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The effect of snow and ice on the operation and maintenance of a subsurface missile system was investigated during

g the construction stage of the Grand Forks Safeguard system site. Meteorolnycal observations were made daily from

I November to the following 30 April for the two winters 1971 77 and 1972- 73, and compared with observations
made at the Ist order stations of Minot and Grand Forks, North Dakota, west and east respectively of the Safeguard
site. Though differences occurred, the climatic patterns at the ist order stations were similar, and indicate that
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in 30. A full-scale model of a portion of the Spartan missile mound was constructed, as well as part of the double
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winter. It was concluded that accumulation would never

chain link security fence and plywood models of six cell covers, and snow accumulation was observed during one

exceed the height of a cell cover, nor would snow com-

pletely bridge the pavement between cells. However, snow could accumulate to depths approaching 5-6 ft around
the secuity fence under extreme conditions. When a hydraulic flume for conducting model tests for snowdrift
potential became available late in the investigation, major structures at two of the radar installations were investi-
gated, and a problem identified at one location. Performance tests were conducted on 12 models of 7-8 hp walk-
behind snowblowers to evaluate the three tasks of lane, obstacle, and drift clearing which could be expected on
the missile field. An analysis was made of the equipment requirements for snow clearance based on an estimate
of accumulation on the site. Various plastic mesh materials were tested in a coldroom and in field trials for their
performance as non-debris-forming snow fences, and satisfactory materials were found. ;
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PREFACE

This report was prepared by L. David Minsk, Research Physical Scientist, Applied Research
Branch, Experimental Engineering Division, U.S. Army Cold Regions Research and Engineering
Laboratory. The work was done for the U.S. Army Engineer Division, Huntsville.

Meteorological observations were made by SSG Timothy C. Davis, SP4 James A. Boothe and
SP5 Alfred M. Jesness, of the Atmospheric Sciences Laboratory, White Sands Missile Range. These
data were analyzed and Section 2 of this report was prepared by Michael A. Bilello, Roy E. Bates
and SP4 Alan Zenkel. Tests of small snowblowers were performed by Ben Hanamoto and Garv E.
Phetteplace. The hydraulic modeling of snowdrifting was performed by Darryl J. Calkins. Gunars

Abele technically reviewed this report.

The contents of this report are not to be used for advertising, publication, or promotional
purposes. Citation of trade names does not constitute an official endorsement or approval of the
use of such commercial products.
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CONTROL OF SNOW AND ICE ON MISSILE FIELDS

by

L. David Minsk

INTRODUCTION

Winter is a supreme test of the designer’s art and the engineer’s ability to ensure uninterrupted
operations in a hostile environment far removed in time and place from that which existed during
conception. Freezing rain, high winds, blowing and drifting snow, heavy snowfalls, fog — all may
be expected in the northern United States, and all may have an adverse effect on military operations.
At the request of the U.S. Army Engineer Division, Huntsville, acting for the Safeguard Systems
Command, CRREL investigated the extent to which these conditions can occur at the Grand Forks
Safeguard site. Under consideration were such factors as the frequency and duration of the condi-
tions, and the design modifications and maintenance procedures which might be instituted to mini-
mize their adverse effects on missile fields.

This is the final report of the project, which was initiated in May 1971 and carried through two
winters of observation at Grand Forks Safeguard site, 1971-72 and 1972-73. During both winters,
from 1 November to 30 April, a meteorological detachment from the U.S. Army Atmospheric
Sciences Laboratory, White Sands Missile Range, made daily observations of wind speed and direction,
air temperature, precipitation, and snow on the ground. Observations were also made by CRREL
personnel during portions of both winters. Snowdrift observations were made at Grand Forks during
1971-72 (there was insufficient snow during winter 1972-73 to obtain useful data) and tests of snow
fence materias were made in both North Dakota and at CRREL in Hanover. Snow removal tests
were conducted in both North Dakota and New Hampshire during winter 1972-73. In North Dakota
a 1500-ton/hr rotary plow was mounted on a front-end loader and a blade plow was mounted on a
tracked low ground pressure vehicle. At Hanover small pedestrian-ty pe snowblowers were used. Low
snowfall in North Dakota resulted in little data from those tests. Snowdrift potential and general
configuration of expected snow accumulation around the major structures at the Perimeter Acquisi-
tion Radar (PAR) and Missile Site Radar (MSR) were determined by a model study using a hydraulic
flume. This report summarizes the results of the field investigation, climatological study, equipment
tests, and the snowdrift model study, and makes recommendations for a rational approach to missile
field snow and ice control.

1. SNOWDRIFT POTENTIAL

MSR and collocated missile field

The nature and extent of drifting on the missile field, particularly on the Spartan field, was such
an unknown factor, and potentially of such serious consequences, that a portion of the Spartan field
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Figure 1. Model missile mound and double security fence.

was modeled in full scale on an earth fill simulating the operational missile mound. In addition, a
corner portion of the double security fence, two rows of 7-ft-high chain link fabric spaced 50 ft
apart, was installed north and west of the mound to determine snowdrifting in the vicinity of the
fence, and the iafluence of the fence structure on snowdrift formation on the missile field. The site
was near the operational missile field and was unobstructed to the west, north and east, directions
from which the winter storm winds were expected. Structures and construction materials to the

G foog s b il rtaite B .xsd
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Figure 2. Cover no. 4 (at right) during storm of 23 February 1972, view WSW.

south were at least 600 ft away, and were not a serious interference. The mound was designed with
a 1:4 slope, and a height of approximately 5 ft above surrounding grade was chosen for windblown
snow to accumulate on the northwest portion of the field. Only six launch stations (12 covers) were
required to study the influence of staggered rows of covers upon one another, thus minimizing the
size of the mound and the number of covers (Fig. 1).

A full-size cover was designed to simulate the aerodynamic shape of the operational cover; it was
considered unnecessary, because of the large size and small turbulence which would be generated, to
fair the compound curves. This design allowed the use of plywood sheets nailed over curved webs
for low material and construction cost. The Spartan antenna, an 18-in.-diameter by 11 ft 3 in.
cylinder, was modeled using galvanized smoke pipe, guyed with three cables. The cover actuator
cylinders were made of 4-in.-diameter smoke pipe.

Observations of accumulation were made daily from the time of completion of the simulated
missile field on 12 November 1971 to the end of April 1972. Daily depths in inches at snow stakes
on the field, and between the fence and mound, are given in Appendix A. The maximum depth
measured was 27 in., at a point near the inner security fence. Drift from around the Spartan covers
may be seen in the photographs (Fig. 2-8). The relatively smooth aerodynamic form of the cover,
coupled with the high incidence of winds during and after snowfalls, prevented the accumulation of
snow above the high point (center) of the cover, and at no time did drifts bridge the gaps between
adjacent rows of covers. Snow accumulated both on the upwind and downwind faces of the cover to
provide a smooth, unbroken surface (Fig. 4). Accumulation in the vicinity of the double security
fence is shown in Figures 9-11.
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Figure 3. Cover no. 2 (at left) during storm of 23 February 1972, view S.

Figure 4. Flow of snow over cover no. 4 during storm of 17 February 1972,
view SE.
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Figure 5. Edge of cover no. 2 (at right) during storm of 17 February 1972, view
SSW. Slight accumulation (less than 1 in. )-evident around snow stake B2 in center.

T b
B S

e e
ot

Figure 6. Accumulation on toe of north side of missile mound during storm of
17 February 1972, view SE. Wind scoured the lip and the drifts never carried onto
the mound.
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Figure 7. Accumulation on leeward (southward) side of cover no. 2 during storm
of 17 February 1972, view NE.

Figure 8. Flow of snow across missile mound past cover no. 4 (at right) with no
accumulation during storm of 17 February 1972, view S. Snow stake C2 at left.
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St e e

Figure 9. East-west line of double security fence, 13 March 1972, view W. Maxi-
mum depth at apex 24 in.; deepest on rest of east-west line 18 in. at this time.

Figure 10. North-south line of fence, 24 February 1972, view N. Inner fence (and
missile mound) at right. Snow depth at rule in center 12 in.
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View NW from missile mound with accumulation in toe, depth 27 in.,
18 February 1972

Figure 11.

Figure 12. Hydraulic flume used for simulating snowstorms, sand simulates snow.
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Figure 14. Snow accumulated at Minuteman site B-18 (3 miles east of Langdon, North
Dakota) by chain link fence, 13 March 1969.

Figure 15. Snow removal on NDS near Langdon, North Dakota.
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Snowdrift potential in the vicinity of the MSR, Missile Site Power Plant (MSPP) ventilation stacks,
MSR depressed tunnel access, and the Perimeter Acquisition Radar Building (PARB) was investigated
by model studies in a hydraulic flume using sand to simulate snow. Scale models of these structures
were constructed of wood or Plexiglas and the influence of building shape, orientation and topog-
raphy on the deposition pattern observed. The flume, installed at CRREL and placed in operation
after the field investigation had ended, is shown in Figure 12. Sand is introduced into the water at
the upstream (right) side, and is transported to the model which is fixed to the bottom of the flume
nedr its center. At present only areal distribution of snowdrifts can be predicted as a function of
wind speed and direction; simulation of depth and prediction of depth in the field must await
development and evaluation of scaling laws.

The results of the study were reported in detail by Calkins (1974a). Briefly, the model studies
show the potential for large snow accumulation behind the PARB and MSR, but there appears to
be sufficient storage capacity for the snow. Snow will accumulate against the faces or sides of these
structures when the flow direction is not normal to one of the sides. Only one trouble area was
indicated in the study: the depressed tunnel access to the MSPP (Fig. 13). The model study suggests
that an appreciable amount of snow will accumulate in that location, though the extent and precise
location could not be determined. Wind speeds modeled correspond to a full scale range of 23.5-37
mph (10.5-16.5 m/sec).

PAR area

No continuous field observations were made of snowdrifting at the PAR. A model study perform-
ed with the PARB alone indicated that drifting around it would not be extensive (Fig. 13).

Remote Sprint Launch (RSL)

Construction at all RSL's prevented any clear-cut determination of drifting patterns and depths
which could be expected. However, based on analogies with the MSR area, drifting on the Sprint
field itself will be minor and only access roads downwind of the Remote Launch Operations Building
(RLOB) will be affected to any serious extent.

Historical perspective

The climatology of the Grand Forks Safeguard Site region is given in Section 2. However, it is
worthwhile at this point to describe some of the extreme snowdrifting situations which have occurred
in the area in past years. In this connection, it should be realized that chain-link fences, which
ordinarily offer little obstruction to any windblown snow, can become blocked with wet snow and
cause massive drifting. This is illustrated by the heavy drifting at Minuteman site B-18, located 3
miles east of Langdon on NDS, where on 13 March 1969 snow nearly buried a portion of the secu-
rity fence (Fig. 14), a not uncommon incident. The blizzard of 2-5 March 1966 left drifts up to 20 ft
deep in many areas of eastern North Dakota; clearance operations on NDS 15 miles east of Langdon
are shown in Figure 15.

2. CLIMATOLOGY OF THE GRAND FORKS REGION

Daily observations of temperature, wind, and the various types of precipitation were made at
Nekoma from 1 November 1971 to 30 April 1972, and from 1 November 1972 to 30 April 1973,
and compared with similar records from Grand Forks and Minot, North Dakota. Station locations
are shown in Figure 16.
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Figure 16. Locations of meteorological stations.

The daily data were reduce | to monthly summaries to permit meteorological and climatological
comparisons to be made between the sites. The results for the two years of observations are given
in Table 1. The average monthly temperature is the arithmetic mean of the daily maximum and
minimum temperatures. The *“‘total™ precipitation is the amount of water accumulated from all
types of precipitation during the month. *“Snow™ is the snowfall amount which accumulated during
each snowstorm through the month, and the *“maximum snow on the ground” (SOG) is the deepest
snow reported at the weather site during the month. The selected snow depth measurement sites
are in areas generally not prone to snow erosion or drifting. Snowfall was extremely iight at the
three climatic stations during the 1972-73 winter. Since all weather types were not measured hourly
at Nekoma, the number of hours of freezing and non-freezing forms of precipitation for that site
were estimated. The estimates were made by considering the weather conditions at Minot and Grand
Forks in conjunction with observed periods of precipitation and concurrent freezing air temperatures
at Nekoma. The peak gust is the maximum instantaneous velocity recorded during the month.

Wind speed and direction were similar at all three stations. Monthly wind directions throughout
winter 1972-73 at Grand Forks were often southerly, a condition which is not the norm. Since the
terrain in this area is quite level, the south winds are mainly the result of the high- and low-pressure
weather systems which traverse the region. It seems apparent therefore that the area generally
experiences an idealized sequence of synoptic winter weather conditions, i.e. prefrontal, snow-bearing
southerly winds followed by a frontal passage and stronger, colder and drier winds from the west
and northwest, which generally cause snow drifting.

Unfortunately, the wind recording equipment at Nekoma occasionally failed to operate. The
systems were not dependable during pericds of blowing snow, freezing rain or freezing drizzle: they
also experienced occasional electrical and bearing problems.
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Table 1. Estimated average climatic conditions at
Safeguard site northwest of Grand Forks, N.D.
Period of record — 193i-1960 taken from nearby stations.
Elevation — 800-1600 feet.
Temperature (° F)
Mean no. Precipitation (in. )3 Humidity /%}d
Mean Mean Mean days min Mean Max Max® Mean monthly
Month  max  min monthly <32°F monthly monthly 24 hr 0600 LST 1800 LST
Jan 1 -10 1 31 0.6 i.4 0.7 70 69
Feb 16 - 5 6 28 0.5 1.3 1.2 75 73
Mar 30 9 19 28 0.7 2.3 1.2 83 71
Apr 50 28 39 18 1.1 3.1 1.9 82 60
May 67 39 §3 4 1.6 4.1 2.4 17 47
Jun 74 48 61 ] 2.9 5.5 2.8 81 54
Jul 82 54 68 (4] 2.8 5.5 3.9 86 54
Aug 80 52 66 (4] 2.4 6.0 4.7 87 51
Sep 70 42 56 2 1.7 6.3 4.0 88 59
Oct 56 31 43 12 1.2 4.8 1.3 81 58
Nov kKk) 14 23 26 0.6 3.2 1.6 81 70
Dec 19 -~ 1 9 31 0.5 1.3 0.9 77 75
i
Total Total Max
Extreme max 109 Mean annual mean annual mean annual total annual
Extreme min —49 37 181 16.6 25.1
Wind (mph) Snow on ground
Mean Snowfall (in.) Max monthly
monthly  Prevailing Fastest mileb Mean Max Max€® depth 1953-56
Month speed direction Speed  Direction monthly monthly® 24 hr fin.)
Jan 12.7 Nw 52 N 6.8 14.9 6.8 26
Feb 12.2 Nw 51 Nw 5.7 15.8 11.2 26
| Mar 12.8 NNW 58 N 1.5 15.4 8.0 28
Apr 14.0 N 59 NW 3.1 12.4 7.4 24
May 1341 N 61 NW or SSE 0.7 1.0 1.0 2
Jun 11.6 SSE 65 Sw T 0 0 T
Jul 10.1 S 68 NNW or § T 0 0 0
Aug 10.6 SSE 58 NNw 0 [} 0 0
t Sep 12.0 SSE 72 Nw 0.1 0.6 0.6 T
I Oct 12.6 SSE 56 WNW 1.5 8.1 7.8 8
Nov 13.2 NwW 65 Nw 5.1 19.8 10.9 19
Dec 12.1 NW 5Ss N 5.6 20.3 5.7 20
i Total Max
Annual 12.3 NwW 72 Nw mean annual total annual
36.1 82.2
Short duration® and extreme® snowfall amounts (in. )
6 hr max 6 hr max 24 hr Fxtreme single Extreme Extreme Max depth
water equiv total ‘‘catch’’ extreme storm calendar month seasonal of snow on
(1951-60) (1951-60) total “catch’  total “catch” total *‘catch”  total “‘catch’ ground
! MSG MSG 19.2 19.2 (1 day) 30.4 (Nov) 82,2 (1937) 27.8 (1897)

o Lo Ow

. Includes water equivalent snowfall
Maximum one minute average recorded speed
. Long term record
. 7-year record, Fargo, M.D.
. Fargo data.
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Long-term monthly averages of wind speed and direction for several stations near Nekoma, derived
in a previous study (Bilello et al. 1968), are shown in Table Il. The average wind speed in this region
of North Dakota from November to April is 12.8 mph and the prevailing wind direction is north-
westerly. An analysis of individual snowstorms at each station showed that for those periods when
snow is actually accumulating the stations experience similar total hours of snow time per year.

Observations winter 1971-72

The analysis of weather types at Nekoma was confined to snow, rain and drizzle. Nekoma experi-
enced fewer total hours of snow during the winter of 1971-72 than the other sites (Table I). This
difference is probably due to the fact that Grand Forks and Minot reported periods with a trace of
snow, whereas Nekoma reported only the periods with measurable snow.

Neither rain nor drizzle was observed during January or February 1972 at the three sites. How-
ever, the weather records from Grand Forks and Minot indicate that freezing rain and freezing drizzle
can oceur in the area at any time in winter. This phenomenon was observed most frequently in
December at both sites, and one such storm at Grand Forks continued for almost 30 hours.

Fog, blowing or drifting snow, and ice fog or ice crystals also occur frequently in this area in win-
ter (Table 1). Although data for these parameters were not available for Nekoma, the conditions
reported at Grand Forks and Minot are probably similar to those occurring at Nekoma, which is
located between these two stations (Fig. 16).

A detailed analysis was made of all significant snowstorms observed at the three stations, and all
drifting or blowing snowstorms and freczing drizzle or freeszing rainstorms observed at Grand Forks
and Minot during the winter of 1971-72 (Appendix B, Tables BI-BIV). A *'significant snowstorm™
excluded periods when only a trace of snow was recorded or when the visibility was over six miles.
For Grand Forks and Minot this tabulation also included periods of light snow, snow showers, snow
grains, and ice or snow pellets. Appendix B shows that in most instances when snow is reported at
one location, it is also reported at one or both of the others. Only # few exceptions were noted; for
example, snow was observed only at Nekoma during 21-23 November 1971 and 17 April 1972, and
only at Minot during 5-8 February and 17 March 1972, Both duration and amounts of snow at all
three stations during major snowstorims are similar. Good examples are the lengthy snowstorms
recorded near the end of February and March. These associated facts indicate that the three sites
have similar winter weather.

Blowing and drif'ting snow, freezing rain and freesing drizzle were not recorded at Nekoma; there-
fore comparisons of these events were made between Grand Forks and Minot only. During the
winter of 1971-72 similar conditions occurred at these two sites, except that more blowing and drift-
ing snow was recorded at Grand Forks than at Minot. Table BIV shows a high incidence oi blowing
and drifting snowstorms, and their length indicates that the can create serious problems.

The number and duration of snowstorms, blowing and drifting snowstorms, freezing drizzle and
freezing rainstorms are given in Table [11. Snowstorms over 30 hours long were observed at all three
stations during the 1971-72 winter. The most prominent one occurred between 25 and 28 March
1972, when 5 to 8 in. of snow felt at the stations. Although Nekoma had more individual snow-
storms during the winter than Grand Forks or Minot, the latter sites had more storms that continued
for 12 hours or more. These variations may be due to the fact that the Nekoma site was not manned
for 24 hours every day (as were the other sites), so that observations were made every 6 hours instead
of every hour. From 25 to 40 snowstorms can be expected each winter, and based on Minot and
Grand Forks data many will last more than 12 hours. 1t isestimated that up to 11 in. of snow in a
single storm can accumulate each year and a 20-in. accumulation of snow in = 24-hour period can be
expected | year in 30.
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Table II1. Number and duration of snow, blowing and drifting snow and freezing
drizzle or freezing rainstorms at North Dakota sites, November through April.

<6 hours 6 to 1210 18 to 24 to 30 to > 36
Station duration <12 <1i8 <24 <30 <36 hours

Snowstorms, 1971/72

Nekoma 18 18 2 1 1 1 0
Grand Forks 8 6 s 2 0 2 1
Minot 11 9 6 4 1 1 1
Snowstorms, 1972/73

Nekoma 20 9 6 s 1 1 2|
Grand Forks 30 19 3 1 1

Minot 37 12 4 2 3 1 1
Blowing or drifting snowstorms, 1971/72

Grand Forks 17 11 5 2 1

Minot 1 7 1 2 0

Blowing or drifting snowstorms, 1972/73

Grand Forks 6 4 2 3

Minot 7 2 1

Freezing drizzle or freezing rainstorms, 1971/72

Grand Forks 6 1 0 0 1

Minot 7 1 1 0 (1]

Freezing drizzle or freezing rainstorms, 1972/73

Grand Forks 13 3
Minot 11 3

Table 111 shows 36 cases of blowing or drifting snow at Grand Forks and 21 at Minot. About half
of these events lasted less than 6 hours and a few more than 18 hours. Freezing rain and freezing
d1.zzle were observed a total of eight and nine times during the winter at Grand Forks and Minot,
respectively. Most of these storms were less than 6 hours long, but a major storm of this type should
be expected occasionally, such as the one observed on 22-23 December 1971. Considerable icing or
glaze, naturally, could be expected to form on antennac and other structures during these storms.
Similar storm conditions and resultant weather (especially over a long-term period) can be expected
at all three North Dakota sites. Minor storms may produce slightly different weather conditions
from hour to hour or day to day at each site, but major storms generally produce similar results.

Observations winter 1972-73

Similarities in the weather at the three stations were not as definite in 1972-73 as in 1971-72.
Air temperatures at Nekoma for the 6-month period averaged 4°F lower than at Minot or Grand
Forks. The maximum temperatures at Minot during December, March and April were 10°F higher
than at Nekoma, and the maximum temperatures at Grand Forks in December and April were
respectively 13°F and 6°F higher than at Nekoma. Although snowfall during 1972-73 was light,
highest monthly amounts were recorded at Minot in November and at Grand Forks and Nekoma in
December; lowest amounts were reported at Grand Forks and Nekoma in April. Minot recorded
20 in. of snow during 1972-73, 4 in. more than was recorded at either of the other sites. These
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amounts are considerably below the seasonal normal snowfall expected in the area (Table I1). Winds
for the three sites during the winter of 1972-73 averaged between 7 and 12 kt, mainly from the
northwest or southeast. Monthly peak gusts ranged from 35 kt at Nekoma in November to 56 kt

at Grand Forks in April.

The area had less snow and higher temperatures than normal; consequently reports of blowing and
drifting snow at the three weather stations were infrequent.

Since detailed hourly weather observations were not available for Nekoma, the analysis of weather
types at this site was limited to precipitation time periods of 6 hours. Some 3-hourly observations
were also made during the daytime at Nekoma. This inforimation was meager, but was used in the
summaries when provided. The summaries in Table 1 show that Nekoma experienced more hours of
snowfall than the other two sites. However, the comparison is not necessarily valid because of the
3- and 6-hourly precipitation intervals used for Nekoma. The summaries for hours of snowfall at
Minot and Grand Forks in Table 1 also include periods of traces of snowfall. Incidentally, an
analysis of individual snowstorms at each station showed that when snow was accumnulating on the
ground, the duration of the snowstorm was similar for all stations.

During winter 1972-73 the periods of freezing rain and freezing drizzle lasted longer at Nekoma
during November, January, February and March than at the other two sites. This situation again is’.‘
possibly due to the fact that 3- and 6-hour periods were counted at Nekoma, whereas the exact time
that precipitation began and ended was recorded at the other sites.

Fog, blowing or drifting snow, and ice fog or ice crystals occurred frequently during the winter of
1972-73 (Table I). Fog occurred more frequently in 1972-73 than in 1971-72, especially during
January and Feoruary. This condition may have been due to the higher average air temperatures
(approximately 12°F higher observed during both these months in 1973). Total hours of ice fog
and ice crystals for the season also were less, again a reflection of the warmer conditions during
1972-73. The highest monthly total hours of drifting or blowing snow in 1972-73 was 66 hours
observed at Nekoma in December; this compares with 116 hours previously observed at Grand
Forks in January 1972. As noted already, the decrease in blowing and drifting snow in 1972-73
is probably due to a lack of snow cover and higher air temperatures.

The snowstorm tabulation (Table BVIII) includes all periods of light snow (i.e. traces), snow
showers, snow grains, and ice or snow pellets. In most cases when one form of precipitation was
occurring at one location, a trace or more of precipitation occurred at at least one of the other two
sites. However, some significant differences were noted in snowfall amounts and duration for some
storms. For example, between 28 December 1972 and 1 January 1973, a snowstorm lasted inter-
mittently for over 100 liours at Nekoma, for 61 hours at Grand Forks and for 46 hours at Minot.

In terms of inches of water equivalent, this snowstorm produced 1.43 in. at Nekoma, 0.46 in. at
Grand Forks and 0.14 in. at Minot. During another snowstorm between 5 and 7 March 1973 Nekoma
observed 48 to 54 hours of snowfall with a water equivalent of 0.57 in., while Grand Forks observed
20 hours of snowfall (water equivalent 0.14 in.), and Minot 32 hours of snowfall (water equivalent
0.21in.).

Visual observations of blowing and drifting snow and freezing drizzle and freezing rain were
apparently insufficient at Nekoma, very few of these events being reported. Consequently, compari-
sons of these events were limited to Grand Forks and Minot. The analysis made for the previous
winter showed that these weather occurrences were similar at these two sites. Comparisons for the
winter of 1972-73 showed less similarity in these four weather events, since they occurred 16 times
at Grand Forks, 10 times at Minot, and only 14 times concurrently at both sites. Blowing snowstorms




I3

P . I

18 CONTROL OF SNOW AND ICE ON MISSILE FIELDS .

throughout the winter were reported five more times and observed for a total of 78 more hours at
Grand Forks than at Minot (see Table I). Over twice the number of hours of blowing or drifting
.now was observed at Grand Forks the previous year; in the winter of 1971-72 the station reported
278 hours and in 1972-73 only 131 hours.

A compilation of the number and duration of snowstorms, blowing and drifting snowstorms, and
freezing drizzle and freezing rainstorms is given in Table III. As noted earlier, information only on
snowstorms was available for Nekoma. Snowstorms of 24-hour duration were observed at all three
stations during the 1972-73 winter. Nekoma had two snowstorms which lasted intermittently for 36
hours and Minot recorded one such storm. The most prominent storm occurred between 29 Decem-
ber 1972 and 2 January 1973, when 3 to 8 in. of snow fell at all stations. Since this was a generally
light year for snow, trace amounts were also included as part of each storm. The number of storms
in 1972-73, therefore, varied from a low of 44 at Nekoma to a high of 60 at Minot. It is possible
that more short-duration storms occurred at Nekoma but they were not detected because the station
did not make hourly observations. From the snowfall and snowstorm information gathered during
1972-73, the statement previously made that up to 11 in. of snow in a single storm can accumulate
each year and a 20-in. accumulation in a 24-hour period (approximately 1 in./hour) can be expected
1 year in 30 appears valid (see Table II). It is stressed, though, that strong winds during or imme-
diately after a snowstorm will cause serious drifting and snow accumulation problems, especially
around obstacles and across rcadways.

Table 111 shows 15 cases of blowing or drifting snow at Grand Forks and 10 at Minot; this is
about half the number observed the previous wintcr. Most of these storms lasted less than 12 hours.
Freezing rain and freezing drizzle were observed 15 and 14 times curing the 1972-73 winter period
(as compared to 8 and 9 times during 1971-72) at Grand Forks and Minot, respectively. Most of
these storms were less than 6 hours long. Historically, however, storms of this type have lasted much
longer (1 to 2 days). In general, major storms which influence a wide area cause precipitation at all
locations in northeast North Dakota, but produce varying accumulations and last for different lengths
of time. Minor local storm activity in winter results in one site recording precipitation while another
does not.

Snow cover density was measured weekly during winter 1972/73 at Nekoma. Average monthly
snow densities are: 3

Nov 0.27 g/cm3 Mar Not enough snow for measurement
Dec 0.24 g/cm? Apr Not enough snow for measurement
Jan 0.30 g/cm3 Avg 0.29 g/cm3

Feb 0.34 g/cm3

These measurements are the average densities of two or three identifiable snow layers and were
made only when the snow was deeper than 3 in. Many of the snow density measurements were
taken in snowdrifts and wind slab areas. This information is useful in determining the type and size
equipment needed for snow removal and control.

Wind chill factors* to be expected during working hours were computed for Nekoma. The follow-
ing are the monthly average equivalent temperature values calculated for the period between 0900
and 1500 daily:

Nov 12°F Feb -5°F
Dec —-16°F Mar 15°F (25 days only)
Jan - 3°F

* Wind chill is the effective low temperature C F) when wind speed (mph) is considered in conjunction with air
temperature (°F).
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The lowest equivalent temperatures (wind chill) observed were —63°F at 0900 local time on
14 February 1973 and —62°F at 0900 on 6 December 1972.

The northeastern part of North Dakota experienced a mild winter during 1972-73. The air tem-
peratures were above normal, snowfall was light, and the total hours of storminess (including blowing
and drifting snow) were less than normal. In general, the three weather stations in the region again
appear to experience similar weather conditions during the winter. Finally, the 1971-72 winter in
northeast North Dakota was closer to normal than the 1972-73 winter.

3. CONTROL OF DRIFTING SNOW

Snow fences

The requirement that any structures or materials within a prescribed range of the MSR antenna
be non-debris-forming made necessary the search for a suitable material to use for snow fences to
be placed within that range. The common wood-slat fence was ruled out because of its high debris
potential. Reinforced paper and plastic materials were investigated for durability under low tem-
perature and high wind conditions, and for snow-collecting efficiency. Materials were screened in
a coldroom for cold embrittlement, then successful materials were installed on fence posts both at
CRREL and in a clear, windswept area in the vicinity of the Grand Forks MSR. The materials
tested are listed in Table IV.

Two methods were used to attach the paper and shade material to the steel fence posts:
1) neoprene strips forming a sandwich around the fabric between the post and a clamped metal
strip, and 2) wood dowels wired to the post, with the fabric clamped between the U-channel of the
post and the dowel. The dowel method proved to be superior in two respects: 1) when properly
fastened and when the proper size dowel was used in the U-channel, its clamping action was more
certain and 2) it was faster and used less material (dowels used were broom handles cut to the re-
qu.red length). Neoprene sandwiches were used only for attaching the strips. Dowels were used for
strip attachment as well 1s for the 4548-in. widths. The lightweight (yellow) shade material was
obtained in an 88-in. height for testing in North Dakota, but late delivery and the constant moderate
to high winds prevented its emplacement. Experience in installing the fence materials showed that
it is much more practical to attach two 45 to 48-in. heights to obtain the double height fence than it
is to use the mill-made double height, especially in a windy location.

The most satisfactory material tested was the Vexar polyethylene watfle material (Fig. 17-18).
More snow accumulated behind this material than behind all other materials and vertical spacing
configurations. However, it was the heaviest material tested. Sag was noticeable at the 8- and 10-t
post spacings used, but this could be minimized by running a horizontal cable along the top of the
material. The manufacturer has advised that the product is no longer produced.

A permanent type of snow fence constructed of perforated elements similar to pierced steel
planking was also tested in North Dakota (Fig. 19). It had a high collection efficiency, comparable
to the polyethylene waffle-weave fencing.

The principles of snowdrift control are set forth in detail in CRREL Cold Regions Science and
Engineering Monograph lI-A3c, Blowing snow.
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Figure 17. Polyethylene waffle-weave snow fence ( Vexar).

Figure 18. Deep accumulation at right is behind polyethylene waffle-weave fence
( Vexar); lighter accumulation behind fence to the left resulted from the more open
plastic shade material.
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Figure 19. Perforated metal panels for constructing permanent snow fence.

Other methods

Snow fences could not be expected to prevent all accumulation on the missile covers, and there-
fore other methods were considered. A summary of problem areas and possible solutions is given in
Table V.

4. SNOW REMOVAL

Methods and requirements

Cell covers can be cleared by heating the surface, or by shoveling and sweeping. The missile field
can be cleared by heating the surface, and also by plowing with blade or rotary plows. In addition,
a concept for non-contact removal of snow from cell covers, which would also be adaptable to field
clearance—the eductor—was investigated (see below). Mechanical removal of snow requires its
disposal, and methods include loading the snow into trucks and hauling it to a disposal site, using
melting pits and pumping the melt to disposal areas, and casting the snow by rotary plow to an
adjacent disposal area. Tests were conducted in winter 1967-68 on a heated Sprint cell cover at
CRREL (Crory and Teeter 1968).

The high thermal requirements for complete melting of all accumulation on the missile field as
the snow falls by means of heating devices built into the pavement (184,000 Btu/ft? for melting,
600,000 Btu/ft? for idling, for an entire season) make mechanical removal the most cost-effective
method. The areas having a potential need for snow clearance at the Grand Forks Site are (in
square feet):
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Cell covers Missile field Total

Spartan (30) 20,725 (37 X i8.7) 192,810 213,535
Sprint (16) 3,600 (15 X 15) 46,295 49,895
239,105 263,430

Design snow clearance for 250,000 ft? of field covered with 1 ft of 0.2 g/cm® density snow, or
1560 tons, which would compact to 167,000 ft* (6185 yd®) would require the following times
and costs for two disposal methods:

Truck hauling Melting
-6:%- = 618 loads 2 units, 320 yd3/hr = 19 hr
8 trucks @ 4 loads/hr = 19 hr
Operating cost @ $10/hr/truck = $1520 Operating cost @ $30/hr = 3570
Capital cost @ $10,000 = $80,00 Capital cost @ $20,000 = $40,000

Estimate of time to clear the missile field:

Blade plowing of lanes @ 5 mph 3hr

Cover cleaning (one cell) 2

Clean-up with small blowers 4 *
Total 9 hr

An estimate of the frequency and volume of snow removal required for the various parts of the
Safeguard complex is given in Appendix C. This estimate is based on a study of the contour draw-
ings and an on-site evaluation.

Off-the-shelf commercial equipment can be used to clear the paved areas of the missile field, and
commercial or modified equipment to clean dry snow ¢{f the cell covers. Bulk snow can be handled
by truck-mounted blade plows and front-end loaders. The windrowed snow can be loaded into
trucks by the rotary plow and/or front-end loaders, and clean-up around the covers is the job of
small pedestrian-type snowblowers. Low density snow can be cleaned off the covers by use of
compressed air jets, which may be mounted in the compressor truck or, for close-in and spot clean-
up, may be in the form of an air lance at the end of a hose. Compacted snow or ice on the cover is
more difficult to remove, and will require development of a satisfactory technique. Mu:h of the
required equipment is also suitable for base snow removal, thereby providing redundancy for the
more essential missile field clearance. A small snowblower and front-end loader can clear ziound the
Sprint covers at the RSL sites; a tilt-bed trailer should be used to transport the loader.

Two pieces of equipment were obtained for field trial at Nekoma during winter 1°72-73: a
rotary plow mounted on a front-end loader (Fig. 20) and a blade plow mountad on a low-ground-
pressure tracked vehicle (Fig. 21). The former was intended for missile field snow clearance, the
latter for clearance on unsurfaced areas such as between the double security fence. However, the
extremely light snowfall precluded any meaningful tests.

T |
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Figure 20. Rotary plow mounted on front-end loader; plow engine is hung on the
rear of the loader. Hydraulic lines connect the hydraulic motor in rear with the

plow hydrostatic drive.

Figure 21. Blade plow mounted on low ground pressure tracked vehicle, for clear-
ance of snow on soft surfaces.
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Table VI. Capital cost of equipment proposed for missile field snow removal.

Truck mounted 25()-1‘!3/min COMPIessor $ 14,500
($7500 truck, $7000 compressor)

Rotary plow on loader 60,000

Lidt-bed trader (10-ton, 4-wheel) S.000

Three front-end foaders, 21, )d“ §7,000

articulated « $19,000

Four S-ton dump trucks w/front reversible 41,000
blades (2 w/underbody blades) ($7500/1ruck.
$1500/front blade: $2500/underbody blade)

Two 8-hp spowblowers v $450 900
One pickup truck 2100
Air attachments 2,000

$181.500

The cost of the equipment suggested for removal of snow trom missile tields and cell covers is
given in Table VI The concept will require five men for missile ficld clearance and three men tor
base cledrance to man equipment at any o2 time.

Snowblower tests

It is undesirable to operate heavy equipment very close to the misstle cells because of the potential
for damage. Small, self-propelled. walk-behind snowblowers can be used for this purpose. One tash
in the CRREL investigation was to test representative snowblowers from the panoply of nearly 200
maodels produced by 30 manufacturers to establish the most important characteristics requured for
missile field applications. Characteristics that were considered important operating criteria were:

1. Cutter/impeller design
2. Cutter/impelier speed ratio
3. Cutting width/engine power

4. Wheel drive system

n

Wheel size and tire tread design
6. Operating contrals.

Twelve machines were selected which incorporated these characteristics in various combinations
and allowed compansons of single characteristics. Only 7- and 8-hp units were included in the
investigation because of the need for equipment to remove large quantities of tanly deep snow.a job
exceeding the capabilities of small 3-5 hip home-type machines.

A report of the test procedure, physical characteristics of the machines tested, and test results was
prepared (Hanamoto 1974), Only a briet discussion of the test and the conclusions are included
here.

Snowblowers are small versions ot highway-tvpe rotary snowpiows. They consist of a disaggregating
device (cutter) and a throwing or casting device (impeller). Machines in which these are separate ele-
ments are two-stage machines: those in which the two tunctions are accomplished with one element
are single-stage machines. Types of cutters are helical, open helical or nihbon, and drum. [mpellers
are either paddles or scoops rotating on an axis parallel to the cutter axis or at 90 toit,
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Figure 22. Snow removal rates of snowblowers tested in various types of
snow. (From Hanamoto 1974.)

The machines’ performance in three snow removal tasks — lane clearing, removal around obstacles,
and drift removal — was evaluated. Each of these tasks requires different machine attributes, and the
evaluation served to categorize the equipment capabilities and to indicate the machine or machines
which could best meet the requirements. Tests were conducted in 10 to 20-in.-deep snow at CRREL
and near Mt. Washington; snow densities ranged from 0.10-0.38 g/cm3. Evaluation was made in
terms of snow removal rate (Ib/min). Performance in the three tasks, including three ages of snow in
the lane clearing tests, varied widely, as is evident from the distribution of data points in Figure 22.
Data points cluster only in the case of drift removal, probably because of the relatively low proportion
of time spent actually cutting snow compared to the backing and elevating maneuvers.

Table V1I summarizes significant machine characteristics and performance data. Top performance
rates and desirable machine characteristics are stippled. Safety features, operating control convenience,
and operator comments were incorporated in the evaluation but do not appear in this table.

The top performing machines were the Yardman, the two John Deere models, and the Gilson.
The John Deere 726 is considered the best machine for handling all the varied tasks, and was the one
preferred by operators when any snow clearance was required prior to a test run.

The tests have provided the data for establishing selection rules for future equipment, applicable
to 7-8 hp models:

1. 26-in. cutting width

Large diameter (18 in. or greater) cutter
Ribbon-type double-lead helical cutter

Low cutter speed, 1 rev/sec

High impeller/cutter speed ratio, 20:1 or higher

SOl e D B



N

CONTROL OF SNOW AND ICE ON MISSILE FIELDS 3i

7 Compressed Air Header

yOriving Mixing Tube
Nozzle

Diftuser

4 INCH MIXING TUBE EJECTOR

Figure 23. Schematic of eductor.

Disk-type impeller with rotation axis 90° to cutter
Push-down force on handles to lift nose not to exce:d 25 1b

Large diameter tires (16 in. or greater) with tractor-type lugs

veRNieC B I TS

Wheel drive by disk aixd friction wheel.

Evaluation of the eductor concept

Introduction. It is difficult or impos:ible to remove snow from irregular surtaces with conven-
tional mechanical snow removal devices such as blades, rotary plows, and power brooms. A high
velocity air jet or fan can clear loose snow off a surface, displacing the material in a cloud to be
deposited elsewhere locally. A more desirable method would be to dislodge accumulated snow from
the surface, pick it up and conduct it to a nearby off-site storage area, a windrow, or to a truck for
loading and hauling to a disposal area. Previous attempts to accomplish a similar task - the cutting
of a trench or tunnel in the Greenland Ice Cap, carrying the snow cuttings in a clos~d duct to the
surface for disposal - were only partially successful (Russell 1963). In this application, axial vane
fans propelled the fine snow cuttings, but the high specific surface of the particles resulted in their
rapid agglomeration, and accumulation on the fan blades was great enough to impede operation.

The removat of frozen ground and gravel cuttings from a borehole in Alaska was another similar
problem faced by CRREL. Placing any momentum-imparting device in the duct itself was unde-
sirable. Therefore an eductor was designed and successfully used to lift gravel up a 4-in.-ID suction
pipe using up to 1200 ft*/min (Lange 1973).

The eductor consists of three parts: an entrance where a primary stream (compressed air) and
a secondary stream (snow) are accelerated before mixing, the mixing length where the primary
stream accelerates the secondary stream, and a diffuser to decelerate the mixed strearm and in-
crease its pressure. Physically, the eductor is a 4-in. pipe with three nozzles placed equidistant
around its axis, each at a 20° angle to the axis (Fig. 23).

Test of 4-in. eductor. The 4-in. eductor was brought from Alaska to CRREL in late 1971 and
placed on a temporary stand in an outdoor test area. A Worthington air compressor, model 2016.
delivering 600 ft3/min at 100 psi, was obtained on loan from Tobyhanna Army Depot and con-
nected to the eductor. Initial tests utilized the heavy 4-in. rubber pressure hose from the Alaskan
drill work as the intake duct, admittedly a very unwieldy method. The qualitative tests run 26-28
January 1972 with this set-up transporting disaggregated hard snow or loose dry snow were
successful, however. Snow was cast a considerable distance: frozen chunks of snow up to 1 in. in
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Figure 24. Four-inch mixing tube eductor (top) and 8-in. edu<tor on trailer at
Mt. Washington approach road test site on 4 May 1972. Flexible intake ducts

at right. A single 3-in. compressed air line from the compressor was split into
three 2-in. lines to feed the eductor nozzles.

diameter were cast up to 100 ft from the exhaust, and fine material from 6'2-44 ft. Temperature
during the entire test period was near 18°F. Two production runs with dry, loose snow gave a rate

of about 16 ft3/min. The eductor was not volume-limited, though; much time was lost in maneuver-
ing the heavy, unwieldy hose through the snow collected in a 7.4-ft3 box. All snow passing the intake
was discharged cleanly. Lumps of frozen snow larger than the intake plugged it and were not drawn
in.

Design and test of 8-in. eductor. In the anticipated application, less cast distance and higher
volumetric capacity were considered desirable. This could be achieved by using the same volume of
compressed air exhausting into a larger duct, though mixing efficiency of the two streams might not
be optimum. The primary design criterion was to transport all the snow ingested, with none dropping
out in the duct. Snow up to a size of a few millimetars has a terminal fall velocity of 3 ft/sec; a flow
speed of ten times this value, 30 ft/sec or 1800 ft/min, was chosen for design. An 8-in.-diameter duct
8% ft long from the intake coupling to the end of the diffuser section met this requirement. Heavy-
wall aluminum pipe was used to fabricate the constant diameter mixing tube section, and heavy steel
sheet was rolled to form the diffuser. Nozzles were duplicated from the 4-in. design. Flexible duct
was attached to the intake and supported by a counterweighted slotted steel angle frame. Since the
air speed at intake was not designed to pick up crusted or consolidated snow, two methods of
disaggregating a snow cover were designed, tested in the lab, and attached to the intake frame. Both
methods utilized air as the power source for commonality. One method used six air jets angled down
and towards the center of the intake, the other used six air cylinders forcing wedges into the snow
over a l-in. travel. Both air jets and wedges were operated sequentially by means of a timer-stepping
switch and solenoid valves.
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Field test. The 8-in. eductor was given its first snow test during a demonstration on the Mt,
Washington cog railway access road on 4 May 1972 (Fig. 24). Snow had not been cleared from
this road all winter, and 34 ft of wet, well-bonded granular snow remained. The trailer carrying the
eductors was backed into the snow area to give convenient access for the intake ducts. The hard,
aged snow was not broken by the air jets, nor was the air pressure high enough to force the wedges
intc the snow. Therefore, it was necessary to break up the snow with a shovel, or scoop it up with
the edge of the intake, to feed it into the eductor. At no time was snow added faster than the
eductor could discharge it. Cast distance was within the design goal of 2540 ft. The test was not
conclusive, however, since the compressor could not maintain the full 100 psi pressure for the rated
600 ft3/min; pressure did not exceed 75 psi. No further tests were carried out.

CONCLUSIONS

1. Accumulation on the missile covers will not excecd 1 in. of ice and 20 in. of snow during one
storm if obstacles are prevented from interfering with complete wind scouring of the missile field.

2. Maximum snow load for the case stated in 1. above is 40 Ib/ft2.

3. Snow will accumulate between and on each side of the double security fence to a depth up to
30 in. every year, and to depths approaching 5-6 ft in extreme conditions (based on Grand Forks

Minuteman experience).

4. Snow will accumulate around the base of each missile cover up to the sloping surfaces and will
become very hard and dense with age. It will not bond tightly to the missile cover, however.

5. A snow fence material which is non-debris-forming, durable, and very effective in accumulating
snow was found in field evaluation of a number of materials.

6. The climate in the vicinity of Nekoma, North Dakota, is very similar to that at Minot and
Grand Forks, the closest first order weather stations with at least 10 years of record.

7. From 25-40 snowstorms can be expected each winter, many lasting more than 12 hours.
Depth of snow falling during a single storm can be expected to reach 11 in. each year, and 20 in.

1 year in 30.

8. Snow can be cleared from cell covers by mechanical means rather than by an eductor.
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APPENDIX A. SNOW DEPTHS ON SIMULATED SPARTAN
MISSILE FIELD, NOVEMBER 1971-APRIL 1972

l.egend
* Posts
oSnow Stakes

|9_CL X 9 IPDH.

Figure Al. Full-scale model of Spartan missile field showing location of snow
measurement stakes.
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Stakes E-1, £E-2, E-3 were located upwind of met van,

Note:



37

APPENDIX A

ey

tadie. W

T ——— ey

E-1 E-2 E-3

D-1 D-2 D=3 D-4

c-1 C-2 C-3 C-4

Snow Depth Readings of Stakes A-1 to E-3 (in,)

B-1 B-2 B-=3 B-4

A-1 A-2 A-3 A-4

Jan.
Con't

OHFHOONHMHHEHKHKOO~
O~ OONOWOODR NN
Moo AN

OSSN NNTM O™
vt et o e

4.5

Da g
NN NOTT MO T
[al wy
Ta)

L R I I T R I B e I R

O NONMNMANNNgENNM

COO0OONOOOOOO K~
OO ONOODOOOO HH
CO0OQCONOOQOOO HM

ODOHONOOOODOOKH—

COOCONOOCOOOHMA
COO0OONOQOOOOOH™
OO0 ONOOQOOCOHM

QO HONODOODOOO K~

COOONOOOOCOQOOH~
QOOONODOODOOQOOH~
OCOHONOOODOOO K™

COCONOOOCOOQOOKH

PO NN O
NN NNNNNN

£
DN~ O
NNMM B ANMSTNO ™S 0o0

wny
SFHOH cHAMHOOOOOCO

(=]

HN—O

PR DONANWVANB ™~ ON N

(=

AN DDNANARAAN 0NN =

NN NN NNN ~
LR R R R R R I ]

N M N M
e

o~
-

MO A OO TN NNM M INOS

oy

723

NN O M NNN N NN

"y (=]

[}

Nt rd el N MO NNN NN

FOORHHEHOOOOOD
NOOHRNHHHROOOOOO
FOOMMHHOOOOQOOO

wy
~ cOHMMHHOOOOOO

~FOOMHHHOOOODOCO
S OOHMHHRNMHMOOOOOO
FOOHHHHNOOOOODO

vy
N T OFMHMERHOODOOOO

SFOOKHHHHOOOOOO
HOOMHHEHOOOOOO
SMOOFHHHOOOOCOO

Lal
 C ORNHHFHOOOOOO

(=R Ko B
oty

HEHEHO
HEHEHO
HHPRO

HBEHO

HH—O

HHHO

HEHHO

HEHAO

HHEHO

VIO~ @
— ot

o

(=]

o

(=]

(=]

19

OO O v 4 H

10

10

10
12.5 12.5

12

9
9

9
9
10
10
10

12
12
12
18

9
9
9
18
15
18

20
21
22
23

Lal

3
2

18
16
16 13
18 13 12
18 16 24
18 17 18

10
15
16
15

oo o
"N
HE o O~
Lalsl
- ~O o~
n
vy .
B O
1N
HH o cOm
Lalla]
[ ] O
N0
o= o« 2 2N

o
HEBE s cO

w .
HEH st

24
25
26
27
28
29

NNV O~ON

LTOLVINH O LN HOOCOOCOOOOOOCO

COO0O0OO0ODOO0COO0OCOOOO0OO0OQCOOOO

COO0OQVQOO0O0O0O0COO0OOOOO
OOCO0O0OQCOOCO0OO0OROODOO0

OO0 O0O0O0OTD2TO0OCO

COCOO0ODCOOCOOT OO DOO
Lol al
N + e OO0OO00O0COODOOOO0

"
NN NNNM1O0000C OO0

o
= - 00000000000

QOO0 000000000000
CQOOO0O0CO0CO0OOO0O0O0OO0OO0O0O0O
CO0O0OO0OVCO0OO0OO0O0OQCOO0OO0OQ

CR-N-R-N-R-N-N-N-N- NN NN

O NN ITNWOWMDOO =
e R N R R R R I )



O -y
B <= Sl S N
|
A
{
.
WNRRNNRNRRNN RN D R e s e O W w
OV YIPULPWNFH OOV EWN—O 'g -
-
-
COoLOOQCOOO (=N =N=] (=)
%
o
;_ [=X=ReReNo NNl Q- N ~
o w
[
> [*ReRoNoN-RoloRale) [~ = .
. 2 w T
nm ®
(2] =
- d COLOOOOOO co- .
o 2 w w
° 3
a 3
» 'O CO0CO0OQOOOCOCO (=1 ] wr
" -
o (=]
g CoQoooCcQoOoO0 LS A w
- = we
9 ° w
x 2 3
g g ocoooooCoCOO O wwn w
4 w
o o
3 ©
e cCooQoococoeo (== N] (=1
. ~ °
3
1 —
n & cooooOoQOoOO0 coo o
o >
= ]
- ol
0 : OO0 O0OQOOOO [~ Rl o
~
' ~N
-
o
;" CoOO0OO0QCOQ0OO [=ReN —
i
CooOOoOQOQCOOoO [= =R .
w w
COROOO O~ ww e ~
COQOQCO O NS w
COoOCO: v oo N Wi w
LRV RV VRV .
' wn
COOO - Hrir - &~ » w
COOOOOOHOQOOOHWOOOOQOO M MK m\:rs —
—
OO0 OOOHOCOOQOHWOOQO QOO MM = 1 uv(x): -
‘ -
QOO0 OOOHODOOHFWOROOOOODOOOLOO oW &~

PREPINE s

of

Zt

A

62
82
Lz
92
ST

\z4

Z1
z1

(A
z1

Pramiani 2l

€z
f44

[=N =N}

[=N=Ne)

(=N =)

QOO

[=RN=N=)

oCco

[=N~N<]

N Cle)

=Y t-¥ T-V 1-¥

1-3 %-0 €-a 2-a 1-a %-3 €-0 2-0 1-D -4 t-94 2-9 1-€9

Z-1

€-3

yoaey

(*ur) €-3 03 1-v soxe3Is 3JO sBuIpeay yildsq mous



haad . W

e

TSNS 5 0 S SRV R SO0 R .37 FER s S

»
<
)

L2 "< o = o e
\
39
]
( APPENDIX B. CLIMATOLOGICAL DATA
Table BI. Station: Nekoma, N.D.
Date Temperature(®F) Precipitation(in. ) Wind (kt)
1971 Snow Snow on Peak
November Max Min_ Ave Precip Fall Ground Type +Hrs, Dir, Speed Gust
1 32 12 22 .2 .8 R 6,8 6 S 4 =
32 23 28 WNW 10 23
3 28 23 26 NNW 11 29
4 37 18 28 .05 56 S 12 25
5 25 23 24 i NwW 23 37
6 26 6 16 N 17 36
7 19 -5 7 SSW 7 21
8 33 ~-18 8 w 10 23
9 40 ~-19 10 .02 1-~,R 6 WSW 4 -
10 39 23 31 .03 L-,R 12 WSW 3 -
11 42 26 34 T L~,R 6 VAR, 3 =
12 37 30 34 .02 L~,R 6 SSE 7 o
13 34 29 32 T L-,R 18 SSE 8 -
14 34 32 33 .02 L-,R 12 NE 5 =
15 36 32 34 .03 L~,R 6 NNW il -
t 16 33 27 30 L5 E 4 -
| 17 30 28 29 .08 .1 1.5 S 12 NE 3 -
i 18 28 26 27 .03 .1 3 S 12 NNE 9 18
19 35 20 28 .05 .25 L5 S6 NW 10 23
20 26 26 26 At L5 NNE 11 23
21 23 5 14 .02 1.5 56 SW 6 19
22 33 18 26 .0l .5 S6 SSwW 12 33
23 34 25 30 .03 i S 6 Nw 10 30
24 18 7 12 T 1 N 4 =
25 22 14 18 T 1 S 5 -
26 24 19 22 1 VAR, 3 -
27 18 18 18 .02 T 1 Sé6 ESE 5 B
28 10 4 ki T i 2 S6 ESE 5 -
29 10 0 5 .02 .5 2 Sé6 ESE 3 o
30 10 =7 2 T 255 S 3 =
! Totals 42 ~19 23 b3 2,95 3 NE+NW 8 33
max ave max
Date Temperature(® F) Precipitation(in. ) Wind (kt)
| 1971 Snow Snow on Peak
b December Max Min Ave Precip Fall Ground Type + Hrs. Dir. Speed Gust
' 1 27, 6 16 T 2.5 WSW 7 =
2 32 11 22 .01 24445 -6 WSW 7 o
3 26 11 18 1.5 SSW 6 =
4 21 20 24 .1 2 2 S18 SSwW 5 -
5 21 20 20 .0l .5 3,045, Sé6 W 3 -
| 6 22 15 18 .01 Bt L- 6 NE 5 S
7 3 -3 0 3.5 NE 7 =
1 8 9 -7 1 3.5 w 3 -
9 22 -2 10 3.5 SSwW 9 26
1o 16 10 I3 3 NwW 10 28
11 2 -6 -2 3 NwW 14 28
12 2 ~l0 -4 2.5 NNW 6 S
13 2 =12 =5 .01 27x5 S6 SE 6 =
14 20 -2 9 1 4 S 8 20
I 15 20 19 20 5 N 8 20
| 16 -2 -9 -6 5 NNW 1o 22
| 17 0 -20 -10 5 WSsSwW 7 =
| 18 24 11 18 5 WNW 5 19
. 19 14 -8 3 5 w 5 -
| 20 22 10 16 .03 T 5 S12 N 8 23
21 2 =12 -5 .4 5 SE 6 18
22 18 -3 8 5.5 SE 8 18
23 19 16 18 .06 T 5 S 24 NNE 9 28
24 -5 =17 -11 5 S 8 22
i 25 -2 -1 -4 5 N 719
26 -10 -18 -14 .5 5,5 w 6 -
27 15 -14 0 5.5 w 10 17
28 18 -7 6 5.5 wsw 7 18
29 14 -5 4 5 ESE 4 -
30 12 3 8 5 wsw 5 -
31 29 -2 14 .01 5 S 6 w 10 20
Totals 32 -20 1 .24 4.4 5.5 NW4+SE [ 28

max
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40 APPENDIX B
Table BI (cont’d). Station: Nekoma, N.D.
Date Temperature{® F) Precipitation(in, ) Wind (kt)
1972 Snow Snow on T Peak
January Max Min Ave Precip Fall Ground Type + Hrs, Dir, Speed Gust
1 22 14 18 L5 6 W 10 18
2 15 11 13 .03 6 S12 NNW 8 19
3 -6 ~-16 -l11 01T 6.5 Sé6 NW 6 18
4 1 =21 =10 6 SW 6 17
5 14 1 8 7 VAR, 8 25
6 28 -3 12 .03 1 7.5 S12 VAR. 11 36
7 23 313 7 SW 5 -
8 33 20 26 .01 T 7 Sé VAR. 10 32
9 7 -7 0 .05 T 8 S 1 VAR, 10 28"
10 10 -10 0 3 8.5 W 7 21
11 6 -16 -5 7 S 8 20
12 -9 -4 -6 7 N 11 22
13 -2 -2l =22 .5 8 NW 11 23
14 .28 -34 -17 7 WNW 11 24
15 -12 =37 -24 7 S 9 30
16 38 -13 12 .05 .5 7 Sé SW 11 26
17 38 21 30 6 SSW 7 18
18 -1 -9 -5 T 7 NNW 12 23
19 -3 -l6 -10 .02 6 56 VAR, 5 -
20 -1 -10 -10 .03 1 7 Sé NNW 8 18
21 16 -16 0 02 1 8 s12 s 11 29
22 -5 -F6 -10 5 8 WNW 9 -
23 2 -6 -2 1 9 VAR, 4 -
24 -19 =16 ~-18 .05 ,5 9 S6 NNW 13 25
25 =21 =32 <26 8 WNW 12 26
26 -r6  -31 -24 8 w 10 -
27 -2 -28 =20 8 WSW 10 17
28 -6 =23 -l4 8 wsw 7 .
29 -7 =23 =15 9 NW 7 -
30 13 -19 -3 9 S 4 S
31 13 0 6 .02 .5 9 S6 WNW 4 -
Totals 38 -37 -3 .32 11 9 Nw 9 36
max ave max
Date Temperature(® F) Precipitation(in, ) Wind (kt)
1972 Snow Snow on Peak
February Max Min Ave Precip Fall Ground Type + Hrs, Dir, Speed Gust
1 5 -7 -1 .01 .5 9 56 NNW 5 -
2 1 =21 ~-l0 01,2 9 S 6 SwW 5) =
3 3 -15 -6 .1 9 Nw 10 =
4 -7 =20 -14 9 WNW 7 =
5 -3 -14 -8 T 9 NE 4 -
6 -6 =23 -14 9 WNW 6 -
i 4 =27 ~-l2 9 w 3 S
8 2 =21 =-10 8 VAR, 4 Q
9 5 -l16 -6 8 SSE 4 -
10 11 -9 1 9 SSw 10 19
11 28 5 17 9 S 7 18
12 29 18 24 8 WNW 9 26
13 39 9 24 9 S 8 25
14 8 7 8 8 NNw 11 23
15 19 -5 7 7 SSW 4 -
16 21 5 13 02 .5 S S 6 ESE 10 23
17 18 9 14 .08 1.5 9 S12 NNW 17 36
18 12 -8 2 0l .5 10 Sé6 NNW 6 =
19 16 0 8 9 ESE 10 21
20 25 9 17 S 9 17
21 5 -7 -1 9 NW 16 26
22 8 -11 =2 .05 10 S6 SE 8 20
23 5 r4 4 W1 10 S1i2 N 13 26
24 8 -10 -1 .06 .8 10 sz SSw 3 E
25 5 ~-18 -6 3 12,5 WNW 3 S
26 1 -7 -3 .06 .3 13 Sl12 ENE 5 -
217 5 -8 -2 .05 .4 12 S 12 ENE 6 -
28 4 -7 -2 ,03 2.4 24dr Si2 NNE 8 -
29 4 =3 0 ,15 18 S 18 NNE 10 29
Totals 39 =27 1 63 1.5 13 WNW+SE 8 36
(24in. drifts) ave max
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Table Bl (cont’d).
Date TemEeratux‘e! °F) Precigitationsin. ) Wind (k)
1972 Snow Snow on Peak
March Max Min Ave Precip Fall Ground Type + Hrs, Dir, Speed Gust
1 -5 -13 = 2,8 13 NNE 9 19
2 0 =-26 =-13 13 sSw 3 -
3 2 -5 -2 .05 .8 18 S512 NE 12 23
4 =2 -19 -10 .03 .9 2ldr S 6 NNW 6 -
5 14 -9 2 .03 2ldr S 6 SwW 5 17
6 38 = 14 .06 i 18 sl SSE 17 41
7 13 5 9 1.1 18 Nw 19 36
8 17 -12 2 .6 18 Nw 4 -
. 9 15 -1l 2 T 18 NNW 4 -
10 36 3 20 18 S 10 30
11 28 17 22 16 NNE 5 -
| P4 35 16 26 15 SwW 3 -
13 40 21 30 14 SSE 6 -
14 39 26 32 .14 12 I~,R6 SSwW ) 20
15 40 32 36 .0l 7 1~,R 6 Nw 7 20
| 16 45 32 38 4 NwW 8 -
, 17 35 27 i T 0 NE 5 -
18 41 31 36 0 S 5 -
19 37 32 34 0 ENE 5 -
20 39 32 36 0 SSW 5 17
21 30 28 29 0 Nw 11 23
22 28 19 24 0 NNE 7 17
23 32 21 26 ] ESE 9 19
24 33 26 30 0 SE 9 19
25 34 27 30 0 ESE 7 -
26 31 26 28 .05 0 Sé E 12 26
27 24 21 22 .23 2.3 9 S 24 E 14 24
28 26 19 22 02 4,7 12 S6 Nw 9 17
29 27 10 18 3] 12 WNW 5 -
; 30 26 2 14 12 NNW 4 -
31 30 14 22 1l NNW 11 25
’ Totals 45 <26 19 62 142 18 NW+SW 8 41
{2l in. drifts) ave max
; Date Temperature(® F) Precipitation{in, ) Wind (kt)
i 1972 Snow Snow on Peak
| April Max Min Ave Precip Fall Ground Type +Hrs, Dir, Speed  Gust
1 35 12 24 11 N 4 =
2 36 20 28 8 S 10 22
3 19 10 14 5 WNW 14 30
i 4 26 3 14 3 WNW 11 30
5 31 9 20 ! ESE 7 -
6 29 21 25 J05! i S6 E 14 29
I 7 26 20 23 .03 .8 1 Sb SE 12 22
8 40 23 32 02 T § S6 S 10 23
9 41 3l 36 1 ) 7 17
10 39 32 36 1 Nw 8 24
11 34 27 30 .03 0 S6 S 5 -
12 35 31 33 .04 T 0 1-,R 6 ESE 9 22
i 13 42 32 37 0 NNE 6 S
f 14 51 33 42 0 SSW 6 17
15 60 34 47 0 WSsw 8 23
| 16 49 33 41 0 Nw 10 27
j 17 37 30 34 .05 1.8 3 S12 ENE 7 20
18 46 27 36 1 NNE 4 -
19 53 32 42 0 VAR, 3 =
| 20 54 32 43 0 S 5 =
21 50 38 44 .1 0 L-,R 6 ESE 5 17
22 43 32 38 .05 0 L-,R 12 NE [3 18
23 43 32 38 .2 7 T 1~-,R 24 NNE 6 19
24 49 28 38 .01 T 0 S 6 E 2 -
! 25 54 31 42 0 s 11 26
26 56 38 47 .02 0 I~,R6 SSwW 8 19
27 60 42 51 .03 0 1L~,R 6 S 3 =
28 62 35 48 [ SE 5 17
29 63 40 52 0 SSE 6 22
30 63 42 52 0 SE 7 19
Totals 63 3 36 63 26 1 NW+SSE 7 30
max ave max
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Table BII. Station: Grand Forks AFB, N.D.
Date Temperature (*F) Precipitation (in,) Wind (kt]
1971 SNnow  Snow on Peak
November Max Min Ave Precip Fall Ground Type + Hrs, Dir. Speed Gust
1 35 20 28 .2 1.0 5 SW-5,52,F 4 w 3 8
2 37 30 34 .03 .8 5 IP1,S52,F6 W 14 39
3 35 30 32 T T 5 S-2 WNW 15 32
4 40 19 30 T 0 5 R S 12 33
5 38 20 29 0 0 2 BS 3,DS 6 w 26 49
6 23 12 18 T T 2 5-3,BS83,DS55 WNW 27 42
7 26 6 l6 0 0 1 SSE 8 19
8 39 24 32 0 0 1 s 9 19
9 43 28 36 0 0 1 SwW 8 19
8 10 40 5 32 0 0 1 SSE 4 14
{ 11 46 30 38 0 0 1 w 3 16
. 12 39 25 32 0 0 1 F 10 NNW 2 8
13 42 26 34 0 0 T F8 E 4 13
14 36 33 34 .02 0 T 1~12, F 17 N 6 14
15 39 30 34 0 0 T F5 w 6 17
16 35 31 33 T 0 T F8 N 7 16
17 33 30 32 T T T F17,5W 1 N 1 20
) 18 33 29 31 .02 T T 5-18, F 1 NNwW 11 22
i 19 39 26 32 T T T S-7,F 4,R 2 WNW 12 29
] 20 35 22 28 T T T 5-5,5W 1 N 14 37
21 25 18 22 T T T 5-¢,85W 1 NNwW 8 27
22 32 22 27 T T T SwWl s 18 36
23 38 26 32 T T 0 Swl w 2 32
24 27 18 22 0 0 0 WNW b 18
25 29 18 24 T T 0 SW 3 E 5 14
26 28 24 26 T T 0 Swl N 4 15
27 2 18 22 T T 0 5-100F5,ZL7 N 8 18
2 17 7R T T T $17,F5IC2 N 6 15
! 29 17 6 12 T T T $-2,1C,IF 8 N 6 'l
30 17 5 il T T T IC + IF 8 N 2 7
Totals 46 5 27,5 .27 1.8 5 NW 10 19
! max ave max
|
f Date Temperature (° F) Precipitation (in,) Wind (kt;
. 1971 Snow  Snow on Peak
! December Max Min Ave Precip Fall Ground Type + Hrs, Dir. Speed Gust
l 1 30 13 22 0 0 T SSwW 5 13
2 33 15 24 0 0 T F3 s 8 19
[ 3 26 16 2l T T T F 19,54 S 12 20
4 28 26 27 .01 T T F24,ZR1,5-19,2Z1.1 SSE 13 25
5 30 20 25 0 0 T F4 SSE 7 18
6 25 19 22 .06 2 2 F 18,56 N 10 25
7 16 5 10 T T 2 BS18,F8,512,D83 N 18 31
| 8 13 2 8 0 0 2 N 6 20
! 9 19 3 11 0 0 2 BS 3 S 2 25
10 26 12 19 0 0 2 Rs 1 w 10 26
11 12 4 8 0 0 1 w 15 30
12 9 -2 4 0 0 1 WNW 6 20
13 13 -3 5 T 6 2 IC 2,59 E 5 13
14 23 5 14 .04 .5 2 5~-8,F9 SSE 10 22
;i 15 27 9 18 .06 .o 2 Fl3,55,7ZL2 Nw 8 22
16 8 -8 0 T T 3 s 1 WNW il 23
17 B L= 3 =5 0 0 3 S 6 12
l 18 26 4 15 T T 3 5-3 S 7 20
‘ 19 18 2 10 .01 il 3 S~ 2 S 7 19
20 28 4 16 T .1 3 8 3,1C1, B52 VAR 3 26
21 8 0 4 0 0 3 NE 4 10
1 22 25 9 17 T T 3 Fl4,21.9,5 4 SE 6 14
i 23 26 6 16 T T 3 F17,5¢2,2L16, BS1 N 8 24
24 3 -9 -3 0 0 3 VAR 8 22
25 5 -5 0 T T 3 ICil,2L1,5-7,BS3 N 10 25
26 -6 =12 -9 T T 3 $3,1C 1 N 7 17
f 27 10 -7 2 T T 3 s 3 w 7 14
28 24 -3 10 T T 3 IC 3 SSw 8 23
29 17 1 9 T T 3 51, F1 ENE 3 10
30 2l 4 12 .01 .3 3 s-7,ICL,F1 S5W 4 10
31 33 5 19 T T 3 Swl w 14 28
Totals 33 =13 1,32 19 4.7 3 WNW 7 31
max ave masx

P
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Table BII (cont’d).
Date TemEeraturej’F! Precipitation {in,) Wind (kt)
1972 Snow  Snow on Peak
January Max Min Ave Precip Fall Ground Type + Hrs, Dir Speed Gust
1 29 14 2R 0 0 3 w 13 22
2 21 4 12 .01 .4 3 S~ 17,BS 2 Nw 10 26
' 3 6 ~-10 -2 T T 4 S 2, DS 1 Nw 8 24
4 3 =13 -5 0 0 4 DS 2 WSW 9 27
5 21 -1 10 T T 4 S 2,BS 2 SSW 10 27
i 6 34 8 21 T T 3 S 3,DS 4,BS 3 WNW 14 48
: 7 28 6 17 0 0 3 S 7 24
! 8 8 22 30 T T 3 BS 1 sw 12 35
’ 9 20 312 .03 L6 2 BS 1,5 11 VAR, 10 32
10 17 3 10 .01 .2 3 S 4,B51 WNW 13 23
11 11 -5 3 0 0 3 SE 8 2l
12 13 -10 2 .01 .1 3 $7,DS 4, BS 12 N 14 30
13 -8 =23 -l6 T T 3 BS, S~ 15 N 11 24
14 =22 =26  -24 0 0 3 BS 4, DS 5 NwW 12 27
i 15 -8 -31 -20 T T 3 BS 8,5 4 S 13 31
16 41 -6 18 .02 2 3 S-6,BS 5 SSw 16 35
| 17 38 18 28 0 0 2 SwW 8 20
18 t4 =7 .4 T T 1 S 16,BS 1 NNwW i3 27
t 19 -1 -9 =5 .01 .2 1 S-8 SE 4 10
20 -1 -14 -8 .01 T 1 S-1,DS 4, BS 5 N 8 23
" 21 14 ~-10 2 T .1 1 S$-18, DS 1, BS 10 S 14 32
i 22 -1 -6 -4 T T 1 NNW 9 20
23 7 -4 2 N .3 1 51l VAR, 5 16
24 1 -lb -8 .07 3.2 4 S$-18, DS 2, BS 16 N 17 36
! 25 -15 =23 =20 0 0 4 BS2,DS 5 Nw 10 29
26 -11 -24 -18 0 0 4 WNW 8 20
27 -7 -19 -13 [ 0 4 w 8 15
28 -5 =17 -11 0 0 4 SwW 8 16
29 -2 =17 -10 0 0 4 WNW [ 12
30 6 ~-18 -6 .01 ok 3 S5 S 7 17
31 12 -1 6 T T ) S~ + SW 4 NNW 5 14
Totals 38 -3l 1 .18 5.6 4 WNW 9 48
ave max
i
|
Date Temperature(°F) Precipitation (in,) Wind (kt}
1972 Snow  Snow on Peak
| February Max Min Ave Precip Fall Ground Type + Hrs, Dir, Speed Gust
1 3 -10 -4 T T 3 F,1C 6,5 3 N 7 17
4 -lo -6 0 0 3 w 4 11
i 3 5 -8 -2 T T 3 518, F1,BS¢2 NNW 9 20
4 -4 -14 -9 0 0 3 Nw 6 13
i 5 =2 -1l -6 T T 3 S-7,1C 2 N 5 17
i 6 -4 -15 -10 o 0 3 NW 6 14
| 7 0 =21 ~-10 0 0 2 w 2 8
| 8 -5 -19 -12 0 0 2 NNW 3 10
; 9 0 =20 ~-10 0 0 2 S 3 10
10 11 -9 1 T T 2 SSW 12 23
11 28 3 16 0 0 2 BS1 S 11 26
‘ 12 29 1u 20 0 0 2 NW 10 28
| 13 37 12 24 T T 1 SW 1 SSW 11 29
14 27 0 14 T T 1 S-7,BS 10 N 12 25
15 17 -4 6 T ot 1 S 1 s 7 16
16 22 5 14 T T 1 S- 21 SE 9 20
i 17 21 4 12 .09 1.6 2 518, ZR5,BS9,F8 NNW 16 41
i 18 14 -4 5 T T 2 F6,B51 NNW 8 20
19 22 -1 10 0 0 1 SE 8 20
I 20 28 11 20 T T 1 S i1 21
( 21 13 -1 6 T T 1 S 4,I1C 3,BS ) NNW 13 31
22 10 -3 4 T T 1 S 1 SSE 9 22
{ 23 10 0 5 .07 1 2 S 15,DS 1, BS 14 N 16 31
! 24 9 -4 2 T T 2 s 10 SSW 4 10
25 10 -6 2 0 0 2 WNW 5 15
| 26 7 -1 3 .01 .5 2 S 13 N 4 13
27 4 -1 2 .06 1.2 3 S- 24 N ki 13
28 6 2 4 .03 .6 4 5 10,IC 6 N 8 18
| 29 6 -4 1 .05 .9 4 S- 15, BS 10 NNE 11 27
Totals 37 -2l 4 ) 6.1 4 NNW 8 41
ave max
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Table BII (cont’d). Station: Grand Forks AFB, N.D.
Date Temperature(°F) Precipitation(in, ) Wind (kt)
1972 Snow  Snow on Peak
March Max Min Ave Precip Fall Ground Type + Hrs, Dir Speed Gust
3 -1 -19 -10 T T 5 BS1,53 N 11 26
2 2 =20 -9 T T 5 51 S 5 14
3 1 -2 2 W17 3.1 6 $-21,BS 15 NE 14 28
4 6 -9 o3 0 0 6 NNW 10 18
5 8 -8 0 0 0 6 ZL 1 WNW 5 18
6 39 7 23 .03 .8 5 $-10,DS6, BS3 S 18 51
7 16 1 8 T 4 BS + %5 Nw 22 45
. 8 19 -8 6 .01 .8 3 55 w 6 14
: 9 io =5 |} 0 0 4 VAR. 4 9
10 34 4 19 T T 4 DS 1, BS 2 S 13 36
bl 29 17 23 0 0 4 N 7 20
12 29 17 23 0 0 3 N 2 6
15 38 19 28 0 0 1 F 24 SSE 5 14
14 40 30 35 T 0 T R+F1,F15 S 11 21
15 44 30 37 Wl 0 T R+F2,R2 NWwW 8 26
16 51 32 42 0 0 T NNW 9 20
17 40 31 36 T T T S-1 NNE 8 19
j 18 41 34 38 T 0 Y R1 S 8 19
19 39 3% 36 T 0 0 F18, L-6 NNE 5 11
20 49 29 39 .02 0 0 R1,F 18 Nw 3 20
2 40 29 34 0 0 0 NNW 14 25
22 3l 26 28 0 0 0 N 10 P2
23 36 23 30 (¢} 0 0 E 7 16
24 38 25 32 0 0 0 SE 7 18
25 37 27 32 0 o] 0 ESE 5 14
26 35 2 30 185 3 0 $9,BS 5 E 11 26
27 29 24 26 .20 542! 6 S-24, BS14, DS 10 E 12 25
28 30 16 =23 .02 .3 9 S 12, BS 6 WNW 9 19
29 30 15 22 T T 9 SW 1 w 6 13
30 29 i1 20 T T 8 WNW 6 13
31 32 25 28 T T 7 S-7 NNW 14 30
Totals 51 =20 22 .7 13,2 9 NW 9 51
ave max
Dat e Temperature (° F) Precipitation {in,) Wind (kt)
1972 Snow Snow on Peak
April Max Min Ave Precip Fall Ground Type + Hrs, Dir, Speed  Gust
1 35 20 28 0 0 i NNW 9 -
2 38 23 30 T T 0 R+53 SSE 13 35
3 24 17 20 T T T SwW i Nw 15 28
4 29 11 20 T T T 53 WNW 14 2
5 38 17 28 0 0 T E 5) -
6 315 26 30 .05 o) 0 55, Rw - IP1 ENE [ ] 28
7 32 21 26 .03 -3 1 S SE 13 3
8 35 26 50 .02 o3 T S 4, BS2 S 16 28
9 37 31 34 T T T F12,R1, 2R [, S5-2 S) 12 -
10 42 31 36 0 ] 0 NNwW 10 -
11 34 27 30 .02 G & 0 55, F7,1L-1 SSE 5 o
12 36 31 34 1,87 8 0 R+F9,58 E 10 -
13 38 3l 34 .05 .4 3 S-2, F+1~2 N 8 -
14 49 32 40 [¢] 0 0 SSW 8 =
15 64 35 50 0 0 0 WSWwW 13 -
16 51 37 44 0 0 0 NNW 11 245
17 42 33 38 .05 T 0 RI1,51 NE 14 -
18 49 31 40 0 0 0 NNE 11 -
19 54 32 43 0 0 0 NW 6 <
20 55 32 44 0 0 0 S 7 =
21 48 36 42 .06 0 0 R4, F!I ENE 6 =
2r! 43 33 38 .23 [¢] 0 R6,RW6,L~6,F 6 NNE i1 =
23 44 32 38 A7 1 0 R+F3,56,1l-4,F2 N 10 -
24 49 31 40 0 0 0 N 4 -
25 55 32 44 0 0 0 SSE 13 28
26 56 36 46 il 0 0 L-1 S 10 16
27 62 41 52 T 0 0 R6,F 2 ENE 7 )
28 66 36 51 0 0 0 E 8 22
29 64 39 52 0 0 0 SSE 9 18
30 63 44 54 T 0 0 ESE 8 -
Totals 66 11 38 2.55 10.6 3 NW+SSE 10 35
ave max
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Table BIll. Station: Minot AFB, N.D.

45

Date Temperature(®t) Precdipitation{in,) Wind (kt)
1971 Snow  Snow on Peak
November Max  Min _ Ave Precip Fall Ground Type - Hrs, Dir, Speed  Gust
1 30 MY 28 2 WNW 6 15
2 38 29 34 1 NwW 17 54
3 34 20 27 1 NwW 3] 30
4 35 lo 26 .01 1 RW 3 SE - WNW 14 41
D) 20 10 i8 T T 1 SW 7, H59, 5- 13 WNW 30 33
o lo 5 10 I BS 5 NW 23 2
7 25 4 13 r SF. 1o 25
8 45 19 32 T WNW 11 3B
9 53 29 42 I W 8 25
10 53 57, 40 0 SW 4 =
bl 50 30 40 0 W - SE 4 -
12 30 ) 40 0 Fo4 VAR, 3 =
13 41 29 35 L0l 0 B [y, -0 ESE 2! lo
14 37 $)5] 36 .01 0 F 24, - 14 NW 3 5
15 37 ot 33 r 0 -1, F 4 NW 8 18
16 35 27 31 0 VAR, 5 -
17 34 20 27 .08 .8 1 514, NW -5 U 20
] ’8 1o 22 o W% e 1 > 9 NW 11 24
19 16 20 33 I i I RW 1,5 3 WNW+ S 11 30
20 38 13 28 0 NW I &
21 2 14 49 ¥} SSE 8 23
2 46 24 38 4 WoW 1 it
23 36 20 3l I 1 0 SWis- 12 NW 12 30
23 200 1a 22 g 1 0 o7 O N+ ESE 2 -
25 321 SRR 1 I r 59 ESE 9 1n
26 24 21 43 r r U ZLZ, P, 5 1 W - SW 5 -
27 ST L05  L» r ICLZL 3F 75 10 LNE 8 =
28 18 913 Lo L 1 1C 6, $ 24 LSE 9 19
29 i3 5 9 I il 1 1C9,5 13 =S/ t o
30 24 5 15 r T 1 IC 10,5 11 SE 1 -
Totals 55 2 27 R0 8 ) 2 Lo+ SF 3 53
Max ave max
Date [emperature (°F) Precpitationiim,) Wind (1)
To7T Snow  Snow on T Pueak
Decemnber Max  Min  Ave Precip Full Ground Type + Hras, Ihr. Speed  Gust
1 34 17 20 [ I 1 o SW 7 14
2 37 17 257, 1 S Q) 24
%) 29 20 2 [ r o, Fd, 5 17 Sk 11 2n
4 3 23 AT I 1 I 7 SEL-WSW 7 18
5 &5 8 16 [ VAR, $ a
6 Al i2 16 gLl A 1§ DS 3, F3,5 I8 NNE [ N
K 12 -2 5! I 1 I IC 8, DS, 5 1s N a9 24
8 13 -5 4 P ! 1 I ], W5W ) (ol
9 51 9 20 I 1 r S 2 S 11 o)
10 29 3 lo i WNW 14 i1
11 4 -4 0 I NW 15 bl
12 4 -8 - hi NW 7 24
13 9 =1l 1 L08Ls { IC 7,58 ENE 7 -
14 17 % 7 r I ! 16 8,8 Sk H 20
15 19 -4 8 I I T S 4 NW 17 5
16 =2 -7 -0 T ! 5 SW 1 NW 1 4
17 21 ~17 & [ 1IC 1, F 2, 5- 11 S5W 4 =
18 30 6 18 . OK = 1 ICLE 4,51 VAR, o) 21
19 25 Q 13 ! SSW 8 M|
20 25 0 13 1 Nw 12 26
21 14 = t T ! 1 2,5 1, SW 5 N ¢ SE 10 {0
2 22 9 16 1 1 l [ 55015 B L2 L 5 ESE 11 2
23 20 -9 6 T 0 I Fld4,5 5, ZL 10 NNW 12 30
24 4 -15 -6 1 f f S 2 Sk o] 21
25 3 -l0 -4 A6 ' 1 5 4, BS 3 NW 14 24
26 -4 -l6 =10 2 NW 8] 20
27 10 -3 4 4 Nw 12 el
28 2% 5 1 c4 WNW 1 26
29 13 -4 4 T 1 1 3, r2, 51 VAR, 4 -
30 15 -2 6 ! WNW 8 %0
31 35 15 215 1 SSW 17 31
Totals -1 9 20 2.0 R WNW 9 12
Thid ~ ave max
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Table BIII (cont'd). Station: Minot AFB, N.D.
Date Temperature(® F) Precipitation(in.) Wind (kt)
1972 Snow Snow on Peak
January Max Min Ave Precip Fall Ground Type + Hrs. Dir, Speed Gust
1 25 17 21 1 w 14 28
20 -2 10 1 Nw 11 24
3 0o -9 5 T T 1 Ic2 NW 11 26
4 19 ~16 1 1 SwW 10 24
5 23 9 16 T T 1 IC1,51 w 12 30
6 35 21 28 1 BS 1 WNW 19 43
7 32 9 20 T WNW+SE 7 H
8 37 4 21 T T T 2R 1,51, BD 8 w 17 43
9 2l 2 11 Jd2 0 1,2 T s 15,1C 3 ESE 8 23
10 32 28 30 1 Nw 9 28
11 15 -8 4 T T 1 SE 8 20
12 8 -6 3 .03 0,3 2 5-18,IC11,BS1,DS 8 Nw 12 30
13 -7 =28 -17 .03 0,3 2 $- 11,DS1,IC 5,BS 8 NW 16 26
14 -23 -30 -27 T T 2 BS 8,Ic4,DS 1 NwW 17 31
15 13 -32 9 T T 2 5~ 5,IC 5 SSE 12 29
16 45 15 30 2 WNW 13 29
17 45 19 32 1 w 11 24
18 15 -1l 2 .01 T T 1C2,BS1,5- 8 Nw 17 31
19 -5 -14 -9 .03 .3 T S- 24 E+NW 6 =
20 : -2 -15 -9 L1 L 1 5 8,DS2,IC1 NwW + 8E 12 26
21 23 -6 9 T T 2 BS6,DS3,IC9,56 NW + SSE 15 30
22 =2 =12 -7 .01 L] 2 5 3,1C1 WNW 10 20
23 4 -8 -2 .03 .3 2 S 14 N + SE 9 -
24 -8 -24 -16 .05 .5 2 BS 8,517 NNW 15 32
25 =22  ~30 =26 T 2 IC 6 Nw 11 26
26 =15 =29 -22 2 NW 11 19
27 -10 =22 -16 2 w 9 -
28 -5 =28 17 1 w 7 -
29 -1 -l6 -9 T T 1 IC,5 2 NW 10 -
30 25 -3 11 T T 1 S 13 Nw 12 32
31 22 3 13 ,01 .1 1 S- 14 NNW 10 24
Totals 45 -32 4 .43 4,2 2 NW 12 43
max ave max
Date Temperature(® F) Precipitation(in, ) Wind (kt)
1972 Snow Snow on Peak
February Max Min Ave Precip Fall Ground Type + Hrs, Dir, Speed Gust
1 4 -1l -3 T T 1 IC 1,Sw 2 Nw 9 17
5 =12 -3 T T 1 1C1,DS53 WNW 11 26
3 4 -9 -3 T T 1 s 1 Nw 11 -
4 =2 -l6 -9 T T T S 1 NW + ESE 7 =
5 6 -13 -7 <050 5 1 1C 21,519 E 9 -
6 =5 =20 -13 T T 1 S 1,IC 13 VAR, 2 =
7 =3 <21 -2 .04 .4 1 S 3,IC 12 ENE 5 -
8 =2 26 ~-l4 .02 .2 2 5 2,IC 7 VAR, 5 -
9 -3 =24 -13 T T 2 5~ 5,IC 24 SE 9 -
10 16 -9 3 T T 2 IC 10 SSW 9 30
tl 35 17 21 2 DS 1 Sw 11 27
12 34 21 27 2 WNW 16 36
13 43 26 35 T T 1 S51 WNW 16 33
14 32 10 21 T T T S 14,IC 11 Nw 12 28
15 23 6 15 L0100 L1 T S~ 15,1C 3 WNW +SE 10 17
16 32 16 24 p 120 g2 T S-24,1C4,2L2 SE + NW 12 50
17 20 3 1l T T 1 5 8,BS 19 Nw 22 58
18 25 -1 12 1 NW + SE 5 -
19 31 15 23 1 SSE 7 =)
20 25 4 15 .01 .1 1 5 2,IC1 NWw 8 24
21 8 -4 2 T T 1 S 3,IC 1 Nw 15 31
22 18 -4 7 .15 1,5 T BS 10,1C 3 E 12 28
23 6 -3 1 24 2.4 4 BS 10,1C11, S- 24 NE 10 26
24 7 -l4 -3 .01 0,1 4 S 6,1C 9 SE +NW 6 -
25 6 -14 -4 T T 4 S1 Nw 6 -
26 -5 -13 -9 .05 0,5 4 S~ 16,1C 13 NNW [ -
27 -3 -7 -5 .12 1,8 5 5 24,1C 15 E 7 -
28 6 2 4 .02 0,2 7 S 20,1C 7 N + ENE 8 -
29 5 -6 0 .23 2.3 7 S 24,1C 4 ENE 10 -
Totals 43 -26 4 1,07 1.3 7 NW + E 10 58
max ave max

g o An s SR i dise Zat, Bl o S Eantal i) 2k . S s e N gt £ P Y G
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Table BIII (cont’d).
Date Temperature(®F) Precipitation(in,) Wind (kt)
1972 Snow Snow on Peak
March Max Min Ave Precip Fall Ground Type + Hrs, Dir, Speed Gust
1 -6 =23 -l4 T T 5 S 7, 1C19 E +SwW 4 -
2 0 -24 -2 .09 .9 7 IC 17,8 7,Ds | SW - SE 8 25
3 1 -i8 -8 L0707 7 IC 2¢2,5~ 11,DS 8 SSE 12 25
4 2 =20 -9 T T 8 IF L,$- 6,IC Ul w 5 -
5 20  -16 2 L0 L) 6 IC 8,5 5,2K 1, BS 1 W+SE 12 25
6 44 10 27 T T 5 S 2,IC | Waw 21 51
7 13 1 7 T T 3 IC 8,BS < WNW 21 39
8 22 -5 9 3 WNW 8 26
9 16 [} 11 L0202 2 S 7 ESE 7 =
10 43 11 27 T 2 S 1 SE +SW 7 21
11 32 22 27 1 Fl N 6 -
12 37 23 30 1 F7 S 8 -
13 43 32 38 1 F 10 S 11 4
14 42 32 37 .02 0 T ¥ AR RW 4 S5+ WNW 9 22
15 47 34 40 T WNW 15 34
16 49 34 42 T WNW 7 -
17 38 31 35 200 L3 0 R- 5,55 E +SSwW 7 -
18 54 35 44 T F3 SW + NE (<] -
19 38 33 36 T 0 Fl8,L- 16 E 5 -
20 56 35 46 .01 1~7,F7 SSW + NW 9 24
21 45 28 36 Nw 10 25
22 42 27 34 ENE 7 -
23 42 27 34 ESE 17 27
24 38 33 36 L2 L2 5 15,F10,R1 SE 13 25
25 34 25 30 .04 L3 T $10,L~10,F18,ZL 2 ESE 13 22
26 32 25 28 .25 2.5 T S 23,BS 10 SSE +55W 18 31
27 28 18 23 U 155 4 5 15,IC 2,BS6 ENE+N 11 23
28 26 13 20 T g 2 5 ,SW17,IC1 Nw 9 24
29 30 16 23 .02 .2 2 SW 6 WNW 8 ~
30 29 13 21 T T 2 Sw 4 Nw 9 N
31 34 18 26 1 F 3 NW 8 h |
Totals 56  -24 23 0.96 7.9 9 WNW + SE 10 51
max ave max
Date Temperature(°F Preci%itationgin.[ Wind (kt)
1972 now Snow on Peak
April Max Min Ave Precip Fall Ground Type + Hrs, Dir, Speed  Gust
i 38 18 28 4 SW + SE 9 .
2 3b 23 30 T T 4 R 1 SE + WNwW 17 37
H 26 15 20 T T 2 SW i WNW 16 30
4 34 13 24 2 \ 11 15
3 50 23 36 2 ESE ~ -
6 40 <8 34 T 1 Rw 1 E 16 25
7 36 29 32 14 03 1 Z7ZR1,1L-4,53,ZL 3R 1,F10 ESE 15 24
8 55 34 44 1 SW + SE It -
9 56 34 45 T F 4 SSE + WSW 11 24
10 45 34 40 0 WNW 11 -
11 37 312 35 42 4.2 1 5-4,F9,52,L-5,1P-1 ESE 11 -
12 36 34 35 .06 1 R 5 F 22, =2 SE + NE 9 -
23 44 36 40 i 0 L- 5, F 10 NwW 6 -
i4 57 30 44 WSW 10 -
15 66 39 52 T R 1 w 16 27
16 50 33 42 T iy R 2,53 WNW + NE 13 25
17 41 30 16 T T S5 NE + NW 12 2
18 48 27 38 F1 W+ ENE 6 -
19 54 34 44 WSW 7 -
20 53 36 44 SSE 12 -
21 57 35 16 SE 10 -
22 44 27 36 T RW 5,F2,L- 4 VAR. [ -
23 46 34 40 L0t R~ 4 WNW 13 -
24 50 31 40 F s SE 9 -
25 62 32 47 SE 17 32
26 53 44 48 .02 R7,F5 S 12 -
27 56 41 48 T RLF7 VAR, 6 -
28 63 36 50 F3, FI1 SE 8 -
29 60 36 48 F3 FESE 13 25
30 60 43 52 F9 ESE 10 -
Totals 66 13 40 0.65 4,5 4 WNW 11 37

max

ave maxs
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Table BIV. Comparison of drifting or blowing snow, freezing rain or
freezing drizzle and significant snow storms, 1971-1972,

Date Nekoraa, N.D. Grand Forks, N,D. Minot, N.D

Nov. Storm Duration Amt,(in.) Storm Duration Amt.(in.) Storm Duration Amt. (in.)
1971 Type+ (hrs)* (wvater Eq.) 1 ype (hrs) (w. Eq.) Type (hrs) (w. Eq.)
1 s 6 to¢ 12 0.20 s 7 0.20

2 S 3) 0.03

3

4 S L5 0.05

5 BS/DS 9 o s,BS 10,9 0.01

6 BS/DS 8 - BS S -

7

8

9

10

11

12

13

14

15

16

17 S 6 tod 12 0.08 S 12 0.08
18 S 6 to 12 0.03 8 6 0.02 H 3 0,02
19 N <6 0.05

20

21 S Con't Con't

22 s 6 tol12 0.03

23 H ] 0.02

24

25

26 L i

27 S Con't Con't ZL 7 T Sl 10,3 0.05,T
28 $ 6 to<12 0.03 S 8 0.04
29 S <6 0.02

30

Date Nekoma, N.D. Grand Forks, N.D, Minot, N.D.

Dec. Storm Duration Amt, (in.) Storm Duration Amt, (in,) Storm Duration Amt. (in.)
1971  Type+ (hrs)-* (water Eq.) Type _ (hrs) (w. Eq.) Type (hrs) (w.Eq.)
1

2

3 5 Con't Con't 2L [ T

4 S 12 tod 18 0.10 $,ZL/ZR 21,2 0.01,T

5 s <6 0.01

6 ] 6 0.06 BS,S 1,13 -,0.01
7 BS./DS 21 a DS 1 -

8

9 BS 3 -

10 BS 1 -

1i

12

13 5 Z6 0.01 S Con't Con't s b 0.03
i4 s 12 0.04

15 /L,S 2,5 T,0.06

16

17

18 s 8 0.08
19 s 2 0.01

20 N b tccl2 0,03 BS 2 -

21

22 ZL con't Con't 2L Con't Con't
23 5 18 to< 24 0,06 ZL,BS 25,1 T,- 2L,§ 15,5 T,0.02
24

25 BS, 21, 3,1 -T 8, BS 4,3 0.06, -
26

27

28

29

30 S 5 9.01

31 S £6 0.01

# Significant snowstorms exclude all periods when only a trace of snow was recorded or
when the visibility exceeded 6 miles,

+ Events of blowing or drifting snow and freezing rain or freezing drizzle were not
recorded at Nekoma.

* Only 6-hour intervals of storm duration were available at Nckoma,

Con't = Continued into next day ,
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Table BIV (cont’d).
bate  Nekoma, N.D. Grand Forks, ¥.D, Minot, N.D.
Jan, Storm [Duration Amt, (in.) Storm Duration Amt. (in.} Storm Duration Amt, (in.)
1972 Typet (hr)* (water Eq.) Type (hr) (w. 1Q.) Type (hr) (w,Eq.)
1
2 8 ton't tan't 5,B5,D$ 4,Con't 0.01,-
3 5 6 todl) U,04 BS/bS 3 2
4 LS 2 -
5 s 2 o
b & 6 tos 12 9,03 BS/LS 7 S BS/DS 3} =
7
8 s Lo .01 s Con't - /R 1 T
9 S P4 0.5 85,8  2,con't Con't s 18 0.12
10 3, B 15,1 0,04,
11
12 S,ES/LS 4,16 0.01,- S,BS/DS cop'y 9 Con't ,-
13 85 15 - S,B5/Ds8 23,9 0.06,-
14 Bs /DS 9 - BS/DS ] -
15 BS (on't -
16 (o 0.05 BS,S 13,10 0.02
17
1y BY 1 - BS,S 1,8 -,0.01
19 8 Con't Con't 5 ton't Con't S Con't con't
20 $ b tod 12 1105 S, B5/0S 9,9 0.02,- S,U8 21,2 0.14,0
21 S 6 to/ 12 0,02 BS /08 11 - BS/S 9 -
2% S 3 0.01
23 5,5 10,Con't 0.03,Con't
24 S 6 0,05 S,BS/Ds 13,18 0.07,- 5,88 17,8 9,65, -~
25 BS/DS 7 -
26
27
28
29
30 $ 3 0.01
31 g ton't Gn' t S 3 0,01
bate Nekoma, N.D. Grand Forks, N.D, Minot, N.D,
Feb. Storm Duration Amt, (in,) storm Duration Amt. (in,) Storm Duratiou Amt. (in.)
1972  Type+ (hr)* __(watvr Eq.) Type (hr) (w.Eq.) Type (hr) (w.Eq.)
1 Con't,S Com't,btodl2 Con't,0.03
2 S <h 0.0l DS 3 -
3 BS 2 b
&
5 S 18 0ns
o)
7 s Con't Con't
8 H 11 0.006
9
10
11 Bs 1 - DS 1 -
12
3
14 B3 10 -
15 H 4 0.01
16 N Ly 0.02 s Con't Con't 2L, S 2,Con't T,Con't
17 & 6 todl12 0.08 S, R,BS 30,5,Con't 0.09,T,Con't §,BS 16,19 n.e,-
18 a5 (4] 0.01 BS 10 -
19
20 K 2 0,01
21 BS t -
22 S Con't Con't BS
23 s b toZ 12 0.15 S, B5/08 12,15 0.07,- BS,S 20,24 -,0.39
24 § b tog 12 0.06 S 4 0.01
25
26 S Con't Con't N Con't Con't s Con't Con't
27 S Con't Con't S Con't Con't S Con't Con't
28 5 tod30  0.14 s 30 0.10 5 Con't Con't
29 s 12 tol 18 Q.15 LB 13,10 0.05,~ S 42 0,42

# Significant snowstorms exclude | periods when only a trace of snoe was recorded or
when the visibility exceeded 6 mii.

+ Events of blowilng or drifting i
recorded at Nekoma.

* Only b-hour intervals of st.im Jurition were available at Nekoma.

and freeaing rain or freezing drizzle were not

Con't = Continued into next day
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Table BIV (cont'd). Comparison of drifting or blowing snow, freezing rain or
freezing drizzle and significant snow storms. 1971-1972.

Date Nekoma, N,D.

1972  Type+ (hr)* (w.eq.) Type

(hr)

Grand Forks, N.D,
March Storm Duration Amt.(in.) Storm Duration Amt, (in.)

(w.eq.) Type

(hr)

Minot, N.D.
Storm Duration Amt. (in.)

(w.eq.)

S
S 6 tol 12 0.05 S,BS/DS
s £6 0.03
5 Con't Con't ZL
s 6 tol12 0.09 $,BS/DS
BS
S

RNV

10 BS/DS

Con't S,BS
Con't 5,BS/DS
30 to< 36 0,30 S,BS

N
~
v

Date Nekoma, N,D,

1972  Type+ (hr)* (water Eq.) Type

Con't
22,16

Con't

Con't DSHLIS
0.17,0 s,DS

T BS,ZR,S
0.03,-
0

.01

s,7L
Con't S,B3

Con't.29 Con't S,BS

43,6

Grand Forks, N.D,

April Storm Duration Amt.(in.) Storm Duration Amt, (in.)

(hr)

0.37,~

(w. Eq.) Type

1,Con't
17,8

11,5

Con't
19,2

Con't
31,16

Minot, N.D.

(hr)

- Con't
0.16, -~

-,1,0.01

0.03

Con't
0.12,T
Con't
0.36,-

Storm ODuration Amt, (in.)

(w.Eq.)

s <o 0,05 s
s Con't Con't S
s 6 to£12 0.05 S, BS

DTS LN -

17 s 6 to{ 12 0,05

Con't

0.08 5,71
0.02,- ‘L//R
L

0,02 s

Con't
0.93

0.13

Ifon't
4

0.03¢en"t
T

0,42

# Signiffcant snowstorms exclude all periods when only a trace of snow was recorded or

when the visibility exceeded 6 miles.

+ Events of blowing or drifting snow and freezing rain or freezing drizzle were not

recorded at Nekoma.

* Only 6-hour intervals of storm duration were available at Nekoma.

Con't = Continued into next day
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t
Table BV. Station: Nekoma, N.D.
Date Temperature (°F) Precipitation(in,) Wind (kt)
1972 Precip Snow Snow on - Peak
Novemnber Max Min _ Ave Fall Ground  Type + Hours Dir Speed Gust
1 26 4 15 SSE 6
2 29 4 16 .03 8% 716,F6 NNE 6
3 4 21 28 .02 S| L-6 WSW 8
4 34 28 3 .02 4 a3 SSE 7 21
5 35 28 32 .05 T 4 L-6,R3,56,F6 E 11 25
6 30 17 24 .05 T 3 23,512 N 16 27
7 21 15 18 3 N 9
8 28 18 23 .02 T J) §12,F6 SE S
9 29 25 27 .03 ) ZL3,7R3,F6 WRW 5
10 31 23 27 .04 3 Z3,3,F6 NNW 6
1 31 23 27 .01 3 a3 N 7
12 25 2 14 .01 T g S6 NE 7
13 18 -1 8 .01 3 L-3 NE 3
14 22 2 12 3 s 5
15 25 16 22 3 H 9 22
' 16 26 23 24 .03 T 3 s18 NW 8
17 24 18 21 .01 I <) S6 NW 4 20
18 27 17 22 .04 45 3 s18 SSE 4
19 2n 22 26 .03 T 3.5 si8 NE 5
20 27 12 20 .03 T 3.5 s18 NNE 4
21 27 12 20 .02 T 3.5 512,F6 s 5
22 26 20 23 .02 T 3.5 S12,8S6 WSW 11 27
23 35 19 27 3.5 SW 8 21
t 2 37 22 30 .02 T 345 $6,L-3 WBW 7 21
| 25 32 17 24 3 BS6 NNW 17 35
26 29 22 26 .10 1.5 3 S12 NNW 10 32
27 18 0 9 .05 .5 5 S18, BS6. N 10 32
28 12 -8 2 .01 T 5 S6 WNW 7
29 28 -4 12 5 SW 11 29
30 28 6 17 .03 .5 5 S6 NNW 7 22
TOTALS 37 -8 21 .68 3.0 8 NW 8 35
max min ave max & ave max
SSE
*Snow on ground measurements began on 2 November.
i
Date Temperature (°F) Precipitation(in.) Wind (kt)
1972 Snow Snow on Peak
December Max Min Ave Precip Fall Ground Type + Reurs Dir. Speed Gust
1 10 -16 -3 .02 T [ §6 NRW 8 28
2 -4 -16  -10 6 NW 9
3) -3 -19  -11 [3 WNW 9 20
4 -4 =20 -12 .02 [} 2L-12 WSW 8
5 -8 -23  -16 [ NW 7 20
6 -11 -28  -20 6 W 9 22
7 -1t -26  -18 6 W 6
8 -10 =20 -15 T 6 W 8
9 -6 26 -16 6 W 5
10 0 -26 -13 [} WwSW 8 23
11 9 -14 -2 6 SsW 8 20
12 10 -11 0. 6 Nw 7
: 13 5 -14 -4 6 wswW 5
' 14 1% -12 1 6 sSw 6
15 -3 -26 -14 6 NW 6
16 14 -24 -5 6 s 9 36
17 26 2 14 .01 6 IL-6 VAR 9 35
18 26 2 14 .04 T 6 $24 VAR 8 30
19 11 -3 4 .06 .5 6 56 SE 10 29
i 20 18 8 13 .03 .25 6.5 S18,F6 NNW 10 27
v 21 25 -1 12 6.5 s 10 35
22 29 718 6.5 Fb NE 6
! 23 7 -8 0 T 6.5 BS3 N 6
I 24 18 -7 6 .01 .25 6.5 56 S 6
25 8 -4 2 .03 .25 6.5 s18 NNW 10 22
26 33 -3 15 6.5 SW 7 20
] 27 29 2 16 .01 T 6.5 S6 WNW 7 22
28 24 16 20 2 o .5 6.5 $24,856,F6 E i3 33
, 29 18 2 10 oy 2.0 7 §24,BS6 NE 19 33
‘ 30 4 -1 2 .66 2.0 7 §24,B924 NNE 25 43
31 9 -10 0 .54 .5 7 §24,BS12 N 18 37
1
TOTALS 3 -28 0 1.57 6.3 7 WNW 9 43
max min ave max ave max

S

i fo
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52 APPENDIX B
Table BV (cont’d). Station: Nekoma, N.D.

Date Temperature !'F) Precipitation(in.) Wind (kt)
1973 Preci Snow Snow on P Peak
January Max Min __ Ave =P Fall Ground Type 4 Hours ;. Speed Gust
1 18 -7 6 .08 .5 7 818 NW 8

2 24 8 16 .03 T 7 812 s 9 28
3 8 -10 -1 7 BS12 NW 14 31
4 -6 -16 -11 7 NW 6

5 -11 -25 -18 7 VAR 3

6 1 -23  -11 7 H 2

7 -8 -29 -18 7 CALM

8 -4 -29  -16 7 W 5

9 -4 -16 10 7 B86 W 12 27
10 9 -10 4} .01 T 7 86, B86 NW 12 26
11 13 ~10 2 7 W 9 20
12 29 2 16 .03 .2 7 818 w 9 25
13 31 10 20 .04 T ? 818 wsw 4

14 35 14 24 .01 T 6.5 86 NW 12 40
15 38 15 26 .01 T 6.5 86 SSW 10 26
16 38 24 31 .01 6 216 SSW 6

17 34 13 24 5.5 ESE 6

18 30 -3 A .05 .3 6 sal AW 14 30
19 12 -3 4 6 ENE 5
20 22 -2 10 .01 6 ZL3 H 9 23
21 26 11 18 .02 6 216,F6 SSW 9 21
22 28 2 15 6 NNW 14 37
23 38 4 21 5 WNW 10 21
24 42 21 32 5 WswW 12 29
25 42 25 34 4 WSW 5

26 32 10 21 .02 T 3 812 NNE 18 36
27 17 2 10 T T 3 N 16 33
28 2 -3 10 .01 3 ZL3 wSW 8 23
29 34 6 20 2 VAR 7
30 24 11 18 .01 2 213 F6 SE 10 23
31 28 18 23 .0t 2 ZL3 SSE 10 21
NW
TOTALS 42 -29 il .35 1.0 7 & 9 40
max min ave max SSW ave max

Date Temperature (°F) Precipitation(in.) Wind (kt)
1973 Snow Snow on Peak
February Max Min Ave Precip Fall Ground Type + Hours Dir. Speed Guat
1 24 12 18 .01 2 ZL3,F6 N []

2 38 8 23 Q1 2 13 wswW 6

3 38 14 26 2 VAR b 22
4 26 6 16 .01 T 2 56 NNE 11 25
5 3l 2 16 .06 .5 2 524 SSE 14 34
6 10 -10 0 2.5 W 15 29
i 12 -8 2 2.5 WNW 10 25
8 20 -7 6 2.5 WSW 7

9 10 -13 -2 2,5 N 6

10 18 -11 4 2,5 BS6 SSE 12 28
11 26 10 18 2.5 SE 10 20
12 22 3 12 T 2 F6 NNE 7

13 2 -15 -6 .09 .5 2.5 S24 ,BS6 N 21 34
14 -6 -20  -13 .02 2.5 ZR6, BS6 NNE 16 25
15 -8 -22  -15 .02 2.5 ZR6 NE 9

16 16 -20 -2 .02 W2 2.5 S6 S 15 36
17 25 9 17 .01 2.5 L3 VAR 6

18 38 11 24 .02 T 2 S12 SSW 12 27
19 19 3 11 .01 T 2 56 NNW 11 24
20 27 4 16 .01 T 2 S$6, BS6 N 14 27
2t 37 -4 16 2 SSW 12 28
22 42 19 30 1.5 WNW 10

23 22 7 14 1.5 NE 13 22
24 24 2 13 .5 E 8

25 26 12 19 ENE 11 23
26 30 16 23 .04 .2 S18, BS24 S 9 23
27 19 9 14 .01 T S6 ENE 11 23
28 32 19 26 .02 T $6, F6 NNW 5

]
TOTALS 42 -22 12 36, 1.4 2.5 & 11 36
max min ave max ENE ave max
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Table BV (cont’d).
Date Temperature (°F) Precipitation(in.) Wind (kt)

1973 : Snow Snow on Peak
March Max Min  Ave Precip Fall Ground Type + houre Dir. Speed Gust
1 32 18 25 .02 ZLY,F12 ESE 8 21
2 39 32 36 F6 SSW 11 27
3 41 23 32 w 10 30
4 46 26 36 SE 11 23
5 33 29 3l .07 .25 s12 SE 14 24

6 34 31 32 .42 2.0 1 S24,F6 ESE 8
7 34 26 30 .08 .25 2 s18 NW 15 27
8 34 14 24 2 VAR 7 22
9 37 22 30 i} SSE 16 34
10 48 27 38 ] S 11 37
11 38 23 30 .01 L-3 NNE 8
12 38 23 30 .18 L-12,7L SSE 6
13 1] 32 36 F6 NNE 9 25
14 32 27 30 .02 A7 S N 20 38
15 29 21 25 NNW 13 28
16 34 19 26 NNW 6
17 34 21 28 SE 9 22
18 29 24 26 .03 .25 3 S6 ESE 15 26
19 32 27 29 .05 1.0 1 S12 E 7
20 35 28 32 ~6 SSE 9 20
21 46 32 39 SSE 17 34
22 47 35 41 SE 15 28
23 44 35 40 .04 R6,F12 ESE 9
24 46 31 38 .04 R12,F12 N 6
25 50 28 39 SSE 4
26 57 33 45 S 13 36
27 43 24 34 w 14 32
28 30 12 21 NW 12 26
29 34 18 26 N 3
30 43 23 33 SSE 6 25
31 51 28 40 E 7
¢
TOTALS 57 12 32 .96 3.8 2 NNW 10 38
max min  ave max ave max
Date Temperature (*F) Precipitation(in.) wind (kt)
1973 . Snow Snow on Peak
April Max __ Min _ Ave Fnecity Fall Ground Type + Hours ;- Speed _ Gust
1 55 30 42 F6 NNE 8 24
2 51 26 38 N 13 31
3 a9 24 36 N 13 33
4 54 25 40 SW 9 25
5 52 29 40 WNW 14 37
6 33 21 27 N 14 26
7 28 20 24 .0l T S6 N 13 26
8 37 19 28 NNE 11 38
9 36 17 26 N 10 26
10 46 12 29 WSW 8 29
11 47 22 34 N 14 35
12 52 17 34 b 5 21
13 67 27 47 S 17 34
14 69 17 43 NW 16 32
15 36 12 24 NNW 14 28
16 48 10 29 WNW 9 2%
17 62 35 48 ENE 14 30
18 54 35 44 .09 R18 NE 13 34
19 66 52 59 .03 L-3,R6 ESE 20 45
20 62 43 52 .41 L-3,R6,F6 E 18 YA
21 49 20 34 LG4 £y s18 WNW 14 31
22 30 18 24 L0l .5 L-3 WNW 15 27
23 35 27 31 F6 NNW 6
24 46 30 38 Fé VAR, 7
25 49 29 39 .01 At 56 NE 7 20
26 48 24 36 NNW 10 25
27 48 19 34 N 5 24
28 52 26 39 E 12 32
29 49 32 40 ENE 10 26
30 54 24 39 NNE 14 26
TOTALS 69 10 37 .60 6 o) N 11 45
max min ave max ave max
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54 APPENDIX B
Table BVI1. Station: Grand Forks, N.D.
1972
Date, Temperature (°F) Pregipitation (in ) Wind (k)
Snow on Peak
November Max Min Ave Precip Snowtall ground Typv + Hours Dis, Speed Gust
1 3 20 26 T 1 <z FiQ S, 10 4
2 34 24 29 ‘ HIO NW 9 4
3 42 33 38 1 1 Rl WNW 9 2l
4 36 33 34 1 NW+SE 5 1.
5 44 33 18 iy T F20, L-10 SE 9 20
b 38 25 32 .02 1 T FIl, 15, R2,S8-7 NW 17 32
7 27 22 24 T 1 T S5-4 NW 10 22
8 32 25 28 i T I F4 Si b 20
9 32 28 30 il 1 Ftl, Z1-8 NW 6 13
10 32 27 30 F9 NW+SSE 7 20
11 31 27 29 NNW 9 18
12 27 15 21 N 7 18
13 24 13 18 N 6 14
14 26 9 18 NW+SE 4 12
15 30 16 23 SSE 13 30
16 30 25 28 r s 5-10 NW 7 18
17 28 22 25 1 T T SWl, S-7 NW 4 12
18 34 22 28 .01 . 1 sWl, 5-9 ESE 4 12
19 32 24 28 T 1 1 F4, $-2 N+SE b 15
20 30 17 24 1 i T F2, s-2 N 4 17
21 21 18 20 T T 1 S-3 NNW+S 4 15
22 38 20 29 1 S5W 14 32
23 50 26 18 $SW 9 21
24 47 27 37 W L] 17
25 35 22 28 1 1 NW 16 32
26 29 22 26 .4 1.6 5-7,881 SSE 5 32
27 26 9 18 T r 1 S-14, BS2 N 12 38
28 18 2 10 .01 T 1 $-5 SSWHNW 5 14
29 31 -2 14 1 SSW 13 26
30 30 15 22 1 1 1 S5 F5, sSwW2 NW 7 24
TOTALS 50 -2 26 .08 19 K NNW 8 38
Max Min Ave Ave Max
1972
Date Temperature (°F) Precipitation (in.) wind kt
Snow on Peak
December Max Min Ave Precip Snowfall ground Type + liours Dir, Speed ust
I 16 -3 6 .02 1 2 5-6, F6, BS2 N 8 28
2 5 -11 -3 2 NNW 8 18
3] 2 -16 -7 ' W 8 20
4 4 -13 -4 T T 1 S=4 NW 3 14
5 1 il -5 T I 1 NW 9 21
[} -5 -19 -12 1 W 8 20
7 -1 -18 -0 1 WNW 5 13
8 -4 -13 -8 .0} ] 1 s-10 W 6 16
9 1 -15 -7 1 S5W 5 12
10 3 -17 -7 1 SW 9 20
11 11 ) 2 1 SSE 10 23
12 9 2 6 1 WNW 9 17
13 10 -7 2 T T 1 W [ 17
14 10 -7 2 3 $ 10 29
15 4 -8 -2 T T 1 1cl NW ‘0 20
16 7 -15 -4 1 s 10 34
17 34 9 22 1 S+N 14 38
18 26 9 18 .05 T 1 5-3,1C5,7R3,1P2,F11 NNW 7 31
19 20 7 14 T i 1 SHW 8 24
20 23 18 20 T T 1 5-2,F9,1C4,7L1 NNW+SE 12 29
21 23 6 14 1 S 12 32
22 26 16 21 T T 1 Fl10, L2 N 10 23
23 6 -4 6 T T 1 $-7, F8, ZL5 N 13 28
24 17 -4 6 T T 1 $-2, F3, 1C2, Z/R4, 1P2 § 9 2
25 17 -2 8 T T 1 $=12, Fe, 1c1 NNW 10 29
26 37 1 19 T T 2 F4, 1C1 SSW 14 29
27 37 12 24 2 Fo NW 8 29
28 32 23 28 2 FI1 E 8 21
29 28 22 25 .25 4.3 2 $-20, IC2, BS3, ZL2 NNE 16 29
30 22 7 14 .18 2.3 7 5-24, BS22, 7L3 N 25 45
1 9 1 5 .01 .6 9 $-17, BS14, ICS NNW 18 37
TOTALS 37 -19 6 .56 8.5 9 NNW+S 10 45
Max Min Ave Max Ave Max

LS e u;..vuu;.ud
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APPENDIX B 55
Table BVI (cont’d).
1973
Date Temperature (°F Precipitation (in.) Wind (kt)
Sanow on T Peak
January Max Min Ave Precip Snowfall ground Type + Hours Dir. Speed Gust
1 21 4 12 .01 .1 9 5-7 WNW 8 22
2 25 10 18 T T 9 1cl S 15 31
3 25 -1 12 .04 .6 9 s-8 BS12, 1Cl NW 17 32
4 -3 -15 -9 T T 9 $-3, 1c4 NW 7 20
5 -14 -25 -20 T T 9 IC5 Calm 6
6 -11 -25 -18 T T 9 $-Z F1, IC4 S 2 10
7 -12 -26 -19 T T 9 ICl Calm 7
8 -6 -26 -16 T T 9 W 5 17
9 1 ~-10 -4 9 W 10 22
10 11 -3 4 .01 .3 9 5=6, 351 WNW 12 36
11 15 1 8 8 W 8 21
12 28 5 16 8 S+W 9 23
13 31 7 19 T T 8 S-2, 1pL SSWHWNW 5 16
14 34 22 28 7 WNW 14 43
15 36 16 26 3 SSW 12 33
16 37 21 29 2 S 4 14
17 25 15 20 T 2 F20 N 2 12
18 27 5 16 T T 2 5-1 F8 N 12 26
19 9 0 4 2 N 6 15
20 15 -2 6 2 SSE 7 20
21 24 14 19 .03 4 2 S-7, F13, zL4 S 10 2
22 35 9 22 .01 .2 3 $-2, F3, BS3, BDS NNW 15 24
23 35 9 22 3 S+W 9 24
24 42 25 34 3 w 9 24
25 44 25 34 1 SSW 6 21
26 31 19 25 T T 1 $-9 1C5, BS6, F4 N 17 39
27 21 13 17 T T 1 $-2, 1C5, BS6, BD6 ¥ 20 39
28 24 6 15 1 S 8 16
29 2% 12 18 1 S 6 20
30 26 10 18 T T 1 E 5 16
31 30 22 26 T T 1 L4, F18 SSE 10 20
TOTALS 44 -26 12 .09 1.4 9 N+SSW 9 43
Max Min Ave Max Ave Max
1973
Date Temperature sol-'! Precipitation (in.) wind (kt)
Snow on Peak
February Max Min Ave Precip Snowfall ground Type + Hours Dir. Speed Gust
1 30 16 23 T T 1 F18, ZL1 N 9 23
2 37 16 26 1 F2 S 6 14
3 34 21 28 1 NW 5 16
4 26 13 20 T T 1 $-4, SW4, FS N 12 24
5 34 12 23 T .1 1 $-3, BD2 E 12 36
6 13 2 8 T T 1 S-1 NW 10 23
7 15 3 9 1 WNW 8 21
8 23 0 12 T T 1 WSW 5 13
9 15 0 8 T T 1 Sw2 N 0l 21
10 21 -3 9 1 BDS SSE 13 34
11 31 16 24 1 F3 SSE 14 30
12 31 16 24 T T 1 F21, zL9 N+S 8 23
13 14 -3 6 .06 .9 1 $-11, F3, 1C2, BS21, BD13 N 2% 40
14 1 -8 -4 1 BS19, BD2 N 18 30
15 2 ~-10 -4 T T 1 <=1, BS8, BD!, ICS N 10 23
16 12 -14 -1 1 BS1, BD13 S 16 42
17 25 9 17 1 s 9 25
18 39 13 26 1 F7 s 13 28
19 24 7 16 T T T Sw6, F1 » 13 29
20 25 4 14 .01 .1 T S-5,BS11, BD7 N 15 31
21 33 -3 15 T BD1 SSW 13 30
22 43 25 34 T WNW 10 27
23 25 17 21 T NNE 10 21
24 26 12 19 T NE 7 15
25 32 18 25 T NE 4 10
26 31 23 27 T .03 T $-9, F4, zL2 SSE 12 27
27 24 17 20 T T 1 1C7, ZL1, Flé N 8 22
28 38 25 32 T T 1 ZL3,L«1, F24 S+N 7 28
TOTALS 43 -14 17 .07 1.1 1 NNE+SSE 10 42

Max Min Ave Max Ave Max
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Table BVI (cont’d). Station: Grand Forks, N.D.
1973
Date Temperature (°F) Precipitation (in.) Wind (kt
Snow on Peak
March Max Min Ave Precip Snowfall ground Type + Hours Dir. Speed Gusc
1 3% 24 29 T T F20, ZL9 N+SSE 7 24
2 37 32 34 T F21 S 16 29
3 44 28 36 T w 12 28
4 45 " 26 36 T SE 7 21
H 36 32 34 T T T $-2, L-1 SE 10 21
6 36 33 34 .12 1.6 1 s-11, ¥21, L7, R1 ESE 7 14
7 38 33 36 .02 .2 T S-7, F10, R3 NW 12 28
8 34 26 30 T T T N 8 24
9 40 29 34 T F6 SSE 17 38
10 49 34 42 T T L-1, F19 S 12 33
11 42 32 37 F15 N 9 23
12 40 26 33 .12 T RW1, R6, L-} F10 SSE 5 18
13 42 34 38 .02 F22, NNE 8 22
14 37 3% 36 .76 .9 $8,F20,R4,L-3 RW1, IP5,SW1 N 20 32
15 34 29 32 T T 1 SW3 NNW 15 3
16 35 25 30 T N 8 17
17 37 24 30 T E 5 14
18 34 29 32 T T swl ESE 10 21
19 39 33 36 T T SW2 ESE 5 16
20 43 32 38 F2 SE 5 14
21 52 32 42 SSE 15 36
22 50 34 42 SSE 14 33
23 49 40 44 T F10, R1 SW+N ? 18
24 45 36 40 T L-1, F19 N 8 20
25 54 32 43 N 2 10
26 59 30 44 S 12 32
27 48 33 40 SSE+W 14 29
28 31 22 26 T T sWi N 9 21
29 33 22 28 N 4 18
30 47 23 35 S 2 14
31 56 28 42 NE 7 20
TOTALS 59 22 36 1.04 2,7 1 N+SSE 9 38
Max Min Ave Max Ave Max
1973
Date Temperature (°F Precipitation (in.) Wind (kt)
Snow on Peak
April Max Min Ave Precip Snowfall ground Type + Hours Dir, Speed Guot
1 56 30 43 N 12 31
2 54 32 43 N 16 39
3 52 33 42 N 18 42
4 53 29 41 S+N 8 29
5 55 34 44 WNW 14 36
6 38 28 33 N 15 30
7 37 29 33 T T S-3 N 15 28
8 42 23 32 NNE 9 25
9 40 18 29 N 10 30
10 47 20 34 WNW 6 21
11 50 31 40 s 16 40
12 31 23 37 NNW+SSE H 17
13 66 31 48 S 17 39
14 75 31 53 S 17 40
15 38 23 30 T T T 5-2,5W1 NNW 12 26
16 51 21 36 WNW 7 29
17 70 31 50 NE 5 14
18 72 38 55 .09 RWA4 N 9 38
19 65 54 60 .08 RW4, F8 ESE 17 40
20 66 47 56 .17 R2 SE 17 56
21 52 34 43 T T RW2, swl W 16 33
22 35 29 32 .03 &) 1 Sw2, §-2 NW 9 23
23 36 29 32 N 4 13
24 50 27 38 N H 21
25 51 28 40 N 5 16
26 51 32 42 NNW 10 29
27 Sl 24 38 N 6 23
28 55 12 34 ESE 8 23
29 53 38 46 T Rwl ENE 8 20
30 59 34 46 N 12 26
TOTALS 75 12 41 .37 .7 1 N 12 56
Max Min Ave Max Ave Max
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{
Table BVII. Station: Minot AFB, N.D.
Date Temperature (°F) Precipitation(in.) Wind (kt)
1972 Snow  Snow on Peak
November Max Min Ave Precip Fall Ground RyRe jHitiours Dir. Speed Gust
t 38 18 28 2 SE+SW i) 14
2 23 15 19 1 F15 SE ] 20
3 37 21 29 1 WNW b} 21
4 34 32 N i F7 SE 7 22
5 35 32 34 T T L-4,F20,R-1 ESE4N 8 9
6 32 25 28 T T T ZL-4,5-5,F3 NNW 7 18
7 26 22 26 T T T S--4,F1 SW 9 22
8 28 20 24 T T T F5 WSW 6 21
9 33 27 30 .02 T ZL-11,F15 Var 2 13
10 32 19 26 .01 0 2L-1,F7 NW SE 7 21
11 29 22 26 T 1P2,S-4 ESE4NNE 4 12
K 12 25 20 22 T T T S-16 S 5 15
13 23 14 18 T .1 T $-13 SE 7 15
14 25 12 18 0 SE 13 3
15 27 16 22 SEANW 6 18
16 30 18 24 T ! $-9 Nw 5 16
17 27 13 20 Ty i 5-8 Var 2 10
18 31 9 20 T Ty s-10 SSW 2 10
19 34 24 30 CALM 8
20 30 25 28 .02 o3 $-13 Var 2 10
21 26 20 23 .01 .1 T S-14,F6 ENE4SE 5 14
' 22 8 1 3 T W 5 14
| 23 48 19 3 sW 9 27
24 43 32 38 T T R-1 WNW 21 36
25 33 19 26 WNW 17 33
26 33 20 22 .18 3.9 4 $-18,BS5 NW 10 32
27 32 7 20 .04 .7 4 5-10 NW 7 27
28 13 -7 3 T .1 4 $-7,1C 5 NW 7 22
29 33 -4 14 T iy 4 §-2 ANW 14 37
30 26 17 22 .08 .7 4 SW-4,5-8,F1 SE 6 34
TOTALS 48 -7 24 .36 5.9 4 W 7 37
max min ave max & ave max
SE
]
Date Temperature (°F) Precipitution(in.) Wind  (kt)
! 1972 Snow  Snow on Peak
December Max Min Ave Precip Fall Ground Bype| 4 Hours Ofr. Speed Gust
] 15 0 8 .u8 1.4 5 $-10,BS3,1C 3 HENE 7 28
2 ) -13 -5 T T 4 S-1 NW 10 24
3 -5 -18 -12 4 W 7 14
4 -7 -19 -13 3 W 7 15
5 -10 -21 -16 J) BS6 WNW 10 27
{ 6 -10 -27 -18 J) W 6 16
] 7 -13 =23 -18 2 WNW 7 15
8 -13 -25 -19 2 WNW S 6
9 -7 -24 -16 2 WSW 4 10
10 3 -20 -8 2 W 8 18
11 16 -4 6 il & 2 S-1 W 8 21
[ 12 8 -5 2 T T 2 5-1 NW 7 21
13 4 -10 -3 .10 o'y 2 s-1,IC 3} WH-5SW S 13
f 14 14 -7 4 T I 2 $-2,1C 1 SWHNW 7 24
; 15 4 -13 -4 T T 2 1c 3 NW 7 24
16 17 -15 1 2 SE 14 39
17 35 13 24 1 WeNNE i 36
18 34 9 22 .03 1 F 6,ZR-3 ESE+NW 9 35
19 26 2 14 .08 ) 1 $-2,ZR-2,1P-1,BSt SE 10 27
20 22 9 15 Jb 1 1 GF1,F3,8-3 NwW 12 27
1 38 4 21 T 1 ZR-1,R-1 SSE+SW 12 37
22 35 16 26 T T 1 F17,2L-3,8-1 NNE 5 16
23 15 0 8 .01 .1 1 F 2,ZL-2,1IC 4 NW+ESE 9 25
24 28 5 16 T 1 2L-1 SE4ANW 9 23
25 20 10 15 T T 1 s-11,1C t NW¢SW 10 21
26 41 21 31 1 W 14 28
27 36 21 28 1 NW 7 27
28 28 21 2 T T ] F6,58-5 E 16 36
| 29 23 1 12 .12 20 3 ZL-1,58-24,F1,BS7,1C3 NNE 17 3t
30 7 -1 3 .02 N 3 IC 11,8 13, BS4 N 17 27
31 11 -8 2 T I ) 1€2,s-1 NW 17 28
i TOTALS 41 -27 5 A 4.8 5 WNW 9 39
max min ave max & ave max
SE

B ames
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|
Table BVII (cont’d). Station: Minot AFB, N.D,
Date Temperature (°F) Precipitation (in,) Wind (kt)
1973 Snow Snow on Type 4 Hougs Peak
January Max Min Ave Precip Fall Sround yp Dir. Speed Gust
1 19 11 15 T T 3 $-5,1C & WNW 10 20
2 36 1 18 T T 3 S-1 WNWHSW 16 36
3 0 -9 -4 T T 3 BS 4,SW-3,5-1 NW 20 38
4 -7 -14 -10 T T 3 1c 1,8-7 NW 9 22
5 -8 -24 -16 T T 3 IC 3,8W-3 CALM 7
6 -10 -23 -16 T T 3 $-3,1C 10 CAIM 8
7 -10 =25 -18 T T 3l IC 13 CALM 6
8 -5 -25 -15 T T 3 IC 6 W 5 13
9 3 -13 -5 3 NW 14 25
10 11 0 6 T T 3 8S 13,5-3,SW-2 NW 14 30
11 18 4 11 T T 3 §-2, IC 3 SW+NW 7 14
12 32 16 24 2 SW 9 23
13 36 24 30 .07 2 RW-and R-1 SSW 6 23
14 36 18 27 2 WNW 15 36
15 43 32 38 2 Sw 10 25
16 42 3 38 2 WSW 7 16
17 38 28 33 2 NW+SE 5 25
18 32 15 24 T T 1 $-3, F3, ZL-1 NW 8 25
19 20 17 18 T T T 5-8,F17,7L-9 SE 7 16
20 28 16 22 .06 1.0 i s-7 S 6 24
21 32 12 22 1 SSW 7 30
| 22 29 13 21 1 NW+S 10 29
23 41 23 32 1 WNW 12 30
I 24 46 3 40 T W 6 21
25 43 27 35 T CALM 9
26 34 18 26 T T T F3,8-5 NW 13 25
27 22 8 15 T NW 10 23
28 24 6 15 T SSW 6 21
29 25 12 18 T Var 3 12
30 29 11 20 T ESE 7 20
31 40 13 26 T SW+SE 4 14
TOTALS 46 -25 16 L13 1.0 3 NW 8 38
max min ave max ave max
Date Temperature (°F) Precipitation(in. Wind (kt)
19713 Snow Snow on Type + Hours Peak
February Max Min Ave Precip Fall Ground i Dir, Speed Gust
! 1 28 18 73 0 N 5 15
' 2 41 20 30 WSW 5 14
3 44 25 34 SwW 2 13
4 26 21 24 il T 1 S-1 NE+SE 5 14
5 32 -1 16 .02 o) T $-13,BS 5 WNW+SE 16 40
6 It -6 2 T WNW 13 29
7 13 3 8 .01 2 T S-and SW-4 WNW 10 25
8 27 -2 12 il W 7 18
9 11 1 6 T T T 1C6, S-3 NW+E 8 18
10 16 -1 8 T T T $-3,1C 3, SW-4 SE 14 30
' 11 2 6 15 T NWHE 6 17
12 21 11 16 .09 1.8 1 §-22,Fl4,1C 1 NNW 7 18
! 13 1 -1 1 .03 .6 3 5-10.1C B, BSI5  NNW 13 24
i 14 -2 =20 -11 T T 3 1C 2,5W-1 N 6 12
15 ~5 -19 -12 T T P ic1 ESE 7 14
16 27 -l4 6 2 B85 3, BD 1, F2 S 14 32
17 35 14 24 2] F 4 SW+NW 6 15
18 39 20 30 1 SW 13 33
19 30 15 22 .01 o’ T SW-8 NW 8 30
20 31 7 19 .01 .2 i SW-3,S-4 NW 13 32
! 21 4 2 2 T usw 13 3
22 48 28 38 T W 8 21
{ 23 29 15 22 0 WSW 13 24
! 24 25 12 18 SE 9 17
25 31 16 24 SE 10 23
26 40 25 32 T ZR-2,7L<},L-1,F] NW+S 10 23
27 27 19 23 T T T 2L-10,5-10,F16 NNE+ESE 10 24
{ 28 29 25 27 T F24 Var 2 12
i
' TOTALS 48 -20 17 17 3.5 3 NW 9 40
max min ave max ave max
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Table BVII (cont’d).
Date Temperature (°F) Precipitation(in.) Wind

1973 Snow Snow on T H Peak

March Max Min Ave Precip  Fall Ground pety Touns Dir Speed Gust

1 36 27 32 0 F 13 SW 6 20

2 50 29 40 Sw 7 25

3 47 25 36 var 2 20

4 50 23 36 SSE 10 35

5 39 3l 35 .02 .2 T §-2,F4 SSW 9 21

6 34 30 32 .19 1.9 1 $-23,F 14,R-1 NE 4 15

7 33 27 30 T T 2 F7,8-2 NW 8 17

8 32 26 29 T T T S-5 NW 7 16

9 52 27 40 T SE 15 39

10 48 31 39 0 SSW+NW 7 35

11 43 26 34 F9 CALM 9

12 44 25 34 Var 2 10

13 41 2 32 F l4 CAIM 17

14 41 29 35 ify T $:2,R-1,F1 NNE 13 35

15 32 21 26 T T SW 3 Var 2 17

16 44 19 32 Var 2 14

17 45 24 34 SSE 16 32

18 36 28 32 ESE 10 27

19 43 20 32 CAIM 10

20 44 20 32 SE 12 27

21 58 31 44 SE 20 40

! 22 50 34 42 T R-4,L-1 NW 12 24

23 41 35 38 .07 ‘R £24,R-7,L-13,8-2 NE 8 16

24 50 27 38 Fl N 4 15

25 56 25 40 WS 5 17

26 68 33 50 SSW 12 30

27 40 26 33 NW 14 33

28 35 17 26 T T 0 SW-1 NW 7 21

29 40 15 28 CAM 8

30 50 21 36 S 7 23

31 47 30 38 ESF 5 16

TOTALS 68 15 35 .28 2.1 2 S3E 7 40

max min ave max + ave max

NW
Wind « (kt).

E" Temperature ( F) Precipitation (in.)
: " M 2ype + Nours

max uin ave e

e b N i : el R o
z el asal Brbttamariie v 4, ¢ A2,

AF" % !ﬁ Ave Precip Fall Q%EL % sz:_d %1
2 53 30 k2 »~ 8 25
3 53 26 ko » 7 gg
b 63 a A2 8w 8
5 9 30 ko L 4 -l L. 7 3
6 39 2 32 T T 0 8-1 m 9 3
7 31 20 26 T T T 8-12 ] 7
8 3k 19 26 T T -1 i 4 6 21
9 H 10 24 L 1Y 15

10 15 ig SW b &0

n b} 30 W 9 )

12 63 20 k2 8 8 23

13 T9 k2 60 s 1k 37

1k 56 3R (13 w ALY 31

15 k2 2 3 w™ 9 a

16 62 13 38 Var |9 ab

17 68 31 50 INEE 3 24

18 65 39 52 .01 W-b, TRN-1 IR 10 32

19 70 ] 58 .3h -5 INE+SE 20 26

) %9 s = R 2 W6, TN-1, AL, R-1 W 13 5

21 B 29 3 IS L7, 21, 76, 827 » 15 29

22 ig 27 32 ? T 8-1, SN-1 w g 3

2 30 9 o

» 33 1 .02 oY T V-2, B2, L1 Yar 2 13

25 52 35 [V .07 T [ M-k, SW-1 w Y 2

26 1% 28 ig ” CALM

44 5 26 [} 8 30

26 3 37 0 22 1.1 Wb, BN-T ST 13 32

29 ;2 N 22 24 2.0 1 -1, R-1, 8-3, Y10 B [ 20

30 13 v [ 18

TOTALS ™ 10 ko 1.32 3.5 WASE 8

P =
.
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60 APPENDIX B
Table BVIIl. Comparison of drifting or blowing snow, freezing snow
or freezing drizzle and snow storms, 1972-1973.
Date Nekoma, N.D. Grand Forks, N.D, Minot, N.D,
Nov, Storm Duration  Amt, (in,) Storm Duration Amt.(in.) Storm Duration Amt.(in.)
1972  Typet  (hr.)* (w. Eq.) Type (hr.) (w. Eq.) Type (hr.) (w. Eq.)
1
2
3
4
5 S <6 0.01
6 S 6 to 12 0.02 s 7 T ZL,5 4,6 T
7 s 4 T S 3 T
8 S 6 to 12 0.02
9 ZL 8 T L 11 0.02
10 S ZL t 0.01
11 s 1P, 2,4 T
12 S <6 0.01 S 16Con"t
13 S S 13 9
14
15
16 S <6,Con't 0.01 S 10 T S 9 T
17 s 12tol8 0.03 SW,S 1,7 T S 8 T
18 S 6tol2,Con’'t 0.02 SW,S 1,9 0.01 S 10 T
19 S 12tol18,Con't 0.04 S 2 T
i 20 S 6tol2,Con't 0,02 s 2 T S 13Con't 0.02
21 s 18to024 0.04 S 3 T S 14 .01
22 S 6tol2 0.02
23
24 S <b 0.01
25
26 S Con't Con't BS,S 1,7 Con't §,BS 18,5 0. 18
27 S 241030 0.15 BS,S 2,14 Q.04 5 10Con't  (1.04
28 S <6 0.01 s 5 0.01 S 7 ili
29 S 2 it
30 S Con't Con't SW,S 215! Con't SW,S 4, 8Con't 0.8
Date Nelw»mal N.D, Grand Porks, N,D. Minot, N.D.
Dec. Storm Duration Amt ., (in.) Storm Duration Amt.(in.) Stcrm  Duration Amt,(in.)
1972 Typet (hrs.)*  (w. Eq.) Tvpe (hr.) (w. Eq.) Tvpe (hr.) (w. Eq.)
1 S <6 0.02 S,ES 10,3 0.08
2 S,BS 6,2 0.02 S 1 1
k)
4 ) 4 T
5 BS b
6
i 7
8 S 10 0.03
9
10
11 S 1 T
12 S ! T
13 S 1 0.10
14 S 2 T
15
16
17
18 S 18to24 0.04 S,ZR 3,3 0.05 ZR b) 0.03
19 S <b 0,06 $,ZR,BS 2,2,1 0.08
20 S 12tol8 0.03 S5,2L 2,1 T S 3 1
21 ZR 1 T
22 ZL 2 Con't ZL,S 3,1 T
23 2L.,S 5,7 T ZL 2 0.01
2 s <b 0,01 S,ZR 2,4 Con't L 1 T
25 S 12tol8 0.03 S 12 il S 11 T
26
27 S Con't Con't
28 s Con't Con't S/ 5 Con't
29 S Con't Con't S,BS,ZL 20,3,2 Con't S,BS,2L 24,7,1 Con't
30 S Con't Con't S,BS,2L 24,22,3 Con't 5,BS 13,4 0.14
31 S Con't Con't S$,B8S 17,14 0.46 S 1 T

+ Events of blowing or drifting snow and freezing rain or freezing drizzle were not

observed at Nekoma.

* Only 6-hour intervals of storm duration were available at Nekoma.

Con't = Continued into next day
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APPENDIX B

Table BVIII (cont’d).

Nekoma, N.D,

Storm Duration  Amt,(in.)

Grand Forks

61

N.D, Minot, N.D,

Storm Duration Amt.(in.)

Storm Duration Amt.(in.)

Typet {(hr.)* (w. Eg.) Type (hr,) (v. Eg.) Type (hr.) (w. Eq.)
1 H 11410120 1.43 S 7 0.01 S 5 T
2 S <6 003 S 1 T
k] BS <t $,BS 8,12 0,04 BS,SW 4,3 T
4 s 3 Con't S 7 T
5 Sw 3 T
6 s 2 T H 3 T
7
8
9
10 s <6 0.01 s,BS 6,1 0.01 BS,SW,5 3,2,3 T
11 1 2 T
12 Con't Con't
13 S 30 to 36 0.07 S 2 T
14 S <6 0.01
15 ] <6 0.01
16
17
18 s 18 to 24 0.05 s 1 T §,2L 3,1 T
19 S,2L 8,9 Con't
20 s 7 0.06
21 $,ZL 7,4 Con't
22 5,RS 2,3 0.04
23
24
25
26 S 6 to 12 0.02 $,BS 9,6 Con't S S T
27 S,BS 2,6 T
28
29
30
31 ZL 4 T
Dats Nekoma, N.D, Grand Forks, N,D, Minot, N.D,
Feb. Storm Duration  Amt, (in.) Storm Duration Amt.(in.) Storm Duration Amt.(in.)
1973  Type+ (hr.)* (w. Eq.)  Type she.) (v, Eq.) Type (hr.) (w, Eq.)
1 2L 1 T
2
3
4 S <6 0,01 S,SW 4,4 T S 3 il
5 S 18 to 24 0.06 s 3 18 S,BS 13,5 0.02
6 S 1 T
7 S&SW 4 0,01
8
9 SW 2 T S 3 T
10 S,SW 3,4 T
11
12 2L 9 Con't S 22 Con't
13 S 18 to 24 0.09 s,BS 1,2 0,06 S,BS 10,15 0,12
14 8s 19 SW i T
15 5,88 1,8 T
16 S <b 0.02
17
18 5 6 to 12 0.02
19 S <t 0.01 SW T SW 8 @5
20 s <h 0.01 5,BS 5,11 0.01 SW,S 3,4 0.01
21
22
23
24
25
26 S 12 to 18 0.04 S,2L 9,2 T ZR,2L 2,3 T
27 S <6 0.01 L 1 T ZL/S 10 T
28 S <6 0.02 7L 3 T

+ Events of blowing or drifting snow a | freezing rain or freezing drizzle were not
observed at Nekoma.

* Only 6-hour intervals of storm duratiun were available at Nekoma.

Con't = Continued into next day
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Table BVIII (cont’d). Comparison of drifting or blowing snow, freezing min
or freezing drizzle and snow storms, 1972-1973.

Date Nekoma, N.D. Grand Forks, N.D, Minot, N.D.
Mar. Storm Duration Amt.(in.) Storm Duration Amt.(in.) Storm Duration Amt,(in.)
1973 Type (hr.)* (w. Eq.) Type (hr.) (w. Eq.) Type (hr.) (w. Eq.).
1

2 2L 9 f;

3

4

5 S Con't Con't S Con't S 2 Con’t

[} S Con't Con't S 11 0.12 S 23 0.21
7 S 48 to 54 0,57 s 7 0.02 S 2 T
8 S 5 T
9

10

11

12

13

14 5,5W 8,1 Con't 3 2 T
15 SW k] 0.76 SW 3 T
16

17

18 S <6 0.03 SW 1 T

19 s 6 to 12 0.05 Sw 2 T

20

21

22

23 S 2 T
24

25

26

27

28 SW 1 T SW 1 i3
29

30

3

Date Nekoma, N.D, Grand Forks, N,D, Minot, N.D,
Apr. Storm Duration Amt. (in.) Storm Duration Amt,(in.) Storm Duration Amt,(in.)
1973 Typet+ (hr. )* (w. Eq.) Type (hr.) (v. Eq.) Type (hr.) (w. Eq.)
1

2

3

&4

5

6 S 1 T
7 S <6 0.01 S 3 T s 12 i
8 SW 1 T
9

10

11

12

13

14

15 S,5W 2,1 T

16

17

18

19

20

21 S 12 to 18 0.04 SW 1 Con't s 7 T
22 SW, S 2,2 0.03 S48W 1 T
23

24 SW 2 0.15
25 S <6 0.01 SW 1 T
26

27

28 SW 7 0.16
29 S 3 0.22
30

+ Events of blowing or drifting snow and freezing rain or freezing drizzle were not
observed at Nckoma.

* Only 6-hour intervals of storm duration were available at Nekomas.

Con't = Continued into next day
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APPENDIX C. ESTIMATED MISSILE SITE SNOW CLEARANCE REQUIREMENTS

JIJURIRS[D

\muu LLstLet ie30L
000" % z 000°2
000°Z€ z 000°91
008°"% (3] 0096

UOTJIBJMEUNOO® OU - PIJPAITad

UOTIBINENIOE OU - PIJBAID

008 S0 009°1
0sY°Z €0 006" %
959°Yy S0 (ALY

UOFIBTNWNIOE OU-PIIBAITS

- - LS
obz'¢L [] 00741
€91°2 s 0 8€E‘Y
z9z°¢L1 1 z9z L1
0zL°9¢ s 0 oy €11
0z5°62 [ 1] 0%0°65
000°9€ (1] 000°2¢
(c33)

(33) (233)
SWNTOA qadag mwu<

o7
ze
2€
e

[A%
oL
[43

rA%

81
4%
81
81

[As
81
F4%

(33)
43Ipim

(1e3aed e daap 33 1

‘ss350® {auuny 03 apwad % ¢)
oS punoleuany
ocs 00+£15-00+80S
00¢ 00+8065 -00+50% (16-08)
00¢ 00+S05-00+005 PBO1 SS3I0® JJdSH
(05-09)

1201 29°12+01%7-00+00% PBOI S$3328 4DSW

0$ akn 03
0L waxe Buypnaed
162 86 ' 06+20€ -00+00€
9%9 99+90Z -00+00T
61¢ 69+61T1-06+911
osy 0S+911-00+2T11
we 00+Z1T-65+601
656 65+601-00+001
S9SE 2°S7+06-0E+5S
082¢ 0E+65-05+272 (
082 05+LZ7-00+00
(35)

y3¥ue] E

(89°05-09)
peol §5323® GW

(89°05-01)
prol ssadde
®a1e youne]

(6%-09)
peox 1oiled

8v°L9' 9 Sy-08)
peoax 1ea11d%]

ECI$EEH

1v3k gourIWITD ¢ Aduanbazj YSK

¢33/91 07 30 A3ysuap Bujmnssy

(¢PA 092°9)

00691 009°29 ¢33 000°691
00t 2 005°8 ot 000°€Z v # 15¥
00L°€ 00, €1 o1 000°LE € # 1Y
0oL 00L°€1 o1 000°L€ z # 159
00Z°L 00L ‘92 ot 000°ZL T ¢ IS¥
SI1IS ILOWTY
(PL 8SSL)
020°1¢ 096881 ¢3d oLo*m0z
[T 099767 114 0t9°¢s s301 Bupxnied
019°L€ 00€‘6€1 134 oY oSt spwoy
ovd
(P& 96£°8S)
08€ ‘6L 000762 S mu 00S“L8S*1 (@du33 21qnop
3PIA 33 65-0S
30 3pys yowd
uo 33 02) 3duI3
®3IW UOFSNTIX]
(¢PA €96°8S)
$00°86€ 00T 7Ln 1 ¢33 090°T65°1
005799 00£79%2 0s 000 EET spwo1 ®aiw Buysnoy
00¢ ‘L€ 068'8€1 0S 000°S¢ sprol
-wair 3Jaoddns
1eo3uYIa3-uoN
s1z'0¢L $50°092 0$ [IX A A s301 Buynawd
-w2aw 310ddns
1¥27uYy>33-uON
000°521 $96°Z9% 0$ 000°0S2 PI3T3 2TTs8TH
06.°86 068°59¢ 0S 009 61 sproa
¥II® UOYSNIOXN2
pu paljwil
ASH
(suo3) dmva (¢33)
;\*mmur 1£/10a 1R30L 1£/53JUBIEI) IJURIFITI/IWNOA uoyIe0]

o st o et e

t
i
H
i




APPENDIX C

e

Non-technical support area, .MSR

Parking lots (C-4, C-5)

Prequency 2/wk, 50/yr, 6"

Dimensions (ft)

Location
3rd St 250
160
80
315
2 x 2
2 x 24
63
60
24
45
M Complex 175
Adm, Bldg. 195
Ind. Bldg. 210
Ind. Bldg. (motor pool) 125
Ind. Bldg. (entrances) 100
Ind. Bldg. (loading dock) 160
Officer's Complex 165

x

x

x

x

x

x

x

x

x

40
60
30
110
95
70
60
225
(40
130
315
250
85
225
50
100

125

+ 30)

Area AmnNV
10,000
9,600
2,400
34,650
4,560
3,360
3,780
13,500
1,680
5,850
55,125
48,750
17,850
28,125
5,000
16,000
20,625

280,855

Roads
iocation
Ave A
lat St
Ave B West
2nd St
Heliport

Ind, Bldg.

Housing Area
Roads
Location
Ave J
Ave A
4th St
5th st
6th st
7th St
8th st
9th st

10th St

Dimensions

3200 x
1300 x
500 x
300 x
500 x

200 x

1300 x
1900 x
250 x
150 x
1000 x
350 x
1150 x
1500 x

1900 x

28
28
24
24
10

24

Dimensions (ft)

28
28
28
28
28
28
28
28

28

Area
89,600
36,400
12,000
7,200
(no accumulstion)

4,800

150,000

Area Anan
36,400
53,200

7,000
4,200
28,000
9,800
32,200
42,000
53,200

266,000
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