
Lunardelli said. “The sulfurburning process ensures the
sodium freely leaches from the soil site to a manageable
level. However, when we look at the salt in relation to
calcium, the latter is non-existent. We needed calcium to
offset the sodium. Without this balance, even normal
amounts of salts or bicarbonates will lock up the calcium
and magnesium in the soil, creating an almost cementlike
bond” that impedes drainage and prevents oxygen from
reaching the plant roots.

“For every component of sodium we need one compo-
nent of calcium to knock it back,” Lunardelli confinued.
“By acidifying the water, we reduce the bicarbonate
load, thus freeing up the calcium and its ability to offset
the sodium. We recognize that we have to acidify but
also, because calcium load is so low, we have to add that
calcium back in as well to offset the sodium. So those are
the two steps: Acidify through sulfur burning, but we have
to constantly inject calcium — in the form of gypsum —
into the irrigation water, as well, to get the calcium levels
we need.”

Lunardelli said the untreated water passes through the
burn chamber at a rate of some 6 liters per second;
maximally, 4.8 megaliters per day can be treated.
Typically, treating the water to a pH of 6.5 reduces the
bicarbonates load by 50%. Getting it down to 6.0

removes even more. When a facility is irrigating, this

means the sulfurburning and acid injection processes are
run almost continually.

Depending on the condition of the water, pH can be
dropped about 2 points per day via the sulfur-burning
process. “At Pearl Beach we go from about 8.5 to 6.5 in
one day, if we are treating 3 megaliters per day,”
Lunardelli said. “We do the sulfur burning, and then direct
injection of the acid right info irrigation line itself. We can
set a farget of 6.5 on the control panel and inject the
proper dose to achieve that level. The sulfur burner gives
us the ability to treat 90 percent of the water, then we do
a metered adjustment dose with direct injection.”

The reason for deploying both processes, in concert, is
cost. To freat all the water by direct injection would be
cost prohibitive — just as it would be cost prohibitive to
address the problem by merely applying huge amounts of
gypsum to the soil, as Lunardelli explained: “Here are
some basic calculations for Pearl Beach. We needed 175
KGs of actual calcium, which is about 485 KGs of
gypsum, to offset sodium per megaliter of water. A typical
golf course uses 150 megs-plus a year. That's not practi-
cal.”

What's even less practical? Trying to maintain healthy
turfgrass with raw irrigation water the likes of which
Cagle inherited at Pearl Beach. Indeed, the process of
growing-in a new golf course requires 2-3 times more
water than does the regular maintenance of a course. So
the potential damage caused by poor water quality —
the development of rampant black layer, totally anaerobic
soil with no oxygen — is far greater for newly grown-in
courses. The owners and managers at Pearl Beach had
little choice; redesign and change the water equation.



The sulfur-burning effort at Pearl Beach International GC
is rather unobtrusive and doesn't strike one as at all “high
tech”, according to Cagle and Martin Moore, principal
at Flagstick. The unit looks quite like a small chimney. It
sits right next to the main irrigation pond, sucking water
in, exposing the water to sulfuric gas, then pumping it
back info the pond. The process is repeated until the pH
of the lake reaches the desired level.

Flagstick has installed several sulfur-burning units in the
United States, and Moore says there are several impor-
tant things course managers should know about the
process:

® You need 99 percent pure sulfur if the process is to
work properly. Luckily, according to Lundardelli, finding
elemental sulfur is easily found in China.

® Location of the pump must be properly placed, ensur-
ing treatment of the entire lake’s supply, not merely a
portion.

* “To ensure effectiveness, you must monitor the results
with monthly water samples and read the pH of the
treated water and the electrical conductivity of the soils
you are treating,” Moore explained.

® One must continually monitor the fotal dissolved salts
on the turfed areas, to ensure the grass types on the
course are responding well to the treated water. Adjust-
ments in the sulfurburning and acid-injection processes
might be called for, over time. Lunardelli noted that the
main irrigation pond at Pearl Beach was re-ined to make
sure high-salt groundwater didn't taint the treated supply.

“There are a couple of manufacturers of these sulfur-
burning units that I'm aware of,” said Moore. “Probably
the most popular is the Sweetwater SS-10 unit that
provides a capacity of about 150 gallons per minute...
A unit like the SS-10 would cost under $10,000 USD.”

Of course, if one were importing to China, this price
would not include freight or duty tax, which may add an
additional 30 percent to the overall cost. “I'm not aware
of any company that manufactures these yet, in China,
but | am sure it could be easily done if the local industry
catches on to the benefits of sulfur burning,” Moore
added. “There is nothing too sophisticated about these
units. They are simple in operation.”

It's difficult to generalize but Moore, Lunardelli and
Cagle agree that serious water quality issues relating to
high salt content are not as common in the south of China
where rainfall — a natural desalinating factor — is more
abundant. In the North, where rainfall is less frequent,

high-salt issues are more common. Tianjin certainly falls in
the northern tier, as it is located only 150 km southeast of
Beijing.

But Moore reasoned that as more golf courses are
developed in China and governmental restrictions
toughen, more and more courses will rely on recycled
water from wastewater treatment plants, regardless of
geography and climatic conditions (including rainfall).
This will increase the need for further water treatment
efforts such as sulfur-burning and acid injection to ensure
healthy turfgrass.

The mix of turfgrasses chosen for the renovated Pearl
Beach Infernational include a salttolerant, 50-50 blend of
L93 and Seashore bentgrasses on the fairways, a Scottish
Links mix of fescues in rough, and T1 bentgrass on the tees
and greens. Cagle has overseen the grow-in of golf
courses in Beijing and Hainan. He arrived in Tianjin in
May, and the first thing he did — the first thing he does
upon arrival at any grow-in project — was fest the soil
and water. Indeed, this regimen of testing never stops.

“You have to be able to monitor what's going on and
you do that by taking frequent water samples and soil
samples to see if you need a gypsum supplement some-
where,” Cagle said. “Sulfurburning and acid injection
won't do it all by themselves. In Beijing, | used a lot of
foliar fertilizer on greens and tees especially. When
you're dealing with high pH, you have to make sure that
plant is gefting proper nutrition.”

Lunardelli says Troon Golf is a huge proponent of
continual soil and water festing. “We don’t make any
decisions about a fertilizer program or anything until we
understand the needs of the soil and how the water should
be treated,” he said. “It's a scientific but simple approach.
We have a duty to our owners fo provide something that's
not guesswork.

“But it's also an exiremely practical, costconscious
approach. If, for example, we actually had abundant
calcium naturally in Tianjin, we'd realize a natural fertiliz-
ing effect [from sulfur-burning] by releasing the calcium.”

That's why golf courses green up after a good rain.
Rainfall has litfle to no salt content and, therefore, an
acidifying affect. After a rain event, the calcium is
naturally released in the soil, removing sodium and
freeing up other beneficial elements the plant could not
previously access from the soil.

“If you weren't reducing salts with acidification, you
might be applying 2-3 times the fertilizer to achieve
similar results. You'd have tol” Lunardelli explained. “So
acidifying could save you money on fertilizer. And
honestly, with healthy turf, your threshold to withstand
disease, weed and insect pressure is increased as well.

“In Australia, where I'm from, we say ‘You are what
you eat’. This applies to soil. Your soil becomes what you
feed it. If your water is full of salt, the soil is full of salt.”
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Hal Phillips is a freelance writer from New Cloucester,

Maine and the president of Phillips Golf Media.
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