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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 
USA 
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1. 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-cm2 cutter area) and small-diameter 
(10- to 11.5-cm2 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. 

1.1. 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 ... " 
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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1.2. 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 s urveys. 
Conversion to metric has been delayed, but is being considered for the future. 

1.3. 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 s now 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 sensor 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 ~., 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 em. The Bowman 
sampler was reported to be accurate and reasonably practical for depths of less than 250 
em. 

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. 

1. 3 .2. California 

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 em, 
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 
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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. 

l. 3. 3. 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 cm2 

(see Appendix IV for photograph). The long metric cutter was similar to the McCall and 
Bowman cutters with sharp teeth and 10 cm2 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 2 . 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. 

l. 3. 4. Sampler tests in shallow snowpacks 

In shallow snowpacks, those of 1 m or less, large-diameter (cutter area of 30 to 35 cm2 ) 

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 . 
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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 ic~ 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 i ce 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 SOO-cm 3 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 em and averaged about SO em. 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 maj or equipment conversion involving measuring devices 
and data units, particularly because of the la rge 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. 

1.5. 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 des ign. The goal was to develop a 
standard cutter that was either consistently accurate under all snow conditions or had a 
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measurement bias that could be proved t o 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 product i on for all 
customers . 
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2. WSC ~ffiTRICATION CO~miTTEE ACTIVITIES 

2 .1 . Recommendations from first working group meeting 

Member agencies of the WSC have been active in metrication planning for many years, but 
many deci s ions we re 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 fund~mental 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-cm2 

area cutter). In other regions, where snowpacks are relatively shallow, the work group 
proposed anothe r cutter which they named ESC SO (Eastern Snow Conference SO-cm 2 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-cm2 or SO-cm2 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 SO, 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 . 2.1. Control snow sampling equipment 

Five identical Glacier samplers and leveling plates were constructed from stainle ss 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 III). Snow sampling spring scales were checked for calibration. Gram-balance 
scales were used for weighing cores from the Glacier sampler and other samplers. 

2.2.2. 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 fac e . The cutter length was similar to 1978 short metric. The 
cutter area was 10 cm 2 • 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. 
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2.2 . 3 . Results of 1979 WSC 10 tests 

Tests revealed larger diameter cutters were the most accurate down to a lower limit at 
about 20 cm2 . 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. 

2.3. Second-year (1980) field tests 

2.3.1. 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. 

2.3.2. 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~lacier control sampler. As in earlier tests, it appears that sharpened 
cutters of about 20 cm2 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 t he 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. 
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2.3.3. Large-diameter ESC 50 and ESC 40 samplers 

The large-diameter ESC 50 sampler for shallower snowpacks was designed with a 50-cm2 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-cm2 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. 

2.3 . 5. Results with other large-diameter samplers 

2.3.5.1 . PVC pipe 

To confirm results that larger cutters --cutter area larger than 20 cm2 --do not overmeasure, 
tests were made using PVC pipe. Area of the pipe was 20.88 cm2 , 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 2 , 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. 

2.4. 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 
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cutter should be 10.405 cm2 , 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 eac h 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 2 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 2 . 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 materi al was clear 
TENITE-BUTYRATE with a 76 mm outside diameter and 70 mm inside diameter. The tube was 
about 130 em long to allow sampling of snowpacks slightly deeper than 1 m. 

The WSC metric snow sampler "4 METERS" weighing s cale 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. 

2.4.3. 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. 

2.5 .1. 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. 

2.5.2. Small-diameter samplers 

All small-diameter cutters (area ranging from 10 to 11.2 cm2 ) 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 also 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-cm2 area. 

2.5.3. Large-diameter samplers 

All large-diameter sharpened cutters (area more than 20 cm2 ) 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 cm2 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 2 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 I 

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

TYPE 

Glacier 

Standard Federal 
Broken-tooth Federal 
Leupold and Stevens 

Average of Small-Diameter 
Samplers with Blunt Cutters 

Sharpened Federal 
Bowman 
BUNG 
McCall 
Rosen 
Utah 

Average of Small-Diameter 
Samplers with Sharp Cutters 

1978 Metric (short) 
1978 Metric (long) 
1979 Metric 
1980 Metric 
1981 Metric 

Average of Small-Diameter 
Samplers with Metric Cutters 

Average of all Small-Diameter 
Samplers with Sharp Cutters 
Having Good Control Data ~/ 

ESC 30 
ESC 40 
ESC 50 

Average of ESC Samplers 

PVC Tubing 
Adirondack 
MSC 
Aluminum Tubing 

Average of all Large-Diameter 
Samplers 

CRREL Tubes (Volume = 500 cm2 ) 

Profile Gage (modified) 

CUTTER AREA, cm2 

81.9 

11.2 
11.2 
11.2 

11.2 

11.2 
11.2 
11.2 
11.2 
11.2 
11.2 

11.2 

10.0 
10 . 0 
10.0 
10.0 
10.4 

10.0-10.4 

10.0-11.2 

30.0 
40.0 
50.0 

30-50 

20.9 
35.7 
39.1 
77.1 

20-50 

26.5 

OVERMEASUREMENT CORRECTION 
(Percent) FACTOR !/ 

0 

10.0 
12.1 
8.0 

10.0 

6.2 
5 . 1 
4.2 
4.0 
3.5 
5.1 

4.7 

7.6 
4 . 0 
7.6 
4.5 
3.8 

5.5 

5.6 

-0.3 
0.2 

-0 .1 

-0.1 

0.0 
0.1 
5.7 
0.6 

1.0 

7.1 ll 
2.6 

1.00 

0.91 
0.89 
0.93 

0.91 · 

0.94 
0.95 
0.96 
0.96 
0.97 
0.95 

0.96 

0.93 
0.96 
0.93 
0.96 
0 . 96 

0.95 

0.95 

1.00 
1. 00 
1.00 

1. 00 

1.00 
1.00 
0.95 
0.99 

0.99 

0.93 
0.97 

!/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. 

'}_/All 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. 
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TABLE II 

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

G L A C I E R S N 0 W D E N S I T Y (kg m-3) 

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

- - - - Percent - - - - - - - - - - -

Standard Federal 10 . 0 9.5 10.8 9.8 9 . 6 10.2 

Sharpened Federal 6.2 6. 1 7.7 6.8 4 .8 6.7 

1978 Metric (short) 7.6 3.2 9.8 9.7 6.3 6 .8 

1979 Metric 7.6 9.9 10.2 9.3 6.2 7.0 

1980 Metric 4.5 4 .2 6.4 s.s 3.5 5.8 

1981 Metric 3.8 2.5 7.6 3.2 1.6 

Average of 
Small-Diameter 
Samplers with 5.9 5.2 8.3 6.9 4.5 6.6 
Sharp Cutters 

ESC 30 -0. 3 0.1 -2 .4 1.9 -1.9 

ESC 40 0.2 1.2 -0.7 1.5 -1.7 

ESC so -0.1 1.5 -0.6 

Average of 
Large-Diameter 
ESC Samplers -0 . 1 0.6 -1.6 1.6 - 1.4 

BASED ON ANALYSIS OF ALL AVAILABLE DATA OBTAINED DURING METRICATION STUDY. 
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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 
II. 

2.6.2. 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 m2 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 1 Montana - 4/26/79 

Snow Sampler Scale Gram-Balance 
SamEle Cutter Type SWE in mm 

2 north Std Federal 292 
3 south Std Federal 279 
2 south Sharp Federal 279 
1 north 1978 Metric 241 
1 north 1979 Metric 229 
2 north 1979 Metric 248 
3 north 1979 Metric 235 
1 south 1979 Metric 229 
2 south 1979 Metric 241 
1 south 1979 Metric 229 

Average 250 

Difference in 10-sample average is 0 percent. 
Average absolute difference is 1.2 percent. 
Maximum difference is about 2 percent. 

SWE 

Snow sampler scale read to nearest 6 mm SWE. 
Gram-balance scale read to nearest gram (1 mm SWE). 

Shower Falls 1 Montana - 4/27/79 

in mm 

288 
276 
276 
242 
234 
248 
232 
231 
236 
234 

250 

Scale 

Snow Sampler Scale Gram-Balance Scale 
SamEle Cutter Type SWE in mm 

2 west Std. Federal 800 
3 west Std. Federal 826 
5 west Std. Federal 800 
2 east Std. Federal 775 
4 east Std. Federal 775 
1 west 1978 Metric 602 
2 west Sharp Federal 775 
3 west Sharp Federal 749 
4 west Sharp Federal 762 
4 east Sharp Federal 749 

Average 761 

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

SWE 

Snow sampler scale read to nearest 13 mm SWE. 
Gram-balance scale read to nearest gram (1 mm SWE). 
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in mm 

786 
809 
783 
750 
763 
597 
772 
751 
760 
754 

752 

Difference 
in mm 

+4 
+3 
+3 
-1 
-5 

0 
+3 
-2 
+5 
-5 

3 

Difference 
in mm 

+14 
+17 
+17 
+25 
+12 
+5 
+3 
-2 
+2 
-5 
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2 . 6 . 4. Driving tests in deep, dense snowpa cks 

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 bi t s 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 em. Two 
persons could drive the standard Federal up to 290 em-- 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 em 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. 

Eas e 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 . Specia l weighing scales are needed for the McCall 
sampler as the tube is too heavy for t he "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 t he Rosen snow sampler and pit samples. 

2.6.6 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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2.6. 7. McMaster University tests 

During May 1982, limited tests were conducted in the Canadian High Arctic to compare 
e ffi ciency and ease of usage of the ESC 30, standard Federal, and MSC snow sampler s (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. 

2. 7. Special or unusual conditions 

2. 7. 1 Ice and shallow snow conditions 

Extensive testing in Montana and Ontario has shown that larger diameter samplers provide 
more consistent measurements that are c loser 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. 7. 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 t o 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 occas ionally 
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. 

2.7.3. 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 sampl er 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 snow with depth 
hoar. The main consideration for this type of condition is proper sampling techniques . 
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2.7.4. 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 occur s. 
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. 7.5. 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. 
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3 . DESIGN RECOMMENDATIONS, SPECIFICATIONS , AND DRAWINGS 

3.1. Proposed WSC metri c 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 simi lar 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 c loser 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 2 (area of the standard 
Federal cutter 11. 17 cm 2 ~ 1.056). This would requi re t ha t the cutter diameter be 36.70 mm 
if the cutter were to be calibrated to true scale weight. Detailed specifications follow. 

3.1.1. 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 em 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 em 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 nex t 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 sha ll be mill ed 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 l eading surfaces of the teeth 
will be sharpened to the inside . The portion of the cutter tha t fits inside the t ube shall 
be slightly larger than the tube and shal l be he ld in the tube by a shrink f it. The 
l e tters "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 co nstructed from 606 1-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 Lo release stuck or frozen threads. 
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3. l. 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 
i nner 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 em 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 "em 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 em of water 
equiva l ent over the full span of the scale. 

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

The inner cyl i nder shall be calibrated on one side in increments equivalent to 5 em of 
water. The scale shall be such that t he increments will be from 0 to 480 and weigh 5,357 
grams over 284.2 mm distance on the inner cylinder. Each increment sha l l be stamped at 
i nterva l s of approxi mately 2 . 96 mm and be equal to a weight increment of approximately 
55.75 gr ams . Beginning with zero at the bottom of the inner cylinder, each fourth 
increment s hall be stamped with the numerals 20, 40, 60, 80, etc., through to 480 . Along 
t he scale i ncrements adjacent t o the numerals, t he cylinder shall be stamped "em water with 
WSC metric snow sampler ." Each outer cylinder sha l l have the capacity stamped on it; i.e., 
"CAPACITY= 6 METERS." 

The scale spring shal l be 139 . 7 mm l ong and shall be pre- tensioned for 2,250 grams 
s uch t hat t he weight of a 3-me t er (4 sections) snow sampling t ube (empt y) will read 
s l ightly grea t er than zero on t he sca l e . Scales sha ll be accurate to + 2.5 em of water 
equiva lent ove r the full span of t he sca l e . 

Cradle 

The cradle shal l be cons tructed from 6.4-mm-diameter 5052-H34 aluminum r ound rod or 
equi v a l ent . Su rgica l rubbe r tub ing or other non- s l ip materia l t o prevent the snow tubes 
f rom s l i ding sha ll cov e r t he arms o f the crad le to p revent the sn ow sampl i n g tube f r om 
slipping in the cradle. The cradle shall be attached to t he scale assembly by a swive l 
snap and swi vel ring . 

Not e : Any direct read i ng gram-ba l ance scale could be used to obtain snow wa t er equi valent 
(SWE). Each 10 grams of we i ght would be equivalent to 1 em of SWE. 
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3.1.3. 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 aie met or 
exceeded. 
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3.2. Proposed ESC 30 metric snow sampler 

An analysis of all the data for all years (Farnes, et al., 1982) suggests that t he 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. 2. 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 em 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 em. 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/em 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/em. 

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 inne r cylinder opposite t he 1 m 
calibration that will be printed in red. 

- 28-



T 
B2 
mm 

T 
82 
mm 

1 
I 

N 

"' I 

G+52mm 

15 . d !d pod + ~~ +mm hoi• dnll•d ~\.a'!scr ...... ~;;.m5mm d la roun 

~.:,-:., ~ 

Rovnd h .. ad •ern¥ 5mm 
dia.x 6mm long 

COLLAR 
CROSS SECTION 

(Statnlqss Stqql) 

n 
E E 
E ~ 

N .. 

ll 

l I l I 

TUBE 
CROSS SECTION 

1173cm 
_I 

",I ~ 
l() 0 l() 0 

ll l I I II l l l ll l l l II l l l l I I I 
~~---------------

~~ ···-· ,~ 
C•fibrot•ons to •• omp-.ntcd on red. ~ 

TUBE,COLLAR, AND CUTTER ASSEMBLY 
TUBING= 76.2mm OD., 3.175mm WALL THICKNESS TE Nl TE­

BUTYRATE 516E-MH OR EQUAL 

T 
34 
mm 

l_ 

L 
r 

HANDLE 

~ 

1--.:,!,<1 

thrds /cm 

::;::T 
13 18 
mmmm 

~ 

11hr~ad 1 em 

g\v;~ J=~~~~s 
(SCREWED INTO COLLAR HEX NUTS) 

MARCH 1963 
J 2 0 1 J • 5 

Sc .. lc 1n ccnt•mrurs 

FIGURE 7 : ESC 30 METRIC SNOW SAMPLER 

Cuttf'r to be~,. 1n one putcc, 
tc:rth ~h.3rD cnrd tothr 11\Stdc:. 

Tf 

1012345 
w 

Sc~l c •t'l ct:ntm'lrhN 

M.il:l be t:1ther m.ll cd 
trom "'130 A•l"croatt 
MOly or c~~t 17-4 

~;~·=~:ds .... ~~O:/~~~ 
E to 6180rnm1D 
E 

~ 

I 



3.2 .2 . Specificati ons fo r weighing scale for ESC 30 metric snow sampler 

General 

The weighing scale and cradle s hall conform to specifications summarized be l ow 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 em. 
The scale s hall 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 "em water with ESC 30 metric snow 
sampler." Each outer cylinder shall have the capacity stamped on it; i.e., "CAPACITY = 1 
METER . " 

The s cale 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 em water equivalent. 

Cradle 

The cradle shall be constructed from 6.4-mm-diameter 5052-H34 aluminum round rod or 
equivalent. Surg ical rubber tubing or other non-slip material to prevent the snow tubes 
from sliding s hall cover t he arms of the c radle to prevent the snow sampling tube from 
slipping in the cradle. The cradle s ha ll be attached to the sca l e assembly by a swivel 
snap and swive l ring. 

Exception: The inner cylinde r for the ESC 30 weighing sca l e can also be marked in bl ac k 
with the scale increments for the "4 METERS" WSC metric weighing sca l e for use with ei ther 
the ESC 30 sampler or WSC metri c s now sampl e r as both sca l es are identi ca l in construct ion 
and have identical spring specifica tions . The outer cylinder of scales with dual 
capacities s hall be s tamped "CAPACITY= 1 METER and 4 METERS." 

Note: Any direct reading gram-balance s cale could be used to obta in snow water equivalent 
(SWE). Each 30 grams of weight would be equiva lent to 1 em of SWE. 
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4. PROPOSAL FOR CONVERTING TO METRIC 

4.1. Existing equipment 

4.1 . 1. 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. 

4.1.2. 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. 

4.1.3. 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 

Stage II 

Stage III 

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

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. 

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 cutte r 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 III - 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. 

4.2. 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, no t e keeping, 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, whi ch 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 Weste rn Snow Conference 
members would be the best entity to recommend and coordinate data t e rminology and usage as 
well as the direction of possible future WSC- and ESC-sponsored research. 
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TABLE I V 
SNOW SAMPLER DATA OBTAI NED PRIOR TO METRICATION COit1ITTEE 1964-197B 

·--> All SWE in M 

Std. Fed. 
Standard 

197B long Broken Pit Profile CRREL 
Local ion No. Date Depth Federal 

Metric Metric BUNG Tooth or Gage McCall Adirondack Utah MSC Bowntan Rosen L&S 500 CIA2 

c• (short) (7B) Fed. Te"'l late Tubes 

Inside Oia M 37.7 35.7 35.7 37.7 37.7 --- --- 37.7 67.4 37.7 70.5 37.7 37. 7 37.7 58.1 
AREA , ,..z 11.2 10.0 10.0 11.2 11.2 11. 2 35. 7 11.2 39.1 11. 2 !l.2 11.2 26.5 
SHARP or BLUNT Blunt Sharp Sharp Sharp Blunt --- --- SHARP SHARP SHARP SHARP SHARP BLUNT BLUNT SHARP 
No Teet h 16 16 16 0 15 --- --- 16 0 32 16 16 B 8 0 
Tubing Material AI .... AIUIII. Alum. Alum. Al0111. --- --- Al unt. Fiberglass Steel AIUIO. Plastic A lUll'!. Alum. Stain. 

Steel 

Mount Hood, OR 64-0R-1 11/19/63 93 232 214 21B 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 113B 
Mount Hood, OR 64-0R-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/B/64 !55 991 892 B43 
SCS Grounds, AK 64- AK- 1 3/10/64 43 70 68 69 69 74 
Cleary Sum~it, AK 64-AK-2 3/ 11/64 51 B7 79 76 B4 IB 
E•p. Far111, AK 64-AK- 3 3/12/64 41 74 67 70 71 71 
Fort Yukon, AI( 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 
Venetif", AK 64- AK- 6 3/17/64 36 61 56 54 57 62 
Chandalar Lake, AK 64-AK-7 3/18/64 48 92 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. Ml 64-MT-3 5/15/64 81 374 346 
lick Creek, HT 64-HT-4 5/19/64 51 247 226 
Lick Creek, HT 64- HT- 5 5/2 1/64 33 151 142 
lick Creek, HT 64-MT-6 5/23/64 25 101 90 
lick Creek. Ml 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 2117167 100 343 330 

I Alpha. CA 67-CA-2 4/11/67 204 795 754 
w Alpha. CA 67-CA-3 5/Z/67 247 1016 932 
\J:) Alpha, CA 67-CA-4 5/11/67 169 843 767 
I Alpha. CA 68-CA-1 4/ 12/68 95 478 442 

Alpha. CA 70-CA-1 4/16/70 121 493 460 
Alpha. CA 71-CA-1 NA 134 310 310 
Alpha. CA 74-CA-1 NA 168 841 765 
luther Harsh. ONT 74-0tl- 1 12/18/74 7 13 12 13 13 13 14 
Luther Harsh, ONT 75-0N-1 2/20/75 37 B9 B5 86 91 83 90 
luther Harsh. ONT 75-0N-2 3/20/75 23 95 95 93 93 101 107 
luther Harsh. ONT 75-0N-3 3/ 20/75 39 140 140 136 158 133 143 
Big Sky Plowed, HT 75-MT-1 2/6/75 190 737 696 
Big Sky E,11posed. HT 75-MT-2 2/6/75 105 279 269 
Biq Sky Shaded, HT 75-Ml-3 2/6/75 119 381 290 
five Bull, HT 75-MT-4 3/15/75 62 203 !50 
Trinkus lake. MT 75-HT-5 3/15/75 272 1054 1059 
Upper Holland Lake, HT 75-MT-6 3/15/75 190 737 643 
Badger Pass. HT 75-MT- 7 3/16/75 282 1219 1102 
Blue Lake, HT 75- MT- 8 3/16/75 198 B64 714 
Spotted Bear Htn. , Hl 75-MT-9 J/16/75 !l4 356 34B 
Badger Pass, HT 75-MT-10 4/6/75 241 1067 B94 
Blue Lake, MT 75-MT-ll 4/6/75 161 483 488 
Gunsight lake, MT 75-MT-12 4/6/75 229 940 803 
Spotted Bear Htn .. HT 75-MT -13 4/6/75 122 381 378 
Trinkus lake, HT 75-MT-14 4/6/75 190 635 635 
Twin Creeks, HT 75-MT-15 4/6/75 104 381 295 
Upper Holland Lake, HT 75- MT-16 4/6/75 224 864 767 
Badger Pass. HT 75-MT-17 5/15/75 213 1092 950 
Blue lake, HT 75-MT-18 5/15/75 193 1016 942 
Gunsight lake, MT 75- MT-19 5/15/75 173 1029 B59 
Spotted Bear Mtn., HT 75-Ml-20 5/15/75 57 279 22 1 
1 ri nkus lake, HT 75-MT-21 5/15/75 224 1143 1072 
Upper Holland Lake. HT 75-HT-22 5/15/75 168 914 775 
Badger Pass, HT 75-MT-23 5/31/75 272 1511 1308 
Blue lake, HT 75-MT-24 5/31/75 113 635 518 
Gunsight Lake, HT 75-MT-25 5/31/75 163 1080 864 
Trinkus Lake, HT 75- MT- 26 5/31/75 117 533 645 
Upper Ho 11 and lake, MT 75-MT-27 5/31/75 115 686 645 
Fisher Creek, HT 75-MT-28 6/27/75 175 914 777 
Whi t e Hill, HT 75-MT-29 6/27/75 117 635 528 

] 



TABLE IV 
SHOW SAMPLER DATA OBTAINED PRIOR TO METRICATION COHHJTIEE 1964-1978 (continued) 

---> All SWE i n M 

Std. Fed. 
Standard 

1978 Long Broken Pit Profile CRREL 
location No. Date Depth 

Fede ral Metri c Metric BUNG Tooth or Gage McCall Adt rondack Utah HSC Bo~n Rosen l&S SOD c•' 
Cll (short) (78) Fed. Te•plate Tubes 

Inside Oia - 37.7 35.7 35.7 37.7 37.7 37.7 67.4 37.7 70. s 37.7 37.7 37. 7 58. I AREA c•z 11.2 10.0 10.0 11.2 11.2 11. 2 35.7 11.2 39.1 11.2 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 --- ---
16 0 32 16 16 8 B 0 Tubing Material A lUll. Aluoo. A lUll. Aluoo. Alu.. --- ---
Alu•. Fiberglass Steel Al..,.. Plastic Alum. Alu.. Stain. 

Steel 

Cooke Station, HT 76-Hl-1 12/29/75 122 368 360 19 19 20 19 20 
Fisher Creek , HT 76-HT-2 12/29/75 188 648 588 so 49 53 52 55 
Cooke Station, MT 76-Ml-3 12/29/7S 112 419 348 70 68 75 73 78 
White Hill, HT 76-MT-4 12/29/7S 168 5S9 494 149 132 147 154 165 
NE Entrance. HT 76-Hl-5 12/29/75 62 165 !57 174 188 197 190 213 

NOTE: PROFILE GAGE HOOI FI EO IN JANUARY 1976 84 82 84 78 Bl 

Guns iqht Lake, HT 76-HT-16 2/29/76 269 889 892 173 175 177 186 187 

Spot!Pd Bear Htn . HT 76-HT-17 2/29/76 107 305 297 
Tr1nkus lake, HT 76-HT-18 2/29/76 16S 508 495 
Badger P..t!tS. HT 76-Hl-19 3/3/76 300 1118 ! 044 
Blue lake, HT 76-MT- 20 3/3/76 218 Ill 701 
Twi n Cruk!., HT 76-MT-21 3/3/76 117 305 318 
Upper Holland lake. MY 76-HT-22 3/4/76 193 635 594 
Trinkus Lake. Hl 76-HT-23 3/31176 199 762 767 
Twin Cr,Pks. MT 76-HT-24 3/31/76 102 356 361 
lrinkus ldkfl', HT 76-HT-25 S/2/76 114 533 45S 
Cold Crf'tk. ONT 76-0N-1 12/29/75 14 20 19 
lutnp,· t-4arsh, ONT 76-0N- 2 1/5/76 23 52 50 
luth~r Marsh, ONT 76- 0N-3 1/28/76 26 74 66 
luther Mars-h, ONT 76- QN-4 2124/76 38 !57 144 
Lulht"r Marsh. ONT 76-0N-5 3/11/76 51 184 180 
tutht"t· M.Jnh, ONT 17-0N-1 1121177 40 88 82 
lutht"r Marsh, ONT 77-0N-2 3/Z/77 57 189 170 
Alpha, CA 77-CA·l 4/15177 52 188 190 188 

I Snort Cr••._, MT 77-Hl-1 3/15/ 77 58 117 99 107 102 
~ Oarkhor4it lakt", MT 77- MT-2 3/16/77 122 340 315 325 320 
0 Bloody 01ck, HT 77- Ml-J 3/16/ 77 58 122 109 122 109 
I t1ck. Crtt"k . HT 77-HT-4 3/ZZ/77 122 3S3 325 328 32S JZO 

Bl'ldQt"r Bowl, HI 77-Ml-5 3/ 30/77 190 594 569 564 569 
Showe-r fdlls. Ml 77-MT-6 3/28/77 203 617 587 584 587 
Maynard Cr•ek. HT 78-HT-1 12/1/77 48 93 89 84 89 
Copper Botto., HT 78-HT-2 12/16/77 56 174 166 
F 1~her Creek. HT 78-MT-3 12/27/77 213 640 599 
White- Hill. HT 78-Hl-4 lZ/27177 185 533 508 
Cooke ~tat ion, MT 78-MT-5 12/27/77 ISO 401 384 
l ic._ Creek. HT 78-HT-6 12/28/ 77 58 132 119 iZZ iZZ 
Bddger Bowl, MT 78-HI-7 12/29/77 142 444 406 
lick (r"f'Pk Divide, MT 78-MT-8 1125/78 81 189 171 169 175 163 
Cooke Station, HI 78-MT-9 1/27/78 183 544 528 
WhHe Hill, Ml 78-Hl-10 1/27/78 201 6SO 627 
Fisher Creek, HI 18-HT-11 1127/78 262 833 808 
Bridqer Bowl, HT 78-HT-12 1/31/78 213 655 630 
Crystal Lake, HT 78-HT-13 Z/24/78 14S 442 424 
Arch falls, HT 78- MT-14 2127178 109 302 287 
lltlle Park. HT 78-MT-15 3/1/78 152 485 465 
Northuil Entrance . Hl 78-HT-16 3/14/78 107 368 348 358 351 319 
Northt"asl [ntt'ance. HT 78- MT-17 3/14/78 lZZ 387 336 
lick Creek, Hl 78-HT-18 3/29/78 71 300 274 259 274 
Hood Meadow, HT 78-MT-19 J/29/78 86 318 310 
Shower Falls, MT 78-MT-20 3/29/78 206 798 7S9 759 777 
Bridger Bowl. HT 78-HT-21 3/30/78 183 813 744 
Tepee Creek, HT 78-MT-22 3/31/78 127 462 439 
Bt'idger 80'WI, MT 78- Ml-23 4/26/78 190 92S 846 
Oevih Slide. MT 78-HT-24 4/27/78 zoe 851 810 803 815 
Beartooth . Hl 78-HT-25 5/10/78 249 liS! 1075 1084 1072 
Cook• Pass. HT 78-HT-26 S/10/78 168 902 849 869 884 74 2 
Star lake. MT 78-HT-27 S/11/78 312 1453 1369 1346 1374 
White Hill . Hl 78-MT-28 S/11/78 227 103S 924 
Spur Park, HT 78-Hl-29 5/12/78 178 820 796 793 7S9 
Shower Fa11s , HT 78-MT-30 5116/78 201 919 sse 830 853 
Goose lake. MT 78-MT-31 5/30/78 323 1727 1611 1600 1671 
Mt. St. Anne , BC 78-BC-1 1/ll/78 205 636 600 596 599 530 604 
Mission Creek , BC 78- BC-2 l/8/78 118 336 316 33S 320 33S 308 
Blackwall, BC 78-BC-3 1/7/78 172 S43 516 508 517 524 SIS 
luther Harsh, ONT 78-0N- 1 1/19/78 41 lll lll liZ 110 lOB 113 120 liS 
luther Harsh, ONT 78-0 N- Z Z/17/78 51 16S 164 162 147 lSI 150 149 163 
luther Karsh, ONT 78-0N-3 3/16/78 43 125 Ill 130 145 114 144 !50 138 
Peterborough , ONT 78-0H-4 2/27/78 37 Ill 116 110 103 112 
Alpha, CA 78-CA-1 4/14/78 239 1016 1003 1013 



UIU Y 
SM* SNIPLER DATA OITAINED BY THE METRICATION COitHTTEE 197B-19BZ 

---> All SWE i n 1111 

Glacier Glaci er Standard Sharpened 1978 1919 1980 1981 Pi t Profile AluM. ESC SO ESC SO PVC Broken 
lOCIItton No. Date Depth Dens ity Glacier Federal Federal Metric Me t ric Metri c Metric or 

Gage McCall Adirondack CRRE L Tubing Fiberglass Plastic Tubing 
Utah ESC 40 ESC 30 MSC Tooth 

c~ kg ~R-3 ( s hort) TelllP late Fed. 

Ins ide Dia • IOZ 37. 7 37.7 3S. 7 3S.6 3S. 7 36. 4 --- --- 37.7 67.4 S0. 9 99 . 1 19. 6 79. s Sl.6 37. 7 71.8 61.7 70. S 37.7 

AREA c•2 81.9 ll.Z 11 . Z 10. 0 10.0 10. 0 10. 4 ll. Z 3S. I 20. 4 77. 1 so.o so.o zo. 9 11. z 40.0 30.0 39. 1 1l.Z 
SHARP or BLUNT Sharp Blunt Sharp Sharp Sharp Sha rp Sharp --- --- SHARP SHARP SHARP SHARP SHARP SHARP SHARP SHARP SHARP ~HARP SHARP Blunt 

No Teeth 0 16 16 16 16 16 16 --- --- 16 0 16 0 3Z 3Z 0 3Z 16 16 16 IS 
Tubing Mate rial Stainles s A lUll. A l OIII. AllHit. Alu.. AhMI. Al UIII. --- --- Alu.. Fiberglass Fi berg lass A liMit. Fibergl ass Plas tic PVC St ee l Plastic Pl as t i c AIUflll . A l Ull. 

THE FOLLO\IIHG DATA WERE OBTAINED US ING CONTRO L DE SIGNED AHD HAHUfACTURED EQUIPMENT. 

Maynard Creek S, MT 79-HT-1 1/30/79 99 278 Z7S Z7S Z77 Z97 
Maynard Creek N, MT 19-HT- Z 1/30/79 9S 248 Z36 264 249 26S 
H~ World W, MT 79-HT-3 1/31/79 90 221 199 236 208 226 
Hew World E. HT 79·MT-4 1/31/79 90 236 212 2SD ZIS zso 
Hew World N, Jill 19-HT-S i/31/79 86 Z2D 189 ZZ9 209 214 
Lower New World E. MT 79-HT-6 1/31/79 99 Z34 232 244 244 262 
Lower New World W, MT 79-MT-7 1/31/79 100 227 227 2Sl 242 270 
Por cupi ne S, HT 19-HT-8 2/21/79 93 2~9 241 282 263 262 ZS8 
Porcupi ne W. Jill 19- HT- 9 2/21/79 91 24S 223 Z43 Z3Z Z31 247 
LowPr New Wor I d SE. MT 19-HT- ID Z/Z6/79 139 Z88 400 460 4S9 462 4S4 
Lower New World SW, HT 19 -M T-11 2/Z6/79 133 283 376 42S 431 426 U2 
Tw~nty-one Mi l e W. MT 79-MT-11 3/9/79 14S 261 379 428 408 403 417 
l wenty- one Mile SW, MT 79-HT-13 3/9/79 141 2~~ 360 414 392 396 404 
lwent y-one Mil e SE. MT 79-MT-14 3/9/79 I46 2SI 37S 431 411 408 414 
Star Lake NW. HT 19-HT- t ~ 3/21/79 ZS4 348 88~ 986 993 993 I DOS 
Star Lake S. fo!T 79-HT- 16 3/Zl /79 2SZ 346 871 984 966 972 910 
r 1 ~tu~·r Creek S, Ml 79-M T-17 3/ZZ/79 249 3S9 893 983 9S9 978 960 
I 1 'iotler Creek N, MT 79-HT-18 3122/79 248 3~6 882 988 973 989 968 
CookE' Stat ion W, MT 79-MT-19 3/22/79 I86 33I 6 16 678 693 692 693 
Cook" Slat ion [. HT 19-Ml-20 3/22/79 I9S 342 667 72S 72~ 737 739 
WhilP Hill S. MT 19-Hl-21 3/2Z/79 21I 339 I I~ 818 809 839 817 
White Hill N. Ml 19-HI - 22 3/22/79 208 338 103 798 793 826 80S 
LICk CrPek N. HI 79-HT-23 4/26/79 79 373 29~ 291 284 Z~6 Z64 
Lick C1'E't.> k S, HT 7~H4T-24 4/26/79 8I 347 281 296 28~ Z63 276 
)f'lOwer Fa: I h W. Hl 19-Hl-2~ 4/27/19 I96 3~9 704 778 741 148 740 72S 
Showt-r Fall<;,(, Ml 79-Hl -16 4/27/79 I 9~ 344 67 I lSI 131 733 739 701 
Cldr k fo1·• w. HI 79 -Hl-17 !:1/1!1>179 110 429 472 S66 S60 ~4 4 ~2S 
Clark Fork E. HT 79-Hl-18 ~/l~/79 113 410 ~31 ~93 S71 ~S8 ~43 

f l~tler CrE-ek PfW . HI 79-~tl -29 ~/I6/79 209 41~ 867 9S6 932 93S 920 
~ 1 <;,l'lt>r Cn~ek S. Hl 19-HT-30 S/16179 213 419 892 998 974 989 943 
!, tar Laltp N, HI /IJ - HT - Jl ~/29/79 2I4 417 892 981 9~8 1004 942 924 90~ 

Stc'l r lake SW. HI 79-MI-31 ~/29/79 204 417 8~0 928 903 943 90I 889 
WhltPHiiiW. MT 79-Hl-33 S/30/79 126 397 ~DO 568 569 ~~I S6S S~l 4% 
White Hill l. MT 79-Hl-)4 ~/30/79 IJI 40S sss 629 622 606 613 S81 567 S60 
CookP !,tdlion W. MT 79-Hl-3~ ~/J0/19 99 394 390 4S6 440 449 42~ 411 412 391 
Cook.P )tat ion [. MT 79-HI- 36 ~/30/79 89 400 3~6 398 403 40I 382 36~ 368 
Spauldinq, CA 19-CA-I Z/28/79 Z06 3I8 6SS 660 64 I 626 
Al pha , CA 19- CA- Z 3/15/79 211 338 713 76I 721 734 721 
Spauld1nq, CA 19-CA·3 3/16/79 168 3% 664 680 6~I 664 684 
Spauldinq. CA 79-CA-4 412/79 I46 446 6SI 693 676 68~ 666 
Alphd, CA 19-CA-~ 4/4/79 196 362 109 771 731 736 142 
Alphd , CA 79-CA-6 512/19 152 4~~ 692 73I 142 7I9 739 

f orbiddf'n Platuu, 8C 19-BC-I 2/9/79 I ~3 Z~5 190 413 402 394 
Whi!o t lt"r p.t tn, BC 19-BC-2 2/20/79 133 23I 301 33S 3I9 3I4 34> 
Blackwall Pit, BC 19-BC-3 2/21/79 169 262 442 487 461 489 488 
Hew Copper Htn, 8C 79-BC-4 2/22/79 S8 20~ 119 104 104 Il7 I20 
Hewcd~t le Aidqe, BC 19-BC-S 3/9/79 319 318 1207 I 3I~ 1241 1194 I339 
Whhllt>r ~tn. BC 19-BC-6 3113/79 103 3S4 36S 399 386 396 394 
81ackwall Pk. BC 19-BC-7 J/14/79 161 317 S11 ~~s ~3Z S4S S61 
hf'w Copper Htn . BC 19·BC-8 J/14/79 37 210 100 96 96 88 94 
Newcastle Aidqe , 8C 79-BC-9 4/19/79 332 4~0 1493 1630 1!)72 1612 1674 
Newcut le Ridge, BC 19-BC-10 4/19/79 330 421 1388 ISSO I478 1498 l~S9 
WhlHier p.ttn . BC 79-SC-11 4/21/79 130 334 434 416 4S4 483 48~ 
Whi!.tler Htn. BC I9 · 8C- l2 4/21/79 122 32S 396 442 411 4S8 473 
Bl.tckwall. BC 79-BC-13 4/23/79 156 342 S34 S87 S64 580 S9 l 
Blackwa ll. BC 79-8C-I4 4/23/79 162 33S !>43 620 ~96 606 6Z3 
Newcutle Ridge , BC 79- BC- lS S/7/79 zoo 488 976 1108 IOS7 1D4S 1102 1122 
Newcut le Ridg@ , BC 19- BC- 16 S/7/79 2Z6 ~I6 1167 IZ7l 1216 1181 IZ39 1306 
Ottawa , ONT 79- 0N- I 2/1/79 4S 349 lSI 146 144 16Z ISS 141 142 
Cola Creek U . ONl 79-0H-Z 2/I6/79 27 211 Sl 68 67 68 S6 61 
Co I d Creek 112 . ONl 19- 0N-3 2/16/79 Z8 218 61 64 60 10 S3 ~s 
Mont icello , ONT 79-0N-4 2/28/79 9~ 293 278 310 302 303 283 298 
Monticel lo 11, ONT 79·0N-5 3/8/79 37 335 124 12I 122 124 12S 12S 
Monticello 112 . ONT 79-0N-6 3/8/79 26 3S8 93 97 93 9Z 93 97 
Pet erborough, ON T 19- 0N-7 3119/79 29 428 124 138 128 126 114 I 36 
Ottawa , ONT 79-0N-8 3/21/79 36 486 l i S 169 164 ISS I SS 174 



TMLE V 
SHOW SAMPLER DATA DBTAI HED BY THE METRICATIDH C-ITIEE I978-1982 (conl inutd) 

···> All SVE tn • 

Glacier Glacier 1978 Pit AhMI. ESC 50 ESC 50 PVC 
Broken 

Local ion Ho. Date Depth Density Cli!icier 
Standard Sharpened Metric I979 1980 I9BI or 

Profile McCall Adirondack CRREL Utah ESC 40 ESC 30 MSC Tooth 

kg ·-l federal federal (short) Metric Metric HHric TeiiJ)late Gogt Tubing Flberglus Plastk Tubing Ftd 
c• 

Inside Ota • 102 37.7 37.7 35.7 J~ 6 3~. 7 36.4 --- --- 37 7 67.4 50.9 99. I 79.6 79.5 51.6 37.7 71.8 61.7 70.5 37.7 

AREA cr Bl. 9 II.Z II. 2 IO.O 10.0 IO.O 10.4 112 35.7 20.4 77.1 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 SHARP Blunt 

No Teeth 0 I6 I6 I6 16 16 16 --- --- 16 0 16 0 32 32 0 32 16 16 16 IS 

Tubing Materia l Stainlus A lUll. A lUll. Alu-. Al.-. A lUll. AI"" --- --- A lUll. Flbnglus Fiberglass Alu.. Fiberglass Plastic PVC Steel Plastic Plutic A lUll. Al UM. 

Pore up i ne S. HT 80-HT-1 211/80 44 216 95 97 89 106 87 95 

Porcupine H. Hl 80-HT-2 211180 44 2I8 96 97 B9 I06 81 95 

tepee Creek 'W. MT 80-MT-3 21 14/80 82 22I 181 203 178 188 186 I77 

lepeto Creek E, HT 80-HT-4 2114/80 79 209 165 193 171 184 182 I71 

Ne~~t World W, HT 80-HT·S 2126/80 104 240 2~ 268 275 259 257 
H .... WOr'ld E, HT ' 80-MT-6 2126/80 104 238 248 270 275 263 262 
N~w World Gulch W, HT SO·HT-7 2126/80 1I8 246 290 320 JIB 309 306 
N~ World Gulch ( . HI 80-HT-8 2126/80 115 237 273 311 303 294 288 
Bridg~r Bowl 'r1, MT 80-MT-9 2/28/80 128 296 379 404 39~ 402 391 
Bridgpr Bowl E, MT 80-HT-10 212B/80 120 281 337 367 378 375 356 
Sacajawtoa SC w. HI SO·Hl·ll 3/14/80 151 283 428 471 459 473 459 
Sacajawu SC E. Hl 80-Mf-12 3/ 14/80 149 278 414 469 456 477 461 
!tacajawea W. Hl 80-MT-13 3/14/BO 128 242 310 342 329 347 328 
SocJcajawea [ . MT 80-HT-14 l/14/80 140 2~6 359 397 383 389 387 
Miynaro Cr S, HI 80-HT·l~ 4/ 11/80 147 333 489 476 49I 478 

Hayna•·o C•·· N, HI 80-Hl-16 4/11/80 144 339 489 530 503 52 I ~07 482 477 491 

SaU It> RidQP S. MT 80·HT -17 4 / ll/80 84 324 272 271 269 2~3 2~6 267 252 213 286 

Battle ilhdgf' N. HI 80-HT-18 4/11/80 86 322 277 273 270 2~B 260 278 284 267 286 

Star l4lkt f. HI 80-MT-19 4/22180 208 JBO 790 868 838 852 836 819 180 178 

Stdr loiJik(' W, HI 80-MI-20 4/22/80 219 3B6 846 922 886 899 891 883 8~3 857 

Sur lakt C. Ml 80-HT-21 4/22180 2I4 388 830 907 86I 869 867 863 826 825 

Wrti lf' Hfl I [. Ml 80-HT-22 4/23/ 80 162 381 618 673 641 668 642 6~5 615 622 

Wh ite Hi II W, Ml 80-HT-23 4/23/80 165 382 630 6B7 654 686 6~3 658 625 634 

Nl Entrance l, foil 80·H1·24 4/23/80 5~ 367 202 204 192 191 I84 I84 194 

NE E.ntrancr w. HI 80-HT-2~ 4123/80 51 386 197 I94 183 I83 I82 I80 182 

H)'al•te Cr ee' w. HI 80-Hl-26 4/28/80 80 339 271 284 282 290 274 264 274 271 274 

Hyal itf' (rpek (, Hl 80-MI-27 4/28/80 84 331 278 306 300 300 2B6 283 278 28I 286 

WindOw Roc": N, HI 80-HT-28 4/18/80 5I 36I 206 230 209 190 2I4 187 206 187 193 

Window stock S. Hl SO·HT-29 4/lB/80 6I 338 206 230 225 107 222 200 216 225 207 

Arch Jalh W, MT 80-Hl·JO 4/29/80 92 350 322 350 324 369 340 33I 326 348 

Arch fall.., £. MT 80-HT-Jl 4 129!80 98 351 344 376 340 387 1~4 351 349 373 

Spauld1nq, CA 80·CA·l 1/2/80 55 391 215 227 2I4 221 2I7 
Alpha, CA 80-CA-2 l / 4/80 138 liS 43~ 477 452 463 418 
&arr"i ngton. CA 80-CA-3 1/ 30/80 162 3~ ~67 609 565 632 ~95 54~ 
Alpha, CA BO-CA- 4 1/31/80 1B3 356 652 7JI 708 690 710 702 
Alpha. CA BO-CA-5 2/14/80 I75 385 673 75I 688 728 690 657 660 
Spauldlnq. CA BO·CA-6 2121180 ~ 432 242 254 253 253 24) 241 
Alpha, CA 80-CA-7 2128180 272 3~2 957 1071 998 1001 I016 1046 
Alpha. CA 80-CA-8 3/13 80 279 391 1090 1168 1I63 1152 1112 1098 
Darrington. CA 80-CA- 9 3/26/80 235 404 9~0 I012 983 976 I015 968 
Alpha. CA 80-CA-10 3/27/80 269 422 1134 1225 1184 118~ 1191 118I 
Alphd, CA BO·CA-11 5/1/80 172 460 192 9I4 892 830 875 BOJ 

Blackwill. BC 80-BC-1 2112180 154 296 456 53S 501 516 ~08 
Bl ackwall. BC 80-BC- 2 21 12180 1S6 29I 454 493 477 4/8 471 
l'iew Copper. BC 80-BC-3 2113/80 4) 249 107 94 90 90 94 
l'iew CoPPt r, 8C BO·BC-4 2113/80 44 225 99 94 90 90 91 
Whistler . ac 80-BC-S 2114/80 121 279 338 397 387 40S 381 
Whistler, BC 80-BC-6 2114/80 120 282 339 388 385 427 348 
Hewcut le Ridgt, BC 80-BC-7 2/15/80 231 391 916 I029 96~ 998 965 
Hrwcast It Ridgt. BC 80-BC- B 2115/80 228 389 888 1037 972 99< 949 
Newcut le Ridge, BC 80-BC-9 2/20/80 224 391 B75 955 916 927 893 
Blackwall, BC 80-BC-10 2128/80 145 314 456 518 5I8 508 495 
HN Copper, BC 80-8C- II 2129/80 3B 279 106 96 97 94 94 
Whistltr, BC 80-BC- 12 3/2180 125 328 410 449 444 43B 445 
Blackwall, BC BO-BC- 13 3/I8/80 wo 316 631 128 704 733 706 
81ackwa11, ac 80-BC- I4 3/18/80 zoo 32I 642 724 702 718 691 
McBride. BC 80-BC-15 3/21/80 125 251 314 348 lSI 354 335 
f4c:Bride, BC BO-BC- I6 3/21/80 125 254 318 354 353 340 327 
Whist lt:r, BC 80-BC- I7 3/ZS/80 IZS 298 373 412 387 394 398 
Whistler, BC 80-BC-18 3/25/80 IZS 322 403 387 373 398 388 

Alpha, CA 81-CA-1 214/81 109 241 263 279 267 275 269 273 
Alpha, CA 8I-CA-2 2/17/81 86 34I 293 304 29I ZBJ 287 Z90 
Alpha, CA 8I-CA-3 3/3/81 99 367 363 409 376 378 378 369 
Alpha, CA 81-CA-4 3/1B/81 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 45I 444 441 416 420 399 

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

---> All SWE in mm 

Glacier Glacier Standard Sharpened 1978 Long 1979 1980 1981 Pit 
Location No. Date Depth Density Glacier Federal Federa l Metric Metric Metric Metric Metric or Rospn 

em kg m- 3 (short) (78) Template 

Inside Dia mm 102 37.7 37.7 35.7 35.7 ~"' h 35. 7 36 . 4 --- 37.7 
AREA cm2 81.9 11.2 11. 2 10.0 10.0 10.0 10.0 10.4 11. 2 
SHARP or BLUNT Sharp Blunt Sharp Sharp Sha rp :,narp Sharp Sharp --- BLUNl 
No Teeth 0 16 16 16 16 16 16 16 --- 8 
Tubing Material Stainless Alum. Alum. Alum. Alum. Alum. Alum. Alum. --- Alum. 

DATA OBTAINED USING SOME EQUIPMENT AND PROCEDURES COMPARABLE TO BUT NOT NECESSARI LY UNDER THE SAME CONTROLLED CONDITIONS AS THE METRICATION COMMITTEE. 

Trinity Mtn, 1D 77- I0-1 3/25/77 86 187 192 
Trinity Mtn, lO 77-I0-2 4/8/77 56 210 189 198 184 
Trinity Mt n, ID 77-ID- 3 4/12/77 46 173 160 164 155 !46 
Trinity Mtn, lO 77-JD-4 4/20/77 91 462 452 433 43~ 

Trinity Mtn, lD 77-ID-5 4/21/77 91 469 423 457 448 
Trinity Mtn, ID 77-ID- 6 4/26/77 76 395 375 372 363 
Graham Station, IO 78-JD-1 3/26/78 116 521 448 
Graham Station RSG, ID 78-ID-2 3/26/78 132 539 50~ 

I 
Mores Creek, IO 78-ID- 3 5/2/78 193 928 870 

-"' Mores Creek RSG, ID 78-ID-4 5/2/78 223 940 858 
-"' Trinity Mtn, ID 78-JD-5 5/28/78 188 1014 888 I 

Trinity Mtn RSG, ID 78-ID- 6 5/28/78 205 1031 917 
Graham Station, ID 79-ID-1 l/27/79 74 224 166 192 167 182 
Graham SNOTEL, ID 79-ID-2 1/27/79 74 270 247 
Graham CA, I D 79- ID- 3 1/27/79 79 282 276 
Graham RSG, ID 79-JD-4 1/27/79 70 264 249 
Trinity Mtn #1, ID 79-JD- 5 3/7/79 205 312 640 692 692 666 
Trinity Mtn #2, ID 79-ID-6 3/8/79 201 307 618 685 688 670 
Trinity Mtn #3, 10 79-I0- 7 3/8/79 195 317 618 692 676 665 
Trinity 8X10 CA. ID 79-JD-8 3/8/79 109 565 497 
Trinity 4X5 CA, lD 79- ID- 9 3/8/79 106 533 475 
Trinity SNOTEL, ID 79-ID-10 3/8/79 115 570 513 
Trinity Hypalon, ID 79- ID-11 3/8/79 105 524 467 
Trinity RSG, ID 79-JD- 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 
Col umbine #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 X ...L X R2 S.E . COEF Cases - - -

Glacier vs. Standard Federal 420 459 .9988 17.5 .9095 188 
Sharpened Federal 435 459 .9986 19.8 .9417 180 
1978 Metric (short) 441 472 .9980 23.5 .9291 118 
1979 Metric 518 555 .9984 24.1 .9298 107 
1980 Metric 455 473 . 9985 20.1 .9569 69 
1981 Metric 295 303 .9976 17 . 7 .9637 63 
Broken tooth Fed. 665 742 .9996 17 .2 .8921 15 
Adironda ck 211 205 . 9992 8.7 1 . 0220 13 
ESC 30 263 261 .9991 9.7 1 . 0028 45 
ESC 40 264 263 .9989 10.5 .9976 38 
ESC 50 424 423 .9997 8.7 1. 0011 16 
MSC 112 114 .9968 7.4 .9791 16 
PVC 442 441 .9996 10.7 .9996 13 
Aluminum tube 359 362 . 9998 5.6 .9942 9 

Std. Fed. VS. Sharpened Fed. 475 459 . 9994 13.6 1. 0353 180 
1978 Metric (short) 482 472 .9988 19.7 1.0209 118 
1979 Metric 569 555 .9992 18.4 1.0262 107 
1980 Metric 497 473 .9992 16.1 1. 0524 69 
1981 Metric 315 303 .9991 11.7 1.0335 63 
Broken tooth Fed. 732 742 .9997 16.7 .9839 15 
ESC 30 279 261 .99 79 15 . 6 1. 0631 45 
ESC 40 281 263 .9979 15 .5 1.0610 38 
ESC 50 457 423 .9993 14 . 4 1 . 0868 16 
Pit or Template 451 414 .9987 22.4 1.0982 62 
BUNG 551 520 .9995 16.2 1. 0557 29 
McCall 378 355 .9994 11.7 1.0578 32 
Adirondack 218 203 .9993 12.7 1. 0993 32 
MSC 112 111 .9948 9.2 1. 0053 31 
Bowman 109 104 .9979 6 . 1 1.0463 20 
Leupold & Stevens 291 29 1 .9997 11.8 1. 0183 12 
Rosen 728 684 .9998 13 . 3 1.0626 10 
Utah 273 257 .9972 16.1 1.0464 7 
Profile 712 635 .9941 61.4 1.1204 34 
Profile (modified) 577 537 .9965 38.8 1 0 0725 21 

Sharp. Fed. vs. 1978 Metric (short) 467 472 .9990 17.3 .9897 118 
1979 Metric 550 555 .9992 18.3 .9902 107 
1980 Metric 478 473 . 9991 16.5 1.0085 69 
1981 Metric 336 334 .9992 11.5 1. 0018 55 
Broken tooth Fed. 700 742 .9996 17.8 .9402 15 
Adirondack 189 183 .9987 8.4 1.0333 12 
ESC 30 310 298 .9978 16.9 1.0378 37 
ESC 40 273 263 .9977 16.1 1.0356 38 
ESC 50 436 423 .9993 14.1 1.0385 16 
MSC 135 136 . 9986 6.1 .9922 8 
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TABLE VII 

REGRESSION ANALYSIS OF ALL SNOW WATER EQUIVALENT DATA (continued) 

y X _:t_ X R2 S.E. COEF Cases - -

1978 Metric (short) 
vs. 1979 Metric 688 685 .9989 24.9 1 . 0031 46 

1980 Metric 471 459 .9983 23.3 1. 0211 38 
1981 Metric 303 298 .9987 13.3 1.0151 42 
ESC 30 300 285 .9968 20.1 1. 0481 34 
ESC 40 275 263 .9965 19 .9 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 
Rz = Coefficient of determination 
S.E. = Standard error of es timate 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 ANALYSIS OF ALL SNOW WATER EQUIVALENTS GROUPED BY DENSITY 

Glacier 
y X Densit::t _y_ X R2 S.E . COEF Cases 

(kg m- 3 ) 

Glacier 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 47 1 512 . 9986 19.7 . 9109 44 
360- 400 579 633 . 9991 20.3 .9122 38 
Over 400 748 823 .9992 23.6 .9076 20 

Glacier vs. Sharpened Federal All 435 459 . 9986 19 . 8 .9417 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 

Glacier 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 

Glacier 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 

Glacier 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 .9448 4 

Glacier 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 2 

Glacier 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 .5 .9812 7 
360-400 335 330 . 9999 4 . 5 1. 0195 7 
Over 400 2 
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TABLE VIII 

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

Glacier 
y X Density _y_ X R2 S.E. COEF Cases - -

(kg m- 3 ) 

Glacier vs. ESC 40 All 264 263 .9989 10.5 .9976 38 
Under 260 152 153 .9986 7 . 8 .9880 12 
260-300 252 246 .9983 11.9 1. 0175 13 
310-350 406 412 .9995 10.5 .9852 7 
360-400 283 278 . 9999 3.4 1.0174 5 
Over 400 1 

Glacier vs. ESC 50 All 424 423 .9997 8.7 1. 0011 16 
310-350 307 312 .9998 4.5 .9852 8 
360-400 540 534 .9998 10.1 1. 0057 8 

Standard vs . Sharpened All 475 459 .9994 13.6 1.0353 180 
Federal Federal Under 260 205 197 . 9984 9.7 1.0340 38 

260-300 367 357 .9995 9.3 1 . 0279 40 
310-350 512 498 .9993 15.1 1. 0279 44 
360-400 633 605 .9995 16.5 1.0458 38 
Over 400 823 799 .9998 12.9 1.0329 20 

Standard vs. 1978 Metric All 482 472 .9988 19.7 1.0209 118 
Federal (short) Under 260 199 190 .9979 11.0 1.0581 23 

260-300 373 369 .9992 11.9 1.0107 27 
310-350 540 539 .9987 21.9 1.0026 27 
360-400 595 575 .9992 19.9 1.0305 27 
Over 400 830 809 .9991 27.1 1.0275 14 

Standard vs. 1979 Metric All 569 555 .9992 18.4 1. 0262 107 
Federal Under 260 216 216 .9978 11.4 1.0039 16 

260-300 370 365 .9984 16.1 1.0139 19 
310-350 599 593 .9993 17.5 1.0115 28 
360-400 714 688 .9995 16.9 1. 0351 25 
Over 400 831 802 .9994 22.5 1. 0323 19 

Standard vs. 1980 Metric All 497 473 .9992 16.1 1 . 0524 69 
Federal Under 260 234 221 .9996 5.5 1.0536 14 

260-300 394 377 .9994 10 . 1 1.0439 13 
310-350 477 457 .9994 13.3 1 .0408 17 
360-400 713 673 .9991 23 . 6 1.0606 21 
Over 400 711 680 .9999 10.9 1.0428 4 

Standard vs. 1981 Metric All 315 303 .9991 11.7 1.0335 63 
Federal Under 260 149 142 .9992 5.6 1.0479 22 

260-300 346 336 .9988 14.5 1. 0190 18 
310-350 416 404 .9997 8 . 4 1.0288 10 
360-400 460 437 .9993 14.3 1.0465 11 
Over 400 2 
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TABLE VIII 

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

Glacier 
y X Density _y_ X R2 S.E. COEF Cases 

- -

(kg m- 3 ) 

Standard vs. 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 13 
310-350 430 413 .9997 8.2 1.0405 7 
360-400 352 330 .9995 9.9 1.0623 7 
Over 400 2 

Standard vs. 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 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 27 
Over 400 808 809 .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 
y X Density J_ X Rz 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 7 
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 
360-400 288 278 .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 vs. 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. 005 7 14 
Over 400 819 813 .9983 36.6 1. 0027 13 

1978 Metric vs. 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 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 1 

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) 

Glacier 
y X Density J_ X R2 S.E. COEF Cases - -

(kg m- 3 ) 

1978 Metric vs. ESC 40 All 275 263 .9965 19.9 1.0458 38 
(short) Under 260 148 153 .9982 8.8 .9629 12 

260-300 270 246 .99SI 21.4 I.0897 I3 
310-350 439 412 .9997 8.6 I.0696 7 
360-400 288 278 .9994 9.7 I . 0342 5 
Over 400 I 

1978 Metric vs. ESC SO All 445 423 .9984 21.3 1. 0631 I6 
(short) 3I0-350 323 313 . 9954 24.4 I.0422 8 

360-400 567 534 .9993 I7.6 1. 0691 8 

1979 Metric vs. 1980 Metric All 566 554 .9987 22.8 1.0I86 39 
Under 260 230 223 .9996 5.8 1.0381 5 
260-300 373 356 .9960 26.9 1.0420 8 
310-350 597 585 . 9987 24.4 1. 0150 9 
360-400 759 743 .9995 19.2 1.0240 I3 
Over 400 676 680 .9989 29.6 .9923 4 

1980 Metric vs. ESC SO All 436 423 .9992 14 . 4 I. 0411 I6 
3I0-350 314 313 .9982 14 . 7 1.0082 8 
360-400 559 534 .9999 8.I 1. 0505 8 

1981 Metric vs. ESC 30 All 268 261 .9981 13.9 1. 025 7 45 
Under 260 143 143 .9978 9.2 1.0144 16 
260-300 264 244 .9973 15.6 1. 0704 13 
310-350 4I8 413 .9995 10.5 1.0130 7 
360-400 336 330 .9997 7.6 1.0218 7 
Over 400 2 

I981 Metric vs. ESC 40 All 270 263 .9976 I6.2 1. 0211 38 
Under 260 151 I 53 .9966 12 . 6 1. 0072 12 
260-300 264 246 .9973 15.6 1.0632 13 
310-350 418 4I2 .9993 13.I 1.0171 7 
360-400 283 278 .9985 14 . 5 1.0172 5 
Over 400 I 

ESC 30 vs. ESC 40 All 285 286 . 9995 7.8 . 9977 34 
Under 260 I96 I97 .9993 6.7 .9930 8 
260-300 244 246 .9991 8.6 .9928 13 
310-350 413 412 . 9996 9.9 I.0040 7 
360-400 278 278 .9997 6.4 .9968 5 
Over 400 I 

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 analysis 
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TABLE IX 

REGRESSION ANALYSIS OF 1981-1982 SNOW WATER EQUIVALENTS 

y X _:j_ X Rz S.E. - -

Glacier vs. Standard Federal 297 317 .9986 13.8 
Sharpened Federal 327 338 .9986 14.4 
1981 Metric 297 305 .9977 17.3 
ESC 30 263 261 .9991 9.7 

Std. Fed. VS. Sharpened Fed . 349 338 .9995 8.9 
1981 Metric 317 305 .9991 11.8 
ESC 30 279 261 .9979 15.6 

Sharp. Fed. vs. 1981 Metric 338 336 .9992 11.5 
ESC 30 310 298 . 9978 16.9 

1981 Metric vs. ESC 30 268 261 .9981 13.9 

Definition of Headings 

y = 
X = 
Rz = 
S.E. = 
COEF = 
Cases = 

Dependent variable, y = 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 = COEF times X. 
Number of available data points used in analysis 
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COEF Cases 

.9329 62 

.9622 54 

.9643 62 
1.0028 45 

1. 0315 54 
1.0336 62 
1.0631 45 

1. 0017 54 
1. 0378 37 

1. 0257 45 



APPEND IX II . 

Figures 9 - 124 

Snow profiles of snow sampling pits by metrication committee - 1979-1982 

The number of each profile corresponds to sample number 
shown in table V. 
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DATE 1 _ 30 :J 'l _ ;o--,-------'oe= s:.:ER:..:.v:..:E::..:Re<r ... ""L<"'~"-'--1-iu.l. ">U.lJHf 1 "''""""''""u.-'-1 
LOCATION ffio. • M~J" 
ASPECT E.,,!" _ SLOPE INCLINE lcy<l 
WEATHER C::.o_\cl - _C.k<U:...._ R ..... b,._ 
SURFACE PENETRATION _ .ZQ ""''--'(~.l.l.lfb''o"''·t"+-..--.---r-.--r----i 
T ("C) -16" -u· -12" -10' -8" -6' -4' -2" H K F D W G 

em 

~ 00 
1-+-J-i++t++++-1--f"t-t--t-++-t-t-+-t'" ~ 0:0 

l-++-11-+-t-1-+-t-l-++1-+-k-l-+-t-l-+"i~ t% : 0: 
H-+-11-+-t-1-+-t-1-+-t-1-+-t-~+1-+-;i, 50 ~ 0 

-·~--H V/ •• 
1:--++"B" fliF-h++t+H-t+t-H-+f"-l~0 ~ : o 

~~4r~-e+~+-~~1-+-~~H;t1ri~ ~ o 0 

0 

mm 

1-2. 

--so•c. 

'32. -3.3't. 

-Z.'I."c:. 

- -2.1"C. 

t:j$t:t4:t.:t~tt:tt:t+.t4:tt4~ -1.1't. 

~i I~" ,. '. . al!JI-:--'~'-''-'-:_:_._z_-:>_.__,__~_'l._._..,,.,',,:.J,\:_(._--t 
FIWRE 9. Sncw profile for pit rurtlor 79-+fl'-1 and 2 

ORGANIZATION 1\'\o"\."' scs St'\ow S""'vV<.""\ l u t No.1'1-Jlif- r.&7 
sw::JW PROFILE 

DATE 1-31-1 '\ 06SERVER r"o.rMo. - 1-!u((""'" 
LOCATION owu· N....., or\J 
ASPECT 1\1 or+\, - S\-,c.d".d SLOPE INCLINE t;"'; 
WEATHER \d- C:.l•o.r F\, ,~o,; .... + r .. """ - -\•LO'C. 
SURFACE PENETRATION qs "' :b. t~ 
T ("C) ·18" ·14' ·12" -10' -8' -e• -4' · 2" H K F D w G 

em mm 

10~ s. s...k. -~~ :,1(:~~ 
I 00 ++ 

+++ 
o.s -"-~·c ,0 

'10 ~ 
0 0 1'7 -1s.rc. 0 
0 0 OS- I 

'JO ~ 
0 -IO. 't 0 C. 

0 0 

'0 - - '{,\'C. 

~ "" so "" - 4-1'c. 

" " 
21 

~0 ~ -~.o·c.. 

"" 
"" f-- -~.'I'C:. ~ 

~ "" 3-'i 

'tO "" - 3."\oC:.. 

t% "" 2,Co - 'l.soc. \0 "" 
" /. " " - ·' •r 

FIQ.m: 11. Srot profile for pl.t l"'.r.ber 79-Hr-6 ard 7 
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ORGANIZATION 1'1\._\o.,"' S<-' s ... o;-S- ... ,...,<-t Tu."l No. 1'1-mT- 3,~. ~ s 
SNCJW PROFILE 

06SERVER !=".,". -1-l .. ~ .... . " DATE 1- 31-1"\ -
LOCATION ~..,__,Wccir 
ASPECT ::io,.,l;.\., SLOPE INCLINE Lt.vt.\ . 
WEATHER C.l~o\..1 A ...... b .e.n-1:. To. ... o . = -\3.Q"C. 

' SURFACE PENETRATION 'l,S .. .,(I-1 

T( Ci ·16 -14 -12 -10 -8' -6' ... -2" H K F D w G 

H~ 
·-- + 

em mm 

+ -.· :- t 
1_,_ 

l - -+- H -t 
. -- I - 1- ' -r 
• . f-+-

. 
i I 

f-· ~· 

1-+ +-

H- s .... ~ \4r-\o.. .. ~ :~. r.·c. 
I+ 

,0 
++ ,o +++ I \S .1 °C. 

'+' Jr. 
-1~--t·c. 

+ 
'70 

% 0 0 

0 -11.0'c. '-0 

~ 
0 0 -

5I> 
0 -1.Go'C. 

0 0 1-Z 
~ "' ~ 0 lS s.r.'c. ~0 0 0 

1-+- ·- -·· 'fit -

~ 
0 

-~-1'<-
... ~ 

30 0 0 -i"'-t 10 "" 3.'-'•c. 
.' *-' ·+·· ~ "" "" 

3-'i lC. -t.,•c. 
"' .to ~--r . i /. "" -1."1'C. 

FIWRE 10. Sf'lCM profile !or pit rurbor 79-Mr-3, 4 ard 5 

OAGANIZA TION !Yio~ t • ~, Sc.~ SY'IOW S"'-r 'llt."i "T~t N, 1'1-MT-8 &'I 
sw::JW PROFILe 

DATE ~- ~~-)~ OBSERVER l-\'\{{mo.n • 1-\err.hnq 
LOCATION pft , n' R S. 
ASPECT IJ.l ~~o~t. SLOPE INCLINE c:: s"?~ 
~HER Ov••-'"" ... -~o Snow: \o.l-1:-:1 ~ .\-,-.. ~~ ..... ~ - •c 
1Y'RFACE-PENETRATION ~ ~~~ 

T ("C) -16' -14' ·12" -10' -8' -8" ... ·2" H K F D w G 

"- .! em mm 

H· t 
I+ -i-

[-+_._:-± 
r+ +-

f+ ..... ! 

-j:.. -+ ' -

H 

IT -+- J_ ,, s., s r{o ,0 - -o.s•c. 
_::t ::::t: 

/\/ I /A -t:z•c. ~0 

t + ~ 
. . " ·- 10 . -z.z•c_ 

IT --! 
. 1-l.S 

~ 
. 

-+ 
,. . - -<.-z'c. 

+- . 
% -1.1' c. so "" "" ,, 

~0 

~ "" 
-().~'C:. 

- "" 
--l-

30 "" - -o.~·c. 

~ "" 1-Z.S 
tO "" 

o•c:. 
•I 

"" 31 
10 ~ "" Cf'c. . t- "" 0' c. 

FIQJRE 12. sro.~ profile Cor p.1t l"'.r.tter 79-fofl\-.8 ard 9 



ORGANIZATIO~ff\o..,i_::: ... ~ Sc..S :s~-:I,W 5 _-...r'l'-g T.sl:. No ,q . MT· 10 !. II I SNOWPROFIL 

DATE '2-Z.<.-1'\ OBSERVER l:l,{i£mQ· He~~;"~ I 
LOCATION Lo~•.- No.w \IJ~ 
ASPECT N~~j-.,.J";";t' SLOPE INCLINE 5"7. 
WEATHER f"9r-l\~ C.\ou.J~<>-~ci~J fl!!\bi<-~-t l<.W\o. ~ :l ·c. 
SURFACE PENETRATIO 

T ('C) -16' -1•• -1r -1o• -e• -e· -·· -2' H K F D w G 
em mm 

- -

[..{ ... < ;r_s,_ l t~o s ... s. -o.-&'c.-
++ 

I><> +++ 2. -3.Vc_ 

Ito 

~ 
. 2'2.. -s ~·c_ . . 

IS-2 - s.o'c_ \10 
. 

~ 
. 

~ 

\00 

~ 
~ -·;.~·c.. 

·- c 
' ,. c -3.1o'C. c 

- c 30 
10 »< c •31'<-- c ,. X" 

c 
c 1-1.5 I- -t .s '<-• ' .... m m ;\ r- c ·. -)< ~· c -l..'l'C-

-)< c 3'1 .. c -I.,. c. "" -)< c .. -· ... ~ "" I- -I ~·c.. 

"" >o 

~ "" -I.I'C.. - "" .. 
~ "" 

1·l.S 30 -o.'''-,., . 
"" 10 

"" 
-O.:!>"t. 

.:. "" ,..,., 

FIWRE 13. Sncw profl.le !or pit ruTt.c.r 79~10 nrd 11 

ORGANIZATION f')o. t. .. A SC:.S S """' S,.c-v( 
SNOW PROFILE 

DATE '?.·1.1-1'1 OBSERVER F , .,~ I-I.M-- U.<tl;o 
LOCATION ':>t I "\..c 
ASPECT So~H SLOPE INCLINE •, 
WEATHER C.\o.".-
SURFACE PENETRATION 

T('C) -16" -1 • • -1r -10' -8' -6' _.. -r H K F D W G 
em mm 

1 ,I I.S 

~251.~p-IIC"'Ii'f!"~'1:!"~•~" ,___ -'\ •c.. 
I-I-J..++-!1-4++H-l-+f-1-4-J..~of-1Hl~o )<, /'//' 0.25 ·l.'C 
--1-1-1--1--1-1 H--++H ·H-+-,,""H 11. -~·t. 

1-1-+++-1--++++-11-+++-I-IA-++-Huo ;x • • f.-- ·5"<-

H--+++-H++HL-,-++-H'+++-Htcc ~ •• • ~~~ 'l, -s·c. 
H-1-++-1-4-T-+H--+++-H-*++-Hi\o X" • o.s-l ,___ - ~·c. )(< • • -~ ·c. 
l-l-l-++-1-4++H--+++-H-l-++-H.-o X" • • 31 - ~·c 

1-1-+++-i--+-l--1-+-11-++-!-1-14-1-+-HI'O Y • ~ ~ ~:~ 
r .A -"l•t.. 

H--+++-H++Hf-+++H--+++-H~t• 'r'~ : 0 ;~ -~·c_ 
~ ·:)· (. 

H--+++-1-4++H--+++H--+++-HI•o ~ c c f-- -3'c 
c -:l''-

1-1-+++-1--++++-11-+++-H-+++-H\0 t!:: c ~I -~·c. 
~ot% ~ 

0

0 : 1- I.S ~ ~~:~ 
!:'""' 3, -rc. 

H--+++-H-1-++--!f-+++H-+++-f-1~• c ·1·c 
l-l-l--+-+-1- l20 ~ > I- -.i:~ 

c v ~ . 35 =I:; 
FiaJRE IS. Snc:w prohlc for p1t I"'Uf'bcr 79-MI'-IS And 16 

DAlE '3-'1-1~ 

LOCATION Tw~~1;.J · Q"._ 
ASPECT So-. -\:.1-, .,_; .\. 
WEATHER ~IOAr 

SURFACE PENETRATION 

T ( C) 16 -14 · 12 · 10 ·8' ·6" -4 ' -2' 

j I I' -~ -+ - --1-+H-t--L++-t-.t-t-; 
L i 

- - f-- - . +--+--++-+-t-+-H 
I , ... 

i - r 

1 
r ; 

H K F 

em 

~ U. Sncw proh1c for p1.t l'U'I'bor 79-Mr-12 , 13 tl1'd 14 

D W G 
mm 

11 

-
3\ 

f---

2, 
f.--

-'1.2.'C. 

·'1.'\'t. 

-~.3'c. 

-2:l. 'c. 

-(.'j'c_ 

-l.'i'C. 

- \.\' '-

-).1°C. 

'O'I>'c.. 

'ORGANIZATION m."'t ....... SCS S nDW S 14C""V~ Tut No '1 ~ - mT - 11 & 16 
SNOW PROFILE 

~TE ___ :3-'11·1~ OBSERVERr.,_, ~..f<- . ~ .. t 
LOCATIO!"_ t.L>cb.t.r C.cu.\s. 
~SPECT Eq~t. SLOPE INCLINE !; '!. 
WEATHER C. lo.._~ l,'_\1-,\: S,.,o.., ·"' ,-\. Tc. .... o . < - \.t '<:. 
~URFACEPENETRATI _ _ 15 C...,_( Bo•(\ 

T ( Ci -16" -14 · ·12' · 10 ·8' ·6' .. ·2' H K F D w G 

I I - em mm 

t ~ - .. j + -
I + i t H-
i . f l 1 . j 

- I • I -f -~ -~ 
• 

' ' ! ! H 1-l~~ o- -~ I j l '2.- ""' \.'.. .... c,."'"~\. 

I Suet 
c. 

r + i T ! L.-1-" ~~ ~"' .. .lS ...<..\ ·<... 
2'10 

~ 
- \ >0<.. 

I I I l.J /'/ 15·0. 2'1 -\:'}'<... 
n o 

'"' f.--
-').~C... 

1 • ~ : -:s.o•t. 
I 200 A/ •'"1"\*L 

• I ~ I j . ;\ '"' 
30 -~-~·t. 

1\0 -~ .,-(. 
I . I ... /'/ I- ·3,,'<. • I . lSilS ' 1~0 ·>.~"-I '"' I . I ;. I -t . 1\ 3' -}.~'<. 

' j- I 
1~0 /'/ f.--

-l.,•c:. 
I • 1 ' ,/, -).'!1-•t. 

110 -2..8'<-
I ! /'/ '\0 

·t.~'<-I 

I I f~ 
IOO ~ /'/ f.-- -L~'t... 

f-L I I ,/, .5-1 -1..1."t. 
I 

'II> 

~ 
4\ -t.t•t. 

I ' • I 1 I I n· . . ·1.1 ' L 

1-- ,. . 
~ - \.1'<-

I . 
I ' I ~ 

. 1-t.• '10 
-t.\ ' (.. 

1-- '10 . -1.1'(.. . l I I I I .. • f.-- - t.t'l. I t% . 
1--

I 
to . 

~0 
-1.\'e. 

i ft· -0 I.' L ' IX "" '2.·2.5 -· . 
flrnRL 16. Sno.~ profth: Cor p1t n..riJc.r 79..offr-17 and 18 
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OAGN«ZATION m.~t.~, ~c:-. s ....... s"'"'i r ... ~ N~. '!1- mT-1, & zo 
SHCJN PROFILE 

DATE 3-2.2.-7'1 OBSERVER I'. U.(C-. u.~l: 
LOCATION r ,1<.. ~~--~· 
ASPECT <::; .+\... SLOPE INCLINE ~.:T 
weAnER P •• +l. C'.\o".l A .... l,- "= -r. ~ n . •c._ 

SURFACE PENETRATION ) \Sc:.,.,..( Boo·,") 

T ("C) -HI' -14' ·12' -10' -11' -6' _.. -2' H K F D w G 
.. :. an mm .. ·-· .... Is- s~ ~ .. c.c.. 1-- -~.8~ ...... 

It!> c c ~-l.S ·3.3~ 
i,! '?. v, 1•1. ;i ·3.3"C.. no 

;. 

~ 
/V 1.~ 

p.u-<> -s.o"t. u.o 
'"' ISO 

~ /'/ 1-- -~-~·c. .,. 
.I 

1~0 '"' P>s·o. -3.'\"C.. 
~ /'/ 

110 

~ '"' 
-3~"1:. 

33 
llO /'/ U·OS .. 3.~ot.. 

; ~~ ~ /' / 
IJO './, I-- -z Q't. 

100 
a a 

·2.'6't. a o ,. a a !l-•·1 '3C. -z.t'<-
a a ,. · l.l't. . . 1--,. . . J· J,S "1.1'c. .. 

Ill - 1. 1'<-
I. " 

>X •• n -o.J.'c. 50 .. 
'10 ~ •• o•c. • •• '---i; ,.. >x .. Ls-z. .. Q (, •c.. 

~ 
•• -ovc. -! ,, 1.0 •• '3c. 

10 •• o' c. 
I : l , ~ · ! •' 

.. ., ' •• 1'' 1 ··~ 
PIQJRE 17. Snow profile for pit l"'..."b!r 79~19 &rd 20 

ORGANIZATION m.~~~ ... s c.s Sno"' Su·~""' '"~ 1'-lo . ~,- ml - 7.'3&2~ 
SNOW PROFILE' 

DATE 4- Z.C. · 1'1 OBSERVER ~'"••~•-~ .. fl. . u.,.,l;~ 
LOCATION l c:.k Crul<. 

T ('C) ·18' -14' · 12' -10' -6' -11' -4' ·2' H K F D W G 
mm 

.. 
0 

0 ~ 2-~ 
0 c 

c a 

a 
~ 00 

a 

~±· ~·B .. ±_+. ~~±g~r~;. +~_L~~~:L-LL~~ 
FICDI£ 19. Snc:w profile for pit ruNler 79~23 and 24 
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ORGA~KiN _jY\o.l'·~~c.!) s, • ..., :> ... r v<-. T •• ~ No. ~'1- rt\T · ll &22 
SNOW PROFILE 

DATE 3·2'2.·1'1 OBSERVER !:"., , U .. l(. lltr~ : 

LOCATION -W\:;< lt._N1~·;-_!.!l\L_ _____ --::::-====:::--=c,--;-----l 
'ASPeCT ...N...rt~ .. -t SLOPEINCLINE r l.l-

' wEATHER ~~·£_~ ---:~----~~~~~~r~·· - ~~:--~-·~c.~--1 
~RFACE PENETRATION 15 <.m 

T ('C) · 16' · 14 ·12' -10' -8' ·8' ·4' ·2' H 
an 

1-- 1-H+ H-
- 1-t-
+ - ~ 

l l+ I H-
1-1---

.--+-H-1-t+-H--r--H-t-H 

f+ ---1- ·H- It 

K F D W G 
mm 

,.,.. 'l.-

1--

3'1 

1-­
".l<. 

1--

--.~'C . ,,,.'-. 
.. l.c..•c.. 
- so~ 

- ~·"''-
~l.q•c.. 

·l3'C. 
·l.'l•L 
..1.:-('C... 

·'1.·1·<... 
•t.t•L 
- .. ~ ... 
·l.l'c. 
.. u•t. 
-o.'-o•t.. 
-o.f.•c.. 
o·c. 
o"<­
o•c. 
"''­
··~ •c. 

~---------------------L--------------------_j 
FIGJRE 18. Sn::.M profile for pit n.r.t;cr 79-Mr-21 ard 22 

------------------~ I ORGANIZATION __ro.,.-.t..~4 sc::ss;::-..., Svr'c" T ut l'lo '7, • mo - 25 l 2G. 
t" SNOW PROFILE 

I DATE '1_- 21·1'\ OBSERVER!:. .... -U .. «---U.,.,I;~ 
t-f.ocATION Show~rL,-.J:F~ ... .1~\ IL:I ... .__ ____ _ --=-:--::-:::::-::c-=:-:-::-c=---=----1 

~
I ASPECT l'lo£,. 4 ._-\-. SLOPE INCLINE .'5"7. 

WEATHER n~"r A ~-1- -~ = --.."''C. 
SUR~~E PENETRATION ?. - '1 ""' ( llo<,t. 
T rc) ·16' ·14' -12' · 10 · 8' -6' -4' ·2' H K F D W G 

!-,-++-H+-t-..Lr f-t+-YI-++-H>-+-il;,r + ~ ~~ ~c- - 3.:1·<:. 

+ -t-- h h f+H-1 ",·a ~ : :~-I 
It + . IH-H H 1+ ~ 0 0 05•1 1'1 

...L • ...- f-1-;- -4. f-l- + -+-1--H-++-H ~~ c c 1 
1~0 f'§ c "--

,~--+-lt-H-1-+~++" -+ +·-H-+-~+++-++ -lt-+t-t-'t-HH ~4 c : ~""." r- ISO 

~....!. . f+-+ . i+ 1~0 ~ : : 

........ .,_ H- · - -H- 1- X<·. 
i- -l- I+ I+ T l>o i<..x~.l--c "-1-c ---l 

- f-1 f- t .l. .L ,1,100 ~ : 0 

~., c: lo.s-1 
--' I + ~-+- ·t- , .. ~:a 

I ·- "'X oo 
I ~ 

•-h ++ .L '" ><:>< :: 
~- .! H--1--t-H H~+-+-1-+-t-HH »< o c 

1--++h++H++-1-++-HI-+++-t'a )< c 

r+-H + H- + H- ><:>< : c 
1--+...-l-t+..!-j-l.++-1-++-WI-++-H~o >x c a 
1-, +-L.-+~ j-f-t_,...-+-r-1--+...,-H--H-t--H so ~ 0: 
1-1--IHf-H- ...!.4-H-t-, 1-H-+++t-++-H~· >() c • 

1-1-J-:j++f--h-Lt-.+.i-..-Hf-H-t++t-t--H >5< : : 
I--+ + j-. + ·.,.·I-+l-·+f-!-~1--++H+-H-++-H: St :0 
'LT -~ >). •a 

l-i-1t+'-t-l-f-l-+-+-+-1-<t--+++f-t-H-·H~f-H-f-j ~ ~ :. 

naJRE 20. srow profil~ for ptt I"U"iJer 79-Mr-2S an:! 26 

OS 

1-2. 

t-3 

30 

1--



ORGANIZATION ont<>~~ SC.S Sno"' S,.r.e '? T•,.t No 1~· ffil· 21 & 211 
SNOW PROFILE 

DATE 

LOCATION 

ASPECT 

T("C) · 16' ·1•" ·12' ·10" ·8' -6' _.. ·2' H K F D W G 

H++-11-+++-l-++-H-++-H-++-H cm mm 

Fla.JRE 21. Sn:::w profile for pit J"'.d::Cr 79-Hr-27 and 28 

ORGANIZAT ION mon-lan~ SC!> s.-_, Sur~~ Tu-1: No. 1, - mT·311t32. 
SNON PROFICE 

DATE S-2'1 · 1'1 OOSERVER!;. .1-\"(l, .H • .J;, 
LOCATION St.o...- Lo.lc..~ 
ASPECT N!= SLOPE INCLINE <s' 
WEATHER C...l~ ...... 
SURFACEP ENETRATION I~ c.m r- .... I-; ,,..t '<> • o.<. 'c. 

14. -1~ -1«r T("C) ·16' • -8' ~ ... ·2' H K F D w G 
an mm 

.. 

. 

-
-

~ -+~ 

o'i s ... s~ ~'"-
00 

~ ++ 
I+++ 0.5 1\ 

· "" 
~ 

0 -
I•• 

0 

~ 0 'IS 
1'10 ~ 0 0 1\1\-\.~ . : : -
Itt 

~ 
I - l.a'C. 

... 
0 

0 
'\~ Su.rfo.<~ ,. 

0 
0 

~j ... .. ~ 0 
0 -- 0 . .. 

% -. A A 'Ill . AA .. 
~ 

AA t--

... A A 

~-'1 '\'\ 
"" 

to ~ A A r--
' "" 'iC. ~:::-\<>~' ' t . 

FIQ.IRE 23. Snow profile for p1.t rurtcr 79-Kl'-31 ard 32 
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I ORGANIZATION monlo.no. sc:s· Sn. , S .. r~ •. 1 ... ~ Nn i]q.mT- 2'1 & o,o ·--- SNOW PROFILE J 

l DATE 5· 1~·1'\ . OOSERVERI:'. "rr. - ~nl:-
LOCATION E;,;l,~ ., c.,.._~.._ 

ASPECT ~~':::1: SLOPE INCLINE 

' WEATHER C: , · \.l);"j · Ckc:c..-,o"' S. A-1..: •• + '" . ''<. 
~SURFACE ~Ehc, n~ . '1, '-"' e.oo•:\ 

T('C) · 16·~~~ _., ·2' H K F D W G 

an mm 
I 
I i 

: 

-1 
-j 
: 

s .. .ra~ ~ l1.oq c.. 

0-I"" '1·5 
'II 

i 1110 :% I~ ~ lz-z.s 
f--

~ 1 1~0 0< 0 • 
'\() 

/)< 
0 0 

I~~~.;~"'~',. I I • 0 f--
:></< 

0 0 

ps· suM,c.~ • 0 'IS /)< 0 0 ;~~~ :>< 00 f--
• 0 

I. rx • 0 't3 
0 0 

I 

~ 
0 0 

f--
• 0 

0 0 
3, 

I 

~ 0 0 
I· IS 

f--
0 • 

' ' ~ 0 0 'tl 

Fla.JRE 22. srow profllc for pit I'U1'bc.r 79-Mr-29 ard 30 

SN0N PROFILE 

DATE 5 • 30 ··-='l=-''1'-:-;--------~0B~S~E:!.!RV!.!E:!:R!..I:liJ >·~:~~-..,•:.r·· U tll"j:tll+.aao•~.:J-~aYJ • ..lii!Jl:; ~llil! 
LOCATION VJ\.,;h. m:lf 
ASPECT SW SLOPE INCliNE 1 • ""I 

SURFACE PENETRATION 5 '"" 
T ("C) · 16' ·1•' ·12' · 10' ·8' -6' _., ·2' H K F D W G 

~~~~t-t-t-r+-~-+1-~r+-r~·~::l em 

Ill 

. i 

·I·': 

mm 

1, 131 s~o s~ .. ~~ 
,/'-./ 

""" o.s 4'10 ~...1--+--1 
f-t-t--H-Jf-t-t-:.r~t~1-:-t:~:;:_+-:t--t:-t -:_,r:t-+:+--l:.r_:ttJ=iH-'-1; : 1: ~ l. ~.• 
~~~1-~~rr~~~1-~~~. ~ 

~~ r+++~-rrrr+++~-r~~ 

~---· +- -'-t-i-t-+-+++i-t-t++t--H\H-140 ~ :-
f-+[t+~t-1· . +~H-H-+--++1++:+~+t'ft~5o ~ : : 

I 1 H-t-1-t--tt-1--1 ~
0 

~ : : Ps·l 

r-1 +:-+-t_-:--rt---t+_J_.-;r--+-H,:-t.t-=';t_:tj;~+_.,_-t'~ : ~ : : 

1-;:-t+t-iH++H--+-IH++H-li+H,.!; •• ~ : : 
FIQJRE 24. SI'"Oot' prohlc !or pit I'U!bcr 79-Hr-33 an:J 34 

25 

-

-



I.\} r- -o Pe.. 

~ -o l't. 

~H-++-+-HH-+ f·+ 
h-R,.P··+.--HH++-t-f~ 

' • lO 
H-··-

. to 

-.·-H++ 
I i I·H: 10 t-t'- . +-· .. I -

.. 1 . I .. _ 

'---·--- --- -- ·-· 
FIG.JRE 2S. S!"'Ooo' prof1lc for plt nt..d:iOlr 7.f-!"!!"- '' 1; \ : 

/ " 

SNOW PROFILE 7f {A :Z 
DATE J -IS'-1! ·---- _ ·- OBSERVER Pe f<r ~.., _ - · 

I LOCATI~_:- lllti.L - -· ___ __ R~u:.,undo 

~
, ASPE£! _ Fl;..f_~!!.i~---- ·-- SLOPE INCLINE 0 : S ' 

ATHER_~owj .,, _ _ _ 

RFACE PENETRATION /1.., J. ie.,f T• ,..E·' ::.} o' f. 
1 

T ("C) · 16' . ,.. · 12" ·10' .a· .a· .... .z;---;~-f _K ,I F ro fwf G 1 • 
. - . em t ;;;=m r - l 
· ; .-_r;- · ' I , I 

l;-+-1f-Hf-H++++-+-+++++·+' +H--H, ' I ' : I 

J:-t-+++-H-+++-H-+++-'-+--i-1 ·~ 

J:-t-+~+-H-+++-J:-t-+~t--rt-L 1 

H-+~+-H-+4-+-H-+4-+-rl-· ~~~:~JAo ·~~ 
H-+...,.-+-'-+-+++-H-++--Hrt-+7-; -1 ~; ·: (,I 

1 

. .,. ~ z J .Z 's.u pf [ r 
~ - ·+· ,','"0 0 0 l · J --,.,J ;,. • ., 

h-+++-H-+++-H-+++-H-'-+-'--1 0 • J¥-, j .... ..., - -

t~=t.::t.=t==t=t=t=t=t=t=t~=t=t=t=~-+-"--f·~ ~ --;":: •• k . 

H-+++-H-+++-H-+~+-rl-.~!-' -lfg."="'_ ·-t,~o ~ - J>., 

r
_..:, IOO 'h-

0 

° ··+-H- +.J-..1..-1-+-1-!-!-H·+-+-+ '~ ~ 
1-H--++++-4-++++-H-++~I~H_ to ~ • l · J 

'0 // 
H-+++-H-+4-+-H-+4-+-IH+-tlf // • ' 
HH-++++-H-++++-i-1~~~.~. ~o// 
H-+-1--H-+-H-4-t-+-+-!-+-j-..L.t-.. -H~,. J.p -j// .• 

?d ·. 

3 1 z 

,., ' 

H7 
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ORGANIZATION J) W R 
SNOW PROFILE i t C A ·I 

DATE ..1. - .Z. P - 7 9 OBSERVER P&l-e. r' o" 
LOCATION L ot .lc ~ 5p a" I J ,-.,' 
ASPECT Flot f- Op,., ,-_,!!1 SLOPE INCLINE 0 - . s • 
WEATHER S"owi., ~ 
SURFACE PENETRATION 

Ti Cl 16 14 · 12 · 10 ·8 ·6 ·• · ·2' H K F D 

i . . I I j I . I I I "'" V /. 1'1 mm 

-- .. 1"- r- " .. -r.·- ---+-"· ~ .l.·J 

f l l~ • ~ _I_ ::: ~ ;:; 
--~~tff· ~- ~1-- -~ : l ::: ~ ,,, 

. ·il !' ' . ! t1
•1 
• •• ~ 

g-

i:: l~-t--~~D-:~r-= ~ ~ 1 ... . : ~ ~:~ I ·J 

-~~8i±~ --~:f~~7· :. t .. :~: ~ ,,, 
- : ·_~ , .. ~ 

·-: ~ . !I ~11 . + ·-: .. - -~ .. fo ~ /\/ 
~ :_ ! . -! ~t· .. , 110:1-: 0 [%:: 
I · _ --·f-d r +--+- -+-=li)·- • ~>.-~~t----+-,-1 
~ - - 1' :_, · ~ · ! -·H-·H_ ... + I~ V7 ' --'- . ' "" V/ /,I l-J 

~~~+j .:..+-~ 1 ~ • • -~--· .--.~-•.• ·--~·-· r: ~ o. 
L:::.:_ __ ;_ _ _j__::j ~. i i . ~ ¥• ~ 

r.-
w G 

... 
f--

ZJ 

1--

~· 
1---

J/ 

1--

'II 

I 
~ 

I ! .. ! . ! _L -J. I I - · L_ _ ; -t- >' • • J 
1--,-- ;.-+- --j- I : : ; [- h o I ¥' ' 

: o•e 

4..,. 

Le,. , 

L•-.1 

I I ·· I ' ·I J: ; : -+ j f • J I ~ --~· _L_ i : r .;_ ~+- ~,q=P.=: ·4-h ~ • ! cJ 
r--+-·r· -1--,-> ' IO • ~J I L_LLJ ... : .. :L ·- i .. !···.. .. ·y· 1~ .: . J. 'I I . - ---j 

- - - - - · 

ORGANIZATION 1J W R 
SNOW PROFILE 

DATE J-Je·7f 
LOCATION l ~ J:e Sp ~ uld',., ~ 
ASPCCT t:'/ J.f 0P'""") 
WE ATf'ER L ' 9hf- .snow 
SURFACE PENETRATION 

T I C I I 6 I 4 · I 2 ·-· 1.:.0_·"'8 -.,-----r~...,.-,..-f-:::. 
~.--,---, --. i I 
> • ·-··-·· -1·-· -~--' ! 

j . 

" ' f 

. !lw J h y _ 



SNOW PROFILE - H CA ·_'f ____ . 

DATE 'i-- ~ · 7~ 
~~ _ ~~~-~~-u.Jj i-;;'j 
~§!._Fl~>.L_I)...p~ "i..~--
WEATHER "{it. &r __ _ 

SURFACE PENETRATION 

T ('Cl -16' -1•• -12" -ur -s· -6• -4• ·2" H K F 0 W G 
--f-;;;m - --em 

H-++-H-+++-H-++-H4++-H-l/<lo ''I •·S 
~ ·.· 

i-H-!--JH4-!-H-+.J..4·+-J4++-f-f-l /JO ~ 
!i--H--+-+-1-++-J-H-!-++++++-l-+-J/ZO ~ 
1-++++++-++++i-H-+++-H~ ::·. ~ 
1--1-+-HI_. -+-H~f-1-,1-+-1-H++++i~ :: ~ • • 
P-HPI-'-'1-+-f-+ 1"-~+1~--H.,:.J-4:'•++-·t;!:: .. · 7• W,A== 

,. 
! 5 

¥4.3 

. ., 

SNOw PROFILE 7f (A :-. 
__ f>BS~VER Peftrs o n 

_E ,,;~~.!'do_ 
SLOPE INCLINE (> . . ~. 

T (C) -16· ·••• -12 ·10 -8 ·6 -4 ·2' H K 

~-,--+-- -t·+· +,- -t' .,...j ·- . 
em 

·- ~+-- ;--~ - ' 
·t --~+ c. .. ..L ---1 -~ 

D fw1 G 

I 
1---+-f-'i- l.. ~--!-~· -! -~- -t- *~' 
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! ORGANIZA liON 

DATE ¥-¥-- 79 
LOCATION /l l flt4.. 
ASPECT F I ... f 0 p• H 'H '} 

WEATHER C /t. iJ. ,-

. SURFACE PENETRATION 

SNOW PROFILE " c ,. . s 
OBSERVER 

SLOPE INCLINE o- .r • 

~~~~~C~I~·~1~6--~·;·~·~12~·-1;0~~-8r--·~6~· ~~r·~-2"T,r1~cmH~ K F 0 W G 

-I .. - l - . .L-1-!--!-;!'-1-l-l t" 

--+- -- ___ J_ --+-:LH1-H-ltl• 

-+-i-I--++ ++-Ht7• 

"' 

---- -l--+-i'-i--i--HI6o0 

-+-t-+--+++-H-+-1/So ~· 
1--+--+--1-14-+--+-t+l +++Hf-+-l·t•• ~ 

--i---+--1--++-.-1--H-1 +++.Hf-+-1./Jo ~ 
l- ' · +· 

1---+--r-il-"--+-+-11--+-+-t-1-++H+-ltlo V / I + V/ 
1--1-....-+-, -. H-1---r+~H-++++-1""1-I IIo ~ 

.1 - J 

1--+-+"'-1-4-+--+..J. i-+··. +J+.. -~--· ·!-dl(l-'1·· · , ,.. ~ 
I +- ,. ~ = s 

-~-~~-+~+-r4--+~H-++-~~,. ,. 

·h·· .L . L 1-+-+'·--+· ..!i_·· ~--i-'--~-· -~-· ·--+· r-=~~- ·--,~·; 7• >< 
+- +· +- ·1- . i-1. ~ )< 

-T-t-·" . + .L .L t - ~ , . ~ o 

1-_---1--+--.L+_~~-i. _+--~-+!-1-·--• + _..:.._, -1-+-1--l+++=H :: ~ • 

-I---!.. . I ~--· T ... , .. ····- r-Ai ~ ,, ~AI • . 'f .. '---~ -=--±-+!. ... !- -+ ·-i- Zo ~_,d 0 ! 
~---~-L.J. ... . ! ···-l · -:-------- ,. ~ . · I 
~-~l I · ·; · i · · · ·+·-i·· ~ 

J - ¥ 

f I' i I ~ :-.. ..... •• 

H -I 

-

Jl-1 

-

-

fl.o 

JI.Jj 
--

OAGAN!ZATICf\ !•.:._:_ 1 ~1\"!Pn NMf~':'" __ __!E!iT No. 79-B. C .-l 

SNOW PROFILE 

OATE :1·• .• .- .• 1 

LOC ATION r:11·11 ··r·. f'I-~1L'; nr. ~\INTfN,\NCF: Sllt~D "~"------

ASPECT t.o.~~l ' r, )' 
WEATHER 'lt , · ·' 1, Jl:(·t~ 7<' 

SURFACE Pf::"'lETRA TION : 1 ·r • ~!lr'\JRhC\t• ) 

r .:_~.::~.~~--~---'~-- ~~-~-.. ---r-_..;._.;..._,;: [ ' 
F 

~ __ j 

·--· -i 

I 
I 

I .. I 
. . 
I 

i ... _. _, 

., 

1

1 \) ,1 I .. 

~ : .. : . .. 
' • I 
r ···:L' 

·.:. 
f.: 

/ 
(., l 

i 
i .. I 
( 

I 
,. i ..... -.. ,. ': 

-, 
I 

I ,, 

I 

-4 
__j 



SNOW PROFILE 
TEST No. 79-B.C.-4 

D. THOMPSON ' 
OBSERVER G • FORD 

SLOPE INCLINE 

H K F D W G 
em mm 

,,, 
,., 

"'' ,, 
"'' 

"' ' 

"' ' 
FIQJRE 35. Snow profile for pit ru;t:er 79-BC-4 
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OAGANIZAT~ c. £NVIRDNH£HT 'tEST No. 79-B.C. - 3 
SNOW PROFILE D. THCMPSON ' 

DATE 1979- 02- 21 OBSERVER G. FORD 

LOCAT~ BLACKWAL~L~P~E~AK~--------------~==~~~=-------------4 
~.!'ECT Southerly SLOPE INCUHE 
~~THEA Portl y cloudy 

SURFACE PENETRATION 12 em foot 

T ("C) -16" ·1 4" -12" -10" -8" -6" -4" -2" H K F D W G 

· · r+ T -1-H-!-H-!-H-!-1-+-h'l an 
h -t++-'-H-t+++-H-++++-H-loto 
1-'r-++-'--1--H-+-+-+-H-+-+-+-H-+-++--~•oo 

1-

mm 

h-t++-t-H-t++-t-h-tl-t++--t-H-'1 "0 

D +it l ~ tt. 

II 

''Ill 

, .. Vv' 
-''A/' I ,,. 

120 

110 

XX a a a 

,. 
.. 

"' 

" .. 

ll .. 10 

~-------------------~~----------------~ 
r t CiURE 34. Snow profile for pit number 79-BC-J 

0AGAN0010N B, 5= , E""'NV,_,:!....,.RON~IIEHT~7::-==::-=--__:.T.::;£S::.T:.....:cN:.::o..:.· _7'-'9:_-.;:8..:.• .::;C:.... -..:5:__ ______ _, 
SNOW PROFILE D, THOIIPSON ' 

DATE 1979- 03-09 OBSERVER G. FORD 
LOCATION N!WCASTLE·, .• =-:I:-:D:-:G::::£---------------=-==="----------------1 

ASPECT Eooterly ____________________ ..:SL= OP.:....::E..:;INC=U=No.:E=---------------1 
WEATHER ~ 

'suRFACE PENETRATION (foot) 4 em 
~~~~--.-.--r-.--~,-.---~ 

T ("C) -16' -1 4 -12" -10" ·8" -6' -4" -2" H K F D W G 

i-1-i--t-+-IH-+ t- t-+ t-1-+-t-+-H-+-1 an 

H ... ~++~ .. +H-++~~~~ 
~-+++-t-H-t++-t-H-t++--t-H-1•~ 

mm 

- H W Wftr A 

100zuaa , 

1-+HI--t-HI--t-H+t-11--t-H-+' ~-A:: ~ 0 D D 0 > a 

H-+++-HH-+++-HH-+++-Hiltttt't,.. ~ 0 
• 

0 o > ; 

H++-+t-1H-+-+-+-1-++t-+-+-HlH'-I: ~ 
1-+-1++-t-IH-t++-H-+++H=lirt+l... ~ 0 • • • • • 

1-+H-t--t-1-+4--t++++H--H+-H~ ~ 
H-t++-~H-+++-~H-t+t-~rt~~o ~~---+---1-1---+---------1 

1-i-+H--r+-H--'-++-H-+++-H-+-tt-H•oo 

1-++1++-H+~+-H+-- -+++-+-t--+-H-+tr-1•• 
~--~-~~4-t-1-+4-t-1-+,_~-r,_~~ 

Hf+++~+~++~+H~ .. 
h++-- ~++~~-t+~.±l!flO 

I IQ..'Rl, l f. 5nt';).r profllc for p1t 1"U'l'be:r 79-BC-5 

)< o o a 0~ 

0 o D l •l 



QAGAHIZATION B. C. ENVIRONMENT TEST No. 79-B.C .-6 r ORGANIZATION .. c. ENVI RONMENT TEST No. 79-B.C. - 7 
SNOW PROFILE H. COULSON ' SNOW PROFILE H. COULSON ' 

DATE 1979-03-13 06SERVER G. FORD DATE 1979-03-14 OBSERVER G. FORD 

LOCATION WHI STLER HT N. LOCATION BLACKW.\LL PEAK 

ASPECT SLOPE INCLINE ASPECT SLOPE INCLINE 
WEAniER Clear WEATHER Clear 
SURFACE PENETRATION 3 ca foot SURFACE PENETRATION Foot 8 Cia 

T rc1 · 16' ·14" ·12" ·HI" ·8" ~ -4" ·2" H K F D w G T('C) ·16" ·14° ·12" ·111" · 8' ·6" -4" ·2" H K F D w G 
em mm .. em mm 

.. ; 

H-+ '"' 
060 

V/ 0 o 0
o ., 

'"' - , .. I><>< 0000 •• 
... 
"" 

100 100 . • ow \UiilfAC 

100 ""' .. 
tO 

10 

tO 

Kx 0 000 0 6 

10 

' "' if'-f' 0000 ., 
10 

... I ·-
"' 

' 
>0 >0 

' ·-,t 

"' .. .. 
u o 

lO "' . 
10 // 0 0 0 ' 
>0 I I 

"' + -r 0 0 0 10 .. . + ... 

----PIGJRE 37. S!"'o' profllc fo r p1t I"Ult::cr 79-0C-6 
FJQJRE 38 . Snc:J,i' profllc for p.1t ruri:::lc.r 79 -0C- 7 

'ORGANIZATION B. c . ENVIRONMENT T EST No . 79-B. C.-8 

SNOW PROFILE H. COULSON " 

-
TEST No. 7 9-B. C.-9 ' ORGANIZATION 8 . c . ENVIRON~ENT 10 

>---
SNOW PROFILE 

DATE 1979-03-14 OBSERVER G . FORD 

LOCATION NEW COPPER HTN, -~CT SLOPE INCLINE 
r.:-:::-:-- ---

WEATHER Clear +6°C 
~PeNETRATION Foot 35 em 

DATE 1979- o•- 19 OBSERVER R.R. - S.R. 

l LOCATiON 
-- -

NEWCASTL& RIDGE 

~ ASPECT WEST SLOPE INCLINE 

f WEATHER 75\ CLOUDY ----
SURFACE PENETRATION 30 em on f oot 

T("C) ·16" ·14" ·12" . 1()" ·8' ·6" -4" ·2" H K F D w G 
r· 

T(CI ·16' ·14 ·12 ·10 ·8" ·6' ... ·2" H K F D w G 

em mm ,_.,.. t 
,. em mm 

' + . .... t T ·t-
1 ~ "I -+ , .. 

~· ' .. SIOOW uRrAC 
~ 

.. 

t t- f-+- ·- 11- "" V/ 0000 ' ' " 
lOO 

+ ...! rt po< 210 
/,/ ' ' " 

-+- ,... .- ~ .. ·. ' ' .. 
>to 

- - - -
-

, .. 
\XX •oo ' . " ' .. -

.!-
no 

~ 

-

.. 

' 
>00 V/ 00 0 " ' " ,... -+ -+-H- --t 
'"" 4- --'-H .L -1-

-t- I+· 
Ito 

I -
'"' I rl- i >10 

- -
>0 

t I~ - ~ II 1'/ ' ' >o l . . 
"" --·· 

•o . •O• .. '""-' 
>0 - 0 0 c ' ·---- .. - 0 0 0 ' 
20 - -- - --- .. - .. ''" ' 

I .~ 

+ 1 - I 10 

' ~ 1 - i 
I t 

60 

• - . 
~-

.. 
l I I "'(/ . . ' ' "' I 1- ; - j 

~ - -
FIQJRE 39. S~ profile !or p1.t lU'!'Ccr 79-BC-8 II 2 R£ 40 . S!"'o' profl.lc (or p1t l"f.r'lbcr 79- X - 9 Md 10 
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ORGANIZATION --
B. c . ENV I RONHENT TEST No. 79-B. C.-11 • 12 

SNOW PROFILE I DATE 1979- 04-21 OBSERVER R. R. -

ORGANIZATION B. c. ~VIRONMENT TEST No. 79-B.C.-lJ 'H - --
SNOW PROFILE 

DATE 1979- 0 4-23 OBSERVER S.R. 

I LOCATION WHISTER KTN . --
-· 

LOCATION BLACKWALL PEAK 
I ASPECT ~'!_ WEST SLOPE INCLINE 

WEATHER CLEAR !.]_0 ------
- - _____j 

SURFACE PENETRATION 15~.!_ 

ASPECT SOUTHEAST SLOPE INCLINE 
WEATHER 10\ CLOUD +6 

SURFACE PENETRATION 20 em on foot 

T ('C) ·16" ·14' -1~ -10. ·8" ·6' ... ·2" H K F D w G TiC) ·16 ·14 ·12 ·10' ·8 ·6" ... ·2" H K F D w G 

+ · I i - -- em mm 

-- ,. I I 1- .. --

- .~ 

I -l- - - r-
·i - - -i 

~-+- I 
em mm 

I - I I - .. 
~ ··~ 

_, 
-i-""t-:1 - - -1. 

--1- . .., - -~ ...... - ·- -
1 I - I . I 

.I I+ -1 
100 

·- -
9 

'"' 
110-W 'JRfAC 

L I- i 

"" V/ ,_ coo I I " ... 
- ' ' -

l lO 

V/ - 0 0 0 " I "' 
f 

o>o 

' + I 
10\) '. , I " 

I i-
•oo 

"" - - ..1-
I" -- -+ - -
00 

t 90 

- ~· I+ 
j 

10 

,. 

_+ XX -'-1-: - 0 0 0 I I , 
'-· l "' ., 1-t-

10 

-·!- P-h- ~· .. 
I V/ 0 0 0 I I .., 

"' 
+ f.-!- - I 

"' 
"' 
"' 

t t · ~ 
.,.. t 

"' ~ a c a I ' 
,. 

I+ -·+- I H - .., 
-

lC I -j- + ]() 

lO v/ ·- - 0 0 0 ' I ,. 
" 

+ 
I "' 

P<> co o " ' .» 

" H 
'--- -
FlaJRE 41 . Sna.t" pro!1lc !or p1t rurocr 79-BC-11 o1n:l 12 

~ riGURE 42. S~ prof1.lc for pl.t r'U'Iblr 19 · ~ -1) and 14 

ORGANIZATION B. C. ENVIRO.~N":'MC::E~NT:,.,=---::::::--::,--T:..:E:.:Sc:T_c.No"-.'-'7-"9--"-B'-. C:..:·_· .::1c:.S_,'--'1"'6 _ _,, 
SNOW PROFILE 

lORGANJZATION 
---

T£ST NO. 79-<2<·1 A'IMlSPHDUC D.VlFO:O. ~CE ----- SNO\'. t'ROFILE 

DATE 1~79-0S-07 OBSERVER DATE OBSERVER - -- -
LOCATION NEWCASTLE RIOCE ----,--,-,:-:-.,-,=---------i 
~CT - - --- SLOPE INCLINE 
WEATHER RAitiiNC ' SNOW.-:107NC=-------="'-'::..:.:.===---------j 

f..=' - ---
~RFACEPENETRATION ~6~cm~o~n~f~oo~t~,--r--.--.--,r;r--,------4 

LOCATION -
ASPECT SLOPE INCLINE 

~WEATHER 
._;>URF~ _!'ENETRATION 

T r cl -16" -u· -12" -1o· ·8" ·6" """ -2· H K D W G T( C) -16~ -14 ·12" ·10 ·8" -6" ... ·2" H K F D w G 
em mm l± ..... em mm 

j. - "t !- .. 
.,_ .... ' -+ 

t + ·t· - -j 
. +- t -+ + .. .1- ~ . -+-

~ ~ +- _:._ -+ 

± ~ 
'/O no 10 
- -~ .. t -~· .. ... . j.,,. 

0 0 u •o .. ·q p"' ·-
~ - - -- L - - -

10 >I - i .,--H-
:· - I -- .... 
. . '"t 'T 1-_J ' 

.c_ 

10 " I . I+ 
I '-

-
l 1-

-Fla.JRE 43. SR:w profllc for- p1t .......-b!r 79- 0C-lS ard 16 1 h ;uR£ 44 . Sf'IO,ol prohl c (or pl.t l'll.ri:lcr 79~-1 
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-
ORGANIZATION Al"'}!'r'ifflh• f'l If. 'l''H;• _, 

' n~t S\'. ... ~tl\·!~' -
SNOW PROFILE 

DATE l'f'bU.lf"'/ ~,.q OBSERVER .. 1 .'' 

-
LOCATION cnt~~!~--- ~- -
ASPECT IPVf'l SLOPE INCLINE lo•\o'l 

~-
WEATHER a unny -1 •.t --~PENETRATION C"rual 

T("C) -16" · 14" -12 · 10" .a· ·6" ·• ·2· H K F D w G -
-~ - - .. ! - I em mm 

-'- - -4· + ,. - i+ 
....L. T -: 

__ ,_L .l - I 
-;- I +- .. ~· - f-

-+ ~ 1-r 
.J ~- - -

-
! 1\; 
' · I\ /\ 1- 1\;. 

; - '\ In 

1\ 
- 00 I 

'\ ~ 
~ 

00 1· .;) 
·-

.\ 

~ I 
10 c o 1- ;> 

~ 
~ /\ A •- ;> 

~ 
~ ''" 

FIQJR£ 4S. SI"'oo proCJ.lc !or pit I"RJ'l'bcr 79--<:N-2 Ard 3 

---- -ORGANIZATION ~~,._;!_'H_!.PI C ENJifi. !l'(t/IT EJ-!Ji i f TFST NOS, 79-0~-S & 19-()-.-fl 

SNOW PROFILE 

DATE M4r<"h 8, 1Cf7CJ OBSERVER A.t;, · .~. 
LOCATION MO'IT'ICFI LO •I BtrSH SIT£ •.: Nff C:ITf lll;llqf 

ASPECT L•\lf'l SLOPE INCLINE l•v-·1 
WEATHER OYtrt".~t WHld,; llQhf oU' 
SURFACE PENETRATION Ia• 

T ("C) · 16" · 14" · 12" -1o· . a• · 6" ... ·2" H K F D w G -
- I em mm 

• t 

3D 

~ 
db J-3 

H 
;lO 

0 t/j cfb 1- ;l '!tc .... n.4\ 

- 00 1-.l. I 

l 
-

I I ., 
!...L j_ 

0 

- --

~ 
cfb 'I·> 

0 

I 
3o 1-- - ----1 

oo ;l· 3 

- --
- ~ br r ---

! 

' 
I 

I 

oo ll I ' 10 l".;t 
I 

11\1\ ~ f-r t - ' 
0. 1 -~ 

.. 
f'IGURE 47 . Sncw prohlc for p1t n..riJcr 79-(l'.;-~ rud (, - --
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L 

1 ORGANIZATION AfHI"'I'Itf'RIC' fN'ITN1~"CFNT SERVICE 

SNOW PROFILE 

DATE "•+u.lr\ 'tl,l"""" 

LOCATION M l '/T\\'111 1' . ''HT'AHitl -
A SPECT -
WEATHER ._HIIIl lo' , W.ll'" 

,, 
SURFACE PENETRATION • r•ro•nul.l;- 0 '-.: 1 ~~ 

T l Cl ·1 6 · 14 - 12 · 10 .a ·6 ' ... ·Z" H 

I 

+~-: 
I em 

l.o.... ·-
I I 

- -I 
·- i -1 - -- 1-- - · ~ I 

1- I --- I - -
--- ·--

! I j_ --1- -- .. 1-- -
! I I .. 

' I I I - -
1 

- I I I -

' I I I .. I ' 
1-- 100 

I l ' 0 . ; ' I I v 
~ 

I I I' 
I 

I '\ 
' 1 i 
I I •\ 
I I I I 

I • I 1\ 
I i .. ~ 

' 10 

I I I 
-

ORGANIZATION 

SNOW PROFILE 

DATE M.tr 11 1 •,I • • 

LOCATION I II II "'""'·'' · 'IIAI I 

ASPECT 
WEATHER '' .. •·I, ... r 
SURFACE PEN~lAAT ION t ,,... 

i ! I 

- I ~-~ ' I 

1-~+~ I -; :.r~ ~~ 
I - ~ . - ~ 

' 1 
~-- 1 

. _, - l 

: --,~-1 -·1· . . . I -· --
' . 

.. [ i i . -~~~--
1 1 Nr-A olll~ 

I 

I 

-~------l ....._,_....l.J.+ 

••<T •n -n• 

OIISERVER J.l'4. 

SLOPE INCLIN E -

K F D w G 

mm 

~ .... ~ 
'l. ' ' " . 

0 

0 
I 

0 
0 

-

~ 0 
1 

0 l i<, 
'""' 1 ,. I• I " 

;.-: I'/\ 1-;>. 1 

~"" 1·0) 

l t S1 Nll, 14-n~-J 

OIISERVER u .•.. , 1. )01, 

SLOPE INCLINE I Y• · l 

K F 0 w~ 
mm 

~ 0 0 1 - ~ 

l:r 

~ db 
) "3 

00 

IK...t 



ORGANIZATION ATMOSPHER I C r::HY IItO"f"fEHT Sfft'/JCf T EST '>0 . 79-()";- 8 

SNOW PROFILE I DATE Narcn 21,1979 OBSERVER !·. '· 1.'1 , 

LOCATION 0 TiAWA-$ TYitOP'OAM PLfJT ' 
ASPECT - SLOPE INCLINE - I 
WEATHER Sunny and c: l ~ar !de 

SURFACE PENETRATION 

T ("C) -16' -14" -12" · 10" -8' -6' -4' -2" H K F 0 w G 

' em mm 

I 
I 
I 
I 

I 

I 
I 

--

s 
~ 

vu 
00 .r'i 

0 ,.._.-. ... ,""' ,... 
/ d'b )~ 

..i. .:., ·~ ~~ tow 

~ > 
10 

~ /\ 1\ 

s 
- ~ ·~~ 

-- --
FIWRE 49 . Snow profile for pit rut'tlcr 79-<JJ- 8 

ORGANIZATic:iN(i'ionto."J<:,_!> Sno.., S~~•• 1 .. ~-l No 'lo-1"\T- 3c\ '\ 
SNOW PROFILE 

DATE 2-1'1- ~0 OBSERVER ~ .. {'('" - u.~cl · 
LOCATION ~<::.-• .._~ 
ASPECT Opt.n S o,.±h SLOPE INCLINE Fl"t 
WEATHER C>tr ccest .• h-1:' .,{:.,. l'\ ..,h; . .... 41t.Mn. ' - 1.5 ' C.. 
SURFACE PENETRATION 

1 ~ 1'\ ,.. 

T ("C) -16' -u· -12" -100 -8' ·6' -"' -2" H K F D w G 

em mm ·--

-

·t 
...j _ 

- I 

I 
.... 

I 

-. 
" ,.,., s~ •<:. .. - - 1.3't. 

/j ++ I 

I 
,. -~\'C.. 

~ 
a a 17 

~0 a a S-1 - 1.o'c. a - \ - :---
so QS 0 0 -"-''t. I \ 

\; 
o a 2.1 

~0 

~ 
- S.l' c. a o 

•I'\ 0 0 J-2. ..__ 
-~ .1.'c. I 30 0 

i\ lS> % " " - 3.'1'<. 
"" 1.1 -

~ "" 2. I 10 

"" 
- 2.S't. 

- "" - J.,'C:. j 

·-
FIQ.mE 51. Snow profile for pit rurbcr 80-Mr- 3 ru"d 4 
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O~GANI~TION rno~t...,, 5CS S ..-..,. :)'\,...•· l <>l:. No 1<>- IY\1- &2. 
SNOW PROFILE 

DATE '2.- 1- ~0 OBSERVER 1-!v.Hmo." -J..l , . n:l:~ 
LOCATION Po~<:.u p 0" ..___ 

ASPECT O p•"' \).)u"\.. F-. <i."'l-.~p·L-•--...:S;L::::O::..P=.E.!!INC~L!!:IN~E'-::<:..: '<::>..:.. ·• :--:--::-- -1 
WEA THEA Ov ._ r C:'\5-\;. ~o6Lfu•cc•, .. O:..:"l..'-\--_jflo.l, "'"''.t>'\.,-.._,;· t '-' --""'--~-~..lt.J' "'4'C.....:.~ _-...L.JL-

0
->-.. C---i 

SURFACE PENETRATION 10 c.rn - .Jr--r-.--,--,--,---.- ---i 
T ( CJ -16 -14 ·12 -10 -8 -6 -4 ·2 H 

~ ' _ ·_. -:_J~·I-1 -1---+J-1-J-rl_ em 

l_ ~j_-l-!-t-- +-: ---+-~-+-~--tH--'-:+1+-H 
I I ! I . ' - .l 

T ~ - -----r--. t-t--t-+,.-+-;-; 

- - - - -· ...... 

- +- -- -- ·- -+- -+ 

- -- ..... ' t _-+ t -+ -
- ~-.+--t f.--1--
~+~+-r H- -r+ 
!.- .,. -1- l- t ·r- . + 

-+ _._ I ·t-H .. H t I 
j + + +- -1- ·t- -+- .~ +-

f'IQJRE SO. Sraw profilo for plt rutt:cr 80-Hl'-1 and 2 

I ORGANIZATION mo"'l""" sc.~ s"".,.,s ........ r-- SNOW PROFILE 

K F D W G 

mm 

- -1..)'t. 
-:u.·c. 

20 
- S.o•c. 

- - 'l. l..'c. 

2.'1 - J .')'c. 

- 1 •c. 

T~"~ Nn ~o- mT- S .& G. 

[ DATE 2-z.t.-~0 OBSERVER J:'. - L. . .U. 
LOCATION Ne."' W=iJ 

~ ASPECT So,.,~\., - CbL rf\.._, .J. SLOPE INCLINE 2 "7. 
. WEATHER C.\«o.r- C.-.><.'\:-C~-\;n -+1 C.' ,J. r ... ~-t 
,_SURFACE PENETRATION 35 (:>. ct _.,. .+ ,;;. ~ 0 .1.' c. 

T ( C) -16 -14 -12 · 10 ·8 -6' -"' -2" H K F 0 w G 

t-H t em mm 

. + .. + +-H- -1--

t 1- t ~ l- + ' 

. - +- --t- _J +- -+ . + ...... + I+ r -t 

. t t-T f+ --+-- -
L - ...... + t + 1-+ + 

--t- + I ..... 1- 1-,-
' . t + -+- + H- 1 "I· 

- . l- ·t _,_. t-+ -~ 10'\ s,.., ..,s .-l'o.c E.:: 
100 ++ -3.'\•c.. 

- -·- + _,. j- i t1 H i +:+ 1- \.5 
-'-1.'\ 'C. ' ,0 

-l l )- --+ 11 .... ... r 1 ....... H- + 
0 -3.'1>•t. 

!- -·· l - i -+---f--\ + % 0 0 

..1.- f-.\ ..L ~0 
• 0 fl.s-1 I-- -2.\'c. 

J /: 0 0 

~0 0 0 -l,1.•t. 

' - - · · r-r % 0 0 

50 0 0 ?.S - \.l ' c. 
I ~ t -+ \ ~ 

0 0 I 

~ 
'\0 0 0 - \.I'C. 

·- ! 0 0 

' 1- T I--I l O "" · o.<.' t. 
- . + ~ "" i -·· ' /'o A -o.~·c. LO '2. 21 - ... T --t .. h "" - I "" - 0. ~ •c. -

r 
10 

" " l - • L I H- "" - o. '<-

r!(l'RE 52. s~ !Jr'Ohlc for plt TUI't:Jcr 80-MI'-5 ard 6 



·- ~~ . . .L. : It-

'--- - - -
fiGURE 5:3. Sno..' prohlc !or plt rurt.cr 80-Mr-7 .vd 8 

- 0 t.• c.. 
·Z.1"c. 

~~ -3 'l'c. 

v·l:<~_., 
1<3~ P\~~r - "\.'t ac 

-2..'1'C. 

l ANIZATION m .... -~.~ ..... scs s~...,~~-·-~~~j Te.t. No. ~o- rnl- 11&17. 
SNOW PROFILE 

_ .3-l 'j -~0 __ __OBSERVER tl .. -l'fmoa· HecJioo 
~TION So_.e'\jq__-a.q Sna.!>L~ ---i 
~SPECT ~ ----- SLOPE INCLINE <:::: 2. 0 

WEATHER Pvtl '\ Clo~cl.,_, Brc.~~ fL.:..h....._t_ '"'""o = 
~URFACE PENETRATION "2.5 s:...r--•- -.- .-

T (C) ~16 ~1• ·12 ·10 ·8 ·6 ·4 ·2" H K F 0 W G 
em mm 

1- 1 + -r 
~~1~, 4-t~-~~~~~~-. 4---1~, ~-~ 

,_.!... 
I 

- -.- ' 

+ 

FIQJRE 55 . Snow profllc !or f'll f'U"t:,cr 80-~:t-ll M'll:l 12 
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ORGANIZATION ffio"t~..,, SC.S Sno-.> Su.-y~ _I...-!:. Nn. ~D- NI"T · 0, & 10 
SNOW PROFILE" 

DATE 2·2'i·'i0 OBSERVER H .. ff~n"·SI>-.ffu-
LOCATION ~-, J.'J'"r ~ow\ 
ASPECT E~~-l Sl•f<. SLOPE INCLINE < 5 • 

WEATHER P ... t.l'-1 C. I .... ,.\..')­
SURFACE PENETRATION 

T 1 Ci 16 · I• ·12 10 ·8 ·6 -4 ·? H K F 

~ --~~~~~f . j_ ~ J c m 

I ' .; • ' ·-~-~~ -- -:-t--t-Hi 
I -~-- -· i-- -· .. t-
' ! I --~ -- _ l- - - t-

0 W G 
mm 

-~ ~- t-C::r-_:_ = _-++-1 t-H 

-- 121 S ... -.. c .. M"~ c '--

J ' ·- 1.5 
----+-+--t---t-'-1- :-! ·t--_j-t--t-H-tillO ~ • • o.S 

j I lfr~==t===l•« 
ItO V / •

0 , I I l I v/ • os 
-- - - ·f-'14--t--'-t-...._t-'-t--'-+-'1-t-+tJtOO I« 

~-f---.+~--~---_-+~-~ 1:::~:::~::- :;::::
1

:::!:::~: ~ 1 L. 
·-' +-' +,.-!-jt-t++H+-t-H+-t-1-H: ~ : : 
:.. - ~I +-:-1 -t-J'-t-r-t-~++-i-t--tH~ fQ< : : 

- r-- ..:.: +-'-: +rll +-HI ·--":-i-t--H-+-'1-H ><> 12 ~ ~ 1.0 

r- ..... +-'-+-:--Hr+-.--HH-+H-+-1-tl•• "" 
--1--

1 
rlt-j_.Y+f-i-t+-H+11-fi oo 

I I I 1 I 

nnnu; 54. ~na..r prohlr ror pll n..rt11. 'l tJO-."!r -'-' .1l'll.! 10 

; ORGANIZATION mo ... t ..... , scs Sl"'ol.a1 5 v.or"t.'1 
SNOW PROFILE 

:: 1-1.5" 

"" 

o·c. 
-o:~· c. 

. o:~·c_ 

-c.~"c... 

-o.>'c. 
-Q'\'C. 

-o.s•c. 
-O . b'C. 

-o.s•c. 

0 BSERVE13Jj,,.. . .Ci:t.o:.(· """-..::-..r: 1-l~u..:,.Ja;_.• ..,.j O!ITE 7,- I'\· ~0 

LOCATION ':)'1<:."-'J"""<'\ 
ASPECT N-Ne 
WEATHER P"rt\ 
SURFACE PENETRATIO;; 

SLOPE IN,!C~L::!!IN.!!E:_.J..'•~·=p-----1 

ClovJ."\ • Brc.=-; 7'\ , • -;- -~------1 
3Sc."" 1-t -" .1. ~ ,.,,.•c.. 

- 1.'\"c 

-3.l"C.. 

-'1Yc. 

-~_yc. 

- 3.'\ ' C. 

-Z..1'c.. 

-t..2•c. 

-2.o"c. 

-l.ll"<:. 

-\.l•c. 

- \.'I'C. 

- t.o•c. 

-o.\'c. 

-o.~·c. 

_,_ .. •c.. 



ORGANIZATION lll·-t...~~ ~tS s,.,.~ s_'i£.(~_ Tes-t No to - f!\1- IS & 1(, I 
SNOW PROFILE 

~;-- _jil-~0 _ _ OBSERVER H"f{,.. · Her.!. ;.,. I 
LOCATION __f'C)~,..ri. C=-c.k._ _ ---===:-::-:::---::-:---
~T !'~•\;. r_,e;,..~ me..,J.k, SLOPE INCLINE s• I 
~~t.\'\ Clli,~ e._rt.Y,'7 _flmbj c n± }c mp ; 2 '2, •c. I 

suRFACE PENETREI~ _ ' 'Z.Q.,c="'-.--r--r--.---r-.---.-----l 
T ('C) · 16' · 14' ·12' ·10' ·8' ·6' ·4' ·2' H K F D W G 

em mm 
1 -- T -t 

f J 
- I . • t ' t-

I ' ·t-· -r ' ·- -.J 

+ l-t-t-+i-t1so 3 0~ ~~~ ~ ~ 
· · · -+ ~+os-1 

H++-H++-H+-i-H++-H++-11~• 
..j_ -++-l-+-H f/ / 0 o 

llO V' / C 0 

H-+++-H+++-tH+ H·+++-H--1 V / >o 1-1.5 

H-+++-H+++-tH+++-tH+-t-Hil0 V ., 

30 

H-+++-H+++-tH+++-tH++HIIO ~ :: , .. I.S ~ 
H-t-++-H-++i-1H++-i-1H++-HI" ~~='"f:==!'-~ .. ~c. 
H++-H++-H++-H++-H++-1~· >(<:X : • 

7- • : 
H-+++-H+++-tH++HH++H~0 9< : : 
~4-~+4~++~~4-~+4~+1~ 

/.: • 
1++-++++++H-t+++l-+t-+-H~ ~ : : 
H++H-+++-H-+++-H++t-tHso // • • 
~~~~~~t;'l•o ~ :: 
H-+++-H-++i-1H++-H-+++-Hlo // • • 

FlQJRE 57 . Sr'!Oiol profile for p1.t f'UI"tlor So-Mr-15 ard 16 

3C. 

-

o•c.. 
c'c. 

- tl.1. •c. 
-0.\ 'C. 

-C.1.'C.. 

-o.1 •c.. 

-o.l •c. 

·O.I"C.. 

o•c.. 
-o."t oc_ 

·o1•c.. 

D'c.. 

ORGANIZATION ..J:n.,.~c.;; Sno ... Sury~ [..,.±. No 1.0-!Y\1-1'\ 2.o&'ZI 
SNOWPRO LE 

DATE '1 - Z.'l.. · 'iO OBSERVERr, .u. .J. 
LOCATION "'rt I.~ 
ASPECT !=:'. t SLOPE INCLINE '2 .,_ 

WEATHER~+~ rl, _t, ·, tl:.~~-\ .,), ,.j ~- " •. ·5 
. 

~·PENETRA1iON J 'i! c .... ( (3 •• -~::' 

T ('C) ·16' ·14' ·12' ·10" ·If' ·6' -4' ·2' H K F D w G 

em mm 

.,, So f..>~ ~ (. I-- -o.~ · c.. 

0 -a .... •t. 
0 3 

loo )(, -Q.~'t. 

>)< 
. - a.c..•(. 

"9 .. 
I-- -o.\.•c. . 

0< .. O.S·I -a.\.'t. . 3'1 t~o 0< .. -1.\•(.. . ·1.1''-
l~o :. I-- ·l.l 'l 

9< O.S·I -\,t'"\.. .. ~0 
I'Z.O .. -t.&•L .. I-- ·U "t. 

too .. 1"1.5 
.,.,.~ .. 

'\~ ·h•t. .. 
'60 

~ 
.. ·l.t ' t.. . r- ·u•L 

IP . . 1·1,5 '12 
"\,\'L 

t% .. ·U'c. 
'\<> 

.. r- ·t.t•t. 

"" -,,,.C.. 
20 "" 2·1.5 35 -1.\'l. 

I "" :'·~~ "" 
FIQJRE 59. 51'01 profile for pit rut'bor 80--Mr-19, 20 and 21 
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ORGANIZATION SC:.S S.,~ , 5., ~~ N. 10·1\'\i- l1lt I J 

DATE '\c ll·'iiO SNOW PROFilE OBSERVER \,1,.('f. .\4...J. "" 
LOCATION ~\o. R J. 
ASPECT I I•~+ <;u: 51,.''! . m, SLOPE INCLINE <; • 
WEATHER Clo.~ Br~~? .!.. 1'1 .+. T. "" ~. ~ • c. 
SURFACE ~ I 0 C."' 

" T_(_C) -~s· ·1--;- ·12' ·10' ·8' ·6' ·4' ·2' H K F D lw G 

- r-+-t-+-'-1-++-+-+-+-+-H 

L.. ·-.-1-hH-H-H-H-H-hPI 

1-t-+-r-t-H-+-++++++-. ~r 

I" 

FIQJRE 58 . SI'Ool profUc for pit rut'bor BC>-+fr-17 ard 18 

ORGANIZATION moo 

flCllRE 60 . Srow profile for pit rJ.r.'ber 80~22 orrl 23 

mm 

-

25 
I" A 1~ ·1.5 

"" 

o•c 
-c~"C. 

-o.~·c.. 

-o:!.•c. 

·o.~•c:. 

-osc. 
• O.'l.•c.. 

-o.'l"c. 
. ,.,~.,. 



ORGANIZATION m ... t ..... sl':s s,.,~s .;:::-;-- l""'t No. 'ilo- ml- 2'! &2.5' 
SNOW PROFILE' 

DATE 4-b- 'ilo 06SERVER r. -~ .. !=(. -~ • .J; 
LOCATION 1\1 AI. • . -~ 1". r c 
ASPECT So~"\::1-. SLOPE INCLINE 
WEATHER P •• H Clo ... J. S\;., \ 1'-..-.~,. 1\-
SURFACE PENETRA ION 4 r. " I ~~ - -~~ , I'\:-. •r 
T ('C) · 16' -14' · 12" ·10' ·8' ·6' ·4' ·2" H K F 0 w G 

em mm 

I 

I 

I 

·t 

-

~ .s ..... 5 .... (. ~~---- 0 0 .. s 
so - 0 0 

~0 0 
0 I'll\ 0 \-1.5 .. 0 '1V: ...... t'"ll> ,_ ,. 0 0 . 0 0 Is~~<;"' -·· T' 

"" 

I 
J tl 

1o to - l r t-+ "" y ' "" 2-'1 Bo·H-•""' 
f. r. - ;' 

,, ,. I 
"" I ' t·· 
"" ·-

riClJRE 61. 51"01 profilo Cor plt I'Ulber 81)--MJ'-24 An:! 2') 

'ORGANiZATION mont.,.,. SC.S .Sno_.., Sun~ lut No 'lo- mT - '2.:& 2.: 
SNOW PROFICE 

DATE 4-'2.11-'tO OBSERVER ForM>' flwf ,. 
~ION Jj)\.,.L,..,_~ ~----

ASPECT I:D.r.A.l.w , ~ \ 0_~L _ll)_ t ...J>L_ SLOPE_ !~CLINE _<='2.,_
0 
___ _ 

WEATHER P~t! ~_,.._Bct.<.'L..':)-
SURFACE PENETRATidN _ \Q·\"2. em ·••~~ I._ .<>. ~ I< I •c. 
Trcl -16 -14 ·12" -10' -8' -6" ~· -2" I H K F 0 W G 

1-
+ -I-

H-~ 
+- +- --

-- - -

-
- -
----

+ ~f+ IT 

50 

~· 
•• 
10 

IO 

f-;;;m I-f- -

I 

~ 
0 0 

0 0 

0 0 I 
0 0 

0 0 
0 

"" ,.. "I " " 1.5-'Z. 

"" 1 ~ ~i 

'31 L -0.1.'C.I 
-o."Z.•t. 

0,\•c.. H 0.1.'c. 

30 ~ O'Z.'c 

I ". 
--------------------

FIQJRE 63. SI"'too' proh.lc.> for plt rurtx!r SO;.fi'-28 400 2rJ 
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ORGANIZATION mD .. t, ..... , S~ Snow Sv.rvt T~•t No. 1 0 - rnT - '2.<. I. Z1 
SNOW PROFILE 

OATE 'j-('i-1!0 06SERVERI':.. -~-«- -11...1.:-
LOCATION H'j .. l:h C:r=l<. 
ASPECT N E. SLOPE INCLINE :!."Z 
WEATHER P"'rt.\ ~ ln.J: A. . -+ '· ~ '3 -~·c. 
SURFACE PENETRAT;c,N Q 1: ( (l, .-1 ...... 
T( Ct IG -14 ·12 -10 ' -8 ·6' -4 ' -2" H K F 0 w G r-=f : em mm 

I ~J~--. I 
I ' 'I ' 

IJ· I -·:j±r f-'- J . 
' . -_, 

I ' --+- .. 
, .. : .. 

_, 
I l -- ~:~ ~;~ ... I. u-s ( d su.."' . ~) ;f'\ 

"" 1\c r- -I I l . 
' ' 

i I 

t I • I lD ~__... s~ oc, +o.7•t.. 
\0 0 0 +o.~·c. 

• t , j l -
~ 

0 0 

! i ! 1• 0 0 'Z. ~0.1.t 

t 
I 'L 0 0 >C. 

~· t% 
.. ·O.l't. 

! I I I - ·- .. 1·1.5 . -! 
so .. -o.:!.'t. 

I £' 4- I - f--I 
'tO 

.. l-1.5 -o.l•c.. 
I 1 . 
I • L - 3?. "" r 

30 

"" 
-o.l'l:.. 

I . + t t " "" f--

I 
lO 

"" '2-'1 -0.)'<. 

f t ... ~ + 
"" \0 

"" 
'30 -o.l~ ., !- -! ..... I I I " "" o'c. '--

1 
ORGANIZATION 11'\o"-t."""' S~ Son • ...., Su"J~ ·~~:!:...!i· 'iO·I'I'l-~0&31 

' 
SNOWPROFIL 

1 DATE 'j-'2.T>-T>O __ OBSERVER E 
" LOCATION ~rei-, f,.l\!. --
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OAGAHIZA TION ~wlf - ----
SNOW PROFILE So Cll · I 

DATE 1- z- ao OBSERVER Pt. +trson 
LOCATION L•kL _s,.u/7;.,. R~ ;,...,.,Jo 

ASPECT F.J.ALtl •• ,. ; ,. SLOPE INCLINE 0 - .s• 
WEATHER Cl&&r 
SURFACE PENETRATION ~ .... ; ... t e..,p,' J'C 
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FIQJRE 65. SrOI prof ile for p.lt ru"bto.r 80<.\-1 

Fla.JIIE 67. Stew pEOfile t.or plt n.r.t:lllr 80-<'.A-3 
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ORGANIZATION ~wR 
SNOW PROFILE So CII · Z. 

DATE I · '1- ~Jo OBSERVER Pt.f#rso., 

-LOCATION Il l f?}•. ~ ....... Jo - Fon& 
ASPECT Fl._f- Q,,.,;.,., SLOPE INCLINE 0 - . S ' 

-WEATHER Cit."-!: 
SURFACE PENETRATION _A_,.,J.;t.,f rc ... ;., .-r•c. - ----
T (C) -16 -1• • -12' · 10" -8' -6' ~· -2' H K F D w G 
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na.m: 66. Srcw profile for pit rt.nt:rr So-G\- 2 

["oRGANIZATION :z>w R'---=====-=-:-::--,.----------1 I . SNOW PROFILE (JO (R. "' 

i-?ATE 1·31-io OBSERVER S.o11nr~ 

, LOCATION iJ.lpltu:tr.._ _______ --=-:-=:-::-:-::::-::::=--Lf"C-"'' o'""-'' ·~----1 

t
ASPECT F/~~·"'L'rt"'~"------~S~L~OP~E~INC~L~IN~E~~O-~.~~L-'---1 
WEATHER 

~SURFACEPENETAAT~~N~----------,--r-~~worb~lf~n~f-2J'jr•~"'r'~''T--~2.~'~C~. 
T (C) ·16 -14 ·12 ·10" -8' -6' .... ·2" H K F D W G 
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ORGANIZATION JHtl B-----.,--===-=--o---:::-;;--::-_.~(...,v"'."'' "=-'-'•'-+-'-'~"·_,_, _,_~_, • .!., !.Ljt 

SNOW PROFILE Bt> C II · S 

DATE 2. • 1>1- • 8o OBSERVER Pe fors on 
LOCATION RleltL B .. irJ- R._,_.,.,J. • .fp_<.,< t. 

ASPECT r .L. f- () '?.!.1< ,~, _______ _:::Sc=LO::,:P~E::..!!:IN~Cc=L:::IN:.::E;.__;o"-'-'-·'-'''---' ---1 
WEATHER ,. • .., · " ._ 
SURFACE PENETRATION 

T ("C) · 16' · 14" · 12' -10' -a• ·6 ' ·4' ·2" H K F 0 W G 

41 ++-H-1 em mm 

FIWRE 69. Snow profile for pit I"P...''i::cr 80-c.A-S 

FIWRE 71. Sr'Ool profile for pit r'dl'tlcr 80-c./\-7 
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ORGANIZATION :IJIAJR 

SNOWPROFILE 80 Cll _, 

Pt.ftr"o" L DATE L • Z. 7- Bo OBSERVER 
LOCATION L.t.lct~ ll•i-u .. J n 
ASPECT F'l~t Oo ,.,;. 
WEATHER F .. ;.- ~ .-
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fiG.JRE 70. Sro..~ profllc for pLt nliTbcr 80-cA-6 

ORGANIZATION ~W ~--- --------------, 

SNOW PROFILE Bo C II - 1$ 

DATE 3·13-8<> OBSERVER !='oHe. 

~liON .8~ fl";-,. .. J, 
ASPECT Fl .. f D.f_~e'-!.,~''-"·~~ ., ______ _:S~L::!O~P.!:E:..:I:.:NC:<L=:I:.:N=.E _ _,o'-'.-'-:.....·'-'~'-'--1 
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fiOJRE 72 . Srow prohlc !or p1t r'dli:lcr 80-cA-8 
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FIGURE 75. Snow profl.le for pit n..rrbor 80<A.- ll 
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' ORGANIZATIO • .:.N:__,~"-"W'-'R"------,SNOW==-=p::ROf=I::-LE""-r. So,---,c"'ll"·-l'"'o:---------­

DATE J - 2 7 - 80 
LOCATION Ill <>It~ 

' ASPECT FJ.-. 1- o,,.,.;" a 

• WEATHER {_/ ~ ~ .. I SURFACE PENETRATION 

T ('C) · 16' ·14' ·12" · HI" ·8' -6" -<4' ·2" H 

- ·t- -Hh-+++-tl--1-!-++++-l-1--1 

riCJJRE 7-4. SI"'I..' proClle for pit J'U!'b!r 80-<A-10 

ORGANIZATION 8. c. ENVIRONMENT 

SNOW PROFILE 

DATE 1980-02-12 

~liON BLACKWALL PEAX 

OBSERVER p,f~rso., 

SLOPE INCUNE O' • .J' 

K F D W G 
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T EST No . 80-B . C.-1 ' 2 

o. Thompaon ' 
OBSERVER E. Wei•• 

SLOPE INCLINE ~PECT 

~THEA PARTLY CLOUDY FREEZING - 6°C 

SURFACE PENETRATION 25 em on foot 
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t'l\.VRE 76. 5roo1 profllc for plt n.rilcr SG-OC-1 ard 2 
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ORGANIZATION _ _!!_. c. ;;,IRONMENT TEST No. 80-B.C.-J & 4 

--SNOW PROFILE 
D . T HOMPSON ' 

DATE 1980-02-13 
L'OcAriONNEW C~ER MTN·. =- _ 
ASPECT 

OBSERVER E. WEISS --

WEATHER cWuo~LH-, FREEZING -9. 0°C 
'simFAcEPENETRATION 14 em . . ~OES 

SLOPE INCLINE 

T('C} ·16' -14' ·12" ·10' ·B' ·6' ·4' ·2" H K F D W G 
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SNOW PROFILE o. TIIOHPSON , 

DATE 1980-02-15 OBSERVER E. WEISS 1-fcicATioN NEWCAsTLE RIOG:-:E:---------====-=:.:....=='-----1 

ASPECT SLOPE INCLINE 
WEATHER CLEAR, CALM, FREEZING -8°c 

'suAFACEPENETRATION -0--- ---
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FIWRE 79 . SI'Ori profile for pit I'"U'I'blr BG-BC-7 and 8 

D W G 

mm 

~~~ 
.. ':jw 

0 .P 0 -~ " . ' " a a ,, -
" J)_ 

' " 

0 0 0 " 
,, 

' f\ 10 

~ -.~ .. 

(RoJSf I.A~[;-

>(( lotf(lt 

1,::( LA'(II 

"(( LAl'(ft-

-72-

---
ORGANIZATION o . c . ENVIRONMENT T EST No. 80-a.c.-5 • 6 

- S NOW PROfiLE 
0. THC»4PSON ' 

DATE 1980-02-14 OBSERVER E. WEISS --
LOCATION WHISTLER MTN. -
ASPECT SLOPE INCLINE 
WEATHER CLEAR, FREEZ INC 
SUR~ ACE PENETRATION--0 

-1J.S°C 
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nWRE 78. sn:w prohlc for p.1.t tu'!tlcr ao-oc-s i.U'd 6 

~ORGANIZATION 
-- TEST No. 80-B.C. - 9 B. C. EtlVI ~NMENT 

SNOW PROFILE 
DATE 1980-02-20 OBSERVER c. FORD ' D. TAPP 

LOCATION NEWCASTLE RIDGE 

l ASPECT 
--

SLOPE INCLINE ---
WEATHER PARTLY C~E_Y. CALK ---· 0 to +2°C 
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riO IRE 80. Snow prohlc for ptt rurtlcr BD-BC-9 



r ORGANIZATION B. C. _'l'!S'r_No 8 0-B .C .-11 
r---· 

SNOW PROFILE G. P<>RO ' 
. DATE 1980-02-29 J. WHYTE 

~OCATiQN NEW COPPER HTN. 

ASPECT SLOPE INCLINE 
WEATHER CLEAR, WESTERLY WIND (5 km: +2uC 

SURFACE"""'" MA IIV "' 30 em on foot 

I T ('C) -16" ·14' ·12" ·10" ·8" -6" -4" ·2" H K F D W G 
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PIG.IRE 81. Snc::M profile for pit J'UI't)cr 8Q-BC-10 FIGURE 82. Sn:::M profile for pit TUTtlor SD-BC-11 

ORGANIZAT ION B, C. ENVIRONMENT TEST NO. 80-B.C . -12 ORGANIZATION B. C . ENVIRONMENT TEST No. 80-B.C . -13 ' H 
SNOW PROFILE 

J . WHYTE ' 
SNOW PROFILE s. REYNOLDS ' 

DATE 1980-03-02 OBSERV ER G. FORO DATE 1980-03-18 OBSERVER H. COULSON 

LOCATION WHISTLER H'l'N. LOCATION BLACKWALL PEAK 

ASPECT SLOPE INCLINE 
WEATHER CLOUDY, CALM 1 FREEZING -sue 
SURFACE PENETRATION 
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flGU'RE 83. Srow- profile for p1.t. I'U'I'tlcr 80-BC-12 IIWRE 84 . Snow profllc for plt. l'lll:t:ICr 80-BC-13 .:ud 14 
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J OAGANiZATION B. C. ENVI RONMENT TEST No. 80-B . C. -15 o 16 
r-·-- - SNOWPROFiLE-

DATE 1980·03· 02 

ff&;',;;TK)N MCBRIDE ~~c~-­
~T -

OBSERVER s . REYNOLDS 

SLOPE INCLINE 
~ATHE!I. BROKEN _5!:?UO , CALM -·-:;. 5"(; 

~~FACEPEN~TRATION 75 em on !_oo.-"'-r--r--r---.-- -.-.----,r-----l 
T (' C) · 16' -14' -1:r -10' ·8' ·6' ·•· ·2" H K F D W G 
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f'IWRE 85 . Snool profile !or p1 t f'U"'bcr 80- BC-15 an1 16 

~WR 
SNOW PROFILE B I (II - I 

DATE ~- '1--11 """""v"" Pt~e r-ro"' 
I LOCATION A/1/JML ll . ........ J. 
! ASPECT Fl•"+- o,..,.,;..,. SLOPE INCLINE o • . ; o 

! WEATHER Cl~ilr-
I SURFACE HAl lUI' A .~ ,f ·-"' -l. 0 c. 
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FIQJR£ 87. Sn::JW profile for pi t rY..1'Ttlcr 81-<:A-1 
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ORGANIZATION 8 . C . ENVIRONMENT TEST No. 80-B. C.-17 o 18 

SNOW PROFILE S . REYNOLDS ' 
DATE 1980·03- 25 OBSERVER D. TAPP 

LOCATION WHISTLER HTN . -ASPECT SLOPE INCLINE 
WEATHER CLOUDY , CALM, F..!!!; E .llllii_ ~--SURFACE PENETRATION l.~~m on_!~t 

T ( Cl ·16 -14 12 -10 -8 -6' -· ·2" H K F D w G 
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FIQIR£ 86. 51"01 profl.lc for pit lUI'b;!.r 80-0C-17 and 18 

'ORGANIZATION :J)~ 
---

SNOW PROFILE 81 CR·l 

~ATE z. -...!_7-_il OBSERVER Pe+-~r-so .. 
t-':OCATIO~ /li.J'h_a ~.., .. .,J. · UIIri</r. 

ASPECT F'J~or o,_- ,;, SLOPE INCLINE 0 - -. .. 
~WEATHER_ C I~ tr - t. #I.., 

SURFACE PENETRATION A ...... , .. t Tr-p .' ~~-·I! . ,. -
T('C) ·16" -14 · 12' -10" ·8' -6" ·4· -2" H K F D w G 
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I L;trnE 88. Sro..~ profile for pit rurt.ar 8 1-cA-2 



ORGANIZATION :PWR 
SNOW PROFILE I I ( R - '1-

DATE 3 ·18 - 81 06SERVER Pe ~rr-so" 
. LOCATION ~/rj, ~ ==- flM; ... ., .. J_, 

ASPECT F / & OptH;" A SLOPE INCLINE D • • .£' • 

WEATHER IHhr,.._iffr Hf 5HO-.) 

SURFACE PENETRATION /1,.. l:i .. ·+ T ,..,_, -.z•e. 
T( C) ·16 ·14 · 12' ·10 ·8" ·6" ... -2" H K F D W G 
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~ 0 
·• 

~ 
0 -So 

-t· 
j ~ 0 

!L Jl.1 

~ 
0 

0 ~· ... 
0 

r+~ !;.. ~ H-
10 -
~ 0 

et!"- · 0 , . 
~ · 

¥1.S' 
... .. • 

~ 
J-t< 

"" j-,-
,., •, 

FIQJRE 89. Sn::::Jw profile for pit l"l.dX!r 81-<:A-3 fiOJRE 90. Snc:w profile !or pit nrl:ler Bl<A-4 

ORGANIZATlON ]) W R 
---

SNOW PROFILE 81 (R-~ 
ORGANIZATION :DWR 

--

SNOW PROFILE 81 C/1 -" 
DATE '1- J- 8 1 06SERVER P~ffi" SOH 
LOCATION Rlt>J.:. "~;-.. ,J. ~ 1f11i-J- L/o ,J 
ASPECT ,:,,.'f o.,,,.,;. .. SLOPE INCLINE 0 - ... 
WEATHER f'.IPII r 
SURFACE PENETRATION /i_-~.,~ .. f rr ... . ' -z•t. . 
T rc) -18' -1 4" -12" - 111" -8" -tr ... ·2" H K F D w G 

DATE '1 - 1~1 06SERVER Po.fr.-so" 

~~ATION /II~ t1i.,..,., do 
~PECT F/1 Qprw(.,, SLOPE INCLINE 0- . ;-. 

WEATHER Clelt" 
SURFACE PENETRATION 7i..,l,; .. t r .... , ., 3•_C_. 

T rCI -16 -14 ·12" -10 ·8" -8" ... -2" H K F D w £; 

!-- em mm 

I 

... ,,._.:,·' ..... 
/SO 

~ 
J .. rf•t~ .. · J·lf r • • ~ IH .. l.~-" 

f l o ~ 0 

• 
/ZO 

~ 1--
" • tl . ,. . 
" ~ J¥. ~ , .. . 

'l: 0 
ll ',j ·' ,0 

~ • -.. .. 
' •• 0 

.. 
7o 

~ ·'· 0 
I#J .t. 

"' . 
S'O ~ r-0 ~.J 

"" 
0 

~ p Jo • 
I 

• 
LO ~ •• I - ,. 
~ ,.,_. r"·f ...... "l ••• ! 5 c. or.,. 

: ft't . ~ - ~ 
em mm 

:- - 88l "' 2 
!&' • .: ~ ~ ,0 0 0 tl 
T 0 

+ + ·H ~ 
.. 

lo •-s I#J -1 . 
·• ' • 
1 I+ +- ~ 0 

70 0 

1;. ~ 0 

~ 
t--,. • 

-I-
' 

i-f+ - ~ 0 ! 1 So • H !-- 1" 
.,,,, 

~ t-H- -1-- 0 

·:-1-+- rl 
~ 

~ 
0 

t _j + lo ~ 
-

0 
I -- ' I -t· • 
•pd·· ·-lr .t j rb 1-L . b- ± ~ --'-' ftl .~ r- .l 

2.0 
J ~· 'o 

l + ~ 1/J.'f 

i 

' 
-!. ... ,. ~ 0. ,,.(,. ...... 

~ 
.. s ~ cor-,.. 

~ • 1- 'i I 0 ~ 

---
FlamE 91. sn::w proflle for p1t r'U"ber 81<A-~ 11..1.-1.£ )2. 5ro.. protlll" for" p1t I'U"t;)Cr 81-c.A- 6 
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'ORGANlZA TION 
--

BRITISH COLI..:MliA ---- SNOW PROFILE 81-0C-1 

DATE 
~TION -

OBSERVER 

·- -·- -- -----
SLOPE INCLINE ASPECT -~'EATHER 

~ACEPENETRAT~- -
T (' C) -16" -14' ·12' -10' -8' -6" -4' -2' H K F 0 w G 

i - r '- L ~ ~ . + ~ em mm 

' 
"T - +- r ; -+- f-· 

-- ~ t 
_J. 

- -· - r-r -- H--
f~ 

~ 

:i 

... 

-- -· 

. - F 

I 
.1.1 

i-'- ~"'- ..... f4 

H- ' 
.. p•. fl !· !-

----- -'-
FICL'M: 93 . Sro.~ prohlc for plt I"UiJcr 81-BC-1 

--- ·-
SLOPE INCLINE lrJC'I 

ORGANIZATION AT~ 3 £'11H<tf • 'I< J • ~,u, •n f"1'"<1n __ _LTt!;lSiLl.l'~·o:.,_oH'-LI·:!•'-'".:J-IL-----l-1 
SNOW PROFILE 

~~TE '"rtuor·. 1o.1 ·f!l OBSERVER ' J '"'· 

~:r10N '!_T"~WA OA "'Fl "I fF 

~SPECT lrvrl ----
----~EATHEA Q_vf'r• .,·,t, ,....-:!':r_at•· "~'!'I _.._,l 

~URFACE PENETRATION _ 

K ~ ~tw I~ T ('C) · 16 ·14' -12 10 -8 -6' ... ·2' HI 
1-!--hH- . ~ t . .L t H- em f 

t 
!++ 

~HH~+J++++~++++ 

., r ~ 

-~ 

-t 1-

v .I 
>5 - ~ 00 .:>--! 

I· ~qp 1-.l 

' ' -
H .. ~.,.. \ f-1 I I 
~~~-r+-~~rt-r~~+-~~6 

t-+++-HH-+++++1-+-+-Lr\--l· ----iH-!10 
H-++++-HH--H-+-+t , . T 
~-r~-r+-~~H+~-~-+-~~s V~ 

~ 1·.> I 

~cfb I .:> 

~a..L.L.L...LL.L.L.LWH--L.Ll.r· ..L.Jr --L+- [£d_ J. l 

FIGURE 9S . SnO'ol profile for plt number 81-u~.;-1 

f---

I 

I 

' 

' I 1<.~ 

' ' - ---==; 

I : 
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-
ORGANIZATION 8 C [ NVIRONMEN T TE ST No. ll -IC::2_ 

SNOW PROFILE 
OATF 1981-0J- OJ OBSERVER G. f . & D.T. 
L()( ATIC"N N~WCASTLE RI DGE 

AS PEC N o r tkwe tt SLOPE INCLINE 
WEATtlEA Clear - 2°C 

SURFAC~ PENETRATION 

T( C) -16 -14 -12 · 10 ·8 

W .nd-Soutk, JO KPH -·------------{ 

·6" -4' ~ H D w G 
em mm 

---~- 1-..--l-+-'-+---1-+t+-t-1-+~ 

i '·! 

i 

"i· l-t-

- . I 

~,t-t~+-~,t-t~+-~,t-t~t-~-4100 

HH--"'-r-1 ++-H,-r++-HH-r++-H-4 1 0 __I_ I NOW SUII:fA [ 

-
FIQJRE 1)4 . ~ro..t protllc for plt ~r 81-ll..--2 

~ORGANIZATION mo"t~"" S~S S"o"' S.-.~?.'-'~-~.l.S'e~:l,_. lll: Nt..-".J ~ c·.w IY\1.~...:"1"-_L;I &I!.L.J... '2_----j 
. SNOW PROFILE' 

f OATE 1- 2" ·II __ OBS_ ~RV,.!:E~Rn., C:..u.:-~l.ffilDI0·~--1 
1-1. LOCATION N~w World. 

lASPECT So ... tl--. ~PE=IN;;C~L:::IN:!:E'--::,...-,:----1 
WEATHER C:lf.."'"' 11-...-...u,..,.~ A ~h·<.~-1: '··-" c ~ .~·c. 
SURFACE PENETRATION 7.1 ""'-f.~ [>,~.u:,-tJ_-,--.---,,--,-,,---r----j 
T(C) 16 14 ·12 10 -8 6 ·4 ·2' 

• + 

~~--~+-.~~,_~~,~~-rt+-t-1 

r-r-r+~-+-r-+-~~-rH 

I I I ' I 
f-:--

• 1 ! 
, I 

1-- --+~1-t--'-1-t-:-1 t-1-t-...-f-+-HH-+-i 

r- -+--r-r~~-r7~1-H 
• 

· - .. .. +---1-~+-r-t--t+--HH--H 
I ' 

H K F---~D~fW~~G~-------4 
em mm 

_ ~- -. +-'+~+-'t-1 + • 'II ~ s~ t;.~ 

r---~-r ~- . - r-r.:.- +I i ~ -~~~ ~; 1-\.s 
·~ 

t . i p.. lf--r-++_t-+-· ---l - 2.l "'-
10 [7/ f-- -o.1.~ 

1 • 1 1 • -j -\ ""V / : : 3·5 31 o•c. 
~---~-~~--~~ 

1 l•l.'tJl: '!(., snow pr~ftlr for J?lt ~r BJ~-1 4trl 2 

"•'\ 



- AN~TION 1Y)0nt"~~ SC.S Snow S=-:1 T •• !- No ~1 - {!\\-3~ 
SNOW PROFILE 

j -{.'\-~I OBSERVER For or<· -Hutfrnoo 
OC TiON lowe~ 1'\e\N IJ,.lorlJ. vJ . .,,. 
~C!_ So..,"\;h SLOPE INCLINE le>IC I 

THEA f. t\ <:.\o :a lh A...h t 1 5 t..0 C. ,.,. ldN u ':l. 9-W if'\ [) ~'~ t!::::!l~" 

~~ENETAAT '21 <-m I 5"oot 
T rc1 ·16' . , • • · 12'" -1oo ·8" ·6' ... ·2" H K F 0 w G ·-

.. ·- ' r 
em mm 

.. 
' - ' 't 

- - I 
.. ; ,_ i-

-· ..j ,. ·- r-
-1 ~ 1- ' I· ~--~ I 

-+- -· ... -
' 

' I 1 
I 

-

A~~o '"'"""""' 
5 "~ f~•··"'~ 

28 5"" Su. {ace - -o_c.•c. 
'to ~ ++ .,,,.C. ++ 

~ ++ 1-1.5 IS 
-1.'2. 'C. \0 

++ o•c::. 

~---

FIClJRE 97 . 5r0<1 profl.lc [o r pit rurtlcr 81-+f"r-3 o.nd 4 

'CiRGANIZATION 11\ont...~ scs Sno .... s ... .-.-.~---==:-,.,...-~:-:-No-'::7"'1>11--=-' rt\1=---= ").,!.~ ~~ -.., 
SNOW PROFILE 

DATE 3·'1.S·'iL 

~ON S~l...d:.... ...1.I:.uJ. 
~P~T £.,.,. 1;. S1o~-,------=S:::LO:o,:P..:E:..:IN:.:C:::L:::IN,::E:,_..JFc..' '1.,,1~-~---i 

~~ c.. .... ~~' c;,b_ ---------------; 
SUAFACE..!:'_ENETAATION __ ....I..<)"'-"" "-co..,--,-,--,--,-,--,----; 
T ('C) ·16' ·1• ·12" ·10' ·8 -6" ... ·2" H K F 0 W G 

+H+t-l cm mm 

- -+-H-+-H-H 

f-- :u:~ 

-1.1'<.. 
l\ 

-1."1"c.. 

- -1.1' c. 

-U'L 

I 
-u 'C. 

r-
'ls ~ -u•c.. 

~-l.l't. 
')\ ... - u·~ 

I -1.\'c. I 

FIQJ'RE 99. Sf'lOof profl le for p1t ~ 81-m'- 7 .l1'd 8 

-77-

DATE '3-1'2.- ~I 

L:.>cA-ION L •c.l<. Cr•<.\... Rc_l'._.._-\:<....- ·-----,=====-:::-=:--;;------j 
ASPECT ~ .... ~~ --·--"~S~LOP~E~~~L~IN~E~<~~2·~~~-, 
W!;AlHEA C.I<>P,r e.~.l. s ..... .,_~ A. ,k .• ~-\ .-.... ~ C..I"C 
SURFACE PENETRATION 10 ~~:!:> 
T I Co · 16 ·14 ·12 · 10 ·8 ·6' ·4' ·2" H K F 

;-~ _T ern 

- ....._ ++-H++-H 

-
FIOJRE 98. S~ profile for pit n..r.ber 81-Hr-S and. 6 

0 W G 

mm 

- =~~;.~ 
-s.~o'c. 

-5.4'C. 

-
30 

3-5' 
-L1'<-

- l.l"t. 

-····c. 

tO~GANIZATION ro~"..._sc.s... S;t!r.o~,..,~s~'"!7."1!-"~'f---''s.•><·""-~.L!J!N<Oc._.J.J, '1'.:.-.l.ll. mTL.::.-,.Jo·ll4' 10> ll.yl.""""''1 
SNOW PROFILE "' 

~ATE 
LOCATION 

'ASPECT 

'3- 3o- i I OBSERVER ~. 14~« · -

P~l~<.~~ ··~ ~~~~~--------~==~~~~~~u·~·~·~_, 
N.o.~th SLOPE INCLINE !=Ia + 7. 

WEATHER G\~ Snow .h·,.~; ,._.., : - ~ '1"<:!.. 
~SURFACE PENETRATION ~ c.m 

T (C) ·16 ·14 ·12• ·10" ·8• ·6' .... ·2" H K F 

++-11-t-+rl an 

t + t- · t-+-+- ~-H, -+++-1-H 

- +-+- 1++-H-t--i'rt-'H·t-
~ 1 -... H'-1-++-t+-+'-1-..;_H++-1 

.,. t- --+ 

- - -t- ~ ··'-

t 

- 1-+ -- - _.,. 

; ... ·- . - ...,... 

··- i 

t" ~ .f.- -;- -t++' -+-+-11-+-l 

.. i .... i 

j__J 
I 

t 

.. t-f+-
.j.. .....,.. -1- -1 

1- ~· 0 0 

0 W G 
mm 

r-- -'t'i•c. 

·!> .>•c. 
2S 

- -z,·c. 
-Zrc. 
-to•c. 

rl\l.7Rl: 100. sno.- profile for pit ~r 81-Mr-9, 10, ll 4nd 12 



~ --- - -~·· ~ ~ -- .. 
ORGANIZATION __f!\o~i:.,.._.. SC.!> SMwS..r.e~•± N o 11· mT- 13 & l'j 

SNOWPROF~ I 
DATE 3· ") 0 • I!) OBSERVER 1\u {{ M<>y> I 
~TION _L_d.. <;:.c~~L . -=-

ASPECT Nod:.\., _ _ ___ _:S~L::::OP:_E~INC=L"-IN,E,_..Jt:.\,_,,..,\:.;_ __ -1! 
~~A P_,.,.-il C:..\o~~ 
~R_F_AC_E_P_ENETRATION l __ ~ -''2:, __ c.;o;m.~--~-~-~~~-----l 

T ("C) -16' · 1•' · 12' ·10 -8· ·6 ·•· ·2 H K F D W G 

~ H- . . l -~ 1- em mm 

I-f-.- -- ~ I+ I 1-.- -1+ 
__ j _L I -:- - . --Hj_ 

1-1-+++-IH++-H-t+..:.'-1--Hr-l ·· 
l-+-l--++++-l-l--1H-+-++- I FF 

.. 
~€E£E£E£E!Efiiifii_i_~~o vV[7~/:_•+o-s·~l t ~ ~ : 0 0.~-t 

0 o 1·1 S 

so 

I--

FIWRE 101 . snow profile for pl.t N..JI'bcr 81-'fi'-13 did 14 

ZATION ORGANI rna~~·~" c;iS-<;~0 ... ~ • Tu.{, N o. Yl-!'rl'l'- 11 &1~ 
SNOW PROFILE 

DATE 3 - 31- ~I OBSERVER r. u .. rc. Hv.l. 
LOCATION fl .. I'" 
ASPECT SI.\J SLOPE INCLINE 7' 2. 
WEATHER P •• t.l. C.\ l,2re"-l.::) CU..· :::+ • • ~- •c 
SUAFAC E PENETRATION ... d~-
T("C) ·1 6" _,.. ·12" · 10" ·8' ·6' ... ·2" H K F D w G 

em mm 

' 

-
20 Sn wS r~o.C. f-- -l.'l't. ++ ... - ,. -t+ o.s -z:z.•c. ii .. 

.. 
tOO "· -ll>'t. / /'/ GS-1 ''ill I<IL 

-2.~·c. 0 7 hi-' • /'/ OS· I 

"' ~ 
.... -2.1'<. . . jo.s-1 

10 
. . . .. -2.1.'~ ... 

40 ~ 0 0 
-1.1'~ 

>x 0 0 
)-).s 

so 0 0 
-l.'l'c. :X 0 0 

~0 "" ·).')•c. 

"" )0 "" -(.')'c. - --' r "" I.S-2. 20 " " -l.l'c. .. 
1\1\ 

I If 10 1\1\ -1.1'<.. - •r;;;rrr 1\1\ 
-1.1'<.. 

FIQJRE 103. SI'Orl profile for pit ru:t:cr 81-Mr-17 ard 18 

-78-

I ORGANIZATION 11\ont...no, ~ Sn:_!~!.;=::~~~:..,;r:ll•'O:}_l~t,ll•+.JNeil.!L... - . .JI!~I:J -:r>-l.!!l1T.::-.J"t.:>'uL' .,LIL--j 
SNOW PROFILE' 

-------~~~~R~~~R~~W~-~~~~-~~~~ 
LOCATION S l,ow<v- ~"' 1..1.3 ------======----------1 

. ASPECT N £ _ SLOPE INCLINE 

WEATHER P .. r~:.l"' C:.\ .,..a') ,-u.:Pt·--s,··..z.,~-J:.c~~= .. Li·"'"'~--__,~-----~ 
SURFACEPENETAATION :!.O.S..s:.~ J A . -1- = I. ,"C:. 
T( C) -16 -14 ·12' ·10 -8" -6' -• " -2" H K 

r·. I'- l-1--Ll- -.++, .+-+-+-Lt+--~-~.,-,em- .... r 
1 

, 1 j·- 1" ,.. 

-- - -·- I;( l'lO 

---~~ - I___ ~-+--~--r-+r-¥+-++1•'1<1 
1 V+-__ -r t---1--~-+-- '-+-4-j~\·l-H+I--H-1:: 

J ; ~H-A.-l---1-·-HI~o 
~-+-+-.-+--!-+-l-..++-1-++\t--+-IHtl• 

. -1 -
1--+-+-14-1-+J.-i-L++-1-+-+ll-+-IHt>• 

I H ~~ 

flWRE 102 . 51'01 profile for: p1.t ~r 81-Ml'-IS olJ"'d 16 

F D W G 
mm 

++ 
+ 
++ 3 :+ 
+ 

1\1\ 

"" 
1\ " 
1\1\ 

"" 1\ 1\ 

1\/\ 

/\1\ 

"1\ 
1\fo, 

"" 

z-~ 

f-- ·1.1 ' <. 
- 1.1'<.. 

7 

li 

-

-3.~'1:-

-s.o'c. 

-~-~·c. 

-l.~'t. 

-3.3'c. 

-3.:!.'1:-

·3.3 -c 
-t.s'c.. 

-z.s•c. 

-v~·c. 

1--- -z.s'c. 

3\ 

f--

30 

· 1.1"( 

·1.1'C 

- 1.1 'c. 

- \.1'C. 

·1.7'c:. 
_,,.c. 

I ORGANIZATION m."t.""" SC5 ~Survc. ... T~~~~.-mT- lq & '2J:> 
' - - SNOW PROFILE 

r DATE 'I·~-~, - -- OBSERVER u .. cc. - Ll .~ : 
LOCATION C:.oo\..11. c. .t.J_ 

r ASPECT N \.IJ SLOPE INCLINE I • ~ .:\ 
' WEATHER Po.f'\.l DouJ ~\ Cl.~o 
: SURFAC:E PENETR~TION J~..]. ~ · .. ~ 

_~ c 
0 0 c. 

T( C) ·16 ·14 ·12' -10 ·8" ·6' ... ·2" H K F D w G 

t r T .. - em mm 

1--
I I - I -

1--1-- . . I 
I I I - !. i I 

I I 
I 

' i ---I -
I I . I 

1 I i 
- ! I -- Ill lnow s~ 110 • • • -S.S't.. 

+- ! I 
110 .s -s.s't. 

·• . 
-s.s' c. ,.. • • o.s 

+ ~ i 
. 

21. , 
' 

0 0 - s.c' c.. -r T i 0 

I t\ - .. - 0 0 
I 

~I I "' 
~ 

1--- -~-~ ·c:. ;_ - J. -+ . . I .,. • -lt'\'c.. 
! ' -I . I -;- 1 ·- - r/ • . j t I •• . 

31 -3,,'\:. 
' 

~ ~\ I so 1\1\ -3.3'\:. 
i ' i- + - 1\1\ ·-

1\1\ ,__ -3.l't. 

I 
.. 

; 1\1\ ,. 1\1\ I.S-2. - 2.\'1::. 
·t - ! -· -- 1\" 

f+ t -
1\1\ 2, -a·c. 

- 1\" 
10 

1\ " 
-a-c 

--
' 1\" - 2~00 

riQJRt; 104, Snc:w pro!l.lc !or pit I"U''"tcr 81-Hl'-19 ard 20 



--- -
ORGANIZATION ~~\ .. ~ ~ s ... o ... s .. ~~ J a.•i t:!o 'i!!- mi-:?.I~'Z'Z. 

SNOW PROFILE 

DATE _'l-" -'!L OBSERVER -.£1,2• - )Jwl,r.o 
LOCATION J"v..A~ 
~ \>,).1'1 W :::t\ Clfl.~ - SLOPE INCLINE 0> z• 
~~ .P,...~~L··~1. fuec1c 
SURFACE PENETRATION _ J>·J.':I ~ ( ..,',,.~ 1. '""·" -z.:z.•c. 
T ("C) -16' -14' · 12" -Hr -8' ·6' ~· -2 H K F D w G 

f-
-L +· 

an mm 
r -- I 

.I i i 
- -r -I I ! ,. -j 

H-- I I ' .J - ~ -~ ' 

j-;- - - ' t 

.... - 1- ' ll. I 

+-'- t 
r _J 

--r 

H -

1-. 

s -~ .... ;.. ss s~ - -1.l'C. ,.., +++ 'Z -3.'!.'=. 
I ~ 

0 

~· 0 
0 I . S~1.,. Z'il -3i'c. 0 . . -~-~'t. 10 • 1-1.> f--. 

l O 
1\1\ 

-1,~ 

" 1\:17.-3 ( -1.\'t. 

~ ~ I _, ?'<.. 

riG.JRE lOS. SI'Oo' proHlo for pit ~r 81-.l.fl'-21 arxt 22 

ORGANIZATION l'ltol>io.<>o sc.s~roow 5unc0w No l!-!1li- '25&?.<. I 
SNOW PROFILE 

DATE 4-7:'\- 'i!L OBSERVER~. u . · ..l 
LOCATION l!\1. ·,~I.. (' r,~ k_ 
~- t"Jn. - '<>- .+ SLOPE INCLINE I "7. 
WEATHER c.\""r- "'- · L+ A A .h" ~"'- \, - <;~•,-
SURFACE PENETRATION ~ 30 "-"" ( Boot. 
T ('C) -16' -14' ·1 2 ·10 -8' -6" -4' -2" H K ~F~_;D~~W~G~~--~ 

an mm 

1+-HH---H --

~+-++1++-+-H--i-1 :-

/. 
0

• 1-1. I 

1-1--+++-+-+-H-1--!--4-H-H+i-+-H: ~ ~ ~ 3-~ I 3~ 
~-L~-L~~~~~-L~-L~~~~~~D DL!·~~~IIL--L 

flWRE 107. SI'IOW proflle for p1.t r'U"'bcr 81-'fT- 25 and 26 

-79-

ORGANIZATION f'Oo.,~""' SC~ s.,,..., S~rv< Tut No. 'il- mr- .,., &~-. 
SNOW PROFILE 

DATE '-1-Z'Z.- ~I OBSERVER c-. .. ~ 
LOCATION G>lo.<.k. Ba~-
ASPECT lior1:.~ SLOPE INCLINE t:\.1-
WEATHER o~ .. r~ fl..,\,;"~~ T "'·. 4 4 •c 
SURFACE PENETRATION ln r (Boot) 

T( Ci -16 -1 4 ·12 -10 -8 -6" ~· -2" H K F 

I I - ....... I an 
I T --r-' 1-r i-I 1' 

!-- -
-~ -l--

. i- ·- 1(.1.. s" w St 

' I~O /\../ 
~ . - '/ 

I lSO 
A .. . ~-

"1'1'> + r-

~ 
0 

0 . ,,. 
0 - ..,.. 0 
0 

l1o 

~ 
0 

0 

- --+- h 0 
0 

\10 0 

-- + ..... 0 
- 0 

-· , .. 
~ 

0 
0 

~- + 0 
0 

H- + 
,. 0 

0 - .. ~ 
0 

0 

H- -l- • 0 

f-+- 0 

~ 
0 

0 

f-+- j.. --t- . 0 
0 

m: 
0 

f-1 0 -· ~ 0 0 

+ H 0 0 

~ 
0 0 

+ H- 0 0 

)0 

~ 
0 

H- 0 - 0 0 

-f-+: ,. 0 

f-+- ~ 
0 

0 0 

k[f' .. 0 
.,l 1-o 0 '-- 0 

-

T (C) ·16 ·14 -12" · 10" -8' ·6" ~ ·2" H K F 

+-HH-+-1 an 

i · H-- -1-
1--+-~-+-1--+-H-+-'-11-++-+iiiO 
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~!zATION AntOSPHERIC E.'IVJROS~FNT StRYirF 

SNOW PROFILE 
TfSl \U. 81-0\-!. • ., . 
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APPENDIX III. Forms and procedures 

Exhibit 1. 
Exhibit 2. 
Exhibit 3. 
Exhibit 4. 

Metric snow sampling test proecedures 
Control water equivalent measurement form 
Water equivalent adjustment form 
Snow profile form 
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METRIC SNm~ SAHPLING TEST PROCEDURES Exhibit 1 

I EQUIPMENT NEEDED 

- Metal clipboard with: 
Snow Pr ofil e Chart 
Millimeter Grid 
Glacier Sampling Sheet 
Water Equivalent Adjustment Chart 

- Single beam balance and wei ghts 
- 2 °C thermometers (1 digital) 
- 2 Plastic buckets 
- Centimeter t ape measures 
- Snow saw 

II NOTES ON PROCEDURE 

- Metric snow sample set: 
Standard Federal cutter 
Sharpened Federal cutter 
Metric cutter 
Glacier Sampler and plate 
Other cutters to be tested 

- Aluminum scoop shovel 
- Tarp 
- lOx hand l ense 

A Samples are taken a l ong the tvall of a trench dug dmvn through t he entire snow pro­
file to the ground surface. 

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

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

D Always wear gloves when handling t he equipment. 

E Depths are recorded in em in Column H. 

F Temperatures are recorded in °C , Graph T. Temperatures a r e take n at i ntervals 
ranging from 10-15 em depending on snow conditions and depth. Note air tempera­
ture. 

III ADDITIONAL NOTATIONS 

A Surface condition - note depth you sink in while standing. Also note crys t al sur­
face roughness (i.e., smooth, rippled, pitted or gull i ed). 

B Crystal shape is i dentified in Column F for each layer using the millimeter grid 
and recorded in Column D. 

Feature Units Symbol ·-----,---- Subclassification 
::1 5 c d e 

Grain Shape - F 

EJ [2i/_] l.~~J ~ B 
New snow, Often f elt - Gr anular, Granular, Depth 
Close to like . Rounded With hoar. Cup 
Fl-F7 1 Partly without/ facets, shaped5 

settled2 with full cry-
melting3 stals11 

GL·ain Size mm D 0.5 0.5-1 1- 2 2- 4 4 
~ery fine Fine Hedium Coarse Very 

Coarse 

1. Unchanged netv snm• crys t als 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 c rystals are s till recognizable . 
Symbol for b may be mixed lvith type a, c or d to characterize intermediate 
states. Snow of type b often has a felt - like structure. 
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Exhibit l (oont '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 c ircles. 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 a re in­
termixed. Combined symbols of a with b, c &nd 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. 

Feature Units Symbol Subclassification 
b d 

-
a c e 

Strength kp em 2 K D l//1 IXXJ ~ IXXJ hardness6 kp R 
Very Soft Medium Hard Very 
soft Hard 

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

a Very soft 
b Soft 
c Hedium 
d Hard 
e Very hard 

Ramsonde 
4 em diam. 

R (kp) 

0-2 
2-15 

15-20 
50-100 
> 100 

Shear Strength 
Hand Test (Cohesion) 

K) (g cm-1 ) 

Fist 0-10 
4 fingers 10-75 
1 finger 75-250 
Pencil 250-500 
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 \olater 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 Subclassification 
a b c d e 

Free water % w D QJ QIJ [@] QJill 
Note Dry* Moist Wet Very Wet I Slush 

' 

*Note - snow with a temperature belm., 0°C can only be dry . 

E. Density is obtained from the glacier sampler and recorded in Column G. 
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~vESTERN SNOH CONFERENCE 
CONTROL ~vATER EQUIVALENT MEASUREMENT 

(Gla cier Method) 

Exhibit 2 

Sheet I of _/ _ _ 

SAMPLING LOCATION _ ;'_f._E_t....J __ W_ o_R_LJ:J __ L_o_ w_t._R __ s_E ___ DATE :.Z. - :u. - 7 t:; 

-------- ELEV _ __:_/_9..:.8"-'0:o__ ____ m 

SAMPLER: NUMBER Mo.uT-A-NA DIAMETER I o .1.. mm AREA 8 I , 8 7 em2 
-~~~~----

CORE LENGTH GROSS TARE NET 
lv. E. 

WEIGHT DENSITY (%) = 
Nill1BER (em) IVEIGHT WEIGHT ~vEIGHT AREA lv. E. 

( g ) ( g ) ( g ) ( e m) = 
LENGTH 

I 37.~ 838.~ /C.7.~ ~ 71. 'I 8.2.. ..<.2. 

2 3.<. 9 98~3 817.8 !D .0 30 

3 3 2_. ~ /070.'j qo3.'/ II· o 3'/-

lf 3l.', (C>49.'f I C.. 7.); 88 I. C) ;o.8 30 

--

Cum. Length Total \v. E. t1ean Density 

= /3"1.0 = 'fc. o 
Total W. E . 

Total depth 
Total Meas . 

= I 3't. 4 = :<9 

REI-1ARKS : 

-89-



--

I 
1.0 
0 
I 

\.ffiSTERN SNm~ CONFERENCE 
WATER EQUIVALENT ADJUSTI!ENT 

Sampling Location ,1\1€<-.J WoR.t..D Lowe~ S£ Date :J. - ~ C. - 7 '! Sampler Type ;9 7'1 /VIenvc_ 

11 2 3 4 5 62 71 8 
Glacier Sample Test Test Depth W.E. ~~.E. Tes t Sample Percent 
Sampler Number Sample Sample Adjustment Correc t ed Corrected W.E . Error W.E. Error 
Results: Depth (em) W.E. (em) Factor fo r depth (em) for cutter (em) (7) :· (lB) 

(1A)+(2) (4)x(3) area (6)-(lB) 

lA , It/ o <./2... .<t't 4/. (&, 'f{,.~ 
Total 
Measured 

/ 3~ 
J.. 138 Iff 1. o I l/!·tl 'f(..</-

= 

l B 3 /37 'II j, o I 41·'1 4t.. 'I 
W.E. (em) 

= t/0.0 «4 13~ 38 /. 0 3 39./ 43.8 

l C 
Density s- I 3 5" 38 / . 03 39. I 43.8 
(%) 

1,7,.7.0 

= :<<t 

I 
Mean = Mean3 = Mean4 = 

'IS: 'I +S:tf +t:J. 'S 

1 Glaci er sampler results assumed to be true water equivalent 
2 C t. f Standard Cutter Area I 1 2-

orrec lOTI actor = T C A = ' est utter rea 
3 Mean of (6) - Glacier W.E. (lB) 
4 Mean of (7) f Gl aci er W. E. ( lB) 
5 Mean of (6) f Glaci er depth (lA) 

9 
Density 
(6)+(1) 

3'f 

33 

33 

32... 

32..... 

I 

Mean
5 

= I 
33 

~ 
f-'· 
0' 
f-'· 
rt 
w 



Exhibit 4 

ORGANIZATIO_ N __ .S_C_? _ _ _ Bo:z.~MAN 1 MoNTANA 

SNOW PROFILE 

DATE Z-2.~-71 OBSERVER HI .. CI="FMAN- HERDINA 
-------------------=-=~::.:...:..-=--=::_:__:_:_:::_:__::_:_~~___:_;:..::_:~:..:.:.:.~ 

1 LOCATION New WoRLD LowER 
-----------------------~ 

ASPECT OPEN SLOP£ NNW SLOPE INCLINE /-.2 ° 
~------------------------~--------~----~----~ 

WEATHER PARTLY Ct.ouoy 
1 

LrGHT BR.EE.Z.[ 8£&/NING- AtR Te""'p = of' o.3 °C 

SURFACE PENETRATION Sci'V\ &oo+ EIYOING AIR + 3./ C 

H 
.......... ... ........ ...... 

---l-- --+--+--+--1--+ -11---t-:-:+ ..;:+--+---F.:.;.r+':c.,'~·-:.:.:·:·-j.:.::..;_::::-j.:.:~:..:::+::::c-J··· 
.. :: :·· .•• :!..;.: 

em 
. . .. . --- ... . .. .. . .... ... . 

. .. .. . -· ... 
f- :.__+-+--+- 1--· .. .:.. ..;.'4' ·--47"'-cl-1--~+:-·:.:.:· +--:+--.+!.:.,..·+· '-:-:==±= ::-:-7;:;-:t: !:-::±1:~· 

·· ... · · .. : :~~~ ~~~~ f~ii ~~T; 

-· .... .. ...... ... 
·:: : :: :;:; :;;: ?-=· 

: ;:--! 

.......... ...... 
:. . . . .. . .. . : :::: :~:- -::: . . . 1\:~ =~=· ==~~ 

:::: .::: .::: , .. ::: ·~~: > ;.: .. ::: ::;: ::~: :~; j:,::. j' ; ~~ :::: 7o 
·:. ·:·= ::=~ :;~: ~::= :::· :]' T~: i!i; 

~~~~·~-~+-4-~~-+--~.~.~. :.c..,_ +:-,~ .. ~ .. ~~~- ~~--~-~- .. '0 . . . ~ 0.. • • .. .. . ... ... . . ·-· ..... 
. . ... . .. . . .., ...... . 
: : : :. : : : : : : : 0 : : : : : : : ~ : • : ...... ' ............ , 

: .: ::.1 ::: ::::. :: ·::· .. . ·. ·;·: ··. :::: ·::: ::: :: 
• • •• ,, 0 •• • •• •••• • •• 

: : ' ~ : : ! : : : : : . : : : : : : : : : : : : 

.. ... .. . .. 
. . :: .. ::; :: : :: =~ : .... ; ::. 

• • •• • •••• • 0 ·; • ;: : 0 •• :;-;_ .;:::.. ;::: 

.1': :·::. ·:, 

:::· :!:· :: ... :: 
•• ••••• 0 • 

••• • • 0 • . . ..... .. .. . ...... . .......... .... .... .. . 

K F 

• • 
• • 

• 
• • 

• 
0 

0 

c a 
oa 
0 

c c 
a 

0 a 
0 

(J 

0 
a 

·;· .................. , ... . ::: :::: ·:; :·:: .:::: : :;:: :: 1; :b t:0 /'-;.: :::: ;::: :::: :;: :::i : ... :· .. .. : ::: .·:: ... _ .;:: .. ::-:. :-:-j: : t • 0 " 
.. .... . .. .. ... ... .. . :· ;· : .: .: . : =~~=. ~i;; ~~ ~: I " A 

~ .. *;:4::.~:::=~==~::*:::4::~ ... F+~~ .. ~-+4''~'~"-F.'±4~";~ / " 
~1 ~!ii UF ;~;~ ::~ ~ri: ·· · .... .. . . _:;; :~:: '~::: ~~ :~n: :I=~~ .t~;~ :g! ,... 
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APPENDIX IV. Photographs of snow sampling procedures and equipment 
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FIGURE 125 A metal plate is placed in the sidewall 
of the snowpit as a stop for the 
Glacier sampler. 

,_ 

FI GURE 127 '!he oore fran the Glacier sampler is 
weighed on a gram-balance scale to 
detennine the snow water equivalent. 

FIGURE 126 The SilCMpack is sampled in incrarents of 
al:x>ut 35 to 38 an to detennine the snow 
water equivalent of the entire snow 
profile. 

I 

FIGURE 128 Glacier sampler being inserted 
vertically into the seoon:i depth 
incrarent in a snowpit. 
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FIGURE 129 Incremental depths are sampled 
with the Glacier sampler to the 
grourx1 surface. 

FIGURE 130 Large-di~ter samples were obtained in 
snowpits at s~ tll1le as small-di~ter curl 
Glacier samples. 
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FIGURE 131 
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"' 

Sr¥JW samples wi. th the small-diameter 
tubes like the starrlard Federal sampler, 
are taken through the entire sr¥JW pro­
file adjacent to the Glacier samples. 

FIGURE 132 Core fran a small-diarreter sampler being 
placed in the weighing rocket on the 
gram-balance scale. 

FIGURE 133 Snowtube samples with different cutters 
are taken arourrl the Glacier sample. 
'lhe large cores are fran the Glacier 
sampler. 
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FIGURE 134 'Jhe Glacier sampler was used to 
detennine "true" snow water equivalent 
in all tests made by the Metrication 
camuttee. 
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10 CM ALUMINUM 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 

FIGURE 136 'Jhe thin wall aluminum irrigation 
pipe sharpened to the inside was 
almost the same size as the Glacier 
sampler and yielded identical results. 

ADIRONDACK 
• • • • • • • • • • • • • ••••••••••• 

FIGURE 135 The Adirondack sampl er has been used 
widely in shall <Mer Sl:"lO'NpackS throughout 
eastern United States and Canada. 

FIGURE 137 The MSC (.Meteorlogical Service of Canada) 
sampler is the standard sampler for 
much of eastern Canada. 
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FIGURE 138 'Ihe 500 an3 CRREL s~ler is a 
volumetric type s~ler used to 
obtain density profile of srx:Mpa.ck 
by inserting the tubes horizontally 
in the wall of a snowpit arrl 
weighing the cores of s:n<JW in the 
tubes. 

FIGURE 139 A sharpened PVC tube was also used to 
obtain s:n<JW water equivalent 
measurarents. 

1980 ESC 50 
e I I I e • I •• I I • I • e e e I ••••• 

. _,-. t . . 

FIGURE 140 The prototype 1980 ESC 50 was the first 
large-diarreter s~ler evaluated by the 
Metrication Ccmnittee. 
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FIGURE 141 The 1980 ESC 40 cutter was similar in 
design to the ESC 50 rut with smaller 
cutter area. The tube was the sane size 
as used with the ESC 50. 

ESC 30 . . ' . . . . . . . . . . . . . . . . 
FIGURE 143 The 1981 ESC 30 is similar in design to 

the 1981 ESC 40 only the cutter area is 
smaller ar:rl smaller diarreter tubing is 
used. 

FIGURE 142 The 1981 ESC 40 cutter had fewer teeth 
than the 1980 ESC 40 sampler. 

FIGURE 144 The top oollar on the ESC 30 is used to 
secure the driving har:rlles to the SIXJW­

tube as well as to prevent damage to the 
errl of the tube. 
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FIGURE 145 The Utah cutter was a 32-tooth early day 
sarrpler used with steel snowtubes. This 
equiprent was superseded with the 
starrlard Federal sarrpler. 
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SHARPENED FEDERAL 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ...... . 

FIGURE 14 7 'llle sharpened Federal cutter, is a 
starrlard Federal cutter with teeth 
sharpened to the inside. 

STANDARD FEDERAL 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

FIGURE 146 The starrlard Federal cutter is widely 
used for snow sarrpling throughout the 
~rld. 
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FIGURE 148 The Bung cutter is a starrlard Federal 
cutter with all of the teeth grourrl 
off. 
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FIGURE 149 The Leupold ani Stevens cutter has eight 
teeth. The teeth are flat faced similar 
to the starrlard Federal cutter. 

FIGURE 151 '!he 1-X:Call cutter was developed for use 
in deep dense Srx:Mpacks ani was used on 
S!IDOth thick wall tubing with inner 
couplin::rs. 

BO'NMAN 
I I I I I I I I I I I I I I I I I I I I I 
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FIGURE 150 The 13c:lw:nan cutter was developed for 
improved ice cutting ani coring ani was 
used with a fiberglass type tube. 
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FIGURE 152 The Rosen cutter was an earlier node! 
eight-tooth cutter that could be used 
in place of the starrlard Federal cutter. 
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FIGURE 153 The first metric cutter was the 197~ 
short metric cutter with straight 
teeth sharpened to the inside. 

1979 METRIC 
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FIGURE 155 The 1979 WSC 10 metric cutter was an 
evolution of the 1978 long an:l short 
metric cutters an:l had sloping teeth 
with narrow lan:ls. 
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FIGURE 154 The 1978 long metric cutter had the 
same area as the 1978 short metric but 
the cutter was similar to the l3ch.man 
arrl McCall type cutters • 

1980 METRIC 
•••• • ••••••••••••• • •••••••••••••• 

FIGURE 156 The 1980 WSC 10 metric cutter was 
similar to the 1979 wsc 10 but 
incorf-Orated a stronger design. 
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FIGURE 157 The 1981 WSC rretric cutter was similar 
in design to the 1980 rrodel except the 
cutting area was increased and 
shoulders rounded . 

FIGURE 158 The Digiray Portable Profile 
Gage has a radioactive 
detector and source . The 
density of each increment of 
snc:M depth is dete:rmined as 
the probe rroves up or down 
inside of a Federal snc:Mtube 
after the core has been 
extracted. 
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4 METER SCALE 

FIGURE 159 The 4 Ireter scale is used with the WSC 
Iretric sampler for rrost SIXJWPacks arrl 
may also be used with the FSC 30 sampler 
with dual markings on the inner tube . 

FIGURE 161 The 1 Ireter scale is designed for use 
with the FSC 30 srx:M sampler. 

6 METER SCALE 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

FIGURE 160 The 6 Ireter scale is used with the WSC 
~retric sampler for SIXJWPClckS having 
depths exceeding 400 an. 

WSC METRIC SN 
FIGURE 162 The re<XJ'IIrel'Xled oouplings for oonnectin<i 

tube sections, driving wrench, arrl 
spanner wrench, for the WSC ~retric srx:M 
sampler. 
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FIGURE 163 Volumetric snowpit in Ontario with sidewalls 
erected prior to the snow season. 
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