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Notes to this .pdf version of
Stalking the Mountain Wave

As there will be no third edition of the 1997 book (as I write there
are only a dozen copies still unsold from the 1000 that were printed),
Ursula and | thought the content should not be lost to those pilots
new to wave flying in general and Cowley in particular.

There are some small differences between this and the printed book.
The PageMaker files of the book had no photographs incorporated.
The “historical” photographs were no longer available so | had to
scan the photos off the book pages with consequent unavoidable loss
of quality regardless of the PhotoShop tweaking done to perk them
up. Happily though, most of the “contemporary” photos remained
on hand and they are now in this pdf copy in glorious colour. Photos
on pages 28, 155, 171, and 203 are not identical to the originals but
come from the same sequence of photos in each case and convey the
same story. The pages 8/9 Livingstone Range panorama is new.

Another difference is that in converting the old PageMaker files to
InDesign, there are small differences in the “font metrics”, hence lines
of text are often not identical. Lastly, | took the opportunity to update
the Cowley Diamond climb/records list.

Enjoy the book. On screen, | recommend using ‘facing pages'.
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Cover  This magnificent lenticular cloud
formed over the Cowley summer camp on
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Dedication

A host of wives, friends, pilots, and visitors — as well

as the main characters in this book, have had a hand

in creating “Cowley”. | wish to thank them with this
book, a small contribution to honour their efforts.
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Preface

UNDER A STAR-BRIGHT SKY, when the logs glow and the northern lights dance and
zing, the tales of the Great Wave come alive. There is the pilot’s quest to lift its secret, the
glory of achievement, the lobbying at provincial and federal governments in the name
of soaring.

The revival of postwar soaring in Alberta started with the survival of a club and Alvie
Cook, arancher and farmer in Pincher Creek. Mr. Cook had his private airstrip on the outskirts
of Pincher Creek, and from here pilots were invited to fly to the west to explore the mountain
lee waves. These adventures were kept in a diary, The Cook Book. One day, the diary fell into
my hands. It prompted me to compile the history, for we all ought to know of the evolution
of this special airstrip and the airspace above it.

The former emergency airstrip fifteen kilometres north of the village of Cowley invited
soaring pilots to land when conditions changed abruptly. Also, this little used airfield proved
to be more convenient for tows into the waves. About a decade later, efforts were made to
officially receive permission to fly from this federally owned airfield, which was maintained
by the Province of Alberta for fire bombers. High altitude flight became normal, but airways
and block airspace hindered climbs to diamond and record heights. The Ministry of Transport
had to be approached for safety of glider pilot and commercial traffic.

I have used a lot of the original correspondence as witness to the facts. A lot of frustra-
tion and setbacks preceded each step to the seemingly easy success with the federal and
provincial authorities. Please keep this in mind when you read the chapters.

In the eighties, the Cowley summer and fall camps seem to burst and lure hundreds of
pilots to share the festivities of friendship, thermal, ridge and wave soaring. These camps are
proud events of the Alberta Soaring Council, and most of the soaring tales here were writ-
ten for ASCent (its newsletter) or free flight (the national journal). They attest to the glider
pilot’s heaven in the heart of Chinook Country.

Above all hovers the chinook arch - the Great Wave. This phenomenon has interested
natives, laymen and scientists alike in the quest to lift its secret. Again a great wave begins
to form as | think of the fine friends who have contributed to these pages. A three inch
deep pile of original documents back up the historical facts. They moved out of the closets
and basements of Klaus Stachow, Bruce Hea, Al Foster, Julien Audette, Harold Eley, Dick
Mamini, George Dunbar, Peter Lester, Bill Riddell into my hands, along with photographs
and slides. My husband Tony Burton was always around to encourage me, and he worked on
the graphics, text editing and book design.

These are only a few of the soaring family, many more pilots offered ideas and helped out.
Thank you all for your support and understanding - without you this book would not be in
your hands today.

Ursula, 15 December 1987
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Preface to the second edition

STALKING THE MOUNTAIN WAVE is back by popular demand, extending the history of
Cowley and wave soaring events another ten years and adding more historical material that
has come to light. The format of this edition has been enlarged, the content reorganized and
a new chapter added on aeromedical matters, the design has been given a more artistic treat-
ment, and more excellent photographs by our own pilots are included. Tony worked hard to
have it done on time for the 25th Cowley summer camp. Bless his heart.

“This is not the end of the airfield story, of course. In the future it is hoped that the airport
will be developed further, and there is the need for continual vigilance to ensure that the
requirements of glider pilots are not overlooked by government programs. When problems
need solving, a good problem solver will once again, we trust, come forward from amongst
the soaring community.” (from the 1st edition in 1987)

Forty years after “the small beginnings” and ten years after the first edition of this book,
we can look back at an exploding development of wave knowledge by scientists and our own
pilots, medical aspects with the help of our soaring doctors, ASC becoming operators of
Cowley airfield, changing of airspace around us with a revisited approach to the Livingstone
Block by one of our members, Bram Tilroe, who happens to be an air traffic controller,
Klaus Stachow’s dream of a national soaring site will become cast in bronze through the
Soaring Association of Canada, and Steve Weinhold’s lone dedication of a mountaintop cairn
in his quest “to form a bond with these wave pioneers.”

We have seen parched runways, we have waded through standing water at the flightline
and got our fill of mosquito and grasshopper plagues. We have lived through heat reserved
for other deserts, and cold with snow on the peaks in July. We have stood in awe of lightning
all around us under menacing cumulonimbus clouds without a drop of rain falling while hail
and destruction flattened ripened wheat fields on the other side of the hills.

We have had camps with a hundred pilots and their friends, and we welcome the same
faces year after year - Cowley is a true Mecca to those of kindred spirit. We are part of the
community around us, we have appeared on TV screens through local producers’ interest
and listened to fact and fancy on the radio in honour of the great Chinook. We have met
poets and artists, and scientists and farmers on the way, folks from all corners of the globe.
But most of all, our own enthusiastic pilots make all this happen. Safety is enshrined, but
adversity is always around. We make our own merriment - there are Barry Bradley’s Coyote
pancakes, young Michael Morgan’s bugle reveille just before the pilots’ gathering on sum-
mer mornings, and Sheila Hea’s feasts for the multitude. We see the grass grow again and a
thousand wildflowers waving in the summer breeze. There is the Oldman Reservoir and its
new landscape nestled amongst the old rocks whose description by Sid Marty was so kindly
allowed to be reprinted here from Leaning on the Wind. Sid lives at the foot of Centre Peak
and lives, laughs, and cries with the wind. He is part of this very landscape and I'm grateful
for his contribution. The geologic past is exposed in the rocks, and then comes our own tiny
history of this small spot on Earth. We have come a long way - we have many miles to go.

Ursula, 15 February 1997



Doug Currie




Chapter 1

The Mountains
and their Winds

The native people in southern Alberta
had their own ideas about the warm
winds that blew over the foothills and
bare prairie between cold arctic days.

The high and smooth lenticulars invited
many outdoor lovers to observe their
formation and changes.

Glider pilots soared near the bare walls
of the rocks to be lifted high above their
peaks towards and into the stratosphere.

Scientists were challenged to understand
the secret of these mountain winds.



THE SNOW EATER

Two tales from Blackfoot mythology

1

Chinook began when an Indian named Coyote took two slaves during
awar and set them on each side of his house. The next morning he saw
that one of his slaves had started to swell. Soon, the slave burst, destroying
Coyote’s house.

Coyote called on his medicine man for help. He was told the slave he cap-
tured was the West Wind. When winter came he could recapture the slave
by setting a trap where he saw a bare spot on a snowy hillside. He did this
and recaptured the slave. But once again the slave exploded.

This time the medicine man told Coyote he could not keep the slave. The
West Wind lived in the hills. He came down when he pleased, and when he
came the snow went away. If he had been killed, winter would never end.

2

One day the West Wind looked down on the earth and saw that it was
covered with snow and it was so cold. He felt sorry for the people and
the animals, so he asked Old Man Winter to make it warm so everyone
wouldn't be so cold. But Old Man Winter refused and they started fighting.

West Wind started shooting arrows into the sky and was winning, so then it
warmed up on earth and everything started melting. Old Man Winter then
tried harder and he would start to win, and everything would turn cold
and freeze again.

This kept on for some time, then West Wind finally won and that is when
spring came. So from that time on every year during the winter we always
have Chinooks.




The Creator Wind
Sid Marty™

VER THE CASTELLATED CREST of the Rocky Mountains, the sky is a blue rib-

bon, its bottom sawtoothed with limestone ridges and towers; its upper band formed
of a bow in the clouds, the bow curved as the planet, stretching from Peace River in northern
Alberta some 680 miles to Sun River, Montana, stretching on to Denver. The arch is so
sharply delineated for miles at a time that it gives the cloud a solidity it cannot possibly pos-
sess, as if this curved border were carved out of ivory instead of vapour.

This is the Chinook Arch, the totem of a famous transformer, a warm Pacific wind that
brings temporary spring in the midst of winter to the high border country of Alberta and
Montana, the western edge of the ancient Buffalo Ground.

Meteorologists classify this region as “part of the northern cool temperate belt”, though
there is nothing “temperate” about our climate that | can see.

Cresting the mountains at 10,000 to 14,000 feet and higher, on average the wind strikes
forty-five or more days each winter on the foothills and prairie that lie at the mountain foot
from Pincher Creek, Alberta south to Livingston, Montana, the area known to Montana
meteorologists as the Northern Chinook Zone. The chinook zone stretches eastward from
the mountain foot to an invisible boundary varying in width from approximately 180 to
240 miles. Where 1 live [at the foot of Centre Peak of the Livingstone Range], we expect winds
of 60 mph or higher at least once a month from November to February. And these winds
mostly bring a whiteout of blowing, thawing snow, not a blackout of blowing dirt.

Environment Canada has clocked the chinook at Pincher Creek, Alberta, at 84.9 mph
(136.6 km/h) and the maximum gust at 109.7 mph (176.5 km/h). Nobody who has lived in
the Pincher Creek area (including this writer) believes those records either. They are too
low. The wind in the nearby Crowsnest Pass, the wind tunnel of Canada, was once clocked
at 135 mph (217 km/h) by the staff of the old Saratoga gas plant.

Despite its tropical effect on the Chinook Country psyche, the wind owes its origin to
a low pressure system occurring off the Gulf of Alaska and a low pressure zone east of the
Rockies. A cyclonic (counterclockwise) motion of air around the Alaska low eventually
drives the southwest wind into Montana and Alberta. The Montana chinook expert Warren
Harding, a former weather observer in Alaska, once told me that the Alaska low “throws off
wind like a big wheel throwing off mud.” Eventually this moist Pacific air begins rising up
the west slope of the Coast Ranges. “By definition”, Harding explained, “when a surface and
upper ridge of high pressure approaches a mountain range, the lee side trough will start to
form — that is, the pressure starts to fall on the east slope.”

Air flows from areas of high pressure to areas of low pressure. The air rises and partially
subsides several times, lifted orographically by the interior mountain ranges of the north-

* The following text on pages 3-6 is excerpts from Leaning on the Wind: Under the Spell of the Great
Chinook by Sid Marty. Copyright © 1995 by Sid Marty. Published by Harper Collins Publishers Ltd.
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west before it rises for the final time up the west slope of the Rockies. The cooling effect as it
rises causes a loss of moisture (water vapour) to precipitation when the dew point is reached,
and that is why most of the precipitation will fall on the west side of the Rocky Moun-
tains. (This is also why the eastern plain, in the “rain shadow” of the mountains, are so
arid). The cooling effect of altitude rise is much greater in drier air, but in this wet air, the
cooling is tempered by the principle of the latent heat of condensation. That is because energy
from the sun (heat) was originally stored in the water vapour contained within that rising
air. The air, drier now, subsides on the eastern side of the mountains, drawn into the trough
of low pressure. As it plunges down, it is warmed further through compression, like the air
in a bicycle pump. Since the air is drier, it gains heat at the dry adiabatic lapse rate of 5.5°F
(3°C) per 1000 feet. There is a dramatic net gain in temperature from the windward to the
leeward side of the Rockies [due to the loss of moisture from the air].

Meanwhile, on the east side of the mountains, the snow covered plains, all unsuspect-
ing of these physical forces, may be gripped by temperatures that are well below zero. So the
warm air descends on this cold air mass like warm water on an ice cube. The variation be-
tween wind and surface temperatures accounts for the wild temperature swings during chinook
conditions. There can be an eerie precision about the contact zone between chinook air and
arctic air.

When Chinook comes calling, it brings a desert thirst along. It could vacuum the milk
from a cow’s udder, drink the coffee from your cup, suck the alcohol out of your shoe polish.
This is not only a winter phenomenon. Although it is known as the Snow Eater, the chinook
wind blows both winter and summer, and dries up the soil in both seasons.

Early explorers noted the phenomenon in their journals. Alexander Mackenzie of the
North West Company was the first white man to cross the continent and reach the Pacific.
On 29 December 1792, while wintering at Fort Fork on the Peace River, he notes, “the wind
being at North-East, and the weather being cold and cloudy, a rumbling noise was heard in
the air like distant thunder, when the sky cleared away in the South-West; from whence there
blew a perfect hurricane, which lasted till eight. Soon after it commenced, the atmosphere
became so warm that it dissolved all the snow on the ground; even the ice was covered with
water, and had the same appearance as when it is breaking up in the spring. From eight to
nine the weather became calm, but immediately after a wind arose from the North-East with
equal violence, with clouds, rain, and hail, which continued through the night and till the
evening of the next day, when it turned to snow.”

What Mackenzie described in 1792 is the very same battle of winds, the same arid climatic
conditions that Albertans are familiar with today.

This is not only a winter phenomenon. Although it is also known as the Snow Eater,
the chinook wind blows both winter and summer, and it dries up the soil in both seasons.
Everywhere you look in Chinook Country, you will see the marks of the wind upon the earth.
It is there in the permanent lean of the aspen groves, those white tree trunks all leaning
northward as living windvanes indicating the prevailing southwest winds. It is there as a cur-
rent of energy wavering through the grain fields and through the sweep of remaining prairie
grass. The wind keeps aspens, willows and rose bushes penned up in hollows behind the little
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drumlin hills left behind by the Great Ice. Those that try to root themselves in the open it
attacks, blasting the leaves with flung dirt, tearing off the new leaves. It will thaw out the roots
in midwinter so the sap begins to run. Then the frost comes back with an arctic cold front,
freezing the tender buds, injuring the roots and sometime killing the tree. Acres of conifers
in Waterton National Park have had their green needles turned to a ruddy orange by this
windburn. Trees killed by this process in winter are standing tinder for a summer lightning
strike; the west wind waits to fan the strike into a forest fire.

No one knows how old the chinook is, but since it is a mountain wind, formed from air
moving over an incline, it must have been conjured up from the sea when the mountains rose
from the highlands ... The creative power of this wind as a transformer of landscapes. A geog-
rapher, Ronald L. lves, ... writing in Annals of the Association of American Geographers (1950),
suggested that the chinook wind, combined with the rain shadow effect of the mountains,
created an ice-free corridor between the continental and cordilleran glaciers.

Looking at the distribution of loess (glacial silt) across the plains, and examining the fret-
ting of rocks by the wind, Ives concluded, “Wind motion during much of the Pleistocene was
in the same general direction as wind motion today.” He found further evidence of ancient
chinook winds in the patterns of ancient glaciation on the windward and leeward side of the
mountains, patterns still found today, and consistent with chinook wind and rain shadow
effects ...

HOW DID THE OCEAN get up in the sky? The front ranges of the Rocky Mountains
are known to Montanans and Albertans as “The East Slope”. The first fur traders to set
eyes upon them called them “the Shining Mountains”; the Blackfoot, in possession of this
region before the Europeans arrived, called these mountains “the Backbone of the Earth”.
This rocky backbone joins together three countries on one continent.

The Rocky Mountains are sedimentary in structure, something that is obvious at first
glance, because the rock is stratified, layered like wedding cake, the different strata are
readily distinguished by the naked eye even at several miles’ distance. These layers of
sediments were deposited in vanished oceans, or in immense brackish swamps and fresh-
water lakes. Then, as now, the wind acted as a primal shifter of soil, scooping it up in one
place and depositing it in aeolian dunes somewhere else. Much of the sediment came from
the erosion of earlier land forms, the detritus eventually metamorphosing into mudstone,
sandstone and shale.

What raised it up, from 70 to 55 million years ago, was tectonic activity in the earth’s
crust. According to one theory, mountain building here is a result of a collision between
the North American plate and the Pacific plate. As the Pacific plate was driven inexorably
under the North American plate, the west coast and adjacent plains of North America
were uplifted in a wide highland. Eventually, vast amounts of molten magma, triggered
originally by the collision of the plates, rose up through heavier formations nearer the
surface and further raised the highland. Under tremendous pressure, upper sedimentary
layers broke away downslope, and an entire skyline from British Columbia to California
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answered ponderously to the call of gravity.

The front ranges of the Rockies were displaced along faults (fractures that allow masses
of rock to slide past each other), such as the great Lewis Overthrust of Montana and
Alberta. In some cases mountains are said to have moved as much as fifty miles east of
the location where their sediments were first laid down. Older formations of limestone were
pushed over younger sandstones to create bizarre rock sandwiches, reversed chronologies.

The foothills were formed at the same time under the same impetus, and being less
lofty, reflect where the force subsided. Mountains and foothills form long ridges parallel
with each other, running northwest and southeast. Topographically, the effect (to speak
very generally) has been compared to shingles on a roof. From the Great Divide, the roof
slopes gradually downward to the northeast. The butt ends of the shingles are the steeper
east faces of the mountain ranges, such as the Livingstone Range and higher foothills; the
formations subside eastward into the first prairie steppe, the western Alberta plains. The
slope is hardly noticeable as one reaches the eastern plains, which lie at altitudes of 2000 to
3000 feet. In reality, deep valleys, containing streams and rivers such as the Columbia, run
along those cordilleran faces. A few of the rivers, such as the Bow, the Oldman, Marias and
Yellowstone, cut across the mountains at right angles to debouch on the plains.

The late R.J.W. Douglas (of the Geological Survey of Canada) shows how that older
Paleozoic rock, riding upward along the Livingstone fault, has been pushed over the top of
the younger formations of the Mesozoic, causing Mesozoic strata to the east to be pressur-
ized and warped. Down on the Oldman River bottom not far to the north, | have seen convo-
luted writhings and foldings in the canyon walls so intense that both syncline and anticline
may ripple through the strata within the length of a yard. This type of chronological dis-
placement is what led geologists to label our region “the disturbed belt”...

APPARENTLY it was a Euro-white who affixed an Indian name on this wind. The Chinook
people, namesakes of the wind, dwelt in fur trade days near the mouth of the Columbia River.
The name was said to have originated as a joke made about 1840 by a Mr. Birnie, a Hudson’s
Bay factor in Oregon. A warm northwest wind used to blow toward his fort from the camps
of the Chinook Indians between Fort Ellice and Cape Disappointment. He called this wind
“the chinook”, and it is possible that the name arose not only from the warmth of the wind,
but from its perfume, because the Chinook villages were fishing villages.

The tribes living in Chinook Country had their own names for the wind. To the
North Peigan, for example, it was “aisiksop u, the oily wind, though according to two white
authors who lived with the Peigan in early Montana, it was known there as the “black
wind”. Either description seems credible: the wind first turned the ground greasy with mud
and slush, but might later turn the air black with dust. The Peigan or Piikani, my closest In-
dian neighbours, seemed to attribute the wind to the work of the Blackfoot trickster/creator
figure Napi, or Old Man. The expression was Napiua aisiksopumstau — “the Old Man makes
the oily wind”.
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The creation of mountain lee waves
Tony Burton

AS WELL AS CAUSING CHINOOK WINDS, a strong transverse airflow over the Rocky
Mountain ranges can create an organized flow pattern of waves and large scale eddies with
strong updrafts and downdrafts associated with severe turbulence. Heat is gained through
contraction due to increased air pressure. In very dry atmospheric conditions little or no
clouds may be formed. The formation of mountain lee waves depends on several factors: the
wind should be blowing from a direction within 60 to 90 degrees of a substantial ridge; its
strength must increase with height and change little in direction (strong mountain waves
are often associated with jet stream); a wind speed greater than 25 knots at the ridge crest is
usually necessary and; lastly, there should be a marked stable layer, either isothermal or an
inversion, with less stable air above and below, between the crest level and a few thousand
feet above it.

The average (lee) wavelength in the troposphere is about ten kilometres, but much longer
wavelengths do occur, for example the chinook arch. The wave amplitude is much harder
to determine from meteorological observations. In general, the higher the mountain bar-
rier and the stronger the wind, the greater is the resulting disturbance. But the most severe
conditions occur when the natural frequency of the waves is tuned to the ground profile
and conditions for wave motion are only just satisfied. This makes the prediction of wave
amplitude uncertain.

Lenticular clouds provide the most unmistakable evidence of the presence of mountain
lee waves. They form on the crests of standing waves. The air streams through them, with the
clouds forming at their upwind edges and dissipating downwind. They may appear at several
levels, sometimes resulting in what looks like a stack of inverted saucers. Lenticular clouds
usually appear a few thousand feet above the mountain crests, but are also seen at any level
up to the tropopause and even above.

Rotor or roll clouds at first glance appear to be harmless bands of ragged cumulus or
stratocumulus parallel to and downwind of the ridge. On close inspection they are seen to
be rotating about a horizontal axis. These rotor clouds are produced by the local breakdown
of the flow into violent turbulence. They occur under the crests of strong waves beneath the
stable layers associated with the waves. The strongest rotor normally forms in the first (or
primary) wave downwind of the ridge and is, therefore, usually near or just above the level
of the ridge crest. Cap clouds form on the ridge crest and strong surface winds, commonly
found sweeping down the lee slopes, may extend them down the slope producing a cloud
“waterfall”, or “féhn wall”.

Lenticular, rotor and cap clouds are not always visible, as the air may be too dry for
them to form, even in strong wind conditions. Rotors give rise to the most severe turbu-
lence to be found in the airflow over high ground. Sailplanes flying in rotor zones can
experience accelerations of 2g to 4g, and occasionally higher. Flight in strong waves can
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Margaret Simon

vary from smooth to severely turbulent, and the transition from smooth to bumpy flight can
be abrupt, and sometimes violent.

Turbulence near jet streams is often greatly increased, both in extent and intensity. Strong
vertical wind shears are often concentrated in a few stable layers just above and below the
core of the jet stream. Distortion of these layers when the jet stream flows over high ground
can produce a local breakdown of the airflow into turbulence. Usually, the cold side of a jet
stream is more prone to turbulence, but mountain waves may be more pronounced on the
warm side.

These conditions, common in southwestern Alberta, are the soaring pilot’s delight.

Cowley — the heart of Chinook Country
Garnet Thomas & Tony Burton

THE TERRAIN of Chinook Country is magnificent, with a varied pattern of rocky peaks
and striped grain fields. The Livingstone Range rises as a long, 4000 foot high sedimentary
rock wall, fifteen kilometres west of the Cowley airfield. It stretches from the Crowsnest
Pass, near the United States border at its southern end, eighteen miles north in an almost
unbroken line up to the Oldman River Gap. This is the great wave generator, marked by
8364 foot Centre Peak in, naturally, the middle.

Two miles east of the field stand the old preglacial remnants of Alberta’s former hillier
contours, known as the Porcupine Hills. These knobbly mounds, pine studded on top, rise
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the Livingstone Range — the rock wall that generates the famous Cow-
| leywave. The highest point, Centre Peak, is snow-topped to the right.

about 2000 feet above the field and parallel the Rockies. A wide and relatively flat valley
at 4000 feet elevation lies between the mountains and the hills.

Cowley airfield is towards the south end of the valley and the prevailing westerlies blow
over the Livingstone Range and create tremendous standing mountain lee waves. These are
often marked with lenticular clouds, surfing over the arid land eastwards, their white ridges
marking precisely each wave crest. The famous chinook arch is born over the Continental
Divide and can stretch from horizon to horizon above the mountain chain, and extend
downwind a hundred kilometres.

When flying at 20 to 30,000 feet, one realizes how abrupt the demarcation is between
prairie and mountains. To the west, as far as one can see, lies chain after chain of mountain
peaks, while to the east the prairie seemingly stretches away to infinity. The normal length
of the Cowley wave places the tertiary wave above the Porcupine Hills. These hills seem to
strengthen the secondary which will lie a couple of kilometres upwind of the airfield. The
tow to the secondary from the Cowley airfield is therefore short with a forgiving and easily
avoidable rotor. Because the field is so close, it is safe to release at a low altitude, 2000 feet
above ground is not uncommon. Transitioning to the primary is straightforward, especially if
one diverts to either end of the ridge where the wave diminishes.

There can be a much more severe rotor under the primary wave which may be influenced
by small foothills right in the lee of the Livingstone Range. It is possible that these hills
contribute to a separation of the airflow coming down the mountain slope, magnifying the
turbulence under the primary. In any case, a 4000 foot tow to 8000 feet asl is necessary for
safety, and it may be very difficult for the towplane to negotiate the rotor at all in strong
wave conditions.
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A cross-section of the valley through the Cowley airstrip.

Although the topography of the valley is well suited to the formation of three waves
as shown in the diagram, if the upper winds are very strong the wavelength is longer and
only two waves will form. If the airmass is too unstable, strong winds will just fill the valley
with mechanical turbulence which produces exciting tows and an education in piloting and
circuit flying. When the secondary is well-formed, access to the wave is generally non-
turbulent and straightforward with a 2000 foot or lower tow just to the west of the airstrip.
Sometimes the wave descends quite close to the ground and the secondary wave can be
contacted at less than a 1000 feet. With no clean secondary at tow heights, a 4000 foot tow
to the primary is made. To avoid the strongest part of the rotor, the tow generally proceeds
straight west towards the lower southern end of the Range and, when abeam the rotor clouds,
turns northwest towards Centre Peak until in the wave over the foothills.

Pilots in lower performance sailplanes must not lose the wave at the point of release or
they will very quickly lose height in the rotor. Almost every wave camp has some pilots land-
ing out in fields below the Range because they have not pushed far enough westward into the
wave on release and have lost it. The airmass is usually dry, which helps keep canopies clear,
and often the wave may not be marked by any lenticulars at all. There are no problems of
wave “windows” closing in, and the visibility is generally superb.

The frequency of wave at Cowley
Tony Burton
IN 1976, Dr. Peter Lester, then working at the University of Calgary in the Kananaskis

Environmental Centre, published a meteorological paper which gave a statistical analysis
of twelve years of daylight wave cloud observations taken at the Pincher Creek weather sta-
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tion. This data was collected by the weather station at the instigation of Julien Audette, a
prominent soaring pilot from Regina, who anticipated that wave soaring prospects could be
enhanced by a better knowledge of the occurrence of wave cloud over time. During the data
collection program, observed wave cloud hours, total wave cloud hours, and the dominant
wave cloud type were tabulated.

The local terrain is characterized by a major change in the orientation of the Continen-
tal Divide at the Crowsnest Pass, west of Pincher Creek. The mountains are oriented the
normal northwest-southeast direction south of the Pass but north-south to the north of the
Pass for some seventy kilometres. This feature, together with generally lower terrain along
Highway 3, lead to a high frequency of very strong winds from the WSW and W directions
out of the mountains. The wind summary for Pincher Creek is presented in the table on the
next page, and it shows that the highest frequency of winds from these directions are found
in February (63%) and October (69%).

Lester found that wave cloud was observed on an average of more than 141 days a year.
This is a conservative number on actual mountain wave occurrence since observations were
not taken at night and wave can exist with no wave cloud present.

Wave clouds may occur in any month, with a distinct maximum during the cooler months
and a minimum in the summer. The more stable airmasses and stronger winds aloft in the
cooler months are more favourable for lee waves, and October is by far the most favourable
month. Not only does it have the highest frequency of occurrences of wave days (exceeding
50%), but it also shows the greatest number of consecutive wave days, the least number of
consecutive non-wave days and the greatest number of wave cloud hours per wave day. The
fall maximum is usually followed by secondary maximum in February. The same October/
February maxima are also seen in the occurrence of strong westerly surface winds (see table).

The data showed that even the July/August minima of wave occurrence was still at about
30%, and this matches the average of three wave days out of ten often seen during the Cowley
summer camps.

Although winter wave days had a greater period of wave hours than summer wave days,
durations tended to be either quite long or short on a given day. Evidently this was the effect
of the presence of synoptic disturbances in the winter which tended to mask any diurnal
effects. Thus the waves would persist for nearly the entire day. In the summer, synoptic effects
were weak and wave durations always tended to be short for any wave day.

In an average year, the probability of occurrence of a wave day decreases to less than
30% by July. Although this value may be small by Pincher Creek standards, it still implies
that wave clouds will be observed every third or fourth day on average. Year to year vari-
ability is large. March and June are particularly variable months and may occasionally
produce several long periods of extensive wave or non-wave activity. This behaviour is
understandable since March is a springtime transition month. During June the synoptic
storm track moves northward across the latitude of Pincher Creek, usually bringing the maxi-
mum precipitation for the year. As disturbances move in from the west, lee wave conditions
occur with the intensification of the upper westerlies. Year to year variations depend on the
exact location of the storm track and the speeds and intensities of the storms.



Wind Summary for Pincher Creek, Alberta
1961 - 1966 (Department of Transport, 1968)
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Ground observations of the Chinook Arch
Norm Bruce

This article, which appeared in the June 1956 issue of free flight magazine,
is interesting in its historical context, as these observations of the chinook arch
were made just before pilots began wave soaring in southern Alberta.

THE STUDY OF THE CHINOOK ARCH, coupled with its varied wave conditions, has a
superb fascination. The observation and interpretation of cloud movements and formations
requires unlimited time and patience from the observer. Thousands of western Canadians,
who casually glance upward at the phenomenal arch, know that warm conditions are
prevailing overhead, and that warm Pacific air is being fed into the void as the cold system
moves out. Similar conditions exist in all countries where sea air masses pass over a moun-
tain range. In western Canada, this wind is called the Chinook; in southwestern USA the
Sierra Wave; in England the Helm; in Germany the Féhn.

Diagram 1 shows a cross section of our western topography, indicating the movement of
warm air masses from the Pacific as they flow eastward across the Canadian Rockies. As the
warm air moves upward to cross the high mountain range, much of its moisture is released in
precipitation on the western slopes. The wind passes over the 11,000 foot peaks and begins
to tumble, sometimes with great velocity, down the lee side. This is the entry of the warm
chinook.

A great cloud pack hovers over the mountain range hour after hour like a low hood [this
is the cap cloud]. Sometimes it is barely visible from Calgary, and its line often is mistaken for
the peaks of the Rockies. More usually, the hood stretches for miles like a great canopy. Its
edges may be firm, rounded and of gentle appearance. The hood may caress the peaks, or it
may float in stationary majesty hundred of feet above them. The hood is almost always present
when the chinook is blowing, being associated with the system.

Leaving the hood behind, the air mass continues to tumble down the mountainside
and, during stable conditions, rebounds sharply upward for thousands of feet to the conden-
sation level, where the chinook arch is born. This is simply a stationary cloud, so called
because its frontal edge appears as an arch to an observer standing well back under the
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cloud. This great arch may extend for eighty miles, covering the whole of the sky to the east-
ern horizon, and may be of such great density that the sun is entirely obscured and only the
diffusion of light rays give the earth a strange dullness under the vast cloud bank.

The chinook arch, like a great master, is versatile in its performance. It can blanket the
entire sky, or it can dissipate, leaving only a single ribbon cloud, or a primary arch with
several secondary arches, letting through the warm bright sunshine. The series of arches
are, in fact, lenticulars. The blanket arch is often wavy in section, appearing as a series of
joined lenticulars.

To the uninitiated, the blanket arch appears to be flat, dull and at no great height. In real-
ity, its base may range from 8000 to 20,000 feet. The ribbon arch, however, can be found at
levels far exceeding the 20,000 foot mark. The terms “blanket arch” and “ribbon arch” have
been introduced to differentiate between the two conditions.

The blanket arch is usually found at much lower levels than the ribbon arch, and has a
direct bearing on wave soaring conditions. Since the blanket arch may form a 10/10 cover,
the glider pilot, once having reached the undulating waves, could become hopelessly lost,
with no ground in sight at any time.

The ribbon arch, on the other hand, is simply a single long, narrow lenticular running
parallel to the mountains, or a series of such lenticulars. Ribbon arches have the sectional
shape of an airfoil and may vary in density, sometimes appearing as though formed of trans-
lucent crystals. The first ribbon arch of a series may be at any location from the western
to the eastern horizon. The arches may be ranged in a series of parallel lines (A, B, C, D
in Diagram 2) or a single ribbon arch may appear alone. All these combinations may be
supplemented by cumulus, cumulonimbus and the whole cirrus family. This is particularly
noticeable when a pressure system is moving in.

John Neilan, the well known British sailplane pilot and test pilot for Blackburn Air-
craft, once told me how he and a fellow pilot maneuvered to the top of such a wave system
in England. He flew on wave “A” of Diagram 2 while the other pilot remained over the
wave “B”. They were in sight of one another, flying in brilliant sunshine. No attempt was
made for one to join the other, John said, due to the downcurrents between the waves;
they had no intention of losing the experience that was theirs. John told how he did rolls,
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inverted flying, stalls, the whole bag of tricks. He claimed the lift was so strong and smooth
that even a novice would have had little difficulty staying in it.

There is no definite pattern as to where the first wave may show. It varies from day to
day, and will often shift in lazy fashion from ten miles back of the mountains to the eastern
horizon. The chinook air mass, after rebounding, passes high over Calgary. Under the wave,
Calgary experiences a calm and almost soothing atmosphere.

At Pincher Creek, and east of a line running north and south of Calgary, the chinook,
at the bottom of its trough, is felt on the ground at velocities up to 70 mph. In Calgary’s
doldrums, however, the housewife who has her washing out to dry may be perturbed at the
poor drying day. Such a day is also a great handicap to the glider pilot, who finds all his
flights lacking the assistance of thermals. All he gets for his persistence is a long glide back
to his trailer.

Nevertheless, there is a happier side. Another group of pilots, located either east or
west of the doldrums, have the whole sky for a playground with the waves in their favour.
In my opinion, the best soaring conditions exist near the mountains. Further east, these
conditions appear again, but may be less intense. Cloud formations | have observed to the
east indicate good soaring possibilities. The frequency is so varied that any pilot who can
take an air tow may release in the wave system anywhere.

No charting of these areas has yet been done. All western pilots are grooming their
sailplanes for use closer to the mountains, particularly in the Pincher Creek area. At least
one good base for operations will be proved this summer... [This is a reference to the Cu Nim
Gliding Club flying from Cook’s airstrip.]

I had the good fortune to attend a lecture by a professor from Edmonton University,
whose research into the magnitude of the chinook air stream was made by taking obser-
vations during flights in a Tiger Moth. At points west and southwest of Edmonton, he
encountered the chinook stream with its great waves and high wind velocities. After weeks
of observation, his last research attempt came to a sudden halt when he was forced to land
miles out in deep snow.

It is the professor’s theory that the arch is formed by an air stream that can be picked up
by a glider pilot in the Calgary area at ten thousand feet or more. At this height, the glider
pilot would be in the main chinook stream and could reach altitudes of thirty thousand feet
and over.

Apparently, primary and secondary streams exist. | have seen as many as three chinook
arches, each on different planes; the top wave with an arch, or lenticular, formed of ice crystals
due to its tremendous height. The lowest arch was full bodied and all were arranged in steps,
each overlapping the other, with the top one leading. The difference in height between the
lowest and the uppermost lenticular would be between 20 and 25,000 feet.

During the summer of 1952, a ribbon-shaped arch formed close to the mountain range
southwest of Calgary. | expected it to grow in length, width and breadth, to retreat east-
ward and to settle with its front directly over my observation point. To my amazement, this
ribbon arch moved at terrific speed across the sky in a north by northeasterly direction. Ar-
riving overhead, it began to fade, whereupon a second ribbon arch formed in the starting
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place of the first. This raced along exactly as the first had done, and the whole procedure was
repeated several times.

My boss, an outdoor man, took intense interest in this race of the arches and, with pro-
tractor and rule, we made a crude reading, calculating the speed of the arch at 50 to 55 mph
over a distance of about 50 miles. At this time, ground wind was zero. My theory is that the
ribbon arch formed on a wave crest possibly at 30,000 feet, but due to high wind velocities,
it released from the invisible wave in much the same manner as whitecaps seen at sea or on
a lake during windy days. The arch could have been formed from ice crystals, travelling
downwind at a tremendous height for 50 miles before fading out. The highest upper wind
velocity ever recorded was 186 mph at 24,000 feet over Lansing, Michigan. Our crude esti-
mate seems to be within reason....

Checking through my five year sheaf of notes on arch system observations, it has been
difficult to select examples ranging through the seasons. Instead, | have chosen several
interesting cases that will prove more entertaining than cold facts. Some of these are
supplemented by diagrams and by my own forecasts.

Chinook conditions, it should be pointed out, may occur during any month of the year
and are not just winter phenomena, as many believe. However, the finest chinook arches
are to be seen during fall and spring, or | should say, they seem to appear more often in their
majestic beauty, possibly due to the position of the sun in relation to the cloud base at sun-
rise and sunset. The sun’s rays can set into bold relief a cloud which, a few moments before,
had been misty and barely visible.

December 29, 1950

0700 hours The sky was clear with a three-quarter moon. At 0745, the mountains
could be dimly seen in the half light. The morning was clear. A cloud bank on the eastern ho-
rizon extended around to the north. An inversion at 100 feet was made evident by the smoke
pall from Imperial Oil. The wind was from the west at 2 to 3 mph; temperature mild.

0820 The hood can now be seen over the mountains, white against a blue background.
As the sun comes up, hazy orange clouds develop.

0945 Mist is showing to north and south. A high cirrus is now building. Its front is at
ten degrees to the west. To the south and west, the arch is forming.

1100 The arch has taken the shape of a narrow ribbon from north to south. The moun-
tains are hidden in haze. The arch is very low, and cirrus may be seen through the gap between
the arch front and the mountains.

1200 The ribbon arch has grown, widening till its tail is almost overhead. It is still
very low. The mountains are once again visible, with the hood resembling storm clouds.
Standing waves appear to the south and to the northwest. To the south and very high,
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cirrus is forming into a high arch. The inversion is still quite pronounced, as shown by
smoke layers to the north.

1230 Due west, clouds tower darkly and, in front of them, scud and long rollers are
forming. In this area, visibility is poor. Cloudlets are breaking away from the mountains to
the southwest and the hood clouds are increasing in size. Visibility is good in this area, with
the sun reflecting brightly from the cloud.

1345 A double arch has formed.
1430 The double arch has faded out and the hood clouds are drifting nearer.
1530 The arch, reformed, provides 10/10 cover.

1600 The hood clouds are darker and bunched together. The mountain tops are
shrouded and visibility is good. The last arch was slow to form, but has been one of the
finest examples ever. It remained 'til dark.

March 25, 1951

At 0900 hours, the wind was strong and westerly. The arch front was almost directly overhead
and a roll cloud, very much like a line squall, remained under, and separate from, the main
arch front. This was in one position only, five or six miles away to the south.

Between 1300 and 1400 hours, the wind abated and the arch moved eastward, break-
ing up to leave a long roll cloud and a very thick standing wave to the southeast. These
remained quite stable for one-and-a-half hours. Later, cloud streets formed to the northeast.
Winds in the mountains were made apparent by mist streaming off the peaks and down
the slopes. The air was warm and smooth, except during the afternoon when the breeze
changed from south to west. After remaining westerly for a short time, it freshened to 10 to
12 mph and, at 1900 hours, suddenly became strong but quickly died out.

1952 — January 28. The
arch had lenticulars at
HIGH WIND 30 mile intervals in
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November 6, 1951

This arch was ready for me at 0715 hours. Out came the pad and pencil once more; ground
visibility, very good; wind, nil; temperature, 30°F. At sunrise, five sets of lenticulars turned a
rosy hue, easily distinguishable against the blue sky. As the sun rose, the tinting faded. The
lenticulars became difficult to see, appearing as light overcast. This is often the case. Much
of nature’s aerial beauty, hidden in the chinook stream, need only be bathed in the rays of
the rising or setting sun to paint a picture far beyond the skill of man.

Towards 0900 hours, the aerial blanket began to part. Later, blue sky was seen through
the rift. This arch system is a perfect specimen; one of the most spectacular | have ever
seen. Between 1100 and 2300, the arch front was an ever changing panorama of beauty. Its
frontal edges puffed into a fluffy, soft texture like an inverted bowl of mist, then rolled back,
stern, solid and straight-edged. Dark islands of lenticulars, smooth and stately, floated in
front of, or underneath, the arch front. They were accompanied by others, less solid and with
wispy edges. They materialized from thin air, or broke away from the main arch front to hover
as sentinels. Often, they changed shape and faded away, or gathered little groups of other
clouds to them, finally tiring and melting into the atmosphere.

The arch front will often dip down to caress the mountain peaks, or will race eastward at
phenomenal speed, leaving blue sky in its wake. Before the bright sunshine pouring through
the gap can be fully appreciated by earthly minions, another arch will grow and build into
ribbon form, starting from where the first had played truant. Often, three or four arch waves
will exist in parallel from south to north.

Today’s arch system had all these qualities. It frolicked, and preened and pouted, lively
as a kitten. As the sun dipped below the horizon, the waviness under the blanket stood out
in bold relief and the arch, tiring of her antics, spread her cloak for eighty miles from east
to west at 15,000 feet. By 2300 hours, she lay in quiet repose, gathering up her skirts for the
night, 'til she appeared as a ribbon with the light of the moon revealing the softness of her
sleeping beauty.

October 24, 1955

Last night, as the sun dropped below the horizon, the air became noticeably colder. I put on
my sheepskin while working outside. The sky was overcast with a blanket arch that was firm
and solid to the west along its front. At 2000 hours, the chinook came in and the temperature
jumped to 61°F.

This morning, at 0630 hours, the arch was prominent but broken along its front and the
blanket lay in long streets. A second wave cloud could be clearly seen above the mountain
hood. The air was warm, with no wind and with only a slight haze in our area. By 0740
hours, the blanket had given way to lenticulars, and waves filled the whole area from horizon
to horizon. Could this be an indication of changing wave frequency that would move the
crest away from Calgary and bring in the trough where lay the high ground winds? Yep. At
1000 hours, the wind struck from the west with gale force and eight telephone poles went
down in quick succession.
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The Chinook Arch — a long wave

Tony Burton  from papers written by Dr. Peter Lester, Dr. Bart Hicks,
and Dr. Titus Mathews — University of Calgary

LESTER'S PAPER on Lee Wave Cloud Climatology mentions the chinook arch - the len-
ticular cloud capping a long wave — and its gigantic dimensions in southern Alberta and
Montana. In size, definition, symmetry, and frequency, it seems to be unequalled anywhere
on earth.

Several chinook wind studies suggest that a stable, westerly flow over the mountains of
southern Alberta and northern Montana gives rise to leeside long wave disturbances with
a length of 50 to 100 kilometres or longer. This is the chinook arch cloud. Apparently the
large scale of this phenomenon is a unique combination of the overall width of the mountain
barrier, its shape, size and orientation, and the climatological state of the westerlies. The
highest barrier, the Continental Divide, forms a long, unbroken line perpendicular to the
main flow. The “nearby” Pacific Ocean for moisture supply is probably critical for the frequent
visible manifestation of the long wave motion.

To some extent the long waves resemble a hydraulic jump and may cause severe turbu-
lence for aircraft in flight and extreme downslope surface winds. In chinook conditions,
winds at altitude are not very strong. One characteristic of the long wave is the presence of
an extensive lenticular cloud in its crest. As seen from the ground, this arch cloud appears
as a single, broad altocumulus or cirrus lenticular (ACSL or CISL) wave cloud with a sharp
upwind edge and large crosswind extent. The apparent curvature of the arch is due to its
height and its great lateral extent.

If the western portion of the cloud is interpreted as being in the crest of a single long
wave, then the broadness of the wave cloud is likely caused by the advection of the higher
cirroform clouds eastward from the wave crest. Cirrus clouds, composed of ice crystals, tend
to persist longer than water droplets or mixed clouds in areas of downward motion.

Some of the most interesting variations of the chinook arch cloud occur in the arch
itself. Occasionally, when the chinook cloud is clearly visible with a well defined arch, a tilted
structure is discerned. In these cases, the horizontal position of the arch is displaced slightly
upstream in each higher cloud layer. The possible causes of this effect are several: height vari-
ations in wave phase, or amplitude, or a change in moisture content with height.

On some days, the arch is “clean”, that is, it appears as the sharply defined upwind edge
of the wave cloud. However, on other occasions, the arch is quite uneven. This latter state
is apparently caused by the superposition of shorter lee waves on the long wave. This effect
is not to be confused with the common occurrence of the much shorter billow clouds which
are evidence of shear waves superimposed on wave clouds.

It will be seen that the synoptic requirements for the chinook arch are similar to those
for the ordinary short lee waves and therefore it is not unusual for both wave types to
coexist. This does not always happen. On many occasions, the shorter waves will occur
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without the arch or will occur below the arch, but not in the arch itself. Specifically,
four types of wave conditions as evidenced by clouds have been observed in southwestern
Alberta: long waves alone; short waves alone; long and short waves superimposed; and long
waves above, short waves below.

Another variation occurs when the cloud takes the form of a series of long streaking
cirrus plumes along the mountains. This is considered evidence of long wave. The plumes
apparently form above the highest peaks and persist far downstream due to their ice crystal
composition. A variation of stratocumulus roll clouds at levels well below the arch was the
occasional occurrence of a single roll cloud just below and along the western edge of the
arch cloud. While the other lower roll clouds were associated with short waves, the upper
roll cloud was apparently directly associated with the longer wave motion causing the arch.
It is suspected that the amplitude of the long wave was larger when the upper roll cloud was
present. More study is necessary to verify this hypothesis.

Synoptic factors were chosen on the basis of meteorological variables that are known to
be correlated with lee wave and chinook occurrences. These include the sea level pressure
gradient across the mountains, the wind above the mountain tops and the temperatures and
stability of the layer of air above the peaks. Clearly, the sea level pressure gradient is weaker
and the winds are more southwest for the arch cloud cases.

A possible explanation for these differences is the following: the chinook arch cloud is
basically a predisturbance phenomenon. Thus there is a greater possibility for cold (high
pressure) air to be in the lee of the mountain when the arch cloud first appears. This would
result in a reduced or a reversed sea level pressure gradient across the mountains. The west/
southwest wind directions for the arch cloud cases also support the predisturbance idea.
Because of warmer air in the lee of the mountains during chinook conditions, air pressures
in that area would be hydrostatically reduced, leading to a larger pressure gradient across the
mountains and therefore higher surface winds.

On chinook days, the visibility is extremely clear and the sky displays a cool glow-
ing blue. In the summer, these winds pass almost unnoticed, but during the frigid prairie
winters, they provide important and welcome relief, turning drifting snow into running
water and uncovering the prairie and foothills grass for stock and wildlife. Farmers don’t
like chinooks because they melt and evaporate snow, removing soil moisture (what little
there is) and allowing topsoil to be blown away by winds which often exceed 100 km/h in
southern Alberta - at Lethbridge, Environment Canada doesn’t issue wind warnings until
gusts exceed 120! But what may be disastrous to farmers can be the soaring pilot’s delight.
The chinook arch cloud has aroused the interest of a great number of scientists and a field
study was expanded in 1986. This was a joint project of the University of Calgary and San
José State University, using Alcor, the world’s only pressurized sailplane. It was used to climb
up in front of the arch to record atmospheric data.

20



Tony Burton

The birth of the Chinook Arch Project

“Right now all there is is speculation”, according to meteorologists speak-
ing of the chinook arch in southern Alberta. Explorer David Thompson
recorded in his 1787 expedition journal that he and his men couldn’t
believe the weather would be milder closer to the mountains. “But it
was s0. The cold of these lands decreased as much by going west as by
going south.” And, in 1792, Sir Alexander Mackenzie described his first
chinook as‘a perfect hurricane”.

IN 1978, PROFESSOR Dr. Peter Lester, then at the University of Calgary, conceived a film,
called Chinook, to give wide circulation in university meteorology and geography classes.
Finally in 1985, a concentrated field study between the universities of San José, California
and Calgary, Alberta began work to lift some secrets from the chinook arch.

In September 1985 Bob Said, then the editor of SOARING magazine in the USA wrote,
“Few natural phenomena accessible to the human eye have the awesome immensity of the
chinook arch, that vast, vaulting ribbon of cloud that crowns the high plains of Alberta just
east of the Canadian Rockies when strong westerly winds, colliding with the ridged spine of
the continent, leap upward in standing waves marked by a continuous band of lenticulars
stretching from the northern to southern horizons. The lee waves, often stacked in layered
strata beginning above 20,000 feet, themselves rise to unguessable height in air sometimes

1987 — October 28. A classic chinook arch has formed. Photo at Claresholm airport.
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so clear you can look at one end over Calgary and the other over central Montana. Last
September | stood south of Pincher Creek and looked up at one. It was easily the grandest
unbroken blade of living wave that | have seen ashore or aloft in 37 years of flying in North
America and Asia. It couldn’t have been lower than twenty thousand feet in its bottom
layer and probably was closer to thirty thousand, and which | believe probably stretched from
Jasper in the north to somewhere in the neighbourhood of Great Falls in the south, a span
of no less than four hundred miles.

How high do such waves go? Research aircraft like the U-2 and YF-11 have reportedly
encountered strong wave lift at altitudes above 60,000 feet in the jet stream flow to the
east of the Sierra Nevada mountains along the California/Nevada border, and there has
long been reason to suppose that something similar goes on high above the wheat fields of
central and southern Alberta when big winds blow out of the west. It appears that the
combination of an American research sailplane, a Canadian and an American university,
a combination of public and private funding, and an international team of soaring and me-
teorology experts is about to shed a little light on the whole question ...”

The Saturday of the 1983 Cowley wave camp was the day. The wind at ground level was
light, not the usual 20 to 30 knots, and spectacular lenticulars were seen to form one on top
of the other high above the field. The wave started by early morning and continued through
darkness. Eight pilots will be claiming Diamond climbs and three their Gold climbs, with
28,000 feet being common. Lift was averaging 3 knots at this altitude with the temperature
running at —38C. The high flight of the day was logged at 36,500 feet by Peter Masak. Unfor-
tunately he didn’t have a barograph with him to prove the potential Canadian record.

But this started a new program: the field study of the chinook arch by a glider pilot. Peter
got the urge to make an attempt on Paul Bikle’s 1961 world record height of 46,267 feet,
and in his search to find a suitable sailplane, he met with Bob Lamson of Seattle in the hope
of borrowing his “Alcor” for the flights. However, Bob preferred finding a scientific research
project for which it could be used and soon the connection was made between Dr. Peter
Lester, now of San José State, Dr. Titus Mathews of the University of Calgary, and Tony
Burton, living just a long stone’s throw away from Centre Peak in Claresholm....

1985 — Enter the Alcor

Tony Burton

ALCOR, a 20 metre experimental sailplane designed and built by Bob Lamson, a retired
Boeing test pilot, is of composite fibreglass construction. It is built very strong and light
(Lamson used a system of spruce ply cross-laminating and glass that was used in construct-
ing the nose cones of the Polaris and Poseidon missiles), and is designed specifically to
allow comfortable flight for extended periods of time at high altitude. Its unique features
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are a cockpit which is capable of being pressurized by the breathing oxygen (the practical
limit was the ability to maintain a canopy seal), a passive solar heater, and double layer can-
opy which can keep the cockpit as much as 40°C warmer than the outside air at altitude.

The Chinook Project was organized by Dr. Titus Mathews, head of the Physics Depart-
ment at the University of Calgary and by Dr. Peter Lester, head of the Department of
Meteorology at San José State University, California. Dr. Joachim Kuettner, famous for his
early studies of mountain lee waves and still active in mountain meteorology and soaring,
was an advisor to the project. | sort of fell into the job as a result of having all the four
requirements for a program pilot: the free time to be available, considerable wave flying
experience, a technical background, and relatively short — as no one taller than 5'9" can fit
into the very cramped cockpit.

The Chinook Project sought to gain a better understanding of the long wave (the
upper level 50 to 100 kilometre wide wave we see as the chinook arch cloud) and with the
weather phenomena associated with it, such as clear air turbulence and surface wind storms.
Southern Alberta was chosen as the study area because the chinook’s occurrence is most
frequent here. The goal was to record a cross section of the atmosphere at the latitude of
Nanton (south of Calgary) using all available means during good chinook occurrences. Alcor
was used to gather data at altitude in the area of the front edge of the chinook wave which
we see as the western edge of the arch cloud. A chain of lower atmosphere data gathering
instruments was also established in this area. This equipment had been developed by Dr.
Paul MacCready’s company, AeroVironment, in the form of acoustic devices (Sodars) which,
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1987 — Alcor is ready to launch west from by both direct echo and Doppler measurement, detect
Claresholm airport on 28 October. Towed ~ minute tempera-ture changes in the lower 1000 metres of
into strong upper winds and weak wave at  the atmosphere. These data give information on flow and
lower altitudes in the lee of the Porcupine  turbulence mixing and on temperature structure in the air
Hills seen on the horizon, it wasn't possible  strata which forms the terrestrial boundary layer.
to contact the Chinook Arch on this flight. In early 1985, | worked with Bob Lamson and others
to clear the way through the bureaucratic thicket to get
Alcor into Canada and flying. Having a US-registered VFR experimental aircraft flying in
Canadian IFR airspace pre-sented some customs, airspace, airworthiness and licensing prob-
lems. With a lot of digging on our part, and good cooperation from the government agencies,
the hurdles were overcome. Alcor arrived in Claresholm on May 27, 1985 after the appropri-
ate Customs and Excise chapter and verse was found to allow both the sailplane and associ-
ated project equipment to be imported duty and sales tax free. On May 30, the special flight
permit arrived from MoT, and on May 31 the required airworthiness inspection was done at
Claresholm by inspectors from Calgary just before members of the scientific team arrived to
have a look. Now it could fly.
After some test flying in 1985 while project funding was secured by the University of
Calgary and especially the Seattle-based Flight Research Institute, a whole year (August '85
to October '86) was spent modifying the aircraft and designing, building, and installing the
data equipment. The first year-long phase of the airborne portion of the experiment (86/87)
worked the bugs out of the operation: coordinating all the people, and the ground and air
instrumentation, discovering the best way to use Alcor, and what data to gather. During
the 87/88 season, on the forecast of a good chinook, the system was “turned on” to record a
case study of what the atmosphere is doing. Alcor was launched to climb to the edge of the
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chinook arch and hold station to record atmospheric data there. A secondary experiment
on board Alcor collected selected air pollutants.

The Alcor was a unique looking sailplane, and interesting to fly. The wing was very
flexible (much like the modern open class sailplanes) and on the ground the tips had a
noticeable droop. In level flight the wings were curved upwards about two feet, and any
change in wing loading by wind gusts, a pull-up, or turns would have the tips flapping in
a most alarming manner — | preferred not to look! On two early flights, this wing flex was
the cause of the spoilers locking closed as a result of the spoiler top plate jamming at the end.
I had to pitch down to unload the wing before the spoilers would open - not recommended
on short final. A little work with a file solved that quirk when the cause of the jamming was
found.

Bob Lamson, the designer, was short in stature and built the cockpit small to mini-
mize the volume that had to be pressurized. But he found it was too small even for himself
and enlarged the space in the area of the instrument panel by slicing the fuselage open from
the cockpit front to the nose, spreading the cockpit rail, and bonding in a wedge of new
fuselage structure. The fix gave the cockpit side of the fuselage the noticeable ‘Coke bottle’
curve seen in early supersonic fighters.

However, the Alcor never was flown pressurized. Though the concept of pressurizing
with the breathing oxygen was a brilliant and simple idea, leak tests showed that the canopy
rail seal was not functioning properly. Since the Chinook Project did not require flight to
altitudes so high that pressurization was desirable or required, | never spent time to fix the
problem with the seal.

The ship was well designed for flying high in the cold. The doubled canopy both reduced
heat loss and eliminated frosting from exhaled breath. There was also an airtight thick
plexiglass ‘window’ which closed the space above the instrument panel and below the fixed
front canopy which performed the same function. The only ventilation was a small duct
opening on the instrument panel which was closed with a cork to maintain pressurization!
As a result of all these features, the cockpit stayed well above freezing at altitude and ther-
mal clothing wasn’t required, but the cockpit temperature shot up on the ground when the
canopy was sealed, so a quick launch was mandatory (the pilot being effectively sealed inside
a solar collector). For non-wave flight, a single pane ‘summer’ canopy was used which had a
standard side vent.

Project progress
Things always take longer than planned — it wasn't until the winter of 1986/87 that
a series of test flights were made at High River to test the test equipment and sort out opera-
tional problems. Air Traffic Control personnel were most cooperative, and meetings resulted
in the establishment of four blocks of airspace extending down the Rockies between the lati-
tudes of Calgary and the Crowsnest Pass. On request, each block was opened as | approached
it. The concentrated data gathering effort began in the fall of 1987.

The data collected was true airspeed (from a TAS computer), vertical speed, temperature,
altitude (from the transponder encoder), heading (from a magnetic flux sensor), position
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(from a Loran set), and airflow (through an air sampler). The sampler was turned on at
altitude in order to collect specific air pollutants and measure their concentrations in the
“clean” air. The university hoped to gather some information on the background levels of air
pollution at high altitudes. The vertical speed was taken from a variometer specially modified
by John Firth in Ottawa to minimize altitude error, had an electronic netto built into the
instrument, and an internal “oven” to keep the critical components at a constant operating
temperature.

All data was saved on a digital cassette tape recorder in the cockpit. Following a flight,
this data was transferred onto a computer disk, then fed into a “quick look” program which
displayed the data in graphical form to see if it all looked good before taking it to the
University of Calgary for further analysis. (This post-flight look at the data was done by Tony on
a MacPlus loaned from the Physics Department.)

The Loran was the biggest problem as southern Alberta is at the limit of coverage
from the transmitters on the west coast. At times, position data was unavailable due to low
signal strength, and this was a serious limitation on the experiment. Transponder replies
recorded by the ATC radar at Calgary provided backup position information which was
more accurate than the Loran. By the 1990s of course, GPS would have solved this prob-
lem easily, being more accurate, reliable, and easier to use as well as being smaller and less
power-hungry.

Another serious limitation was the available 24V battery power, which limited full data
gathering time to about two hours. For this reason, a backup 14V battery was also installed
(inside the cockpit where it stayed warm) which ran essential instruments during tow, climb,
and descent portions of the flight. The most serious consequence of this power limitation
was that none of the load of scientific instrumentation could be turned on until well into
the flight and at altitude in the wave. Then it was all powered up according to the long
checklist and one could only hope that everything was working. Sometimes it wasn't, and a
day’s work and a good chinook was wasted.

The small cockpit size was deliberate in order to minimize the pressurized space, but it
became a challenge to get all the additional instrumentation, switches and flashing lights
into the space. Over the winter of 1985, | stripped out the original instrument panel and
built a brand new one as large as space would permit with not a cubic inch going to waste.
Even at that the Loran wouldn’t fit anywhere. The solution was to split the set into two - the
front display and controls were packaged into a small box which rested on my lap and the
rest of the electronics went aft under the turtledeck.

As all this equipment was very much custom-designed and fit, Murphy’s Law worked full
time, and otherwise good flights produced spoiled data as a result of unforeseen incompat-
ibilities in the equipment (and occasionally plain finger trouble by the pilot). For example,
there really was a little red flashing “data rate” light on the panel which was a telltale that
the data acquisition electronics was working. This black box hung up sometimes, meaning
nothing was being recorded and the system had to be reset in the air.

The whole system, being “one-off”, was distinctly user-unfriendly. The equipment fit
inside the fuselage was so tight that stuff had to be removed in sequence — the data ac-
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quisition unit had six different electrical connectors and three switches which had to be
manipulated by feel. God help me if | dropped the jewellers screwdriver while locking the
connectors, it would take an hour of disassembly to retrieve it!

From the pilot’s perspective, the cockpit was extremely stuffed and the inflight workload
fairly high - note the power-up and in-flight checklist requirements on pages 29 and 30,
but there is no question that it was a fascinating project. In October 1987 my biggest
hope was that the chinooks came at the same time as all the gear worked - at least enough
times to make two years of preparation and all the money spent worth the scientific knowl-
edge gained.

In the end, only a few good data flights were achieved and some useful data obtained
- not enough to come to any meteorological conclusions, but enough to prove that the
concept of using a glider as an instrument platform in the wave was sound. For Alcor, the
organizational and operational constraints and limitations were too much. Such a study
would have much better success with a two-place motorglider and today’s technology.

Bob Lamson retired Alcor after this project, and it is now on display at the Boeing
Museum of Flight in Seattle.

1987 — A chinook arch flight

THE MOST memorable flight occurred on 24 November 1987. A classic arch presented
itself in the morning and after two of hours of preparation, Jerry Vesely towed me off west.
There was no lift on the east side of the Porcupines so we continued climbing westward.

There was no underlying lee wave cloud in the Cowley valley, but there were cumulus
clouds over the Porcupines which ended a bit to the north. They had some of that char-
acteristic smoothness on top that indicated the presence of wave. By the time we reached
the cumulus about 30 kilometres west of the airport, the tow had reached 10,500 feet and
there were some bumps so I released to explore. If nothing was found there was ample height
to return.

Thermals got me to cloudbase around 12,000 feet at which point | moved to the west
edges of a clump of the clouds and sure enough, there was continual weak spotty wave lift
up the sides which got steadily better. Above the east edge of the Porcupines was the dist-
inct edge of the immense arch. Once well established in the wave, | flew north away from
the cu in steady 4 knot lift. Looking back, the tops of the field of cumulus clearly defined
the overlying wave. | called up Edmonton Centre and got the project block opened and pro-
ceeded north towards the Chain Lakes reservoir while edging west to test the limits of the
lift. By the time | was south of the reservoir | was nearing the leading edge of the arch at
19,500 feet. What a sight — it was clear to the west, to the east the ground was dark in shadow,
and above, the leading edge of the arch was a wall of irregular cloud layers which merged into
a high layer of solid cirrus at about 30,000 feet.

As | reached the arch, I got busy turning all the equipment on and also going through
the Loran checklist to get it initialized (this took a few minutes and was always touch and go
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This photo of the Arch was taken south of the Chain Lakes and is looking south from an altitude of about 21,000
feet. The lower cumulus field over the Porcupines and into the Cowley valley is evident in the middle distance as
is the wavy nature of the cumulus tops indicating the lower level lee wave. Tony Burton

as to whether it would pick up the signal and start showing position data). At 24,000 feet,
which appeared to be halfway up the arch wall, | began running the wave and exploring
its extent rather than concentrating on climbing. By moving a little westward, away from
the local scallops and irregularities of the cloud, the true enormity of the cloud’s structure
opened up. The arch was built of many layers of cloud as minor variations in humidity
with height dictated where condensation would begin, it was over 10,000 feet high, and
it extended laterally as far as one could see south into Montana and north towards Rocky
Mountain House!

The strength of the lift producing the arch varied close to the wall — it was generally
about 3-400 feet per minute but would rise to 600 over areas where underlying mountain
lee wave added to the vertical motion of the airmass. Speeding up to maintain level flight,
| flew a lateral data collection run into the north block near Longview, then south again to
Cowley. The controllers in the Area Control Centre were quite interested in the flight as
usual (it certainly was a change of pace for them) as | maintained about 24,500 to 25,000 feet
and was progressively cleared out of one airspace block and into another on the run.

Halfway down the run and south of the Chain Lakes area again, | turned west to test the
east/west extent of the wave. The lift band of the average lee wave is roughly three kilo-
metres wide. As the wavelength of the high altitude “long wave” or “gravity wave” which
produces the arch is generally an order of magnitude longer than a lee wave, then the width
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ALCOR checklists

PRE-FLIGHT CHECKS

1 Rig wingtips and perform normal DI.

2 Turn O2 cylinder ON fully, refill if required.

3 Red switch on back of DAI unit ON (up).
Data Acquisition Interface - black box in fuselage

4 Install Air Pollution experiment (APE).

5 Data Recorder — load new cassette, run
the entire tape thru on FF and REWIND for possible
tape stretch.
- Baud rate switches #4 and #11 on back ON.
- Depress PLAY/RECORD buttons.
- Reconnect and install recorder.

6 Cockpit switch positions:
A/B master switch
Voltmeter switch

A (primary power)
24V (check backup
by selecting 14V)

Volt/Amp switch Volts

DATA RATE and DAI/TAS  OFF

LRN and VARIO OFF

NETTO ON

Transponder and VHF OFF

RDR ON (up)

APE OFF (down)
7 VHF:

- turn ON and check stored frequencies.

8 \oice Recorder:

- install new cassette.

- depress REC/PLAY buttons, speak into
headset and adjust volume until it starts on
voice (not noise).

- ensure tape speed at “1/2”, then turn OFF.

9 Transponder:
- check code (no 77, 76, or 75 codes).
- turn to SBY, wait 40 secs for warmup.
- turn to TEST - REPLY light must flash if
transponder ok.
- turn OFF until ready for launch to save pwr.
- Initial code selection to 1200.

10 Perform standard cockpit checks and O2
system checks (see PRICE checklist).

POWER-UP PROCEDURE

1 Initialize Data Recorder
- Press and release RESET button on panel.
- Press and hold JOG button for 10 seconds
(listen for sound of tape transport).

2 DAI/TAS to ON and DATA RATE to 1 second (LED
should blink continuously - if not, turn unit OFF and
ON again).

- In about 1 1/2 minutes, data recorder buffer

will  fill and tape will transport for a few seconds.

- DATA RATE to OFF until aircraft ready to

launch (this is to stop unnecessary tape use).
NOTE If DUMP button pressed, data won’t transfer
from DAI/TAS - repeat RESET and JOG sequence.

3 Initialize Loran:
- LRN switch ON.
- Wait for Loran to acquire station (flashing “w” lower
right of display), then turn on Extended Range mode
and initialize aircraft location.
(see Loran checklist and Lat/Long list).
- select active leg for flight (page 14 of Loran
checklist).
NOTE If Loran will not acquire stations, flight data
will be severely limited, but system may acquire ok
when airborne.

4 \Voice Recorder - REC/PLAY buttons ON, stow,
and record pertinent flight data.

5 DATA RATE to 10 secs, check that LED flashes
in 10 seconds.

6 Vario to ON, range to x1 (vario will go off-scale
for about one minute then read high for about
10 minutes until internal temp stabilizes).

Due to full power limitations of about two hours,
turn off above equipment until at altitude and ready to
record data.

ON LAUNCH:
Transponder to SBY
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ALCOR checklists

DURING FLIGHT

1 Above preselected altitude, turn Air Pollution
Experiment (APE) ON:
then OFF again on descent below it.

2 If IFR airspace is going to be entered:

- at 10,000 feet, transponder to ALT.

- contact Edmonton Centre on 128.7 MHz,
requesting block to enter and ceiling, and
transponder code.

- go to SBY on all code changes.

- request radar record of flight if planned.

- set altimeter to 29.92 on passing FL180.

REPEAT POWER-UP CHECKLIST WHEN READY
TO RECORD FLIGHT DATA

3 Monitor DAI/TAS “tell-tale” light (unit will stop
occasionally, ON/OFF switch must be cycled).

4 Select DATA RATE to speed consistent with rate
of change of flight parameters (normal: 5).
Press DATA DUMP button for unique events.
Voice record events and changes of note.

5 Monitor 24V power - DAI/TAS will not function
below 18 volts. On reaching low limit, perform
steps 1 & 2 of power-down sequence, then
switch Master to B (14V).

6 On completion of flight test, perform step 5.

7 For COMM FAILURE - Transponder to 7600 -
descend to bottom of block (12,500 or 18,000)
then code to 1200.

8 For XPDR FAILURE - Set Range/Bearing from
Calgary radar on Loran display (WPT, select
“RADAR”, RAD/O).

9 For FLIGHT EMERGENCY - Transponder to
7700 (gives automatic radar record).

Edmonton Centre back-up 133.3 MHz
Lethbridge FSS 126.7 MHz
Calgary Terminal 116.7 MHz
Calgary Tower 119.4 MHz
ATIS 127.2 MHz

SHUT - DOWN
1 DAI'TAS OFF

2 Press and release DUMP button
(records last partial memory block to tape)

3 Loran OFF
4 Transponder OFF
5 VHF OFF
6 Vario OFF
7 DATARATE OFF
8 14/24V Centre (Off)
9 Master Centre (Off)

STOP
remove and store cassette, check battery

10 Voice recorder

11 Data recorder STOP

remove and store cassette
12 Air Pollution experiment
remove experiment and store tubes,
install fresh tubes, charge battery
13 Place 24V battery on charge, and 14V if req'd
14 Refill O2 tank if required. Close O2 tank.

15 Switch on DAI box OFF (down)
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COWLEY GROUND... " «
I THINK WEVE CONTACTED _

of useable lift could be up to 30 kilometres. Looking at the geometry on a piece of paper
and experiencing it are two different things. Starting in close to the cloud wall over the
east side of the valley, | pushed westwards for about 15 kilometres over towards the edge of
the Highwood Range before the moderate lift petered out. Considering that a good portion
of the lift band was within the arch cloud itself, the extent of the lift band appeared to be ac-
cording to the book. An entire valley full of lift— this was certainly heaven for a wave pilot,
one could as well be in a hot air balloon for all the worry about where to go to stay up.

By the time | had finished the run south towards Cowley, the battery power was starting
to drop off rapidly, so it was time to shut down the data gathering equipment and switch
over to the 14 volt gelcel battery for the remainder of the flight. | had been up about
2-3/4 hours by now and was descending out of the block. Thanking the Area Control
Centre, | dropped below the arch and headed east under the arch and back into the rela-
tive gloom of the overcast, and landed back at Claresholm after a 3:10 hour flight that | will
always remember.

Back home, I plugged the digital tape recorder into the Mac to download the data. Was
it all there? The quick-look program said yes, which was the object of the exercise as far as
the Physics Department at the University of Calgary was concerned, regardless of the beauty
of the flight.

P oD
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ROTOR WINDS

Tom Schollie

Rotor winds, | hate you,
You are no friend of mine.
You shake my plane,
You shake my frame,
You jar my very spine.

The only thing you're good for
And it’s not much, | fear,
Is that when I'm tossing in your grasp
| know the WAVE is near.

| know that soon I'll leave you
For the peaceful, smooth ascent
And I'll soon forget
The bit of sweat
It cost me going through.

So you're nothing but a signpost,
“Rough Road” is what you say
But on the other side
Is the rising tide,

So I'll travel by your way.

I'll take your up,

I'll take your down,
And I'll take it like a slave
If you'll let me pass
To that air like glass
We call the “Cowley Wave”

1983
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