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West-Wide Snow Survey Training School

Chapter 1—Course Material

Information for NRCS and Non-NRCS Participants

This information is intended to help you prepare for the week
you will be spending at the West-Wide Snow Survey Training

School. It is an intense, rigorous, outdoor-oriented course that
you should find to be an enjoyable and rewarding experience

if you know what to expect in advance and come prepared to
participate.

You must be able to get around in the snow on foot. Cross-
country skis or snowshoes are required. Ski equipment should be
available for rental at the lodge (call to be sure), or you may
bring your own gear. Make your travel arrangements in order to
arrive early enough to get your equipment fitted properly and
not be late for the lessons. If you intend only to snowshoe, you
must bring snowshoes with you.

One of the most important portions of the training is the
overnight exercise. After a morning of classroom instruction,
you and a partner(s), will spend the afternoon constructing a
snow shelter. You will then be required to spend the night in
whatever it is that you have built. The more care and attention
to detail that you use, the more comfortable you will be.

Following is a list of items that you MUST BRING WITH YOU
for this exercise.

e Shovel—avalanche and scoop shovels do nicely. Military
trenching tools are unacceptable.

e Hatchet—necessary for cutting trees used in shelter
construction and for making a bough bed.

e Rope—minimum of ten feet, used in the shelter and for
tethering gear.
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e Ground cloth—many trainees bring construction plastic or
space blankets. You will need a minimum of one 8 x 10
foot piece, of at least 4 mil in thickness. Additional pieces
are useful in constructing the shelter.

e Sleeping bag—a winter weight bag and sleeping pad are a
necessity. Closed-cell foam or ensolite pads work well,
however, ensolite, tends to shatter in very cold
temperatures.

e Backpack—you will carry everything you need to the bivouac
area for the over-night exercise. You will ski
or snowshoe about half a mile, so the backpack must be
large enough to handle the necessary gear, yet still allows
balance and freedom of movement. Day packs and military
rucksacks are not acceptable.

Information

NOTE—Make arrangements to bring this equipment to the school
with you. You will not be allowed to participate without it. If you
do not have this equipment, talk to your supervisor, Data
Collection Office, or Water Specialists Office so they will bring
what you need. If you are not an NRCS employee, you will need
to make your own arrangements to obtain the equipment.

If you have a snow sampling set and are driving to the school,
bring your set. Otherwise, make sure that the Data Collection

Office Supervisor for your area is aware of your need, so that
one can be provided.

The afternoon sessions are mostly conducted outside. Winter-
weight clothing including boots, pants, coats, sunglasses, gloves or
mittens, and hats are required because temperatures may fall well
below freezing. It is a good idea to have more than one pair of
gloves or mittens, and gaiters come in handy in powder snow.
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In contrast, make sure you bring a bathing suit because the
facilities usually have a sauna and hot tub. Check your letter from
the National Employee Development Center (NEDC) to find out.
Examine the list of “things to bring” that is included in your
packet of materials. Most are necessary and some are optional.
Having them with you will make your stay a more enjoyable and
memorable experience.
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Suggested List of Things to Bring

1. * Outdoor clothing—clothing that can be worn in layers that can be added or
removed according to activity.

__ shirts ____jacket or parka
______pants ____ mittens or gloves (2 pairs)
__ socks __ windbreaker
_____gaiters _____wind pants
____ boots __ long underwear

hat

2. Indoor clothing—comfortable and casual

3. Off-hours recreation

swim wear down-hill ski equipment

ice skates camera and film

4. Outdoor equipment

_____ *sleeping bag—winter weight _____ *sleeping pad

_____*ground cloth ____ "backpack

___ *rope __ “*hatchet

_ *flashlight (with extra batteries) _ *shovel

___ *sunglasses or goggles _____*water bottle (1 quart min.)
__ *small tarp or plastic sheet 8'X 10' ___+snowshoes
______+cross-country boots _____+cross-country ski equipment
___ candle __metal cup

_____matches _____sun screen

space blanket

*Required
+must have either skis or snowshoes
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Pre-Course Information

Snow Survey Physical

NRCS personnel must have a snow survey physical completed before attending the
session (see page 1.9).

Non-NRCS personnel must have certification that they are in good enough physical
shape to complete the cross-country and bivouac portions of the school (see page 1.9).

First Aid

All personnel should have completed a basic First Aid course and a CPR course and be
prepared to show a certification card.

Travel Authorization

You will need to request travel authorization through your state office to attend the
Snow Survey School.

Ski Instructions

Please refer to your letter from the NEDC to see if ski lessons will be offered.

Pre-Course Assignment

These questions are designed to guide you through the book and help you understand
the material. Upon completion of the school, you should be able to fully answer these
questions as a post-test.
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Physical Fitness Certification

I certify that I have passed a physical examination which determined (or I personally
determined (non-NRCS employees)) that 1 am physically capable of ski or snowshoe
travel in deep snow with field pack, at high altitude, and I am capable of an overnight,
outdoor bivouac in a snow-covered environment. Additionally, I will have completed a
basic first aid course before attending the West-Wide Snow Survey Training School

and am current in CPR. I understand that | may be asked to present actual proof
of certification.

Name Date

Signature

Please mail the completed form ASAP to:

Attn: Jo Huelshoff

Water Supply Forecasting Staff

Natural Resources Conservation Service, WNTC
101 S.W. Main St., Suite 1700

Portland, OR 97204-3225

If you have any questions, please contact Jo Huelshoff at (503) 414-3031.
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Pre-Course Assignment

Name: Date:

Location:

Please complete the following questions by reviewing the enclosed
training workbook.

Avalanche
1. Name two types of avalanches.

a.

b.

2. List five important factors affecting snow stability.

3. If you become trapped in an avalanche, you have about
a percent chance of survival after being buried for
30 minutes.
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Mountain Medicine—Safety
4. What are three factors that can lead to hypothermia?

a.

b.

5. What are three symptoms to look for if you suspect a
member of your group is becoming hypothermic?

a.

b.

6. Name two methods of treatment for hypothermia.

a.

7. When should you use snow as a treatment for frostbite?
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Data Collection

8. What are the three major components of the standard
Federal Sampling Set?

a.

b.

9. What are two good reasons for carrying site maps on snow
surveys?

a.

b.

10. Why are SNOTEL ground truth measurements taken?

11. The maximum allowable deviation in density between sample
points when measuring a snow course is percent.

Preparedness

12. Who is responsible for initiating search and rescue
operations in your local community?
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13. What is the best clothing to wear for:

a. Cold and dry conditions?

b. Cold and wet conditions?

c. Cold and windy conditions?

d. Helicopter travel?

14. What three items which should always be included in a
trip plan?

a.

b.

C.

15. What are two ways to control excessive perspiration?

a.

b.
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Survival in Snow
16. List three types of survival shelters.

a.

b.

17. What are four factors you should consider in deciding
whether or not to bivouac?

a.

b.

18. List three ways to start a fire in a survival situation.

19. In an emergency, is it a good idea to eat snow if you
become thirsty? Why?
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Travel—Over Snow

20.

21.

Name three methods of over snow travel.

a.

b.

C.

What advantages do large snow cats have over small
snowmobiles?

Travel—Air

22.

23.

24.

From which direction do you approach a helicopter when
boarding?

What is the significance of NOMEX?

Name three modes of travel used by snow surveyors which
require the use of helmets?

a.

b.

November 1999



West-Wide Snow Survey Training School

Equipment Maintenance

25. What are two methods used to keep snow from sticking to
the snow tube?

a.

b.

26. What are the two most frequent maintenance problems
associated with snowmobiles?

a.

b.

Uses of Information—General

27. What percent of water in the western states comes
from snow?

a. 25%
b. 50%
c. 75%

d. 90%

28. What two significant accomplishments are attributed to Dr.
James Church?

a.

b.
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29. List at least five applications for snow survey data other
than for water supply forecasting.

a.

b.
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Assembly of Notebook Binder

Please assemble your notebook binder prior to attending the
West-Wide Snow Survey Training School. YOU MUST BRING
THIS MANUAL WITH YOU TO THE SESSION. The following
suggestions should be of help to you:

Inside your opened notebook binder:

e Insert one of the 8.5" x 11" plastic document protectors
in the front and at the back of your notebook binder.

e Remove the plastic shrink-wrap from your training manual
and insert it into the binder. Chapters in your binder are
as follows:

Chapter 1—Course Material
Insert your course agenda, participant’s letter, etc.

Chapter 2—Welcome and Course Overview
Includes History of Snow Survey

Chapter 3—Avalanche Hazard Recognition, Evaluation,
and Rescue

Chapter 4—Mountain Medicine
This is the support section for your copy of the booket,
“The National Sky Patrols Outdoor Emergency Care.”

Chapter 5—Data Collection

Chapter 6—Preparedness

Chapter 7—Survival

Chapter 8—Travel-Surface

Chapter 9—Travel-Air

Chapter 10—Equipment Maintenance
Chapter 11—Use of Information
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Chapter 12—Appendix A, Policy
Safety and Occupational Health Management

Chapter 13—Appendix B, References
Includes information on Water Supply Forecasting

Chapter 14—Appendix C, Publicity

Chapter 15—Appendix D, Photography

Please Note...

Customized West-Wide Snow Survey Training School inserts for
the outside plastic sleeves and spine of your notebook binder will
be given to you at the session.

The United States Department of Agriculture (USDA) prohibits
discrimination in its programs on the basis of race, color, national
origin, sex, religion, age, disability, political beliefs, and marital

or familial status. Not all prohibited basis apply to all programs.
Persons with disabilities who require alternative means for
communication of program information (Braille, large print,
audiotape, etc.) should contact the USDA Office of
Communications at (202) 720-5881 (voice) or

(202) 720-7808 (TDD).

To file a complaint, write the Secretary of Agriculture,

U.S. Department of Agriculture, Washington, D.C., 20250,
or call (202) 720-7327 (voice) or (202) 690-1538 (TDD).
USDA is an equal opportunity employer.
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Course Objectives

The overall objectives of this week’s training is to impart to
participants the knowledge and skills needed to conduct snow
surveys in a safe, efficient, and technically sound manner. To
attain this objective you will be instructed in three principal
categories—Safety, Sampling and Travel. You will also receive
instructions in how snow survey data are used, how forecasts are
made, and how (and what) information is provided to interested
data users and the public.

Safety is the paramount concern of all snow surveyors and your
instructors this week. At the conclusion of this week’s training,
you should have a working knowledge of safety hazard assessment
and avoidance. mechanics of snow avalanches. and emergency
rescue procedures. You will have been instructed in mountain
medicine and first aid principles and procedures. You will have
constructed an emergency shelter in the snow and survived for a
night without benefit of a furnace, electricity, telephone or
television. You will understand the proper and safe way to
function in and around snow machines and aircraft.

Travel over deep snowpacks to, from, and along snow courses is
an obvious necessity for any snow surveyor. Many of you are
unfamiliar with snowshoeing or cross-country skiing. Others may
be experts. The instruction has been structured so that all levels
of ability will receive beneficial training.

Snow sampling is what this week and your winter work
assignment is all about. Good sampling information will be your
product. To assure the continued integrity of snow survey data,
you will be instructed and participate in proper techniques of
sampling, recognition of errors in the data, and note keeping.
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Your instructors this week are all experts in the various facets

of snow surveying, oversnow travel, safety, forecasting and public
information. Most are Natural Resources Conservation Service
(NRCS) professional hydrologists, safety officers, and line
managers. The services of other government and private sector
experts have been obtained to bring you the highest degree of
expertise possible. Their combined experience amounts to tens-of-
thousands of snow surveys; hundreds of snow avalanche studies;
many medical cases; countless miles on skis, snowshoes, and
snowmachines; thousands of aircraft hours; and scores of nights
in snow caves (some unplanned). Do not hesitate to ask
questions, recount experiences, or otherwise take the

opportunity to benefit by their presence.
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Chapter 2—Welcome and
Course Overview

Welcome to the West-wide Snow Survey Training School. You
will not only benefit from this activity-filled week of learning, you
will enjoy every second of it. Come prepared to work hard, ask
questions, do hands-on field and classroom activities, and, above
all, learn. This course could save your life someday; so plan to
be an active participant.

The overall objective of the West-wide Snow Survey Training
School is to impart to you the knowledge and skills needed to
conduct snow surveys in a safe, efficient, and technically sound
manner. To attain this objective, you will receive instruction in
three principal categories:

e Safety
e Sampling
e Travel

You will also receive sufficient instruction so that, following the
training, you will be able to:

e Describe how snow survey data are used.
e Explain how forecasts are made.
e Provide forecast information to interested data users and

the public.

Safety is the paramount concern of all snow surveyors and
instructors at the West-wide Snow Survey Training School. At
the conclusion of the training you will be able to:

e Make safety hazard assessments and practice the avoidance
mechanics of snow avalanches.
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e Describe and carry out emergency rescue procedures.

e Perform simple mountain medicine and first aid principles
and procedures.

e Construct an emergency shelter in the snow and survive for
a night without benefit of a furnace, electricity, telephone,
or television.

e Explain the proper and safe way to function in and around
snow machines and aircraft.

Travel over deep snowpack to, from, and along snow courses is
an obvious necessity for any snow surveyor. Many of you are
familiar with snowshoeing or cross-country skiing. Others of you
may be experts. Instruction has been structured so that all levels
of ability will receive beneficial training.

Snow sampling is what the West-wide Snow Survey Training
School and your winter work assignment is all about. Good
sampling information will be your product. To assure
the continued integrity of snow survey data, you will receive
instruction and participate in proper techniques of sampling,
recognition of errors in the data, and notekeeping.

Your instructors during the week are all experts in
the various facets of snow surveying, oversnow travel,
safety forecasting, and public information. Most are
Natural Resources Conservation Service (NRCS) professional
hydrologists, safety officers, and line managers. The services of
other government and private sector experts have been obtained
to bring you the highest degree of expertise possible.

The combined experience of these experts amounts to:

¢ Tens-of-thousands of snow surveys.

e Hundreds of snow avalanche studies.
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e Numerous medical cases.
¢ Countless miles on skis, snowshoes, and snowmachines.
¢ Thousands of aircraft hours.

e Scores of nights in snow caves (some unplanned).

Do not hesitate to ask questions, recount experiences, or
otherwise take the opportunity to benefit from the presence of
these experts.

Chapter 2—Welcome and Course Overview 2.3



West-Wide Snow Survey Training School

2.4

November 1999



West-Wide Snow Survey Training School

History of Snow Surveys

We Have Always Sought the Unknown

Since the dawn of early history, mankind has desired to see
beyond today, tomorrow, or even years to come. This applies as
much to meteorological phenomena as to love, security, or other
personal and social problems.

By successtfully reading, in advance, the riddle of nature’s annual
patterns of participation and temperature distribution over the
globe, it is not out of reason to believe that cropping systems,
flood control, and other practices could solve some of our major
problems of today and the future.

Much attention has therefore been given to so-called weather
cycles and to probabilities of repetition in the future of
meteorological behavior of the past.

Ancient Forecasters

In the written record 2,300 years ago, from India (Arthasastra by
Kantilya, translated by Shamasastry) is found the following
passage:

“Quantities of rain that falls in the Country of Jargala is 16
dronas... The forecast of such rainfall can be made by
observing the position, motion, and pregnancy of the Jupiter,
the rise and set motion of Venus, and the natural or unnatural
aspect of the sun... Hence, .i.e. according as the rainfall is

more or less, the superintendent shall sow the seeds which
require either more or less water.”
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Thus it appears, by implication at least, that
thousands of vears ago the earliest forecasters were
attempting to serve the water users.

More Recent History

In more recent history, the science of snow surveying for the
forecasting of water supplies was first practiced in europe in
connection with snow density studies. In the eastern United
States, in 1905, Charles Mixer begin surveying the snowpack in
his studies of runoff from watersheds.

Early Pioneer

The most important early pioneer in snow surveying was

Dr. James Church, a professor at the University of Nevada.

In 1906, Dr. Church laid out what is considered to be the first
western snow course. This snow course on Mt. Rose was used as
a basis for predicting seasonal fluctuations in levels of nearby
Lake Tahoe. Again, modern-day forecasters were
attempting to serve the water user.

The first effort at snow surveying merely determined the depth of
the accumulated snowfall. In eastern United States, snow samples
were melted to determine water content. The present method of
weighing samples to determine water content was developed in
the western United States. Dr. Church pioneered this effort
by developing the Mount Rose Sampler.

California Becomes Interested in Forecasting

When the success of Dr. Church’s methods in forecasting became
known, the State of California recognized the great value that
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forecasts could be to the irrigation interests in the Sacramento
and San Joaquin valleys. Therefore, in 1917, the Department of
Engineering was authorized by the California State Legislature to
engage in snow surveys and forecasting.

Nevada Cooperative Snow Surveys

About the same time, significant events with respect to snow
surveys were taking place in other states in the west:

¢ The establishing of the Nevada Cooperative Snow Surveys
in 1919.

e Start of the Jackson Lake, Wyoming, snow surveys in the
same year.

¢ The beginning of snow surveys by the Washingtén Water
Power Company in 1920.

¢ Establishment of the Utah Cooperative Snow Surveys in
1923.

e The beginning of the Oregon Cooperative Snow Surveys in
1928.

Modified Snow Sampler

Also, in the early 1920’s, while the Utah Cooperative Snow
Survey was being established, Professor George D. Clyde of the
Utah Agricultural College, developed a modified snow sampler.
This sampler was somewhat lighter than the Mt. Rose type and
had a cutter with a cutting diameter of 1.485 inches. This
enabled him to use commercial scales, since a cylinder of water

1.485 inches in diameter and one-inch long weighs just exactly
one ounce.
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First Western Snow Conference

The first Western Snow Conference was held in Reno, Nevada, in
1933. The organization became associated with the American
Geophysical Union and, in later years, evolved to its present
status as a separate professional and scientific society.

1934 Drought Causes Call for Federal Snow Survey

The following year, as a result of the unprecedented western
drought of 1934, there developed a general realization throughout
the west of the value of the snow survey to agriculture. Irrigation
interests, in particular, called for a federal program to provide
reliable information on potential water supplies so they could plan

their farming operations around known water supplies for
irrigation.

As a result, the U.S. Congress appropriated a modest $36,000
to the Bureau of Agricultural Engineering in USDA to conduct
snow surveys for the purpose of forecasting irrigation water
supplies, and to develop uniform equipment and methods for
snow surveying and water supply forecasting.

These water supply forecasts experienced almost instant
popularity. Water users found the information provided was of
significant value in planning their operations. By 1935, at least
nine independent and uncorrelated snow survey networks were
operating in the west.

Newly Formed SCS Gets Federal/State Cooperative
Snow Survey Program

On July 1, 1939, the Division of Irrigation of the former Bureau
of Agricultural Engineering was transferred to the Soil
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Conservation Service (SCS), Research Division. The California
network was not included in this package as California was far
ahead of the other states in developing its own program and in
realizing its full significance at state level. In 1953, research
activities were transferred to the Agriculture Research Service
(ARS), but the Federal/State Cooperative Snow Survey Program
was retained in the SCS.

Present Network

Snow survey information is presently collected from a network of
over 550 automated SNOTEL sites, 900 manual snow courses,
and other miscellaneous data sites including aerial snow depth
markers, storage precipitation gages, and other moisture
monitoring sites.

Program is a Cooperative Effort

The program, as presently constituted, is a cooperative effort.
SCS, now NRCS (Natural Resources Conservation Service), bears
the basic responsibility under PL-46 and is assisted and partially
funded by other federal agencies, state agencies, and public and
private water management interests. NRCS has about 50 full-time
professional snow hydrologists, computer specialists, water supply
specialists, and para-professionals at national, center, and state
levels. About 200 NRCS employees (such as you) and employees

from other agencies do most of the field work of collecting snow
data.

Hydrologists and water supply specialists and their staffs analyze,
record, and use these data in preparation for and publication of
state water supply outlooks.
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Distribution of Reports is Extensive

More than 8,000 individuals receive one or more of the state
reports. Annually, more than 40,000 copies of these reports are
issued. Several states issue a fall summary report. The Water
Supply Forecasting Staff issues monthly West-Wide Reports
January 1 through June 1 to approximately 1,000 recipients.
Extensive dissemination of the measurements, forecasts, and other
water supply outlook information is accomplished through
newspapers, radio, and television.

SNOTEL

In the late 1970s, the NRCS began installing automatic data-
sensing equipment and radio telemetry systems to bring data from
remote areas. The move to automation was taken in order to get
better coverage, more frequent data, and more kinds of
information. This reduces hazardous and expensive travel to

remote sites. The NRCS system is called SNOTEL, short for
“SNOw TELemetry”.

The SNOTEL system includes two base stations, one central
computer facility, and over 550 remote data transmitting stations.
For the first time in history, complete real-time data
describing the building and melting away of our

mountain storehouse of water is available to NRCS
and water users.

We’ve Come a Long Way

Cost of Snow Surveys and Water Supply Forecasting Programs
has risen since its inception in 1935 because of program
expansion and inflation. The implementation of SNOTEL has

brought our program costs up to nearly $5 million annually.
The 1935 program totaled $36,000.
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Benefits of Snow Surveys and Water Supply
Forecasting

Benefits of the present snow surveys and water supply forecasting
program are many and varied; only a few lend themselves to

dollar valuation.
Non-monetary or esthetics benefits include:
e Preservation of human life.
e Improved recreation.
e Enhanced fish and wildlife resources.
e Improved water quality.
e More efficient management of water supplies for multiple

uses.

We have values only for irrigated agriculture. With the advent of
SNOTEL, we expect to operate at a resultant benefit-cost ratio
for snow surveys of about 20 to 1, assuming full utilization of
water supply forecasts by agricultural water users.

The benefit of water supply forecasts to irrigated
agriculture alone has been estimated at $45 million
annually.
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You Play an Important Part

There are many uses for the information that you snow surveyors
will be helping to gather in the mountains of the west.

For NRCS, snow survey information constitutes an
important part of our assistance to landowners and
operators within local conservation districts. Helping
these individuals in planning the use and treatment of land is our
time-honored basic mission.

Congress is Aware of Importance of Snow Surveys

Snow surveys are recognized by members of Congress. In a
Senate Committee Hearing several years ago, one of our western
senators said, “Snowpack and moisture content, the anticipated
runoff both in terms of quantity and timing, are highly significant
for the entire economic livelihood in our section of the country.”

Short Snow Survey History is Colorful

The relatively short history of snow surveys has been colorful and
marked by the efforts of many innovative and enduring people.
The present is an era of transition from manual methods of
sampling and data analysis to automatic data processing, remote
data sensing, snow telemetry, and satellite snow cover
observation.

A Future Filled with Improvement

We expect the future to be one of continued improvement of
techniques, equipment, remote data gathering systems, and
forecasting methods.
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Snow surveys and water supply forecasting are
critical to the management and wise use of our vital
mountain water resource. This effort will grow and develop
in accord with the population and resource development of the
western United States.
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Chapter 3—Avalanche Hazard
Recognition, Evaluation, and Rescue

(Prepared by Doug Fesler and Jill Fredston?)

Objectives
Upon completion of this lesson, participants will be able to:

* Describe the procedures to follow if you witness an
avalanche accident.

* Explain the correct plan of action if you respond to an
avalanche accident that has been witnessed by someone
else.

e Describe the proper procedure to follow if you are caught
in an avalanche.

e List and describe four types of avalanches.

e Explain how to evaluate snow stability and avalanche
hazards

e Describe the route selection principle for reducing risks.

Student References

West-Wide Snow Survey Training School Workbook

Time
Classroom: 5 hours, 30 minutes

Field: 1 hour, 15 minutes
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!Avalanche Hazard Consultants, Alaska Mountain Safety Center,
Inc., 9140 Brewster’s Drive, Anchorage, Alaska, 99516, Phone/
Fax (907) 345-3566.
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Introduction

Perhaps you are thinking that you do not need to read this
article, that avalanches are not a threat where you work and
travel. But first, consider these facts. Roughly 50% of all fatal
avalanche accidents in the United States happen on slopes that
are less than 300 feet high, little booby trap slopes, steep creek
banks. A 9 year old boy in Homer, Alaska was killed playing on
a bank that was only 65 feet high. One snow surveyor in Nevada
was Kkilled, on the job, traveling during a storm on a summer road
exposed to several avalanche paths. Other snow surveyors have
been caught. Many snow survey sites have been hit. We have
numerous examples of accidents that happened in places where
people thought avalanches could never occur, accidents that did
not need to happen. Avalanches are often called “unpredictable”
but the truth of the matter is that most avalanche accidents can
easily be avoided.

We will start off by addressing avalanche rescue, but the bottom
line is that avalanche rescue does not work very well. Things have
already gone wrong, you are “behind the eight ball”. Statistically,
one out of every three people who gets caught and buried in an
avalanche will die. Most of this article will focus on how not to
get caught in the first place, for that is the very best way to
survive.

What do you do if you're caught in an avalanche? Or if someone
else is caught?

“At first, I was not really worried about the situation because
the slab had broken off just above us and 1 thought it would
go under and leave us on the slope, but as | was tumbled
over | looked up the slope and saw another huge slab turn
loose and come down. At that moment, I thought it was all
over for us. I am not sure of much that happened from then
until the slide stopped, but we seemed to gain momentum
and the waves of snow grew larger. I don'’t think I was ever
completely covered with snow but at one time I felt that my
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face was being pushed down in the snow. I started to
struggle to get my arms in front of my face so that I would
have a little more air space when the slide stopped. The next
sensation I had was of being thrown violently backwards and
a terrific pull on my legs. Then everything was still and 1 was
lying in a trough in the snow looking at a wave of snow
about 5 feet high that probably would have covered me
completely if the slide had continued further.”

Report of Dale Ashby, Snow Surveyor (Logan, Utah),

The Snow Surveyors Forum, Western Snow Conference,
1955-56.

Back Country Self-Rescue Procedures

The information contained in this rescue section addresses what
to do if:

e You witness an avalanche accident.

* You respond to an avalanche that has been witnessed by
someone else.

e You are caught in an avalanche.

Background Information

Rescue Phases

For tactical purposes, any avalanche rescue (whether it is a back
country or a ‘formal’ rescue), can be divided into three phases:
the initial response, the primary search, and patient management.

e [nitial Response—From the time the rescuer first sees or
hears about the accident until he or she arrives at the
scene. Includes: initial notice and if necessary, call-out,
preparation, and transportation to the scene.

November 1999



West-Wide Snow Survey Training School

e Primary Search—From the time the rescuers arrive on the
scene until the victim is dug out. Includes: Interviewing
witnesses, checking and marking clues, spot probing,
searching with beacons, setting up probe lines (if necessary),
and pinpointing and digging out the patient.

¢ Patient Management—From the time the patient is found
until he or she is delivered to the hospital (if necessary).
Includes: Patient assessment, first aid, and evacuation.

Baseline Data

Statistically, the average depth of burial in the U.S. for all victims
is 26.5" (.67 m). In order to get “first air” to the victim,
approximately 1 m3 of snow (on the average) needs to be
removed.

e Observation—With a small shovel, it usually takes one
person approximately 10 minutes to remove 1 m3 of snow.

e Observation—With no shovel, it generally takes about
50 minutes for one person to remove the same quantity.

» Every member of a back country party must carry an
avalanche rescue transceiver (beacon), probe, and shovel
and know how to use them.

e Statistically, an avalanche victim has roughly a:
— 60% chance of survival after 25 minutes of burial
— 50% chance of survival after 30 minutes
— 40% chance of survival after 1 hour
— 20% chance of survival after 2 hours

These are not good odds! Some victims have been dug out dead
after five minutes, others have survived for many hours. The
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leading causes of avalanche deaths are suffocation, mechanical
injuries, and hypothermia.

Rescue Response Goal

In order to have better than even odds of finding a person alive,
speed is of the essence. A successful rescue depends upon having
a rescue plan that is formulated before the accident. Your
chances of performing a successful rescue are limited if the first
time you are thinking about avalanche rescue is after the accident
has happened.

If You Witness an Avalanche Accident
Do not go for help; you are the help!

A person buried under the snow needs air immediately, not many
minutes or hours later. If you go for help, you're going for a
body recovery, not a rescue. In essence, you are dealing with a
drowning person. You are the help!

Exceptions—If help can be summoned without depriving the
victim of your immediate help (e.g., calling for help on a radio),
then do it. Keep in mind that “help” generally takes hours to
arrive on the scene.
Be calm and methodical; use the “STOP and GO” approach:

e Stop what you are doing.

e Think about what needs to be done.

e Observe the situation carefully.

e Plan your response.

e Go into action A.S.A.P.

e Organize your resources efficiently.
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Risk Assessment

Before entering the avalanche path to search for the victim,
evaluate the potential hazard from secondary slides and take
appropriate action (outlined below). Do not make a bad situation
worse by putting rescuers at risk.

e [f the avalanche was human-triggered or occurred on a
small slope, rescuers can probably go into the slide area
safely if they enter the path on snow that has already slid.

e If nearly all of the starting zone has released and no
loading is taking place, it is unlikely that a secondary
release will occur.

e If nearly all of the starting zone has released, but significant
loading is taking place, there is likely to be a window of a

couple of hours before the probability of a secondary release
is high.

e If a significant portion of the starting zone has not yet
released and if significant loading is taking place, the
probability of a second release is high.

e Be careful of situations where multiple release zones funnel
into a single runout zone, or of the possibility of accidental
releases triggered by people approaching from above. The
possibility of a secondary release is high for both scenarios,
all things being equal.

* Any slopes that could potentially release and bury rescuers
should be stabilized (by using explosives or some other
means) prior to sending in rescuers. When in doubt about
the potential hazard, have the slope assessed by an
avalanche specialist.

e If required, establish a predetermined escape route and post
an avalanche guard to:

— Alert rescuers of a second release.

— Assist in the rescue of those rescuers who are caught.
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— Note: if you have to post an avalanche guard, maybe
you should not even be there.

Determining the Primary Search Area

If you can limit the likely search area, you greatly increase the
chances of a successful rescue. Follow the trajectory of the victim
downslope:

Carefully observe and mark in your mind the location of
the victim when he or she is first caught.

Observe the victim as he or she is carried down the
slope and mark in your mind the last seen point or,
more realistically, the last seen area. The line between
the location when caught and the last seen area
determines the downslope trajectory of the victim.

Follow the fall-line downslope from the last seen position
carefully searching all likely catchment areas and checking
out and marking all clues. Spot probe? likely places, for
example:

— Areas around clues.
— Snow piled against protruding boulders or trees.

— Benches, dips, bowls, or bends where snow has come
to rest.

— Places where the slope angle decreases and snow
debris has piled up or areas where debris deposits
are suspiciously thick.

If you see the victim disappear beneath the moving snow,
watch the snow as it travels downslope. As the snow comes
to rest, check that area first. The victim may be just
beneath the surface.
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— Note: if the victim was wearing an avalanche rescue
transceiver (beacon3), begin a beacon search as soon as
possible in the primary search area.

— Note: with a witnessed search, there is approximately a
98% probability of encounter if rescuers follow the fall-
line from the last seen area. About 75% of all victims
are found in the toe of the debris.

2Spot probing means searching for a buried victim by pushing

an avalanche probe vertically into the snow in likely places. The
procedure is random in the sense that no particular grid pattern
is used, but search efforts are concentrated in the most likely
catchment areas. Probes are generally 8-10' long and are made
in sections that can be fitted together. Some ski poles also double
as avalanche probes. If probes are not available, skis, ski poles,
branches, etc. may be used although they are not as effective.

3An avalanche rescue transceiver, or beacon, is a small
electronic device capable of transmitting and receiving an
alternating signal within a range of approximately 50'-100'.

For the duration of a trip in avalanche terrain, each member

of the group wears their beacon in “transmit” mode. Should

an avalanche bury a member of the party, survivors switch their
beacons to “receive” mode, spread out across the debris, and
begin the search for their partners using a standard search
pattern. Once a signal is picked up, the location of the buried
beacon can usually be pinpointed within two minutes. Beacons
are not safety talismans—people wearing beacons have been killed
by avalanches and beacons are little more than a body locator if
all members of a party are buried. However, they offer the
greatest chance of recovering a completely buried person alive.
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Initial Response Search

The initial response effort (also known as hasty search) involves:

e A visual search for surface clues in the debris with
emphasis on:

— Checking out each clue (i.e., pulling on them to see if
they are attached to the victim).

— Leaving clues in place and marking them if possible.
(Note: In formal rescues, clues are marked with survey
flagging. In back country rescues, clues may be turned
upside down.)

— Note: Clues may be very subtle, e.g., entry or exit
tracks, drops of blood, a piece of hair, the tip of a ski
pole basket, a muffled scratching sound, the family
sitting in one location, etc. Look and listen carefully.
When in doubt, check it out!

¢ Spot probing all likely catchment areas.

¢ A beacon search of the entire deposition area, unless
it is positively known that the victim(s) were not wearing
beacons.

If a careful beacon search has been conducted and no beacon
signal has been picked up, continue with the visual search and
spot probing until the area of debris has been searched
thoroughly. If there are still no results from this initial search, it is
time to set up a coarse probe line* with all available personnel in
the most likely area. If you are the only survivor, continue to spot
probe likely catchment areas until no hope exists. Be sure the
entire deposition zone is checked for clues.

e Working fast, efficiently, and quietly. Don’t give up;
vou are the victim’s best chance of survival. Continue
searching until all hope is lost or until the hazard to rescuers
is too great (e.g., exhaustion, hypothermia, increasing
avalanche hazard, etc.) Darkness alone is not a reason to
call off a search.
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If You Respond to an Avalanche Accident which has been
Witnessed by Someone Else

The witness is the most important person you have regarding the
number of victims and their last seen locations. If at all possible,
return to the accident with the witness.

Determine from the witness:

e What happened, how many people were caught, and how
long ago the accident happened.

e His or her location when the avalanche occurred.

¢ The relative location of each victim when the avalanche
occurred.

e The last seen area of each victim.

e  Whether or not the victim(s) were wearing avalanche
beacons.

e Any other pertinent information.
Do not make a bad situation worse; tend to any immediate,
potentially life-threatening needs of your witness.

Proceed as outlined above under “If you Witness an Avalanche
Accident,” page 3.6 (risk assessment, initial search, etc.)

*A coarse probe line is a method of probing where rescuers
stand side by side (with probes 30" apart), advancing (24")
upslope. This grid spacing of 30" x 24" vields a 76% probability
that a victim will be found on the first pass. The probability

of encounter increases slightly with each additional pass. By
contrast, a fine probe (with a grid spacing of 12" x 12") has
nearly a 100% probability of encounter, but the process takes
approximately four times longer to complete. When looking for
a live person, it is nearly always best to use the coarse probe
method, even if the process has to be repeated several times.
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What are the Elements of a Successful Rescue?
Common mistakes in avalanche rescues®:

e Poor organization—e.g., no plan, divided or uncertain
leadership, lack of proper equipment.

e Mishandling the witness—e.g., failure to hold and question
the witness, inaccurate information concerning the last seen
area, number of victims, etc.

e Inadequate initial (hasty) search—e.g., not doing one,
not searching the entire area, not knowing how to use
avalanche beacons, not locating clues, not probing likely
spots.

Summary of the necessary components of a successful rescue:

e Speed tempered with safety

e Leadership

e Communication

e Having a plan

e Efficient allocation of manpower

¢ Qualified personnel—knowing how and where to search
e First aid/evacuation

e Self-help!

Now, let’s turn the tables.

STaken from information synthesized by Dale Atkins, Colorado
Avalanche Information Center in Avalanche Rescue Fundamentals,
Hotchkiss, Gallagher, and Atkins, 1991, The Twelfth National
Avalanche School Handbook, pp 44-51.
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If You are Caught in an Avalanche, Immediately...

e Try to get off to the side of the avalanche by jumping,
skiing, or by whatever means possible.

e Yell to alert your partners of your situation, then keep your
mouth closed to avoid choking on snow.

* You will probably be knocked off your feet almost instantly
and tumbled down the mountain. If you are lucky, you will
be on your feet. It is unlikely that you will have time to
remove your pack, skis or snowshoes, or ski poles, but try
to jettison something. Unfortunately, these items will

serve to drag you underneath the surface of the moving
debris.

e Try to stay on top of the snow by swimming, rolling,
jumping and kicking. Fight! This is your best chance of
staying on the surface. Try to keep your head upslope and
your feet downslope.

e Keep your eyes open and pay attention to what is coming
up below you, so that you can try to “maneuver” your way
around objects like trees and cliffs. If you are “stuck” in the
moving snow, you will not be in control and thus, face a
higher probability of being injured or buried as the snow
moves downslope.

e If you are completely buried, try to cup one hand near your
mouth or your arm around your head, while trying to reach
the other arm skyward. This may enable you to have a
small air pocket and/or an airway along your arm.

— The snow around you will “set up” very fast once it
comes to rest, thus, you generally have only a few
seconds to make an air space. If possible, try to expand
your chest during this time. Remember that approxi-
mately 70% of the “snow” is composed of air.

e Try to relax; you will use less oxygen.
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If you are completely buried and do not have an air pocket,
your chances of survival are slim. You will probably slip into
unconsciousness within a minute or so. Given a worst case
situation, after four minutes without oxygen you can expect
the early stages of brain damage. After 8 minutes without
oxygen, you will probably be a “vegetable” for the rest of
your life, which usually is short lived. After 15 minutes
without oxygen, your life will end.

Given a best case situation—plenty of air, warm clothes,
and a strong mental attitude—victims with large air pockets
have survived five or more days buried in the snow.

Once completely buried, your primary chance for survival
rests with your partners. Hopefully, all members of your
party are outfitted with (and know how to use) beacons,
probes, and shovels. This equipment could save your life!

Your chances of survival are obviously greatest if you do not get
caught in an avalanche. So, how do you avoid avalanches?
What is an avalanche? First, the basics.

Avalanches

Types of Avalanches

By definition, an avalanche is simply a mass of snow, rock, and/
or ice moving down an inclined slope. Sometimes, the terms
“snowslide” and “snow avalanche” are used interchangeably with
the term avalanche, unless otherwise qualified as a “landslide”

or some other mass-wasting event. Four types of avalanches are
of particular interest to snow surveyors and other back country

travelers: point releases, slab avalanches, cornice breaks, and ice
avalanches.

Loose snow avalanches, also called point releases,
generally initiate from a point in loose, cohesionless snow

November 1999



West-Wide Snow Survey Training School

and widen as they entrain additional unconsolidated snow
along their descent.

— Most commonly observed on steep slopes in new snow
which has not yet settled, in recently warmed surface
layers that have lost their cohesiveness, or in very wet,
unconsolidated snow. Loose snow avalanches generally
pose the least risk to facilities and structures (but a
much higher risk to skiers and climbers).

e Slab avalanches occur when a cohesive layer or layers of
snow fail as a unit (i.e., a slab), and release simultaneously

across a broad plane, becoming detached at all of the slab
boundaries.

— These boundaries include the crown face or fracture
line at the top, the flanks along the sides, the
stauchwall at the bottom, and, most importantly, the
bed surface upon which the slab rests.

— Slab avalanches generally pose the greatest potential
risk to snow surveyors and back country recreationists
because they can fail catastrophically across an exten-
sive area, encompass a great mass of material, and
attain high velocities in their descent.

e Cornice breaks refer to the failure of overhanging “drift”
deposits of wind-transported snow which are generally found
along ridgecrests and creek banks in windy areas.

— Cornices generally fail under the weight of additional
loading from new wind-deposited snow or from weaken-
ing due to warm temperatures and melt. But they also
collapse under the weight of people and, because of
this, can pose a serious potential threat to people
traveling along corniced ridges.
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e Ice avalanches result from the collapse of large blocks of
“teetering” ice, called seracs.

— Found on the steep slopes of hanging glaciers and at
the face of large glaciers, these seracs pose a potential
threat to people working in their path.

— Unlike other avalanches, ice avalanches are unpredict-
able (although the hazard is easy to recognize) and can
occur at any time, summer or winter. Additionally, they
are capable of traveling long distances at high speeds.

Slab Avalanche Characteristics

Most avalanche accidents involve human-triggered slab releases.
Because slab avalanches pose the greatest risk to snow surveyors
and other back country travelers, most of the discussion in the
remainder of this outline relates to assessment and failure of slab
avalanches. Like animals, slab avalanches vary in their size,
destructive force, and characteristics. The information below paints
a picture of the nature of the beast:

e Slab thickness:
— Natural releases: 1/2 inch to 35 or more feet thick.

— Human-triggered slides: Generally less than 5' deep with
most less than 2'. (How deep does a slab have to be to
be dangerous? It all depends upon where you are stand-
ing, that is, what the consequences are of getting
caught. Mountaineers, in exposed terrain, have been
killed by slabs only 4 inches thick.)

— Typically, the crown face (fracture line) is 90' to the bed
surface.

e Fracture length—Several feet to more than 1.5 miles long.

e Bed surface area—Roughly 100 times larger than all of the
other boundary regions combined (i.e., the crown face,
flanks, and stauchwall).
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— This is important because once this surface fails in
shear, the other boundary regions are not usually strong
enough to hold the slab in place.

e Slab consistency—one or more layers varying in density
from a low of 60 kg/m? (6% water equivalency) to a high
of 700 kg/m?3 (70% water equivalency), from seemingly
unconsolidated, soft powder to very hard, old windslabs, and
from very wet, relatively warm water-saturated slabs to cold,
dry, soft slabs.

e Slab age—minutes to years old.

e Velocity:
— Wet snow avalanches: 10-35 m/s
— Dry snow avalanches: 20-70 m/s

e Motion—Sliding, tumbling, flowing, mixed motion,
airborne, turbulent powder blast (wave of displaced air with

a suspension of fine-grained snow particles that often
precedes fast-moving, particularly dry, avalanches).

What is stability evaluation?

Evaluating Snow Stability

Definition of Terms

Avalanches do not happen by accident; they happen for
particular reasons. The interrelationship of three critical
parameters, the terrain, the snowpack, and the weather,
determine whether or not avalanches are possible. A fourth
factor, the presence of man, determines whether a hazard exists.
Each of these factors in some way influences the delicate and
constantly changing balance between stress and strength found
within the snowpack.
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Of critical importance is the concept that when stress equals
strength, failure occurs. In other words, when the combined
stresses of slope angle, snow load, a skier or explosive charge,
etc. equal the combined strength of settled snow layers, the
bonding between these layers, or the anchoring capability of the
terrain and/or vegetation holding these layers, the slope will
avalanche.

When strength significantly outweighs stress, the snowpack is said
to be stable—that is, avalanching is unlikely or impossible.

When stress is nearly equal to strength, the snowpack is termed

unstable (i.e., the instability is such that avalanching is possible or
likely).

When the snowpack is unstable, any additional increase in stress
or decrease in strength may result in failure.

Stability evaluation, then, is the process of determining whether
a snowpack is capable of avalanching. Having data relating
directly to the balance between stress and strength

is essential to evaluating the stability of the snowpack and
assessing potential hazard.

The stability evaluation process starts with the first snowfall of the
season and lasts until the last melt of summer. It is an ongoing
process which continues during each step of a climb, each turn of
the ski, and every hour of the day and night.

How do changes in the snowpack affect stability?
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Snow Characteristics

Snow as a Material

The mountain snowpack is a fascinating phenomena. Each winter,
storm and wind events deposit new snow in layers of variable
depth. Some of these layers are strong, while others are weak.
What is important in terms of avalanche potential is how well
neighboring layers are bonded and where the weak and strong
layers lie in relation to each other.

Snowpack layers are constantly changing in response to
deposition, erosion, sublimation, settlement, melting,
viscous flow, and metamorphism.

These changes affect the balance between strength and stress
(i.e., the stability of the snow) by altering snow hardness, density,
grain structure, thermal state, and the bonding ability of layers.

The type and rate of change within a layer or layers of the
snowpack is primarily dependent upon the effect of three
variables: stress, temperature, and structure.

Stress Effects

The way in which the snowpack responds to stress (i.e., physical
pressure, force, or load) depends upon the intensity of the force
and the rate at which it is applied.

e The stress affecting the snowpack is derived from three
primary sources: slope angle, applied load, and shock:

— Angle: As the slope angle increases, the stress exerted
on the snowpack increases.

— Load: As the weight of new snow, rain, people, etc.
increases, the stress exerted on the snowpack increases.
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— Shock: Any shock—a falling cornice or person, an
earthquake or an explosion—results in stress being
applied to the snowpack. The greater the shock, the
greater the force.

e The snowpack can only absorb a certain amount of load
(i.e., stress) and only at a limited rate of speed.

— The snowpack responds to slow loading in a viscous
fashion, that is by flowing, bending, and deforming
through creep and settlement®. Sustained creep can
dissipate stress through plastic flow.

— The snowpack responds to fast loading in an elastic
fashion. The sudden release of stored elastic energy
takes place as brittle failure (this is the driving force for
propagating fracture lines).

e Structure Effects—Qver time, the snowpack settles and
densifies, becoming generally harder and stronger in the
process. Certain snow types are susceptible to change while
others are much more resistant:

— The more unconsolidated the snow layer, the more
susceptible it is to deformation (i.e., densification). Ex-
amples: unconsolidated new snow, melt-freeze snow in
the melt phase.

¢Settlement refers to the compressive internal deformation of the
snowpack on a horizontal plane under the influence of gravity and
load. As snow settles, it becomes denser and stronger. An inclined
snowpack will also settle and densify in response to compressive
stress but it is also subject to creep and glide. Creep is the internal
deformation of the snowpack in response to shear stress. Glide is
the downslope slip of the snowpack in relation to the ground.
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— Likewise, the denser a given snow layer is, the more
resistant it is to further densification. Examples: Hard
old wind slab, well developed faceted snow, and frozen
corn snow (melt-freeze snow in the freeze phase).

¢ Temperature Effects—The warmer the temperature, the
faster the rate of change; the colder the temperature, the
slower the change. The primary changes affected by
temperature are:

— Deformation (settlement and creep): All things being
equal, snow deforms (densities) faster at warmer tem-
peratures and much slower at colder temperatures.

— Metamorphism: Any change in the snowpack takes
place faster at warmer temperatures and slower at
colder temperatures, regardless of type. This is known
as the “Betty Crocker” principle: You can cook a cake
at 200°, but it will cook a lot faster at 400°.

— The primary means by which temperature changes are
transmitted to the snowpack are through conduction,
convection, and solar and terrestrial radiation.

Metamorphism

Snow metamorphism is the term given to describe changes
in snow structure that take place within the snowpack. Three
types of metamorphism occur: rounded grains (also known
as equilibrium form), faceted grains (also known as kinetic
growth form), and melt-freeze’. Each develops according to

a different set of conditions and each, in turn, affects the
strength of the snowpack. Also importantly, different types
of metamorphism may be occurring in various layers of the
snowpack at a given time. Again, the rate of change, that is,
the speed at which any type of metamorphism occurs, depends
on the average snowpack temperature. The warmer the
temperature, the faster the metamorphism takes place.

The colder the temperature, the slower the rate.
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¢ Rounded grains develop when the temperature in a layer
is fairly uniform, that is, there is no significant temperature
gradient. While individual grains become smaller and
rounder, bonds or necks between grains are developed.
This bonding process is known as sinteting and increases
the strength of a layer. Thus, the equilibrium form process
produces fine, rounded, well bonded grains and the result is
a relatively strong layer, with moderate to high density.

— Do not confuse the terms strong and stable. Strong
snow makes good slab material because it is cohesive
enough to be able to propagate a fracture. It is the
relative cohesiveness of the layers that helps determine
slab avalanche potential. The critical question is: What
is that cohesive layer of snow sitting on top of and
how well is it bonded?

— Favorable conditions or habitat for the development of
rounded grains are cloudy, warm weather or a thick
snowpack. Every metamorphic process has an early,
intermediate, and advanced stage. The more advanced
the equilibrium form process, the smaller, rounder, and
better bonded the grains will be.

"The two types of metamorphism which take place in cold, dry
snow have been know in recent years as equitemperature (ET)
and temperature gradient (TG) metamorphism. The international
terminology was revamped in 1990 and two parallel classifications
were developed to describe metamorphic types by process and by
morphology (shape and structure) of the resulting grains. ET snow
is now called equilibrium form or more simply, rounded grains
(rounds). TG snow is called kinetic growth form or faceted grains
(facets). The presence or absence of a temperature gradient
determines whether or not rounded or faceted grains develop
within a given layer. The third type of metamorphism is known
as melt-freeze (MF) or wet grains.
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e Faceted grains develop when a significant temperature
gradient (variation in temperature over distance) exists
within or between layers. In most areas, the temperature
at the ground/snow interface is warmer than the air
temperature. Thus, the shallower the snowpack, the greater
the temperature difference or gradient within the snowpack.
Deep snowpacks tend to dampen this difference by adding
many layers of “insulation” between the relatively warm
ground and cold air.

— A significant gradient in a snowpack where the average
temperature is close to 0°C (32°F) is 1°C per 10 cm
(4 in). In very cold areas, such as continental and arctic
climates, where the average snowpack temperature is
usually much colder than 0°C, it takes more of a gradi-
ent to drive the kinetic growth process.

— The trend of the kinetic growth process is to produce
large, angular grains which are poorly bonded and
weak, especially in shear.

e The longer the gradient exists and the process continues,
the larger, more faceted, and more persistent the grains.
Advanced faceted grains are also known as depth hoar or
sugar snow.

e Favorable conditions for the development of faceted grains
are cold weather and/or a thin snowpack. Also, because
temperature gradients are likely to develop on either side of
ice crusts, these are likely habitats for faceted grains.

e These grains also need relatively low density (high porosity)
snow in order to have room to grow.

— If a temperature gradient is introduced within a dense,
hard wind slab made up of small, rounded grains, the
kinetic growth process may be activated, but because of
the constricted pore spaces between the grains, the
process will be so inhibited that it is unlikely the exist-
ing structure of the layer will be altered.
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— Rocks, tree wells, brush, and exposed ribs are likely
spots for faceted grains to develop, partly because they
have plenty of open or pore space around them and
partly because they are often areas of shallow snow.

e Melt-freeze metamorphism occurs during midwinter thaws or
in the spring, when melt water or rain enters the snowpack
and the snowpack temperature reaches O°C (32°F). The
trend is toward the production of coarse, rounded grains
and with repeated cycles of melting and refreezing, these
grains become larger and larger.

— Melt-freeze or wet grains are also known as corn snow.

— In the freeze phase, these grains are well-bonded and
strong although the resulting ice crusts can make good
potential bed surfaces for slabs subsequently deposited.

— In the melt phase, wet grains weaken rapidly and form
an unstable surface layer which can be easily triggered
by travelers.

Other Weak Layers

Surface hoar, the wintertime equivalent of summertime dew, is
formed at the snow surface during cold, clear weather. Surface
hoar crystals are loose, feathery, and poorly bonded.

Surface hoar is a potentially deadly weak layer once buried
because it persists for a long period of time, can form a thin
shear plane that is difficult to detect if you are not looking for
it, and can produce long-running fractures.

Another significant weak layer is unmetamorphosed new snow.
This is snow that may have fallen during a cool or windless
period of a storm and then had denser, heavier snow deposited
on top of it.
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Whether or not you remember the different types of
metamorphism or can definitively identify unmetamorphosed new
snow as opposed to early faceted grains is unimportant. What is
critical is that you are able to recognize relatively strong and weak
layers in the field. However, if you do learn something about the
conditions that produce different kinds of layers, you will be better
able to anticipate changes in snow stability before you even reach
the trailhead.

What conditions are required to have a slab avalanche?

Slab Failure

Criteria

In order for slab failure to occur, the following requirements must
be met:

o The terrain must be suitably steep and smooth. (See
section titled “Critical Data,” “Terrain,” page 3.26-3.27
for more details.)

e The snowpack must be unstable. In other words the
snowpack must be made up of a slab, a weak shear layer,
a bed surface (i.e., a sliding surface), and most importantly,
the stress exerted upon the boundary regions of the slab
must be nearly equal to their strength.

— This state of near-equilibrium balance is typically at-
tained by either increasing stress or by decreasing
strength. For example, stress on the snowpack generally
becomes greater as slope angles increase or as load
increases (e.g., the added loading resulting from snow
storms, rain, or deposition of wind-transported snow).

— Remember, the circumstances which lead to the devel-
opment of a slab also contribute to the stored elastic
energy held within the slab.

Chapter 3—Avalanche Hazard Recognition, Evaluation, and Rescue 3.25



West-Wide Snow Survey Training School

— Stress and strength are not uniform across a given
slope. It is common to have areas of stress concentra-
tion (e.g., steeper slope angles, rollovers, etc.). It is also
common to have weak zones where the snow is much
more tender (e.g., shallow or bushy/rocky spots where
weak layers may be well developed). Often, fractures are
initiated in these areas and then are propagated into
stronger snow.

e A trigger of sufficient force is required to tip the balance
on the scale and complete the ingredients needed for slab
failure. In other words, when the stress exerted on the
snowpack is nearly equal to the strength, all it takes is the
additional stress of a trigger to cause the slope to fail.
People are common triggers.

— Once a localized failure occurs, the sudden release of

stored elastic energy acts to drive the failure across a
broader plane.

What information is considered important when evaluating
avalanche hazard?

Critical Data

Seeking Information

Just as you look and listen both ways to check for oncoming
traffic before crossing a busy intersection, no snow surveyor
should think of traveling across or below a steep snow-filled slope
without first seeking the answers to these four critical questions:

e Is the terrain capable of producing an avalanche?

e Has the weather been contributing to instability?

3.26 November 1999



West-Wide Snow Survey Training School

e Could the snow fail?

e Do better alternatives exist?

The key to evaluating avalanche hazard is having access to
reliable information. The interrelationship of four variables: terrain,
weather, snowpack, and man, determines the degree of avalanche
hazard present, but within each of these areas exists critical
information that must be considered.

Start the evaluation process by formulating an opinion based, in
part, upon the data parameters outlined in this section. By
choosing information that provides a high degree of certainty in
its message and by seeking a variety of clues and test results that
either reinforce or refute the message, you can quickly make an
educated evaluation based upon meaningful information. The key
to this process is going for the ‘bull’s eye” data, the information
which gets to the heart of the problem and then listening to the
message. No one clue tells the whole story; information must be
integrated from a variety of sources. Hazard evaluation is not an
event; it is an ongoing process. Thus, new opinions must be
continually formulated based upon new data as summarized.

Terrain
Is the terrain capable of producing an avalanche?

e Slope Angle—Concept: the greater the slope angle, the
greater the stress exerted on the slab boundaries (i.e., the
crown face, flanks, stauchwall, and bed surface/slab
interface). To reduce uncertainty, measure slope angles with
an inclinometer; don’t guess. Remember:

— Prime time starting zones generally range between 35°
and 45 ° or higher. These should not be taken as abso-
lute numbers, but as an approximate range that varies
with snow climate.
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— Human-triggered avalanches can be initiated from a
slope of any angle as long as some portion of the
connecting slope has at least a 25° slope angle compo-
nent. This is roughly the angle at which sufficient stress
is exerted upon the boundary regions of a slab to allow
it to fail.

— Different types of instabilities tend to fail at different
slope angles. Pay attention to which angles and aspects
are failing when a cycle starts. What may have been a
safe slope to traverse yesterday, may not be safe today.

— Slabs rarely adhere to slopes steeper than 60°
because the slope angles are so steep that snow
generally sluffs off repeatedly during storms. Again,
the angle at which this happens depends upon
snow climate.

o Slope Aspect—CQbservation: Leeward, shadowed, or
extremely sunny slopes are potentially more unstable,
all things being equal. Why?

— Leeward: because wind-transported snow makes good
slab snow and adds stress to the snowpack. Remember,
the snowpack can adjust to only a certain amount of
load and only at a limited rate. Fast loading rapidly
increases instability.

— Shadowed: because of the greater propensity for the
development of weak, faceted crystals and the reduced
rate of strengthening through settlement (due to the
absence of beneficial warming by the sun and generally
colder temperatures). Thus, instabilities persist longer on
shadowed slopes.

— Extremely sunny exposures: because of the rapid weak-
ening of the bonds between snow grains caused by
warming from solar heat and by the percolation of
meltwater into and between snowpack layers.
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e Slope Configuration (roughness/shape)—Concept: Anchor
points not only provide holding ability for the snowpack,
but they can act as points of stress concentration (i.e.,
trees, rocks, etc. act as immovable objects surrounded by
an otherwise flowing snowpack). Remember:

— Slabs frequently fracture just below convexities and
between anchor points because these are the areas
of greatest tensile stress.

— Rough irregular surfaces, such as boulder fields or heavy
vegetation, generally provide better anchoring for a
snowpack than smooth surfaces such as grassy or tun-
dra-covered slopes.

— As snow depth increases the effectiveness of anchors
decreases.

— Trees have to be almost too close together to ski
through to ensure that an avalanche cannot fracture
through them.

— Avalanches can occur on all steep, snow-covered
slopes, given the proper conditions of instability,
regardless of slope shape or roughness.

Weather
Has the weather been contributing to instability?

* Precipitation (type, rate, and amount}—Concept: Increased
weight from snow or rain causes increased stress. How
much new stress is the snowpack capable of handling and
how well is the new snow layer bonding to the old snow
surface? Check it out.

— Generally, warmer, more consolidated snow layers on
top of colder, less cohesive layers tend to increase
instability. Conversely, warm snow falling over warm
snow tends to bond well and strengthen rapidly through
settlement, all things being equal.
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— Unlike snow, rain provides no additional strength
through bonding, only weight and lubrication.

— As an example, a storm resulting in 18" accumulation
during one day is more likely to result in increased
instability than one which deposits 18" in three days, all
other things being equal. Record measurements of new
snow depth vs. time (i.e., precipitation intensity).

Wind (wind speed, direction, amount of snow transported)—
Concept: The snowpack can only adjust to a certain
amount of stress (i.e., load), and only at a certain rate.
Wind speed/direction along with the amount and type of
snow available for transport determines the depth and
distribution of a newly deposited wind slab.

— Snow transported from windward slopes can rapidly
increase instability on leeward slopes due to the inability
of the snowpack to adjust to the new weight. A layer
or bond between layers with little internal strength may
not be strong enough hold the weight of the newly
deposited snow load. Also remember that slab formation
is enhanced in wind-deposited snow.

— Each snow type has a wind threshold speed (i.e., the
speed at which snow starts to move), thus low density,
unconsolidated snow is more susceptible to wind action
than older, harder snow. How much snow is actually
being loaded and how much is being sublimated? Do
not assume loading rates; measure them if possible.

*  One method of measuring how much snow
is available for wind transport is the “boot
penetration” method; essentially, the depth
of a footprint is available for transport.

November 1999



West-Wide Snow Survey Training School

e Temperature (max/min, trend, and freeze line}—Concept:
The warmer the snowpack temperature, the faster
internal changes take place. What effect are current and
projected temperature changes going to have on the
snowpack? How will these changes affect snow stability?

— Remember that snowpack temperatures are often a
much slower reflection of air temperatures, thus tem-
perature trends are particularly important.

— As snowpack temperatures warm, the rate of deforma-
tion (both creep and glide) increases and, thus, flow
stress may be accelerated.

— Warmer snow temperatures also mean faster rates of
metamorphism, regardless of the type of change. Re-
member: it is the presence or absence of a temperature
gradient that determines the type of metamorphism, but
it is the average temperature of a layer that determines
the rate of metamorphism.

— Rapid or prolonged warming of the snowpack often
results in increased instability. Conversely, cooling of a
warm snowpack usually results in a more stable condi-
tion, all other things being equal.

— Preexisting instabilities in cold, dry snowpacks have the
ability to persist for long periods of time (weeks or
months, depending upon the nature of the instability),
thus the possibility of delayed action avalanches, particu-
larly human-triggered avalanches, must be taken into
consideration.
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Snowpack
Could the snow fail?

e Slab Configuration (depth, distribution, and structure):
Question No. 1: Do you have a slab?

— If so, what is the depth and distribution of this slab
across the slope? Where is it likely to fail? What are its
boundaries? One way to measure slab depths and distri-
bution is by probing.

e Bonding Ability—Question No. 2: How well is the slab
bonded to the layer beneath? What is the nature and
distribution of “tender spots” (i.e., again, these are micro
areas of more unstable snow that, when triggered, rapidly
propagate failure to a broader plane)? Often tender spots
consist of areas of shallower and weaker snow such as those
found around wind-scoured convexities and ribs or boulder
areas.

— Confirm the nature of the weak layers by probing, by
digging quick exploratory pits (armhole pits), by per-
forming shear tests®, by seeking major clues to instabil-
ity, and by examining fracture and flank profiles from
previous avalanches in the area to determine the cause
of failure. Record the nature of the structure and perti-
nent measurements for future reference.

— Poorly bonded layers come in all types and sizes so do
not be fooled by appearances; test the layers for shear
strength. Weak layers have one thing in common, they
all fail easily if you find the right spot.

8Shear tests, such as shovel and ski shear tests, rutschblock, and
banzai tests are a means of applying a known amount of force to a
fixed sample size to determine the depth and ease with which the
sample fails in shear. (See Snow Sense, A Guide to Evaluating
Snow Avalanche Hazard, by Fredston and Fesler, 1988,

pp 15-24 for more details.)
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— Be aware of the fact that you may not be able to
detect instability using tests alone, some tender spots
are hard to find and dangerous to approach. Use
extreme caution in your choice of test sites. Avoid
exposure.

e Sensitivity to Force—Question No. 3: What kind of force
will it take to make the slab fail? What are the shear test
results? What are the clues to instability? Concept: Stability
is relative to the force you apply to it. For example, deep
slab instability often requires greater force to initiate failure.

— Constantly think safety when performing field tests.
Some weak layers such as surface hoar or young fac-
eted snow are notorious for their ability to propagate
“zipper fractures” long distances up-slope, across-slope,
and down-slope. Make sure your test sites will give you
realistic information but are bombproof.

— Integrate results from a variety of tests and clues and
interpret the message.

— Snow stability tests include: jumping, trundling, ski
cutting, rutschblock (shear block), testing with explosive
charges, performing shovel and ski shear tests®.

°Again, for detailed test procedures see: Snow Sense: A Guide to
Evaluating Snow Avalanche Hazard, Fredston and Fesler, 1988,
pp 15-24.
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The Human Factor

Do better alternatives exist?

Attitude/Physical and Mental State

When you are considering traveling in risky terrain under marginal
conditions, what you are really talking about is “What’s your
attitude toward life?” A strong physical and mental state is as
likely to contribute toward an avalanche accident as a weak one,
if your attitude is that of a “high risk taker.”

People with high-risk taking attitudes generally filter
information about hazard and draw unrealistically optimistic
conclusions which lead them to push the fine line even
finer.

People who are generally conservative by nature tend to use
information to further justify their conservative approach.

Keep in mind that Mother Nature doesn’t care what you
think. Conditions need to be evaluated objectively on their
own merit. Thus, it is important for you to “tune in”

to how your own attitude may bias your judgment.

When traveling in avalanche terrain, you need to
think like an avalanche.

Skill Level/Preparedness

Generally two categories of people tend to get into trouble with
avalanches: novices and experienced travelers.

Novices fall within the category of “ignorance is bliss.”
When an accident happens, they are usually totally surprised
and unprepared. They simply haven’t learned the basics of
avalanche hazard recognition, evaluation and rescue.

Experienced back country travelers, on the other hand, are
often faced with the problem where, for example, their
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ability to ski steep terrain often far exceeds their ability to
evaluate snow stability. For the most part, experienced
people tend to overestimate their ability to travel through
potentially hazardous terrain.

Assumptions and Consequences

The bottom line question in the hazard evaluation process is
“What are the consequences if something goes wrong?” Usually
our decision to “proceed” is tempered by certain assumptions
about our presumed safety.

e Ask yourself: Will I be caught? Buried? Killed? Am
I prepared for the worst? Is it worth it? Do better
alternatives exist? Also ask: On what assumptions am |
basing my decision? Always identify and check out your
assumptions. Some examples of false assumptions:

— We need to go because we have to be back by 5 p.m.
(Note: Mother Nature does not care.)

— It must be safe, because there are already tracks ahead
of us. (Again, the tracks don’t mean anything, what is
Mother Nature saying? Slopes with over 150 tracks on
them have slid.)

— It’s probably okay, because the snow ranger said the
avalanche hazard was low/moderate. (Note: Make your
own stability evaluations, hazard forecasts are regional,
not site specific.)

— Hey, its a beautiful blue sky day and the powder is
great. What could possibly go wrong? (Note: While
most natural avalanches happen during storms, most
human-triggered avalanches occur on the blue sky days
after storms.)

— T've skied this place a hundred times before and never
seen an avalanche. There’s nothing to worry about.
(Note: Most of the time, the snow is stable so we get
“negative reinforcement,” that is, we begin to think of
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an area as “safe.” If the spot is avalanche terrain and if
we travel there enough times, sooner or later we will be
there when the snow is unstable.)

Risk Assessment

Each piece of information carries with it a certain level of risk
based upon the hazard potential of the data. These levels of risk
can be thought of as green lights, yellow lights, and red lights.
Green means it is “Okay; no hazard exists.” Yellow means “use
caution; potential danger exists.” And red means “Stop, danger, a
hazardous situation exists.” For example, if the terrain is red (e.g.,
37°, leeward), the snowpack is red (e.g, 12" of new and wind-
deposited snow, poorly bonded to the old snow surface), and the
weather is green (e.g., blue sky, no wind), do you go or no go?
The answer is a resounding “no go.” In the same scenario, if the
snowpack was green, you could have a safe day on avalanche
terrain.

Taken by itself, each piece of information portrays an important,
but incomplete, view of the whole. When integrated together,
however, a more complete message starts to appear. The
important thing is to assign a level of risk to the overall message
and then take appropriate action to reduce or eliminate the risk.

You can travel on or near steep slopes safely but it is a matter
of timing. When the fish are running, some people like to go
fishing. When the avalanches are running, it is more important
than ever to carefully evaluate snow stability and choose good
routes every step of the way.

What are the major clues to instability?
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Major Clues to Instability

Reducing Uncertainty

Typically, evaluating snow stability is like trying to see through a
frosted window on a cold morning. In order to clearly see the
view, the window must be defrosted. In evaluating snow stability,
the “defroster” consists of critical data derived from clues and test
results. Generally when an unstable snow condition exists, the
preponderance of information from clues and tests will reinforce
the message that conditions are unstable on certain aspects, at
certain elevations, and within a certain range of slope angles.
Conversely, the absence of any clues or test results indicating
instability is usually a pretty sound message that the snowpack is
stable. Because some degree of uncertainty will always be present,
an extra margin of safety is required. This is particularly true
during periods of unsettled weather when snow stability is likely
to be changing rapidly. Some of the major clues to instability are
listed below.

Nature’s Billboards

e Recent avalanche activity—No better clue to instability
exists than the presence of recent avalanche activity. Slopes
of similar elevation and aspect should be considered suspect.

¢ Collapsing snow (i.e., “whumphing” noises)}—These sounds,
caused by the sudden collapse of a weak subsurface layer,
are indicative of extreme instability in the area. They are
literally Mother Nature screaming in your ear to be cautious.
This usually means picking routes across gentle slopes of
less than 25° and avoiding the runout zones of steeper
slopes.

e Shooting cracks—Shooting cracks are a form of brittle
failure caused by the sudden release of stored elastic energy.
These cracks indicate the presence of a tender slab and
thus, high instability. As a “rule” (most rules lie, but this
one does not), the longer the crack, the more serious the
instability.
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e Hollow sounding snow—Hollow, sometimes drum-like
sounds indicate the presence of a less consolidated,
potentially weak layer over-capped by a denser layer. Be
careful, you may be traveling on wind slab deposited over
unmetamorphosed new snow or faceted snow.

e Pluming, wind transport—Wind pluming (wind-generated
snow clouds), resulting from the erosion of snow from
windward slopes and the rapid deposition of new snow on
leeward slopes is a major clue that conditions are changing
for the worse on leeward slopes. If wind-loading persists, the
period of instability is usually followed by repeated cycles of
avalanche activity and reloading. If a wind-loading event has
terminated, evidence of wind slab (surface texture patterns
and hollow sounds) should be present in the area.

e Storm activity—Like wind events, storms tend to make
conditions more unstable because of the rapid loading that
takes place. These periods of instability will generally be of
shorter duration in warmer snow climates, but persist for
longer periods of time in colder climates. Examples of
typical weather patterns resulting in unstable snow conditions
are listed below:

— Major prolonged precipitation events (lasting several
days) with significant quantities of rain or snow. Result:
Increased stress due to loading.

— Heavy accumulations of snow or rain during a short
period of time (less than a day). Result: Rapid loading.
Insufficient time for the snowpack to adjust.

— Clear weather with strong winds resulting in significant
snow transport to leeward slopes. Result: Development
of wind slab, cornices (i.e., possible triggers), as well as
rapid loading of leeward slopes.

— Long periods of cold, clear weather, followed by heawvy
precipitation and/or wind. Result: Development of a
consolidated slab over a weaker, less consolidated layer.
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— Storms that start out cold and end warm. Result: Devel-
opment of an “upside-down layer cake,” instability is
usually of short duration, but highly sensitive.

— Warm storms (with temperatures near the freezing level)
that follow long periods (several days or weeks) of cold
weather. Results: same as above.

— Rapid and prolonged rises in temperature following long
periods of cold weather. Results: If deep slab instability
was a preexisting condition, avalanche activity is likely.
If the snowpack was previously stable, some surface
instability may persist until temperatures cool.

— Prolonged periods of above freezing temperatures and
overcast skies following periods of colder weather.
Results: same as above. Deep slab failure could be
triggered, often by surface sluffing.

— Intense solar radiation, particularly with a thin layer of
clouds above. Results: Surface layer(s) are likely to
become rapidly unstable as bonds between grains melt.
Loose snow and soft slab avalanches involving surface
layers are likely. If deeper instabilities preexisted, larger,
deep slab avalanches could be triggered, often by sur-
face stuffing. In the spring, deeper slab releases become
more possible after several days and nights when the
snowpack does not refreeze (this is encouraged by
cloudy, warm weather).

e Shear test results—Easy shears and very easy shears
obtained from properly executed shovel or ski shear tests,
rutschblock tests, loaded column tests, ski cutting, and banzai
jump tests are indications of instability. The question is,
“How widespread is the instability and what hazard does it
present?” Negative shear results, on the other hand, do not
necessarily mean that conditions are stable. It could be that
the tests were conducted in nonrepresentative areas. Seek
to corroborate the results by integrating additional
information from a variety of sources. Remember: No
one test will tell all.
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e Results from explosives—Many ski areas use explosives to
“control” avalanches and the results from these activities can
provide useful feedback concerning how sensitive or active
the snowpack is in a particular area. Control results can
often be obtained by contacting the Snow Safety Director of
the ski area or the local avalanche information hot line. But
again, your evaluation of the overall hazard should be based
upon a wide variety of sources and not just explosive results.

Important Caution: Every avalanche cycle must have its first
avalanche. Every period of instability must have its first
“whumphing” noise or shooting crack or avalanche. Sometimes,
human triggered avalanches occur well before the natural
avalanches start to roll. Sometimes, the threat of human-triggered
avalanches lingers long after the naturals have run. The major
clues to instability may not always be obvious with certain
instabilities or at times when snow and weather conditions are
rapidly changing from stable to unstable (but there are, almost
always, some clues). Be careful and, when in doubt, be
conservative.

How do you travel when the snow instability is high?

Route Selection Principles for Reducing Risk

The tenets of safe route selection are based upon these four
principles:

e Prepare for the worst.
e Use the terrain to your advantage.
¢ Minimize exposure time.

e Make informed decisions regarding risk.
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Prepare for the Worst

Research your route beforehand. Identify potentially hazardous
areas as well as safety zones.

e Ultilize air photos, maps, and local knowledge.

e View the route from many perspectives on the approach if
possible. Identify your route alternatives.

Check the current and forecasted weather before you leave.
Ask about expected precipitation (e.g., types, amounts, storm
duration), freeze level, wind speeds and direction, and temperature
trends. Call the National Weather Service Forecast Office and if
possible, someone living near the area for site specific, real-time
observations.

Know the capabilities of your group. Are your partners capable
of doing the trip? Don’t be afraid of reconsidering your plan. If
necessary say, “No, I don’t think we should follow this route
because...” Equally important, learn to accept a “no” from
another group member. A “no” based upon facts is a very
powerful tool with which to save lives.

e Is everyone physically fit? Any medical problems?

* Does each member have the traveling skills necessary for
the job?

e Is everyone sufficiently “mountain savwy” for the conditions?

Carry the necessary equipment. Anticipate your equipment needs
and bring the essential items:

e Travel gear—snowshoes? Skis and climbing skins? Repair
kit?

e Survival gear—extra clothes? Emergency shelter? Camp
stove and fuel? Fire starter? Extra food? Headlamp? Radio
and batteries?
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Avalanche rescue equipment—one shovel, avalanche probe,
and beacon per person.

File a trip plan with a responsible person before leaving. Leave a
reasonable amount of time for bad weather.

Answer—Who, what, when, where, and how.

When delayed for whatever reason, don’t get caught in the
trap of trying—against all odds—to make it back by “the
deadline.” Fear that a search will be launched, is not
justification for exposing a group to risk.

Use the Terrain to your Advantage by Selecting:

Ridge routes—Travel on the windward side of ridges, well
away from cornices and steep slopes.

Broad valleys—Travel well away from the runout zones of
avalanche paths and do not stop until you are in a safety
zone.

Dense timber—Although dense timber is no guarantee that
avalanches do not affect the area, it is a good indication of
the frequency of events. Look for flagging (i.e., broken
branches) on the uphill sides of trees. Remember if the trees
are spaced far enough apart to easily ski through, it is
possible for the slope to fracture provided it is steep
enough.

Gentle ramps and benches—Ultilize low angle slopes as
routes rather than steeper slopes with greater exposure.
Measure the slope angles!

— Remember: You can trigger an avalanche on a gentle
slope as well as a steep one, as long as what you are
standing on is connected to a slope of sufficient steep-
ness and sensitive instability exists.
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e Avoid exposure to hazardous areas such as:

— Steep, smooth, leeward, loaded slopes (the classic ava-
lanche path).

— Gully routes: gullies and narrow valley floors are known
as “death routes” because victims, when caught, are
usually buried deeply. Slopes which spread out onto
alluvial fans generally produce a shallow burial.

— Corniced ridges: not only do cornices often break off
much further back than expected, but it is common for
cornice crevasses (tension cracks) to form on the wind-
ward side. These are often bridged over by new or
wind-drifted snow and represent a serious hazard to
anyone who should fall into them.

— Sun-exposed slopes during warming events: intense solar
warming results in the formation of an unstable surface
layer of well lubricated snow grains. Once triggered, this
type of snow acts like a concrete slurry from which
escape is often difficult or impossible. Timing can be
very important. Sometimes in the spring, a slope will be
hard and stable in the morning and very weak later in
the afternoon.

— Avalanche path runout zones: not good places to stop
or camp for obvious reasons.

— Other terrain traps: avoid steep creek banks, convex
rollovers, and small bowls. They may seem innocent,
but all can be deadly under the right circumstances.
Avoid skiing above cliff bands or other areas where the
consequences of getting caught in even a small slide are
serious.
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Minimize Exposure Time
Know your route.
e Carry a map and compass and know how to use them:.

e Be in good shape and travel fast; in other words, minimize
your exposure time by keeping on the move through
hazardous areas.

¢ Be skilled in your method of travel. High skill levels can
help you minimize your exposure time (e.g., fewer delays
due to inexperience).

If you need to move through avalanche terrain, try to travel
during stable weather and snow conditions. Eighty percent of
all natural avalanches happen during or shortly after storms.
Remember, however, that the typical accident happens when the
terrain and snowpack are “red,” but the weather is “green”

(i.e., a nice blue sky day with beautiful snow after a storm).

Make Informed Decisions Regarding Risk

Identify the problem and formulate an initial opinion about the
level of hazard anticipated based upon available information.

Examine the critical data from snow, weather, terrain, and
human parameters. Seek first that information which will do the
most to clarify your situation and reduce existing uncertainty.

Integrate additional information from a variety of sources that
will either reinforce or refute your opinion and pay attention to
the central message.

Identify your alternatives, their consequences, and the
assumptions upon which they are based. Then develop a plan of
action which takes into account the probability of success versus
the likelihood of failure.
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Always be willing to reevaluate your opinion based upon new
information. Remember, hazard evaluation is an ongoing
evolutionary process, not an isolated event.

The purpose of this article is not to make you paranoid about
traveling and working in the back country. It is possible to travel
safely in the mountains even when the snow is unstable. Keep in
mind that most avalanche accidents do not need to happen. The
clues are there if you are looking, listening, thinking, and paying
attention to them. Have fun!
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Chapter 4—Mountain Medicine

Objectives
Upon completion of this lesson, participants will be able to:

e Describe symptoms of altitude illness, explain what causes
mountain illness, and describe how to prevent it.

e Describe why water should be warm before drinking and
explain how to disinfect mountain water before drinking.

e Describe symptoms of hypothermia, explain what causes
hypothermia, and describe how to prevent it.

e Describe symptoms of frostbite, explain what causes
frostbite, and describe how to prevent it.

e Describe the procedure to follow if a member of your
survey party is injured during a remote survey.

References

Outdoor Emergency Care, Third Edition, Warren D. Bowman,
M.D., National Ski Patrol System, Inc.

West-Wide Snow Survey Training School Workbook

Time

Classroom: 4 hours, 15 minutes

Field: 1 hour, 15 minutes
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Altitude Related Illnesses
Water Borne Infections and Water Disinfection
Hypothermia
Frostbite

Lee C. Schussman, MD, MSPH
Assistant Professor

Dept. of Family and Preventive Medicine
University of Utah

Family Practice Center

3955 Harrison Blvd.

Ogden, Utah 84401
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Altitude Related Illnesses

Incidences

Everest......co.oeevvvvennnnn. 43% ............ 1-2%........... 1:2000
McKinley ...................... 50%............ 2-3% ........... 1:625
Rainier ...........ccocoevee 70% ... <1%............ ?0
Colo. Ski Resorts ......... 17-25%....... 01%........... ?0
Causes

Acute Mountain Sickness (AMS)

High Altitude Pulmonary Edema (HAPE)

Onset Clinical Treatment Prevention
AMS 4-6 hrs Headache, insomnia Rest, fluids 1,000 ft/day
> 6000 ft  fatigue, irritable, nausea Tylenol, ASA Diamox 125 mg
vomiting, SOB on exercising ~ Compazine 2/day
DESCENT Decadron 4 mg

Gamow Bag 4/day

HAPE 2-3 days 1) Fatigue, cough. DESCENT 1,000 ft/day
> 8000 ft  2) SOB at rest, Oxygen 500 ft/day if
worse cough, Rest over 22,000 ft
pink sputum, Nifedipine
confusion. Gamow Bag

3) Stupor, coma.
4) May progress rapidly.
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Water Disinfection

Heat

Giardia—inactivated by bringing water to a boil
Bacteria—at elevation, boil for 3 to 4 minutes

Viruses—same

Iodine

The best halogen for small volume disinfection.

e Tablets
Clear Cloudy
Warm water 1 tab x 15 min. 2 tabs x 20 min.
e Crystals

* Place 4-8 grams of 1, in a 1 oz (30 cc) glass bottle. Fill with water.
e Warm glass bottle in pocket prior to use until crystals are all dissolved.

e Warm the water to be disinfected to 20°C (68°F). This may be done
by placing water in direct sunlight.

e Add 30 cc (contents of 1 oz bottle) to 1 gt warm water.
— Clear: wait 15 min.

— Cloudy: wait 30 min.

Filters

Organism Smallest Size

Viruses .................... 0.01 microns

Bacteria ................... 0.2 microns

Giardia cysts............. 5.0 microns

Parasites .................. 30 microns
First Need

0.4 microns ............. $45.00 ....oovnnnn 120z, .o 1pt/min
Water One

0.5 microns ............. $40.00 ................. 160z. .............. 1pt/min
Katadyn

0.2 microns ............. $210.00 ............... 240z. ... 1 qt/min
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4.8

Insidious

Hypothermia

“Killer of the Unprepared”

Progressive Clinical Presentations

Core Temp (°F)

98.6
97
95
93
91

90

86

82
80

78
68
64.4

48.2

Clinical Symptoms and Signs

“Normal”

Metabolic rate increases to make up for heat losses
Maximum shivering

Conscious, responsive, normal BP

Impaired fine motor coordination, usually oriented
but lethargic

Consciousness clouded, walking difficult, shivering
stops, pupils dilated but react to light

Progressive loss of consciousness; low BP, respira-
tory rate and pulse; muscles rigid

Ventricular fibrillation increasingly likely

Lose voluntary motion, pupils not reactive, no
reflexes

Unconscious
Cardiac standstill

Lowest documented accidental hypothermic victim
to recover

Lowest artificially cooled hypothermia patient to
recover

Predisposing Factors

Treatment

ANTICIPATE,
PREVENT

Wind, wet, low temp, prolonged exposure,
alcohol, exhaustion, dehydration

Recognize the condition
Prevent further heat loss
Warm central areas (chest, neck, groin, arm pits)
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Frostbite

Treatment

Thaw quickly— 105°-110° F
Do not refreeze
Use sterile dressings for local wound protection

NSAID (ibuprofen) or Aspirin, 2-3 tabs 3/day
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Chapter 5—Data Collection

Objectives
Upon completion of this lesson, participants will be able to:

e Describe four common types of data sites and explain two
types of descriptive site maps.

e Describe the types of snow sampling equipment used in
data collection.

e Describe and demonstrate five methods used for data
observations.

e Prepare notes in accordance with standard NRCS
procedures.

e Describe the impact of data collection accuracy in relation
to water supply forecasting.

Materials

Agriculture Handbook No. 169

SCS NEH Section 22

West-Wide Snow Survey Training School Workbook
Time

Classroom: 2 hours, 25 minutes

Field: 4 hour, 45 minutes
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Data Collection Outline

I Introduction
II. Explanation
A. Data Site Descriptions
1. SNOTEL Site
2. Snow Course
3. Aerial Marker
4. Storage Precipitation Gage
5.  Descriptive Site Maps
a. Location Map
b. Detail Site Map
1) Snow course and aerial marker
2) SNOTEL
B. Types and General Description of Snow Samplers
1. Mt. Rose Sampler
2. Utah Sampler
3. Federal Sampler
4. Bowman Sampler
5. McCall Sampler
6. Adirondak Sampler
C. Methods of Measurement
1. Manual Snow Sampling Observations
a. General Snow Sampling
b. Shallow Bulk Snow Sampling
c. Deep Dense Snow Sampling

d. Special Conditions
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2. Aerial Marker Observations
3. SNOTEL Theory and Operation
4. SNOTEL Observations
a. Groundtruth
1) Manometer
2) Snow Pillow Groundtruth Observation
3) Thermometer
b. Telemetered
5. Precipitation Gage
D. Notekeeping
1. Manual Snow Course Notes—ENG. 708 Form
2. Aerial Marker Notes—For SCS-166
3. SNOTEL Site Data
a. Manometer
1) Precipitation
2) Snow Pillow
b. Snow Pillow Groundtruth
c. Air Temperature Readings
4. Manual Precipitation Gage Notes—SCS-ENG-2
E. Importance of Accuracy
1. Effect of Sampling Error on Streamflow Forecasts
2. Economic Effects of Data Collection Error
3. Consistency in Data Record

. Summary
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Introduction

Precipitation information has been collected for many centuries.
In the western United States, snowpack information began being
collected early in the 1900’s. Recently, automated sites called
SNOTEL, for SNOw TELemetry, have begun to replace some
manual snow courses. SNOTEL sites provide daily information on
a near-real time basis with snow-water content, total precipitation,
temperature, and other hydrometeorologic information. Accurate,
timely readings, taken safely and responsibly along with the
SNOTEL information, will continue to provide the information
necessary to generate reliable streamflow forecasts.

In this lesson, you will cover four types of data sites, various
types of equipment used in data collection, the proper method of
measuring and recording information, and why the accuracy of
the measurements is so critical to the water user.

Explanation

Data Site Descriptions

SNOTEL is an acronym that stands for SNOw TELemetry.

A SNOTEL site is a location where hydrologic and climatic data
is collected and transmitted by telemetric signal. A SNOTEL site
consists of two main areas: (1) the data collection and

transmission area and (2) a buffer zone surrounding the
SNOTEL site.

The primary site is located in the high runoff producing areas
and is, generally, in a small meadow or in scattered timber with
a very slight slope. Exposure to solar energy is important for
recharge of batteries using solar panels.
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The data collection and transmission area is usually no more than
200 feet in diameter and contains the physical components of
the SNOTEL site. These components include:

e Snow Pillow—A device for measuring snow water equivalent
by pressure sensing.

e Storage Precipitation Gage—A straight wall, missile type
storage gage used to collect precipitation. This gage can be
6 to 26 feet tall and is surrounded by a wind shield. The
diameter of the gage is 12 inches.

e Instrument Shelter—A shelter 8 to 16 feet tall is used to
house the radio equipment, batteries, transducers,
manometers, and other components needing protection from
the weather.

e Air Temperature Sensor—A sensor mounted outside the
instrument shelter and above the maximum snow depth
used to record ambient air temperature that is used in the
calculation of maximum, minimum, and average daily air
temperature.

¢ Antenna Tower—A free standing, triangular tower, usually
20-feet high, to which the radio antenna and solar panels
are usually attached.

¢ Antenna—The device through which interrogation signals
and data are received and transmitted.

e Solar Panel—Panels which convert solar energy to electricity
needed to recharge batteries which are used to power the
meteorburst transceiver.

e Transceiver—The electronic package that obtains sensor
data, performs calculations using that data, and stores the
information for transmission when the site receives a request
from the master station.
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e Transducers—The devices that measure the pressure created
by weight of the snowpack or precipitation gage fluid and
converts that pressure to an equivalent electrical voltage.

e Fencing—Fencing is used to protect the snow pillows
or the entire site from animal or human damage.

A buffer zone is established to protect the SNOTEL site from
logging or other activities which could alter the hydrologic
characteristics of the site. Typically, a 400 foot zone surrounding
the data site is adequate.

Snow Course

A snow course is a pre-selected location where manual snow
measurements are taken at certain times during the winter season
and used to determine the actual depth and water content of the
snowpack. A snow course that is only measured one time during
the winter season is referred to as a Basin Index Point. The
selection of a snow course is based on elevation, aspect,
vegetation, and other hydrologic parameters so that the water-
producing areas of the basin are represented. Snow courses
typically consist of 5 to 10 individual sample points, but can
consist of any number. The course is generally laid out in a
straight line with evenly spaced intervals between each sample
point. This, however, can also vary from site to site. Some are in
a “dog leg” or “L” shape while others may be of some other
shape. In short, almost any configuration may be encountered.
The spacing between each sample point may vary from a few
feet to several hundred feet. Snow course beginning and ending
points are generally identified by standard snow course marker
signs mounted on steel pipes or trees. Intermediate sampling
points may also be identified by markers on trees or posts. If not,
the sampling points are located by measuring from the end
markers. A typical snow course layout can be found in figure 5.1.
A snow surveyor measures the depth and determines the water
content at each sample point each time the course is measured.
The average depth and water content of all sample points
represent a single snow course reading.
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5.8

Figure 5.1 Typical Snow Course Map
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Aerial Marker

Aerial markers are used in remote mountainous locations that are
difficult to reach by over-snow travel. The criteria for site selection
is identical to that of a snow course, with one additional
requirement. The marker must be in a position which can be
readily observed from the air without undue hazard to the aircraft.
The marker consists of a vertical pipe of known height, generally,
3 to 4 feet more than the maximum expected snow depth.
Horizontal crossbars are placed at 1-foot intervals on the vertical
pipe. Crossbars on the even foot increments (i.e., 2, 4, 6, 8,
etc.), are 6 inches wide and 24 to 36 inches long while crossbars
on the odd foot increments are 2-inches wide by 12 inches long.
An alternative design may have diagonal members in lieu of the
smaller crossbars (see figure 5.2). Markers are painted with bright
orange enamel paint similar to that used for highway signs so
they can be easily seen from the air. Snow depth readings are
made by flying over the marker and counting the number of
visible crossbars. Refer to METHODS OF MEASUREMENT for
more information about making aerial observations.

Precipitation Storage Gage

Precipitation storage gages should be located where they will
receive a catch representative of precipitation over the general
area. The best sites are in medium-size openings surrounded by
trees of sufficient height to block or minimize the effect of wind.
The tops of the trees should be high enough to intersect a line
drawn from the top of the precipitation gage at an angle of 30
degrees from the horizontal, but not tall enough to intersect a line
drawn at 60 degrees from the horizontal. Even deciduous trees
will offer some wind protection. A wind shield on the gage also
helps. The gage should not be located under overhanging trees,

in areas exposed to high velocity winds, on ridge crests, on lee
slopes where wind might deposit above normal precipitation, or in
any other place that would be non typical. In areas where wind is
a factor, a Wyoming wind shield could be used (see figure 5.3).
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Precipitation gages may be located at different elevations on a
watershed to represent the vertical distribution of precipitation.
Some areas do not offer good sites for measuring precipitation.
In these cases, obtain the best catch possible.

Descriptive Site Maps

A location map shows the placement of a data site in relation to
natural and man-made landmarks in the general area. A location
map may be constructed from a U.S. Geological Survey
quadrangle, a Forest or Park Service map, a state road map, or
any other general area map. The purpose of this map is to
document the route and distance that must be traveled to reach
the site. Although not a part of the location map, a mileage-log
identifying distance and road junctions may accompany the map.
Prominent landmarks should be named, a map scale shown, and
the title block of the service map should be included.
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Figure 5.2 Aerial Marker
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Figure 5.3 Wyoming Windshield

.

.

5.12 November 1999



West-Wide Snow Survey Training School

Figure 5.4 Detailed Site Map
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5.14

Detailed Site Map

Figure 5.4 is an example of a detailed site map. The title block
should show:

Name of site

Identification number

Type of site

Date established

Location (latitude and longitude; section, range & township)
Elevation

Aspect

Individual who established site

River basin

The main features of the data site will be shown in symbols with
a short word description. The symbols and words used will vary
depending on the type of data site being described.

All site maps will have:

True or magnetic north arrow—Ilabeled.

Type of vegetative cover on and around the data site.

Snow course, precipitation gage, and aerial marker maps will
have the following:

General bearing of the course in reference to north,
preferably with the actual bearing printed along the course.

Location of end of course signs.
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e Location of sample points and their sequence numbers.
¢ Interval distances between points.
e Number of points identified.

e Prominent natural and man-made landmarks in the
immediate vicinity.

e Location of precipitation gages or instruments.

e [ocation of aerial marker with or without an associated
Snow course.

SNOTEL site maps will show:

Location, orientation, and distance between all major installation
components.

o Pillows

e Shelter house

e Precipitation gage

e Antenna tower and antenna
e Fences

e Any other prominent feature or landmark

SNOTEL sites on snow courses will have a combined map.

Types and General Description of Snow Samplers

The earliest procedures for sampling snow at a snow course
involved vertically cutting and withdrawing a core from the natural
snow cover with a tube similar to a stovepipe. The volume of
snow removed could be computed from pipe dimensions. Its
water equivalent was determined by weighing the snow core or,
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more often, by melting it in a container and measuring the depth
of water with a graduated dipstick.

Mt. Rose Sample

To measure deep snow, Dr. J. E. Church developed the Mt. Rose
sampler about 1909-1910. His original steel sampler tube was
approximately 1.7 inches inside diameter and the inner diameter
of the cutter point was 1.5 inches. The tubing was in lengths up
to about 10 feet. Later the length of these steel tubes was
reduced to 30 inches and several lengths were coupled in the
field by threading them together. The tube, with its snow content,
was weighed on a specially calibrated Chatillon balance. A tare
adjustment for the empty tube simplified the reading of the water
equivalent.

Utah Sample

The Mt. Rose snow sampler remained essentially unchanged until
George D. Clyde developed the so-called “Utah type” sampler in
the late twenties. Clyde used aluminum for the tubes, couplings,
and scales. He machined the-inside diameter (ID) of the steel saw-
toothed cutter to 1.485 inches, thus establishing the weight of 1
inch of water-equivalent snow in the tube at 1 ounce. Any scale
weighing in ounces could be used, but Clyde designed a simple
tubular, aluminum barrel, spring-actuated scale.

Federal Sample

The Soil Conservation Service (SCS) adopted Clyde’s basic design
in 1935 and, with some minor changes, produced the Federal
snow sampler now used almost universally in the West and in
many foreign countries. The modified snow sampler has tubing
made of duraluminum, with an outside diameter (OD) of 1-3/4
inches, an ID of 1-11/16 inches, and is made in sections 30
inches long. Each section has a graduated 1/2 inch interval scale
on its side. It has a steel cutter bit that is cold shrunk to fit inside
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the lower end of the first, lower section. The cutter bit has an
inside diameter of 1.485 inches, which is about three-sixteenths
of an inch smaller than the inside diameter of the tubing. This
difference permits easier sampling and removal of the snow-core.
The tube sections are assembled by threaded couplings to lengths
of 300 inches or more. The slots spaced alternately along the
tube sections are provided for observing the length of core. Snow
water equivalent is determined by weighing the tube and its snow
core on a tubular spring scale. The weighing cradle holding the
snow tubes is attached to a spring clip on the bottom of the
tubular scale. The scale come in three sizes, i.e., for snow depths
of 12.5 feet, 20 feet, and 30 feet. All scales weigh in ounces.
Since the cutter point of the sampler cuts a snow core 1.485
inches in diameter, each ounce of core is equivalent to 1 inch of
water. We refer to the weight as inches of water.

Spanner wrenches are used to unscrew the sections that may
tighten in place when sampling. The driving wrench is clamped
on the tube to drive it into deep, hard, compact snow and to cut
through layers of ice. Federal snow sampling specifications are
available from the Data Resources and Field Support Team at the
National Water and Climate Center (NWCC). Figure 5.5 shows
the sampling tubes and other pertinent items usually included in
this type of snow sampling set.

The federal sampler tends to over-measure snow water equivalent
by 10 to 12 percent with a standard factory cutter bit. If the
teeth of the cutter bit are sharpened to the inside, the over-
measurement is reduced to about 6 percent.

Bowman Sample

Dr. Charles Bowman, Montana State College, developed a plastic
sampler with an improved ice cutting tip. This is an excellent
shallow snowpack sampler, but is not presently available.

Chapter 5—Data Collection—Student Workbook 5.17



West-Wide Snow Survey Training School

McCall Sample

Another variation of the Federal sampler is the McCall sampler
developed primarily for extremely deep snowpacks. This sampler
has thick smooth outer walls and internal couplings for added
strength and to facilitate easier penetration through the pack.
Disadvantages of this sampler are added weight and cores that
are often hard to remove. This sampler also requires a special
heavy duty scale.

Adirondack Sample

The snows of the northeastern and Midwestern United States
rarely attain either the depth or maximum density found in
western mountain snowpacks. Thus, a snow sampling device
commonly called the Adirondack sampler became popular in the
Northeast. This sampler, formerly made of galvanized iron but
now constructed of fiberglass or thin wall aluminum tubing, has a
smooth sharp cutting point, about 3 inches ID. It is extensively
used in the eastern states and Canada. The sampler is 5 feet long
and is weighed on a specially calibrated scale.
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Figure 5.5 Snow Sampling Kit
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5.20

Sampling Techniques

Manual Snow Sampling Observations

The most important part of the snow surveyor’s mission begins
upon arrival at the snow course. The data obtained by sampling
will be used by many cooperators and agencies. It is imperative
that surveyors do their best to obtain accurate measurements
while at the snow course.

General Snow Sampling

Snow sampling is determining the snow depth and amount of
water contained in the snow, usually referred to as water content
or snow-water equivalent. Sampling equipment includes
duraluminum tubes in 30-inch sections, weighing scales, and other
items. Snow measurements are made at designated areas called
snow courses. Usually, there are 5 to 10 sampling points at a
snow course.

Generally, snow sampling is not difficult. People from all walks of
life have become good snow surveyors. However, there are some
“do’s” and “don’ts” which must be observed.

The “Snow Survey Sampling Guide,” Agricultural Handbook No.
169, gives detailed steps and illustrations of sampling procedures
and the recording of notes. Read it if you are a novice. Review
it, periodically, even if you are an experienced snow surveyor.
Each snow sampling kit should contain a copy of this guide book.
The SCS National Engineering Handbook, Section 22, Snow
Survey and Water Supply Forecasting, is also an excellent
reference. Each snow surveyor should have a copy of this
publication.

Before leaving the office, make sure you have enough SCS-ENG-
708 Snow Survey Note forms to complete your surveys. Be sure
that your sampling equipment is properly maintained, and that
you have all the necessary equipment.
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Upon arrival at the snow course, assemble the snow sampling
tubes in the correct sequence. Always wear mittens or gloves
while handling the sampling tubes. Heat from bare hands will
leave a spot where snow can stick to the tube. Use sufficient
sections to penetrate the entire snowpack. Be careful when
threading the sections together as the threads will seize if they are
cross-threaded. The actual weight of the sampling tube must be
sufficient to give a scale tare weight above zero. This is usually a
minimum of three sections. Do not attempt to measure snow with
a zero tare weight. Add a driving wrench or another tube section,
if necessary. Wear skis or snowshoes on the snow course even
though the snow may be firm enough to support your weight.
Holes left by footprints or snow machines will fill with drifting
snow which can cause future readings to be inconsistent. Also
avoid walking on or near the sample points as much as possible.

If sampling points are not marked on the snow course, use a
detailed site map and tape measure to determine the correct
sampling point number and distance between samples. Skis,
snowshoes, or sampling tubes can be used to measure the
distance between sample points in an emergency, but, if possible,
use a tape measure. While at the snow course, record data on
the field note SCS-ENG-708. Record the correct sampling number
for each sample. If the first sample is taken at Station No. 10,

be sure to record it on the notes as sampling point No. 10, not
No. 1.

When sampling, drive the snow tube vertically between skis or
snowshoes to prevent dislocation or back injury. A steady
downthrust is the preferable method for obtaining samples. A
slight twisting in a clockwise direction aids in driving the tube and
also facilitates cutting thin ice crusts. Do not bounce the tube up
and down, as excess snow might be introduced into the tube.

When the cutter reaches the ground surface, turn the tube three
or four clockwise revolutions to shear the snow-soil bond and to
pick up a soil plug. Read the snow depth on the outside of the
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tube to the nearest 1/2 inch. The notekeeper should record this
value on the notes under “snow depth.” Withdraw the tube slowly
and steadily. Read the core length to the nearest 1/2 inch and
report this value to the notekeeper. Ask the notekeeper to repeat
each reading as he/she records it to make sure he/she enters the
correct values. Depending on the type of snow, the core length
should closely approximate the snow depth.

Clean any duff and soil from the cutter. Discard this debris away
from the snow course. If it is dropped on the snow course, this
material will absorb solar radiation and cause snow pits in the
sample areas. If the plug is more than 1/2 inch, adjust snow
depth and core lengths for the length of this plug.

Place the tube in the cradle attached to the scale and record the
weight of the tube and core to the nearest 1/2 inch of water.
Support the scales with a ski pole. If a ski pole is not available,
use a firm means of support. Do not hold the scales by hand.
Avoid binding the scales. Support the scale only from the ring on
top of the scales. Tap the scales slightly when reading to assure
that the barrel is free. A 20-foot capacity scale usually has
gradations in increments of 2 inches; a 12.5-foot scale usually has
l-inch increments. Empty all snow from the tube and weigh the
tube. The difference between the tube and core and the empty
tube is the snow-water content. Tare weight should be taken after
the first snow sample. Recheck the weight of the empty tube
after the fifth and tenth samples are taken. Do this at each snow

course even though you think you know what the tare weight
should be.

The density of each sample is determined by dividing the snow-
water content by the snow depth. The density determination
chart, on the green instruction pages in the snow survey
notebook, facilitates the computation of density in the field.
Another convenient method of computing density is use of a
small, inexpensive pocket calculator, but it must be kept warm to
function. An inexpensive slide rule may be the best. Density is
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recorded on the field notes to the nearest percent. Determine the
density for each sampling point before leaving the course. Density
is calculated by dividing the water content by the snow depth.
Normally snow depth and water content will vary between
samples, but the densities should remain fairly stable. A good
snow surveyor, on a good snow course, can keep the spread
from the lowest density sample to the highest density sample
within 3 to 5 percent.

Unless unusual conditions are experienced, such as drifting or
blowing snow, a spread of 5 percent should be maximum. Any
deviation outside this spread requires resampling. If the density
remains outside the suggested spread, indicate under “Remarks”
the number of samples taken and the possible reason for the
samples not falling within the acceptable range.

To obtain the average snow depth and water content of a snow
course, add each column and divide each total by the number of
samples. Average snow depth is rounded to the nearest inch. The
average water content is rounded to the nearest tenth of an inch.

Density for the snow course is determined by dividing the average
water content by the average snow depth. Do not add the
individual sample densities and divide by the number of
samples. The density for the snow course should be about the
middle of the densities obtained for each sample. If not, an error
in addition or averaging of snow depth or water content or in
computing density has been made. Recheck to find the error.

Explain under “remarks” any unusual conditions. Remarks are
helpful to the snow survey supervisor for interpreting notes.
Complete the back side of the snow survey notes. This
information provides an evaluation of snowpack and soil
conditions not otherwise reported.
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Mail the original notes to the Data Collection Office as early as
possible. Before transmitting snow survey data to the supervisor,
the snow surveyor should recheck the notes for legibility,
completeness, remarks, arithmetic, then initial the “computed by”
space at the bottom of the form. A copy should be kept by the
snow surveyor in case the original notes are lost or delayed in the
mail.

Remember, accuracy is very important in all phases of snow
surveying.

Shallow Bulk Snow Sampling

Shallow snowpacks require a little different sampling technique.
This is explained in the Snow Survey Sampling Guide. When the
snow course has less than 2 inches of snow-water equivalent, use
bulk sampling procedures. Determine the tare weight by weighing
the empty bag or other empty container and the snow tube.
Record this tare weight on the snow notes under “weight of
empty tube.” Read the snow depth and core for each sample just
like regular snow sampling and record these values on the snow
notes. Place the core from each sample in the bag or container.
Make sure you have a good sample and that any foreign material
is removed from the cutters before placing the core in the
container. Weigh the bag or container of snow cores plus the
snow tube, and record the weight on the snow notes under
“weight of tube and core.” Compute the water content by
subtracting the empty weight from the weight of the tube and
cores. Divide the water content by the number of samples to
determine the average water content. Write “bulk sample” across
the snow notes. Figure 5.6 shows the proper technique to record
the field notes. Compute the average depth of snow and density
and complete the notes as you would for a regular snow survey.
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Figure 5.6 Bulk Sampling

United States Department of Agriculture SCS-EN-708
Soil Conservation Service 12-79
FEDERAL-STATE-PRIVATE
COOPERATIVE SNOW SURVEYS
Snow Course Suicide Park
Drainage Basin Gila State _Arizona
Sampler G, Watit Note Taker D. Enz
Date Feb. 15, 1984 Began 11:00 a.m. Ended 11:30 a.m.
Depth Length | Weight Weight Water Remarks
Sample | of Snow | of Core | of Tube | of Empty | Content | Density (See Reverse)
Number | Inches Inches and Core | Tube Inches Percent
2 2172 2 nt-
3 6 5 A
4 3172 3 Y ' GDF
5 2 2 N/
6 6 512 4
7 8 172 7 \ §" Vv GDF
8 2 2 %)\ﬁ 4
9 312 2172 /
10 5 4172
=
10 41 30.5 18 12.5 30 Total
10 4.1 1.3 Average
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Deep Dense Snow Sampling

Snowpacks that exceed 100 inches may be difficult to sample if
the snow is dense or has ice layers in the pack. The most
common problems are snow packing in the cutter prohibiting all
of the core from entering the tube and not being able to drive
the sampler through the snowpack. Problems develop less
frequently with a snow sampling tube that is well waxed or
siliconed. Make sure your equipment is in good condition before
going to the snow course. Also, if the combined weight of the
tube and core exceeds 135 inches, you will need a 20-foot scale.

Many times, good samples can be obtained by keeping the tube
moving through the snowpack. Once you start driving the tube
down through the pack, don’t stop until you get to the bottom.
Two surveyors, facing each other, can work together driving the
tube hand over hand when the snow sampling is difficult for one
person. The addition of a driving wrench will help in some snow
conditions. If it is still impossible to get to the ground, drive the
tube until it stops, read the depth, and weight the sample like a
regular snow sample. Empty the core and carefully insert the tube
back into the hole and try to go the remaining distance to the
ground. Record the depth and weigh the core. The water content
is the sum of the two.

If it is absolutely impossible to obtain a core, continue as far as
you can, dump out the core, reenter the hole and repeat until
you get to the ground. As a minimum, record the snow depth on
each sample so that the water content can be estimated by the
snow survey supervisor. If you have trouble getting a good core at
the first sample, don’t assume all samples are impossible to
obtain. Try sampling at each sample point since there may be
variations in the snowpack that allow you to get one or more
good sample. Also, try different sampling techniques to see if one
method is better than another for getting through dense layers.
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If you have frequent problems sampling very deep, dense
snowpacks, even when you have well waxed or siliconed tubes, a
McCall type sampler may help. The McCall is a much heavier
sampler, has no external couplings, has a different cutter design,
and requires a different scale. However, samples can be obtained
with the McCall under some conditions when they cannot be
obtained with a standard sampler.

Pounding the tube through dense layers is not recommended
since compaction of snow in the cutter prevents the core from
entering the tube and the snow sampling tube can be damaged.

If you have problems in the field, check the snow sampling guide.
Don’t give up until you have tried different methods of sampling.
Additional effort at the snow course may save you a trip back up
the mountain.

Special Conditions

e Hoar Layer Near Surface—A problem often encountered,
particularly in shallow snowpacks, is a depth hoar layer near
the ground surface. Depth hoar layers consist of large
granular snow grains with little bonding and are formed
when very cold snow surface temperatures combine with
relatively warm soil temperatures. When taking snow
samples, the depth hoar snow layer often collapses or falls
out of the tube when lifted-resulting in incomplete or short
cores. To obtain a good sample, it may be necessary to
plunge the tube rapidly to the ground surface and apply
pressure with a clockwise rotation of the tube to ensure a
good earth plug is obtained. The rapid plunging of the tube
will prevent snow from sluffing away from the tube end.
This will result in a better tube core. The earth plug will
prevent the depth hoar layer from falling out when the tube
is lifted. Remember to remove the earth plug before
weighing. The depth hoar layer may still collapse and cores
may appear short using this technique, but resulting snow
water contents and densities will be higher.
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¢ Snow Freezing in Tube—Another common problem is snow
freezing in the tube, preventing the entire core from
entering. This most often occurs when air temperatures are
above freezing; i.e., the snowpack has not warmed to
isothermal conditions.

— To help avoid this situation, you may wish to plan your-
trip to the site in early morning when air temperatures
are cooler. Once at the site, cool the tube by setting it
in the shade or burying it in the snow before attempt-
ing to take snow samples. If the snow freezes in the
tube, thoroughly clean the tube of all water droplets
and/or snow crystals. Recool the tube and try rapidly
pushing it through the snow without stopping until you
reach the ground. If you are unable to penetrate the
entire snowpack using this procedure, thrust the tube as
deeply as possible without stopping. Remove the tube
carefully with a minimum of disturbance to the hole.
Record the core length and weight. Empty the tube and
return it carefully to the bottom of the hole. Again
thrust the tube deeper into the snow until it stops or
reaches the ground. Repeat this process as many times
as necessary to reach the ground.

— Record the data as shown in figure 5.7 of the
notekeeping section. The Snow Survey Sampling Guide
also outlines this procedure.

e Snow Tube Too Short—Another less frequently encountered
problem is snow tubes being too short for the depth of
snow. This situation can be overcome by doing the
following. Drive the tube into the snow to its full length.
Place a handkerchief or similar object over the top of the
tube and dig down around the tube to a depth of about
1 foot. Force the tube down further (see figure 5.8).
Remove the wadding and observe the core. When the core
reaches the top of the tube, you have reached the limit for
this method. The snow depth is the tube length plus the
distance from the top of the tube to the snow surface.
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— If the snow is too deep to get the whole sample using
this method, dig a hole in the snow at the sample point
to a depth of 2 or 3 feet. Try sampling in bottom of
hole to see if the ground surface can be reached. If
not, dig deeper until ground surface is reached. Slide a
metal plate or firm flat object into the pit side wall
below the top of the grounded sampler. Remove sam-
pler from bottom of pit and take snow sample from
snow surface down to the metal plate. Record snow
depth, core, and weight of first section of snowpack.
Then carefully break off snow into pit down to the
metal plate. Complete sample point measurement by
taking another sample from the metal plate to the
ground. Record the data as shown in figure 5.8. Fill in
hole if the course is to be measured again at a later
date. This procedure is also outlined in the Snow Sur-
vey Sampling Guide.

e Tube Weight Exceeds Scale Capacity—Another infrequently
encountered problem is the weight of the tube and core
exceeding the capacity of the scales. This problem can be
overcome by carefully disassembling the tube into two parts
with a minimum of two tubes per section and weighing each
one separately. Care must be taken to hold the tube
horizontally when disassembling the tubes to prevent losing
any portion of the core from the end of the tube. Care
must also be take to avoid losing a portion of core at the
coupling where the tube is disassembled. Record the total
and tare weights of each section. Sum the calculated water
contents for each section to obtain the total water content
for the sample.

Aerial Marker Observations

Aerial marker observations are made from aircraft and are
substitutes for ground measurements. Their use provides accurate
snowpack depth information from remote and wilderness sites
where oversnow visits to the site are impossible. Pilots contracting
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this work must be familiar with the terrain and experienced in
winter flying in the mountains.

The type or style of aerial marker varies. Some have only
horizontal cross bars, alternately long and short, while others have
a combination of horizontal and diagonal members. In all cases
the center of the members are at one-foot intervals on the pole.
Usually wide cross bars are placed horizontally at even foot points
and narrow members either horizontally or diagonally at odd foot
levels. The height of markers ditfers according to maximum snow
depth (see figure 5.2).

The pilot should approach the site at a slow but safe speed
allowing the observer at least two looks at the marker. On the
first pass, the observer counts the number of wide cross members
and visibility of narrow or diagonal members below lowest wide
board and records these observations. The second look allows the
observer to estimate and record the distance in inches between
the surface of the snow and the bottom of the lowest visible wide
cross member (see figure 5.9).

Additional detail is available in Section 22, National Engineering
Handbook and on the back of note form SCS-166 rev. 10-64
(figure 5.9).

SNOTEL Theory and Operation

The NRCS has implemented an automated data collection,
transmission, and processing system designated SNOTEL. The
system transmits the data to a central computer where it is

stored, validated, and provided (by computer access) to a variety
of cooperating users.

The SNOTEL system now includes nearly 600 remote stations.
Each one can be thought of as consisting of two main elements:
(1) data collection equipment and (2) communication electronics.
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The data collection equipment consists of the sensors and
transducers which convert snowpack water content and related
conditions into electrical values which eventually can be
transmitted. At each of the remote stations, the collection
equipment is similar, consisting of a snow pillow, a precipitation
gage, a temperature sensor, and corresponding transducers.
However, as the system matures and is used by other disciplines,
the mix of sensing devices will vary from one installation to
another. In response to needs for special hydrologic agricultural
and range monitoring data, sensors have been added at some
sites to monitor soil temperature, soil moisture, relative humidity,

wind speed and direction, solar radiation, pan evaporation, and
fuel moisture.
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Figure 5.7 Notekeeping When Snow is Freezing in the Tube

United States Department of Agriculture SCS-EN-708
Soil Conservation Service 12-79

FEDERAL-STATE-PRIVATE
COOPERATIVE SNOW SURVEYS

Snow Course _Dead Man Creek

Drainage Basin Columbia Willamette State Oregon

Sampler _T. George Note Taker M. Vance

Date Apr. 1, 1984 Began 11:00 a.m. Ended _, aJn/pan

Depth Length  Weight Weight Water Remarks

Sample of Snow of Core of Tube of Empty Content Density (See Reverse)

Number Inches Inches  and Core Tube Inches  Percent
Jda____30__ 20 311 i iadp 42 T GNE_
b 8zr .88z S8 v PVee 4 Damp
I 18 N 32 4 D
2a_ 38 6 e S v 15 ___ 3 GNE _
2b_ 8¢z _ 832 ___ SR L S oz 42 Wet__
S 124 __ . L =1 S al e
Ba_ 2 ___ 20 ___ 28 v IR, a e ONE_
Sb g7 . 82 5T L B 43 _GCrassDamp

3 111 108 47 42

__________________________________________________________
——————————————————————————————————————————————————————————
__________________________________________________________
———————————————————————————————————————————————————
———————————————————————————————————————————————
——————————————————————————————————————————————————————————

No. of tube sections used. 3
Was driving wrench used?Yes
No._ 1 of _3 sheets. Comp. by _M.V. Checked by _T.G
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Figure 5.8 Tubes Too Short For Depth of Snow
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Figure 5.9 Aerial Marker
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The communication electronics at each remote station are housed
within the same shelter that contains the pressure transducers and
associated plumbing. The electronics package (transceivers)
consists of sensor interface electronics, a microprocessor, a VHF
radio transmitter and receiver, and a power supply. All are
contained in a separate enclosure within the shelter. In most
cases, an antenna and one or more solar panels are mounted

on a tower adjacent to the shelter (see figure 5.10).

The operation of the remote station is fairly straight forward.
Every 15 minutes, or more frequent when necessary (i.e., wind
speed), the sensor interface electronics are activated, sensors are
sampled, and data are converted to digital format and stored for
transmission. This process occurs regardless of when the remote
site is polled, so that current data are always available. The
microprocessor also prepares daily calculations of data such as
averages and maximum and minimum values. The VHF receiver
is constantly awake and awaiting the arrival of a polling signal
addressed to that remote station. The receiver and control logic
are designed to ignore unwanted noise. Even valid signals
addressed to other remote stations may be ignored. However,
when the receiver logic detects the proper addressing, the
transmitter is activated, and the current data (up to 15 minutes
old), are transmitted as well as daily calculated values.

The electrical power for the entire remote station is supplied by
12-volt batteries. Solar panels are used to recharge the batteries.
The site opening to the sunlight dictates sizing of these
components.

One master station in Anchorage controls the SNOTEL network
in Alaska and is called Alaska Meteor Burst Communication

System (AMBCS). The AMBCS is operated by several agencies.
Two master polling stations are used in the lower portion of the
western United States to send the required polling signals to the
remote stations and to gather the data. The master stations, are
located in Boise, Idaho, and Ogden, Utah. Both systems use

Chapter 5—Data Collection—Student Workbook 5.35



West-Wide Snow Survey Training School

5.36

forward scatter meteor bursts to communicate with the remotes.
This technique relies on the fact that individual ionized trails in
the upper atmosphere, resulting from the billions of tiny meteors
entering the atmosphere daily, actually reflect VHF signals back to
earth. Thus, when an ionized trail is present, a radio path may be
established between a master station and a remote station more
than 1,000 miles away (see figure 5.11). SNOTEL uses those
reflective paths in lieu of repeater towers or satellite links to send
and receive information.

When the master station is commanded to poll an individual
station, for example, a polling signal is continuously transmitted
with that station’s address. For example, a mountain range may
block a VHF signal, since VHF is normally restricted to line-of-
sight operation. In such a case, the remote station will not “hear”
the signal, and it will not transmit its data. However, when a
meteor enters the atmosphere at the right place and at the right
angle, the resulting ionized trail reflects the signal down to the
remote station (figure 5.12 and 5.13). The remote station
recognizes the signal and transmits the current data back to the
master station using the same reflective path (figure 5.14). The
same technique can be used to poll a group of stations simply by
generalizing the address in the polling signal so that more remote
stations will respond. When a master station needs to poll a large
number of remotes, it may poll a hundred or more at one time;
however, they will answer one-by-one because of the selective
nature of the meteor trail paths. The master stations keep track
as the remotes-respond until all have reported or the polling
period runs out. The master station stores the incoming remote
sites data and forwards it to the central computer at the National
Water and Climate Center (NWCC) via dedicated telephone lines.
AMBCS master station acts like the central computer and the
various agencies call into the master station to obtain the
remote’s information.

The central computer for SNOTEL is located within the NWCC
in Portland, Oregon. This computer issues commands to both
master stations. This causes the master stations to poll individual
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remotes or groups of remotes. The central computer also
commands the master stations to forward their data to the

central computer for validation and dissemination to SNOTEL
users. These commands are issued for two modes of operation.
The first mode involves polling all remote stations in the system
on a periodic basis, normally once or twice a day. The second
mode involves special polling of selected remotes, as commanded
by users themselves. An authorized individual SNOTEL user may
request that a remote station be polled on a special one-time-only
basis, or the user may request that a station or group of stations
be polled on a special schedule, e.g., eight times per day. The
central computer complies automatically to these requests, issues
the proper commands (at the proper times) to the master
stations, then collects the resulting data from them. The computer
provides a variety of reports to users who request them, allowing
individual users to define which data are to be included in a
particular report. In all cases, the central computer validates

the incoming data, verifying that certain minimum data criteria
are met.
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Figure 5.10 Typical SNOTEL Site Configuration
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Figure 5.11 Geographical Extent of the SNOTEL System
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Figure 5.12 Master Station Probe is Usually Obstructed
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Figure 5.14 The Same lonized Trail is Used for the Return of Data
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