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THE ENTREPRENEUR

In 1965, while driving from one job in San Diego
to another in Los Angeles, construction engineer
Phil Dexter would often pull over to watch the
surfers. "What was there about the waves?" | do
not know, except that they were beautiful. To me,
they were very beautiful when people were rid-
ing them," says Dexter, now 86 and living in Con-
necticut.
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create his own, and once his California projects
were complete, he sought to make his dream a
reality in Phoenix. Long before the notion of the
Waterpark, Dexter stayed busy trying to develop
xEAO EA OEAT OAEAOOAA OIi
backyard, he developed a hydraulipropelled
model that he later expanded inside an aban-
doned billiards hall. This design, which ac-
counted for the height of the head of water, the
size and speed of a submerged gate, the shape
and height of the baffle, and the configuration of
a lagoon over which the waves would roll, cre-
ated 60 thousand rolling waves in one summer.
Soon, Dexter enlisted an engineering firm, began
the patent process for his wave maker, and
sought investors.



HISTORIC MECHANICAL
ENGINEERING LANDMARK

BIG SURF WATERPARK
1969

BIG SURF WATERPARK WAS THE FIRST WAVE POOL IN NORTH
AMERICA TO CONSISTENTLY GENERATE 3 15 FOOT SPILLING
WAVES SUITABLE FOR SURFING. DESIGNED BY PHIL DEXTER,
THE FACILITY USES 15 GATES THAT EMPTY WATER FROM A RES-
ERVOIR INTO A 2.5 MILLION GALLON LAGOON WITH CONTOURS
THAT REPLICATE A NATURAL BEACH. WATER RELEASED BY THE
GATES FLOWS OVER A BAFFLE, SIMILAR TO A NATURAL REEF,
THAT FORMS ONE WAVE PER CYCLE. PUMPS RECIRCULATE WA-
TER FROM THE LAGOON BACK TO THE RESERVOIR.

A FAST-ACTING DIRECTIONAL VALVE CONTROLS OIL FLOW TO
HYDRAULIC PISTONS THAT ACTUATE THE GATES. THIS SYSTEM
CAN ALTER THE HEIGHT AND FREQUENCY OF THE WAVES. IT
USES WATER-SOLUBLE OIL AND INCLUDES AN ACCUMULATOR
AND PIPE SNUBBERS TO CONTROL WATER HAMMER AND
SHOCK. ALL HYDRAULIC SYSTEM COMPONENTS ARE ORIGINAL.

A{.@IE THE AMERICAN SOCIETY OF MECHANICAL ENGINEBR




AT A GLANCE Wave Pool technology can be traced back to the 19th

ASME has designated Big Surf Waterpark as an ASMES Y U dzNE g KSy [ dzZRgA3 LL 2F¥

historic mechanical engineering landmark recipient asY A Y 32¢ 0dZAt 4 I &agAYYAy3 L2Z2
the first inland surfing facility in North America. tate the swell of the ocean in Castle Linderhof, Germany

(Membery, 2000). 1912 marked the construction of a
Big Surf Waterpark opened in 1969 as a 20 acre complexaltwater wave pool, 400 feet by 600 feet (240 thousand
in Tempe, 10 miles east of downtown Phoenix. The Wasg, ft.), with waves generated by a waterfall at the famed
USNLJ N Qa 2FATATA . SEOK dzpgisadet Amlseddht PHrR iR Nelw JedskydMyerY, 1984.A
that creates a single transverse wave of sufficient heightan artificial wave pool, 5,382 square feet, was built in
and duration to permit surfing. 1927 at the Gellért Baths, Budapest, Hungary that to this
5SEGSNI aK26SR 2FF GKS o1 A8 CPRegR Reyies of proken waups (GeliflpBat ang.
. Spa). Other wave pools include the 1934 Wembley Swim-
press conference in September 1969. At the grand open- _
g Pool which used a submerged paddle wheel to cre-

ing of Big Surf, the machine generated waves five fee{m_r{l

. usS F asSNAsa 2F alylts atllL
tall every minute. The waves generated by the wave : . .
. - The only wave pool contemporary to Big Surf is Point
maker are considered perfect spilling waves that are

ideal for surfing, in particular for beginner to intermedi- Mallard Wave Park, opened on August 8th, 1970 with a

e . . 75 foot by 140 foot (16 thousand square feet), 400 thou-
ate surfers. The facility is still in operation, using all the _
sand gallon pool generating thresnd-a-half feet tall

original components for surfing, body surfing, boogie
. . wa
boarding and rafting.

VEeS.

Big Surf was the first wave pool in the US to create a sin-
gle traveling wave, perfect for surfing with waves origi-
nally up to five feet in size every 4B seconds. Waves
are produced by storing a predetermined head that is
released beneath the surface of a body of water against
a baffle. Simple in design, it uses minimal components,
and reduces a water pollution by utilizing a filtration sys-
tem. The Big Surf Waterpark mechanisms are over 40
years old and continue to work flawlessly.

WAVEPOOL DESCRIPTION

In order to generate single surfable waves, two things
are required: a surfing area, known as the lagoon, and a
reservoir area for wave production. A pump takes water
from the recirculation basin and stores the water until
reaching a predetermined head. Then, 15 gates at the
bottom of the reservoir are opened and water is re-
leased, converting potential energy into kinetic energy.
HISTORY AND SIGNIFIC  ANCE Upon release, the water hits a baffldesigned specifi-
Unfortunately, surfing is dependent on the natural wave c4|ly to deflect the water upwards to create a translatory
action of the ocean. Normally, surfers must go to the straight moving) surface wave. To summarize, the wave
ocean to enjoy this sport and learners must face the un-ig created by virtue of the potential energy of the hy-
predictable waves the ocean throws at them. Big Surf igjraulic head due to the raised water, the speed at which

capable of generating a single translatory wave, perfecthe gates open, the duration of time the gates are open
for surfing. Prior to the opening of Big Surf, wave poolsyng the shape of the baffle.

used surface agitation to generate waves, unsuitable for
the sport of surfing.
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e 5 (BackgroundPriginal engineering drawing showing the reservoir and the baff
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depth over the apex of the baffle, the hydraulic head and lagoon depth, and wave formation quality is explained. Ir
the final build, the reservoir depth (A) was 20 feet, the depth of the lagoon (B) is eight feet and water depth over ape
is two feet, which creates optimal conditions for developing translatory waves for surfing. The reservoir is 24 feet high
20 feet deep and 157 feet wide and made out of steel/rebar reinforced concrete.

Table 1:Relationships between key parameters of the wavemaker and type of wave formation .

ADDTos. Ot Operig Spoed— 1ot mt
. Gate Opening Speed= .
'D?st from Qate to Apex=9"

Apex Height=3"
Water
Reservoir | Depth Hydraulic | Lagoon
Legend Depth Ower oad Depth Wave Formation
1 Apex |. Quality Deseription
(A) . B (C) o)
15 r w 8 SWELL
17 2! 19 8’ T
19 2 14 -3
IDEAL RANGE
21" 2 18’ 8
e v 1 ¥ |
25" 2 20" F: EXPLOSION
19 F 13 g SWELL
2 3 15 i ]‘
23’ k4 hing o
IDEAL RANGE
28 g 19 4
. Lo 3 2 . g J
20" g 23 9 EXPLOSION
- 22' - 15 10 SWELL
24 g 17 - 10
26 Y 19 0 1
- ’ : / . ; . o8- . 4 b 1w
B e g s wLL o, el ' -3 -4 2 | a0 | IDEAL RANGE

1. The pressure difference between the height of the water in retained head of the reservoir and the height of
the surfing area (lagoon area). This is a direct function of the hydraulic head in the reservoir, which varie:
proportionally with height of the column of retained water in the reservoir.

2. The interval of time through which the pressure difference operates to discharge water from the reservoir and
the amount of water released during that interval of time. The size of the gate, the speed at which the gates
open and the amount of time the gate remains open dictate the speed and the mass flow rate of water

released.
3. The amount of vertical rise of the front upward sloping face of the baffle.

4. The slope of the bottom of the body of water with respect to the frictional value of the material comprising
the bottom. This is a fundamental part of the invention as without this slope the wave would revert to a swell

and not break to form a translatory wave suitable for surfing.
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WATER DISTRIBUTION S YSTEM by a hydraulic piston. The activation of the hydraulic pis-
The settling basin (recirculation basin) holds 500 thoufon is controlled by a highpeed directional control
sand gallons of water, the reservoir holds 500 thousandvalve, and is powered by a hydraulic pump. The pump
gallons of water, and the lagoon holds 2.5 million gallonskeeps a steady stream of pressurized oil flowing into the
of water. Water is pumped from the recirculation basin System to move the piston inside the cylinder, therefore,
to the reservoir using two of the three pumps 250 HPMoving the gate. Since the hydraulic pistons are under-
natural gas engines (Model G342). Each Caterpillavater, watersoluble oil is used to prevent contamination
pumps 110 thousand gallons per minute from the recir-f the swimming water in the event of an oil leak.

culation basin into the reservoir. At maximum capacityAt the time of the grand opening, it was reported that

egch pump can pump 35 thqusand gallons of water P€lihe gate opened in 1.7 seconds (Sports lllustrated, 1969).
minute. Fifteen gates open simultaneously to release 70This requires an extremely fast directional valve, as well

90 thousand gallons of water into the lagoon area. Wa-

_ as a hydraulic circuit that permits fast switching and
ter returns from the lagoon and passes through a f||tra-mirlimizes any fluid hammers and dynamic pressure

tion system. This is achieved using a 250 HP Caterpill%r

_ ) _ pikes. The system designed was custoatde specifi-
engl-ne Wh'C_h pumps 8,000.gallons per mln.ute irom thecaIIy for this purpose by John Hauskins. To this day, Big
settling basin through a high rate sand filter system.

h s filtered. i h H CSurf still has all the original blueprints from construction,
Once t e.waﬁer Is filtered, it passes through an automatlcas well as the original equipment still running the wave
gas chlorination system for water treatment.

generator, including the Vickers Eaton hydraulics.
WATER RELEASE MECHAN ISM CONTROL CIRCUIT

Ther'e are 15 gates in fotal, each 10 feet, ngghlng aPas previously discussed, the speed at which the gates
proximately 1,000 pounds per foot. Each gate is made of

f fill I is fi h open and the amount of time the gate remains open dic-
oamfilled steel and s fixed to a shaft at one end. Oncetate the speed and the mass flow rate of water released,

the reservoir is full, each gate is opened simultaneously[hus a key variable in the generation of surfable waves.
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Figure 7Engineering drawing showing the hydraulic system interaction with the gate.
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The speed of opening and closing of the gates is con-
trolled by a control circuit, a schematic is shown in Figure
8. Components of the control circuit include:

il

Hydraulic Pump (50 HP). Provides hydraulic power to
the 15 lifting cylinders.

Lifting Cylinder, or hydraulic actuator, raises and
lowers a single gate. Each cylinder is filled with
vegetable oil to prevent lagoon contamination.

1
Hydraulic Tank. Acts as a return flow, oil reservoir

and ensures adequate oil availability.

Accumulator. A compressed gas, closed accumulator
is located close to the pump to dampen pressure
spikes. Unwanted pressure spikes are caused by sud-
den stops in fluid motion or changes in momentum
(e.g. gate reaching open/close position) and damage
system components.

Snubbers. Prevent sudden hydraulic tube movement
due to dynamic pressure spikes.

High Speed Valve and Gas Actuators. Two mechani-
cally connected, solenoidriven, gas actuators pro-

vide power to the high speed (spool) valve. The
spool valve alternately ports working and return

pressure to the lifting cylinder. In the position

shown, the spool valve ports working pressure and
return flow to raise the gate [cylinder activating].

When the valve is spooled to its opposite end, work-
ing pressure and return flow are reversed, com-
manding the gate to lower.

Timing Circuit. System timing is provided by the elec-
trical timing circuit [not detailed here]. Proper set-
tings of 15 independent timing circuits permit all
gates to open simultaneously. Alternatively, stagger-
ing each solenoid trigger time permits creation of a
diagonal wave.

ik

snubber
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i — By: Hauskins 10-2011

Figure 8 Schematic of Hydraulic Circuit (Personal communication with John Hauskins, October, 2011)
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Figure 9:0riginal Engineering Drawing of a Single Gate
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DEVELOPMENT
AND

" CONSTRUCTION

Dexter filed a patent on

YR &

t N2 RdzOA y 3 2 @S
December ¥, 1966 (Ser. No.

. 599,758) (Dexter, 1969).
- By the end of the summer of
- 1967, in a bankrupt billiards

hall in Phoenix, he had made
another  prototype  that
automatically created waves
every 20 seconds in a miniature
lagoon, 40 feet by 30 feet, and
held 1,000 gallons of water.
This prototype was a miniature
replica of the final wave pool at
Big Surf Waterpark. Nineteen
year old John Hauskins, a young
student, was studying at the
University of Arizona and
working on the project during
his summer breaks. The
consulting firm, Sergent,
Hauskins & Beckwith, aided the
construction and the design of
this  replica. Norwegian
architect, Dr. Brunt, was called
in to consult on this project.



Figure 100riginal Prototype Wavemaker Schematic as described in Patent 3473334
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THE PROTOTYPE
WAVEMAKER

Figure 10 left, shows the original
drawing of the prototype wave-
maker. The drawing showsras-

ervoir of water held in a con-
tainer. A gate, not pictured, re-
leases this water which is then
forced over thedeflector. This

produces a translating wave
which travels along the length of
the lagoon and finally ends at
the artificial beach where the




