


This page intentionally blank.



The History of Snow Survey and 
Water Supply Forecasting

Interviews with 
U.S. Department of Agriculture Pioneers

U.S. Department of Agriculture
Natural Resources Conservation Service

2008

Editors:
Douglas Helms
Steven E. Phillips
Paul F. Reich



Historical Notes Number 8
Resource Economics and Social Sciences Division, NRCS, Washington, DC

Editors:
Douglas Helms
National Historian, NRCS, Washington, DC

Steven E. Phillips
Associate Professor, History Department, Towson University, 
Towson, Maryland

Paul F. Reich
Geographer, NRCS, Washington, DC

Cover photos:

Front
Top right: Glen Brado, U.S. Forest Service, attaches scales to ski pole while Morlan Nel-
son, Soil Conservation Service, prepares to measure snow sampling tube. SCS photo by 
Branstead. (114H−IDA−35070, National Archives, College Park, Maryland)

Middle right: Snow surveyors with sampling set and rucksack viewing Ward Creek, a 
tributary to Lake Tahoe. 2/16/61 (114H−CAL−7264, National Archives, College Park, Mary-
land

Middle left: R.A. “Arch” Work on a Santa Clause chimney entrance, Crater Lake National 
Park, 1945. (114G−ORE−40191, National Archives, College Park, Maryland)

Bottom right: Snow surveyor utilizing Tucker Sno-Cat in Crater Lake National Park, Or-
egon. April, 1945. (114G−ORE−40193, National Archives, College Park, Maryland)

Back
Weighing the tube and snow core to determine the water content of the snow. Lower 
snow course, Baker Creek, Great Basin National Park, Nevada. (114H–N–644, National 
Archives, College Park, Maryland)

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activi-
ties on the basis of race, color, national origin, age, disability, and where applicable, sex, marital 
status, familial status, parental status, religion, sexual orientation, genetic information, political be-
liefs, reprisal, or because all or a part of an individual’s income is derived from any public assistance 
program. (Not all prohibited bases apply to all programs.) Persons with disabilities who require 
alternative means for communication of program information (Braille, large print, audiotape, etc.) 
should contact USDA’s TARGET Center at (202) 720-2600 (voice and TDD). To file a complaint of 
discrimination, write to USDA, Director, Office of Civil Rights, 1400 Independence Avenue, S.W., 
Washington, DC 20250-9410, or call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal 
opportunity provider and employer.



• •

• •
iii

Contents

Foreword...................................................................................................vii

Preface........................................................................................................ix

Acknowledgments......................................................................................xi

Part 1 Introduction..................................................................................... 1

Part 2 Snow Survey Sites by State............................................................ 9

Part 3 Articles

	 Bringing Federal Coordination to Snow Surveys.............................................27

	 Snow Surveying Comes of Age in the West.......................................................35

	 Recollections of R. A. “Arch” Work Concerning Snow Surveys in Western 
States.................................................................................................................44

Part 4 Interviews

	 R.A. “Arch” Work (by Douglas Helms)...............................................................65

	 R.A. “Arch” Work (by Jeffrey LaLande)............................................................ 94

	 Gregory Pearson................................................................................................ 114

	 Jack Washichek.................................................................................................. 146

	 Morlan Nelson.................................................................................................... 183

	 Bob Whaley......................................................................................................... 217

	 Arthur Crook...................................................................................................... 243	

	 Phil Farnes.......................................................................................................... 264

Index........................................................................................................ 291



iv

• •

• •

Figures

1.1	 James E. Church.......................................................................... 3

1.2	 The Observatory Building, Thanksgiving 1906........................ 5

1.3	 Cabin cruiser “Mount Rose” used to sample snow courses 
along the shoreline of Lake Tahoe........................................ 7

2.1	 Alaska Snow Survey Sites........................................................... 11

2.2	 Arizona Snow Survey Sites......................................................... 12

2.3	 California Snow Survey Sites..................................................... 13

2.4	 Colorado Snow Survey Sites...................................................... 14

2.5	 Idaho Snow Survey Sites............................................................ 15

2.6	 Montana Snow Survey Sites....................................................... 16

2.7	 New Mexico Snow Survey Sites................................................. 17

2.8	 Nevada Snow Survey Sites......................................................... 18

2.9	 Oregon Snow Survey Sites.......................................................... 19

2.10	 South Dakota Snow Survey Sites............................................... 20

2.11	 Utah Snow Survey Sites.............................................................. 21

2.12	 Washington Snow Survey Sites.................................................. 22

2.13	 Wyoming Snow Survey Sites...................................................... 23

3.1	 Arch Work..................................................................................... 44

4.1	 Arch Work at transmitter and receiver of Station KBEI 
(Soil Conservation Service) at Medford, Oregon, 
March 1942............................................................................... 80

4.2	 Dale Palmquist, 2 miles southwest of Slide Mountain, 
Nevada, driving Tucker Sno-Cat to snow course, 
Spring 1961............................................................................... 82

4.3	 Edgar Boardman (left) and Ashton Codd having lunch 
during snow survey. Grant peak, west of Verdi, 
Nevada, Spring 1923............................................................... 87

4.4	 Snow survey research station at Crater Lake National 
Park, March 1942..................................................................... 96

4.5	 Arch Work on a Santa Claus chimney entrance, Crater 
Lake National Park, 1945....................................................... 99

4.6	 Snow survey shelter sign at Honeymoon Creek, Rouge 
River, Siskiyou National Forest, Oregon.............................. 101

4.7	 Snow surveyor utilizing Tucker Sno-Cat in Crater Lake 
National Park, Oregon, April 1945........................................ 105

4.8	 Pack train carrying supplies to shelter passes the Upper 
Seven Lakes Basin Snow Course Marker, South Umpqua 
River, Oregon........................................................................... 107



v

• •

• •

4.9	 R.A. Work Deed of Gift................................................................ 113

4.10	 Western Snow Conference, 27th annual meeting, April 21–23, 
1959, Reno, Nevada. Seated: James E. Church; standing: 
left to right) W.W. McLaughlin, George D. Clyde, and H.P. 
Boardman................................................................................. 116

4.11	 Ski-Doo snowmobile used in snow surveys in Montana........ 133

4.12	 Aerial snow depth marker south of Humphreys Peak, 
Arizona..................................................................................... 133

4.13	 Installing snow pillow and instrument shelter at Mill Creek 
Watershed, Washington.......................................................... 134

4.14	 Program of the West-Wide Snow Survey Training Conference, 
Squaw Valley, California, 1964............................................... 138

4.15	 Gregory Pearson Deed of Gift.................................................... 145

4.16	 Jack Washichek writes down the measurements as George 
Peak reads them, Colorado, 1955.......................................... 146

4.17	 Ralph Parshall.............................................................................. 149

4.18	 Ray Malsor and Dale Palmquis unload the Tucker Sno-Cat 
up Ward Creek Road, west of Lake Tahoe, 1961................. 150

4.19	 KRISTI Ber-Kat being demonstrated at the Snow Survey 
Training School, January 1960............................................... 158

4.20	 Snow-Survey Sampling Guide.................................................... 160

4.21	 Skiing lessons at the West-Wide Snow Survey Training Confer-
ence, Winter Park, Colorado, January 14–19, 1962............. 161

4.22	 Repeater at Park Range transmits data to base station at 
Steamboat Springs, Colorado................................................ 177

4.23	 Jack Washichek Deed of Gift..................................................... 182

4.24	 Morlan Nelson (left) and Glen Brado, Forest Service, 1950... 183

4.25	 Soil Moisture Station at Hoop Creek, Colorado, 1961............ 197

4.26	 Soil moisture measuring equipment manufactured by the 
Beckman Instruments Company. Note the map of the 
snow course on the inside of the case lid............................ 198

4.27	 Ski training in Idaho.................................................................... 202

4.28	 Laurence Johnson preparing for snow survey flight, 1961..... 207

4.29	 Morlan Nelson Deed of Gift........................................................ 216

4.30	 Tucker Sno Kitten at Idaho Snow Survey School, McCall, 
Idaho, 1954............................................................................... 218

4.31	 Sno-ball developed by Morlan Nelson, 1961............................. 219

4.32	 Testing metal and butyl snow pillows at Lick Creek, south 
of Bozeman, Montana............................................................. 222

4.33	 Bob Whaley at radio repeater station, Beaver, Utah............... 229



vi

• •

• •

4.34	 Mona Updegraff and her father John, superintendent of 
the Vale Irrigation District, snow surveying in the Blue 
Mountains of Oregon.............................................................. 232

4.35	 Max Wilson, attorney for the Consolidated Ditch Compan- 
ies, Joseph, Oregon, unlocks the top door of the Aneroid 
Lake shelter cabin................................................................... 241

4.36	 Arch Work (left), Soil Conservation Service snow surveyor, 
and Max Wilson review snow course data in shelter at 
Aneroid Lake, Oregon, 1941................................................... 241

4.37	 Bob Whaley Deed of Gift............................................................ 242

4.38	 Kodak camera modified to photograph tree canopies............ 250

4.39	 SNOTEL sites............................................................................... 255

4.40	 Arthur Crook Deed of Gift.......................................................... 263

4.41	 Manes Barton at the Mount Hood test site............................... 282

4.42	 Precipitation gauge, instrument shelter, and snow pillow 
at the Fisher Creek snow pillow site, 8 miles north of 
Cooke City, Montana, 1965.................................................... 283

4.43	 George Peak traveling to Alpine site and snow pillow at 
North French, Wyoming, 1974............................................... 284

4.44	 Phillip Farnes Deed of Gift......................................................... 290



vii

• •

• •

Foreword

Just as snow gives the West water, snow surveys give the West’s water 
users the knowledge needed for successful conservation. Major sectors 
of the region’s economy—agriculture, industry, recreation, and govern-
ment—base their water management plans on information from the Nat-
ural Resources Conservation Service (NRCS) Snow Survey and Supply 
Forecasting Program.

Snowpack and climate data collected by NRCS and key Federal, State, 
Tribal, and private partners are used to produce water supply forecasts 
and drought risk assessments—critical tools in the increasingly challeng-
ing effort to balance environmental considerations with rapid population 
growth, agricultural and energy demands, and climate variability.

Following in the pioneering footsteps of Dr. James Church, who conduct-
ed the first systematic surveys in the early 1900s, dedicated employees 
of the NRCS and its predecessor agencies, the Soil Conservation Service 
and Bureau of Agricultural Engineering, have developed and continuous-
ly improved the program’s technology, equipment, and methods. As a re-
sult, in the intervening 100 years, the program has evolved from a single, 
manually sampled site (on Mount Rose, near Reno, Nevada) to a real-time 
data network of more than 700 SNOTEL (SNOwpack TELemetry) sites 
located in 11 Western States and Alaska.

Most recently, the Internet has revolutionized how we share information 
derived from the surveys, extending the program’s reach and utility to 
even more water managers and users.

Today’s technology and survey and forecasting tools will surely evolve 
over the next 100 years as demand increases for new products and ser-
vices. NRCS and our partners will continue leading the charge for wise 
water management, along with a clean and abundant water supply for all 
who depend upon it.

	 Arlen L. Lancaster
	 Chief, Natural Resources 

Conservation Service



This page intentionally blank.



ix

• •

• •

Preface

Since 1935, the U.S. Department of Agriculture (USDA) has coordinated 
the cooperative effort in snow surveying and water supply forecasting 
in the Western States, known for many years as the Federal-State Co-
operative Snow Surveys. In 1939, the Soil Conservation Service (SCS), 
predecessor to the Natural Resources Conservation Service (NRCS), as-
sumed responsibility for the cooperative snow survey from the Bureau of 
Agricultural Engineering (BAE).

The seven oral history interviews and three articles in this volume re-
count significant historical developments in this program since its estab-
lishment through the full implementation of the automated SNOTEL sys-
tem. Two articles by Douglas Helms that appeared in the proceedings of 
the Western Snow Conference, “Bringing Federal Coordination to Snow 
Surveys” and “Snow Surveying Comes of Age in the West,” provide an 
overview of the program. Arch Work was an employee of the BAE at the 
time that Bureau received Federal funds for the Federal-State Coopera-
tive Snow Surveys in the 1930s. In addition to the interview with Work, he 
provided a typescript article of his recollections, which is provided here. 
The remaining interviewees joined the program after World War II, and 
their interviews are arranged approximately in chronological order.



This page intentionally blank.



xi

• •

• •

Acknowledgments

Numerous individuals have assisted in this effort, and the editors thank 
current and retired SCS and NRCS employees associated with snow sur-
vey and water supply forecasting.

Ron Abramovich, water supply specialist, Boise State Office, Boise, 
Idaho

Helen S. Cornett (retired), secretary to program manager, Snow Sur-
vey and Water Supply Forecasting Staff, Portland, Oregon

Mike Gillespie, snow survey supervisor, Colorado State Office, Lake-
wood, Colorado

Dan Greenlee, hydrologist, Nevada State Office, Reno, Nevada

Claudia Hoeft, national hydraulic engineer, Snow Survey and Water 
Supply Forecasting, Washington, DC

Donald Huffman (retired), hydrologist, National Water and Climate 
Center, Portland, Oregon

David Johnson (retired), program manager, Snow Survey and Water 
Supply Forecasting Staff, Portland, Oregon

Randall Julander, data collection officer, Utah Snow Survey Office, 
Salt Lake City, Utah

Rose Loehr, operations specialist, National Water and Climate Center, 
Portland, Oregon

James Marron, resource conservationist, Water and Climate Services, 
National Water and Climate Center, Portland, Oregon

Phil Morrisey, hydrologist, Boise State Office, Boise, Idaho

Tom Pagano, hydrologist, Water and Climate Services, National Water 
and Climate Center, Portland, Oregon

Philip Pasteris (retired), branch leader, Water and Climate Services, 
National Water and Climate Center, Portland, Oregon

Tom Perkins, senior forecast hydrologist, Water and Climate Services, 
National Water and Climate Center, Portland, Oregon

Garry Schaefer, branch leader, Water and Climate Monitoring, Na-
tional Water and Climate Center, Portland, Oregon

Samuel R. Stalcup, assistant historian, Resource Economics and So-
cial Sciences Division, Washington, DC



xii

• •

• •

Michael Strobel, director, National Water and Climate Center, Port-
land, Oregon

Liz Warner, public affairs specialist, Nevada State Office, Reno, Ne-
vada

Jon Werner (retired), director, National Water and Climate Center, 
Portland, Oregon

Peter Winnick, engineer, Medford Service Center, Medford, Oregon

Becky Wray, statistical assistant, Water and Climate Monitoring, Na-
tional Water and Climate Center, Portland, Oregon

Other NRCS employees who assisted were:

Douglas Lawrence, director, Resource Economics and Social Sci-
ences Division, Washington, DC

Lynn Owens, editor, National Cartography and Geospatial Center, 
Fort Worth, Texas

George A. Pavelis (retired), agricultural economist, Resource Eco-
nomics and Social Sciences Division, Washington, DC

Wendy Pierce, illustrator, National Cartography and Geospatial Cen-
ter, Fort Worth, Texas 

Karen Robinson, management assistant, Resource Economics and 
Social Sciences Division, Washington, DC 

Suzi Self, editorial assistant, National Cartography and Geospatial 
Center, Fort Worth, Texas

Phyllis Watkins, directives manager, Management Services Division, 
Beltsville, Maryland

We also wish to thank:

Faye Helms Griffin, Simpsonville, South Carolina

Jeffrey LaLande (retired), forest archaeologist, Rogue River-Siskiyou 
National Forest

Ed McCarter, National Archives, College Park, Maryland 

Bernard Mergen, professor emeritus, George Washington University, 
Washington, DC

Nicholas Natanson, National Archives, College Park, Maryland

Jim and Gloria Work, Central Point, Oregon



• •

• •
Introduction

Part 1

Introduction



This page intentionally blank.



• •

• •
Introduction

3

Part I	 Introduction

The U.S. Geological Survey (USGS) estimates that as much as 75 
percent of water supplies in the Western States are derived from 
snowmelt. As spring approaches, knowledge of the water content 

of the mountain snowpack is invaluable in the West. The potential for 
flooding is of immediate concern. During the summer, the water avail-
able for human consumption, agriculture, industry, transportation, and 
recreation affects economic decisions. The Mediterranean climate that 
dominates west of the Sierra Nevada provides little summer rain, while 
the rain shadow on the leeward side of the mountains leaves the Great 
Basin dry. There is scant rainfall during the growing season, but the abil-
ity to time the application of irrigation water makes for a very productive 
agriculture. The significance of the annual variation in streamflow from 
the mountain snowpack was obvious. To make the leap from this obser-
vation to trying to predict annual streamflow required a belief that practi-
cal methods could be devised. Recognizing the practicality of predicting 
streamflow followed upon a sequence of interrelated contingencies and 
events.

The genesis of the USDA’s 
role in snow surveying leads 
back to Dr. James E. Church 
of the University of Nevada. 
The young professor of clas-
sics enjoyed mountain trek-
king. He had read about the 
Weather Bureau’s Alexan-
der McAdie’s desire to have 
weather instruments on high 
mountain peaks. Church de-
termined to test the possibil-
ity. In March of 1905, Church 
attempted to ascend Mount 
Whitney. Along the way, he 
discovered a “forlorn” ther-
mometer abandoned the 

1.1	 James E. Church
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preceding September in a failed attempt to establish a station. Church 

determined to select a peak, or peaks, where instruments would be ac-

cessible throughout winter. The Weather Bureau furnished the maximum 

and minimum thermometers, and the Nevada Academy of Sciences pro-

vided funds to build the instrument shelter. On June 29, 1905, Church and 

his party ascended Mount Rose with the equipment and recorded the first 

readings of the thermometers at the new observatory.1

Nevada had taken advantage of the Hatch Act of 1887, which provided 

some Federal funding for State agricultural experiment stations, but 

many stations had little money for basic or applied research. To partially 

remedy this situation, the Adams Act, signed March 16, 1906, doubled the 

Federal funds available to the State agricultural experiment stations. The 

USDA’s Office of Experiment Stations was to exercise greater supervi-

sion to ensure that the funds were spent on research projects with some 

prospect of aiding agriculture.

The Nevada Agricultural Experiment Station requested Adams Act funds 

to support Church’s work on Mount Rose. The USDA Office of Experi-

ment Stations approved $500 for the project. Neither the station’s official 

publications nor Church’s subsequent writings explain their discussions, 

the decision to apply for the funds, or their aspirations for the work. No 

correspondence between Church and the Nevada Agricultural Experi-

ment Station on this matter appears to have survived. But some indica-

tion of Church’s initial research agenda may be found in the response of 

Alexander G. McAdie of the Weather Bureau Office in San Francisco to a 

communication from Church.

	 In reply to yours of June 30th I admire your perseverance and firmly 
believe we will yet see an observatory on Mt. Rose. The frost work seems 
to be of practical value. With regard to the effect of timber on windswept 
areas would it not be well to take this matter upon with the Bureau of 
Forestry as it seems to lie directly in their field.
	 Congratulations on the windfall.2

1	 J.E. Church, The Mount Rose Weather Observatory, Monthly Weather Review Vol. 34, No. 6 (June 
1906): 255.

2	 Alexander G. McAdie to Professor Church, July 3, 1906, James E. Church Papers, Special Collec-
tions, University of Nevada, Reno.
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1.2	 The Observatory Building, Thanksgiving 
1906
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Church and coworkers car-
ried material up Mount Rose 
in August 1906 to construct 
a shelter. Working on week-
ends, Church and party com-
pleted construction of the 
observatory in which two 
people could stay overnight.3 
The ability to stay overnight 
would greatly facilitate the 
work including the study 
of the distribution of snow, 
which evolved into snow 
surveying. With the designa-
tion of the Adams Act funds, 
Church’s work formally be-
came the Department of Me-
teorology and Climatology of 
the Experiment Station.

In the spring of 1906, Church and P. Beveridge Kennedy, botanist with the 
Experiment Station, investigated the eastern side of the Sierra Nevada, 
west of Reno. The two took notes and photographs of the “distribution 
and disposal of the snowfall …” Kennedy stated the full implications of 
their objective: “There are many important problems in connection with 
the runoff, streamflow, evaporation, and influence of the forest and forest 
cover on the waters of the Truckee River that should be investigated.”4 It 
seems that this first Church-Kennedy spring excursion took place after it 
was known that some of the Adams Act money would be available to the 
Experiment Station. The two could have been collecting information for 
a request to the USDA Office of Experiment Stations.

3	 J.E. Church, The Mount Rose Weather Observatory, 1906–1907, with notes on the progress of the 
observatory, 1907–1908. Bulletin No. 67 (Reno: Agricultural Experiment Station, University of 
Nevada, 1908, Plate V.

4	 P. Beveridge Kennedy, Botany, Horticulture, and Forestry, in State of Nevada. In Annual Report 
of the Board of Control of the Agricultural Experiment Station for the Fiscal Year Ending June 30, 
1906 (Carson City, Nevada, 1907), p. 22.
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The agricultural benefit of supporting Church’s work was soon confirmed 
when he demonstrated that temperature readings from Mount Rose could 
be used to predict the timing of frost at lower elevations. But the research 
charge that led to Church’s contributions as a snow scientist was that of 
relating snow conservation to forest cover on the mountains. Water us-
ers in the West were very much interested in the impact of timber cover 
on spring and summer runoff that would be available for irrigation and 
other uses. Did dense timber cover increase or decrease the snowpack 
and runoff? Mount Rose and surrounding areas had been cut over during 
the Comstock Lode mining boom. But forest cover in the future could be 
managed for maximum water yields, if one but knew the answers to the 
critical questions.

At least by 1908, Church became aware that measuring the depth of snow 
was insufficient, as the water content of the snow varied. During the win-
ter of 1908–09, Church developed the Mount Rose Snow Sampler, which 
measured and provided the water content in a column of snow. He an-
nounced the development of the sampler in February 1909.5

Now that Church could measure the water content of snow, he announced 
that in the upcoming season, 1909–10, his department would “study this 
process of anchorage and of evaporation and melting over typical ar-
eas throughout the coming season, and to obtain exact data at frequent 
intervals—in other words, to determine the life history of snow under 
the various conditions to which it is exposed.”6 Church planned snow 
courses for three locations where measurements would be made: Mount 
Rose, Lake Tahoe, and the Ruby Mountains. Time and fatigue eventually 
eliminated planned snow courses on the Ruby Mountains for the 1909–10 
season. Lake Tahoe offered a “never-freezing lake surface and shoreline 
of 72 miles gave access to various types of mountain slopes and forests.”7 
Thus, Church recorded the first snow course data as being collected in 
1909.8

5	 Bernard Mergen, Seeking snow: James E. Church and the beginnings of the snow science, Nevada 
Historical Society Quarterly, Vol. 35 No. 2 (summer 1992): 80.

6	 University of Nevada. Agricultural Experiment Station. Annual Report of the Board of Control, 
The Director, and the Members of the Station Staff for the Fiscal Year Ending June 30, 1909. Bul-
letin No. 72 (Reno: University of Nevada, December 1909), p. 54. 

7	 J.E. Church, The human side of snow, Scientific Monthly Vol. 44, No. 2 (February 1937). p. 147.
8	 J.E. Church, Principles of snow surveying as applied to forecasting stream flow, Journal of Agri-

cultural Research Vol. 51, No. 2 (July 15, 1935): 97–130.
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1.3	 Cabin cruiser “Mount Rose” used to sample snow courses along the 
shoreline of Lake Tahoe
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Before a long-term sequence of data was available, a demand came for 
use of the data for correlation of snow survey data to runoff. Church re-
called, “The heavy year of 1910–11 came with menace and fear. The Sierra 
Pacific Power Company begged the use of our snow data to determine 
how much moisture was latent on the watershed. Thus was born the fore-
casting of streamflow.”9 Church concluded that “it was quickly seen that 
the winter snow in percentage of its normal equaled that of the summer 
rise of the lake. Rivers followed the same rule, but more closely.”10 Build-
ing upon Church’s pioneering work, Nevada and other Western States 
developed snow survey programs.

9	 J.E. Church, The human side of snow, Scientific Monthly Vol. 44, No. 2 (February 1937). p. 148. 
10	 Ibid. 



This page intentionally blank.



• •

• •

Part 2

Snow Survey Sites by 
State



This page intentionally blank.



11

• •

• •

! (

! \"

"

" "

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#
#

#

#

# #

#

#

#

#

#

##

#

#

#

#

"

Ju
ne

au

C
ol

le
ge

Fa
irb

an
ks

An
ch

or
ag

e
A

nc
ho

ra
ge

Ju
ne

au

0
60

12
0

18
0

24
0

30
0

30
M

ile
s

A
la

sk
a

S
no

w
 S

ur
ve

y 
S

ite
s

Si
te

s
#

SN
O

TE
L

S
no

w
 C

ou
rs

es

Part 2	 Snow Survey Sites by State

2.1	 Alaska Snow Survey Sites 
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Snow Survey Sites by State
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Snow Survey Sites by State
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Snow Survey Sites by State
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Snow Survey Sites by State
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2.9	 Oregon Snow Survey Sites



• •

• •
History of Snow Survey and Water Supply Forecasting

20

"

"

"
"

"

"

"

"

"

#
#

H
ur

on
Pi

er
re

Ya
nk

to
n

M
itc

he
ll

Ab
er

de
en

Br
oo

ki
ng

s

W
at

er
to

w
n

R
ap

id
 C

ity

Si
ou

x 
Fa

lls

§̈ ¦90

§̈ ¦29

§̈ ¦94 §̈ ¦12
9

§̈ ¦19
0

0
20

40
60

80
10

0
10

M
ile

s

S
ou

th
 D

ak
ot

a
S

no
w

 S
ur

ve
y 

S
ite

s

Si
te

s
#

SN
O

TE
L

S
no

w
 C

ou
rs

es

2.10	 South Dakota Snow Survey Sites



• •

• •

21

Snow Survey Sites by State
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Snow Survey Sites by State
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Bringing Federal 
Coordination to Snow 
Surveys
by J. Douglas Helms1

Daily, even hourly, the Federal Govern-
ment is monitoring numerous aspects 
of the environment. Though not so 
well known as satellite images or the 
daily weather report, stations in the 
mountains of the West keep track of 
the amount of snow. A major objective 
is to know the amount of runoff in the 
spring and summer. Snow surveying 
is part of the development of science 
in government, as well as the growing 
demand for information by individuals 
and businesses in the interest of eco-
nomic growth. Also, snow has been 
one of the more striking examples of 
Federal, State, and local cooperation. 
This article recounts the entrance of 
the Federal Government into the snow 
surveying field.

As agriculture and recreation expand-
ed in the West, some individuals, uni-
versities, and companies began col-
lecting information on winter snows 
so as to predict snowmelt runoff in 
the spring and summer. Of necessity, 
these surveys were limited to the wa-
tersheds of immediate interest; the 
forecasts were directed to specific 
purposes such as irrigation, hydroelec-
tric power, and predicting floods. The 
idea of coordinating snow surveys so 

1	 Presented at the Western Snow Conference, 
Juneau, Alaska.

	 National Historian, Soil Conservation Ser-
vice, U.S. Department of Agriculture, P.O. 
Box 2890, Washington, DC  20013.

	 Reprinted Western Snow Conference 1991.

that forecasts of spring runoff would 
be available for all the West may have 
occurred to many people, but Walter 
Wesley McLaughlin, chief of the Divi-
sion of Irrigation in the U.S. Depart-
ment of Agriculture’s (USDA) Bureau 
of Agricultural Engineering (BAE) 
was in a position to promote the idea. 
A Nebraska native, McLaughlin had 
earned a degree in civil engineering at 
Utah State University in 1896, and an 
M.S. degree in soil physics and irriga-
tion from the University of California 
at Berkeley in 1924. McLaughlin em-
barked on a career in irrigation engi-
neering in 1904 in the USDA while also 
teaching at Utah State University. In 
1925, he became head of the irrigation 
division, which was in the Bureau of 
Public Roads, before being transferred 
to the BAE.

Since Utah was one of the pioneering 
States in snow surveying, McLaugh-
lin undoubtedly knew about its value. 
From his headquarters in Berkeley, 
California, he followed the growth of 
snow surveying in the West and par-
ticipated in some of the snow survey 
meetings in 1933 and 1934. By mid-
1934, he had decided the time was ripe 
for getting the Federal Government in-
volved. He sent his supervisor, Samuel 
Henry McCrory, chief of the Bureau 
of Agricultural Engineering, a project 
proposal entitled “Snow Survey and 
Stream Flow Forecasting.” McLaughlin 
had observed that neither the Weather 
Bureau nor the Water Resources Divi-
sion of the U.S. Geological Survey was 
particularly active in snow surveying. 
The pioneers in snow surveying were 
the users and their allies in industry, 
public utilities, State agencies, and ag-
ricultural experiment stations. View-
ing the vacuum, McLaughlin proposed 
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“to set up at the proper time a snow 
survey project under the Bureau of Ag-
ricultural Engineering, believing it to 
be the logical agency to undertake this 
work and the best agency to make the 
greatest possible use of the informa-
tion in the interest of agriculture.”

According to McLaughlin, he was wait-
ing for the perfect opportunity; the 
drought of 1934 provided it. In May 
1934, he had an opportunity to explain 
the importance of snow surveys to 
Secretary of Agriculture Henry A. Wal-
lace. He told Wallace how snow sur-
veys could have helped farmers adjust 
to the drought.2 Also, McLaughlin saw 
the emergency employment programs 
under the Public Works Administration 
(PWA) and the Works Progress Admin-
istration (WPA) as an opportunity to 
expand snow surveys and provide a 
way for coordinated forecasting. The 
Great Depression and employment 
programs of the New Deal elicited hun-
dreds of proposals for a more activist 
Federal role in social and natural re-
sources areas. Thus the economic con-
ditions provided the climate in which 
the Federal Government expanded its 
responsibilities in numerous areas.

The Farm Bureau Federation endorsed 
McLaughlin’s proposal in 1934, and he 
submitted a request for PWA funds for 
snow measuring stations, snow cours-
es, shelters, equipment, and mainte-
nance for the first year. Despite their 
inactivity to date, McLaughlin believed 
the Department of the Interior would 
make a similar request if the USDA 
did not take the initiative.3 McLaughlin 

2	 Walter Wesley McLaughlin to Samuel Henry 
McCrory, July 25, 1934, File 3–234, General 
Correspondence, 1931–1939, Records of 
Bureau of Agricultural Engineering, Record 
Group 8, National Archives and Records Ad-
ministration, Washington, DC. All of the cor-
respondence cited in this article is from the 
same file.

3	 McLaughlin to McCrory, August 6, 1934.

specified mostly research projects in 
his proposal.

McCrory agreed that the drought and 
depression had indeed provided an 
excellent opportunity, but McLaughlin 
was taking the wrong tactic. The em-
phasis must be placed on actually pro-
viding forecasts to farmers and other 
water users, rather than on research.4 
McCrory knew how to spot opportuni-
ties. His agency was one of the smallest 
in USDA, and he had won a reputation 
for aggressively competing with larger 
agencies for funding. BAE had neither 
the manpower nor the large constitu-
encies of agencies such as the Weather 
Bureau or the Forest Service.5 In addi-
tion to the $36,000 requested from the 
Bureau of the Budget for research, Mc-
Crory requested $40,000 of the emer-
gency drought funds from USDA for 
making snow surveys and forecasts.6

The Bureau of the Budget rejected both 
requests.7 Having become a convert to 
the idea, McCrory pushed the issue. 
In November 1934, Secretary Wallace 
met with Harry Hopkins, head of the 
Federal relief effort, to discuss money 
for snow surveys. Rather than having a 
large project at the Federal level, Hop-
kins suggested requests for the snow 
survey work should come from the 
States through their regular procedure 
for requesting project approval.8 Mean-
while, in late 1934, McLaughlin contin-
ued his campaigning in the West. The 
Association of Western State Engineers 
and the National Reclamation Associa-
tion adopted resolutions calling on the 
Secretary of Agriculture to undertake 

4	 McCrory to McLaughlin, August 23, 1934.
5	 Wayne Rasmussen, former historian of 

USDA, knew McCrory and provided this 
characterization. Conversation with Rasmus-
sen, March 25, 1991.

6	 McCrory, Memorandum for the Secretary, 
September 4, 1934.

7	 McCrory to McLaughlin, November 18, 1934.
8	 McCrory to McLaughlin, November 27, 1934.
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a coordinated, comprehensive snow 
survey in the West. McLaughlin and 
his allies blocked moves to have the 
Weather Bureau and the Forest Ser-
vice named as the agencies to lead 
the effort. They much preferred that 
the Secretary of Agriculture delegate 
the authority. In the interest of mak-
ing sure that the BAE was given the 
authority, McLaughlin reminded Mc-
Crory to keep the Secretary advised. 
“We must, however, put the matter up 
to the Secretary so he will be prepared 
for any move by Forestry or Weather 
Bureau. Forestry grabs at every thing 
all the time.”9

Legislation
Having failed, at least temporarily, with 
the regular budgetary process and the 
emergency employment funds routes, 
the campaign now turned to the legis-
lative process. Governor C. Ben Ross 
of Idaho wrote to U.S. Senator James 
P. Pope of Idaho to introduce him to 
McCrory.10 McCrory kept the Secretary 
informed of these meetings and his ac-
tivities to promote snow surveys.11

The western congressional delegation 
was easily convinced of the need for 
snow surveys and requested funding in 
1935. The Senate Appropriations Com-
mittee discussed the item, but did not 
include it in the bill submitted to the 
full Senate. They wanted to resolve 
the matter of who was going to be in 
charge of the snow surveys. Senator 
Frederick A. Steiwer of Oregon con-
tacted Assistant Forester Earle H. 
Clapp and others in USDA, who told 
him that authority should be assigned 
to the BAE. The amendment to the 

9	 McLaughlin to McCrory, December 8, 1934.
10	 C. Ben Ross to James P. Pope, December 27, 

1934.
11	 McCrory, Memorandum for the Secretary, 

January 31, 1935.

appropriations bill in the Senate gave 
BAE authorities and funding for “snow 
surveys and forecasts of irrigation wa-
ter supplies.”12

Designing the program
Before the appropriations bill was 
signed on May 17, 1935, McLaughlin 
had already asked James C. Marr, a Di-
vision of Irrigation engineer at Boise, 
Idaho, to familiarize himself with snow 
surveys in the northwestern States.13 
McLaughlin traveled to Logan, Utah, 
to discuss snow surveys with George 
D. Clyde, a professor of engineering 
at Utah State University and head of 
Utah’s snow survey effort. McLaughlin 
considered Clyde “the best informed 
man in the country on this subject.” In 
addition to his expertise, Clyde already 
had “very pleasant contacts with other 
agencies,” which would be crucial to 
the success of a cooperative snow sur-
vey effort.14

McLaughlin thought Clyde would be 
the only additional employee BAE 
would need for their new role in snow 
surveying. He would be a collabora-
tor for 2 or 3 months each year. Marr 
would have general supervision of the 
snow survey work. Clyde and Marr 
worked on the general plan of action 
in early May, preparatory to visiting ex-
isting snow surveying operations and 
prospective cooperators. Clyde and 
Marr would locate the snow courses 
in the States selected for work the first 
summer.

Despite McLaughlin’s original inten-
tions, he also signed on James Edward 
Church to help get the cooperative snow 
survey program started in the summer 

12	 U.S. Congress, Senate, Congressional Re-
cord, 74th Cong. 1st. sess., 1935, 79, pt. 5: 
4699; Public Law No. 62, 74th Congress.

13	 James C. Marr to M. R. Lewis, April 26, 1935.
14	 McLaughlin to McCrory, May 6, 1935.
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of 1935. Church’s interest in snow led 
him from his fairly obscure position as 
a classics professor at the University 
of Nevada in Reno to being the most 
renowned figure on snow surveying in 
the United states. Undoubtedly, it was 
a wise move to solicit Church’s advice 
and to add his reputation to the cause. 
Unlike Clyde, who immersed himself 
in developing the structure of the pro-
gram and laying out snow courses, 
Church conferred with officials in the 
various States and explored the areas 
where cooperation could be had. He 
talked to the hydroelectric power in-
terests in Los Angeles, the irrigators 
in the Imperial Valley, and the Forest 
Service and National Park Service peo-
ple in Arizona. One of the cooperators 
referred to Church’s “goodwill tour.” 
Church liked the term and continued 
the tour at Marr’s behest.15

Church was a willing cooperator. If 
he resented the fact that Clyde had a 
greater hand in designing the coordi-
nated system, he did not betray it in 
writing to McLaughlin or Marr. Fur-
thermore, there was much in the op-
erations of the new group to enhance 
his reputation. Church felt that the 
Weather Bureau had rebuffed his ear-
lier efforts to prod them into develop-
ing a national system. Worse, some of 
the Weather Bureau people preferred 
snow stakes for measurement, rath-
er than Church’s snow courses and 
tube sampling. (McLaughlin’s group 
would use Church’s methods.) Finally, 
Church held that streamflow forecast-
ing required engineering, rather than 
meteorological analysis. Accordingly, 
most of the recent conferences had 
been held with engineers rather than 
meteorologists.16

15	 James Edward Church to McLaughlin, July 
23, 1935.

16	 Quotes of a letter from Church to McLaugh-
lin found in McLaughlin to McCrory, August 
9, 1935.

Early decisions on 
standardization
The survey was obviously going to rely 
on a great deal of cooperation. But 
McLaughlin believed some of the meth-
ods and equipment must be standard-
ized. His group decided to spend their 
scant funds, $15,000, on equipment. A 
standard type would be selected and 
purchased in volume so as to reduce 
costs. His group well understood that 
experience in the field would lead to 
improvements and correction of de-
fects. Nonetheless, they intended to 
start out with established standards 
for the equipment and methods. They 
would use Church’s method for snow 
cover measurements, rather than the 
stake method. The former involved 
taking a core sample of the snow so as 
to measure volume and water content. 
The stake method simply measured 
snow depth without regard to density 
or water content. Another Church con-
tribution, “the Mount Rose tube in its 
original form or as modified in Utah,” 
would be used.17

The scale to measure the weight of 
the snow sample would also be stan-
dardized. As two of the innovators of 
snow surveying equipment, Church 
and Clyde both had a personal inter-
est in the writing of standards. Dur-
ing the first year, the BAE purchased 
150 sets of snow sampling equipment, 
with half going to Marr and the other 
half to Clyde for distribution.18 But 
when they received the equipment, 
Clyde and Church both had some ob-
jections. Church found a deficiency in 
the weighing mechanism; Clyde found 
fault with the sampling tube from Ne-
vada. McLaughlin wryly noted that 

17	 McLaughlin to Church, August 3, 1935.
18	 McLaughlin to George R. Boyd, Acting Chief, 

Bureau of Agricultural Engineering, August 
3, 1935.
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snow surveyors from Colorado had no 
difficulty in using the equipment, and 
attributed “some of the comments of 
Clyde and Church to a little prejudice. 
This is only natural, since we all have 
our weakness in this regard.”19 In ad-
dition to the snow sampling tubes and 
the weighing mechanism, the group 
also supplied skis and snow shoes in 
some cases.20

Organization
The absence of long-term data plus the 
need to emphasize the cooperative na-
ture of the work influenced McLaugh-
lin’s organizational decisions. There 
would be regional offices, rather than 
a national one. Without historical data, 
personal knowledge of the rivers and 
streams would be required if the snow 
survey group expected to make worth-
while forecasts in the first few years. 
They needed, and wanted, to make 
their presence known. They definitely 
planned to make forecasts from the 
new snow course data the first year. 
After some years’ accumulation of 
data, McLaughlin believed it would be 
possible to have a national office. But 
there was another reason for regional 
structure. McLaughlin wanted to have 
the State agencies involved not only in 
the surveying, but also in the forecast-
ing. The matter of organization illus-
trated the sensitivity required in Fed-
eral-State cooperation on the project 
and how such cooperation could best 
be achieved. McLaughlin thought his 
bureau should insist on being involved 
in all local forecasting. He wrote to 
McCrory, “Otherwise the work would 
soon drift out of our hands, and we 
would find ourselves in a position of 
supplying funds and some State agen-
cy making the forecasts.”21

19	 McLaughlin to McCrory, January 23, 1936.
20	 McLaughlin to McCrory, October 19, 1935.
21	 McLaughlin to McCrory, December 30, 1935.

Establishing snow courses
The first year McLaughlin planned to 
expand existing networks in the key 
drainages and the most accessible ar-
eas of Oregon, Idaho, Utah, Wyoming, 
Colorado, Nevada, and California. As 
Clyde and Marr traveled about, locat-
ing snow surveys, they were “to inter-
est local and State agencies and stimu-
late an interest in local agencies for 
snow surveys so they will demand the 
work.”22

McLaughlin’s group hoped, and sug-
gested, that the cooperators in Ne-
vada, California, Utah, and Oregon 
who already had extensive networks 
of snow courses would establish ad-
ditional ones, as well as surveying and 
mapping existing courses. BAE was to 
supply the additional snow surveying 
equipment needed. During the sum-
mer of 1935, Marr concentrated on the 
Snake River and Clyde on the Colora-
do in establishing new snow courses in 
Wyoming, Idaho, and Colorado.23 In se-
lecting the new snow courses, the two 
considered serviceability, accessibility, 
and the key areas in a statewide plan, 
as well as the most urgent requests 
from cooperators.24

During the first 10 days of August, 
1935, Marr covered 2,300 miles over 
little traveled roads and trails as he 
established snow courses in Wyoming 
and Yellowstone National Park. To 
avoid the cost of installing a course, he 
selected areas where little construc-
tion work would be needed. Where 
work was needed he managed to get 
the cooperation of the Civilian Con-
servation Corps (CCC). Thanks to the 
cooperation of agencies, the only cost 

22	 McLaughlin, Memo–Snow Surveys, July 5, 
1935.

23	 Marr to H.P. Boardman, August 12, 1935.
24	 McLaughlin to McCrory, December 30, 1935.
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to BAE would be the snow sampling 
equipment.25

Marr’s enthusiasm for the work even 
brought a reaction from McCrory in 
Washington. He advised McLaughlin 
to “put on the brakes on a little in his 
case. He is working so hard that I am 
afraid he faces a nervous breakdown 
if he does not ease off somewhat.”26 At 
the end of 1935, Marr thought the snow 
surveying group had about a fourth of 
the 1,000 courses they would eventu-
ally need.27

Cooperation with other 
Federal agencies
McLaughlin believed the Forest Ser-
vice, as part of their cooperation, 
would clear and mark courses, build 
and equip snow shelters at their own 
expense and with CCC labor. He hoped 
that some of the cooperating State 
agencies such as the State Engineers 
would be able to use CCC labor and 
successfully apply for Federal Emer-
gency Relief Act funds for similar 
work. McLaughlin planned to use all 
of the scant $15,000 appropriation for 
equipment. To establish the whole net-
work in the West would eventually re-
quire about $100,000 to $300,000.28

The Division of Irrigation group never 
quite secured the large allocation of 
emergency funding with which to rap-
idly expand the network by clearing 
snow courses, building snow cabins, 
and doing other construction work. 
Thus, they tended to work through the 
states or with the Federal land man-
agement agencies. Marr helped Idaho 
prepare applications for funds to work 

25	 Marr to McLaughlin, August 12, 1935.
26	 McCrory to McLaughlin, August 12, 1935.
27	 McLaughlin to McCrory, December 30, 1935.
28	 Marr to H.P. Boardman, August 12, 1935.

on snow courses.29 The Federal land 
management agencies eventually did 
much of the construction on the lands 
in their charge. Seeing that BAE had 
only $15,000 to get the work started, 
the other agencies knew well that suc-
cess depended upon their cooperation. 
Evan W. Kelly, the U.S. Forest Service’s 
regional forester in Missoula, Montana, 
wrote to his forest supervisors: “The 
Bureau of Agricultural Engineering 
is pitifully short of the necessary ap-
propriation from which to finance this 
important activity;...the various agen-
cies of the government directly or inci-
dentally interested, must cooperate to 
the fullest practical extent.”30 The BAE 
had reason to be pleased with the de-
gree of cooperation the first year. They 
wrote not only to cooperators, but also 
to their supervisors thanking them.31 
Success the first year accelerated the 
degree of cooperation. The Corps of 
Engineers had been doing some snow 
surveying work on the watershed of 
the Missouri River. In 1936, they con-
tributed $3,000 so that BAE could set 
up courses on the Columbia River Ba-
sin.32

Expansion of work
Following the forecasting work in the 
spring of 1936, BAE expanded the pro-
gram in the summer. In all the States, 
there was cooperation with the State 
Engineer and the land-grant agricultur-
al college. Each of the district repre-
sentatives of the Division of Irrigation 
made arrangements for the snow cover 
surveys, provided the equipment, and 
stocked the cabins. Essentially they 
handled all of the operations in their 
State. They reported the snow survey 

29	 Marr to H.P. Boardman, August 12, 1935.
30	 Evan W. Kelly to Forest Supervisors, July 24, 

1936.
31	 McLaughlin to McCrory, August 12, 1936.
32	 McLaughlin to McCrory, August 10, 1936.
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data to the Berkeley office and the 
Boise office. Clyde handled the work 
in Utah while Church handled Nevada. 
Marr, at Boise, and Louie T. Jessup at 
Yakima, Washington, did Idaho and 
part of the Columbia drainage. Ralph 
Parshall at Fort Collins was respon-
sible for Wyoming and Colorado; and 
temporarily responsible for New Mex-
ico and Arizona. Arch Work surveyed 
Oregon and northern California from 
his office at Medford, Oregon. The 
State Engineer of California did the 
rest of that State. The district engineer 
of the U.S. Geological Survey at Hel-
ena, Montana, did the Missouri River. 
The Berkeley and Boise offices jointly 
publicized the information.33

By the second season, they had perfect-
ed the publicity arrangements. They 
made measurements monthly from 
January 1 to May 1. Water supply fore-
casts were made following the Febru-
ary measurement and the April or May 
measurement, depending on the State. 
Broadcasts of information went out on 
the Farm and Home Hour and various 
State stations. The cooperating agen-
cies, usually the State Engineer or 
the State agricultural college, put out 
mimeographed releases. The Weather 
Bureau also published the data for the 
Federal Government. As part of the 
original agreement with the Weather 
Bureau, BAE supplied information to 
them for flood predications. Sampling 
for flood predictions required addition-
al visits to the snow courses. The snow 
survey work was actually a part-time 
duty for the BAE people, except Marr, 
who would work full-time on it until no 
longer needed.34

33	 McLaughlin to McCrory, January 23, 1937.
34	 McLaughlin to McCrory, January 23, 1937.

Winter sports radio 
broadcasts
By the second year of forecasts, the 
snow survey group began receiving 
requests for information from winter 
sports enthusiasts. McLaughlin want-
ed to get immediately involved since it 
was a public service and was another 
“most worthwhile public contact for 
us....”35 Initially McCrory resisted, be-
lieving that BAE had to strictly limit 
itself to the authority in the legislation 
for forecasting irrigation water.36 Never 
easily discouraged, McLaughlin man-
aged a meeting with Paul Appleby, As-
sistant to the Secretary of Agriculture, 
and got his endorsement. Following 
the meeting with Appleby, McLaugh-
lin worked out an agreement with the 
National Broadcasting Company to 
devote 5 minutes each Friday on the 
Farm and Home Hour to reports from 
each State. Also, many of the State 
weather bureaus and State highway 
departments agreed to issue the fore-
casts. As far as McLaughlin was con-
cerned, the service was “an excellent 
contact with the public.”37

Different verisons
The issue of the winter sports forecasts 
illustrated some of the differences in 
outlook, or zeal, between McCrory 
and his people in the West. McCrory 
saw the value for irrigated agriculture 
and strongly supported the work, but 
he saw it as only one aspect of BAE’s 
work. When he thought he detected 
Marr and others working exclusively 
on the snow survey project, yet charg-
ing a large part of their salaries to other 
accounts, he chided them. He warned 
McLaughlin to stay within the appro-

35	 McLaughlin to McCrory, February 3, 1937.
36	 McCrory to McLaughlin, February 6, 1937.
37	 McLaughlin to McCrory, July 13, 1937.
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priation for snow surveys and vowed 
not to siphon funds from other work 
for it.38 He wanted to adhere strictly to 
the authorization for predicting irriga-
tion water supplies. As far as he was 
concerned, the agreement with the 
Weather Bureau was well understood 
by both parties, and each group would 
cleave honorably to the agreement.

In practically all these matters, 
McLaughlin had a different view. Suc-
cess in the snow survey required a 
quick success the first year and thus 
demanded almost undivided atten-
tion. Though an irrigation engineer by 
training, he understood the other uses 
and potential for the snow survey and 
moved aggressively into those areas. 
Given the sparse BAE staff in the West, 
compared to other Federal agencies, 
McLaughlin cherished the publicity 
value and resulting clout that came 
from activities such as the winter 
sports radio broadcasts. McLaughlin’s 
operation depended upon the coopera-
tion of the land management agencies, 
but he also viewed them as potential 
competitors for the snow survey prize. 
In his opinion, the Weather Bureau had 
to be watched at every turn. Offers of 
cooperation must be analyzed closely 
for ulterior motives.39 For all these rea-
sons, McLaughlin and his people in the 
Division of Irrigation zealously set out 
to make the program a success.

Summary
More than 50 years after Federal coor-
dination of snow surveys was begun, 
its value is recognized more than ever. 
The competition for water in the West 

38	 McCrory to McLaughlin, January 6, 1937 and 
January 18, 1937; McLaughlin to McCrory, 
January 12, 1937.

39	 McLaughlin to McCrory, December 21, 1936, 
McLaughlin to George R. Boyd, Acting Chief, 
Bureau of Agricultural Engineering, August 
16, 1937.

due to the explosion in population, 
industry, and agriculture created a de-
mand to know as precisely as possible 
the amount of water available from 
snowmelt. The various enterprises 
whose operations cut across political 
boundaries demand the basinwide in-
formation that a coordinated system 
produces.

In retrospect, many of the decisions 
made by McLaughlin and his col-
leagues were wise beyond their time. 
One thing they wanted, but did not 
get, was a large appropriation or allot-
ment from the emergency employment 
funds to rapidly clear snow courses, 
build snow cabins, and do other types 
of construction associated with snow 
surveys. Would this have changed the 
course of the history of snow survey? 
It is difficult to know. As it developed, 
the enforced reliance on the State and 
other Federal agencies to do much of 
the work probably was beneficial to 
the strength of the program. Although 
the snow survey is operated under the 
Soil Conservation Service, it is respon-
sible to, and draws strength from, all 
the cooperating agencies. In a sense, it 
has a separate existence. The users and 
gatherers of the snow survey informa-
tion seem likely to continue to demand 
some coordination at the Federal level 
for the foreseeable future.

The author thanks Anne Henderson 
and J.D. Ross of the Natural Resourc-
es Conservation Service for their 
editing assistance. The author also 
thanks John P. Butler of the National 
Archives for his assistance with the 
research.
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Snow Surveying Comes of 
Age in the West
by J. Douglas Helms1

Snow surveying and water supply 
forecasting entered a new era when 
the U.S. Department of Agriculture 
(USDA) abolished the Bureau of Agri-
cultural Engineering (BAE) and trans-
ferred the Division of Irrigation to the 
Soil Conservation Service (SCS) on 
July 1, 1939. The Division of Irriga-
tion was headquartered at Berkeley, 
California, with Walter W. McLaughlin 
as chief. The irrigation engineers in 
field offices in the Western States had 
been in charge of the Federal coordi-
nation of snow surveys since the U.S. 
Congress appropriated money for the 
work in 1935. Previously existing net-
works, such as those in Nevada, Utah, 
and California, continued under the 
agricultural experiment station or a 
State agency as was the case in Califor-
nia (Helms, 1991). The individuals who 
eventually came to be called snow sur-
vey supervisors were James C. Marr in 
Boise, Idaho; R.A. “Arch” Work at Med-
ford, Oregon; Ralph Parshall in Fort 
Collins, Colorado; and Lou T. Jessup 
at Yakima, Washington. They generally 
operated independently, though Marr 
was the acknowledged leader. Since 
the beginning of snow surveys, Marr 
had devoted all of his working hours 
to building up the snow surveying ac-
tivities and had dropped his irrigation 
work (Marr correspondence).

The early years had been a time of 
rapid expansion—laying out snow 
courses, working out agreements with 

1	 Presented at the Western Snow Conference, 
Jackson Hole, Wyoming, 1992.

	 National Historian, Soil Conservation Ser-
vice. U.S. Department of Agriculture, P.O. 
Box 2890, Washington, DC  20013.

	 Reprinted Western Snow Conference 1992

cooperators and users, compiling data, 
making forecasts, and reproducing the 
forecasts for distribution. Arch Work 
recalled that the group had decided 
working independently was the most 
efficient operation.

We were pretty decentralized. I 
understand perfectly the need 
to centralize snow survey work 
under SNOTEL … But in those 
early days, we believed it was 
more practical and more profit-
able, in terms of public relations, 
to decentralize. I think it was a 
profitable position to take be-
cause they weren’t restricted by 
regulations superimposed upon 
them by someone who didn’t 
know very much about the busi-
ness. (Work interview, 1989).

The group created enough interest that 
the requests for additional snow cours-
es eventually exceeded the meager ap-
propriation and manpower available 
(Work interview, 1989; Marr corre-
spondence).

The move to the SCS increased the 
area covered by snow courses as well 
as the application of forecasts (Work, 
1989). The SCS had begun in 1937 to 
encourage the creation of conserva-
tion districts under State law. The dis-
tricts had locally elected supervisors 
and directors. After a district signed a 
cooperative agreement with USDA, the 
SCS would assign staff to work with 
the district. The move added a large 
number of SCS employees as poten-
tial snow surveyors. Also, snow survey 
offices were opened at Reno, Nevada, 
and Logan, Utah (Work, 1948).

In terms of applications, the SCS had 
become the primary agency of the 
USDA advising farmers on technical 
matters concerning the storage, move-
ment, and use of water on the farm. 
SCS assumed responsibility for advis-
ing farmers on irrigation and drainage 
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380) appeared in 1940. In addition to 
his own experiences, Marr solicited 
information from the other snow sur-
vey supervisors (Parshall, Jessup, and 
Work), as well as George D. Clyde, 
J.E. Church, O.W. Munson, and Harold 
Conkling, the deputy State Engineer of 
California. The manual described the 
care and use of equipment, snow sam-
pling procedures, field office work, 
uses of water supply forecasts, mainte-
nance of snow courses, stocking shel-
ters, winter travel, and other topics 
(Marr, 1939; Marr, 1940). Prior to the 
use of aircraft, expansion of snow sur-
veys depended in part on making cab-
ins available. Snow surveyors needed 
cabins to make a trip of several days 
to remote snow courses. In the 1939 
Transactions, American Geophysical 
Union, Arch Work and Ralph Parshall 
published a guide for the construction 
of snow survey cabins (Work and Par-
shall, 1939).

Snow survey network
The snow survey work expanded 
throughout the late 1930s. By the 
spring of 1940, approximately 753 
snow surveyors made readings at 
14,295 sampling points on 1,000 snow 
courses. The brunt of the snow survey-
ing work fell on the rangers of the U.S. 
Forest Service and the National Park 
Service. Snow surveyors had available 
some 339 shelters. Only a portion of 
those had been built specifically for 
snow survey work. Others belonged to 
mining companies, power companies, 
and lumber interests. As the groups 
worked to add new cabins they tried 
to locate them about 16 miles apart, 
the average day’s journey. Altogether 
the Division of Irrigation had about 50 
cooperating Federal, State, and local 
agencies and companies (McLaughlin, 
1940; Work, 1989).

along with water supply forecasting. 
Working through the field staffs and 
the conservation districts, there was 
great potential for using snow surveys 
in irrigation.

Arch Work believed that the snow sur-
veying generally received strong sup-
port from the leadership of SCS, espe-
cially Chiefs Hugh Hammond Bennett 
and Don Williams, as well as the im-
portant staffs in administration, engi-
neering, and public information (Work, 
1989). The public information group 
especially appreciated the romance of 
“snow surveys” as a means of publiciz-
ing the agency. When most research 
functions of the SCS were transferred 
to the Agricultural Research Adminis-
tration effective November 15, 1952, 
the water supply forecasting remained 
in SCS.

Snow surveying publication
The Division of Irrigation group real-
ized that future expansion of the snow 
courses and water supply forecasting 
would be greatly enhanced by a snow 
survey manual. When the Division of 
Irrigation got involved in the work, the 
division’s field people learned from ex-
perienced snow surveyors George D. 
Clyde and James E. Church (Helms, 
1991). Also, literature on the subject 
was accumulating since the Western 
Interstate Snow-Survey Conference, 
begun in 1933, published articles on 
methods and procedures in its pro-
ceedings. But new snow surveyors and 
forecasters needed a manual, a com-
pendium of the existing knowledge on 
snow surveys. James C. Marr, who had 
general supervision of the snow sur-
veying work from his office in Boise, 
Idaho, called upon the experts in the 
field for help in writing a manual on 
principles, purposes, and procedures 
of snow surveying. Snow Surveying 
(USDA Miscellaneous Publication No. 
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The network of snow courses devel-
oped rapidly. By 1943, there were 829 
snow courses being surveyed. There 
had been about 1,000 courses, but the 
group eliminated some of these as un-
necessary. There were 177 active coop-
erators. The surveyors had about 266 
shelter cabins available to them, 77 
of which were owned by the Federal 
Government. The network stocked 115 
of these with food. In addition to the 
mimeographed releases, there were 
some 153 radio broadcasts made dur-
ing 1943 (McLaughlin, 1943).

Publicity
Winter sports enthusiasts recognized 
the value of the snow surveys for ski-
ing and other activities. In the summer 
of 1937, the Division of Irrigation was 
asked to provide information on condi-
tions for winter sports. The snow su-
pervisors took to the airwaves on the 
National Broadcasting Company. The 
offices at Berkeley, Medford, Boise, 
Fort Collins, and Logan collected in-
formation on 64 winter sports areas 
and had the information ready for 
a Friday broadcast at 9 p.m. The Na-
tional Broadcasting Company carried 
“Snowcasts” on the San Francisco sta-
tion as well as two stations in Idaho, 
two in Washington, four or five in Utah, 
and one in Colorado (Work 1989; Work, 
n.d.; McLaughlin, 1940).

Actually some of the broadcasts con-
tained more than just the information 
on snow. For instance, James Marr in 
Boise received information from the 
U.S. Forest Service and the Sun Val-
ley Lodge. Listeners to Winter Sports 
Broadcast on December 31, 1937, over 
KIDO in Boise would have heard that 
a new ski lift and two new ski hills 
would open at the Payette Lakes win-
ter sports area. At Sun Valley, the Uni-
versity of Washington and Dartmouth 
College competed in a ski meet. Marr 

encouraged McLaughlin to include the 
Sun Valley forecast in the broadcast 
from San Francisco since the lodge 
drew many of its patrons from the West 
Coast and, in fact, preferred them to 
local clientele. He wrote to McLaugh-
lin, “In fact, the presence there of local 
people is looked upon as an obligation 
rather than an asset. That is, they are 
taken care of but their coming is not 
overly encouraged.” (Marr correspon-
dence).

The snow survey scored a major pub-
licity triumph in 1942 with the appear-
ance of “Engineers Survey Snow” in 
the April 1942 issue of Life magazine. 
Readers saw photographs of Arch 
Work and Jack Frost surveying near 
Oregon’s Crater Lake. National Geo-
graphic magazine featured snow sur-
veys in their November 1949 issue. 
Arch Work assisted one of the maga-
zine’s writers, Leo Borah, in 1946 when 
he transported Borah to Crater Lake in 
a “Sno-Cat.” Work suggested to Borah 
that a trip from the California-Oregon 
border along the crest of the Cascade 
Range to the Columbia River would 
provide National Geographic with a 
splendid article. The Tucker Sno-Cat 
Company furnished the transportation 
and a mechanic-driver (the son of the 
owner) for the 23-day trip. The party 
of seven included Work, writer An-
drew H. Brown, National Geographic 
photographer Jack Fletcher, SCS pho-
tographer Robert F. Branstead, Jasper 
Tucker, Harvey Woods, and Gaeton 
Sturdevant. The trip commenced in 
mid-March, presumably after the heavi-
est snows. But snow fell all but 2 days 
during the trip. It snowed about 10 feet 
along the journey. While publicity was 
an unannounced motivation, there was 
an operational objective. During the 
snow surveying season, surveyors as-
cended to various points near the crest 
of the Cascade Range from the valley 
floor. The snow survey group had con-
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jectured that one trip along the spine 
of the range in “Sno-Cat” might be a 
more efficient method of surveying. 
The trip convinced the group to stick 
with the earlier method (Work, n.d.; 
Brown, 1949).

Accuracy of forecasts and 
improvement of methods
Some of the long-time users of snow 
surveys in the West were dedicated be-
lievers in their value. After the begin-
ning of Federal coordination in 1935, 
the snow survey supervisors added new 
cooperators and users rapidly. Cred-
ibility with these new users rested on 
the reliability of forecasts. The group 
chose to use the percentage method 
developed by James E. Church, which 
assumed that normal snow cover pro-
duced normal runoff. Snow course 
measurements were correlated with 
streamflow data collected by the U.S. 
Geological Survey and used in suc-
ceeding years to predict streamflow 
from the snow course measurements. 
The method assumed that the most 
important factor was precipitation and 
that losses could be grouped together 
and given a fixed value depending 
upon the particular watershed. The ac-
cumulation of several years or decades 
of records would supply values perti-
nent to the watershed (Clyde, 1939). 
Snow surveyors believed they needed 
at least 10 years of data for reasonably 
reliable forecasts (Work, 1989).

However, where there was no histori-
cal record, and there was none for 
many of the courses, the methods 
sometimes did not work well in the 
seasons of subnormal or above-normal 
rainfall. In these cases when the fore-
cast was off, it could be off 30 to 60 
percent; in a few cases, it was off by 
100 percent (McLaughlin, 1943). Also, 
the reliability of forecasts varied from 
one region to another, as the forecast-

ers quickly realized when they moved 
into the Southwest. The variability of 
spring and summer rainfall meant that 
forecasts for New Mexico generally 
had a 55.7 percent error rate (Beau-
mont, 1957).

Early snow survey supervisors real-
ized there were many factors which 
could influence total runoff as well as 
distribution, but which were not taken 
into account in the percentage method. 
The proceedings of the Western Inter-
state Snow Survey Conference, later 
the Western Snow Conference, includ-
ed numerous articles on attempts to 
accommodate these various factors in 
forecasting.

First of all, not everyone agreed that 
snow surveys were the best indicators 
of streamflow. The Weather Bureau 
maintained that precipitation, even if 
it came from the valleys rather than 
the mountain, was just as good an in-
dication. In commenting on a paper by 
George D. Clyde and Arch Work at a 
Western Interstate Snow Conference 
in 1943, Merrill Bernard of the Weather 
Bureau’s Washington office made the 
case for relying on precipitation:

It is not in accord with known 
facts to discredit the “Valley Sta-
tion” as a significant index to 
precipitation at higher levels. 
Precipitation events (storm pe-
riods) have within themselves 
a unity which expresses itself 
in a high degree of dependency 
of precipitation measured at 
points of different elevation (in-
cluding those below and within 
significant distance of the aver-
age snow-line), even though the 
character of the precipitation 
(rain or snow) is different at 
the points compared. (Clyde and 
Work, 1943; Discussion by Ber-
nard).
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While the snow survey supervisors 
disagreed with this attitude, they did 
come to acknowledge the value of 
snow courses below the permanent 
snowpack.

Low flows, peak flows, and distribu-
tion of flows concerned users for a va-
riety of reasons and involved many in-
terrelated and complicated factors. On 
rivers without large storage reservoirs, 
the concern of irrigation farmers was 
not merely the total supply, but the dai-
ly distribution of flow. Using historical 
records for the Logan, Ogden, Weber, 
and Provo Rivers in Utah, George D. 
Clyde developed a daily hydrograph 
and was then able to relate it to fore-
cast curves (Clyde, 1939). One result 
of this concern was that the groups 
began forecasting for the date of the 
low flow in addition to the streamflow 
forecasts for April through September 
(Work, 1989).

Operators of multiple-purpose reser-
voirs particularly needed information 
about total flow and peak flow to make 
the maximum use of reservoirs for 
flood control, irrigation water storage, 
and hydroelectric power production. 
Fred Paget of California’s Division of 
Water Resources believed tempera-
tures at low elevation stations could 
be indexed to mountain tempera-
tures and be used to assist in opera-
tion of reservoirs for flood control on 
the Kings River (Paget, 1943). Quite 
a number of the SCS group, such as 
Arch Work, Morley Nelson, and others 
in university and State agencies, pub-
lished various articles pointing out the 
influence of soil moisture, ground wa-
ter levels, rainfall, and temperature on 
streamflow. Work summarized many 
of the considerations in his Stream-
Flow Forecasting From Snow Surveys 
(Work, 1953). Collectively, the early 
group of snow surveyors knew many 
of the factors that influenced runoff. 
Essentially, they knew the right ques-

tions to ask. Relying on monthly snow 
surveys, however, did not give them 
timely information on soil moisture, 
temperature, and precipitation. The 
current SNOTEL system can provide 
not only the information on snowpack, 
but also information on precipitation, 
temperature, soil moisture, and other 
factors on a timely basis to be used in 
forecasting. More powerful computers 
allow forecasters today to assess the 
relative importance of various factors 
in streamflow.

Uses of snow surveys
Although water supply forecasters 
perceived a need to refine and improve 
forecasting methods, the percentage 
method was sufficient to make dramat-
ic demonstrations of the value of snow 
surveys. The forecasters gradually ac-
cumulated examples of the value of 
snow surveys. George D. Clyde of the 
Utah Agricultural Experiment Station 
had made the most dramatic demon-
stration of the value of snow surveys. 
Clyde’s April 1934 forecast predicted 
most watersheds in Utah would re-
ceive only 25 to 50 percent of their 
normal streamflows. The governor im-
mediately made Clyde his special rep-
resentative to contact all the water us-
ers to assist them in developing plans 
to use the limited amount of water that 
would be available (Clyde, 1934). Evi-
dently, Clyde performed admirably in 
getting farmers to adjust their planting 
schedules and acreage planted. This 
demonstration was one of the reasons 
Congress provided for Federal coor-
dination of snow surveys. In the late 
1940s Clyde, a longtime professor of 
engineering at Utah State University, 
became the head of the Division of Ir-
rigation and Water Conservation in the 
SCS. He moved the office from Berke-
ley to Logan, Utah.
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The snow survey supervisors gradu-
ally added to these examples and used 
these in their publicity. Agencies doing 
construction and rehabilitation work 
on rivers needed streamflow informa-
tion to determine the type measures 
needed to protect the construction. 
When the area below Elephant Butte 
Reservoir was going to be worked on in 
1942, New Mexico wanted to know the 
total runoff from the Upper Rio Grande 
into the Elephant Butte Reservoir. The 
prediction was 1,941,000 acre-feet, and 
the actual total was 1,938,000 acre-feet. 
Another forecast of the flow of the Co-
lumbia River allowed the Corps of En-
gineers to avoid unnecessary protec-
tion work for their construction near 
The Dalles (McLaughlin, 1943).

Even the most ardent believers in snow 
surveys could not predict all the uses. 
They received inquiries, especially in 
times of water shortage, from finan-
cial institutions, mercantile compa-
nies, eastern wholesale houses, power 
companies, mines, municipalities, 
navigational interests, and agriculture 
(McLaughlin, 1943). In agriculture, of 
course, the main interest was in be-
ing able to adjust the timing, as well 
as the amount of acreage planted. The 
sugarbeet companies soon learned to 
await the water-supply forecasts be-
fore signing contracts and adjusting 
the acreage contracts to the forecasts 
(McLaughlin, 1943.) In 1946, snow sur-
veys in early spring indicated that the 
water supply for Deschutes and Cook 
counties in Oregon greatly exceeded 
normal. Farmers were able to plant an 
additional 6,500 acres of land. The val-
ue of the produce was about $500,000 
(Work, 1953). The information was 
particularly valuable in operating mul-
tiple-purpose reservoirs, which stored 
irrigation water, as well as producing 
some hydroelectric power. With good 
information, the reservoir manager 
could maintain the maximum irriga-

tion water and use the surplus to pro-
duce power for sale.

Flooding
Although the water supply forecasting 
group was not to be involved in flood 
forecasting, the value of the forecasts 
for determining volume, as well as 
peak flows, was recognized. In fact, 
the early reports mentioned specifical-
ly the flood hazard. The value of snow 
surveys for assisting in flood predic-
tion was made dramatically evident in 
the Columbia River flood of 1948. The 
May 1, 1948, forecast by James C. Marr 
from Boise, Idaho, read:

Retarded snowmelt and above 
normal precipitation during 
April will increase the amount 
and rate of runoff throughout 
the northern and western parts 
of Columbia River Basin. The 
outlook a month ago in these 
areas for greater than normal 
runoff with possible flood haz-
ard has changed to certainty of 
runoff of flood proportions with 
attendant damage in vulnerable 
areas … Also, extra high water 
may be expected on all of these 
streams during the latter part of 
May and June. This same situ-
ation may also extend to lower 
Columbia River.

The 1948 Columbia River flood result-
ed in more than 50 deaths and proper-
ty damage of $100 million. (Clyde and 
Houston, 1951).

The weather in 1948 provided the 
exact combination for flooding. The 
snow cover was above normal in wa-
ter equivalent. There was cold weather 
during the early part of the melting 
period, followed by above-normal tem-
peratures in the latter part of the melt-
ing period, followed by above-normal 
precipitation during the melting pe-
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riod. The Columbia River flood of 1948 
had all of the above conditions. Arch 
Work used this and other conditions 
in writing Stream-Flow Forecasting 
From Snow Surveys (Work, 1953).

The snow courses provided informa-
tion from the higher elevations, above 
the line where melting usually occurred 
in the winter, while most of the Weath-
er Bureau’s precipitation data stations 
were located in the lower elevations. 
Regardless of the agreement on flood 
forecasting, the important fact was that 
the operators of reservoirs, namely the 
Corps of Engineers and the Bureau of 
Reclamation, used the information in 
storing and releasing water. According 
to the Corps of Engineers and the Bu-
reau of Reclamation, warnings in 1950 
allowed the operation of reservoirs so 
that $5,600,000 in flood damages could 
be avoided (Clyde and Houston, 1951). 
The 1950 estimates had been for heavy 
snowpack. During 1956, the Corps of 
Engineers believed they had saved $37 
million in flood damages by taking pro-
tective measures due to the water sup-
ply forecast (Beaumont, 1967). SCS be-
lieved that water supply forecasts had 
been used to avert $70 million in flood 
damages along the Columbia during 
1956 to 1962 by use of reservoir con-
trol (Work and Shannon, 1964).

Another case of using snow surveys to 
lessen flood damages occurred in 1954 
on the Kootenai River in Idaho. The 
April 9 forecast mentioned a potential 
flood, and the May 10 survey predicted 
a 35.5 foot river crest. The town was 
evacuated and the dikes reinforced 
with the assistance of Federal troops. 
The river crested at 35.55 feet (Work, 
1955).

The Bonneville Power Administration 
in the early 1970s estimated an annual 
value of $385,000 for power generation 
in three reservoirs studied. The Bureau 
of Reclamation in 1968 estimated they 

had avoided $495,000 in flood damages 
from Bull Lake, Pilot Butte, and Boy-
sen Reservoirs in Wyoming. Similarly, 
the Salt River Project believed it had 
prevented $600,000 in flood damages 
in 1960. The snow survey was used to 
operate the reservoirs in the Columbia 
River Basin. The average annual sav-
ings between 1956 and 1962 was $9.8 
million (Soil Conservation Service, 
1973).

Maturation of program
By the late 1940s, the program had 
reached a high degree of maturation. In 
1948, the Division of Irrigation and the 
cooperating agencies made forecasts 
at approximately 176 gaging stations. 
About 1,000 snow surveyors made 
2,400 different surveys at 950 courses. 
There was equipment to be repaired 
and cabins to be built, maintained, and 
stocked with food. As soon as surveys 
were made, the information had to be 
tabulated, forecasts made, and meet-
ings held with forecast committees 
and local groups of water users.

Snow survey supervisors made fore-
casts for the Columbia River Basin (5), 
Rio Grande River Basin (4), Oregon 
(4), Utah (1), Nevada (2), California 
(4) by the California Division of Water 
Rights, Colorado River Basin (4), Mis-
souri and Arkansas River Basin (4), 
Montana (3), Arizona (3), and British 
Columbia (4) by the British Columbia 
Government.

Snow survey supervisors sent out 
5,000 mimeographed copies of fore-
casts. Just as one example of public-
ity within a State, 56 Oregon newspa-
pers and 13 radio stations publicized 
the results. At least three magazines 
published reports covering the entire 
West, Reclamation Era, Western Con-
struction News, and Electrical West 
(Work, 1948).
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At the end of the first two decades, the 
snow survey supervisors were gener-
ally pleased with the operations. They 
wanted to expand the system of fore-
cast committees, but believed that ad-
ditional information and snow survey 
personnel would be needed. One goal 
of the group in Arch Work’s words was 
to “provide dependable streamflow 
forecasts for the benefit of farm opera-
tors on the smallest tributaries and on 
downstream industrial developments 
on major streams” (Work, 1948). The 
accumulation of data for more than 10 
years made some of this possible, but 
the group was beset by the time-con-
suming calculations necessary to deal 
with the mass of data.

The snow survey supervisors con-
tinued to test and promote different 
modes of mechanizing the snow sur-
veys. They tested over-snow machines 
produced by private, as well as govern-
ment agencies. They made more use of 
airplanes to reach high-altitude snow 
markers. In time, the water supply 
forecast group helped develop some of 
the technology to gather information 
more rapidly and easily.

Current technology, rather than dimin-
ishing our appreciation of snow sur-
vey achievements in the decades from 
1930 to 1950, helps enhance it. Work-
ing with a meager budget, but much 
cooperation, the snow survey group 
along with California’s Division of Wa-
ter Resources proved the feasibility of 
regionwide snow surveys and set the 
stage for public support of mechaniza-
tion of the operations.

The author thanks Anne Henderson, 
J.D. Ross, Jon G. Werner, Lynn Coth-
ern, and David Ballentine of the Soil 
Conservation Service for their assis-
tance.
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Recollections of R.A. 
“Arch” Work Concerning 
Snow Surveys in Western 
States
Author’s Note:

Responding to a request from the most 
recent program director of the Wa-
ter Supply Forecast Unit in the Soil 
Conservation Service (SCS), herewith 
some recollections from the memory 
of R.A. Work, former head of the SCS 
snow survey and water forecast unit. 
Work retired from Federal service on 
August 31, 1964, following 35 years 
employment in the U.S. Department 
of Agriculture, with 29 of those years 
associated with Snow Surveys. He 
took no records with him into retire-
ment, so the events to be related and 
the individuals involved are drawn 
from the recesses of memory. Al-
though many of the individuals iden-
tified have passed on, some still live, 
and could be interviewed.

One of R.A. Work’s granddaughters 
several years ago asked for an ac-
count of her Granddad’s life, so a nar-
rative account was prepared for her 
and the other 13 grandchildren and 4 
great-grands. That narrative has been 
drawn on in preparing this record. 
Parts, therefore, may duplicate pieces 
of the Jeffrey LaLande interview of 
1981. Mr. LaLande has kindly agreed 
to make available a transcription of 
his taped interview of 1981, and it is 
attached herewith.

LaLande’s interview traces Work’s 
professional activities prior to July 
1929, so that need not be repeated in 
this introduction.

No effort is made in the following to 
arrange events chronologically, but 
more by subject matter.

Medford Experiment Station
The fruit growers in Medford [Oregon] 
were anxious to have a Pear Irrigation 
Experiment Station established on the 
heavy clay soils so prominent in the 
valley. Professor M.R. Lewis, of Or-
egon State University, and I conducted 
preliminary irrigation experiments 
with some cooperating fruit growers 
in 1930 and 1931 and then participated 
in establishing the new experiment 
station, south of Medford, in 1932. I 
was active in the conduct of that sta-
tion until the Division of Irrigation was 
broken up in 1939, at which time my 
association with the Soil Conservation 
Service began.

In that breakup, the irrigation research 
work of the Division of Irrigation was 
assigned to the U.S. Bureau of Plant 
Industry, and the snow survey work 
with which I had become involved was 
turned over to the U.S. Soil Conserva-
tion Service. Having been offered my 
choice as to which line of work and 
which agency I would elect, I chose 
to go with the SCS [Soil Conservation 
Service] in order to continue working 
with Snow Surveys.
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Old-fashioned Philosophy
Let me digress here to describe a rather 
simple event which more or less influ-
enced my future professional conduct 
and career. A few months after my 
entry into Federal employment, I frac-
tured some rule or the other, although 
it isn’t now recalled just what. We had 
a very diligent and precise young lady 
in Berkeley headquarters office by the 
name of Miss Frank, who snubbed me 
up pretty short for said infraction. No 
question but that I was green as grass 
concerning regulations of the Depart-
ment.

Now at that time, all of the Depart-
ment’s regulations were between the 
covers of a little black book, which I 
had seen in Janie’s office, but never 
had one myself. (Nowadays, the regu-
lations would likely fill a shelf at least 
as long as a city block.)

So, after about the third time Miss 
Frank snubbed me up, I wrote to the 
Chief, explaining my lack of familiar-
ity with all the regulations, so, would 
he please send me a copy of the little 
black book? His reply still comes back, 
almost word for word, as it pretty 
clearly showed the Chief’s philosophy 
and that of his organization:

Dear Mr. Work: We sent you to 
Medford to do a job for the people 
there. You are doing fine. We are 
not sending you the book of De-
partmental Regulations. Should 
you ever need information along 
that line, you will hear from us.

		  Very truly yours,
		  W.W. McLaughlin, Chief

There was terrific esprit de corps in 
our old Division of Irrigation, at least 
up until the New Deal people abol-
ished our outfit, for the reason that our 
engineers were not in step with the 
new economic philosophy of the value 

of scarcity, whereby every other pig 
was slaughtered; every other row of 
corn plowed under; potatoes rendered 
inedible with purple dye; and other 
such oddities. Our objective had al-
ways been to increase farm efficiency, 
thereby decreasing production costs.

Most of my professional career seemed 
to be spent mostly in unploughed fields, 
so to speak; research into new ideas; 
expansion of earlier findings; review of 
accepted theories, etc. The only look-
ing back required was to establish a 
position from which one could move 
forward. There was one further guid-
ing precept: We were taught early in 
the game not to ask anyone to perform 
a job that we hadn’t done, couldn’t do, 
or wouldn’t do. Many years later, I tried 
to teach that to some Turkish pupils.

Snow Surveys
The first snow surveys in the United 
States were made in the East by a Wa-
ter Power Company engineer named 
Charles Mixer. That was back about 
1903 or so. Mixer used a large tube 
(about 4 inches in diameter) to cut 
snow cores, then melted the cores to 
determine the water content. Snow is 
just water and air, and it’s the water 
that counts. Later, Dr. J.E. Church, 
Professor of Romance Languages at 
University of Nevada, in Reno, became 
interested in the subject. His interest 
sprang from the so-called “Tahoe Wa-
ter War” then raging between Califor-
nia and Nevada, whereby each State 
claimed jurisdiction of the Truckee 
River. It became important to forecast, 
if possible, the inflow to and subse-
quent rise of Lake Tahoe, source of the 
Truckee River, which terminates out in 
the Pyramid Lake sink.

So, Church devised a smaller diameter 
tube to more easily cut snow cores in 
deep western snowpacks. One ounce 
of snow core weight, equalled 1 inch 
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of water equivalent, on the specially 
calibrated, but cumbersome, scales 
he devised. Still later, in the early 
30s, George D. Clyde, then Dean of 
the Engineering School at Utah State 
University in Logan, Utah, modified 
the diameter of the snow tube cutting 
point, so that each ounce of weight of 
the snow core, equalled 1 inch of water 
equivalent of the sampled snowpack, 
thus allowing use of a simple tubular 
scale. Aluminum tubes took the place 
of heavy steel tubes.

Later, in 1935, the U.S. Department of 
Agriculture, through its Division of Ir-
rigation of the Bureau of Agricultural 
Engineering, was assigned by the U.S. 
Congress to conduct snow surveys 
throughout the Western States, and 
to coordinate, record, and report any 
snow surveys then being conducted by 
the States of Utah, Nevada, Montana, 
Washington, Oregon, and California. 
The Department was also authorized 
to issue water supply forecasts.

I happened to be one of the four en-
gineers in the Division of Irrigation 
assigned to conduct the activity in 
Western States, as of July 1, 1935. We 
had the honor, but little money—only 
$15,000, per year, for work in 12 States. 
I had previously made snow surveys 
on my own hook, the first on January 
5, 1935, when Andy Smith and I skied 
into Crater Lake to measure the snow-
pack. My colleagues in 1935 were Jim 
Marr in Idaho, Ralph Parshall in Colo-
rado, and Lou Jessup in Washington 
State. Sometime later Lou’s body was 
found on a mountain trail, victim to 
heart seizure.

At the time of my assignment to Snow 
Surveys, I was conducting irrigation 
experiments for the pear growers of 
the Rogue River Valley. The irrigation 
ditches there went dry on July 4, 1934, 
with consequent crop losses and eco-
nomic hardship to the entire valley. 

Had we known in advance that the ir-
rigation supply was to fade out, there 
were certain farm practices that could 
have been followed to extend the lim-
ited water supply and prevent at least 
some of the loss. It was that event that 
led to my interest in the mountain 
snow survey as the means of forecast-
ing the resultant runoff from mountain 
snowpack. About 85 percent of the ir-
rigation water to the Rogue River Val-
ley, as in most parts of the arid West, 
originates from mountain snowmelt.

Following the action by Congress, we 
soon ran into conflict with the U.S. 
Weather Bureau, who initiated a rival, 
but less accurate, forecasting system 
based on analyses of valley rainfall re-
cords. The forecasts of the two agen-
cies were often in conflict. A classic 
example occurred in 1948, the year 
of the great Columbia River flood, 
that cost many lives. In early May, our 
Boise Snow Survey Office issued this 
warning: “A devastating flood along 
the Columbia River is a certainty in the 
near future.” Almost simultaneously, 
the Weather Bureau opined: “Lowlands 
along the main Columbia drainage may 
be covered.” Well, the lowlands were 
covered all right—about 12 feet deep. 
The river paid scant heed to the Weath-
er Bureau’s forecast. The city of Van-
port was drowned on Memorial Day, 
1948.

All this conflict hampered support 
to the snow survey activity. The con-
flict was completely unwarranted, as 
during the 1935 Senate hearings, the 
representative of the Weather Bureau 
conceded that the activity was one 
for “engineers” and withdrew itself 
from congressional consideration. 
That position was also taken by the 
U.S. Forest Service, whose Acting 
Chief Forester, Mr. Clapp, at the hear-
ings, said: “We believe the activity is 
one more for engineers of the Bureau 
of Agricultural Engineering, and if the 
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Congress should assign this activity 
to that Bureau, the Forest Service will 
support that agency in the activity.” 
And so it has been through the ensuing 
54 years—the Forest Service always 
supported and contributed, without 
reservation, to the activity.

The Weather Bureau, on the other 
hand, failed to support its position 
of 1935, nor did it honor subsequent 
pledges and agreements to cease its 
wasteful and less accurate duplication 
of public water supply forecasting, at 
least so long as I was connected with 
the officially sanctioned snow survey 
program.

The history of Snow Surveys in SCS is 
one of dedicated individuals, personal 
and agency relationships, technical de-
velopment, risks, rewards, a chronic 
shortage of funding in earlier days, 
but all tied together over the years 
by a bond of service to the water us-
ers and to the public. Snow surveyors 
welcomed cooperation just as they op-
posed those whose objectives and ac-
tions were in question.

Let me emphasize that Snow Surveys in 
SCS always received top-level support 
and encouragement, beginning with 
Chief Bennett, and continuing through 
the regime of Administrator Don Wil-
liams. As mentioned elsewhere herein, 
it was common knowledge with some of 
us that when the Bureau of Agricultural 
Engineering was broken up in 1939, 
with attendant scattering of personnel 
and projects, that W.W. McLaughlin, 
then chief of the Division of Irrigation 
in BAE [Bureau of Agricultural Engi-
neering], and J.C. Dykes of SCS, made 
the “deal’’ for the Snow Surveys of BAE 
to go over to SCS in the breakup.

Others of Washington SCS staff who al-
ways provided strong support, friendly 
attitudes, and good advice included, 
but were not limited to, Harold Tow-
er, Carl Brown, “Chet” Francis, Carl 

Dorny, Verna Mohagen, “Bill” Shannon, 
Bob Branstead, and Frank Harper. If 
there was any lack of support in those 
early days from two or three State Con-
servationists, that might have sprung 
from the fact that Snow Surveys, prior 
to SCS responsibility, very early on had 
inherited or developed enduring ties 
to numerous State, private, and sister 
Federal agencies and gave attention to 
the many needs of those cooperators, 
as well as to SCS requirements. Long-
standing snow survey resistance to 
Weather Bureau encroachments might 
also have fed their displeasure.

Risking redundancy, many shifts in 
national policies accompanied the 
election of FDR in 1932. The Soil Con-
servation Service was created. By 
1938, the Bureau of Agricultural En-
gineering fell onto hard times. Sam 
McCrory, then chief of BAE believed 
firmly in the need to increase the effi-
ciency of farm production, goals also 
shared by SCS. BAE worked with soil 
erosion control, tillage, farm machin-
ery improvement, water spreading, 
hydraulics, and improved water man-
agement practices, etc., all intended 
to decrease production costs through 
increased operating efficiencies. Such 
improvements usually were accompa-
nied by increased production with the 
same or lesser production costs. But 
New Deal policies were initiated more 
along the line of prosperity through 
scarcity.

Sam McCrory just simply couldn’t sup-
port such a policy, so his Bureau was 
done away with. The Division of Irriga-
tion of BAE, of course, also fell victim 
to the axe. We engineers caught in the 
breakup were offered the choice of go-
ing to SCS, to the Bureau of Plant In-
dustry, or to a newly created Bureau of 
Agricultural Chemistry and Soils. We 
four engineers then conducting snow 
surveys, elected to go with SCS—Marr 
in Idaho, Parshall in Colorado, Jessup 
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in Washington, and Work in Oregon. 
Paul McGrew, of the old Soil Erosion 
Service in BAE, also elected SCS. Paul 
later served SCS for many years as 
State Conservationist of Washington 
State.

In, I believe, 1938, a high-ranking officer 
of the USWB [U.S. Weather Bureau], 
came out to Medford from Washington. 
He invited me to join forces with the 
Weather Bureau in a capacity and po-
sition to be established. I assured him 
that I was happy in my job and agency, 
so thanks, but “no thanks.”

A few years later when we in Snow 
Surveys were pursuing effort to sew 
up a cooperative agreement with the 
Army Corps of Engineers, to cover all 
of the western district offices of the 
Corps, it turned out that that particular 
WB official happened to be a close per
sonal friend of a highly placed civilian 
employee in the Corps. I was told that 
we never could achieve the agreement 
so long as those ties existed—and we 
never could, although we continued 
to maintain friendly informal relation-
ships with the district offices of the 
Corps in Portland, Seattle, Omaha, and 
California.

A Fateful Decision
Quite early in the game, most likely in 
the late 30s, but in any event before 
Lou Jessup’s death, Jim Marr arranged 
a meeting of we four snow survey lead-
ers [identified earlier in these recol-
lections]. We met in a little log cabin 
motel in Moran, Wyoming. We believed 
we needed to reach a decision as to ei-
ther meet the WB head-on or submit to 
heavy fire power.

We weighed the pros and cons for a 
couple of days, then concluded that 
we each would continue to collabo-
rate and provide the best service that 
we could to the water users and to 

the public, in order to set the stage for 
continued improvement of snow sur-
vey techniques and even wider appli-
cation of the results. Our decision was 
founded on our generally wide associ-
ations with water using organizations, 
and our knowledge that Snow Sur-
veys provided more accurate advance 
knowledge of water supplies than the 
Weather Bureau could supply. I’m sure 
we realized that we were setting the 
stage for increased controversy with 
some well-entrenched bureaucrats.

Some Localized California 
History
California has some early day snow 
survey history with which I am not too 
familiar, especially the initial Nevada-
California cooperation on Truckee and 
Walker Rivers. I’m sure that informa-
tion can be found in the Church Li-
brary on the Reno Campus of Univer-
sity of Nevada. But, in 1935, the State 
of California was not conducting any 
snow surveys in the extreme northern 
parts of the State. Later on, it greatly 
strengthened its snow survey activity 
in those parts.

The writer happened to be the Wa-
termaster for the Grenada Irrigation 
District in 1926, a summer of great 
drought. Our district pumped water 
from the Shasta River, but had to de-
fer to downstream prior rights. Thus, 
there were crop losses in our district 
that year due to severe irrigation water 
shortage. Foreknowledge of the short-
age would have been extremely help-
ful.

So, in 1936, the BAE Federal-State-pri-
vate cooperative snow surveys were 
extended into the headwaters of the 
Sacramento, Pit, and Shasta Rivers. 
The long ski trips required shelter cab-
ins. We built a few—Mount Eddy, Parks 
Creel, and Buck Mountain in 1936 and 
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1937. The data of snow surveys ac-
quired by BAE, and later by SCS snow 
surveyors, were promptly furnished 
to the California Department of Water 
Resources. Records were too short to 
support forecasts of runoff.

When WWII got underway, the snow 
survey program became affected by 
manpower shortages and even greater 
budgetary shortage, so we decided 
to move out of northern California, 
especially as Fred Paget, the State of 
California snow survey supervisor, and 
I reached amicable agreement con-
cerning the shift. That shift was not 
intended to affect in any manner the 
Nevada and California snow survey 
cooperation of many years standing.

An amusing incident comes to mind. 
When the Mount Eddy snow survey 
shelter was built, we believed it to be 
on Forest Service holdings for which 
we had the required special use permit. 
Much later, it developed that we had 
cut Southern Pacific Railroad Compa-
ny trees for the logs to build the shelter 
on Southern Pacific Company land!

Arizona Snow Surveys
Early on, Ralph Parshall established 
snow survey cooperation in Arizona 
with the Salt River Valley Water Users 
Association [SRVWUA]. Later, as I re-
call, “Bill” Anderson, an SCS engineer, 
become the first SCS snow survey su-
pervisor in Arizona.

I personally trucked a Sno-Cat from 
Medford to Arizona, probably in l946, 
and delivered it to Jake West, the as-
sociation’s hydrographer, for use on 
long snow survey trips. I gave Jake and 
someone else instructions in its use up 
on Mount Baldy.

Here’s a little off-the-record sidelight: 
Driving an empty 5-ton truck with stiff 
springs back to Medford just about 
shook my teeth loose, so up at Hol-

brook, Arizona, on a Sunday afternoon, 
I traded a fellow a bottle of whiskey for 
a load of flagstone for ballast. Worked 
just fine.

Years later, learning that Jake was ter-
minally ill, I went to Mesa, Arizona, to 
see him in the hospital, where short 
days later, Jake passed away. Snow Sur-
veys lost a powerful friend.

Following the issuance of a seriously er-
roneous runoff forecast by the USWB, 
which caused problems for SRVWUA, 
Senator Carl Hayden of Arizona intro-
duced an amendment to the WB budget 
request for that year—which likely was 
about 1945. The amendment, or rider, 
was worded about as follows: “provided 
none of these funds shall be expended 
to forecast water supplies.” Powerful as 
the Senator was, senators for the East, 
a WB stronghold, beat the amendment. 
I’m sure that Senator Hayden had re-
sponded to a request from Rod McMul-
lin, then the association’s general man-
ager—later an Arizona State senator. 
Rod and the writer were good friends, 
though not close friends.

An Event in British Columbia
Perhaps this recollection is best just 
between us, as it might imply some dis-
credit to people, even though most are 
likely long gone. But it does form an 
unrecorded part of the history of West-
ern States snow surveys and under-
scores the traditional strong alliance 
between the SCS United States Snow 
Surveys and that of British Columbia.

Richard “Dick” Farrow, head of the 
Water Rights Branch of the British Co-
lumbia Provincial Government, head-
ed the Snow Surveys there. Dick was 
called into service in WWII. As an Army 
major, he was sent to France. Stanley 
Frame, then in his 80s, was pulled out 
of a well-earned retirement to look af-
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ter the B.C. [British Columbia] Snow 
Surveys during Dick’s absence.

Jim Marr had always maintained close 
contact with British Columbia, as the 
Snow Surveys there, on the Columbia 
River headwaters, held emphatic inter-
est to U.S. water users below the inter-
national boundary.

I regret not being able to recall the ex-
act date when Stan Frame phoned Jim 
Marr to state that a takeover of the B.C. 
Snow Surveys by the National Cana-
dian Government, through its Geologi-
cal Survey, was well underway. Stan 
felt obligated to hold the B.C. program 
together, under Provincial leadership, 
until Dick’s return. Stan appealed for 
help from his U.S. colleagues.

Jim phoned me. We decided to get to-
gether at once and proceed to Victoria 
to see what, if anything, we might be 
able to do in Victoria. Stan gave us the 
details and the name and location of one 
individual in B.C. having the influence 
to head off the move. The three of us 
then headed east to “inspect B.C. snow 
courses in the headwaters of the Co-
lumbia River.” Actually, we did inspect 
some snow courses (the month was 
late October, with snow on the ground 
in some parts.) When we reached an in-
land B.C. city (it seems to me that was 
Revelstoke), Jim and I paid a courtesy 
call to the Chief Executive Officer of a 
well-known B.C. public utility. Stan did 
not join us in that conference. I’m truly 
ashamed that I cannot recall the name 
of this gentleman. He was known to 
be a trusted advisor of the Premier of 
British Columbia. We explained to him 
the importance to U.S. water users of 
the Water Rights Branch efficient con-
duct and experienced track record in 
Snow Surveys and that we hoped no 
change of leadership would be needed. 
Our host thanked us for making such 
a long trip to express our concern and 
continued support to the Water Rights 

Branch. He told us he would see “what 
could be done.”

As we returned to Vancouver, Jim 
thought it a good idea that we, too, pay 
a courtesy call to the district engineer 
of the Canadian G.S. [Geological Sur-
vey]. We’ve had better ideas, as about 
the first comment that gentleman of-
fered when we were ushered into his 
office was, “We’ll thank you Yanks to 
keep your bloody noses out of Ca-
nadian affairs.” That was among the 
shorter courtesy calls on record. But, 
at any rate, it seemed to disclose that 
our mission had been helpful.

The British Columbia Snow Surveys, 
so far as I know, remain today with the 
originating agency, with which the U.S. 
Snow Surveys have cooperated for the 
past 53 years.

Dick Farrow personally participated in 
the very first ever SCS winter survival 
training school, arranged by Morley 
Nelson and held at Ketchum and Sun 
Valley, Idaho. That must have been 
about 1944.

R.A. Work was able to represent SCS at 
Dick’s funeral in Victoria, a few years 
later.

Fireside Forecasts
We used to hear WB technicians in 
technical society meetings describe 
Snow Surveys as “redundant.” We re-
call one WB technician asserting that 
its forecasts could be made while sit-
ting by the fireside rather than by ex-
ploring and measuring mountain snow 
fields. Thenceforth, erroneous fore-
casts were ironically termed “Fireside 
Forecasts.”

A Repudiated Agreement
Following further problems with the 
WB, Don Williams asked me to come 
to Washington to attend a meeting be-
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ing arranged between Don and Francis 
Reichelderfer, then chief of the WB; I 
think that must have been about 1954. 
Representing SCS at that meeting were 
Chief Williams, Chief Engineer Carl 
Brown, and myself. Commander Re-
ichelderfer was backed, as I recall, by 
“Bud” Hiatt and another subordinate 
I didn’t know and whose name I can’t 
recall.

Don Williams proposed to Commander 
Reichelderfer the same proposal that 
A.J. “Tony” Polos, of WB and I, years 
later agreed to, to wit: SCS would sup-
port and assist the WB in any requested 
manner, within its ability, in the WB’s 
conduct of its flood forecasting re
sponsibility, through supplying data of 
snow surveys, peak flow forecast for-
mulae possessed by SCS, or opinions 
or advice, if requested. All that pro-
vided that the WB would reciprocate 
with any requested support to SCS in 
its congressional mandate to forecast 
water supplies.

I well remember Commander Re-
ichelderfer’s approval and acceptance 
of Don’s proposal. He said “Williams, 
let’s do it.”

It takes two parties to ratify an agree-
ment, and it quite soon became clear 
that Reichelderfer’s staff repudiated 
his agreement. The arrangement was 
never consummated by the WB, and 
SCS had no reason to execute it uni-
laterally.

So for as I know, many, perhaps all of 
those at that meeting except for the 
writer, have passed on.

The Polos-Work Agreement
In 1962, give or take a year or so, the 
Weather Bureau and SCS agreed at 
top level to appoint A.J. “Tony” Polos 
to represent the Weather Bureau and 
R.A. Work to represent SCS in an ef-
fort to resolve the long-standing rivalry 

between the two agencies. It was stip-
ulated, according to what I was told, 
that any agreement reached by these 
two representatives would be final and 
binding on their parent agencies.

Polos and Work paid personal visits 
to western water-using agencies. After 
gathering extensive evidence of water 
users’ needs and wishes, the two ne-
gotiators prepared a mutually agreed 
upon report and foundation for an in-
teragency formal agreement and sub-
mitted signed copies to their respec-
tive agencies.

SCS accepted our report, but the 
Weather Bureau declined to abide by 
the mutually agreed upon terms. The 
agreement that Polos and Work de-
veloped and signed, on behalf of their 
agencies, was substantially the same 
as the one previously agreed to by the 
chiefs of SCS and the WB, so there is 
no need here to repeat the terms.

I clearly recall a statement to Tony and 
me by the Chief Executive Officer of a 
Western States utility corporation:

In my opinion, and that of my 
Company, the Soil Conservation 
Service should have the total re-
sponsibility west of the Missis-
sippi River, not only for its own 
activities, but for those of the 
U.S. Weather Bureau, as well.

I’m not sure which of us, Polos or my-
self, was the more startled by that un-
solicited opinion.

Sno-Casts
Skiing, though practiced for centuries, 
began gaining important sporting sta-
tus in the U.S. in the 30s. In 1938, the 
Red Network of NBC asked our Divi-
sion to cooperate in the winter pro-
duction of a weekly announcement of 
snow, road, and weather conditions at 
the more popular western ski resorts. 
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Those reports were termed “Sno-
Casts.” We snow survey supervisors 
collected the information hot off the 
griddle first thing each Friday morning 
from forest rangers or other coopera-
tors on the spot at such resorts, then 
shot the information into Berkeley for 
collation and relay to NBC for Friday 
evening’s national broadcast.

In Oregon, we collected the reports by 
shortwave radio from the numerous 
reporters. There was, at that time, one 
rather odd restriction on our use of 
government-licensed radio transmis-
sion—imposed one might suppose by 
Western Union, or maybe by AT&T (or 
whoever?). Each radio transmission 
had to be confirmed by a telegram or 
a costly long distance telephone call. 
Sometimes the telegrams didn’t even 
reach us until the following Monday—
talk about a dead horse! With gas ra-
tioning in World War II, sports skiing 
was pushed onto a back burner. In 
1941, we dropped this particular off-
shoot activity.

Mechanized Snow Travel
When I entered the snow survey pro-
gram in 1935, such surveys, as existed, 
were made by men traveling on skis or 
snowshoes. Sometimes, when practi-
cal, by people riding horseback. There 
were few pioneer over-snow machines 
in existence at that time. There was 
an attachment to Ford cars, called the 
“Bluebird,” for over-snow travel, but 
it wasn’t familiar out West. The Elia-
son Company produced a machine, 
powered by a motorcycle engine and 
supported on skis, called the “Motor 
Toboggan.” Jim Marr acquired one of 
those machines and used it in 1936. 
On one trip, Jim came to a washed out 
bridge. The machine couldn’t cross the 
open stream, so he had to leave the To-
boggan and finish his journey on skis. 
When Jim got back, the porcupines 

had eaten all the insulation off the mo-
tor wiring. More skiing!

Jim loaned his outfit to another agen-
cy—I think a Fish and Game group. 
It broke through an ice bridge some-
where over in Idaho’s lava beds, fell 
into a deep crevice, and broke the op-
erator’s leg. As I recall, Jim allowed 
that machine an honorable death 
where it lay.

In about 1938, I acquired an airscrew 
machine, custom-built by Fred Aber-
crombie, over in Jackson Hole, Wyo-
ming. That type of machine is powered 
by an aircraft engine and a pusher-type 
propeller, either two-blade or three-
blade—can carry two persons. Body 
of aluminum tubing and treated canvas 
or fiber glass. Supported on three skis, 
two behind and one forward, which 
serves to steer the machine. This rig 
had no effective brakes and could not 
reverse. To reverse the machine, the 
operator simply picked up the front 
end and “bulled” the machine around. 
When descending steep hills, power al-
ways had to be slightly applied to keep 
the machine from crabbing. So, to 
maintain safe speed, the operator sim-
ply leaned out of the cab and dropped 
a fan belt or a loop of chain over the 
tip of each rear ski. That served as a 
rough lock and controlled the speed. 
The machine could sidehill in one di-
rection only. If the opposite direction 
was attempted, engine torque would 
flip the machine down the hillside. In 
short, the machine had serious limita-
tions, but was great sport to operate.

Drivers of such machines had to be 
quick thinkers, as one had only the mer-
est fraction of a second in which to act. 
My machine was clocked at 120 miles 
per hour out on Jackson Lake during 
its acceptance trials. One day, it ran 
the 24-mile round trip from snow line 
to New Dutchman Flat Snow Course in 
38 minutes. That was normally a 2-day 
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trip on skis. In sticky snow, that ma-
chine was absolutely dead, nor could 
it travel in trees or heavy brush. Clyde 
Houston and I sat beside a fire one 
day for 5 hours waiting for sunset and 
some freeze to set in so we could get 
that machine moving again.

In the early 40s, E.M. Tucker brought 
one of his Sno-Cat machines up from 
Grass Valley, California, where his shop 
was then located. (E.M. Tucker was the 
inventor of spoke tighteners for wood-
en-spoked auto wheels.) Seems to me 
we rode that first machine into Crater 
Lake. Somewhere along that route into 
Crater Lake lay the carcass of a double 
screw machine that Tucker had in-
vented some years previously—unsuc
cessful. At any rate, his Sno-Cat was a 
success from the very start because the 
only torque it possessed was centered 
in the driving chain around supporting 
pontoons. Tucker always claimed, to 
me, that the idea for his Sno-Cat came 
to him one night in a dream.

The John Deere tractor people tried 
to adapt one of their farm tractors to 
over-snow travel by bolting long cleats 
to the track, so as to reduce the ma-
chine’s psi on the snow. That machine 
was demonstrated for us at West Yel-
lowstone in January 1957. Quite a 
sight. The machine reared its snout in 
the air like some prehistoric dinosaur 
and then spun around like a pinwheel. 
Only it wasn’t the 4th of July; the ther-
mometer that night dropped to 56 de-
grees below zero.

Montana State University tried its 
hand at developing a machine. Ash 
Codd, our Montana snow survey su-
pervisor, played in that scenario. But, 
that machine, called the Bug, couldn’t 
move in mud and had some other un-
acceptable features. One day, Ash was 
traveling with the Bug in the bed of his 
pickup truck. He stopped for lunch in 
a Montana farming community. When 

he came out of the restaurant, an ad-
miring group of farmers had collected 
around his machine, studying the Bug. 
One of them quizzed Ash: “Say, mister, 
is that there potato digger for sale?”

Utah State University produced the 
Snowmobile, in testing of which I 
participated several times. Later, the 
Thiokol Chemical Company (the Com-
pany whose booster rocket destroyed 
the Challenger) got hold of the patents 
along with the engineer mostly respon-
sible for the improved versions of that 
machine, later called the Trackmas-
ter. We had one of those machines at 
Medford and tested it extensively, but 
we always came back to Sno-Cat ma-
chines for reliable use in rough coun-
try and bad snow.

Then the Idaho Sno-Ball came on the 
scene, but wasn’t very successful and 
never got into production. Torque 
killed that one.

Bill Schomers in Wyoming invented a 
machine especially adaptable to side-
hilling, as the center of gravity could 
be shifted to the uphill side, by moving 
a lever. We bought a couple of those for 
testing, but the machine never got into 
production, as Bill was killed when he 
flew his National Guard plane into a 
railroad embankment.

The Iron Fireman Company of Port-
land, Oregon, built a machine called 
the Sno-Motor back in the early 30s, or 
maybe late 20s, that was steered by a 
unique cable cross hitch arrangement 
to a heavy trailer with deep steel keels. 
The engine was inside the track, which 
was quite wide—belt with cleats—like 
maybe 5 feet wide.

The Army had some over-snow ma-
chines in World War II, such as the 
Weasel, which loved to throw its tracks 
on most any sort of sidehill. Allis-Chal-
mers produced the M–7 for the Army, 
and it really was a pretty good little 
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machine but, of course, out of produc-
tion after the war, although there were 
surplus M–7s around for a few years 
after the war.

A Canadian factory produced the 
Bombardier, quite a large commercial, 
passenger-carrying type of over-snow 
machine. We never used that machine 
in Snow Surveys, but knew of a couple 
in use in Yellowstone Park, carrying 
sightseers into the Park from West Yel-
lowstone.

Then, along came Polaris, producing 
small two-man, fresh air (no cab) ma-
chines in a factory at Roseau, Minne-
sota. Their demonstrations of that ma-
chine were impressive, so I went back 
to Roseau and went through the fac-
tory. It was a business-like enterprise 
and seemed adequately financed. We 
bought a couple of those machines for 
testing, and the results heightened our 
interest in that type of machine. Later, 
as sportsmen caught onto snowmo-
biling, any number of manufacturers, 
including the Japanese, got into the 
act. It’s been said that as many as 40 
manufacturers are now in that game, 
producing little one-man or two-man 
machines for winter sportsmen. The 
Snow Surveys, nowadays, are using 
quite a few of those small machines, 
but not necessarily Polaris, though 
that company was a pioneer in that 
particular field.

A big commercial type Sno-Cat, such 
as might be used in Arctic oil field 
exploration or servicing, now costs 
well over $100,000—a far cry from the 
$3,500 that Snow Surveys paid for its 
first Sno-Cat back in the early 40s.

Flying Snow Surveyors
In the late 30s, Snow Surveys began 
using ski-equipped planes to land at, 
or near, remote snow courses. We 
contracted all of that work and never 

owned any planes ourselves, although 
some of our men were flyers. At one 
snow survey meeting, one of our more 
successful contract flyers was invited 
to describe his activity. So happened 
that man built his own planes. One 
of the snow survey leaders queried: 
“How do you decide what equipment 
to put on your plane?” The flyer, whose 
name I can’t presently recall, replied: 
“Oh, that’s easy—you just hold it out 
at arm’s length and let go; if it falls, 
you don’t use it.” That particular pilot 
later was killed in a crash on a snow 
survey.

In the late 40s, we began use of heli-
copters, again on contract basis, to 
reach remote areas. It wasn’t long un-
til we began running into complaints 
from environmentalists, Sierra Club-
bers and folks of that ilk, who objected 
to the construction of helicopter land-
ing pads in wilderness areas. Antinoise 
restrictions began cropping up, even 
though there most likely wasn’t a living 
soul within 50 miles of a snow surveyor 
flying in a winter-isolated wilderness. 
That brings to mind an old question: If 
a giant tree in the forest crashes to the 
earth, with no one to hear, is there any 
sound? Sound waves—yes. Sound— 
no.

Electronic Snow Surveys
So, we initiated exploratory work into 
remote recording devices and the te-
lemetry required to transmit the find-
ings of sensors to the offices produc-
ing the streamflow forecasts. All of 
this pioneering was conducted at a 
snow laboratory we established on the 
southwest flank of Mount Hood, Or-
egon. Almost all of the research there 
was planned and conducted by our own 
engineers, although, in one case, we 
let a contract to a couple of ex-Boeing 
engineers, and, after my retirement, a 
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substantial contract to Western Union 
Company for some telemetry work.

By 1962 or 1963, we were successfully 
transmitting automatically, by radio, 
into our Portland headquarters, sensor 
reports of the water equivalent of the 
snowpack at the Mount Hood labora-
tory. At time of this writing, there are 
more than 400 installations in west-
ern mountains of snow water sensors, 
telemetering by means of meteor-burst 
technique from every station, upon 
radio request, a variety of data to the 
central SCS computers.

Before long, with modernization such 
as this, the old-time snow surveyor, 
with his skis, goggles, mitts, and sack 
of instruments, is likely to become as 
extinct as the dodo bird—just another 
legend from bygone times.

A Narrow Squeak
Back about 1942 came a telephone call 
from LaSelle Coles, manager of the 
Ochoco Irrigation District at Prineville, 
Oregon. The snow course at Ochoco 
Meadows showed inordinately heavy 
snow cover—the most ever since the 
course was first measured. LaSelle 
was concerned lest the inflow to his 
reservoir exceed the carrying capacity 
of both lake and dam spillway. It ap-
peared that his board of directors, area 
farmers, had seen that reservoir fail of 
filling more years than not, so they op-
posed Coles’ spilling any water from 
the reservoir.

Mr. Coles wanted a judgment from our 
office to bolster his own. Though we 
had only 7 or 8 years of snow survey 
and runoff records to work with, our 
analysis showed that the reservoir 
would unquestionably overfill. The run-
off impending would far exceed reser-
voir capacity. We furnished LaSelle our 
charts, calculations, and the recom-

mendation to immediately reduce the 
reservoir’s water level. The board of 
directors, probably reluctantly, then 
authorized the immediate release of 
reservoired water.

Something broke in the outflow sys-
tem from the valve tower, so that lake 
water release couldn’t be continued. 
Mother Nature then dealt the cards. 
As the snow melted, the reservoir rap-
idly filled. Water started rushing over 
the spillway. The eroding power of the 
churning current began breaking big 
chunks of concrete off the spillway 
end. It started eating back.

Oregon’s State Engineer, then Charlie 
Stricklin, who had police power over 
Oregon dams, ordered the posting of a 
24-hour guard on the dam and spillway, 
so as to immediately alert downstream 
residents of any more dangerous de-
velopment. As snowmelt decreased, 
the situation resolved itself, but the 
spillway had to be rebuilt.

LaSelle Coles later became president 
of the National Reclamation Congress. 
That Congress supported Snow Sur-
veys through thick and thin, year after 
year.

Alaska
In 1951 or thereabouts, the Bureau of 
Reclamation requested the establish-
ment of some snow surveys in Alaska, 
on a river of particular concern to the 
Bureau. Will Reedy, a USBR engineer 
from Denver, and I flew up to Anchor-
age and made our way up to Palmer in 
early April, or possibly early May. We 
planned to establish a snow course 
or two at the headwaters of Eklutna 
Lake.

By that time of year, Alaska days were 
becoming quite long. Daylight came to 
Palmer about 3 a.m., so we got off to 
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an early start across the frozen lake, 
on snowshoes. We were accompanied 
by a local USBR employee. A snow 
course we named “Ptarmagin” was es-
tablished and measured in the headwa-
ters and another at a lower elevation 
on a glacial moraine. Those were the 
first snow surveys ever made in Alas-
ka, although now it is a widespread, 
well-recognized activity.

I still retain a pretty distinct recollec-
tion of that Eklutna trip, since a gov-
ernment regulation required us to pack 
along a .300 Magnum rifle, by reason 
of Ursus Horribilis. That gun weighed 
close to a ton by sundown (figuratively 
speaking). Had it been fired, the barrel 
might have blown up, as it most likely 
was full of packed snow, as I had used 
it for a climbing staff.

Later, Will Reedy and I made some aer-
ial reconnaissance of mountainous ter-
rain near Juneau for future reference 
and snow survey development.

What’s in a Name
Should any reader of this narrative 
delve into ancient snow survey ar-
chives and come upon an early day 
inventory of shelter cabins, the name 
Kreukom would come to view. An odd 
name indeed, but readily explainable.

Bill Childreth and I built that shelter 
cabin over in Idaho on the route to 
South Mountain Snow Course. Since 
we could reach the cabin site by pick-
up truck, we used some finished lum-
ber we picked up really cheap down 
in Jordan Valley. As we worked, a 
horrible invasion of Morman crickets 
marched upon us. They’d eat anything 
and everything—even ate my “going 
to town” hat which was carelessly left 
within their reach. Bill and I ventured 
small wagers most every evening as to 
who was the best shot—by targeting in 

on any one of the horde with a .22 rifle 
from 25 yards.

We dropped into a sheep camp one 
evening in search of some information. 
The camp tender, a Basque whose Eng-
lish was somewhat less than perfect, 
asked us, “You gottem Kreukoms you 
camp?” It finally dawned on us that 
he was wondering if the crickets were 
bothering us.

So, for lack of better identification, 
that shelter went into the cabin inven-
tory as Kreukom Cabin. . . Bill had to 
go back there later to nail tin patch-
es all over it. Seems the lumber we 
bought at bargain prices was wormy 
or at least, for some reason, attractive 
to woodpeckers. Those rascals drilled 
the cabin walls so full of holes that it 
required 100 or more tin patches to 
foil the winter winds. That shelter re-
ally should have been named the “Tin-
patch Cabin.”

A Historical Monument
Three or four years ago [1981], a histo-
rian for the U.S. Forest Service came 
to Ashland to glean from me what he 
could of recollections of old snow sur-
vey cabins in the Rogue River National 
Forest. He had in mind especially an 
old cabin called Whaleback, which 
was being nominated as a historical 
monument, or shrine, or something of 
that nature. He had noticed that the 
stove was too large to fit through the 
doorway.

I remember quite well the reason the 
stove and the doorway didn’t match. 
When building that cabin, after about 
three rounds of logs were laid and the 
freeze-proof grub box built, the stove 
was simply lifted over the log parapet 
already in place and put in place on the 
grub box, before construction of the 
cabin proceeded. A tarp was spread 
over it to keep wood chips and other 
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debris from falling into the cook’s 
thrice-daily preparations, as the walls 
went up and the roof went on. The 
reason for having such a large stove 
lay with the fact that we bought those 
wood-burning stoves for $5 each from 
the local power company. The com-
pany took them on trade toward new 
electric stoves, So, when we needed 
one for this cabin, the one we got was 
the only one available, at the moment, 
but it was a dandy.

Operation Sno-Cat Cascade
In 1946, an author representative, Leo 
Borah, of National Geographic maga-
zine, visited Medford. He had been 
commissioned to prepare an illustrated 
article about Oregon. He wished very 
much to see Crater Lake in its pristine 
winter garb. Since all the roads into 
the lake were snow-blocked, he was 
referred to me. It was a pleasure to 
take him into the lake by Sno-Cat. His 
article appeared in the December 1946 
issue of National Geographic maga-
zine.

That also provided an opportunity to 
broach a subject to Mr. Borah that had 
been in my mind for awhile. Briefly, it 
was proposed to him that our Snow 
Surveys and National Geographic So-
ciety mount a joint endeavor such as 
a first in traveling the spine of the Cas-
cade Range, by Sno-Cat, over the snow 
from California to the Columbia River. 
The idea appealed to Mr. Borah, and be-
fore long came word from the Society 
indicating its interest in the proposed 
project. Final plans were agreed upon 
so that in the fall of 1947, I was able 
to survey and mark the entire route, 
as well as establish 55-gallon gasoline 
caches at strategic intervals in order 
to satisfy the Sno-Cat appetite for that 
particular fluid.

The Tucker Sno-Cat Company was ea-
ger to participate in the venture, so that 

company furnished a Sno-Cat trailer 
and driver-mechanic for the trip.

Andy Brown, the observer-author and 
Jack Fletcher, the observer-photog
rapher, flew into Medford in mid-
March 1948. The expedition departed 
from Greensprings Summit, which is 
about 8 miles north of the Oregon-Cal-
ifornia border, on March 19, 1948. That 
particular departure date was selected 
since our rather limited historical re-
cords suggested that much the greater 
part of winter’s snowfall had occurred 
prior to that date, thus promising fa-
vorable weather for the trip. Nothing 
could have been farther from the truth. 
Of the 23 days required to execute the 
mission, it snowed on all but two. 
More than 10 feet of snow fell on the 
two machines and seven men while 
making the journey.

It isn’t proposed here to go into details 
concerning the trip, as it was all writ-
ten up by Andy Brown and published 
in National Geographic magazine in 
November 1949. However, we crossed 
and re-crossed the crest of the Cas-
cade Range 15 times, as we needed to 
travel in rights-of-way wide enough to 
accommodate the machines, each of 
which towed a trailer containing our 
tools, camp gear, food—even a porta-
ble welding outfit. As I recall, our over-
snow mileage was somewhat under 
600 miles. We carried a portable radio 
transmitter and maintained contact 
each evening with our Medford office.

A principal object of the trip was to de-
termine the practicality of one mecha-
nized snow survey crew, measuring all 
of the snow courses that were then in 
operation along the length of the Or-
egon Cascades, rather than sending 
two-man crews up from valley floors 
at numerous locations. It didn’t take 
long to conclude from results of this 
trip that the system in vogue was the 
more practical.
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A further, though unadvertised, objec-
tive was to obtain wider public rec-
ognition of the Snow Surveys, with 
attendant support, as the activity had 
perennial financial problems.

This trip, we feel sure, will never be 
forgotten by any of the participants 
now living.

Hermits of the Canyon
Back in the late 40s (probably in March 
1947) a writer by name of Oren Ar-
nold telephoned me from Phoenix, 
Arizona, with a proposition. He had 
been commissioned by the Saturday 
Evening Post to write a feature story 
about the two caretakers at the Grand 
Canyon North Rim Lodge. Those men 
were snowbound there for months on 
end, as they looked after the safety of 
those Union Pacific Railroad holdings. 
Arnold wanted transportation for him-
self and a free-lance photographer into 
North Rim to interview those people 
and gather data and photos for his 
story. He had heard somewhere about 
the Sno-Cat Chinook, hence his in-
quiry. His proposal fell upon receptive 
ears, as for some time we had wanted 
a strategically located snow course in 
that area, where permanent observers 
could be located and trained.

It was finally arranged that Clyde 
Houston, our then snow survey super
visor for Nevada who was also looking 
after our business in Arizona, and I 
would meet Arnold and his photogra-
pher somewhere along the line—I just 
don’t remember exactly where, maybe 
Kanab—and take them along with us 
when Houston and I established and 
measured a snow course at North Rim. 
(We commissioned and equipped the 
caretakers there to continue the mea-
surement schedule.)

There was nothing notable about the 
Sno-Cat trip in and out from Jacob 

Lake, Arizona. If I recall correctly, the 
one-way trip was about 45 miles, but 
that’s a long time ago. The snow was 
good—well settled, as the month was 
March. It was a nice day, too, which 
wasn’t always the case in winter 
months. We picked up the mail for the 
caretakers that had accumulated since 
the previous October at Jacob Lake.

Of course, during the 5 days devoted to 
this expedition, it’s not surprising that 
Arnold was pumped full of all kinds of 
snow survey lore, history, et cetera, 
from both Houston and myself. Enough 
so that Arnold began taking notes and 
asking questions. Before we parted 
company, Arnold mentioned that he 
seemed to have enough material that 
he could write another story—one 
about snow surveys. He telephoned a 
couple of months later and said,

Hi. Appreciated that lift you fel-
lows gave us into the North Rim. 
Thought you’d like to know that 
the Saturday Evening Post re-
jected my story about the care-
takers, but they liked my snow 
survey story so much that it will 
appear in a forthcoming issue.

It did—issue of January 31, 1948.

The caretakers had a “tin lizzie” sitting 
out on the pavement a few feet in front 
of their winter quarters. The surround-
ing snow surface was almost level with 
the car’s rooftop, but the snow had all 
been dug out and kept away from the 
entire perimeter of the car. One of 
them explained, “Well, I like to go out 
and sit in it. Of course, we can’t go any-
place, but I like to toot the horn and 
pretend.”

We were sitting around in their quar-
ters, night of our arrival, as they 
opened their mail that had accumulat-
ed at Jacob Lake in the 6 months since 
their last visit there, just before they 
got snowed in. One of them exclaimed, 
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“Hot ziggety! Here’s my Standard Oil 
credit card—well, what the heck—the 
darned thing has already expired!”

Other snow survey write-ups appeared 
at various times in Country Gentle-
men, Life magazine, Readers Digest, 
Saga magazine, National Geographic 
magazine, the book White Danger, and 
elsewhere. Our activity was young, un-
derfinanced, but growing stronger.

OMB on the Prowl
Following my retirement and during 
the Carter administration, the OMB 
[Office of Management and Budget] 
conceived the idea (later aborted) that 
Snow Surveys, a Western States ex-
penditure, just as well be done away 
with and a few dollars saved. OMB 
scheduled a series of public hearings 
throughout Western States to see what 
public opposition to Snow Surveys 
could be gathered before the Presi-
dent’s next budget was prepared.

I was told by a source that I consider 
impeccable that the cost to the gov-
ernment of those numerous hearings 
was $250,000. The same source, who 
had access to the final summation of 
those hearings, advised me that of all 
the written public comments submit-
ted to the several hearings officers, the 
ratio of comments supporting Snow 
Surveys versus adverse comments was 
999 to 1. One irate water user, at one 
of the hearings where I gave testimony, 
stormed, “If they had Snow Surveys in 
Georgia, we wouldn’t be hearing one 
damned word about this.” Those hear-
ing results were never made public, 
to the best of my knowledge, and the 
whole affair was quietly slipped under 
the carpet.

Better Safe than Sorry
Early on in the Snow Survey game, as 
new people came aboard, the need for 

training of new people in all aspects 
was apparent, especially the teaching 
of winter safety and survival. Such 
instruction included sleeping in the 
snow, winter first-aid, and avalanche 
avoidance and rescue, among other 
subjects. At first, we used the teaching 
abilities of our older surveyors with 
particular skills, such as advanced Red 
Cross training, or men who were expe-
rienced woodsmen. But, a little later, 
we were able to induce teachers with 
established national or international 
reputations to instruct at our westwide 
training schools, which were held in 
mid-winter every other year—folks 
like Monte Atwater, world-renowned 
avalanche expert; Ed Mongeon, sent 
by the American Red Cross to teach 
mouth-to-mouth resuscitation (that 
was before CPR technique was gener-
ally practiced), et cetera.

The schools were moved through the 
West to make it easier and less ex
pensive to allow exposure to snow 
surveyors in the various States—Utah, 
California, Colorado, Montana, Idaho, 
Nevada, et cetera. This training paid 
good dividends. Shortly before my re-
tirement, the record showed that in the 
many years following the latest fatal-
ity, our snow surveyors had traveled 
1 million consecutive man-miles over 
snow without a single fatality.

Computers
Ancestral SCS snow survey supervi-
sors relied on slide rules, manual com-
puters, and schoolboy arithmetic in 
making forecast computations. Initial 
use of electronic computers by the 
SCS Snow Surveys dates back to Ash 
Codd’s regime as Montana snow sur-
vey supervisor.

Ash was stationed on the campus of 
Montana State University at Bozeman. 
He gained access to a computer on 
campus and soon found himself fasci-



60

• •

• •

nated by its versatility and capacity for 
intricate tasks in the production of his 
forecasts and Bulletins.

He was anxious to share his knowl-
edge with his colleague snow survey 
supervisors. It was arranged for all of 
the SCS snow survey supervisors to as-
semble at MSU [Montana State Univer-
sity] in Bozeman for indoctrination and 
classwork. I simply cannot recall the 
date or year and really should because 
that meeting in Bozeman marked the 
beginning of a significant new era in 
snow survey technology. The numer-
ous snow survey supervisors took to 
that innovation like ducks to water.

Measuring Snow Course 
Canopy
It was well known in snow survey 
circles that alterations of tree or brush 
cover alongside snow courses could 
produce changes in snow cover at 
measurement spots. It was important 
to evaluate and record such changes.

Ash Codd developed what he de-
scribed as the “pin-hole” camera for 
this purpose. He adapted a cheap box 
camera to take vertical 360-degree 
photographs. Periodic photos at same 
points on a snow course could be 
scanned and evaluated by his “cano-
pyometer” scale to show any chances 
over the years in over-story vegeta-
tion. Ash modified box cameras and 
furnished them to his colleagues. Even 
after he retired, Ash maintained a dark 
room in his home for developing film 
for SCS snow survey supervisors who 
called for his service. For further and 
more detailed information on that de-
velopment, contact Phil Farnes, who 
still may be the Montana snow survey 
supervisor.

Western Snow Conference
The first meeting of this group was 
held in Reno, Nevada, in 1933 or 1934. 
A printed Bulletin was issued. I had 
that publication at one time in our 
SCS archives. Should that copy no lon-
ger exist, then most likely, a copy can 
be found in the Church library at the 
University of Nevada, Reno. That Bul-
letin is historically important. I’ll not 
attempt to go into any detail concern-
ing that conference (the original name 
was Western Interstate Snow Survey 
Conference.) Any information desired 
can no doubt be secured from the cur-
rent secretary, Jim Marron. Several 
SCS snow survey supervisors served 
as general chairmen of that conference 
from time to time through the years.

Cloud Seeding
SCS snow surveys were pioneers in 
analysis of success or failure of cloud 
seeding.

Along in the early 40s, Dr. Vincent 
Schaefer of General Electric went pub-
lic with his earliest work dealing with 
the effect of silver iodide crystals in 
condensing atmospheric moisture into 
droplets of such size as to fall as rain 
or snow crystals.

To the best of my knowledge, one of 
the very first and possibly the first 
commercial cloud seeding projects un-
dertaken in the United States was initi-
ated at Medford, Oregon, by two avi-
ators—Harvey Brandau and his part-
ner Kooser, Brandau and Kooser, as 
they were known—flying WWII fighter 
planes. They flew and dispensed dry 
ice from their plane in effort to create 
snowfall on valley watersheds—rather 
hazardous missions since their flights 
necessarily took place when weather 
conditions were such that most pilots 
would rather stay grounded. (If mem-
ory serves me right, Harvey Brandau 
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was able to walk away from one crash). 
Ground generators, supplanting aerial 
seeding, were a later development.

The Talent Irrigation District (a long-
time Snow Surveys cooperator) fund-
ed this pioneer experiment. The dis-
trict asked the Snow Surveys, then 
headquartered at Medford, to analyze 
success of the project. Bob Beaumont 
of our staff, a meteorologist (and for-
mer Navy carrier pilot) carried that 
analysis.

His findings were, briefly, that the cloud 
seeding did result in increased precipi-
tation in the form of snow, but unfor-
tunately not in the target area in the 
nearby Siskiyous and Cascades water
sheds but over in the Bend area, more 
than 100 miles distant from the desired 
accumulation area. Nevertheless, that 
was a very significant finding.

The district didn’t choose to continue 
the project, but many, many cloud 
seeding projects have been undertak-
en in many places since that pioneer 
effort at Medford.

Years later, Gregory Pearson, a member 
of my Portland staff and a former snow 
survey supervisor in Utah, performed 
an extensive analysis of a major cloud 
seeding project in Utah. Greg made 
that analysis after his retirement from 
SCS, so that might have been about 
1970, give or take a year or two. Greg 
sent to me his analysis for review.

I think it quite important that you que-
ry Greg directly about his findings and 
methods of analysis.

Construction Snowload 
Analysis
I shall stand corrected, if wrong, when 
stating that SCS Snow Surveys led the 
pack in making data available concern-
ing snowload on buildings in Western 
States mountainous resort areas.

I suggest that you contact Tommy 
George (on SCS Washington, D.C., 
staff) for history and details of that par-
ticular application of snow surveys.

(Ask Tommy if he remembers our first 
interview when his first daughter, then 
aged about two and a half, sat on yours 
truly’s knee!!)
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Part 4	I nterviews with Department of 
Agriculture Pioneers

R.A. “Arch” Work
Ashland, Oregon

May 12, 1989

by Douglas Helms
National Historian, U.S. Department of Agriculture,

Soil Conservation Service
(now the Natural Resources Conservation Service)

Douglas Helms: Before we get into the snow survey, will you tell me 
where you were born and something about your early childhood leading 
up to your college education?

Arch Work: That’s covered in the narrative given to you, the interview 
with Jeffrey LaLande, of which you have a copy. So you can rephrase it 
anyway you choose, the facts are there.

Helms: Okay. Could you start with getting involved in agricultural engi-
neering and snow surveying? I think, as you mentioned, for this interview 
we are going to attach what you have already written here, which you tell 
me touches on some of the questions I have.

The interview by Jeffrey LaLande, Forest Archaeologist of the Rogue 
River National Forest (now the Rogue River-Siskiyou National Forest), 
Forest Service, with R.A. “Arch” Work of October 1981, is reproduced 
in full at the end of the Helms interview with Work. A few statements 
about Work’s childhood and education are inserted at this point.

LaLande: Mr. Work, would you tell me something of your early life, where 
you were born and raised, and where you were educated?
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Work: I was born in Denton, Texas, in 1904. My father was the founding 
president of what is now the Texas Woman’s University, a very large in-
stitution.1 We came to California when I was a young boy. I went through 
high school in California and graduated from the University of Califor-
nia, in irrigation, in 1927. It took me several years to graduate because I 
worked my way through. I dropped out occasionally to work.

LaLande: At Berkeley?

Work: Yes, I graduated from Berkeley, but I spent much of my time at 
what was called the cow college at Davis. After graduation, my first em-
ployment was with the Miller and Lux Cattle Company [the huge western 
land and cattle operation]. At that time, I think it was the largest cattle 
producer in the United States. That was the Double H brand. I left them 
after 2 years and accepted employment with the Division of Irrigation 
of the Bureau of Agricultural Engineering in the Department of Public 
Roads, as an assistant irrigation engineer. I was sent to Medford, Oregon, 
on my first assignment, to make a drainage survey of the Rogue River 
Valley.

LaLande: What year was that?

Work: It was in 1929. I’ve resided in the Valley, except for a period of 13 
years when I was in Portland, since that time. We initiated some irrigation 
experiments in connection with some of the drainage problems that we 
found. We established the Medford Irrigation Experiment Station in 1931. 
My colleague was Dr. W.W. Aldrich. Now, in 1934, we had a very severe 
drought in the Rogue River Valley and elsewhere. As I recall, water ran 
out on the 4th of July on the main canal of the Medford Irrigation District. 
No more water for irrigating after the 4th of July.

LaLande: So Fish Lake [a lake in the mountains east of the Rogue valley 
that had been impounded and raised into an irrigation reservoir for the 
Medford Irrigation District] was dry?

Work: Oh yes, there was no further source for irrigation water. The res-
ervoirs were drained. Well, there was considerable economic loss, to the 

1	 Cree T. Work was president of the Girls Industrial College of Texas, 1903–10
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fruit industry particularly, that year. Now, we had heard of the science 
of snow survey, which is the practical means of the measurement of the 
actual amount of water stored in the mountain snowpack, relative to the 
subsequent discharge of the streams. That program in Nevada was initi-
ated by Dr. J.E. Church, who was the Professor of Romance Languages at 
the University of Nevada. But this was a hobby of Church’s. He made his 
first snow survey, we’re told, in 1911. We’d heard of his work.

Resume the interview of Helms with R.A.“Arch” Work

Helms: Could you describe the situation after the Department of Agri-
culture was supposed to have had general coordination of the snow sur-
veys?

Work: The Federal Congress in 1935 assigned the snow survey water sup-
ply forecasting activity to the Bureau of Agricultural Engineering, which 
at that time was in the Bureau of Public Roads. There were limited snow 
surveys underway in the States of Utah, Nevada, and California. They 
actually originated in the Western United States in the State of Nevada. 
Some surveys were started in the State of Oregon in 1933, but were sus-
pended in 1934. The Bureau of Reclamation was making some snow sur-
veys as early as 1919, on the headwaters of the Snake River. Congress’ ob-
jective was to place all of these widespread but separate activities under 
one agency that would coordinate and expand the program and make it 
as applicable as possible to the operations of the Nation’s irrigated farm-
ers. The amount of money allocated was not very great. Congress allo-
cated $25,000 to this activity to carry it out in all of the Western States. Of 
that allocation, $15,000 filtered down to us four engineers in the field who 
were charged with executing the program.

Helms: Those four were?

Work: The four engineers were Ralph Parshall in Colorado; Jimmy Marr 
in Boise, Idaho; Lou Jessup in Washington; and myself in Oregon. I was 
located at Medford at the Experiment Station, which Professor M.R. Lew-
is of Oregon State University and I had helped establish in 1932. We were 
conducting experiments at the station on the effects of varying methods 
of irrigation upon production of pear fruits. In 1934, the Medford Valley 
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suffered a very severe drought. The main canal of the Medford Irrigation 
District went dry on the 4th day of July. There subsequently was great 
economic loss in this valley. Had we known in advance that such a water 
shortage was going to occur, there were a good many farming practices 
that could have been adopted to reduce the damage. That led to my inter-
est in the mountain snow surveys as a means of predicting the stream 
runoff. As a matter of fact, I became interested in the snow surveys prior 
to the time the Congress assigned the activity to the Department of Ag-
riculture. I made snow surveys on my own hook beginning in January of 
1935.

Helms: Who had the general overall supervision? Did you have a supervi-
sor in the snow survey work?

Work: Yes. Of course, our administrative supervisor, our chief, was W.W. 
McLaughlin, the chief of the Division of Irrigation of the Bureau of Agri-
cultural Engineering. We four engineers collaborated with each other, but 
we operated more or less independently. In fact, that was one of the early 
precepts of the snow survey. It was an infant activity; it needed public 
support. It had very little money. So one of our first objectives was to seek 
cooperation from water-using agencies, from farm agencies, from power 
companies, and from municipalities—all of whom had a vital interest in 
their annual water supply. So we decided that the only way the program 
could serve the best needs of the people was to enlist cooperation from 
the people who needed the information and would benefit from it. So 
then the snow surveys began to grow. The applications of the data were 
quite numerous. They were needed by irrigation districts, municipalities, 
and particularly by the public utilities that relied upon the power gen-
eration from falling water. Many other government agencies needed the 
information, like the Bureau of Reclamation, the Corps of Engineers, and 
the Bonneville Power Administration, to name a few. But allow me to say 
this: the program owed a great deal of its progress to the strong support 
and helping hand given to us by the U.S. Forest Service. The Forest Ser-
vice had ranger stations strategically located on the watersheds, and they 
were glad to make the services of these people available.

Helms: They were controlling a lot of land where the snow was?
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Work: Well, yes, that’s true. The high watersheds, from which our sum-
mer supplies of water come, are principally managed by the U.S. Forest 
Service or by the Bureau of Land Management.

Helms: As you got started there, were you seeking their cooperation or 
were you seeking funds from them? What kind of cooperation were you 
actually asking them for?

Work: Funds in some cases, but in the majority of cases, services in lieu 
of funds. We would furnish the equipment and lay out the snow courses, 
designate their locations, and the times of measurement. Then our coop-
erators frequently would furnish the manpower to go and get the mea-
surements after their people had been properly instructed.

Helms: From the time you started in 1935, what did you know about how 
to lay out a snow course, what was the state of the art?

Work: Well, Ash Codd, our former snow survey supervisor in the State 
of Montana, and myself wrote a tech bulletin about the art—if you want 
to call it that—of locating new snow courses. Briefly, snow courses were 
located in sheltered areas at higher elevations where the winter snow 
would accumulate and not be intercepted by the tree canopy or drift, and 
measured there usually on a monthly schedule through the winter, begin-
ning in January. The original surveys were made the first of April. Then, 
as the program expanded and the need became known for even earlier 
information, the surveys were made in March, February, and January, and 
nowadays, by means of SNOTEL, all of the time.

Helms: When did you start making survey measurements earlier than 
April?

Work: We actually always made two. We made one in January and one 
in April. The one in April was the fixation, the final, the one on which the 
main forecast would depend, and the January measurement was merely 
preliminary to give people grounds for a little advance planning on the 
supply. I can’t tell you exactly when we began making the snow surveys 
in February and March, but it was a long time ago when we filled in the 
schedule of the measurements.
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Helms: So along the way, your cooperators agreed to maintain the snow 
courses and have their people make the measurements. What about the 
building of cabins and so on?

Work: Well, the early work in snow surveys was done all together by men 
traveling on foot, occasionally on horseback. It was only later that we 
were able to use machines such as over-snow machines, airplanes, and 
helicopters, and even later on, with the development of the electronic 
means of snow surveying, the need for men traveling on foot became far 
less.

Helms: In the early days, you had to locate the cabins so you could get 
from one to the next, correct?

Work: Yes, a day’s journey, we figured, usually was about 16 miles. If the 
snow was bad, carrying a pack, that’s a long haul.

Helms: But you had snow courses along the route?

Work: Yes, the snow courses would be interspersed between the cabins, 
sometimes quite close to the cabins. In fact, a cabin might even be at the 
end of the route.

Helms: I know you published one bulletin on a model snow cabin. What 
sort of an accumulation of knowledge was there throughout the years on 
how to build cabins?

Work: I dare say we didn’t build cabins quite as good as the old pioneers 
who came out West, but we built them small to be easily heated. They 
usually housed only two men. It didn’t have to be very large. We stocked 
them in the fall, after the hunters had gone home. Sometimes we had to go 
up through quite a bit of snow to stock the cabins. But we stocked them 
with all kinds of staples that the men would need in the wintertime.

Helms: Did your staff do that or the cooperators?

Work: We did that, the SCS [Soil Conservation Service]. We stocked the 
cabins.
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Helms: Did you maintain the snow courses?

Work: We maintained the snow courses. We marked the snow courses, 
we maintained them, we mapped them, and we kept all of the records.

Helms: That would keep you busy through the summertime?

Work: In the summertime, there were always repairs to be made and new 
cabins to be built. Snow courses had to be cleared from brush and fallen 
trees and so forth. We kept busy all year round.

Helms: When was the big growth in the number of snow courses, the late 
1930s? Or did you keep adding more each year? Do you have any general 
ideas on that point?

Work: I would say rather steadily as new needs came into being and as 
improved forecasting methods were developed. Originally, the forecasts 
issued by the Bureau of Agricultural Engineering and by SCS were for 
streamflow through the period April to September. Then, on many streams, 
there was a need for knowing in advance when the flow of that stream 
would reach a certain minimum point because that affected the water 
rights of irrigation districts and of many individuals, and so there came 
into being the forecasting of the date for low flow. Low flow might be any 
number of cubic feet per second—whatever the situation on that particu-
lar river demanded. Although we never claimed to be flood forecasters or 
responsible for the forecasting of floods, we did have some formulas that 
enabled us to predict extremely high flows in certain streams.

Helms: When did this other compilation, the low flow, start?

Work: I think we started low-flow forecasting about 1950.

Helms: You mentioned the formulas. Could you give me, in a nutshell, 
some of the highlights of the development of the mathematics of figuring 
water supply?

Work: Yes. In an elementary sort of way, if you were to plot the maximum 
water equivalent of the snowpack at some given snow course on the wa-
tershed on one axis and plot the resultant streamflow on the opposing 
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axis over a period years, then you would be able to develop a relationship 
between the amount of water stored in the snow on the watershed and 
the resultant streamflow.

Helms: You had to have your snow course records a few years before you 
really could use the information.

Work: Yes, you needed around 10 years of records before making reason-
ably reliable forecasts.

Helms: I have the impression, you can correct me, that when you started 
in 1935, a lot of the forecasts you had were for small watersheds or a 
particular irrigation district or something. Was there enough information 
when you started in 1935 to predict, although you were not in the flood 
forecasting business, the water to go through the Columbia River?

Work: Well, sure, if you add up the flow from a number of principal tribu-
taries to a main stream, you will come up with a product representing the 
flow of the main stream.

Helms: Then you average for those that you don’t know?

Work: No, you have to weigh them; you apply weightings to the areas’ 
inflows.

Helms: Did your budget grow much in the late 1930s? You told me about 
the paltry amounts you had to begin with.

Work: It was pretty slow. But as the program became better known and 
widely accepted by water-using agencies, Congress was more liberal, and 
the SCS itself became more liberal.

Helms: Since you mentioned that, would you care to tell us about the 
shifting of the program from the Bureau of Agricultural Engineering to 
the SCS? What were the reasons, as you saw them, at the time?

Work: The Bureau of Agricultural Engineering was engaged in research 
programs to increase the efficiency of farm operations in various ways, 
through controlling soil erosion, through improved tillage of land, through 
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greater efficiency in the application of irrigation water, through spreading 
the benefits of surplus winter runoff, through water spreading programs, 
and so forth. In other words, the Bureau’s program was one to increase 
the efficiency of farm production by reducing the costs of production. 
That simply didn’t fit with the national policies that came into being with 
the so-called New Deal, back in the early 1930s. So the Bureau of Agri-
cultural Engineering was simply done away with, and the Division of Ir-
rigation, my employer, fell under the same axe. So the Bureau of Agricul-
tural Engineering was split up. Part was assigned to the Bureau of Plant 
Industry and part was assigned to a newly created Bureau of Agricultural 
Chemistry and Soils, as I recall. The snow survey activity was transferred 
to the SCS. The SCS was created by President Roosevelt in 1935, and the 
shift of snow surveys to the SCS took place, I believe, in 1939. It has re-
mained with the SCS since that time.

Helms: What immediate effect of that did you see in the field, or did you 
see any immediate effect?

Work: It gave the snow surveys a lot bigger, wider field of operations and 
a wider field of application through the soil conservation districts. There 
were many hundreds in the United States—a great number in the Western 
United States. It enlarged the cooperative atmosphere; in fact, it made 
available SCS people to conduct snow surveys.

Helms: So that started growing right off?

Work: Yes, the program expanded rapidly.

Helms: So your recollection was that as that change took place, the ad-
ministrators at SCS, the State Conservationists, the regional offices, and 
the SCS people were really enthusiastic about starting to participate? Or 
did they think that they had more important things to do?

Work: The snow survey activity in the SCS always met with top-level 
support: First from Dr. Hugh Bennett and second from Don Williams, the 
long-time chief of the Service, and even later with people who succeeded 
Don Williams. I can remember some of the top people on the Washington 
staff that provided very strong support to snow surveys. In addition to 
Don Williams and J.C. Dykes, there was Harold Tower, Western States 
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representative of the administrator; Verna Mohagen, head of personnel; 
Carl Dorny in fiscal matters; Frank Harper in public relations; Bob Bran-
stead in photography; Chester Francis, a former chief engineer; and Carl 
Brown, a former chief engineer. I just can’t name all of the people who 
supported and strengthened the snow survey program.

Helms: Did World War II have much effect on the program?

Work: Yes, it did. It hurt the financing, and it hurt the personnel. It made 
it more difficult to find people to do the job. As a matter of fact, we gave 
up some work in some areas. We moved out of northern California when 
World War II broke open and turned all that programming over to the 
State of California.

Helms: That brings us to the point that California operated its own pro-
gram. Has the cooperation always been pretty good?

Work: California operates its own snow survey program and always has. 
British Columbia operates its own snow survey program and always has. 
They have their own programs. But in the Western United States, the pro-
grams in all the States are integrated, correlated, and coordinated by the 
SCS, with the exception of the State of California. The cooperation be-
tween SCS and the State of California has always been good.

Helms: When you started coordinating their work in 1935, some of the 
bureaus had their own snow courses. Their people, I guess, were making 
projections about water supply. The change was that information from 
the snow courses started coming to your group, and you released the 
information. Is that how it worked?

Work: Yes. Several of the agencies relied upon their own personnel to 
make water supply forecasts for their own purposes, notably the Bureau 
of Reclamation and the Corps of Engineers. But we always enjoyed the 
closest kind of cooperation with those agencies because they needed the 
snow survey information as a foundation for their own forecasting pro-
cedures.

There’s an illustration of this. The Bureau of Reclamation wanted some 
snow surveys established on the watershed of a river feeding one of their 
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power plants in Alaska. So Will Reedy, an engineer from the Bureau office 
in Denver, and I flew up to Alaska. We established and made the first snow 
survey ever made in Alaska, on the head of Eklutna Lake. I don’t recall 
what year that was; it was in the early 1950s. Now, of course, the snow 
survey program in Alaska is a major program with many, many uses.

Helms: Did it work out that eventually the others, the Corps of Engineers 
and the Bureau of Reclamation, made surveys? Did they not also contrib-
ute money to the SCS operation?

Work: Yes. We entered into a series of formal agreements with the vari-
ous regions of the Bureau of Reclamation. Jesse Honnald, a Bureau of 
Reclamation engineer, and I flew together one winter to all the Bureau 
offices in working out this overall major agreement, and as far as I know, 
those agreements are still in effect. We were never successful in getting 
an overall agreement with the Corps of Engineers. There’s a little person-
al history that goes into that. A high-level officer in the U.S. Weather Bu-
reau came up to Medford in 1938 and asked me if I would like to become 
affiliated with the Weather Bureau in a capacity and on an assignment 
that could be determined. I told this gentleman that I was happy with my 
employer and I was happy with the work I was doing, so thanks but no 
thanks. Many years later, when attempting to get this overall agreement 
with the Corps of Engineers, it appeared that that particular gentleman 
and a highly placed civilian engineer in the Corps of Engineers were close 
friends. I was told that, “Work, you will never get that agreement,” and we 
never did. But we did have, and I imagine the Service still continues to 
have, splendid working relations with the district offices of the Corps in 
Seattle, in Portland, in Omaha, and in California. I don’t know if you are 
going to want to put that in your record. Just a little piece of history.

Helms: You mentioned earlier the good cooperative working arrange-
ments with the Bureau of Reclamation and the Corps of Engineers. Could 
you tell us a little bit about your relationship with the Weather Bureau?

Work: To put it succinctly, those relationships were a little rocky. I told 
you a few moments ago about the action by Congress, assigning the snow 
surveys to the Bureau of Agricultural Engineering. Following the action 
by Congress, we soon ran into conflict with the U.S. Weather Bureau, 
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which had initiated a rival, but less accurate, forecasting system based 
on analyses of valley rainfall records. Forecasts of the two agencies were 
often in conflict. I mentioned to you a classic example, the 1948 great 
flood of the Columbia. All of that conflict hampered support for the snow 
survey activities.

Helms: Issuing differing forecasts?

Work: The conflict was completely unwarranted. During the 1935 Senate 
hearings, the representative of the Weather Bureau conceded that the ac-
tivity was one for engineers, and withdrew itself from congressional con-
sideration. I mentioned the cooperation, the offer of cooperation made at 
that time by the U.S. Forest Service. The Weather Bureau, on the other 
hand, failed to support its position of 1935. Nor did it honor subsequent 
pledges and agreements to cease its wasteful and less accurate duplica-
tion of public water supply forecasting—at least so long as I was con-
nected with the officially sanctioned snow survey program.

Helms: Could you discuss the incident you mentioned earlier about go-
ing to Washington in the 1950s?

Work: Yes. Along in about 1954, a Weather Bureau Office in Arizona is-
sued a river flow forecast. It caused serious problems for the Salt River 
Valley Water Users Association. Arizona’s senior senator, Senator Hayden, 
added a rider to the Weather Bureau’s appropriation bill for that year. The 
rider stated briefly that none of these funds should be expended for the 
forecasting of water supplies. As powerful as Senator Hayden was, East-
ern States’ senators, who really held the power, didn’t accept the amend-
ment, so it didn’t hold up. It was always pretty clear to me that the Salt 
River Valley Water Users Association, who were always very strong snow 
survey supporters—still are, I hope—were responsible for that action.

Along in the 1950s, due to some similar situation to the one I just described 
in Arizona, Don Williams, then chief of SCS, called me to Washington. He 
and Carl Brown, who was the chief engineer of the SCS, and I went as a 
delegation over to the Weather Bureau offices where we met with Com-
mander Reichelderfer, the chief of the then U.S. Weather Bureau. Com-
mander Reichelderfer was accompanied by two members of his staff. We 
met for a short time, I think it was less than an hour, and Don Williams 
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made a proposal to the commander. He said, “Commander, your agency 
is responsible for forecasting floods. Our agency is responsible for fore-
casting water supplies. Our agency will assist you in any way that it can 
to carry out your responsibility. We will furnish data of snow surveys in 
the mountains to you. We will furnish any formula which we might have 
for forecasting peak flows. We will furnish advice if you request it. All this 
if you will reciprocate in our assigned field of water supply forecasting.” 
I distinctly remember Commander Reichelderfer’s reply. He said, “Wil-
liams, let’s do it.” But it never was done.

Helms: Do you know why?

Work: I assumed that Reichelderfer’s staff simply wouldn’t back him up. 
I guess it was that simple. There was no reason for the SCS to proceed 
unilaterally with its end of what was a good proposition, a good solution 
to the problem. Even years later, these difficulties persisted.

Years and years later, a series of events led the Service and the Weather 
Bureau again to make an effort to resolve this problem. A representa-
tive of the Weather Bureau, A.J. “Tony” Polos, and I were designated to 
represent our respective agencies in reaching an agreement to solve this 
long-standing difficulty. Any agreement that Tony Polos and I might reach 
would be binding on our parent agencies. Tony Polos and I went into the 
field in the Western States. We contacted water-using agencies, many of 
them, to get their views. I remember one time I was surprised at a state-
ment made to the two of us by the chief operating officer of a western 
utility. That gentleman said, “Well, in my opinion and in the opinion of my 
company, the SCS should not only conduct all of its own activities west of 
the Mississippi River, but should also conduct those currently conducted 
by the Weather Bureau.” I don’t know which of us was more surprised. 
But at any rate, Tony Polos and I, after making all of these examinations, 
went back to Portland, and we sat down and wrote a joint agreement 
between the Weather Bureau and SCS. This agreement provided substan-
tially the same things that Chief Williams and Commander Reichelder-
fer had agreed to years before. The SCS accepted our joint report. The 
Weather Bureau repudiated it—refused to accept it.

Helms: About what time was that?
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Work: That was in the 1960s. Well, Tony passed away years ago, so he 
can’t verify this, but that’s a matter of history.

Helms: Is there anything else that comes to mind, particularly? Were 
there any other particular differences over the prediction of floods?

Work: I’ll give you a little piece of history that is just simply not known 
because all of the participants, except myself, have passed on. In about 
1938, we were having difficulty pursuing the snow survey activity because 
of the rivalry that had been created by the Weather Bureau. So Ralph Par-
shall, Lou Jessup, Jim Marr, and I all met in a little log cabin motel in Mo-
ran, Wyoming. We met for the purpose of deciding among ourselves if we 
would continue to try to improve the snow survey program and the water 
supply forecast, or if we would give way to what some people considered 
superior fire power. We decided after a couple of days of discussions and 
deliberations that we would all go back to our stations and continue to 
strengthen the snow survey program in any way that we possibly could to 
improve its accuracy and its usefulness to the water users.

Helms: That was not very long after the function was assigned to you.

Work: I think we were still in the Bureau of Agricultural Engineering at 
the time.

Helms: You mentioned the research and so on, could you give us some of 
the background on the things you wanted to do to mechanize and auto-
mate the snow survey? I know there are a lot of facets to it.

Work: You will find quite a bit about mechanized snow travel in what I 
have written. I touch on the origination of SNOTEL and the laboratory 
we set up on the southwest flank of Mount Hood. But of course SNOTEL, 
since my retirement in 1965, has just gone all out. Really successful. At 
the time of my retirement, it was still a little baby. We were just on the 
verge of a very practical development.

I guess, in talking to some of the people, maybe this is the way it should 
be—a close connection between research and operations. The people 
running the operations were working on new devices and improvements. 
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The original work on SNOTEL was all done by our own SCS engineers. 
These are the men that received that award in 1968.

Helms: Who were they?

Work: Homer Stockwell is now deceased. Bob Beaumont has retired, 
and the last I heard, he’s in Greece. Ted Freeman has retired and lives in 
Alaska. Manes Barton, of course you well know, is deceased. Bill Shan-
non is also dead, and finally, myself. Those were the six. These men were 
all snow surveyors. There weren’t academics. They were snow surveying 
people.

Subsequent to my retirement, Manes Barton and his group went into this 
big electronics program with Western Union. Early on, we had two former 
Boeing engineers that worked up there in the snow lab on Mount Hood. I 
don’t remember their names now. They were electronic engineers. These 
people had an idea that they could, by electronic means, gauge the water 
equivalent of the snowpack as it built up. It just never worked. SCS had a 
contract with these people.

Helms: I guess since you had radios, you had the idea of using them from 
the beginning of the program, didn’t you?

Work: We began using shortwave radios in 1938. We had quite a net-
work.

Helms: For just communicating with one another, or for collecting infor-
mation?

Work: Collecting information. In fact, in 1938, skiing was becoming a 
pretty popular recreational activity. The red network of the National 
Broadcasting Company asked the snow surveyors to produce a program 
each Friday of each winter week to describe the snow conditions, the 
weather conditions, and the road conditions at western ski resorts. We 
called that program Snowcasts. We continued that program until the war 
broke out. We discontinued it in 1942.

Helms: Why didn’t you get back into it again?



• •

• •
History of Snow Survey and Water Supply Forecasting

80

Work: Never did. Turned it over to the Weather Bureau.

Helms: There was a fair amount of competition on the over-snow ve-
hicles. The design of them and so on.

Work: I’ve gone into that in quite a little detail.

There again, several of your snow surveyors were involved. Codd, Nel-
son, George Peak, and myself were involved in working on machines.

Helms: Did you have one machine that the whole Service was going to 
purchase, or could each operations unit select its own? I’ve seen some of 
these records on getting together and having tests.

Work: Yes, we sure did. We were looking for the most satisfactory over-
snow machine that snow surveyors could find. For that reason, the field 
was pretty broad. The first machine that we ever used in snow surveys 
was called the Eliason Motor Toboggan. The Eliason Motor Toboggan 
was powered with an Indian motorcycle engine in a frame that rested on 

4.1	 Arch Work at transmitter and receiver of Station KBEI (Soil Conserva-
tion Service) at Medford, Oregon, March 1942
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skis and propelled itself by a belt actuated by this motorcycle engine. Jim 
Marr bought one of those machines in about 1936, maybe 1937. Jim used 
it over in Idaho. It had a lot of limitations. I remember one time Jim came 
to an open stream. He couldn’t get across it with this machine, so he had 
to get his skis off and go and take care of his mission. When he got back, 
the porcupines had eaten all the insulation off the wires. He had to ski 
home.

Then in 1938, I bought an air-propelled machine. That’s an airplane engine 
with a propeller and a very light, aluminum frame body on three skis—
two supporting skis and a steering ski. It was sure a lot of fun to run that 
number. On its trial run on Jackson Lake, it did 120 miles an hour.

Helms: With you operating it?

Work: I didn’t operate it on its test run. But I drove it for a good long time 
after that. It was tricky. The prop created a lot of torque. If you climbed a 
side hill in the wrong direction, down the hill you’d go. The torque would 
roll you over. It wouldn’t slide in sticky snow. I remember one day Clyde 
Houston and I were going somewhere in that machine. We just had to sit 
by a fire for 5 hours ‘till the sun went down, ‘till we could get going. Well, 
then Tucker came along with his Sno-Cat in about 1942. That’s mentioned 
in LaLande’s narrative. Tucker was a local family. We bought the second 
Sno-Cat that was ever built, paid $3,500 for it. Nowadays, if you want a 
big Sno-Cat like they use in the Arctic, man, you get started at $100,000. 
But at any rate, that Sno-Cat was the first successful over-snow machine 
that came into our experience.

During the war, the Army built the Weasel, and they built the M–7. The 
Weasel was pretty useless for snow survey work. The M–7 was a pretty 
good little machine, but went out of production. We had one or two or 
three M–7s that we kept cannibalizing to keep what was left going. Then 
the people in Utah built the snowmobile—quite a successful machine. The 
patents for that machine were taken over by Thiokol Chemical. Thiokol 
bought the patents that the engineer, Ross Eskelson, had developed.

Helms: He worked with the University?
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Work: Utah State at Logan, Utah. That’s how I became familiar with 

the machine, through the University, Utah State. That machine became 

known as the Trackmaster. It’s pretty widely used at ski resorts and so 

forth. Then came the Idaho Sno-ball, Morlan’s development. That ma-

chine had a lot of torque. You get a rear-drive machine and you get quite 

a lot of torque, your machine begins to ascend, assume this position. So 

if you might have had half a pound per square inch here, you got a pound 

and a half. Down she goes, just like an elevator. That killed the Sno-ball—

torque.

Bill Schomers came along with a side-hilling machine. You shift the center 

of gravity of that machine by just pushing a lever, pretty good machine. 

We bought a couple of those. We’d buy these machines and test them. 

Bill’s machine never got into production. He was a flier in the National 

Guard, the Air Guard. Bill flew into a railroad embankment over there in 

Wyoming one day, and that ended that.

4.2	 Dale Palmquist, 2 miles southwest of Slide Mountain, Nevada, driving 
Tucker Sno-Cat to snow course, Spring 1961
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Then the Polaris people, headquartered in Roseau, Wisconsin, came along 
with the machine your people are using now, only it isn’t a Polaris. You 
are probably using one of these Japanese-built machines. But anyway, 
Polaris came out with this first machine that we know of that is similar 
to the modern day little one- or two-man machines. I went to Roseau and 
went through their factory. They were a well-financed, well-run opera-
tion. We were really interested in that machine. Well, later, I’ve been told 
that there are 40 manufacturers of that little one-man, two-man machine. 
I know snow surveyors used quite a bunch of them. But anyway, when it 
really came to tough traveling, bad snow, in my day we always relied on 
Sno-Cat machines.

Helms: I guess the reason for aircraft was because you wanted to do sur-
veys higher in the mountains, is that correct?

Work: An aircraft could cover in a matter of minutes the same territory 
it would take the men on foot hours and hours and hours to cover. We 
started using ski-equipped aircraft at the very start of the 1940s. I remem-
ber that at one of our snow survey meetings, we invited one of these 
contract operators to come and talk to the men. This flier built his own 
airplanes. I remember one of the fellows in the audience, one of the snow 
surveyors, asked this man, “Well, how do you decide what instruments 
to put on your plane?” “Oh,” he said, “that’s easy, you just hold it out and 
open your hand. If it drops, you don’t put it on.” That man was later killed 
on a snow survey.

Helms: Was that the fellow from Idaho?

Work: Yes. One of Morlan’s contract fliers. I don’t remember his name.

Helms: Did you decide to go with contracting rather than hiring people 
on and buying the aircraft?

Work: Yes. Bob Beaumont was a Navy aircraft fighter pilot. Jack Washichek 
was a flier. Some of our men flew. But all of that work was contracted. 
Then, of course, when we started using helicopters, that’s when we began 
running into trouble with these environmentalists. There wouldn’t be 
a living soul within 50 miles of a snow surveyor and a helicopter. You 
couldn’t possibly hear that machine, yet these people were complaining. 
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They complained about building landing pads in wilderness areas. That 
became very restricted, you know. Then, like Bob said, they wanted the 
aerial markers set up out of sight, in the trees somewhere. Well, big deal. 
All of this led to the development of SNOTEL. It just had to. We just had 
to find some way of getting these records without sending these men in 
machines or in airplanes or on foot up to get them. I have certainly been 
pleased at the way the program developed.

Helms: When you started out, you said that there were four of you work-
ing, generally under McLaughlin, who was head of the Division of Irriga-
tion.

Work: Yes.

Helms: Now how did the shift come where you eventually ended up with 
general supervision for the West?

Work: I think it might be 1944.

Helms: They had a reorganization, and you were generally put in charge, 
is that right?

Work: Well, Parshall was dead. Jim Marr was getting ready to retire. Lou 
Jessup was dead. I just fell into the job.

Helms: So you hired people like Morlan and a few others?

Work: Yes. I could tell you about the day we hired Tommy George. He had 
a little 3-year-old daughter, and she sat on my knee while I interviewed 
Tommy. If you see Tommy, you can tell him that it was his little daughter 
that was responsible for his getting the job.

Helms: The guys in the different States were in charge of issuing releas-
es, dealing with the news media, and so on in their area, for these fore-
casts?

Work: Yes. We were pretty highly decentralized. I understand perfectly 
the need to centralize snow survey work under SNOTEL. I understand 
that perfectly. But in those early days, we believed it was more practical 
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and more profitable in terms of public relations to decentralize. Give each 
snow survey supervisor lots of latitude. I think it was a profitable position 
to take because they weren’t restricted by, you know, regulations super-
imposed upon them by someone who didn’t know very much about the 
business.

That was something I always liked about SCS. SCS gave us enough rope 
to hang ourselves.

Helms: You mentioned the program that you were doing on the snow 
forecasts for recreational skiing. What other sort of major landmarks do 
you remember in terms of the expansion of uses of the snow survey from 
water forecasts?

Work: The snow survey data began after about 20 years of accumulation. 
It began to be sought after by architects and builders for the information 
it provided in snowload analysis on building. Tommy George knows quite 
a bit about that. If I recall correctly, Tommy George put out a bulletin on 
snowload, a paper on snowload policies. Snow survey records are widely 
used in projecting or developing ideas of how much snowload a build-
ing might have to carry in mountainous areas. That was one thing. Snow 
surveys were indirectly involved in cloud seeding activities way back in 
the early days.

Helms: When you say indirectly involved, what do you mean?

Work: By not conducting cloud seeding, but conducting analysis of the 
success or failure of some particular cloud seeding operation. Way back 
in the early days, there was a cloud seeding project undertaken right here 
at Medford [Oregon]. A couple of fliers dispensed dry ice. Now, you have 
to admire those men because they only flew when most pilots would 
rather be on the ground, when conditions, they thought, were suitable 
for seeding. It was stormy—the old black clouds up there. Then these 
men would go up there in their airplanes. They did have one crash. But 
at any rate, Bob Beaumont was on our staff here at Medford. The irriga-
tion district asked us to analyze the project to tell the district whether it 
was a success or otherwise. So Bob Beaumont performed that analysis. 
It was Bob’s conclusion, and I certainly supported it, that the cloud seed-
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ing was successful, but they missed their target area by 100 miles. The 
cloud seeding succeeded in increasing the snow cover over around Bend, 
Oregon, more than would be expected statistically. That was all gravy for 
the water users at Bend. But it didn’t help the local irrigation district, so 
that project was discontinued.

Helms: Who was financing that?

Work: The irrigation district. Cloud seeding is still practiced at Medford 
for the dissipation of fog at the airport. It does work well in dispersion of 
the fog. It coalesces those little particles.

Helms: It’s highly dependent upon the temperature for rain or snow to 
fall.

Work: On a typical cloud seeding project for the purpose of increasing 
precipitation, yes. That’s one of the problems.

Helms: You said Gregory Pearson got involved in that somewhat?

Work: Yes, there were a lot of sidelights to the snow survey. That’s right.

Helms: Any recollections of the fisheries people becoming interested in 
the data, when the water was going to be high?

Work: No, I don’t. But we know they do. But I can’t give you any specific 
illustrations. We know they do.

Helms: Any other uses that come to mind?

Work: Let’s take a look at Oregon’s water supply outlook for April 1, 1989. 
Run your eyeball down the list of cooperators. Power companies, irriga-
tion districts, soil conservation districts, you name it, they are there.

Helms: How did that work with Bonneville Power over the years?

Work: You would have to talk to one of their staff up at Portland. But that 
Columbia River system has become so complicated now. With reservoirs 
on the main Columbia and reservoirs up on the Snake, it is very com-
plicated. There is a grouping of people who have to operate that river. 
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Also, Bonneville Power is in the game. I can’t tell you if they do their own 
forecasting—it would not surprise me if they do. But it’s an interagency, 
a multiple-agency deal. The Corps of Engineers, Bonneville Power, Bu-
reau of Reclamation, the International Boundary Commission—they are 
all concerned with it.

Helms: You mentioned a couple of personalities. You mentioned Homer 
Stockwell. I know you hate to leave anybody out—are there certain per-
sonalities you’d like to mention and their contribution to the program?

Work: Yes. Let me mention Ashton Codd. Ash Codd was a graduate min-
ing engineer from the University of Nevada. Ash made snow surveys for 
Doc Church—way back when Church was sending his men up on Mount 
Rose. Then Ash joined forces with the Weather Bureau, and he began 
work with J. Cecil Alter, the meteorologist for the Weather Bureau, back 
at Salt Lake City. They were trying to develop a rain gauge, a precipitation 
gauge that would work in high country. Ash even took this gauge up to 
Alaska. Actually, the only successful gauge ever found for use in Alaska 
was the one George Peak of SCS developed, the Wyoming gauge. Our 
snow survey supervisor in Wyoming developed that gauge. Anyway, Ash 
came over, and he accepted an appointment in snow surveys.
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4.3	 Edgar Boardman (left) and Ashton Codd having lunch during snow sur-
vey. Grant peak, west of Verdi, Nevada, Spring 1923
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Ash was the one who promoted application of electronic computers to 
snow survey computation. He was the snow survey supervisor in Mon-
tana, stationed on the campus of the Montana State University in Boze-
man. He had access to a computer on that campus. When Ash discovered 
the versatility of that computer and its usefulness in his program, he natu-
rally wanted to share that with all his colleagues. So we held a school on 
the campus of Montana State University.

Helms: About what time?

Work: It must have been about the mid-1960s. Well, I will tell you. This 
school lasted several days, and those snow survey supervisors, they just 
took to that like a bunch of ducks to water. So from there on, we began 
to use computers in snow surveys instead of slide rules and schoolboy 
arithmetic. That was only one of Ash’s contributions.

There was another contribution that Ash made to the program. As the 
forest canopy grows, it can and does affect the snow catch on the snow 
course, depending on where they are located. Ash developed what he 
called the pin-hole camera. It was just a $5 box camera, and he modified 
it so that it would take a 360-degree picture. So Ash began making these 
canopy measurements. He developed a little apparatus for gauging the 
encroachment of canopies. When this camera was held at the very same 
spot and oriented exactly the same way, he was able to keep track of can-
opy encroachment on a snow course. It was pretty darned important if 
you happened to have a snow course that had a canopy problem. So Ash 
began making these cameras and furnishing them to his colleagues, and 
he developed their film for them. Using his canopyometer device would 
give them a numerical reading for canopy coverage at every point on the 
snow course. After he retired, he set up a darkroom in his home in Pacific 
Grove, California, and continued developing the film and the readings for 
the snow survey supervisors.

He was that kind of fellow, Ash. Well, the snow survey supervisors were 
a real bunch of individuals. That’s about the way I’d put it, a real bunch 
of individuals. It would be pretty hard to put another group together like 
that. They all had different backgrounds. We welcomed that. We liked 
it. Beaumont was a meteorologist. He graduated from the University of 
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Washington. Stockwell was an agricultural engineer. Codd was a mining 
engineer. Jack Frost was a biologist. Jack Wilson was a graduate in for-
estry, and so it went. A group of men with diverse training and diverse 
backgrounds, but always with a common objective and a common love 
for their job.

Helms: Were you trying to collect different people, or did it just sort of 
happen?

Work: I hired some of them. But in some cases, the State Conservation-
ist or the State staff would select somebody. But very few men left the 
program, very few. A few did. I hope they improved themselves—I’m sure 
they did.

Helms: Were you generally pleased with your support from the State 
Conservationists? You mentioned earlier that the people from the na-
tional headquarters supported the program. Did you generally have good 
relationships with various State Conservationists?

Work: In general, yes. I suppose there were some personalities.

Helms: The snow surveyors and supervisors in the Western Snow Con-
ference were at one time with the American Geophysical Union. Could 
you tell us why you split off?

Work: Well, when the Western Snow Conference originated and held 
its first meeting in Reno, the name of the conference was the Western 
Interstate Snow Survey Conference. It was hosted by Dr. Church, and 
the proceedings were published of that first meeting. That was in 1933. 
Those proceedings are in our little library up there. It will give you some 
excellent historical information about the people who were there at that 
formative meeting.

Later on, the Western Snow Conference began to flower and mature a 
little. It had grown considerably. We had been closely associated with 
the American Geophysical Union [AGU]. We were not technically as ad-
vanced as the AGU, but many of us that belonged to the Western Snow 
Conference also belonged to AGU—kissing cousins, you might say. I can’t 
tell you the exact year, but later on, the AGU became perhaps a little more 
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professional in its acceptance of papers and information for the meet-
ings. The people who made up the body of Western Snow Conference 
were practitioners, they weren’t theorists. So it wasn’t exactly a schism, 
but the people in the Western Snow Conference decided that they would 
go their way and split off from AGU and let AGU go as it would, and that’s 
how the division occurred. Then the Snow Conference became more 
technical, too. So it started the publication of a little booklet called the 
Snow Surveyors Forum. The Snow Surveyors Forum was open ground 
for the snow surveyors themselves, the men who went on their skis or 
snowshoes way up there to get the records. All kinds of interesting per-
sonal reminiscences appeared in that Forum.

Helms: Were there ever any differences of opinion over how to do things 
between your snow surveyors in the field and those of you who were col-
lecting the information?

Work: Aside from matters of policy, no, I don’t recall any. We were a 
team.

Helms: We didn’t get into the matter of your research on Mount Hood. 
You used the term lab. Was there physically a lab or just an open area 
where you did your work?

Work: We had a special use permit from the Forest Service to conduct 
experiments in that area. The area was a forest opening so located that 
we could get to it in the summertime with a pickup truck, and we could 
get to it in the wintertime with a snow machine. We had this idea that a 
snow course has weight. If we could weigh the snow in places, it might 
give us a tool as a substitute for making these long trips to measure the 
snow. I remember quite well the first apparatus that we built. It was a big 
platform, about 10 feet square, that rested on two of these big butyl rub-
ber farm fertilizer pillows. From that we realized that we could weigh the 
snow. But the platform idea wasn’t too practical. We thought we would 
get exactly the same result from a butyl pillow. Bob Beaumont arranged 
with some commercial company to build a butyl pillow. It was about 10 
feet in diameter. We prepared a bed for that pillow by leveling the ground, 
and we covered it with sawdust. We put the pillow on the sawdust, and 
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we connected the pillow to glass nanometer tubes nailed to a tree. The 
pillow, when filled with glycol, was about 4 inches thick.

Later, we built a shelter house because we went from the nanometer 
tubes to a recorder. The recorders, of course, recorded everything that 
happened on that pillow. We began determining when snow fell, when 
there was snowmelt, the snow water equivalent, and so forth from the re-
corders. Then we got hold of a pressure transducer and hooked that in to 
the pressure line from the pillow, and the transducer converted pressure 
readings into electrical impulses. We sent those by radio direct line-of-
sight down to Portland. We put an aerial up on the Post Office building, 
and we picked up the transmissions. We transmitted originally by short-
wave radio from the site on Mount Hood down to the office in Portland.

Then we expanded that the next year to, as I recall, some different sizes 
of pillows. I think it was after my time that the boys went to metal pil-
lows; although, I am not too sure about that. We might have had a metal 
pillow or two up there in 1964. But anyway, that’s the way it developed. It 
was after my retirement that the snow surveys really got into this fantas-
tic meteor-burst telemetry.

Helms: I am wondering, it sounds like I’m jumping around, why is it that 
the soil moisture monitoring never quite panned out?

Work: I thought it did. That was one of Homer Stockwell’s brainchildren. 
We made wide use of those thermocouples in gauging soil moisture. Be-
cause the moisture content of the watershed soil mantle has a great deal 
to do with the amount of water that the snowpack delivers to the streams. 
In other words, if the soil mantle is dry, it can hold quite a bit of moisture. 
That moisture is going to be held in the soil now. It won’t go into the 
streams. It does become necessary to assess the condition of the water-
shed soils.

Helms: I think what I was referring to was not that it wasn’t valuable, but 
that some of the other fellows have been explaining the difficulties they 
had with the equipment and the maintenance of the equipment to do the 
monitoring.
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Work: Yes, it’s just like if you drive an automobile, you may have some 
problems. You don’t have to be a mechanic to run an automobile, but 
sometimes it sure helps.

Helms: This is a general sort of question covering a long timespan. You 
got started in 1935 working on coordinating things, with very few people. 
Can you give us some examples of the growth with respect to the infor-
mation provided? A maturing of the program?

Work: Yes. Let me offer you a specific example of cause and effect in that 
snow survey program. Along about 1945, give or take a year or so, we 
received a phone call from Laselle Coles, the manager of the Ochoco Irri-
gation District in central Oregon. There was an inordinately heavy snow-
pack on the snow course at Ochoco Meadows. Laselle was concerned 
about the safety of his dam and spillway. Now, the board of directors of 
the Ochoco Irrigation District had, more years than not, failed to see that 
reservoir filled. Laselle wanted to start draining water out of the reservoir, 
and the board of directors said, “Nothing doing.” The reservoir doesn’t fill 
very often. Laselle called us and asked us for any advice we might be able 
to give. We only had 6 or 7 years of records of the snowpack at Ochoco 
Meadows above the reservoir. Jack Frost and I were working together. 
We made an analysis. Our analysis showed the reservoir would unques-
tionably overfill. There was no doubt about it, even with our limited data. 
So we sent our analysis and our recommendations over to Laselle, and it 
was then that his board of directors, maybe reluctantly, said, “Okay, you 
can reduce the contents of the reservoir.” So Laselle opened the outflow 
gate, and something broke in the gates, in the outflow system. The wa-
ter level in the reservoir could not be lowered except by a dribble. Well, 
Mother Nature dealt the cards. That reservoir overfilled, and the excess 
water started rushing down the spillway. It started eroding the ends of 
the spillway, and big hunks of concrete started falling off in the spillway. 
Charlie Stricklin, who was then State Engineer of Oregon and had police 
power on all Oregon dams, ordered a 24-hour guard be established on 
that dam, which took place.

The flow finally subsided, and the spillway stopped being eaten away. So 
the situation finally solved itself. Laselle Coles later became the president 
of the National Reclamation Association, and the National Reclamation 
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Association supported snow surveys through thick and thin, high water 
and low water.

Helms: Anybody in particular that comes to mind that maybe deserved 
more credit than they received in the origins of snow surveys?

Work: Dr. Church is generally considered, and rightfully so, the father 
of snow surveys. But there was an engineer who worked in Dr. Church’s 
shadow, so to speak, H.P. Boardman, head of the Engineering Department 
at the University of Nevada, who I have always believed was entitled to 
quite a large share of the credit for the early pioneering in snow surveys.

Helms: What were his contributions?

Work: Well, I think he developed the forecast formulae and so forth. Dr. 
Church was the visionary.

The foregoing material was reviewed by R.A. Work on October 25, 
1989.
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R.A. “Arch” Work

October 1981
by

Jeffrey LaLande
Forest Archaeologist of the Rogue River National Forest

(now the Rogue River-Siskiyou National Forest, Forest Service)

Jeffrey LaLande: Would you tell me something of your early life, where 
you were born and raised, and where you were educated.

Arch Work: I was born in Denton, Texas, in 1904. My father was the 
founding president of what is now the Texas Woman’s University, a very 
large institution.1 We came to California when I was a young boy. I went 
through high school in California and graduated from the University of 
California in irrigation in 1927. It took me several years to graduate be-
cause I worked my way through. I dropped out occasionally to work.

LaLande: At Berkeley?

Work: Yes, I graduated from Berkeley, but I spent much of my time at 
what was called the cow college, at Davis. After graduation, my first em-
ployment was with the Miller and Lux Cattle Company, the huge western 
land and cattle operation. At that time, I think it was the largest cattle 
producer in the United States. That was the Double H brand. I left them 
after 2 years and accepted employment with the Division of Irrigation 
of the Bureau of Agricultural Engineering, in the Department of Public 
Roads, as an assistant irrigation engineer. I was sent to Medford, Oregon, 
on my first assignment to make a drainage survey of the Rogue River Val-
ley.

LaLande: What year was that?

Work: It was in 1929. I’ve resided in the Valley, except for a period of 13 
years when I was in Portland, since that time. We initiated some irrigation 
experiments in connection with some of the drainage problems that we 

1	 Cree T. Work was president of the Girls Industrial College of Texas, 1903–10.
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found. We established the Medford Irrigation Experiment Station in 1931. 
My colleague was Dr. W.W. Aldrich. Now in 1934, we had a very severe 
drought in the Rogue River Valley and elsewhere. As I recall, water ran 
out on the 4th of July on the main canal of the Medford Irrigation District. 
No more water for irrigating after the 4th of July.

LaLande: So Fish Lake was dry?

Work: Oh yes, there was no further source for irrigation water. The res-
ervoirs were drained. Well, there was considerable economic loss, to the 
fruit industry particularly, that year. Now we had heard of the science 
of snow survey, which is the practical means of the measurement of the 
actual amount of water stored in the mountain snowpack, relative to the 
subsequent discharge of the streams. That program in Nevada was initi-
ated by Dr. J.E. Church, who was the Professor of Romance Languages at 
the University of Nevada. But this was a hobby of Church’s. He made his 
first snow survey, we’re told, in 1911. We’d heard of his work.

LaLande: Was this really the first snow survey to have ever been done 
anywhere, that we know about?

Work: No, the very first snow survey was done by an engineer named 
Charles Mixer in one of the New England States in about 1904. It was for 
the purpose of utilizing the water supply by the paper mills [for pulp-log 
drives].

LaLande: So the idea of the snow survey is definitely a 20th century, 
American development?

Work: That’s right; as far as I know, the snow survey originated in this 
country. Well, so we people at the Experiment Station decided that we 
would initiate some snow surveys for this Valley. Well, the State Engineer 
of Oregon, Charlie Stricklin, did initiate some snow surveys in 1933, by 
the Corps of State Water Masters. But, no snow surveys were made in 
1934. In 1935, a congressional committee, actually a senate committee, in 
response to requests from western water users, decided that some Fed-
eral agency should be assigned the responsibilities for coordinating the 
snow surveys that were then being made in Oregon, Wyoming, Nevada, 
Utah, Montana, and California, on many interstate rivers. So they called in 
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4.4	 Snow survey research station at Crater Lake National Park, March 1942

the Forest Service, also what was then the U.S. Weather Bureau, and the 
Bureau of Agricultural Engineering [BAE] to decide which of these three 
agencies should carry this responsibility. This effort was initiated by then 
Senator Steiwer of Oregon. The gentleman from the Forest Service was 
the Acting Chief Forester, Mr. Clapp. I don’t recall who represented the 
Weather Bureau, but the gentleman from the Weather Bureau said, “We 
believe that this is an activity for engineers,” and Mr. Clapp said, “If this 
responsibility is assigned to the BAE, the Forest Service will support that 
agency in this activity.” So on July 1, 1935, this became a responsibility 
of the BAE, in the Department of Agriculture, and I’d like to say, Mr. La-
Lande, that without this cooperation and the unremitting support of the 
Forest Service, I doubt if this project would ever have been as successful 
as it has proved to be. That cooperation extends right down to the pres-
ent time, and it was all on the basis of a handshake in 1935.

Well, I initiated snow surveys in the Rogue River Valley prior to the time 
we were given that responsibility. I recall making a ski trip from Fort 
Klamath into Crater Lake National Park on the 5th day of January 1935, 
to make a snow survey at Crater Lake. Subsequently, I made trips, some-
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times alone or with a companion, into the Seven Lakes Basin [Sky Lakes 
Wilderness, Rogue River National Forest], over into the Siskiyous and so 
forth. Well, at any rate, we gradually established a system for this Valley 
of measuring the mountain snow in order to predict the water supply 
that would be available for agricultural, domestic, municipal, and power-
generating interests. Bill Childreth and Jack Miller made many of those 
early-day surveys.

LaLande: How did you decide where the best places were to put a snow 
course?

Work: Well, that’s kind of technical. Let me put it this way, in the Western 
States, approximately 85 percent of the summer irrigation supply origi-
nates in the high-mountain snowpack. Now, the mountain snowpack is 
concentrated at the highest elevations, but those places were often fairly 
inaccessible. So we developed motorized transportation; we used heli-
copters; we used conventional ski-equipped airplanes to get to many of 
these places, but through most of the early years, the job was done the 
hard way, by tough men on skis and snowshoes. So we had to provide 
shelter facilities for these people. We usually tried to place these cabins 
about 16 miles from where you had to start skiing, on the trails. Because 
a man on skis with a loaded pack, and when the snow conditions aren’t 
good, does well to make 16 miles in a day.

LaLande: All the measuring equipment and so on had to be packed in 
with you?

Work: Yes, the surveyor carried his measuring equipment, a little emer-
gency rations, usually a long-handled axe, and generally a candle or pitch, 
some pliers, some bailing wire, maybe a poncho, whatever you need for 
a cross-country trip.

LaLande: You spoke of the cabins just now. That brings up a subject I’d 
like to hear more about—the snow survey cabins here on the Rogue River 
National Forest. To my knowledge, there were only four, no five, Soil Con-
servation Service [SCS] snow survey cabins on the Rogue: the log one at 
South Lake in Seven Lakes Basin, the log one which replaced it at Honey-
moon Creek, the log cabin at Whaleback Mountain on the Rogue-Umpqua 
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Divide, and the shake-and-pole cabins at Wrangle Camp and Grayback 
Mountain on the Applegate.

Work: Yes, that’s right, but I don’t know anything about the Grayback 
cabin because that was built after I transferred to Portland.

LaLande: What year was that?

Work: Well, I was put in charge of the snow surveys for the Western Unit-
ed States, back in about 1938, and we moved our headquarters to Port-
land a few years later [ca. 1942], in order to be in closer contact with the 
other Government agencies we cooperated with.

LaLande: Before that, was the headquarters of the entire Western States’ 
snow survey program here in Medford?

Work: Yes, it was for several years.

LaLande: I had no idea. Where was your office in Medford?

Work: At the Experiment Station, on the old Billy Budge orchard, a cou-
ple of miles south of the Medford city limits, south of Stewart Avenue 
and east of King’s Highway. We used a shortwave radio to keep in touch 
with some of our people. Well, as to these cabins you mentioned, the 
first one we built was on the north shore of South Lake [Seven Lakes 
Basin]. A gentlemen by the name of Alvin Copeland and I went in there 
to do the snow survey the first January following the time the cabin was 
built [1935]. We skied about 16 miles that day and got into the cabin site a 
little before dark, but we couldn’t find the log cabin. We knew where the 
cabin was supposed to be, and we feared that maybe some hunters had 
burned it down. But, at any rate, we got our snow tubes out, and we went 
to where we believed the cabin to be and started sounding. Sure enough, 
we hit wood. We kept sounding until we came over the ridge pole of the 
cabin roof; then we sounded out the ridge pole until we ran out of ridge 
pole. Then we started digging, with our skis and with our hand axe. We 
had a little door up in the gable. We dug a hole down 11 feet to get into 
that cabin., and, after we got into the cabin, of course, we couldn’t start 
a fire. We had put on top of the roof jack a metal plate to keep the snow 
out. I happened to have an old .38 pistol with me. So I shot some holes in 
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4.5	 Arch Work on a Santa Claus chimney 
entrance, Crater Lake National Park, 
1945

that metal plate and then jammed the snow sampler up through it, clear 

to the surface. Well, then we were able to start a fire, and we laid down on 

the floor because it was pretty smoky. But eventually, the heat from the 

fire got a pretty good draft going, and we were well insulated. The upshot 

was, the next year we put a chimney entrance [an enclosed tower] on the 

cabin, and then could climb down the ladder through the wooden chim-

ney into the cabin, underneath the snowdrifts.

LaLande: Was that what they called the Santa Claus chimney?

Work: Yes, that was it.

LaLande: You were personally responsible for inventing that particular 

innovation?

Work: Yes, as far as I know, 

that one at South Lake was the 

first such cabin that had a Santa 

Claus chimney. We built several 

others like it later.

LaLande: Yes, I know Whale-

back cabin has a wooden snow 

tower like that.

Work: Yes, we built several of 

them. We built the cabin at South 

Lake in the fall of 1935. Then the 

next one was at Wrangle Gap. 

There was a CCC [Civilian Con-

servation Corps] camp there. 

I think the cabin at Whaleback 

was built about 1937–38.

LaLande: I’ve been inside the Whaleback cabin, and there’s a penciled 

inscription on one of the wall logs that reads, “October 28, 1937.” I had to 

climb down the chimney because the main door was locked.
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Work: Yes, then that must have been the year we built it. The thing about 
that cabin was this: We used to buy wood stoves for these cabins from 
the California-Oregon Power Company. I remember they’d sell us a dandy 
wood stove for $5. So when we built that cabin, there was an unusu-
ally large stove that wouldn’t go through the door. So after we laid three 
rounds of logs, we set the stove into the cabin and hung canvas over it to 
keep the dirt and grit out of the cook’s preparations, and then we built the 
cabin around the stove.

LaLande: Well, I guess it’s the same stove still sitting there—a pretty 
good way to prevent someone making off with it. The Wrangle cabin, that 
one is lumber frame with shakes.

Work: Well, sure, ‘cause we had a road we could bring the stuff in on.

LaLande: But you didn’t feel the need for a Santa Claus chimney at Wran-
gle?

Work: No, it was kind of a high structure, you know. We had a little door 
in the gable [near the peak of the roof]; we didn’t really need a chimney 
there.

LaLande: So the reason some cabins have the chimney and others don’t 
is simply the varying conditions, the lay of the land?

Work: Yes, where the snowpack was deep, we put on the chimneys; 
where it wasn’t so deep, we tried to get away without it. We just put in the 
little gable-end doors near the roof.

LaLande: So Wrangle cabin was definitely built the same year that the Ci-
vilian Conservation Corps [CCC] was building the big community kitchen 
shelter up there?

Work: Yes, very definitely, because I remember the Three-C boys were 
working all around us up there. These lads were from New Jersey. “New 
Joizy,” you know. I remember that some of my men and I were cutting 
some boards, and I overheard one of these CCC boys say to another, talk-
ing about me, “Gheez, look at dem guys woik!” and the other says, “Dat 
guy’s name is Woik.” [laughs]
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4.6	 Snow survey shelter sign at Honeymoon Creek, Rouge River, Siskiyou 
National Forest, Oregon

LaLande: So these Civilian Conservation Corps fellows were definitely 
new to the area, but they seemed to do a good job on building the com-
munity kitchen shelter up there.

Work: Oh yes, they did nice work. Many of them were good workmen. 
They were enthusiastic. I think that it was a great program.

LaLande: Yes, it’s rare to find that quality of work, craftsmanship, out in 
the woods anymore. Do you know anything about the background of the 
Honeymoon cabin up in Seven Lakes Basin?

Work: Yes, I do. I didn’t recognize the name. Jack Frost, Dwight Hough-
ton, my 11-year-old son Bob, one other person, and I built that cabin, 
somewhere around 1943.

LaLande: Was Jack Frost really his name?

Work: No, his real name is Wilfred T. Frost [laughs], but he was known as 
Jack. He was the snow survey supervisor for Oregon after I left to super-
vise the westernwide survey activities. He came from the National Park 
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Service as a ranger. I hired Jack away from the Park Service in, I think, 
about 1942. Jack’s been retired for several years now. But he and his wife 
Hope visited my wife Jane and me just a week or so ago. He looks well.

LaLande: Were there any other snow survey cabins in the Rogue drain-
age besides those we talked about?

Work: Well, there was an old cabin called the swamp cabin, on the east 
side of the Cascades, about two-thirds of the way into Seven Lakes.

LaLande: Would that have been at Seven Mile Marsh?

Work: Yes, it was an old trapper’s cabin. We called it the swamp cabin. It 
was near the trail, but maybe there’s a road there now. Well, we built a lot 
of cabins in this State and, of course, in other States, too.

LaLande: Did they follow a similar plan or standard design? In fact, I’ve 
got the original plans with me for the South Lake cabin. Let me get them 
for you.

Work [looking at copy of blueprint]: Well, sure enough. George Micheal-
son drew those plans. It was a small cabin, but it was a lot easier to heat 
that way—12 1/2 feet long and about 10 feet wide.

LaLande: I noticed that the Whaleback cabin has exactly the same floor 
plan and dimensions. The stove, bunks, and table are in the same place. 
The windows and door are all in the same location as these plans. So I 
just wondered if this was a standard plan that the BAE followed.

Work: No, it just happened that way in this case. We’d just build them 
out of our heads, more or less, depending on what material we had, how 
many men we had, whether we had horses to haul the logs, or if we had 
to haul them ourselves. But we did build them small, just for two men. 
That’s all the men a snow survey usually involved. They’re a lot easier to 
heat when they’re small and a lot easier to build. I remember a local Boy 
Scout troop was given the project of tearing down the old South Lake 
cabin a while back [ca. 1960s]. One of them was the son of a friend of 
mine, and he brought back a piece of one of the logs with my name writ-
ten on it. I’d left my name the second year [inscription reads “Arch Work, 
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Andrus Smith, Jan. 4, 1936, Blizzard;” the other names on the log frag-
ment include Dwight Houghton, Vie Sisson]. Vie Sisson and Harry Kal-
landar from the Klamath side, we hired some fellows from the Klamath 
side that had a dog team to go in there and measure the snow some years, 
sled dogs.

LaLande: That’s a really nice keepsake.

Work: Yes, I keep it in a drawer, but it’s kind of nice to have. It’s all that’s 
left of that old cabin. I’d been down that chimney more than once.

LaLande: When you arrived at these places in the winter, would you find 
that some four-legged critter had taken up residence inside?

Work: No, never did, except pack rats. We built a cabin on Buck Moun-
tain, down near Medicine Lake, California. We had a bear that kept com-
ing there every year. The son of a gun would tear off the shakes, but he 
never got into the cabin. So we finally put up corner boards with sharp 
nails sticking out, and that kind of discouraged him [laughs], for 2 or 3 
years.

LaLande: That brings up another question, personal reminiscences of 
your snow survey experiences. There must have been a fair number of 
interesting stories that were told—people getting lost or stranded. Were 
there occurrences like that which you recall?

Work: Well, anybody that has personally made snow surveys—and I made 
a great many, in Utah, Montana, Wyoming, Colorado, Arizona, Alaska, Tur-
key, and Iraq—you’re bound to have some experiences, if you lived to tell 
of them. I think one of the most tragic incidents that I had any personal 
knowledge of was the death of District Ranger Wilhelm in the Humboldt 
Forest. He and his companion were trapped by an avalanche. Wilhelm 
was killed; his companion, Dale Rodies, was very severely injured. But 
he did make his way out to get a rescue party in there. I investigated the 
site a year or two later. There have been a few deaths in the snow survey 
activity, but we always stressed safety, and we gave training programs to 
our people. We gave programs regionwide and State by State. Our men 
were trained in survival, they were trained in first aid, and they were very 
particularly trained in avalanches. The man that trained our people in 
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that particular activity was Monte Atwater. Monte was the former For-
est Service avalanche ranger at Alta, Utah. He was a very close friend of 
mine, a great guy. There was one time period in which our surveyors trav-
eled 1,000,000 miles, mostly by ski or snowshoe, without a single death. I 
recall a number of rescues and so forth [laughs]. I remember this one man 
up at Diamond Lake. George Howard was running the Diamond Lake Re-
sort at that time. We got a radio call from our man that he was feeling real 
sick and had to be taken out. George said, “Yes, we’d better go get that 
guy.” So we took George Howard with us in our Sno-Cat, went in there 
and got the man.

LaLande: Was this pretty much the same piece of equipment as today’s 
Tucker Sno-Cat?

Work: Yes, it was an early model, of course. I bought the second 
Sno-Cat that Tucker ever built.

LaLande: The Tuckers were a local family, weren’t they?

Work: Well, yes, they were a local family, and they were real individu-
als. Nice people, but the elder Tucker got mad at somebody in Medford, 
so he moved his shop to Grass Valley, California. It was at Grass Val-
ley that I bought this Sno-Cat. It was a remarkable machine. We named 
that Sno-Cat “Chinook,” the word for “snow eater.” I drove it in Montana, 
Wyoming, Arizona, all over Oregon in the wintertime. In fact, that’s the 
machine that we used on that National Geographic trip, where we went 
from the summit of Green Springs [near the California-Oregon border] to 
the Columbia River one winter, in 1948.

LaLande: That was a winter trip, along the route of what is now the Pa-
cific Crest Trail, the crest of the Cascades?

Work: Yes. We left the Siskiyou Summit on the 15th of March 1948; and 
I told the boys, “This is a good time of year to go. The heavy snowfall’s 
over,” and, gosh, I couldn’t have been more wrong. It snowed 10 feet on 
us on that trip—took us 23 days.

LaLande: This was sponsored by the National Geographic Society?
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4.7	 Snow surveyor utilizing Tucker Sno-Cat in Crater Lake National Park, 
Oregon, April 1945

Work: Not really, but the National Geographic sent a photographer and 
writer along. It came out as an article the next year. What led up to that 
was that National Geographic sent a writer to Medford in 1946, a writer 
by the name of Borah, a relative of the Idaho senator [William Borah]. 
He got a hold of me and asked me to take him to Crater Lake. I did. I 
took him up there in the Sno-Cat. Of course, he was impressed to no end 
by the beauty and solitude of Crater Lake in the middle of winter. They 
didn’t keep the roads open in those days. That was what led to National 
Geographic’s interest in this trip. Well, I wanted to make the trip to see 
if it was practical to survey our snow courses all as part of one trip. We 
had snow courses scattered along the whole crest of the Cascades, and 
we sent men on up these side drainages from the east or west, from the 
valleys below. I kind of speculated and wondered if a Sno-Cat team could 
just go along the crest and measure all those courses. But it took too 
much time. Snow surveys have to be made within a certain time period. 
Well, that’s all beside the point.

LaLande: No, it’s fascinating.
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Work: Well, anyway, getting back to this story about George Howard at 
Diamond Lake. We thought the caretaker was sick, so we hauled him out. 
The guy was later down in town, at the barbershop the next day, bragging 
about how he’d been able to get us to bring all his winter furs out. He’d 
done some trapping and stuffed the pelts down inside his clothes and 
gear [laughs]. Well, we felt a little stupid after that, but, after all, when you 
get a call for help ….

LaLande: Whom did you hire? What kind of people did you hire to do 
your surveys? Were they just anybody with some backwoods experience? 
Or was it someone who actually worked regularly for the BAE or SCS? 

Work: The Forest Service furnished many of our snow surveyors. The 
Forest Service made many of the surveys because they had people lo-
cated at a ranger station and so on, near to the snow courses. Those were 
competent, capable people. We were delighted when we could find a For-
est Service employee that would do the job. But we did employ a lot of 
private people—ranchers and so on. The power companies furnished 
some people and so did irrigation districts throughout the West. It was a 
physical job, believe me. We hired people where we weren’t able to find 
a cooperator who was able and willing to send somebody up to do the 
survey.

LaLande: What was the pay?

Work: Four dollars a day, and a day seldom exceeded 16 hours [laughs], 
and all they could eat at the cabin.

LaLande: Who supplied the food in the cabin? The Forest Service?

Work: No, we did. We stocked them each fall, after the hunters went 
home.

LaLande: Did you use horse teams?

Work: Well, I remember in the case of the Shasta National Forest [Cali-
fornia], we used to borrow the Forest Service pack string. They had the 
slickest pack string of mules: Hattie, Pattie, Battie, Mattie, and Mike. Five 
mules. Mike was the jack, and the rest were jennies. That damned Mike 
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4.8	 Pack train carrying supplies to shelter passes the Upper Seven Lakes 
Basin Snow Course Marker, South Umpqua River, Oregon

could pack 300 pounds. They could get a little fractious, you know. You 
had to show them who was running the show. That was a Forest Service 
pack string. But, otherwise, we would use private packers.

LaLande: What were the general duties of someone during the snow sur-
vey? What kind of things were done on a typical snow survey—tools and 
what not?

Work: Well, the snow surveyor carried a snow sampling set with him. 
These snow sampling sets, for areas of deep snow, consisted of six sec-
tions of tubing, each section 30 inches long, and they had couplings so 
that they could be screwed together. They had a scale which weighed in 
ounces. The first section of tubing has a very sharp, serrated, tempered-
steel cutting point that will cut through ice. The inner diameter of that has 
to be very precise: 1.4865 inches, as I recall. If you cut a core of water of 
that diameter, each inch of water will weigh 1 ounce. Hence, when they 
cut a column of snow with this tube and then weigh it, the difference 
between the empty weight of the tube and its full weight with its snow 
core, in ounces, equals the number of inches of water in the snow at that 
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point. It was the water equivalent of the snow that counted, not the depth 
as such. It’s the amount of water in that snowpack. You can have a deep 
snowpack, but with a relatively low water equivalent.

LaLande: Now, when you say an inch of water, you mean …?

Work: A surface inch, an inch of water on the land surface.

LaLande: So it wasn’t anything like a miner’s inch or a specific irrigation 
measurement?

Work: No, no. It was actual surface inches. Let’s illustrate it this way. 
Suppose we had a snowpack 20 feet deep, and we measured it with our 
tubes, and we found 40 inches of water in that snowpack, which, by the 
way, would be mighty light snow. In 20 feet of snow, it would usually be 
more like 10 feet of water, which would be a 120 inches. In other words, 
if that snowpack, by some Mount St. Helen’s explosion or an A-bomb or 
something, were to instantaneously melt, you’d have 120 inches of water 
there, going to go somewhere downhill.

LaLande: So they’d take a section of tubing and pound it into the snow?

Work: They had a clamp handle that went on it. In quite deep snow, one 
man would put his hands on his companion’s shoulders and balance him-
self, so he wouldn’t bend the tube. He’d get those handles under his feet 
and push it down. It was a pretty small-diameter tube. It penetrated quite 
well.

LaLande: So the basic measuring was done with tubes and by weighing 
it. It was as simple as that, basically?

Work: No, not really. Sometimes you ran into situations that were hard to 
handle. For instance, I went into that Seven Lakes snow course one time, 
and I happened to be measuring it alone. My companion was sick, and I’d 
left him down in the cabin, and I only had six sections of tubing. That’s a 
108 inches and, by golly, I couldn’t get to the ground with it. So what to 
do? I measured the upper 4 feet of snow, the water equivalent in that, and 
put the tube back down the hole, went back to the cabin and got a shovel. 
I then dug a hole 4 feet deep and got down in the hole, and then I had 
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enough tubing to get to the ground. Took me all day to take six samples 
there. Normally, we’d take 10, but I just didn’t have the time.

LaLande: How were the samples distributed?

Work: Well, on the usual snow courses, they’re either 50 feet apart or 100 
feet apart. The average snow course has 10 sample points, and the end 
points, and sometimes the midpoint, are marked by a steel pole. You’ve 
seen them probably.

LaLande: With the USDA SCS shield symbol on the top?

Work: Yes, that’s it. Set in concrete. The surveyor either tapes the 100-
foot distance from one point to the next or, if he marks his skis appropri-
ately, he can use his skis. So these samples are taken the same time every 
year, at the exact same points, within the diameter of a circle of about so 
[approximately 20 inches], virtually the same spot every time a survey’s 
made.

LaLande: So are they taking a compass line from one of these poles?

Work: Well, if you just head straight on skis, you’re going to do pretty 
good. Often, there are three poles, one at the midpoint, that keeps you 
right on line, that always gives you two to line up on. Then, there is sum-
mer maintenance work on the courses. Got to cut out the vine maple and 
keep all the points cleared of brush and take care of shelters. Well, of 
course, we took soil samples, too. The moisture content of the soil has a 
great deal to do with the amount of the snowpack that the mountain soil 
will retain. We did that electronically, with sensor units buried at foot 
intervals.

LaLande: When did you begin doing that electronically?

Work: Oh, we began that about 1946 or so. Several years after that we 
established a snow laboratory on Mount Hood, which led to the develop-
ment of the electronic snow survey. The men don’t always have to go up 
there anymore.

LaLande: The SNOTEL?



• •

• •
History of Snow Survey and Water Supply Forecasting

110

Work: Yes, the SNOTEL, with a snow pillow with a pressure transducer 
on it and a radio which sends an electronic signal to a meteor burst that 
is then reflected to a station in Ogden, Utah, or in Boise, Idaho. Those 
things keep sending out information, and you can even interrogate them. 
They’ve got about 400 of those operating in the Western States now. We 
were silver medal winners on that one—some colleagues and myself.

LaLande: I’ve been to the SNOTEL at Wrangle.

Work: Yes, they’ve also got one at Hyatt Lake and several other loca-
tions.

LaLande: When did that electronic snow survey idea first become devel-
oped? Which ones were put on the ground first?

Work: Well, the first one we developed was at Mount Hood. At first, we 
didn’t measure that one electronically. The first measurements we made 
were in a glass tube. We measured the height to which the methanol 
would reach when snow fell on the pillow. Later, we put in a recorder to 
keep a constant record. Later yet, we put in a radio and sent signals into 
Portland. That was in the mid-1950s.

LaLande: Now the SNOTELS are all over the countryside.

Work: Yes, there’re sure a bunch of them.

LaLande: Did you have any problem with vandalism on those?

Work: No, just the bear, deer, and moose. That is, until they finally fenced 
them. There was nothing more that a bear would rather do than tear one 
of those snow pillows up. He’d say, “What’s this? I wonder if there are 
any ants under there.” So he pulls the pillow up and, zippo, it’s gone. Of 
course, they make them out of metal now, but the first ones were butyl. 
But no, I don’t think we’ve had guys shooting the pillows full of holes. But 
they do have to be fenced—have to keep the wild beasts off of them.

LaLande: When did the Bureau of Agricultural Engineering become part 
of the Soil Conservation Service?



• •

• •

111

Interviews with Department of Agriculture Pioneers

Work: I believe that was in 1938 or ’39.2

LaLande: What were some of the other duties of the old BAE, aside from 
the snow surveys?

Work: They had a great deal of research underway in the water require-
ments of plants. That’s what I was actually working on at the Agricultural 
Experiment Station in Medford, before I got interested in snow survey. 
We had another group that developed methods of water measurement, 
advanced the methods. We had an agricultural economist by the name 
of Wells Hutchins who was considered premier by all of his peers. Then 
we had some fellows working on water spreading. Even if I do say it, 
those men were all leaders in their respective specialties. When Congress 
assigned BAE responsibility for the snow survey, all they gave us was 
$15,000 to carry out this program in all the Western States. Well, how are 
we going to do that? We had to get cooperation. We developed formal 
agreements with the States. We only had a handshake with the Forest 
Service, which endured, but we had formal agreements with the State En-
gineers of almost every Western State. They became cooperators. We had 
them with almost every agricultural experiment station. We got money 
from those people, or help, in lieu of funds. That was how the program 
began to grow, through cooperation. We were real penny pinchers, real 
poor. But there was a need for the activity, and those State Engineers ap-
preciated it because they were concerned with the States’ water through 
the water-rights system. Later, we found very strong cooperation with 
the Bureau of Reclamation and the Corps of Engineers, also Bonneville 
Power.

Not too long ago, the Federal Office of Management and Budget [OMB], 
under President Carter, undertook an in-depth study of the necessity of 
these snow surveys. The OMB dedicated $200,000 to the study, I was told, 
to hold public hearings and so forth, to determine if the activity should be 
terminated. Well, I happened to attend the public meeting in Medford, and 
I listened to the representatives of 43 different agencies concerned with 

2	 The Secretary of Agriculture by Memorandum 799 of December 3, 1938, effective January 2, 1939, 
designated H.H. Bennett, Chief of the Soil Conservation Service, to have charge of that part of 
the work of the Divisions of Irrigation and Drainage of the Bureau of Agricultural Engineering 
relating to investigations, experiments, and demonstrations on the construction and hydrologic 
phases of farm irrigation and land drainage including snow surveys.
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water get up and tell the chairman that “no way” were these snow surveys 
to be terminated, that they supported them, and that they participated in 
them. They needed the results and used the results, and of all the Govern-
ment activities, this was the one they did not want to see abolished. Then 
the administration accepted letters. I was told that about 99 percent of 
the correspondence that went back to Washington was affirmative. Well, 
that’s the last we heard of it. It was swept under the rug. The snow sur-
vey could have used that 200,000 bucks to good advantage. But, at any 
rate, they got it off of their chest, and they did find that they did have a 
real economic, progressive, productive program that the people wanted. 
I think it’s going to continue because water is becoming more scarce and 
valuable every day. As it becomes more valuable, it has to be managed as 
profitably and as efficiently as possible. So you have to have those basic 
tools and knowledge of how much water you’re likely to have before you 
can even plan its management. Water is an asset, just like our forests, and 
it has to be managed accordingly.
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4.9	 R.A. Work Deed of Gift
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Gregory Pearson

Salt Lake City, Utah

May 5, 1989
by

Douglas Helms
National Historian, U.S. Department of Agriculture,

Soil Conservation Service
(now the Natural Resources Conservation Service)

Douglas Helms: Just to start out, Mr. Pearson, could you tell us where 
you were born and raised, something about your early education through 
your college years, and your career in the snow survey?

Gregory Pearson: Well, I was born here in Salt Lake on October 26, 
1915. I lived here just a few years, and then my family moved from here 
to Vernal, Price, and Sunnyside, Utah, then back to Salt Lake and up to 
Idaho Falls, Idaho, where I did most of my growing up, graduating from 
high school there in 1934. Then I went 1 year to the University of Utah, 
following which in 1935, I went on a mission for the LDS [Latter Day 
Saints] Church. When I came back from that in 1937, I worked for a short 
while and then went to Utah State.

At the end of the summer of 1940, I didn’t have quite enough money to 
go back to school, and it just happened that the preceding spring quarter 
when I was at Utah State, I had taken a class in meteorology. At the end 
of the quarter, there was a Civil Service Commission examination for a 
junior observer in meteorology with the Weather Bureau, now the Na-
tional Weather Service. I took the exam and forgot about it and worked 
during the summer on an extra gang on the railroad, across Nevada. Near 
the end of summer, I could see I wasn’t going to have money enough to 
go back to school, so I came back into Salt Lake and got a job. Just before 
school started, the Weather Bureau called me up and asked me if I would 
go to work for them as a Junior Observer in meteorology in a little three-
man weather station down in southwestern Utah. I was glad to take the 
job since it gave me money enough to get married. That was in 1940 and 
1941.
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At the end of 1942, I decided I had better go back to school because the 
war had started. I went back to Utah State University and then signed up 
to be an officer candidate in the Army Air Corps. At the end of that fall 
quarter, I was called up to report for duty. In February of 1943, I reported 
for basic training at Boca Raton, Florida. From there I went to Yale Uni-
versity, where I stayed and got my officer’s commission. From Yale I went 
to a replacement depot and was sent to Abilene, Texas. In Abilene, we 
trained fighter pilots until the war was over in Europe. Then we were sent 
to La Junta, Colorado, to form a unit to go to Japan. When I was home on 
leave before shipping out, walking down the street one day, somebody’s 
radio blared out the window that the war was over in Japan. I went back 
to La Junta and waited there until discharged. I returned to Utah, did 
some work at a bank and with the State road commission on a survey 
crew, then decided it was time I went back to school. So I went back up 
to Utah State, got my bachelor’s degree in agricultural engineering, then 
my master’s degree in civil engineering. When I received my master’s de-
gree, I was offered a chance to go to the University of Idaho in Moscow to 
teach, or to go work for the Bureau of Reclamation over in Oregon. While 
I was considering these offers, I received a phone call from the then Chief 
of the Division of Irrigation Research of SCS, George D. Clyde, who had 
formerly been Dean of the School of Engineering at Logan, Utah State 
University. He offered me the job of going to work in the snow survey 
program. I was happy to unpack things and stay where we were. That’s 
how I got into snow surveys.

Helms: George Clyde was at that time in charge of research?

Pearson: He was in charge of the Division of Irrigation Research for the 
whole United States. Later he became Governor. I had a chance to work 
with him at various times, relative to snow. George D. Clyde was the one 
who started the snow surveys in Utah.

Helms: Can you tell me a bit about his becoming interested in snow sur-
veys and in getting Utah involved?

Pearson: It was back when he was in the Experiment Station at Utah 
State that he became interested in snow surveys. He knew Dr. James E. 
Church when he [Church] first started to work over in Nevada. Clyde 
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began the network here and 
made the first surveys in 
Utah. The first courses were 
laid out on the Logan River in 
1923 and then measured the 
following winter. Clyde was 
the one who designed the 
snow cutter head still being 
used today. He was a moving 
force in the whole western 
snow survey program.

Helms: What was unique 
about the cutter head?

Pearson: The cutter head 
formerly was a larger size. 
Clyde designed the size of 
the cutter head so that what would be an inch deep of water over the area 
of the cutter would weigh 1 ounce. So that made it very simple in mea-
surement to determine what the water content of the snow core was—
just weigh it in ounces, and it was automatically in inches of water. This 
was a much simpler method than they had before.

Helms: Which was?

Pearson: Just a different sized cutter head. I don’t recall all the details, 
but formerly you had to have specially calibrated scales to determine the 
water content of the snow core samples.

Helms: What did you start doing when you came to work? Could you 
give us something of the flavor of the day-to-day work of snow survey 
specialists?

Pearson: The man ahead of me had only worked for 1 year. His wife 
didn’t like all the traveling he had to do, so she talked him into quitting 
and going to California and getting a job there. The snow survey job re-
quired a lot of travel in both summer and winter, but particularly in the 
winter.
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4.10	 Western Snow Conference, 27th annual 
meeting, April 21–23, 1959, Reno, Ne-
vada. Seated: James E. Church; stand-
ing: left to right) W.W. McLaughlin, 
George D. Clyde, and H.P. Boardman
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At the time I started, there was much more interest in water and the pres-
sures that were coming on water supplies. It was obvious that those pres-
sures were going to get greater as time went on and that we needed to 
expand both the snow course network and also increase the frequency 
of measurements. The basic need was to keep an inventory as we went 
through the winter season so that the water managers and users could 
make plans during the winter and not have to wait until the first of April, 
when most surveys were made, to know what the water supply was going 
to be.

Many things depended on having advance information. For example, all 
the farm implement companies needed to do their own planning. If it was 
going to be a drought year, they could tell that the farmers weren’t going 
to have as much money to spend, and that the farm implement companies 
wouldn’t be needing to build as many machines as usual to sell. It was 
obvious that a similar impact would be felt all across our society, such as 
we see in today’s water supply. The water managers needed to know for 
electric power production. They needed to know the way dams should 
be operated. If it was going to be a flood year, they needed to draw the 
reservoirs down to handle the water, or if it was going to be a drought 
year, they needed to hold every bit of water they could. All aspects of this 
society, as you know, depend on water supply. It was at this time when 
we began to realize that we did have to have a continuing inventory as we 
went through the season.

Helms: So the number of people who recognized the value of having that 
information was expanding?

Pearson: That’s correct, and so we had to start making more frequent 
readings and expanding the network. One of the first things I was asked 
to do when I started was....

Helms: When you came to work, you were in charge of the program for 
the State, right?

Pearson: The man ahead of me had given sufficient notice that when 
I started to work, he was able to give me 1 week of indoctrination, and 
then it was mine. So that week we spent together, he took me around the 
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State. We talked to some of the cooperators we had in the snow survey 
program and then he was gone, and it was mine.

Helms: I’ll let you get back to your original line of thought.

Pearson: When I started, the only ones the snow survey supervisor had 
to help him, in addition to a few forest rangers, were a few water com-
missioners on some of the rivers and streams. There were Forest Service 
people who had jobs that took them into the mountains on other work 
throughout the winter, who also measured snow courses monthly. Forest 
rangers made surveys on April 1 only. So there was a need to expand the 
program.

When we started at Logan, there was a recognition that before we could 
do a great deal more to expand the networks; we had to have more equip-
ment, more over-snow machines. There had been efforts for a number of 
years working to develop adequate snow machines that could get into 
the mountains and back out. For example, the need for them was dem-
onstrated on the upper Provo River where Cardy Clegg from Heber City 
would go in the Trail Lake, Lost Lake area once a year. He’d take a day to 
snowshoe in part way, another day to go up to the farthest snow course 
he had to measure, and then the third day he would come back out. Well, 
when you need men to go into remote areas like this, you’re not going to 
get lot of volunteers. There are a minimum number of men that want to 
go out and do that kind of thing. So to meet the need for obtaining the 
necessary snow data, various people tried to develop over-snow equip-
ment.

A lot of this work had been going on at Utah State and it continued 
while I was there. There was a real development with the over-snow 
equipment. There was one machine built up in Oregon, the Tucker 
Sno-Cat. Arch Work can tell you more about that, because he was as-
sociated with the people who built it. The machine they had there was 
good for all snow country, but in a lot of the West, you have to have a 
machine that not only will travel on the snow, but at times has to travel 
some distances on bare ground. The machine that was developed at Utah 
State was one that would travel both on snow and bare ground. Some of 
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the early experimental machines taught those who built them a lot about 
what was needed.

The over-snow equipment that I inherited when I started was only used 1 
year. It had a half track and a couple of skis out in front with a couple of 
little wheels by the skis that would drop down when you got to the mud. 
It had bogie wheels to carry a long track, something like a tank. The first 
winter I ran that was 1949–1950. In May 1950, the Bureau of Reclamation 
asked us to expand our network on the Ogden and Weber rivers. While 
we were on Chalk Creek on the upper Weber, we reached a long stretch 
of road that had quite a bit of mud we had to run through with the snow 
machines. It was fortunate USGS [U.S. Geological Survey] wanted to go 
with us. That way the little experimental machine they had could also be 
used. After we got part way across the mud, I could see that the bogie 
wheels that were carrying the track on our snow machine were trying 
to drop off, ‘cause mud was getting in them. So we took it back and fin-
ished with the USGS machine and that was the end of our machine. On a 
steep hillside that particular machine would throw off its tracks and you 
would have to get out and work to get the tracks back on. But with fur-
ther redesign, Thiokol ended up with a real good machine. It’s built now 
by Thiokol up at Logan. After the research and development was over, it 
went to them and they sell them. They use it in nearly all the ski resorts 
for packing their snow.

Helms: Before we get back, what are the things that made it desirable 
over the other competitors?

Pearson: It got to the point that we got rid of the half-track. It’s a full-
track machine now, no longer the half track with the problems that it 
had. In January 1955 we held some over-snow machine tests. All the snow 
machines in the country we could get to come were there at Yellowstone, 
including the Thiokol machine we had. There should be records in Port-
land about all the tests results. The Tucker Sno-Cat could actually out-
climb us just a little. But we had a faster machine and wanted one that 
would travel on both mud and snow. The Tucker didn’t do well in the 
mud. It had problems. So the Logan machine was a more versatile one for 
our work. We were able to carry equipment that we needed in it better as 
well. It became the machine that most of the surveyors had, except for 
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some places in Oregon and elsewhere where machines didn’t run into 
that much mud.

Helms: But you took the machine from one snow course route to another 
by a truck or something, correct?

Pearson: Yes, we would carry it by truck, as other machines were also 
carried. As a matter of fact, that was difficult. I had no assistant or any-
one, and we only had the one snow machine. I had to drive it from the 
Logan River headwaters in Idaho clear down to southern Utah, out to the 
Uintah Basin in northeastern Utah and to all the courses in between. In 
those early years, 1949 to 1953, many times I would work 40 to 44 hours 
without a break and maybe get 4 hours sleep and then go back and work 
another 40 hours. Many times, as I was finishing my work I’d drive to my 
home in Logan and suddenly realized that I couldn’t remember coming 
through Salt Lake or Ogden or Brigham City. When I got in my own yard 
at home I sat there thinking, “Boy this wasn’t very safe, you know.” But, 
we began to work to try to get the operations people in SCS to help in 
expanding the work program. One day I pulled into Coalville east of here 
at about midnight. The local SCS people had gone to a hotel there to wait 
for me, and they’d gone to bed about 10 o’clock. Well, I pulled in at about 
midnight and I got them up at 5 o’clock, and we were on our way. The 
area conservationist afterwards wrote a letter to the State Conservation-
ist about the unsafe conditions I was working under. In fact, they wrote a 
letter to my office up in Logan, and our operations officer wrote a letter 
back. I saw it and said, “Well, when certain things had to be done on the 
job there is no other way except work the way it was.” So I continued 
until 1953.

Helms: But this one incident you were talking about—getting them up at 
5—was that to send everybody out to do surveys?

Pearson: That was to go with me on the surveys. You see, I had to have 
somebody to go with me on the surveys, ‘cause I couldn’t do it all alone 
up there in the mountain. Everywhere I stopped, I had to get somebody 
locally to go with me. Because we were expanding the network, we had 
to have more people involved. In most cases, it was in service areas which 
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were the concerns of the local Soil Conservation Service personnel and 
the local irrigation district.

Helms: One thing I’d like to ask you. In the early times, the pressure to 
expand your network had been from the Bureau of Reclamation?

Pearson: Mostly from local water users.

Helms: One question of a technical nature is, how did you know how to 
lay out the snow course? Did you have any particular experience?

Pearson: Well, it depends on the characteristics of watershed, that is, 
the elevation distribution of the watershed, and what elevation produces 
most of the water. In general, you try to put the snow courses in dif-
ferent elevations to find out what snow is there, so that you can get a 
good picture of the snow distribution. Some watersheds produce their 
water mostly from high elevations, others from intermediate, some actu-
ally from low elevations. It makes a difference as to where and when the 
high water potential is going to occur. You have to take a look at what 
your watershed is and then what type of an area you need to locate your 
snow courses in so that the different sections of the watershed will be 
represented.

Helms: Is there any guide to that?

Pearson: Well, we have it written in the handbook. As a result of all our 
combined experiences we developed criteria and that ended up in the 
snow survey section of the National Engineering Handbook.

In 1953, you probably know the snow surveys were transferred from the 
Research Division of SCS to the Operations Division. I originally worked 
with the Research Division, and so my office was transferred from Logan 
to the SCS State Office in Salt Lake City. That helped in a lot of ways. We 
were able to get more help from field personnel of the Operations Divi-
sion and to look toward getting some money so we could buy more snow 
machines.

Helms: It was easier to operate on the action side than on the research 
side?
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Pearson: On the research side, it was slow, and I was not able to give 
them any assistance. In January 1958, we had a Westwide Snow Survey 
Training School up in Jackson, Wyoming. Some of my men, some of our 
SCS people, were going up there for training. I was to meet one of them 
in Logan to pick up a new snow machine for him to use at Jackson and 
later in his local area. At the same time my wife was in the hospital and I 
wasn’t able to go to that training school. So I met them up in Logan and 
got the machine, which was being built there, and turned it over to him. 
Coming back to Salt Lake that night, as I left Cache Valley, some young 
man going to a basketball game over at Utah State had stopped along the 
way and got himself liquored up. As he came down and out of what they 
call the Sardine Canyon into Cache Valley, it was foggy. He had spent too 
long in the beer joint along the way, he was late, so he tried to pass a car 
in the fog and hit me head on. That laid me up for 7 months, but it brought 
to a head the issue that some of our snow survey supervisors needed an 
assistant. Meanwhile I was off for 7 months, and they had to bring Bob 
Beaumont from the RTSC [Regional Technical Service Center] in Port-
land, Oregon, down to do my work.

Bill Anderson, who used to be the snow survey supervisor in Arizona, 
was with the Colorado River watershed planning party, at that time lo-
cated here in Salt Lake in a building right next to us. The two of them car-
ried the program for the rest of that winter, because this was in January. 
It resulted in my getting an assistant. Also, some of the other States that 
didn’t have an assistant were able to get one. It brought the point home 
that someone was needed as a backup who knew what was going on. So 
my accident did accomplish a good purpose and got some help.

During the early parts of the program here in Utah, my main effort was 
directed first to getting additional snow courses put in many areas of 
the State where we needed them and in getting expanded measurement 
schedules on them.

Helms: Originally, you just did it once in April?

Pearson: Originally, the man ahead of me that one year started just a 
little, and I carried it on, continuing to expand the network.
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Another thing was very obvious as I started. One of the first things that 
I was asked to do was prepare a bulletin. Since we were working part-
time, cooperating with the Experiment Station, I was supposed to get a 
bulletin out on water supply forecasts. But as I looked at the situation, 
we didn’t have the data we needed to do it. One of the principle things 
we needed was something that would tell us what the soil moisture was 
when the snowpack began to accumulate, because of course the drier the 
soil is, the more water it’s going to take out of the snowpack to charge it 
before you get any run off. If it’s real wet you’re not going to lose much, 
but if it’s real dry you lose quite a bit depending on the watershed. So 
something was needed to indicate what the soil moisture was, and also 
for refined forecasts after the first of April. As you go through May and 
June, the weather conditions can make a major difference—a dry spring 
or a wet spring is critical. For example, in a flood year if you already have 
a flood potential and you get a real wet spring on top of it that has a real 
detrimental impact.

Helms: You mean the tendency was to cut the last survey off too soon?

Pearson: That’s correct. There were a few surveys being made on the 
first of May, but no way near as many as needed. A survey on the first 
of May doesn’t always tell you what you want to know, because gener-
ally there has been snow melting during the month. You really can’t tell 
whether it was a cold month and you’d had mostly snow, or if it was a 
warm, wet month. If a lot of rain would come on the snowpack, it would 
go on through the snow. We didn’t have a handle on that, so we had to 
have something to measure precipitation during the rest of the snowmelt 
season. Information on snowmelt season precipitation was also needed 
for late-season runoff forecasts of recession flow in July, August, and Sep-
tember to aid in caring for late crops. Sometimes precipitation during the 
summer was needed, as well.

Because of this, one of the first things I did was to start a rain gauge net-
work. I’d had experience in the Weather Bureau. At the time, very frankly, 
there had been much competition between SCS and the National Weather 
Service over water supply forecasts. The National Weather Service had 
no use for snow surveys and some of our snow survey people had no use 
for a rain gauge. Although they had some experience with it, they hadn’t 
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studied it enough to know what modifications can be made and how to 
meet problems with it, because sometimes a rain gauge can give poor 
data if it’s not built properly, if it’s not shielded properly, or if it’s not deep 
enough. There were a lot of problems associated with it that needed to 
be met. I started immediately developing rain gauges and getting some 
background and stands that would hold them.

The National Weather Service people locally didn’t think much of my idea 
of putting some rain gauges up in the mountains since they didn’t think 
the snow courses were needed up there in the first place. They felt that 
they could do their job from data collected down in the valley, but they 
couldn’t. As I first began to try to use some rain gauges in the mountains as 
an index for both fall and spring precipitation, it showed that rain gauges 
in the valleys wouldn’t help a bit. The Weather Bureau had a few stations 
at some of the ski resorts and used that data. It would help there, but in 
many areas there was nothing that could give us any information. So I 
started building rain gauges and after a few years had collected enough 
data that I was able to demonstrate to some of our SCS people that they 
could be a real help to us.

Also at that time, Morlan Nelson in Idaho started working with soil mois-
ture. He was a soil scientist before he had gone into snow surveys. Soil 
moisture measuring equipment could electrically see what the soil mois-
ture was. I don’t know what’s going on with that now, but I put a lot of my 
effort into developing rain gauges that were needed.

Helms: You said the bureaucratic competition between the Weather Bu-
reau and SCS hurt the cooperation on trying to do something on this?

Pearson: Tremendous competition.

Helms: Did you have any instances when there was a flood or the irriga-
tion water was short where accuracy became an issue?

Pearson: In the forecast?

Helms: Yes. Or conflicting forecasts by the Weather Bureau and what-
ever?
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Pearson: There were problems over that. I’ll always remember a meet-
ing at the State Engineer’s Office. At that time the office was a cooperator 
in the snow survey program. This would have been probably in the fifties. 
The local Weather Bureau man had a very different idea of how much 
water was going to come off of one of the streams in southern Utah. It 
just happened that the State Engineer at that time was Wayne Criddle 
who used to work for SCS, who at one time had been in snow surveys. 
Because of the differing forecasts, he asked us to come and talk with him. 
When we went up, the Weather Bureau man was insistent that we were 
going to get a whole lot more water than I said there was going to be. It 
just happened that Wayne Criddle knew the area of the watershed and he 
knew the snow course. All I had to say to him was, “Well Wayne, there’s 
no snow left on the snow course, now how much water do you think 
you’re going to get off of that [laughing]?” Well, he took our forecast real 
quick. We did have things like that happen, where there was a very differ-
ent opinion of what the water should be and that was confusing. That was 
the kind of thing that contributed to some of the conferences that we held 
back in Washington that ended up getting some cooperation.

Helms: So before, each agency sort of put out its own forecast?

Pearson: They put out a forecast and we put out a forecast. Back in 1955, 
we did have a meeting with Bill Shannon, Arch Work, Morlan Nelson, the 
Weather Bureau people and me back in Washington to try and eliminate 
or minimize some of the confusing reports going to the public when they 
had data that said one thing and we had data that said something else. We 
were able to begin to get some coordination and at least tried to minimize 
some of the problems of the competition between what their data in the 
valleys said and what our data in the mountains said.

Helms: How did you do that?

Pearson: We sat down and had a lot of very strong discussions [laughs].

Helms: Was there some schedule that said we’ll sit down before the re-
port goes out and talk?

Pearson: It worked like that.
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Helms: You needed some sort of official memorandum of understanding 
or something?

Pearson: They should be on file back there in D.C., I would think. Prob-
ably some of that old stuff is there. Bob Rallison’s office should have it.

Helms: The idea of the forecast was to try to negotiate a little.

Pearson: We finally got it where it was an agreed-upon forecast with 
joint names going on it.

Helms: These came out about once every first of the month?

Pearson: Once a month. Those were some interesting times.

Helms: Was it different points of view or were there personalities in-
volved?

Pearson: Well, in different ways they would interpret what the data said. 
They didn’t understand some of the things. They honestly did not under-
stand what a tremendous variability you can get at times. I remember one 
year, and I don’t remember what the year was, down in the center of the 
State on the steams that drain into the Colorado River. We had made a 
snow survey and made a forecast. A storm came through over the moun-
tain range. In the valley north of these mountains, there was a lot of rain. 
I felt that I’d better get some more readings, and so I got permission to 
have some extra readings made, although it was only about a week after 
the regular readings. By golly, it was in an area where the water outlook 
was real poor, nearly facing drought, but during that week, a 2 months 
supply of snow hit the mountain up there. It hadn’t gotten into the valley 
west of the mountain at all, but it did hit the mountain. Well, you add two 
months supply in one week and you have really got a different picture 
[laughter]. But they had no indication of it at all because it didn’t hit their 
valley stations. So that kind of thing, when you get variability like that in 
the mountains, again pointed to the need again for the telemetry system 
because when you hit those kinds of conditions you need to notify people 
quickly. In one year it could mean a change from drought to a real good 
water supply. For another year it could mean, if you already have a lot of 
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water there that you’re going to have floods. So that’s another reason why 
we had to have the telemetry system.

The importance of water and the good publicity it provided began to be 
recognized more fully, because snow surveys were always a good public-
ity factor here in the State and all over the West. When they saw that, they 
sent out some people and said we’d better get back into it.

Helms: Summarize the different points of view and the historical prob-
lems. At this time, the Weather Bureau had moved from the Department 
of Agriculture to Commerce.

Pearson: Actually, up to the time the move was made, the snow surveys 
were associated with the Weather Bureau, but they didn’t want any part 
of it when they moved out of Agriculture. They didn’t think it was worth 
it, and they had some people who had a little blindness. They didn’t un-
derstand how variable the precipitation can be between the mountains 
and the valleys. Going through the season is the thing that helped me 
realize this. I did study it, and I was glad that I had the background in 
both—a little with the Weather Bureau and also in the snow surveys. I did 
some studying that they ought to have done as well themselves. It helped 
me realize just how badly we needed both. We couldn’t get a total picture 
without having rain gauges in the mountains as well as snow gauges. If 
we were going to basically define the hydrology of the mountain water-
sheds we had to have a lot more data than was being collected, and the 
valley data wouldn’t do it.

Helms: Not only is the snow variable but the rain also.

Pearson: The rain also is variable. You see how a storm can be here in 
Salt Lake and end up as little or nothing in Provo, and then the way the 
storm’s pattern is compared to some of the mountains. For example, the 
high Uintah Mountains run east to west. Some storms go east along the 
north face of the mountains and leave nothing on the south face. Also, 
some storms go along the south face and not the north face. Other storms 
from the south hit the eastern part of the mountains and not the western 
part and vice versa. With so much variability, we had to have rain gauges 
in the mountains to give us a complete picture.
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Helms: What did you need developed in the rain gauge? Why weren’t the 
existing ones sufficient?

Pearson: Well, the Weather Bureau did have some rain gauges put in dur-
ing those years. I believe they had some before I started in the mountains, 
big ones, but they were only read once a year in the summertime. They 
had to be drained out and you couldn’t read them during the winter time, 
because where they drained out was well under the snow. If you drained 
it, you’d have to start all over again. So we needed something that we 
could measure and be above the snow. We had to have a stand to hold a 
rain gauge above the snow.

If there’s a heavy snow storm, the snow will fill the can up. If you don’t 
have a deep enough can, then it will blow off the top, and you don’t get a 
full catch. So we had to learn what sizes of rain gauges to make, and lo-
cations where each size could be used. We determined this by noting the 
maximum snow depths at the various locations where we had to have a 
rain gauge. We had to have the rain can itself within a stand an appropri-
ate size.

We had the problem of what kind of antifreeze solution we were going to 
use in the rain gauges in the winter. We finally got that resolved. First we 
tried Prestone, then ethylene glycol, and then calcium chloride. But their 
density as compared to the snowmelt water is such that the water will 
sit on top of the antifreeze, and then the water would freeze. In others 
words, it’s going to fall in as a snow flake, melt and freeze, and then you’ll 
have a block of ice on top of the antifreeze, the ice extending to the sides 
of the can. Then we ended up finding a suitable mixture of ethylene glycol 
and methanol, that is, methyl alcohol. The specific gravity was such that 
it was between the density of ice and density of water. When water would 
go in, it would mix with antifreeze on the way to the bottom. Any snow 
would sit on top of the oil. You would have to have oil on top of the solu-
tion for summertime so the water wouldn’t evaporate. Then, the snow 
would build up enough to push it down where it would get through the oil 
into the antifreeze. Any snow or ice would start to melt.

Ordinarily, if the water collected on top of the oil and if it got through in 
ice form, it would hit the antifreeze and turn into water. The water then 
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would sink to the bottom and on the way going down it would mix. If 
it got to the bottom as water and froze again, then it would rise to the 
top, and on the way it would mix. So it was a self-mixing solution, which 
helped to resolve the problem.

Helms: These rain gauges actually collected all the water and held it there 
until somebody came along and measured it?

Pearson: We had the men go in and measure every month. This had to 
be done if we were to expand our data collection program. We built rain 
gauges of a size that would hold anything that would fall between the 
measurement schedules, so that they were able to take care of that. Any-
way we got a good network and I was able to show and convince some of 
our people that they were worthwhile.

Helms: This was a little bit unusual in that an individual could do his own 
sort of independent research project.

Pearson: You’ve maybe seen some of these [photos] from the handbooks. 
This was a rain gauge that I built. This was another style I built. This is a 
design for another. This is the one a man in California built. This is one 
a company here locally thought would do the job and in some places it 
did.

Helms: What are the strips on the side there for?

Pearson: They’re baffles to break up the wind.

Helms: Just for the purposes of our record here. Where are these photos 
from?

Pearson: Well, those photos were some I presented, and they were put in 
the snow survey handbook [the snow survey section of the National En-
gineering Handbook]. I was in Portland when we prepared this. Let’s see 
if I can find it, to demonstrate. This is the kind of thing that basically I did 
to show our own people the value of rain gauges. They had the idea that 
the gauges would cap over and we wouldn’t get good seasonal readings 
in April. I showed them that by locating the gauges properly, they would 
catch as much as you found in the snow. This chart shows the accumu-
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lated precipitation of October 1 to April 1, plotted against April 1 water 
content at the same location. These are snow courses and rain gauge 
readings—eight of them—varying at 8- 9,000-feet elevation and lower. 
This shows the October to April precipitation. In fact, all sites show more 
precipitation than what was in the snow. This chart is one where there 
had been some snowmelt, and it was even more than shown before. I was 
trying to convince our people that rain gauges would do a needed job for 
them. Now this chart is one of a lower elevation with considerable snow-
melt. This was one I showed them.

If they [the gauges] were located in windy areas, they had to pay attention 
to where they placed them. This chart shows one that was not ours but 
from the Forest Service people. You can see that they had quite a number 
where the rain gauges were not located properly, it was too windy, so 
they did not collect as much as was actually in the snow. As I just demon-
strated, you have to locate the gages properly. With some of these kinds 
of things I was able to convince them that the rain gauges were of help 
to us and of value. I did the same things there, showing them how gauges 
were to be used for forecasting purposes.

Helms: If you have a little warm spell then you’ll get some run off?

Pearson: So actually for a total analysis we needed total precipitation 
plus something that would show us whether there had been snowmelt. If 
the water has already gone down the river it’s not going to come anymore. 
So it served more than one purpose.

Helms: A friend of mine who’s worked on this a little bit said that Clyde 
was recognized for working on soil moisture. But, I think you’re sort of 
saying that you had an interest which predated that.

Pearson: There had been some soil moisture work years before I came, 
in which they used to actually dig down through the snow, dig in the 
ground, and take soil samples. Eventually, I guess they got an unusual 
order to bring some soil back, take it into the lab and see how much 
moisture it had in it. That was done, but it became too laborious, too time 
consuming.



• •

• •

131

Interviews with Department of Agriculture Pioneers

Helms: You said something about the importance of recognizing the rain 
in water yield at the end of the season.

Pearson: We used that as well. Most of the time we weren’t getting snow 
collected until late in November, so we could get just October and Novem-
ber precipitation data on most watersheds. By starting the precipitation 
readings in October, that gave you some estimates of soil moisture—an 
index. However, lots of times you’d find that you had a real wet Septem-
ber. That has a major impact on a lot of watersheds’ soil moisture, and 
not only in the late season runoff of the preceding year—July, August, 
and September—particularly September rains. With a rain gauge you 
could form an index. Rain gauges were tied to soil moisture as well. With 
the soil moisture, as Morlan Nelson can tell you, they had little electronic 
units, where they put a little metal interlining, whose resistance would 
vary with the amount of moisture, into the soil. Then he also did some 
electronic soil moisture readings.

In watersheds, particularly in areas where there is a lot of wind, you can 
lose snow back to the atmosphere through evapo-sublimation. George 
Peak out in Wyoming did most of the work on that, all the preliminary 
work. For instance, Wyoming has tremendous winds, and that’s why he 
got into it. This chart shows just a straight precipitation index up to June 
1. Applying an evaporation index—this is what it does to the forecast. 
First, this is using the snow precipitation index versus runoff, and this is 
adding the correction by applying the evaporation index, which shows us 
how tightly it accounts for it. This is on a major watershed.

This is one of the papers I presented to an irrigation operator workshop 
here in the State. We were starting to collect data on wind speed and di-
rection, air temperature, humidity, and solar radiation. These are factors 
that effect evapo-sublimation from snowpacks. I don’t know what they’re 
doing with it now, but it is a factor and in some of the watersheds it’s a 
major factor.

Helms: So we went from just the results of the snow surveys to adding 
the rain gauges and soil moisture, and wind is now important.

Pearson: A lot of factors were not there originally.
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Helms: You were going to mention 1955.

Pearson: In January 1955, we got some more snow machines to test at 
West Yellowstone. Arch Work arranged that and we had some others, but 
that was the first major one. It was very worthwhile. At that time we were 
just starting with some of the small snow machines, one-man machines, 
and that became very important. All the big ones had their place, but we 
recognized that in many places it would be far cheaper to get the little 
snow machines, and so we began to get into those. There were some, but 
not many. But that was another forward step and an economical step. It 
helped to get more data from more places.

Helms: So practically all these machines were sort of government-spon-
sored research?

Pearson: In Oregon, Arch Work encouraged the Tucker Sno-Cat people 
to develop the big Sno-Cat. It’s a very useful machine, particularly in the 
Northwest where they don’t get so much mud. We encouraged snow ma-
chine development here.

Helms: Here the USDA research station itself was helping?

Pearson: We had a man on the payroll working with them. The small 
snow machines were pretty much all developed privately. Ski-Doo, Po-
laris, and others were a help. Of course, in 50 percent of the areas that we 
couldn’t get to, like in wilderness areas where you can’t get there on foot 
in the winter because it’s too remote. We did get permission in some of 
them to put what they call an aerial snow depth marker, where you could 
fly over and fly low enough that you could look. The markers were so 
designed that you could look from the airplane and actually spot within 3 
inches how deep the snow was. You’d have to apply a density factor from 
snow somewhere outside the wilderness area to get an estimate of water 
content.

Helms: Could you tell us about snow pillows?

Pearson: The snow pillows originally were all-rubber pillows filled up 
with antifreeze. When snowfall came to an area, as the snow accumu-
lated on them, the pillows made it possible to weigh the snow resting on 
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4.11	 Ski-Doo snowmobile used in snow surveys in Montana
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4.12	 Aerial snow depth marker south of Humphreys Peak, Arizona
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them. The weight could be reported in inches of water in the snow. Lots 
of times you’ll get a tremendous storm coming right after you’ve made the 
regular surveys, and you don’t really know what the amount of new snow 
is, so you have to go back again. It was recognized that we needed to 
get some means for reading the snow data electronically, getting a radio 
reading from up there, so we started developing the SNOTEL system. The 
first thing was to build a snow pillow to measure the snow. Originally, it 
was a rubber pillow up to 6 to 12 feet in diameter, which covers a pretty 
good area. But we found that we could get smaller ones in many areas 
just as adequate as a big one, because all we’re doing is getting a water 
pressure on them. First we started having an instrument shelter by them. 
We would run a tube from the pillow into the instrument shelter and con-
nect it to a vertically placed glass tube with a measuring scale by it. We’d 
go there and read the liquid level in the glass tube. Next month we’d go 
back and read again. Of course, each inch of snow water on the pillows 
caused an inch rise in the standpipe tube when the antifreeze solution 
had a specific gravity of one, which we had arranged.

4.13	 Installing snow pillow and instrument shelter at Mill Creek Watershed, 
Washington
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Helms: Could you give a chronology? When did you start using the snow 
pillows?

Pearson: The snow pillows began with Arch Work up at the Portland 
office. Experimental work was done up on Mount Hood, before I went 
there. Arch, Homer Stockwell, Bob Beaumont—there may have been 
some other work done—but I think basically most of it was started by 
them. I started to help the operation with some folks in Logan at Utah 
State University. We decided to try some little metal pillows, with just 
sheet iron. We developed some of those. We first started with a 4- by 
5-foot pillow, and found that they were doing a good job. But we decided 
that for safety, there were many places with deeper snow where we ought 
to have more than one. So we ended up in a good share of the places hav-
ing four 4- by 5-foot pillows interconnected, basically making an 8- by 
10-foot pillow. We found that we were doing just as good as with the big 
rubber pillow.

Helms: What kind of measuring device did you have with the metal pil-
low?

Pearson: Just the same as with the rubber pillows. The metal pillows 
gave us all we needed to know and cost a whole lot less for antifreeze 
than in the big rubber pillows. The metal pillows were only a total thick-
ness of not much more than an inch. So it was much more economical 
than the big rubber pillows which were about 6 inches deep. The metal 
pillows were being used most places when I retired. That was what was 
designed for the SNOTEL system.

Helms: When you started looking at something like that you were think-
ing in terms of an automatic system?

Pearson: That’s correct!

Helms: Because before you had to physically go out and read them.

Pearson: That’s correct, but this was just during the experimental stag-
es, trying them out. Then we began to work using a pressure transducer 
to feed the pressure into the transducer and then it would go into a radio 
signal which we could read. Originally, those were done through moun-
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taintop repeaters, then the SNOTEL system was designed to use meteor 
bursts, bouncing radio signals off of meteors as they burn up in the at-
mosphere. That’s the way that came along. We made the contribution of 
using metal pillows and making them more economical. If somebody’s 
going to come up during hunting season and shoot one of them, you don’t 
loose all the alcohol that you do from the big rubber pillow. Metal pillows 
are less obvious. As a matter of fact, we even tried burying the rubber 
pillows, with just a little loose material over the top so they weren’t so 
obvious. The same things can be done with the metal pillows; they still 
read the pressure of the snow.

Helms: Vandalism is a problem then.

Pearson: Vandalism is a problem sometimes.

Helms: I wanted to ask a question that pertains to the early days when 
you started in the forties but you can apply it all the way through. Some 
people, like those on a ranger station, were taking readings.

Pearson: Some of them were themselves extra help for the Forest Ser-
vice. Some of those ranger stations had men that would go up and could 
live there. A lot of them would live in the valleys and go up regularly. 
There were some reservoirs around the West, where the people owning 
the reservoir and operating it would have somebody stationed there year 
round. Then they would take some of the surveys.

Helms: There were not a lot of extra seasonal employees for this?

Pearson: No, no. They had a regular job somewhere.

Helms: In the area where they were doing the survey?

Pearson: That’s correct.

Helms: But even so, going up in the mountains sometimes was rather 
dangerous.

Pearson: That’s correct; some of them had to travel a long way. Even 
with the snow machines, some of us traveled a long ways. We had one 
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run over east of here, we took a 3-day run back in, and we were a long 
ways through those high Uintah Mountains. It takes 3 days to get there 
and back out even with the snow machine. Oh yes, I’ve had a break down. 
The farthest I ever walked out was about 40 miles, but that’s a long ways 
in the winter time [laughs].

Helms: Did you ever lose any people?

Pearson: There was a forest ranger back long before I got into it. He 
lost his life up here in Farmington Canyon. He ignored snow warning 
signs. He may not have been as well trained as he needed to be for ava-
lanche dangers and he got caught in an avalanche. In addition to this one 
in Utah, another ranger over in Nevada lost in life. Basically, it’s been 
an exceptionally safe program. But that was one of the reasons why we 
started the Westwide Snow Survey Training School. We gave training 
in avalanche hazards, as well as in all the problems associated with the 
needs for getting good snow samples and everything else—teaching them 
how to spend the night out in the snow if they had to, learning that they 
can. I don’t know whether they’re still doing it, we used to require that 
they sleep out.

Helms: They’re still doing it. I don’t know the particular requirements, 
but they still have the training course. Of course as part of my little proj-
ect here, I might take it myself sometime.

Pearson: You’d enjoy it. We had a difficult time getting all the safety 
equipment we needed and recognition of the fact that it was a hazardous 
experience. That lasted until 1956, when we had a Westwide Snow Survey 
Training School here in Utah up at Alta. We had the SCS safety officer 
from Washington, D.C., out here with us attending that training school. 
It happen that there was lot of heavy snow—it had come early through 
December and then into January during the school. Mount Superior up 
there let go a real good avalanche. It came down and closed the road from 
Alta down here to Salt Lake [laughs]. The safety officer had to get back 
to Washington and the road wasn’t open. We had to take him out with 
the snow machine over the top of where the avalanche had come. That 
helped break the ice. We began to be able to get more safety equipment 
and more safety consciousness among a lot of our SCS people.
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Helms: They didn’t understand 
your unique needs?

Pearson: They didn’t under-
stand our unique needs, and 
that avalanche, as much as any-
thing, helped to break the ice.

Helms: When was that?

Pearson: That was in January 
of 1956.

Helms: What equipment in par-
ticular was it that you needed 
and couldn’t always get?

Pearson: Winter clothing. A 
lot of our SCS people didn’t 
have the clothing they needed 
to get out safely in the winter time. Some of our cooperators didn’t have 
it, and they didn’t have the money to get it. We would loan some to them 
so that they could go and do the job for us. Basically, they were our em-
ployees, only they were only part-time. They were employed by us. We 
needed to be able to train them, which added to our Westwide Snow 
Survey Training School. We also started holding in-State training schools 
because there were a lot of people. Some of the cooperators didn’t have 
the money to send some of their people to the schools, so we had to start 
training them, equipping them safely, getting more over-snow machines, 
that kind of thing.

Helms: What do they call it, the Nevada Kit, the Reno Kit or something? 
Is there a standard snow surveyor’s kit and who developed it?

Pearson: It started with Dr. Church, but when George Clyde got in and 
designed the smaller tube, the one where every ounce is an inch of wa-
ter, we got a different kit. But it is basically the same thing. Jon Wer-
ner should be able to show you some of that. There are pictures in the 
Westwide Handbook.

4.14	 Program of the West-Wide Snow Survey 
Training Conference, Squaw Valley, 
California, 1964
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Helms: We’re not a land management agency. I gather that a lot of the 
snow shelters and snow cabins I see in these photos are on Forest Ser-
vice land.

Pearson: We had the cooperation of the Forest Service. We made ar-
rangements with them. We always had permission with them to locate 
where we did. We’d pick a site, and then get clearance from them. We 
didn’t originally, we just went in and put them there, and then it got to the 
point that we recognized that we were trespassing. We should have got-
ten clearance with them earlier.

Helms: So those were built out of the funds provided for the snow survey 
program?

Pearson: Yes.

Helms: You mentioned a little bit of the differences of opinion with the 
Weather Service. How was the cooperation with the Forest Service, the 
Bureau of Reclamation, and those other agencies?

Pearson: It was all excellent, we had no problems. Well, sometimes 
there’d be a little local problem, but basically there were no problems. It 
was just really excellent cooperation.

Helms: Who else was involved other than the Federal agencies?

Pearson: The State—the State Engineer and the director of the Division 
of Water Resources here in Utah. They cooperated by putting money into 
the program. There were some, like Salt Lake City, which cooperated. 
Various irrigation districts and a part of the Bureau of Reclamation al-
ways cooperated. I don’t know what the current situation is. Similar co-
operation existed in the other States.

Helms: Was this cooperation generally in the way of providing funds or 
was it in personnel?

Pearson: Sometimes Forest Service people helped with surveys. Salt 
Lake City people helped with surveys. Bureau of Reclamation always 
helped and, while I was there, always helped with funds. In some cases, 
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they participated in the surveys, but mostly it was funds. The Corps of 
Engineers was involved when the Columbia River Basin was involved. 
They used to be anyway, and I hope that they still are.

Helms: Was there ever any strong disagreement because the field people 
thought that the people sitting in the offices who want us to do these 
surveys are making unreasonable demands? Were there differences of 
opinion over how these things should be done?

Pearson: No, not that I’m aware of. Some of them had not always under-
stood exactly how to meet some of the conditions they would run into 
in the winter time, and so they didn’t get adequate snow samples. Some-
times we had to give them some instruction and ask them to go back. But 
that was at the minimum. Ordinarily, it would be because when we got 
their snow notes and went through them, we would find that they had 
some errors in them. Most of those had to do with snow conditions where 
the snow would plug in the snow tube and they wouldn’t get a full core of 
the snow. They hadn’t understood how to handle some of the situations 
they encountered. We’d check with them and discuss their problems, and 
sometimes ask them to go back if it was necessary.

Helms: In fact, all you have is this one tube. All you have to do is read the 
level and that’s it, right?

Pearson: The problem was getting an adequate snow core. Then all they 
had to do was weigh and record it. Sometimes they made an error in the 
way they read it. They read the empty weight of the tube first, and then 
read the weight of each sample. Well, when they read the empty weight of 
the tube, sometimes they’d make a 5-inch error, that makes a difference 
of 5 inches of water. Sometimes they would show 5 inches more water 
and sometimes 5 inches less water than they had. If you check your notes 
carefully in the office, you can always pick up those kinds of errors.

Helms: You mentioned the problem, in an agency where the snow sur-
veys are small operations, of getting the attention to get the kind of spe-
cial equipment you needed. Have there been any other problems with 
this specialized operation in an organization whose functions mostly deal 
with other things?
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Pearson: Yes, there were problems with that. One thing we found after 
it became evident that we were a good publicity thing was that whenever 
somebody wanted to cut the budget, we were the ones that were always 
thrown up to be cut. We were asked more than once to go to our coop-
erators locally to ask them to write to their Senators and Congressmen 
to not let us be cut. In some of the other programs which didn’t have the 
same publicity, nothing was ever said about them taking any of the cut.

Helms: When the cut was going to be made they said we’re going to cut 
the snow surveys, because the snow surveys can generate publicity.

Pearson: They can generate political support for us. We saw that more 
than once.

Helms: That got tiresome?

Pearson: It got tiresome [laughter]. It sure did, but you know that goes 
with the Government, not just in the Department of Agriculture but ev-
erywhere else, isn’t that right?

Helms: Yes, it is. The local person wouldn’t lay out the snow course. You 
would go out and do that, is that right?

Pearson: That’s right.

Helms: They didn’t understand what factors you were looking for. Just a 
practical thing, who clears the trails and all of that? Who does the main-
tenance? I guess you have a post at each point where you’re supposed to 
set something up.

Pearson: Yes, something to show. You have a lot of sample points. On the 
snow course you’d have a post here then another down there. You may 
take a number of samples between certain intervals. Another thing, when 
they first started the networks, they took many more samples than were 
needed. They didn’t understand how many were needed, so rather than 
be on the short side, they went on the long side. We analyzed the snow 
courses. After you got enough data, you analyzed them to see how many 
you actually needed, how much consistency there was through them. We 
developed a procedure to do that. We would cut the courses way back as 
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time went on. Sometimes, some of those old courses had 25 to 50 samples 

you’d take from the course. Then you’d analyze the thing and find out 

that you had as much consistency with 5 to 10 samples as you did in 50 

samples. We had a lot of work involved in just cutting the snow courses 

to what was the most consistent.

Helms: Jon Werner, who supervised the work here, thinks that the data 

base for the SNOTEL is good enough that they won’t need as many cours-

es.

Pearson: That’s correct. Some of the samples are just as consistent as 

the old snow courses. Considering their relationship to the whole snow 

course, you might as well have the one sample. On a lot of the snow 

courses, you go out and take one good sample and by your analysis you 

can tell where the consistent samples are. You can take that one sample; 

it will be as good as always, and that’s what the snow course ends up to.

Helms: But you still have to have one each for all the different water-

sheds for very local usage, I’m sure.

Pearson: That’s right.

Helms: I know you do your surveys on a schedule, but did you do special 

surveys and why did you do those?

Pearson: Well, some of them had to do with the thing I was telling you 

a minute ago about having the storm. We had reason to think that there 

may have been a major change in the outlook shortly after our regular 

surveys. Sometimes the needs were critical and other times people had 

questions and wanted to have changes, because of a storm or the lack of 

storms. In that case they wanted extra surveys. That was just under spe-

cial conditions. There were some made like that.

Helms: Before the law was passed so that the Federal Government could 

provide coordination for all this, did the various States do their own sur-

veys? After the change, were those who had been doing it previously in 

this State happy with the way the new coordinated system worked out?
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Pearson: Let’s say that it stopped the complaints pretty well, because it 
wasn’t confusing the public. The people who were raising objections and 
were unhappy—at least it stopped those complaints.

Helms: Because you would be in some situations where what’s happen-
ing in two States would be of importance, is that it? A drainage where the 
watershed would be in two States?

Pearson: Well, for a while we had basin supervisors. For example, I had 
the Bear River, which goes through Utah, Wyoming, and Idaho. I made 
the main stream forecast, but the supervisors in those States made the lo-
cal forecasts. They’d give their forecasts to me and I’d give them the ones 
that I had made. It was the same way on the Green River in Wyoming—
the supervisor in Wyoming made it, he’d give it to me and then I would 
use it for the main stream forecast on down the stream. Then we would 
compare it with the Weather Bureau, but we got things coordinated with 
no particular problem.

Helms: I’m looking at an issue of the Snow Surveyors Forum, which was 
a combination of articles from the supervisors such as yourself plus the 
people who actually did the survey. Did it serve a useful function?

Pearson: Yes it did. It served the function of passing on a lot of ideas. 
Particularly it was designed to help the man in the field understand some 
of the problems and give him a sense that he wasn’t alone out there. A 
lot of these people locally were the only ones going into the mountains 
and they didn’t have any means of talking to any other surveyors, unless 
the State snow survey supervisor came around now and again and visited 
with them. It was just a means of helping them feel part of a big program 
westwide.

Helms: That’s pretty good, it doesn’t sound bureaucratic. Well, I’m going 
to close now. I noticed that you seemed to have enjoyed your get-together 
annually.

Pearson: Yes, we did.

Helms: Were you around for the beginning of the Western Snow Confer-
ence?
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Pearson: No, it was going before we came.

Helms: Well, you enjoyed this work obviously.

Pearson: Very much, it had three elements to it that were intriguing. 
First, you were able to get out. You didn’t have to stay in your office ei-
ther winter or summer; you could get out both winter and summer. You 
could get up to the beauty of the mountains—you really appreciated it. 
Second, it was intriguing because you were really doing a lot of research 
in connection with it, both field research and office research. Third, you 
were able to interplay with the public, where you could meet with various 
groups. You could meet with them, get input, and get a larger understand-
ing. You helped them make better use of the data you provided them. It 
was a totally interesting program.

Helms: Well, thank you very much.

Pearson: It’s been very good to talk to you about the snow survey pro-
gram.
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4.15	 Gregory Pearson Deed of Gift



• •

• •
History of Snow Survey and Water Supply Forecasting

146

4.16	 Jack Washichek writes down the measurements as George Peak reads 
them, Colorado, 1955
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Jack Washichek

Fort Collins, Colorado

June 6, 1989
by

Douglas Helms
National Historian, U.S. Department of Agriculture,

Soil Conservation Service
(now the Natural Resources Conservation Service)

The interview commenced with Jack Washicheck’s account of 
his military service in World War II.

Jack Washichek: Of course, the war was in earnest, so I transferred to 
another new task. I got commissioned in the artillery. Shortly after that, I 
decided I’d rather be a pilot. I got a pair of wings and flew for the artillery 
and was sent overseas with the 101st Airborne right after Normandy and 
stayed with them during the entire war. I was at the Battle of the Bulge 
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and finally got out in l945. At that time, I went back to school and started 
as an electrical engineer. I went through 3 years of that and didn’t like it 
particularly, so I went into a field which was a brand new college degree 
called Light Construction and Marketing. I graduated in 3 years because 
I went winter and summer. I was anxious, very anxious, to get out of 
school. In the meantime, I got married.

I got out of school and wanted to be a contractor. My father was a con-
tractor, and I thought that would have been a good field to pursue, so I got 
that degree here at CSU [Colorado State University]. I had worked for 1 
year in construction and had done pretty well at it. We had a lot of houses 
to build and had built quite a few. When winter came along in 1948, my 
wife was pregnant, and we had a terrible winter, so I couldn’t work on the 
houses. So I was just loafing around. I heard that there was a job vacancy 
at the college in snow, and I had been a good skier. I’d liked to ski all my 
life. I thought that would be a good job. It sounded like it was a ski busi-
ness, so I went up and applied to Homer J. Stockwell who was, at that 
time, a snow survey supervisor. Knowing practically nothing about it, I 
went in and applied to him and got the job. During the next 2 years or 
year-and-a-half, I was an aide, a GS–5, I believe it was. I liked the work re-
ally well and Homer liked me, apparently. About that time the Korean War 
got heated up, and I was recalled to Korea. So I flew for the 3rd Infantry 
Division in Korea, got back, and went back to work for the SCS.

Douglas Helms: This was about when?

Washichek: This was, I suppose, 195l or 1952. They said I could never 
get anything higher than probably a GS–7 because I didn’t have a degree 
that would warrant it. At that time, the head of the personnel division in 
Washington was a woman called Verna Mohagen. Verna had talked to me 
one time when she was out here. She said, “Why don’t you go back to 
school and get a degree in agricultural engineering or something, so you 
can have a professional rating?” We were located on the CSU campus, by 
the way and interestingly enough, we were attached with an ARS [Agri-
cultural Research Service] group. Charlie Rowher was one of them. He’s 
the one that designed the Parshall Flume, or helped design the Parshall 
Measuring Flume, along with Ralph Parshall. Ralph Parshall, Charlie 
Rowher, Homer Stockwell, myself, and then eventually, a gentleman called 
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August Robinson, who was also in ARS, were all in the office together. 

Through the process, I went to the administrative officer of the SCS. He 

told me that if I would use my leave, they would let me off enough to go 

back to school. So I went back to school again and got another degree in 

1958 in ag. engineering. Upon completion of that, they made me a profes-

sional GS–7 [laughs]. That was the start of my career in Colorado.

Early on, Colorado administered all of New Mexico and half of the Colo-

rado Basin in Wyoming, so we had the Green River in Wyoming, as well as 

the North Platte [River]. We had about half of Wyoming, all of New Mex-

ico, and all of Colorado. We had a really large area, and there were fewer 

people than there are now. It must have been about a year after that I got 

a GS–9. Then, about year after that, Homer Stockwell was transferred to 

Portland and through a lot of craziness, I got to be the snow survey super-

visor here in Colorado.

Helms: After not being around all that long in it, huh?

Washichek: No, I wasn’t, not too long.

Helms: I don’t want to ask you about things you don’t have personal 

knowledge of, but was Stockwell the main person who started the pro-

gram in Colorado?

Washichek: Probably Parshall was the one that really started it, he’s the 

one that originated it. He laid out a lot of courses and was instrumental 

in the entire process, but he was also in agricultural research and on the 

staff at the college here. So he just couldn’t do all of it, but he was the 

main wheel, I would think. If you were going to call somebody the big 

wheel, he was the one. But as soon as Homer came in, he kind of gave it 

up and went back to agricultural research. He did a lot of research in trap-

ping sand and measuring water. But in the process, he also designed the 

cabins that were used at least all over Colorado, Wyoming, New Mexico 

and, I think, in some of the other places. He had a carpenter here at CSU 

who went up into the mountains and built those all over this area.

Helms: Who, Parshall did?
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4.17	 Ralph Parshall
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Washichek: Yes, Parshall did 
the design, and a carpenter did 
the work. I can’t think what the 
carpenter’s name was. They 
were one room, very well-built 
cabins and almost airtight. They 
had an icebox-type thing up 
there where you could store 
your foodstuff for long periods 
of time. It was mouse proof and 
rat proof, and you could store 
canned goods there almost in-
definitely. They had an upstairs 
in them where you could get into 
the attic of the building through 
a trap if the lower doors were all 
snowed in. You could drop down 
through the attic into the main 
room. They usually had two to 
four beds in there and a stove and were fully equipped with wood so you 
could stay there indefinitely—as long as your food held out, I guess. Most 
of these were put up in areas where it was at least a 14-mile walk. There 
were very few surveyors that could walk 20 miles, so we put these at the 
end of the run. They would walk 8 to 12 miles, stay in the cabins a night 
or two nights, and then walk back. So we had two of them on the Snowy 
Range in Wyoming—one on the Snowy Range and the other in Hog Park 
on the Park Range in Wyoming. This area is above Encampment. We had 
one above us here near Red Feather Lakes, a couple on Grand Mesa, 
Colorado, and a couple over in New Mexico. I can’t think of any others. 
Most of them were where there were just really long, long walks.

At that time, the Forest Service was reading them, and we were just ad-
ministrating. This was kind of a hard thing for the Forest Service to take. 
They would do all the work, and we would get all the credit [laughs]! 
Eventually, that changed, of course. We started doing the work ourselves. 
But that was going on when I got here, and it was still going on in 1956, 
1957, or 1958. They read courses for a long time.
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4.18	 Ray Malsor and Dale Palmquis unload the Tucker Sno-Cat up Ward 
Creek Road, west of Lake Tahoe, 1961
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Helms: They didn’t continue to take the measurements themselves?

Washichek: After 1958, we took them. But before that the Forest Service 
did most of them.

Helms: Why did you eventually make the change?

Washichek: Well, the SCS didn’t have any people in the mountains. We 
were primarily an agricultural unit, and all Forest Service people were 
up in the mountains. It might be as much as 50 or 60 miles for our peo-
ple to go even to find the snow courses, while the Forest Service per-
son was right up there on location. They were the logical ones, and 
they were still in the Department of Agriculture, so they had made an 
agreement way back someplace that they would do it. But once the SCS 
started expanding into the mountain areas, we had people in the same 
towns that the Forest Service did. But they were still doing the work. 
So they kind of took a dim view of that, and eventually, we just took 
over all of their snow courses. Of course, at about that time the Tucker 
Sno-Cat came into existence, so we had to change the whole thing again.
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Helms: Can you sort of describe the extent of the operations, which river 

basins you were doing, the number of snow courses, and anything else 

you may recall?

Washichek: I would think that there were about 150 in the State of Colo-

rado.

Helms: Snow courses?

Washichek: Yes, and probably 65 or 70 percent of them were put in by 

Parshall. The old story was that Parshall always took to the mountains 

on the warmest day of summer and went as far as his car would go, and 

then rode a horse as far as it would go, then walked as far as he could 

go, and that’s where he always put the snow courses [laughs]. Because 

they were a long, long way from any place. Man, when you’re walking in 

the winter that changes considerably from that summer trip. That’s how 

come they had to build so many cabins. But surprisingly, a lot of his snow 

courses are still being read. He had a pretty good idea of what to do and 

where to go.

I had at that time all the Colorado Basin, all the Platte Basin, and the Rio 

Grande Basin. We read all the snow courses in Wyoming that involved the 

North Platte [River], which includes the Laramie River. They flow east 

into the Mississippi, of course. Then we read all the Green River Basin, 

which is a subsidiary of the Colorado. Technically, we had all the Colo-

rado Basin. So that involved all the snow courses in Colorado that flow 

west—everything west of the Continental Divide flows into the Colorado 

Basin, roughly. Then everything on this side of the Continental Divide, we 

had, also. That included the Arkansas River, the South Platte River, and 

the Rio Grande River. Those three divisions were the major rivers, but 

there were many, many tributaries. Those were more important than the 

main river itself because the main river didn’t supply that much water to 

the farmland, compared to the smaller basins. We had all the Rio Grande 

Basin that flows into the Gulf of Mexico through New Mexico and into 

Mexico itself. We also had the Little Colorado [River] that flows into the 

Colorado eventually. So we had a really big basin, a big area.
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Helms: Who were your main supporters in the States—you can mention 
a time span—in terms of funds, political support, providing personnel, 
and doing readings, et cetera?

Washichek: Our primary supporter was the SCS, but others were basi-
cally the Forest Service and the Bureau of Reclamation. The Bureau of 
Reclamation needed the information for dam control, flood control, de-
velopment techniques for the dam projects, and that sort of thing. They 
supplied a great deal of money, in fact, probably at that time at least half, 
whereas the Forest Service provided no money, but supplied lots of as-
sistance to us and did a lot of the readings. Here in Colorado, the State 
Engineer was very actively involved with the program because they ad-
ministered the water. Then, almost all of the small irrigation and rela-
tively large irrigation companies contributed in one way or another. They 
either gave us funds or provided us with personnel to help. The Corps of 
Engineers helped some, not as much as some of the others. Oh, the Park 
Service was another one that assisted us quite a bit. Then, of course, we 
also were involved with the State Engineer in New Mexico.

Helms: It’s a powerful group.

Washichek: The New Mexico engineer is still there, too. I was down 
there last year and went in to see him. He walked in the door, and I said, 
“My God, is he still here?” and he was, so he’s been there forever.

Helms: Who was this?

Washichek: Phil Mutz is the engineer in charge of streamflow and fore-
casts on the Rio Grande. Steve Reynolds is the State Engineer. I can’t 
even remember who was before him. He must be 85 years old by now. 
Anyway, he was a great State Engineer. So they supplied some of the 
funds to us, as well. We had a big list of cooperators, you know. Another 
big cooperator of ours was CSU, which provided us with housing and all 
kinds of support. They did all of our publications for years and years and 
years at practically no expense. They also were the ones that provided 
us with all kinds of information programs. We did tapes for them on the 
radio and did TV shows for them when the TV eventually came into exis-
tence. So they were really a big, big cooperator.
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Helms: From the beginning, when you started on this?

Washichek: Yes, they were involved from the time that Parshall was here 

because he was attached to the college. Then it just gradually kept con-

tinuing until 197l, 1972, or 1973. I was on the campus until that time, and 

then they transferred me to Denver.

Helms: To the State Office?

Washichek: Yes, from time immemorial ‘til 1973, we were located on the 

campus here.

Helms: You had your own staff?

Washichek: Yes, we usually had two or three office spaces, and then 

there were always just three of us, one assistant, the secretary, and my-

self.

Helms: That little office had to get all the readings in?

Washichek: It did all the readings, did all the calculations, put out the 

publications, did all the information, the entire thing. We were assisted 

in whatever the need be from the Portland office. First it was at Logan, 

Utah, and eventually it got to be in Portland.

Helms: Did you have to do the maintenance on the snow courses?

Washichek: Absolutely, we did all the summer maintenance, did all the 

readings, did everything.

Helms: What did the maintenance involve?

Washichek: Well, we tried to hit the snow courses once every 3 years at 

least to clean them out—they had trees growing up in them—and replace 

the signs. At that time, we were doing some stadia rod work, where we’d 

read them by airplanes. They had large stadia rods.

Helms: What kind of rods?
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Washichek: They’re like engineering rods, except they’re 3 feet across, 
so we could fly by in our aircraft and read the depth of the snow. That 
didn’t provide us with the water content, but we used an estimate from 
other snow courses that were close by. There’s a picture of one in there. 
But usually the elk or something had rubbed against those, knocked off 
some of the boards, and stuff like that. So we would replace the signs, 
swamp the course out, and fix the stadia rods.

At about that time, we thought that we had done as much as we could 
as far as accuracy was concerned with the snow courses. We were at 
a standstill. So nobody was able to figure out how the accuracy could 
be improved. Homer Stockwell came up with the idea that probably the 
soil moisture was important. If it was a really wet soil when it started in 
the winter, then there would be more runoff because it wouldn’t take as 
much of the snow water to fill the soil mantle. At that time, a wafer came 
out that would give us how much moisture there was in the soil profile. 
So we started installing soil moisture stations.

Helms: When was this?

Washichek: It would have been 1955 or somewhere in there, I would as-
sume. We went into all the major basins and had different profiles, 1, 2, 3, 
4, and 5 feet down, so we could read how much soil moisture there was in 
the ground. Eventually, I think all the States put some in, but we had the 
first bunch in and did the most extensive work on it.

Helms: This was Homer Stockwell?

Washichek: Yes. Finally, after I don’t know how many years, it just 
seemed like it wasn’t going to have enough effect to make it worthwhile 
to read. I think they just gradually phased out the soil moisture readings, 
so there weren’t any more left.

Helms: You decided that the soil moisture content doesn’t have as much 
effect as you originally thought?

Washichek: Yes, so I don’t think anybody in the West is reading them 
anymore. I think it was maybe 5 or 6 years that we did that. But we never 
could get very much correlation between it and the runoff. You know, it’s 
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an expensive project to do because the soil moisture measuring blocks 

were expensive, and you had to bring them up through a pipe to the top 

of the snow. So you had a 10-foot pipe sticking out of the ground, and 

then you had to devise some method to read the thing, which was a little 

soil moisture meter that you had to put on top. It was quite a complicated 

procedure. I think over the years it just wasn’t worth the effort, so that 

was kind of abandoned. Then, of course, as I said, the stadia rod seemed 

to be the way to go. Over the years, that was kind of abandoned, too. 

Then, of course, when they got the snow pillows, I don’t think they ever 

read any of those anymore. That went by the boards, also. I was trying 

to think what year it was that Arch Work came up and said to me, “What 

would you do if you had an unlimited amount of money, and you could do 

anything that you wanted to as far as the snow survey program was con-

cerned?” At that time, Bob Beaumont had already verified that a pillow 

would work, that they could measure the snowpack from the pillow.

At that time, CSU was doing some cloud seeding. The cloud seeding proj-

ect they were doing was at Steamboat Springs, Colorado. I said that if I 

had all the money I wanted, I’d put in a whole snowpack system on top of 

the Snowy Range above Steamboat, there on the Park Range in Colorado, 

and see if we could identify how much the cloud seeding was increasing 

the snowpack. By gosh, the next year we got the funds and were the first 

ones to put in any major amount of pillows. I think we put seven on top 

of the Park Range over a span of 18 miles. We put a repeater station up 

on top, and it transmitted back down to Steamboat Springs. I think that 

was the first system of any kind that ever went in with snow pillows. The 

contractor who did it for us was in Denver, and guy who worked for us 

was a guy by the name of Barney Swedbury. I’m sure it was a division of 

Leupold Stevens out of Portland.

Helms: Leupold Stevens?

Washichek: I think it was part of the Stevens company that did that for 

us. So we had that done.

Helms: About what time?
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Washichek: I would say it was probably 1967 or somewhere around 
there.

Helms: I was going ask you—you mentioned Ralph Parshall putting the 
snow courses in, some of them far out of the way. When you did your 
maintenance, did you have to go in on horseback pretty much?

Washichek: Well, by the time I came aboard we had vehicles that could 
get up pretty close. We had to walk 3 or 4 miles in the summertime, but 
we could get closer then.

Helms: Did you have to furnish the snow cabins for the Forest Service?

Washichek: Oh yes, we furnished them. We did everything for them; all 
they did was stay in them.

Helms: You had a list of what kind of medicines, how much food, and 
various other things were required?

Washichek: Yes. Normally, they would say that they needed such and 
such to go up for the winter. They’d just haul it in on the first trip or be-
fore the snow flew. But those up on the Park Ranges have very high snow-
packs, 10 to 12 feet, one of the biggest in Colorado. The radios sat up in a 
little house. It was 12 feet above the ground, had an aerial above that, and 
then they had a repeater site. We had a terrible time getting some of those 
in there. We had horseback and used donkeys. They tore some stuff up. 
They threw it off pretty consistently. They didn’t like to carry that stuff 
[laughs]. Some of the sites were in wilderness areas, so then we couldn’t 
even take vehicles in there at all. It became quite a pain. But we had a 
Tucker Sno-Cat that went in every l5 days and read all of the courses just 
so that they could verify the data we were getting out through our system. 
That became about a 60-mile round trip, which is a long ways to haul a 
Cat [Sno-Cat]. A guy by the name of Manes Barton read those for us for 
years. He worked for the SCS in Steamboat Springs and eventually, went 
to work for the Forest Service in Steamboat. He just retired a little short 
time ago.

Helms: He had another regular job?
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Washichek: Yes, he worked for the SCS there in Steamboat. He was 
an engineering aide. We did have a survival cabin up on top of the Park 
Range, as well, that they could get to. They, theoretically, could walk to it 
from anyplace. It was almost in the middle of the sector, so the farthest 
they had to walk would be 7 or 8 miles. The Cat broke down, and they had 
to walk out several times. It could be a long ways.

Helms: When did you start using the over-snow vehicles, and which ones 
did you use? I guess each State had a little bit of leeway in what you 
used?

Washichek: Each State thought they had a unique thing happening, you 
know. You’d have to have some unique vehicle. I think that probably the 
Tucker Sno-Cat was one that was chosen more than anything else early 
on because it was big and heavy and did the work. We didn’t have any 
trouble with it, particularly. I saw those in operation first in maybe 1954 
or 1955 at some school. It was at Sun Valley, Idaho, as a matter of fact. 
George Peak was the snow survey supervisor of Wyoming. He got one 
to use. Wyoming SCS eventually took over the Green River Basin and 
the North Platte Basin in Wyoming. He had one that went up in and read 
the North French Creek Basin and Old Battle snow courses, where the 
two cabins were previously. We didn’t really have that many in Colorado 
because we were a little bit closer than normal, or we had a cabin. So 
we only had one Tucker, then eventually we got a bunch of little Sno-Cat 
machines. But Bill Schomers, he had one at Littleton, Colorado. He called 
it the Ber-Kat, I believe.

Helms: Who was the inventor of this?

Washichek: Bill Schomers was his name. It had a unique leveling device 
with different tilting and skis parallel to the slope. He had originally done 
a snow plane and then, eventually, came out with a tracked vehicle. He 
was trying to promote, and he did use some of those. As a matter of fact, 
there’s one on the highway as you go into Laramie, right now. I saw it the 
other day for sale. So that’s really old. That thing really worked pretty 
well, but it was very small, a tiny thing. One time, Bill was going to dem-
onstrate that to us up on the Snowy Range above Laramie. George came 
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4.19	 KRISTI Ber-Kat being demonstrated at the Snow Survey Training 
School, January 1960
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down from Wyoming and Doc Jenkins, the photographer out of Washing-

ton, came out to take pictures, and Bill Somers and I came.

We had George’s Tucker and that machine together. We went up over the 

top of Snowy Range, and that’s awful deep snowpack country there, too. 

We didn’t think we would have time to get back, so we stayed in the cabin 

that night. Neither Schomers nor Jenkins had ever stayed over night out 

there in a cabin like that, and they were a little nervous. When we got 

up there the whole north end of the cabin was completely covered. The 

door was free of snow because it was in the lee of the wind. The whole 

rest of the cabin was covered. We went, had dinner, and then went to bed 

early. It was hot because those were so airtight that you’d start a fire and 

in 5 minutes, you could hardly stand it. So George and I kept opening the 

door, and every time we’d get the door open a little ways, one of those 

guys would go close it. So all night long, we were opening and closing 

that dumb door [laughs]. The next day, we went out and tried these ma-

chines out. There was probably 10 or 12 feet of snow.
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When Jenkins got back, he sent us copies of the pictures he’d taken. When 
the Cat tipped, he would just shoot it straight out so all the trees were lay-
ing at a severe angle, and this was a professional photographer out of the 
Washington office [laughs]. We laughed and laughed and laughed. But he 
got some good ones, too. So when he retired, I sent him a couple of those 
pictures to remind him of us. The camera was straight up and down, but 
the trees were all lying over, he had a funny angle on those. Bill Schomers 
made maybe 30 or 40 of these machines. He was a Marine jet pilot. He 
was on Reserve when he killed himself on maneuvers one year, and that 
ended that machine. There weren’t too many machines built. I think prob-
ably Morley told you that they had built one up there in Idaho.

Helms: He mentioned a little bit about it.

Washichek: Of course, the Tucker was the primary one built. Medford, 
Oregon, that was where Arch was. Arch liked the Tucker. Well, I did too. 
I thought it was the best machine they had. But it was very expensive. It 
was $15,000, $20,000 then, and that was a long time ago. But they did have 
several other littler machines, and then they tried innumerable machines 
using jeeps with tracks on them and all kinds of stuff. When the little 
Sno-Cat and Ski-Doo machines and all that started, everybody had them.

Helms: At some point, it became obvious that, commercially, some sort 
of vehicle like that would have a lot of sales.

Washichek: Originally, it was not a recreational vehicle. Then, when the 
people thought they could make some money out of this as a recreational 
vehicle, of course, everybody got into the business. Then they started im-
proving the vehicle materially. SCS wasn’t putting any money into devel-
opment, and trying to keep it going, it was very difficult. Ash Codd built 
the forerunner of the small, over-snow machine. He worked for years 
with no money to get one that worked.

Helms: You mentioned the snow pillow, and I guess you’ll mention the 
SNOTEL a little later on. What other sorts of technical innovations or 
equipment came from the snow survey work?

Washichek: Surprisingly, the snow tubes they’re still using today are the 
ones they used originally. They never could improve on the snow tube. 
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4.20	 Snow-Survey Sampling 
Guide

They did eventually improve somewhat on 
the scales because they had originally used a 
dial scale. This froze up something fierce. You 
know, many times it would be 20 below up 
there, the wind was blowing like crazy, it was 
wet, and everything else, so a dial just didn’t 
cut it. They ended up making a tube scale so 
it wouldn’t freeze. Aside from that, that’s the 
same exact tube they are using today. There’s 
been no improvement, frankly, in that system 
at all, which is really amazing. That was de-
signed by Church. In fact, the first one in the 
world was his invention.

Helms: Clyde redid it, didn’t he?

Washichek: Yeah, he made a little improve-
ment on it, but it basically all came out of 
Doc Church’s research lab down there. The 
only thing we did in Colorado was we even-
tually got the Government to furnish parkas for the surveyors and some 
clothes. Originally, you just had to be on your own. We had so many guys 
who were engineering aides who didn’t have any money. You know, if you 
were a GS–5, and you were expected to go out and get gloves and parkas 
and all that, then work was really a hardship. So we eventually talked the 
Government into financing it.

Helms: You got them parkas, gloves, and anything else?

Washichek: Parkas, gloves, and a lot of times a hat of some kind. You 
know, a helmet or something.

Helms: You provided the skis or the snow shoes, too?

Washichek: Right. They were provided all the time. But most of the peo-
ple took snow shoes, ‘cause if you weren’t a skier, skis were useless. One 
time after the war, there were tons and tons of snow shoes from the 10th 
Mountain Division, and those wide white skis. The 10th Mountain was 
here in Colorado, you know, up in Leadville, so they were available to us 
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4.21	 Skiing lessons at the West-Wide Snow Survey Training Conference, 
Winter Park, Colorado, January 14–19, 1962
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by the hundreds, literally. So that, for a long time, was our source of sup-

plies for over-snow equipment. The 10th Mountain Division of the Army 

trained at Camp Hale, just above Leadville, in mountain survival and trav-

el. They saw combat in Italy. As a matter of fact, Morlan Nelson was a 

member of the 10th Mountain. They were supplied with white parkas that 

were two way—they’d turn them inside-out in the summer and use them. 

So we got a lot of those parkas originally, and a heck of a lot of the gloves 

and snow shoes. They were really good snow shoes, some of the best that 

ever were made. But the skis were really tough. If you couldn’t ski, you 

would have a terrible time. They were about 7 feet long and heavy. They 

weren’t primarily cross-country either, even though the 10th Mountain 

used them as cross-country skis. The people in the 10th were all skiers, 

‘cause that was what they did, trained in skiing everyday. Of course, most 

of our people never even knew what the heck was going on. So except 

for the training schools—we had one every other year—they practically 

didn’t get any instruction in skiing.
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Helms: Could you give me some examples of uses of the information 
when you predicted a flood or a drought? I’m sure that a few instances 
come to mind.

Washichek: One of the biggest ones that really comes to mind was in 
New Mexico.

Helms: Do you remember the time?

Washichek: Homer Stockwell was still here, so it would have been be-
fore 1958. It would have been 1956 or some time around that. We had 
been forecasting inflow into the Navajo Reservoir. They called us up and 
said that they were building a coffer dam before they built the dam itself. 
A coffer stops the river so that they could build the major structure. The 
coffer just keeps the water there until they can get the major dam built. 
So they had built the coffer dam, stopping the flow in the San Juan River, 
and they were building the dam. A guy called from the Corps of Engineers 
and said they were having a lot of runoff from the snowpack, and he won-
dered how much water they were going to get down there. He said, “We 
have got to know because if that overflows the coffer dam, it will also 
take the dam out.” At that time, they were a third or maybe half finished, 
so if the coffer dam failed, then the whole dam would have failed, and 
they would have had to start all over again, and it might have done a lot of 
damage below. The man in charge of the project called us up about every 
day and said, “Now, what are your forecasts, and how close to the original 
forecasts are we coming?” They had designed the coffer dam according 
to what we thought the runoff would be that year in that river. He said, 
“Does that still hold, are you still forecasting that?” and, of course, by that 
time, he said, “Well, you know this is only going to be about $5 million if 
it’s not right!” So we hated to take on their responsibility. Even though we 
probably would not have been held responsible, it would have been quite 
a shock to our prestige and everything else if we’d been wrong.

He called every other day for about 2 weeks, and it just kept getting higher 
and higher and higher, and we kept saying, “Well, as far as we can tell, it’s 
still pretty close to what it should be.” So finally he called one day and he 
said, “Boy, we are now within a foot of the top of the coffer. What do you 
suggest we do? Should we go ahead and try and build the dam up higher, 
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quack like a duck, or what?” So we said, “It should be over with. The flow 

should go down. You shouldn’t get anymore.” They could release a cer-

tain amount, and we said, “You ought to be able to release as fast as it’s 

coming in.” So about three days later that happened. He called us up and 

sent us a letter of congratulations. He said that they got within six inches 

of the top of the coffer dam before they could keep up with the water. He 

said, “Woo, was that ever close!” So those were the kinds of things that 

were not the everyday problems.

Of course, the everyday usage is much more important than the little in-

dividual cases. But the little individual cases were the ones you sweated 

out because with the others, if you make a 10 or 20 percent error, it prob-

ably is not going to have a terrible effect. If you make that big error on a 

little project, then you have got a big, big problem. So there were quite 

a few of those over the years that have happened. Two or three times 

down through the Rio Grande, we had forecast high water. It’s difficult to 

forecast floods because it panics everybody, whereas you could say, “It’s 

going to be very high water.” We’ve had a number of times in Colorado 

where we thought it could do damage. So we would alert the Corps of 

Engineers. The Corps of Engineers in Colorado was in charge of flood 

control, so we would have our meetings in Denver about every 2 or 3 days 

and discuss who was going to get flooded out or how much and so on. 

Their flood control committee would get together and put out warnings 

to various people and various places so they could get down sand bags or 

protect whatever they had to.

Helms: About what time was this?

Washichek: This would have been maybe 20 years ago, in the mid-1970s. 

On the White River at Meeker, Colorado, they had a sewage disposal plant 

real close to the river. We told them that the river might get up to such and 

such a height, and they said that would be higher than the disposal plant. 

So that was going to wreck everything. They went out and sand-bagged 

the disposal plant. If it hadn’t been for the sand bags, it would have done 

a job on them. So these incidents are the ones that you remember most, 

but they were probably not the most important ones.
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I think the drought periods were as much or more important than the 
wet periods. When Governor [Richard D.] Lamm was still the Governor 
here in 1978 or so, we met every day for a month trying to figure out how 
little water we were going to get from various rivers so that they could 
make some adjustments for the drought period. The drought committee 
met at the Governor’s house. All the scientists from Boulder, NASA, the 
Weather Bureau, and the SCS met every 2 or 3 days to see how close we 
were to the estimates we made, what could be done, and all that sort of 
thing. Through these operations, they were able to make some adjust-
ments in planning, rearrange the water to go here and there, tell which 
areas weren’t going to get any water so they didn’t plan to plant crops. I 
think those kinds of times were probably just as important, maybe more 
important, than the flood times.

Helms: That was mostly concerned over water for agriculture, or was it 
municipal uses, as well?

Washichek: Some municipal. But what they did in the municipal was just 
say, “You can’t water your lawn.” It was pretty difficult to tell a farmer he 
couldn’t water his crop, ‘cause that means his lifeblood. That was part of 
the project, too. When we met with Governor Lamm, they put out ways to 
conserve water in the city of Denver. Then they restricted the irrigation of 
lawns. It was a big pamphlet. As a matter of fact, we put out one in every 
Snow Survey Bulletin. We put out a reminder of how to conserve water. 
I’m sure you can find them in some of the back issues. So those kinds of 
things were as least as helpful as the flood predictions.

Helms: This was the late 1970s?

Washichek: It would have been probably in the middle or late 1970s. I re-
tired in 1980, so that would have been in that zone someplace. About that 
time, NASA called me up and asked if I would consider doing a research 
project. At that time, they were mapping the amount of snow through 
their satellite photography—the white areas of the whole world. They 
could actually map the amount of snow there was on the mountains in 
various ranges. There had to be some correlation, obviously, between 
the amount of snow that they could map and the amount of runoff there 
would be. However, it wasn’t always the case, ‘cause after a big storm, 
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you could have just a little tiny bit of snow over everything, but the whole 
thing looked white. Of course, that obviously wasn’t going to be the way 
it would run off. But by restricting the periods when you could, it . . .

Helms: You mean the periods when you took photographs?

Washichek: Well, they took photographs once a day or so. If you had 
waited until the snowpack had decreased to a point where you had per-
manent pack and then say, “Now is the time,” then you could do it. So I 
went back to school in Iowa, and we hired a couple of guys. I went out 
to the Bureau of Reclamation and used their equipment to map the snow 
basins. Eventually, we got to a point where we could estimate runoff from 
that. In conjunction with the snowpack, it would have done something 
really good, and of course, they’re still working on that to some extent. 
Anything you can do, theoretically, might improve your accuracy. I think, 
basically, they got down to a point with the snowpack where they just 
couldn’t do it any better without some additional help. So that’s when 
some of these other things started to come in to play.

Helms: They had already been using their imagery to try to estimate the 
snowpack, is that it?

Washichek: No, they had done it for many other things they had been 
mapping. They could map the snow, so they thought maybe it would be 
worthwhile to go ahead and see if it would assist us in estimating the 
snowpack. Of course, it also would give them a little advantage in procur-
ing more money for their next project. The one at that time who was in 
charge of the project was Al Rango back in Washington. I guess we did 
that for maybe 3 or 4 years. I think satellite imagery eventually could help, 
and it also did a lot of other things for the SCS. They counted the number 
of pivot sprinklers in a district, as you can see them very easily from the 
satellite pictures. Of course, they also were using infrared, where you 
could get all kinds of vegetation analysis. Not only did it help us to some 
extent, but it also improved some of the other projects that the SCS was 
working on, and it also gave NASA a little kick to ask for more money.

Helms: You wouldn’t have known the depth of the snow; I mean, did you 
have to sort of average the depth?
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Washichek: No. See, what happened was we were already reading the 
depth, so we knew what that was. We just didn’t know the extent. There 
was no way that we could go from where we were measuring it to measur-
ing all of the snow. So this gave us a chance to measure all of it. We could 
measure down to 200 yards—the extent of how far down the mountain 
the snow came. They sent pictures down to me by overnight mail from 
Washington. So I’d get one every other day at 8 o’clock in the morning. We 
didn’t have the equipment to analyze the photographs, but the Bureau of 
Reclamation or the State Engineer usually had the equipment. They also 
assisted on this operation. The State Engineer had a stereoscope optical 
reader, and the Bureau of Reclamation had a guy that could do it. We 
eventually trained one of the SCS summer assistants to read it too. He’d 
go out there and plot the snow. He could also tell the extent of the new 
snowpack when it arrived. You read them every 2 days. So it’s all very 
interesting.

Helms: Was this data used in our forecasts?

Washichek: They did put it into a model that was part of a forecast. It 
was used in research for several years. I’m not sure what they’ve done 
with it now. It’s just another tool; if they needed it, they could have it.

Helms: Most of those other guys have commented on their relations with 
the Weather Bureau. I guess I ought to ask you how they were here in 
Colorado?

Washichek: We didn’t really have any trouble. We were one of the few 
that didn’t, I guess. I don’t know why. They just never particularly had 
anybody who was ambitious enough to push us, or they thought we were 
so good that they couldn’t push us [laughs]. But we were never challenged 
in the newspapers. We were never challenged anyplace. We really didn’t 
have any trouble at all. The only one who ever gave us any trouble was 
Gene Peck, and he was out in the Salt Lake office. Greg Pearson kept him 
so busy over there that he hardly ever even got over to worry about us. 
I think primarily—I’m saying this tongue in cheek—a lot of times they 
were mad that the Weather Bureau scooped them in the newspapers. 
Maybe they would be right, or maybe they would be wrong, but it was 
always a feather in your cap if you got the news out to the media first, 
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regardless of what happened. Maybe, also, we had a little better shot at 
the news people; we knew them a little better than the Weather Bureau 
did, probably. We did a lot of work through CSU, and of course, you didn’t 
touch CSU.

Helms: They were more willing to work cooperatively with you?

Washichek: No, they just worked with us, period. When we had meet-
ings, of course, that was a favorite topic of conversation—Weather Bu-
reau and SCS relations. But we never really had that much trouble. That 
was the least of our problems.

Helms: But if you thought there was going to be flooding somewhere, you 
went ahead and let the newspapers know?

Washichek: Oh, yeah. A lot of times, if it was critical, we would confer 
with the Weather Bureau. Well, we wouldn’t necessarily, but the Corps 
of Engineers would. They’d call all the representatives together that had 
anything to do with it and pick everybody’s brains. So it just wasn’t one 
person’s input or one agency’s input, everybody contributed something—
as much as they knew.

If you were talking about snowmelt runoff in Colorado, you would practi-
cally never have a flood from a snowmelt runoff exclusively, ‘cause the 
mountains are too high, and it gets too cold at night. When it starts to 
melt, it builds up during the day and by 10:30 or 11 o’clock at night, it hits 
a peak because that’s when the major part of it is coming from way the 
hell up in the mountain. By that time, it’s 20 below up there, and it quit 
melting, so that’s the end of the flood. Then it doesn’t start to run off the 
next day until 10 o’clock in the morning when it gets warm enough to 
melt. Consequently, we would never have a snowmelt runoff flood un-
less you had extremely low snow, really way down, or unless you got a 
hell of rain storm on top of it. Even then it was really a minimal chance. 
So what the Weather Bureau contributed along these lines was saying 
what the potential was for precip at low levels and all that sort of thing. 
If you get a big snow storm at 6,000 or 8,000 feet during the spring, then 
you have got real problems. But if you get it at 10,000, it’s snow; it isn’t 
rain at all anymore, ‘cause it’s so cold. In our mountains, you see, we got 
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about 47 peaks at about 14,000 feet, so we’re way up there compared to 
most of the States. In New Mexico for instance, if you got rain on their 
snowpack, you got real trouble right away because it will come off, and 
the same with Arizona. So we had a little advantage here that some of the 
other States didn’t have. But it was nice to have some other input from 
the Weather Bureau on the possibility of some rain during the day and 
that sort of thing.

Helms: For your operations in portions of New Mexico and Wyoming, 
you didn’t have people stationed there, did you?

Washichek: Our SCS people were in there, also. We just worked with the 
State Conservationist in New Mexico.

Helms: But not snow survey people. You did have snow survey people?

Washichek: Well, the snow survey people were actually Soil Conserva-
tion Service people that we used. We had those in New Mexico, as well. I 
was considered to be on the staff of the State of New Mexico SCS office, 
as well as here. So I went down there and conferred with them on what-
ever need be. We hired guys and trained guys out of their office and did 
everything just the same as they did here.

Helms: Did you generally have good support from the State Conserva-
tionist?

Washichek: Yes. I hope this never gets back [laughs]. Most of them didn’t 
know that much about it, to be frank—the snow survey part of it. They 
just generally relied on the snow survey supervisor to keep abreast of 
what was going on, and that was about the extent of it. So as long as the 
operation ran smoothly and you didn’t have any trouble, they didn’t ha-
rass you much. There were a few of the State Conservationists who even-
tually decided on their own that they would like to know. But most of 
them were so busy doing other things that they considered more impor-
tant that they didn’t brother us at all. But they always liked the publicity, 
‘cause they got more publicity through our office than any other office. 
As long as it was good, why, that was fine [laughs]. I never did have any 
trouble with any of the State Conservationists at all. Of course, the only 
money involved normally was our salaries. At one time, over 50 percent 
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of the money we spent, including all the hired people, came through other 
sources, the Bureau of Reclamation or somebody. It seems to me that 
we had, at one time, $48,000 coming in from the Bureau of Reclamation 
alone. So it was quite a bit of money coming to the SCS.

Helms: During your time, did you have lots of requests to establish ad-
ditional snow courses?

Washichek: There were maybe 150 snow courses when I first started, 
and I think when I retired, there were 200 and something. So we never ex-
panded much. There were a few people who would ask, and some of the 
agencies, like the Bureau of Reclamation, requested specific locations 
‘cause they wanted to see if it was worthwhile to build the dam there or if 
there was a lot of snow there. Some of them also wanted additional infor-
mation so they could better operate their program or their project. From 
that standpoint, we helped them out whenever we could.

Helms: Particularly since they were supplying the funds?

Washichek: [laughs] Right, since they requested you to do it! The State 
Engineer’s Office occasionally requested a specific place. Once in a while, 
some irrigation company did, also. If it was at all possible, we did it for 
them because that was really good public relations. We felt that was who 
we were doing it for—for them. But we never expanded the system a 
great deal. The only time we expanded was if we couldn’t forecast the 
stream worth a damn. If we had just struggled and struggled to forecast 
it and it never would forecast, then we went and put in additional snow 
courses. The only problem was that it takes 8 years of reading the snow 
courses before you could tell if they are any good. You couldn’t get any 
correlation until you had 8 years or so of corresponding data. So you had 
8 years of work in the thing, and it might not have been any good at all. 
Sometimes the snow course would prove worthless, but if it had been 
requested, the agency or persons wouldn’t let us drop it. We didn’t think 
some of these snow courses were worthwhile, but they would say, “Yeah, 
we use that all the time.”

Helms: But what factors would cause the snow courses to give you the 
information that wasn’t useful?
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Washichek: It might just be in a poor location, where the wind blew off 
the top of the mountain and drifted the snow into that little valley more 
than in any other place. As an example, the Snowy Range goes up 12,000 
feet and is completely barren on top. There’s nothing up there, just a few 
little scraggly trees. We know they get 10 feet of snow on the other side, 
so you have to get a lot of snow there. But if it’s barren all winter, then all 
that snow has got to blow into the parks below. So it’s not representative 
of the snowpack if it’s all full of snow that blew off the top. You’re mea-
suring too much snow for the runoff, so then you have to adjust that some 
way. By the same token, it may be a spot where the trees are prohibiting 
the snow from falling equally in the valley. There are a number of factors 
of terrain that effect correlation. Maybe it just didn’t correlate, you know? 
Maybe that wasn’t the area where the water came from.

The Colorado Basin extends from the Green River way the hell up into 
Wyoming and clear down through New Mexico. If you’re forecasting the 
Colorado River, where do you start to measure the snow? Of course, we 
did it by measuring all the tributaries and then adding them up. These ba-
sins—like the Green, San Juan, Colorado, Animas, Little Colorado, Roar-
ing Fork—are tremendously big basins. You’ve got to figure out where 
the water is coming from. It’s hard to say, so you just try to stay relatively 
close to the main stream and hope to get one that identifies the amount 
of snow coming in or the amount of water coming off of each basin. Also, 
if it isn’t high enough, then you’re not measuring enough snow to get the 
critical amount that is supposed to run off. If it’s too high, then you’re 
getting too much. We tried normally to get three or four snow courses 
at various places—high, medium, and low. You’ve got to add these all to-
gether to see if that will work. Before computers came into the world, we 
spent literally half to three-quarters of our time trying to figure out what 
correlated with what, why it didn’t, why it should, or what percentage 
should be used. In longhand, that takes forever! That correlation work is 
just an infinite amount of work if you do it longhand, whereas the com-
puter can do it in a split second.

Helms: You were doing regressions?

Washichek: Regression analysis longhand is a long damn procedure. If 
you make one mistake through the thing then it’s all wrong, and you’ve 
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got to do it over again. It’s really a long time. Then you would say, “Well, 
gosh, I wonder if this snow course will work with maybe half of these 
courses, or maybe two-thirds?” We used to have a factor of two Aprils 
plus May. We were saying that the April reading was twice as effective 
as the May reading, so we used two Aprils and one May. Or you could 
use two Mays and one April or three Aprils. There are an infinite number 
of possibilities. We usually spent hours and hours and hours on those 
regression analyses until the computer came along. Then, of course, you 
could do it so fast that it took a lot of the fun out of it [laughs].

I guess it was Ash Codd that really was the one who got started on the 
computer business up in Montana. When it was decided that they should 
go ahead and work with computers, I went over to CSU and took a course 
in computers. I went into that room at CSU, and it had one computer in 
it, and we worked with that thing. That one computer has now been re-
placed by a Hewlett Packard, which you can hold in your hand. They have 
one of the biggest ones in the world over here now. So over the years, 
the computer has changed the whole system just incredibly. It’s nothing 
compared to what it was at that time. My God, we literally had file cabi-
nets that occupied acres of floor area in the hydraulics lab. If you had 150 
snow courses, and you read them five times a year, then over the period 
of years, you ended up with a hell of a lot of paper. They started micro-
filming and microfiching. You know, the computer just changed the world 
for us. It’s one of the biggest changes, I think, that ever happened.

Helms: When did you first decide you should use computers?

Washichek: Ash Codd I’m sure is the one. He was stationed in Montana 
State University up there like we were here. At their campus, he and his 
assistants were looking at that, and they decided at that time it would 
save so much on notes, ‘cause they could do it so much faster. I think it 
took them 2 or 3 years to convince everybody that was what we should 
do. We started using the computer in 1954, and at that time, we were the 
only agency in the whole Department of Agriculture using a computer. It 
was a gigantic damn computer. There still weren’t very many computers 
when I retired in 1980. There were very few. The snow survey program 
really advanced that system by leaps and bounds. There was quite a bit of 
money devoted to getting our notes, regressions, and forecast formulas 
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on the computer. At that time, we were still just using it for data checks 
and not so much for analysis. It was just to get the data all summarized, 
then gradually it became advantageous to use it for forecasting. Of course, 
that’s all they do now. All the people in the field just do the maintenance 
and some snow reading and then let the computer do forecasting for you. 
It has been a change, that’s for sure.

Helms: To what extent did you use airplanes and helicopters?

Washichek: The only time we used them was when reading stadia rods.

Helms: Your planes didn’t land, they only did aerial readings?

Washichek: No, they just flew down. We used one helicopter down in 
New Mexico to read for just 2 years when we were putting some pillows 
in down there and wanted to get a good reading on that area. We read 
them up here for about 6 or 7 years. That was a pretty hairy operation 
here in Colorado. It was so damn high.

I remember at that time we were reading the stadia rod on Elk Mountain. 
I have to tell you, Elk Mountain in Wyoming was a very prominent peak 
that sits way up north. I don’t know if you have ever been by it or not. 
When you take the highway from Laramie across to Rawlins, it’s a gigan-
tic peak that just sticks up. It’s just a big knob. During the war, I don’t 
how many planes crashed into that because it sticks out there by itself. I 
think there was 10 or 12 Navy Corsairs that have hit that peak. You don’t 
think it should be that high, way out there, ‘cause the Continental Divide 
is only like 8 to 9,000 feet. Here that thing is, 12,000 feet right next to the 
road practically, whereas the Continental Divide is only 8. Anyway, we 
had never been able to get up there onto that mountain, and we weren’t 
sure how much it was contributing to the runoff, but we thought it must 
be contributing something, ‘cause it was a big peak. So we decided we’d 
put a stadia rod up there. Homer Stockwell was still the supervisor there. 
He and I went up there one summer. They had a logging road that went up 
to the top. We got about three-quarters of the way up there into an old log-
ging mill area that they kind of cleaned up and put a stadia rod in there. 
We hired a guy out of Laramie to read that for us. It had been the practice 
that after you had read the snow course by air to go read it by ground and 
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also see what the snow water content was, so that in the future, you’d 

have some idea of how close you were, and you’d read the snow course to 

see if the stadia rod was in the right place ‘cause it might not correspond 

to the snow course at all. It might be in a little shallow place. We put the 

stadia in there; the next winter we were going to read it. We were going 

to read it in March, then fly it in March, April, or May.

We took the Tucker Sno-Cat up there, and while we were unloading—I 

can’t remember whether we ran over his foot or the tail piece fell on his 

foot—anyway, we broke Homer’s toe, so he couldn’t go on. I said, “Well 

there’s no sense doing that, I’ll just walk up.” I put my snow shoes on 

and started up that road. I was probably 2 1/2 to 3 miles up there, about 

three-quarters of the way. I don’t know if you ever had the feeling that you 

weren’t alone. I couldn’t have been making that much noise, but I sensed 

something was there. I turned around, and there was a bobcat following 

up in my tracks. Of course, I didn’t think the bobcat would attack. He’s 

pretty small; he’s just a little cat. So I turned around and went, “Get out 

of here!” I went up the road a little ways, and every time I turned around, 

he was right on my tracks. I thought that maybe he hadn’t anything to 

eat. So I took the snow tube out. I don’t know if you’ve ever seen a snow 

tube, but it has an extremely sharp end on it. I thought if he came at me, 

he was going to get his nose cut off. I carried that thing and went on up, 

and after about a mile, he diverted and left. I read the snow course, came 

back down, and told Homer. I said, “Well, I was just about mauled by a 

bobcat [laughs]!”

We got him [Homer] to the doctor and took the Sno-Cat on into Saratoga. 

I left it out all night, and the track froze. They won’t go with the track fro-

zen. If you make it go, you’re gonna break something, so we had to take 

it to the county shed there, and they steamed it all out for us. By the time 

we got back to Laramie, it was 2 days later. I said, “My gosh, we’d better 

check that snow course right away.” We went out to check with the guy 

who was going to fly it for us. We jumped into an airplane and flew up 

there. We were flying out parallel to the mountains, so we were actually 3 

to 4,000 feet above the terrain. But we were level with the mountains. We 

would fly back and forth parallel to where the stadia should be.
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I couldn’t see the stadia rod, it was so far away. I said, “You’ve got to get 
closer,” and he said, “Boy, you know it could be really turbulent when you 
get close to that mountain.” I said, “We can’t see it from here.” So we kept 
getting a little closer and a little closer and a little closer. Finally I said, 
“Well, I think if we make one more pass a little tiny bit closer, I’ll be able 
to see it.” We made one more pass and I said, “There it is!” I got the read-
ing. He turned to get away from the mountain, and all of the sudden, the 
plane just started to go! “Whoosh.” I had an ashtray—everybody smoked 
at that time—sitting on the dash board and a whole bunch of maps. All 
of it was flying all over the cockpit. We were dropping about a thousand 
feet, 2,000 feet a minute. He had the airplane standing on its tail—full 
throttle—we were still going down. I had been a pilot in the military, so 
I said, “Well, we may get a chance to find out if there really is a cushion 
when we hit!” ‘cause they always said that you would eventually stop 
before you hit the ground.

Helms: Who said that?

Washichek: The wind starts down when it comes over the mountain, 
and when it gets near the ground it blows out on the prairie so that when 
you get to that point your airplane will stop falling. But that has never 
been proven to me. So I felt that we were going to find out in about an-
other minute and a half. It did stop. I don’t know whether he stopped it 
or what, but anyway, it stopped. By that time, we had cigarette butts in 
our ears and noses and maps thrown all over the cockpit. He said, “Well, 
I hate to tell you this, but that’s my last reading of that. I’m not reading 
them anymore.” So we had to abandon that one; we never could get a 
better reading.

We spent maybe a week all total putting it up, finding the course, and 
reading it. Then we couldn’t get an aerial reading. We sent another guy up 
there once from CSU from the Fort Collins Flying Service. He started to 
get close, and then he wouldn’t go in either, so we just said, “The hell with 
this, just abandon it.”

You get a lot of turbulence. When you get where it’s relatively flat, it’s roll-
ing 8,000 feet out there. You can just go from Laramie to Salt Lake City, 
and the land just rolls. When you got that kind of flow of wind, and it all of 
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a sudden hits a mountain that’s 5,000 feet higher than the plains, you got 
all kinds of weird things. Wind is always blowing in Wyoming. It’s a kind 
of steady day and night flow of 12 knots all the time. So you can imagine 
when it’s blowing up there what it’s like. When that occurs, that big bump 
up there creates all kinds of problems. I think that’s another reason why 
so many of the military planes crashed up there. They didn’t know what 
they were doing. They would come around and then, all of the sudden, hit 
that downdraft or updraft or whatever it happened to be at the very end. 
They didn’t know what to do or what was happening. So that happened 
to us a few times. We wasted our taxpayers’ money for about a week for 
nothing. But I guess we had to take the bitter with the better.

Helms: No other close calls come to mind?

Washichek: Oh, we had a lot of them. George Peak and I would go to 
survival school every other year, where we taught not only survival, but 
also how to read snow courses, safety, and just general snow survey sub-
jects. We also taught how to ski and how to snowshoe. We put students 
out in the field at night in the snow in a sleeping bag so they could prove 
to themselves that they could stay out there if they had to. They went out 
and built shelters and snow caves or whatever. We had demonstrations 
of how to build various shelters. That was their choice. They had the old 
buddy system where two of them would build a cave or something to-
gether. I think we were at Jackson Hole, Wyoming. We always sent out at 
least two instructors, sometimes four, from the snow surveys staff to stay 
with them at night just in case something happened. So George Peak and 
I were going up to stay with them one night. If it got lower than 20 below, 
then we pulled them in, it was too cold to use sleeping bags. We had the 
old army surplus mummy bags. Below 20 below, we couldn’t stay there. 
Well, we could have, but it would have been so uncomfortable that they 
wouldn’t have gained any knowledge from it.

I woke up George—it was nearly 8 a.m.—and we got out of there as quick-
ly as we could. The students usually left the bivwac area by 6 or 7 a.m. We 
had a car, so we jumped in and went back to Jackson Hole. By the time 
we got there, the school thought we had succumbed to the weather, and 
they were already getting a rescue squad ready to go. Oh, it was embar-
rassing [laughs]! We had a system where they had a little metal tag with 



• •

• •
History of Snow Survey and Water Supply Forecasting

176

your number on it. Each time they went out, each one of them took this 
little metal disk with them. They reported in the morning; if all the little 
metal disks weren’t there, they knew somebody was lost, and they’d go 
out and find them. Of course, neither George’s nor my disk was on the 
board, so they assumed that we had gotten frozen or something. We had 
a very difficult time explaining this to the troops [laughs].

At that same school, I had taught skiing. I was one of the ski instruc-
tors, and we had a little tiny bunny hill. We told all these people every 
day, “Now, don’t do anything until the instructor tells you, and do so and 
so, or you’re going to get hurt.” We never did really have anybody hurt. 
The reason that we didn’t was because we made them stay right with us. 
Then one day, we got on top of the slope—it couldn’t have been 80 feet 
high, all total. Our trainees were from all over the Western United States. 
They weren’t anybody we knew, necessarily. They were just some group 
of snow surveyors. All of the sudden, I turned around and saw this guy 
in the back. He turned his skis downhill, and he headed right straight 
down and just zoom and he was gone—Oh, my God! So I jump turned 
and skied down. I got there almost before he did. He crashed something 
fierce, he really crashed. Before I even got there, I could see that his leg 
was broken. You could see it all twisted badly. I ran over to him, and I did 
read him off! I was so mad at him. I thought, “They’ll really get us for this.” 
Here we broke the guy’s leg, he’ll be out for I don’t know how long, and 
we’ve lost his use to the SCS or wherever he was working. I was mad at 
him, and I really told him what I thought about it. He just sat there moan-
ing, and pretty soon, the Ski Patrol came over to assist. I reported that we 
had somebody who broke his leg. They said, “Who was it?” I said, “I don’t 
even know!” I was so mad at him. He was in the hospital, so we went over 
to the hospital to see who it was. It turned out he was a tourist from Texas 
[laughs]! He just happened to be there. He said he watched us for a long 
time and thought, “That looks pretty easy!” So he just got in line with us. 
He said, “I wondered why you were giving me so much trouble.” So I had 
to apologize, and we saw him at dinner a couple of nights later. He and 
the rest of his family stayed there, and he just put a cast on it [his leg]. 
He said, “My God, I’m afraid to even get out there anymore for fear that 
somebody will grab me [laughs]!” I bet he’ll never come out here again.
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4.22	 Repeater at Park Range transmits data 
to base station at Steamboat Springs, 
Colorado
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Helms: Well I guess, considering that you have the really high mountains, 
the SNOTEL was a good development?

Washichek: Absolutely, certainly. The only trouble we had when we were 
originally doing this was that it was going to be a local system. That was 
before they had any satellite imagery or satellite microwave. We were try-
ing to do it from remote to remote to remote, and that just drove us crazy. 
We couldn’t get from mountain to mountain to mountain. They were so 
high that it would have just been impossible. You would have never been 
able to work that system, I don’t think.

Helms: You mean for the whole West or just for Colorado?

Washichek: No, just for Colorado. For a lot of them, the repeater sites 
would have to have been right on top of the very highest peaks. The main-
tenance up there was almost impossible. We got AT&T [American Tele-
phone and Telegraph], or some of those that can afford $50 million for 
a site, to work with us with our 8,065 bucks. It was pretty tough, but we 
tried it. In fact, we tried to get one from Steamboat Springs into Denver. 
We had a repeater at the top of the Park Range, and it transmitted down 
into Steamboat Springs. From 
Steamboat, we tried to go to 
Mines Peak, which is on the 
Berthoud Pass, and from the 
Berthoud Pass to Fort Collins. 
Mines Peak is the top-most 
peak in that area, and that’s 
where AT&T, all the highway 
patrols, and the railroad had 
transmitters or repeater sites. 
We could never get through. 
We just didn’t have power-
ful enough equipment to do 
it. We had tried innumerable 
other sites. We just couldn’t 
have done it; it would have 
been impossible without a lot 
more money than we had. So 
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until they got that transmission by the particles in space, we were just 
sunk. When they got that, it was really the answer to the prayers around 
here.

You know there are just too many peaks between here and there. Now, 
the Forest Service has many restrictions. It has to be declared a micro-
wave installation site or you can’t do anything. You can’t put it on just any 
peak. A lot of them you couldn’t get to even if you wanted to. It has to be 
a designated area. It just never would have worked. So what we did up in 
Steamboat was, when they got the data, they just called us on the phone. 
It was just a kind of research thing anyway. It wasn’t that important, we 
weren’t using it as operational data.

Helms: You still continued manually measuring many of the SNOTELs?

Washichek: Yeah, I think they read a third of them. I’m not sure, but I 
suppose they still check to be sure that some of them are still reading 
right. The rest of them are automatic. As long as they work, they work 
fine, I guess. The maintenance is incredible, I’m sure.

Helms: You mentioned a few developments or contributions of people. 
Does anything else come to mind on that? I guess Arch Work pretty much 
had leadership?

Washichek: Surprisingly, when I was in the prime of the manual mea-
surements, they were pretty much individuals, and they pretty much ran 
their own systems. They took a kind of dim view of outsiders coming 
in to tell them, even Arch. Arch was more of an advisor. He technically 
didn’t have anything to do with us except in an advisory capacity. We 
were directly responsible to the State Conservationist and certainly not 
to Arch Work, except in a technical advisory capacity. So he would come 
down and see us, and we always appreciated that. When he showed up, 
he’d tell us about some new developments from other States or what was 
going on. If we had any problems or if there were new developments on 
equipment or anything, he helped us procure money. Aside from that, it 
was pretty much everybody on their own.

You know, now it’s so highly technical that it’s a different atmosphere. 
The guys at that time worked hard as hell, and they played hard as hell. 
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They were really a pretty wild bunch, to be frank. They spent a lot time 
out in the field. Even all the supervisors went out at least every month 
and maybe stayed out 2 or 3 days. We tried to go out with everybody in 
the State over a period of 3 years, so you’re going into 50 snow courses a 
year. There was a lot of work involved and a lot of walking involved, so 
you had to stay in pretty good shape. I think there were some pretty big 
drinkers in the group, and they played pretty hard.

Now the atmosphere has entirely changed ‘cause there aren’t any work-
ers, as such. They don’t spend that much time in the field. They may work 
as hard, but it just isn’t that type of a deal anymore. A lot of them have 
Sno-Cat machines to get there; they don’t have to walk anywhere, just a 
half mile or 50 yards. Now it’s highly technical, compared to what it was 
at that time. The stories you got then were about people crashing and 
burning and getting caught in avalanches and all that sort of thing. Now, 
the talk is “My God, we’ve got to get a microchip that’s a little faster!”—
this sort of thing. So it’s more of a technical program.

Helms: So it’s now much more accurate?

Washichek: Well, I don’t think it is, to be frank, ‘cause I think we were 
just about as far as we were going to go. At the last one I did, we had an 
accuracy of 85 percent. I don’t think it’s a lot better now, and it’s probably 
just as expensive.

Helms: You mean 85 percent before you went to SNOTEL?

Washichek: Yeah, when we were making manual measurements and do-
ing our own forecasting, we had 85 percent accuracy. I don’t think it’s 
much better than that now—an average accuracy of about 85 percent. It 
depends on the river. Of course that was the big, big deal with the Weath-
er Bureau. We were always tying to prove that we were more accurate 
than they were and versa visa. If we made a big bust on some stream 
someplace and they didn’t, then they had a big to-do. That was primarily 
the reason that we had technicians in Portland come out, check accuracy, 
and assist us. The technicians in Portland tried to improve the system or 
help to improve the accuracy. We kept those records for ever and ever 
and ever. Every year, the first thing you did was check your accuracy 
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when the season was over to see what was wrong because that was the 
base for all your next year’s work.

Helms: If one was proving to be pretty accurate, you could forget about 
it and work on the ones that had problems?

Washichek: When you get lower runoff, like in the New Mexico area, 
or you get comparatively low flows, then you have a lot worse chance. If 
you get down around 50 or 60 percent, you’re doing well on the real small 
flows at the lower snows. A lot of times, you get only couple feet of snow 
down there.

Helms: You can check this by the USGS [U.S. Geological Survey] sta-
tion?

Washichek: Yeah, as soon as the flow figures came in, they were im-
mediately forwarded to us so we could figure it out. It was an April to 
September forecast period. So by the end of October, they almost always 
had those records ready for you. You could immediately go down and get 
those and see how good the forecasts were. That was the big deal, check-
ing that out.

Helms: You told me about some of the cases that proved right. Were there 
any ones where there was big criticism of the forecasting?

Washichek: Yes, I’m sure of that. I would guess that the biggest errors 
that we made were in New Mexico, and they [New Mexico] were the big-
gest complainer. Phil Mutz was the deputy State Engineer in New Mexico. 
At one time, he was an engineer with the Bureau of Reclamation when 
they built the Platoro Dam and Reservoir on Conjeos Creek in the Rio 
Grand Basin. When the Bureau of Reclamation finished building some-
thing, some of the employees on the project were terminated. When they 
finished the reservoir, Phil transferred to New Mexico, to the State En-
gineer’s Office. He knew a lot about the snow survey program, unfortu-
nately, and knew me from a long ways back. So he really put the pressure 
on us down there to get the accuracy down, and a lot of times, we just 
couldn’t improve. It got to the point, I can’t even think of when it was, 
when we missed a couple or three of those 2 or 3 years in a row.
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They had to supply Texas with a certain amount of water every year ac-
cording to their compact. Colorado, New Mexico, and Texas have a com-
pact on the water flowing out of Colorado into New Mexico and Texas. 
If we missed the forecast, then they had problems. We would say, “You 
should get 100,000 acre-feet.” Then the State Engineer of New Mexico 
would say, “We’re getting 100,000, and your share of this is 30 percent.” 
So they released 30,000 to Texas. Then if they only got 60, that meant that 
they only got half of the water they should have had, and you know who 
got hell for that! They really put us over the rack a few times when we 
missed a forecast like that. Oh boy, they did pressure us! But there wasn’t 
a lot we could do about it. Those times, we would show them the records. 
But Phil used to come up here and meet with us quite regularly and rap 
us around, drag us over the coals a little bit. It was too bad, of course, but 
we couldn’t help it. The Bureau of Reclamation would say, “You’re allot-
ted so much for some project.” Then they only got 20 percent of that. So 
it was highly hazardous to your health from that standpoint. But officially, 
they couldn’t prosecute. If you had a hard skin, you were in a pretty good 
shape ‘cause they couldn’t do anything to you officially. There was just 
your word after all, your best guess.

Helms: They didn’t have much of an alternative, did they?

Washichek: No, but it did make you feel kind of bad.
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4.23	 Jack Washichek Deed of Gift
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4.24	 Morlan Nelson (left) and Glen Brado, 
Forest Service, 1950
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Morlan W. Nelson
Boise, Idaho
May 9, 1989

by
Douglas Helms

National Historian, U.S. Department of Agriculture,
Soil Conservation Service

(now the Natural Resources Conservation Service)

Douglas Helms: To begin, let me ask you about where you were born 
and grew up. Tell me something about your education leading up to the 
point where you got involved in snow survey work.

Morlan Nelson: Well, I 
was born in Munich, North 
Dakota, but we lived on a 
ranch between Finley and 
Cooperstown, North Dakota. 
My grandfather was a home-
steader, and I grew up on that 
ranch. I roped horses, herded 
cows, plowed with the hors-
es, seeded wheat, and shov-
eled manure and hay, and 
had a very physical begin-
ning as far as agriculture was 
concerned. From 5:30 every 
morning till 9:30 every night 
we were doing something, 
and I loved it. I liked the 
horses and everything—even the hawk that I eventually took out on the 
range. I couldn’t believe that I got a hawk that could catch a flying duck. 
Training it was just like training a wild colt. I said that to my dad and that 
concept followed me through my life, as well as the scientific part of it. I 
still have both of my ranches in North Dakota that were my grandfather’s 
homesteads. Partly it’s my problem at the moment [laughs].
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When I grew up, I went to my grandfather and my father, Norwegians, 
who used to say a thing I’ve never ever forgotten, which is true to this day. 
They said there is one thing they can not take away from you, and that 
is your education. When you hear that the first time you think, “Brother, 
nothing truer that has ever been said in this world.” I’m a classic example 
of that because everything that I ever learned in college I’ve used over 
and over—way beyond what I ever dreamt that I would at the time I was 
studying. They were encouraging my brother and me to go to the univer-
sity, as my father had been coached by my grandfather, Steen Nelson, to 
go to college. They had come over from Norway, and they thought that 
was the biggest deal—they were very very proud of their education, and 
rightfully so, because they were damn fine students.

By the time I got to college, I had a zest for learning second to none. I 
had completed a doctor’s degree by time I was 29 years old, except I 
never did go and write the final thing that you had to do. I had taken the 
two languages and all the things we had to do to get a doctor’s degree 
at that time. I took 23 hours of math, sciences, and soils. I took nuclear 
chemistry. Because of soil science, I went all through physical chemis-
try and civil engineering, and then as a side interest I had biology. I was 
always interested in hawks and of course that developed into the whole 
field of ornithology, but that was just a side issue. The “ologies” were the 
ones that I liked. Pedology, agrostology, and geology—all these things I 
loved. When I came out of there, soil science was the place where there 
was a growing need because of the Dust Bowl. So even though I had all 
this chemistry, all this engineering, and all these other things, I just went 
ahead and plowed more into soil science and ended up with that work. I 
loved the physical sciences and the chemical sciences.

Helms: Could you tell me where you went to college?

Nelson: North Dakota State University. When I got out of that, I went to 
work in 1938 for soil surveys. The work was out of Albuquerque, New 
Mexico, as a soil scientist along the Rio Grande and in parts right near the 
Rio Grande, out of Las Cruces. I was a party chief in the mobile survey 
at the time. They shipped you all over. They shipped you way north in 
the summer—way up in Colorado, Utah, Arizona, and New Mexico—and 
then to the Mexican border in the winter on what they called mobile par-
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ties. I was trying to figure out what the major soil types were and what the 
major problems were. I worked on the Indian reservations trying to help 
them in the same way, on a research project. I then went up to Tremon-
ton, Utah, as a soil scientist, doing soil surveys and working with the Utah 
State University on soil problems.

Then the war came along. I went to war for 5 years and enduring a year 
with a fragment and bullet holes, I was down all together. My first assign-
ment was at the Desert Training Center with General George Patton. As 
a part of the assignment, I laid out the Desert Training Center as an engi-
neer. It’s still there at Indigo. My work was on his general staff because 
they had to know about desert soils, water, and survival. They wanted me 
to teach the desert infantry. But I didn’t like that situation and thought 
General Patton was a limited-minded militarist. My problem is with mili-
tarism, and he was a pure militarist.

Then the para-ski troopers, or mountain infantry, was formed, and I had 
all the background in mountains, skiing, and engineering. They wanted 
people, and I had experience climbing cliffs to get eagles and falcons, 
so they shipped me to the ski troops, which was then the 87th Mountain 
Infantry. This was against General Patton’s wishes, but he was ordered to 
send me off.

I had a great deal of experience in high elevations, sleeping in the snow, 
working in the snow, and with avalanches. We were controlling avalanch-
es with explosives in the war. As a scientist, I was already struggling with 
that, and not worrying about water content. I was worrying about sleep-
ing there and keeping warm and digging a hole in the snow to sleep and 
all that. We went against the Japanese in the Aleutian Islands in Kiska. 
Then we came back and formed the 10th Mountain Division and went to 
Italy and fought all the way to Yugoslavia up to the Brenner Pass. I got 
shot and hit with fragments the last time 5 days before the war ended.

After returning, I went to work at Salt Lake City as a soil scientist. At the 
time, I was still in the hospital and still in the Army. My rank was captain 
on rehabilitation leave. I couldn’t walk so good—one part of a nerve was 
shot off, and I had two draining wounds. Once I started to get over it, my 
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recovery went real well. It was possible to start skiing, ski jumping and 
flying falcons.

Besides the soil and engineering and the nuclear business, I also had the 
mathematics that provided forecasting ability. This turned out to be good 
background for a snow survey supervisor. When I got over the wounds, 
they asked me if I would come up and be the snow survey supervisor for 
the Columbia Basin. That was a move from Salt Lake to Boise. I came up 
to Boise and saw the Boise River and seven pairs of falcons in the canyon. 
Boise was on the western edge of the time zone, so I could fly my falcons 
after work. The terrain and mountain work fit me better than Salt Lake 
City.

Helms: So this was about 1946?

Nelson: I came up here in 1948.

Helms: That was because of your background during the war?

Nelson: They were interested in me as a snow survey supervisor. They 
said the guy goes on skis, lives in the snow, and has studied the moun-
tains, and he’s an engineer and a soil scientist. So they offered me the job 
to be the snow survey supervisor for the Columbia Basin in Boise. The 
SCS didn’t start the snow survey, but they were associated with it. George 
Clyde, then the Governor of Utah, was a highly educated man. He was the 
head of the snow survey research. He was the man who hired me to come 
up here to be the snow survey supervisor for the Columbia Basin. Jack 
Frost was in Oregon. We picked up a snow surveyor in Wyoming, then we 
got others in Washington, Montana, and throughout the West. Then they 
moved the snow survey supervisor for the Columbia Basin to Portland. I 
did not want to go to Portland, and so I still served as the supervisor and 
worked with Arch Work, the head of the snow survey and water supply 
forecasters. Arch Work was a great man. Arch Work didn’t look down the 
same key hole with me, but boy, when I saw something, he just said, “I 
don’t know, but let’s give it a try.” He was a tremendous man in his ability 
to assimilate and understand the wide range of variables which are nec-
essary in this kind of work, compared to just soil science or engineering. 
It’s a combination of all of it.
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Then we got our own money, but we were still in research. I got the money 
from everybody including a certain amount from the SCS. But mostly we 
got our budget from the State, mining interests, the Corps of Engineers, 
the Bureau of Reclamation, private industries, Idaho Power, and others.

Helms: So you think you got more money from them than you did from 
the SCS?

Nelson: The USDA funded a big part of the cost. At the time, in research 
it was also the Corps of Engineers, Idaho Power, the Bureau of Reclama-
tion, and others. All of these people came in with money because of their 
broad interest in the water supply business. SCS finally said, “Well, wait a 
minute, we’re going take this into the regular SCS.” Then they begin put-
ting in the money and putting in snow survey supervisors in other States 
over a period of years.

Helms: What kind of network existed?

Nelson: I forget. I don’t know how many snow courses I posted in Idaho, 
but it is in the records. I may have posted 30 or 40. Anyhow, they had 
just a few snow courses. They had one of the first ones that were pretty 
far out, such as the Moores Creek Summit. But they didn’t have Atlanta 
Summit or some of the others until after that. Then I went out and put 
in the ones that were further out—up on the other rivers—and even in 
Wyoming. Other snow survey supervisors started putting them in after 
we became a part of the SCS.

What I just had to smile at was that when working, I always took my 
sleeping bag. Even though we went partway in the snow machine, if you 
get 40 miles out and you can’t ski out at night, you’re going to sleep in the 
snow. It was easy to do, like we did in the war. They had a cabin on South 
Mountain where you could sleep like a gentleman. They had cabins up 
here in the high mountains, in many places, as survival cabins.

Helms: Who was this? The Forest Service?

Nelson: The Forest Service, the SCS, and the Fish and Wildlife Service’s 
predator control people had them. But if you got in a storm, you could 
never get to the cabins anyhow. To start with, I said, “This is silly as hell.” 



• •

• •
History of Snow Survey and Water Supply Forecasting

188

All you had to do was get some G.I. sleeping bags, show the men how to 
drill a snow cave and a lean-to, and teach them survival. Then, forget all 
about these cabins. Of course, the snow machines were getting better. 
The first training school we had was over here in Sun Valley. We went out 
and slept in the snow.

Helms: When was this?

Nelson: Oh, it was maybe 1950. I was the guy who was all into survival—
digging the snow cave and sleeping in the lean-to, rather than going to a 
survival cabin, which was a lot of times 10 to 20 miles up the mountain. 
So we had a training school which trained men in snow survival. That 
was a great success. All the young people said, “Well God, I’d rather carry 
a sleeping bag!” If you know how to sleep and put your blanket down, 
either build a snow cave or build a lean-to. In the war, we did that all the 
time and that was the only way to go, it was the only way you could live. 
Those techniques turned out to be great for snow survey people wher-
ever they were. Canada was interested in that, so they came down as part 
of Columbia Basin and participated with us.

Helms: So you’re saying that before, the snow courses were limited to 
areas where they were putting cabins. If you don’t depend on the cabins, 
then you can expand the number of courses?

Nelson: That’s exactly the way I looked at it. I said you can’t be limited 
by the cabins. It was obvious, the places where I wanted to go weren’t 
up there at 12,000 to 14,000 feet all the time. Nor were they down here at 
6,000 feet, but somewhere between 6 and 10, 11, and 12,000 feet is where 
you wanted to be for the top course, which is the most important for the 
late streamflow. Furthermore, the snow machines got better. So we could 
go further on the snow machines and then only walk a few miles. I set the 
snow course up there at Trail Creek Summit up above Sun Valley. There 
was a man killed on it by an avalanche, and they had to quit that one. He 
was skiing and didn’t know anything about avalanches. But we used to go 
up there. I knew that avalanches were there.

For some of these snow courses that I was putting in, you had to go by 
some bad avalanches. Atlanta Summit is another one, where you come 
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up through the middle fork there are three avalanches that are very dan-
gerous. We just quit that and went to helicopters and to other things for 
coming in.

Helms: Would you say there’s a way to predict an avalanche?

Nelson: Always. On the mountains, there are avalanche paths. You can 
tell them by the way they clear everything, the angle of the snow, and the 
direction of the wind. Monte Atwater, who was another ski troop officer, 
and I started out with avalanche research for the snow surveyors. As we 
did in the war, we skied with the rope on top of the mountain. One guy 
put an ice axe in up there, and then the other guy skied over the cornice. 
One guy put an ice axe in up there, and then the other guy, secured by a 
safety rope, skied onto the cornice. The intent was to break off the cor-
nice and trigger an avalanche below. I did this all the time. Monte wasn’t a 
good skier, but he was a good scientist. I would ski that, and then I would 
trip the avalanche and go down. All of this was done over in Utah. We 
damn near took out the lodge at Alta one time with an avalanche that we 
had set for research.

Helms: Who was Monte Atwater?

Nelson: Monte Atwater was the man who started avalanche research for 
the Forest Service at Alta, Utah. He was a ski troop officer with me in 
the 10th Mountain Division. He was also a captain, we were both in the 
Mountain Training Group. We had these interests and knowledge of each 
other as ski troopers. Those that lived through it to this day meet once a 
year or more often. It’s a very close-knit group of men.

The avalanche control program was more appropriate to the ski resorts 
than to the snow surveyors, in some cases. In other words, there were 
more problems with skiers than there were with guys making snow sur-
veys. A lot of times if there was an avalanche problem or too great a 
distance to travel, we’d change over to our ‘copter. Which we still do, no 
doubt.

But the knowledge of this fits in with other things. The insulating 
quality of the snow is one of the amazing things. We started digging 
down through the snowpack. This was why I wanted to put the first 
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soil moisture unit in the soil for snow surveyors. When you did avalanche 
research through the snowpack, if the snow is deeper than 3 feet, the soil 
is not frozen. This year [1989] is a classic example of that. It can rain and 
the rain goes right through the snowpack and into the soil. All at once, 
the soil won’t take as much rain as we thought it would this year from the 
snowpack because it had been raining like hell, and a lot of it got through 
the snow. I’m talking about the days when we had big snows and we had 
floods right here in town.

A part of our work was research. I went over to the Arco, Idaho, area 
where there was a tremendous snowpack, down 3 and 4 feet. Everybody 
was saying that we were going to have a big flood down low. I said, “I 
don’t think so, as long as you got 4 feet of snow.” I went over there and 
dug down through the 4 feet and found the soil unfrozen. I knew then that 
it would absorb a lot of water. If they had a warm spell in March, then 
they’d have flooded that place like you couldn’t believe—with the soil 
frozen. But with 4 feet of snow and 2 weeks of time when the snowmelt 
started, the soil took its piece out of it, and it didn’t flood. This was one of 
the things that we found out.

Helms: How did you manage to work that into forecasting?

Nelson: The Weather Bureau was supposed to be making the flood fore-
casts; they were talking flood, and I was not. I was always fighting with 
the newspaper here. Because I never agreed with what the Weather Bu-
reau was doing—measuring the water down in Boise and telling us what 
was going on 10,000 feet up in the mountains. That just wasn’t working. 
We fought over that at the Columbia Basin forecast meeting in 1949. Re-
member, in 1948 they flooded Portland. Come 1949, they had more snow 
than they had in 1948 at one time. But they had completely dry soil under-
neath it. The Columbia Basin forecast man, Arch Work, and I were there, 
and some of my own men were there. They were saying, “We’re going 
to flood.” I said, “Guys, it’s way, way down! The lower elevation snow is 
all gone, the higher elevation snow is an altogether different thing. We 
haven’t got a flood potential in 1949, even though we got a tremendous 
amount of snow.” So sure enough it didn’t flood in 1949, it did just exactly 
what we said it was going to do.
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In 1948, when I was starting it, and Arch agrees with this, I came up with 
the point that we have got to have a soil moisture factor. It was written 
up in the Proceedings of the Western Snow Conference. They published 
a paper on snow moisture’s effect on forecasts. I was measuring with 
electrodes the water holding capacity of the soil. I was saying that it was 
going to take 10, 12 inches of water from the snowpack to saturate the 
soil underneath it. But there was no way then we could get enough soil 
moisture electrodes in the soil to do this. Then I went for the thing which 
is still one of the best ways of getting it, and that’s the baseflow of the 
river. The baseflow of the river in the fall and in the spring is a function 
of the soil moisture beneath the snowpack. So Dr. Hal Wilm, Arch Work, 
and myself published the first paper on this subject. This was the way 
they apportioned the water on the Columbia River between the United 
States and Canada. It was damn good forecasting—.96 was the accuracy. 
We used the baseflow data and the snow data.

I talked to Arch, and he sent me this letter just this year which said, “I’m 
proud of the best thing we ever did, which was when we got together 
and wrote that paper on the forecasting at Columbia which resulted in 
the international cooperation.” That created a real good feeling between 
Canada and the United States. Both organizations were happy with that, 
and they have improved on it, no doubt, with all the knowledge that they 
have now.

The other thing that happened was that we always were arguing with the 
Weather Bureau about floods because of 1948. Then I designed this flood 
forecasting thing. Instead of April through September, I went down to 
April through June and then subtracted the flow in March and April and 
forecast the correction with precips based on April through June. I could 
forecast the floods better than the Weather Bureau because I was taking 
the volume of water for a shorter period of time and correcting it for what 
had actually flowed down the river and relating it to the snowpack. Then I 
got the experience on which way it was going to go. They couldn’t do that 
because they were just measuring the rain.

Helms: Did you always make the forecasts whether the ground was fro-
zen or not?
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Nelson: The ground was never frozen underneath the snowpack. That 
just occurred on the lower edges, that’s a different problem. In the high 
mountains when you get 10 feet of snow, you get the vertical hexagonal 
forms that create avalanches. You get the interface of the moisture and 
the heat of the earth coming up. This will create cornices right within 
the snowpack. This is why we were always digging all the way through. 
If there was 10 feet of snow, we took the stratigraphy of the snow all the 
way to the ground. On a dangerous avalanche, it was a function of the 
relationship between the soil, the snowpack on top of it, and the angle 
of the soil. So if we had all these factors, then we could forecast an ava-
lanche.

The other kind of avalanches are where you’ve got 10 feet of snow and 
the snow comes over and forms a cornice, a slab. That’s different. One 
kind of avalanche is where the sun hits the snow and creates a hard sur-
face. Then comes powdered snow on top of that. A little wind blows, and 
you get a cornice up here. When a little piece of this cornice takes off, 
then the whole damn thing goes. But it doesn’t go to the ground, it only 
goes to the surface of the snow. But when you’re doing this other thing, 
you can tell the time it is going to go when the whole thing goes all the 
way to the ground.

Helms: You were discussing soil moisture and improving your relation-
ship with Canada.

Nelson: Hal Wilm was a beginning computer man you know. He said, 
“Well, Nelson, you got all these things. Do you want to put them in mul-
tiple regression equations?” I said, “Can you do it longhand?” That’s the 
way we were going. You can imagine the mathematics that I’m talking 
about over a 40-year or a 20-year period. Plus subtracting the actual flow 
and relating this all out. But once you did it from the future on, you had 
a real forecast—a billion dollars of wheat weighed on what I said at one 
time. A billion-dollar shipment of wheat because I was forecasting that 
the ports were going under in Portland, where they load their wheat. The 
Weather Bureau said no.

Helms: What year was this?
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Nelson: I don’t know. It happened every year I thought. What happened 
was, they were going take the carloads of wheat down, but then they had 
to get them in the boats at the loading docks in Portland Harbor. If the 
water was too high, they would be flooded out. Well, this is why all this 
was so important. Then you had the reservoirs that could hold only so 
much water—a hell of a multiple regression equation was required. Any-
way, I got all this put together. First we did just one, where we put all this 
together. I was the junior officer on it. Then I was the senior officer on all 
these other ones that we put together. Hal Wilm was the man who trained 
us in computer statistics and multiple regression equations and all that. 
You’re talking about way back in 1950 or 1951. That ended up in the SCS. 
Arch Work became the head of the Columbia Basin Committee as a result 
of the strength of the snow survey program.

We were better than the Weather Bureau—whether you were talking 
about flood forecasting or total water supply forecasting. We fought for 
years over that, and to this day, I say we should never have backed off. 
But in the long run we had to. The Weather Bureau had such a powerful 
thing on us there. The SCS was in a tough position with the Department 
of Agriculture.

Helms: You thought that you should have had the authority to predict 
floods, is that what happened?

Nelson: You bet your life. We can do a better job to this day than the 
Weather Bureau can, insofar as snow is concerned, and with snow and 
soil and the water, if you wanted to go that way. In the SCS, there are soil 
scientists and soil conservationists talking about some high-powered hy-
drological problems that had no bearing on what the Service was set up 
to do—the Dust Bowl and all the rest of it. So we were a little out of our 
field, but not really. I think in the SCS was where they belonged.

The other point was, it just wasn’t right to have the Bureau of Reclama-
tion forecasting the flow of their own reservoirs, or the Corps of Engi-
neers. This was the political argument that went up to the very highest 
echelons. But all that worked out. I used to go to Portland once a week 
for years when all of this was going on because we were just setting up 



• •

• •
History of Snow Survey and Water Supply Forecasting

194

the snow survey program in the total picture. Industry, power, agricul-
ture, business, and the whole West was geared to it.

Just like last year when I got Roger Cares out here because of the drought. 
I just called up Roger Cares and said, “Roger, this is going to be low wa-
ter.” It was the same thing. You see, the snowpack is a real powerful thing, 
and we have yet to learn a lot over and above where we are. Humanity is 
going to have to go back and research some of the things that have been 
done so well in order to keep up with what humanity is demanding.

But one other thing that happened that was funny, just to put something 
funny in all of this high‑powered business. One of the things that I did 
started with Walt Disney at about this time.

Helms: About what time was that?

Nelson: In 1952, with The Living Desert. Everybody was shooting my 
eagles and my hawks when I tried to fly them. They asked me if I could 
train a hawk to catch rattlesnakes. I said it happened every day, no prob-
lem. That was in The Living Desert. That changed the whole world. They 
said that the film was run behind the Iron Curtain without Federal tax, 
because they wanted the people to see it. Walt Disney made $9 million a 
month on that alone. I was in on the deal when this was going on. But that 
wasn’t what got me. The whole world said, “You have got to quit shooting 
those chicken hawks because they kill rattlesnakes!” Well, I never dreamt 
that there was a conservation message. In this film, when you see the red-
tail come down and grab that snake and kill the son of a gun 6 feet from 
the camera, it was my hawk. The whole world changed—chicken hawks 
are good, they kill rattlesnakes. The guy that was just shooting hawks for 
the hell of it got a reason not to shoot them. So many millions of people 
saw it because it went around the world, even the British Falconers Club. 
I got letters back saying, “This is great!” All kinds of good things were 
happening.

This is why we started to do the avalanche film. Walt Disney started with 
the film “Avalanche Control” at the same time that Atwater and I were 
doing ours. We shot it for Walt Disney. But then this guy who was an 
engineer, not an old snow trooper, was assigned from Disney to help us. 
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He went over to Colorado and set off an avalanche and killed himself 
and two other people. That stopped the film. They eventually did the film 
“Avalanche Dog.” I tried to make a film with Walt Disney on snow sur-
veys on the lines we’re talking about here. It should still be done, we still 
haven’t done this right. They were interested in doing it, but somewhere 
along the line in Washington, D.C., somebody said, “We have to approve 
this script.” Walt Disney said, “Nobody approves the scripts except me!” 
Then that was over. I still feel bad about that. I’m not criticizing any in-
dividual, I’m criticizing the philosophy of the time, that the Government 
shouldn’t be doing films that enhances its own business, which is still a 
questionable function in the United States Government—partly right and 
partly wrong. I’m just telling you what happened now.

Arch had done a beautiful thing in the National Geographic magazine 
with the snow machine going down the top of the Cascades. Arch did a 
film with National Geographic. He took a snow machine and went down 
the crest of the Cascades. Snow surveys were a part of it, but we didn’t 
do a film.

Helms: What do you think about the research efforts in snow survey?

Nelson: The thing that is wrong, in my opinion, right now with the snow 
survey program is that elements of the most basic research have yet to 
be done. I’m talking about the things that I’ve already mentioned. They’ve 
been touched by the Forest Service, they’ve been touched by the SCS, 
and they’ve been touched by the high‑powered scientists. But they have 
never gotten down to the practical relationships that we’re all dealing 
with. The interface of the soil and the snow needs to be studied. These 
are the kinds of things that we’re going to do in the future in the SCS to 
compete or to stay ahead of the demand for water.

The other thing that has never been studied that needs to be studied is 
the angle of the Earth’s orbit around the sun. The north and the south 
slopes are entirely different. What you could do is determine the percent-
age of the north slopes and the percentage of the south slopes, the east 
slopes, and the west slopes. Then you’ll have a corrective factor that goes 
way beyond what anybody ever dreamt of. The snow melts twice as fast 
on the south slopes as it does on the north slopes. It also has a differ-



• •

• •
History of Snow Survey and Water Supply Forecasting

196

ent stratigraphy when you dig through it. It has different avalanches. The 
south slopes don’t have any avalanche problems except at certain times. 
The north slopes are an entirely different proposition. So the water that 
comes out of the snow is directly related to the angle of the earth’s orbit 
around the sun.

Helms: When you were with operations side of the snow survey, did the 
ARS [Argricultural Research Service] do very much in snow research?

Nelson: Everybody stayed with the SCS when we left the research. There 
were a few guys like Wayne Criddle that went into the water supply and 
irrigation aspect of engineering. Wayne Criddle dropped from this of-
fice here and the other guy retired, I can’t remember his name. He was 
here before I was, a good man and a practical research man. But he, Jack 
Frost, and myself worked. That’s about all it was at the time; there was 
one or two more.

I could see that there was a life’s work in doing the operations work. We 
already knew more to correct our forecasts in my time than we could get 
done in the next 20 or 30 years, counting some of these things I’m now 
talking about. More work is going to have to be done and can be done 
with this beautiful photography and the outer space business. You can 
calculate the north slopes and any correction in there that would kick up 
another 2 or 3 percent in the accuracy of your predition of the flow of riv-
ers. The south slopes have a different effect on the rainfall because of the 
temperature, the humidity, the vegetation, and the dryness of the period.

Helms: So tell me what happened to you—some of the things you did? 
The snow courses became higher and higher in elevation, and you ex-
panded the number of them?

Nelson: A lot of them were in the middle, you see. I said we got to have 
more snow courses at low elevations and more at high elevations. We 
wanted a greater altitudinal differentiation in the locations of the snow 
courses. We all put them, rightly or wrongly, in the protected wind sites. 
Which was fine for what we did; that was the only way we could do it. But 
it does not give you the answer on the south slopes; it’s entirely different. 
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4.25	 Soil Moisture Station at Hoop Creek, Colorado, 1961
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In addition, I wanted soil moisture stations at the major snow courses to 
see what was going on with soil moisture beneath the snowpack.

Helms: Did you do that?

Nelson: We had the cost again here. We’d have to have a soil scientist to 
find the stratigraphy of the soil and the maximum water holding capac-
ity of the soil. We have got to have every electrode geared to that study, 
which we’re going to have to do someday. But we could do it in soil easier 
than in the snowpacks. Your snow pillow is good, but you’re going to end 
up with an ionic measurement of the water in the soil beneath the snow 
courses. It will be at more stations than the snow courses. You want to 
know the amount of alluvium and the amount of fine textures such as 
clay. When you get to that point, then you’ve got something that is refined 
to a point that we don’t really need quite yet. But, we need to go out just 
like we’ve done the snow surveys.

My part of it was, I wanted to know more about the soil beneath the 
snowpack all winter. That proved to be most interesting to say the least—
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way beyond what anybody dreamt it would be. I don’t think they carry 
on with it, I don’t even know whether we measure with the electrodes 
at those soil moisture stations now. The electrodes would measure the 
temperature of the soil and its water‑holding capacity.

Helms: Did the other States do this or did you do it on your own?

Nelson: Well, I mostly started this. It was kind of a research proposition 
on my part. A lot of the other States put them in, some of them didn’t. 
Some of them said they would get the precipitation up there. But that’s 
a mistake, too, because the wind velocity varies the ‘precip’ capacity to 
capture water. The transpiration of the trees, the kind of soil—they don’t 
give you the answers that I was looking for. The answer I was looking for 
was what eventually gets down into the soil, which is different than what 
comes in the rainfall. If it comes at a tenth of an inch or a quarter of an 
inch over a half a day, it doesn’t do anything to the soil. You can get a cer-
tain amount of rainfall and not change the soil moisture capacity one bit. 
This was the reason I wanted it, technically. When you’re talking about 
a snowpack that melts with 20 inches of water in it, you could lose 10 to 

4.26	 Soil moisture measuring equipment manufactured by the Beckman In-
struments Company. Note the map of the snow course on the inside of 
the case lid.
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the soil. You’d better know that. Now, in some cases, the soil moisture 
capacity is not much, just rock.

Helms: How did the breaking-up of the regional offices and going to a 
State basis effect your work?

Nelson: Well, it was a mistake. That’s the reason I left the SCS. That made 
my job tough here because I’d been forecasting the Columbia River and 
doing a good job of it. They published our record of who was most ac-
curate every year. We were standing way out in front, the SCS was. Fur-
thermore, I went to the soil conservation district meetings and took the 
soil conservation district supervisors up to the mountains with me. When 
I forecast, they really farmed according to what we said at that meeting. 
I’m talking about the Snake River, Salmon Falls Creek, the Payette Riv-
er, and the Boise River—especially where they had that problem like in 
Salmon Falls Creek and up in the Teton. I sat there in 1961, at the meeting 
of the soil conservation district supervisors and the water conservation 
people, and told them that they were going to get one-quarter of the water 
they had in every of one the last 20 years.

They saved their farms by not putting all that land in and trying to farm 
it. The Snake River got nothing but sewage and they had to pump new 
drinking wells for Twin Falls and Idaho Falls. They couldn’t use the water 
for the cattle or for anything else. They had to drill new wells because the 
Snake River was so low in 1961, as I had forecast. The University of Cali-
fornia came and asked me to lecture. Which I did for 7 years, at the Uni-
versity of California at Berkeley on “Man and His Total Environment.”

Helms: Were there many people at Berkeley involved in this?

Nelson: There were two professors. One was a guy who invented using 
human sewage for making cattle food. There were three others who were 
with me, who lectured on it. We went all over the Nation, even to Alaska 
and the Hawaiian Islands, talking about this stuff. I did it on sabbatical 
leave from the SCS. They wanted to give me a doctor’s degree, but I’d 
have had to move to Berkeley for 3 months, and I couldn’t stand that. I 
said, “No, I’m not moving.” They wanted me to get a residency. I got all 
this stuff published. My doctor’s degree was done, as far as they were 
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concerned. It was just a matter of residency someplace and putting it all 
out.

Helms: You were giving me some good examples of forecasts and how 
they were used. Do you have any other points which come to mind?

Nelson: Well, this comes up. The farmers didn’t want you to empty res-
ervoirs on the basis of what might flood. They wanted them to be full on 
April 1. For all the water supply forecast meetings of the Bureau of Rec-
lamation and the water supply meetings, I went there with the regional 
director of the Bureau of Reclamation. We’d go together. I just had dinner 
at his place the other night, we became very good friends. Then the alu-
minum companies got in here, the wheat shipping companies got in here, 
and the people who were selling their crops got in here. The soil conser-
vation district and the range management people started paying atten-
tion because the snowpacks that I measured on lower elevations and the 
precipitation had a bearing on the carrying capacity of the rain. We got 
into every field of the thing, as far as a plan for the year was concerned. In 
1961, I just said, “It’s a disaster!” and it was. They saved so much by know-
ing that. That became a major enterprise—which it is to this day in the 
“Man and His Total Environment” work at the University of California. It’s 
talking about humanity getting along. Well, they had no forecast of that, 
but we could have forecasted that.

Now there’s another little item. They wanted to set up snow surveys in 
the East, which the SCS should have done. But nobody with any intelli-
gence or consideration in scientific background was interested enough to 
go back and do it. Homer Stockwell went back there, but he just wasn’t 
geared for this thing. He didn’t believe much in it. He didn’t look at it 
the same way I did, in terms of these elements and what they do. For in-
stance, the flood in North Dakota on my own land this year—it was obvi-
ous to me that it was going flood. The soil was frozen, no snow on top of 
it. There wasn’t enough snow, it was a drought, but rivers flooded. That’s 
what the SCS should have been doing in the East and should be doing 
to this day. Then later, they wanted me to go back to Washington, D.C. I 
liked the wind in the mountains, the vegetation, the soil, and there was no 
way that I was going to leave Boise, Idaho. They didn’t like me for being 
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that way, I know. We didn’t have anybody in the SCS who was willing to 
go back and take the lead in this work.

The lead is the newspapers, television, and scientists, and then the soil 
conservation districts. That’s the problem, you can’t start out with the 
soil conservation districts, you’ve got to come the other way. Now, I al-
ready had more than I could do and more than I was interested in doing. 
Arch Work encouraged me to make the news releases on the water sup-
ply forecast for the State. I had forecast the flood on the Columbia River 
2, 3 months before that.

Helms: What year was that?

Nelson: It was 1949, but it’s all a matter of record. It was on the front 
page. If you look in the Boise paper, you’ll see my forecasts on the front 
page for 30 years.

Helms: This was around the first of the month?

Nelson: It would be about the ninth of the month. There was a guy, down 
here on February 1, saying that the Kotenai River was going to flood. The 
State put the National Guard up there and stopped up the dikes and ev-
erything. But they had months to do it; when the flood finally came, they 
stopped it.

Helms: How nervous were they about this? Did they evacuate the town?

Nelson: That’s right. They were out on the dikes. When the dikes broke, 
they fixed them because they were ready for it. This happened several 
places, several ways, but I remember that one.

I was the guy who convinced them to change the forecast from April 
through June to April through May. I subtracted from April through June 
to get the remaining. That’s what really did it. You kept correcting the 
April through June, and then you corrected for what had happened—you 
get more accurate. That’s exactly how I was going to go, whether it was 
the Columbia or the Boise River or some little creek—a beautiful tech-
nique to this day.
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Helms: Tell me a little bit about the routine of work on these snow cours-
es. What about rehabilitation in the summer and dealing with all the snow 
surveyors out there—the operational things?

Nelson: Well, it was an interesting job. It fit my interests and my back-
ground beautifully. Because in the summertime, we went back and put 
our posts in concrete to make our markers. We checked that the wind 
stopped blowing and that there wasn’t something gone. I would take my 
sons. I’d go for 2 weeks. We go to go up on top of all these mountains 
and sleep out. We’d do maintenance work. We’d survey and be certain 
everything was right and talk to the people who went—the Forest Service 
people, or the soil conservation district people, or the water supply peo-
ple. I would make arrangements and agreements for money. This went 
on in parts of Washington, Montana, Wyoming, Utah, Nevada, Idaho, and 
Oregon. Arch Work went to snow supervisors and other organizations 
interested and made arrangements for them to come to a training school. 
There were always new men at my school. They said, “Here’s a man in 
Forest Service that would like to participate. He’d like to go sleep in the 

4.27	 Ski training in Idaho
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snow and learn all that stuff you’re talking about to be a snow surveyor 
for a few days every year.” That was the way we operated. We had to go 
and clean up if there was some stuff growing or if there’d been a slide.

The idea in locating snow courses that most of us used was essentially the 
same. We would get out of the wind to the leeward side of the mountain. 
Now, this was in part a mistake, as I was just telling you before. But for 
the most accurate, total, simple, and cheap way to get the best forecast, 
this method was proven to be true. I could look at some snow courses 
and tell you they ain’t going to forecast. I could see others where I said, 
“I bet you $1,000 they would forecast!” —and they do—by their location 
in the mountains with respect to prevailing winds, the terrain, the trees, 
and the soil underneath. This is still true. But the funny part about it is 
that every one of them has got a use, we just don’t exactly know which 
area they represent. We were doing the ones that would give it the best 
forecast, not for the least amount of work because a lot of the time, it was 
more work to go to those places.

Helms: You, just one individual, would go for the summer for the reha-
bilitation work?

Nelson: Sure, just the snow survey supervisor or, a lot of times, his as-
sistant. The supervisor got an assistant who was a student trainee. Keith 
Higginson, one of my student assistants, has been the head of the Bureau 
of Reclamation; now he’s the head of Water Resources for Idaho. That’s 
how far back this goes. He’s a heck of a good man [laughter]. We took 
students, for money, who liked adventure and would go with me. A lot of 
times I’d take a student from BSU [Boise State University] who grew up 
in my area, that I knew could sleep in the snow and could ski out if he had 
to. My sons were all good skiers, and they did it, too. I never did pay them, 
but they came along with me, especially in the summertime.

It fit into the other things that were important because I had to go in the 
summer and winter through these mountains. I located all the peregrines, 
all the prairie falcons, and all the golden eagles that lived in the area. This 
is now a tremendous record and is a part of the Peregrine Recovery Team 
work. I was on the Peregrine Recovery Team for the Department of Inte-
rior, working for the BLM [Bureau of Land Management].
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Helms: Did you have any trouble getting enough people to do the snow 
surveys for you during the winter?

Nelson: Not at all. Because of the publicity and the things that we put in 
there, I had soil conservation district supervisors standing in line to go 
along with me. I’d never pay any of those people anything. A lot of these 
people were interested, like Jerry and I were, in the mountains and in the 
snow and in what we were doing. A lot of them were former ranch people 
who just said, “Yeah, I’ll show you,” and knew a lot about this.

Helms: Did you have to have training meetings for them or were there 
written instructions?

Nelson: No, we had training. I wouldn’t take them unless they could 
sleep in the snow. Because every time you get up there, you’re going to 
get caught or the damn thing will break down. My famous story is still 
one that I’m writing a book on, of my life, called The Cool North Wind. I 
just was thinking about this not too long ago. It was up there on the way 
to a snow survey beyond Morris Creek Summit. I got about 30, 40 miles 
out there with somebody, I can’t even remember who this was or what 
year it was.

You know we had the Weasel in the war. It was too heavy in pounds per 
square inch, so it was not useful for some snow surveys in high elevation, 
powdered snow. It was hard to keep going, and it had all kinds of prob-
lems. We ended up with a better one. The Tucker Sno-Cat was a good one, 
of course. But it was different from what I thought it should be for pow-
dered snow, and it should have been a lot cheaper. The all metal tracks 
were going around, and it was hard to keep greased and going. This other 
system that we use now is better. But we broke the axle and the two 
trainees that were with me were saying, “Oh, my God, we’re 30 miles 
from home!” and I said, “Yeah, guys, there’s no problem at all, nobody’s 
shooting at you!” and they said, “What the hell is the matter with him 
[laughs]?”

There are people to this day who will go snow surveying with you on the 
basis of interest. I suppose that’s the way snow survey supervisors are—
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on the basis of interest, in the first place. They’re not afraid to go there, 
they realize how good it is, and they want to participate.

Helms: There have not been any fatalities in the whole program all 
through the years, I would think.

Nelson: That’s to our credit, there could have been plenty. One time Jack 
Wilson crashed down here, and I found him in a plane. He went down in 
the light plane and crashed.

Helms: He was what? Your assistant?

Nelson: He was my assistant snow survey supervisor. He was way down 
in Owyhee County. I put those snow courses way out there on the Owyhee 
River. They were so damn hard to get to that we had stakes, and we mea-
sured the depth of the snow from the air and then used correlating snow 
courses to figure out what the water content was, based on the depth. 
Which was pretty good. I think it’s to our credit because everybody drove 
miles and miles and miles in the winter in the worst possible conditions. 
If people out there had that on the highways, there’d be 40 million a year 
die. But we never have had a man killed on the job or die of exposure in 
the history of snow surveying. Let me tell you, there have been plenty of 
times I’ve been along when somebody could have died.

We had everybody take a physical examine before they could go up there, 
on the basis that they might just have a problem. You know you can do 
that walking down the street ‘cause you eat too much—a lot more than 
climbing the mountains, actually.

Wait a minute now, one. One guy died of a heart attack in the ski lift up 
here. One of our own men—he was training, too. I had those guys take 
their physicals because it was just like the war.

Helms: You had to take a physical?

Nelson: You had to take a physical to be a snow survey surveyor, and this 
guy had taken one. He went up there and was standing in line at Bogus 
Basin when we were teaching basic skiing. He keeled over with a heart 
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attack. Arch Work was there, and I was there, too. That was the only one, 
and that was not related to our work.

I went to Atlanta Summit once, and this avalanche slope that I knew about 
killed seven deer and a coyote in front of me. I took Atwater with me. I 
said, “Well, Monte, you ought to come with me, I go over all these places, 
you ought to come up and see it.” We got there, and he said, “Jesus Christ, 
Nelson, this is terrible!” I said, “I know that!” We saw the damn avalanche; 
it killed seven deer and a coyote. Then, of course, we went across it safe-
ly. It was right here on the way to Atlanta Summit. We quit that, never did 
it again from the Atlanta side, always with a helicopter. You still go with 
a helicopter, don’t you? This was the reason. I went to all these places 
alone. It’s better to go in a chopper than to risk somebody being killed 
going there. The Forest Service, they got a man killed in there. I believe I 
did read about that a long time ago. That was when we were just starting 
all this work, too. You’re talking about 30 years anyhow. So now our men, 
they’re not avalanche experts, but they’re aware of the problem.

Helms: Did you get into the use of planes and helicopters before you 
retired?

Nelson: Oh sure, I flew to all of the places with both airplanes and heli-
copters. I flew with Laurence Johnson. He killed himself, but not snow 
surveying. He’d go in, he used to land at 9,100 feet on that snow course 
I put up. I don’t even know if you’d do that one anymore. That’s the one 
right over there, Trail Creek Summit.

Helms: Yes. But you still had fixed-wing planes?

Nelson: You had to use them. The mountain comes down like this, and 
then there’s this flat. This is the spine of the Sawtooth Mountains over 
here. I went up there and thought that it was a neat place for a snow 
course. I went up and put that one in there, and then I went in on the 
ground. That’s dangerous, you know. So he said, “Well, I can land.” Way 
back, when we first started, I did not fly with him to that snow course. I 
said, “Laurence Johnson, two of us couldn’t go there.” “That’s right!” he 
said, “I wouldn’t take two in there at 9,100 feet,” and he’s talking about 
a Super Cub. He’d land into the face of the mountain on the slope. Then 
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4.28	 Laurence Johnson preparing for snow survey flight, 1961
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he’d stop there, turn around, and run off. He had 5,000 feet to dive off. It 
was no problem once he got over the lift. But landing was a son of a bitch 
[laughter]. I was up there and watched him. Of course, he was a master. 
He had a big engine—he had a Super Cub, but it was a double Super Cub. 
That son of a buck would go right like that, and boy, when he gave it the 
gun, he could get off in 60 feet. I took a movie of that once. He just put 
the brake on and sat there, he gave her full throttle, pulled her down, and 
then went up in the air [laughter]. He was a character, a little guy. But he 
got killed—not doing that though. He got killed flying some old airplane. 
The motor quit, and he went down.

Helms: When did you start using airplanes?

Nelson: Well, let me think a minute. Monte Atwater and I started it in 
the early 1950s. It probably was started by Laurence Johnson. No, it was 
started in Wyoming. That was the first place we started airplanes, in Wyo-
ming, in the Jackson Hole snow surveys. Flying the airplanes was a fairly 
reasonable deal. It was a lot better—turn around on skis and get off. So it 
was started in the 1950s.
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They had some of those snow courses so high, like Vienna Mine and Gale-

na Summit. We had a snow course at Galena where a lady lived. I wanted 

one on the Galena Summit. We went up on top, that’s 8,600 feet. Vienna 

Mine was just on the other side from there.

Helms: Once you do that, it sort of creates the pressure to the use air-

craft, doesn’t it?

Nelson: A lot of times. The Vienna Mine was one I set it up knowing 

you could use aircraft because I didn’t like it on the ground. First you’ve 

got to go over Galena Summit, which has an avalanche problem. I asked 

Laurence, and he said he could measure it from the air. So I set some of 

those snow courses up. I set that up on the Divide the same way, even 

though I was going in on the ground. I set that up originally, by a few 

trees, thinking we could use Laurence, but that avalanche was so bad. 

That avalanche came down between my assistant and me when I went up 

there. I said, “Well, if you go across here, there’s only 40 feet, so you let 

me go first. I’m going to go up and get a hell of a speed off the top of the 

mountain. I’m going across that thing wide open.” He wasn’t that good of 

a skier. I said, “All right, if I get across and she don’t go, then you can go.” 

He was a big fat guy, I can’t remember his name. He would go with me, 

but he was always a mile or two behind. Pat-pat-pat, he’d finally get there. 

I’d have the snow course measured usually before he ever got there. But 

if something went wrong, he could go back and get help. I skied across, 

went down and across that. But before he got there, the avalanche hit 

[laughs]. That was when we quit. Laurence Johnson surveyed that.

Oh God, what a wild situation! That was when I decided that’s the end 

of that. That was cutting it too damn close, like the war. ‘Cause if you 

couldn’t ski that fast, you’d get caught. I didn’t get caught ‘cause I had a 

high velocity. I went up and came down that side. Anyhow, that was the 

end of that. Laurence Johnson did that one ever since. You’re still doing it 

by air, no doubt. That’s the only safe way to go. So then the choppers [he-

licopters] came. We went on the first chopper, and that was really good.

Helms: That was about what time?
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Nelson: Let’s see, I don’t know, that came a little later. I started it, and 
then Jack Wilson flew the chopper after I left. But I started that. We’re 
talking about the 1960s.

Helms: Did you use those just to measure from the air?

Nelson: Oh, no; we landed and measured the water content.

Helms: You didn’t use aerial depth markers?

Nelson: The problem with that was that it wasn’t accurate enough with 
the pressure on us and the value of the forecasts. When you started talk-
ing about millions of bushels of wheat hanging on that, plus Kaiser Alu-
minum deciding whether to open plants or close them—everything was 
depending on that, you know. It was pretty obvious to us that we had to 
get snow measurements done right.

Helms: So the depth of the snow without the water content was not good 
enough?

Nelson: It was not, especially when we had better techniques. There was 
no mountain or no snow course that we couldn’t get to safely, with the 
knowledge we had. So there just wasn’t any reason to fly to a place like 
that and not have the basic data with it. We started some of them with 
flying-by and then established it, which is a good technique, probably.

The other thing that I think was important was the Western Snow Confer-
ences. The snow survey supervisors were the heart of the Western Snow 
Conferences to start with, but they’re not anymore. But they gave people 
around the world a chance to come, and I mean around the world. They 
came with the idea that what started so well in the Intermountain West 
could work elsewhere. I had men from New Zealand, from Africa, and 
from all over Europe here with me. The Snowy Mountain Hydrologic Au-
thority in New Zealand, and all those people have been here, and they 
learned all that stuff from us. Of course, it works just as well there as it 
does here.

Helms: You mentioned that the Western Snow Conferences became in-
ternational.
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Nelson: That’s one of the problems that we’re still having. The Soil Con-
servation Service’s mission in life was not necessarily the snow survey 
project. Yet if you want to look at it broad enough, that’s where it belongs. 
I think it is where it belongs because of the soil connection. You have the 
finest soil scientists in the Soil Conservation Service. They’re not looking 
at the things that I’m talking about. But mark my words, the angle of the 
sun as it hits the mountains and the soil underneath are the things that 
this nation is going to research if it is to keep its food and fiber in drought 
years, which are coming again some day.

I’ve already written to the Department of Agriculture that if the precipita-
tion was the same as it was in 1934 when I was on the ranch, this Nation 
would not raise enough wheat for its own people. You know why? Be-
cause you can’t fertilize your wheat when there’s no water coming down, 
and therefore, you just can’t grow any wheat. You take the Dakotas and 
Kansas and all that. In 1934, you know what, I was lucky to grow on my 
own land? We were lucky if we got 12 bushels to the acre. You know what 
the average is? It’s 44 for the last 20 years. When the precipitation went 
down last year [1989] you couldn’t put on that much fertilizer. If you can’t 
get the water, then you can’t put the fertilizer on, and everything goes to 
zero. The nation has not been alerted to this yet, but they’re going to get 
there. It’s a real scary son of a gun.

What I’m talking here, snow surveys, are going to do what saved people 
in Afghanistan in the drought—tell us what is happening in the 30,000-
foot mountains in back of them, not what was happening down below. 
That can be true here if you want to push it. Now, I realize that I’m talking 
about a hypothetical situation, but it could come true. When you go to the 
other places and come back here, you can see it happen. If we got 1961 
again, it would be disaster without some of these forecasts. Without the 
forecasts, it would be the end—it would be terrible. The forecasts save 
it.

Helms: But isn’t all the information collected in the same place?

Nelson: It does come through your office in Portland. That isn’t really 
the problem. The point is that the research and the creative work should 
be funded like the snow survey was originally funded—by the Bureau of 
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Reclamation, the Corps of Engineers, and the SCS. That’s the way I look 
at it. Those are the three major ones. The power companies should be 
put in there. If you take those three units and go to them with a creative 
research project in the SCS, they’re going to fund it. For some of these 
things I’m talking to you about, they would say, “Damn right! Here’s the 
money. Go do it!” just as they did originally because there’s a great deal of 
information still needed for the future.

Helms: I liked your story about flying the airplane for the survey. Are 
there any other particular incidents that pop right to mind?

Nelson: I got a thousand wild stories on that kind of thing. One thing 
that happened was when I flew with Laurence Johnson. My brother was a 
fighter pilot in the war, and I flew with him, too. The blackout and all that 
high-priced P–51 Mustang stuff, that’s a little different. I’d fly my eagle 
and knew where every updraft and every downdraft was. I’d say to old 
Laurence, “Now look out, we’re going to hit a downdraft,” and he’d say, 
“What are you talking about?” I’d say, “I’ve been flying my eagle here, and 
brother, there’s a downdraft here!” and he would hit it [laughs]. Then I’d 
say, “Laurence, when you get over there, you’re going to hit an updraft. 
You can turn your motor off and go up.” We came over top of this moun-
tain, turned the motor off, and went right up with no power on at all. That 
was a vertical thermal updraft I’m talking about, and, of course, he knew 
that. I trained Laurence about the way the mountains were shaped from 
my experiences with the eagles.

He and I had a lot of fun together. I went to courses with him. I never did 
go to Vienna Mine with him, but did go to all of these other ones in certain 
kinds of weather. If it was a little hazardous or the snow was too soft, 
we couldn’t go. But Laurence was an eagle, he ended up like one of my 
eagles. He knew where these things were, and he was a wonderful man.

One day, he pulled a trick on me. It was really funny. He had gotten a new 
big high‑powered airplane. We were taking off from over there in Hailey, 
Idaho. He said, “Come on, get in. I want to show you my new airplane. 
She rides good, and I can take off downwind.” I said, “Oh, come on now!” 
There was about a 10-mile an hour wind blowing. “I know you’ve got 
enough power. You can go downwind.” Well, that ain’t exactly the wise 
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thing to do, but he knew what he was doing all along. There was snow on 
the ground. He scared the living daylights out of me; he never got over it, 
either. So here we go, he started downwind, and we’re going up to this 
snow course. Well, we just barely get in and he started turning back in the 
wind, and the right wing hit the snow. I’m sitting in there—Jesus, I didn’t 
like us going downwind and all in the first place. All this boom, boom, 
blip, blip, blip, blip—we were dragging in the snow! I was so relieved 
when he pulled it up [laughs]. He looked back, “How’d you like it?” I was 
sitting there all scared, you know. He was a real good guy, I just had to 
smile. He seldom smiled, but he looked back with a great big smile and 
he said, “I scared the pee out of that old boy this day!” He really did, when 
that wing hit. But he had a little deal out there. It was this soft snow, 
and it made a lot of noise, but it had a little protection out there on the 
outer edge of the wing of this new airplane. When it hit the snow, it didn’t 
bother him at all, but it sure as hell bothered me. You can imagine how 
clean that had to be done. I’ll never forget it [laughs]. He sure scared me. 
He was so proud of that. But I went with him a lot of times, and we had a 
lot of good things, and he did real good job of snow surveying. I showed 
him personally, and I told him how important it was, and he came to the 
water supply meetings a lot of the times, just out of interest.

Helms: Just before we close, I noticed one letter in the files where you 
were asking if you could do soundings like they do to check sedimenta-
tion in lakes and use that for snow surveying. You were going to explore 
that and some other ideas, I guess.

Nelson: Well, you know, the thing that I was thinking about was radar. 
It came from the attenuating beam of cesium. What I was thinking might 
be better than just flying to measure the snow course would be to mea-
sure the stratigraphy of the snow from the time you took off to the snow 
course on a known flight path. In other words, you take off, and you set 
up a transect from here to Morris Creek Summit, where you know exactly 
where you are and what the terrain is. You just fly over there with an at-
tenuated radar beam and measure the water content of the snowpack. It’s 
just like we did with the cesium-attenuated beam with a scintilometer. In 
fact, I was thinking of putting a scintilometer in. I felt it would be better 
to do it with a 1‑foot micropulse radar.
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Just before the pressure pillows were tried, the Idaho National Labora-
tory asked me about using an isotope of cesium to measure snow water 
content. As a result of studying nuclear science at the University, we es-
tablished this unit at the Mount Baldy snow course above Sun Valley. 
The beam of radioactivity was measured as it was changed by the water 
content of the snow. This was a very accurate way of measuring water 
content. It was checked by our own snow tube water measurements. The 
data from this snow course was radioed to my office in Boise using bat-
teries charged by the Sun’s energy, just as the data is today from the pres-
sure pillows. This was the beginning whole network that is so important 
today in both streamflow and flood forecasting.

As usual, this was another point that resulted in problems with Lee Mor-
gan. He decided that my office should be moved from the top floor of the 
building to the basement. It became another argument that went all the 
way to the regional office, similar to all the others. The move was impos-
sible because of the radio data coming in from the top of the building. The 
loss of signal from the top to five stories down was too much.

The results of the work resulted in a meeting in Sun Valley with men 
and organizations interested in nuclear energy. Dr. Willard F. Libby, the 
professor from the University of California at Berkeley who received the 
Nobel Prize, participated1. His work with tritium, proving how accurate 
in time the atom disintegrates, was the reason for the prize. During this 
meeting, they asked if I could differentiate each storm of the year by 
studying the stratigraphy of the snowpack. We often did study each storm 
in forecasting and working with avalanches. My answer was yes, at the 
snow courses each month while we were snow surveying.

As a result, in cooperation with their personnel, I took samples of the 
storms they were interested in studying at any time of the month. They 
were interested only in the very high snow courses along the Sawtooth 
Mountains, and that is where we took the samples for the Atomic Energy 
Commission and INL in Idaho. The Idaho National Laboratory is part of 

1	 Libby was awarded the Nobel Prize in Chemistry in 1960. He specialized in radiochemistry, par-
ticularly hot atom chemistry, tracer techniques, and isotope tracer work. He became well known 
for his work on natural carbon-14 (radiocarbon) and its use in dating archaeological artifacts, and 
natural tritium, and its use in hydrology and geophysics.
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the Department of Energy. The reason for this work was to determine 
when the Russians set off an atomic bomb because 12 days later we 
would find one storm with very high readings of radioactive tritium. This 
was done for several years, and there were times when we got the high 
readings and Russia said they did not set off a bomb. The data was not 
published, and we also checked to see if the river below came out with 
a high reading during the snowmelt. We did not find high readings in the 
rivers below these snow courses, and the work was discontinued.

Jack Frost and Arch Work were the guys that really got it. Jack was a guy 
that got down on the ground and started it. Arch was the guy with the 
wide vision that took off. Arch was an inherent scientist and a wonderful 
academic man. He wrote all kinds of articles and did all kinds things. His 
background was the same as mine. He didn’t go as wide as nuclear and 
all that like I did, but he grabbed on to other ideas just as quick as I did. 
He saw everything. Arch and I looked down the same trail. We worked 
together for all these years and really had a good relationship. Jack Frost 
and Arch Work—it was their intimate understanding of this potential that 
drew men like me into it.

Naturally, every time we put a new man in, he brought a new background 
of knowledge and research. This was one of the beauties of the Western 
Snow Conferences—they had a chance to publish what they were find-
ing out. All at once, it has become a wonderful thing to have. Guys like 
Jerry Beard were saying, “Well, what about this?” You can go back and 
read about it, and say, “Okay, that’s the way it is. I don’t have to screw 
with that. I’ll go and do something else.” Arch Work was the leader. Then 
you throw in guys like Jack Washichek and all those who came later and 
Greg Pearson from down there in Utah and Ash Codd, who was another 
engineering scientist. Pearson is a good man who picked that up in Utah. 
He didn’t believe in these wild ideas that I was doing at first. He was 
a steadier guy, not worried so much about some of the side issues as I 
had been concerned with. When he got on to something, he was a real 
scientist. There were some men in the water department in California 
that were the same way that you need to talk to. They had a tremendous 
interest in California. It’s still done mostly by the State of California. It’s 
done very well, but it wasn’t developed. It hasn’t been necessary until 
now. Now it is necessary in order to do some of the things in California 
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that the Soil Conservation Service has done—in terms of snow courses, 
some other ways of thinking, and research. But research here is going to 
go to all the mountainous terrain of the world.

My work in snow surveys and water supply forecasts and everything re-
lated to them is one of the most wonderful opportunities any man could 
be lucky enough to experience.
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4.29	 Morlan Nelson Deed of Gift
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Bob Whaley

Salt lake City, Utah

May 9, 1989
by

Douglas Helms
National Historian, U.S. Department of Agriculture,

Soil Conservation Service
(now the Natural Resources Conservation Service)

Douglas Helms: Could we get started by telling me where you were 
born, a little bit about your early childhood, going to school, and getting 
involved in the snow survey work?

Bob Whaley: I was born in Nampa, Idaho, on January 12, 1930. I kind of 
bounced around southern Idaho and eastern Oregon going to school. I 
spent 3 years in Cascade, Idaho—my first 3 years of grade school. I gradu-
ated from high school in Baker, Oregon. So I’ve been around southern 
Idaho and eastern Oregon quite a bit. After I graduated from high school, 
I was in the Marine Corps for a couple or 3 years in the Korean deal. I 
then came back and started going to Boise Junior College. I went to work 
about a year after I started there with Morlan Nelson, part-time, in Snow 
Surveys. I worked part-time for him until I transferred to the University of 
Idaho to get an engineering degree and then continued making snow sur-
veys at Moscow, Idaho. While I was going to school, we established some 
snow courses on Moscow Mountain. I measured those every 2 weeks 
with some friends from the university. After graduation, I went back to 
Boise and worked half-time for Morlan in Snow Surveys and half-time 
field engineering out of the Area Office in Boise. Then I went to Portland 
as assistant snow survey supervisor under Jack Frost. I was there for 7 
years. We established the initial radio network that was used to measure 
snow surveys.

Helms: Let’s talk about when you were working here in Idaho and some 
of the practical things of the snow surveys. You mentioned that in the 
early 1950s you already had some over-snow equipment?
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4.30	 Tucker Sno Kitten at Idaho Snow Survey School, McCall, Idaho, 1954
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Whaley: Yes, we had. Some of the earlier stuff was Second World War 
surplus, M–7 Sno-Cat machines, which were tracked vehicles that held 
two people in tandem, one behind the other, and had two skis out front. 
But it was real heavy, as you might expect for a piece of military equip-
ment. So in soft snow, it didn’t go very well. We graduated from that as 
money became available to some Tucker snow machines, both the old 
two-ski, two-pontoon type, and then one of the Tucker Kittens that was 
just two-pontoons which were about 5, 6 feet long with a little cab sitting 
between them. Morlan probably told you about his part in the develop-
ment of the Idaho Sno-ball, which was a pretty good idea, I thought. It 
was an adaptation of a snow machine undercarriage to a small Jeep. Orig-
inally, the idea was to make it so a rancher could have a Jeep in the sum-
mertime, and in the wintertime he could take the wheels out from under 
it and hook snow tracks under it and go with that. That was a pretty good 
rig. But one of the problems that developed with it was that the Service 
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4.31	 Sno-ball developed by Morlan Nelson, 
1961
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put the snow tracks on them. 
We always had problems with 
the surplus Jeeps falling apart. 
But the ones they bought a new 
Jeep for and put the tracks on 
were real good machines.

Helms: You said you got some 
new Jeeps and that worked bet-
ter?

Whaley: Yeah, the new Jeeps 
that were adapted to the Idaho 
Sno-ball undercarriage were 
pretty good rigs. They were 
lighter and, of course, being a 
new piece of equipment, they 
lasted longer. We didn’t have nearly as many breakdown problems as we 
had with some of the old ones. We had some interesting experiences with 
the older ones. We would get out about 30 or 40 miles into the back coun-
try, and they would break down. One time, we took this Idaho Sno-ball 
machine out, it was one of the ones that was a surplus Jeep. First the 
track broke on us. We didn’t have track splicing material with us to fix 
it, but we did have an old Forest Service radio in the Sno-Cat. Luckily 
we were sitting where we could reach the repeater on Shafer Butte up 
above Boise. We talked back to the Boise Forest Service, and we told 
them where we were and what our problem was and for them to contact 
Morlan. So they did, and a little bit later, they called back and said Morlan 
will have you some track parts, some food, and some gasoline and drop 
it to you with a Forest Service plane in the morning. They said, “Put an 
air panel out that they can see.” So we did, and luckily, we were about a 
mile or maybe a half a mile below a cabin where we could stay at night. 
We stayed there, and the next morning, they air dropped us our stuff that 
we needed, and we went on. We got up just above this cabin a ways into 
a deep canyon, and the generator fell apart on this the snow machine. We 
had to rob a screw out of the radio panel and put the generator brushes 
back on the generator so we could continue.



• •

• •
History of Snow Survey and Water Supply Forecasting

220

When we got back, kind of an amusing thing happened. We started out 

one morning about 5 o’clock from Boise, and we got back the second 

night at about midnight. We turned in our report which said how long we 

had been gone and so forth. The administrative officer here at that time 

had just come back out here from Washington, D.C. He could not under-

stand why it took us so long to do that survey. So he had me write up a 

report of why we unloaded the Sno-Cat at Idaho City and why it took us 

so long to get up there and back. I think I spent 2 days writing up a report, 

just because he didn’t understand why it took us so long to get the job 

done. But, anyway, there used to be some interesting things happen quite 

frequently with all of our equipment.

Helms: So you put them on a truck and drove to the nearest location, 

which might be how far away?

Whaley: About 40 miles from here to Idaho City was as far as the road 

was plowed at that time. We’d unload the Sno-Cat there and continue on 

by Sno-Cat another 35 or 40 miles to the snow course.

Helms: What was the difference in the ones you did on skis or snow 

shoes and what you attempted with over-snow machinery? Or was it just 

that as the machines became available you used them for everything?

Whaley: Well, yes. Pretty much, except the snow courses that were 

pretty close to the highway. When we were within maybe 2 or 3 miles of 

the highway we might go on skies or snowshoes. But if it was this much 

distance, why, we’d take the Sno-Cat after they became available. Now, 

back in the days before they had reliable Sno-Cat machines, they used to 

go on skis and maybe take 4 or 5 days to do a 1-day survey. But they had 

survival cabins at that time, too.

Helms: You would have to have a cabin for that?

Whaley: Arch Work was involved with designing and building those old 

cabins back in the 1930s.

Helms: I saw one publication in 1939 on that.
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Whaley: Well, there were a lot of those cabins over the West. Probably 
until the late 1950s or early 1960s, some of them were still maintained. 
But as we got better snow machines and the cabins weren’t needed any-
more, we were having too much trouble with vandalism, and people were 
breaking into them. So they just abandoned the cabins or gave them back 
to the Forest Service or, in some cases, burned them down to get rid of 
them.

Helms: When would you use the snow skis or the snowshoes? Depending 
on the nature of the snow, I guess?

Whaley: Primarily, it was what you were used to traveling on. Now if you 
had to go very far, not too many people would use snowshoes, because 
they would work you to death. But if you only had a half a mile to go, or 
you were gonna jump out of a pickup and just go a couple hundred yards, 
snowshoes were easier to carry. We used them in Utah in planes and he-
licopters because they were shorter and easier to carry.

Helms: Would you jump out of a helicopter and go do your survey?

Whaley: Yeah. But if you knew you had to go very far, you took skis ev-
ery time, because they were much faster and easier on the person to use. 
Snowshoes would just work you to death.

Helms: The longest you had to go in, either on the skis or in the 
Sno-Cat, would be about 40 or 50 miles or so?

Whaley: Some of the old trips were that long. But they would be maybe 
5, 6 days, you know. Even before my time when they were taking the long 
surveys, they’d have 2 or 3 nights out, probably in cabins.

Helms: You were going to mention the work you started doing in Port-
land when you went there.

Whaley: One of the things that we started down there 2 or 3 years before 
I left and went to Reno was a Radio Telemetry System.

Helms: This was about what time?
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4.32	 Testing metal and butyl snow pillows at Lick Creek, south of Bozeman, 
Montana
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Whaley: About the mid-1960s probably. I went down there in 1959. We 
put in the early radio system, one of the initial radio systems to measure 
snow water content there.

Helms: How did that work?

Whaley: Well, we got a butyl rubber pillow that held 200 or 300 gallons of 
alcohol and water. We had that hooked or piped to a standpipe that had 
a Leupold and Stevens recorder hooked to that. As the snow fell on the 
pillow and increased the pressure, it pushed the fluid up the tube in the 
house. We measured the rise and fall of that water level in the house in 
that tube just as you would on a stream gauge. Then that was adapted and 
hooked to a radio system, and we measured the position on this wheel 
of how many inches high the float was. It went well. The device sent out 
these beeps on the radio. It was all manual at that time, and you counted 
the beeps. You’d interrogate the site and tell it to answer back, and then 
count the beeps for feet and inches of water on the pillow.
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Helms: Before you had the capability to use radios had they already start-
ed using snow pillows anyway?

Whaley: Only at the Mount Hood test site. They had some them on re-
corders there.

Helms: I mean, you’ve got to get out to read a snow course anyway, so 
you may as well just measure the tubes, is that right?

Whaley: Yeah, after we determined that it was reliable enough to cor-
relate one with the other. Then you could do that, as they’re still doing 
now. They do take check samples now with their more sophisticated ra-
dio gear.

Helms: What was the Mount Hood test site that you mentioned?

Whaley: Well, the Mount Hood test site was an area at the lower end of 
a ski hill in Mount Hood, Oregon, above Portland. The Forest Service al-
lowed the SCS to put in this pillow test site and we had various different 
kinds of pillows. The earliest metal snow pillows were developed there 
by Bob Beaumont and a friend of his from Seattle. We had different sizes 
of rubber pillows there after they came along and we had different con-
figurations of the metal pillows. We might have two of them connected 
together. We might have a gang of four of them connected together just to 
get more area to see if that made a difference.

There is a pretty well-substantiated theory, I think, that a snow pillow 
over-weighs to a certain extent. Instead of weighing a direct beaker or 
column of snow, it weighs one that bellies out like a funnel. So we were 
trying to see if there was a direct relationship that was consistent at all 
times. We spent many hours up there digging pillows out, replacing pil-
lows, taking snow samples, and testing snow tubes and different types of 
snow tube cutters. We wanted to see if there were better ones for differ-
ent types of snow. They have a lot of those records in Portland.

Helms: About when did they start working on that?

Whaley: They started that in the early 1960s, I think, around 1960. Arch 
Work’s office, which Bob Beaumont was in as a statistician, and the State 
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Office, where I was an assistant snow survey supervisor, worked togeth-
er. Whenever they needed some help at Mount Hood, I would go over and 
help them. Somebody had to go up there about once a week to take check 
samples around those pillows and take the data.

Helms: Morlan mentioned about adding snow courses. All through this 
period of the 1950s and 1960s, were you adding more and more courses 
or was it sort of stable?

Whaley: Well, there were some added then, and there still are. As we get 
a request from some water user group or something like that for a snow 
measurement, we may have to add one. But there were some added and 
some dropped that we determined we had no more use for.

There was another development over there. I’m not sure whether soil 
moisture measurements started in Oregon or in Utah. They may have 
started in Utah under Greg Pearson. But Oregon, when I was there, had 
a pretty extensive network of soil moisture stations that we would have 
to frequent about once a month and take measurements. If not, on snow 
surveys, then I would take a trip through the State and measure the snow, 
measure soil moisture, and take soil samples with a King Tube. Then I 
would bring the soils back to Oregon State University, and they would 
check them for water content in the lab down there. We were trying to 
correlate what our electronic reading was with the actual moisture by that 
method. We had quite a problem with that in that we found that the soils 
vary so much in just a short distance. If we took our King Tubes samples 
10 feet away to protect the site, that was too far to get a consistent read-
ing. So we kind of abandoned that. We weren’t really getting enough out 
of the soil moisture, as far as water supply forecasting was concerned, 
that we could use in an equation. So we abandoned that, pretty much.

Helms: Did all the States in the West do soil moisture?

Whaley: They had soil moisture sites. But I believe only Oregon was tak-
ing the soil samples.

Helms: Well, that was just one problem. I think I heard Morlan mention 
the problems with the sensors and I guess a number of other things.
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Whaley: We had some of the early soil moisture units. The gypsum 
blocks weren’t good in acid-type soil in the timber because they would 
disintegrate, and you had to replace them yearly. So they came out with 
the metal wafer. The Coleman unit, they called it. It was developed in 
California, I think. It was just a little metal wafer about 1/8-inch-thick and 
2 inches by 1 inch, I guess. Those worked fairly well; at least they lasted 
longer if you were careful and got them in right to start with.

Helms: If you stopped taking the soil moisture, then you just had to come 
up with some average number to use for figuring out what infiltration was 
going to be?

Whaley: Right, they have an average soil curve, three of them—one for 
sandy soil, one for medium texture soil, and one for heavy. You would 
have to make your best estimate of which your soil was and that was only 
a good guess. We never did get anything that I know of that was reliable 
enough to use in the statistical equation. So they pretty much abandoned 
them.

Helms: But it is still something that would be nice if you could do it?

Whaley: Oh yeah, you bet! Then they had what looked like it was going 
to be a more reliable system, the neutron method. A fellow started out 
here in Idaho, up at the National Engineering Testing Area over at Arco. 
He developed a radioactive source that he would bury in the ground and 
then measure the attenuation between the source and the counter above 
ground and determines the water content of either snow or soil. That, I 
think, had some good qualities to it. It worked fairly well. We had it in 
Utah and it worked fairly well for a while. The problem we had with it 
was that we didn’t have a big enough company to be reliable on main-
tenance and so forth. If anything went wrong with it, he’d try to fix it or 
he’d say, “Well, it’s your problem. Part of your equipment is faulty.” So the 
actual operation of the thing never did too well.

Helms: Sometimes you’ll establish a new course that somebody wants. 
When you have got several sites on a river basin and you think you have 
good information for the whole river basin, if there is a tributary to that, 
then one of the sites doesn’t specifically have to be located on it. But if 
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you’re going to forecast for that one tributary, then you have to put a 
course on it. Is that the case?

Whaley: Well, there are two different theories there. One is like you said, 
if you don’t have a course on the watershed, you would like to have one 
there. It’s more reliable and represents that watershed better if it’s physi-
cally located there. A lot of times we did that, or we were forced to do 
that by a water user group. The thought was that you had to have some-
thing right there. The other way is that, if you have a course that’s on an 
associated basin close by that correlates real well with that basin, you 
don’t have to physically locate one there. So we did both. The water user 
group a lot of times was willing to pay to put a snow course in. If they 
were willing to pay for it, maintain it, operate it, and measure snow on it 
for us, why we put it in.

Helms: That was often part of the deal for putting one in?

Whaley: A lot of times it was. Sometimes if they requested it and put 
enough pressure on, we had to put it in whether they paid for it or not. 
You know how that works [laughs]. A lot of times, there were requests 
from SCD’s [soil conservation districts], there were requests from water 
user groups like irrigation districts, or anybody who worked with us. We’d 
put in a snow course if it was at all possible, if we didn’t have one already 
there. A lot of the old snow courses were put in as far up the watershed as 
they could get on skis and snowshoes at that time, and that was as far as 
they could physically measure them. There were some higher elevation 
areas where we needed courses, and there are probably a lot of lower 
elevation courses where we needed snow courses and data sites to help 
us assist in flood measurements and so forth.

Helms: Right, for that first melt.

Whaley: A lot of our data sites now are primarily pretty high up, from 
middle to high elevation, because that’s where all of our data, our long-
term records, were.

Helms: I gather from talking to Morlan that many of the early sites were 
in the mid-elevations and there was a desire to have it from the higher 
elevations. I guess as technology advanced and so on.
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Whaley: Yeah. As soon as they got snow machines that could get us back 

in there or helicopters or whatever.

Helms: So in doing that, the lower elevations were sort of neglected and 

now there is a need for them?

Whaley: Well, that too, but our purpose was primarily forecasting agri-

cultural water and not floods.

Helms: Okay.

Whaley: We were interested in the long-term water that was produced 

from April 1st through September, and not the first peak that came out.

Helms: Which is often the problem for flooding, is that it?

Whaley: Yes. March, April, and May are possible for flooding, or even 

mid-winter sometimes, depending on where you are. They have mid-

winter floods in Oregon and Arizona in December and January when the 

weather changes, sometimes. I think that’s pretty much true. As we have 

gotten better equipment installed and radio equipment, we have added 

higher elevation snow courses farther back to correlate and go along 

with our mid-elevation stuff.

Now we went, as I said before, from snowshoes and skies to older 

Sno-Cat to surplus Sno-Cat to good Sno-Cat machines that would get us 

back in there quite a ways. From that to fixed wing planes and helicop-

ters. When I left Utah, we had contracted out almost all the snow courses 

in the State to about two helicopter companies. We furnished the snow 

surveyor, and they furnished the pilot. The pilot assisted with the snow 

survey on the ground, usually. Sometimes we had to send two guys, but 

we didn’t like to do that because that was too much weight. We were able 

to get all of our surveys done in the last 5 days of the month with two 

helicopters, if the weather allowed it.

Helms: You mean even the ones that weren’t hard to get to, you flew to. 

You did all of them?



• •

• •
History of Snow Survey and Water Supply Forecasting

228

Whaley: Yeah, we just made a circle. If we flew over a site that was even 
at the end of a road, we’d set down and measure it to keep some guy 
from getting in a pickup and driving up there. Now if there was one snow 
course way out by itself, we’d still measure it on the ground because it 
was too expensive to go to by helicopter. You were able to make about 
two big loops and measure most of the State because the mountains run 
north and south in Utah, except for the Uintah Mountains. We would 
make two great big loops, north and south loops, and do it all in about 5 
or 6 days. It used to take 2 or 3 weeks to get done with snow machines, 
and maybe 10- to 15- or 22-man crews. So it was pretty efficient, really.

Helms: I’m sure that some the people who used to do the snow surveys 
had misgivings about that.

Whaley: Well that’s true. We got some static from them once in a while. 
We had some problems once in a while. When a helicopter sat down to 
measure a course and it was so cold that it wouldn’t restart or something 
like that, we’d have people out overnight. But they all had been to survival 
school, and generally, there was a cabin close by that they could stay in.

Helms: Providing they knew where it was. I guess if you have been in the 
helicopter you had seen where it was.

Whaley: You spotted where they were. They were old cattlemen or 
sheepherder cabins, most of them were.

Helms: You wanted to mention, you went from Portland to where?

Whaley: To Reno, Nevada. After I got to Reno, I took Manes Barton’s 
place as you know.

Helms: You were the supervisor for the State, and you had been an as-
sistant in Portland?

Whaley: Right. Manes Barton had been the assistant in Oregon before I 
got there, for Jack Frost. I left here and went to take his place in Oregon 
when he went to Reno. Seven years later, I left Portland and took his 
place in Nevada as supervisor when he came back to Arch Work’s office 
to take Bob Beaumont’s place. Manes had started a radio system in Ne-
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4.33	 Bob Whaley at radio repeater station, Beaver, Utah
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vada on the ridge between Nevada and California, part of it was actually 
in California, and a year or two after we put in that initial one, he got a 
different company. The original company out of Portland was Motorola. 
Anyway, we put in two or three sites down there on radio and one re-
peater to the manual base station. We got that company to come back 
in and give us another bid on redoing that system, making it more auto-
matic. We had an automatic base station to record the data on a timer and 
put in another repeater or two and three or four more data sites. I was 
there 2 years in Reno. Then Greg Pearson left Utah. He was asked to go 
to Portland to Arch’s office to take Homer Stockwell’s place. They asked 
me to go to Utah and work there. I started a radio system there in Utah. 
Thiokol Chemical was the contractor in Utah when we built the radio sys-
tem. We had repeaters strung from Salt Lake south to above Beaver. We 
could cover about two-thirds of the State. We had snow pillows on them, 
we had precip gauges on them, and we had temperature readout over the 
system every morning. We could also use them as a backup voice radio 
system for emergencies.
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Helms: But you also still checked manually every month, right?

Whaley: Yes. We still checked them once a month manually and kept the 
data for correlation between the two—manual and electronic. We built 
up a pretty fair database of manual and electronic data.

Helms: Then when you went to forecast on it, did you use the manual 
reading or did you use the one that fit closest?

Whaley: Well, you had to use the manual because that was what was in 
the equation. That was supposed to be used to build the equation. During 
the middle of the month, we used the electronic data if we updated the 
forecast. If we needed some other data, we could extrapolate between 
the first of the month and the middle of the month.

Helms: When you wanted to do something like put in a radio system, it 
required some money. Did you get that from the State, or did you get it 
from the snow survey group from Portland? How did you go about that?

Whaley: Well, two or three different ways. One way was to get some bud-
get from the national office through the State Office and down to snow 
surveys as a part of our budget, and then we also got some donations, if 
you will, some water user groups would put in some money. Utah had the 
first system that was cost-shared. There must have been half a dozen dif-
ferent water user groups that cost-shared based on how many different 
courses they thought they used in their area. In one case, some of them 
shared money, and some of them provided personnel to build shelters. 
They built shelters for us and transported them up to the sites.

Helms: That brings up a question. Since you worked in several different 
States, what differences did you recognize about operating in terms of 
cooperation with State and Federal agencies, or the importance that it 
was given in the overall SCS operations in the State?

Whaley: Well, that is a big question. I don’t know quite how to answer it. 
I think in general we had real good cooperation from the local water user 
groups and the State Engineer’s Office in each State, usually, because he 
was in charge of the water measurements and so forth. We had very good 
cooperation from those people. In most cases, snow surveys had cooper-
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ative funds that were donated by those people. Another interesting thing 
that hung on for years and years was that those funds that were donated, 
in most cases, were kept separate from SCS funds by the request of the 
donating agency. They felt that if they were left in the SCS overall funds, 
the donated funds would disappear, and in some cases, they did.

Helms: They probably got some inside advice. That, too, occasionally 
happens.

Whaley: Yeah, they probably did [laughs]. We had real good coopera-
tion from most water user groups and State Engineer’s Offices. In some 
cases, there was much better cooperation. I think here in Idaho there was 
real good cooperation from soil and water conservation districts. Oregon 
had good cooperation with the State Engineer’s Office and some funds 
through the State Engineer’s Office at Oregon State University where we 
had our soil samples analyzed. We also had some of the early computer 
work done down there at Oregon State University on water supply fore-
casting.

Another thing that Oregon did, and Idaho did, too, was to hold spring 
water forecast meetings. In Oregon, as soon as we got our March 1st bul-
letin out, Jack Frost and I would take off and do a series of water supply 
forecast meetings. We’d meet with the farmers, ranchers, Forest Service, 
fish and game people, and whoever was interested in water. We’d meet 
with them and talk to them about their conditions on the sites and con-
ditions on the watershed. Then we would give them our forecast, our 
best estimate of what was going to come off for that year. I think Oregon 
probably had some of the best results in doing those water supply fore-
cast meetings. Although they had some real good results here, too, in 
Idaho. During the dry years of 1959 to 1961, in the third dry year we had 
the county courtroom filled with people in Vale, Oregon. There was that 
much interest. I don’t know how many people were there. Probably 200 
or 300 at least, ‘cause they packed that courtroom.

Helms: You went to a lot of different sites around the area?

Whaley: Yes, we’d start right after we got the bulletin out in March, after 
we analyzed the data by the 5th or 6th of March. We would go to the sites 
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4.34	 Mona Updegraff and her father John, 
superintendent of the Vale Irrigation 
District, snow surveying in the Blue 
Mountains of Oregon
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the runoff started first. Then 
in April, right after the April 
Bulletin was out, we would go 
to several of the rest of them, 
where the runoff came a little 
later. A lot of times they were 
arranged for by either the soil 
conservation district or by the 
county extension agent’s of-
fice. There was real good co-
operation there, usually. Now 
Idaho had, still has I think, a 
series of water supply fore-
cast meetings for some of their 
key areas like Twin Falls and 
Salmon Falls Creek. That’s two 
that I can think of right off. But 
we used to have real good co-
operation with the Owyhee North Board Irrigation District—that’s over 
here on the border between the Idaho and Oregon. If it was in the spring 
and we needed to go up and maintain a group of aerial markers on the 
Owyhee, the North Board would furnish vehicles and people to help us. 
We would go up and do it. It would take about a week to maintain those 
markers on the Owyhee River.

Helms: You had to fly in?

Whaley: Yes, they were fixed wing. The aerial survey sites were located 
back far enough so that that was the only way we could get any data. 
You would fly by and read the snow depth and then estimate the water 
content from the nearest snow course. That was fairly good data. It was 
better than no data at all. It was fairly efficient; we had several of those 
loops of aerial snow markers that we flew.

Helms: For several of those years, was there just not enough irrigation 
water? Has that happened occasionally? Or they might adjust their plan-
ning of what crops they were going to plant or something like that?
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Whaley: Well, those 3 years that I mentioned were some of the worst 
years, until more recently. The one that we’re into right now, for instance. 
The last 2 or 3 years have been fairly dry. But 1959, 1960, and 1961 were 3 
consecutive dry years that were well below average. Maybe percentage-
wise, you might have gotten 20, 25, or 30 percent of average of some riv-
ers. After the second year, their reservoirs were dry, too, and that’s what 
creates the need for the water. To adapt, the farmers would either lay off 
half their acreage or lay out their worst fields and just use their best soils 
to raise what they could, or raise crops that didn’t require as much water. 
They would lay off potatoes and sugar beets so they could raise grain—
something that would get on and off quickly and didn’t take as much wa-
ter. But that was hard for a lot of people to do, like this group I mentioned 
over here at Vale, because that was a heavy row crop area. They raised 
a lot of potatoes and sugar beets and onions and things like that. They 
just didn’t have that much chance to rotate their crops, so it was hard on 
them. About all they could do was not plant all their acreage.

Helms: Any other differences?

Whaley: Well, one difference. When I got to Utah, they didn’t have water 
supply forecast meetings at all. We got our bulletin out, put advance no-
tice out in the paper and to the irrigation district and so forth. Through 
the Bureau of Reclamation people and their dams over there along the 
Wasatch Front, we started a monthly meeting. We provided the forecast. 
The Bureau people would be there to tell us how they were going to have 
to operate their reservoir to adapt to those forecasts.

There were small differences, like Phil Farnes up in Montana liked the 
butyl rubber pillows over the metal pillows, for instance. You know, those 
kinds of things. But there were some advantages to one and some to the 
other; it just depended on what conditions you had.

Helms: You were around when the automation was coming along—the 
decision to do the SNOTEL. What were some of the discussions on the 
advisability of going that route?

Whaley: Well, the early discussions were that this would give us much 
more data than we were able to get manually because we could get daily 
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or hourly data on the electronic system and not disturb the snow course 
at all. Every time you go out and take a manual measurement, you poke 
holes in your snow course. So if you took them out, you destroy the snow 
course eventually. If you took a mid-month measurement, you had to be 
careful that you didn’t sample in the same hole that you measured be-
fore.

Helms: Or where you step.

Whaley: Right, or where you step, that could effect it, too. But the early 
discussions, as I recall them, were that we could get so much more data, 
so much more frequently, and therefore, less costly per data piece. The 
radio was much more expensive than making manual measurements 
to start with, but it would last so much longer and hopefully give us so 
much data—daily and hourly information instead of monthly. I think that 
was probably the biggest thing. We could see down road where we could 
eventually do away with a lot of these Sno-Cat machines and stuff, and 
maybe just have the maintenance crews who maintain the electronics 
also take the check samples of the snow courses. We could do away with 
some of the manual labor that we had to put in. It was also much safer to 
get electronic measurements—no crews in hazardous situations.

Helms: SNOTEL—who were the shakers and movers in that, getting that 
going, finding what equipment to use, the use of the meteors, and so on?

Whaley: The predecessor of the SNOTEL system as we have it now was 
actually started on that Mount Hood test site. I guess Beaumont and Arch 
Work would be the ones that actually got that going because they had a 
small contract with a Seattle outfit. Now this same Seattle outfit was the 
predecessor of the people who make the SNOTEL equipment now, if my 
memory serves me correctly. There were a couple of guys connected with 
Boeing, and they eventually broke off from Boeing and started this com-
pany that makes SNOTEL equipment now. But this initial system was a 
system that had one data site and one pillow connected to it at the Mount 
Hood test site. It transmitted by meteor burst, bouncing signals off of me-
teor trails into Seattle. It worked fairly well; it had a big ungainly antenna 
and the frequency was probably different than it is now. But it did work 
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pretty well, really. I think that’s probably the predecessor to the idea to go 
with the SNOTEL meteor-burst system.

Helms: What changes have you seen in the expansion and usage of the 
snow surveys? Give me States and dates as best as possible, if you can.

Whaley: Well, let me think. One of the different uses would be to assist 
cities with forecasting their city water supply. Flood uses have come into 
play, too. In the last few years, we’ve convinced the Weather Bureau that 
snow data is valuable, and that they’d better use it. The Weather Bureau 
is using the data now more than they used to for their flood peaks and 
most of their equations.

Other uses might be for transcontinental highways. The highway depart-
ments in a lot of States are using the data from electronic sites to as-
sist in forecasting what kind of equipment they’re going to need to keep 
a highway open or what equipment to send to get a highway open in a 
area. Maybe avalanche warnings are something that are coming into play, 
possibly with electronic sites. We don’t, in general, have the right kind 
of equipment, zigzag neutron measuring devices, I guess you call them. 
They measure the water content between two pipes with neutron sources 
and counters. Also, they had one that lowered a source and a readout 
device, in two different pipes. So you can read the water content every 
inch if you want to. Now that will tell you the layering of the snow and if 
you had a real dense layer, which they’re concerned about in avalanche 
forecasting. That will tell you where the layer was, how many inches up 
off the ground, or how many down from the surface of the snowpack it 
was. We tried those for a couple of years, but they developed too many 
problems mechanically. They still have some in the research end of it. I 
think there is still one in Colorado possibly, not with SCS, but with a re-
search group over there.

Helms: It’s got to assist the fisheries and so on, also. It’s got to affect the 
numbers.

Whaley: Well, it affects the spawning and so forth. Because if you could 
tell them when the flood was going to come, the fish and game depart-
ment would not dump fish out there in the stream and have them washed 
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away. They can do some planning that way. They would know if they were 

going to have high flood peaks that were going to erode their streams and 

so forth. There’s not much they can do about it except get things back 

away from the river, I guess. It would assist fisheries and also assist game 

management people. Knowing how deep the snow is and what kind of a 

crust it has on it tells whether they’re going to lose a lot of the deer, elk, 

and bird population.

Helms: For the ranchers, it tells how much moisture there is for the range 

grass and so on.

Whaley: Yeah, that’s all a part of it. How much moisture they’re going to 

have to raise their crops or forage—in the way of grass.

Helms: The people I have talked to all have mentioned the relationship 

with the Weather Bureau. Since you worked in several States, how was 

it when you were dealing with them and forecasting floods? What about 

different ideas of the value of snow surveys?

Whaley: It has been interesting. Back about the time that I first started, 

they were having some good relationships with the Weather Bureau, de-

pending on the people, and some not so well. But I think Morlan prob-

ably told you that they used to have an annual forecast meeting on the 

Columbia Basin. They went to this meeting in Portland, and practically 

all the data and everything came from our snow courses. But the Weather 

Bureau tried to use valley precip and valley temperature and everything 

else, and that didn’t really correlate too well with what was going to come 

out of the mountain snowpack. So there were some problems between 

SCS and the Weather Bureau. Our feeling was that they’d better stick 

with floods, and we would stick with agricultural forecasting, but they 

weren’t willing to do that, they wanted the whole thing. That’s about what 

it amounted to. There has always been the feeling by our people that the 

Weather Bureau would like to take over the whole thing, except that they 

didn’t have the people that could actually do the mountain work. They 

were willing to let us do the mountain work, if they could do all the fore-

casting, which was about the size of it [laughs].
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But in some cases in different States, you had just as many differences as 
there were personalities. You got along with some of them real well, and 
the others you had to fight for everything you got. We had a pretty good 
relationship there in Portland, because they had an interagency once-a-
month meeting, a hydrology subcommittee if you will. So we knew all 
those people who were operating the forecasting and dams for the Corps 
and the Bureau, and we got along pretty well with them. We had a pretty 
good relationship in Reno, but the guy that was over him in the Sacra-
mento Forecast Office for the Weather Bureau, we didn’t get along with 
so well. We were usually invited to go to the local water supply forecast 
meetings and give the forecast, but of course he didn’t like that because 
he wasn’t invited. They used and relied on our forecasts more than they 
did his. Unfortunately, he was able to develop new forecast equations in 
a computerized system faster then we were. That helped his status quite 
a lot, with the reservoir operators especially.

Helms: That’s our not having lots of funds or maybe choosing not to put 
lots of funds into it?

Whaley: That hurt us back in those days because the Weather Bureau 
was able to get a lot of money. But one thing that they never did have was 
local knowledge. They had these river forecast centers, like Portland, 
Sacramento, and Salt Lake. They gave all their forecasts out of the cen-
ters, and the guys at the centers had never been on the ground where the 
water came from. That helped us greatly, ‘cause we could adapt forecasts 
to local conditions and come out with a more accurate forecast than they 
could. It was “by the seat of the pants” method, but it still worked.

Helms: There is enough variation in climate that one little valley is going 
to flood and the next be calm?

Whaley: That’s right. Or the southern half of the State may flood and the 
north half won’t or whatever. In Salt Lake, I had to deal with their forecast 
center out there, and the guy that was the head of the forecast center was 
a real nut to deal with. His helpers were great guys; you could get along 
with them anytime, but if you had to deal with Jerry— I don’t remember 
his name now—he was something else to deal with. We had all kinds of 
problems with him, I’d better not get into that [laughs]. Anyway, it was 
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just a difference of personalities, I think. What he was trying to do was 
to build his own little domain over there and cut us out with those water 
users. That wasn’t working, ‘cause the water users asked us to come to 
the meetings and give the forecast. Whenever the Governor would hold 
his big flood forecast meeting, Jerry was there with his flood forecast, but 
they’d ask us to come and give snow data and so forth, and our analysis 
of it. Generally at those meetings, they called on the Weather Bureau first, 
and he would give half of our data and all of his and leave us holding the 
bag. When it was our turn to get up and give it, the only thing we could do 
then was...  Well, he did that to me, he gave all of our data and his, too, and 
gave analysis of it, and then asked me if that wasn’t right. It wasn’t quite 
right. So I said, “No, it’s not. It’s not as good as you say. The lower eleva-
tion snow was greater, and therefore, I think we’ve got worse conditions 
than what you are saying as far as floods are concerned.” So we had that 
kind of riff between us all the time.

Helms: Was there not a joint forecast on the flooding?

Whaley: Well, there’s joint forecasting in Portland, but since Portland 
does all of our forecasting now, it’s coordinated right there with the 
Weather Bureau in the West.

Helms: But you still had leeway for local forecasting that the State still 
looks at.

Whaley: The only problem with that is that by the time Portland gets 
through with the data, it’s so late that it has to be published. There isn’t 
very much time for local adjustment at all anymore, and that is a problem. 
We’re more now like the Weather Bureau, we have a centralized forecast-
ing system, and the guys in Portland do it. Some of them don’t know what 
the watershed looks like.

Helms: So you think something was lost there?

Whaley: I think we lost a little bit. I think we lost a little in the transla-
tion. I think Dave Johnson could still do a lot of that if he’d have his 
people go out to the State and work with the local people on working up 
a forecasting procedure or have these people go in to Portland and work 
with him for a month or so. He does some of that.
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Helms: There was something I heard about doing local bulletins up in the 
mountains. They’ve got local analysis in the State or something like that 
from State Offices.

Whaley: They put together on the computer what they did for Portland 
with local analysis—that’s good, if they do more of that. One problem we 
have that I might mention is that the statewide bulletins that come out 
now are coming out so late that they are good for nothing except refer-
ence libraries. Many of mine that I get from Idaho, Utah, and Colorado 
arrive a month late.

Helms: I think that’s something where they are going to stop sending the 
printing to outside contractors and start doing the desktop publishing 
in-house.

Whaley: Yeah, I think that’s needed. Do a faster news release-type thing 
here at the State Office and get it out quicker. It will mean a lot more to 
the water users, I think, that way.

Helms: What about being equipped for survival and the survival school? 

Whaley: Well it had to have started after a helicopter accident at Dodd’s 
Summit after helicopter use first began in the mid- to late fifties. However, 
they had some minimal survival training before that time. This must have 
been in either the late 1950s or early 1960s. It was with one of the earlier 
helicopters, the small ones. There was a pilot and one snow surveyor 
along, and they thought they were landing up at Dodd’s Summit which 
has a creek down through the middle of a meadow area. There was real 
deep snow that covered all the willows and everything along the side 
of the creek. The pilot had set down and lifted to pack this area—you 
know, lifted and sat down and lifted and sat down to try to pack an area. 
He thought he was safe, but as soon as he cut the power, he was on a big 
willow, and it caved on him. It tilted the helicopter over, and then they 
crashed as a result of it. The pilot didn’t have any survival gear at all, or 
very little. So our fellow had to split his gear with the pilot. He just had a 
minimal amount, but he had enough to get by. After this, they started real-
ly stressing that everybody that goes up, pilot or not, has to have survival 
gear and training. So we stressed that highly in all the survival courses. 
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We made all of our fellows plus the pilots be aware that they might have 

to stay out there. They must take enough food for 5 days and skis or 

snowshoes, and enough field boots, socks, and so forth for them to get by. 

In a lot of cases, we also carried radios.

Helms: Is that what started it? You had already had a snow survey train-

ing course annually, I guess. But you made survival training more a part 

of it, is that the idea?

Whaley: Survival became just a real integral part of the snow survey 

training. It stressed how to survive basically and also how to be able to 

stay out 4 or 5 days, if necessary.

Helms: We were discussing survival training and the snow courses.

Whaley: One like that was at Aneroid Lake up in northeastern Oregon. 

That’s in a wilderness area, and it’s a 7-mile track from Wallowa Lake at 

the bottom of this canyon to Aneroid Lake at the top. It’s a kind of a real 

glacial canyon with a lot of avalanche paths, a pretty arduous stretch. It’s 

good and steep. Quite often the parties that would measure that would 

consist of irrigation district people along with SCS people. There might 

be four, five, or six of them who went in there. They had that survival 

cabin near the lake and near the snow course where they could stay after 

they got there. They kept this journal and they said, “Left Wallowa Lake 

at such and such time. Traveled 10 hours on skis. Had to sleep out in the 

meadow. Built a snow cave in the meadow because the storm got so se-

vere we couldn’t see.” Or, “We had to wait out avalanche conditions,” or 

whatever, and they would put in little quips: “Fishing lousy, only caught 

30 fish in Aneroid Lake.” They always put the snow depth was such and 

such, the water content was so much. They had this journal that went on. 

I think they used to only measure on April 1st each year, because it’s too 

dangerous, too hard to get to, because the snow was soft. But they had 

recorded in that journal from the early 1930s, when the snow course was 

established, until the 1960s, when I was there. It was very interesting to 

read that journal; you get a lot of history out of that from those guys.
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4.35	 Max Wilson, attorney for the Consolidated Ditch Companies, Joseph, 
Oregon, unlocks the top door of the Aneroid Lake shelter cabin.
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4.36	 Arch Work (left), Soil Conservation Service snow surveyor, and Max 
Wilson review snow course data in shelter at Aneroid Lake, Oregon, 
1941.
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4.37	 Bob Whaley Deed of Gift
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Arthur Crook

Beaverton, Oregon

February 3, 1990
by

Douglas Helms
National Historian, U.S. Department of Agriculture,

Soil Conservation Service
(now the Natural Resources Conservation Service)

Douglas Helms: It’s February 3, 1990, in Beaverton, Oregon. Art, will you 
just tell me where and when you were born and something about your 
education up to the time you started to work in the snow surveys?

Arthur Crook: I’m vintage 1936, born November 27 in Fort Collins, Colo-
rado. I spent my early childhood and school years in various locations 
in Colorado. My father was a Soil Conservation Service [SCS] employee 
in Trinidad, Colorado, and that gave me my first introduction to the Ser-
vice. I did my college education at Colorado State University; I started at 
Colorado A&M, and the name was changed while I was there. My major 
was forest and range management. At the time of my recruitment, Fed-
eral agencies were fairly active as recruiters at college campuses, and the 
SCS people who were recruiting had known my dad, and so there was an 
entree there which allowed me a little better access to SCS. I joined SCS 
and was assigned as a range conservationist in Akron, Colorado.

After about 3 years there, I transferred to Salida, Colorado, which is in the 
Rocky Mountains. That was when I got my introduction to snow surveys. 
Jack Washichek and Don McAndrew, who were the supervisor and assis-
tant in Colorado at the time, came to Salida and took this green rookie up 
on Monarch Pass with a pair of snowshoes, and we tromped through the 
woods and made our first snow surveys.

Helms: No previous training or anything?

Crook: No previous training. The engineering technician that was at 
Salida was also new and had no previous training. He was sent to the 
Westwide Snow Survey Training School at Winter Park, perhaps it was in 
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1962. He came back as the trained person in our two-man team. We did a 
number of snow courses. We regularly measured four on Monarch Pass, 
and at periods of the year, went to Fremont Pass and Independence Pass, 
all located on the headwaters of the Arkansas River.

Helms: Had the courses already been laid out?

Crook: Yes, courses were already established. There had been a lot of 
work done there in the 1950s to establish some of those snow courses, 
and so we were simply making measurements at previously established 
courses. I enjoyed that work very much. I enjoyed the snow. I hadn’t pre-
viously been a skier or a mountain-oriented person except in the context 
of hunting and fishing as a recreation-type thing, but I did enjoy that. In 
1965, I separated from SCS for a short while, perhaps 18 months, and then 
after having spent a little time seeking my fortune in private business, 
I decided to go back. Very fortuitously, I guess, I found an opening for 
an assistant to the snow survey supervisor in Wyoming. Washichek and 
McAndrew were located in Fort Collins, Colorado, at the time, where the 
State Snow Survey Office was headquartered on the CSU [Colorado State 
University] campus. They were instrumental in getting me introduced to 
the people in Wyoming, and I spent 4 years in Wyoming as the assistant. 

Helms: Who was the supervisor there?

Crook: The supervisor at that point was George Peak. He had come to 
Wyoming in 1955. They were making a transition from more of a regional 
river basin-based organization to a statewide organization. Part of Wyo-
ming had previously been handled in the north by Ash Codd, who was 
located in Bozeman, Montana, and in the south by the Colorado people, 
and part by, I guess, Ralph Parshall. He was an early snow surveyor there, 
and then Homer Stockwell was a supervisor for a number of years. Jack 
Washichek then became the supervisor when Stockwell moved to the 
headquarters office in Portland. I think Stockwell worked under Arch 
Work at one time. At any rate, when Stockwell left, Washichek took over 
there. Colorado handled the North Platte [Basin] and some of those drain-
ages in the southern part of Wyoming while Montana handled the north-
ern part. When they went to the State organization, George Peak moved 
down from Bozeman to take over Wyoming. I think it was in 1955 or 1956. 
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He set up a lot of the existing snow course network in Wyoming. It was 
all relatively new when I got there—only a 10- to 12-year record for most 
of the snow courses. I was replacing Tommy George who had been the as-
sistant in Wyoming. He transferred to the assistant’s job in Oregon, later 
became a supervisor in Oregon, went to the national headquarters as the 
national hydrologist, and finally became the director of the Resources 
Inventory Division. I spent 4 years learning the business as a soil conser-
vationist. While I was there, they reclassified it to a GS–1315 series, hy-
drologist, so I more or less grandfathered into that job series even though 
my academic background was in forest and range management.

Helms: What was there to be learned about the job? What were the major 
things you had to really become proficient at?

Crook: Well, you have to understand hydrology, and I think it’s very im-
portant that you understand at least the fundamentals of meteorology. You 
have to have a flair for mathematics, if not a mathematics background, 
and a certain understanding of statistics. But basically, what we did was 
try to understand the hydrologic response of the watersheds. We tried 
to understand the distribution of snow in the watersheds based on snow 
course measurements, making deductions from those measurements to 
try to explain the character of each watershed, and then doing a statisti-
cal analysis of the accumulation of snowpack versus the spring and sum-
mer snowmelt season runoff. Then we used that statistical analysis as 
the basis for the forecast. Snow makes up on the order of 75 percent 
of the variability in annual runoff in the Western United States from the 
mountain areas. That, of course, varies in areas with a little bit more rain 
influence like the Cascades and the Sierra Nevada. But, in the continental 
climates of the Rocky Mountains, it certainly explains 75 percent of the 
annual variability.

Helms: Well, although you didn’t work under the system when they did it 
on the river basin basis rather than having State Offices, do you have an 
opinion on the reasons for the change?

Crook: I think the reasons for the changes were coincident with the 
change in all the SCS structure from the regional concept to the State 
Conservationist. I know that in the 1940s and perhaps into the early 
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1950s, there were regional offices as opposed to State Offices. I would 
expect that probably they were staffing up on a statewide basis after the 
change.

It makes a little bit more sense, I think, to be regionalized on watershed 
boundaries in hydrology because water doesn’t respect political bound-
aries at all; it simply respects the topography. If you are responsible for 
forecasting the Colorado River, the Colorado River originates in Colo-
rado, with some tributaries in Wyoming and in Utah, and travels through 
Colorado, Utah, and into Arizona. Well, if you have Arizonians forecasting 
the Arizona portion, Utahans forecasting the Utah portion, Coloradans 
doing the Colorado part, and Wyomingites doing the Wyoming part, you 
have a fragmentation of perspective, which isn’t necessarily unhealthy, 
but it does cause a little bit of difficulty in coordinating the numbers 
so that they are all routed into some sort of a reasonable forecasting of 
downstream points. If one office was responsible for the entire run of the 
river, then there would be some continuity in procedure and perspective. 
I think that the State-oriented organization is very good from a local ser-
vicing standpoint and helps you to get out and see more of the watershed 
onsite, but it doesn’t necessarily help you understand the full reach of the 
river.

Helms: Did you get a lot of support in terms of manpower, as well as 
finances, from other State or Federal agencies in Wyoming?

Crook: There is a really exciting facet or characteristic of the snow sur-
vey program in that it’s so widely accepted by so many Federal agencies 
and water-user-oriented groups that the grass roots support is extraor-
dinarily high. Any project or water-user group or other entity that is in-
terested in water has a need to know the forecast to manage their water 
supplies during the summer. They have always been really very quick 
to respond to the need for help or finances, if at all possible. Of course, 
early in the program, finances weren’t as difficult as they are now. The 
Federal budget wasn’t as closely managed, or as scrutinized, or as out 
of control, maybe, as it is now, so we got a lot of funding support from 
other agencies, and we got lots of manpower contributions. The Forest 
Service, the National Park Service, and the Bureau of Reclamation made 
a lot of snow surveys in the cooperative network of snow surveying. All 
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of those snow courses were part of the network. All of those results were 
quickly reported to our office where we checked the notes and commit-
ted the results to the record and used the information in the forecasting 
procedures. Then we distributed the forecasts back to organizations like 
the Bureau of Reclamation that had to manage their reservoirs based on 
those forecasts.

Helms: Could you talk a bit about the people in the snow survey program 
and their approaches to this work?

Crook: George Peak was a very interesting, unique individual and not 
without some controversy in the snow survey program. It was a very in-
teresting time because most of the practitioners were the original people 
in the States. I guess Ash Codd probably had retired at the time, but he 
was the main man early on in Montana. Morlan Nelson was in Idaho and 
Homer Stockwell was still in the program, but he left his stamp in Col-
orado. Greg Pearson was in Utah and, although not the original snow 
survey supervisor in Utah, he was one of early program fathers. Each of 
these people had his own unique view of how the program ought to run 
and what were the really significant parts of the program that needed to 
put together.

For instance, Greg Pearson in Utah was a proponent of precipitation, 
wintertime and springtime precipitation gauges. He installed and then op-
erated in Utah a very extensive network of storage gauges that were ob-
served, weighed, and measured at the same time the snow courses were 
made. He placed perhaps a greater reliance on those data than some of 
the other States. Soil moisture was the domain of Morlan Nelson in Idaho. 
He was really very interested in integrating soil moisture observations 
into the formula and worked harder at that than any other State worked 
on soil moisture.

In Wyoming, it was evaporation and sublimation from the snowpack. 
George Peak was strongly committed to the theory that much of our er-
ror in forecasting was attributable to the variability year to year in sub-
limation and evaporation from the high-altitude snowpack. If you travel 
in the Rocky Mountains during mid-winter, often times on a moderate 
day—no storms—you’ll see plumes and banners of snow being blown 
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off of the high mountain peaks. If you fly over or if you’re driving in the 
mountains, and you look up some of those beautiful peaks 14,000 feet, 
you’ll see these banners of snow being blown from the windward side to 
the leeward side. That goes on for countless hours and days in that coun-
try. We now know that the transport of snow and the exposure of snow to 
radiation and wind effects introduce a significant loss to the snowpack. 
It directly sublimates back into the atmosphere, and it can also evapo-
rate back into the atmosphere. So you can lose a lot of what falls on the 
ground back to the atmosphere without any beneficial effect on the river. 
As a matter of fact, I think George’s work was significant in heightening 
the awareness of the hydrologic community that those things could really 
happen. George received a lot of ridicule, certainly a lot of nonsupportive 
discussion regarding his concepts.

Helms: Among the other snow survey people?

Crook: Yes, and the discipline in general even outside of snow surveys. 
I remember that for much of my work early on in Wyoming, I’d go to the 
local locker plant and freeze 1-cubic-foot blocks of ice and store them 
in plastic bags. We’d take them up and put them on towers where they 
were exposed to the wind up on bare ridge tops, and we weighed them 
daily. We observed the wind passage, the relative humidity, the tempera-
ture, and the soil radiation. He worked very energetically for many, many 
years to develop formulas to express the loss to a frozen surface as a 
function of wind speed, wind direction, temperature, and solar radiation. 
He wasn’t academically as well prepared as he should have been, but he 
understood what was going on in a practical sense. With a lot of study 
and hard work and review by some folks who he could rely on who were 
better physicists and snow scientists—at least in the academic sense—he 
developed some formulas that ultimately were embraced. Unfortunately, 
they’re still not widely used, if used at all, in the snow survey forecasting. 
But those same principles are much more widely used now in physical 
process simulation models used by researchers and in more sophisticat-
ed analysis techniques.

Helms: I don’t quite understand why they would be used by one and not 
the other, except that the decision was made not to use them.
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Crook: There’s a lot of imprecision I guess, a lot of ability to mask the 
effects of one parameter with another. Snow surveying is certainly not an 
exact science. Snow surveys just give you an index of the amount of wa-
ter that’s on the watershed. The surveys are made in generally protected 
locales, in a forested environment, rather than up on windswept slopes 
or above timber line where the wind transports the snow so badly that 
you wouldn’t really have a good assessment of how much had fallen and 
accumulated. It would be more a function of how much wind had blown, 
and how much sun had shined, and the other things that affected it. It 
is just an index, and when you’re dealing with indexes, you have some 
error potential. Now to add the calculations to express the losses from 
sublimation, for instance, is also somewhat subjective. Of course, you 
can articulate that as an objective mathematical function, but the obser-
vations you use to plug in to your formula are kind of shaky to begin with, 
perhaps. Whether you’re introducing more error or whether you’re reduc-
ing the error by use of that is the question. In other words, it’s perhaps 
a very rigorous exercise to go through, and the potential for refinement 
in the forecast is relatively small. So I guess you’re beyond the point of 
diminishing returns. Manes Barton used to say that you can achieve 90 
percent of your forecast accuracy in the 10 percent of your effort, and if 
you want to gain that final 10 percent accuracy, it takes 90 percent more 
of your work.

Helms: You said that George Peak was a controversial personality. Did 
you just mean his ideas, or did you think more about his personality?

Crook: Well, he was a good personality in his own sense. He was a fun-
loving, exuberant sort of independent cuss who wasn’t steeped in agency 
tradition. He had more allegiance to his discipline than he did to his agen-
cy, I think. I don’t mean that in a detrimental sense, but they were all to 
one degree or another unique personalities.

Helms: Well two things that strike me talking to you and some of the oth-
ers are the combination of the survey and the research work and the very 
limited personnel. It seems now that when we have a research project, 
we need at least five people, so many thousands of dollars, and these 
people have their own specialty. Unlike parts of the agency, I guess, those 
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4.38	 Kodak camera modified to photograph tree canopies
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who surveyed retained some of their research functions in snow science, 
didn’t they?

Crook: Well, at least some money could be used either to develop some 
technology within the discipline or to fund some ARS- [Agricultural Re-
search Service] type research, those sorts of things. We never did have 
what you’d call a research branch within snow surveys. We just simply 
devoted some money and some energy to developing the various con-
cepts, even though these were perspectives that might not be shared 
throughout the program. For example, there was the contribution that 
Pearson made to precipitation and that Nelson made to soil moisture and 
that George Peak made to sublimation.

Ash Codd was 
the innovator of 
the photocanopy 
meter, which is 
a pinhole cam-
era that looked 
vertically into 
the sky from the 
sampling point 
and by periodic 
measurements 
determined the 
encroachment of the canopy over the sample point. For instance, if you’re 
working with a small natural opening, when you measure the snow, you 
don’t want the surrounding forest canopy to intercept the natural falling 
snow. You want an accumulation on the ground that is as undisturbed as 
possible. But in much of that country, particularly in second growth for-
ests, those canopies grew fairly rapidly, particularly the trees around the 
edges of the openings, which had a little bit more favorable soil moisture 
conditions, nutrient availability, and that sort of thing. So over a period 
of perhaps 10 years, you can see a very significant encroachment of the 
canopy over the sampling point. Well his device, the pinhole camera, gave 
you a pictorial view of what it looked like vertically from the sampling 
point. If you compared photograph A with photograph B, which had been 
taken 10 years later, you’d find that perhaps it was significant and that the 
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measurements that you’re taking have been so affected that there needed 
to be some corrective measures taken.

But each one of these perspectives was developed by individuals, and 
they all had merit. If the program had assigned each of the people to do 
all of those things, they would never have been developed because there 
wouldn’t have been enough energy, enough enthusiasm, enough disci-
pline, and enough opportunity for everybody to do everything themselves. 
Eventually, some of the best of those viewpoints became integrated into 
the program. One of the ways we did that was through the Proceedings of 
the Western Snow Conference where results were reported in a technical 
form, and also other technical exchanges. There was relatively little in 
the way of a bible or procedural bible ever developed for snow surveys; 
it was more or less knowledge gained in the field and information shared 
among the States and from the Portland headquarters office out to the 
States. Everybody learned through those mechanisms. It wasn’t until Sec-
tion 22 of the National Engineering Handbook was finally written in l971 
or 1972 that we had the first discipline handbook. It wasn’t particularly 
technical. There were a few things in it that were reasonably technical 
and timely at the time, but mostly it was a general “how-to” book. Even to 
this day it remains a compendium of knowledge that people are carrying 
around with them, rather than a cookbook procedure that anybody can 
read through, take to the field and adopt, and immediately prosper.

Helms: Tell us a little bit about moving to Alaska, unless there is some-
thing else you want to mention about Wyoming.

Crook: One significant thing in my experience in Wyoming was that at 
the time I was there, we were beginning to develop the first statewide and 
programwide plans for a massive automated data acquisition system. The 
idea at that time was that we’d use VHF telemetry. We’d have repeaters 
on mountain tops, and we would collect data from a number of stations 
that we had designated. Those data would be transmitted via VHF line-
of-sight radio through the repeaters back to our State offices. I spent a 
lot of time when I was in Wyoming doing radio-path checks. Before I left 
there, we had written a plan for a Wyoming snow survey network, which 
uniquely included a number of meteorological data sites. George Peak’s 
perspective was that he had to measure wind passage and radiation and 
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temperature and relative humidity in order to express in his formulas 
those parameters as corrections to snowpack loss. None of the other 
States had those because they didn’t believe in them that strongly. Utah 
had a lot more precipitation gauges planned for their network. I expect 
that if we look at Idaho’s plan, they probably had some soil moisture sta-
tions that nobody else had. Those unique characteristics were expressed 
in each of the State’s plans.

Helms: Well, was this a network where information they collected was 
in the State, unlike the SNOTEL where you have a single point collecting 
data from many States?

Crook: Unlike SNOTEL, that’s correct. The first few prototype systems 
were installed—one was out of Steamboat Springs in Colorado, one was 
in the upper Snake River Valley up in Jackson Hole Country in Wyoming, 
and we operated that one out of Casper, Wyoming. There were others 
in other States, but as we operated them, we learned more and more 
about the vulnerability of the mountaintop repeaters to the really rigor-
ous conditions up there. Rime ice would develop in the wintertime, and 
the weight of that rime ice would knock over antenna towers. It’s really 
a very hostile environment to try to operate in. We learned as we went 
that it would be very, very difficult at best to operate a very extensive net-
work on our kind of budget with our kind of talents. The repeater was the 
weak link. It would have to pass data for the reports from the data sites, 
through a repeater to another repeater. If the repeater went down, you 
would have lost the data; you were unable to get the reports from perhaps 
a very large number of data sites.

Let me interject in here, because I just remembered a significant thing. 
History will not record this, and perhaps your documentation may not 
want to dwell on this, but George Peak was very well acquainted with the 
director of the Atmospheric Research Group of the University of Wyo-
ming. Dr. Donald Veal was the head of that group, and he is a renowned 
figure and an expert in hail suppression and in cloud seeding for snow-
pack augmentation or snowpack enhancement—snowfall increasing. He 
did a lot of work funded by the Bureau of Reclamation. He did a lot of 
work in the Elk Mountain and Medicine Bow Ranges of Wyoming. Don 
Veal and George Peak negotiated an agreement whereby the SCS snow 
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surveyors did a lot of field snowpack measurements that were the valida-
tors or the measurements of the results of the snowpack enhancements 
by cloud seeding. So they developed a good rapport. In their official and 
social conversations, George talked very much about the need for au-
tomated data acquisition systems, and Don understood that and was a 
proponent of that, as well. Don Veal was a very close friend of the past 
professor of history at the University of Wyoming, who was elected sena-
tor. That was Senator Gale McGee, I believe. Perhaps the records will 
show Don Veal convinced Gale McGee of the appropriateness and the 
validity and the necessity of this sort of a program. It was through Gale 
McGee’s work that what became the SNOTEL system’s funds were ap-
propriated to the Soil Conservation Service. That was, I think first, done 
with either the l972 or 1973 budget. But there were impoundments, and I 
believe, perhaps some diversion of funds in the first year or two that left 
nothing available for the program. So it wasn’t until 1974 or 1975 that the 
program really got an infusion of money and was able to buy things. It 
was in 1977 that the first of the SNOTEL system was actually put in the 
field, and I’m sure you have that well documented. It was, I believe, the 
direct linkage from George Peak to Don Veal to Senator Gale McGee that 
was instrumental in getting that through Congress.

Well, in the late 1960s and very early 1970s, we were developing our State 
plans for our automation and learning how difficult it was going to be to 
do them the way we thought we wanted to, which was line-of-site in VHF 
with mountaintop repeaters. Concurrent with that evolved the concept 
of meteor burst. I’m sure you also have documentation that the group in 
Seattle that brought it to the awareness of the SCS was out of Boeing.

The group that developed it was within Boeing Electronics. As a matter 
of fact, they successfully demonstrated it twice in Alaska while I was up 
there in a summertime and wintertime environment. We subsequently is-
sued an invitation to bid for a master station and four or five data sites 
in Alaska to try the concept. Their bid was three times the engineering 
estimate and it was rejected. Everybody went back very much dejected 
over the fact that we just couldn’t afford to acquire the system and try it. 
Boeing, I think, also became discouraged and decided that they wouldn’t 
try to market it anymore. They arranged some sort of a deal with Western 
Union where Western Union would market the technology for them. I 
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have no idea what the business dealing was, but I’m assuming that Boeing 
retained the technology and probably would have made the equipment 
had Western Union been successful in the marketing.

But the five people, who were really instrumental in developing the tech-
nology then left Boeing, formed their own company which became Meteor 
Communications Corporation, and proceeded to try to sell the technol-
ogy. Through the Freedom of Information Act, Secode Electronics which, 
I believe, is a subsidiary of Collins Communication Corporation down 
in Texas, acquired the drawings, the plans, and all of the technology be-
cause apparently Boeing had done its original development work under 
some sort of Government contract. Anyway they wound up with all of the 
keys to the city down at Secode. Secode and Western Union kind of got 
together and so when the SNOTEL contract was finally awarded it was 
awarded to Western Union. They used the Secode Electronics equipment 
which had its derivation in Boeing. So the trail gets rather convoluted and 
it all leads back to the same people in Boeing.

Helms: But at the time they bid on this project in Alaska, in l97l or some-
where thereabout, the technology was not being used for other commu-
nication systems already?

Crook: Not commercially anywhere. It was only demonstrated. At least 
there was no nonclassified use of meteor burst in an operational sense. I 
think it was 1974 that this bid was issued and rejected. The sole respon-
dent was Boeing and their offer was rejected as being far too high com-
pared to the engineering estimate, which might have been a bit low.

Helms: Let me ask you about going to Alaska, how you ended up going 
there, and what the program was like. It seems fairly new, but I’ll leave it 
to you to explain.

Crook: Well, in 1952, the first snow courses were installed up there. I 
believe they were done by Jack Washichek and maybe some others who 
were asked to come up by the Bureau of Reclamation and set a snow 
course network to support inflow forecasts into Eklutna Lake. The Bu-
reau of Reclamation was developing a hydroelectric project in the area 
between Palmer and Anchorage at Eklutna Lake. They turned that opera-
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4.39	 SNOTEL sites
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tion eventually over to the Alaska Power Administration which is some-
thing like the TVA [Tennessee Valley Authority] and Bonneville Power. 
But the Bureau, as I understand it, built that first power plant and in 1952 
a few snow courses were put up. Then there were a few more installed 
for various reasons but in 1964 there was a move to staff the SCS State 
Office with a snow survey supervisor. Ted Freeman at the time was in the 
forecasting office in Portland and was selected as the supervisor.

Ted was in the transition period, house hunting, and trying to run a pro-
gram there while still living in Portland. He was in Anchorage on the day 
of the Good Friday earthquake in 1964, waiting for an airplane to return 
to Portland for the Easter weekend. He tells some really very interest-
ing stories about surviving that earthquake and helping the victims. He 
was within a few yards of the very dramatic land subsidence on Fourth 
Avenue that’s shown in all sorts of pictures of Anchorage during the dev-
astation. He just stepped right outside of this shop that he was in and saw 
all of these things fall and all of this happen.

But Ted then assumed the job of snow survey supervisor at about that 
time. In 1971, he was offered an opportunity to become State resource 
conservationist, a promotion for him with more responsibility and a high-
er grade. That left a vacancy and I was selected to fill in behind him. So 
I moved there in 1971 and was there 4 years. I got there in June of l971 
and left in July of l975 to come down and fill a vacancy in the water sup-
ply forecasting staff. That was created by Greg Pearson’s retirement. It 
is a great country, it was very interesting and we were busy beavers. The 
program grew a lot.

Helms: How many people did you have?

Crook: Well, I really didn’t have any when I got there. Ted had a part-time 
secretary. His office was in Anchorage, and the State Office was in Palmer. 
I’m not certain that I can tell you exactly why he was separated from the 
State Office other than as a matter of convenience. There had been some 
attempts for some time to move this State Office from Palmer to Anchor-
age because the other agencies that you dealt with were all in Anchorage. 
That finally became a reality while I was there in the early 1970s. Perhaps 
as a first entrée into Anchorage, Ted’s office was located there. So when 
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I got there, Ted continued to maintain an office as the State resource 
conservationist in Anchorage, and I had my office. But together we had 
something on the order of a half-time secretary and that was it.

I had a few of the SCS people and a few other agency people who were 
taking snow course measurements in various parts of the State, but I did 
most of the snow survey measurements. I was making my monthly treks 
throughout the State. I was measuring as many as 49 different locations 
where I either made ground measurements with tubes [physical measure-
ments] or fly-by observations of stadia rods. We had one 4-day trip up in 
the Yukon and Brooks Range, then a 2-day trip through the Matanuska 
and the Susitna valleys, and then a few local surveys that were made. 
If the weather was good I was busy for 7 or 8 days straight, doing those 
measurements to get those 49 locations, or fewer, depending upon the 
schedule of the month.

Helms: Now in Alaska is the data eventually used for concerns of flood-
ing?

Crook: Well, a lot of it was simply data collection for future uses, and 
was somewhat speculative. The U.S. Army Corps of Engineers’ Corps Re-
gions Research and Engineering Laboratory in Hanover, New Hampshire, 
supported this substantial network in Yukon and the Tanana Valleys in 
relation to snow traffic ability. They were looking at the mechanical as-
pects of snowpack so that they could theorize how their troop move-
ments might go in wintertime, I guess. So we took snow density and snow 
temperature and snow stratigraphy observations for them, and they sup-
ported a substantial network.

We also took measurements in areas of high interest for winter moose 
range conditions. The Game and Fish Department was very interested in 
that information. We installed a substantial network along the route of 
the Alaskan Pipeline which was planned, and some of the earliest con-
struction had begun when I arrived there. Then the environmental con-
cerns and native land claims settlement issue all kind of conspired to shut 
that down for several years. So there was really no work on the pipeline 
while I was there. But we did have measurements established along the 
pipeline with support from the Alyeska Pipeline Service Company and 
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others that were interested. So a lot of what we did was project oriented. 
Some of what we did was based on the expectation that there would be 
some need for future data for a variety of reasons.

Helms: Was there a big expansion of the number of courses while you 
were there?

Crook: Yes, we installed a number of snow courses while we were there. 
There were a couple of snow pillows already installed when I got there 
and we put a few more in. We were making a transition toward an auto-
mated system, or at least the ability to collect the data on a real-time basis 
onsite with recorders, but we didn’t have transmission facilities when 
I left. But there’s a lot of interest and a lot of awareness that snow is a 
very significant factor in the lives of the people in Alaska. There were a 
couple of very interesting things that I did while I was in Alaska. They 
were unique opportunity, and I really enjoyed having had the chance to 
be there and to participate.

When the construction began on the bridge over the Yukon River north 
of Fairbanks along the pipeline route, the construction people came to us 
and asked us for some sort of an estimate of the summertime flow of the 
Yukon River at that construction point. They were concerned about the re-
quired height of the coffer dams to protect the foundations that they were 
constructing. Well, forecasting the Yukon River at that point had never 
been attempted. I would say probably it’s the kind of thing that would 
take several universities, hydrology departments, many professors, and 
lots of graduate students several careers to really come up with some-
thing super good. But in a couple of days, we made an approximation. 
We used two or three snow courses and tried to draw some conclusions 
based on some pretty sketchy and certainly not statistically significant 
analysis. We were pushing the limits of statistical credibility far beyond 
where we should have but there was nothing else to do. They wanted 
an answer, and we gave them the best we could and we disclaimed the 
statistical confidence. We tried to explain to them as best we could that 
we just didn’t really have much to go on, but with what limited resources 
we could put into it we gave them an estimate. Lo and behold and luckily 
for us it turned out that it was right. They didn’t overtop the coffer dams. 
They didn’t build them any too high but they didn’t overtop them.
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Helms: Which particular event are you referring to?

Crook: This was the construction of that bridge the following summer. 
The Yukon River during its spring snowmelt rise didn’t endanger the con-
struction project because, based on what we told them, they built cof-
fer dams at sufficient heights, but they didn’t build them overly high and 
spend a lot of extra time, effort, and money doing something that wasn’t 
necessary. I mean it was perhaps more luck than science, but we lucked 
out. They were so appreciative of that, they came back the next year and 
asked us for another forecast because they were deploying their barges 
anchored in the river. They were doing work off the barges. As the river 
rose during the spring snowmelt period and receded during the summer, 
they were going to have to schedule the placement of their barges so that 
they could get the work done before they ran out of water in the shal-
lower areas and could move their barges to the deeper portion as the 
river level dropped. They didn’t want to get the barges stranded, so they 
wanted to know about how long the river would be at such and such a 
level. We gave them another forecast and lo and behold again it was suffi-
cient to keep them from getting into trouble. So we had a batting average 
of 1,000, and we quit at that point.

Helms: This was a construction company that you were dealing with?

Crook: Yes, a part of the pipeline construction effort. There was no bridge 
across the Yukon River prior to that time, so they went to a locale near 
Livengood on the Yukon River north of Fairbanks and built this humon-
gous bridge.

Another really interesting study we made was of the snow conditions 
at the location of the expected new city that would be constructed as 
a part of the then-approved move of the State capitol from Juneau to a 
point north of Anchorage. While I was there, there had been many initia-
tives. The one that passed moved the capitol from Juneau neither to Fair-
banks nor to Anchorage but to some area of State-owned land in which 
they would build a new city, a Brasilia of Alaska, if you will. We received 
money from the Capitol Relocation Committee to support some intensive 
surveys and statistical analysis of the data we had been capturing for 
some time out of there plus the new information. We wrote up the report 
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in which we detailed the expectations of the accumulation of snowpack 
throughout the winter. They could use that to determine the cost of snow 
removal and the cost of operating a city through the winter. That wasn’t 
something you got to do very often, so that was a lot of fun. So there 
were a couple of things that were unique to that assignment that I really 
enjoyed.

Another side issue with respect to snow surveys: the year that the snow 
courses along the pipeline were established was my first winter up there, 
l97l and 1972. Ted Freeman and I made a trip to Valdez and measured a 
very, very heavy snowpack in that area that winter. When the construction 
engineers for the pipeline terminal facilities analyzed those snowpack 
readings, they found that they had grossly underestimated the snow load 
requirements. Since they had that information, by their acknowledgment 
they saved from potential failures caused by underdesigned structures. 
So whatever we did in Alaska in terms of public good was, I guess, paid 
for many times over just in the first few measurements we got in Valdez. 
Tank farms and buildings and all sorts of things would have collapsed if 
they’d continued with their construction unaware of the potential snow 
loads that they were going to encounter.

Helms: What about other uses?

Crook: A lot of other uses. I think that it was very legitimate that SCS was 
involved in that because we had the expertise and we had the cadre of 
people to support that sort of program. We did that for a variety of other 
reasons, some of which were agricultural and some not. I think it makes 
more sense to use SCS people than to have some other entity that’s not in 
the business try to develop some in-house expertise.

Helms: Because it’s all the public’s money?

Crook: It’s all the public’s money and I believe that, because of our exper-
tise in the West, we did it more efficiently and more cost effectively than 
some of the other alternatives probably would have. I was transferred 
down to Portland to fill the vacancy left by Greg Pearson’s retirement in 
1975.
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I don’t know if there is a great deal more to add about Alaska. It was a 

very interesting place; there were a lot of things happening and a lot of 

fresh new perspectives. There’s a different way of looking at the program 

in Alaska, every bit as valid, but certainly not oriented toward water sup-

ply forecasting for agriculture because there was no surface irrigation. 

There was very little pump irrigation. We just simply couldn’t sustain a 

snow survey program based on water supply forecasting for agriculture. 

Helms: I think you mentioned something about a l977 flood.

Crook: Well, in 1977 we had an extraordinarily dry year throughout 

most of the Western United States. We were at the Westwide Snow Sur-

vey Training School at Lake Tahoe in January of l977, and all of the guys 

from the different States were assembled there. We compared notes and 

it was quite clear at that point and time that the snowpack was really low 

throughout the entire West. Duane Bosworth, then the information spe-

cialist in Portland, was there and with his help and our collective concern 

we developed a strategy to begin to advance an early warning of the po-

tential severity of this situation. The potential was high for a catastrophi-

cally dry year, and as it turned out that’s basically what happened.

The SCS was prepared early on with a series of informational tips that 

were handed out to field offices for water users on how to conserve. The 

initiative got information to them early enough so that they were able to 

incorporate that kind of information into their planning process prior to 

planting crops and casting a die that was perhaps irreversible. They were 

able to make more intelligent choices, shift to crops with lower water 

needs, or make other management decisions in a more timely fashion. I 

think we all felt like we’d really accomplished quite a bit. The agency was 

able to provide the sort of information and to assemble the agricultural 

community and the water management community early enough that we 

could get this all out on the table and understand the severity of it. As 

a result, we got the word out and we got a lot of news wire press type 

information out. It was enough to help to alert the general public to the 

severity of the situation well in advance of the time when the shortage 

really occurred.
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Helms: It wasn’t just a problem with agriculture, but also for urban uses, 
too?

Crook: Yes, in the West, water is the limiting factor for industry and do-
mestic life as well as agriculture, fish and wildlife purposes, and naviga-
tion on such rivers as the Columbia. The entire community was really 
impacted.

Helms: When you said you replaced Pearson, what particular job was 
that? What was the structure of the snow survey?

Crook: At the time I came to the West Technical Center in 1975, Manes 
Barton was the leader, the head of the water supply forecasting staff, and 
Greg Pearson was a staff hydrologist, essentially his assistant. Greg re-
tired and so I came on as a supervisory hydrologist, basically an assistant 
to the head. We did most of the same things. I did it under his direction. 
I supported him as a technical overviewer to the field and transferer of 
information.
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4.40	 Arthur Crook Deed of Gift
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Phil Farnes

Jackson, Wyoming

April 14, 1992
by

Douglas Helms
National Historian, U.S. Department of Agriculture,

Soil Conservation Service
(now the Natural Resources Conservation Service)

Douglas Helms: Let me ask you where you were born, something about 
where you grew up and went to college, and how you got interested in 
snow surveys.

Phil Farnes: I was born in Billings, Montana, in 1934. I pretty much grew 
up on a farm. I saw some guys from the SCS doing some surveying on our 
place in my early years and decided that I wanted to be a surveyor.

Helms: Snow surveyor?

Farnes: No, a land surveyor, looking down through a transit. When I fin-
ished up with high school in 1952, I went to college in civil engineering. I 
went 2 years in eastern Montana at Billings, then transferred to Bozeman 
and signed up in the civil engineering curriculum. I started out working 
part-time for snow surveys as I was going to college in Bozeman in the 
fall of 1954. I worked for the SCS in snow surveys part-time from 1954 up 
until I graduated in 1957. At that time, the SCS created a full-time job and 
I moved into SCS snow surveys as a civil engineer GS–5 level. About 3 
months after that, Uncle Sam came looking for me, and I spent 2 years in 
the Army. When I came back, I went back into the snow survey program 
working for Ash Codd, who was then the snow survey supervisor. Ash 
retired in 1962, and I ended up taking over the program at that particular 
time. I continued to operate as a snow survey supervisor or data collec-
tion office supervisor until 1989. Then they split my job into a data col-
lection office supervisor and a water supply specialist. During that time, 
I was able to clean up the records, develop a lot of the files, straighten 
things out over here, and kind of get things in shape. I continued to work 
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for another year after that and retired August 31, 1990. Jerry Beard took 
the data collection part, while I took the water supply specialist until I 
retired.

Helms: So were you looking for a job for summer employment while you 
were in college, or did you definitely want to get into that line of work?

Farnes: No, no, it was strictly by accident. Ash Codd gave a presentation 
to the Student Chapter of the American Society of Civil Engineers about 
the first week that I had moved to Bozeman. College was just starting, 
and I didn’t have much to do at that time as far as studies went, so I went 
down and listened to the presentation. This was like the third or fourth 
week in October. He made a statement that he was looking for some-
body to help out part-time with snow surveys and that he generally hired 
somebody that was taking engineering. At that time, I didn’t have any real 
money worries, so I kind of let that pass. But along towards Thanksgiving 
time, I could see that the money I had was not going to last until spring-
time. So I got to checking around and found out who that old fellow was 
that gave the talk and was looking for some additional help. About the 
middle of November, I went down to visit Ash. At that time, the Snow 
Survey Office was on campus at Montana State. I knocked on the door 
and asked Mr. Codd if he had hired anybody. He said, “No, nobody’s been 
down here.” This was a little over a month after we had the meeting. Just 
about the time that I introduced myself, another knock came on door, and 
it was another chap looking for the job. Ash said, “This young chap is in-
terested and he was here first, so I’ll give him the job.” So it was strictly to 
get some revenue while I was going through school that I took the job.

Helms: What did that involve?

Farnes: Well, I was doing technical-type work. I started out as a GS–2, I 
think it was $1.02 an hour, basically doing statistical relationships, tabu-
lating data, drawing maps of snow courses, and these kinds of things.

Helms: You had maps of all the snow courses so somebody who didn’t 
know the area could go?

Farnes: Yes, all the courses had what we called sketch maps that were 
part of the agreements for the snow surveyors, so they knew where the 
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samples were to be taken, had documentation of the course, what land it 
was on, how to get there, how many miles it was from known locations 
for field offices, etc.

Helms: Since he’s deceased, maybe you could talk about Ashton Codd in 
particular. He was one the first people involved in the work to start trying 
to use computers to do the calculations, is that right?

Farnes: Actually, when I came back out of the service in July of 1959, we 
were cooperating with the Agriculture Experiment Station in Montana, 
and one of the chaps working for them by the name of Lynn Johnson was 
taking college courses in computers. He needed a project as part of his 
class, and so he was investigating the possibility of doing the forecast 
with computers. I had just come back from the service, so he and I got 
together, because he did this for his class project, and then we saw the 
advantage of using it. Lynn and I put together a lot of forecasts for Mon-
tana. Within a year after that, we had a training session to show all the 
other States what we had done as far as developing the forecasts using 
the computer. That was in the days of punch cards.

Helms: This was what year?

Farnes: This would have been in 1959 and 1960. We also used a printer. 
We hardwired a program to print the first snow survey summary using 
cards and data, then took the output and had it processed at the carto-
graphic units. Montana was one of the first States to utilize computers in 
processing data.

Helms: Were you doing the same thing, except that the calculations were 
faster? What were the advantages?

Farnes: Back when I was a youngster first starting out, to develop mul-
tiple regression forecast equations, we had a statistical calculator. To do 
one procedure, it would take about a day and a half to 2 days, just to 
punch the things in the calculator and come up with all the information 
you needed to do a multiple regression. Once we got the computers, that 
took away that long, laborious period. Once we got the data in there, it 
was much easier, a much shorter time period, to do the same thing as we 
were doing with the hand calculator.
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Helms: Was that a problem when doing timely forecasts?

Farnes: Well, it was definitely a problem to develop forecast procedures. 
Some of the first ones were developed while I was in the military. They 
hired a statistician. He was a school teacher; he spent the summer there, 
and for the whole, entire summer he developed nine forecasting equa-
tions. It was just long and laborious, so when we went into computers, we 
were able to develop many, many forecast procedures in a much, much 
shorter time, and also, once you had the data on the cards, from there you 
could generate summaries and other kinds of statistics. If you had done 
them by hand like we used to, it was all punch it in the calculator and do 
the laborious statistical calculations.

Helms: What was the process of using computers? These were comput-
ers that were available at the university? When did the SCS acquire its 
own? I guess it varied State to State.

Farnes: When we first started in 1959, we actually started using the one 
at Montana State. We had what I think was the seventh project number 
of the computer. Very few people knew how to use them. We were able 
to utilize them for the forecasts, and when we had the training session, 
other States went back. Some ended up using university-type comput-
ers. I think Idaho had access to Idaho Power’s computer. Most everybody 
found another computer that was available to process the data with. Be-
ing a cooperative program, almost all of the States had cooperative rela-
tions with other agencies or universities, so it was real easy to get in and 
utilize their equipment. It was probably in the late 1970s before the SCS 
actually starting procuring their own equipment, and that was associated 
with SNOTEL and the transmission of data. We pretty much used other 
people’s computers.

Helms: In the interviews that I have done, I haven’t collected a whole lot 
of information about releasing information to cooperators. Did you, in 
the late 1950s, have lots of meetings with irrigation districts, or did you 
mail out the forecasts for the different streams?

Farnes: Early in the season—January, February, March—most of it was 
handled by mailing and a fair number of telephone calls. For a lot of the 
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agencies, like power companies that really needed the data, we transmit-
ted it by telephone so it was just a manual thing. We would tell them what 
the data were, and they would copy it down. Snow surveyors would call 
the data in to us, and we would write it down. In the early stages, a lot of 
it went in by typewriter. The water supply outlook reports were all type-
written, taken down to the mimeograph, copies made, and then mailed 
out to the cooperators. We kind of had a deadline in those days that the 
bulletins would be in the mail by the 10th of the month. So we would 
gather the data, process the data, type it all up, run it through the print-
ing presses, and, in Montana, we utilized the facilities of Montana State 
University. We would take it up there, help them collate it, and get it in the 
mail. That was on the 10th of the month.

As a matter of fact, even with automation and all the computers now, it 
was earlier then than they’re able to do now. I suspect that a lot of them 
don’t come out until the 12th or 13th of each month because of printing 
requirements. We’ve lost ground with the modernization in recent years 
in our ability to get them out in the hard copy.

Also back in that era, almost all of April was taken up with water supply 
meetings. We had meetings with agencies where we all got together and 
talked over what the water supply situation was. The Corps of Engineers 
would come up from Omaha. The Bureau of Reclamation would pres-
ent its information. We would present all the information and meet with 
some of the irrigation districts. That April 1st survey was kind of a turning 
point, pretty much all of the snow was on the ground and decisions had to 
be made. At that time, there were also meetings on the Columbia, so we 
traveled to Portland to participate in the Columbia River water manage-
ment meeting. We generally hosted the Missouri River group, which was 
primarily Montana, Wyoming, and other downstream States. Montana 
kind of took the lead on that.

Helms: What was the last thing? The information was collected for the 
April forecast by March 31st?

Farnes: We tried to have most of the information by the 1st or 2nd of the 
month. So last snow course reading—we’d try to have it in by the 1st or 
the 2nd.
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Helms: The information you were going to give to the Corps or Reclama-
tion Bureau was the forecast for the total amount of water, is that right?

Farnes: For April 1st through July 31st or through September 13th.

Helms: Then they had programs that could tell them what that meant in 
terms of operating the reservoirs or whatever?

Farnes: These numbers were taken as input, a lot of times it was just by 
hand. It told them how they needed to operate the reservoir, whether they 
needed to fill it at a faster rate than what they were used to, or whether 
they really had too much in there and needed to release some. In later 
years, they actually developed programs that helped to do a better job 
at scheduling. But mostly back then, it was almost an analytical-type ap-
proach and not much formal-type programming.

Helms: Do you have any recollections of particular outstanding success-
es or forecasts that were off that were a problem?

Farnes: Probably one of the first periods that I ran into was in the 1960–
1961 era, which were some of the first drought years we’d had since the 
1930s, and most of our forecast procedures did not have data for those 
low water flow years. This was a real problem when we reached the mini-
mum lows with water equivalents. So we did a lot of work, scoured the 
back records, and tried to find what some of the lower flow were. The 
first years that we forecasted these low flows, it was not readily accepted 
because it had been 20-some years since we’d had the previous dry pe-
riods. People didn’t really believe us, but in reality, that’s how we ended 
up, with quite a low year. That was in 1960. Nineteen sixty-one was also a 
dry year. We picked up an extremely large following after we had said it 
was going to be dry in 1960 and it turned out to be that way. In 1961, we 
saw an awful lot of change in farming activities and reservoir operations. 
They paid an awful lot more attention. There had been an attitude that the 
dry years were all over with and would never happen again. So we picked 
up a lot of agricultural people and reservoir people to go along with the 
program and believe in the data in the 1960s. Then in the later 1960s, 
we had some extremely high years, flood event-type deals. Through the 
1960s with some real drastic years, I felt that we picked up quite a large 
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following. You don’t do it on average years; the extreme years are the 
ones that really come out, and that was when the program had its great-
est benefits, too.

Helms: It seems that those things followed sequences—a series of 2 or 
3 dry years followed by 2 or 3 wet ones. Or was that not necessarily the 
case?

Farnes: A lot of our dry periods in the 1960s and 1970s would be 12 
to 18 months. A lot of times they didn’t go too long. It was in the 1980s 
when we started stringing years together like we did in the 1930s. In the 
1930s, it wasn’t so much that the years were extremely low, it was the 
fact that there were 4 or 5 dry years back to back. You can always get 
through that first year fairly comfortably, even though it’s down. You’ve 
got some residual grass on the grazing lands, and you’ve got hay that’s 
still in the haystacks. The second year really starts to get in, and you 
don’t have those reserves. If you get a third dry year in a row, then you’re 
down to crunch time. So those periods with 1 or 2 dry years at a time, we 
were able to sneak through and operate fairly well without any major loss 
of agricultural revenue. Then we got into the 1980s and started putting 
those years together; in some places it went as many as 7 and 8 years. 
Those were the periods when we got an awful lot of attention. People 
were extremely concerned. Quite frankly, we’re still in that period in a lot 
of places. We’ve had 1 or 2 half-way decent years, but basically, they’ve 
been below-average years.

The other thing that has happened is that water use has been more exten-
sive since the 1960s. Water use has become a lot more critical. Another 
thing that has taken place is that now the recreationists insist that they’d 
like to have their fair share. In prior years, if the irrigator dried it up, 
there wasn’t really the environmental movement, the recreation people 
felt that it was just a fact of life. So competition for water is a lot keener, 
a lot more critical in more recent years. Again, in Montana this has fol-
lowed some of the other States. The heavier agriculture States like Idaho 
and Utah went through a lot of this in earlier phases. Montana got into it 
more in the 1980s.

Helms: Is there increasing use for industrial and residential, too?
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Farnes: Everything. The competition is becoming greater, recreation is 

becoming big. So now, people who are guiding fisherman expect to have 

their fair share of water in the rivers, they don’t believe that it’s right for 

the irrigators to take it all. Irrigators feel that it’s their historical right to 

come first and take everything and the fishermen get what’s left over. 

We’ve had fairly large problems with downstream States, particularly on 

the Missouri River, in the operation of the Fort Peck Reservoir. When 

things get to crunch time, should people in Montana have water in Fort 

Peck that provides good recreation, or should that water be released 

downstream for barges, hydroelectricity, and other things? There’s quite 

a fight now between upstream and downstream States as to who comes 

first in a dry situation.

Helms: Before SNOTEL was used, who were most of your snow survey-

ors in Montana?

Farnes: We had about a hundred individuals who actually went out and 

measured snow. Of those, there were approximately 25 different Federal, 

State, and private agencies that participated. Approximately half of those 

measurements were made by SCS people. The other 50 percent were 

measured by cooperators. The Forest Service was a large cooperator, Na-

tional Park Service, U.S. Geological Survey, and then after that Montana 

Power, Fish and Wildlife Service, Montana State Park Service, and private 

individuals. There were some Indian tribes involved. Generally, we tried 

to get those people who had an interest in water to participate in the actu-

al measurements because we felt that their participation would enhance 

the program more than just giving them the data. Besides, there was a 

cost and staff problem. We didn’t have enough people to do everything 

ourselves. We asked the cooperators to help get measurements rather 

than the SCS having to expand itself.

Helms: Where one stream’s water flows into a tributary, you’re interested 

in that for what it contributes to the total. But for another stream of the 

same size, with some immediate use like irrigation, a reservoir, or some-

thing, you do a forecast for that tributary for just that local use, right?
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Farnes: Actually, in Montana, we would forecast any place that had a 
U.S. Geological Survey or any other type of stream gauge on it. Normally, 
if it was an important source of water, it had a stream gauge. So we felt 
that if it had a stream gauge, then we were kind of obligated to make a 
forecast for it. There were many different kinds—for reservoir operations 
or for Montana Power. Maybe they’d have the upstream operations, but 
again that water was used downstream for the irrigators. In Montana, the 
water supply is relatively good, so what happened is that over the years, 
there was no justification for building big irrigation reservoirs. They were 
pretty much relying on the natural streamflow. When Montana went into 
a short water supply, it was really hard on the irrigators, as opposed to 
say, Arizona, where they had large reservoirs that might have a 20-year 
supply. They got a full supply as long as the reservoir had water. We suf-
fered more in the real dry years because we just didn’t have the econom-
ics to justify building reservoirs for irrigation when most of the time we 
had adequate water supply.

Helms: Does that mean that what George Clyde was doing in Utah, look-
ing at the period of low flow, was important?

Farnes: Timing was extremely important in Montana. Through the years, 
we tried to make forecasts that were residual. How much water was left 
to come? How low would the water get later in the year, and when would 
different water rights be cut off? It was very important for the irrigator 
to know what time his water would be cut off. We would project that he 
would be out of water on the 15th of July. Then, his best operation was to 
use that water for one last irrigation, just before he was cut off, not to be 
sitting there ready to irrigate then find that he’s got no water. The other 
thing that really came into play in a lot of these low water years was that 
a gentleman with a late water right a lot of times would change cropping 
patterns, knowing that he only had enough for one or two irrigations. 
He would put in barley as opposed to some crop that he had to irrigate 
through the whole season. At least he would bring off some kind of cash 
crop. In many years, the real dry years, they actually ended up summer 
fallowing and not spending the money to till the soil, to plant the grain or 
whatever, and not get any harvest at all. They used that year to summer 
fallow and do other kinds of conservation practices.
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Helms: This was connected to the late water right? You’d only get water 
early in the season if there was definitely a surplus?

Farnes: The real old water right in Montana was “first in right was first 
in time.” So as the water rights got cut off, the junior rights got cut off 
first, and then they went back. Pretty soon the first water right was the 
last person to be cut off. The other thing that was unique about this was 
that most of the old water rights were low on the tributaries. So as you 
move upstream, you run into a lot more junior rights ‘cause of the way the 
land was settled. Further downstream were generally the ranches that 
were settled first. This always presented a problem because the more 
upstream ranches had poor water rights, but they also had better steal-
ing rights. You get into these conflicts, and it was very difficult when one 
person’s crop was burning up to convince him that he shouldn’t try to 
irrigate. There was a lot of confrontation.

Helms: They had ditch riders to take care of that, right?

Farnes: There were water commissioners who were supposed to, but 
many of the old-timers who I talked to said if you had a poor water right, 
you could leave a fifth of whiskey or a six-pack of beer sitting on the 
headgate. Somehow or another, you’d end up with water when maybe 
you shouldn’t have! There were some things taking place that weren’t 
kosher. Water was extremely critical. A lot of times, that last irrigation 
made a difference whether the person made a profit or whether he didn’t. 
It’s still that way, really.

Helms: I noticed that some of the places tried to do a forecast before 
April 1st?

Farnes: Oh, yes. Way back, the first one was always put out on March 
1. We felt that in Montana at least, March 1 was the earliest date that we 
could put out a realistic forecast. As you moved farther south, the tim-
ing of the season was advanced so that you could do them earlier in the 
season. Pretty soon, requirements became that we did them on February 
1st, and now we’re up to the point where we do them on January 1st. 
Now, January 1st may be a realistic number in more of the southern areas 
like Utah, New Mexico, or California. But in reality, we really don’t know 
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much about what’s going on until we get close to February 1st. We kind of 
hurt ourselves in a way by doing January. We’re trying to put everything 
into one little black box with it all being the same. So we end up doing 
them on January 1st, when we really shouldn’t be. But that’s the standard, 
thou shalt put them out on those five months. The last one we generally 
put out is on May 1st.

Helms: That was all done in the interest of planning?

Farnes: Reservoir planning; power companies particularly needed that 
information quite early in the season. For irrigators, March 1st was gener-
ally early enough to schedule cropping, buy fertilizer, and those kinds of 
things, and then they would do a kind of check on April 1st. Most of the 
farmers had their minds made up on April 1st, and they had to do things. 
The May 1st ones were more of a confirmation to pick up any anomalies 
that may have occurred in the previous month. March and April were the 
two critical months from an agricultural standpoint. January and Febru-
ary were probably more critical from the standpoint of power compa-
nies. For reservoir operators, if they didn’t have power involved, prob-
ably April 1st was when they really needed to have the information for 
the best management.

Helms: If they had power involved, they could generate more power ear-
lier if they knew there was more water?

Farnes: Right. Most of the major power reservoirs had what they called 
drawdown curves. So the better the water supply, the further down they 
could take their reservoir and the more power they could generate. But 
it was always based on the 95 percent probability of refilling. The earlier 
they could get that information on those probabilities, then the further 
down they could go and the more power they could make with the assur-
ance that the reservoir would refill.

Helms: You mentioned the people who helped by collecting the informa-
tion. Did you have any financial contributors to the snow survey?

Farnes: Yes, we had quite a few of them that chose to participate fi-
nancially rather than offer in-kind services, then there were some that 
did both. The Bureau of Reclamation was a large financial contributor. 
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The Corps of Engineers actually paid us money and contracted or did 
work with the SCS. Forest Services basically had staff, and they contrib-
uted people. A lot of the other agencies, Bonneville Power, Corps of En-
gineers, and Bureau of Reclamation, were large financial contributors to 
the program to get the data.

Helms: It sort of went into the general pot of money to run the program 
or specifically for their area?

Farnes: It was specifically for certain courses, and that money stayed 
within the snow survey program. In other words, we could bank on those 
dollars, and we actually spent those same dollars.

Helms: Were these more courses where you had to use airplanes?

Farnes: One of the places that we utilized some of them was first for 
surveys where we had a contract for airplanes. A lot of them were to pay 
SCS staff salaries and travel outside of the normal conservation district 
activities. What happened in many of the cases was that the additional 
contribution enabled us to put a full-time technician in a field office. Or 
maybe the conservation district could support a half-a-year staff, and the 
snow survey could support the other half. Then we could hire somebody 
on full-time and come out much, much better than if we had just had the 
revenue to do a half-time person. It enabled us to increase the field office 
staff and a lot of the snow survey operations.

Helms: How many staff did you have in Montana?

Farnes: There were three of us permanent, full-time staff when I first 
started in Montana. When I retired, we were up to 14, so there was a 
considerable expansion of the program, and financially also, at the time 
I retired, my salary was greater than what it was costing for the whole 
snow survey program in Montana when I first started in 1954. Of course, 
that’s just part of the economy. Dollars were hard to come by back in 
those days, too. We had to do everything we could to save dollars, so this 
cooperative deal was extremely important. If we could find a Forest Ser-
vice office that could do the snow surveys rather than an SCS person that 
we had to put on travel, we would do our best then to try to get that local 
person to do it to minimize the overall cost.
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Helms: I guess when you added somebody new it was no great problem. 
You had a fairly rapid training session?

Farnes: For the permanent staff, we felt that it was probably 2 to 3 years 
before that person could really operate effectively with all the multitude 
of locations, the large number of cooperators, and so forth. It wasn’t real 
easy just to go out and hire somebody and then bring them up to full-
speed right away. Back in those days, we were real fortunate in that we 
didn’t have this big mobility push. I actually worked under Ash Codd for 7 
years before I took over. Many of the people who worked underneath me 
were there for long periods of time. I signed on in the fall of 1954, and in 
the summer of 1954, Ash Codd hired our snow survey secretary. In Janu-
ary of 1955, we had a hydrologic technician come on staff by the name of 
Glenn Herdina. We had worked together for 23 1/2 years, the three of us, 
before our secretary retired, went off, and got married. Then Glen Her-
dina continued to work for me some more. It was 27 years that Glen and I 
worked together. A lot of the technicians we picked up would work with 
us from 3 to 5 years. It took them a long time to become very proficient 
at what they were doing.

Helms: Just taking the surveys, or were they doing forecasts, too?

Farnes: A lot of them ended up at least helping with developing the fore-
casts, tabulating the data, processing the records, summer maintenance, 
measuring the snowpack, and becoming familiar with the routines and 
locations so that they could operate independently.

Helms: Were there any instances when there were disagreements over 
forecasts and information? With the Weather Bureau or others?

1

Farnes: In the early days, there was a lot of competition between the Na-
tional Weather Service and the SCS. Each forecasted independently. That 
was a real major requirement. Arch Work was very adamant that we had 
better do a better job of forecasting than the National Weather Service, 
or we would find ourselves in real disagreement with Arch. There was 

1	 In 1970, the name of the Weather Bureau was changed to the National Weather Service, and the 
agency became a component of the Department of Commerce’s newly created National Oceanic 
and Atmospheric Administration.
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a measure of competition, which I think actually improved the relation-
ship and improved the forecast accuracy. It was a very emotional thing 
for us to be involved in these. You didn’t want to put out a bad number, 
you wanted to get a good number because you felt obligated from the 
standpoint of the cooperator and, also, you wanted to beat the Weather 
Service. In those days, outside of the Weather Service, the competition, 
everybody looked at the SCS to see what our numbers were. They were 
very, very interested in our numbers. As time has evolved and the major 
agencies have picked up computers and have access to our database, we 
find that a lot of them now are doing their own forecasting and not paying 
nearly as much attention to what the SCS puts out as they did in the past, 
before they had some of the capabilities.

Helms: Concerning the Columbia River flood of 1948, wasn’t there a sug-
gestion that there should have been more measurements on the lower el-
evations. Is that something that was areawide or just that one instance?

Farnes: Every time you had an event, it always brought up some short-
comings. The progressive people were really looking to close up those 
holes so it wouldn’t happen again. In some basins, we were short of high 
elevation data sites, at some basins it was the low elevations, and at some 
we needed the precip. That’s what helped shape the whole program. You 
were always trying to get data from areas with too few sites. When I first 
started in Montana, I think there were something like a hundred snow 
courses. At the time I retired, we were up to 242. Those were locations 
where we needed additional sites—Public Law 566 projects, ski areas—
and different demands for the data.

Helms: For the Public Law 566 projects, would you put those in for 
planning, or did you want those after they built flood water retarding 
structures?2

Farnes: Both. The first Public Law 566 project in the United States that 
had irrigation was Lower Willow Creek Reservoir in Montana. Most of 
them were flood control reservoirs prior to that time. As soon as they 

2	 Douglas Helms, Small Watersheds and the USDA.: Heritage of the Flood Control Act of 1936, in 
The Flood Control Challenge: Past, Present, and Future, edited by Howard Rosen and Martin 
Reuss, pages 67–88 (Chicago: Public Works Historical Society, 1988).
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started in on the planning, we put in two snow courses for planning and 
also for operations after it had been completed. That project is still op-
erational today, and the data sites that were put in the early 1960s for the 
plan and the operations are still going today.

Helms: I noticed that in the generation that preceded you, they each had 
particular areas of interest that they researched or technical improve-
ments that they were trying to make. Did you have anything in particular 
that you worked on?

Farnes: At that time, and Arch was very instrumental in this, each State 
kind of had a little pet project that was its responsibility to resolve. One 
of the things was the over-snow machines. We were working on the Snow 
Bugs in cooperation with the university. We improved the forecasts by 
utilizing more modern techniques rather than the old graph paper and 
cross plots to develop forecast equations. Probably our biggest contri-
butions were in the lines of the forecast development and forecasting 
computation.

Helms: What was the work that you were doing with the university on 
the Snow Bug?

Farnes: Actually, in about 1945, Montana State University saw a need for 
good over-snow equipment in order to access a lot of the snow courses. 
They actually developed and built about five different kinds of snow ma-
chines at the university.

Helms: Where did they get their funds from?

Farnes: This was through an agricultural experiment station. I don’t 
think that the SCS actually contributed dollars to those in the early 
stages. There were grants to land-grant colleges for different projects. 
That project went up through the late 1950s before it was actually ter-
minated. This was about the time that small commercial snow machines 
became available. For the first 5 years that I ran snow surveys in Mon-
tana, I utilized one of the Montana Snow Bugs and put large numbers 
of miles on it doing snow surveys. Of course, we also had the Tucker 
Sno-Cat, which came into being in the 1930s.
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Helms: The Snow Bug was a small machine.

Farnes: The Snow Bug was the first small, open air, one- or two-person 
machine. It was kind of frowned upon by a lot of the other States because 
at one time, it was felt that you had to have a big machine with an indoor 
cab with heaters or nobody would go out in them. Of course, the evolu-
tion of the small machines actually took off. They were patterned after 
the machines that were built at Montana State, as opposed to the big 
Tuckers and Thiokols with heaters and big cabs and that kind of thing.

Helms: I gather from talking to people that there was a lot of regional or 
State pride in which machine was the best.

Farnes: There was always competition in anything that we did. At the 
meetings, basically, there were always knock-down, drag-out fights inter-
nally on how we were going to do things. But whenever somebody from 
the outside challenged the program, then everybody seemed to unite 
against them. But different kinds of snow generated different kinds of 
equipment. We had a lot of powder, light snow. We had to have a snow 
machine that had very low psi [pounds per square inch] because a big 
machine, a heavy machine, would just bog down in that powdery snow. In 
the Cascades or the Sierras where the snow was harder and denser, they 
could use heavier or different kinds of machines. We’d have training ses-
sions and, of course, whoever could put the flag first on the hill with the 
snow machine kind of walked away a little bit prouder than anybody else. 
This was in all things. There was a lot of competition, a lot of personal 
desire—hey we’re going to do a good job and show these boys!

Helms: You mean the training sessions like the safety training?

Farnes: At the westwide training school. We actually had quite a few 
over-snow vehicle training schools where all different kinds of machines 
went through a lot of different kinds of side hills and climbing tests and 
speed tests to really see how each one of them performed. All of them 
came together on the same kind of snow.

Helms: Was the westwide training school the same as the snow survey 
safety training?
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Farnes: Yes, they came about in the early 1950s. Jack Wilson, who was 
the assistant in Idaho, went down three different times in a fixed wing 
airplane in 1 year, and there’d been some other things that had happened. 
One of the pilots who had gone down with Jack could see the lights of 
town and he wanted to walk to town. Jack said, “No, I’m staying right 
here, and I’m going to set up a camp,” and the guy said no, and we almost 
lost a pilot because he got hypothermia. He finally came back with Jack. 
At that time, we were sending these people out without any real train-
ing. Those kinds of accidents caused us to start the westwide training 
school. In the early days, they were held every other year. Pretty soon 
SCS requirements said that the person will have to go through the train-
ing school before he can participate in snow surveys. Somebody would 
leave and a new person would come, but if the training school was going 
to be held next year, you couldn’t really legally put him out on snow sur-
veys. I think it was in the early 1970s, we had a lot of turnover in Montana, 
and the training schools were scheduled for the next year. So we had one 
at Big Sky, which was just being developed. I think I had seven or eight 
people. I was going to do the training with my own staff. At that time, 
Portland did not want to participate because we were out of the normal 
2-year rotation. Other States also had a lot of new people needing train-
ing, so we ended up with 97 people at our training session from all over 
the West. But the NTC [National Technical Center] would not participate 
because they thought it was an illegal school. Anyway, that was enough 
to force us into the annual training sessions. The NTC said, “We’re not 
going to let this happen again!” so at that time we went to the annual ses-
sions. That’s the only way you can do it with turnover of your staff. You 
can’t wait 2 years and still meet the requirements of having trained people 
every year.

We’ve had an awful lot of close calls. There’s only been one person that 
I’m aware of that has ever been killed on snow surveys, and that was the 
Forest Service person back in 1941 out of Jarbidge, Nevada. It’s a pretty 
enviable safety record, and a lot of it goes back to training schools and 
the effort that we’ve made to provide our people with equipment and 
training.

Helms: With the SNOTEL, you’re taking a lot fewer trips, aren’t you?
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Farnes: I’m not sure that that’s true. We take fewer scheduled trips, but 
a lot more unscheduled trips. We’re probably putting more SCS people 
out in the field, but there probably are fewer cooperators and fewer field 
office people. Snow survey people, electronic technicians in particular, 
are spending a lot of time in the field now. Probably more days in the field 
now than we were in the past.

Helms: Before the time of using meteor-burst technology, what were 
some of the various things that went into the SNOTEL site and some of 
the drawbacks and complications? I guess there were years and years of 
experiments to find out what would or would not work.

Farnes: In the late 1950s and early 1960s, there was a lot of discussion 
about automating. There were all kinds of problems associated with it. 
They said, “The snow pillows are going to bridge,” or “We are going to 
automate robots to eventually take the manual samples.” There were a 
lot of discussions of pillows. At that time they decided that the only way 
we were going to find out was to put a pillow in and try it. Like I said, in 
the late 1950s and early 1960s, they were starting to be put in out West. 
The first one, I think, was associated with the University of Idaho out of 
Moscow. A guy by the name of Cal Warnik put in the first one. It looked 
like it would do its job. The next year, the SCS put one at Mount Hood; 
things seemed to work okay there. The next one went in Montana; they 
were scared that the light, powder snow might not weigh properly. I think 
that the following one was in Colorado. These were really the first ones 
that we started getting data on.

To me, it appeared that it was a real feasible way to go, and in 1964, I put 
out the first plan to automate snow measuring sites. We had approximate-
ly 75 sites identified in Montana, and we had line-of-sight communica-
tions which we were going to use. Actually, one of the first radio systems 
was in Portland, Oregon, at Mount Hood. The second one was designed 
by Montana State University and put on at Lick Creek repeater to bring 
in Lick Creek and two additional sites in Montana signaling into Boze-
man. Those were the first two line-of-sight telemetries. I put together this 
plan, and Colorado thought this was a good idea, as did a couple of other 
States. Basically, other people were, you know, “You guys are way off in 
left field. This will never happen. It will never come about.” Then, about 
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4.41	 Manes Barton at the Mount Hood test site
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half of the States had a plan, and about half of them didn’t. Manes Barton, 

at that time, decided it would be good if all of the States had a proposed 

telemetry plan. So the other States put one together, and we ended up 

with a westwide automated plan.

Helms: Was this just for snow pillows?

Farnes: Well, at that time we were also starting to look at precipitation 

gauges. Utah was doing a lot of work in precip. It was bringing out both 

the snow pillow and precipitation, and maybe temperature. Temperature 

was really a factor. Snow was first, precip was secondary, and we were 

starting to look at some of the other parameters. Then after we had this 

together, we said, “Hey, we need to go after some money to do this.” That’s 

when we got into the meeting in Portland, and we had all the plans. We 

had people out from Washington. The people from SCS in Washington ba-

sically said at the meeting, “You guys can come up with all the plans you 

want, this sucker’s never gonna fly. You have to get funding up through 

the Presidential staff because we’re part of the Executive Branch. By 
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4.42	 Precipitation gauge, instrument shelter, and snow pillow at the Fisher 
Creek snow pillow site, 8 miles north of Cooke City, Montana, 1965
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God, the SCS is never going to put in a dollar for you.” The guy had to go 
back to Washington, and everybody kind of sat around the table.

Helms: Who was that?

Farnes: I can’t remember the individual’s name; he was probably equiva-
lent to deputy chief or one of those kinds of people.

Helms: They weren’t going to ask for the money in the budget process?

Farnes: Basically, what he said was, “We’re not gonna ask for it, and you 
aren’t ever gonna get it.” So anyway, the guy had to fly back, leaving a 
lot of the snow survey supervisors—George Peak, Jack Washichek, Bob 
Davis, myself, Manes Barton, who was kind of head of the unit out there, 
I think Jack Frost was still around, and Dick Enz from Arizona. One guy 
says, “Who the hell does this guy think he is, telling us we can’t get this 
money?” We didn’t like being told that we couldn’t do this, so somebody 
said, “How are we going to get around this problem?” George Peak, who 
was snow survey supervisor in Wyoming at that time, said, “An old frater-
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4.43	 George Peak traveling to Alpine site and snow pillow at North French, 
Wyoming, 1974.
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nity buddy of mine is the chief aide for Senator McGee, who is Chairman 
of the Senate Appropriations Committee. I bet I can get a hold of him, and 
we’ll find out what we can do,” and we said, “Hey, that sounds real neat!” 
So George called up his old fraternity buddy.

Then, when Senator McGee had the budget hearing that year, Ken Grant 
was the administrator of the SCS. He presented all of this information 
that the SCS wanted to put forward. Senator McGee said, “Well, don’t 
you have a snow survey program?” Ken Grant said, “I guess we do.” He 
said, “Don’t you need some money to put in an automated network?” Ken 
Grant says, “Well, I suppose we do, sir.” He said, “How much money do 
you need?” Ken said, “I don’t have that information with me.” So he had 
to call a recess and go back to the office and get that. In the file was the 
westwide plan that we had put together with all of the States for 512 sites 
and all the dollars. He came back and presented this to Senator McGee. 
Senator McGee said, “Sounds like a real good idea.” They put a million 
dollars in the kitty for a snow survey telemetry system.

Helms: This was about what year?
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Farnes: It had to be in the late 1960s or 1970 to 1971. In that year, Richard 
Nixon had basically impounded all of the extra funds, so he impounded 
the million dollars that McGee had in there for SNOTEL. The next year, 
Senator McGee got unhappy with the whole system and said, “We’re not 
going to hold hearings this year.” But he threw another million in the kitty, 
which also got impounded, so there’s 2 million in the kitty. Then the third 
year we came along; it had to be around 1972 or 1973, and they threw 
in another million dollars. We had 3 million sitting on the board waiting 
to put into the SNOTEL system. At that time, of course, everybody was 
scrambling trying to get it.

It appeared that there was a shift in attitude at the SCS. Prior to that 
time, anytime we had wanted money, we’d go to the SCS and they’d basi-
cally say, “We don’t have it.” Then we would go to the cooperators like 
the Bureau or the Corps, and they would give us the dollars to do what 
we wanted. From the beginning up through the 1970s, we actually were 
alienating ourselves from the SCS. If we needed money, we went to our 
cooperators, and that’s where our efforts went. You know, we kept get-
ting further and further from the main SCS. After we picked up the $3 
million without anybody in the SCS asking for it, it appeared that there 
was a little change of sentiments. They said, “Hey, these damn kids can 
get $3 million, maybe we’d better tag along with them!” At that time, it 
appeared that the SCS started to get involved, concerned, and interested 
in SNOTEL. We then became more closely associated with SCS and less 
with our cooperators.

SNOTEL, as we know it today, would have gone on regardless, but it may 
have ended up that it was done by the cooperators providing the funds. 
We may have even been alienated from the SCS. Through this evolution, 
we actually were able to pick up the funds and get started. That started 
off the SCS SNOTEL-type deal. Basically, it’s been an SCS program since 
that time and the SCS had been instrumental in getting additional funds 
to keep it going.

Helms: But originally, it was to be radio communications, right?

Farnes: It was to be manual communications. After we got the $3 mil-
lion, we let a contract with an outfit called Systems Consultants out in 
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California. Their charge was to investigate all of the present ways of te-
lemetrying data and to recommend to us the best system. They looked at 
hard-line communications, and they looked at satellite communications. 
At that time, meteor burst was just starting to become useful. Actually, 
the meteor-burst communications was developed between Montana State 
University, M.I.T. [Massachusetts Institute of Technology], and Stanford 
under a contract with the Navy to develop nonjammable communications 
systems. I was involved with it in the early years when they were using 
it as a communications system. Then, they actually developed satellites, 
and the Navy backed off of it. The next time it got brought up was they 
were going to use it as the time sync system.

Helms: What was that?

Farnes: The Navy used to broadcast the precise time. They were going to 
use meteor burst because of its rapid transmission to broadcast the time. 
Then about that time, the quartz crystal became one of the things that 
gave very precise time, so meteor burst got pushed back down. Then Boe-
ing Aircraft was running short on both commercial and military contracts, 
and a lot of the people who had worked on the meteor burst at Montana 
State University had gone to work for Boeing Aircraft. They talked Boe-
ing into bringing this thing up and trying to develop a communications 
system up there. Actually, Boeing bid on the first communications system 
we had. But the bid came in too high, and it was rejected. Then Boeing 
dropped it. They started getting more aircraft contracts. That little group 
that was working on that said, “There must be something here.” So the 
original guys who organized MCC [Meteor Communications Corporation] 
quit Boeing and formed Meteor Communications. Then the second con-
tract was let....

Helms: About what time was that?

Farnes: This would be in roughly 1974 or 1975. Actually, the contract 
went to Western Union. MCC was providing the technical information to 
Western Union on meteor communications with the idea that they would 
not compete on the bids with Western Union in the early stages. My un-
derstanding was that Western Union got out of it and through that opened 
up the door for MCC. Then MCC started in to it. This would have been in 
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the late 1970s. Basically, MCC now has been doing the contracting, and 
we have been working with them. Western Union, when it originally got 
the bid, was supposed to do the maintenance for 10 years, and there was 
a fixed price on it.

SCS and Western Union, I understand, had some contractual problems. 
Western Union had two or three lawsuits against the SCS and vice versa. It 
was a mutual agreement that if the SCS would let them out of the 10-year 
maintenance contract, which was really underbid and was really killing 
them, they’d drop the charges against the SCS. So it was kind of a mutual 
agreement. At that time, when the maintenance agreement went down 
the road, that’s when we put on our electronic technicians and started 
doing our own maintenance. Then MCC came in and provided equipment. 
That’s kind of the evolution of SNOTEL up to where we are today.

Helms: Originally, it was just for snow pillows, precipitation, and tem-
perature.

Farnes: Actually, yes. When we got started in the contract, it was those 
three parameters that were the keys ones. But we still always recognized 
that there are places we may want to add additional sensors. With SNOTEL 
came the computers in the field offices. Also with that came reorganization. 
We recognized that we needed to have a group in Portland that could do 
some things. One of the things that got us into trouble was that the Chief 
of SCS was very scared of going in and asking for additional staff for 
SNOTEL. When all this was presented, he said, “Okay, if you give us all 
this money, then we’ll be able to do this whole thing without any increase 
in staff.” That really killed us out there. You just don’t double or triple the 
size of your program and keep the same number of people. As a net result 
of this, we had to make some changes. We formed a unit in Portland. 
There used to be two or three people out there; then that went to the 12 
or 14. We reorganized, put things on a D.C.O. [Data Collection Office] 
basis rather than on a State basis, hired some electronics technicians, 
made some changes, and basically, that configuration is pretty much 
existing today. In reality, one of the areas that suffered was our work 
with cooperators. There just wasn’t time to do all of the things that made 
this program successful. Another thing that has hurt us was SNOTEL was 
never planned as a fully automated system. It was originally conceived 
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as a combination of manual and automated stations for economy. Then 
one of the NTC [National Technical Center] directors started using the 
line that all manual stations would be discontinued when SNOTEL sites 
were completed. Many administrative types still pursue this path today. 
In reality, Montana originally proposed 75 or so stations with the idea that 
the number would be up to 100 before SNOTEL was fully implemented. 
Even today, some 25 years later, we are not even up to the 75 stations. 
But the pressure to get rid of the manual sites is becoming a career goal 
for a couple of administrative types without regard to the needs of our 
cooperators or the best overall type of program. I think history will show 
that the decision to eliminate all manual stations was not the best for SCS 
and its cooperators.

Helms: What are the advantages of having the continuous information 
over doing it every month?

Farnes: The main advantage is that from the time the snow starts to 
melt—at least in our country, roughly the first of April toward the middle 
of April—on through the melt season, we know what’s going on every 
day. We can advise cooperators whether we’re picking up melt, whether 
we’re gaining new snow, and whether we’re getting precip. From the op-
erational agency’s standpoint, it’s a lot more data than we ever had when 
we were doing it on a once a month basis.

Helms: But you only do that if something significant appears, right?

Farnes: When we get to this time of year—the middle of April—on 
through the runoff season, many of the agencies and even our own people 
are looking at the data daily. What happens on a mountain today will be 
reflected in the streamflows tomorrow. So if you’re operating a reservoir, 
that’s extremely important information to know. If you get a big precipita-
tion event, you can do things as far as the flood aspects. Before, we used 
to have to wait until the water got down off the mountain and times were 
quite short. Now we have those advanced warnings.

Helms: They can access the information sort of instantaneously?

Farnes: Almost every morning at this time of the year, many different 
agencies get on and find out what has happened in the past 24 hours. 
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There are even some places, like the St. Marys drainage in Montana, 
where the Canadians are very interested. Sometimes we will increase the 
sampling to four times a day because of the flood aspects on the Bow Riv-
er that comes down through Calgary and causes problems there. If there’s 
a major precipitation event coming through, we’ll increase the sampling 
intervals so we can know what’s going on even more frequently. We just 
can’t sit down in the valleys and look up in the mountains and see what is 
happening. If you’re getting an inch in the valley, you don’t know whether 
it’s an inch in the mountains, whether it’s half an inch, or whether it’s 3 
inches. When you have these stormy periods and you can’t see up in the 
mountains, you don’t have the knowledge. The only knowledge you have 
is from the SNOTEL. It becomes extremely valuable in the main runoff 
season.

Helms: Thank you very much.
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4.44	 Phillip Farnes Deed of Gift
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