SLIDE RULE FOR SNOW FENCE DESIGN

by
Ronald D. Tabler?

INTRODUCTION

A method Tor determining required height and number of rows of snow fences has been
used for more than 10 years to design effective snow fence systems for controlling drifts
and augmenting water supplies {Tabler and Furnish, 1982; Sturges and Tabler, 1981; Tabler
and Sturges, 1986). The procedure consists of designing fence systems with sufficient
capacity to store the mean annual snow transport, as estimated from information on fetch
distance and relocated precipitation. Although equations used for this purpose are easily
solved on most hand-held calculators, they are sufficiently complex to intimidate users
unfamiliar with such calculations. The technical nature of publications describing develop-
ment and use of the equations is another deterrent to their application.

This paper describes a slide rule for calculating required height, storage capacity,

and number of rows of snow fence, which allows these calculations to be made easily in the
field even by persons lacking a technical background.

BoUATIONS FOR DETERMINING FENCE HEIGHT

Estimeting Snow Transport

The method for estimating snow transport is that developed by Tabler {(1975). As shown
disgrammatically in Figure 1, "fetch” or "contributing distance” is the length of an area
serving as a source of blowing snow to a downwind location. The upwind end of the fetch is
any boundary across which there is no snow transport, such as a forest margin, deep gully
or stream channel, row of trees, or shoreline of an unfrozen body of water.

"Maximum transport distance” is the distance an average-size snow particle travels
before completely evaporating. Although it cannot be measured directly, this conceptual
distance provides a basis for estimeting the evaporation, and hence transport, of blowing
SNOW . Although meximum transport distance varies greatly from storm to storm depending on
relative humidity, air temperature, wind speed, and other factors affecting - evaporation
{Schmidt, 1972), season-long averages are less varieble. Studies in Wyoming show maximum
transport distance averages sbout 3.0 la {10,000 feet), and experience indicates that this
value applies to a wide variety of locations, presumably because of compensating factors.

Benson (1982), for example, calculated a similar value for a site in arctic Alaska,
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suggesting that lower relative humidities may compensate for colder temperatures and less
solar radiation. Dyunin (1966) reported that tramsport distance does not exceed 2-5 km in
Siberia. .

"Relocated precipitation' is that portion of water-equivaelent precipitation relocated
by the wind, and therefore excludes snow retained by vegetation and topographic features
over the fetch, or snow that melts in place. Studies in Siberia (Komarov, 1954), as well
as in Wyoming, indicate that even on flat areas with low-growing vegetation, less than 75%
of a winter’s snowfall is relocated by the wind.

Asguming uniform conditiong over the fetch distance, snow transport is given by

Qe = 0.5P,T{1 - 0.,14F/7} (1)
where Qi = Snow transport water-equivalent (cubic feet of water per foot of width)
Pr = Relocated precipitation (feet, water-equivalent)
T = Maximum transport distance in feet, ususlly assumed to be 10,000 ft.
F = Fetch distance (feet)

English units are used because they are appropriate for non-technical users in the U.S.A.

Estimating Storage Capacity and Required Fence Height

Total water-equivalent storage capacity of 50%-porous snow fences on level tervain is
approximately

Qc = 6.3H2-18 {(2)

where H is fence height in feet, and Q. is storage capacity in cubic feet of water-equiva-
lent per foot of fence (Tabler, 1980). Although this relationship is strictly applicable
only to the horizontal-board "Wyoming" fence, it approximates the capacity of most 50%-
porous fences provided they are not buried in the drift (Tabler, 1986). Asguming T =
10,000 ft, setting Qc = Qt, and solving for required fence height, H (ft),

H = 21.38 {Pr (1 - 0.140.0001F)}0.459 (3)

A simplifying assumption used for the glide rule was that all winter precipitation, P,
would be relocated; i.e., P = Pr. Although this assumption overestimates snow transport by
at least 25%, over-designing storage capacity of a fence system assures efficient snow
trapping. Snow-trapping efficiency declines rapidly after a fence is 75-80% full (Tabler,
1974), suggesting that storage capacity should be about 20-25% greater than snow transport.

THE SLIDE RULE

Solution of Equation (3) is given by the slide rule shown in Figure 2. Copies of these
scales can be glued on paperboard with the window on the face cut out to allow the sliding
scale to be visible, and the slide sandwiched with a paperboard backing. Required fence
height is indicated by the arrow on the sliding scale after setting precipitation opposite
fetch distance.

Other design criteria included on the slide rule include spacing of fences from the
area to be protected, snow storage capacity, sand required number of rows of 4.5- and 9-ft
fences. Recommended distance from the road is taken to be the maximum length of the lee
drift on level terrain when the fence is filled to capacity. Because this distance is 29-35
times the fence height (Tabler, 1981; Tabler, 1986), slide rule values were computed as
35H, Snow storage capacity was computed by multiplying Equation (2) by (62.4/2000).

An exact determination of the number of rows of 4.5- and 9-ft-tall fences providing

approximately the same storage capacity as a fence of height H, requires consideration of
precipitation falling between fence rows, and the reduced evaporation of blowing snow over
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that portion of the fetch occupied by fences.  Although a complex eguation can be derived
from Equations (1) and (2), an approximation used for the slide rule was

N2 (H/ Hg)2-10 ’ ‘ (4)

where N is the required number of rows of fence having height Hs, and H is the height
required for a single row of fence.

The preceding development has been based on storage capacity of snow fences as repor-
ted by Tabler (1980). More recent data on snow density (Tabler, 1985) and drift geometry
(Tabler, 1986} indicate that snow storage capacity is more closely approximated by

Qc = 6.TH2-2 ' {5)

This suggests that Egquation (2) underestimates snow storage capacity by about 10%, so that
snow fTence design determined with the slide rule is commensurately conservative.

SNOW FENCE CALCULATOR

LIKE UP PRECIPITATION (INCHES WATER-EQUIVALENTY WITH FETCH
DISTAMCE. READ REQUIRED FENCE HEIGHT OPPOSITE ARROW.

PRECIP  FETCH -~ FEMCE  DISTALE  SMOW - MBEER OF ROWS

HEIGHT  FROM ROAD  STORAGE  IF HEIGHT IS
(in) (f1) (Fo)  (Ff) Cone/fr) 4.5 G0
168

58 25 875 282 42 1@ _=
45 l-24 848  208.6 36 9 —_
4B-E l-23 @5 1828 35 8 -
3 L-22 779 1659 32 7 —
E —21 735 1439 28 7 —
383 —28 708 134.8 % B -
P — 19 665 128.5 24 5 )
3 18 63 1872 21 5 =
2 17 505 4.6 19 4 =
- =
15— — 15 525 7.8 14 3 =
7 14 498 628 12 3 =
] l-13 455 527 11 3
13"“ - 12 428 4.3 g 2
8] 11 385 35.6 7 2
;7 19 38 28 6 2
5] — 8 35 A8 5 1
4— — 8 288 i8.3 i1
3 — 7 245 17 31
5] — & 218 9.8 2 1
T -5 175 6.8 2 1
1....
— 4 148 4.1 1 1 WFINITE

EXAMPLE: 10° PRECIPITATIOH ARD 4888° FETCH SOULD REGUIRE 15° FENCE
SPACED 525° FROM ROAD, STGRING 72 TONS OF SHOW PER FOOT OF LENGTH,
At EQUIVALENT 70 14 RS OF 4.5 FENCE, OR 3 ROWS OF O° FEMCE.

Figure 2. 8lide rule for solving Equations (3) and (4) to compute required height and
placement of 50%-porous snow fences on level terrain. Using total winter precipitation,
rather than relocated precipitation, compensates for the decline in trapping efficiency as
a fence fills. A field version may be constructed by gluing these scales on paperboard.

~-164~



ACKNOWLEDGEMENTS

Development of this device was supported in part by The Tensar Corporation; 1210
Citizens Parkway; Morrow, Georgia 30260. A commercial version is available by writing to
this company, attention Mark Hurlbut. The author is indebted to Professor Dyunin (1959;
1966) and to Dr. R. A. Schmidt, for their inspiring research on the evaporation of blowing
snow, and to Mr. Hurlbut for the idea of developing the slide rule.

Dyunin, A. K,' 1959. Fundamentals of the theory of snowdrifting (in Russian). Izvest.
Sibirsk. Otdel. Akad. Nauk SSSR, (12):11-24, 1959. National Research Council of Canada
Technical Translation 952 (1961). 26 pp.

Dyunin, A. K. 1966. Fundamentals of the mechanics of snow storms. In: Physics of Snow
and Ice. Proceedings, International Conference on Low Temperature Science {August 14-
16, 1966; Sapporo, Japan). Vol. 1, Part 2. p. 1065-1073

Komarov, A. A. 1954. Some rules on the migration and deposition of snow in Western
Siberia and their application to control measures. (In Russian). Trudy Transportno-
Energeticheskogo Instituta, Tom 4, p. 89-97. National Research Council of Canada
Technical Translation 1094 (1963). 13 pp.

Schmidt, R. A. 1972. Sublimation of wind-transported snow -- a model. U.S. Forest Ser-
vice, Rocky Mountain Forest and Range Experiment Station Research Paper RM-50. 24 pp.

Sturges, D.VL. and R. D. Tabler. 1881. Management of blowing snow on sagebrush range-
lands., Journal of Scil and Water Conservation 36(5): 287-292.

Tabler, R. D. 1874. New engineering criteria for snow fence systems. Transportation
Research Board 506, p. 65-78.

Tabler, R. D. 1975. Estimating the transport and evaporation of blowing snow. In: Pro-
ceedings, Snow Management on the Great Plains Symposium (July 29, 1975; Bismarchk,
North Dakota) Great Plains Agricultural Council Publication 73, p. 85-104.

Tabler, R. D. 1980. Geometry and density of drifts formed by snow fences. = Journal of
Glaciology 26 (94): 405-419.

Tabler, R. D. 1985. Ablation rates of snow fence drifts at 2300-meters elevation in Wyo-
ming. 53rd Western Snow Conference (April 16-18, 1985; Boulder, Cclorado) Proceedings
53:1-12.

Tabler, R. D. 1986. Snow fence handbook (Release 1.0). Tabler and Associates, laramie,
Wyoming. 169 pp.

Tabler, R. D. and R. P, Furnish. 1982, Benefits and costs of snow fences on Wyoming
Interstate-80. Transportation Research Record 860: 13-20.

" Tabler, R. D. and D. L. Sturges. 1986. Watershed test of a snow fence to increase stream-

flow: preliminary results. Proceedings, Cold Regions Hydrology Symposium (July 22-25,
1986; Fairbanks, Alaska), p. 53-61.

~-165-



