84
1
[image: image1.png]Kir, FACTOR FOR RANDOM ROUGHNESS

H
T
T

1 1 =
mmdme ey e de e maade s Mg
H ) 0

. v
Bl e T s PSR S———— TP PR
v L H o 3

104

o © © ©
L . iy

'
.......................

. '
R S S B

o
ki

I e e

L e e T T e e T L il

1 '
........... .Y -

L T T e

o © o ©o
o = v W B
|!|l

i

1

i

i

!

02 04 06 08 1 12 14 16 18 2
RANDOM ROUGHNES, Std. Deviation{inches)

o

Graph to convert random roughness heights (standard deviation in inches)
to WEQ K-subfactor for random roughness. K-subagctor (Kim) varies

by Hactor assigned to soil groups.

Random roughness photos and associated random roughness {standard
doviation)} values can be found in Agriculture handbook 703, appendix
C, or downloaded from the Fort Collins server.
*fip.nres.usda.govidivisions/esd/erosion”





Natural Resources
United States

Conservation
Department of

Service
Agriculture

NATIONAL

AGRONOMY

MANUAL

Title 190

PART 502 ‑ WIND EROSION

SUBPART A ‑ INTRODUCTION

502.00 Overview of content of part 502 - Wind Erosion

502.01 Amending and supplementing this chapter

SUBPART B ‑ WIND EROSION

502.10 The wind erosion problem

502.11 The wind erosion process

SUBPART C ‑ ESTIMATING WIND EROSION

502.20 How Why and by whom wind erosion is estimated

502.21 Procedures for estimating wind erosion

502.22 The Wind Erosion Equation (WEQ)

502.23 Limitations of the equation

502.24 Alternative Procedures of using WEQ (Critical or Management Period Procedure)

502.25 Data to support the WEQ
502.26 Using WEQ estimates with RUSLE calculations

502.27 Tools for using the WEQ
SUBPART D ‑ WEQ FACTORS

502.30 The wind erosion estimate ‑ E
502.31 Soil erodibility index ‑ I
502.32 Surface roughness factor ‑ K
502.33 Climatic factor ‑ C
502.34 Unsheltered distance ‑ L
502.35 Vegetative cover factor ‑ V
SUBPART E ‑ PRINCIPLES OF WIND EROSION CONTROL

502.40 Overview of Wind Erosion Principles

502.41 Relation of control to WEQ factors

502.42 Tolerances in wind erosion control

SUBPART F ‑ EXAMPLE WEQ ESTIMATES

SUBPART G ‑ EXHIBITS

502.60(a) Example E Table 

502.60(b) Crop Tolerance Table

502.61 Soil Erodibility ‑ I exhibits

502.61(a) Soil Erodibility Index

502.61(b) Sieving Procedure to Determine Non-erodible Fraction

502.62 Ridge and Random Roughness ‑ K exhibits


502.62(a) Ridge Roughness Graphs


502.62(b) Ridge Roughness Tables


502.62(c) Random Roughness Graph


502.62(d) Random Roughness Table


502.62(e) Random Roughness Assigned to Machine Operations

502.63 Climate ‑ C exhibits


502.63(a) C Factor Map (United States)


502.63(b) Prevailing Wind, Preponderance & (EWE) Table


502.62(c) Procedure for Developing C Factors

502.64 Wind Erosion Direction Factor ‑ L exhibit

502.65 Vegetative Cover ‑ V exhibits


502.65(a-d) Flat small Grain Equivalent (SGe) Charts


502.65(e) Estimating (SGe) for Untested Vegetation


502.65(f) Estimating (SGe) of Mixed Vegetative Cover

502.66 Wind physics

502.67 Wind erosion control exhibits

SUBPART H ‑ GLOSSARY

502.68 Glossary

SUBPART I ‑ REFERENCES

502.69 References

PART 502 ‑ WIND EROSION

SUBPART A ‑ INTRODUCTION


502.00  Overview of content of part 502 - Wind Erosion

 
(A)  This chapter presents Natural Resources Conservation Service (NRCS) policy and procedures for estimating wind erosion. It explains the Wind Erosion Equation (WEQ) and provides guidance and reference on wind erosion processes, prediction, and control.  NRCS technical guidance related to wind erosion shall conform to policy and procedures set forth in this chapter.


(B) Understanding the erosive forces of wind is essential to the correct use of the Wind Erosion Equation and interpretation of wind erosion data.  NRCS predicts erosion rates, assesses potential damage, and plans control systems for wind erosion.


(C) The Agricultural Research Service (ARS) has primary responsibility for erosion prediction research within the U.S. Depart​ment of Agriculture (USDA). The Wind Erosion Research Unit at Manhattan, Kansas and the Cropping Systems Research Unit at Big Spring, Texas, conduct wind erosion research.

502.01 Amending and supplementing this chapter

(A) This chapter will be amended as additional research on wind erosion and its control is completed and published. The National Agronomist is responsible for updating this chapter and coordinating wind erosion guidance with ARS.

(B) NRCS cooperating scientists may supplement this chapter.  However, appropriate supplements prepared by cooperating scientists are to be submitted to the National Agronomist for review and concurrence before issuance. State supplements are to be reviewed and approved by the NRCS National Agronomist and/or the National Technical Guide Committee before being issued to field offices.

SUBPART B ‑ WIND EROSION


502.10 The wind erosion problem.


(A) Wind is an erosive agent.  It detaches and transports soil particles, sorts the finer from the coarser particles, and deposits them unevenly. Loss of the fertile topsoil in eroded areas reduces the rooting depth and, in many places, reduces crop yield. Abrasion by airborne soil particles damages plants and man‑made structures. Drifting soil causes extensive damage also. Sand and dust in the air can harm animals, humans, and equipment.

(B) Some wind erosion has always occurred as a natural land-forming process, but it has become detrimental as a result of human activities. This “accelerated” erosion is primarily due to improper use and management of the land (Stallings 1951).


(C)  Few regions are entirely safe from wind erosion. Wherever the soil surface is loose and dry, vegetation is sparse or absent, and the wind sufficiently strong, erosion will occur unless control measures are applied (1957 Yearbook of Agriculture). Soil erosion by wind in North America is generally most severe in the Great Plains.  USDA estimated that nearly 95 percent of the 6.5 million acres put out of production during the 1930’s suffered serious wind erosion damage (Woodruff 1957). Other major regions subject to damaging wind erosion are the Columbia River Basin; some parts of the Southwest and the Colorado Basin, the muck and sandy areas of the Great Lakes region, and the sands of the Gulf, Pacific, and Atlantic seaboards.


(D)  In some areas, the primary problem caused by wind erosion is crop damage. Some crops are tolerant enough to withstand or recover from erosion damage.   Other crops, including many vegetables and specialty crops, are especially vulnerable to wind erosion damage. Wind erosion may cause significant short‑term economic loss in areas where erosion rates are below the soil loss tolerance (T) but the crops grown in that area are easily damaged by blowing soil.  See exhibit 502.60(b).

   
502.11 The wind erosion process.


(A) The wind erosion process is complex. It involves detachment, transport, sorting, abrasion, avalanching, and deposition of soil particles. Turbulent winds blowing over erodible soils cause wind erosion. Field conditions conducive to erosion include:

(l) Loose, dry, and finely granulated soil;

(2) Smooth soil surface with little or no vegetation present,

(3) Sufficiently large area susceptible to erosion; and

(4) Sufficient wind velocity to move soil. Winds are considered erosive when they reach 13 miles per hour at 1 foot above the ground or about 18 miles per hour at a 30 foot height.   This is commonly referred to as the threshhold wind velocity (Lyles and Krauss 1971).


(B) The wind transports primary soil particles and/or stable aggregates in three ways: 
(l) Saltation: Individual particles/aggregates ranging from 0.1 to 0.5mm in diameter lift off the surface at a 50‑degree to 90‑degree angle and follow distinct trajectories under the influence of air resistance and gravity. The particles/aggregates return to the surface at impact angles of 6 degrees to 14 degrees from the horizontal. Whether they rebound or embed themselves, they initiate movement of other particles/aggregates to create the “avalanching” effect. Saltating particles are the abrading “bullets” that wear away the protective soil crusts and clods. Most saltation occurs within 12 inches above the soil surface and typically, the length of a saltating particles trajectory is about 10 times the height. From 50 to 80 percent of total transport is by saltation.
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Figure 502‑1 the Wind Erosion Process 

(2) Suspension: The finer particles, less than 0.1 mm in diameter, are dislodged from an eroding area by saltation and remain in the air mass for an extended period. Some suspension‑sized particles or aggregates are present in the soil, but many are created by abrasion of larger aggregates during erosion. From 20 percent to more than 60 percent of an eroding soil may be carried in suspension, depending on soil texture. As a general rule, suspension increases downwind, and on long fields can easily exceed the amount of soil moved in saltation and creep.

(3) Surface Creep: Sand‑sized particles/aggregates are set in motion by the impact of saltating particles. Under high winds, the whole soil surface appears to be creeping slowly forward as particles are pushed and rolled by the saltation flow. Surface creep may account for 7 percent to 25 percent of total transport (Chepil 1945 and Lyles 1980).

(C) Saltation and creep particles are deposited in vegetated strips, ditches, or other areas sheltered from the wind, as long as these areas have the capacity to hold the sediment. Particles in suspension, however, may be carried a great distance.

(D) The rate of increase in soil flow along the wind direction varies directly with erodibility of field surfaces. The increase in erosion downwind (avalanching) is associated with the following processes:

(l) The increased concentration of saltating particles downwind increases the frequency of impacts and the degree of breakdown of clods and crusts, and

(2) Accumulation of erodible particles and breakdown of clods tends to produce a smoother (and more erodible) surface.


(E) The distance required for soil flow to reach a maximum for a given soil is the same for any erosive wind. The more erodible the surface, the shorter the distance in which maximum flow is reached. Any factor that influences the erodibility of the surface influences the increase in soil flow.

SUBPART C ‑ ESTIMATING WIND EROSION

   
502.20 How, why and by whom wind erosion is estimated


(A) Using the Wind Erosion Equation (WEQ), NRCS estimates erosion rates to provide technical assistance to land users, to inventory natural resources, and to evaluate the effectiveness of conservation programs and conservation treatment applied to the land.


(B) Wind erosion is difficult to measure. Wind moves across the land in a turbulent, erratic fashion. Soil may blow into, within, and out of a field in several directions in a single storm. The direction, velocity, duration, and variability of the wind all affect the erosion that occurs from a storm. Much of the soil eroding from a field bounces or creeps near the surface; however, some of the soil blown from a field may be high above the ground in a dust cloud by the time it reaches the edge of a field (Chepil 1963).

   
502.21 Methods of estimating wind erosion.


(A) No precise method of measuring wind erosion has been developed. However, various dust collectors, remote and in‑place sensors, wind tunnels, sediment samplers, and micro-topographic surveys before and after erosion have been used. Each method has its limitations. Research is continuing on new techniques and new devices, and modifications to older ones, to measure wind erosion.


(B) Estimates of wind erosion can be developed by assigning numerical values to site conditions governing wind erosion and expressing their relationships mathematically. This is the basis of the current Wind Erosion Equation (WEQ), which considers soil erodibility, ridge and random roughness, climate, unsheltered distance, and vegetative cover.

   
502.22 The Wind Erosion Equation (WEQ).


(A) The WEQ is an erosion model designed to predict long‑term average annual soil losses from a field having specific characteristics. With appropriate selection of factor values, the equation will estimate average annual erosion or erosion for specific time periods.


(B) Development of the Wind Erosion Equation (WEQ).

(l) Drought and wind erosion during the l9th century caused wind erosion to be recognized as an important geologic phenomenon. By the late 1930’s, systematic and scientific research into wind erosion was being pioneered in California, South Dakota, Texas, Canada and England. This research produced information on the mechanics of soil transport by wind, the influence of cultural treatment on rates of movement, and the influence of windbreaks on wind-flow patterns. R.A. Bagnold’s The Physics of Blown Sand and Desert Dunes, published in 1941 [Bagnold 1941], is considered a classic by wind erosion researchers.

(2) In 1947, USDA began the Wind Erosion Research Program at Manhattan, Kansas, in cooperation with Kansas State University. That program was started under the leadership of Austin W. Zingg, who was soon joined by W.S. Chepil, a pioneer in wind erosion research in Canada. The research project’s primary purposes were to study the mechanics of wind erosion, delineate major influences on that erosion, and devise and develop methods to control it.

(3) By 1954, Chepil and his coworkers began publishing the results of their research in the form of wind erosion prediction equations (Chepil 1954; Chepil 1957; Chepil et al. 1955; Woodruff and Chepil 1956) In 1959, Chepil released an equation in the form of E = IRKFBWD, where E = quantity of erosion, I = soil cloddiness, R = residue, K = roughness, F = soil abradability, B = wind barrier, W = width of field, and D = wind direction. Wind velocity at geographic locations was not addressed in this equation [Chepil 1959].

(4) In 1962, Chepil’s group released the equation E = f(ACKLV) where A = percentage of soil fractions greater than 0.84 mm. Factors C, K, L, and V were the same as in the present equation although they were not handled the same [Chepil 1962]. A C‑factor map for the western half of the United States was also published in 1962 [Chepil et al. 1962].

(5) In 1963, the current form of the equation, E = f(IKCLV) was first released [Chepil 1963].

(6) In 1965, the concept of preponderance in assessing wind erosion forces was introduced. See 502.34(C) for details on preponderance [Skidmore 1965 and Skidmore and Woodruff 1968].

(7) In 1968, monthly climatic factors were published [Woodruff and Armbrust 1968].  These are no longer used by NRCS.  Instead, NRCS adopted a proposal for computing soil erosion by periods using wind energy distribution, which was published in 1980 [Bondy et al. 1980]. See 502.24(a)(2). In 1981, the Wind Erosion Research Unit provided NRCS with data on the distribution of erosive wind energy for the United States and in 1982 provided updated annual C factors. See Exhibits 502.63(a), 502.63(b) and 502.63(c).

(8) While the present equation has significant limitations (see 502.23), it is the best tool currently available for making reasonable estimates of wind erosion. Currently, research and development of improved procedures for estimating wind erosion are underway in two broad categories:

(I) Improving the understanding of relationships of individual factors that influence wind erosion (including improvement of guidelines for the five factors of the present equation), and

(ii) Developing a new prediction model that will provide an erosion estimate by simulating processes of soil movement through time through a given space [Cole 1984].


(C) The present Wind Erosion Equation is expressed as:

E = f(IKCLV), where E is the estimated average annual soil loss in tons per acre per year.

f is an indication that the equation includes functional relationships that are not straight‑line mathematical calculations.

I, the soil erodibility index, is the potential annual wind erosion for a given soil under a given set of field conditions. This factor, expressed as the average annual soil loss in tons per acre per year from a field area accounts for the inherent soil properties affecting erodibility.  These properties include texture, organic matter, and calcium carbonate percentage.  The given set of field conditions for which I is referenced is that of an isolated, unsheltered, wide, bare, smooth, level, loose, and non-crusted, and at a location where the climatic factor (C) is equal to 100.  (For details on the I factor see 502.31)

K, the ridge and random roughness factor, is a measure of the effect of ridges and cloddiness made by tillage and planting implements.  It is expressed as a decimal from 0.1 to 1.0. (For details on the K factor see 502.32.)

C, the climatic factor, characterizes climatic erosivity, specifically wind-speed and surface soil moisture. The factor for any given locality is expressed as a percentage of the C factor for Garden City, Kansas, which has a value of 100. (For details on the C factor see 502.33.)

The unsheltered distance, L, considers the unprotected distance along the prevailing erosive wind direction across the area to be evaluated and the preponderance of the prevailing erosive winds. (For details on the L factor see 502.34)

V, the vegetative cover factor, considers the kind, amount, and orientation of vegetation on the surface. The vegetative cover is expressed in pounds per acre of a flat small‑grain residue equivalent. (For details on the V factor see 502.35)


(D) Solving the equation involves five successive steps. Steps 1, 2 and 3 can be solved by multiplying the factor values. Determining the effects of L and V (steps 4 and 5) involves more complex functional relationships.

E1 = I Factor I is established for the specific soil. I may be increased for knolls less than 5OO feet long facing into the prevailing wind, or decreased to account for surface soil crusting, tillage‑induced cloddiness, and irrigation.

E2 = IK Factor K adjusts E1 for tillage-induced oriented roughness, Krd (ridges) and random roughness Krr (cloddiness).  The value of K is calculated by multiplying Krd times Krr.   (K = Krd X Krr).

E3 = IKC Factor C adjusts E2 for the local climatic factor.

E4 = IKCL Factor L adjusts E3 for unsheltered distance.

E5 = IKCLV Factor V adjusts E4 for vegetative cover.

  
 502.23 Limitations of the equation.


(A) When the unsheltered distance L is sufficiently long, the transport capacity of the wind for saltation and creep is reached. If the wind is moving all the soil it can carry across a given surface, the inflow into a downwind area is equal to the outflow for saltation and creep.  The net soil loss is then only the suspension component. This does not imply a reduced soil erosion problem because, theoretically, there is still the estimated amount of soil loss in creep, saltation, and suspension leaving the downwind edge of the field.


(B) Surface armoring by non-erodible gravel is not usually addressed in the I factor.


(C) The equation does not account for snow cover or seasonal changes in soil erodibility.


(D) The equation does not estimate erosion from single storm events.

   
502.24 Alternative Procedures for Using the WEQ.


(A) The WEQ Critical Period Procedure is based on use of the Wind Erosion Equation as described by Woodruff and Siddoway in 1965 (Woodruff and Siddoway 1965) The conditions during the critical wind erosion period are used to derive the estimate of annual wind erosion.  

(1) The Critical Wind Erosion Period is described as the period of the year when the greatest amount of wind erosion can be expected to occur from a field under an identified management system.  It is the period when vegetative cover, soil surface conditions, and expected erosive winds result in the greatest potential for wind erosion.

(2) Erosion estimates developed using the critical period procedure are made using a single set of factor values in the equation to describe the critical wind erosion period conditions.  Average annual estimates of erosion made using this method can be misleading since site conditions usually vary significantly during the year, and therefore cannot be described accurately by a single set of factor values.
(3) The critical period procedure is currently used for resource inventories. NRCS usually provides specific instructions on developing wind erosion estimates for resource inventories.

(4) The critical period procedure will not be used for conservation planning purposes except in cases where an acceptable version of the management period procedure is not available on field office computers.  Where an acceptable version is available on field office computers, the management period procedure (502.24(B)) shall be used for estimating average annual rates of wind erosion.

(B) The WEQ Management Period Procedure was published by Bondy, Lyles, and Hayes in 1980.  It solves the equation for situations where site conditions have significant variation during the year or planning period and where different factor values must be used to describe these variable conditions.  The management period procedure is more responsive to changing conditions throughout the cropping year than is the critical period procedure.  

Comparisons should NOT be made between the soil erosion predictions made by the management period procedure and the critical period procedure.  In other words, where a conservation system has been determined to be acceptable by the management period procedure and placed in a conservation plan or the FOTG, then only the management period procedure will be used to determine if other conservation systems, planned or applied, provide equivalent treatment.

(1) Factor values are selected which describe management periods when cover and management effects are approximately uniform. The cropping system is divided into as many management periods as is necessary to describe the year or planning period accurately.  Each management period is represented by a set of factor values representing conditions specific to that period of time. Erosive wind energy distribution is used to derive a weighted estimate of soil loss for the period. The general procedure is:

· Solve for E in the basic equation (E = f(IKCLV) using management period values for I, K, L, and V, and the local annual value for C.

· Multiply the annual soil loss rate E obtained from management period values by the percentage of annual erosive wind energy that occurs during the management period to estimate average erosion for that management period.

· Add the management period amounts for the crop year, or add the period amounts for a total crop sequence and divide by the number of years in the sequence to estimate average annual wind erosion.
(2) Exhibit 502.63(b) contains tables showing the expected monthly distribution of erosive wind energy at specific locations. 

(3) Erosion estimates for management periods, less than one year in duration, are often useful in conservation planning. Examples are:

· When estimating weighted annual average soil loss as described above.

· When crop damage (crop tolerance) during sensitive growth stages is the major concern.

· When a system or practice is evaluated for short‑term effects.

(4) States will use the management period procedure, within published guidelines, for conservation planning and conservation system evaluation.  When determining a producers compliance with the provisions of a conservation plan or the rules of a national regulatory program, the management period procedure must be used in estimating wind erosion losses before any producer will be found in non-compliance.

(5) The management period procedure will not be used for resource inventories unless specifically stated in instructions.  Also, the management period procedure will not be used for determining the Erodibility Index (EI) under the conservation provisions of the Food Security Act of 1985 (FSA) as amended by the Food, Agriculture, Conservation, and Trade Act of 1990 (FACTA).

(6) Adjustments to the soil erodibility factor (I) of the wind erosion equation for a temporary condition such as crusting, is to be used only with the Management Period Procedure. The use of monthly preponderance data to determine equivalent field width is also applicable only to this procedure.

   
502.25 Data to support the WEQ.


(A) ARS has developed benchmark values for each of the factors in the WEQ. It is, however, the responsibility of NRCS to develop procedures and additional factor values, as needed, for use in the equation. Field Office Technical Guides will include the local data needed to make wind erosion estimates.


(B) ARS has computed benchmark C factors for locations where adequate weather data is available [Lyles 1983]. C factors used in the field office are to reflect local conditions as they relate to benchmark C factors. Knowledge of local terrain features and local climate are needed when determining how point data can be extended and how interpolation between points should be done. See 502.63 (c) for guidance.


(C) ARS has developed soil erodibility I values based on size distribution of soil aggregates. Soils have been grouped by texture classes into wind erodibility groups. Wind erodibility group numbers have been placed on the NRCS soil interpretations record.


(D) For further discussion of benchmark data supporting factor values, refer to Subpart D, WEQ Factors.

   
502.26 Using WEQ estimates with USLE or RUSLE calculations.

The WEQ provides an estimate of average wind erosion from the field width along the prevailing wind erosion direction (L) entered in the calculation; USLE or RUSLE provide an estimate of average sheet and rill erosion from the slope length (L) entered in that water erosion calculation. Although both wind and water erosion estimates are in tons per acre per year, they are not additive unless the two equations represent identical flow paths across identical areas.

   
502.27 Tools for using the WEQ.


(A) Graphs and tables for determining factor values are in Subpart G ‑ Exhibits.


(B) E tables: The ARS WEROS (Wind Erosion) computer program has produced tables that give estimated erosion (E values) for most of the possible combinations of I, K, C, L, and V. Exhibit 502.60(a) is an example.  E tables can be downloaded from the WERU server located at Manhattan, KS or from the NRCS server in Fort Worth TX.


(C) Use of the management period procedure can be simplified through the use of worksheets on which information for each management period is documented.  Subpart F includes a sample wind erosion computation made using the management period procedure.  


(D) Computer‑assisted applications have been developed and are included in the NRCS Field Office Computing System (FOCS).  Also, an acceptable WEQ model has been developed in EXCEL and is being used in the western states.  A copy of the EXCEL model can be acquired from the State Agronomist in Albuquerque, New Mexico.

SUBPART D ‑ WEQ FACTORS

   
502.30 The Wind Erosion Estimate ‑ E

(A) E is an estimate of the average annual tons of soil loss, per acre, that the wind will erode from an area represented by an unsheltered distance L and for the soil, climate, and site conditions represented by I, K, C, and V. The equation is an empirical formula initially developed by relating wind tunnel data to observed field erosion during a 3‑year period in the mid‑1950’s [Woodruff et al. 1976]. The field data was normalized to reflect long‑term average annual erosion assuming given conditions during the critical period without reference to change in those conditions through the year. The estimate arrived at by using the critical period procedure for estimating wind erosion does not track specific changes brought about by management and crop development; nor does it assume that critical period conditions exist all year. The calibration procedure accounted for minor changes expected to occur during a normal crop year at that time in history. The WEQ annual E is based on an annual C and field conditions during the critical wind erosion period of the year. The Critical Period Procedure does not account for all the effects of management.


(B) The management period procedure for estimating wind erosion involves assigning factor values to represent field conditions expected to occur during specified time periods. Using annual wind energy distribution data, erosion can be estimated for each period of time being evaluated. The time period estimates are summed to arrive at an annual estimate (E). Cropping sequences involving more than one year can be evaluated using this procedure. It also allows for a more thorough analysis of a management system and how management techniques affect the erosion estimate.

It is important to keep in mind that the annual wind erosion estimate, using either of the WEQ procedures, is a long term average and there will be periods of drought and other extremes in the climate that result in much higher erosion losses than predicted on the average.

The New E tables can be downloaded from the WERU server, Manhattan, KS.  These tables can be accessed in the following way:

Through the www browser.  To view, direct your web browser to:  http://www.weru.ksu.edu/nrcs     

Download the Adobe Acrobat Reader (if not already installed on your browser) by clicking on the icon and installing per the installation instructions.  Once the Adobe Acrobat Reader is running on your browser you can click the PDF icon to view and print the table. 

When on the WERU Web page, copies of the files can be download by clicking on the hyper text for the following:

--etab.doc (for MS Word) or

--etab.wpd (for WordPerfect)  

502.31 Soil erodibility index ‑ I

(A) I is the erodibility factor for the soil on the site. It is expressed as the average annual soil loss in tons per acre that would occur from wind erosion, when the site is:

Isolated (incoming saltation is absent). 

Level (knolls are absent).  

Smooth (ridge roughness effects are absent and cloddiness is minimal). 

Unsheltered (barriers are absent). 

At a location where the C factor is 100. 

Bare (vegetative cover is absent). 

“Wide” (the distance at which the flow of eroding soil reaches its maximum and does not increase with field size).

Loose and non-crusted (aggregates not bound together, and surface not sealed).


(B) This factor is related to the percentage of non-erodible surface soil aggregates larger than 0.84 mm in diameter. For most NRCS uses, the I value is assigned for named soils based on wind erodibility groups (WEG). The WEG is included on NRCS soil interpretation records.  If the soil name is not known, Exhibit 502.61(a) can be used to determine the WEG from the surface soil texture.


(C) To determine erodibility for field conditions during various management periods throughout the year, follow sieving instruction in Exhibit 502.61(b). (Do not use this procedure to determine average annual I values).


(D) A soil erodibility index based solely on the percentage of aggregates larger than 0.84 mm has several potential sources of error. Some of these are:

(l) The relative erodibility of widely different soils may change with a change in wind velocity over the surface of the soil.

(2) Calibration of the equation is based on the volume of soil removed, but the erodibility index is based on weight.

(3) Differences in size of aggregates have considerable influence on erodibility but no distinction for this influence is made in Table 1, Exhibit 502.61(b).

(4) Stability of surface aggregates influence erodibility; large durable aggregates can become a “surface armor”; less stable aggregates can be abraded into smaller, more erodible particles.

(5) Surface crusting may greatly reduce erodibility; erodibility may increase again as the crust deteriorates [Chepil 1958].


(E) Knoll erodibility - Knolls are topographic features characterized by short, abrupt windward slopes. Wind erosion potential is greater on knoll slopes than on level or gently rolling terrain because wind flow-lines are compressed and wind velocity increases near the crest of the knolls. Erosion that begins on knolls often affects field areas downwind.

Adjustments of the Soil Erodibility Index (I) are used where windward‑facing slopes are less than 500 feet long and the increase in slope gradient from the adjacent landscape is 3 percent or greater. Both slope length and slope gradient change are determined along the direction of the prevailing erosive wind (figure 502-2).
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Figure 502-2 Knoll Erodibility
Table 502‑1 contains knoll erodibility adjustment factors for the Soil Erodibility Index I. The I value for the Wind Erodibility Group is multiplied by the factor shown in Column A. This adjustment expresses the average increase in erodibility along the knoll slope. For comparison, Column B shows the increased erodibility near the crest (about the upper 1/3 of the slope), where the effect is most severe.

Table 502-1. Knoll erodibility adjustment factor for the I Factor
Percent (%) Slope change in Prevailing Wind Erosion Direction
A

Knoll adjustment to the

“I” Factor           
B

Crest Area adjustment to the “I” Factor 

3
1.3
1.5

4
1.6
1.9

5
1.9
2.5

6
2.3
3.2

8
3.0
4.8

10 & Greater
3.6
6.8

No adjustment of I for knoll erodibility is made on level fields, or on rolling terrain where slopes are longer and slope changes are less abrupt. Where these situations occur, the wind flow pattern tends to conform to the surface and does not exhibit the flow constriction typical of knolls.


(F) Surface crusting - Erodibility of surface soil varies with changing tillage practices and environmental conditions [Chepil 1958]. A surface crust forms when a bare soil is wetted and dried. Although the crust may be so weak that it has virtually no influence on the size distribution of dry aggregates determined by sieving, it can make the soil less erodible. The resistance of the crust to erosion depends on the nature of the soil, intensity of rainfall, and the kind and amount of cover on the soil surface. A fully crusted soil may erode only one‑sixth as much as non-crusted soil. However, a smooth crusted soil with loose sand grains on the surface is more erodible than the same field with a cloddy or ridged surface.

Under erosive conditions, the surface crust and surface clods on fine sands and loamy fine sands tend to break down readily. On silt loams and silty clay loams the surface crust and surface clods may be preserved, and the relative erosion may be as little as one‑sixth of I. Other soils react somewhere between these two extremes [Chepil 1959]. 

Because of the temporary nature of crusts, no adjustment for crusting is made for annual estimates based on the critical wind erosion period method [Woodruff and Siddoway 1973]. However, crust characteristics may be estimated and adjustment to I may be made for management period estimates when no traffic, tillage, or other breaking of crusts is anticipated. Such adjustments may be up to, but may not exceed the percentages shown in table 502‑2.

Table 502‑2. — I Adjustment guidelines for crusts.

WEG
I
Max. Mgt Prd. Adj. Factor1
Calculated I
Rounded I

1
310
.7
217
220

1
250
.7
175
180

1
220
.7
154
160

1
180
.7
126
134

1
160
.7
112
134

2
134
.7
67
86

3
86
.4
34
38

4
86
.4
34
38

4L
86
.4
34
38

5
56
.3
17
21

6
48
.3
14
21

7
38
.3
11
12

1/The management period adjustment to I has not been validated by research and is based on SCS judgment.


G. Irrigation Adjustments – Irrigation increases crop production and total bio-mass production.  Both the roots and above ground bio-mass are increased,  thus creating the potential for greater aggregate stability and a less wind erodible soil.  The I values for irrigated soils, as shown in exhibit 502.61(a), are applicable throughout the year.  I adjustments for irrigation are applicable only where assigned “I” values are 180 or less.

H. Adjustments bases on Dry Sieving - Temporal changes in the surface fraction > 0.84 mm may be measured by dry sieving. These measurements can be used as a basis for adjusting I, for conservation planning, when sieving has been performed for each management period and over a period of three years or more. The adjustment to I applies only‑to the respective time periods when the soil surface is influenced by changes in the non-erodible fraction.  Therefore, the adjustment is used only with the management period procedure of estimating wind erosion. The procedure does expand the applicability of the equation to a management effect not previously addressed.  When the I factor is adjusted based on the results of sieving, no additional adjustment to I will be made for irrigated fields.

Adjustments to I, based on sieving, should include adequate supporting data. These adjustments reflect specific soil and management conditions and are only applicable in the area(s) from which samples were obtained and in areas with very similar soil and management conditions.

Use of adjusted soil erodibility I factors, arrived at by using standard rotary sieving procedures, is warranted provided they represent soil surface conditions during the appropriate management period. Adjustments may be made up to, but should not exceed, limits assigned for crusting in table 502‑2.

The I factor adjustment may be used where applicable in determining whether an adequate conservation system is being followed. However, I factor adjustments are not to be used in the erodibility index (CI/T) when determining highly erodible land since this index is the potential erodibility and not an estimate of actual erosion.

Current instructions for the National Resources Inventory (NRI) are to be followed. These instructions do not allow for any adjustment of the I factor. This ensures uniformity between States and allows for trend analysis.

Studies to adjust I should be made systematically and include all related soils in a given area. Multiple‑year soil sieving data is required before adjustments are to be considered.

The National Soil Survey Center must review and concur in any proposal to adjust I and arrange for laboratory assistance.  Adjustments to I are to be approved by the National Soil Survey Center and correlated across state and regional boundaries before implementation. Any adjustment to I must be within the framework of the existing E tables.

(I) Surface stability.  A significant limitation of the I factor is that it does not account for changes in the soil surface over time that are caused by the dynamics of wind erosion. The erodibility of a bare soil surface is based on the interaction of the following:

(1) Soils that have both erodible and non-erodible particles on the surface tend to stabilize if there is no incoming saltation. As the wind direction changes, the surface is disturbed, or the wind velocity increases, erosion may begin again.

(2) Saltation destroys crusts, clods, and ridges by abrasion.

(3) Fields tend to become more erodible as finer soil particles, which provide bonding for aggregation, are carried off in suspension.

(4) If the surface soil contains a high percentage of gravel or other non-erodible particles that are resistant to abrasion, the surface will become increasingly armored as the erodible particles are carried away. Desert pavement is the classic example of surface armoring. A surface with only non-erodible aggregates exposed to the wind will not erode further except as the aggregates are abraded.

(5) A surface may be virtually non-erodible and yet allow saltation and creep to cross unabated. A paved highway is an example. Other surfaces may be relatively stable and trap some, or all, of the incoming soil flow. Examples of this type of stability usually relate to some roughness, sheltering, or vegetative cover. A ridged field may trap a significant portion of the incoming soil flow until the furrows are filled and the surface loses its trapping capacity. A vegetated barrier will provide a sheltered area downwind until the barrier is filled with sediment.

   
502.32 Surface Roughness Factor K.  Ridge and Random Roughness

(A) Krd is a measure of the effect of ridges made by tillage and planting implements, or other means of creating systematically spaced ridges. Ridges absorb and deflect wind energy and trap moving soil particles.
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Figure 502-3 Detachment, Transport, and Deposition on Ridges and Furrows


(B) The Kr value is based on a standard ridge height to ridge spacing ratio of 1:4.  Because of the difficulty of determining surface roughness by measuring surface obstructions, a standard roughness calibration using non-erodible gravel ridges in a wind tunnel was developed. This calibration led to the development of curves (figure 502-4 and exhibit 502.62(a)), that relate ridge roughness Kr to a soil ridge‑roughness factor Krd. (Skidmore 1965; Skidmore and Woodruff 1968; Woodruff and Siddoway 1965; and Hagen 1996).
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Kr=4(hxh)/s

  h=ridge height in inches
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 Figure 502‑4 - Chart to determine soil ridge roughness factor Krd from ridge roughness Kr(inches).  See Exhibit 502.62(a) for additional charts representing other angles of deviation.  When using the WEQ Critical Period Procedure, only the above ridge roughness graph with an angle of deviation = 0, will be used.


(C). The Kr curves are the basis for charts and tables used to determine Krd factor values in the field. See exhibits 502.62(a) and 502.62(b). The effect of ridges varies as the wind direction and erodibility of the soil change. Example, when evaluating a soil with an assigned I value of <134, and the prevailing erosive wind direction is perpendicular to ridges 4 inches high and 30 inches apart, then Krd is 0.5 but when the prevailing erosive wind direction is parallel to those ridges, the Krd value is 0.7.

 
(D) In 1996 ARS Scientists provided a method for adjusting the WEQ Krd factor with consideration for preponderance (erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind direction) when using the Management Period Procedure.  The use of preponderance recognizes that during the periods when the prevailing erosive winds are parallel to ridges, there are other erosive winds during the same period which are not parallel, thus making ridges effective during part of each period.  Preponderance keeps the K factor value less than 1.0, when the I factor values are 134 or less.  When estimating erosion rates by management periods, the prevailing wind erosion direction and a default preponderance are used for each period. This procedure more adequately addresses the effects of the ridges in wind erosion control since erosive wind directions may vary within each management period.


(E) The WEQ Krr factor accounts for “random roughness”.  Random roughness is the non-oriented surface roughness that is sometimes referred to as cloddiness.  Random roughness is usually created by the action of tillage implements.  Random roughness is described as the standard deviation (in inches) of the soil surface elevations, measured at regular intervals from a fixed, arbitrary plane above a tilled soil surface, after oriented (ridge) roughness has been accounted for. Random roughness can reduce erosion significantly. Note: The random roughness factor will only be used with the WEQ Management Period procedure.


(F) Random roughness factors (Krr) have been developed for various levels of WEQ “I” factor values and surface random roughness (see exhibit 502.62(c & d)).  Random roughness curves only adjust the K factors of soils with I factor values of 134 and less.


(G) The Random Roughness values used in the WEQ are the same Random Roughness values used in RUSLE.  Random roughness (inches) from the machine operations database in RUSLE can be used to determine WEQ random roughness values (See exhibit 502.62(e)).  However, keep in mind that these RUSLE random roughness values were determined for medium textured soils tilled at optimum moisture conditions for creating random roughness.  Under most circumstances random roughness should be determined by comparing a field surface to the random roughness (standard deviation) photos in the RUSLE handbook (See Agriculture Handbook Number 703, Appendix C).1 

1The photos in Appendix C are also on the Fort Collins server at the following address:  

ftp.nrcs.usda.gov/divisions/esd/erosion

State Agronomists should download, reproduce, and distribute the photographs to Field Offices. 


(H) When both random roughness and ridge roughness are present in the field, they are complimentary.  When both are present, the Krd-factor for ridges and Krr-factor for random roughness will be multiplied together to obtain the total roughness K-factor.

1. Example problem:  

We will take into consideration just one WEQ management period.  The soil in the field being evaluated has an I value of 86.  The field has just been fertilized with anhydrous ammonia, using a knife applicator.  Considering the height and spacing of the oriented roughness, the soil ridge roughness Krd factor was determined to be 0.8.  Using exhibit 502.62(e), under random roughness (inches), we find the anhydrous applicator has a core value of 0.6.  Going into the random roughness (inches) graph (exhibit 602.62(c)), on the horizontal axis to 0.6, and then vertically to the line representing an I factor of 86, the resulting Krr factor is rounded to 0.8.  The total roughness value (K factor) will be 0.8 X 0.8 = 0.64, then rounded to 0.6. 


(I) The major effects of random roughness on wind erosion are to raise the threshold wind speed at which erosion begins and to provide some sheltered area among the clods where moving soil can be trapped.  Hence, when the effectiveness of random roughness increases the total K-value decreases.

Random roughness, particularly in furrows, significantly reduces wind erosion  when erosive winds are blowing parallel to the ridges.


(J) Random roughness is subject to much faster degradation by rain or wind erosion than large tillage ridges.  Therefore the WEQ management period, where random roughness is effective, may be of short duration.


(K) For fields being broken out of sod, such as CRP, random roughness will be credited for erosion control.  The field surface is usually covered with the crowns of plants, its associated roots, and adhering soil.  The total random roughness of the field should be compared to the photos in the RUSLE handbook and credited appropriately.


(L) Surface Roughening (Emergency Tillage)---In some situations there is a need to control erosion on bare fields where the surface crust has been destroyed or where loose sand grains are on the surface and can abrade an existing crust. One method to reduce the erosion hazard on these fields is emergency or planned tillage to roughen the surface or increase non-erodible clods on the surface (random roughness).  This may be accomplished by one or more of the following:

(1) Soil that characteristically forms a crust with loose sand grains on the surface may be worked to create clods. The loose grains fall into the crevices between clods. This is the principle of “sand fighting” used in some emergency tillage.

(2) The soil may be deep plowed to bring up finer textured soil material that will form more persistent clods.

(3) Irrigation increases the non-erodible fraction of a soil.  See Exhibit 502.61(a) for adjustments to the I factor.

 (4) The surface may be worked into a ridge‑furrow configuration. Clods are usually formed in the process.

(5) The soil may be tilled in strips or in widely spaced rows to provide some degree of roughness to break the flow of saltation and creep.

502.33 Climatic factor ‑ C.


(A) The C factor is an index of climatic erosivity, specifically wind-speed and surface soil moisture. The factor for any given location is based on long‑term climatic data and is expressed as a percentage of the C factor for Garden City, Kansas, which has been assigned a value of 100 (Lyles 1983). In an area with a C factor of 50, for example, the IKC value would be only half of the IKC for Garden City, Kansas.


(B) The climatic factor equation is expressed as:

C = 34.48 * V3/(PE)2
Where:

--C is the annual climatic factor

--V is the average annual wind velocity

--PE is the precipitation‑effectiveness index of Thornthwaite, and 34.48 is the constant used to adjust local values to a common base (Garden City, Kansas)


(C) The basis for the wind-speed term of the climatic factor is that the rate of soil movement is proportional to wind-speed cubed. Several researchers have reported that when wind-speed exceeds threshold velocity, the soil movement is directly proportional to friction velocity cubed which, in turn, is related to mean wind-speed cubed (Skidmore 1976).


(D) The basis for the soil moisture term of the climatic factor is that the rate of soil movement varies inversely with the equivalent surface soil moisture. Effective surface soil moisture is assumed to be proportional to the Thornthwaite precipitation‑effectiveness index (PE) (Thornthwaite 1931). The annual PE index is the sum of the 12 monthly precipitation effectiveness indices. The formula is expressed as follows:

PE = (12  115 x [P/(T-10)]10/9

where PE is the annual precipitation effectiveness index, P is average monthly precipitation, and T is average monthly temperature


(E) Exhibit 502‑63(a) is the national C factor isoline map developed by NRCS in 1987. The map displays C factors for all areas of the conterminous United States and Alaska. The isolines were drafted to conform with local C factors calculated from 1951‑80 weather data and were correlated across state and regional boundaries. Procedures for developing local C factors are explained in exhibit 502.63(c).

1. Interpolation Of WEQ Climatic Factors(C) -- States may interpolate between county assigned C values to the nearest 5 units based on the National C Factor Isoline Map or the state C Factor Isoline Map in the field office technical guide (FOTG).  When interpolating between C Factor values, knowledge of the local climatic and topographic conditions are extremely useful since climatic conditions can vary disproportionately between C Factor value isolines.  

2. Where WEQ soil loss (E) tables have been developed with C factor increments greater than 5 units, a straight line interpolation to the nearest C factor value of 5 may be made from existing E tables.  Straight line interpolations can also be made from the soil losses (E) calculated with FOCS WEQ when C factors programmed into the model are in increments greater than 5 units.

3. C factor interpolations are for the purpose of conservation planning only and are NOT to be used in determining or adjusting previous highly erodible land (HEL) designations.  However, they may be used during status reviews to determine if an individual is actively applying a conservation system.  Previous national policy, regarding the changing of prior HEL designations, remains in effect.


(F) Effects of irrigation water on the C factor.  When irrigation water is applied to a dry soil surface, a reduction in wind erosion can be expected.  A specific procedure to directly adjust the climatic factor C for irrigation is not available. However, a procedure has been developed by researchers to adjust the Erosive Wind Energy (EWE) by the fraction of time that the soil is considered wet and non-erodible because of irrigation.  See 502.24(a)(2)(iii) and Exhibit 502.61(a).


(G) Following is the adjustment of the Erosive Wind Energy (EWE), planners are to use when estimating wind erosion on irrigated fields.  This adjustment is for the WEQ Management Period Procedure.  This new procedure, however, does not impact designated highly erodible lands (HEL) or new determinations since management practices are not considered in the HEL formula.

Note:  Irrigation adjustments to EWE and to the I factor, apply to fully irrigated fields and to fields which receive “supplemental” irrigation water.

1. Research scientists have developed an “Irrigation Factor” (IF) which adjusts the EWE or period erosion loss to account for the effect of irrigation wetting the soil surface and making it less erodible.  The IF takes into account the number of days in a management period, number of irrigation events during a management period, and a Texture Wetness Factor (TWF).

2. To account for the “non-erodible wet” condition of various soil textures after irrigation, a TWF of 1, 2, or 3 is assigned to coarse, medium, and fine textured soils, respectively.  See Exhibit 502.61a for values assigned to the various soil groups.

3. The IF is calculated with the following equation:

IF = number of days in period minus(-) the non-erodible wet days in period, divided (() by number of days in period. 

“Non-erodible Wet Days” (NEWD) are equal to the Texture Wetness Factor (TWF) multiplied times the number of irrigation events within the period.

4. When using the WEQ to account for the effects of irrigation, multiply the EWE for the period by the IF.  

5. Example: A fine textured soil was irrigated three times during a 45-day period.  Twelve percent of the annual EWE occurs during this 45-day period.  Therefore:

TWF = 3 for fine textured soils

Number of irrigation’s during the period = 3

NEWD = (3)(3) = 9

IF = (45 days - 9)/45  = 0.80 

The adjusted EWE for the 45-day period is then determined by multiplying IF times the percentage of the annual erosive wind energy occurring during that period.

Adjusted EWE = (.80)(12%) = 9.6 %

6. Note: The EWE shall not be adjusted for any management period in which irrigation does not occur.

7. The WEQ factors (C & I) used to determine the Erodibility Index (EI), will not be adjusted when determining highly erodible land (HEL).

502.34 Unsheltered distance ‑ L

(A) The L factor represents the unsheltered distance along the prevailing wind erosion direction for the field or area to be evaluated. Its place in the equation is to relate the “isolated, unsheltered, and wide” field condition of I to the size and shape of the field for which the erosion estimate is being prepared. Because V is considered after L in the 5‑step solution of the equation, the unsheltered distance is always considered as if the field were bare except for vegetative barriers.

(1) L begins at a point upwind where no saltation or surface creep occurs (stable) and ends at the downwind edge of the area being evaluated (figure 502‑5). The point may be at a field border or stable area where vegetation is sufficient to eliminate the erosion process. An area should be considered stable only if it is able to trap or hold virtually all expected saltation and surface creep from upwind. If vegetative barriers, grassed waterways, or other stable areas divide an agricultural field being evaluated, each of these subdivision will be considered “isolated” and should be evaluated as a separate “field.”  Refer to NRCS Conservation Practice Standards to determine when practices are of adequate width, height, spacing, density, etc. to create a stable area.
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Figure 502‑5 Unsheltered Distance L
(2) When erosion estimates are being calculated for cropland or other relatively unstable conditions, upwind pasture or rangeland should be considered a stable border. However, if the estimate is being made for a pasture or range area, L should be determined by measuring from the nearest stable point upwind of the area or field in question (figure 502‑6). The only case where L is equal to zero is where the area is fully sheltered by a barrier.
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Figure 502‑6 Unsheltered Distance L ‑

Perennial Vegetation (Pasture or Range)
(3) When a barrier is present on the upwind side of a field, measure L across the field along the prevailing wind erosion direction and subtract the distance sheltered by the barrier. Use 10 times the barrier height for the sheltered distance (figure 502‑7).
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Figure 502‑7 Unsheltered Distance L ‑ Windbreak or Barrier

(4) When a properly designed wind strip-cropping system is applied, alternate strips are protected during critical wind erosion periods by a growing crop or by crop residue. These strips are considered stable. L is measured across each erosion‑susceptible strip, along the prevailing wind erosion direction (figure 502‑8).
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Figure 502‑8 Unsheltered Distance L ‑ Stripcropping System


(B) The prevailing wind erosion direction is the direction from which the greatest amount of erosive wind occurs during the critical wind erosion period or time period being evaluated. The direction is usually expressed as one of the 16 compass points. When predicting erosion by management periods, the prevailing wind erosion direction may be different for each period. See exhibit 502.63(b).


(C) Preponderance is a ratio between wind erosion forces parallel and perpendicular to the prevailing wind erosion direction. Wind forces parallel to the prevailing wind erosion direction include those coming from the exact opposite direction (180°). A preponderance of 1.0 indicates as much wind erosion force is exerted perpendicular to the prevailing direction as along that direction. A higher preponderance indicates that more of the force is along the prevailing wind erosion direction. Wind patterns are complex; low preponderance indicates high complexity and as a result, less wind will be from the prevailing erosive wind direction. 


(D) L can be measured directly on a map or calculated using a wind erosion direction factor.

(1) For uses of the Wind Erosion Equation involving a single annual calculation, L should be the measured distance across the area in the prevailing wind erosion direction from the stable upwind edge of the field to the downwind edge of the field. When the prevailing wind erosion direction is at an angle, which is not perpendicular to the long side of the field, L can be determined by multiplying the width of the field by the appropriate conversion factor obtained from table 502‑3.

Table 502‑3.—Wind Erosion Direction Factors1
Angle of Deviation2
Adjustment Factor

0
1.00

22.5o
1.08

45o
1.41

67.5o
2.61

90o
L = Length of field

1/These adjustment factors are applicable when preponderance is not considered. L cannot exceed the longest possible measured distance across the field.

2/Angle of deviation of the prevailing erosive wind from a direction perpendicular to the long side of the field.

(2) For management period calculations, wind erosion direction factors based on preponderance are to be used instead of a measured distance to determine L except:

(i) Where irregular fields cannot be adequately represented by a circle, square, or rectangle,

(ii) Where preponderance data are not available.

(3) To determine L for management period estimates:

(I) Obtain local values for prevailing wind erosion direction and preponderance (exhibit 502.63(b)).

(ii) Measure actual length and width of the field and determine the ratio of length to width.

(iii) Determine “angle of deviation” between prevailing wind erosion direction and an imaginary line perpendicular to the long side of the field.

(iv) Using data from steps (i) through (iii), determine wind erosion direction factor from Wind Erosion Direction Factor Tables, exhibit 502.64. These are adjustment factors that account for prevailing wind erosion direction, preponderance of wind erosion forces, and size and shape of the field.

(v) Multiply the width of the field by the wind erosion direction factor.

(vi) If a barrier is on the upwind side of the field, reduce the distance obtained from step (v) by a distance equal to 10 times the height of the barrier.

(vii) For circular fields, L = 0.915 times the diameter, regardless of direction or preponderance.

   502.35 Vegetative cover factor - V.


(A) The effect of vegetative cover in the Wind Erosion Equation is expressed by relating the kind, amount, and orientation of vegetative material to its equivalent in pounds per acre of small grain residue in reference condition (SGe). This condition is defined as l0 inch long stalks of small grain, parallel to the wind, lying flat in rows spaced 10 inches apart, perpendicular to the wind. Several crops have been tested in the wind tunnel to determine their SGe. For other crops, small grain equivalency has been computed using various regression techniques [Armbrust and Lyles 1985; Lyles and Allison 1980; Lyles 1981; Woodruff et al. 1974; Woodruff and Siddoway 1965].  NRCS personnel have estimated SGe curves for other crops. SGe curves are in exhibit 502.65 (a) ‑ (d).


(B) Position and anchoring of residue is important. In general, the finer and more upright the residue, the more effective it is for reducing wind erosion. Knowledge of these and other relationships can be used with benchmark values to estimate additional SGe values.


(C) Research is currently underway to develop a method of estimating the relative erosion control value of short woody plants and other growing crops.


(D) Several methods are used to estimate the kind, amount, and orientation of vegetation in the field. Often the task is to predict what will be in the field in some future season or seasons. Amounts of vegetation may be predicted from production records or estimates and these amounts are then reduced by the expected or planned tillage. It may be desirable to sample and measure existing residues to determine quantity of residue. Local data should be developed to estimate surface residues per unit of crop yield and crop residue losses due to tillage.


(E) The crown of plants, its associated roots, and adhering soil should also be credited when doing transects to determine residue cover.  Employees will need to use their best judgment when deciding which crop curve to use when converting from percent ground cover to mass and then selecting a curve to convert the residue mass to Small Grain Equivalent (SGe).  When in doubt, Sudan Grass residue curves may be the best selection to simulate crowns and associated root material.

SUBPART E ‑ PRINCIPLES OF WIND EROSION CONTROL

   
502.40 General.


(A) Five principles of wind erosion control have been identified Lyles and Swanson 1976; Woodruff et al. 1972; and Woodruff and Siddoway 1965. These are:

(l) Establish and maintain adequate vegetation or other land cover.

(2) Reduce unsheltered distance along wind erosion direction.

(3) Produce and maintain stable clods or aggregates on the land surface.

(4) Roughen the land.

(5) Reshape the land to reduce erosion on knolls where converging wind-flow causes increased velocity and shear stress.


(B) The “cardinal rule” of wind erosion control should be to strive to keep the land covered with vegetation or crop residue at all times (Chepil 1956). This leads to several principles that should be paramount as alternative controls are considered:

(l) Return all land unsuited to cultivation to permanent cover.

(2) Maintain maximum possible cover on the surface during wind erosion periods.

(3) Maintain stable field borders or boundaries at all times.

   
502.41 Relation of control to WEQ factors.


(A) The Wind Erosion Equation was developed to relate specific field conditions to estimated annual soil loss. Of the five factors, two (I and C) are often considered to be “fixed” while the other three (K, L, and V) are generally considered “variable” or management factors. This is not precisely true.


(B) The I factor is related to the percentage of dry surface soil fractions greater than 0.84 mm. Its derivation is usually based on the Wind Erodibility Group. However, if a special management condition is going to be maintained, such as crusts or irrigation, a modification of I is appropriate. See 502.31(F)‑(G). Also, I is increased by a knoll erodibility factor where appropriate. See 502.31(E). This adjustment is not appropriate if the knoll condition is modified through land-forming or use of barriers to protect the knoll.

Knoll erodibility adjustments to I relate to wind direction; low preponderance indicates that knoll erodibility will vary widely as wind direction changes.


(C) Total K reflects the tilled ridge roughness and random roughness in a field. This is a management factor. Stability of tilled roughness is related, however, to soil erodibility, climate, and the other erosion factors.

Ridge roughness relates to ridge spacing in the wind erosion direction. Even with optimum orientation of rows, some of the winds will be blowing parallel to the rows, especially when preponderance is low.

Random roughness relates to the non-oriented surface roughness that is often referred to as cloddiness.  Random roughness is described as the standard deviation (in inches) of the soil surface elevations, measured at regular intervals from a fixed, arbitrary plane above a tilled soil surface, after oriented (ridge) roughness has been accounted for.


(D) The C factor is based on long‑term weather records. Conservation treatment should be planned to address the critical climatic conditions when high seasonal erosive wind energy is coupled with highly erodible field conditions.


(E) The unsheltered distance L is a management factor that can be changed by altering field arrangement, strip-cropping, or establishing windbreaks or other barriers. L is a function of field layout as it relates to prevailing wind direction and preponderance of erosive winds in the prevailing direction.

1. When preponderance values are high (more than 2.5 and approaching 4.0), conservation treatment should be concentrated on addressing potential erosion from the prevailing wind erosion direction.

2. When preponderance values are low (approaching 1.0), knowledge of local seasonal wind patterns becomes more important in planning treatment. Conservation treatment should be planned to allow for the effect of seasonal changes in the prevailing wind erosion direction.

3. A stable strip across an agricultural field divides the area into separate fields for estimating wind erosion. Examples of stable areas include grass waterways, hedges, brushy draws or ravines, roadways with grass borders, grass strips, and drainage or irrigation ditches. To be considered stable, an area must be able to stop and hold virtually all of the expected saltation and surface creep. Be aware that an area may be stable during one crop stage, but not stable in other seasons.


(F) V is the equivalent vegetative cover maintained on the soil surface. It is directly related to the management functions of crop establishment, tillage, harvesting, grazing, mowing, or burning.
   502.42 Tolerances in wind erosion control.


(A) In both planning and inventory activities, NRCS compares estimated erosion to soil loss tolerance (T).  T is expressed as the average annual soil erosion rate (tons/acre/year) that can occur in a field with little or no long-term degradation of the soil resource thus permitting crop productivity to be sustained for an indefinite period of time.

Soil loss tolerances for named soils are recorded on soil interpretation records.

The normal planning objective is to reduce soil loss by wind or water to T or lower. In situations where treatment for both wind and water erosion is needed, soil loss estimates using the WEQ and USLE or RUSLE are not added together to compare to T.

Additional impacts of wind erosion that should be considered are potential offsite damages such as air and water pollution and the potential deposition of soil particles.


(B) Crop Tolerance to wind blown soil particles may also be an important consideration in wind erosion control.  Wind and/or blowing soil can have an adverse effect on growing crops.  Most crops are more susceptible to abrasion or other wind damage at certain growth stages than at others. 

Crop tolerance can be defined as the maximum wind erosion that a growing crop can tolerate, from crop emergence to field stabilization, without an economic loss to crop stand, crop yield, or crop quality.  

1. Blowing Soil Effects on Crops
Some of the adverse effects of soil erosion and blowing soil on crops include:

· Blow outs that remove planted seeds, tubers, or seedlings.

· Exposure of plant root systems.

· Sand blasting and plant abrasion resulting in:

· Crop injury

· Crop mortality

· Lower crop yields

· Lower crop quality

· Wind damage to seedlings, vegetables, and orchard crops.

2. Crops vary in their ability to tolerate blowing soil or wind.  Many common crops have been classified based on their tolerance to wind and wind erosion.  These categories and typical crops in that category include:

· Tolerant (T) - Barley, buckwheat, flax, grain sorghum, millet, oats, rye, and wheat

· Moderate Tolerance (2 tons/ac) – Alfalfa (mature), corn, soybeans, sunflowers, and sweet corn

· Low Tolerance (1 ton/acre) - Broccoli, cabbage, cotton, cucumbers, garlic, green beans, lima beans, orchard crops, peanuts, peas, potatoes, snap beans and sweet potatoes

· Very Low Tolerance (0.0 - 0.5 tons/ac) - Alfalfa (seedlings), asparagus, carrots, celery, eggplant, flowers, kiwifruit, lettuce, muskmelons, onions (seedlings), peppers, spinach, squash, strawberries, sugar beets, table beets, tobacco, tomatoes, watermelons, and young orchards

See exhibit 502.60(b) for list of crop tolerances in table form.

Subpart F ‑ Example Problems

SUBPART F ‑ EXAMPLE PROBLEMS (Each State Agronomist will develop an example problem, common in their state, and place on this page.)

 SUBPART G ‑ EXHIBITS
(Exhibit 502.60(a)   Example “E” Table)

“E” tables for each combination of C & I factors can be found on the www browser: http://www.weru.ksu.edu/nrcs
Click on the hyper text for:

etable.doc  (for MS Word)

etable.wpd  (for Word Perfect)
    (E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR       JANUARY, 1998

                                                                                 C =   100

                                    SURFACE ‑ K =1.00                            I =    86

       (L)                   (V)** ‑ FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE

   UNSHELTERED

     DISTANCE     0   250   500   750  1000  1250  1500  1750  2000  2250  2500  2750  3000

     IN FEET

     10000     86.0  75.3  60.7  46.4  28.4  16.8   8.8   4.6   2.5   1.1   0.3

      8000     86.0  75.3  60.7  46.4  28.4  16.8   8.8   4.6   2.5   1.1   0.3

      6000     86.0  75.3  60.7  46.4  28.4  16.8   8.8   4.6   2.5   1.1   0.3

      4000     86.0  75.3  60.7  46.4  28.4  16.8   8.8   4.6   2.5   1.1   0.3

      3000     85.6  74.9  60.4  46.1  28.2  16.6   8.7   4.6   2.5   1.1   0.3

      2000     82.7  72.3  58.1  44.2  26.9  15.7   8.1   4.2   2.3   1.0   0.3

      1000     76.4  66.5  53.1  40.0  24.0  13.7   6.9   3.5   1.9   0.7

       800     74.2  64.6  51.5  38.6  23.0  13.0   6.6   3.3   1.8   0.7

       600     69.3  60.1  47.7  35.4  20.9  11.6   5.7   2.8   1.5   0.5

       400     62.2  53.7  42.2  31.0  17.9   9.6   4.6   2.2   1.1

       300     57.6  49.6  38.7  28.1  16.0   8.4   4.0   1.9   0.9

       200     51.4  44.1  34.1  24.4  13.6   6.9   3.2   1.4   0.7

       150     45.6  38.9  29.8  21.0  11.4   5.6   2.5   1.1   0.3

       100     39.8  33.8  25.6  17.7   9.4   4.5   1.9   0.8   0.3

        80     36.6  31.0  23.3  16.0   8.4   3.9   1.6   0.5

        60     31.4  26.4  19.6  13.2   6.7   3.0   1.2   0.4

        50     27.9  23.4  17.2  11.4   5.7   2.4   0.9

        40     24.4  20.4  14.8   9.7   4.7   1.9   0.7

        30     21.0  17.4  12.5   8.0   3.8   1.5   0.5

        20     15.9  13.0   9.1   5.6   2.5   0.9

        10      9.4   7.5   5.1   2.9   1.2   0.3

              (E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR      JANUARY, 1998

                                                                                  C =   100

                                    SURFACE ‑ K =0.90                             I =    86

       (L)                   (V)** ‑ FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE

   UNSHELTERED

     DISTANCE     0   250   500   750  1000  1250  1500  1750  2000  2250  2500  2750  3000

     IN FEET

     10000     77.4  67.5  54.0  40.7  24.4  14.0   7.1   3.6   2.0   0.7

      8000     77.4  67.5  54.0  40.7  24.4  14.0   7.1   3.6   2.0   0.7

      6000     77.4  67.5  54.0  40.7  24.4  14.0   7.1   3.6   2.0   0.7

      4000     76.8  66.9  53.5  40.3  24.2  13.8   7.0   3.6   1.9   0.7

      3000     75.8  66.0  52.7  39.6  23.7  13.5   6.8   3.5   1.9   0.7

      2000     73.4  63.9  50.8  38.1  22.6  12.8   6.4   3.2   1.7   0.6

      1000     67.2  58.2  46.0  34.1  19.9  11.0   5.4   2.6   1.4   0.5

       800     64.7  56.0  44.1  32.5  18.9  10.3   5.0   2.4   1.3

       600     59.7  51.5  40.3  29.4  16.8   8.9   4.3   2.0   1.0

       400     55.0  47.3  36.7  26.5  14.9   7.8   3.6   1.7   0.8

       300     51.0  43.7  33.8  24.2  13.4   6.8   3.1   1.4   0.7

       200     44.7  38.1  29.1  20.5  11.1   5.4   2.4   1.0   0.3

       150     39.1  33.2  25.1  17.4   9.2   4.3   1.8   0.8   0.2

       100     34.5  29.1  21.8  14.8   7.7   3.5   1.4   0.5

        80     31.2  26.3  19.5  13.1   6.7   2.9   1.2   0.4

        60     25.9  21.7  15.8  10.4   5.1   2.1   0.8

        50     23.1  19.2  13.9   9.0   4.3   1.8   0.7

        40     20.7  17.1  12.3   7.8   3.7   1.5   0.5

        30     17.2  14.1  10.0   6.2   2.8   1.1

        20     12.7  10.3   7.1   4.3   1.9   0.4

        10      6.2   4.9   3.2   1.7   0.6

           * NOTE: SOIL LOSS FOR VALUES WHERE 'E' IS LESS THAN 0.1 OR GREATER THAN

                   440.0 ARE NOT SHOWN; OTHER VALUES NOT SHOWN ARE INVALID

           ** NOTE: VALUES SHOWN ARE FLAT SMALL GRAIN EQUIVALENT, NOT 'V'

SUBPART G – EXHIBITS

Part 502 ‑ Wind Erosion 502.60(b) 

Exhibit 502.60(b) Crop Tolerances* to Blowing Soil.

Tolerant
“T”
Mod. Tolerance
2 t/ac
Low Tolerance
1 t/ac
Very Low Tolerance
0 - 0.5 t/ac



Barley
Alfalfa (mature)
Broccoli
Alfalfa (seedlings)

Buckwheat
Corn
Cabbage
Asparagus

Flax
Soybeans
Cotton 
Carrots

Grain Sorghum
Sunflowers
Cucumbers
Celery

Millet
Sweet corn
Garlic
Eggplant

Oats

Green beans
Flowers

Rye

Lima beans
Kiwifruit

Wheat

Orchard crops
Lettuce



Peanuts
Muskmelons



Peas
Onions (seedlings)



Potatoes
Peppers



Snap beans
Spinach



Sweet potatoes
Squash




Strawberries




Sugar beets




Table beets




Tobacco




Tomatoes




Watermelons




Young orchards

Developed in consultation with ARS Researchers, Manhattan, KS  (2/99)  

* Crop tolerance is defined as the maximum wind erosion that a growing crop can tolerate, from crop emergence to field stabilization, without an economic loss to crop stand, crop yield, or crop quality.  Crops can be damaged by blowing soil particles, exposure of plant roots, burial of plants by drifting soil, or desiccation and twisting of plants by the wind.

Crop Tolerance levels are the total soil loss, in tons/acre, that occurs from plant emergence to field stabilization.

Crops may tolerate greater amounts of blowing soil than shown above, but yield and quality will be adversely affected.

Subpart G ‑ Exhibits

Exhibit 502.61(a)

Wind Erodibility Groups 

and Soil Erodibility Index  (6/97)
Soil Texture1
EWE

Texture Wetness Factor2
Predominant Soil Texture 

Class of Surface Layer
Wind Erodibility Group (WEG)
Soil Erodibility  Index (I) (T/Ac/Yr)3
Soil Erodibility Index (I) for Irrigated Soils (T/Ac/Yr)3



C
1
Very fine sand, fine sand, sand, or coarse sand
1
3104
250

220

180

160
310

250

220

160

134



C
1
Loamy very fine sand, loamy fine sand, loamy sand, loamy coarse sand, or sapric organic soil materials


2
134
104

C
1
Very fine sandy loam, fine sandy loam, sandy loam, or coarse sandy loam


3
86
56

F
3
Clay, silty clay, non-calcareous clay loam, or silty clay loam with more than 35% clay


4
86
56

M
2
Calcareous loam and silt loam or calcareous clay loam and silty clay loam


4L
86
56

M
2
Non-calcareous loam and silt loam with less than 20% clay, or sandy clay loam, sandy clay, and hemic organic soil  materials


5
56
38

M
2
Non-calcareous loam and silt loam with more than 20% clay, or non-calcareous clay loam with less than 35% clay


6
48
21

M
2
Silt, non-calcareous silty clay loam with less than 35% clay, and fibric organic soil material


7
38
21

---
---
Soils not susceptible to wind erosion due to coarse surface fragments or wetness
8
---
---

_________________________

1.
Soil Texture, C = Coarse; M = Medium; F = Fine

2.
Texture wetness factor for adjustment of Erosive Wind Energy (EWE) for the period.  (Irrigated fields only).

3.
The soil erodibility index is based on the relationship of dry soil aggregates greater than 0.84 millimeters to potential soil erosion.  Value for irrigated soils is applicable throughout the year.  Values for irrigated soils determined by Dr. E. L. Skidmore, USDA ARS, Wind Erosion Research Unit, Manhattan, KS.

4.
The I factors for WEG 1 vary from 160 for coarse sands to 310 for very fine sands. For coarse sand with gravel, use a low figure.  For very fine sand without gravel, use a higher value.  When unsure, use an I value of 220 as an average figure.

Part 502 ‑ Wind Erosion

502.61(b)

Exhibit 502.61(b) Sieving Procedure


(A) Soil sieving has become increasingly important due to USDA’s emphasis on advancing erosion prediction technology. Soil samples can be sieved using either a flat or a rotary sieve. The flat sieve method is useful in making onsite field determinations. However, the results are not as consistent as those achieved by the electric motor‑driven rotary sieve. If the objective is to gather scientific data, consistency is very important, and rotary sieving should be the chosen method.


(B) Equipment Needs.

(l) A standard number 20 flat sieve or access to a properly designed 
rotary sieve.

(2) A device for weighing samples.

(3) A square‑nosed scoop or shovel.

(4) Worksheet for sieving of dry aggregates (example attached).


(C) Procedure.

(l) Take samples only when the soil is reasonably dry. If the soil sticks to the scoop, postpone the sampling until the soil dries sufficiently. If sieving is being done to verify the I factor assigned to a soil, samples should be taken during the normal wind erosion period in an area that is smooth, bare, not crusted, not sheltered by windbreaks or barriers, and at a location in the field far enough downwind for avalanching to occur. If the objective is to estimate erodibility for a specific field condition, select a smooth, bare, unsheltered area with the desired conditions. In all cases, avoid compacted or vegetated areas.

(2) Use the square‑nosed scoop to collect a sample from the soil surface. Try to avoid sampling more deeply than approximately 1 inch. Several small scoops may be more representative than one larger scoop of soil.

(3) Gently place the sample (about 2 pounds) into a padded container for transporting to a sieving location. Fill in the appropriate blanks on the form to specify field conditions and other data. If the soil sample will be done in the field with a flat sieve, proceed to (4).

(4) Weigh the sieve (including receiver) and record for later use. Place about 2 pounds of the sample on the No. 20 sieve. Remove loose vegetation without fracturing soil aggregates.

(5) Determine gross weight of the sample and sieve. Subtract the weight of the sieve to determine net weight of the sample.

(6) Remove the receiver and shake the sieve 50 times using moderate force. Do not bounce the sample or shake so hard that you break down the clods. Place the sieve over the receiver and shake again 50 times. If more than 0.5 ounce collects in the receiver, empty the receiver and repeat the process. If more than 0.5 ounce is again in the receiver, repeat the process again. Do not exceed a total of 200 shakes. Discard material in the receiver and weigh the sieve, receiver, and remaining aggregates in the sieve. Determine the weight of soil aggregates greater than 0.84 mm in diameter. Divide the weight of the sieved sample by the total weight of the soil sample to determine percentage of aggregates that exceed 0.84 mm.

(7) Using the percentage of non-erodible aggregates, refer to Table 1 to arrive at soil erodibility.

Table 1: Soil Erodibility Index I in tons/acre (t/ac) determined by percentage of non-erodible fractions.

Dry soil fractions > 0.84 mm.

% units-->
0
1
2
3
4
5
6
7
8
9

Tens
t/ac
t/ac
t/ac
t/ac
t/ac
t/ac
t/ac
t/ac
t/ac
t/ac

0
---
310
250
220
195
180
170
160
150
140

10
134
131
128
125
121
117
113
109
106
102

20
98
95
92
90
88
86
83
81
79
76

30
74
72
71
69
67
65
63
62
60
58

40
56
54
52
51
50
48
47
45
43
41

50
38
36
33
31
29
27
25
24
23
22

60
21
20
19
18
17
16
16
15
14
13

70
12
11
10
8
7
6
4
3
3
2

80
2
---
---
---
---
---
---
---
---
---

Exhibit 502.61(b) (cont.)
ARS—NRCS DATA WORKSHEET

Cooperative Soil Sieving Project

(Follow instructions in National Agronomy Manual.)

1. Field Office:  __________________          2. Date:______________________                 

3. County:______________________           4. Sampled by:  _______________

5. Sample Site No.:_______________
   6. Soil Survey Sheet No.:__________

7. Site location:____________________________________________________

8. Symbol and map unit name:_______________________________________

9. Erosion: (Yes/No) ________                10. Tillage: _____________________
11. Ridge Height (inches):__________

12. Ridge Spacing:________________   13. Crust thickness:_______________

14. Date(s) and amount(s) of precipitation:______________________________

15. Total precipitation:______________________________________________

16. Kind of ground cover:____________________________________________

17. Status of ground cover:__________________________________________

19. Amount (lbs.):_______________         20. Percent ground cover: _________

21. Percent canopy: ____________         

22. Row pattern: _________________ Row direction (Azimuth): _____________

23. Is field irrigated:(yes/No) _____ 24. Type of irrigation: ___________________

25. Annual irrigation applied (inches):___________________________________

26. Samplers comments:

To Be Completed by ARS
Sieving Date: ___________
Sieved by: ______________________________

Soil Weight, Wet:_________; Soil Weight, Dry; __________; % Moisture_______
Sieve size (mm)
<0.42
.42-.84
.84-2.83
2.38-6.4
6.4-12.7
>12.7
% >0.84










1st sieving (wht.)








Percent of total








2nd sieving (wht)








Percent of total








Resulting I value:___________

Siever’s Comments:
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 Exhibit 502.62(a) Ridge Roughness Krd Factor Graphs
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 Exhibit 502.62(a) Ridge Roughness Krd Factor Graphs
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Exhibit 502.62(a) Ridge Roughness Krd Factor Graphs
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 Exhibit 502.62(a) Ridge Roughness Krd Factor Graphs
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Subpart G – Exhibits

 Exhibit 502.62(a) Ridge Roughness Krd Factor Graphs
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Subpart G ‑ Exhibits
 Exhibit 502.62(b) Ridge Roughness Krd Factor Tables


I =  <134

Angle of wind deviation = 0 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

18
0.9
0.7
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

20
0.9
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

24
0.9
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

30
0.9
0.8
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

36
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

38
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

40
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.


I =  <134

Angle of wind deviation = 22.5 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.8
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

18
0.9
0.7
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

20
0.9
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

24
0.9
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

30
0.9
0.8
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

36
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

38
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

40
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

 Exhibit 502.62(b) Ridge Roughness Krd Factor Tables (continued)


I =  <134

Angle of wind deviation = 45 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.8
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
0.8
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
0.8
0.7
0.5
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

18
0.9
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

20
0.9
0.7
0.6
0.5
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

24
0.9
0.7
0.6
0.5
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

30
0.9
0.8
0.6
0.6
0.5
0.5
0.5
0.4
0.4
0.4
0.4
0.4

36
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.4
0.4
0.4
0.4

38
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.4
0.4
0.4
0.4

40
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.4
0.4
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind. 


I =  <134

Angle of wind deviation = 67.5 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.8
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

10
0.8
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

14
0.9
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

18
0.9
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

20
0.9
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

24
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

30
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5

36
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5

38
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5

40
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor Tables (continued)


I =  <134

Angle of wind deviation = 90 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

10
0.9
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

14
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

18
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

20
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

24
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

30
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

36
0.9
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6

38
0.9
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6

40
0.9
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor Tables (continued)


I =  134

Angle of wind deviation =  0  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.8
0.6
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
0.9
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

18
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

20
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

24
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

30
1.0
0.9
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

36
1.0
0.9
0.8
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

38
1.0
0.9
0.8
0.6
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4

40
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.


I =  134

Angle of wind deviation =     22.5 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
0.9
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

18
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

20
0.9
0.8
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

24
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

30
1.0
0.9
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

36
1.0
0.9
0.8
0.6
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4

38
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4

40
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor (continued)


I =   134

Angle of wind deviation =      45  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.9
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
0.9
0.7
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
0.9
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

18
0.9
0.8
0.6
0.5
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

20
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

24
1.0
0.8
0.7
0.6
0.5
0.5
0.5
0.4
0.4
0.4
0.4
0.4

30
1.0
0.9
0.7
0.6
0.5
0.5
0.5
0.5
0.4
0.4
0.4
0.4

36
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.4
0.4
0.4
0.4

38
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.4
0.4
0.4

40
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.4
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.


I =  134

Angle of wind deviation =     67.5 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.9
0.7
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

10
0.9
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

14
0.9
0.8
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

18
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

20
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

24
1.0
0.9
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5

30
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5

36
1.0
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.5

38
1.0
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.5

40
1.0
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.5

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor (continued)


I =  134

Angle of wind deviation =      90  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.9
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

10
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

14
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

18
1.0
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

20
1.0
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

24
1.0
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

30
1.0
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6

36
1.0
0.9
0.8
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6
0.6

38
1.0
0.9
0.8
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6
0.6

40
1.0
0.9
0.8
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6
0.6

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b)   Ridge Roughness Krd Factor


I =  180

Angle of wind deviation =      0  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
1.0
0.8
0.6
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
1.0
0.8
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

18
1.0
0.9
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

20
1.0
0.9
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

24
1.0
0.9
0.8
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

30
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4

36
1.0
0.9
0.9
0.8
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4

38
1.0
0.9
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4

40
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.


I =  180

Angle of wind deviation =     22.5 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
1.0
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
1.0
0.8
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

18
1.0
0.9
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

20
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

24
1.0
0.9
0.8
0.7
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

30
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4

36
1.0
0.9
0.9
0.8
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4

38
1.0
0.9
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4

40
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind. 

Exhibit 502.62(b) Ridge Roughness Krd Factor (continued)


I =  180

Angle of wind deviation =      45  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.9
0.7
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
1.0
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
1.0
0.9
0.7
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

18
1.0
0.9
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

20
1.0
0.9
0.8
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

24
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4

30
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.4
0.4
0.4
0.4

36
1.0
0.9
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.4
0.4
0.4

38
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.4
0.4
0.4

40
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.4
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.


I =  180

Angle of wind deviation =     67.5 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
0.9
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

10
1.0
0.8
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

14
1.0
0.9
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

18
1.0
0.9
0.8
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5

20
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5

24
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5

30
1.0
0.9
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5

36
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5

38
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5

40
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor (continued)


I =  180

Angle of wind deviation =      90  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

10
1.0
0.9
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

14
1.0
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

18
1.0
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

20
1.0
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6

24
1.0
0.9
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6

30
1.0
1.0
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6
0.6

36
1.0
1.0
0.9
0.8
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6

38
1.0
1.0
0.9
0.8
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6

40
1.0
1.0
0.9
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor


I = 220

Angle of wind deviation = 0  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
0.8
0.6
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
1.0
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

18
1.0
1.0
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

20
1.0
1.0
0.9
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4

24
1.0
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4

30
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4

36
1.0
1.0
0.9
0.9
0.8
0.7
0.5
0.5
0.4
0.4
0.4
0.4

38
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4

40
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.


I =  220

Angle of wind deviation =     22.5 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
0.8
0.6
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
1.0
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

18
1.0
1.0
0.9
0.7
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

20
1.0
1.0
0.9
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4

24
1.0
1.0
0.9
0.8
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4

30
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4

36
1.0
1.0
0.9
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4

38
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4

40
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor (continued)


I = 220

Angle of wind deviation = 45  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
1.0
0.9
0.7
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
1.0
0.9
0.8
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

18
1.0
1.0
0.9
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4

20
1.0
1.0
0.9
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4
0.4

24
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4
0.4
0.4

30
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.4
0.4
0.4

36
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.4
0.4

38
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.4
0.4

40
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.


I = 220

Angle of wind deviation = 67.5 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
0.9
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

10
1.0
0.9
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

14
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5

18
1.0
1.0
0.9
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5

20
1.0
1.0
0.9
0.8
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.5

24
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5

30
1.0
1.0
0.9
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.5

36
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5
0.5

38
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5
0.5

40
1.0
1.0
1.0
0.9
0.8
0.7
0.7
0.6
0.5
0.5
0.5
0.5

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor (continued)


I = 220

Angle of wind deviation = 90  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
0.9
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

10
1.0
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

14
1.0
1.0
0.9
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

18
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6

20
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6

24
1.0
1.0
0.9
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6

30
1.0
1.0
1.0
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6

36
1.0
1.0
1.0
0.9
0.8
0.8
0.7
0.6
0.6
0.6
0.6
0.6

38
1.0
1.0
1.0
0.9
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6

40
1.0
1.0
1.0
0.9
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor


I = 250

Angle of wind deviation = 0  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
1.0
1.0
0.8
0.6
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
1.0
1.0
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

18
1.0
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4

20
1.0
1.0
0.9
0.8
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4

24
1.0
1.0
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4

30
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4

36
1.0
1.0
1.0
0.9
0.9
0.8
0.7
0.5
0.5
0.4
0.4
0.4

38
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4

40
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.


I =  250

Angle of wind deviation =     22.5 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
1.0
1.0
0.8
0.6
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
1.0
1.0
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

18
1.0
1.0
0.9
0.8
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4

20
1.0
1.0
0.9
0.8
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4

24
1.0
1.0
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4

30
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4
0.4

36
1.0
1.0
1.0
0.9
0.9
0.8
0.7
0.5
0.5
0.4
0.4
0.4

38
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4

40
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor (continued)


I = 250

Angle of wind deviation = 45  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
1.0
1.0
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
1.0
1.0
0.9
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.4

18
1.0
1.0
0.9
0.8
0.7
0.5
0.5
0.4
0.4
0.4
0.4
0.4

20
1.0
1.0
0.9
0.9
0.7
0.6
0.5
0.4
0.4
0.4
0.4
0.4

24
1.0
1.0
1.0
0.9
0.8
0.6
0.5
0.5
0.4
0.4
0.4
0.4

30
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4
0.4

36
1.0
1.0
1.0
0.9
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4

38
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.4
0.4

40
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.


I = 250

Angle of wind deviation = 67.5 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
0.9
0.7
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

10
1.0
1.0
0.8
0.7
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

14
1.0
1.0
0.9
0.8
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5

18
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5

20
1.0
1.0
1.0
0.9
0.7
0.6
0.5
0.5
0.5
0.5
0.5
0.5

24
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5
0.5
0.5
0.5

30
1.0
1.0
1.0
0.9
0.9
0.8
0.6
0.6
0.5
0.5
0.5
0.5

36
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5

38
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.5

40
1.0
1.0
1.0
1.0
0.9
0.8
0.8
0.7
0.6
0.5
0.5
0.5

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor (continued)


I = 250

Angle of wind deviation = 90  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
0.9
0.8
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

10
1.0
1.0
0.9
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

14
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6

18
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6

20
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6
0.6

24
1.0
1.0
1.0
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6
0.6

30
1.0
1.0
1.0
0.9
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.6

36
1.0
1.0
1.0
1.0
0.9
0.9
0.8
0.7
0.6
0.6
0.6
0.6

38
1.0
1.0
1.0
1.0
0.9
0.9
0.8
0.7
0.7
0.6
0.6
0.6

40
1.0
1.0
1.0
1.0
0.9
0.9
0.8
0.7
0.7
0.6
0.6
0.6

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor


I = 310

Angle of wind deviation = 0  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
1.0
0.9
0.7
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
1.0
1.0
1.0
0.9
0.6
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
1.0
1.0
1.0
0.9
0.8
0.6
0.4
0.4
0.4
0.4
0.4
0.4

18
1.0
1.0
1.0
1.0
0.9
0.8
0.6
0.4
0.4
0.4
0.4
0.4

20
1.0
1.0
1.0
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4

24
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4

30
1.0
1.0
1.0
1.0
1.0
0.9
0.9
0.7
0.6
0.5
0.4
0.4

36
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4

38
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4

40
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.9
0.8
0.6
0.5
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.


I = 310

Angle of wind deviation = 22.5 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
1.0
0.9
0.7
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
1.0
1.0
1.0
0.9
0.6
0.4
0.4
0.4
0.4
0.4
0.4
0.4

14
1.0
1.0
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4

18
1.0
1.0
1.0
1.0
0.9
0.8
0.6
0.4
0.4
0.4
0.4
0.4

20
1.0
1.0
1.0
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4

24
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4

30
1.0
1.0
1.0
1.0
1.0
0.9
0.9
0.7
0.6
0.5
0.4
0.4

36
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.4

38
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.9
0.7
0.6
0.5
0.4

40
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.9
0.8
0.6
0.5
0.4

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor (continued)


I = 310

Angle of wind deviation = 45  degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
1.0
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4

10
1.0
1.0
1.0
0.9
0.7
0.5
0.4
0.4
0.4
0.4
0.4
0.4

14
1.0
1.0
1.0
1.0
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4

18
1.0
1.0
1.0
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4
0.4

20
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.5
0.5
0.4
0.4
0.4

24
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.6
0.5
0.4
0.4
0.4

30
1.0
1.0
1.0
1.0
1.0
0.9
0.9
0.8
0.6
0.5
0.5
0.4

36
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5

38
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.9
0.8
0.6
0.5
0.5

40
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.9
0.8
0.7
0.5
0.5

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.


I = 310

Angle of wind deviation = 67.5 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
1.0
0.9
0.7
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

10
1.0
1.0
1.0
0.9
0.7
0.5
0.5
0.5
0.5
0.5
0.5
0.5

14
1.0
1.0
1.0
1.0
0.9
0.7
0.5
0.5
0.5
0.5
0.5
0.5

18
1.0
1.0
1.0
1.0
0.9
0.8
0.6
0.5
0.5
0.5
0.5
0.5

20
1.0
1.0
1.0
1.0
0.9
0.9
0.7
0.6
0.5
0.5
0.5
0.5

24
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.5
0.5
0.5
0.5

30
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.5
0.5

36
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.9
0.8
0.6
0.6
0.5

38
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.9
0.8
0.7
0.6
0.5

40
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.9
0.8
0.7
0.6
0.5

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Exhibit 502.62(b) Ridge Roughness Krd Factor (continued)


I = 310

Angle of wind deviation = 90 degrees

Ridge Height (inches)

Ridge Spacing (inches)
1
2
3
4
5
6
7
8
9
10
11
12



7
1.0
1.0
1.0
0.8
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

10
1.0
1.0
1.0
0.9
0.8
0.6
0.6
0.6
0.6
0.6
0.6
0.6

14
1.0
1.0
1.0
1.0
0.9
0.7
0.6
0.6
0.6
0.6
0.6
0.6

18
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.6
0.6
0.6

20
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.6
0.6

24
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.6
0.6

30
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.6
0.6
0.6

36
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.9
0.8
0.7
0.6
0.6

38
1.0
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.7
0.7
0.6

40
1.0
1.0
1.0
1.0
1.0
1.0
1.0
0.9
0.8
0.8
0.7
0.6

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind. 

Subpart G - Exhibits

Exhibit 502.62(c) Random Roughness Factor, Krr  

[image: image20.wmf]Angle of wind deviation = 67.5 deg
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Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind. 

direction.



Kr=4(hxh)/s

  h=ridge height in inches

  s=ridge spacing in inches


Subpart G - Exhibits

Exhibit 502.62(d)  Random Roughness, Krr  Table

Table to convert random roughness heights (standard deviation in inches) to WEQ Krr (sub-factor for random roughness).  K-sub-factor (Krr) varies by the I factor assigned to soil groups.

         
Random Roughness (Standard Deviation, inches)


0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

I Factors
Krr Values













>134
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

134
1.00
0.99
0.98
0.96
0.93
0.91
0.98
0.96
0.85
0.84

104
1.00
0.94
0.88
0.82
0.78
0.74
0.71
0.69
0.67
0.66

86
1.00
0.87
0.76
0.67
0.61
0.57
0.54
0.52
0.50
0.48

56 & less
1.00
0.71
0.50
0.38
0.31
0.27
0.25
0.23
0.23
0.22

Random roughness photos and associated random roughness (standard deviation) values can be found in Agriculture handbook 703, appendix C, or downloaded from the Fort Collins server:  “ftp.nrcs.usda.gov/divisions/esd/erosion”

Subpart G - Exhibits

Exhibit 502.62(e) Random Roughness (Standard Deviation) Core values1




FIELD OPERATIONS
RANDOM ROUGHNESS (Std. Dev. in inches)




Chisel, sweeps
1.20

Chisel, straight point
1.50

Chisel, twisted shovels
1.90

Cultivator, field
0.70

Cultivator, row
0.70

Cultivator, ridge till
0.70

Disk, 1-way
1.20

Disk, heavy plowing
1.90

Disk, tandem
0.80

Drill, double disk
0.40

Drill, deep furrow
0.50

Drill, no-till
0.40

Drill, no-till into sod
0.30

Fertilizer applicator, anhyd. knife
0.60

Harrow, spike
0.40

Harrow, tine
0.40

Lister
0.80

Manure injector
1.50

Moldboard plow
1.90

Mulch treader
0.40

Planter, no-till
0.40

Planter, row
0.40

Rod-weeder
0.40

Rotary hoe
0.40

Vee ripper
1.20

1. Parameter values of “core” cropland field operations1.  From the RUSLE Handbook.

These values may be used in WEQ  for Random Roughness.  However, the use the Random Roughness photos in the RUSLE handbook may be preferable, especially where roughness is due to residual sod material such as the crowns of plants with its attached roots and soil.
2. The above core values are typical and representative for operations in medium textured soils tilled when moisture conditions are optimum for creating cloddiness. Many of the machines may differ by cropping region, farming practice, soil texture, or other conditions.  Refer to the random roughness photos in the RUSLE handbook and adjust to values that seem most appropriate.  

3. The random roughness photos in Appendix C are on the Fort Collins server at the following address:  

--ftp.nrcs.usda.gov/divisions/esd/erosion

--State Agronomists can reproduce and distribute the photographs to Field Offices.

Subpart G – Exhibits

Exhibit 502-63(a) C Factor Map – United States

Subpart G ‑ Exhibits

Exhibit 502.63(b)   Example Table: Prevailing Wind Erosion Direction Preponderance, and Erosive Wind Energy (EWE) Distribution

Tables for each state can be found on the www browser: http://www.weru.ksu.edu/nrcs

and then click on the hyper text for:

windparm.doc  (for MS Word)

windparm.wpd  (for Word Perfect)

ND BISMARCK          JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV   DEC

 PREV WIND EROS DIR  315  315  337  315  315  315  315  337  315  315  315   315

 PREPONDERANCE       3.9  4.4  2.6  2.0  1.8  1.5  2.3  2.4  2.4  3.9  3.3   4.5

 EROSIVITY (EWE)     9.5  7.6 11.4 13.4 13.5  5.2  3.6  4.9  7.0  9.9  6.5   7.5

 CUMULATIVE EWE      9.5 17.1 28.5 41.9 55.4 60.7 64.2 69.1 76.2 86.0 92.5 100.0

ND DICKINSON/MUN.    JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV   DEC

 PREV WIND EROS DIR  315  293  315  315  315  293  315  157  293  315  293   293

 PREPONDERANCE       2.8  2.7  3.0  2.7  3.3  2.9  2.4  2.9  3.3  3.0  3.5   3.5

 EROSIVITY (EWE)    10.6  8.5 13.3 12.7  9.0  6.6  3.3  3.4  6.4  7.3 10.5   8.4

 CUMULATIVE EWE     10.6 19.1 32.3 45.0 54.0 60.6 63.9 67.3 73.7 81.1 91.6 100.0

ND FARGO             JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV   DEC

 PREV WIND EROS DIR  338    0    0  338    0  180  338  158  158  338  338     0

 PREPONDERANCE       4.1  3.6  4.3  3.4  2.5  2.2  2.3  2.2  2.3  2.9  2.4   3.7

 EROSIVITY (EWE)     6.7 12.2 14.4 14.7 11.1  4.6  2.8  3.8  6.2  9.1  8.1   6.3

 CUMULATIVE EWE      6.7 19.0 33.4 48.1 59.1 63.7 66.5 70.3 76.6 85.6 93.7 100.0

ND GRAND FORKS       JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV   DEC

 PREV WIND EROS DIR  338  338  338  337  338  292  315  158  337  337  337   338

 PREPONDERANCE       5.6  4.1  3.4  3.0  1.8  1.6  1.6  2.7  1.7  3.0  3.2   3.5

 EROSIVITY (EWE)    11.2  9.4 10.5 16.8 11.8  5.7  1.2  1.8  4.5  7.6 11.6   8.0

 CUMULATIVE EWE     11.2 20.6 31.0 47.9 59.6 65.3 66.6 68.3 72.8 80.4 92.0 100.0

ND JAMESTOWN         JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV   DEC

 PREV WIND EROS DIR  337  315  337  337  337  293  338  180  315  337  315   337

 PREPONDERANCE       2.4  2.6  2.8  2.4  2.7  1.8  2.1  2.3  2.7  2.4  3.7   3.0

 EROSIVITY (EWE)     9.2  8.3 15.4 13.6  9.1  7.3  2.8  2.4  6.0  9.2 10.9   5.9

 CUMULATIVE EWE      9.2 17.5 32.9 46.6 55.6 63.0 65.7 68.1 74.1 83.2 94.1 100.0

ND MINOT             JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV   DEC

 PREV WIND EROS DIR  292  293  315  315  293  293  293  293  293  292  293   293

 PREPONDERANCE       3.7  4.4  1.7  1.6  1.6  1.5  1.9  2.2  2.7  2.6  2.6   3.1

 EROSIVITY (EWE)     8.8 12.5 12.5 12.3 10.8  4.0  3.4  4.4  6.3  8.8  7.3   8.9

 CUMULATIVE EWE      8.8 21.4 33.8 46.2 57.0 61.0 64.3 68.7 75.0 83.8 91.1 100.0

ND WILLISTON         JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV   DEC

 PREV WIND EROS DIR  315  315  315  315  337  293  293  315  315  315  315   293

 PREPONDERANCE       1.8  2.9  2.2  1.6  1.4  1.7  2.9  1.9  1.7  2.4  2.0   2.4

 EROSIVITY (EWE)     6.6  8.9 11.3 14.9 12.4  7.4  4.9  5.0  6.6 10.3  6.0   5.8

 CUMULATIVE EWE      6.6 15.5 26.8 41.6 54.0 61.4 66.3 71.3 77.9 88.2 94.2 100.0

Subpart G ‑ Exhibits

Exhibit 502.63(c) Procedures for Developing Local C Factors.

The Wind Erosion Research Unit, ARS, Manhattan, Kansas, published new wind erosion C factors in 1983. This information, based on 1941-80 recorded weather data, updated previously published maps.

ARS provided calculated values of C at benchmark locations ‑ sites where available weather data included average monthly precipitation and temperature and average annual wind velocity. Data was obtained from the National Climatic Center at Asheville, North Carolina, from the Wind Energy Resource Atlas, and from other sources.

To supplement the benchmark C values provided by ARS, NRCS extended estimation of C to many more local weather stations. Where recorded precipitation and temperature data were available, including 1951-80 NOAA weather data. an estimate of average annual wind velocity was used to calculate C.  Wind velocity isoline maps were prepared from available data, and used as supporting information to estimate local wind velocities. The influence of topography on local climate was also considered.

Precipitation and temperature data was used to calculate the precipitation‑effectiveness (PE) index at various locations, using the equation:

PE = (12 115*[P/(T‑10)]10/9
--Where PE is the precipitation‑effectiveness index

--P is average monthly precipitationl/ (inches), and

--T is average monthly temperature2/ (degrees F).

l/ When average monthly precipitation (P) is less than 0.5 inches, use 0.5

2/ When average monthly temperature (T) is less than 28.4°F, use 28.4°

The PE index was used to represent surface soil moisture, together with estimated local wind velocities, in the general equation to calculate C:

C = 34.48 * V3/(PE)2
Where C is the annual climatic factor and V is average annual wind velocity.

Estimated local C values, calculated as described above, were recorded on State and regional maps and used as a basis to locate C value isolines. The benchmark values provided by ARS were not changed unless there was reason to believe that station data was not reliable.

The mathematical formulas can be solved manually or by use of computer software available through the ARS Wind Erosion Research Unit (WERU) and most NRCS State Offices. The following table shows an example of the calculations.

ANNUAL EFFECTIVE PE AND ESTIMATED C
Constraints:    Monthly P => 0.5 inches



  Monthly T => 28.4 degrees F

LOCATION:  NORTON, KANSAS

COUNTY: Norton

DATE:
09/26/97

MONTH
P
adj P
T
adj T
T - 10
PE



January
0.41
0.5
26.7
28.4
18.4
2.1

February
0.6
0.6
32.6
32.6
22,6
2.0

March
1.33
1.33
39.7
39.7
29.7
3.7

April
1.83
1.83
52.4
52.4
42.4
3.5

May
3.42
3.42
62.3
62.3
52.3
5.6

June
3.68
3.68
72.2
72.2
62.2
5.0

July
3.35
3.35
77.8
77.8
67.8
4.1

August
2.61
2.61
76.3
76.3
66.3
3.2

September
2.16
2.16
66.8
66.8
56.8
3.1

October
1.41
1.41
55.7
55.7
45.7
2.4

November
0.73
0.73
40.3
40.3
30.3
1.8

December
0.46
0.5
31.1
31.1
21.1
1.8









avg annual
21.99

52.8


38.3

Estimated V =  13

Estimated C =  51.8

Subpart G ‑ Exhibits

Exhibit 502.64 Wind Erosion Direction Factor Table

ANGLE OF DEVIATION* = 0 °

FIELD LENGTH/WIDTH RATIO

Preponderance


1:1
2:1
4:1
8:1
10:1
12:1
16:1

1.0
1.03
1.46
1.70
1.85
1.88
1.90
1.95

1.2
1.03
1.30
1.45
1.53
1.56
1.58
1.62

1.4
1.03
1.20
1.28
1.32
1.35
1.37
1.40

1.6
1.03
1.14
1.18
1.20
1.22
1.23
1.25

1.8
1.03
1.10
1.11
1.12
1.13
1.14
1.15

2.0
1.02
1.07
1.07
1.07
1.08
1.08
1.08

2.2
1.02
1.05
1.05
1.05
1.05
1.05
1.05

2.4
1.02
1.04
1.04
1.04
1.04
1.04
1.04

2.6
1.01
1.03
1.03
1.03
1.03
1.03
1.03

2.8
1.01
1.02
1.02
1.02
1.02
1.02
1.02

3.0
1.01
1.02
1.02
1.02
1.02
1.02
1.02

3.2
1.01
1.01
1.01
1.01
1.01
1.01
1.01

3.4
1.01
1.01
1.01
1.01
1.01
1.01
1.01

3.6
1.00
1.01
1.01
1.01
1.01
1.01
1.01

3.8
1.00
1.01
1.01
1.01
1.01
1.01
1.01

4.0
1.00
1.01
1.01
1.01
1.01
1.01
1.01

ANGLE OF DEVIATION* = 22.5 °

FIELD LENGTH/WIDTH RATIO

Preponderance


1:1
2:1
4:1
8:1
10:1
12:1
16:1

1.0
1.03
1.46
1.70
1.85
1.88
1.90
1.95

1.2
1.03
1.37
1.50
1.61
1.64
1.66
1.70

1.4
1.03
1.27
1.36
1.44
1.46
1.47
1.50

1.6
1.03
1.22
1.26
1.30
1.32
1.33
1.35

1.8
1.03
1.18
1.20
1.21
1.22
1.23
1.24

2.0
1.04
1.16
1.16
1.16
1.16
1.16
1.17

2.2
1.05
1.14
1.14
1.14
1.14
1.14
1.14

2.4
1.06
1.13
1.13
1.13
1.13
1.13
1.13

2.6
1.06
1.13
1.13
1.13
1.13
1.13
1.13

2.8
1.07
1.12
1.12
1.12
1.12
1.12
1.12

3.0
1.07
1.12
1.12
1.12
1.12
1.12
1.12

3.2
1.07
1.12
1.12
1.12
1.12
1.12
1.12

3.4
1.08
1.12
1.12
1.12
1.12
1.12
1.12

3.6
1.08
1.11
1.11
1.11
1.11
1.11
1.11

3.8
1.08
1.11
1.11
1.11
1.11
1.11
1.11

4.0
1.08
1.11
1.11
1.11
1.11
1.11
1.11

Subpart G ‑ Exhibits

Exhibit 502.64 Wind Erosion Direction Factor Table (continued)

ANGLE OF DEVIATION* = 45 °

FIELD LENGTH/WIDTH RATIO

Preponderance


1:1
2:1
4:1
8:1
10:1
12:1
16:1

1.0
1.03
1.46
1.70
1.85
1.88
1.90
1.95

1.2
1.03
1.44
1.63
1.72
1.75
1.77
1.81

1.4
1.03
1.42
1.57
1.62
1.65
1.67
1.70

1.6
1.03
1.42
1.52
1.55
1.57
1.58
1.61

1 8
1.03
1.42
1.49
1.51
1.52
1.53
1.55

2 0
1.03
1.42
1.48
1.49
1.49
1.49
1.50

2.2
1.02
1.42
1.48
1.48
1.48
1.48
1.48

2.4
1.02
1.42
1.48
1.48
1.48
1.48
1.48

2.6
1.01
1.42
1.48
1.48
1.48
1.48
1.48

2.8
1.01
1.42
1.48
1.48
1.48
1.48
1.48

3.0
1.01
1.42
1.48
1.48
1.48
1.48
1.48

3.2
1.01
1.42
1.48
1.48
1.48
1.48
1.48

3.4
1.01
1.42
1.48
1.48
1.48
1.48
1.48

3.6
1.01
1.42
1.48
1.48
1.48
1.48
1.48

3.8
1.01
1.42
1.48
1.48
1.48
1.48
1.48

4.0
1.01
1.42
1.48
1.48
1.48
1.48
1.48

ANGLE OF DEVIATION* = 67.5 °

FIELD LENGTH/WIDTH RATIO

Preponderance


1:1
2:1
4:1
8:1
10:1
12:1
16:1

1.0
1.03
1.46
1.70
1.85
1.88
1.90
1.95

1.2
1.03
1.49
1.80
1.94
1.98
2.00
2.04

1.4
1.03
1.52
1.90
2.03
2.07
2.08
2.12

1.6
1.03
1.55
1.98
2.13
2.15
2.16
2.20

1.8
1.03
1.58
2.08
2.23
2.25
2.26
2.30

2.0
1.04
1.62
2.17
2.35
2.36
2.37
2.40

2.2
1.05
1.65
2.27
2.48
2.49
2.49
2.50

2.4
1.06
1.68
2.37
2.61
2.61
2.61
2.61

2.6
1.06
1.71
2.42
2.71
2.71
2.71
2.71

2.8
1.07
1.72
2.44
2.77
2.77
2.77
2.77

3.0
1.07
1.73
2.45
2.82
2.82
2.82
2.82

3.2
1.07
1.74
2.46
2.85
2.85
2.85
2.85

3.4
1.08
1.75
2.47
2.87
2.87
2.87
2.87

3.6
1.08
1.75
2.48
2.89
2.89
2.89
2.89

3.8
1.08
1.76
2.48
2.90
2.90
2.90
2.90

4.0
1.08
1.76
2.49
2.91
2.91
2.91
2.91

Exhibit 502.64 Wind Erosion Direction Factor Table (continued)

ANGLE OF DEVIATION* = 90 °

FIELD LENGTH/WIDTH RATIO

Preponderance


1:1
2:1
4:1
8:1
10:1
12:1
16:1

1.0
1.03
1.46
1.70
1.85
1.88
1.90
1.95

1.2
1.03
1.50
1.90
2.10
2.16
2.23
2.32

1.4
1.03
1.55
2.10
2.40
2.50
2.60
2.75

1.6
1.03
1.66
2.30
2.70
2.87
3.00
3.25

1.8
1.03
1.80
2.55
3.10
3.32
3.50
3.85

2.0
1.02
1.96
2.78
3.50
3.84
4.08
4.56

2.2
1.02
2.00
3.06
4.05
4.47
4.80
5.40

2.4
1.02
2.00
3.35
4.63
5.12
5.60
6.40

2.6
1.01
2.00
3.56
5.30
5.93
6.50
7.60

2.8
1.01
2.00
3.74
5.85
6.64
7.50
8.90

3.0
1.01
2.00
3.92
6.51
7.60
8.80
10.6

3.2
1.01
2.00
4.00
6.89
8.20
9.30
11.5

3.4
1.01
2.00
4.00
7.08
8.40
9.60
11.8

3.6
1.00
2.00
4.00
7.26
8.60
9.90
12.3

3.8
1.00
2.00
4.00
7.45
8.91
10.3
12.8

4.0
1.00
2.00
4.00
7.64
9.20
10.6
13.3

*Angle of deviation is the difference between prevailing wind erosion direction and a line perpendicular to the long side of the field or strip (0 is perpendicular to the long side). Multiply the Wind Erosion Direction Factor times the width of the field to determine L distance. For circular fields L = .915 times the diameter regardless of direction or preponderance.

Subpart G ‑ Exhibits

502.65(a‑d)

Exhibit 502.65(a‑d) Alphabetic Index

   Vegetation
Figure
    Vegetation
Figure
Alfalfa
b‑l
Needleandthread
d‑1,4,8

Barley
a‑1,2
Oats
a‑1,2

Beans, dry
b‑2
Peanuts
b‑12,13,14

Beets, sugar
b‑15
Potato
b‑15

Big bluestem
d‑1,3,4,5
Range grasses and

Blue grama
d‑1,3,4,6,7,8
  mixtures
d‑1‑8

Buckwheat
b‑5
Rape
b‑16

Buffalograss
d‑1,2,4,5,7,8
Rye
a‑1,2

Corn
a‑3,4,5,6
Safflower
b‑17

Cotton
b‑6,7,8, c‑l
Sesame
b‑12

Dry beans
b‑2
Sideoats grama
d‑1,4

Flax
b‑9
Sorghum
a‑4,5,6,8

Guar
b‑12
Soybeans
b‑2,3,4

Lentils
b‑2
Sudan
a‑9

Little bluestem
d‑1,3,4,6
Sugar beets
b‑15

Manure
c‑2
Sunflower
b‑18

Millet
a‑7
Switchgrass
d‑3,6

Mint
b‑10
Turnip
b‑10

Mustard
b‑ll
Western wheatgrass
d‑1,2,4,5,8



Wheat
a‑1,2



Winter peas
b‑2

Subpart G ‑ Exhibits

Exhibit 502.65(a-d) Flat Small Grain Equivalent (SGe) Charts 

(Insert Flat Small Grain Equivalent charts, Figures a-1 through d-8)

Subpart G ‑ Exhibits

Exhibit 502.65(e) Estimating Small Grain Equivalents (SGe) for Untested Vegetation


(A) Background: The term “small grain equivalents (SGe)” is used to express the effectiveness of residues or growing crops in resisting wind erosion, as compared with a reference condition. ARS has established benchmark SGe values for several common crops by wind tunnel testing. The research indicates that effectiveness of vegetative material is the result of vegetative roughness and is a function of residue weight, average stalk diameter, specific weight of stalk, orientation relative to the ground surface (standing or flat), and spatial distribution. Spatial distribution relates to plant population, row spacing, and row direction relative to wind flow.

Conservation planners frequently need to estimate the effectiveness of vegetation or residue for which small grain equivalence has not been determined. In the absence of wind tunnel tests or predictive equations, it may be desirable for NRCS to develop interim “best judgment” SGe curves based on judgment and field experience as a basis for consistent estimates. This can be done with confidence when the relationships are understood. The general principles are:

1. Standing residue is more effective than an equal weight of flat residue.

2. Fine residues are more effective, pound for pound, than coarse residues.

3. Given equal diameter and equal pounds per acre, residues with low 
specific weight (density) are more effective than residues with high 
density.

4. Rows perpendicular to wind are more effective than rows parallel to wind.

5. Dense stands are more effective than thin stands.


(B) Several of the SGe curves in Exhibits 502.65(a) and 502.65(b) were developed using the procedure described below. The footnotes with each figure identify which curves are “best judgments” by NRCS and which are from published sources resulting from wind tunnel research by ARS. Interim curves developed using similar procedures are to be submitted to the National Agronomist or to an NRCS Cooperating Scientist located at an ARS Research Unit, for technical review and approval for trial use.

Procedure:

1. Use only the SGe curves developed and published by ARS in Exhibits 502.65(a)‑(d) as benchmark values.

2. Select one or more benchmark crops having physical characteristics similar to the crop in question. For purposes of comparison, give preference to SGe curves from published sources and minimize use of curves based on “best judgment” estimates.

3. Array the selected crop and the benchmark crops in order of apparent effectiveness on a pound‑for‑pound basis. Use comparative physical characteristics such as stalk diameter and density for guidance. If possible, “bracket” the crop in question between two benchmark crops.

4. By interpolation from benchmark curves, estimate and plot a curve for the crop in question. Estimate at least two SGe values, representing low and high levels of residue, to establish the slope of the curve.


(C) Example (This procedure was used to develop the SGe curve for standing flax, Figure b‑9):

Crop: Flax, standing stubble

Benchmark crops with similar characteristics ‑ winter wheat; other similar crops with curves available for comparison ‑ millet.

Comparative characteristics and effectiveness: flax stubble (6‑inch height) is assumed to be finer and denser than small grains and millet. Standing flax is assumed less effective than standing millet (4‑inch height) due to stubble height which relates to thinner stands (pound for pound).

Estimated SGe Value (by interpolation):

Pounds Residue
SGe, Winter Wheat (figure a-1)
SGe, Flax (estimated)
SGe, Millet 

(figure a-7)



200
750
480
360

500
1800
1200
850

2000
7000
4400
3200

Additional Note: Some predictive equations have been developed to estimate the SGe of vegetative material. To use these equations, diameter and specific weight must be known, as well as the amount and orientation of the material. Contact the State or National Agronomist for assistance in using these procedures.

Subpart G ‑ Exhibits

Exhibit 502.65(f) Estimating Small Grain Equivalents (SGe) of Mixed Vegetative Cover, Consisting of two or More Components

Background: When the wind tunnel is used to determine small grain equivalents of vegetative cover, the material tested is usually uniform in size, density, and orientation. Vegetative cover found in the field, however, frequently includes two or more components which are not alike. Common combinations are (l) part standing and part flat, (2) part course and part fine, or (3) part growing and part dead.

SGe values for mixed cover can be determined in the wind tunnel. However, there are too many possible combinations for development of practical field guides. When SGe conversion curves represent uniform components, the reference values can be combined to estimate SGe for any mixture of vegetative cover.

The following procedure is recommended for estimating SGe of mixed vegative cover.

Procedure:

1.
Describe each major type of vegetative cover and estimate the percentage of total air‑dry weight made up of each component.

2.
Using the appropriate conversion curve, and total air‑dry weight of all the vegetative cover, determine the SGe value of each component cover type.

3.
Multiply the SGe value of each component by that component’s percentage of total air‑dry weight.

4.
Add the products. The sum of the products is the weighted SGe for the mixed cover.

Example: Crop: Winter wheat, 2,500 lb. residue (air‑dry weight) after harvest. 1,500 lb. (60 percent) is standing stubble and 1,000 lb. (40 percent) is flat randomly distributed straw.

Calculation:

Standing winter wheat:

2,500 lb. = 8,500 lb. SGe x 0.60 = 5,100 lb.

Flat winter wheat:

2,500 lb. = 3,300 lb. SGe x 0.40 = 1,320 lb.

Weighted Average SGe               = 6,320 lb.

Part 502 ‑ Wind Erosion

Exhibit 502.65(g) Crop yield ‑ residue conversions

(This section reserved, to be developed)

Subpart G – Exhibits    (Refer to the NAM residue reduction by tillage amendment )

Exhibit 502.65(h) Residue reduction by tillage 

Subpart G ‑ Exhibits

Exhibit 502.66 Wind Physics

(This section reserved, to be developed)

Subpart G ‑ Exhibits

Exhibit 502.67 Wind Erosion Control Exhibits

(This section reserved, to be developed)

SUBPART H ‑ GLOSSARY

502.68 Glossary

Abrasion
Breakdown of clods, crusts, and plant material by the impact of saltating soil particles moved by the wind in saltation. The impacting particles may also abrade. Abrasion causes soil aggregates to break down progressively as wind erosion continues.



Aggregation, Soil

The cementing or binding together of soil particles into a secondary unit, aggregate, or granule.



Air‑Dry Weight



Weight of a substance after it has been allowed to dry to equilibrium with the atmosphere.



Angle of Deviation
The angle between prevailing wind erosion direction and a line perpendicular to: (1) the long side of the field or strip, when determining unsheltered distance using a wind

erosion direction factor, or (2) row direction when determining effect of wind direction on the ridge roughness factor.



Available Water Holding Capacity
The capacity of a soil to hold water in a form available to plants, usually expressed in inches of water per inch of soil depth. Commonly defined as the amount of water held between field capacity and wilting point.



Avalanching
The increase in rate of soil flow with distance downwind across an area being eroded by wind.



Calcareous Soil
Soil containing sufficient free calcium carbonate or

magnesium carbonate to effervesce visibly when treated with cold 0.1 N hydrochloric acid.  High content of lime (up to about 5 percent), particularly in the clay fraction, appreciably increases erodibility by wind.



Climatic Erosivity
The relative influence of climate on field erodibility by wind in different regions, specifically the effects of average wind-speed and effective soil surface moisture.



Clod





A compact, coherent mass of soil greater than 2 millimeters in equivalent diameter, often created by tillage or other mechanical disturbance of the soil.



Coarse Fragments



Rock or mineral particles greater than2 millimeters in diameter.



Critical Wind Erosion Period
Period of the year when the greatest amount of wind erosion can be expected to occur from a field under an identified management system.  It is the period when vegetative cover and soil surface conditions, and expected erosive winds, result in the greatest potential for wind erosion.



Crop Residue Management

Maintaining stubble, stalks, and other crop residue on the soil surface or partially incorporated into the surface layer to reduce erosion, conserve soil moisture, and improve

soil tilth.



Crop Tolerance to Wind Erosion
The maximum wind erosion that a growing crop can tolerate, from crop emergence to field stabilization, without an economic loss to crop stand, crop yield or crop quality.  Crops can be damaged by blowing soil particles, exposure of plant roots, burial of plants by drifting soil, or desiccation and twisting of plants by the wind.



Crust





A thin surface layer, where aggregates are bound together and the surface is sealed. It is more compact and mechanically stable than the soil material immediately beneath it. Crust is characterized by its dense, platey structure, which becomes less distinct with depth until it merges with the soil below. Crust is a transitory condition.



Deposition
The accumulation of eroded soil material on the land surface when the velocity of the transporting agent (wind or water) is reduced.



Desert Pavement
A non-erodible soil surface devoid of erodible materials or consisting of gravel or stones left on the land surface. It occurs in desert regions as a result of the removal of fine materials by wind or water erosion.  Desert pavement is virtually non‑erodible.



Detachment
The removal of transportable fragments of soil material from the soil mass by an eroding agent, usually falling raindrops, running water, wind, or windblown soil particles. Detachment is the process that makes soil particles or aggregates available for transport.



Drought Year
Any year when precipitation is less than 80 percent of the long‑term normal.



Dry Aggregate
A compound or secondary air-dry soil particle that is not destroyed by dry sieving.



Dust Storm



A strong turbulent wind carrying large amounts of soil particles in suspension.



Erosive Wind Energy (EWE)
The capacity of winds above the threshold velocity to cause erosion, based on the cube of wind-speed and the duration of erosive winds.



Erosive Wind Energy (EWE) Distribution
The distribution of erosive wind energy over time at any geographic location.



E Tables
Tables, derived from computer solutions (WEROS) of the Wind Erosion Equation that display values of average annual wind erosion per acre (E) for various combinations of soil erodibility (I), ridge and random roughness (K), climate (C), unsheltered distance (L), and vegetative cover (V).



Fibric Organic Soil Materials
The least decomposed of all the organic soil materials containing very high amounts of fiber that are well preserved and readily identifiable as to botanical origin.



Hemic Organic Soil Materials
Intermediate in degree of decomposition between the less decomposed fibric and the more decomposed sapric materials.



Isoline
A line on a map or chart along which there is a constant value of a variable such as wind velocity or climatic erosivity.



Isolated Field
A field where the rate of soil flow is zero at the windward edge of the field due to the presence of a stable border.  An isolated field is not protected by barriers and is exposed to open wind velocities.  The Wind Erosion Equation applies to conditions on an isolated field.

Knoll
An abrupt change in topography, characterized by windward slope change greater than 3 percent and windward slope less than 500 feet long.



Knoll Erodibility
The increase in wind erosion potential resulting from the compression of wind flow-lines and accompanying increased velocity over the crest of knolls. A knoll erodibility factor is used to adjust estimated erosion where these conditions occur.



Loess
Soil material transported and deposited by wind, consisting predominantly of silt‑sized particles.



Management Period
A period of time during a cropping sequence when cover and management effects are approximately uniform or otherwise result in uniform rates of erosion during the period.



Organic Soil
A soil that contains a high percentage (greater than 20 percent) of organic matter throughout the solum.



Oven‑Dry Weight
The weight of a substance after it has been dried in an oven at 105 degrees C, to equilibrium.



Precipitation‑ Effectiveness (PE) Index
An index of the effectiveness of precipitation, calculated from mean monthly precipitation and mean monthly temperature at a specific geographical location. A modified P‑E index is used to represent effective surface soil moisture in calculation of the WEQ climatic factor C.



Preponderance
A ratio which expresses how much of the erosive wind energy occurs parallel to the prevailing wind erosion direction, as compared to the amount of erosive wind energy occurring perpendicular to the prevailing direction. A preponderance of 1.0 indicates that as much wind erosion force occurs perpendicular to the prevailing direction as occurs parallel to that direction. A higher preponderance indicates more of the force is parallel to the prevailing wind erosion direction.

Prevailing Wind Direction
The direction from which winds most commonly occur. This may not be the same as the prevailing wind erosion direction.



Prevailing Wind Erosion Direction
The direction of erosive winds where there is potential for the greatest amount of soil to be moved, relative to the erosive force of winds from other directions.



Random Roughness
Random roughness is the non-oriented surface roughness that is sometimes referred to as cloddiness. Random roughness is described as the standard deviation (in inches) of the soil surface elevations, measured at regular intervals from a fixed, arbitrary plane above a tilled soil surface, after oriented (ridge) roughness has been accounted for. Random roughness is usually created by the action of tillage implements.



Reference Condition
A standard wind tunnel condition for small grain equivalent determination where small grain stalks 10 inches long are lying flat on the soil surface in l0‑inch rows which are perpendicular to the wind direction, with stalks oriented parallel to the wind direction.



Relative Field Erodibility
An index of relative erodibility under field conditions. Wind tunnel erodibility is adjusted for the effect of unsheltered distance and of the resistance of soil textural classes to breakdown of surface crusts by abrasion and avalanching. Compared to the wind tunnel, erodibility of a field surface is greater because the longer unsheltered distance allows abrasion and avalanching to occur.



Ridge Roughness
The degree of oriented roughness is determined by the height and width of ridges formed by tillage and planting implements or by any other means of creating systematically spaced ridges.  Ridges provide sheltered zones that trap moving soil particles.



Saltation
Soil movement in wind where particles skip or bounce along the soil surface in response to wind forces. Particles in the size range from 0.1 to 0.5 mm (0.004 to 0.02 in) usually move in this manner.

Sapric Organic Soil Materials
The most highly decomposed of the organic materials, having the highest bulk density, least amount of plant fiber, and lowest water content at saturation.



Small Grain Equivalent (SGe)
The wind erosion control equivalent of vegetative cover, compared to a small grain standard. The standard (reference condition) is defined as small grain stalks 10 inches long lying flat on the soil surface in l0‑inch rows which are perpendicular to the wind direction, with stalks oriented parallel to the wind direction. The small grain equivalent value is a function of kind, amount, and orientation of growing plants or plant residues on the soil surface.



Soil Erodibility Index (I)
The potential soil loss, in tons per acre per year, from a wide, level, unsheltered, isolated field with a bare, smooth, loose, and non-crusted surface, under climatic conditions like those in the vicinity of Garden City, Kansas.



Soil Loss Tolerance (T)
T is expressed as the average annual soil erosion rate (tons/acre/year) that can occur in a field with little or no long term degradation of the soil resource thus permitting crop productivity to be sustained for an indefinite period of time.



Soil Surface Moisture
Adsorbed water films surrounding surface soil particles which increase the soil resistance to erosion. In developing

the climatic factor (C), soil surface moisture is assumed to be proportional to the Thornthwaite Precipitation‑Effectiveness (P‑E) Index.



Sorting
Separation of various size classes of soil particles or aggregates during wind erosion.  Soils tend to have an increased coarseness fraction in response to continued sorting by erosion.



Stable Border
A stable border defines the upwind boundary of an isolated field.  It is an area with sufficient protection to prevent saltation from starting, and capable of trapping and holding incoming saltation from eroding areas upwind, thus preventing saltating soil particles from entering areas downwind.



Surface Armor
A layer of coarse fragments or other non‑erodible particles resistant to abrasion that remain on the soil surface after the removal of fine particles by erosion.



Surface Creep
Soil movement in the wind whereby the coarser fractions are transported by rolling and sliding along the ground surface, primarily by the impact of particles in saltation rather than by direct force of the wind. Particles greater than 0.5 mm (0.02 in) in size are usually moved in this manner.



Suspension
Soil movement in wind whereby the finer fractions are transported over long distances floating in the wind-stream. Suspension is usually initiated by the impact of saltating particles. Particles moving in this manner are usually less than 0.1 mm (0.004 in) in size.  Many suspension‑size particles are created by abrasion during erosion.



Threshold Velocity
The minimum velocity at which wind will begin moving soil particles from a smooth, bare, non-crusted surface.  The threshold velocity is usually considered to be 13 mph at 1 foot above the soil surface, or 18 mph at 30 feet height.



Transport
The movement of detached soil material across the land surface or through the air by wind or running water. Transport of soil particles in wind is by three modes: (l) saltation, (2) suspension, and (3) surface creep.



Transport Capacity
The maximum amount of soil material that can be carried by wind or running water under given conditions.



Trap Strip
A strip of grass or other erosion‑resisting vegetation, planted between cultivated strips or fields and having sufficient width, height, and density to trap and store incoming saltation.  Trap strips are usually not tall enough to create significant barrier effects.



Unsheltered Distance
The distance across an erodible field, measured along the prevailing wind erosion direction, beginning at a stable border on the upwind side and continuing downwind to a non‑erodible or stable area, or to the downwind edge of the area being evaluated.



Unsheltered Field
A field or portion of a field characterized by the absence of windbreaks or barriers and fully exposed to open wind velocity.



Vegetative Wind Barrier
Narrow strips of annual or perennial vegetation planted at intervals across fields for wind erosion control, snow management, or protection of sensitive crops. Barriers have sufficient height and density to create a sheltered zone downwind. In the protected zone, wind velocities are reduced enough to prevent saltation from beginning. Vegetative barriers may also trap incoming saltation, but this is a secondary function



Wide Field
Any field with sufficient width to allow the rate of saltation/creep flow to reach the maximum that an erosive wind can sustain. This distance is the same for any erosive wind. It varies only and inversely with erodibility of the field surface. That is, the more erodible the surface, the shorter the distance in which maximum flow is reached.



Windbreak
A living barrier of trees or combination of trees and shrubs designed to reduce wind erosion, conserve energy or moisture, control snow deposition, or provide shelter for livestock or wildlife. When used to control wind erosion, windbreaks deflect wind forces and reduce wind velocity in the downwind sheltered zone below the threshold required for initiation of soil movement.



Wind Erodibility Group
A grouping of soils that have similar properties affecting their resistance to wind erosion.



Wind Erosion
The detachment, transport, and deposition of soil by wind.



Wind Erosion Direction Factor
A numerical factor used to calculate the equivalent unsheltered distance. The factor accounts for field shape (length/width ratio), field width, preponderance, and angle of deviation of the prevailing wind erosion direction from a line perpendicular to the long side of the field or strip.



Wind Erosion Equation (WEQ)
An equation used to estimate wind erosion and design wind erosion control systems. E = f(IKCLV) wherein E is the average annual soil loss expressed in tons per acre per year; I is the soil erodibility; K is the soil ridge and random roughness factor; C is the climatic factor; L is the equivalent unsheltered distance across the field along the prevailing wind erosion  direction; and V is the equivalent vegetative cover.

Wind Stripcropping
A method of farming whereby erosion‑resistant crop strips are alternated with strips of erosion‑ susceptible crops or fallow.  Erosion‑resistant strips reduce or eliminate saltation and act as soil traps designed to reduce soil avalanching. Strips are perpendicular, or nearly so, to the direction of prevailing erosive winds during critical periods.



Wind Tunnel
A duct in which experimental situations are created and tested by exposure to air-streams under controlled conditions. Both laboratory and portable field wind tunnels are used in wind erosion research.



Wind Tunnel Erodibility
An index of relative erodibility under wind tunnel conditions. Tunnel erodibility accounts for the effect of wind tunnel percent clods >0.84 mm, and for crop residue and surface roughness factors.  Because wind erosion is limited by the length of the tunnel, tunnel erodibility does not account for the resistance of soil textural classes to abrasion and avalanching.
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		Data for plot of ridge K-factor for WEQ.												'Graphs for tables at K450

										Calc.						Calc.		Calc.

										K-Fac				wind		wind		Final

		I		Ridge		Calc.		Calc		wind		wind		angle to		Prep.on		K-Factor

				Height		k		C		90 deg		Prep.		ridge		ridge

		-		-		-		-		-		-		-		-		-

		(T/Ac)		(in)

		310		0		3.03		10.14		1.00		4.00		90.00		4.00		1.00

		310		1		3.03		10.14		1.00		4.00		90.00		4.00		1.00

		310		2		3.03		10.14		0.99		4.00		90.00		4.00		0.99

		310		4		3.03		10.14		0.94		4.00		90.00		4.00		0.95

		310		6		3.03		10.14		0.82		4.00		90.00		4.00		0.85

		310		12		3.03		10.14		0.19		4.00		90.00		4.00		0.35

		250		0		1.97		5.89		1.00		4.00		90.00		4.00		1.00

		250		1		1.97		5.89		0.97		4.00		90.00		4.00		0.98

		250		2		1.97		5.89		0.89		4.00		90.00		4.00		0.91

		250		4		1.97		5.89		0.63		4.00		90.00		4.00		0.70

		250		6		1.97		5.89		0.35		4.00		90.00		4.00		0.48

		250		12		1.97		5.89		0.02		4.00		90.00		4.00		0.21

		220		0		1.60		4.39		1.00		4.00		90.00		4.00		1.00

		220		1		1.60		4.39		0.91		4.00		90.00		4.00		0.93

		220		2		1.60		4.39		0.75		4.00		90.00		4.00		0.80

		220		4		1.60		4.39		0.42		4.00		90.00		4.00		0.54

		220		6		1.60		4.39		0.19		4.00		90.00		4.00		0.35

		220		12		1.60		4.39		0.01		4.00		90.00		4.00		0.21

		180		0		1.24		2.95		1.00		4.00		90.00		4.00		1.00

		180		1		1.24		2.95		0.77		4.00		90.00		4.00		0.82

		180		2		1.24		2.95		0.54		4.00		90.00		4.00		0.63

		180		4		1.24		2.95		0.23		4.00		90.00		4.00		0.39

		180		6		1.24		2.95		0.09		4.00		90.00		4.00		0.27

		180		12		1.24		2.95		0.00		4.00		90.00		4.00		0.20

		134		0		0.98		1.92		1.00		4.00		90.00		4.00		1.00

		134		1		0.98		1.92		0.59		4.00		90.00		4.00		0.67

		134		2		0.98		1.92		0.35		4.00		90.00		4.00		0.48

		134		4		0.98		1.92		0.13		4.00		90.00		4.00		0.30

		134		6		0.98		1.92		0.05		4.00		90.00		4.00		0.24

		134		12		0.98		1.92		0.00		4.00		90.00		4.00		0.20

		56		0		0.81		1.25		1.00		4.00		90.00		4.00		1.00

		56		1		0.81		1.25		0.43		4.00		90.00		4.00		0.55

		56		2		0.81		1.25		0.23		4.00		90.00		4.00		0.39

		56		4		0.81		1.25		0.08		4.00		90.00		4.00		0.26

		56		6		0.81		1.25		0.03		4.00		90.00		4.00		0.22

		56		12		0.81		1.25		0.00		4.00		90.00		4.00		0.20

		20		0		0.80		1.20		1.00		4.00		90.00		4.00		1.00

		20		1		0.80		1.20		0.42		4.00		90.00		4.00		0.54

		20		2		0.80		1.20		0.22		4.00		90.00		4.00		0.38

		20		4		0.80		1.20		0.07		4.00		90.00		4.00		0.26

		20		6		0.80		1.20		0.03		4.00		90.00		4.00		0.22

		20		12		0.80		1.20		0.00		4.00		90.00		4.00		0.20

		|::

		310		0		3.03		10.14		1.00		1.5		0.00		0.67		1.00

		310		1		3.03		10.14		1.00		1.5		0.00		0.67		1.00

		310		2		3.03		10.14		0.99		1.5		0.00		0.67		1.00

		310		4		3.03		10.14		0.94		1.5		0.00		0.67		0.98

		310		6		3.03		10.14		0.82		1.5		0.00		0.67		0.93

		310		12		3.03		10.14		0.19		1.5		0.00		0.67		0.68

		250		0		1.97		5.89		1.00		1.5		0.00		0.67		1.00

		250		1		1.97		5.89		0.97		1.5		0.00		0.67		0.99

		250		2		1.97		5.89		0.89		1.5		0.00		0.67		0.96

		250		4		1.97		5.89		0.63		1.5		0.00		0.67		0.85

		250		6		1.97		5.89		0.35		1.5		0.00		0.67		0.74

		250		12		1.97		5.89		0.02		1.5		0.00		0.67		0.61

		220		0		1.60		4.39		1.00		1.5		0.00		0.67		1.00

		220		1		1.60		4.39		0.91		1.5		0.00		0.67		0.96

		220		2		1.60		4.39		0.75		1.5		0.00		0.67		0.90

		220		4		1.60		4.39		0.42		1.5		0.00		0.67		0.77

		220		6		1.60		4.39		0.19		1.5		0.00		0.67		0.68

		220		12		1.60		4.39		0.01		1.5		0.00		0.67		0.60

		180		0		1.24		2.95		1.00		1.5		0.00		0.67		1.00

		180		1		1.24		2.95		0.77		1.5		0.00		0.67		0.91

		180		2		1.24		2.95		0.54		1.5		0.00		0.67		0.82

		180		4		1.24		2.95		0.23		1.5		0.00		0.67		0.69

		180		6		1.24		2.95		0.09		1.5		0.00		0.67		0.64

		180		12		1.24		2.95		0.00		1.5		0.00		0.67		0.60

		180		2		1.24		2.95		0.54		1.5		0.00		0.67		0.82

		180		4		1.24		2.95		0.23		1.5		0.00		0.67		0.69

		180		6		1.24		2.95		0.09		1.5		0.00		0.67		0.64

		180		12		1.24		2.95		0.00		1.5		0.00		0.67		0.60

		134		0		0.98		1.92		1.00		1.5		0.00		0.67		1.00

		134		1		0.98		1.92		0.59		1.5		0.00		0.67		0.84

		134		2		0.98		1.92		0.35		1.5		0.00		0.67		0.74

		134		4		0.98		1.92		0.13		1.5		0.00		0.67		0.65

		134		6		0.98		1.92		0.05		1.5		0.00		0.67		0.62

		134		12		0.98		1.92		0.00		1.5		0.00		0.67		0.60

		56		0		0.81		1.25		1.00		1.5		0.00		0.67		1.00

		56		1		0.81		1.25		0.43		1.5		0.00		0.67		0.77

		56		2		0.81		1.25		0.23		1.5		0.00		0.67		0.69

		56		4		0.81		1.25		0.08		1.5		0.00		0.67		0.63

		56		6		0.81		1.25		0.03		1.5		0.00		0.67		0.61

		56		12		0.81		1.25		0.00		1.5		0.00		0.67		0.60

		20		0		0.80		1.20		1.00		1.5		0.00		0.67		1.00

		20		1		0.80		1.20		0.42		1.5		0.00		0.67		0.77

		20		2		0.80		1.20		0.22		1.5		0.00		0.67		0.69

		20		4		0.80		1.20		0.07		1.5		0.00		0.67		0.63

		20		6		0.80		1.20		0.03		1.5		0.00		0.67		0.61

		20		12		0.80		1.20		0.00		1.5		0.00		0.67		0.60

		|::

		310		0		3.03		10.14		1.00		1.5		22.50		0.99		1.00

		310		1		3.03		10.14		1.00		1.5		22.50		0.99		1.00

		310		2		3.03		10.14		0.99		1.5		22.50		0.99		1.00

		310		4		3.03		10.14		0.94		1.5		22.50		0.99		0.97

		310		6		3.03		10.14		0.82		1.5		22.50		0.99		0.91

		310		12		3.03		10.14		0.19		1.5		22.50		0.99		0.60

		250		0		1.97		5.89		1.00		1.5		22.50		0.99		1.00

		250		1		1.97		5.89		0.97		1.5		22.50		0.99		0.99

		250		2		1.97		5.89		0.89		1.5		22.50		0.99		0.94

		250		4		1.97		5.89		0.63		1.5		22.50		0.99		0.81

		250		6		1.97		5.89		0.35		1.5		22.50		0.99		0.68

		250		12		1.97		5.89		0.02		1.5		22.50		0.99		0.51

		220		0		1.60		4.39		1.00		1.5		22.50		0.99		1.00

		220		1		1.60		4.39		0.91		1.5		22.50		0.99		0.96

		220		2		1.60		4.39		0.75		1.5		22.50		0.99		0.88

		220		4		1.60		4.39		0.42		1.5		22.50		0.99		0.71

		220		6		1.60		4.39		0.19		1.5		22.50		0.99		0.60

		220		12		1.60		4.39		0.01		1.5		22.50		0.99		0.51

		180		0		1.24		2.95		1.00		1.5		22.50		0.99		1.00

		180		1		1.24		2.95		0.77		1.5		22.50		0.99		0.89

		180		2		1.24		2.95		0.54		1.5		22.50		0.99		0.77

		180		4		1.24		2.95		0.23		1.5		22.50		0.99		0.62

		180		6		1.24		2.95		0.09		1.5		22.50		0.99		0.55

		180		12		1.24		2.95		0.00		1.5		22.50		0.99		0.51

		134		0		0.98		1.92		1.00		1.5		22.50		0.99		1.00

		134		1		0.98		1.92		0.59		1.5		22.50		0.99		0.80

		134		2		0.98		1.92		0.35		1.5		22.50		0.99		0.68

		134		4		0.98		1.92		0.13		1.5		22.50		0.99		0.57

		134		6		0.98		1.92		0.05		1.5		22.50		0.99		0.53

		134		12		0.98		1.92		0.00		1.5		22.50		0.99		0.50

		56		0		0.81		1.25		1.00		1.5		22.50		0.99		1.00

		56		1		0.81		1.25		0.43		1.5		22.50		0.99		0.72

		56		2		0.81		1.25		0.23		1.5		22.50		0.99		0.62

		56		4		0.81		1.25		0.08		1.5		22.50		0.99		0.54

		56		6		0.81		1.25		0.03		1.5		22.50		0.99		0.52

		56		12		0.81		1.25		0.00		1.5		22.50		0.99		0.50

		20		0		0.80		1.20		1.00		1.5		22.50		0.99		1.00

		20		1		0.80		1.20		0.42		1.5		22.50		0.99		0.71

		20		2		0.80		1.20		0.22		1.5		22.50		0.99		0.61

		20		4		0.80		1.20		0.07		1.5		22.50		0.99		0.54

		20		6		0.80		1.20		0.03		1.5		22.50		0.99		0.52

		20		12		0.80		1.20		0.00		1.5		22.50		0.99		0.50

		|::

		310		0		3.03		10.14		1.00		1.5		45.00		1.26		1.00

		310		1		3.03		10.14		1.00		1.5		45.00		1.26		1.00

		310		2		3.03		10.14		0.99		1.5		45.00		1.26		1.00

		310		4		3.03		10.14		0.94		1.5		45.00		1.26		0.97

		310		6		3.03		10.14		0.82		1.5		45.00		1.26		0.90

		310		12		3.03		10.14		0.19		1.5		45.00		1.26		0.55

		250		0		1.97		5.89		1.00		1.5		45.00		1.26		1.00

		250		1		1.97		5.89		0.97		1.5		45.00		1.26		0.98

		250		2		1.97		5.89		0.89		1.5		45.00		1.26		0.94

		250		4		1.97		5.89		0.63		1.5		45.00		1.26		0.79

		250		6		1.97		5.89		0.35		1.5		45.00		1.26		0.64

		250		12		1.97		5.89		0.02		1.5		45.00		1.26		0.45

		220		0		1.60		4.39		1.00		1.5		45.00		1.26		1.00

		220		1		1.60		4.39		0.91		1.5		45.00		1.26		0.95

		220		2		1.60		4.39		0.75		1.5		45.00		1.26		0.86

		220		4		1.60		4.39		0.42		1.5		45.00		1.26		0.68

		220		6		1.60		4.39		0.19		1.5		45.00		1.26		0.55

		220		12		1.60		4.39		0.01		1.5		45.00		1.26		0.45

		180		0		1.24		2.95		1.00		1.5		45.00		1.26		1.00

		180		1		1.24		2.95		0.77		1.5		45.00		1.26		0.87

		180		2		1.24		2.95		0.54		1.5		45.00		1.26		0.74

		180		4		1.24		2.95		0.23		1.5		45.00		1.26		0.57

		180		6		1.24		2.95		0.09		1.5		45.00		1.26		0.49

		180		12		1.24		2.95		0.00		1.5		45.00		1.26		0.45

		134		0		0.98		1.92		1.00		1.5		45.00		1.26		1.00

		134		1		0.98		1.92		0.59		1.5		45.00		1.26		0.77

		134		2		0.98		1.92		0.35		1.5		45.00		1.26		0.64

		134		4		0.98		1.92		0.13		1.5		45.00		1.26		0.51

		134		6		0.98		1.92		0.05		1.5		45.00		1.26		0.47

		134		12		0.98		1.92		0.00		1.5		45.00		1.26		0.44

		56		0		0.81		1.25		1.00		1.5		45.00		1.26		1.00

		56		1		0.81		1.25		0.43		1.5		45.00		1.26		0.69

		56		2		0.81		1.25		0.23		1.5		45.00		1.26		0.57

		56		4		0.81		1.25		0.08		1.5		45.00		1.26		0.49

		56		6		0.81		1.25		0.03		1.5		45.00		1.26		0.46

		56		12		0.81		1.25		0.00		1.5		45.00		1.26		0.44

		20		0		0.80		1.20		1.00		1.5		45.00		1.26		1.00

		20		1		0.80		1.20		0.42		1.5		45.00		1.26		0.68

		20		2		0.80		1.20		0.22		1.5		45.00		1.26		0.57

		20		4		0.80		1.20		0.07		1.5		45.00		1.26		0.48

		20		6		0.80		1.20		0.03		1.5		45.00		1.26		0.46

		20		12		0.80		1.20		0.00		1.5		45.00		1.26		0.44

		|::

		310		0		3.03		10.14		1.00		1.5		67.50		1.44		1.00

		310		1		3.03		10.14		1.00		1.5		67.50		1.44		1.00

		310		2		3.03		10.14		0.99		1.5		67.50		1.44		1.00

		310		4		3.03		10.14		0.94		1.5		67.50		1.44		0.97

		310		6		3.03		10.14		0.82		1.5		67.50		1.44		0.89

		310		12		3.03		10.14		0.19		1.5		67.50		1.44		0.52

		250		0		1.97		5.89		1.00		1.5		67.50		1.44		1.00

		250		1		1.97		5.89		0.97		1.5		67.50		1.44		0.98

		250		2		1.97		5.89		0.89		1.5		67.50		1.44		0.93

		250		4		1.97		5.89		0.63		1.5		67.50		1.44		0.78

		250		6		1.97		5.89		0.35		1.5		67.50		1.44		0.62

		250		12		1.97		5.89		0.02		1.5		67.50		1.44		0.42

		220		0		1.60		4.39		1.00		1.5		67.50		1.44		1.00

		220		1		1.60		4.39		0.91		1.5		67.50		1.44		0.95

		220		2		1.60		4.39		0.75		1.5		67.50		1.44		0.85

		220		4		1.60		4.39		0.42		1.5		67.50		1.44		0.66

		220		6		1.60		4.39		0.19		1.5		67.50		1.44		0.52

		220		12		1.60		4.39		0.01		1.5		67.50		1.44		0.41

		180		0		1.24		2.95		1.00		1.5		67.50		1.44		1.00

		180		1		1.24		2.95		0.77		1.5		67.50		1.44		0.86

		180		2		1.24		2.95		0.54		1.5		67.50		1.44		0.73

		180		4		1.24		2.95		0.23		1.5		67.50		1.44		0.55

		180		6		1.24		2.95		0.09		1.5		67.50		1.44		0.46

		180		12		1.24		2.95		0.00		1.5		67.50		1.44		0.41

		134		0		0.98		1.92		1.00		1.5		67.50		1.44		1.00

		134		1		0.98		1.92		0.59		1.5		67.50		1.44		0.76

		134		2		0.98		1.92		0.35		1.5		67.50		1.44		0.62

		134		4		0.98		1.92		0.13		1.5		67.50		1.44		0.49

		134		6		0.98		1.92		0.05		1.5		67.50		1.44		0.44

		134		12		0.98		1.92		0.00		1.5		67.50		1.44		0.41

		56		0		0.81		1.25		1.00		1.5		67.50		1.44		1.00

		56		1		0.81		1.25		0.43		1.5		67.50		1.44		0.67

		56		2		0.81		1.25		0.23		1.5		67.50		1.44		0.55

		56		4		0.81		1.25		0.08		1.5		67.50		1.44		0.46

		56		6		0.81		1.25		0.03		1.5		67.50		1.44		0.43

		56		12		0.81		1.25		0.00		1.5		67.50		1.44		0.41

		20		0		0.80		1.20		1.00		1.5		67.50		1.44		1.00

		20		1		0.80		1.20		0.42		1.5		67.50		1.44		0.66

		20		2		0.80		1.20		0.22		1.5		67.50		1.44		0.54

		20		4		0.80		1.20		0.07		1.5		67.50		1.44		0.45

		20		6		0.80		1.20		0.03		1.5		67.50		1.44		0.43

		20		12		0.80		1.20		0.00		1.5		67.50		1.44		0.41

		|::

		310		0		3.03		10.14		1.00		1.5		90.00		1.50		1.00

		310		1		3.03		10.14		1.00		1.5		90.00		1.50		1.00

		310		2		3.03		10.14		0.99		1.5		90.00		1.50		1.00

		310		4		3.03		10.14		0.94		1.5		90.00		1.50		0.97

		310		6		3.03		10.14		0.82		1.5		90.00		1.50		0.89

		310		12		3.03		10.14		0.19		1.5		90.00		1.50		0.51

		250		0		1.97		5.89		1.00		1.5		90.00		1.50		1.00

		250		1		1.97		5.89		0.97		1.5		90.00		1.50		0.98

		250		2		1.97		5.89		0.89		1.5		90.00		1.50		0.93

		250		4		1.97		5.89		0.63		1.5		90.00		1.50		0.78

		250		6		1.97		5.89		0.35		1.5		90.00		1.50		0.61

		250		12		1.97		5.89		0.02		1.5		90.00		1.50		0.41

		220		0		1.60		4.39		1.00		1.5		90.00		1.50		1.00

		220		1		1.60		4.39		0.91		1.5		90.00		1.50		0.95

		220		2		1.60		4.39		0.75		1.5		90.00		1.50		0.85

		220		4		1.60		4.39		0.42		1.5		90.00		1.50		0.65

		220		6		1.60		4.39		0.19		1.5		90.00		1.50		0.52

		220		12		1.60		4.39		0.01		1.5		90.00		1.50		0.40

		180		0		1.24		2.95		1.00		1.5		90.00		1.50		1.00

		180		1		1.24		2.95		0.77		1.5		90.00		1.50		0.86

		180		2		1.24		2.95		0.54		1.5		90.00		1.50		0.72

		180		4		1.24		2.95		0.23		1.5		90.00		1.50		0.54

		180		6		1.24		2.95		0.09		1.5		90.00		1.50		0.45

		180		12		1.24		2.95		0.00		1.5		90.00		1.50		0.40

		134		0		0.98		1.92		1.00		1.5		90.00		1.50		1.00

		134		1		0.98		1.92		0.59		1.5		90.00		1.50		0.75

		134		2		0.98		1.92		0.35		1.5		90.00		1.50		0.61

		134		4		0.98		1.92		0.13		1.5		90.00		1.50		0.48

		134		6		0.98		1.92		0.05		1.5		90.00		1.50		0.43

		134		12		0.98		1.92		0.00		1.5		90.00		1.50		0.40

		56		0		0.81		1.25		1.00		1.5		90.00		1.50		1.00

		56		1		0.81		1.25		0.43		1.5		90.00		1.50		0.66

		56		2		0.81		1.25		0.23		1.5		90.00		1.50		0.54

		56		4		0.81		1.25		0.08		1.5		90.00		1.50		0.45

		56		6		0.81		1.25		0.03		1.5		90.00		1.50		0.42

		56		12		0.81		1.25		0.00		1.5		90.00		1.50		0.40

		20		0		0.80		1.20		1.00		1.5		90.00		1.50		1.00

		20		1		0.80		1.20		0.42		1.5		90.00		1.50		0.65

		20		2		0.80		1.20		0.22		1.5		90.00		1.50		0.53

		20		4		0.80		1.20		0.07		1.5		90.00		1.50		0.44

		20		6		0.80		1.20		0.03		1.5		90.00		1.50		0.42

		20		12		0.80		1.20		0.00		1.5		90.00		1.50		0.40
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I < 134

Kr -  Roughness Height (in) = 4(HxH)/S

Krd - Factor for Ridges

Angle of deviation = 90 deg

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



K-ZRG15_D67

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind. direction.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 67.5 deg

1

1

1

1

1

1

0.99956014

0.9851739195

0.9555521303

0.8854976976

0.7966686591

0.713088808

0.9964078576

0.9443310299

0.8772404612

0.7711016465

0.6791007506

0.6140722702

0.9713255282

0.8149087847

0.71358763

0.6191595948

0.5674220725

0.5398535155

0.908546471

0.679422972

0.5994215915

0.5483185441

0.5270631339

0.5169066384

0.5972261239

0.5120939818

0.5070377249

0.5053339209

0.5048344954

0.5045379399



K-ZRG15_D45

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 45 deg

1

1

1

1

1

1

0.9995066548

0.9833711268

0.9501474455

0.8715746715

0.7719443739

0.6782015442

0.9959710673

0.9375619037

0.8623133878

0.7432685139

0.6400806737

0.5671449879

0.9678388261

0.7924024265

0.678761021

0.572850911

0.514822311

0.4839015267

0.8974260844

0.640442076

0.5507128447

0.4933958693

0.4695558855

0.4581644004

0.5482504169

0.4527665438

0.4470954661

0.4451844863

0.4446243327

0.4442917171



K-ZRG15_D22

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr - Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 22.5 deg

1

1

1

1

1

1

0.999477532

0.9823895018

0.9472045813

0.8639935494

0.7584819396

0.659205343

0.9957332339

0.9338760979

0.8541855595

0.7281133045

0.6188341456

0.5415929669

0.9659403082

0.780147659

0.6597978465

0.5476357184

0.4861816111

0.4534355308

0.8913710064

0.619216882

0.5241908119

0.4634903374

0.4382430468

0.4261791068

0.5215830236

0.4204626074

0.4144567583

0.4124329707

0.4118397505

0.4114875002



K-ZRG15_D0

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 0 deg

1

1

1

1

1

1

0.9994683038

0.9820784531

0.9462720723

0.8615913099

0.7542160815

0.6531859934

0.9956578714

0.932708172

0.8516100846

0.7233110547

0.6121017321

0.5334962665

0.9653387225

0.7762644757

0.653788962

0.5396457493

0.4771061973

0.4437817332

0.8894523264

0.6124912286

0.5157867427

0.4540141347

0.4283209091

0.4160438875

0.5131328939

0.4102264193

0.4041144908

0.4020549577

0.4014512596

0.4010927876



K-ZRG-N

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



I = 310

I = 250

I = 220

I = 180

I = 134

I = 20

Ridge Roughness Height (in)

K-Factor for ridges

Ridges normal to wind 100% of time

1

1

1

1

1

1

0.9991138396

0.9701307551

0.9104534539

0.7693188499

0.7693188499

0.4219766557

0.992763119

0.8878469534

0.7526834743

0.5388517579

0.5388517579

0.2224937776

0.9422312041

0.6271074595

0.4229816034

0.2327429155

0.2327429155

0.0729695553

0.8157538774

0.3541520477

0.1929779045

0.0900235578

0.0900235578

0.0267398125

0.1885548232

0.0170440322

0.0068574846

0.0034249295

0.0034249295

0.0018213127
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K-ZRG15_D90

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
   s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 90 deg

1

1

1

1

1

1

0.9996455359

0.9880523021

0.9641813815

0.90772754

0.8361440544

0.7687906623

0.9971052476

0.9551387813

0.9010733897

0.8155407031

0.7414011547

0.688997511

0.9768924816

0.8508429838

0.7691926413

0.6930971662

0.6514041316

0.6291878221

0.9263015509

0.7416608191

0.6771911618

0.6360094231

0.6188806061

0.610695925

0.6754219293

0.6068176129

0.6027429938

0.6013699718

0.6009675064

0.6007285251



RGWEQ

		

		Data for plot of ridge K-factor for WEQ.												'Graphs for tables at K450

										Calc.						Calc.		Calc.

										K-Fac				wind		wind		Final

		I		Ridge		Calc.		Calc		wind		wind		angle to		Prep.on		K-Factor

				Height		k		C		90 deg		Prep.		ridge		ridge

		-		-		-		-		-		-		-		-		-

		(T/Ac)		(in)

		310		0		3.03		10.14		1.00		4.00		90.00		4.00		1.00

		310		1		3.03		10.14		1.00		4.00		90.00		4.00		1.00

		310		2		3.03		10.14		0.99		4.00		90.00		4.00		0.99

		310		4		3.03		10.14		0.94		4.00		90.00		4.00		0.95

		310		6		3.03		10.14		0.82		4.00		90.00		4.00		0.85

		310		12		3.03		10.14		0.19		4.00		90.00		4.00		0.35

		250		0		1.97		5.89		1.00		4.00		90.00		4.00		1.00

		250		1		1.97		5.89		0.97		4.00		90.00		4.00		0.98

		250		2		1.97		5.89		0.89		4.00		90.00		4.00		0.91

		250		4		1.97		5.89		0.63		4.00		90.00		4.00		0.70

		250		6		1.97		5.89		0.35		4.00		90.00		4.00		0.48

		250		12		1.97		5.89		0.02		4.00		90.00		4.00		0.21

		220		0		1.60		4.39		1.00		4.00		90.00		4.00		1.00

		220		1		1.60		4.39		0.91		4.00		90.00		4.00		0.93

		220		2		1.60		4.39		0.75		4.00		90.00		4.00		0.80

		220		4		1.60		4.39		0.42		4.00		90.00		4.00		0.54

		220		6		1.60		4.39		0.19		4.00		90.00		4.00		0.35

		220		12		1.60		4.39		0.01		4.00		90.00		4.00		0.21

		180		0		1.24		2.95		1.00		4.00		90.00		4.00		1.00

		180		1		1.24		2.95		0.77		4.00		90.00		4.00		0.82

		180		2		1.24		2.95		0.54		4.00		90.00		4.00		0.63

		180		4		1.24		2.95		0.23		4.00		90.00		4.00		0.39

		180		6		1.24		2.95		0.09		4.00		90.00		4.00		0.27

		180		12		1.24		2.95		0.00		4.00		90.00		4.00		0.20

		134		0		0.98		1.92		1.00		4.00		90.00		4.00		1.00

		134		1		0.98		1.92		0.59		4.00		90.00		4.00		0.67

		134		2		0.98		1.92		0.35		4.00		90.00		4.00		0.48

		134		4		0.98		1.92		0.13		4.00		90.00		4.00		0.30

		134		6		0.98		1.92		0.05		4.00		90.00		4.00		0.24

		134		12		0.98		1.92		0.00		4.00		90.00		4.00		0.20

		56		0		0.81		1.25		1.00		4.00		90.00		4.00		1.00

		56		1		0.81		1.25		0.43		4.00		90.00		4.00		0.55

		56		2		0.81		1.25		0.23		4.00		90.00		4.00		0.39

		56		4		0.81		1.25		0.08		4.00		90.00		4.00		0.26

		56		6		0.81		1.25		0.03		4.00		90.00		4.00		0.22

		56		12		0.81		1.25		0.00		4.00		90.00		4.00		0.20

		20		0		0.80		1.20		1.00		4.00		90.00		4.00		1.00

		20		1		0.80		1.20		0.42		4.00		90.00		4.00		0.54

		20		2		0.80		1.20		0.22		4.00		90.00		4.00		0.38

		20		4		0.80		1.20		0.07		4.00		90.00		4.00		0.26

		20		6		0.80		1.20		0.03		4.00		90.00		4.00		0.22

		20		12		0.80		1.20		0.00		4.00		90.00		4.00		0.20

		|::

		310		0		3.03		10.14		1.00		1.5		0.00		0.67		1.00

		310		1		3.03		10.14		1.00		1.5		0.00		0.67		1.00

		310		2		3.03		10.14		0.99		1.5		0.00		0.67		1.00

		310		4		3.03		10.14		0.94		1.5		0.00		0.67		0.98

		310		6		3.03		10.14		0.82		1.5		0.00		0.67		0.93

		310		12		3.03		10.14		0.19		1.5		0.00		0.67		0.68

		250		0		1.97		5.89		1.00		1.5		0.00		0.67		1.00

		250		1		1.97		5.89		0.97		1.5		0.00		0.67		0.99

		250		2		1.97		5.89		0.89		1.5		0.00		0.67		0.96

		250		4		1.97		5.89		0.63		1.5		0.00		0.67		0.85

		250		6		1.97		5.89		0.35		1.5		0.00		0.67		0.74

		250		12		1.97		5.89		0.02		1.5		0.00		0.67		0.61

		220		0		1.60		4.39		1.00		1.5		0.00		0.67		1.00

		220		1		1.60		4.39		0.91		1.5		0.00		0.67		0.96

		220		2		1.60		4.39		0.75		1.5		0.00		0.67		0.90

		220		4		1.60		4.39		0.42		1.5		0.00		0.67		0.77

		220		6		1.60		4.39		0.19		1.5		0.00		0.67		0.68

		220		12		1.60		4.39		0.01		1.5		0.00		0.67		0.60

		180		0		1.24		2.95		1.00		1.5		0.00		0.67		1.00

		180		1		1.24		2.95		0.77		1.5		0.00		0.67		0.91

		180		2		1.24		2.95		0.54		1.5		0.00		0.67		0.82

		180		4		1.24		2.95		0.23		1.5		0.00		0.67		0.69

		180		6		1.24		2.95		0.09		1.5		0.00		0.67		0.64

		180		12		1.24		2.95		0.00		1.5		0.00		0.67		0.60

		180		2		1.24		2.95		0.54		1.5		0.00		0.67		0.82

		180		4		1.24		2.95		0.23		1.5		0.00		0.67		0.69

		180		6		1.24		2.95		0.09		1.5		0.00		0.67		0.64

		180		12		1.24		2.95		0.00		1.5		0.00		0.67		0.60

		134		0		0.98		1.92		1.00		1.5		0.00		0.67		1.00

		134		1		0.98		1.92		0.59		1.5		0.00		0.67		0.84

		134		2		0.98		1.92		0.35		1.5		0.00		0.67		0.74

		134		4		0.98		1.92		0.13		1.5		0.00		0.67		0.65

		134		6		0.98		1.92		0.05		1.5		0.00		0.67		0.62

		134		12		0.98		1.92		0.00		1.5		0.00		0.67		0.60

		56		0		0.81		1.25		1.00		1.5		0.00		0.67		1.00

		56		1		0.81		1.25		0.43		1.5		0.00		0.67		0.77

		56		2		0.81		1.25		0.23		1.5		0.00		0.67		0.69

		56		4		0.81		1.25		0.08		1.5		0.00		0.67		0.63

		56		6		0.81		1.25		0.03		1.5		0.00		0.67		0.61

		56		12		0.81		1.25		0.00		1.5		0.00		0.67		0.60

		20		0		0.80		1.20		1.00		1.5		0.00		0.67		1.00

		20		1		0.80		1.20		0.42		1.5		0.00		0.67		0.77

		20		2		0.80		1.20		0.22		1.5		0.00		0.67		0.69

		20		4		0.80		1.20		0.07		1.5		0.00		0.67		0.63

		20		6		0.80		1.20		0.03		1.5		0.00		0.67		0.61

		20		12		0.80		1.20		0.00		1.5		0.00		0.67		0.60

		|::

		310		0		3.03		10.14		1.00		1.5		22.50		0.99		1.00

		310		1		3.03		10.14		1.00		1.5		22.50		0.99		1.00

		310		2		3.03		10.14		0.99		1.5		22.50		0.99		1.00

		310		4		3.03		10.14		0.94		1.5		22.50		0.99		0.97

		310		6		3.03		10.14		0.82		1.5		22.50		0.99		0.91

		310		12		3.03		10.14		0.19		1.5		22.50		0.99		0.60

		250		0		1.97		5.89		1.00		1.5		22.50		0.99		1.00

		250		1		1.97		5.89		0.97		1.5		22.50		0.99		0.99

		250		2		1.97		5.89		0.89		1.5		22.50		0.99		0.94

		250		4		1.97		5.89		0.63		1.5		22.50		0.99		0.81

		250		6		1.97		5.89		0.35		1.5		22.50		0.99		0.68

		250		12		1.97		5.89		0.02		1.5		22.50		0.99		0.51

		220		0		1.60		4.39		1.00		1.5		22.50		0.99		1.00

		220		1		1.60		4.39		0.91		1.5		22.50		0.99		0.96

		220		2		1.60		4.39		0.75		1.5		22.50		0.99		0.88

		220		4		1.60		4.39		0.42		1.5		22.50		0.99		0.71

		220		6		1.60		4.39		0.19		1.5		22.50		0.99		0.60

		220		12		1.60		4.39		0.01		1.5		22.50		0.99		0.51

		180		0		1.24		2.95		1.00		1.5		22.50		0.99		1.00

		180		1		1.24		2.95		0.77		1.5		22.50		0.99		0.89

		180		2		1.24		2.95		0.54		1.5		22.50		0.99		0.77

		180		4		1.24		2.95		0.23		1.5		22.50		0.99		0.62

		180		6		1.24		2.95		0.09		1.5		22.50		0.99		0.55

		180		12		1.24		2.95		0.00		1.5		22.50		0.99		0.51

		134		0		0.98		1.92		1.00		1.5		22.50		0.99		1.00

		134		1		0.98		1.92		0.59		1.5		22.50		0.99		0.80

		134		2		0.98		1.92		0.35		1.5		22.50		0.99		0.68

		134		4		0.98		1.92		0.13		1.5		22.50		0.99		0.57

		134		6		0.98		1.92		0.05		1.5		22.50		0.99		0.53

		134		12		0.98		1.92		0.00		1.5		22.50		0.99		0.50

		56		0		0.81		1.25		1.00		1.5		22.50		0.99		1.00

		56		1		0.81		1.25		0.43		1.5		22.50		0.99		0.72

		56		2		0.81		1.25		0.23		1.5		22.50		0.99		0.62

		56		4		0.81		1.25		0.08		1.5		22.50		0.99		0.54

		56		6		0.81		1.25		0.03		1.5		22.50		0.99		0.52

		56		12		0.81		1.25		0.00		1.5		22.50		0.99		0.50

		20		0		0.80		1.20		1.00		1.5		22.50		0.99		1.00

		20		1		0.80		1.20		0.42		1.5		22.50		0.99		0.71

		20		2		0.80		1.20		0.22		1.5		22.50		0.99		0.61

		20		4		0.80		1.20		0.07		1.5		22.50		0.99		0.54

		20		6		0.80		1.20		0.03		1.5		22.50		0.99		0.52

		20		12		0.80		1.20		0.00		1.5		22.50		0.99		0.50

		|::

		310		0		3.03		10.14		1.00		1.5		45.00		1.26		1.00

		310		1		3.03		10.14		1.00		1.5		45.00		1.26		1.00

		310		2		3.03		10.14		0.99		1.5		45.00		1.26		1.00

		310		4		3.03		10.14		0.94		1.5		45.00		1.26		0.97

		310		6		3.03		10.14		0.82		1.5		45.00		1.26		0.90

		310		12		3.03		10.14		0.19		1.5		45.00		1.26		0.55

		250		0		1.97		5.89		1.00		1.5		45.00		1.26		1.00

		250		1		1.97		5.89		0.97		1.5		45.00		1.26		0.98

		250		2		1.97		5.89		0.89		1.5		45.00		1.26		0.94

		250		4		1.97		5.89		0.63		1.5		45.00		1.26		0.79

		250		6		1.97		5.89		0.35		1.5		45.00		1.26		0.64

		250		12		1.97		5.89		0.02		1.5		45.00		1.26		0.45

		220		0		1.60		4.39		1.00		1.5		45.00		1.26		1.00

		220		1		1.60		4.39		0.91		1.5		45.00		1.26		0.95

		220		2		1.60		4.39		0.75		1.5		45.00		1.26		0.86

		220		4		1.60		4.39		0.42		1.5		45.00		1.26		0.68

		220		6		1.60		4.39		0.19		1.5		45.00		1.26		0.55

		220		12		1.60		4.39		0.01		1.5		45.00		1.26		0.45

		180		0		1.24		2.95		1.00		1.5		45.00		1.26		1.00

		180		1		1.24		2.95		0.77		1.5		45.00		1.26		0.87

		180		2		1.24		2.95		0.54		1.5		45.00		1.26		0.74

		180		4		1.24		2.95		0.23		1.5		45.00		1.26		0.57

		180		6		1.24		2.95		0.09		1.5		45.00		1.26		0.49

		180		12		1.24		2.95		0.00		1.5		45.00		1.26		0.45

		134		0		0.98		1.92		1.00		1.5		45.00		1.26		1.00

		134		1		0.98		1.92		0.59		1.5		45.00		1.26		0.77

		134		2		0.98		1.92		0.35		1.5		45.00		1.26		0.64

		134		4		0.98		1.92		0.13		1.5		45.00		1.26		0.51

		134		6		0.98		1.92		0.05		1.5		45.00		1.26		0.47

		134		12		0.98		1.92		0.00		1.5		45.00		1.26		0.44

		56		0		0.81		1.25		1.00		1.5		45.00		1.26		1.00

		56		1		0.81		1.25		0.43		1.5		45.00		1.26		0.69

		56		2		0.81		1.25		0.23		1.5		45.00		1.26		0.57

		56		4		0.81		1.25		0.08		1.5		45.00		1.26		0.49

		56		6		0.81		1.25		0.03		1.5		45.00		1.26		0.46

		56		12		0.81		1.25		0.00		1.5		45.00		1.26		0.44

		20		0		0.80		1.20		1.00		1.5		45.00		1.26		1.00

		20		1		0.80		1.20		0.42		1.5		45.00		1.26		0.68

		20		2		0.80		1.20		0.22		1.5		45.00		1.26		0.57

		20		4		0.80		1.20		0.07		1.5		45.00		1.26		0.48

		20		6		0.80		1.20		0.03		1.5		45.00		1.26		0.46

		20		12		0.80		1.20		0.00		1.5		45.00		1.26		0.44

		|::

		310		0		3.03		10.14		1.00		1.5		67.50		1.44		1.00

		310		1		3.03		10.14		1.00		1.5		67.50		1.44		1.00

		310		2		3.03		10.14		0.99		1.5		67.50		1.44		1.00

		310		4		3.03		10.14		0.94		1.5		67.50		1.44		0.97

		310		6		3.03		10.14		0.82		1.5		67.50		1.44		0.89

		310		12		3.03		10.14		0.19		1.5		67.50		1.44		0.52

		250		0		1.97		5.89		1.00		1.5		67.50		1.44		1.00

		250		1		1.97		5.89		0.97		1.5		67.50		1.44		0.98

		250		2		1.97		5.89		0.89		1.5		67.50		1.44		0.93

		250		4		1.97		5.89		0.63		1.5		67.50		1.44		0.78

		250		6		1.97		5.89		0.35		1.5		67.50		1.44		0.62

		250		12		1.97		5.89		0.02		1.5		67.50		1.44		0.42

		220		0		1.60		4.39		1.00		1.5		67.50		1.44		1.00

		220		1		1.60		4.39		0.91		1.5		67.50		1.44		0.95

		220		2		1.60		4.39		0.75		1.5		67.50		1.44		0.85

		220		4		1.60		4.39		0.42		1.5		67.50		1.44		0.66

		220		6		1.60		4.39		0.19		1.5		67.50		1.44		0.52

		220		12		1.60		4.39		0.01		1.5		67.50		1.44		0.41

		180		0		1.24		2.95		1.00		1.5		67.50		1.44		1.00

		180		1		1.24		2.95		0.77		1.5		67.50		1.44		0.86

		180		2		1.24		2.95		0.54		1.5		67.50		1.44		0.73

		180		4		1.24		2.95		0.23		1.5		67.50		1.44		0.55

		180		6		1.24		2.95		0.09		1.5		67.50		1.44		0.46

		180		12		1.24		2.95		0.00		1.5		67.50		1.44		0.41

		134		0		0.98		1.92		1.00		1.5		67.50		1.44		1.00

		134		1		0.98		1.92		0.59		1.5		67.50		1.44		0.76

		134		2		0.98		1.92		0.35		1.5		67.50		1.44		0.62

		134		4		0.98		1.92		0.13		1.5		67.50		1.44		0.49

		134		6		0.98		1.92		0.05		1.5		67.50		1.44		0.44

		134		12		0.98		1.92		0.00		1.5		67.50		1.44		0.41

		56		0		0.81		1.25		1.00		1.5		67.50		1.44		1.00

		56		1		0.81		1.25		0.43		1.5		67.50		1.44		0.67

		56		2		0.81		1.25		0.23		1.5		67.50		1.44		0.55

		56		4		0.81		1.25		0.08		1.5		67.50		1.44		0.46

		56		6		0.81		1.25		0.03		1.5		67.50		1.44		0.43

		56		12		0.81		1.25		0.00		1.5		67.50		1.44		0.41

		20		0		0.80		1.20		1.00		1.5		67.50		1.44		1.00

		20		1		0.80		1.20		0.42		1.5		67.50		1.44		0.66

		20		2		0.80		1.20		0.22		1.5		67.50		1.44		0.54

		20		4		0.80		1.20		0.07		1.5		67.50		1.44		0.45

		20		6		0.80		1.20		0.03		1.5		67.50		1.44		0.43

		20		12		0.80		1.20		0.00		1.5		67.50		1.44		0.41

		|::

		310		0		3.03		10.14		1.00		1.5		90.00		1.50		1.00

		310		1		3.03		10.14		1.00		1.5		90.00		1.50		1.00

		310		2		3.03		10.14		0.99		1.5		90.00		1.50		1.00

		310		4		3.03		10.14		0.94		1.5		90.00		1.50		0.97

		310		6		3.03		10.14		0.82		1.5		90.00		1.50		0.89

		310		12		3.03		10.14		0.19		1.5		90.00		1.50		0.51

		250		0		1.97		5.89		1.00		1.5		90.00		1.50		1.00

		250		1		1.97		5.89		0.97		1.5		90.00		1.50		0.98

		250		2		1.97		5.89		0.89		1.5		90.00		1.50		0.93

		250		4		1.97		5.89		0.63		1.5		90.00		1.50		0.78

		250		6		1.97		5.89		0.35		1.5		90.00		1.50		0.61

		250		12		1.97		5.89		0.02		1.5		90.00		1.50		0.41

		220		0		1.60		4.39		1.00		1.5		90.00		1.50		1.00

		220		1		1.60		4.39		0.91		1.5		90.00		1.50		0.95

		220		2		1.60		4.39		0.75		1.5		90.00		1.50		0.85

		220		4		1.60		4.39		0.42		1.5		90.00		1.50		0.65

		220		6		1.60		4.39		0.19		1.5		90.00		1.50		0.52

		220		12		1.60		4.39		0.01		1.5		90.00		1.50		0.40

		180		0		1.24		2.95		1.00		1.5		90.00		1.50		1.00

		180		1		1.24		2.95		0.77		1.5		90.00		1.50		0.86

		180		2		1.24		2.95		0.54		1.5		90.00		1.50		0.72

		180		4		1.24		2.95		0.23		1.5		90.00		1.50		0.54

		180		6		1.24		2.95		0.09		1.5		90.00		1.50		0.45

		180		12		1.24		2.95		0.00		1.5		90.00		1.50		0.40

		134		0		0.98		1.92		1.00		1.5		90.00		1.50		1.00

		134		1		0.98		1.92		0.59		1.5		90.00		1.50		0.75

		134		2		0.98		1.92		0.35		1.5		90.00		1.50		0.61

		134		4		0.98		1.92		0.13		1.5		90.00		1.50		0.48

		134		6		0.98		1.92		0.05		1.5		90.00		1.50		0.43

		134		12		0.98		1.92		0.00		1.5		90.00		1.50		0.40

		56		0		0.81		1.25		1.00		1.5		90.00		1.50		1.00

		56		1		0.81		1.25		0.43		1.5		90.00		1.50		0.66

		56		2		0.81		1.25		0.23		1.5		90.00		1.50		0.54

		56		4		0.81		1.25		0.08		1.5		90.00		1.50		0.45

		56		6		0.81		1.25		0.03		1.5		90.00		1.50		0.42

		56		12		0.81		1.25		0.00		1.5		90.00		1.50		0.40

		20		0		0.80		1.20		1.00		1.5		90.00		1.50		1.00

		20		1		0.80		1.20		0.42		1.5		90.00		1.50		0.65

		20		2		0.80		1.20		0.22		1.5		90.00		1.50		0.53

		20		4		0.80		1.20		0.07		1.5		90.00		1.50		0.44

		20		6		0.80		1.20		0.03		1.5		90.00		1.50		0.42

		20		12		0.80		1.20		0.00		1.5		90.00		1.50		0.40
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I = 310

I = 250
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Kr -  Roughness Height (in) = 4(HxH)/S

Krd - Factor for Ridges
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K-ZRG15_D67

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind. direction.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 67.5 deg

1

1

1

1

1

1

0.99956014

0.9851739195

0.9555521303

0.8854976976

0.7966686591

0.713088808

0.9964078576

0.9443310299

0.8772404612

0.7711016465

0.6791007506

0.6140722702

0.9713255282

0.8149087847

0.71358763

0.6191595948

0.5674220725

0.5398535155

0.908546471

0.679422972

0.5994215915

0.5483185441

0.5270631339

0.5169066384

0.5972261239

0.5120939818

0.5070377249

0.5053339209

0.5048344954

0.5045379399



K-ZRG15_D45

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 45 deg

1

1

1

1

1

1

0.9995066548

0.9833711268

0.9501474455

0.8715746715

0.7719443739

0.6782015442

0.9959710673

0.9375619037

0.8623133878

0.7432685139

0.6400806737

0.5671449879

0.9678388261

0.7924024265

0.678761021

0.572850911

0.514822311

0.4839015267

0.8974260844

0.640442076

0.5507128447

0.4933958693

0.4695558855

0.4581644004

0.5482504169

0.4527665438

0.4470954661

0.4451844863

0.4446243327

0.4442917171



K-ZRG15_D22

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr - Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 22.5 deg

1

1

1

1

1

1

0.999477532

0.9823895018

0.9472045813

0.8639935494

0.7584819396

0.659205343

0.9957332339

0.9338760979

0.8541855595

0.7281133045

0.6188341456

0.5415929669

0.9659403082

0.780147659

0.6597978465

0.5476357184

0.4861816111

0.4534355308

0.8913710064

0.619216882

0.5241908119

0.4634903374

0.4382430468

0.4261791068

0.5215830236

0.4204626074

0.4144567583

0.4124329707

0.4118397505

0.4114875002



K-ZRG15_D0

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 0 deg

1

1

1

1

1

1

0.9994683038

0.9820784531

0.9462720723

0.8615913099

0.7542160815

0.6531859934

0.9956578714

0.932708172

0.8516100846

0.7233110547

0.6121017321

0.5334962665

0.9653387225

0.7762644757

0.653788962

0.5396457493
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I = 250

I = 220

I = 180

I = 134

I = 20

Ridge Roughness Height (in)
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Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
   s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 90 deg
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RGWEQ

		

		Data for plot of ridge K-factor for WEQ.												'Graphs for tables at K450

										Calc.						Calc.		Calc.

										K-Fac				wind		wind		Final

		I		Ridge		Calc.		Calc		wind		wind		angle to		Prep.on		K-Factor

				Height		k		C		90 deg		Prep.		ridge		ridge

		-		-		-		-		-		-		-		-		-

		(T/Ac)		(in)

		310		0		3.03		10.14		1.00		4.00		90.00		4.00		1.00

		310		1		3.03		10.14		1.00		4.00		90.00		4.00		1.00

		310		2		3.03		10.14		0.99		4.00		90.00		4.00		0.99

		310		4		3.03		10.14		0.94		4.00		90.00		4.00		0.95

		310		6		3.03		10.14		0.82		4.00		90.00		4.00		0.85

		310		12		3.03		10.14		0.19		4.00		90.00		4.00		0.35

		250		0		1.97		5.89		1.00		4.00		90.00		4.00		1.00

		250		1		1.97		5.89		0.97		4.00		90.00		4.00		0.98

		250		2		1.97		5.89		0.89		4.00		90.00		4.00		0.91

		250		4		1.97		5.89		0.63		4.00		90.00		4.00		0.70

		250		6		1.97		5.89		0.35		4.00		90.00		4.00		0.48

		250		12		1.97		5.89		0.02		4.00		90.00		4.00		0.21

		220		0		1.60		4.39		1.00		4.00		90.00		4.00		1.00

		220		1		1.60		4.39		0.91		4.00		90.00		4.00		0.93

		220		2		1.60		4.39		0.75		4.00		90.00		4.00		0.80

		220		4		1.60		4.39		0.42		4.00		90.00		4.00		0.54

		220		6		1.60		4.39		0.19		4.00		90.00		4.00		0.35

		220		12		1.60		4.39		0.01		4.00		90.00		4.00		0.21

		180		0		1.24		2.95		1.00		4.00		90.00		4.00		1.00

		180		1		1.24		2.95		0.77		4.00		90.00		4.00		0.82

		180		2		1.24		2.95		0.54		4.00		90.00		4.00		0.63

		180		4		1.24		2.95		0.23		4.00		90.00		4.00		0.39

		180		6		1.24		2.95		0.09		4.00		90.00		4.00		0.27

		180		12		1.24		2.95		0.00		4.00		90.00		4.00		0.20

		134		0		0.98		1.92		1.00		4.00		90.00		4.00		1.00

		134		1		0.98		1.92		0.59		4.00		90.00		4.00		0.67

		134		2		0.98		1.92		0.35		4.00		90.00		4.00		0.48

		134		4		0.98		1.92		0.13		4.00		90.00		4.00		0.30

		134		6		0.98		1.92		0.05		4.00		90.00		4.00		0.24

		134		12		0.98		1.92		0.00		4.00		90.00		4.00		0.20

		56		0		0.81		1.25		1.00		4.00		90.00		4.00		1.00

		56		1		0.81		1.25		0.43		4.00		90.00		4.00		0.55

		56		2		0.81		1.25		0.23		4.00		90.00		4.00		0.39

		56		4		0.81		1.25		0.08		4.00		90.00		4.00		0.26

		56		6		0.81		1.25		0.03		4.00		90.00		4.00		0.22

		56		12		0.81		1.25		0.00		4.00		90.00		4.00		0.20

		20		0		0.80		1.20		1.00		4.00		90.00		4.00		1.00

		20		1		0.80		1.20		0.42		4.00		90.00		4.00		0.54

		20		2		0.80		1.20		0.22		4.00		90.00		4.00		0.38

		20		4		0.80		1.20		0.07		4.00		90.00		4.00		0.26

		20		6		0.80		1.20		0.03		4.00		90.00		4.00		0.22

		20		12		0.80		1.20		0.00		4.00		90.00		4.00		0.20

		|::

		310		0		3.03		10.14		1.00		1.5		0.00		0.67		1.00

		310		1		3.03		10.14		1.00		1.5		0.00		0.67		1.00

		310		2		3.03		10.14		0.99		1.5		0.00		0.67		1.00

		310		4		3.03		10.14		0.94		1.5		0.00		0.67		0.98

		310		6		3.03		10.14		0.82		1.5		0.00		0.67		0.93

		310		12		3.03		10.14		0.19		1.5		0.00		0.67		0.68

		250		0		1.97		5.89		1.00		1.5		0.00		0.67		1.00

		250		1		1.97		5.89		0.97		1.5		0.00		0.67		0.99

		250		2		1.97		5.89		0.89		1.5		0.00		0.67		0.96

		250		4		1.97		5.89		0.63		1.5		0.00		0.67		0.85

		250		6		1.97		5.89		0.35		1.5		0.00		0.67		0.74

		250		12		1.97		5.89		0.02		1.5		0.00		0.67		0.61

		220		0		1.60		4.39		1.00		1.5		0.00		0.67		1.00

		220		1		1.60		4.39		0.91		1.5		0.00		0.67		0.96

		220		2		1.60		4.39		0.75		1.5		0.00		0.67		0.90

		220		4		1.60		4.39		0.42		1.5		0.00		0.67		0.77

		220		6		1.60		4.39		0.19		1.5		0.00		0.67		0.68

		220		12		1.60		4.39		0.01		1.5		0.00		0.67		0.60

		180		0		1.24		2.95		1.00		1.5		0.00		0.67		1.00

		180		1		1.24		2.95		0.77		1.5		0.00		0.67		0.91

		180		2		1.24		2.95		0.54		1.5		0.00		0.67		0.82

		180		4		1.24		2.95		0.23		1.5		0.00		0.67		0.69

		180		6		1.24		2.95		0.09		1.5		0.00		0.67		0.64

		180		12		1.24		2.95		0.00		1.5		0.00		0.67		0.60

		180		2		1.24		2.95		0.54		1.5		0.00		0.67		0.82

		180		4		1.24		2.95		0.23		1.5		0.00		0.67		0.69

		180		6		1.24		2.95		0.09		1.5		0.00		0.67		0.64

		180		12		1.24		2.95		0.00		1.5		0.00		0.67		0.60

		134		0		0.98		1.92		1.00		1.5		0.00		0.67		1.00

		134		1		0.98		1.92		0.59		1.5		0.00		0.67		0.84

		134		2		0.98		1.92		0.35		1.5		0.00		0.67		0.74

		134		4		0.98		1.92		0.13		1.5		0.00		0.67		0.65

		134		6		0.98		1.92		0.05		1.5		0.00		0.67		0.62

		134		12		0.98		1.92		0.00		1.5		0.00		0.67		0.60

		56		0		0.81		1.25		1.00		1.5		0.00		0.67		1.00

		56		1		0.81		1.25		0.43		1.5		0.00		0.67		0.77

		56		2		0.81		1.25		0.23		1.5		0.00		0.67		0.69

		56		4		0.81		1.25		0.08		1.5		0.00		0.67		0.63

		56		6		0.81		1.25		0.03		1.5		0.00		0.67		0.61

		56		12		0.81		1.25		0.00		1.5		0.00		0.67		0.60

		20		0		0.80		1.20		1.00		1.5		0.00		0.67		1.00

		20		1		0.80		1.20		0.42		1.5		0.00		0.67		0.77

		20		2		0.80		1.20		0.22		1.5		0.00		0.67		0.69

		20		4		0.80		1.20		0.07		1.5		0.00		0.67		0.63

		20		6		0.80		1.20		0.03		1.5		0.00		0.67		0.61

		20		12		0.80		1.20		0.00		1.5		0.00		0.67		0.60

		|::

		310		0		3.03		10.14		1.00		1.5		22.50		0.99		1.00

		310		1		3.03		10.14		1.00		1.5		22.50		0.99		1.00

		310		2		3.03		10.14		0.99		1.5		22.50		0.99		1.00

		310		4		3.03		10.14		0.94		1.5		22.50		0.99		0.97

		310		6		3.03		10.14		0.82		1.5		22.50		0.99		0.91

		310		12		3.03		10.14		0.19		1.5		22.50		0.99		0.60

		250		0		1.97		5.89		1.00		1.5		22.50		0.99		1.00

		250		1		1.97		5.89		0.97		1.5		22.50		0.99		0.99

		250		2		1.97		5.89		0.89		1.5		22.50		0.99		0.94

		250		4		1.97		5.89		0.63		1.5		22.50		0.99		0.81

		250		6		1.97		5.89		0.35		1.5		22.50		0.99		0.68

		250		12		1.97		5.89		0.02		1.5		22.50		0.99		0.51

		220		0		1.60		4.39		1.00		1.5		22.50		0.99		1.00

		220		1		1.60		4.39		0.91		1.5		22.50		0.99		0.96

		220		2		1.60		4.39		0.75		1.5		22.50		0.99		0.88

		220		4		1.60		4.39		0.42		1.5		22.50		0.99		0.71

		220		6		1.60		4.39		0.19		1.5		22.50		0.99		0.60

		220		12		1.60		4.39		0.01		1.5		22.50		0.99		0.51

		180		0		1.24		2.95		1.00		1.5		22.50		0.99		1.00

		180		1		1.24		2.95		0.77		1.5		22.50		0.99		0.89

		180		2		1.24		2.95		0.54		1.5		22.50		0.99		0.77

		180		4		1.24		2.95		0.23		1.5		22.50		0.99		0.62

		180		6		1.24		2.95		0.09		1.5		22.50		0.99		0.55

		180		12		1.24		2.95		0.00		1.5		22.50		0.99		0.51

		134		0		0.98		1.92		1.00		1.5		22.50		0.99		1.00

		134		1		0.98		1.92		0.59		1.5		22.50		0.99		0.80

		134		2		0.98		1.92		0.35		1.5		22.50		0.99		0.68

		134		4		0.98		1.92		0.13		1.5		22.50		0.99		0.57

		134		6		0.98		1.92		0.05		1.5		22.50		0.99		0.53

		134		12		0.98		1.92		0.00		1.5		22.50		0.99		0.50

		56		0		0.81		1.25		1.00		1.5		22.50		0.99		1.00

		56		1		0.81		1.25		0.43		1.5		22.50		0.99		0.72

		56		2		0.81		1.25		0.23		1.5		22.50		0.99		0.62

		56		4		0.81		1.25		0.08		1.5		22.50		0.99		0.54

		56		6		0.81		1.25		0.03		1.5		22.50		0.99		0.52

		56		12		0.81		1.25		0.00		1.5		22.50		0.99		0.50

		20		0		0.80		1.20		1.00		1.5		22.50		0.99		1.00

		20		1		0.80		1.20		0.42		1.5		22.50		0.99		0.71

		20		2		0.80		1.20		0.22		1.5		22.50		0.99		0.61

		20		4		0.80		1.20		0.07		1.5		22.50		0.99		0.54

		20		6		0.80		1.20		0.03		1.5		22.50		0.99		0.52

		20		12		0.80		1.20		0.00		1.5		22.50		0.99		0.50

		|::

		310		0		3.03		10.14		1.00		1.5		45.00		1.26		1.00

		310		1		3.03		10.14		1.00		1.5		45.00		1.26		1.00

		310		2		3.03		10.14		0.99		1.5		45.00		1.26		1.00

		310		4		3.03		10.14		0.94		1.5		45.00		1.26		0.97

		310		6		3.03		10.14		0.82		1.5		45.00		1.26		0.90

		310		12		3.03		10.14		0.19		1.5		45.00		1.26		0.55

		250		0		1.97		5.89		1.00		1.5		45.00		1.26		1.00

		250		1		1.97		5.89		0.97		1.5		45.00		1.26		0.98

		250		2		1.97		5.89		0.89		1.5		45.00		1.26		0.94

		250		4		1.97		5.89		0.63		1.5		45.00		1.26		0.79

		250		6		1.97		5.89		0.35		1.5		45.00		1.26		0.64

		250		12		1.97		5.89		0.02		1.5		45.00		1.26		0.45

		220		0		1.60		4.39		1.00		1.5		45.00		1.26		1.00

		220		1		1.60		4.39		0.91		1.5		45.00		1.26		0.95

		220		2		1.60		4.39		0.75		1.5		45.00		1.26		0.86

		220		4		1.60		4.39		0.42		1.5		45.00		1.26		0.68

		220		6		1.60		4.39		0.19		1.5		45.00		1.26		0.55

		220		12		1.60		4.39		0.01		1.5		45.00		1.26		0.45

		180		0		1.24		2.95		1.00		1.5		45.00		1.26		1.00

		180		1		1.24		2.95		0.77		1.5		45.00		1.26		0.87

		180		2		1.24		2.95		0.54		1.5		45.00		1.26		0.74

		180		4		1.24		2.95		0.23		1.5		45.00		1.26		0.57

		180		6		1.24		2.95		0.09		1.5		45.00		1.26		0.49

		180		12		1.24		2.95		0.00		1.5		45.00		1.26		0.45

		134		0		0.98		1.92		1.00		1.5		45.00		1.26		1.00

		134		1		0.98		1.92		0.59		1.5		45.00		1.26		0.77

		134		2		0.98		1.92		0.35		1.5		45.00		1.26		0.64

		134		4		0.98		1.92		0.13		1.5		45.00		1.26		0.51

		134		6		0.98		1.92		0.05		1.5		45.00		1.26		0.47

		134		12		0.98		1.92		0.00		1.5		45.00		1.26		0.44

		56		0		0.81		1.25		1.00		1.5		45.00		1.26		1.00

		56		1		0.81		1.25		0.43		1.5		45.00		1.26		0.69

		56		2		0.81		1.25		0.23		1.5		45.00		1.26		0.57

		56		4		0.81		1.25		0.08		1.5		45.00		1.26		0.49

		56		6		0.81		1.25		0.03		1.5		45.00		1.26		0.46

		56		12		0.81		1.25		0.00		1.5		45.00		1.26		0.44

		20		0		0.80		1.20		1.00		1.5		45.00		1.26		1.00

		20		1		0.80		1.20		0.42		1.5		45.00		1.26		0.68

		20		2		0.80		1.20		0.22		1.5		45.00		1.26		0.57

		20		4		0.80		1.20		0.07		1.5		45.00		1.26		0.48

		20		6		0.80		1.20		0.03		1.5		45.00		1.26		0.46

		20		12		0.80		1.20		0.00		1.5		45.00		1.26		0.44

		|::

		310		0		3.03		10.14		1.00		1.5		67.50		1.44		1.00

		310		1		3.03		10.14		1.00		1.5		67.50		1.44		1.00

		310		2		3.03		10.14		0.99		1.5		67.50		1.44		1.00

		310		4		3.03		10.14		0.94		1.5		67.50		1.44		0.97

		310		6		3.03		10.14		0.82		1.5		67.50		1.44		0.89

		310		12		3.03		10.14		0.19		1.5		67.50		1.44		0.52

		250		0		1.97		5.89		1.00		1.5		67.50		1.44		1.00

		250		1		1.97		5.89		0.97		1.5		67.50		1.44		0.98

		250		2		1.97		5.89		0.89		1.5		67.50		1.44		0.93

		250		4		1.97		5.89		0.63		1.5		67.50		1.44		0.78

		250		6		1.97		5.89		0.35		1.5		67.50		1.44		0.62

		250		12		1.97		5.89		0.02		1.5		67.50		1.44		0.42

		220		0		1.60		4.39		1.00		1.5		67.50		1.44		1.00

		220		1		1.60		4.39		0.91		1.5		67.50		1.44		0.95

		220		2		1.60		4.39		0.75		1.5		67.50		1.44		0.85

		220		4		1.60		4.39		0.42		1.5		67.50		1.44		0.66

		220		6		1.60		4.39		0.19		1.5		67.50		1.44		0.52

		220		12		1.60		4.39		0.01		1.5		67.50		1.44		0.41

		180		0		1.24		2.95		1.00		1.5		67.50		1.44		1.00

		180		1		1.24		2.95		0.77		1.5		67.50		1.44		0.86

		180		2		1.24		2.95		0.54		1.5		67.50		1.44		0.73

		180		4		1.24		2.95		0.23		1.5		67.50		1.44		0.55

		180		6		1.24		2.95		0.09		1.5		67.50		1.44		0.46

		180		12		1.24		2.95		0.00		1.5		67.50		1.44		0.41

		134		0		0.98		1.92		1.00		1.5		67.50		1.44		1.00

		134		1		0.98		1.92		0.59		1.5		67.50		1.44		0.76

		134		2		0.98		1.92		0.35		1.5		67.50		1.44		0.62

		134		4		0.98		1.92		0.13		1.5		67.50		1.44		0.49

		134		6		0.98		1.92		0.05		1.5		67.50		1.44		0.44

		134		12		0.98		1.92		0.00		1.5		67.50		1.44		0.41

		56		0		0.81		1.25		1.00		1.5		67.50		1.44		1.00

		56		1		0.81		1.25		0.43		1.5		67.50		1.44		0.67

		56		2		0.81		1.25		0.23		1.5		67.50		1.44		0.55

		56		4		0.81		1.25		0.08		1.5		67.50		1.44		0.46

		56		6		0.81		1.25		0.03		1.5		67.50		1.44		0.43

		56		12		0.81		1.25		0.00		1.5		67.50		1.44		0.41

		20		0		0.80		1.20		1.00		1.5		67.50		1.44		1.00

		20		1		0.80		1.20		0.42		1.5		67.50		1.44		0.66

		20		2		0.80		1.20		0.22		1.5		67.50		1.44		0.54

		20		4		0.80		1.20		0.07		1.5		67.50		1.44		0.45

		20		6		0.80		1.20		0.03		1.5		67.50		1.44		0.43

		20		12		0.80		1.20		0.00		1.5		67.50		1.44		0.41

		|::

		310		0		3.03		10.14		1.00		1.5		90.00		1.50		1.00

		310		1		3.03		10.14		1.00		1.5		90.00		1.50		1.00

		310		2		3.03		10.14		0.99		1.5		90.00		1.50		1.00

		310		4		3.03		10.14		0.94		1.5		90.00		1.50		0.97

		310		6		3.03		10.14		0.82		1.5		90.00		1.50		0.89

		310		12		3.03		10.14		0.19		1.5		90.00		1.50		0.51

		250		0		1.97		5.89		1.00		1.5		90.00		1.50		1.00

		250		1		1.97		5.89		0.97		1.5		90.00		1.50		0.98

		250		2		1.97		5.89		0.89		1.5		90.00		1.50		0.93

		250		4		1.97		5.89		0.63		1.5		90.00		1.50		0.78

		250		6		1.97		5.89		0.35		1.5		90.00		1.50		0.61

		250		12		1.97		5.89		0.02		1.5		90.00		1.50		0.41

		220		0		1.60		4.39		1.00		1.5		90.00		1.50		1.00

		220		1		1.60		4.39		0.91		1.5		90.00		1.50		0.95

		220		2		1.60		4.39		0.75		1.5		90.00		1.50		0.85

		220		4		1.60		4.39		0.42		1.5		90.00		1.50		0.65

		220		6		1.60		4.39		0.19		1.5		90.00		1.50		0.52

		220		12		1.60		4.39		0.01		1.5		90.00		1.50		0.40

		180		0		1.24		2.95		1.00		1.5		90.00		1.50		1.00

		180		1		1.24		2.95		0.77		1.5		90.00		1.50		0.86

		180		2		1.24		2.95		0.54		1.5		90.00		1.50		0.72

		180		4		1.24		2.95		0.23		1.5		90.00		1.50		0.54

		180		6		1.24		2.95		0.09		1.5		90.00		1.50		0.45

		180		12		1.24		2.95		0.00		1.5		90.00		1.50		0.40

		134		0		0.98		1.92		1.00		1.5		90.00		1.50		1.00

		134		1		0.98		1.92		0.59		1.5		90.00		1.50		0.75

		134		2		0.98		1.92		0.35		1.5		90.00		1.50		0.61

		134		4		0.98		1.92		0.13		1.5		90.00		1.50		0.48

		134		6		0.98		1.92		0.05		1.5		90.00		1.50		0.43

		134		12		0.98		1.92		0.00		1.5		90.00		1.50		0.40

		56		0		0.81		1.25		1.00		1.5		90.00		1.50		1.00

		56		1		0.81		1.25		0.43		1.5		90.00		1.50		0.66

		56		2		0.81		1.25		0.23		1.5		90.00		1.50		0.54

		56		4		0.81		1.25		0.08		1.5		90.00		1.50		0.45

		56		6		0.81		1.25		0.03		1.5		90.00		1.50		0.42

		56		12		0.81		1.25		0.00		1.5		90.00		1.50		0.40

		20		0		0.80		1.20		1.00		1.5		90.00		1.50		1.00

		20		1		0.80		1.20		0.42		1.5		90.00		1.50		0.65

		20		2		0.80		1.20		0.22		1.5		90.00		1.50		0.53

		20		4		0.80		1.20		0.07		1.5		90.00		1.50		0.44

		20		6		0.80		1.20		0.03		1.5		90.00		1.50		0.42

		20		12		0.80		1.20		0.00		1.5		90.00		1.50		0.40
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K-ZRG15_D67
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Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind. direction.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 67.5 deg
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Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 45 deg

1
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Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr - Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 22.5 deg

1
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Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 0 deg

1

1

1

1

1

1

0.9994683038

0.9820784531

0.9462720723

0.8615913099

0.7542160815

0.6531859934

0.9956578714

0.932708172

0.8516100846

0.7233110547

0.6121017321

0.5334962665

0.9653387225

0.7762644757

0.653788962

0.5396457493

0.4771061973

0.4437817332

0.8894523264

0.6124912286

0.5157867427

0.4540141347

0.4283209091

0.4160438875

0.5131328939

0.4102264193

0.4041144908

0.4020549577

0.4014512596

0.4010927876



K-ZRG-N

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



I = 310

I = 250

I = 220

I = 180

I = 134

I = 20

Ridge Roughness Height (in)

K-Factor for ridges

Ridges normal to wind 100% of time
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Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 90 deg
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RGWEQ

		

		Data for plot of ridge K-factor for WEQ.												'Graphs for tables at K450

										Calc.						Calc.		Calc.

										K-Fac				wind		wind		Final

		I		Ridge		Calc.		Calc		wind		wind		angle to		Prep.on		K-Factor

				Height		k		C		90 deg		Prep.		ridge		ridge

		-		-		-		-		-		-		-		-		-

		(T/Ac)		(in)

		310		0		3.03		10.14		1.00		4.00		90.00		4.00		1.00

		310		1		3.03		10.14		1.00		4.00		90.00		4.00		1.00

		310		2		3.03		10.14		0.99		4.00		90.00		4.00		0.99

		310		4		3.03		10.14		0.94		4.00		90.00		4.00		0.95

		310		6		3.03		10.14		0.82		4.00		90.00		4.00		0.85

		310		12		3.03		10.14		0.19		4.00		90.00		4.00		0.35

		250		0		1.97		5.89		1.00		4.00		90.00		4.00		1.00

		250		1		1.97		5.89		0.97		4.00		90.00		4.00		0.98

		250		2		1.97		5.89		0.89		4.00		90.00		4.00		0.91

		250		4		1.97		5.89		0.63		4.00		90.00		4.00		0.70

		250		6		1.97		5.89		0.35		4.00		90.00		4.00		0.48

		250		12		1.97		5.89		0.02		4.00		90.00		4.00		0.21

		220		0		1.60		4.39		1.00		4.00		90.00		4.00		1.00

		220		1		1.60		4.39		0.91		4.00		90.00		4.00		0.93

		220		2		1.60		4.39		0.75		4.00		90.00		4.00		0.80

		220		4		1.60		4.39		0.42		4.00		90.00		4.00		0.54

		220		6		1.60		4.39		0.19		4.00		90.00		4.00		0.35

		220		12		1.60		4.39		0.01		4.00		90.00		4.00		0.21

		180		0		1.24		2.95		1.00		4.00		90.00		4.00		1.00

		180		1		1.24		2.95		0.77		4.00		90.00		4.00		0.82

		180		2		1.24		2.95		0.54		4.00		90.00		4.00		0.63

		180		4		1.24		2.95		0.23		4.00		90.00		4.00		0.39

		180		6		1.24		2.95		0.09		4.00		90.00		4.00		0.27

		180		12		1.24		2.95		0.00		4.00		90.00		4.00		0.20

		134		0		0.98		1.92		1.00		4.00		90.00		4.00		1.00

		134		1		0.98		1.92		0.59		4.00		90.00		4.00		0.67

		134		2		0.98		1.92		0.35		4.00		90.00		4.00		0.48

		134		4		0.98		1.92		0.13		4.00		90.00		4.00		0.30

		134		6		0.98		1.92		0.05		4.00		90.00		4.00		0.24

		134		12		0.98		1.92		0.00		4.00		90.00		4.00		0.20

		56		0		0.81		1.25		1.00		4.00		90.00		4.00		1.00

		56		1		0.81		1.25		0.43		4.00		90.00		4.00		0.55

		56		2		0.81		1.25		0.23		4.00		90.00		4.00		0.39

		56		4		0.81		1.25		0.08		4.00		90.00		4.00		0.26

		56		6		0.81		1.25		0.03		4.00		90.00		4.00		0.22

		56		12		0.81		1.25		0.00		4.00		90.00		4.00		0.20

		20		0		0.80		1.20		1.00		4.00		90.00		4.00		1.00

		20		1		0.80		1.20		0.42		4.00		90.00		4.00		0.54

		20		2		0.80		1.20		0.22		4.00		90.00		4.00		0.38

		20		4		0.80		1.20		0.07		4.00		90.00		4.00		0.26

		20		6		0.80		1.20		0.03		4.00		90.00		4.00		0.22

		20		12		0.80		1.20		0.00		4.00		90.00		4.00		0.20

		|::

		310		0		3.03		10.14		1.00		1.5		0.00		0.67		1.00

		310		1		3.03		10.14		1.00		1.5		0.00		0.67		1.00

		310		2		3.03		10.14		0.99		1.5		0.00		0.67		1.00

		310		4		3.03		10.14		0.94		1.5		0.00		0.67		0.98

		310		6		3.03		10.14		0.82		1.5		0.00		0.67		0.93

		310		12		3.03		10.14		0.19		1.5		0.00		0.67		0.68

		250		0		1.97		5.89		1.00		1.5		0.00		0.67		1.00

		250		1		1.97		5.89		0.97		1.5		0.00		0.67		0.99

		250		2		1.97		5.89		0.89		1.5		0.00		0.67		0.96

		250		4		1.97		5.89		0.63		1.5		0.00		0.67		0.85

		250		6		1.97		5.89		0.35		1.5		0.00		0.67		0.74

		250		12		1.97		5.89		0.02		1.5		0.00		0.67		0.61

		220		0		1.60		4.39		1.00		1.5		0.00		0.67		1.00

		220		1		1.60		4.39		0.91		1.5		0.00		0.67		0.96

		220		2		1.60		4.39		0.75		1.5		0.00		0.67		0.90

		220		4		1.60		4.39		0.42		1.5		0.00		0.67		0.77

		220		6		1.60		4.39		0.19		1.5		0.00		0.67		0.68

		220		12		1.60		4.39		0.01		1.5		0.00		0.67		0.60

		180		0		1.24		2.95		1.00		1.5		0.00		0.67		1.00

		180		1		1.24		2.95		0.77		1.5		0.00		0.67		0.91

		180		2		1.24		2.95		0.54		1.5		0.00		0.67		0.82

		180		4		1.24		2.95		0.23		1.5		0.00		0.67		0.69

		180		6		1.24		2.95		0.09		1.5		0.00		0.67		0.64

		180		12		1.24		2.95		0.00		1.5		0.00		0.67		0.60

		180		2		1.24		2.95		0.54		1.5		0.00		0.67		0.82

		180		4		1.24		2.95		0.23		1.5		0.00		0.67		0.69

		180		6		1.24		2.95		0.09		1.5		0.00		0.67		0.64

		180		12		1.24		2.95		0.00		1.5		0.00		0.67		0.60

		134		0		0.98		1.92		1.00		1.5		0.00		0.67		1.00

		134		1		0.98		1.92		0.59		1.5		0.00		0.67		0.84

		134		2		0.98		1.92		0.35		1.5		0.00		0.67		0.74

		134		4		0.98		1.92		0.13		1.5		0.00		0.67		0.65

		134		6		0.98		1.92		0.05		1.5		0.00		0.67		0.62

		134		12		0.98		1.92		0.00		1.5		0.00		0.67		0.60

		56		0		0.81		1.25		1.00		1.5		0.00		0.67		1.00

		56		1		0.81		1.25		0.43		1.5		0.00		0.67		0.77

		56		2		0.81		1.25		0.23		1.5		0.00		0.67		0.69

		56		4		0.81		1.25		0.08		1.5		0.00		0.67		0.63

		56		6		0.81		1.25		0.03		1.5		0.00		0.67		0.61

		56		12		0.81		1.25		0.00		1.5		0.00		0.67		0.60

		20		0		0.80		1.20		1.00		1.5		0.00		0.67		1.00

		20		1		0.80		1.20		0.42		1.5		0.00		0.67		0.77

		20		2		0.80		1.20		0.22		1.5		0.00		0.67		0.69

		20		4		0.80		1.20		0.07		1.5		0.00		0.67		0.63

		20		6		0.80		1.20		0.03		1.5		0.00		0.67		0.61

		20		12		0.80		1.20		0.00		1.5		0.00		0.67		0.60

		|::

		310		0		3.03		10.14		1.00		1.5		22.50		0.99		1.00

		310		1		3.03		10.14		1.00		1.5		22.50		0.99		1.00

		310		2		3.03		10.14		0.99		1.5		22.50		0.99		1.00

		310		4		3.03		10.14		0.94		1.5		22.50		0.99		0.97

		310		6		3.03		10.14		0.82		1.5		22.50		0.99		0.91

		310		12		3.03		10.14		0.19		1.5		22.50		0.99		0.60

		250		0		1.97		5.89		1.00		1.5		22.50		0.99		1.00

		250		1		1.97		5.89		0.97		1.5		22.50		0.99		0.99

		250		2		1.97		5.89		0.89		1.5		22.50		0.99		0.94

		250		4		1.97		5.89		0.63		1.5		22.50		0.99		0.81

		250		6		1.97		5.89		0.35		1.5		22.50		0.99		0.68

		250		12		1.97		5.89		0.02		1.5		22.50		0.99		0.51

		220		0		1.60		4.39		1.00		1.5		22.50		0.99		1.00

		220		1		1.60		4.39		0.91		1.5		22.50		0.99		0.96

		220		2		1.60		4.39		0.75		1.5		22.50		0.99		0.88

		220		4		1.60		4.39		0.42		1.5		22.50		0.99		0.71

		220		6		1.60		4.39		0.19		1.5		22.50		0.99		0.60

		220		12		1.60		4.39		0.01		1.5		22.50		0.99		0.51

		180		0		1.24		2.95		1.00		1.5		22.50		0.99		1.00

		180		1		1.24		2.95		0.77		1.5		22.50		0.99		0.89

		180		2		1.24		2.95		0.54		1.5		22.50		0.99		0.77

		180		4		1.24		2.95		0.23		1.5		22.50		0.99		0.62

		180		6		1.24		2.95		0.09		1.5		22.50		0.99		0.55

		180		12		1.24		2.95		0.00		1.5		22.50		0.99		0.51

		134		0		0.98		1.92		1.00		1.5		22.50		0.99		1.00

		134		1		0.98		1.92		0.59		1.5		22.50		0.99		0.80

		134		2		0.98		1.92		0.35		1.5		22.50		0.99		0.68

		134		4		0.98		1.92		0.13		1.5		22.50		0.99		0.57

		134		6		0.98		1.92		0.05		1.5		22.50		0.99		0.53

		134		12		0.98		1.92		0.00		1.5		22.50		0.99		0.50

		56		0		0.81		1.25		1.00		1.5		22.50		0.99		1.00

		56		1		0.81		1.25		0.43		1.5		22.50		0.99		0.72

		56		2		0.81		1.25		0.23		1.5		22.50		0.99		0.62

		56		4		0.81		1.25		0.08		1.5		22.50		0.99		0.54

		56		6		0.81		1.25		0.03		1.5		22.50		0.99		0.52

		56		12		0.81		1.25		0.00		1.5		22.50		0.99		0.50

		20		0		0.80		1.20		1.00		1.5		22.50		0.99		1.00

		20		1		0.80		1.20		0.42		1.5		22.50		0.99		0.71

		20		2		0.80		1.20		0.22		1.5		22.50		0.99		0.61

		20		4		0.80		1.20		0.07		1.5		22.50		0.99		0.54

		20		6		0.80		1.20		0.03		1.5		22.50		0.99		0.52

		20		12		0.80		1.20		0.00		1.5		22.50		0.99		0.50

		|::

		310		0		3.03		10.14		1.00		1.5		45.00		1.26		1.00

		310		1		3.03		10.14		1.00		1.5		45.00		1.26		1.00

		310		2		3.03		10.14		0.99		1.5		45.00		1.26		1.00

		310		4		3.03		10.14		0.94		1.5		45.00		1.26		0.97

		310		6		3.03		10.14		0.82		1.5		45.00		1.26		0.90

		310		12		3.03		10.14		0.19		1.5		45.00		1.26		0.55

		250		0		1.97		5.89		1.00		1.5		45.00		1.26		1.00

		250		1		1.97		5.89		0.97		1.5		45.00		1.26		0.98

		250		2		1.97		5.89		0.89		1.5		45.00		1.26		0.94

		250		4		1.97		5.89		0.63		1.5		45.00		1.26		0.79

		250		6		1.97		5.89		0.35		1.5		45.00		1.26		0.64

		250		12		1.97		5.89		0.02		1.5		45.00		1.26		0.45

		220		0		1.60		4.39		1.00		1.5		45.00		1.26		1.00

		220		1		1.60		4.39		0.91		1.5		45.00		1.26		0.95

		220		2		1.60		4.39		0.75		1.5		45.00		1.26		0.86

		220		4		1.60		4.39		0.42		1.5		45.00		1.26		0.68

		220		6		1.60		4.39		0.19		1.5		45.00		1.26		0.55

		220		12		1.60		4.39		0.01		1.5		45.00		1.26		0.45

		180		0		1.24		2.95		1.00		1.5		45.00		1.26		1.00

		180		1		1.24		2.95		0.77		1.5		45.00		1.26		0.87

		180		2		1.24		2.95		0.54		1.5		45.00		1.26		0.74

		180		4		1.24		2.95		0.23		1.5		45.00		1.26		0.57

		180		6		1.24		2.95		0.09		1.5		45.00		1.26		0.49

		180		12		1.24		2.95		0.00		1.5		45.00		1.26		0.45

		134		0		0.98		1.92		1.00		1.5		45.00		1.26		1.00

		134		1		0.98		1.92		0.59		1.5		45.00		1.26		0.77

		134		2		0.98		1.92		0.35		1.5		45.00		1.26		0.64

		134		4		0.98		1.92		0.13		1.5		45.00		1.26		0.51

		134		6		0.98		1.92		0.05		1.5		45.00		1.26		0.47

		134		12		0.98		1.92		0.00		1.5		45.00		1.26		0.44

		56		0		0.81		1.25		1.00		1.5		45.00		1.26		1.00

		56		1		0.81		1.25		0.43		1.5		45.00		1.26		0.69

		56		2		0.81		1.25		0.23		1.5		45.00		1.26		0.57

		56		4		0.81		1.25		0.08		1.5		45.00		1.26		0.49

		56		6		0.81		1.25		0.03		1.5		45.00		1.26		0.46

		56		12		0.81		1.25		0.00		1.5		45.00		1.26		0.44

		20		0		0.80		1.20		1.00		1.5		45.00		1.26		1.00

		20		1		0.80		1.20		0.42		1.5		45.00		1.26		0.68

		20		2		0.80		1.20		0.22		1.5		45.00		1.26		0.57

		20		4		0.80		1.20		0.07		1.5		45.00		1.26		0.48

		20		6		0.80		1.20		0.03		1.5		45.00		1.26		0.46

		20		12		0.80		1.20		0.00		1.5		45.00		1.26		0.44

		|::

		310		0		3.03		10.14		1.00		1.5		67.50		1.44		1.00

		310		1		3.03		10.14		1.00		1.5		67.50		1.44		1.00

		310		2		3.03		10.14		0.99		1.5		67.50		1.44		1.00

		310		4		3.03		10.14		0.94		1.5		67.50		1.44		0.97

		310		6		3.03		10.14		0.82		1.5		67.50		1.44		0.89

		310		12		3.03		10.14		0.19		1.5		67.50		1.44		0.52

		250		0		1.97		5.89		1.00		1.5		67.50		1.44		1.00

		250		1		1.97		5.89		0.97		1.5		67.50		1.44		0.98

		250		2		1.97		5.89		0.89		1.5		67.50		1.44		0.93

		250		4		1.97		5.89		0.63		1.5		67.50		1.44		0.78

		250		6		1.97		5.89		0.35		1.5		67.50		1.44		0.62

		250		12		1.97		5.89		0.02		1.5		67.50		1.44		0.42

		220		0		1.60		4.39		1.00		1.5		67.50		1.44		1.00

		220		1		1.60		4.39		0.91		1.5		67.50		1.44		0.95

		220		2		1.60		4.39		0.75		1.5		67.50		1.44		0.85

		220		4		1.60		4.39		0.42		1.5		67.50		1.44		0.66

		220		6		1.60		4.39		0.19		1.5		67.50		1.44		0.52

		220		12		1.60		4.39		0.01		1.5		67.50		1.44		0.41

		180		0		1.24		2.95		1.00		1.5		67.50		1.44		1.00

		180		1		1.24		2.95		0.77		1.5		67.50		1.44		0.86

		180		2		1.24		2.95		0.54		1.5		67.50		1.44		0.73

		180		4		1.24		2.95		0.23		1.5		67.50		1.44		0.55

		180		6		1.24		2.95		0.09		1.5		67.50		1.44		0.46

		180		12		1.24		2.95		0.00		1.5		67.50		1.44		0.41

		134		0		0.98		1.92		1.00		1.5		67.50		1.44		1.00

		134		1		0.98		1.92		0.59		1.5		67.50		1.44		0.76

		134		2		0.98		1.92		0.35		1.5		67.50		1.44		0.62

		134		4		0.98		1.92		0.13		1.5		67.50		1.44		0.49

		134		6		0.98		1.92		0.05		1.5		67.50		1.44		0.44

		134		12		0.98		1.92		0.00		1.5		67.50		1.44		0.41

		56		0		0.81		1.25		1.00		1.5		67.50		1.44		1.00

		56		1		0.81		1.25		0.43		1.5		67.50		1.44		0.67

		56		2		0.81		1.25		0.23		1.5		67.50		1.44		0.55

		56		4		0.81		1.25		0.08		1.5		67.50		1.44		0.46

		56		6		0.81		1.25		0.03		1.5		67.50		1.44		0.43

		56		12		0.81		1.25		0.00		1.5		67.50		1.44		0.41

		20		0		0.80		1.20		1.00		1.5		67.50		1.44		1.00

		20		1		0.80		1.20		0.42		1.5		67.50		1.44		0.66

		20		2		0.80		1.20		0.22		1.5		67.50		1.44		0.54

		20		4		0.80		1.20		0.07		1.5		67.50		1.44		0.45

		20		6		0.80		1.20		0.03		1.5		67.50		1.44		0.43

		20		12		0.80		1.20		0.00		1.5		67.50		1.44		0.41

		|::

		310		0		3.03		10.14		1.00		1.5		90.00		1.50		1.00

		310		1		3.03		10.14		1.00		1.5		90.00		1.50		1.00

		310		2		3.03		10.14		0.99		1.5		90.00		1.50		1.00

		310		4		3.03		10.14		0.94		1.5		90.00		1.50		0.97

		310		6		3.03		10.14		0.82		1.5		90.00		1.50		0.89

		310		12		3.03		10.14		0.19		1.5		90.00		1.50		0.51

		250		0		1.97		5.89		1.00		1.5		90.00		1.50		1.00

		250		1		1.97		5.89		0.97		1.5		90.00		1.50		0.98

		250		2		1.97		5.89		0.89		1.5		90.00		1.50		0.93

		250		4		1.97		5.89		0.63		1.5		90.00		1.50		0.78

		250		6		1.97		5.89		0.35		1.5		90.00		1.50		0.61

		250		12		1.97		5.89		0.02		1.5		90.00		1.50		0.41

		220		0		1.60		4.39		1.00		1.5		90.00		1.50		1.00

		220		1		1.60		4.39		0.91		1.5		90.00		1.50		0.95

		220		2		1.60		4.39		0.75		1.5		90.00		1.50		0.85

		220		4		1.60		4.39		0.42		1.5		90.00		1.50		0.65

		220		6		1.60		4.39		0.19		1.5		90.00		1.50		0.52

		220		12		1.60		4.39		0.01		1.5		90.00		1.50		0.40

		180		0		1.24		2.95		1.00		1.5		90.00		1.50		1.00

		180		1		1.24		2.95		0.77		1.5		90.00		1.50		0.86

		180		2		1.24		2.95		0.54		1.5		90.00		1.50		0.72

		180		4		1.24		2.95		0.23		1.5		90.00		1.50		0.54

		180		6		1.24		2.95		0.09		1.5		90.00		1.50		0.45

		180		12		1.24		2.95		0.00		1.5		90.00		1.50		0.40

		134		0		0.98		1.92		1.00		1.5		90.00		1.50		1.00

		134		1		0.98		1.92		0.59		1.5		90.00		1.50		0.75

		134		2		0.98		1.92		0.35		1.5		90.00		1.50		0.61

		134		4		0.98		1.92		0.13		1.5		90.00		1.50		0.48

		134		6		0.98		1.92		0.05		1.5		90.00		1.50		0.43

		134		12		0.98		1.92		0.00		1.5		90.00		1.50		0.40

		56		0		0.81		1.25		1.00		1.5		90.00		1.50		1.00

		56		1		0.81		1.25		0.43		1.5		90.00		1.50		0.66

		56		2		0.81		1.25		0.23		1.5		90.00		1.50		0.54

		56		4		0.81		1.25		0.08		1.5		90.00		1.50		0.45

		56		6		0.81		1.25		0.03		1.5		90.00		1.50		0.42

		56		12		0.81		1.25		0.00		1.5		90.00		1.50		0.40

		20		0		0.80		1.20		1.00		1.5		90.00		1.50		1.00

		20		1		0.80		1.20		0.42		1.5		90.00		1.50		0.65

		20		2		0.80		1.20		0.22		1.5		90.00		1.50		0.53

		20		4		0.80		1.20		0.07		1.5		90.00		1.50		0.44

		20		6		0.80		1.20		0.03		1.5		90.00		1.50		0.42

		20		12		0.80		1.20		0.00		1.5		90.00		1.50		0.40
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K-ZRG15_D67
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Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind. direction.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 67.5 deg

1
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1
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Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 45 deg

1
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Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr - Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 22.5 deg

1
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1
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1
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Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 0 deg

1

1
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1
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1
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I = 310

I = 250

I = 220

I = 180

I = 134

I = 20

Ridge Roughness Height (in)

K-Factor for ridges

Ridges normal to wind 100% of time

1
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1
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Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
   s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 90 deg
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RGWEQ

		

		Data for plot of ridge K-factor for WEQ.												'Graphs for tables at K450

										Calc.						Calc.		Calc.

										K-Fac				wind		wind		Final

		I		Ridge		Calc.		Calc		wind		wind		angle to		Prep.on		K-Factor

				Height		k		C		90 deg		Prep.		ridge		ridge

		-		-		-		-		-		-		-		-		-

		(T/Ac)		(in)

		310		0		3.03		10.14		1.00		4.00		90.00		4.00		1.00

		310		1		3.03		10.14		1.00		4.00		90.00		4.00		1.00

		310		2		3.03		10.14		0.99		4.00		90.00		4.00		0.99

		310		4		3.03		10.14		0.94		4.00		90.00		4.00		0.95

		310		6		3.03		10.14		0.82		4.00		90.00		4.00		0.85

		310		12		3.03		10.14		0.19		4.00		90.00		4.00		0.35

		250		0		1.97		5.89		1.00		4.00		90.00		4.00		1.00

		250		1		1.97		5.89		0.97		4.00		90.00		4.00		0.98

		250		2		1.97		5.89		0.89		4.00		90.00		4.00		0.91

		250		4		1.97		5.89		0.63		4.00		90.00		4.00		0.70

		250		6		1.97		5.89		0.35		4.00		90.00		4.00		0.48

		250		12		1.97		5.89		0.02		4.00		90.00		4.00		0.21

		220		0		1.60		4.39		1.00		4.00		90.00		4.00		1.00

		220		1		1.60		4.39		0.91		4.00		90.00		4.00		0.93

		220		2		1.60		4.39		0.75		4.00		90.00		4.00		0.80

		220		4		1.60		4.39		0.42		4.00		90.00		4.00		0.54

		220		6		1.60		4.39		0.19		4.00		90.00		4.00		0.35

		220		12		1.60		4.39		0.01		4.00		90.00		4.00		0.21

		180		0		1.24		2.95		1.00		4.00		90.00		4.00		1.00

		180		1		1.24		2.95		0.77		4.00		90.00		4.00		0.82

		180		2		1.24		2.95		0.54		4.00		90.00		4.00		0.63

		180		4		1.24		2.95		0.23		4.00		90.00		4.00		0.39

		180		6		1.24		2.95		0.09		4.00		90.00		4.00		0.27

		180		12		1.24		2.95		0.00		4.00		90.00		4.00		0.20

		134		0		0.98		1.92		1.00		4.00		90.00		4.00		1.00

		134		1		0.98		1.92		0.59		4.00		90.00		4.00		0.67

		134		2		0.98		1.92		0.35		4.00		90.00		4.00		0.48

		134		4		0.98		1.92		0.13		4.00		90.00		4.00		0.30

		134		6		0.98		1.92		0.05		4.00		90.00		4.00		0.24

		134		12		0.98		1.92		0.00		4.00		90.00		4.00		0.20

		56		0		0.81		1.25		1.00		4.00		90.00		4.00		1.00

		56		1		0.81		1.25		0.43		4.00		90.00		4.00		0.55

		56		2		0.81		1.25		0.23		4.00		90.00		4.00		0.39

		56		4		0.81		1.25		0.08		4.00		90.00		4.00		0.26

		56		6		0.81		1.25		0.03		4.00		90.00		4.00		0.22

		56		12		0.81		1.25		0.00		4.00		90.00		4.00		0.20

		20		0		0.80		1.20		1.00		4.00		90.00		4.00		1.00

		20		1		0.80		1.20		0.42		4.00		90.00		4.00		0.54

		20		2		0.80		1.20		0.22		4.00		90.00		4.00		0.38

		20		4		0.80		1.20		0.07		4.00		90.00		4.00		0.26

		20		6		0.80		1.20		0.03		4.00		90.00		4.00		0.22

		20		12		0.80		1.20		0.00		4.00		90.00		4.00		0.20

		|::

		310		0		3.03		10.14		1.00		1.5		0.00		0.67		1.00

		310		1		3.03		10.14		1.00		1.5		0.00		0.67		1.00

		310		2		3.03		10.14		0.99		1.5		0.00		0.67		1.00

		310		4		3.03		10.14		0.94		1.5		0.00		0.67		0.98

		310		6		3.03		10.14		0.82		1.5		0.00		0.67		0.93

		310		12		3.03		10.14		0.19		1.5		0.00		0.67		0.68

		250		0		1.97		5.89		1.00		1.5		0.00		0.67		1.00

		250		1		1.97		5.89		0.97		1.5		0.00		0.67		0.99

		250		2		1.97		5.89		0.89		1.5		0.00		0.67		0.96

		250		4		1.97		5.89		0.63		1.5		0.00		0.67		0.85

		250		6		1.97		5.89		0.35		1.5		0.00		0.67		0.74

		250		12		1.97		5.89		0.02		1.5		0.00		0.67		0.61

		220		0		1.60		4.39		1.00		1.5		0.00		0.67		1.00

		220		1		1.60		4.39		0.91		1.5		0.00		0.67		0.96

		220		2		1.60		4.39		0.75		1.5		0.00		0.67		0.90

		220		4		1.60		4.39		0.42		1.5		0.00		0.67		0.77

		220		6		1.60		4.39		0.19		1.5		0.00		0.67		0.68

		220		12		1.60		4.39		0.01		1.5		0.00		0.67		0.60

		180		0		1.24		2.95		1.00		1.5		0.00		0.67		1.00

		180		1		1.24		2.95		0.77		1.5		0.00		0.67		0.91

		180		2		1.24		2.95		0.54		1.5		0.00		0.67		0.82

		180		4		1.24		2.95		0.23		1.5		0.00		0.67		0.69

		180		6		1.24		2.95		0.09		1.5		0.00		0.67		0.64

		180		12		1.24		2.95		0.00		1.5		0.00		0.67		0.60

		180		2		1.24		2.95		0.54		1.5		0.00		0.67		0.82

		180		4		1.24		2.95		0.23		1.5		0.00		0.67		0.69

		180		6		1.24		2.95		0.09		1.5		0.00		0.67		0.64

		180		12		1.24		2.95		0.00		1.5		0.00		0.67		0.60

		134		0		0.98		1.92		1.00		1.5		0.00		0.67		1.00

		134		1		0.98		1.92		0.59		1.5		0.00		0.67		0.84

		134		2		0.98		1.92		0.35		1.5		0.00		0.67		0.74

		134		4		0.98		1.92		0.13		1.5		0.00		0.67		0.65

		134		6		0.98		1.92		0.05		1.5		0.00		0.67		0.62

		134		12		0.98		1.92		0.00		1.5		0.00		0.67		0.60

		56		0		0.81		1.25		1.00		1.5		0.00		0.67		1.00

		56		1		0.81		1.25		0.43		1.5		0.00		0.67		0.77

		56		2		0.81		1.25		0.23		1.5		0.00		0.67		0.69

		56		4		0.81		1.25		0.08		1.5		0.00		0.67		0.63

		56		6		0.81		1.25		0.03		1.5		0.00		0.67		0.61

		56		12		0.81		1.25		0.00		1.5		0.00		0.67		0.60

		20		0		0.80		1.20		1.00		1.5		0.00		0.67		1.00

		20		1		0.80		1.20		0.42		1.5		0.00		0.67		0.77

		20		2		0.80		1.20		0.22		1.5		0.00		0.67		0.69

		20		4		0.80		1.20		0.07		1.5		0.00		0.67		0.63

		20		6		0.80		1.20		0.03		1.5		0.00		0.67		0.61

		20		12		0.80		1.20		0.00		1.5		0.00		0.67		0.60

		|::

		310		0		3.03		10.14		1.00		1.5		22.50		0.99		1.00

		310		1		3.03		10.14		1.00		1.5		22.50		0.99		1.00

		310		2		3.03		10.14		0.99		1.5		22.50		0.99		1.00

		310		4		3.03		10.14		0.94		1.5		22.50		0.99		0.97

		310		6		3.03		10.14		0.82		1.5		22.50		0.99		0.91

		310		12		3.03		10.14		0.19		1.5		22.50		0.99		0.60

		250		0		1.97		5.89		1.00		1.5		22.50		0.99		1.00

		250		1		1.97		5.89		0.97		1.5		22.50		0.99		0.99

		250		2		1.97		5.89		0.89		1.5		22.50		0.99		0.94

		250		4		1.97		5.89		0.63		1.5		22.50		0.99		0.81

		250		6		1.97		5.89		0.35		1.5		22.50		0.99		0.68

		250		12		1.97		5.89		0.02		1.5		22.50		0.99		0.51

		220		0		1.60		4.39		1.00		1.5		22.50		0.99		1.00

		220		1		1.60		4.39		0.91		1.5		22.50		0.99		0.96

		220		2		1.60		4.39		0.75		1.5		22.50		0.99		0.88

		220		4		1.60		4.39		0.42		1.5		22.50		0.99		0.71

		220		6		1.60		4.39		0.19		1.5		22.50		0.99		0.60

		220		12		1.60		4.39		0.01		1.5		22.50		0.99		0.51

		180		0		1.24		2.95		1.00		1.5		22.50		0.99		1.00

		180		1		1.24		2.95		0.77		1.5		22.50		0.99		0.89

		180		2		1.24		2.95		0.54		1.5		22.50		0.99		0.77

		180		4		1.24		2.95		0.23		1.5		22.50		0.99		0.62

		180		6		1.24		2.95		0.09		1.5		22.50		0.99		0.55

		180		12		1.24		2.95		0.00		1.5		22.50		0.99		0.51

		134		0		0.98		1.92		1.00		1.5		22.50		0.99		1.00

		134		1		0.98		1.92		0.59		1.5		22.50		0.99		0.80

		134		2		0.98		1.92		0.35		1.5		22.50		0.99		0.68

		134		4		0.98		1.92		0.13		1.5		22.50		0.99		0.57

		134		6		0.98		1.92		0.05		1.5		22.50		0.99		0.53

		134		12		0.98		1.92		0.00		1.5		22.50		0.99		0.50

		56		0		0.81		1.25		1.00		1.5		22.50		0.99		1.00

		56		1		0.81		1.25		0.43		1.5		22.50		0.99		0.72

		56		2		0.81		1.25		0.23		1.5		22.50		0.99		0.62

		56		4		0.81		1.25		0.08		1.5		22.50		0.99		0.54

		56		6		0.81		1.25		0.03		1.5		22.50		0.99		0.52

		56		12		0.81		1.25		0.00		1.5		22.50		0.99		0.50

		20		0		0.80		1.20		1.00		1.5		22.50		0.99		1.00

		20		1		0.80		1.20		0.42		1.5		22.50		0.99		0.71

		20		2		0.80		1.20		0.22		1.5		22.50		0.99		0.61

		20		4		0.80		1.20		0.07		1.5		22.50		0.99		0.54

		20		6		0.80		1.20		0.03		1.5		22.50		0.99		0.52

		20		12		0.80		1.20		0.00		1.5		22.50		0.99		0.50

		|::

		310		0		3.03		10.14		1.00		1.5		45.00		1.26		1.00

		310		1		3.03		10.14		1.00		1.5		45.00		1.26		1.00

		310		2		3.03		10.14		0.99		1.5		45.00		1.26		1.00

		310		4		3.03		10.14		0.94		1.5		45.00		1.26		0.97

		310		6		3.03		10.14		0.82		1.5		45.00		1.26		0.90

		310		12		3.03		10.14		0.19		1.5		45.00		1.26		0.55

		250		0		1.97		5.89		1.00		1.5		45.00		1.26		1.00

		250		1		1.97		5.89		0.97		1.5		45.00		1.26		0.98

		250		2		1.97		5.89		0.89		1.5		45.00		1.26		0.94

		250		4		1.97		5.89		0.63		1.5		45.00		1.26		0.79

		250		6		1.97		5.89		0.35		1.5		45.00		1.26		0.64

		250		12		1.97		5.89		0.02		1.5		45.00		1.26		0.45

		220		0		1.60		4.39		1.00		1.5		45.00		1.26		1.00

		220		1		1.60		4.39		0.91		1.5		45.00		1.26		0.95

		220		2		1.60		4.39		0.75		1.5		45.00		1.26		0.86

		220		4		1.60		4.39		0.42		1.5		45.00		1.26		0.68

		220		6		1.60		4.39		0.19		1.5		45.00		1.26		0.55

		220		12		1.60		4.39		0.01		1.5		45.00		1.26		0.45

		180		0		1.24		2.95		1.00		1.5		45.00		1.26		1.00

		180		1		1.24		2.95		0.77		1.5		45.00		1.26		0.87

		180		2		1.24		2.95		0.54		1.5		45.00		1.26		0.74

		180		4		1.24		2.95		0.23		1.5		45.00		1.26		0.57

		180		6		1.24		2.95		0.09		1.5		45.00		1.26		0.49

		180		12		1.24		2.95		0.00		1.5		45.00		1.26		0.45

		134		0		0.98		1.92		1.00		1.5		45.00		1.26		1.00

		134		1		0.98		1.92		0.59		1.5		45.00		1.26		0.77

		134		2		0.98		1.92		0.35		1.5		45.00		1.26		0.64

		134		4		0.98		1.92		0.13		1.5		45.00		1.26		0.51

		134		6		0.98		1.92		0.05		1.5		45.00		1.26		0.47

		134		12		0.98		1.92		0.00		1.5		45.00		1.26		0.44

		56		0		0.81		1.25		1.00		1.5		45.00		1.26		1.00

		56		1		0.81		1.25		0.43		1.5		45.00		1.26		0.69

		56		2		0.81		1.25		0.23		1.5		45.00		1.26		0.57

		56		4		0.81		1.25		0.08		1.5		45.00		1.26		0.49

		56		6		0.81		1.25		0.03		1.5		45.00		1.26		0.46

		56		12		0.81		1.25		0.00		1.5		45.00		1.26		0.44

		20		0		0.80		1.20		1.00		1.5		45.00		1.26		1.00

		20		1		0.80		1.20		0.42		1.5		45.00		1.26		0.68

		20		2		0.80		1.20		0.22		1.5		45.00		1.26		0.57

		20		4		0.80		1.20		0.07		1.5		45.00		1.26		0.48

		20		6		0.80		1.20		0.03		1.5		45.00		1.26		0.46

		20		12		0.80		1.20		0.00		1.5		45.00		1.26		0.44

		|::

		310		0		3.03		10.14		1.00		1.5		67.50		1.44		1.00

		310		1		3.03		10.14		1.00		1.5		67.50		1.44		1.00

		310		2		3.03		10.14		0.99		1.5		67.50		1.44		1.00

		310		4		3.03		10.14		0.94		1.5		67.50		1.44		0.97

		310		6		3.03		10.14		0.82		1.5		67.50		1.44		0.89

		310		12		3.03		10.14		0.19		1.5		67.50		1.44		0.52

		250		0		1.97		5.89		1.00		1.5		67.50		1.44		1.00

		250		1		1.97		5.89		0.97		1.5		67.50		1.44		0.98

		250		2		1.97		5.89		0.89		1.5		67.50		1.44		0.93

		250		4		1.97		5.89		0.63		1.5		67.50		1.44		0.78

		250		6		1.97		5.89		0.35		1.5		67.50		1.44		0.62

		250		12		1.97		5.89		0.02		1.5		67.50		1.44		0.42

		220		0		1.60		4.39		1.00		1.5		67.50		1.44		1.00

		220		1		1.60		4.39		0.91		1.5		67.50		1.44		0.95

		220		2		1.60		4.39		0.75		1.5		67.50		1.44		0.85

		220		4		1.60		4.39		0.42		1.5		67.50		1.44		0.66

		220		6		1.60		4.39		0.19		1.5		67.50		1.44		0.52

		220		12		1.60		4.39		0.01		1.5		67.50		1.44		0.41

		180		0		1.24		2.95		1.00		1.5		67.50		1.44		1.00

		180		1		1.24		2.95		0.77		1.5		67.50		1.44		0.86

		180		2		1.24		2.95		0.54		1.5		67.50		1.44		0.73

		180		4		1.24		2.95		0.23		1.5		67.50		1.44		0.55

		180		6		1.24		2.95		0.09		1.5		67.50		1.44		0.46

		180		12		1.24		2.95		0.00		1.5		67.50		1.44		0.41

		134		0		0.98		1.92		1.00		1.5		67.50		1.44		1.00

		134		1		0.98		1.92		0.59		1.5		67.50		1.44		0.76

		134		2		0.98		1.92		0.35		1.5		67.50		1.44		0.62

		134		4		0.98		1.92		0.13		1.5		67.50		1.44		0.49

		134		6		0.98		1.92		0.05		1.5		67.50		1.44		0.44

		134		12		0.98		1.92		0.00		1.5		67.50		1.44		0.41

		56		0		0.81		1.25		1.00		1.5		67.50		1.44		1.00

		56		1		0.81		1.25		0.43		1.5		67.50		1.44		0.67

		56		2		0.81		1.25		0.23		1.5		67.50		1.44		0.55

		56		4		0.81		1.25		0.08		1.5		67.50		1.44		0.46

		56		6		0.81		1.25		0.03		1.5		67.50		1.44		0.43

		56		12		0.81		1.25		0.00		1.5		67.50		1.44		0.41

		20		0		0.80		1.20		1.00		1.5		67.50		1.44		1.00

		20		1		0.80		1.20		0.42		1.5		67.50		1.44		0.66

		20		2		0.80		1.20		0.22		1.5		67.50		1.44		0.54

		20		4		0.80		1.20		0.07		1.5		67.50		1.44		0.45

		20		6		0.80		1.20		0.03		1.5		67.50		1.44		0.43

		20		12		0.80		1.20		0.00		1.5		67.50		1.44		0.41

		|::

		310		0		3.03		10.14		1.00		1.5		90.00		1.50		1.00

		310		1		3.03		10.14		1.00		1.5		90.00		1.50		1.00

		310		2		3.03		10.14		0.99		1.5		90.00		1.50		1.00

		310		4		3.03		10.14		0.94		1.5		90.00		1.50		0.97

		310		6		3.03		10.14		0.82		1.5		90.00		1.50		0.89

		310		12		3.03		10.14		0.19		1.5		90.00		1.50		0.51

		250		0		1.97		5.89		1.00		1.5		90.00		1.50		1.00

		250		1		1.97		5.89		0.97		1.5		90.00		1.50		0.98

		250		2		1.97		5.89		0.89		1.5		90.00		1.50		0.93

		250		4		1.97		5.89		0.63		1.5		90.00		1.50		0.78

		250		6		1.97		5.89		0.35		1.5		90.00		1.50		0.61

		250		12		1.97		5.89		0.02		1.5		90.00		1.50		0.41

		220		0		1.60		4.39		1.00		1.5		90.00		1.50		1.00

		220		1		1.60		4.39		0.91		1.5		90.00		1.50		0.95

		220		2		1.60		4.39		0.75		1.5		90.00		1.50		0.85

		220		4		1.60		4.39		0.42		1.5		90.00		1.50		0.65

		220		6		1.60		4.39		0.19		1.5		90.00		1.50		0.52

		220		12		1.60		4.39		0.01		1.5		90.00		1.50		0.40

		180		0		1.24		2.95		1.00		1.5		90.00		1.50		1.00

		180		1		1.24		2.95		0.77		1.5		90.00		1.50		0.86

		180		2		1.24		2.95		0.54		1.5		90.00		1.50		0.72

		180		4		1.24		2.95		0.23		1.5		90.00		1.50		0.54

		180		6		1.24		2.95		0.09		1.5		90.00		1.50		0.45

		180		12		1.24		2.95		0.00		1.5		90.00		1.50		0.40

		134		0		0.98		1.92		1.00		1.5		90.00		1.50		1.00

		134		1		0.98		1.92		0.59		1.5		90.00		1.50		0.75

		134		2		0.98		1.92		0.35		1.5		90.00		1.50		0.61

		134		4		0.98		1.92		0.13		1.5		90.00		1.50		0.48

		134		6		0.98		1.92		0.05		1.5		90.00		1.50		0.43

		134		12		0.98		1.92		0.00		1.5		90.00		1.50		0.40

		56		0		0.81		1.25		1.00		1.5		90.00		1.50		1.00

		56		1		0.81		1.25		0.43		1.5		90.00		1.50		0.66

		56		2		0.81		1.25		0.23		1.5		90.00		1.50		0.54

		56		4		0.81		1.25		0.08		1.5		90.00		1.50		0.45

		56		6		0.81		1.25		0.03		1.5		90.00		1.50		0.42

		56		12		0.81		1.25		0.00		1.5		90.00		1.50		0.40

		20		0		0.80		1.20		1.00		1.5		90.00		1.50		1.00

		20		1		0.80		1.20		0.42		1.5		90.00		1.50		0.65

		20		2		0.80		1.20		0.22		1.5		90.00		1.50		0.53

		20		4		0.80		1.20		0.07		1.5		90.00		1.50		0.44

		20		6		0.80		1.20		0.03		1.5		90.00		1.50		0.42

		20		12		0.80		1.20		0.00		1.5		90.00		1.50		0.40
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I = 220
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I < 134

Kr -  Roughness Height (in) = 4(HxH)/S

Krd - Factor for Ridges

Angle of deviation = 90 deg

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



K-ZRG15_D67

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind. direction.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 67.5 deg

1

1

1

1

1

1

0.99956014

0.9851739195

0.9555521303

0.8854976976

0.7966686591

0.713088808

0.9964078576

0.9443310299

0.8772404612

0.7711016465

0.6791007506

0.6140722702

0.9713255282

0.8149087847

0.71358763

0.6191595948

0.5674220725

0.5398535155

0.908546471

0.679422972

0.5994215915

0.5483185441

0.5270631339

0.5169066384

0.5972261239

0.5120939818

0.5070377249

0.5053339209

0.5048344954

0.5045379399



K-ZRG15_D45

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 45 deg

1

1

1

1

1

1

0.9995066548

0.9833711268

0.9501474455

0.8715746715

0.7719443739

0.6782015442

0.9959710673

0.9375619037

0.8623133878

0.7432685139

0.6400806737

0.5671449879

0.9678388261

0.7924024265

0.678761021

0.572850911

0.514822311

0.4839015267

0.8974260844

0.640442076

0.5507128447

0.4933958693

0.4695558855

0.4581644004

0.5482504169

0.4527665438

0.4470954661

0.4451844863

0.4446243327

0.4442917171



K-ZRG15_D22

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr - Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 22.5 deg

1

1

1

1

1

1

0.999477532

0.9823895018

0.9472045813

0.8639935494

0.7584819396

0.659205343

0.9957332339

0.9338760979

0.8541855595

0.7281133045

0.6188341456

0.5415929669

0.9659403082

0.780147659

0.6597978465

0.5476357184

0.4861816111

0.4534355308

0.8913710064

0.619216882

0.5241908119

0.4634903374

0.4382430468

0.4261791068

0.5215830236

0.4204626074

0.4144567583

0.4124329707

0.4118397505

0.4114875002



K-ZRG15_D0

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 0 deg

1

1

1

1

1

1

0.9994683038

0.9820784531

0.9462720723

0.8615913099

0.7542160815

0.6531859934

0.9956578714

0.932708172

0.8516100846

0.7233110547

0.6121017321

0.5334962665

0.9653387225

0.7762644757

0.653788962

0.5396457493

0.4771061973

0.4437817332

0.8894523264

0.6124912286

0.5157867427

0.4540141347

0.4283209091

0.4160438875

0.5131328939

0.4102264193

0.4041144908

0.4020549577

0.4014512596

0.4010927876



K-ZRG-N

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



I = 310

I = 250

I = 220

I = 180

I = 134

I = 20

Ridge Roughness Height (in)

K-Factor for ridges

Ridges normal to wind 100% of time

1

1

1

1

1

1

0.9991138396

0.9701307551

0.9104534539

0.7693188499

0.7693188499

0.4219766557

0.992763119

0.8878469534

0.7526834743

0.5388517579

0.5388517579

0.2224937776

0.9422312041

0.6271074595

0.4229816034

0.2327429155

0.2327429155

0.0729695553

0.8157538774

0.3541520477

0.1929779045

0.0900235578

0.0900235578

0.0267398125

0.1885548232

0.0170440322

0.0068574846

0.0034249295

0.0034249295

0.0018213127
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K-ZRG15_D90

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
   s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 90 deg

1

1

1

1

1

1

0.9996455359

0.9880523021

0.9641813815

0.90772754

0.8361440544

0.7687906623

0.9971052476

0.9551387813

0.9010733897

0.8155407031

0.7414011547

0.688997511

0.9768924816

0.8508429838

0.7691926413

0.6930971662

0.6514041316

0.6291878221

0.9263015509

0.7416608191

0.6771911618

0.6360094231

0.6188806061

0.610695925

0.6754219293

0.6068176129

0.6027429938

0.6013699718

0.6009675064

0.6007285251



RGWEQ

		

		Data for plot of ridge K-factor for WEQ.												'Graphs for tables at K450

										Calc.						Calc.		Calc.

										K-Fac				wind		wind		Final

		I		Ridge		Calc.		Calc		wind		wind		angle to		Prep.on		K-Factor

				Height		k		C		90 deg		Prep.		ridge		ridge

		-		-		-		-		-		-		-		-		-

		(T/Ac)		(in)

		310		0		3.03		10.14		1.00		4.00		90.00		4.00		1.00

		310		1		3.03		10.14		1.00		4.00		90.00		4.00		1.00

		310		2		3.03		10.14		0.99		4.00		90.00		4.00		0.99

		310		4		3.03		10.14		0.94		4.00		90.00		4.00		0.95

		310		6		3.03		10.14		0.82		4.00		90.00		4.00		0.85

		310		12		3.03		10.14		0.19		4.00		90.00		4.00		0.35

		250		0		1.97		5.89		1.00		4.00		90.00		4.00		1.00

		250		1		1.97		5.89		0.97		4.00		90.00		4.00		0.98

		250		2		1.97		5.89		0.89		4.00		90.00		4.00		0.91

		250		4		1.97		5.89		0.63		4.00		90.00		4.00		0.70

		250		6		1.97		5.89		0.35		4.00		90.00		4.00		0.48

		250		12		1.97		5.89		0.02		4.00		90.00		4.00		0.21

		220		0		1.60		4.39		1.00		4.00		90.00		4.00		1.00

		220		1		1.60		4.39		0.91		4.00		90.00		4.00		0.93

		220		2		1.60		4.39		0.75		4.00		90.00		4.00		0.80

		220		4		1.60		4.39		0.42		4.00		90.00		4.00		0.54

		220		6		1.60		4.39		0.19		4.00		90.00		4.00		0.35

		220		12		1.60		4.39		0.01		4.00		90.00		4.00		0.21

		180		0		1.24		2.95		1.00		4.00		90.00		4.00		1.00

		180		1		1.24		2.95		0.77		4.00		90.00		4.00		0.82

		180		2		1.24		2.95		0.54		4.00		90.00		4.00		0.63

		180		4		1.24		2.95		0.23		4.00		90.00		4.00		0.39

		180		6		1.24		2.95		0.09		4.00		90.00		4.00		0.27

		180		12		1.24		2.95		0.00		4.00		90.00		4.00		0.20

		134		0		0.98		1.92		1.00		4.00		90.00		4.00		1.00

		134		1		0.98		1.92		0.59		4.00		90.00		4.00		0.67

		134		2		0.98		1.92		0.35		4.00		90.00		4.00		0.48

		134		4		0.98		1.92		0.13		4.00		90.00		4.00		0.30

		134		6		0.98		1.92		0.05		4.00		90.00		4.00		0.24

		134		12		0.98		1.92		0.00		4.00		90.00		4.00		0.20

		56		0		0.81		1.25		1.00		4.00		90.00		4.00		1.00

		56		1		0.81		1.25		0.43		4.00		90.00		4.00		0.55

		56		2		0.81		1.25		0.23		4.00		90.00		4.00		0.39

		56		4		0.81		1.25		0.08		4.00		90.00		4.00		0.26

		56		6		0.81		1.25		0.03		4.00		90.00		4.00		0.22

		56		12		0.81		1.25		0.00		4.00		90.00		4.00		0.20

		20		0		0.80		1.20		1.00		4.00		90.00		4.00		1.00

		20		1		0.80		1.20		0.42		4.00		90.00		4.00		0.54

		20		2		0.80		1.20		0.22		4.00		90.00		4.00		0.38

		20		4		0.80		1.20		0.07		4.00		90.00		4.00		0.26

		20		6		0.80		1.20		0.03		4.00		90.00		4.00		0.22

		20		12		0.80		1.20		0.00		4.00		90.00		4.00		0.20

		|::

		310		0		3.03		10.14		1.00		1.5		0.00		0.67		1.00

		310		1		3.03		10.14		1.00		1.5		0.00		0.67		1.00

		310		2		3.03		10.14		0.99		1.5		0.00		0.67		1.00

		310		4		3.03		10.14		0.94		1.5		0.00		0.67		0.98

		310		6		3.03		10.14		0.82		1.5		0.00		0.67		0.93

		310		12		3.03		10.14		0.19		1.5		0.00		0.67		0.68

		250		0		1.97		5.89		1.00		1.5		0.00		0.67		1.00

		250		1		1.97		5.89		0.97		1.5		0.00		0.67		0.99

		250		2		1.97		5.89		0.89		1.5		0.00		0.67		0.96

		250		4		1.97		5.89		0.63		1.5		0.00		0.67		0.85

		250		6		1.97		5.89		0.35		1.5		0.00		0.67		0.74

		250		12		1.97		5.89		0.02		1.5		0.00		0.67		0.61

		220		0		1.60		4.39		1.00		1.5		0.00		0.67		1.00

		220		1		1.60		4.39		0.91		1.5		0.00		0.67		0.96

		220		2		1.60		4.39		0.75		1.5		0.00		0.67		0.90

		220		4		1.60		4.39		0.42		1.5		0.00		0.67		0.77

		220		6		1.60		4.39		0.19		1.5		0.00		0.67		0.68

		220		12		1.60		4.39		0.01		1.5		0.00		0.67		0.60

		180		0		1.24		2.95		1.00		1.5		0.00		0.67		1.00

		180		1		1.24		2.95		0.77		1.5		0.00		0.67		0.91

		180		2		1.24		2.95		0.54		1.5		0.00		0.67		0.82

		180		4		1.24		2.95		0.23		1.5		0.00		0.67		0.69

		180		6		1.24		2.95		0.09		1.5		0.00		0.67		0.64

		180		12		1.24		2.95		0.00		1.5		0.00		0.67		0.60

		180		2		1.24		2.95		0.54		1.5		0.00		0.67		0.82

		180		4		1.24		2.95		0.23		1.5		0.00		0.67		0.69

		180		6		1.24		2.95		0.09		1.5		0.00		0.67		0.64

		180		12		1.24		2.95		0.00		1.5		0.00		0.67		0.60

		134		0		0.98		1.92		1.00		1.5		0.00		0.67		1.00

		134		1		0.98		1.92		0.59		1.5		0.00		0.67		0.84

		134		2		0.98		1.92		0.35		1.5		0.00		0.67		0.74

		134		4		0.98		1.92		0.13		1.5		0.00		0.67		0.65

		134		6		0.98		1.92		0.05		1.5		0.00		0.67		0.62

		134		12		0.98		1.92		0.00		1.5		0.00		0.67		0.60

		56		0		0.81		1.25		1.00		1.5		0.00		0.67		1.00

		56		1		0.81		1.25		0.43		1.5		0.00		0.67		0.77

		56		2		0.81		1.25		0.23		1.5		0.00		0.67		0.69

		56		4		0.81		1.25		0.08		1.5		0.00		0.67		0.63

		56		6		0.81		1.25		0.03		1.5		0.00		0.67		0.61

		56		12		0.81		1.25		0.00		1.5		0.00		0.67		0.60

		20		0		0.80		1.20		1.00		1.5		0.00		0.67		1.00

		20		1		0.80		1.20		0.42		1.5		0.00		0.67		0.77

		20		2		0.80		1.20		0.22		1.5		0.00		0.67		0.69

		20		4		0.80		1.20		0.07		1.5		0.00		0.67		0.63

		20		6		0.80		1.20		0.03		1.5		0.00		0.67		0.61

		20		12		0.80		1.20		0.00		1.5		0.00		0.67		0.60

		|::

		310		0		3.03		10.14		1.00		1.5		22.50		0.99		1.00

		310		1		3.03		10.14		1.00		1.5		22.50		0.99		1.00

		310		2		3.03		10.14		0.99		1.5		22.50		0.99		1.00

		310		4		3.03		10.14		0.94		1.5		22.50		0.99		0.97

		310		6		3.03		10.14		0.82		1.5		22.50		0.99		0.91

		310		12		3.03		10.14		0.19		1.5		22.50		0.99		0.60

		250		0		1.97		5.89		1.00		1.5		22.50		0.99		1.00

		250		1		1.97		5.89		0.97		1.5		22.50		0.99		0.99

		250		2		1.97		5.89		0.89		1.5		22.50		0.99		0.94

		250		4		1.97		5.89		0.63		1.5		22.50		0.99		0.81

		250		6		1.97		5.89		0.35		1.5		22.50		0.99		0.68

		250		12		1.97		5.89		0.02		1.5		22.50		0.99		0.51

		220		0		1.60		4.39		1.00		1.5		22.50		0.99		1.00

		220		1		1.60		4.39		0.91		1.5		22.50		0.99		0.96

		220		2		1.60		4.39		0.75		1.5		22.50		0.99		0.88

		220		4		1.60		4.39		0.42		1.5		22.50		0.99		0.71

		220		6		1.60		4.39		0.19		1.5		22.50		0.99		0.60

		220		12		1.60		4.39		0.01		1.5		22.50		0.99		0.51

		180		0		1.24		2.95		1.00		1.5		22.50		0.99		1.00

		180		1		1.24		2.95		0.77		1.5		22.50		0.99		0.89

		180		2		1.24		2.95		0.54		1.5		22.50		0.99		0.77

		180		4		1.24		2.95		0.23		1.5		22.50		0.99		0.62

		180		6		1.24		2.95		0.09		1.5		22.50		0.99		0.55

		180		12		1.24		2.95		0.00		1.5		22.50		0.99		0.51

		134		0		0.98		1.92		1.00		1.5		22.50		0.99		1.00

		134		1		0.98		1.92		0.59		1.5		22.50		0.99		0.80

		134		2		0.98		1.92		0.35		1.5		22.50		0.99		0.68

		134		4		0.98		1.92		0.13		1.5		22.50		0.99		0.57

		134		6		0.98		1.92		0.05		1.5		22.50		0.99		0.53

		134		12		0.98		1.92		0.00		1.5		22.50		0.99		0.50

		56		0		0.81		1.25		1.00		1.5		22.50		0.99		1.00

		56		1		0.81		1.25		0.43		1.5		22.50		0.99		0.72

		56		2		0.81		1.25		0.23		1.5		22.50		0.99		0.62

		56		4		0.81		1.25		0.08		1.5		22.50		0.99		0.54

		56		6		0.81		1.25		0.03		1.5		22.50		0.99		0.52

		56		12		0.81		1.25		0.00		1.5		22.50		0.99		0.50

		20		0		0.80		1.20		1.00		1.5		22.50		0.99		1.00

		20		1		0.80		1.20		0.42		1.5		22.50		0.99		0.71

		20		2		0.80		1.20		0.22		1.5		22.50		0.99		0.61

		20		4		0.80		1.20		0.07		1.5		22.50		0.99		0.54

		20		6		0.80		1.20		0.03		1.5		22.50		0.99		0.52

		20		12		0.80		1.20		0.00		1.5		22.50		0.99		0.50

		|::

		310		0		3.03		10.14		1.00		1.5		45.00		1.26		1.00

		310		1		3.03		10.14		1.00		1.5		45.00		1.26		1.00

		310		2		3.03		10.14		0.99		1.5		45.00		1.26		1.00

		310		4		3.03		10.14		0.94		1.5		45.00		1.26		0.97

		310		6		3.03		10.14		0.82		1.5		45.00		1.26		0.90

		310		12		3.03		10.14		0.19		1.5		45.00		1.26		0.55

		250		0		1.97		5.89		1.00		1.5		45.00		1.26		1.00

		250		1		1.97		5.89		0.97		1.5		45.00		1.26		0.98

		250		2		1.97		5.89		0.89		1.5		45.00		1.26		0.94

		250		4		1.97		5.89		0.63		1.5		45.00		1.26		0.79

		250		6		1.97		5.89		0.35		1.5		45.00		1.26		0.64

		250		12		1.97		5.89		0.02		1.5		45.00		1.26		0.45

		220		0		1.60		4.39		1.00		1.5		45.00		1.26		1.00

		220		1		1.60		4.39		0.91		1.5		45.00		1.26		0.95

		220		2		1.60		4.39		0.75		1.5		45.00		1.26		0.86

		220		4		1.60		4.39		0.42		1.5		45.00		1.26		0.68

		220		6		1.60		4.39		0.19		1.5		45.00		1.26		0.55

		220		12		1.60		4.39		0.01		1.5		45.00		1.26		0.45

		180		0		1.24		2.95		1.00		1.5		45.00		1.26		1.00

		180		1		1.24		2.95		0.77		1.5		45.00		1.26		0.87

		180		2		1.24		2.95		0.54		1.5		45.00		1.26		0.74

		180		4		1.24		2.95		0.23		1.5		45.00		1.26		0.57

		180		6		1.24		2.95		0.09		1.5		45.00		1.26		0.49

		180		12		1.24		2.95		0.00		1.5		45.00		1.26		0.45

		134		0		0.98		1.92		1.00		1.5		45.00		1.26		1.00

		134		1		0.98		1.92		0.59		1.5		45.00		1.26		0.77

		134		2		0.98		1.92		0.35		1.5		45.00		1.26		0.64

		134		4		0.98		1.92		0.13		1.5		45.00		1.26		0.51

		134		6		0.98		1.92		0.05		1.5		45.00		1.26		0.47

		134		12		0.98		1.92		0.00		1.5		45.00		1.26		0.44

		56		0		0.81		1.25		1.00		1.5		45.00		1.26		1.00

		56		1		0.81		1.25		0.43		1.5		45.00		1.26		0.69

		56		2		0.81		1.25		0.23		1.5		45.00		1.26		0.57

		56		4		0.81		1.25		0.08		1.5		45.00		1.26		0.49

		56		6		0.81		1.25		0.03		1.5		45.00		1.26		0.46

		56		12		0.81		1.25		0.00		1.5		45.00		1.26		0.44

		20		0		0.80		1.20		1.00		1.5		45.00		1.26		1.00

		20		1		0.80		1.20		0.42		1.5		45.00		1.26		0.68

		20		2		0.80		1.20		0.22		1.5		45.00		1.26		0.57

		20		4		0.80		1.20		0.07		1.5		45.00		1.26		0.48

		20		6		0.80		1.20		0.03		1.5		45.00		1.26		0.46

		20		12		0.80		1.20		0.00		1.5		45.00		1.26		0.44

		|::

		310		0		3.03		10.14		1.00		1.5		67.50		1.44		1.00

		310		1		3.03		10.14		1.00		1.5		67.50		1.44		1.00

		310		2		3.03		10.14		0.99		1.5		67.50		1.44		1.00

		310		4		3.03		10.14		0.94		1.5		67.50		1.44		0.97

		310		6		3.03		10.14		0.82		1.5		67.50		1.44		0.89

		310		12		3.03		10.14		0.19		1.5		67.50		1.44		0.52

		250		0		1.97		5.89		1.00		1.5		67.50		1.44		1.00

		250		1		1.97		5.89		0.97		1.5		67.50		1.44		0.98

		250		2		1.97		5.89		0.89		1.5		67.50		1.44		0.93

		250		4		1.97		5.89		0.63		1.5		67.50		1.44		0.78

		250		6		1.97		5.89		0.35		1.5		67.50		1.44		0.62

		250		12		1.97		5.89		0.02		1.5		67.50		1.44		0.42

		220		0		1.60		4.39		1.00		1.5		67.50		1.44		1.00

		220		1		1.60		4.39		0.91		1.5		67.50		1.44		0.95

		220		2		1.60		4.39		0.75		1.5		67.50		1.44		0.85

		220		4		1.60		4.39		0.42		1.5		67.50		1.44		0.66

		220		6		1.60		4.39		0.19		1.5		67.50		1.44		0.52

		220		12		1.60		4.39		0.01		1.5		67.50		1.44		0.41

		180		0		1.24		2.95		1.00		1.5		67.50		1.44		1.00

		180		1		1.24		2.95		0.77		1.5		67.50		1.44		0.86

		180		2		1.24		2.95		0.54		1.5		67.50		1.44		0.73

		180		4		1.24		2.95		0.23		1.5		67.50		1.44		0.55

		180		6		1.24		2.95		0.09		1.5		67.50		1.44		0.46

		180		12		1.24		2.95		0.00		1.5		67.50		1.44		0.41

		134		0		0.98		1.92		1.00		1.5		67.50		1.44		1.00

		134		1		0.98		1.92		0.59		1.5		67.50		1.44		0.76

		134		2		0.98		1.92		0.35		1.5		67.50		1.44		0.62

		134		4		0.98		1.92		0.13		1.5		67.50		1.44		0.49

		134		6		0.98		1.92		0.05		1.5		67.50		1.44		0.44

		134		12		0.98		1.92		0.00		1.5		67.50		1.44		0.41

		56		0		0.81		1.25		1.00		1.5		67.50		1.44		1.00

		56		1		0.81		1.25		0.43		1.5		67.50		1.44		0.67

		56		2		0.81		1.25		0.23		1.5		67.50		1.44		0.55

		56		4		0.81		1.25		0.08		1.5		67.50		1.44		0.46

		56		6		0.81		1.25		0.03		1.5		67.50		1.44		0.43

		56		12		0.81		1.25		0.00		1.5		67.50		1.44		0.41

		20		0		0.80		1.20		1.00		1.5		67.50		1.44		1.00

		20		1		0.80		1.20		0.42		1.5		67.50		1.44		0.66

		20		2		0.80		1.20		0.22		1.5		67.50		1.44		0.54

		20		4		0.80		1.20		0.07		1.5		67.50		1.44		0.45

		20		6		0.80		1.20		0.03		1.5		67.50		1.44		0.43

		20		12		0.80		1.20		0.00		1.5		67.50		1.44		0.41

		|::

		310		0		3.03		10.14		1.00		1.5		90.00		1.50		1.00

		310		1		3.03		10.14		1.00		1.5		90.00		1.50		1.00

		310		2		3.03		10.14		0.99		1.5		90.00		1.50		1.00

		310		4		3.03		10.14		0.94		1.5		90.00		1.50		0.97

		310		6		3.03		10.14		0.82		1.5		90.00		1.50		0.89

		310		12		3.03		10.14		0.19		1.5		90.00		1.50		0.51

		250		0		1.97		5.89		1.00		1.5		90.00		1.50		1.00

		250		1		1.97		5.89		0.97		1.5		90.00		1.50		0.98

		250		2		1.97		5.89		0.89		1.5		90.00		1.50		0.93

		250		4		1.97		5.89		0.63		1.5		90.00		1.50		0.78

		250		6		1.97		5.89		0.35		1.5		90.00		1.50		0.61

		250		12		1.97		5.89		0.02		1.5		90.00		1.50		0.41

		220		0		1.60		4.39		1.00		1.5		90.00		1.50		1.00

		220		1		1.60		4.39		0.91		1.5		90.00		1.50		0.95

		220		2		1.60		4.39		0.75		1.5		90.00		1.50		0.85

		220		4		1.60		4.39		0.42		1.5		90.00		1.50		0.65

		220		6		1.60		4.39		0.19		1.5		90.00		1.50		0.52

		220		12		1.60		4.39		0.01		1.5		90.00		1.50		0.40

		180		0		1.24		2.95		1.00		1.5		90.00		1.50		1.00

		180		1		1.24		2.95		0.77		1.5		90.00		1.50		0.86

		180		2		1.24		2.95		0.54		1.5		90.00		1.50		0.72

		180		4		1.24		2.95		0.23		1.5		90.00		1.50		0.54

		180		6		1.24		2.95		0.09		1.5		90.00		1.50		0.45

		180		12		1.24		2.95		0.00		1.5		90.00		1.50		0.40

		134		0		0.98		1.92		1.00		1.5		90.00		1.50		1.00

		134		1		0.98		1.92		0.59		1.5		90.00		1.50		0.75

		134		2		0.98		1.92		0.35		1.5		90.00		1.50		0.61

		134		4		0.98		1.92		0.13		1.5		90.00		1.50		0.48

		134		6		0.98		1.92		0.05		1.5		90.00		1.50		0.43

		134		12		0.98		1.92		0.00		1.5		90.00		1.50		0.40

		56		0		0.81		1.25		1.00		1.5		90.00		1.50		1.00

		56		1		0.81		1.25		0.43		1.5		90.00		1.50		0.66

		56		2		0.81		1.25		0.23		1.5		90.00		1.50		0.54

		56		4		0.81		1.25		0.08		1.5		90.00		1.50		0.45

		56		6		0.81		1.25		0.03		1.5		90.00		1.50		0.42

		56		12		0.81		1.25		0.00		1.5		90.00		1.50		0.40

		20		0		0.80		1.20		1.00		1.5		90.00		1.50		1.00

		20		1		0.80		1.20		0.42		1.5		90.00		1.50		0.65

		20		2		0.80		1.20		0.22		1.5		90.00		1.50		0.53

		20		4		0.80		1.20		0.07		1.5		90.00		1.50		0.44

		20		6		0.80		1.20		0.03		1.5		90.00		1.50		0.42

		20		12		0.80		1.20		0.00		1.5		90.00		1.50		0.40
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I = 310

I = 250
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I < 134

Kr -  Roughness Height (in) = 4(HxH)/S

Krd - Factor for Ridges
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K-ZRG15_D67

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind. direction.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 67.5 deg

1

1

1

1

1

1

0.99956014

0.9851739195

0.9555521303

0.8854976976

0.7966686591

0.713088808

0.9964078576

0.9443310299

0.8772404612

0.7711016465

0.6791007506

0.6140722702

0.9713255282

0.8149087847

0.71358763

0.6191595948

0.5674220725

0.5398535155

0.908546471

0.679422972

0.5994215915

0.5483185441

0.5270631339

0.5169066384

0.5972261239

0.5120939818

0.5070377249

0.5053339209

0.5048344954

0.5045379399



K-ZRG15_D45

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 45 deg

1

1

1

1

1

1

0.9995066548

0.9833711268

0.9501474455

0.8715746715

0.7719443739

0.6782015442

0.9959710673

0.9375619037

0.8623133878

0.7432685139

0.6400806737

0.5671449879

0.9678388261

0.7924024265

0.678761021

0.572850911

0.514822311

0.4839015267

0.8974260844

0.640442076

0.5507128447

0.4933958693

0.4695558855

0.4581644004

0.5482504169

0.4527665438

0.4470954661

0.4451844863

0.4446243327

0.4442917171



K-ZRG15_D22

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr - Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 22.5 deg

1

1

1

1

1

1

0.999477532

0.9823895018

0.9472045813

0.8639935494

0.7584819396

0.659205343

0.9957332339

0.9338760979

0.8541855595

0.7281133045

0.6188341456

0.5415929669

0.9659403082

0.780147659

0.6597978465

0.5476357184

0.4861816111

0.4534355308

0.8913710064

0.619216882

0.5241908119

0.4634903374

0.4382430468

0.4261791068

0.5215830236

0.4204626074

0.4144567583

0.4124329707

0.4118397505

0.4114875002



K-ZRG15_D0

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



Note: Erosive wind energy 60% parallel and 40% perpendicular to prevailing erosive wind.

Kr=4(hxh)/s
  h=ridge height in inches
  s=ridge spacing in inches

I = 310

I = 250

I = 220

I = 180

I = 134

I < 134

Kr -  Roughness Height (inches)

Krd - Ridge Roughness Factor

Angle of wind deviation = 0 deg

1

1

1

1

1

1

0.9994683038

0.9820784531

0.9462720723

0.8615913099

0.7542160815

0.6531859934

0.9956578714

0.932708172

0.8516100846

0.7233110547

0.6121017321

0.5334962665

0.9653387225

0.7762644757

0.653788962

0.5396457493

0.4771061973

0.4437817332

0.8894523264

0.6124912286

0.5157867427

0.4540141347

0.4283209091

0.4160438875

0.5131328939

0.4102264193

0.4041144908

0.4020549577

0.4014512596

0.4010927876



K-ZRG-N

		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		4		4		4		4		4		4

		6		6		6		6		6		6

		12		12		12		12		12		12



I = 310

I = 250

I = 220

I = 180

I = 134

I = 20

Ridge Roughness Height (in)

K-Factor for ridges

Ridges normal to wind 100% of time

1

1

1

1

1

1

0.9991138396

0.9701307551

0.9104534539

0.7693188499

0.7693188499

0.4219766557

0.992763119

0.8878469534

0.7526834743

0.5388517579

0.5388517579

0.2224937776

0.9422312041

0.6271074595

0.4229816034

0.2327429155

0.2327429155

0.0729695553

0.8157538774

0.3541520477

0.1929779045

0.0900235578

0.0900235578

0.0267398125

0.1885548232

0.0170440322

0.0068574846

0.0034249295

0.0034249295

0.0018213127




