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PREFACE

The Western Snow Conference (WSC) established a metrication committee in July 1978 to
review, test, and recommend equipment and procedures for the metrication of snow surveys.

In April 1982, the metrication committee summarized its findings in a technical
session at the 50th Annual Meeting of the WSC which was held jointly with the 39th Annual
Meeting of the Eastern Snow Conference (ESC) in Reno, Nevada.

At the business meeting, the WSC authorized the metrication committee to complete
and print their final report, Metrication of Manual Snow Sampling Equipment. The WSC
suggested that the ESC concur with the findings and recommendations of the WSC Metrication
Committee and advise ESC members of the availability of the final report.

The final report includes data collected before the formation of the metrication
committee as well as data obtained by the committee.

Inquiries or requests for additional copies or enlarged drawings of snow sampling
equipment presented in this report should be directed to:

Western Snow Conference

c/o Robert T. Davis, Secretary
P. 0. Box 14884

Spokane, WA 99214

UsSA
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California Department of Water Resources
Eastern Snow Conference

Meteorological Service of Canada

National Weather Service

Soil Conservation Service

The International System of Units (Metric)
U.S5. Geological Survey
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e INTRODUCTION

A variety of snow samplers are in use in North America. The most widely used is the
standard Federal snow sampler, sometimes erroneously referred to as the Mt. Rose sampler.
It is used primarily in the deeper snowpacks of western North America, and it has been well
documented that this sampler overmeasures the actual water equivalent of the snowpack
(e.g., Farnes, 1964; Work et al., 1965; Freeman, 1965; Peterson and Brown, 1975). For
shallower snowpacks, both large-diameter (30- to 50-cm? cutter area) and small-diameter
(10- to 11.5-cm? cutter area) samplers are used. Each provides various degrees of accuracy
(Goodison, 1978). Virtually all of the samplers used measure in English units, even though
most of the world is using the International System of Units (SI) or metric system.
Recognizing the need to coordinate the design and modification of snow sampling equipment,
the Western Snow Conference (WSC) established a four-member working committee® in 1978 to
prepare designs and specifications of metric snow sampling equipment, to evaluate the
accuracy of existing and new metric equipment, and to develop procedures for converting
snow measurement data from English to metric.

11 s Canadian conversion to metric units

In 1970 the Canadian Parliament endorsed a White Paper on Metric Conversion, with the most
up-to-date International System of Units, or SI. The White Paper stated that the Federal
government '"accepts eventual conversion as a definite objective of Canadian policy. i
To this end, a Metric Commission was appointed to prepare, coordinate, and provide
leadership for this conversion. As far as snow survey practice was concerned, British
Columbia, with the most extensive network and inventory in Canada, moved decisively in this
direction after enabling legislation entitled "Metric Conversion Act" was passed in June
1974. Various government departments within British Columbia set up metrication committees
to prepare for implementation. The conversion from "Canadian Units" to "Metric Units" was
based on the Metric Practice Guide, (Canadian Standards Association, 1973) and conforms to
meteorological standards established by the World Meteorological Organization (WMO).

During 1975, planning within the British Columbia Water Resources Service called
for publication of the 1976 British Columbia Snow Survey Bulletin in SI units and for the
soft conversion of equipment during the summer of 1977 as described by Letvak (1978). The
Atmospheric Environment Service (AES) adopted nationwide standards in 1977 for most
meteorological data and for hydrometric data in 1979. All other provinces in Canada are
presently working in metric units, although many observations are still made in imperial
units.

Initially, snow surveyors in British Columbia used equipment calibrated in
imperial units. After submission, the data were mathematically converted to metric units
for filing and publication. The equipment in use in western Canada is the standard Federal
sampler, which includes snow coring tubes with a cutter, and a spring scale. The imperial
markings and numerals on the coring tubes and the water equivalent markings and numerals on
the inner cylinder of the spring scale were converted to metric in the summer of 1977.

This was accomplished by canceling the imperial units on the tubes and adding metric
markings and numerals and replacing the inner cylinder of the spring scale. All other
equipment, designs, and dimensions were preserved.

All new tubing is being marked in centimeters. In British Columbia the "call-in"
of equipment for conversion to metric provided an opportunity to check inventory and to
repair and calibrate all kit components as required. A serial number was scribed on each
scale so that future calibrations can be compared with earlier ones.

Since 1977, all observations in British Columbia have been taken in metric units.
Elsewhere in Canada, a "soft'" conversion of data rather than changing of the equipment was
the method used by agencies for the metrication of snow survey data. Use of the metric
system has not created any confusion even though sampling is performed by individuals with
various degrees of experience--from unpaid cooperators to government staff.

No attempt has been made in Canada to eliminate the overmeasurement, and all
equipment conforms to existing standard Federal sampler specifications.

*Phillip E. Farnes, Soil Conservation Service, Bozeman, Montana
Barry E. Goodison, Atmospheric Environment Service, Downsview, Ontario
Ned R. Peterson, Department of Water Resources, Sacramento, California
Robert P. Richards, Ministry of the Environment, Victoria, British Columbia
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R United States conversion to metric units

In the Western United States, the Soil Conservation Service (SCS) and in California, the
California Department of Water Resources (DWR) are principally responsible for coordinating
the snow survey programs. SCS was scheduled to convert to metric units by 1983, but this
date has been delayed. The DWR reports snow and related data in dual (metric/English)
units. Both agencies still plan to convert historic data files and existing equipment to
metric some time in the future.

In the Eastern United States the National Weather Service (NWS), U.S. Geological
Survey (USGS), and their cooperators are the primary agencies that make snow surveys.
Conversion to metric has been delayed, but is being considered for the future.

) [ 8 Previous tests

Several evaluations of sample tube errors have been conducted since the pressure snow
pillow (automatic snow sensor) was developed in the early 1960s. Snow tube measurement
error became a critical concern because manual data were used to check the accuracy of
automatic snow sensing devices. Differences in snow water equivalent readings between the
snow sensor and manually obtained control samples taken adjacent to the sensor's surface
had to be defined either as tube (cutter) error or snow sSensor error.

The following list identifies and references some of the more detailed tests that
are particularly related to the standard Federal snow sampler. It is not intended to be
all-inclusive. Most of the data from these earlier tests are presented in Appendix I,
table IV. Photographs of many of the cutters used in various tests are shown in
Appendix IV.

1.3.1. Mt. Hood

In 1963 and 1964, SCS conducted numerous field and laboratory tests to determine the
accuracy of field snow surveys (Work et al., 1965). The snow sampler scales were tested to
evaluate differences associated with temperature, reading errors, and calibration.

Snow samplers tested were the standard Federal, Adirondack, Bowman, Rosen, and
High Plains. Snow water equivalent measurements obtained using these different snow tubes
were compared with values determined by weighing snow from pits having an area of 2.8 m2.
Most data were obtained in the Mt. Hood, Oregon, area, but measurements were also taken in
Alaska and Montana.

The report concluded that the standard Federal snow sampler overmeasured the snow
water equivalent from 7 percent in shallow snow to as much as 10 to 12 percent in deep,
dense snow. The report suggested that the cutter design was partly responsible for the
errors and that the cutter should be redesigned to reduce or eliminate these errors. The
standard Federal snow sampler scales had no appreciable error, nor did the slots in the
standard Federal snow tube contribute to overmeasurement of water equivalent.

The Rosen snow sampler demonstrated the least overmeasurement; this was
attributed to the shape and sharpness of its cutter. The Adirondack sampler was found to
be very accurate, but not practical for snow depths of more than 150 cm. The Bowman
sampler was reported to be accurate and reasonably practical for depths of less than 250
cm.

In general, the authors concluded that the present standard Federal snow sampling
equipment is as utilitarian as can be found for deep, dense western snows and even for
shallow sub-Arctic snow. However, they recommended that design modifications and further
test work be performed on the cutter to reduce the overmeasurement error of this equipment.

0. 32 Califormnia

The DWR tested various cutters, using the volumetric pit method, at the Alpha test site
between 1966 and 1974 (Peterson and Brown, 1975). Snow depths ranged from 75 to 265 cm,
snow densities from 23 to 53 percent, and snow water equivalents from 300 to 1,200 mm.
These tests substantiated that the standard Federal cutter overmeasured snow water
equivalent by as much as 12 percent. This test also led to the theory that the
overmeasurement may be a function of snow density, with overmeasurement increasing as
density increased. Based on this theory of snow density influence, DWR devised a "Control



Sample Correction Curve'" from the test data and applied this correction to 64 control
sample observations taken adjacent to a 3.7 m diameter pressure snow pillow. The results
showed that apparent pillow measurement error was diminished once the control sample error
was adjusted for snow density. Similar results were obtained when DWR used 1963-67
unpublished data supplied by SCS from the Mt. Hood test site.

Determining what correction should be used and how good it was when comparing
snow tube data with snow sensor data continued to be a problem. Farnes (1964) noted errors
of 7 to 10 percent in 1964; a correction of minus 9 percent was stipulated by the SCS
Technical Service Center in 1966 based on the Mt. Hood tests; a correction of minus 10
percent was recommended for Alaska (Freeman, 1965); and a variable correction based on snow
density was indicated by the California tests. Although much additional work was
undertaken in California to define snow sensor accuracy (California Department of Water
Resources, 1976), no correction procedure was found that was considered consistently
reliable. Additional evaluation (Farnes, 1980) confirmed lack of a consistency for
determining true snow water equivalent.

1.3.8. Short and long metric cutters 1977-1978

As the result of an informal meeting of snow surveyors at the Lake Tahoe West Wide Snow
Survey Training School in January 1977, Bob Shillinglaw of Carpenter Machine Works,
Seattle, Washington, manufactured two metric cutters. The short metric cutter was similar
to the standard Federal cutter, and the length of the cutter was approximately 25 mm from
teeth to shoulder. The teeth were sharpened to the inside, and the cutter area was 10 cm?
(see Appendix IV for photograph). The long metric cutter was similar to the McCall and
Bowman cutters with sharp teeth and 10 cm? cutter area. The cutter was approximately 50 mm
from teeth to shoulder (see Appendix IV).

Field tests were conducted in British Columbia, California, Montana, and Ontario
to compare those cutters with standard Federal cutters having an area of 11.17 cm?. The
standard Federal cutter used in Montana had a tooth thickness of 17.78 mm. The tooth
thicknesses of the other standard Federal cutters are not known, but differences could
account for 2 to 3 percent variation between standard Federal samplers. In British
Columbia, measurements were also obtained with the Glacier sampler. In Ontario, volume
samples also were obtained by weighing the snow from pits.

In general, the short and long metric cutters yielded nearly identical water
equivalent measurements, but their water equivalent was less than that obtained with the
standard Federal snow sampler (see Appendix I, table IV). The long metric cutter was the
hardest to drive in dense snowpacks. The short metric cutter was a little harder to drive
than the standard Federal cutter, but not enough to prevent penetration of the snowpacks
that were sampled. The short metric, with its steeper cutting slope, was difficult to use
in cutting through ice lenses and ground ice layers encountered in Ontario (Goodison and
Metcalfe, 1978).

In February 1978 the AES conducted tests to assess cutter performance in cutting
ice. Tests were conducted on ice blocks in a cold chamber kept at constant temperature. A
constant turning rate and axial load was applied during each test. The Bowman cutter had
the deepest penetration into the ice blocks, followed by the long metric. The short metric
had less penetration and was only slightly better than the standard Federal. Tests were
rerun in July 1978 with similar results. The application of silicone oil to the cutter
before cutting the ice provided only a marginal change in the depth of penetration. An
increase in axial load, however, did increase depth of penetration. It was also found that
for the small-diameter cutters under a given axial load, the diameter of the cutter at the
point of maximum penetration was the same. Consequently, it was logical to expect the
long, gently tapered cutters to penetrate the ice deeper than the short, steeper sloped
cutters.

1.3.4. Sampler tests in shallow snowpacks

In shallow snowpacks, those of 1 m or less, large-diameter (cutter area of 30 to 35 cm?)
samplers are commonly used. In the Eastern United States, the Adirondack sampler has been
used by the USGS and the NWS. In Canada, the Meteorological Service of Canada (MSC)
sampler has been in general use by the AES and other agencies since the mid-1960s.
Large-diameter samplers are not used exclusively in shallow snowpack regions; many
operators still prefer the standard Federal sampler.




Bindon (1964) presented initial results for a variety of snow samplers tested by
the AES in Southern Ontario. Goodison (1978) presented a more complete analysis on the
accuracy and general performance of various snow samplers based on tests in a variety of
shallow, variable, ice-layered snowpacks, mostly in Ontario, between 1974 and 1977. These
tests showed that, where complete snow cores are taken, the standard Federal. Leupold &
Stevens 8-tooth cutter, and MSC samplers overmeasured snow water equivalent by an average of
5 to 10 percent. The Adirondack sampler consistently measured within 4 percent of the true
snow water equivalent. Although the Adirondack sampler was the most accurate of those
tested, it has difficulty penetrating thick ice lenses.

The Bowman and McCall samplers were also tested. The Bowman gave results similar
to those obtained with the standard Federal, although it penetrated ice lenses more easily.
The McCall sampler, with drop hammer, repeatedly provided the most accurate mean snow water
equivalent. It averaged within 1 percent of true actual snow water equivalent and showed
no consistent measurement bias. This was the best sampler for penetrating ice layers and
for ensuring that a solid soil plug was obtained. Comments on the performance of each
sampler are included in Goodison (1978).

Analysis of the data from these tests failed to confirm that the overmeasurement
may be a function of snow density, specifically with overmeasurement increasing as density
increased. The test data showed that one should expect considerable scatter in the
measurement error in snowpacks that have significant ice layers or ice lenses in them. The
small-diameter samplers may encounter cutter blocking or snow collapse when ice layers are
present in the snowpack.

1.3:5. Alaska - Bowman vs CRREL

From 1964 through 1978, the Alaska SCS Snow Survey staff compared the Bowman snow sampler
and the 500-cm® CRREL snow sampler. This work was supported by CRREL. Ten snow courses
were sampled twice each season near the first of March and April. Snowpacks were typically
shallow, cold, and with well-defined depth hoar on the bottom of the snowpack. Snow depths
in over 200 comparative samples ranged from 24 to 132 cm and averaged about 50 cm. The
correlation coefficient of the snow water equivalent measured by these two samplers was
0.987. This analysis indicates that the CRREL sampler overmeasured the snow water
equivalent of the Bowman sampler by 2.5 percent in cold, shallow snow. This is comparable
with the findings for the first portion of the study as reported at the 1973 WSC by Crook
and Freeman (1973) where the overmeasurement of the Bowman sampler was 4.1 percent and the
CRREL procedure was 7.1 percent overmeasurement.

1.4 Lead time needed for conversion to metric

Lead time is a critical factor in major equipment conversion involving measuring devices
and data units, particularly because of the large numbers of snow samplers now in use in
North America. Some of the factors that affect lead time are formal adoption of SI
standard units, a decision to convert to metric on a specific date, and time needed to
manufacture the equipment.

Metric equipment must be designed and adopted before a conversion date is
selected. Also, lead time is needed for manufacturing both new and retrofit equipment. In
addition, the following items should be completed: revision of instruction manuals and
maps, conversion and adjustment of historic data, training of staff and cooperators,
revision of field markers (if required), and conversion of recorders, sensors, and other
measuring devices.

1ie e Standardization

Before the series of cutter tests discussed here, many independent efforts had been made to
design new cutters and to check the accuracy of existing equipment. The proposed
conversion to metric provided additional stimulus to design a metric snow sampler and
particularly a cutter that does not overmeasure.

Concurrent with the cutter redesign efforts, the WSC realized that widespread
testing using uniform procedures would ensure a large volume of reliable test data for
comparison of old and new equipment under a variety of snow conditions. Such testing would
also help speed selecting and evaluating a final design. The goal was to develop a
standard cutter that was either consistently accurate under all snow conditions or had a



measurement bias that could be proved to be consistent in all types of snow. Such a
cutter, when adopted universally, would be of great benefit in alleviating the problems of
future data analysis and exchange among all snow data users who may now be using a variety
of equipment. Such a standard cutter would also provide more reliable comparisons of
control sample data obtained manually at snow sensor sites with the onsite manometer or
telemetered data. And finally, a cutter adopted as standard would cost less because
manufacturers would have to tool-up only once for ongoing repetitive production for all

customers.




2, WSC METRICATION COMMITTEE ACTIVITIES

L Recommendations from first working group meeting

Member agencies of the WSC have been active in metrication planning for many years, but
many decisions were made unilaterally through 1977 because there had been no agreement on
the development of universally acceptable metric equipment. The WSC, under the direction
of General Chairman Manes Barton, named a metric work group which met July 17-21, 1978 in
Portland, Oregon, to prepare such a plan. The working group outlined their objectives
(Metrication Committee, 1978). In essence, the committee expected to review past test
data, to recommend design specifications for metric equipment, to unify the test programs
of various contributing agencies in both the WSC and ESC, and to recommend interim and
final equipment designs.

The metric work group agreed that the design of the cutter was fundamental and
involved two principal elements--the cutting area and the shape of the teeth. The group
proposed that there be a snow sampler primarily for use in deep snowpacks in the western
mountainous region. This sampler was designated WSC 10 (Western Snow Conference 10-cm?
area cutter). In other regions, where snowpacks are relatively shallow, the work group
proposed another cutter which they named ESC 50 (Eastern Snow Conference 50-cm? area
cutter). The work group thought that the shape of the teeth was partly responsible for the
overmeasurement bias associated with the standard Federal sampler. The teeth on the
standard Federal cutter have a flat surface so at least part of the snow displaced by the
teeth is diverted into the core. The group proposed that the teeth on both samplers be
sharpened to the inner surface.

The working group also recommended that field tests be made to verify the
feasibility of using 10-cm? or 50-cm? cutting areas and to determine the effect of
sharpening the teeth as described. Because different agencies would be testing the
equipment independently, the group decided to use standard forms and test procedures. It
was known that the larger diameter cutters tend to be the most accurate. Working from this
premise, a 10-cm-diameter stainless steel toothless cutter developed in British Columbia
for the Glacier sampling program was to serve as the control. All of the control Glacier
samplers used by the various agencies during the subsequent test programs would be cut from
a single length of pipe and machined to a uniform standard.

The basic cutters to be tested were the standard Federal, standard Federal
sharpened, WSC 10, ESC 50, MSC, Adirondack, and McCall. A number of other secondary
cutters could be tested to broaden understanding of snow sampling, but they were not
expected to directly affect the results. Actual tests would be conducted for two seasons
in order to compare results and improve the statistical validity.

2.2 First-year (1979) field tests

2.2, L. Control snow sampling equipment

Five identical Glacier samplers and leveling plates were constructed from stainless steel.
Five standard Federal cutters were procured. The standard Federal cutters had a tooth
thickness of 1.6 mm and an inside diameter of 37.7 mm. All sharpened Federal cutters were
filed identically. A silicone release agent was baked on all snow tubes. Forms,
procedures, and other equipment were standardized and provided to metrication members
(Appendix II1I). Snow sampling spring scales were checked for calibration. Gram-balance
scales were used for weighing cores from the Glacier sampler and other samplers.

2 22 The 1979 WSC 10 cutter

The 1979 WSC 10 cutter was similar to the 1978 short metric cutter but modified to
incorporate better ice-cutting performance by reducing the shoulder area of the teeth and
by sloping the teeth similar to the standard Federal cutter. The 16 teeth were sloped to a
sharp edge at the cutter face. The cutter length was similar to 1978 short metric. The
cutter area was 10 cm®. Five identical 1979 WSC 10 cutters were fabricated for the 1979
field tests and provided to metrication committee members and Agricultural Research Service
(ARS) of Boise, Idaho.



w3, Results of 1979 WSC 10 tests

Tests revealed larger diameter cutters were the most accurate down to a lower limit at
about 20 cm?. The smaller cutters required for use in mountain snowpacks showed a definite
overmeasurement in 1979 when compared with the Glacier sampler. The reinforcing ridge on
the teeth of the 1979 WSC 10 cutter may have contributed to this overmeasurement. The
data, summarized in Appendix I, Table V, contain the results from 66 test sets. Snow water
equivalent in snowpacks studied ranged from 57 to 1,493 mm, and density ranged from 22 to
52 percent.

Some additional tests were performed to test a cutter with broken teeth and the
McCall sampler. Also made were pit tests to verify the measurements of the Glacier
sampler, comparative tests using sharpened irrigation tubing, and a test of the accuracy of
a portable profile snow gauge. To ensure a true comparison, all weight measurements were
correlated to the measured cutter areas for each cutter.

Results show the standard Federal cutter had the highest overmeasurement,
followed by the 1978 short metric, the 1979 WSC 10, and the sharpened Federal cutter.
Broken teeth added to the overmeasurement.

Many observers noted that the smaller diameter metric samplers were more
difficult to drive through the snowpack and obtain a good core because of wider shoulders
of the cutter and ice jamming in the cutter section. This effect was generally not serious
enough to prevent samplers from obtaining acceptable measurements.

2443 Second-year (1980) field tests

243, 1 The 1980 WSC 10 cutter

The inside diameter of the 1979 WSC 10 cutter was difficult to control during heat
treating, and it seemed to be a poor ice cutter. The 1979 WSC 10 cutter was redesigned for
the 1980 season to incorporate better ice-cutting performance based on AES tests and to
increase the strength of the tooth area. The number of teeth and the inside diameter
remained the same as the 1979 WSC 10 metric cutter. Teeth were sharpened to the inside.

As with previous equipment, uniform 1980 WSC metric cutters were provided to each
metrication committee member.

ARG TR Results of 1980 WSC 10 tests

The 1980 WSC 10 cutter showed a consistent overmeasurement similar to that obtained with
the 1979 WSC 10 cutter (Appendix I, table V). It was concluded from all 1979 and 1980
tests (Farnes et al., 1980) that even a sharpened cutter of this diameter overmeasures when
compared with the Glacier control sampler. As in earlier tests, it appears that sharpened
cutters of about 20 cm? and larger provide data comparable with the Glacier sampler with
little or no overmeasurement. Data from sharpened cutters also suggest that sampling
overmeasurement increases as cutter area decreases. Blunt cutters such as the standard
Federal have additional overmeasurement error related to tooth thickness. Field tests
indicated that it was more difficult to drive the snow samplers with smaller diameter
cutters under some snow conditions.

From the data obtained in tests through 1980, it was apparent that small-diameter
samplers were prone to overmeasurement regardless of cutter design. To obtain a
small-diameter sampler that would provide negligible measurement error, either the cutter
area could be reduced and the sample weighed on the existing scales or the scales could be
modified to compensate for overmeasurement or "overweighing.'" It appeared that fewer
problems would develop by using a true weight on the weighing scales and adjusting the
cutter diameter to compensate for the overmeasurement because some snow sampling is done
using gram-balance or other standard weighing scales. This method would allow for a
conversion of 1 mm of water equivalent for each gram of weight. Also, present scales could
be used by converting the readings in inches to mm. The disadvantages of this procedure
include the difficulty of driving a slightly smaller diameter cutter through the snowpack
and the additional manufacturing costs for new cutters to modifying present equipment.




243003 Large-diameter ESC 50 and ESC 40 samplers

The large-diameter ESC 50 sampler for shallower snowpacks was designed with a 50-cm? cutter
area as originally proposed. In theory, this area would provide snow water equivalent
accuracies in the + 1- to 2-mm range using scales similar to those used with the WSC 10
snow sampler. Based on the performance of the Adirondack and MSC samplers (Goodison, 1978;
Goodison and Metcalfe, 1978), both fiberglass and clear plastic were considered to be more
desirable tubing material than aluminum.

An ESC 40 sampler with a 40-cm? cutter area was also constructed. The
availability of standard size materials necessitated using the same diameter tubing for the
ESC 40 cutter as for the ESC 50 cutter. This required that the ESC 40 cutter be longer
than the ESC 50 cutter because the tubing was the same size, but the cutter had a smaller
inside diameter.

2.3.4. Results with the ESC 50 and ESC 40 samplers

In the first field tests conducted in Montana, it became evident that there was no simple
or practical way the ESC 50 cutter could be designed to hold the snow core for the many
kinds of snow conditions found in the shallower snowpacks. Even the ESC 40 cutter had some
problems holding cores in some kinds of snow. The 36-tooth cutters on both samplers were
quite sharp and could create a hazard to surveyors. The use of clear plastic for the snow
tube was superior to either fiberglass or aluminum. The clear plastic could be readily
machined to accept cutters, and core lengths could be observed without requiring slots or
holes in the tubing. Visibility of the core was useful to determine when the core was
detached from the soil interface and to identify cases where blocking of the core occurred.
The plastic was very durable and strong even under extremely cold conditions. Subsequent
drop tests of the plastic snow tube onto concrete at -40°C and other destructive-type tests
have confirmed its strength and durability.

2589 Results with other large-diameter samplers
2.3:5.:1,« PNC pipe

To confirm results that larger cutters--cutter area larger than 20 cm?--do not overmeasure,
tests were made using PVC pipe. Area of the pipe was 20.88 cm?, and it was sharpened to
the inside on a grinder at approximately 45° angle. Because there was no ridge or shelf on
the inside, the core would slip out if the tube was extracted vertically. The measurements
were made in the walls of the metric pits similar to the procedures used for the Glacier
sampler, and the core was held in the tube with a small aluminum plate. Cores were placed
in containers and weighed to determine their snow water equivalent. The measurements
obtained by this method were nearly identical to the Glacier sampler measurements (Appendix
I, table V).

2.3.5.2. Aluminum irrigation pipe

Thin-wall aluminum irrigation pipe was also used to determine if the wall thickness of the
Glacier sampler was a source of error. The irrigation pipe was sharpened to the inside and
a silicone release coating was baked on, similar to the treatment used for WSC snow sampler
tubing. The area of the aluminum pipe was 77.13 cm?, which was only slightly smaller than
the Glacier sampler. The measurements were made in a manner similar to those with the
Glacier sampler. The results (Appendix I, table V) showed only a 0.6 percent difference
between the Glacier sampler and the irrigation pipe and would suggest that these two
samplers could be used interchangeably.

2,40 Third-year (1981) field tests

2.4.1. The 1981 WSC cutter

Following the 1980 results, it was apparent that new cutters would need to be fabricated.

Comparisons of the overmeasurement of the sharpened standard Federal with the 1980 WSC 10

cutter indicated that the cutter area of the sharpened Federal needed to be reduced by 6.9
percent to compensate for the overmeasurement. The cutter area of the 1981 WSC metric



cutter should be 10.405 cm?, and the inside cutter diameter should be 36.4 mm. The cutter
shape and design were the same as those of the 1980 WSC 10 cutters. Five new cutters with
the modified area were built and sent to four committee members and to Colorado State
University (CSU) for field tests during the 1981 winter. The conversion factor of 1 mm of
snow water equivalent for each gram of weight would still be used.

2.4.2. The 1981 ESC 30 sampler

The 1981 ESC 30 sampler had a cutter area of 30 cm? to improve the core-holding capability
and because this size was more compatible with standard sizes of clear plastic tubing that
were commercially available. The cutter had 16 teeth sharpened to the inside and an inside
cutter diameter of 61.80 mm, which is equivalent to a cutter area of 30 cm?. The teeth
were sharpened to the inside similar to the 1981 WSC metric cutter. The cutter had a lip
on the inside to help hold the snow cores in the tube. The tubing material was clear
TENITE-BUTYRATE with a 76 mm outside diameter and 70 mm inside diameter. The tube was
about 130 cm long to allow sampling of snowpacks slightly deeper than 1 m.

The WSC metric snow sampler "4 METERS" weighing scale could be used for the
ESC 30 sampler by modifying the markings on the inner tube of the scale and adding a larger
cradle to hold the sampler on the scale. Because there are many locations where both the
ESC- and WSC-type samplers are used, equipment costs would be reduced if only one scale
were required. Where both samplers were being used, two graduations could be imprinted on
the same scale; i.e., one for the WSC metric sampler and one for the ESC 30 sampler. The
ESC 30 scale could be imprinted in red to avoid erroneous readings in the field. Such a
dual scale in red and black is currently used by the AES for the standard Federal and MSC
samplers and by Leupold and Stevens for their Federal type sampler with English and metric
units.

i NG B Results of 1981 tests
2.4.3.1. WSC metric snow sampler

If an adjustment for 6.9 percent reduction in area were applied to correct overmeasurement
of snow water equivalent, the adjusted water equivalent obtained with the 1981 WSC metric
cutter would be about 3 percent less than the true water equivalent indicated with the
Glacier sampler (Appendix I, table V). The 1981 WSC metric cutter has an actual
overmeasurement of 3.8 percent for 1981 data. Most of the 1981 tests were made in
snowpacks that had ice lenses or ice layers which may have contributed to the
lower-than-average bias. For example, for 1981 the standard Federal and sharpened Federal
cutters had an overmeasurement of 7 and 4 percent, respectively, compared with 10 and 6
percent for all data. Additional tests with this same cutter in 1982 in more typical
snowpacks seemed to indicate that part of the 1981 undermeasurement may have been related
to snowpack structure. Similarly, other smaller diameter cutters showed much less
overmeasurement in 1981 than in other years. This being the case, the use of the WSC
metric sampler in regions where ice lenses and layers are common may yield less than true
water equivalent. A graphical comparison between the 1981 WSC metric cutter and the
Glacier sampler is shown in figure 1. A similar comparison of the standard Federal and
Glacier samplers is shown in figure 2.

2.4.3.2. ESC 30 snow sampler

The water equivalent measured by the 1981 ESC 30 snow sampler was very similar to the
measurements obtained with the ESC 50, ESC 40, and Glacier samplers (table I and Appendix
I, table IV). Graphical comparison of the ESC 30 and Glacier samplers is shown in figure
3. The snow core could be held in the ESC 30 for most snow conditions, and the clear
tubing material permitted visual observation of the core and snow layers. The area of the
ESC 30 sampler being about three times the area of the WSC metric sampler appeared to be
sufficient to improve the accuracy over snow samples obtained with the smaller diameter
snow samplers in shallow snowpacks. Based on these tests, no apparent changes were
necessary for final design.
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2.5 Analysis of snow sampler data

Table I summarizes the average measurement error calculated for most snow samplers being
used in the field and for special samplers being tested by the metrication committee.
Samplers that were tested during the metrication study are compared with the Glacier
sampler to determine overmeasurement. Snow samplers previously tested were compared with
the standard Federal sampler with its known 10.0 percent overmeasurement bias to determine
overmeasurement of each individual sampler. Where adequate data are available, regression
analysis was used to determine coefficients for data with an assumed intercept of zero. A
summary of this analysis is shown in Appendix I, table VII.

Dl Effect of snow density on overmeasurement

Data obtained during the metrication study were arrayed into ranges of densities as
determined from the Glacier sampler. These results are summarized in table II. These
results do not suggest any apparent correlation between measurement error and density of
the snowpack being sampled. A complete analysis of data obtained by the metrication
committee showing the variation between different samplers for ranges of snow density is
given in Appendix I, table VIII.

255125 Small-diameter samplers

All small-diameter cutters (area ranging from 10 to 11.2 cm?) overmeasure. Where there are
thin ice layers in the snowpack, the samplers overmeasure less than in snowpacks without
ice layers. Normally, the overmeasurement with sharpened cutters is about 4 to 7% percent.
Cutters with blunt teeth such as the standard Federal and Leupold and Stevens have larger
overmeasurement in the 10- to 12-percent range. Generally, the wider the flat surface of
the tooth, the greater the overmeasurement. This additional overmeasurement is also
evident in tests with the broken tooth Federal. It is assumed that when snow meets the
front surface of the flat tooth, a portion of the snowpack splits and enters the tube and
the remainder is forced outside the tube. This creates, in effect, a larger diameter
cutter than the measured inside diameter for cutters that have flat teeth or flat surfaces.

Part of the overmeasurement with sharpened cutters is thought to be related to
the resistance and forces applied to the snow particles by the sloping outside of the
cutter. The inside of the cutter is smooth and parallel to the driving force and applies
much less pressure than the outside surface. Hence, additional snow is forced into the
cutter. This same condition alsoc occurs with larger diameter cutters; however, the amount
of snow forced into the cutter is very small when compared with the total volume of snow
going into the tube, and it is not significant enough to appear as overmeasurement. It
appears that this overmeasurement is insignificant or undetectable with cutters that have
more than a 20-cm? area.

253, Large-diameter samplers

All large-diameter sharpened cutters (area more than 20 cm?) yield water equivalents that
are very near '"true" or actual values. Any deviation is generally related to sampling
problems or snowpack conditions such as ice layers. Samplers that have cutter areas of
more than 30 cm? generally cannot hold snow cores even with considerable lip size on the
inside of the cutter. These larger diameter samplers usually require that a plate, shovel,
or some other object be placed over the cutter at or near the ground surface to hold the
core in the sampler. This generally causes considerable disturbance to the snow sampling
area and requires considerable effort on the part of the surveyor in deeper snowpacks.

It appears that samplers with cutter areas of about 30 cm? are large enough to
accurately measure snow water equivalent and yet small enough to hold the core in most snow
conditions. Sampling accuracies do not seem to be affected by whether or not the cutter
has teeth. However, the teeth seem to facilitate cutting through ice layers into soil to
obtain soil plugs and to break the bond between the snow and soil at the soil interface.
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TABLE 1

OVERMEASUREMENT OF SNOW WATER EQUIVALENT AND CORRECTION FACTOR FOR VARIOUS SNOW SAMPLERS

OVERMEASUREMENT CORRECTION

2

TYPE CUTTER AREA, cm (Percent) FACTOR 1/
Glacier 81.9 0 1.00
Standard Federal 11.2 10.0 0.91
Broken-tooth Federal 11:2 1251 0.89
Leupold and Stevens 12 8.0 0.93
Average of Small-Diameter
Samplers with Blunt Cutters 112 10.0 G.91:
Sharpened Federal 11.72 6.2 0.94
Bowman 1102 5.1 0.95
BUNG 13..2 4.2 0.96
McCall 11.2 4.0 0.96
Rosen . 11.2 3.9 0.97
Utah 11.2 5.1 0.95
Average of Small-Diameter
Samplers with Sharp Cutters 112 4.7 0.96
1978 Metric (short) 10.0 7.6 0.93
1978 Metric (long) 10.0 4.0 0.96
1979 Metric 10.0 1:6 0.93
1980 Metric 10.0 4.5 0.96
1981 Metric 10.4 3.8 0.96
Average of Small-Diameter
Samplers with Metric Cutters 10.0-10.4 5.5 0.95
Average of all Small-Diameter
Samplers with Sharp Cutters
Having Good Control Data 2/ 10.0-11.2 5.6 0.95
ESC 30 30.0 -0.3 1.00
ESC 40 40.0 0.2 1.00
ESC 50 50.0 -0.1 1.00
Average of ESC Samplers 30-50 -0.1 1.00
PVC Tubing 20.9 0.0 1.00
Adirondack 35.7 0.1 1.00
MSC 39.1 5.7 0.95
Aluminum Tubing 77,1 0.6 0.99
Average of all Large-Diameter
Samplers 20-50 1.0 0.99
CRREL Tubes (Volume = 500 cm?) 26.5 7.1 3/ 0.93
Profile Gage (modified) - 2.6 0.97

1/To obtain true SWE with various samplers, multiply measured SWE by the
correction factor.

2/Includes only cutters with sufficient controlled data for accurate
analysis; i.e., Sharpened Federal, 1978 Metric (short), 1978 Metric (long),
1979 Metric, 1980 Metric, and 1981 Metric.

3/A11 tests in shallow snow in Alaska

BASED ON DATA OBTAINED BY METRICATION COMMITTEE AND OTHER STUDIES OF SNOW
SAMPLER ACCURACY. COMPARISONS MADE WITH GLACIER SAMPLER WHEN DATA AVAILABLE;
OTHERWISE, COMPARISONS MADE WITH STANDARD FEDERAL OR COMBINATION OF GLACIER
AND STANDARD FEDERAL.

o



TABLE II

OVERMEASUREMENT OF SNOW SAMPLERS BY DENSITY RANGES AS COMPARED WITH GLACIER SAMPLER

GLACIER

SNOW

DENSITY (kg m-3)

310-350 360-400 Over 400

All Data  Under 260 260-300

———————————— Pergant = & =oaisis = sl el mn S e
Standard Federal 10.0 9.5 10.8 9. 9.6 10.2
Sharpened Federal 6.2 6.1 757 6 4.8 6.7
1978 Metric (short) 7.6 3.2 9.8 9 6.3 6.8
1979 Metric 7.6 9.9 10.2 9 6.2 7.0
1980 Metric 4.5 4.2 6.4 5 3.5 5.8
1981 Metric 3.8 2.5 7.6 3 1.6 ==
Average of
Small-Diameter
Samplers with 5.9 512 8.3 6 4.5 6.6
Sharp Cutters
ESC 30 -0:3 0.1 2.4 1 C £5
ESC 40 052 12 =07 1 =1.u7 =
ESC 50 =0, 1 = == 1% -0.6 =
Average of
Large-Diameter
ESC Samplers -0.1 0.6 -1.6 1; -1.4 -

BASED ON ANALYSIS OF ALL

_15..
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2:5+4%: Volumetric samplers

Samplers that are inserted horizontally into the snowpack and then extracted and weighed to
determine density and/or water equivalent have their own special problems. The density and
strength of the snowpack are both critical for obtaining accurate samples. Low-density or
low-strength layers tend to compress as the tubes are inserted and the general tendency is
to overmeasure. However, depth hoar or new snow layers may also be undermeasured because
of snow collapse or snow sticking to or being moved ahead of the sampler. The condition of
the sampling tubes (i.e., well waxed, clean, sharp) is also critical to accurate sampling.
These types of samplers require a snow pit and are generally used only in cases where the
density is required for individual layers or zones within the snowpack. Because of the
need for a pit and the area of disturbance, these types of samplers are not generally used
for determining water equivalent on snow courses.

2.6 Collection of auxiliary data and other tests

2.6.1. Profiles

A snow profile was obtained for each field test made by the metrication committee. The
temperature profile, snow crystal size and shape, snow hardness of various layers, free
water content, and surface condition were recorded. These data are included in Appendix
LL.

2.16:,.2, Pits

One additional test considered desirable by the metric working group was a volumetric (pit)
check of the Glacier sampler even though it had been assumed to have no inherent
measurement error because of its large size and sharp-edged cutter. During two of the
metric cutter tests at California's Alpha site, the Glacier sampler was used within the
1.524 m by 1.8 m template. The samples obtained were compared with the total volume of the
2.8 m? sample, which was retrieved and weighed as it was extracted from the
template-scribed pit. The volumetric data comparisons from the pits showed that the
Glacier sampler had an indicated error of 2 mm or 0.2 percent.

Pit tests were also conducted in Ontario in shallow snowpacks. Where ice layers
were present, results from all the samplers, including the Glacier, were more erratic.
Analysis of all available data for the standard Federal sampler and pit or template prior
to using the Glacier sampler as the standard indicates the standard Federal sampler
overmeasures the weight of snow removed from the pit by 9.8 percent, which is similar to
the 10.0 percent obtained using the Glacier sampler (Appendix I, tables IV, V, and VI).

2.6:3 Comparisons between snow sampler scales and gram-balance scales

Two field tests in 1979 compared the results of weighing the snow core from a standard
Federal snow sampler with both the regular snow sampler scale and with a gram-balance
scale. Results are shown in table III.

It appeared that the snow sampler scales are sufficiently accurate for use under
field conditions and that differences between samples are random and probably associated
with the accuracy with which the snow sampler scales can be read.
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TABLE III

SWE OBTAINED WITH SNOW SAMPLER SCALE AND GRAM-BALANCE SCALE

Lick Creek, Montana - 4/26/79

Snow Sampler Scale Gram-Balance Scale Difference

Sample Cutter Type SWE in mm SWE in mm in mm
2 north  Std Federal 292 288 +4
3 south  Std Federal 279 276 +3
2 south  Sharp Federal 279 276 +3
1 north 1978 Metric 241 242 =1
1 north 1979 Metric 229 234 =5
2 north 1979 Metrie 248 248 0
3 north 1979 Metric 235 232 +3
1 south 1979 Metric 229 231 =2
2 south 1979 Metric 241 236 +5
1 south 1979 Metric 229 234 =5

Average 250 250 3
Difference in 10-sample average is 0 percent.
Average absolute difference is 1.2 percent.
Maximum difference is about 2 percent.
Snow sampler scale read to nearest 6 mm SWE.
Gram-balance scale read to nearest gram (1 mm SWE).

Shower Falls, Montana - 4/27/79
Snow Sampler Scale Gram-Balance Scale Difference

Sample Cutter Type SWE in mm SWE in mm in mm
2 west Std. Federal 800 786 +14
3 west Std. Federal 826 809 17
5 west Std. Federal 800 783 +1 7
2 east Std. Federal TS 750 +25
4 east Std. Federal 775 763 +12
1 west 1978 Metric 602 597 +3
2 west Sharp Federal 775 772 +3
3 west Sharp Federal 749 751 =2
4 west Sharp Federal 762 760 +2
4 east Sharp Federal 749 754 =5

Average 761 752 15

Difference in 10-sample average is 1.0 percent.
Average absolute difference is 2.0 percent.
Maximum difference is about 3 percent.

Snow sampler scale read to nearest 13 mm SWE.

Gram-balance scale read to nearest gram (1 mm SWE).
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2.6.4. Driving tests in deep, dense snowpacks

On June 26, 1980, a test of the driving ability of snow samplers was conducted in the
Gravelly Range of southwestern Montana. The test area was a southeast-facing snowdrift
approximately 60 m long, 25 m wide, and 2 to 4 m deep. The elevation was about 2,500 m.
The weather was partly cloudy and the air temperature was 13°C. The snowpack density was
600 to 650 kg m-3.

The five different cutter bits tried on the Federal sampler included a standard
Federal cutter, a 1979 metric cutter, a 2-tooth cutter, a 2-tooth fluted cutter, and a
4-tooth cutter. The depth of penetration by one person ranged from 96 to 285 cm. Two
persons could drive the standard Federal up to 290 cm--with extreme difficulty. None of
the tests completely penetrated the snowpack. There appeared to be no correlation between
depth of penetration or cutting ability with the different types of cutters.

Additional tests were done at a nearby area with approximately 240 cm of snow
depth. One person could drive the standard Federal with moderate difficulty, using any of
the various cutters. The McCall sampler was relatively easy for one person to drive by
hand, using either the standard McCall cutter or a modified 2-tooth or 4-tooth cutter.

Ease of driving and extraction of snow samplers in very dense snowpacks seems to
be more dependent on the relationship between the maximum cutter diameter and maximum
coupling diameter than on the tooth configuration. On the standard Federal sampler, the
maximum diameter of the cutter is 47.1 mm, and the maximum diameter of the couplings is
50.4 mm.

The McCall tube has a much thicker tube wall thickness, but the couplings are
internal so that the outside of the tube is smooth. The outside diameter of the McCall
tube is 48.3 mm, and the maximum diameter of the cutter is 49.3 mm. Other snow surveyors
have reported that it is easier to obtain samples in very deep, dense snowpacks with the
McCall sampler than with the standard Federal or similar metric sampler.

The McCall sampler is recommended for snowpacks that are deeper than 4 m and have
densities greater than 400 kg m-3 and frequent ice layers. One disadvantage of this
sampler is its weight, which is over twice that of the standard Federal, but this may be
offset by its ease of sampling. Special weighing scales are needed for the McCall
sampler as the tube is too heavy for the "6 METERS" scale.

2.6.5 Agricultural Research Service tests

From 1975 to 1979 the Agricultural Research Service (ARS) of the U.S. Department of
Agriculture evaluated the performance of snow sensors for the SCS (ARS-SCS, 1979). They
were provided with a Glacier sampler, metric cutters, and procedures used by the
metrication committee. Data applicable to the metrication studies are included in Appendix
I, Table VI. Data collected by ARS during these studies generally agree with those
obtained by the metrication committee. These data expand the data base and are
particularly useful for evaluating the accuracy of the Rosen snow sampler and pit samples.

266 Colorado State University tests

From 1979 to 1981 Colorado State University (CSU) conducted research under cooperative
agreement with the SCS to evaluate snow pillows (CSU-SCS, 1979-1981). CSU used a Glacier
sampler, metric cutters, and followed procedures used by the metrication committee in their
investigations. Data applicable to metrication of snow samplers is shown in Appendix I,
table VI. Field tests indicated that the Glacier sampler compared very closely with
density profiles and pit volume samples. Measurements with the other samplers were similar
to those obtained by the metrication committee.
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i McMaster University tests

During May 1982, limited tests were conducted in the Canadian High Arctic to compare
efficiency and ease of usage of the ESC 30, standard Federal, and MSC snow samplers (Woo,
1982). Four snow surveyors conducted the tests at Eureka and Resolute. They sampled
snowpacks with hard windslabs, depth hoar, and ground ice.

The ESC 30 was more difficult to drive through icy or hard layers than the other
two samplers, but in cohesive snowpacks it appeared to be slightly better than the MSC for
acquiring and retaining the core. Under depth hoar conditions, both large-diameter
samplers had difficulty in consistently retaining the snow core. However, the clear
plastic tube of the ESC 30 allowed the snow core to be observed directly, which was useful
when operating in snowpacks that collapsed when sampled. In terms of accuracy, the
standard Federal sampler consistently overmeasured by about 10 percent. The MSC
overmeasured by 3 to 7 percent, and the ESC 30 ranged from 2 percent undermeasurement to
5 percent overmeasurement.

27 Special or unusual conditions

2t Ice and shallow snow conditions

Extensive testing in Montana and Ontario has shown that larger diameter samplers provide
more consistent measurements that are closer to the true water equivalent than
small-diameter samplers. Ice layers in the snowpack may cause blocking in the smaller
cutters or collapse of snowpack, resulting in undermeasurement (Goodison, 1978). As Bindon
argued (Bindon, 1964), the percentage error in the measurement of water equivalent due to
edge effect is inversely proportional to the radius of the cutter. Hence, large-diameter
cutters will have proportionately smaller errors attributable to this edge effect.

2 it 2 Ice layers

As in routine snow survey work, some of the test samples were taken in snowpacks having ice
lenses. When using the standard Federal and WSC 10 or metric test cutters in snowpacks
having ice layers, double or multiple sampling was sometimes necessary to retrieve one
valid core. In shallow snowpacks, the ice lens sometimes stuck in the cutter and blocked
it, resulting in a short core. The metric cutters with their smaller diameters seemed to
be more prone to this problem. However, the Glacier core increments were always more
difficult to retrieve when ice layers were encountered because of the larger size of the
sample and the lack of cutter teeth to assist in cutting the core. This difficulty was
overcome by taking the samples in smaller increments, starting or stopping at the ice
layer, or using a board and rubber mallet to drive the sampler through the ice layers where
the ice was not too thick. The board-and-mallet technique was also required occasionally
in the California tests for driving the ESC 30 test sampler through the ice. This often
resulted in driving the tube a little deeper into the soil, which then required care in
plug removal and depth adjustments. However, this large-diameter sampler would not
normally be used in the deeper western snowpacks. The ESC 30 was also more difficult to
drive through hard crusts and ice layers in the Arctic tests conducted by McMaster
University.

203 Depth hoar

Shallow snowpacks in cold environments develop a bottom layer of poorly bonded snow
granules called depth hoar. This layer may be as deep as one-half the total snow depth.
Because of its very weak structure, any movement will cause this entire layer to collapse.
Any form of snow sampler requires especially careful handling to make sure this snow is
captured in the sampler. The smaller the diameter of the cutter, the greater the chance of
losing part of the core. Where a crust or ice lens forms above the depth hoar, the depth
hoar is even more difficult to retrieve because it is not firm enough to move both the snow
and ice into the tube.

None of the samplers tested appeared to be superior for sampling smow with depth
hoar. The main consideration for this type of condition is proper sampling techniques.
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Ay O Isothermal snowpack

The Sierra, Cascade, and Coastal Ranges are "warm ranges' because of the marine air masses
that generally predominate. The snowpack reaches isothermal conditions rapidly, usually
commencing early in the snow season. This climatic condition almost never produces depth
hoar and can rapidly warm new snow to the melting level as soon as surface crusting occurs.
Under these conditions, the snow can metamorphose rapidly and partially melt at any time
during the winter. Also, strong ice lenses that develop early in winter disappear when the
snowpack becomes isothermal. In the interior mountains the snowpack does not usually
become isothermal until immediately prior to melt late in spring.

2,30 B0 New snow

New snow generally has much lower density than the rest of the snowpack and can present
some special problems. Sampling disturbs the surface snow, which can create problems for
future samplings; and this new snow can cause sampling problems and errors. New snow
becomes very sticky when exposed to warm temperatures and/or bright sunlight. Snow
sampling equipment must be well waxed or siliconed to prevent this snow sticking to the
tube or cutter, and good sampling techniques must be used.

2.8. Further testing

Because no technology remains static and because all snow conditions do not conform to
given criteria, it is recommended that testing of other snow samplers having limited data
and newer metric snow measuring equipment be continued by all interested agencies involved
in snow surveys. It is also recommended that future tests follow the procedure used in
this study and that the WSC and ESC maintain standing metrication committees to coordinate
additional testing of snow samplers and other devices and to help develop new procedures.
This will ensure compatibility of data from various sources. Such an organizational
function within the WSC and ESC will also facilitate widespread exchange of research
information and foster increased awareness of testing activities, which may generate
beneficial modifications or changes more quickly.




3. DESIGN RECOMMENDATIONS, SPECIFICATIONS, AND DRAWINGS

3. Proposed WSC metric snow sampler

An analysis of all the data for all years (Farnes, et al., 1982) suggests that the
sharpened Federal sampler overmeasures by 6.2 percent (table I). The average
overmeasurement of the 1978 (both short and long), 1979, 1980, and 1981 metric cutters, all
having a similar diameter and sharpened, was 5.5 percent when compared with the Glacier
sampler. It appears from this more comprehensive data base that the overmeasurement of all
the tested sharpened cutters averages closer to 5.6 percent than to the 6.9 percent
calculated from the smaller data array available in 1980. This also agrees with the
average of 5.4 percent error when all data from the 1981 metric cutter are compared with
the Glacier, standard Federal, and sharpened Federal cutters (Appendix I, table IX). This
suggests that the metric cutter should have an area of 10.58 cm? (area of the standard
Federal cutter 11.17 cm? + 1.056). This would require that the cutter diameter be 36.70 mm
if the cutter were to be calibrated to true scale weight. Detailed specifications follow.

o ) B Specifications for WSC metric snow sampler
General

The WSC metric snow sampler shall conform to specifications summarized below and
illustrated in Figure 4, entitled "WSC Metric Snow Sampler."

Tubes

The tubes shall be made from 44 mm (44.45-mm OD with 1.475-mm wall thickness) 6061-T6,
aluminum or equivalent. Each tube section shall represent 75 cm of snow depth. Markings
are to be stamped on the tube every centimeter with zero measured from the root of cutter
teeth. Numerals shall be stamped every fifth increment to represent depths of 5, 10, 15,
20 through 75 for the first section and 80, 85, etc., for the second tube and succeeding
tube sections.

Slots on the snow tubes will be 3.4 mm X 8 cm on alternate sides of the stamped
numerals and increments with a 1-cm separation. The first tube section will have 6 slots
starting at increment 13 and extending to increment 21; the next slot will be on the
opposite side of depth markings and extend from 22 to 30, etc., with the uppermost slot on
the first tube extending from 58 to 66. The second tube will have 7 slots beginning at 79
and ending at 141. The third tube will have 7 slots beginning at 154 and ending at 216.
The fourth tube will begin at 229 and end at 291, etc.

After the tubes are completely assembled, they will be treated with a baked-on
silicone release agent Dow Corning 1-2531 resin or equivalent.

Cutter

The one-piece cutter shall be milled 4130 aircraft moly or cast 17-4 stainless alloy,
heat treated and ground to 36.70 mm inside diameter. The cutter shall have 16 teeth with
lands approximately 2 mm wide and grooves approximately 5 mm wide. The teeth shall have a
slope angle of 7 degrees and shall be 30 mm long. The inside lip that is ground to
36.70 mm shall extend 15 mm from the point of the teeth. All leading surfaces of the teeth
will be sharpened to the inside. The portion of the cutter that fits inside the tube shall
be slightly larger than the tube and shall be held in the tube by a shrink fit. The
letters "WSC" will be stamped on one of the grooves.
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Couplings

The male and female couplings shall be slightly tapered and shall be constructed of
6061-T6 aluminum or equivalent. They shall have a shrink fit on the tubing and have a
smooth surface inside the tube when screwed together. Threads are to be modified Acme with
three threads per centimeter. A hole will be drilled for the spanner wrench in both the
male and female couplings. Couplings will be secured to the tube with rivets. The portion
of the rivet on the inside of the tube will be smooth and flush with the tube so as not to
impede the snow core from moving inside the tube.

Thread Protector

The thread protector shall be constructed from 6061-T6 aluminum or equivalent and will
be similar to the male coupling except that it has a slightly larger diameter and shall not
be tapered. The outside section will be knurled. A hole will be drilled for the spanner
wrench. It will be constructed so as to fit in the top of any tube section.

Spanner Wrench

The spanner wrench will be constructed from lightweight steel stock and be bent so as
to fit smoothly around the couplings and secure each tube section so any stuck or frozen
threads can be released with moderate pressure. Two spanner wrenches are required for each
sampler.

Exception: Spanner wrenches of other design or material would be acceptable provided they
are adequate to release stuck or frozen threads.
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3.1.2. Specifications for weighing scale for WSC metric snow sampler
General

The weighing scale and cradle shall conform to specifications summarized below and
illustrated in Figure 5, entitled "Weighing Scale for WSC Metric Snow Sampler."” Both the
inner and outer cylinders shall be constructed of 6061-T6 aluminum or equivalent. The
inner cylinder shall have an outside diameter of 25.40 mm and wall thickness of 1.245 mm.
The outer cylinder shall have an outside diameter of 31.75 mm and a wall thickness of 2.11
mm. The scale spring shall be a close-wound extension coil spring with an outside diameter
of 19.0 mm. The spring material shall be self-tempering steel spring wire 1.63 mm in
diameter. All stamped numerals and numbers will be black.

4 Meter Capacity Scale (for snow depths up to 4 meters)

The inner cylinder shall be calibrated on one side in increments equivalent to 2 cm of
water. The scale shall be such that the increments will be from 0 to 340 and weigh 3,795
grams over 283.3 mm distance on the inner cylinder. Each increment shall be stamped at
intervals of approximately 1.6667 mm and be equal to a weight increment of approximately
22.32 grams. Beginning with zero at the bottom of the inner cylinder, each fifth increment
shall be stamped with the numerals 10, 20, 30, 40, etc., through 340. Along the scale
increments adjacent to the numerals, the cylinder shall be stamped "cm water with WSC
metric snow sampler." Each outer cylinder shall have the capacity stamped on it; i.e.,
"CAPACITY = 4 METERS."

The scale spring shall be 190.5 mm long and shall be pre-tensioned for 1,250 grams
such that the weight of a 1.5-meter (2 sections) snow sampling tube (empty) will read
slightly greater than zero on the scale. Scales shall be accurate to + 1 cm of water
equivalent over the full span of the scale.

6 Meter Capacity Scale (for snow depths between 4 and 6 meters)

The inner cylinder shall be calibrated on one side in increments equivalent to 5 cm of
water. The scale shall be such that the increments will be from 0 to 480 and weigh 5,357
grams over 284.2 mm distance on the inner cylinder. Each increment shall be stamped at
intervals of approximately 2.96 mm and be equal to a weight increment of approximately
55.75 grams. Beginning with zero at the bottom of the inner cylinder, each fourth
increment shall be stamped with the numerals 20, 40, 60, 80, etc., through to 480. Along
the scale increments adjacent to the numerals, the cylinder shall be stamped "cm water with
WSC metric snow sampler." Each outer cylinder shall have the capacity stamped on it; i.e.,
"CAPACITY = 6 METERS."

The scale spring shall be 139.7 mm long and shall be pre-tensioned for 2,250 grams
such that the weight of a 3-meter (4 sections) snow sampling tube (empty) will read
slightly greater than zero on the scale. Scales shall be accurate to + 2.5 cm of water
equivalent over the full span of the scale.

Cradle

The cradle shall be constructed from 6.4-mm-diameter 5052-H34 aluminum round rod or
equivalent. Surgical rubber tubing or other non-slip material to prevent the snow tubes
from sliding shall cover the arms of the cradle to prevent the snow sampling tube from
slipping in the cradle. The cradle shall be attached to the scale assembly by a swivel
snap and swivel ring.

Note: Any direct reading gram-balance scale could be used to obtain snow water equivalent
(SWE). Each 10 grams of weight would be equivalent to 1 cm of SWE.
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F:1:3: Specifications for driving wrench for WSC metric snow sampler
General

The driving wrench shall conform to specifications summarized below and illustrated in
Figure 6, entitled '"Driving Wrench for WSC Metric Snow Sampler." It shall be constructed
of 355-T6 aluminum or equivalent. The driving wrench shall be such that the steel key fits
in the slots on the WSC metric snow sampler and the wrench fastens securely around the snow
sampler tube and does not slip on the tube when a weight of 500 kilograms is applied to the
wrench with the snow tube in a vertical position. The wrench shall be easy to attach to
the snow tube and easy to remove.

Exception: A driving wrench constructed from reinforced nylon or other material would be

acceptable provided the strength and fastening requirements specified above are met or
exceeded.
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3l Proposed ESC 30 metric snow sampler

An analysis of all the data for all years (Farnes, et al., 1982) suggests that the ESC 30
has a diameter that is large enough to measure snow water equivalent accurately and yet
small enough to retain cores in most snow conditions. The 1981 ESC 30 sampler appears to
be accurate and the material durable. The proposed ESC 30 metric snow sampler is almost
identical to the 1981 ESC 30 snow sampler. Detailed specifications follow.

3.1, Specifications for ESC 30 metric snow sampler
General

The ESC 30 metric snow sampler shall conform to specifications summarized below and
illustrated in Figure 7, entitled "ESC 30 Metric Snow Sampler."

Tube

Clear plastic tubing with ID of 69.85 mm and OD of 76.2 mm TENITE-BUTYRATE 516E-MH, or
equivalent, with a length of 122 cm will be used for the tube. Markings are to be stamped
or routed on the tube every centimeter with zero measured from the root of the cutter
teeth. Numerals shall be stamped or routed every fifth increment to represent centimeter
depths of 5, 10, 15, 20, etc., through 120. All markings and numerals will be red.

Overall length of the sampler from root of cutter teeth to the top of driving handle will
be 126 cm. The driving handle collar will be constructed of stainless steel and shall be
secured to the sampling tube near the end of the tube with screws or rivets. This collar
will also serve as a protector for the end of the plastic tube. The driving handles may be
either permanently secured to the collar or they may be removable. The cutter end of the
tube will be threaded to accept the 1 square thread/cm of the cutter.

Cutter

The one-piece cutter shall be milled 4130 aircraft moly or cast 17-4 stainless alloy,
heat treated and ground to 61.80 mm. The cutter shall have 16 teeth with lands
approximately 2 mm wide and grooves approximately 10 mm wide. The teeth shall have a slope
angle of 7 degrees and shall be 40 mm long. The inside lip that is ground to 61.80 mm
shall extend 15 mm from the point of the teeth. All leading surfaces of the teeth will be
sharpened to the inside. The threads on the cutter will be square, 1 thread/cm.

Exception: In very shallow snowpack areas, the overall length of the tube could be reduced
to accommodate local conditions. For snowpacks deeper than 1 m, obtain two or three
sections of the WSC metric snow sampler and request the manufacturer to imprint in black
the calibration for "4 METERS" weighing scale on the inner cylinder opposite the 1 m
calibration that will be printed in red.
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3.2.2, Specifications for weighing scale for ESC 30 metric snow sampler
General

The weighing scale and cradle shall conform to specifications summarized below and
illustrated in Figure 8, entitled "Weighing Scale for ESC 30 Metric Snow Sampler.'" It
shall be constructed of 6061-T6 aluminum or equivalent. The inner cylinder shall have an
outside diameter of 25.40 mm and wall thickness of 1.245 mm. The outer cylinder shall have
an outside diameter of 31.75 mm and wall thickness of 2.11 mm. The scale spring shall be a
close-wound extension coil spring with an outside diameter of 19.0 mm. The spring material
shall be self-tempering steel spring wire 1.63 mm in diameter. All stamped numerals and
numbers will be red.

1 Meter Capacity Scale

The inner cylinder shall be calibrated on one side in increments equivalent to 1 cm.
The scale shall be such that the increments will be from 0 to 125 and weigh 3,747 grams
over 279.7 mm distance on the inner cylinder. Each increment shall be stamped at intervals
of approximately 2.238 mm and be equal to a weight increment of approximately 29.976 grams.
Beginning with zero at the bottom of the inner cylinder, each fifth increment shall be
stamped with the numerals 5, 10, 15, 20, etc., through 125. Along the scale increments
adjacent to the numerals, the cylinder shall be stamped '"cm water with ESC 30 metric snow
sampler." Each outer cylinder shall have the capacity stamped on it; i.e., "CAPACITY = 1
METER."

The scale spring shall be 190.5 mm long and shall be pre-tensioned for 1,250 grams
such that the empty weight of the ESC 30 snow sampling tube will read slightly greater than
zero on the scale. The scales shall be accurate to + 0.5 cm water equivalent.

Cradle

The cradle shall be constructed from 6.4-mm-diameter 5052-H34 aluminum round rod or
equivalent. Surgical rubber tubing or other non-slip material to prevent the snow tubes
from sliding shall cover the arms of the cradle to prevent the snow sampling tube from
slipping in the cradle. The cradle shall be attached to the scale assembly by a swivel
snap and swivel ring.

Exception: The inner cylinder for the ESC 30 weighing scale can also be marked in black
with the scale increments for the "4 METERS" WSC metric weighing scale for use with either
the ESC 30 sampler or WSC metric snow sampler as both scales are identical in construction
and have identical spring specifications. The outer cylinder of scales with dual
capacities shall be stamped "CAPACITY = 1 METER and 4 METERS."

Note: Any direct reading gram-balance scale could be used to obtain snow water equivalent
(SWE). Each 30 grams of weight would be equivalent to 1 cm of SWE.
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4. PROPOSAL FOR CONVERTING TO METRIC

4.1. Existing equipment

o D [ Small-diameter snow samplers

The standard Federal and other small-diameter snow samplers are in general use throughout
Canada and the United States as well as throughout many other countries. To complete the
equipment conversion, a major commitment of funds, time, and energy is necessary. Full
conversion will require several years.

G 1.2 Large-diameter samplers

All agencies sampling snowpacks with less than 1 m of snow depth should use a -
large-diameter sampler. For agencies making snow surveys in both shallow and deep
snowpacks, both types of samplers will be required. New ESC 30 samplers must be purchased
because the sampler is an entirely new design. Because of resource constraints, agencies
may have to phase in the new equipment at existing stations. This should be done over a
period of years. Spring balances should be recalibrated or replaced as appropriate. All
new stations and stations taking samples for snow chemistry should be supplied with the new
ESC 30.

i B O Transition stages

The cost and manpower commitment can be eased by staging conversion to SI units. There are
three suggested stages, each of which can be accomplished without interfering with normal
snow survey operations. They are as follows:

Stage I Re-marking of existing equipment and scales to read in metric units. All
equipment components remain unchanged.

Stage II Adopting a metric snow sampler and utilizing as much present equipment as
possible by re-marking snow tubes in metric units, replacing all cutters
with metric cutters, and replacing inner tubes on the spring scale to
accommodate the new metric cutter. These steps should be done in concert by
all cooperating agencies.

Stage III Full conversion to SI standards. All tubing, couplings, scales, and
appurtenant equipment would be manufactured to SI standards from metric
stock material. Cutters and scale constants would be as for Stage II.

Stages I and III are quite flexible as to timing and rate of conversion. Stage
II, however, which would institute the new cutter and adjust the historical record using
values from Table I to alleviate the overmeasurement bias, must be done in concert by all
users. At this time, the WSC metric cutter would replace the standard Federal cutter and
all data from that time on would be considered to be absolute or to have a true water
equivalent. Any exceptions would create unnecessary confusion because data are exchanged
continually. British Columbia snow surveyors have completed a Stage I conversion and are
now fully functional in the metric system, including instruction books, note forms,
historical summaries, and current publications. Conversion of large-diameter samplers
presumably would follow the same timetable, but overmeasurement adjustments would not be
required.

4.1.4. Proposed conversion schedule

Certain assumptions are required when estimating lead time; namely, certainty that all
agencies involved will consent to the concept of metric practice and that funds for the
changeover will be available as and when required. Three decisions must be made; all
conversion activities can be framed in this context.

(a) Authority to proceed with metrication by various agencies,

(b) Adoption of a standard metric cutter or metric sampler, and
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(c) Agreement on the year of conversion to use of the metric cutter and
samplers.

In considering the year of adoption for the standard metric cutter and metric
samplers, sufficient time should be allowed for all users to accept the concept, complete a
Stage I conversion if desired, and prepare files for adopting the necessary changes.
Assuming year four is proposed for conversion to metric, the following schedule would be
required.

Stage I - Commence planning (summer and fall of year one).

- Re-mark tubes and replace scale inner cylinders during summer of year two.
This step can be merged with Stage II.

- Prepare notes and manuals as required and distribute to users
during fall of year two.

- Conversion of historic data (summer, year two).

- Operate in metric mode for two seasons (years three and
four) by direct measure or by data conversion before filing
and publication.

- Metric publication universal for the year three snow season.

Stage II - Commence planning (summer, year three).
- Contract for manufacture of metric cutters and metric samplers to the standard
metric design (fall, year three).
- Call in all cutter sections and replace cutters with approved design; call in
scales for recalibration (summer, year four).
- Revise historical data as required to bring it into accord with measurement
standards (summer, year four).

Stage 111

Equipment can be built to metric standards as soon as manufacturers are
prepared except that metric cutters would not be installed until year four.
The rate of replacement of sampling kits after year four depends on their
condition and the availability of replacement funds.

The use of re-marked tubes can be continued indefinitely using a modest
replacement rate. Full metric kits could be brought into use over the next 10 to 20 years.
Adoption of metric stock material as it becomes available will affect dimensioning but it
should have little effect on sampling results.

b Historic data records

As scheduled in Stage II, back records obtained with various snow samplers should be
adjusted for overmeasurement based on the percentage obtained by this study and shown in
Table I. The water equivalent should be adjusted for overmeasurement and then converted to
metric units. The snow depths need to be converted to metric and densities recomputed.
These conversions can be simplified by using computer techniques. New data summaries
should be prepared in metric units for these adjusted data.

The back record should be adjusted and converted to metric units when the new
metric equipment that does not overmeasure is placed in the field. It is recommended that
the change from English to metric be done at this time and that dual units not be used.
Reports would publish a cross reference between English and metric units so users of data
could make their own conversion. Forecasting procedures need to be modified to use the
metric units. This could be done by soft conversion of snow course data or by developing
new forecast procedures based on the adjusted metric historic data. The complete revision
of forecast procedures is recommended because forecast volumes or flows should also be in
metric units.

4.3, Future data collection

Conducting metric snow surveys will influence several other aspects of operational snow
survey programs. As suggested for Stage I, new metric snow note forms should be devised,
based on those designed and adopted by British Columbia. Snow surveyors
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should receive training in metric sampling, notekeeping, and point-to-point measurements on
metric snow courses. It is recommended that snow course distances between sample points be
changed only enough to result in even-meter distances between points. On established snow
courses, changes in the sampling points are not necessary.

Both converted historic and future metric snow data should be archived in the
same manner. Computer program flexibility will then allow for storing and retrieving snow
course point data, course averages, ranking by order of depth or water equivalent
magnitude, as well as the usual elevation and location information.

Data from aerial snow depth markers, which will likely be measured in English, or
imperial, units during the immediate future, should be recorded on a new form that has
space for their immediate conversion to metric. By using only metric snow data, once the
change is made, it will encourage adherence to metric units when future snow measurement
techniques may be adopted, such as the use of microwave or gamma ray attenuation, albedo
levels, application of snow-covered area, or new versions of telemetered automatic snow
sensors.

A standing metric committee composed of Eastern and Western Snow Conference
members would be the best entity to recommend and coordinate data terminology and usage as
well as the direction of possible future WSC- and ESC-sponsored research.
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TABLE IV

SNOW SAMPLER DATA OBTAINED PRIOR TO METRICATION COMMITTEE 1964-1978

---> A1l SWE in mm

Std. Fed. 4o dard 1978 Long Broken Pit Profile CRREL
Location No. Date Depth Foderal Metric Metric BUNG Tooth or G McCall  Adivondack Utah MSC Bowman Rosen L&S 500 cm?
m (short)  (78) Fed.  Template “39¢ Tobes
Inside Dia mm 37.7 35.7 35.7 7.7 377 == === 37.7 67.4 37.7 70.5 37.7 37.7 37.7 58.1
AREA cm? 11.2 10.0 10.0 11.2 11.2 11.2 35.7 11.2 39.1 1.2 11.2 11.2 26.5
SHARP or BLUNT Blunt Sharp Sharp Sharp Blunt == = SHARP SHARP SHARP  SHARP  SHARP BLUNT BLUNT SHARP
No Teeth 16 16 16 0 15 == s 16 0 32 16 16 8 0
Tubing Material Alum. Alum. Alum. Alum. Alum. se= ] Alum. Fiberglass Steel Alum. Plastic Alum. Alum, Stain.
Steel
Mount Hood, OR §4-0R-1  11/19/63 93 232 214 218 210 221
Mount Hood, OR 64-0R-2  12/2/63 84 294 276 283 274 277
Mount Hood, OR 64-0R-3  2/3/64 361 1201 1077 1138
Mount Hood, OR 64-OR-4  2/24/64 371 1458 1311 1394
Mount Hood, OR 64-0R-5 5/12/64 498 2390 2169 2159 2233 2342
Mount Hood, OR 64-0R-6  7/8/64 155 991 89z 843
SCS Grounds, AK 64-AK-1  3/10/64 43 70 68 69 69 74
Cleary Summit, AK 64-AK-2  3/11/64 51 87 79 76 84 78
Exp. Farm, AK 64-AK-3  3/12/64 41 74 67 70 71 7
Fort Yukon, AK 64-AK-4  3/16/64 46 71 69 68 68 74
Arctic Village, AK 64-AK-5  3/17/64 56 99 86 84 88 96
Venetie, AK 64-AK-6  3/17/64 6 61 56 54 57 62
Chandalar Lake, AK 64-AK-7  3/18/64 48 az 82 89 87 93
Lick Creek, MT 64-MT-1  5/7/64 108 428 401 399
Lick Creek, MT 64-MT-2  5/7/64 109 440 403
Lick Creek, MT 64-MT-3  5/15/64 81 374 346
Lick Creek, MT 64-MT-4  5/19/64 51 247 226
Lick Creek, MT 64-MT-5 5/21/64 33 151 142
Lick Creek, MT 64-MT-6  5/23/64 25 101 90
Lick Creek, M1 64-MT-7  5/25/64 8 30 26
Alpha, CA 66-CA-1  2/17/66 217 759 722
Alpha, CA 66-CA-2  3/15/66 173 719 688
Alpha, CA 66-CA-3  4/13/66 137 589 551
Alpha. CA 66-CA-4  5/2/66 78 419 376
Alpha. CA 67-CA-1  2/17/67 100 343 330
Alpha, CA 67-CA-2  4/11/67 204 795 754
Alpha, CA 67-CA-3  5/2/67 247 1016 932
Alpha, CA 67-CA-4  5/11/67 169 843 767
Alpha, CA 68-CA-1 4/12/68 35 478 442
Alpha, CA 70-CA-1  4/16/70 121 493 480
Alpha, CA 71-CA-1 NA 134 310 310
Alpha, CA 74-CA-1 NA 168 841 765
Luther Marsh, ONT 74-0N-1  12/18/74 7 13 12 13 13 13 14
Luther Marsh, ONT 75-0N-1 2/20/75 37 89 85 86 91 83 90
Luther Marsh, ONT 75-0N-2 3/20/75 23 95 95 93 93 101 107
Luther Marsh, ONT 75-0N-3  3/20/75 39 140 140 136 158 133 143
Big Sky Plowed, MT 75-MT-1  2/6/75 190 737 696
Big Sky Exposed, MT 75-MT-2  2/6/75 105 279 269
Big Sky Shaded, MT 75-M1-3  2/6/75 119 381 290
Five Bull, MT 75-MT-4 3/15/75 62 203 150
Trinkus Lake, MT 75-MT-5  3/15/75 212 1054 1059
Upper Holland Lake, MT 75-MT-6  3/15/75 190 737 643
Badger Pass, MT 75-MT-7  3/16/75 282 1219 1102
Blue Lake, MT 75-MT-8  3/16/75 198 864 714
Spotted Bear Mtn., MT 75-MT-9  3/16/7% 114 356 348
Badger Pass, MT 75-MT-10 4/6/75 241 1067 894
Blue Lake, MT 75-MT-11 4/6/75 161 483 488
Gunsight Lake, MT 75-MT-12 4/6/75 229 940 803
Spotted Bear Mtn., MT  75-MT-13 4/6/75 122 381 378
Trinkus Lake, MT 75-MT-14 4/6/75 130 635 635
Twin Creeks, MT 75-MT-15 4/6/75 104 381 295
Upper Holland Lake, MT 75-MT-16 4/6/75 224 864 767
Badger Pass, MT 75-MT-17 5/15/75 213 1092 950
Blue Lake, MT 75-MT1-18 5/15/75 193 1016 942
Gunsight Lake, MT 75-MT-19 5/15/75 173 1029 859
Spotted Bear Mtn., MT  75-MT-20 5/15/75 57 279 221
Trinkus Lake, MT 75-MT-21 5/15/75 224 1143 1072
Upper Holland Lake, MT 75-MT-22 5/15/75 168 914 775
Badger Pass, MT 75-MT-23 5/31/75 272 1511 1308
Blue Lake, MT 75-MT-24 5/31/75 113 635 518
Gunsight Lake, MT 75-MT-25 5/31/75 163 1080 864
Trinkus Lake, MT 75-MT-26  5/31/75 117 533 645
Upper Holland Lake, MT 75-MT-27 5/31/75 115 686 645
Fisher Creek, MT 75-MT-28 6/27/75 175 914 777
White Mill, MT 75-MT-29 6/27/75 117 635 528
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TABLE IV

SNOW SAMPLER DATA OBTAINED PRIOR TO METRICATION COMMITTEE 1964-1978 (continued)

===> A1l SWE in mm

Std. Fed. 1978 Long Broken Pit s CRREL
Location No.  Date Depth 5;::::;“’ Metric  Metric  BUNG  Tooth  or PE:‘F”' McCall Adirondack Utah  MSC  Bowman  Rosen  L&S 500 cm?
cm (short) (78) Fed. Template ge Tubes
ser et oo do  mn o oA T A S -
At T BLONT g;”"t T hery  Sherp g;”“‘ fi i SHARP SHARP SHARP  SHARP  SHARP  BLUNT  BLUNT  SkaRe
; 16 0 32
Tubing Material Mluai AT Kioec Rleep AT Alun.  Fiberglass Steel Alum,  Plastic Alun.  Alum.  Stain.
Steel
Cooke Station, MT 76-MT-1  12/29/75 122 368 360 19 19 20 19 20
Fisher Creek, MT 76-MT-2  12/29/75 188 548 588 50 49 53 52 55
Cooke Staticn, MT 76-MT-3  12/29/75 112 419 348 70 68 75 73 78
White Mill, MT 76-MT-4  12/29/75 168 559 494 149 132 147 154 165
NE Entrance, MT 76-MT-5  12/29/75 62 165 157 174 188 197 190 213
84 82 84 78 81
NOTE: PROFILE GAGE MODIFIED IN JANUARY 1976
Gunsight Lake, MT 76-MT-16 2/29/76 269 889 892 1 o iz 186 LE
Spotted Bear Mtn., MT  76-MT-17 2/29/76 107 305 297
Trinkus Lake, MT 76-MT-18  2/29/76 165 508 435
Badger Pass. MT 76-MT-19  3/3/76 300 1118 1044
Blue Lake, MT 76-MT-20 3/3/76 218 711 7ol
Twin Creeks, MT 76-MT-21  3/3/76 17 1305 318
Upper Holland Lake, MT 76-MT-22 3/4/76 193 535 594
Trinkus Lake, MT 76-MT-23  3/31/76 199 762 767
Twin Creeks. MT 76-M1-24  3/31/76 102 356 361
Trinkus Lake, MT 76-MT-25  5/2/76 114 533 Ly
Cold Creek, ONT 76-ON-1  12/29/75 14 20 19
Luther Marsh, ONT 76-0N-2  1/5/76 23 52 50
Luther Marsh, ONT 76-0N-3 1/28/76 26 74 66
Luther Marsh, ONT 76-0ON-4  2/24/78 38 157 144
Lutner Marsh. ONT 76-0N-5  3/11/76 51 184 180
Luther Marsh, ONT 77-0N-1  1/21/77 40 88 82
Luther Marsh, ONT 77-0N-2  3/2/77 57 189 170
Alpha, CA 77-CA-1 a/15/77 52 188 190 188
Short Creek, MT 77-MT-1  3/15/77 58 117 99 107 102
Darkhorse Lake, MT 77-MT-2  3/16/77 122 140 315 325 320
Bloody Dick, MT 77-MT-3 3/16/77 122 109 122 109
Lick Creek, MT 77-MT-4  3/22/77 122 353 325 328 325 320
Bridger Bowl, MT 771-MT-5  3/30/77 190 594 569 564 569
Shower Falls. MI 7I-MI-6  3/28/77 203 517 587 584 587
Maynard Creek, MI 78-M1-1  12/1/77 48 93 a9 84 89
Copper Bottom, MT 78-MT-2 12/16/77 56 174 166
Fisher Creek, MT 78-MT-3  12/21/77 213 540 599
White Mill, MT 78-MT-4  12/21/77 185 533 508
Cooke Station, MT 78-MT-5 12/27/77 150 401 384
Lick Creek. MT 78-MT-6  12/28/77 58 132 119 122 122
Bridger Bowl, MT 18-MT-7  12/29/77 142 484 106
Lick Creek Divide, MT  78-MT-8  1/25/78 81 189 171 169 175 163
Caoke Station, M 78-MT-9  1/27/78 183 544 528
white Mill, MT 18-MT-10 1/27/78 201 650 627
Fisher Creek, M1 18-MT-11 1/27/78 262 833 808
Bridger Bowl, M1 78-MT-12  1/31/78 213 655 630
Crystal Lake, MT 78-MT-13 2/24/78 135 442 424
Arch Falls, MT 78-MT-14  2/27/78 109 302 287
Little Park, MT 18-MT-15 3/1/718 152 485 465
Northeast Entrance, M 78-MT-16 3/14/78 107 368 388 158 351 319
Northeast Entrance, MT T78-MT-17 3/14/78 122 387 336
Lick Creek, MT 78-MT-18  3/29/78 1 300 274 259 274
Hood Meadow. M1 78-MT-19  3/29/78 86 318 310
Shower Falls, MT 78-MT-20 3/29/78 206 798 759 759 777
Bridger Bow!, MT 78-MT-21 3/30/78 183 813 744
Tepee Creek, MT 7B-MT-22 3/31/78 127 462 439
Bridger Bowl, MT 78-MT-23 4/26/78 190 925 846
Devils Slide, MT 78-MT-24 4/27/78 208 851 810 803 815
Beartooth, MT 78-MT-25 5/10/78 249 1151 1075 1084 1072
Cooke Pass, MT 78-MT-26 5/10/78 168 902 849 869 884 742
Star Lake, MT 78-M1-27 5/11/78 12 1453 1369 1346 1374
White Mill, MT 78-MT-28 5/11/78 227 1035 924
Spur Park, MT 78-MT-29 5/12/78 178 820 796 793 759
Shower Falls, MT 78-MT-30 5/16/78 201 919 858 830 853
Goose Lake, MT 78-MT-31 5/30/78 323 1727 1611 1600 1671
Mt. St. Anne, BC 78-BC-1  1/11/78 205 636 600 596 599 530 604
Mission Creek, BC 78-BC-2  1/8/78 118 336 316 335 320 335 308
Blackwall, BC 78-BC-3  1/7/78 172 543 516 508 517 524 515
Luther Marsh, ONT 78-0N-1  1/19/78 a m 111 112 110 108 113 120 115
Luther Marsh, ONT 78-0N-2  2/17/78 51 165 164 162 147 151 150 149 163
Luther Marsh, ONT 78-0N-3  3/16/78 43 125 17 130 145 114 144 150 138
Peterborough, ONT 78-0N-4  2/27/78 37 111 116 110 103 112
Alpha, CA 78-CA-1  4/14/78 239 1016 1003 1013



TABLE ¥
SMOW SAMPLER DATA OBTAINED BY THE METRICATION COMMITTEE 1978-1982

===> A1l SWE in mm

Glacier Glacier 1978 Pit Broken
: ;.. Standard Sharpened 5 1979 1980 Profile . Alum. ESC 50 ESC 50 PVC
Location Na. Date D::th I:;n:lg_y Glacier Federall Fedéral ’(’:;::':) Metitc Metiie MetEiR Tz:;ﬂate Gage McCall Adirondack CRREL Tubing Fiberglass Plastic Tubing Utah  ESC 40 ESC 30 MSC I::Th
Inside Dia mm 102 37.7 37.7 35.7 35.6 35.7 === === 37.7 67.4 50.9 99.1 79.6 79.5 51.6 37.7 71.8 61.7 70.5 37.%
AREA cm? 81.9 11.2 11.2 10.0 10.0 10.0 11.2 35.7 20.4 21l 50.0 50.0 20.9  11.2  40.0 30.0 39.1 11.2
SHARP or BLUNT Sharp Blunt Sharp Sharp Sharp Sharp SHARP SHARP SHARP SHARP SHARP SHARP SHARP  SHARP  SHARP SHARP SHARP Blunt
No Teeth 0 16 16 16 16 16 16 0 16 0 3z 32 0 32 16 . 16 B 16 15
Tubing Material Stainless Alum. Alum. Alum. Alum. Alum. ot et Alum Fiberglass Fiberglass Alum. Fiberglass Plastic PVC Steel Plastic Plastic Alum Alum.
THE FOLLOWING DATA WERE OBTAINED USING CONTROL DESIGNED AND MANUFACTURED EQUIPMENT.

Maynard Creek S, MT 79-MT-1  1/30/79 99 278 275 275 217 297
Maynard Creek N, MT 79-MT-2  1/30/79 95 248 236 264 249 265
New World W, MT 79-MT-3  1/31/79 S0 221 199 236 208 226
Kew World E. MT 79-MT-4  1/31/79 90 236 212 250 215 250
New World N, MT 79-MT-5  1/31/79 86 220 189 229 209 214
Lower New World E, MT  79-MT-6  1/31/79 99 234 232 244 244 262
Lower New World W, MT  79-MT-7  1/31/79 100 227 221 251 242 270
Porcupine 5, MT 79-MT-8  2/21/79 a 259 241 282 263 262 258
Porcupine W, MT 79-MT-9  2/21/79 91 245 223 243 232 231 247
Lower New World SE, MT 79-MI-10 2/26/79 139 288 400 460 459 462 454
Lower New World SW, MT 79-MT-11 2/26/79 133 283 376 425 431 426 432
Twenty-one Mile W, MT  79-MT-12 3/9/79 145 261 379 428 408 403 417
Twenty-one Mile SW, MT 79-MT-13 3/9/79 141 255 360 414 392 396 404
Twenty-one Mile SE, MT 79-MT-14 3/9/79 146 257 375 431 411 408 414
Star Lake NwW, MT 79-MT-15 3/21/79 254 348 885 986 993 993 1005
Star Lake 5, MT 79-M1-16 3/21/79 252 346 871 984 966 972 970
Fisher Creek S, MT 79-MT-17 3/22/79 249 359 893 983 959 9718 960
Fisher Creek N, MT 79-MT-18 3/22/79 248 356 882 988 973 989 968
Cooke Station W, MT 79-MT-19 3/22/79 186 331 616 678 693 892 693
Cooke Station E, MT 79-MT-20 3/22/79 195 342 667 725 725 737 739
White Mill S, MT 79-M1-21 3/22/79 211 339 715 818 809 839 817
White Mill N, MT 79-MT-22 3/22/79 208 338 703 798 793 826 805
Lick Creek N, MT 19-MT-23  4/26/79 79 373 295 291 284 256 264
Lick Creek S, MT 79-MT-24  4/26/79 81 347 281 296 285 263 276
Shower Falls W, MT 79-M1-25 4/27/79 196 359 704 778 741 748 740 725
Shower Falls E, M1 79-MT-26 4/27/79 195 344 671 757 731 733 739 701
Clark Fork W, MT 79-M1-27 5/15/79 110 429 472 566 560 544 525
Clark Fork E, MI 79-MT-28 5/15/79 113 470 531 593 571 558 543
Fisher Creek NW, MT 79-M7-29 5/16/79 209 415 867 956 932 935 920
Fisher Creek S, M1 79-MT-30 5/16/79 213 419 892 998 974 989 943
Star Lake N, MT 79-MT-31 5/29/79 214 417 892z 987 958 1004 942 924 905
Star Lake SW, MT 19-M1-32  5729/79 204 417 850 928 903 943 901 889
White Mill W, MT 79-MT-33  5/30/79 126 397 500 568 569 551 565 551 495
white Mill E, MT 79-M1-34  5/30/79 137 405 555 629 622 606 613 581 567 560
Cooke Station W, MT 79-MT-35 5/30/79 99 394 390 456 440 449 425 411 412 391
Cooke Station E. MIT 79-MT1-36 5/30/79 a9 400 356 398 403 401 382 365 368
Spaulding, CA 79-CA-1  2/28/79 206 318 655 660 641 626
Alpha, CA 79-CA-2  3/15/79 211 338 713 761 721 734 721
Spaulding, CA 79-CA-3  3/16/79 168 395 664 680 651 664 684
Spaulding, CA 79-CA-4  4/2/79 146 446 651 693 676 685 666
Alpha, CA 79-CA-5  4/4/79 196 362 709 771 731 736 74z
Alpha, CA 79-CA-6 5/2/79 152 455 692 731 742 719 739
Fourbidden Plateau. BC 79-BC-1  2/9/79 153 255 330 413 402 394
Whistler Mtn, BC 79-BC-2  2/20/79 133 231 307 335 319 314 344
Blackwall Pk, BC 79-BC-3  2/21/79 169 262 a4z 487 a67 489 488
Mew Copper Mtn, BC 19-BC-4  2/722/79 58 205 119 104 104 117 120
Newcast le Ridge, BC 79-BC-5  3/9/79 319 378 1207 1315 1241 1294 1339
Whistler Mtn, BC 79-BC-6  3/13/79 103 354 365 399 386 396 394
Blackwall Pk, BC 79-BC-7 3714479 161 kI b 511 555 532 545 567
New Copper Mtn, BC 79-BC-8  3/14/79 37 270 100 96 96 88 94
Newcastle Ridge, BC 79-BC-9  4/19/79 332 450 1493 1630 1572 1612 1674
Newcastle Ridge, BC 79-BC-10 4/19/79 330 421 1388 1550 1478 1498 1559
Whistler Mtn, BC 79-BC-11 4/21/79 130 334 434 476 454 483 485
Whistlier Mtn, BC 79-BC-12 4/21/79 122 325 396 442 411 458 473
Blackwall, 8C 79-BC-13  4/23/79 156 3az 534 587 564 580 59}
Blackwall, BC 79-BC-14  4/23/79 162 335 543 520 596 606 623
Newcastle Ridge, BC 79-BC-15 5/7/79 200 488 976 1108 1057 1045 1102 1122
Newcastle Ridge, BC 79-BC-16 5/7/79 226 516 1167 1271 1216 1181 1239 1306
Ottawa, ONT 79-0N-1  2/1/79 a5 349 157 146 144 162 155 141 142
Cold Creek #1, ONT 79-0M-2  2/16/79 27 211 57 &8 67 68 56 61
Cold Creek #2, ONT 79-0N-3  2/16/79 28 218 61 64 60 70 53 55
Monticello, ONT 79-0N-4  2/28/79 95 293 278 310 302 303 283 298
Monticello #1, ONT 79-0N-5  3/8/79 37 335 124 121 122 124 125 125
Monticello #2, ONT 79-ON-6  3/8/79 26 358 93 97 93 92 93 97
Peterborough, ONT 79-0N-7  3/19/79 29 428 124 138 128 126 114 136
Ottawa, ONT 79-0N-8  3/21/79 £l 486 175 169 164 158 158




TABLE V

SNOW SAMPLER DATA OBTAINED BY

THE METRICATION COMMITTEE 1978-1982 (continued)
===> A1l SWE in mm

= Broken
Glacier Glacier 1978 Pit § . Alum. ESC 50 ESC 50 PVC 0 MSC Tooth
Location No. Date  Depth  Density Glacier Seandard Sharpened .o 1979 190 A8 or  PROTM® mccall  Adivondack  CRREL  puping  iberglass Plastic Tubing Uteh ESCA0ESC3 Too
o kg m-2 (short) Template
e mow §l my B B m - L3o& oml omboES OBd a3 W bi Bl AT
81.9 11.2 1.2 10.0 10.0 10.0 .4 ! . i A . § i . )
;:E:PC:: BLUNT Sharp Blunt Sharp Sharp Sharp  Sharp  Sharp --- .- 511{:» SHARP i:no s:mp sggnn s;uzm s:n? sr;;nv s;Lusuw sr::m- srlusmp ?;unl
#:h.{:;tnaterial Stginless :?m :?u- if_ :?_ ll\?m :?.,. == = Alum, Fiberglass Fiberglass Alum, Fiberglass Plastic PVC Steel Plastic Plastic Alum. Alum.
Porcupine S, MT BO-MT-1  2/1/80 44 216 95 97 89 106 87 gg
Porcupine N, MT 80-MT-2 2/1/80 44 218 9% 97 89 106 87 R
Tepee Creek W, MT 80-MT-3  2/14/80 82 221 181 203 178 188 186 i
Tepee Creek E, MT 80-MT-4  2/14/80 79 209 165 193 7 184 182
New World W, MT 80-MT-5  2/26/80 104 240 250 268 275 259 257
New World E, M1~ BO-MT-6  2/26/80 104 238 248 270 275 263 262
New World Gulch W, MT  BO-MT-7  2/26/80 118 246 290 320 318 309 06
New World Guich £, M  BO-MT-8  2/26/80 115 237 2713 311 303 294 288
Bridger Bowl W, MT 80-MT-9  2/28/80 128 296 379 904 395 402 391
Bridger Bowl E, MT 80-MT-10 2/28/B0 120 281 337 367 318 375 56
Sacajawea SC W, M1 BO-MT-11 3/14/80 151 283 428 471 459 4713 454
Sacajawea SC E, MT BO-MI-12 3/14/80 149 278 414 469 456 a7 461
Sacajawea W. MI 80-MT-13 3/14/80 128 242 310 342 329 a7 328
Sacajawea £, MT 80-MT-14 3/14/80 140 256 359 397 383 189 387 5 T
Maynard Cr. S, MT 80-MT-15 4/11/80 147 333 489 476 b 01
Maynard Cr. N, MT 80-MI-16 4/11/80 144 339 489 530 503 521 507 482 273 286
Battle Ridge 5, MI BO-MI-17 4/11/80 84 324 272 271 269 253 256 267 252 BE e
Battle Ridge N. M7 80-MT-18 4/11/80 86 22 273 270 258 260 218 264 it o
Star Lake E, MI BO-MT-19 4/22/80 208 380 790 868 818 852 836 813 853 857
Star Lake W, M1 BO-WT-20 4/22/80 219 386 846 922 886 899 891 883 826 825
Star Lake C, MT 80-MT-21 4/22/80 214 388 830 907 861 869 867 6863 i e
White Mill E, M7 80-MT-22 4/23/80 162 381 618 673 641 668 642 655 625 s
White Mill W, MI 80-MT-23  4/23/80 165 382 630 687 654 686 653 658 aes 2
NE Entrance £, MT BO-MT-24 4/23/80 55 367 202 200 192 191 184 po e
NE Entrance W, MT 80-MT-25 4/23/80 51 386 197 194 183 183 182 1 = o
Hyalite Creek W, MT 80-M1-26 4/28/80 80 339 271 284 282 290 274 264 378 281 286
Hyalite Creek £, MT 20-M1-27 4/28/80 84 131 278 306 300 300 266 283 506 ta7 53
Window Rock N, M1 80-MT-28  4/28/80 57 361 206 230 209 190 214 187 s i o
Window Rack 5, MT 80-MT-29 4/28/80 61 338 206 230 225 207 222 200 13’31 55 348
Arch Falls W, M1 80-MT-30 4/29/80 92 350 322 350 324 369 340 351 Sig e
Arch Falls £, M1 B0-M1-3]1 4/29780 98 351 384 176 340 387 364
Spaulding, CA 80-CA-1  1/2/80 55 391 215 227 214 221 217
Alpha, CA 80-CA-2  1/4/80 138 315 438 a77 452 463 478
Garrington, CA 80-CA-3  1/30/80 162 350 567 509 565 632 595 545
Alpha, CA 80-CA-4  1/31/80 183 356 652 731 708 690 720 702
Alpha, CA 80-CA-5  2/14/80 175 385 673 751 688 728 690 657 660
Spaulding, CA 80-CA-6  2/27/80 56 a3z 242 254 253 253 243 247
Alpha, CA 80-CA-7  2/28/80 272 352 957 1071 998 1001 1016 1036
Alpha. CA 80-CA-8  3/13/80 279 391 1090 1168 1163 1152 1112 1098
Darringtan. CA 80-CA-9  3/26/80 235 404 950 1072 983 976 1015 958
Alpha. CA 80-CA-10 3/27/80 269 22 1M 1225 1184 118% 1191 181
Alpha, CA BO-CA-11 5/1/80 172 460 792 914 892 830 875 BO3
Blackwall, BC 80-BC-1  2/12/80 154 2% 456 535 507 516 508
Blackwall, BC 80-BC-2  2/12/80 156 291 454 493 an 478 a71
New Copper, BC 80-BC-3  2/13/80 a3 249 107 94 90 90 94
New Copper, BC B80-BC-4  2/13/80 44 225 99 94 90 90 91
Whistler, BC 80-BC-5  2/14/80 121 279 338 397 387 405 381
whistler, BC 80-BC-6  2/14/80 120 282 339 388 385 421 348
Newcastle Ridge, BC 80-BC-7  2/15/80 231 397 916 1029 965 998 965
Newcastle Ridge, BC 80-BC-8  2/15/80 228 389 888 1037 972 994 949
Newcastle Ridge, BC B0-BC-9  2/20/80 224 391 875 955 916 921 8931
Blackwall, BC 80-BC-10 2/28/80 145 314 456 518 518 508 495
New Copper, BC B0-8C-11 2/29/80 38 2719 106 96 97 94 94
Whistler, BC 80-8C-12 3/2/80 125 328 410 449 444 438 445
Blackwall, BC 80-BC-13 3/18/80 200 316 631 728 704 733 706
Blackwall, BC B0-BC-14 3/18/80 200 321 642 724 702 718 691
McBride, BC B0-BC-15 3/21/80 125 251 314 348 351 354 335
McBride, BC B0-8C-16 3/21/80 125 254 318 354 353 340 321
whistler, BC 80-BC-17 3/25/80 125 298 373 412 387 394 398
whistler, BC BO-BC-18 3/25/80 125 322 403 87 I 398 388
Alpha, CA 81-CA-1  2/4/81 109 24) 263 219 267 275 269 273
Alpha, CA 81-CA-2  2/17/81 86 341 293 304 291 283 287 230
Alpha, CA 81-CA-3  3/3/81 99 367 363 409 376 378 378 369
Alpha, CA B1-CA-4  3/18/8B1 90 394 355 373 358 357 351 358 352
Alpha, CA 81-CA-5  4/3/81 157 367 576 582 568 586 576 578 564
Alpha, CA 81-CA-6  4/16/81 96 426 409 451 444 441 416 420 . 399
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TABLE ¥
SHOW SAMPLER DATA OBTAINED BY THE METRICATION COMMITTEE 1978-1982 {continued)
=== All SWE in mm

Glacier Glacier 1978 Pit 3 Broken
X Standard Sharpened 1979 1980 1981 Profile Alum, ESC 50 ESC 50 Ve
Location No. Date u::th E;n:i:y Glacier Eaderal . Eedaral :':;;::) Meiric  Matric: Metric fe:;kne Gage McCall Adirondack CRREL Tubing Fiterglass. Blastic  Tubing Utan  ESC &0 ESC 30 MSC ‘I::I.h
Inside Dia mm 102 7.7 w7 35.7 35 K 5.7 6.4 ==+ ma= 37-1 67.4 50.9 99.1 796 79.5 51 6 37.7 e Rt 7 70.5
AREA cm? 8l1.9 11.2 11:2 0.0 lo.n 0.0 104 11.2 35.7 20.4 7.1 500 50.0 20,9 1.2 400 0.0 39.1
SHARP ar BLUNT Sharp Blunt Sharp Sharp Sharp Sharp  Sharp - - SHARP SHARP SHARP SHARP SHANP SHARP SHARP  SHARP  SHARP SHARP SHARP Hiant
No Teeth 0 16 16 16 18 16 16 mnm i ib 1] 1 1] 12 2 Erd 16 I 16 Vi
Tubing Material Stainless  Alum. Alum, Alum, Llum Alum, Alum == =3 Alum Fiberglass Fiverglass Alum Fiberglass  Plastic Pyl Steel  Plastic  Plastic Al Nl
Blackwall, BC Bl1-BC-1  2/26/81 165 265 438 485 461 461 450 452
Newcastle Ridge, BC B1-BC-2  3/3/81 80 289 231 204 208 207 201 1599
Cttawa, ONT Bl-0N-1 2410781 a3 353 152 147 152 142 141
New Wor i W, M1 B1-M1-1  1/29/81 43 207 a9 97 9z 96 91
HNew wWorli [, MI BI-MI-2  1/2%9/81 a2 204 86 LE] a9 91 a7
Lower New World W, M1 HE-M1-3  1/29/81 28 146 4] 43 an 38 41
Lower New World |, M1 BI-MT-4  1/29/8] 28 150 az a1 au Az By
Lick Creed W, M1 B1-M1-5  3/12/81 81 2719 226 243 240 251 236
Lick Creex [, MI B1-M1-6  3/12/B1 83 2717 230 243 246 247 23]
Sy lark Trail N, M1 Al=M1-7  3/2%/R1 115 327 176 386 384 asi 189
Skytark Trall 4. MT a1-M1-8  3/25/81 2 121 159 s 37 38} 169
Palace Bulle MW, MT B1-M1-9  3/30/81 48 273 131 14 144 157 a6
balace Hutte NE, MT BI=WT-10 3/30/81 47 210 127 i 141 193 143
Falate Butle SW. M1 HI-M1=1]  3/30/H) 52 281 146 161 152 158 160
Falace Biutte SE, MF al-M1-12 330781 52 264 138 163 192 158 160
Lick Crees W NI HI-MI-13 3/30/8H1 55 304 167 187 164 181 178
Liew Crpew b M Hl-M1-14 3/40/R1 42 1/ 185 170 153 170 1493
Shower Lally W, M1 HBI-MT-14% 3/31/81 179 241 a3z 471 asg az4 450
Shiwer Falls |, 1 #1-MI-16  3731/8] 183 24} as] 475 165 a4 454
Aveh Fally N, MY HI-MI={7 /31781 ur 257 01 4 3l 282 294
Byew bally 31, M Hi-Mi-18  3/317K1 120 215 130 319 312 29 293
Cooke Lity £, MI Bl-Mi-1y Asm/a] 1 an 303 326 131 319 318
Ei-M1-20  4/H/81 104 265 2% 799 28T 293 292
H-M1-21 474781 53 255 135 13% 130 137 136
davithw w, M HI-MI=22 A/97H] 55 2l 136 142 133 138 136
Blach Buar |, M5 BI-M1-23  4/22/61 167 ALl 666 67% 664 K73 657
Hiach Hear w, M1 Bl=MI-24  4/22/H1 1549 403 640 677 852 654 sa7
Whiskey Cruee |, M1 HI-M1-2h  4723/81 37 b7 132 153 142 143 143
Whiskey Crerk W, M1 BI-WT-26 A4/23/8] 3h 360 132 149 141 1 142
s H1-M1-27 4711481 185 135 619 670 bhd 698 (10
BI-MT-28 %/11/81 178 ELH 617 ha2 533 52 bl3
Bi-M1-29 L/]2/H] 1] 74 246 250 239 242 232
Liwbe Fasy 5, nt BI=N1-30 5712/8] 0 L34 265 27% 265 263 255
Cvwrvee B0l dain W, MT ml-MT-31  S/12/81 1o 124 156 376 57 8 366
Cuerkse Stal dun Ll di-M1-32 /12781 109 1y 348 384 68 390 334 Lo
Futher Marsh, Onl L/8r82 22 218 a8 49 a8 e Al
Puther Marsh, ORI 178782 20 190 1B az 15 an i
buterboraugh, ONT 1£13/82 23 an4 a7 52 49 RIS sl
Lovrswt . ON! 1/22/82 44 217 1na L4 12 L it
Dorspt, ONI 1722/82 a1 23] 18 125 118 9 Lo AL
Peterhoruugh. OM1 82-0h-6  2/8/82 60 212 127 134 124 (R L4
Peterbaraugh, ONT 82-0M-7  2/8/B2 58 222 129 131 120 [P 1=
Luthwr Marsh. ONT 82-0n-B  2/10/82 55 2ie 120 114 114 (§E 144
Battle Ridge 5, MI B2-M1-1  12/29/81 68 216 147 140 136 13% 128 145 14y
Battle Rigge N, MT 82-M1-2  |2/25/81 b6 202 113 148 128 131 12 153 iy
Battle Ridge W, M1 82-M1-1  12/29/81 38 195 74 b6 66 57 64 &2 b
Battle Ridge £, M1 82-M1-4  12/29/81 35 186 65 61 b4 55 59 b 1)
Shower Falls N, M1 B2-MI-Y  |/26/82 171 263 450 503 496 508 485 as AR7
Shower Falls S, MT 82-M1-6  1/26/82 172 262 451 522 b01 510 4g8 as7 Al
Shower Falls £, M1 B2-MI-7  31/29/82 269 217 iaa 805 788 815 B30
Shower Fally W, MT B2-MT-8 3/29/82 264 278 £ 8131 805 821 824
Lick Cresk N, M1 82-M1-9  1/30/82 115 245 282 121 308 305 303
Lick Creek 5, HT B82-M1-10 3/30/82 118 263 310 3z n 330 a2
Alpha, CA B2-CA-1  2/2/82 212 306 b649 698 B85 683 664 677
Alpha, (A 82-CA-2  2/19/82 173 391 677 734 631 683 694 680
Alpha, CA 82-CA-3  2/25%/B2 157 394 620 647 625 623 621 626
Alpha, CA 82-CA-4 3/15/82 206 360 742 BO3 760 785 806 781
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TABLE VI

SNOW SAMPLER DATA OBTAINED BY OTHERS USING SOME EQUIPMENT SIMILAR TO METRICATION COMMITTEE 1977-1982

===> A1l SWE in mm

Glacier Glacier = 1978 Long Pit
Location No. Date Depth Density Glacier ?;gzg::d ?zzggZ?Ed Metric Metric Mi?Z?c Miii?c Hii?%c or Rosen
cm kg m-3 (short) (78) Template
Inside Dia mm 102 37.7 37.7 35.7 35,7 s A 35.7 36.4 win 377
AREA cm? Bl1.9 13,2 11.2 10.0 10.0 10.0 10.0 10.4 132
SHARP or BLUNT Sharp Blunt Sharp Sharp Sharp sharp Sharp Sharp s BLUNT
No Teeth 0 16 16 16 16 16 16 16 B 8
Tubing Material Stainless  Alum. Alum. Alum. Alum. Alum. Alum.  Alum, == Alum
DATA OBTAINED USING SOME EQUIPMENT AND PROCEDURES COMPARABLE TO BUT NOT NECESSARILY UNDER THE SAME CONTROLLED CONDITIONS AS THE METRICATION COMMITTEE.
Trinity Mtn, ID 73=1D=1: 3/25/77 86 187 192
Trinity Mtn, ID 77-1D-2 4/8/77 56 210 189 198 184
Trinity Mtn, ID 77-1D-3 4/12/77 46 173 160 164 155 146
Trinity Mtn, ID 77-1D-4 4/20/77 91 ¢ 462 452 433 43¢
Trinity Mtn, ID 77-1D-5 4/21/77 91 469 423 457 448
Trinity Mtn, 1D 77-1D-6  4/26/77 76 395 375 372 363
Graham Station, ID 78-1D-1 3/26/78 116 521 448
Graham Station RSG, ID 78-1D-2 3/26/78 132 539 505
Mores Creek, ID 78-10-3 5/2/78 193 928 870
Mores Creek RSG, ID 78-1D-4 5/2/78 223 940 858
Trinity Mtn, ID 78-1D-5 5/28/78 188 1014 888
Trinity Mtn RSG, 1D 78-1D-6 5/28/78 205 1031 917
Graham Station, 1D 79-1D-1 1/27/79 74 224 166 192 167 182
Graham SNOTEL, ID 79-1D-2  1/27/79 74 270 247
Graham CA, ID 79=1D=3 1/2%/79 79 282 276
Graham RSG, ID 79-1D-4 1/27/79 70 264 249
Trinity Mtn #1, 1D 79-1D-5 3/7/79 205 312 640 692 692 666
Trinity Mtn #2, 1D 79-1D0-6  3/8/79 201 307 618 685 688 670
Trinity Mtn #3, ID 79-1D-7 3/8/79 195 317 618 692 676 665
Trinity 8X10 CA, ID 79-1D-8 3/8/79 109 565 497
Trinity 4X5 CA, 1D 79-1D-9  3/8/79 106 533 475
Trinity SNOTEL, ID 79-10-10 3/8/79 115 570 513
Trinity Hypalon, ID 79-1D-11 3/8/79 105 524 467
Trinity RSG, ID 79-1D-12 3/8/79 120 607 504
Columbine, CO 79-C0-1  3/20/79 188 336 632 722 670
Columbine #1, CO 80-C0-1 2/14/80 140 301 422 439 415 430
Columbine #2, CO 80-C0-2 2/14/80 140 290 406 432 429 448
Willow Creek, CO 80-C0-3 3/26/80 142 277 393 419
Columbine, CO 80-C0-4 3/26/80 201 322 648 755
Tower, CO 80-C0-5 3/27/80 384 340 1306 1388
Columbine, CO 80-C0-6  4/23/80 162 401 649 701
Columbine 4P, CO 81-C0-1 3/26/81 94 270 254 278 249
Columbine 3P, CO 81-C0-2 3/26/81 92 285 262 265 258
Columbine LP, CO 81-C0-3  3/26/81 95 289 275 288
Columbine NP, CO 81-C0-4  3/26/81 94 287 270 268 291
Columbine HYP, CO 81-C0-5 3/27/81 102 296 302 325
Columbine Trees, CO 81-C0-6  3/27/81 87 248 216 256

NOTE: WHERE NO VALUES ARE SHOWN FOR GLACIER DENSITY AND GLACIER SWE, THE DEPTH IS FROM THE STANDARD FEDERAL SAMPLER.



TABLE VII

REGRESSION ANALYSIS OF ALL SNOW WATER EQUIVALENT DATA

Y

Glacier vSs.

Std. Fed. vSs.

Sharp. Fed. vs.

X

Standard Federal
Sharpened Federal
1978 Metric (short)
1979 Metric

1980 Metric

1981 Metric
Broken tooth Fed.
Adirondack

ESC 30

ESC 40

ESC 50

MSC

PVC

Aluminum tube

Sharpened Fed.
1978 Metric (short)
1979 Metric

1980 Metric

1981 Metric
Broken tooth Fed.
ESC 30

ESC 40

ESC 50

Pit or Template
BUNG

McCall

Adirondack

MSC

Bowman

Leupold & Stevens
Rosen

Utah

Profile

Profile (modified)

1978 Metric (short)
1979 Metric

1980 Metric

1981 Metric

Broken tooth Fed.
Adirondack

ESC 30

ESC 40

ESC 50

MSC

¥

420
435
441
518
455
295
665
211
263
264
424
112
442
359

475
482
569
497
315
732
279
281
457
451
551
378
218
112
109
291
728
213
712
577

467
550
478
336
700
189
310
273
436
135

b=

o H

459
459
472
555
473
303
742
205
261
263
423
114
441
362

459
472
355
473
303
742
261
263
423
414
520
355
203
111
104
291
684
257
635
837

472
555
473
334
742
183
298
263
423
136

R2 S.E. COEF Cases
.9988 178 .9095 188
.9986 19.8 L9417 180
.9980 235 .9291 118
.9984 24:1 .9298 107
.9985 20.1 .9569 69
.9976 197 .9637 63
.9996 172 .8921 15
.9992 8.7 1.0220 13
.9991 9.7 1.0028 45
.9989 10.5 .9976 38
.9997 8.7 1.0011 16
.9968 7.4 .9791 16
.9996 10.7 .9996 13
.9998 5.6 .9942 9
.9994 13.6 1.0353 180
.9988 19.7 1.0209 118
.9992 18.4 1.0262 107
.9992 16.1 1.0524 69
.9991 14T 1.0335 63
.9997 16.7 .9839 15
.9979 15.6 1.0631 45
.9979 15.'5 1.0610 38
.9993 14.4 1.0868 16
.9987 22.4 1.0982 62
.9995 16.2 1.0557 29
.9994 11.7 1.0578 32
.9993 k2.7 1.0993 32
.9948 9.2 1.0053 31
.9979 6.1 1.0463 20
.9997 11.8 1.0183 12
.9998 3.3 1.0626 10
.9972 16.1 1.0464 7
.9941 61.4 1.1204 34
.9965 38.8 1.0725 21
.9990 B 1 0 .9897 118
.9992 18.3 .9902 107
.9991 16.5 1.0085 69
.9992 11.5 1.0018 55
.9996 17.8 .9402 15
.9987 8.4 1.0333 12
.9978 16.9 1.0378 7
.9977 16.1 1.0356 38
.9993 14.1 1.0385 16
.9986 6.1 .9922 8




TABLE VII

REGRESSION ANALYSIS OF ALL SNOW WATER EQUIVALENT DATA (continued)

Y X vy X RE  §.E, COEF  Cases
1978 Metric (short)

vs. 1979 Metric 688 685 .9989 24.9 1.0031 46

1980 Metric 471 459 .9983 253.3 1.0211 38

1981 Metric 303 298 .9987 13.3 10151 42

ESC 30 300 285 .9968 20.1 1.0481 34

ESC 40 275 263 .9965 1949 1.0458 38

ESC 50 445 423 .9984 21.3 1.0631 - 16

1979 Metric vs. 1980 Metric 566 554 .9987 22.8 1.0186 39

1981 Metric 480 475 .9998 7.8 1.0093 12

Broken tooth Fed. 721 742 .9996 18.4 .9670 15

Adirondack 138 128 .9966 9.7 1.0675 8

MSC 138 136 .9944 12.4 1.0044 8

1980 Metric vs. 1981 Metric 476 475 .9996 10.3 1.0043 12

ESC 50 436 423 .9992 14.4 1.0411 16

Definition of Headings

Y = Dependent variable, y = average of Y values in mm

X = Independent variable, x = average of X values in mm

R2 = Coefficient of determination

S.E. = Standard error of estimate in mm

COEF = Coefficient with zero intercept; i.e., Y = COEF times X.
Cases = Number of available data points used in the analysis
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TABLE VIII

REGRESSION

|

Glacier

Glacier

Glacier

Glacier

Glacier

Glacier

Glacier

ANALYSIS OF ALL SNOW WATER EQUIVALENTS GROUPED BY DENSITY

Glacier
X Density y x __R® S.E. _COEF C(Cases
(kg m-3)
vs. Standard Federal All 420 459 .9988 17.5 .9095 188
Under 260 172 186 .9977 9.6 .9132 46
260-300 333 367 .9981 16.1 .9025 40
310-350 471 512 .9986 19.7 .9109 44
360-400 579 633 .9991 20.3 122 38
Over 400 748 823 .9992 23.6 .9076 20
vs. Sharpened Federal All 435 459 .9986 19.8 L9417 180
Under 260 189 197 .9977 10.4  .9429 38
260-300 333 357 .9983 14.9 .9281 40
310-350 471 498 .9978 24.3 .9363 44
360-400 579 605 .9989 21.3 .9541 38
Over 400 748 799 .9992 23.8 .9375 20
vs. 1978 Metric All 441 472 .9980 23.5 .9291 118
(short) Under 260 184 190 .9967 12.7 .9688 23
260-300 337 369 .9977 18.0 .9108 27
310-350 496 539 .9978 25.8 9115 27
360-400 545 575 .9985 23.8 .9409 27
Over 400 756 809 .9986 30.8 .9364 14
vs. 1979 Metric All 518 555 .9984 24.1 .9298 107
Under 260 198 216 .9965 13.2 .9098 16
260-300 334 365 .9963 22.0 .9074 19
310-350 546 593 .9977 28.5 .9149 28
360-400 651 688 .9989 24.5 .9418 25
Over 400 753 802 .9994 20.4 .9349 19
vs. 1980 Metric All 455 473 .9985 20.1 .9569 69
Under 260 215 221 .9987 8.7 .9596 14
260-300 358 377 .9978 18.2 .9401 13
310-350 439 457 .9975 24.7 .9478 17
360-400 651 673 .9992 20.7 .9659 21
Over 400 644 680 .9991 24.9 L9448 4
vs. 1981 Metric All 295 303 .9976 17.7 .9637 63
Under 260 141 142 .9979 8.4 9752 22
260-300 318 336 .9964 22.6 .9292 18
310-350 393 404 .9989 15.1 .9686 10
360-400 432 437 .9994 12.3 .9844 11
Over 400 = - o e = 2
vs. ESC 30 All 263 261 .9991 9.7 1.0028 45
Under 260 143 143 .9987 6.8 +9992 16
260-300 252 244 .9985 10.9 1.0245 13
310-350 406 413 .9997 7%, .9812 7
360-400 335 330 .9999 4.5 1.0195 7
Over 400 - == -- - -- 2

oy




TABLE VIII

REGRESSION

(a5

Glacier

Glacier

Standard
Federal

Standard
Federal

Standard
Federal

Standard
Federal

Standard
Federal

ANALYSTS OF ALL SNOW WATER EQUIVALENTS GROUPED BY DENSITY (continued)

vs.

VSs.

vs.

vs.

vVsS.

vSs.

<

ESC 40

. ESC 50

Sharpened
Federal

1978 Metric

(short)

1979 Metric

1980 Metric

1981 Metric

Glacier
Density
(kg m-3)

All
Under 260
260-300
310-350
360-400
Over 400

All
310-350
360-400

All
Under 260
260-300
310-350
360-400
Over 400

All
Under 260
260-300
310-350
360-400
Over 400

All
Under 260
260-300
310-350
360-400
Over 400

All
Under 260
260-300
310-350
360-400
Over 400

All
Under 260
260-300
310-350
360-400
Over 400

-48-

3

264
152
252
406
283

424
307
540

475
205
367
512
633
823

482
199
373
540
595
830

569
216
370
599
714
831

497
234
394
4717
713
711

315
149
346
416
460

L

263
153
246
412
278

423
312
534

459
197
357
498
605
799

472
190
369
539
575
809

555
216
365
593
688
802

473
221
377
457
673
680

303
142
336
404
437

R? S.E. COEF  Cases
.9989 10.5 .9976 38
.9986 7,8 . 9880 12
.9983 11.9 1.0175 13
.9995 10.5 .9852 7
<9989 3.4 1.0174 5
== - e 1
<9997 8.7 1.06011 16
.9998 4.5 .9852 8
.9998 10.1 1.0057 8
.9994 13.6 1.0353 180
.9984 9.7 1.0340 38
#9995 9.3 1.0279 40
9993 15.1 1.0279 44
.9995 16.5 1.0458 38
L9998 12.9 1.0329 20
9988 148.7 1.0209 118
.9979 11.0 1.0581 23
.9992 11.9 1.0107 27
.9987 21.9 1.0026 27
9992 19.9 1.0305 27
+9991 27.1 1.0275 14
.9992 18.4 1.0262 107
.9978 11.4 1.0039 16
.9984 16.1 1.0139 19
9993  17.5 1.0315 28
.9995 16.9 1.0351 25
.9994 22,5 1.0323 19
.9992 16.1 1.0524 69
.9996 5.5 1.0536 14
.9994 10.1 1.0439 13
.9994 13.3 1.0408 17
.9991 23.6 1.0606 21
.9999 10.9 1.0428 4
29991 117 19335 63
.9992 5.6 1.0479 22
.9988 14.5 1.0190 18
99097 8.4 1.0288 10
.9993 14.3 1.0465 11
i = e 2



TABLE VIII

REGRESSION ANALYSIS OF ALL SNOW WATER EQUIVALENTS GROUPED BY DENSITY (continued)

Glacier _ -

¥ X Density 'y x __R* S.E. _COEF Cases
(kg m-3)

Standard wvs. ESC 30 All 279 261 .9979 15.6 1.0631 45
Federal Under 260 150 142 .9984 8.2 1.0648 16
260-300 274 244 9977 14.9 1.1172 1 i3
310-350 430 413 .9997 8.2 1.0405 7
360-400 352 330 .9995 9.9 1.0623 7
Over 400 e - - -- -- 2
Standard wvs. ESC 40 All 281 263 .9979 15.5 1.0610 38
Federal Under 260 159 153 .9986 8.4 1.0579 12
260-300 274 246 .9979 14.2 1.1098 13
310-350 430 412 .9999 5.9 1.0449 7
360-400 302 278 .9991 11.8 1.0763 5
Over 400 L =53 = = - 1
Standard vs. ESC 50 All 457 423 .9993 14.4 1.0868 16
Federal 310-350 328 312 .9984 14.5 1.0525 8
360-400 586 534 .9999 7.4 1.0967 8
Sharpened vs. 1978 Metric All 467 472 .9990 17.3 .9897 118
Federal (short) Under 260 192 190 .9966 13.7 1.0269 23
260~-300 364 369 .9992 11.7 .9861 27
310-350 525 539 .9988 20.3 .9767 27
360-400 571 575 .9995 15.0 .9909 24
Over 400 BO8 809 .9993 22.6 .9981 14
Sharpened vs. 1979 Metric All 550 555 .9992 18.3 .9902 107
Federal Under 260 206 216 .9971 12.7 .9620 16
260-300 359 365 .9991 11.9 .9812 19
310-350 582 593 .9995 14.7 .9839 28
360-400 683 688 .9993 20.5 .9894 25
Over 400 807 802 .9992 26.0 .9988 19
Sharpened vs. 1980 Metric All 478 473 .9991 16.5 1.0085 69
Federal Under 260 227 221 .9986 9.5 1.0322 14
260-300 383 377 .9991 12.8 1.0124 13
310-350 458 457 .9988 18.3 .9962 17
360-400 678 673 .9993 20.2 1.0098 21
Over 400 693 680 .9997 15.3 1.0132 4
Sharpened vs. 1981 Metric All 336 334 .9992 11.5 1.0018 55
Federal Under 260 173 171 .9992 6.5 1.0147 14
300 337 336 .9987 14.7 .9923 18
350 406 404 .9996 10.0 1.0086 10
400 438 437 .9997 9.5 .9983 11
Over 400 -- == -- - -- 2
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TABLE VIII

REGRESSION ANALYSIS OF ALL SNOW WATER EQUIVALENTS GROUPED BY DENSITY (continued)

Glacier _ B

¥ X Density ¥y X R?® S.E. _COEF Cases
(kg m-3)

Sharpened vs. ESC 30 All 310 298 .9978 16.9 1.0378 37
Federal Under 260 198 196 .9972 14.1 1.0358 8
260-300 268 244 .9979 14.0 1.0938 13
310-350 419 413 .9997 8.3 1.0204 7
360-400 338 330 .9997 6.9 1.0244 ¥
Over 400 - == -- -- - 2
Sharpened vs. ESC 40 All 273 263 .9977 16.1 1.0356 38
Federal Under 260 154 153 .9973 11.3 1.0279 12
260-300 268 246 .9978 14.4 1.0864 13
310-350 419 412 .9993 13.0 1.0245 7
360-4C0 288 278 .9993 10.5 1.0322 5
Over 400 -— == - -- - 1
Sharpened VS. ESC 50 All 436 423 .9993 14.1 1.0385 16
Federal 310-350 314 313 .9986 13.1 1.0052 8
360-400 558 534 .9998 9.3 1.0480 8
1978 Metric wvs. 1979 Metric All 688 685 .9989 24.9 1.0031 46
(short) Under 260 --  -- -- - - 1
260-300 393 396 .9997 8.0 .9902 6
310-350 740 738 .9996 17.0 1.0033 12
360-400 681 677 .9990 24.5 1.0057 14
Over 400 819 813 .9983 36.6 1.0027 13
1978 Metric wvs. 1980 Metric All 471 459 .9983 23.3 1.0211 38
(short) Under 260 228 220 .9986 9.8 1.0273 9
260-300 423 411 .9998 6.5 1.0301 5
310-350 422 410 .9950 35.7 1.0132 10
360-400 674 658 .9990 24.9 1.0262 12
Over 400 - - i - = 2
1978 Metric vs. 1981 Metric All 303 298 ,9987 13.3 1.0151 42
(short) Under 260 160 163 .9984 8.6 .9626 13
260-300 342 338 .9992 11.5 1.0059 16
301-350 439 418 .9996 9.9 1.0512 7
360-400 288 283 .9998 5.4 1.0162 5
Over 400 -- -- -- -- -= il
1978 Metric vs. ESC 30 All 300 285 .9968 20.1 1.0481 34
(short) Under 260 188 196 .9993 6.5 .9670 8
260-300 270 244 .9954 20.8 1.0973 13
310-350 439 413 .9996 10.5 1.0650 7
360-400 288 278 .9999 4.0 1.0376 5
Over 410 -— == -- -- -- 1
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TABLE VIII

REGRESSION ANALYSIS OF ALL SNOW WATER EQUIVALENTS GROUPED BY DENSITY (continued)

=

1978 Metric
(short)

1978 Metric
(short)

1979 Metric

1980 Metric

1981 Metric

1981 Metric

ESC 30

vs.

vs.

vs.

vs.

Vs.

vs.

VS.

| >

ESC 40

ESC 50

1980 Metric

ESC 50

ESC 30

ESC 40

ESC 40

Glacier
Density
(kg m-3)

All
Under 260
260-300
310-350
360-400
Over 400

All
310350
360-400

All
Under 260
260~-300
310-350
360-400
Over 400

All
310-350
360-400

All
Under 260
260-300
310-350
360-400
Over 400

All
Under 260
260-300
310-350
360-400
Over 400

All
Under 260
260-300
310-350
360-400
Over 400

. o

215
148
270
439
288

445
323
567

566
230
373
597
759
676

436
314
359

268
143
264
418
336

270
151
264
418
283

285
196
244
413
278

A

263
153
246
412
278

423
313
534

554
223
356
585
743
680

423
313
534

261
143
244
413
330

263
153
246
412
278

286
197
246
412
278

.9997

R¢ S.E. COEF Cases
L9965 19.9 1.0458 38
.9982 8.8 .9629 1.2
.9951 21.4 1.0897 13
.9997 8.6 1.0696 7
.9994 9.7 1.0342 5
e = - 1
L9984 21.3 1.0631 16
.9954 24.4 1.0422 8
.9993 17.6 1.0691 8
.9987 22.8 1.0186 39
.9996 5.8 1.0381 Lo
.9960 26.9 1.0420 8
.9987 24.4 1.0150 9
.9995 19.2 1.0240 13
.9989 29.6 .9923 4
.9992 14.4 1.0411 16
.9982 14.7 1.0082 8
.9999 8.1 1.0505 8
.9981 13.9 1.0257 45
.9978 9.2 1.0144 16
.9973 15.6 1.0704 13
.9995 10.5 1.0130 T
.9997 7.6 1.0218 7
L2 = == 2
.9976 16.2 1.0211 38
L9966 12.6 1.0072 12
.9973 15.6 1.0632 13
.9993 13.1 1.0171 7
L9985 14.5 1.0172 5
- - - T
.9995 T8 .9977 34
.9993 6.7 .9930 8
.9991 8.6 .9928 13
.9996 9.9 1.0040 7

6.4 .9968 5

Definition of Headings

Y

X

RE
5.E.
COEF
Cases

wom

Dependent variable, y
Independent variable,
Coefficient of determination

Standard error of estimate in mm
Coefficient with zero intercept; i.e.
Number of available data points used

X

average of Y
average of

-51-

values in mm
X values in mm

, Y = COEF times X.
in analysis




TABLE IX

REGRESSION ANALYSIS OF 1981-1982 SNOW WATER EQUIVALENTS

Y

Glacier vs.

Std. Fed. vs.

Sharp. Fed. vs.

1981 Metric vs.

X

Standard Federal
Sharpened Federal
1981 Metric

ESC 30

Sharpened Fed.
1981 Metric
ESC 30

1981 Metric
ESC 30

ESC 30

Y.

297
327
2917
263

349
317
279

338
310

268

=

317
338
305
261

338
305
261

336
298

261

R2 S5.E. COEF Cases
.9986 1L3.8 .9329 62
.9986 14.4 .9622 54
.9977 17.3 L9643 62
.9991 9.7 .0028 45
.9995 8.9 0315 54
.9991 1158 .0336 62
.9979 15.6 .0631 45
.9992 1Y.5 .0017 54
L9978 16.9 .0378 37
.9981 13.9 JOZ57 45

Definition of Headings

Y

X

RE
S.E.
COEF
Cases

nm umwnn

Dependent variable, v = average of Y values in mm
Independent variable, x =

average of X values in mm

Coefficient of determination

Standard error of estimate in mm
Coefficient with zero intercept; i.e., Y
Number of available data points used in analysis

-52-

COEF times X.









ORGANIZATION m..d.”q 3('-5 sn-w Suwcq Test No 79-MT- 142

' ORGANIZATION Montans SC5 Smow Sueve '?u't Ne. 19-mT- 34,45

SNOW PROFILE SNOW PROI
DATE |=goeng b OBSERVER [ rnes - Huffman 'DATE -31-19 OBSERVER Farnes - Huff man
LOCATION  Muaynacd  Creek 1 LOCAT_IOB ~ Ne Wnt-Il‘;
ASPECT gl SLOPE INCLINE | eye ] ASPECT 35,,‘& il SLOPEINCLINE | e yel
WEATHER  Cold - Clear ﬂmb\tn\: Te.,ma = ~16.0°C WEATHER | A i ¢ Ay
SURFACE PENETRATION 70 cxn ( bost) " SURFAGE PENETRATION 15 em (bog
TEC) -16° -14° 12 -10° -8° 6 4 -2 |H|K|F | D W@ T(C) 16" 14" 127 10" -8° 6 4 -2 |H|K|F|[D|we

o Tem mm : cm mm

R T i
i R L R

!

Snops Surfade ~15.6°C
| 12 —-12.3%

froiteadd

foe ftem e
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+ _\alﬂc‘ sﬂnu EHPQ_QJ.. i&:%“‘.c

// 5 21 |-83% +++ ! -1s°C
/ o0 +++ 16 .
% uoo e / o0 i
/ o -50% % & L__|-no%c
Lo 3 ° ~1.6°C
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7 Ja -1 / o a6
/ o : 23| [** Liec 4 A Y| 2e g
gL A i 4 ~11te

FIGURE 9.

Snow profile for pit number 79-Mr-1 and 2

i

FIGURE 10. Snow profile for pit mumber 79-MT-3, 4 5

SNOW

ORGANIZATION Mentana SC5 Snow Suwvesy Test No. 19-MT-6 &7
PROFILE

ORGANIZATION Montana S5 Snow Survey Test No. TA-MT-8 49
SNOW PROFILE

DATE 1-31-19 OBSERVER [ocnes- Huf{man DATE 2-2-"19 0BSERVER Nuf{man - Herding |
LOCATION  [ower [N rld LOCATION Porcun-nt. R.S,
ASPECT __ Narth - ﬁ;ﬂgs SLOPE INCLINE 5 °7, ASPECT  (Dest SLOPE INCLINE < 5°Z
WEATHER _ Cold - Clear Penbient Ttmn. = ~14%,0°C WEATHER Overcast , Show_\na L\q‘\t\u Brebient TQMn =~1"C
SURFACE PENETRATION 95 oo (baot) SURFAGE PENETRATION Ui G
T(°C) -16° -14° -12° -10° -8* -6 -4" -2° H|K| F | D [wa T(°C) -16° -14° -12° -10° -8° -6° -4 -2° H|k| F| D |wa
i | D . 0 MR O R mm ] B i mm
: 5 E
E
i
B
] e e
B
i
=
=
=
s
B
Srets Surface 'I:Lﬂ -|4,_-Cr- %
+ The ]
4+ | oS -183°C % | Snbw Shirfack — -0.5°C
: VoV
75 o] B cn| ! 2PE
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/ o |05 ~jo.8% % . =227
A5 = - / 1~15 g
o n =4, / £ * S 7 b o
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FIGURE 11.

Snow profile for pit number 79-MT-6 and 7
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FIGURE :2‘.7 Ernw profile for pit number 79-MI-8 and 9




ORGANIZATION Montans SCS Smew Survey
SNOW PROFILE

Test No M-MT- 10 &

| DATE 2-26-19 OBSERVER Hf{onan- Herding
LOCATION Lower MNew UJerlJ.
ASPECT N geth - Skgaw\ SLOPE INCLINE g
WEATHER Barptlo Clouty . Blausiwe Ambient Temp.= 3.1°C
SURFACE PENETRATION
T(°C) 16" -14° -12° -10° -8° -6° -4° -2° Hik|F | D |we
| ¥ ] cm mm

;
&

0%
T
4| 2 P 3L
7 2t s
/ w52 -5p°C
-
4 T "q4%
a
o -3.6°C
o 30
o F =t
a
? a5 —t 25t
Y -22°C
o
4 =
o I -18%C
L KN . e 5=
/ A A
% A A =l
AN -
/) aapas| 30170
AA .
/ Pl b -63%
b L] Qe

ORGANIZATION Montana SCS Snow SM"‘"—
SNOW PROFILE

Test No. TI-MT= 1213 & 14

_DATE 3-9-79 OBSERVER Huf{man- Herding
"LOCATION Tisentw -One Mile
ASPECT  South Side of Clearine  SLOPEINCLINE Level
WEATHER Clear e ) = - 0

FIGURE 13, Snow profile for pit mmber 79-MI-10 and 11

ORGANIZATION Montana SC5 Snow Sucved  Test Mo T9-mMT- 15416

'SUAFAGEPENETRATION 20 em
T(C) 16 14" -12°-10° -8° & 4 2 |H|K|F| D |wa
L | 1 ? L, | {icm mm
= !
ol ¢ A RE EREE
A bl
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‘ P il il e e G
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1 { g ad e
Wi TN 5 il B LU 2
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i i N ~33%
SR : 21
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o K. 220
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FIGURE 14. Snow profile for pit number 79-MT-12, 13 and 14

[ORGANIZATION Mantana SCS Snow Sucvew  Test No. 79-mMT= 17 & 18

SNOW PROFILE

DATE 2-21-19 OBSERVER Furnes, Huffman Herding|
LOCATION Star lake

ASPECT Seutln SLOPE INCLINE | gvyel

WEATHER Clear Ambient Temp. = = 6°C
SURFACE PENETRATION 10 v ( Boot)

T(*C) -16" -14* -12° -10° -8* -6° 4" -2° _IH K F D W G

-4
=2C
4L
-5
-4

o kS

41
a =15 1
a 5 | 5 )

TR

a 35
P ~1%

FIGURE 15. Snow profile for pit number 79-M1-15 and 16

SNOW PROFILE
|DATE _ 3-2j-19_ OBSERVERFacrnes u.&mr&d.-..__
|LOCATION  Fisher Creele
| ASPECT + SLOPE INCLINE
WEATHER  Cleyd oS Light Snow Ambient [_M—
| SURFACE PENETRATI 1S e ( Be.t\
T(C) -16° -14° -12° -10° 8> -6° 4" -2°
b L 1) 3 R om mm
|
I
[] [ i
| |
| !
I O T o1 om N
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! 1 025
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FIQURE 16. Snow profile for pit mmber 79-r-17 and 18
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ORGANIZATION Montana SCS Snow Survey Teat No. 74- MT- 19 &20
SNOW PROFILE
DATE 3-22-7 OBSERVER Farngs, Hulfran Hescline |
LOCATION  (C ooke Stabine
ASPECT Senth SLOPEINCLINE | ;.|
WEATHER Ypsi = s
SURFACE PENETRA 15 em { Boot
T(C) -16° -14° -12° -10° -8° 6' -4° -2 F| D |wa
L Sudface -28%
228 L -33%
-2 a3
X
jas-0 5| b -50%
e 1
pas08 -3a%
s [ T3
01505 =33
-18°c
8%
hs- | % e
~12%
I-1.5 “11%
(1) =l
5 ‘e Eq) e
50 i X%
3 Yo L™ D°r-
7 ., —
{30 s g [l52 ~0lc
h = i
H10 ., A b oblC
0 LIPS P oete
‘e 9%

FIGURE 17. Snow profile for pit number 79-MT-19 and 20

ORGANIZATION Monkana SC5 Snew Surves  Tesk No. Ta- MT-2 22

SNOW PROFILE

LONTE __ __ 3~22:0% o OBSERVER Farqe: ecdi
LOCATION  white Ml
ASPECT  Northeast SLOPEINCLINE _F|at
| WEATHER _ Clear — Bmbient Yemp. = -li%c |
| SURFACE PENETRATION .
| T{*C) -16" -14" -12° -10° -B" -6" -4° -2° H|K F D |W| G

P o 0 D A 1 I | em mm

o
I | |
Tl N I
A
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i
T
I
|
- face . ~uytc
i 051 - en'c
L4 =i ~5L°c
25 | -50%
bt 3%
P8-0S| ] .ag%c
az | ~33%
=33%
- ” — -'c
os=1 gL
3 -
05-1 b= le'T
—t -\
. =L
oo S I -n.:.'c
: = S -:.s'c
a F O'c
3
%9g (23 [
o, —= o'
o P OC
B 35 L o'c
AA[2-3 o'c

FIGURE 18.

Snow profile for pit number 79-MI-21 and 22

| ORGANIZATION Miantana SC5 Snew Survey Test No 79-MT- 25 & 26

ORGANIZATION Montana SCS Srew Sun@? Test No. 19-MT- 23 &2Y4

FIGURE 19. Snow profile for pit number 79-MT-23 and 24
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SNOW PROFIL SNOW PROFILE
DATE Y4-26-19 OBSERVER Farpes~ Hulfman- Herdin) DATE  Y4-27-19 OBSERVER [ eries - Huufrman- Heeding)
LOCATION  Lick Crecl (LOCATION  Showey Falls
ASPECT  Naorth SLOPEINCLINE _ Fla% "ASPECT  Norbheast SLOPEINCLINE 577,
WEATHER __ Partly Cloud Ambignt Temp.=  61°C WEATHER __ Amkiest Temp = ~3.3°C
SURFACE PENETRATION (0 40”50 cm (Boct) Snow Rotten SURFAGE PENETRATION 2-Y em [ Bogt .
T(°C) -16° -14° -12° -10" -8° -68° -4° -2° HIK|F|D|wa T(C) -16° -14° -12° -10° -8° -68° -4° -2° H|K| F | D |wa
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FIGURE 20. Snow profile for pit mumber 79-MT-25 and 26




ORGANIZATION _(fiontana SCS Snew Sucvey Test No T9-M1- 27428

| |ORGANIZATION Montana SCS_Snow T —NT-29 &
SNOW PROFILE B suowpnoﬂLE
DATE 5-15-T9 OBSERVER Farnes - Huffran- | | DATE -16-79 OBSERVER Farnes.- Hud{man- Herding
LOCATION Clark, Forle Herding | " LOCATION E;s'gl.v- Creek
ASPECT NNE SLOPE INCLINE ! Aspsc'[ e
WEATHER  Oyercqst , Deizale Ambiert Temp. = €.6°C ' WEATHER C\oﬁ T W, T s E e i Temp.= G ¢
SURFACE PENETRATION 3.9 em | SURFACE PENETRATION e (@,_9,4\-
T(C) -16° -14° -12° -10° -8° -6" -4° -2° H | K F D |W| G T(“C) -14° 12° -10° -8° -6° -4° -2°
- .y e I R I I i I B T em mm
\
S &
|
{14+
; w S!:fqt‘.l h°c
A A -
/] 1w
# o § s
5 40
el | el
Seads Surfface _pugic 2 s Sur¥
e | s By
oW
eset | |4 e b
ke Fats — S 13
LA Temps. 7 o, i
(- ‘, °
:;? 2ol ][220 /// °q ks |
o o I
ZR 0 °q
‘Ao ® i iR g ° 0 41
FIGURE 21. Snow profile for pit number 79-Mr-27 and 28 FIGURE 22. Snow profile for pit number 79-MI-29 and 30
—‘Mﬂwﬂ"’m ortans SCS ur e Test No. T4-MT-31832 ORGANIZATION fana SCS Snow e Tast No. T3-MT- 33 &34
DATE 5-29-79 OBSEHVERR,M\.HMM DATE 5-30-M9 OBSERVER F"m-u&m:w
LOCATION LOCATION  \white mMi:il
ASPECT NE SLOPEINCLINE < 5° ASPECT Sw SLOPEINCLINE | oye)
WEATHER Clear WEATHER Clear. Warm
SURFACE PENETRATION 13 cm Rmbient Temp.s 0.6°C SURFACE PENETRATION Scm RAmbient Temp = 23°C
T(C) -16°-14° 12 -10° -8 6 4 -2 |H|K| F | D |w @ T(C) -16° 14" -12° -10° -8° -6° 4" 2 |H|K| F | D |wa
cm mm =] i mm
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3| ) B0 1O 1
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NN 25
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FIGURE 23. Snow profile for pit mumber 79-Mr-31 and 32 p————
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FIGURE 24.

Snow pmfx!.e for pit number 79-MT-33 and 34



[ORGANIZATION Myontana SCS Smow Suryed Test Ng T9-mr-

SNOW PROFILE

DATE 523018 _ OBSERVER fqrngs - HuflmanHerding
[LOCATION — Cooke . Station
| ASPECT 5::&{"4-\ _ SLOPEINCLINE  _ _ <"g°®

ATHER Cle. ﬂuhﬁ!\ Ls,,):.uf‘l'b.'\ .Rrab\_tnthmp ZiRte
| SURFACE PENETRATION 20 cm. =
T(C) -16° -14” -12° -10° -8° & 4 2 H—{K E _13__ w _s__ :]

H e i } r

| / &
T g
5 : Aot ;
f e el 1%
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1 _f A R
! s i
Tl vl
ol
Wz
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LI =1 . i)
I
E‘IGJ'RE“;’S. Snow prefile for pit number 73-MT-3%
[ORGANZATION DwR b S8 AN
SNOW PROFILE 79 ¢A-2
| DATE 3-185-79 el T _ OBSERVER Fetersonm. 5l
LOCATION “.’,&*L 3 F 1 R]lmqnq'g i
| ASPECT  F/af _Q#nr__,______ _SLOPEINCLINE o -  £° o

WEATHEH S MOowin & LN .

| SURFACE PENETRATION ~ -
T(C) -16° -14° 12 -10° 8" & 4° = | H
iy o 5 i i e e

;;...5,-9..}' ?'e;vg : _-:i_]'ic?;
T

| K FlD_‘W\Gi____'
T mm | i
] | | | | ]
* ) I 0 O A il 1 |

FIGURE (27,

:WE-'"HER Light srnow
SURFACE PENETRATION

OBGANIZATION Dw R 1
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FIGURE 65. Snow profile for pit number B0-CA-1 FIGURE 66. Snow profile for pit number 80-CA-2
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ORGANIZATION DWR i (Volume trec Test) 'ORGANIZATION  DwR
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SNOW PROFILE 8o €A - 11 SNOW PROFILE D. Thompson &
DATE S-1-fo OBSERVER Petersomn - Foma DATE 1980-02-12 OBSERVER E. Weiss
LOCATION Alpha Raimundo ~Spence - fchaffer LOCATION  BLACKWALL PEAK
ASPECT _ Dppmiin g SLOPE INCLINE | ASPECT SLOPE INCLINE
WEATHER  'clear WEATHER  PARTLY CLOUDY _ FREEZING _ -6°C
SURFACE PENETRATION Ambient Tewmp. : 13°C. SURFACE PENETRATION 25 cm on foot
T(*C) -16* -14* -12* -10* K D W G T(C) -16° -14* -12° -10* -8* -6° -4° -2° H| K F D |W| G
|
(i r Two
gt } f.:nu
e e lewges
i~
I R P
.
o |8
I~
P .5
I~ (23]
5
i~
 — X S
o] -
3 ]
e 4.3
o ll-2
s ?
— ¥1.1
t
g L
/ !
o
7R 1
- o
s06 [ o A
° -
iR L 2t - r
1
FIGURE 75. Snow profile for pit number 80-CA-11 FICURE 76. Snow profile for pit number BO-BC-1 and 2
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ORGANIZATION B. c. ENVIRONMENT TEST No. B0-B.C.-3 & 4 CRGANIZATION B, C. ENVIRONMENT TEST No. 80-B.C.-5 & 6
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FIGURE 77. Snow profile for pit number 80-BC-1 and 4 FIGURE 78. Snow profile for pit number 80-BC-5 and 6
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ORGANIZATION B. C. ENVIRONMENT TEST No. B0-B.C.-10 ! [ ORGANIZATION B. C. ENVIRONMENT TEST No. 80-B.C.-11
SNOW PROFILE G. FORD & | SNOW PROFILE T e
DATE 1980-02-28 OBSERVER J. WHYTE _DATE 1980-02-29 OBSERVER J. WHYTE
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FIGURE 81. Snow profile for pit number 80-BC-10 FIGURE B2, Snow profile for pit number BO-BC-11
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III

METRIC SNOW SAMPLING TEST PROCEDURES L

EQUIPMENT NEEDED

I

Metal clipboard with: - Metric snow sample set:
Snow Profile Chart Standard Federal cutter
Millimeter Grid Sharpened Federal cutter
Glacier Sampling Sheet Metric cutter
Water Equivalent Adjustment Chart Glacier Sampler and plate
Single beam balance and weights Other cutters to be tested
2 °C thermometers (1 digital) - Aluminum scoop shovel
2 Plastic buckets - Tarp
Centimeter tape measures - 10x hand lense

Snow saw

NOTES ON PROCEDURE

A Samples are taken along the wall of a trench dug down through the entire snow pro-

file to the ground surface.

Temperature profile and glacier sampling must be done along a wall shaded from the
sun.

If profile will be deeper than 150 cm, sampling should be carried out in 150 cm
steps to prevent external interference with exposed snowpack.

Always wear gloves when handling the equipment.
Depths are recorded in cm in Column H.
Temperatures are recorded in °C, Graph T. Temperatures are taken at intervals

ranging from 10-15 cm depending on snow conditions and depth. Note air tempera-
ture.

ADDITIONAL NOTATIONS

A

B

Surface condition - note depth you sink in while standing. Also note crystal sur-
face roughness (i.e., smooth, rippled, pitted or gullied).

Crystal shape is identified in Column F for each layer using the millimeter grid
and recorded in Column D.
Feature Units Symbol Subclassification

a b C d e
Grain Shape —_ F

| [~ [ | (55 [

New snow, |Often felt—-Granulaf} Granular, |Depth

Close to |like. Rounded With hoar. Cup
F1-F7! Partly without/ facets, shaped?®
settled? with full cry
melting? stals"
Grain Size mm D 05 0, 5-1 1-2 2-4 4
very fine Fine Medium Coarse Very
Coarse

1. Unchanged new snow crystals according to Fl to F7 of table 'Type of Particles'

above or slightly transformed crystals. Original shape will be recognizable.

2. Crystals in advanced transformation (destructive and/or constructive metamor-
phism), but elements of original new snow crystals are still recognizable.
Symbol for b may be mixed with type a, ¢ or d to characterize intermediate
states. Snow of type b often has a felt-like structure.
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Exhibit 1 (cont'd)

3. Rounded, often elongated grains formed in prevailing destructive metamorphism
without melting are marked with full dots. They are usually in the size
range below medium. Melting and refreezing produces characteristic rounded
grains with strong bonds. They are symbolized with open circles. Grain size
usually ranges from medium upward.

4. Usually only parts of the surface of a crystal of this type are developed as
even glittering facets. Often rounded grains or cup-shaped elememts are in-
termixed. Combined symbols of a with b, ¢ and e are possible.

5. Depth hoar does not necessarily imply fully developed cup-shaped crystals.
Usually only fragments of cups characterized by re-entrant angles and pecu-
liar ledges are found (for combination of symbols see note 4).

C. Snow hardness - determined for each layer and recorded in Column K.

Foatara Units Symbol Subclassification
a b C d e
Strength kp cm™2 K ‘//////7' :><; ///J//
hardness® kp R 4J
Very Soft Medium Hard Very
soft Hard

6. The subdivision of strength and hardness is based on the Ram hardness (4 cm
diameter cone-penetrometer with 60° apex) and the following rough correla-

tion:
Ramsonde Shear Strength
4 em diam. Hand Test (Cohesion)
R (kp) K, (g cm™!)
a Very soft 0-2 Fist 0-10
b Soft 2-15 4 fingers 10-75
c Medium 15-20 1 finger 75-250
d Hard 50-100 Pencil 250-500
e Very hard > 100 Knife > 500

The hand test indicates the object which can be pushed in the snow with a
pressure of about 5 kp up to the upper limit of the given hardness class.
(Unit kp stands for kg weight.)

D. Free water content is determined by gently squeezing a sample of snow in a
gloved hand and observing the reaction. Free water content is recorded in

Column W.

Feature Units Symbol = 5 Subclassification. 3 =
Free water % W I l[ ||l ||||
Note Dry* Moist Wet Very Wet Slush

*Note — snow with a temperature below 0°C can only be dry.

E. Density is obtained from the glacier sampler and recorded in Column G.
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WESTERN SNOW CONFERENCE
CONTROL WATER EQUIVALENT MEASUREMENT

(Glacier Method)

Exhibit 2

Sheet | of |

SAMPLING LOCATION Aew (Jored Lower SE DATE 2-26-79
ELEV /280 - m
SAMPLER: NUMBER AMom7 AR DIAMETER /o2 mm AREA 81.87 em?
CORE LENGTH GROSS TARE NET W.E. — WEIGHT | DENSITY (%)
NUMBER (cm) WEIGHT WEIGHT WEIGHT i AREA _ _W.E.
(g) (g) (g) (cm) LENGTH
] 37.6 838.9 167.5 G7.4 B 22
2 329 985.3 817.8 /0.0 30
3 32.4 1676.9 Y03.4 /.0 3¢
Y 36| [649.4 1675 881.9 /0.8 30
Cum. Length Total W.E. Mean Density
Total W.E.
= 1396 = _4o0.0 Total depth
Total Meas.
= 3 ?u 4 i 2?
REMARKS :
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WESTERN SNOW CONFERENCE

WATER EQUIVALENT ADJUSTMENT

Sampling Location New CJoren Lowee SE  pore 2-26-79 Sampler Type /%7% Merr/C
11 2 3 4 5 62 71 8 9
Glacier Sample Test Test Depth W.E. W.E. Test Sample | Percent Density
Sampler Number Sample Sample Adjustment Corrected Corrected|W.E. Error |W.E. Error (6)+(1)
Results: Depth (cm) W.E. (cm) Factor for depth (cm)|for cutter (cm) (7)+(1B)
(1A)+(2) (4)x(3) area (6)-(1B)
1A ' /40 g2 A .
=, .99 4/ 46.¢ 3¢
Measured
/ 4/ 0/ Y :
_ /39 2 38 / 4/ 464 33
1B 1349 Y /.0l > 46. 35
W.E. (cm) 3 R ¥
= 0.0 y i35 38 ].0o3 29./ 43.8 32
1C
I();l;sity & 135 38 /.03 39.1 43.8 32
R27.0
= A9
Mean = Mean3 = Mean® = Mean®
4s.4 +54 +/3.S 33

1 Glacier sampler results assumed to be true water equivalent

2 :
Correction factor =

wn Fow

Standard Cutter Area _

Test Cutter Area

Mean of (6) - Glacier W.E. (1B)
Mean of (7) # Glacier W.E.
Mean of (6) + Glacier depth (1A)

(1B)

N
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Exhibit

ORGANIZATION SCS8 BozeEMAN , MonTANA
SNOW PROFILE
DATE 2-26—-179 OBSERVER HuremMAN- HERDINA
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ASPECT  OPeN Siore NNW SLOPE INCLINE /-2 °
WEATHER ParTLY Crouby, LicHT BRreezE BeeiNING AIR Temp = *03TC
SURFACE PENETRATION 5cm Boot Enowne AIR +3| T
T(°C) -16° -14° -12° -10° -8° -6° -4° -2¢° H K F D |W| G
e s 1 e o e T O BEE i em mm
T
| /37 |sNow survAce  |o¢ — 82
; ¥ +
= 130 PR —3.6¢c
: ¥ &
3 /20/ — 22 | —50¢
no / L B2 —50%
= o0 / : —-44c
+ D u é
—-3.6c
10 9 g 30 )
- u] P -3lc
" i u °
= 7o o 9 |2-2% =2:5¢
- a
i g0 9 g ~22%
s D
: Q 4 .
50 o -I9c
a
40 / A A ~l6c
i A
H FaS P
H 30 / i A -Ilc
3 A =
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APPENDIX IV.

A. Figures
B. Figures
&5 Figures
D Figures

E. Figure

Photographs of snow sampling procedures and equipment

125

134

145

159

163

1533

144

158

162

Snow sampling procedures
Large-diameter samplers
Small-diameter samplers
Weighing scales and couplings

Volumetric snow pit
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FIGURE 125

FIGURE 127

A metal plate is placed in the sidewall
of the snowpit as a stop for the
Glacier sampler.

The core from the Glacier sampler is
weighed on a gram-balance scale to
determine the snow water equivalent.

FIGURE 126 The snowpack is sampled in increments of
about 35 to 38 am to determine the snow
water equivalent of the entire snow
profile.

FIGURE 128 Glacier sampler being inserted
vertically into the second depth
increment in a snowpit.
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A
FIGURE 129 Incremental depths are sampled

with the Glacier sampler to the
ground surface.

FIGURE 130 Large-diameter samples were obtained in
snowpits at same time as small-diameter and
Glacier samples.

¥ AT XIANHIddY

(pP,3U0c0) SHINTEOMI ONITTAWYS MONS J0 SHAVIDOLOHd



-l6-

FIGURE 131 Snow samples with the small-diameter
tubes like the standard Federal sampler,
are taken through the entire snow pro-
file adjacent to the Glacier samples.

FIGURE 132 Core fram a small-diameter sampler being
placed in the weighing bucket on the
gram-balance scale.

FIGURE 133 Snowtube samples with different cutters
are taken around the Glacier sample.
The large cores are from the Glacier
sampler.
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GLACIER

FIGURE 134 The Glacier sampler was used to [ FIGURE 135 The Adirondack sampler has been used

determine "true" snow water equivalent widely in shallower snowpacks throughout
in all tests made by the Metrication eastern United States and Canada.

_ Cammittee.
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[0 CM ALUMINUM

g2 008 ERBRBERRRRRSORREBRESRRREREEERODANN

FIGURE 136 The thin wall aluminum irrigation FIGURE 137 The MSC (Meteorlogical Service of Canada)
pipe sharpened to the inside was sampler is the standard sampler for
almost the same size as the Glacier much of eastern Canada.
sampler and yielded identical results.

‘d AT XTANIddY

STTIANYS MALIWYIA HRVT J0 SHARIDOIOHd



-b6-

CRREL TUBES

FIGURE 138 The 500 cm3 CRREL sampler is a
volumetric type sampler used to
obtain density profile of snowpack
by inserting the tubes horizontally
in the wall of a snowpit and
weighing the cores of snow in the
tubes.

sssaRN DSBS NRRRODRERRERNIRE

" PVC TUBING

FIGURE 139 A sharpened PVC tube was also used to
obtain snow water equivalent

LA B B B B B A B BN B BN B B B B B RN B A

1980 ESC 50

FIGURE 140 The prototype 1980 ESC 50 was the first

large-diameter sampler evaluated by the
Metrication Committee.
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1980 ESC 40

‘d AT XIANAddVY

FIGURE 141 The 1980 ESC 40 cutter was similar in FIGURE 142 The 1981 ESC 40 cutter had fewer teeth
design to the ESC 50 but with smaller than the 1980 ESC 40 sampler.
cutter area. The tube was the same size
as used with the ESC 50.

§
%
:
|
%

d
FIGURE 143 The 1981 ESC 30 is similar in design to FIGURE 144 The top collar on the ESC 30 is used to
the 1981 ESC 40 only the cutter area is secure the driving handles to the snow-
smaller and smaller diameter tubing is tube as well as to prevent damage to the
used. end of the tube.
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UTAH

" \'). : = » #
FIGURE 145 The Utah cutter was a 32-tooth early day
sampler used with steel snowtubes. This
equipment was superseded with the
standard Federal sampler.
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SHARPENED FEDERAL
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FIGURE 147 The sharpened Federal cutter, is a
standard Federal cutter with teeth
sharpened to the inside.
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STANDARD FEDERAL

R N N R N R E N AR

FIGURE 146 The standard Federal cutter is widely

used for snow sampling throughout the
world.
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BUNG

FI 148 Th Bung t is as Fer :
cutter with all of the teeth ground
off.
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BOWMAN

LEUPOLD STEVENS

LI B B
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FIGURE 149 The Leupold and Stevens cutter has eight FIGURE 150 The Bowman cutter was devel r
teeth. The teeth are flat faced similar improved ice cutting and coring and was
to the standard Federal cutter. used with a fiberglass type tube.
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RN N &  ROSEN
| MC CALL G EEuuiraine
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FIGURE 151 The McCall cutter was developed for use FIGURE 152 The Rosen cutter was an earlier model
in deep dense snowpacks and was used on eight—tooth cutter that could be used
smooth thick wall tubing with inner in place of the standard Federal cutter.

couplings.
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1978 SHORT METRIC

FIGURE 153 The first metric cutter was the 1978
short metric cutter with straight
teeth sharpened to the inside.
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1979 METRIC
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FIGURE 155 The 1979 WSC 10 metric cutter was an
evolution of the 1978 long and short

metric cutters and had sloping teeth
with narrow lands.
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1978 LONG METRIC

FIGURE 154 The 1978 long metric cutter had the
same area as the 1978 short metric but
the cutter was similar to the Bowman

and McCall type cutters.

1980 METRIC
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FIGURE 156 The 1980 WSC 10 metric cutter was
similar to the 1979 WSC 10 but
incorporated a stronger design.
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FIGURE 157 The 1981 WSC metric cutter was similar
in design to the 1980 model except the
cutting area was increased and
shoulders rounded.
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FIGURE 158 The Digiray Portable Profile

Gage has a radiocactive
detector and source. The
density of each increment of
Snow de&h is determined as
the probe moves up or down
inside of a Federal snowtube
after the core has been
extracted.
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4 METER SCALE
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FIGURE 159 The 4 meter scale is used with the WSC
metric sampler for most snowpacks and
may also be used with the ESC 30 sampler
with dual markings on the inner tube.
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| METER SCALE

FIGURE 161 The 1 meter scale is designed for use
with the ESC 30 snow sampler.

6 METER SCALE
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FIGURE 160 The 6 meter scale is used with the WSC
metric sampler for snowpacks having
depths exceeding 400 cm.

[ WSC METRIC SNOW_SAMPLER |

FIGURE 162 The recammended couplings for connecting
tube sections, driving wrench, and
spanner wrench, for the WSC metric snow
sampler.
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APPENDIX IV E. VOLUMETRIC SNOWPIT

FIGURE 163 Volumetric snowpit in Ontario with sidewalls
erected prior to the snow season.
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