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Response to DEQ Comments
Class 3 Permit Modification
Cell 16 ET Cover Design

Responses to Comments on Attachment 9d

1. Deficiency:
This attachment contains a large portion of Attachment 9c, and therefore is partially redundant.
Correction:

Revise this attachment by referring to Attachment 9c whenever possible. and only keeping the parts that
are specific to Cell 16, such as figures, slope stability calculations, etc.. All sections that are addressed
within the Attachment in response to the following comments also need to be included.

Response: In order to avoid redundancy, the Cell 16 design in Attachment 9d makes reference
to the soil laboratory test report in Volume 2 of Attachment 9c. This has eliminated the largest
area of overlap between the two attachments.

Changes have been made between Attachments 9c and 9d throughout the components,
including the design report, construction quality assurance plan (CQA Plan), specifications, and
calculations. The attached pdf file provides a comparison between Attachments 9¢ and 9d with
the changes highlighted.

The overlap between Attachments 9c¢ and 9d will be further reduced by eliminating the
specifications in Attachment 9d. Instead, references have been added to Attachment 9d to refer
to the specifications in Attachment 9c. The differences that exist between the specifications in
Attachment 9c¢ (Cells 14 and 15) and Attachment 9d (Cell16) are that two specification sections
are not needed for Cell 16 construction:

e 332414 Leachate and Well Riser Modification
e 401449 HDPE Pipe

Nevertheless, the Attachment 9c specifications are otherwise the same and can be used for the
Cell 16 cover under Attachment 9d. Statements have been added to the Attachment 9d
Construction Quality Assurance Plan to clarify which sections of the specifications are not
applicable to Cell 16.

We do not suggest further consolidation of other sections of Attachment 9d for the following
reasons:

e The Attachment 9d design report should be clear to a reviewer, without requiring many
referrals between two separate documents.

e The Attachment 9d CQA Plan includes revisions throughout the document, not discrete
sections where differences occur like the specifications.
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e Each calculation in Attachment 9d is new. Some references attached to calculations are
duplicated in both Attachments 9c and 9d. However, our standards for engineering
calculations call for including applicable references with each calculation.

2. Deficiency:
Section 6.1, page 26, 1st paragraph: The source of the Cell 16 design information is not included.
Correction:

Add that the “Cell 16 Engineering Report” in presented in Attachment 18b.
Response: A reference to Attachment 18b has been added.

3. Deficiency:

Section 6.1, page 27, Table 4: The information presented in this table does not agree with that used for
the stability analysis as set forth on page 2/5 of Appendix D1.

Correction:

Revise so that the table and the appendix contain consistent information.

Response: The parameters in Table 4 have been checked for consistency with parameters
used in the slope stability calculation in Appendix C1 (previously Appendix D1). Some
parameters used in the analysis were not clearly called out in the calculation. The parameters
listed in Table 4 have now been added to the calculation.

4. Deficiency:
Section 6.3, page 30, Table 5: No analysis appears to have been done for the West Slope
Correction:

An explanation of this omission is required.

Response: The configuration of the west slope is identical to the east slope, which was
analyzed. Text has been added to Section 6.1 to clarify.

5. Deficiency:

Section 6.3, page 30, Table 5: For the East and South Slopes, many of the safety factor numbers shown
in the columns do not correspond to the numbers presented in pages 4/5 and 5/5 of Appendix D1.

Correction:

The numbers either need to be the same or an explanation of the discrepancies provided. If the safety
factor numbers in Table 5 are correct, then several of the safety factors are below acceptable limits. If the
Appendix D1 safety factors are correct, then they are acceptable. Clarification as to which calculated
values are correct is required before further comment can be made regarding acceptability.

Response: Corrections have been made to the factors of safety in Table 5. The slope stability
calculation in Appendix C1 (previously Appendix D1) has been checked to verify that the
calculations are correct. The table has been changed to match the calculation. The correct
factors of safety provide acceptable results for slope stability.
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6. Deficiency:

Section 7.1, page 30, Table 6: The information presented in this table does not agree with that presented
in Appendix D2-1.

Correction:

Clarification is required.

Response: Corrections have been made to variables in Table 6. The table has been changed
to match the calculation.

7. Deficiency:

Section 7.2, page 31, Table 7: The information presented in this table does not agree with that
presented.in Appendix D2-2.

Correction:

Clarification is required.

Response: Corrections have been made to variables in Table 7. The table has been changed
to match the calculation.

8. Deficiency:

Section 7.2, page 31, general comment: Gully formation often initiates at the grade break between a mild
slope and a steeper slope. Once a “notch” develops at the grade break, the new gully begins to head-cut
into the milder slope. One method to protect against this phenomenon is to protect the edge with a berm,
collect the up-slope water, and discharge it across the steeper slope in a culvert or lined channel.
Another is to “harden” the grade break edge with more gravel/rock to prevent notching. It is not clear how
this issue is addressed.

Correction:

Explain how the calculations and design address this mild to steeper slope issue.

Response: The design calls for the entire cover to be hardened against erosion with the
inclusion of 25 to 40 percent by weight of gravel in the upper 6-inch erosion protection soil layer.
The cover design reduces the potential for gully formation by providing a configuration that
evenly disperses runoff to avoid any areas of concentrated flow.

The runoff from the top deck will be low, due to the arid climate and low maximum precipitation
intensity of 1.07 inches per hour from the design 100-year, 1-hour storm event. Also, the gully
formation calculations for the gravel armored cover show that the armoring is effective at
preventing gully formation. The gravel armor increases the critical distance for gully formation
from 250 to 8,300 feet for the top deck and from 20 to 660 feet for the side slopes. The gravel
armoring provided by the erosion protection layer will prevent gully formation over the transition
between the slopes.
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9. Deficiency:

Section 7.2, page 31, second paragraph: Does the critical distance for the top of the cover system stay
the same as the one used for Cells 14 and 157

Correction:

Verify this value and explain why it is the same (5,405 feet).

Response: Changes have been made to the text to include values from the Cell 16 gully
formation calculation, replacing incorrect values that had been carried over from the original
Cell 14 and 15 text. The critical distance for gully formation differs between the cover designs
due to differences in slopes.

10. Deficiency:

Sections 7.2 and 7.3, general comment: For both soil loss and gully formation, the side slope analyses
only appear to account for the precipitation falling on the side slope. In fact, the side slope will also have
to withstand the effects of runoff coming from the top area. The top area runoff increases (probably
substantially) the volume of water flowing over the side slope during a precipitation event. How do the
calculations take this additional water into account?

Correction:

Explain how the calculations take this additional water into account.

Response: The top deck and side slope erosion calculations are performed separately for the
cover top deck and side slope. The calculation methods use a single slope. This is accounted
for by providing substantial factors of safety for the calculated erosion rates and maximum slope
lengths. The erosion analysis for Cell 16 uses a conservative approach by designing for the
highest runoff intensity from a 100-year, 1-hour storm event.

The runoff from the top deck onto the side slope provides a relatively small additional amount of
runoff. The top deck of the cover amounts to 31 percent of the cover area, with 69 percent of
the cover on side slopes. Also, the gradual 3.5 percent slope of the top deck will produce low
runoff rates in comparison to runoff from the 3:1 side slopes. Because the small top deck area
will produce low runoff rates in comparison to the runoff produced on the side slopes, the factors
of safety in the erosion calculations provide sufficient protection to account for the top deck
runoff contribution.

11. Deficiency:

Section 7.3, page 32, third paragraph: A fourth scenario needs to be evaluated: crust only with no
vegetation. This would occur if the cover vegetation was removed due to fire, drought, disease or animal
over-grazing.

Correction:
Add this scenario and determine the soil loss due to wind erosion.
Response: The wind erosion calculation in Appendix C3 (previously Appendix D3) has been

revised to add a fourth scenario for a soil crust without vegetation. In the event of vegetation
loss, the condition will be temporary.
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12. Deficiency:

Appendix C, general comment: The Federal Clean Water Action National Pollution Discharge Elimination
System appears to apply to this work. The construction documents should address the requirements of
the US EPA Construction General Permit and Notice of Intent including compliance with an approved
site-specific Storm Water Pollution Prevention Plan. The Owner may already have such a plan in place.

Correction:

Explain how these have been addressed or if they are required.

Response: The construction contractor for final cover construction will be required to address
all regulatory requirements. This is addressed in Appendix A on Sheet 2 of the design
drawings. Requirements for erosion control, environmental protection, and stormwater pollution
prevention plan are addressed.

13. Deficiency:

Appendix D1, page 5/5, last paragraph: Figures 4 through 6 are referenced but not provided. Those
figures need to be included with the calculations. Cell 16 needs to be included in all pertinent
discussions, such as seismic impact zones.

Correction:

Add figures to this appendix and check that Cell 16 is added to all the descriptions.

Figures 4 through 6 were omitted from Appendix C1 (previously Appendix D1), but the figures
have been added to a revised calculation.

Cell 16 is addressed in Appendix C1, which states that “USEI Cell 16 is located in a seismic
impact zone.”
14. Deficiency:

Appendix D2-1 and D2-2, general comment: The subject calculations need to be adjusted as required to
address the previous comments regarding additional water contributed to the side slope from the top
slope, notching at the grade break and contribution of snow melt.

Correction:
Adjust calculations as needed.
Response: These issues are addressed in the responses to Comments 8 and 10 above. The

erosion and gully formation calculations show that the planned addition of 25 percent gravel to
the cover surface soil will provide effective armoring to prevent erosion.
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1. Introduction

On behalf of US Ecology Idaho, Inc. (USEI), Daniel B. Stephens & Associates, Inc. (DBS&A)
has prepared a Part B permit modification for the closure of Cell 16 at the USEI facility in Grand
View, ldaho (USEI Site B). The purpose of the permit modification is to demonstrate that an
alternative evapotranspiration (ET) cover design will provide performance that meets or exceeds
the Resource Conservation and Recovery Act (RCRA) prescriptive standards as set forth in the
Idaho Administrative Procedures Act (IDAPA) 58.01.05.008 [40 CFR §264.310(a)]. The permit
modification has been prepared in accordance with the closure plan included as Attachment 9 of
the permit, as required by IDAPA 58.01.05.008 [40 CFR 8264 Subpart G] and 40 CFR
§264.310(a).

Based on the specific climatological conditions at USEI Site B, the ET cover design provides a

superior landfill final cover design that achieves the best possible performance by:

e Minimizing surface infiltration of precipitation through the cover efficiently enough to
meet or exceed prescriptive standards

e Providing a highly effective cover designed for site-specific climate, soils, and vegetation
e Sustaining vegetation and minimizing erosion
e Using materials that flexibly respond to minor settlements or movements

e Providing superior long-term performance and stability
The ET cover design for Cell 16 mirrors the design and performance evaluation of the approved

ET cover design for Cells 14 and 15 and Trenches 10 and 11 in the current permit. The basis

for the ET cover design is presented in this permit modification.
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2. ET Cover Design and Performance

ET landfill covers store water within the soil profile that may be released to the atmosphere
through surface evaporation and/or transpiration (evapotranspiration). ET covers function well
in dry climates, where they have been shown to exceed the performance of conventional
regulatory designs in terms of moisture percolation reduction and erosion protection. ET covers
consist of a monolithic soil layer designed with an acceptable thickness, based on soil texture,
to adequately store soil water until it can be removed by ET. Establishment of sustainable
vegetation is necessary to remove moisture from the cover by transpiration and to minimize
wind and stormwater erosion from the cover surface. Exploiting soil moisture storage and ET
has been demonstrated to provide effective final cover performance in many projects throughout

the arid western U.S.
2.1 Performance Standards

The primary regulatory consideration for ET cover approval is to demonstrate that the
alternative cover will meet performance standards equivalent to the conventional design
standards prescribed by state and federal regulations. ET covers (alternative designs) may be
approved based on a demonstration of performance. ET cover designs have been undergoing
technical development and have been gaining widespread regulatory acceptance (U.S. EPA,
2003; ITRC, 2003). ET cover applications have included municipal solid waste landfills (RCRA
Subtitle D), hazardous waste landfills (RCRA Subtitle C), and radioactive waste facilities.
A number of ongoing, long-term field studies have provided data substantiating the performance

of ET covers.

Both the U.S. Environmental Protection Agency (EPA) and U.S. Department of Energy (DOE)
have sponsored research projects to study wider application of ET covers. Two major projects
funded by these agencies are the Alternative Cover Assessment Program (ACAP), which is
evaluating alternative cover performance for EPA’s solid waste sites (Albright et al., 2004), and
the Alternative Landfill Cover Demonstration (ALCD), which examined alternative cover
performance in a direct, side-by-side comparison with prescriptive covers (Dwyer, 1997, 1998,

2001). ACAP has evaluated alternative covers at 19 sites across the U.S., focusing primarily on
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ET cover performance in the arid western states. The ALCD is a large-scale field test at Sandia
National Laboratories, located on Kirtland Air Force Base in Albuquerque, New Mexico. Both

ALCD and ACAP have shown results favorable for ET cover deployment.

The regulatory requirements and performance standards for approval of an alternative ET cover

are addressed in detail in Section 3.

2.2 Design Approach

The ET cover proposed for Cell 16 at USEI Site B is consistent with the ET cover designs
currently approved for the site. ET covers are more stable than conventional covers because
slippage planes that can result from prescribed geosynthetic layers are eliminated. Stormwater
runoff is reduced by the ET cover’'s permeable surface and vegetation. The Cell 16 ET cover
provides a similar maximum height and side slopes as the previously approved designs. Slopes
range from a minimum of 3.5 percent to a maximum of 33 percent (3:1 [3 horizontal to

1 vertical]).
2.2.1 Climate Conditions

The climate at USEI Site B is well suited to an ET cover design. The climate is arid, with
average annual precipitation of 7.2 inches. Figure 1 shows average monthly precipitation
compared to average monthly potential ET (ETo) at nearby Grand View, Idaho (WRCC, 2009).
ET, was calculated using the Hargreaves and Samani (1982) method and average daily
maximum and minimum temperature values. Throughout the year, ET, greatly exceeds
precipitation. Average annual ET, is 49.2 inches per year (in/yr). These arid conditions provide
for a high degree of moisture removal from the ET cover. The revegetation strategy for the ET
cover will include species adapted to the local climate conditions, which will sustain the ET rates

on a permanent basis.

2.2.2 Performance Modeling

DBS&A completed a modeling evaluation of ET cover performance for the covers designed for
Trenches 10 and 11 at USEI Site B (DBS&A, 1998). HELP (Schroeder et al., 1994) and
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UNSAT-H (Fayer and Jones, 1990) models were used to evaluate and compare the
performance of the alternative earthen cover. A geotechnical soil testing program was
performed to acquire site-specific data as model input. The modeling showed that an ET cover
with a 5-foot-thick soil layer having moisture retention and hydraulic conductivity properties

within established ranges provides percolation reduction equivalent to prescriptive standards.

Modeling was performed to evaluate cover performance for high-precipitation conditions. An ET
cover is more vulnerable to failure (i.e., water percolation through the cover) from a steady and
extended precipitation as opposed to a short-duration, high-volume storm event. The saturated
hydraulic conductivity of the cover soil, in conjunction with the pressure head from ponded water
(infiltration rate), is the constraining factor for infiltration flux. The soil will not accept water

beyond this rate, and additional precipitation will run off of the sloped cover.

To conservatively simulate high-precipitation conditions, DBS&A used the precipitation dataset
from 1988 through 1992 (due to completeness of climatic records), doubled the precipitation of
each storm event, and applied this extreme 5-year record consecutively over a 30-year period.
Over the period of record from 1933 to 1998, 1985 had the greatest average annual
precipitation, at slightly over 12 inches. By doubling the 1988 to 1992 records, DBS&A
generated a maximum precipitation for 1990 of slightly over 12 inches, matching the wettest
year on record. This 5-year extreme precipitation was repeated 6 times, for a 30-year total,
meaning that the greatest annual average precipitation was applied to the cover 6 times over a
30-year period. The performance was therefore conservatively modeled as a series of repeated

critical events.

2.2.3 Test Pad Performance

ET covers were constructed in 2000 over Trenches 10 and 11 at USEI Site B. At that time, an
ET cover test pad was also constructed for the purpose of monitoring performance for site-
specific conditions. The monitoring test pad measures moisture conditions in the cover soil
profile using heat dissipation probes installed in two profile nests at seven different depths each.
Five years of monitoring, completed in 2005, showed that percolation of moisture was not
reaching the lower portion of the cover soil profile (DBS&A, 2006). The cover is effectively

storing water that infiltrates the surface until it is released to the atmosphere through ET.
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2.2.4 Soil Testing

The ET cover design for Cell 16 is based on site-specific soil testing that has been completed
for soil samples collected from potential on-site borrow sources. Laboratory testing results are
discussed in Section 4 of this report. The soil testing program showed that selected silt loam
soil available on-site falls within the range of properties shown by modeling to provide
satisfactory performance. The silt loam soils available on-site provide sufficient soil moisture
storage capacity for an ET cover. The ET cover for Cell 16 requires a minimum thickness of
5 feet. Soil containing a high percentage of gravel and rock is also available on-site, providing
material for the upper erosion protection layer of the ET cover. The erosion protection layer will

minimize both wind and water erosion and maximize cover longevity.

2.2.5 Cover Soil Freeze-Thaw

Freeze-thaw does not adversely affect loosely packed soil used for ET covers in semiarid
regions. The frost depth at USEI is approximately 2 feet (USACE, 1992), while the minimum
cover thickness is 5 feet. Therefore, the majority of the cover will not be affected. The freeze-
thaw action of the top portion of the ET cover is not a detriment to the design or performance.
The freeze-thaw action keeps the top portion of the cover in a low-density condition, which

benefits root penetration and storage capacity of water.

2.2.6 Burrowing Animal Control

The potential for burrowing animal damage to the ET covers will be addressed by inspection
and repair to correct animal burrows and macropores. Inspections will look for evidence of
animal intrusion, burrows, cracks, or other macropores. Inspections will be performed initially
on a monthly basis; over time, inspection frequency may be adjusted to quarterly or
semiannually based on performance of the cover. Repairs will be made as needed to restore
and revegetate the cover soil.

The design basis for the ET covers is described in more detail in the following sections of this

permit modification:
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e Soil testing is discussed in Section 4.

e Information on cover slopes and thickness is provided in Section 5.

e Slope stability is discussed in Section 6.

e Erosion protection is discussed in Section 7.

e Information on the vegetation plan is provided in Section 8.

e Engineering design drawings of the final covers are provided as Appendix A.

e A construction quality assurance (CQA) plan for proper selection and placement of ET

cover soil is provided in Appendix B.

e Engineering calculations of slope stability, wind and water erosion, and critical density of

soils are included in Appendix C.

Also applicable to this permit modification for the USEI Cell 16 final cover are portions of USEI
permit Attachment 9c, which addresses final cover designs for USEI Cells 14 and 15. These

applicable sections of USEI permit attachment 9c include:

e Construction specifications in Appendix C

e Complete soil laboratory test results for the soil samples tested in 2008 in Appendix E
(Volume 2)

P:\_ES11-086\Cell 16 Cvr-Rev.2-12\Cell 16-Cvr_224_TF.doc 7



Daniel B. Stephens & Associates, Inc.

3. Regulatory Basis for Cover Equivalency

This section describes the regulatory basis for using ET covers as final landfill covers for Cell 16
at USEI Site B. Documentation is provided to demonstrate ET cover compliance with RCRA as
it pertains to performance standards and equivalency to the standard RCRA design. The
proposed ET cover limits infiltration of precipitation to levels equivalent to prescriptive standards
that use low-permeability geomembrane and clay components to limit infiltration. The USEI
Site B permit currently includes ET covers for disposal cells that have been closed and for cells
with ET covers to be constructed in the future. The following subsections provide the RCRA

citations that are pertinent to this determination.

3.1 40 CFR 8264.111

Section 264.111 of Title 40 of the Code of Federal Regulations (40 CFR §264.111) describes
the closure performance standard. The following general closure performance standard applies

to closure of RCRA units:

The owner or operator must close the facility in a manner that:
(a) Minimizes the need for further maintenance; and

(b) Controls, minimizes or eliminates, to the extent necessary to protect human health and the
environment, post-closure escape of hazardous waste, hazardous constituents, leachate,
contaminated run-off, or hazardous waste decomposition products to the ground or surface

waters or to the atmosphere; and

(c) Complies with the closure requirements of this subpart, including, but not limited to the
requirements of 88264.178, 264.197, 264.228, 264.258, 264.280, 264.310, 264.351, 264.601
through 264.603, and 264.1102.

The performance of an ET cover at USEI Site B will meet this standard. The ET cover
minimizes the need for further maintenance because of the materials used in its construction
and the natural vegetative layer established on its surface. A monolithic soil layer topped with
selected gravels is naturally resistant to subsidence, slippage, and erosion. The natural

vegetative layer requires no further maintenance once it is established, and any unanticipated
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cap repairs can be easily made without the need for specialized expertise or materials. EXxisting
ET covers at USEI Site B (Trenches 10 and 11) have been evaluated for long-term stability and

found to be stable.

An ET cover effectively protects human health and the environment by forming a barrier that
bars direct contact with waste materials or hazardous constituents and that isolates disposed
wastes beneath the cover. This prevents release of waste and constituents beyond the
boundaries of the cover and ensures that the surface remains uncontaminated and incapable of
releasing waste constituents to the ground, to surface water, or to the atmosphere. The nature
of the waste within the USEI landfill is consistent with the performance of the ET cover. These
wastes were all disposed of following the adoption of EPA’'s land ban regulations (1984
Hazardous and Solid Waste Amendments). Wastes are treated prior to disposal to meet land
ban standards (40 CFR §268 Subpart D Treatment Standards). They are treated to remove
free liquids and to ensure limited leachability. Organic waste constituents are minimized
through treatment and no putrescible wastes are accepted at the site. These actions minimize

the possibility of gas formation and release to the atmosphere.

The landfill closure standards of 40 CFR §264.310 are the only standards cited above that are
relevant to a discussion of an ET cover. Compliance with this standard is discussed in detail in
Section 3.2.

3.2 40 CFR 8264.310

As part of 40 CFR 8264.111, RCRA cell closure must comply with Section 264.310, which

states that:

(& . . . the owner or operator must cover the landfill or cell with a final cover designed and

constructed to:

(1) Provide long-term minimization of migration of liquids through the closed landfill;
(2) Function with minimum maintenance;

(3) Promote drainage and minimize erosion or abrasion of the cover;

(4) Accommodate settling and subsidence so that the cover’s integrity is maintained; and
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(5) Have a permeability less than or equal to the permeability of any bottom liner system or

natural subsoils present.

The ET cover is constructed primarily of lightly compacted silts and fine sands that have a
hydraulic conductivity (K) on the order of 1 x 10™ to 1 x 10~ centimeters per second (cm/s).
Rather than inhibit flow into underlying materials by the standard design using impermeable
barriers, the ET cover system promotes evaporation and transpiration of any water that
infiltrates the cover surface. The results of 5 years of long-term monitoring at the ET cover test
pad constructed at the site show that no changes in moisture were noted at a depth of 5 feet
below ground surface (DBS&A, 2006). This is not a measure of K, but is an indication that
percolation to the base of the cover is not occurring and thus demonstrates performance
equivalency. The absence of percolation indicates that the ET cover effectively returns all
moisture to the atmosphere to prevent moisture movement past the base of the cover. The
testing completed at USEI Site B demonstrates that the ET cover provides performance
equivalent to a conventional cover system with low-permeability components. As such, DBS&A
believes that the ET cover meets the requirements set forth in 40 CFR §264.310(a)(1).

ET covers offer performance that exceeds conventional cover performance with regard to the
items in 40 CFR 8264.310(a)(1 through 4) pertaining to (1) longevity, (2) maintenance,

(3) erosion resistance, and (4) accommodation of subsidence, as follows:

e ET covers are constructed of natural soil materials that are not subject to degradation as
are the materials used under prescriptive standards. The geosynthetic materials in the
prescriptive standards are subject to degradation and have limited longevity. Even the
compacted clay layer in a prescriptive cover is subject to desiccation, cracking, root
penetration, and loss of compaction. Such desiccation and cracking are of particular
concern in an extremely dry climate like that of the USEI Site B facility. Therefore, ET

covers will provide the best long-term stewardship and post-closure longevity.

e The ET cover surface consists of a gravel-amended soil that is stabilized by vegetation.
Maintenance is reduced for an ET cover as compared to prescriptive standards due to
improved erosion resistance and accommodation of settlement. Reduced maintenance

increases long-term performance of the ET cover.
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e As designed, the USEI Site B ET cover includes a 6-inch-thick gravel-amended (25 to
40 percent gravel by weight) protection layer at the surface. The erosion protection layer
effectively armors the cover surface to minimize wind and water erosion. In arid climates
such as Grand View, Idaho, wind erosion is a key design consideration, which is
minimized by the coarse soil and gravel. Well-established vegetation on the ET cover
helps to minimize erosion by stormwater. Two factors aid in cover vegetation on ET
covers, thereby minimizing erosion: (1) the soil profile and rooting depth is greater than
in a standard RCRA cover, and (2) the permeable surface soil allows surface infiltration

of precipitation, reducing runoff and making the soil moisture available at the plant roots.

e Because the soils within the ET cover are lightly compacted granular material, the ET
cover can tolerate significant subsidence that could potentially damage geosynthetic
cover components. In the event that maintenance is needed due to unexpected
subsidence that would affect positive surface drainage, ET cover repairs can be
addressed with limited equipment to regrade and revegetate surface soils, allowing for
ease in maintenance (required under 40 CFR 8264.310(a)(2)) while also enabling any
subsidence issues to be easily addressed, as required under 40 CFR 8264.310(a)(4)

pertaining to the overall maintenance of the cover.

40 CFR 8264.310(a)(1) and (5) require that the final cover minimize infiltration of moisture into
the landfill in order to prevent accumulation of liquid on the liner, a condition referred to as the
“bathtub effect” (U.S. EPA, 1989). The USEI Site B ET cover will meet this standard by
minimizing percolation of moisture through the final cover to a level less than 1 millimeter per
year (0.04 infyr). This limit was established by modeling the ET cover performance using site-
specific conditions for USEl Site B and conservative assumptions for the water balance
modeling (DBS&A, 1998). Most importantly, the ET cover performance has been field verified
by the test pad constructed at USEI Site B. ET cover test pad monitoring for more than five

years has shown zero percolation (DBS&A, 2006).
EPA’'s 2003 guidance document on ET landfill cover systems (U.S. EPA, 2003) provides a

summary of the research that has been performed to demonstrate ET cover performance. EPA

recognizes that ET cover performance can be demonstrated to minimize percolation of moisture
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to levels equivalent to conventional cover designs that use low hydraulic conductivity barriers.

The guidance states:

Alternative final cover systems, such as evapotranspiration (ET) cover systems, are increasingly
being considered for use at waste disposal sites, including municipal solid waste (MSW) and
hazardous waste landfills when equivalent performance to conventional final cover systems can
be demonstrated. Unlike conventional cover system designs that use materials with low hydraulic
permeability (barrier layers) to minimize the downward migration of water from the cover to the

waste (percolation), ET cover systems use water balance components to minimize percolation.

EPA is tracking more than 60 ET cover projects, including demonstrations and full-scale
applications of ET landfill covers (U.S. EPA, 2009).

Experience gained from research sponsored by EPA and others, along with the USEI test pad
performance data, provide confidence that the ET cover will provide the necessary performance
to minimize moisture percolation. In summary, the proposed ET cover design for Cell 16 at
USEI Site B will meet the performance standards set forth in 40 CFR 8264.111, as well as the
specific requirements listed in 40 CFR §264.310.
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4. Soil Testing and Analysis

In 2008, DBS&A tested soils from the USEI Site B facility to determine their adequacy as a
borrow source for construction of ET covers. Adequacy was determined by comparing the
results of the 2008 soil testing to the results of earlier testing and numerical modeling of soils
from the same site in 1998. In 1998, DBS&A tested borrow source soils and performed
numerical modeling using the programs HELP and UNSAT-H to determine the adequacy of the
soils as an infiltration barrier over Trenches 10 and 11 (DBS&A, 1998). The 1998 modeling
showed that soils typical of those on-site would be adequate. The 2008 soil testing was
conducted to identify acceptable borrow sources for soils with characteristics indicative of

performing as well as or better than those modeled in 1998.

ET covers have been shown to perform well as infiltration barriers in regions where evaporation
exceeds precipitation. The covers are designed to accept and store infiltration from precipitation
events, which is later removed by evaporation and/or transpiration before water can infiltrate the
thickness of the cover. The variables of interest for performance of an ET cover are the storage
capacity and the hydraulic conductivity for a wetted soil. This evaluation focuses on the soil
properties needed for the primary soil rooting medium layer to provide moisture storage and
release for the required ET cover performance. Other ET cover soil components, such as the

upper erosion protection layer, will require other properties.

Soil samples were collected from potential soil borrow source areas located on USEI property,
but outside of the current USEI operating area. Samples were collected from the area planned
for Cell 16, from a soil stockpile located adjacent to Cell 15, and from the USEI property to the
east, known as the Steiner property. Previous soil borings on the Steiner property indicated that
these soils are predominantly fine-grained silty soils, which were expected to provide favorable
characteristics for an ET cover. Soil from the Cell 15 stockpile and Cell 16 contains a lower
percentage of fines than the Steiner soil, but was tested to determine its suitability. Soil was
also sampled from the soil dikes that have been constructed to form the side slopes of Cell 14.
These samples were tested to determine whether this existing soil could be considered as a
component of the ET cover for Cell 14. After initial testing, the Cell 14 dike soils were found to

contain a low fraction of fine-grained particles, making these soils appear less favorable for
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consideration as a component of the ET cover. As a result, the dike soils were combined into a
smaller number of composite samples for the additional hydraulic testing. The soil testing

results are summarized in Table 1.

Table 1. Soils and Selected Testing Results from 2008

Water
Holding
_ USQS _ Cagacitg Ksat
Sample (compaction) Classification | (cm®/cm®) (cmls)
USE1-DBSA Cell 14 Dike TP-1, 2, 5, 6, 7 [Composite] (80%) (GP-GM)s 0.08 1.6x10°°
USE1-DBSA Cell 14 Dike TP-1, 2, 5, 6, 7 [Composite] (92%) 0.04 1.6x107°
USE1-DBSA Cell 14 Dike TP-3, 4, 8 [Composite] (80%) (GM)s 0.10 3.8x107°
USE1-DBSA Cell 14 Dike TP-3, 4, 8 [Composite] (92%) 0.09 5.0x 107
USE1-DBSA Cell 14 Dike TP-9 (80%) SM 0.01 3.0x107°
USE1-DBSA Cell 14 Dike TP-9 (92%) 0.08 2.1x107
USE1-DBSA Cell 15 Stockpile TP-12 (80%) s(ML) 0.05 1.2x107
USE1-DBSA Cell 15 Stockpile TP-12 (92%) 0.18 3.3x10™
USE1-DBSA Cell 16 TP-10, 11 [Composite] (80%) (SM)g 0.14 1.6x107
USE1-DBSA Cell 16 TP-10, 11 [Composite] (92%) 0.14 5.0x107°
USE1-DBSA Steiner TP-13 (80%) SM 0.15 22x107"
USE1-DBSA Steiner TP-13 (92%) 0.15 7.8x107°
USE1-DBSA Steiner TP-14 (80%) (ML)s 0.24 4.2x107
USE1-DBSA Steiner TP-14 (92%) 0.23 1.1x107°
USE1-DBSA Steiner TP-15 (80%) (ML)s 0.21 25x107*
USE1-DBSA Steiner TP-15 (92%) 0.21 54x107°
USCS = Unified Soil Classification System Ksat = Saturated hydraulic conductivity
cm®/em® = Cubic centimeters per cubic centimeter cm/s = Centimeters per second

Cover soil properties must provide sufficient moisture retention capacity to minimize infiltration
and support vegetative growth. Critical soil properties include particle size distribution,
saturated hydraulic conductivity (Ksa), and moisture retention characteristics. Laboratory testing

was performed for the following hydrologic and geotechnical parameters:

e Soil classification (ASTM D2488)
e Atterberg limits (ASTM D4318)
e Grain-size distribution (ASTM D422)
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e Porosity (percent by volume)

e Dry bulk density (grams per cubic centimeter [g/cm®]) (ASTM D4531;ASTM D6836)
e Moisture content (ASTM D2216)

e Standard Proctor compaction (ASTM D698)

e Saturated hydraulic conductivity (cm/s) (ASTM D5084)

e Moisture retention characteristic curve and van Genuchten parameters (ASTM D6836):

alpha (a)
- N

residual moisture content (6;)

saturated moisture content (Bs)

Soil density is a key parameter that affects a soil’s hydrologic characteristics and the ability for
vegetation to be established. Initial laboratory testing was performed on all samples for sail
classification, grain size, and compaction. After these results were available, 16 soil samples
were selected for additional soil testing of saturated hydraulic conductivity and moisture
retention characteristics (Table 1). These samples were compacted in the laboratory to
80 percent and 92 percent of the maximum dry density as determined according to ASTM D698
(standard Proctor compaction). This range represents the target minimum and maximum
compaction rates for the ET cover soil, which are expected when the soil is placed during

construction without any additional compaction effort.

For the Steiner soils tested, relative compaction values of 80 to 92 percent of the standard

maximum dry density equate to the following ranges:

e Steiner TP-13: 87.4 to 100.5 pounds of force per cubic foot (Ibf/ft3)
e Steiner TP-14: 78.9 to 90.7 Ibf/ft®

e Steiner TP-15: 78.4 to 90.2 Ibf/ft’
Goldsmith et al. (2001) discuss the growth limiting bulk density (GLBD) for different soil types.

They reference a GLBD textural triangle that was modified from Daddow and Warrington (1983)
(Appendix C3). Plotting the Steiner soils on the GLBD textural triangle allowed a GLBD to be
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determined for Steiner TP-13, Steiner TP-14, and Steiner TP-15. Data used to plot the soill
GLBDs were obtained from the DBS&A laboratory report particle size analysis plots
(Appendix E in Volume 2 of USEI permit Attachment 9c for Cells 14 and 15).

The soils yielded the following values of GLBD:

e Steiner TP-13: 104.3 Ibf/ft®
e Steiner TP-14: 93.6 Ibf/ft®

e Steiner TP-15: 95.5 Ibf/ft®

The maximum densities for each soil sample, representing 92 percent of the standard maximum
dry density, are all less than the corresponding GLBD values, indicating that the cover soils will

not limit root growth.

The soil test results in Table 1 provide the water holding capacity and saturated hydraulic
conductivity for soils compacted to 80 and 92 percent of maximum dry density to provide the
range of results for the allowable densities. During a previous soil sampling program in
November 1998, soil samples were collected for laboratory testing from 14 test pits dug on-site
with a backhoe. Table 2 lists the sample ID, the soil type, the water holding capacity, and the

saturated hydraulic conductivity value for each soil sample.

Water holding capacity represents the water that is readily available to uptake by plant roots,
which is the difference between the field capacity (defined as soil moisture content at
-333 centimeters [cm] of water pressure head) and the permanent wilting point (defined as sail
moisture content at —15,000 cm of water pressure head). The “Modeled” row in Table 2
provides the values that were used in 1998 for numerical modeling (DBS&A, 1998). The
modeled values represent the silty soils (ML) selected as the most appropriate soil rooting
medium from TP4 0-18, TP4 3-6, TP9 0-30, and TP9 3-6.
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Table 2. Soils and Selected Testing Results from 1998

Water Holding
U$CS . Cagacitg Ksat

Sample Classification (cm/cm) (cm/s)
T10-1 GP-GM 0.12 3.5x107°
T10-2 GM 0.11 1.7x107°
TP4 0-18 ML 0.16 6.2 x 107
TP4 3-6 ML 0.12 1.9x 10
TP4 18-60 GM 0.08 4.2 x107
TP9 0-30 ML 0.08 1.2x107
TP9 3-6 ML 0.12 56x 10"
Ketterling Top ML 0.18 52x107
Ketterling Bottom CL 0.28 7.4x107
EW SP-SM 0.12 4.2x107°
Modeled 0.11 2.06 x 107

USCS = Unified Soil Classification System Ksat = Saturated hydraulic conductivity

cm®cm® = Cubic centimeters per cubic centimeter cm/s = Centimeters per second

To compare the soil samples from 2008 to those from 1998, moisture characteristic curves
(MCCs) were developed for all samples (Figure 2). In Figure 2, the solid colored lines represent
soils tested in 2008 and the dashed lines represent soils tested in 1998. The black solid line
(“Modeling”) is the MCC used for numerical modeling of the cover for Trenches 10 and 11.
Figure 3 provides a bar graph of the water holding capacities determined from the MCCs. The

blue bars represent samples from 2008 and the orange bars represent samples from 1998.

DBS&A used a water holding capacity value of 0.11 for the idealized cover soil used in
numerical modeling of Trenches 10 and 11. The modeling showed the adequacy of the
idealized soil as a soil rooting medium layer in the ET cover. Therefore, current soils that were
determined to have a water holding capacity less than 0.11 were discarded from consideration
as acceptable cover material. Figure 4 shows the MCCs of soils with a water holding capacity
equal to or greater than 0.11.
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The hydraulic conductivity values of the soils (Figure 5) were determined from the van
Genuchten parameters. The "Modeling” curve represents the idealized soil used in the 1998
numerical modeling. The idealized soil modeled in 1998 was determined to be acceptable to
construct the ET cover for Trenches 10 and 11. That is, the hydraulic conductivity of the soll
cover after an infiltration event was small enough that the water could not penetrate a depth
past the point where it could be removed by evaporation and/or transpiration. The hydraulic
conductivities of the recently tested soils in the near saturation range (~100 cm of water matric
suction or smaller), less than or equal to the “Modeling” hydraulic conductivity curve in Figure 5,
were considered acceptable. Figure 6 provides hydraulic conductivity curves for the soils that

pass this criterion.

Table 3 indicates which 2008 soil samples were determined to have acceptable qualities for use
as cover material based on comparison to the idealized soil used for numerical modeling in
1998. As indicated in Table 3, TP-13, TP-14, and TP-15 represent acceptable borrow sources
for construction of the ET cover for Cells 14 and 15 without further numerical modeling. These
soils are the Steiner silty sands and low plasticity silts. The soils may be placed from 80 to
92 percent relative compaction, as a percentage of the maximum dry density determined from
ASTM D698 (Standard Proctor). Other soils may be acceptable, but would require additional

numerical modeling to confirm acceptability.
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Table 3. Acceptability for Cover Material Use of Soils Sampled in 2008

Acceptable
Water Acceptable
Holding Hydraulic
Sample Capacity? | Conductivity? | Acceptable?
USE1- DBSA Cell 14 Dike TP-1, 2, 5, 6, 7 (Composite) (80%) No No No
USE1- DBSA Cell 14 Dike TP-1, 2, 5, 6, 7 (Composite) (92%) No Yes No
USE1- DBSA Cell 14 Dike TP-3, 4, 8 (Composite) (80%) No No No
USE1- DBSA Cell 14 Dike TP-3, 4, 8 (Composite) (92%) No Yes No
USE1- DBSA Cell 14 Dike TP-9 (80%) No No No
USE1- DBSA Cell 14 Dike TP-9 (92%) No No No
USE1- DBSA Cell 15 Stockpile TP-12 (80%) No Yes No
USE1- DBSA Cell 15 Stockpile TP-12 (92%) No No No
USE1- DBSA Cell 16 TP-10, 11 (Composite) (80%) Yes No No
USE1- DBSA Cell 16 TP-10, 11 (Composite) (92%) Yes Yes Yes
USE1- DBSA Steiner TP-13 (80%) Yes Yes Yes
USE1- DBSA Steiner TP-13 (92%) Yes Yes Yes
USE1- DBSA Steiner TP-14 (80%) Yes Yes Yes
USE1- DBSA Steiner TP-14 (92%) Yes Yes Yes
USE1- DBSA Steiner TP-15 (80%) Yes Yes Yes
USE1- DBSA Steiner TP-15 (92%) Yes Yes Yes
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5. Cover Thickness and Slopes

This section describes the design basis for the Cell 16 final cover thickness and slopes.
Citations in this section are from the permit documents and engineering drawings for the USEI
Site B facility. Engineering design drawings for the Cell 16 cover are provided in Appendix A.
The drawings include details of the cover thickness and slopes, cover grading plan, and cross

sections.

Drawing Sheet 8 (Appendix A) provides a typical final cover cross section for Cell 16.
Consistent with the ET cover design and performance modeling for Cells 10 and 11
(Drawing PRMI-L04), a final cover thickness of 5 feet of soil is needed to provide ET cover

performance.

The top deck of the final cover will be graded to drain at a slope of 3.5 percent. The final lift of
waste will also be placed on a slope of 3.5 percent, serving as the subgrade for the final cover.
Cover side slopes are a maximum of 33 percent (3:1). Near the toe of the side slopes, the
slope transitions to a less steep 28.57 percent (3.5:1) slope to extend the side slope over the
liner anchor trench with a minimum 5-foot thickness. At the south end of Cell 16, the 5-foot-
thick ET cover will extend to the edge of the liner, maintaining a minimum 3.5 percent slope to

promote positive drainage away from the cover.

Drawings 16-09-01, -02, and -03 show that the waste limit, projected to the geomembrane liner,
is set back 9 feet from the liner crest. Drawing 16-09-01 provides the coordinates of the liner

crest. The liner crest serves as the reference point for the location of the cover toe.

Based on the 5-foot minimum cover thickness overlying the waste and lined area, the cover will
extend beyond the liner side slope crest. A minimum thickness of 5 feet of ET cover soil must
be maintained at the liner side slope crest. The perimeter bench around Cell 16 is 30 feet wide
measured from the liner crest. As designed, the cover extension distance onto the perimeter

bench is 21 feet, maintaining a 9-foot-wide perimeter access road.
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6. Cover Slope Stability

6.1 Calculation Approach

ET cover slope stability analysis (Appendix C1) was performed on profiles of Cell 16. Global
stability of the completed landfill with the cover components and consideration for deep seated
failures into the liner system and the foundation materials are addressed in the Cell 16
Engineering Report (Attachment 18b). Extensive laboratory testing and analysis has been
performed in identifying the critical shear strength envelopes for the project's geosynthetic liner

components.

The cover slope stability analyses were performed on profiles of Cell 16 at locations
representing the maximum height of the closed cell. The analyses included cross section
profiles through the cover, waste, and liner for the north, east, and south sides of Cell 16, where
there are design differences. The east and west sides of Cell 16 represent the same

configuration.

Slope stability analyses were performed using Slope/W 2007, GeoStudio Version 7.17 (Geo-
Slope, 2007) for static and pseudo-static, limit equilibrium, slope stability analyses. The
analyses employed auto-search-generated circular critical surfaces with optimization and block-
designated auto-search critical surfaces with optimization. USEI Cell 16 is located in a seismic
impact zone. Seismic impact zones are defined as those regions having a peak bedrock
acceleration exceeding 0.10 g based on a 90 percent probability of non-exceedance over a
250-year time period (U.S. EPA, 1995). The seismic analyses used the local bedrock
acceleration coefficient of 0.11 g, which also represented the ground surface acceleration at the

site.

The cover slope stability analyses considered the geometry and strength of the cover material
and waste. A liner system was considered in the section geometry for completeness, although
the intent of the analyses was stability of the cover components. Parameters representing
these materials are presented in Table 4.
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The waste characteristics for USEI were described by Washington Group International, Inc.
(2002) as stabilized and unstabilized soil-like material. An interface slip surface between the
waste and the ET cover was not introduced due to the similarity of the materials. The
conservative range of strength parameters for all of the materials presented were used in this
analysis. Saturated conditions were not considered due to the nature of the waste and depth to

the groundwater.

Table 4. Material Characteristics Used in Slope Stability Analysis

Friction Angle Cohesion Unit Weight

Material (degrees) (Ib/ft%) (Ib/it®)
ET cover? 30 0 101.6
Natural subgrade” 36 800 115
Waste " 30 125 115
Compacted clay liner” 22 60 94
Common fill ® 31 1,000 124.8
Liner 15 292.4 1.0

4 ET soil strength estimated as an average of friction angles obtained from direct shear tests on borrow
b source soils from TP-009, TP-035, and TP-143 (DBS&A, 2011).
Properties derived from Washington Group International, Inc. (2002) stability analysis at the site

Ib/ft® = Pounds per square foot GM = Silty gravel
Ib/ft® = Pounds per cubic foot GC = Clayey gravel
NA = Not applicable CL =Lean clay

Static and seismic (pseudo-static) analyses were performed to evaluate stability. The peak
ground acceleration (PGA) for the site was determined to be 0.11 g (obtained from the U.S.
Geological Survey [USGS] National Seismic Hazard Maps [2008]), based on a 2 percent
probability of exceedance in 50 years. Figure 4.4(a) in U.S. EPA (1995) estimates a maximum
acceleration of 0.11g for a maximum acceleration in rock of 0.11 g, assuming stiff soll
conditions and/or deep cohesionless soils. The site contains approximately 2,250 feet of hard
to very hard silty and gravelly sands, silty sands, sandy silts, and silts, overlying the Banbury

Formation bedrock.
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6.2 Analysis Description

For this analysis, DBS&A used the USGS PGA of 0.11 g. The slope stability analysis used
auto-located circular slip surfaces and range-specified block masses. Auto search is an option
in Slope/W that estimates the entry and exit areas along the ground surface based on the
geometry of the problem. Slope/W evaluates trial slip surfaces and determines an approximate
solution. The factors of safety for the auto-located circular slip surfaces and range-specified
block masses were determined by optimizing the approximated critical slip surface. In Slope/W,
optimization is a technique that incrementally alters segments of the approximated critical slip

surface to find the shape with the lowest factor of safety.
Block failure analysis was performed in Slope/W by designating the locations for the left and

right blocks of potential intersections of the bottoms of the sliding mass. The critical block is

determined by the algorithm and then optimized for the lowest factor of safety.

6.3 Results and Discussion

The factors of safety determined from the analyses using various standard solutions for limit
equilibrium analysis are presented in Table 5. The complete slope stability results are provided

in Appendix C1.

Based on these analyses, DBS&A determined that ET soil cover with a minimum friction angle

of 30 degrees and slopes not exceeding 3:1 will maintain proper stability for Cell 16.
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Table 5. Slope Stability Factors of Safety

Factor of Safety
Minimum Acceleration
Depth Coefficient
Acceleration Method * (feet) Static 0.11¢
North Slope
Auto Search Circular Failure Planes with Optimization
Morgenstern-Price 4 1.73 1.29
Ordinary 4 1.73 1.30
Bishop 4 1.77 1.32
Janbu 4 1.73 1.29
Block Failure Planes with Optimization
Morgenstern-Price 1 1.73 1.29
Ordinary 1 1.73 1.30
Bishop 1 1.78 1.33
Janbu 1 1.73 1.29
East Slope
Auto Search Circular Failure Planes with Optimization
Morgenstern-Price 4 1.82 1.34
Ordinary 4 1.81 1.35
Bishop 4 1.85 1.37
Janbu 4 1.82 1.34
Block Failure Planes with Optimization
Morgenstern-Price 1 1.82 1.34
Ordinary 1 1.82 1.35
Bishop 1 1.84 1.36
Janbu 1 1.81 1.34
South Slope
Auto Search Circular Failure Planes with Optimization
Morgenstern-Price 4 1.73 1.29
Ordinary 4 1.73 1.30
Bishop 4 1.77 1.32
Janbu 4 1.73 1.29
Block Failure Planes with Optimization
Morgenstern-Price 1 1.74 1.31
Ordinary 1 1.73 1.33
Bishop 1 1.77 1.35
Janbu 1 1.73 1.31

a Morgenstern-Price, Ordinary, Bishop, and Janbu refer to some of the standard solutions proposed for
limit equilibrium analysis. They differ in the equations of statics that are satisfied. Ordinary and Bishop
satisfy moment equilibrium. Janbu satisfies force equilibrium. Morgenstern-Price satisfies both moment
and force equilibrium. For a thorough description, see Geo-Slope International Ltd. (2007).
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7. Erosion and Stormwater Protection

Erosion rates due to wind and stormwater were calculated for conditions prior to and after the
establishment of vegetation. Calculations are provided in Appendix C2. By not considering
cover vegetation, the calculations are conservative. The calculation results show that the
gravel-amended erosion protection layer provides a high degree of resistance to wind and water

erosion.

7.1 Erosion Due to Stormwater

The calculation of soil erosion due to stormwater runoff (Appendix C2-1) used the revised
universal soil loss equation. It was determined that under the assumed conditions, the
maximum post-construction soil loss due to water erosion would be 0.2 ton per acre per year on
the top of cover and 4.18 tons per year on the side slopes with application of 4 tons per acre of
mulch, and 0.04 ton per acre per year on the top of cover and 0.79 ton per acre per year post-
construction with native vegetation established. Input values used in the calculation are
provided in Table 6.

Table 6. Values Used in Calculation of Erosion Due to Stormwater

Variable Value
Rainfall erosivity factor (Re) 31
Vegetative cover and management factor, native 0.01
vegetation, undisturbed (C)
Vegetative cover and management factor, 0.05
4 tons per acre, tacked down (C)
Cover subfactor 25% gravel amended soil (C;) 0.55
Conservation support practice factor (not used) (P, ) 1
Organic matter (OM) 0.01
Slope steepness and length factor (LS) 0.58
Slope steepness and length factor (LS,) 11.96
Mean soil erodibility factor (K) 0.41
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7.2 Critical Distance of Gully Formation

The calculation of critical distance of gully formation (Appendix C2-2) was completed to
determine the critical distance before gully formation begins on the slopes of the final ET cover.
The calculation was performed for cover soil amended with gravel and for unamended soil. To
provide a substantial factor of safety in the design, a 100-year 24-hour storm event with a
maximum rainfall intensity of 1 hour was considered in this equation. For the purpose of
acceptance, the gully formation calculation was compared to a slope length of 420 feet for a
3:1 side slope, exceeding the maximum slope length for the cover design for Cell 16. Table 7

provides input values used in this calculation.

Table 7. Values Used in Calculation of Critical Distance of Gully Formation

Variable Value
Runoff intensity (qs) 1.07 inches per hour
Effective diameter, gravel-amended soil (D7s) 0.5 inch
Shear stress, gravel-amended soil (ty) 0.2 Ibf/ft?
Shear stress, on-site soil (ts) 0.02 Ibf/ft®
Roughness factor, on-site soil (n) 0.018 (dimensionless)
Roughness factor, amended soil (n) 0.025 (dimensionless)
Slope of the top of the cover system (x;) 2.0° (3.5 percent)
Slope of sides of cover system (xs) 18.4° (33 percent)

Ibf/ft2 = Pounds of force per square foot

The critical distance for gully formation on the side slopes of the cover system is 660 feet for the
gravel-amended soil and 20 feet for the unamended soil. The critical distance for the top of the
cover system was determined to be 8,300 feet for the gravel-amended soil and 250 feet for the

unamended soil.

The calculation results show the substantial improvement in resistance to gully formation by
stormwater flow that is provided by amending the cover soil with gravel. Therefore, the cover
design uses a 6-inch-thick upper erosion protection layer that will be amended with a minimum
of 25 percent gravel. The cover design using gravel-amended soil allows for dispersed sheet

flow of stormwater off of the covers. This design approach avoids focused flow in channels,
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which increases the potential for erosion. The gravel-amended soil provides the necessary
erosion protection to prevent rilling and gully formation, even for conditions of a large storm

event occurring prior to the establishment of vegetation.

7.3 Wind Erosion

The wind erosion equation (Chepil and Woodruff, 1963) was used to determine soil loss due to
wind erosion. This equation is solved using tabular and graphical analysis. Copies of the

determined variables and resulting soil loss are provided in Appendix C2-3.

The wind erosion equation is expressed as follows:

E = f (IKCLV)

where E = estimated average annual soil loss (tons per acre per year)
f =afunction of
I = soil erodibility index
K = soil surface roughness factor
C = climatic factor
L = the unsheltered distance
V = the vegetative cover factor

In determining the potential amounts of soil loss from the final cover due to wind erosion, four

different scenarios were considered:

1. Vegetation and crusting had not developed on the final cover.
2. Vegetation, but not crusting, had developed.
3. Crust and vegetation were fully developed.

4. Crust has developed, but vegetation is lost.

Annual soil loss due to wind erosion for these three scenarios was determined to be 20.6 tons

per acre per year, 1.4 tons per acre per year, 0.3 ton per acre per year, and 9.1 tons per acre
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per year, respectively. The third value is expected to be the steady-state soil loss from the final
cover and is attributed to the establishment of vegetation and crust formation of non-erodible
materials (desert pavement) on the cover. The fourth value accounts for temporary vegetation

loss due to a cause such as a brush fire, with desert pavement still intact.
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8. Vegetation Plan

Vegetation is critical to the success of an ET cover system. It provides for long-term stability of
the cover surface, minimizes erosion, and removes moisture from the cover soil. Vegetation will
be established on the final cover by seeding with a mix of plant varieties that are suited to the
local soils and climatic conditions. Over a period of years, additional native plant varieties will
spread on the ET covers, as observed on the ET covers constructed over USEI Trenches 10
and 11.

The final ET cover will be seeded with grasses, mulched, and fertilized to provide permanent
erosion protection for the cover. The roots of the vegetation remove water from the cover

through the process of transpiration and are thus a critical component of the ET cover system.

A mixture of warm and cool season plants will be used for effective ET cover infiltration
reduction performance. In general, cool season grasses have a more fibrous root system, while
warm season vegetation is more deeply rooted. The key vegetation design requirement is that
available soil-water is fully used by the plant community during the growing season. Cool
season plants green up in early spring and rapidly transpire water accumulated in the soil profile
during winter. Warm season plants transpire more effectively during the warm summer months,
when precipitation rates are highest. Native prairies always have a mixture of both warm and
cool season vegetation, and the cover revegetation will simulate these natural conditions for

well-adapted, sustainable vegetation.

Time of planting is a critical factor in successful establishment of plants from seeds. Seed will
be planted at the appropriate time for successful germination and growth based on soil
temperature and precipitation, to be determined each year at the time of planting. Mulch will be

applied as needed to control erosion and enhance vegetation establishment.

The seed mix to be used at USEI Cell 16 shall consist of the following:

e Crested wheatgrass: 15 pounds per acre (Ib/acre)
e Siberian wheatgrass: 18 Ib/acre

e Streambed wheatgrass: 18 Ib/acre
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Seed will be applied by hydroseeding as an effective method to cover all of the side slopes and
the contoured surface of the final cover with a uniform seed application. Hydroseeding involves
spraying the seed onto the soil surface with a matrix of straw or wood fiber mulch, along with a
cellulose-based tackifier that keeps the mulch adhered to the soil until the seed germinates.
A timed-release fertilizer can also be applied with the hydromulch. Typical application rates are
8,000 Ib/acre mulch, 50 Ib/acre tackifier, and 400 Ib/acre fertilizer. The final products and
application rates used will be determined in consultation with the hydroseeding contractor at the

time that seeding occurs.

The seed and mulch will be stabilized on the cover side slopes using a spray-on bonded fiber
matrix (BFM). The BFM is a hydroseeding erosion control product containing a continuous layer
of elongated fiber strands held together by a bonding agent. The BFM is intended to eliminate
direct raindrop impact on soil. It adheres to the final cover surface, eliminating the potential for
rill erosion and downcutting. The BFM stabilizes the seed mixture to promote germination and
plant growth. It retains moisture and will biodegrade completely into materials beneficial to plant

growth.
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1. Scope

This Construction Quality Assurance Plan (CQA Plan) is intended for use during construction of
the final cover system for Cell 16 at the US Ecology Idaho (USEI) facility in Grand View, ldaho
(USEI Site B). Quality assurance (QA) is a planned system of activities that provides
confidence to the owner/operator (Owner) and permitting agency that the facility was
constructed as required under US Ecology's Resource Conservation and Recovery Act (RCRA)
operation permit (EPA ID No. IDD073114654). The CQA Plan is prepared to meet the minimum
suggested standards set by the U.S. Environmental Protection Agency (EPA) (see Document
Number EPAG600R-93 182, Quality Assurance and Quality Control for Waste Containment

Facilities). The CQA Plan will be followed for installation of all cover components.

The CQA Plan outlines the responsibilities for the technical documentation showing that
environmental control systems have been installed in accordance with approved design,
drawings, and specifications. Following cover installation, construction must be certified by a
professional engineer registered in the state of Idaho. A certification report consisting of specific
technical information will be submitted to USEI and the ldaho Department of Environmental
Quality (DEQ). The report will include the following:

¢ Installation of the cover soil layer, including gravel amended topsoil
e Verification of properly constructed material depths and slopes
¢ Revegetation

e QA/quality control (QC) testing and inspection

The final cover design for Cell 16 includes an evapotranspiration (ET) alternative cover
consisting of a select soil subgrade, a thick soil rooting medium layer, and an upper topsoil
erosion protection layer. Specific construction elements that are addressed in this plan include
the following:

e Excavation, placement, and grading of cover subgrade soil

o Excavation, placement, and grading of the soil rooting medium
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e Excavation, placement, and grading of the upper erosion protection layer (processing

may be needed to incorporate gravel amendment)

e Seeding and fertilizing to establish vegetation

In this plan, QC testing/certification is provided by the manufacturers, suppliers, contractors, and
installers of the various design components. "Owner" refers to USEIl. QA refers to means and
actions employed by the Owner to ensure conformance of the various components, production,
and installation to the contractual and regulatory requirements. The Owner will retain an
Engineer to perform QA activities on the Owner's behalf. In this CQA Plan, QA Engineer refers
to the Certifying Engineer or their designated representative. QC testing and documentation are
the responsibility of the Contractor. QA testing and documentation are the responsibility of the
QA Engineer on behalf of the Owner. QA testing is required at a minimum frequency of
5 percent of the QC testing, unless otherwise designated by the QA Engineer. Project drawings
referenced in this document refer to engineering design drawings for construction of the USEI
Cell 16 final cover. Project specifications referenced in this document refer to the specifications
in Attachment 9c of USEI's permit, which are applicable to final cover construction for USEI

Cells 14, 15, and 16. For all CQA issues, this plan takes precedence over previous documents.

The following sections describe the cover system design and CQA Plan to be used by the QA
Engineer and Contractor for construction and certification. As appropriate during various
construction activities, the QA Engineer will determine whether continuous or periodic inspection

will occur to provide complete inspection and testing of all cover materials.
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2. Cover System Description

The USEI final covers will consist of soil installed over waste disposal Cell 16. The cover

system profile will include the following (from the bottom up):

e Existing subgrade consisting of the following:
- Waste
— Intermediate cover

— Other existing soil
e Select cover subgrade soil (in limited areas at the toe of side slopes)
e ET cover soil rooting medium 4.5 feet thick

e Topsoil layer amended with 25 to 40 percent gravel (by weight) 0.5 foot thick

The term “cover soil” refers collectively to the selected cover subgrade soil, soil rooting medium,
and gravel amended top soil layers. The term “final cover” refers to the upper 5-foot-thick layer

consisting of the soil rooting medium and gravel amended topsaoil.

Specifications in USEI permit Attachment 9c applicable to the final cover system for USEI
Cell 16 include:

e Section 31 00 00 - Earthwork

e Section 31 10 00 - Site Clearing

e Section 31 32 00 - Cover System Components

e Section 31 38 01 -Surface Rock Durability Requirements
e Section 32 92 19 - Vegetation and Seeding

Specifications in permit Attachment 9¢ not applicable to the final cover system for USEI Cell 16

include:

e Section 33 24 14 - Leachate and Well Riser Modification
e Section 40 14 49 - HDPE Pipe
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3. CQA Plan

Specifications applicable to CQA include Section 01 40 00 - Quality Requirements and
Section 01 33 00 - Submittals. CQA is the planned system of activities that provides assurance
that the cover system was constructed and the materials used were manufactured as specified
in the accepted documents and control drawings. A copy of the site-specific drawings and
specifications, CQA Plan, and QA/QC documentation reports shall be retained at the facility by
the QC Representative. The drawings, specifications, and QA/QC documents are the primary
means for the Owner to demonstrate to the regulatory agency that QA/QC objectives for the

project have been met.

The CQA Plan shall include a detailed description of all QA/QC activities to be used during
materials inspection and construction to manage the installed quality of the covers and

associated facilities.
At a minimum, documentation will include the following:

e Laboratory testing results
— All laboratory testing performed
— Origin of all test samples
— Certification by a professional engineer for all laboratory test results
— Documentation showing that specified test types and frequencies were performed

— Documentation showing that test results were within specified ranges

e Soil cover placement
— Soil suitability per specifications
— Thickness of placed soail
— Compaction density

— Line and grade control
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e Vegetation
— Seeding

— Nutrients/amendments

3.1 Personnel Qualifications

An important factor in assessing the quality of a cover system installation is the degree to which
key personnel involved in the process are qualified to perform their required tasks. QA/QC

personnel must be familiar with:

e Engineering design, drawings, and specifications

e Project layout

e Materials to be used

e Drainage control features

¢ Soil and rock borrow materials

e Construction procedures, schedule, and necessary equipment

e Material placement techniques and requirements
Specifically, the key individuals involved in QA/QC during the construction of the final cover
systems at the USEI Site B facility and their minimum recommended qualifications are listed in
Table 1.

3.2 Documentation

In addition to ensuring correct installation of the cover system, QA provides documentation of

the construction process.
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Table 1. Minimum Personnel Qualifications

Personnel

Qualifications

Design Engineer(s)

Professional Engineer registered in the state of Idaho
with job-specific experience.

QA Personnel/Inspector(s) — US Ecology or
QA Engineer designated representative(s)

The individual(s) designated by the Owner, the QA
Engineer, or the QA Certifying Engineer, with
adequate training and experience in testing
procedures and knowledge of the project and its
drawings, specifications, and QA documents. The QA
Personnel/Inspector(s) shall be an independent, third-
party employee of an independent firm, hired by the
Owner.

QA Engineer — US Ecology or QA Certifying
Engineer designated representative

The individual designated by the Owner or the QA
Certifying Engineer, in charge of the daily QA process.
Must show a minimum of two years experience and
technical knowledge of cover/liner system design and
earthwork construction process and requirements.
The QA Engineer shall be a qualified, independent,
third-party employee of an independent firm, hired by
the Owner.

QA Certifying Engineer — An independent, third
party US Ecology representative. Responsible
for all QA activities. May assume the role of
the other QA personnel.

An independent, third party, individual designated by
Owner with intimate knowledge of the project,
drawings, specifications, and QA documents. Must
show a minimum of two years experience and
technical knowledge of cover/liner system design and
earthwork construction process and requirements.
Responsible for all QA activities, including the actions
of the QA Engineer and QA Personnel. Responsible
to stamp the Final Certification Report as a
Professional Engineer registered with the state of
Idaho.

QC Personnel — Contractor or subcontractor

Employed by the general Contractor's QC
Representative, installation Contractor, or earthwork
Contractor involved in the cover construction;
appropriately trained.

QC Representative — Contractor or
subcontractor representative. Responsible for
all QC activities. May assume the role of the
other QC personnel.

The individual specifically designated by the general
Contractor, manufacturer, or fabricator in charge of
quality control activities. The QC Representative shall
not report to the Construction Site Superintendent.

3.2.1 Daily Reports

Daily reporting and documentation are required. The QC Representative shall prepare daily
The QC

Representative shall submit daily reports to the QA Engineer on a weekly basis or more

written reports that are to be included in the final QA/QC documentation.
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frequently as required by the QA Engineer. These reports provide a chronological framework

for identifying and recording all activities/tasks that were completed. At a minimum, the daily

reports shall include the following:

3.2.2

Date, project name, location, waste containment unit under construction, on-site

personnel and equipment, and other relevant identification information

Description of weather conditions, including temperature, cloud cover, wind speeds, and

precipitation

Summaries of meetings and actions recommended or taken

Specific work and locations of construction

Equipment and personnel working on each task, including subcontractors
Identification of areas or units of work being inspected

Description of off-site materials received, including QC data provided by the supplier
Calibrations or recalibrations of test equipment

Methods used to backfill testing holes

Decisions made regarding approval or disapproval of units of material and/or work;
corrective actions to be taken in instances of substandard or suspect quality (including

data and/or reporting used to substantiate substandard QC decisions)
Signature of the QC Representative

Any other pertinent information

Inspection and Testing Reports

All observations, field tests, and laboratory tests performed on- or off-site shall be recorded on a

data sheet. Recorded observations and test results can take the form of notes, charts,

sketches, photographs, or a combination of these. At a minimum, the inspection data sheets

shall include the following information:
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Description or title of the inspection activity
Location of the inspection or obtained sample

Type of inspection and procedure used (reference to standard method when appropriate

or specific method described in the CQA Plan)
Recorded observation or test data
Results of inspections (pass/fail); comparison with specification requirements

In addition to the individual preparing the data sheet, identification of all personnel

involved in the inspection

Signature of the QA inspector and review signature by the QA Engineer

Problem Identification and Corrective Measure Reports

A problem is defined as material or workmanship that does not meet the requirements of the

drawings, specifications, or CQA Plan, or any obvious defect (even if there is conformance with

drawings, specifications, and the CQA Plan). At a minimum, problem identification and

corrective measure reports shall contain the following information:

Location of the problem

Description in sufficient detail (with supporting sketches or photographic information

where appropriate) to adequately describe the problem
Probable cause for the problem

How and when the problem was identified (reference to inspection data sheet or daily

summary report by inspector)
Where relevant, estimation of how long the problem existed
Any disagreement between the Inspector and Contractor about the problem

Suggested corrective measure(s)
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e Documentation of corrective action, if taken and completed prior to finalization of the
problem, and completed corrective measures report (reference to inspection data sheet,

where applicable)
e Where applicable, outline of suggested methods to prevent similar problems in the future

¢ Signature of the QC Representative and review signature of QA Engineer

3.2.4 Drawings of Record

Drawings of record (“as-built” drawings) shall be prepared to document the actual lines, grades,
and conditions of each completed component of the construction. For the cover soll
components, the record drawings shall include survey data that identifies lower and upper
elevations of a particular component (layer), the plan dimensions of the component, and
locations of all destructive and nondestructive test sampling sites. The as-built drawings shall
note all changes to the original set of construction drawings. The as-built drawings shall

include, but are not limited to, each layer/component of the cover soil layer.

3.2.5 Final Documentation and Certification

Upon completion of the project, the QA Certifying Engineer shall prepare a final documentation
and certification report. The report shall certify that the hazardous waste unit has been closed
in accordance with the specifications and design of the approved closure plan, and shall meet
the standards set by the EPA for RCRA closure certification in 40 CFR 264.115. This report
shall include the following:

e Inspection reports

o QA/QC summary reports

e Inspection data sheets

e Problem identification and corrective measures reports

e QC data provided by manufacturers or fabricators

e Laboratory test results (including pre-construction testing)

e Field testing results (including pre-construction testing)
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e Photographs

e As-built drawings

¢ Internal QA/QC memoranda

e Minutes of pre-construction and weekly meetings

e Data interpretation and analyses

e Submittals and QA Engineer’s authorization of change orders and equivalent substitutes

¢ Design changes made by the Design Engineer during construction
The document shall be certified to be correct by the QA Certifying Engineer. The final
documentation and certification prepared by the QA Certifying Engineer shall be submitted by
the Owner to DEQ for approval.
3.2.6 Document Control
The QA/QC documents shall be maintained under a document control procedure. Any
modifications to the documents shall be reported to and agreed upon by all parties involved. An
indexing procedure shall be developed for conveniently replacing pages in the CQA Plan when
modifications become necessary; the replacement pages will detail the revision status.
3.2.7 Storage of Records
During construction, the QC Representative shall be responsible for all QC documents,

including copies of the design criteria, specifications, plan revisions, and originals of all data

sheets and reports. Duplicate records shall be kept at a separate location.

3.3 Meetings

A pre-bid meeting shall be held prior to bidding of the contract. A pre-construction meeting shall

be held prior to the start of construction activities.

P:\_ES11-086\Cell 16 Cvr-Rev.2-12\Appx B_CQA\CQA_224.doc 10



Daniel B. Stephens & Associates, Inc.

3.3.1 Pre-Bid Meeting

The intent of this meeting is to discuss the design drawings, specifications, bid requirements,
contract terms, and CQA Plan to clarify requirements and resolve differences of opinion among
the concerned parties before the project is let for bidding. Holding the pre-bid meeting before
formal construction bids are prepared can allow the companies bidding on the construction to
better understand the level of QC required on the project. Also, if the bidders identify problems
with the CQA Plan, USEI has the opportunity to correct those problems early in the process.

3.3.2 Pre-Construction Meeting

The objectives of the pre-construction meeting are to establish lines of communication, review
construction drawings and specifications, emphasize the critical aspects of the project planning
and coordination of tasks, and identify potential factors that could cause difficulties or delays in
construction. At the pre-construction meeting, details of the CQA Plan shall be reviewed to
ensure that the responsibility and authority of each individual is clearly understood, to reach
agreement on the established procedures to resolve construction problems, and to establish a
foundation of cooperation in quality management. The pre-construction meeting shall be
scheduled after the general construction contracts have been awarded and the major

subcontractors and material suppliers have been established.

The meeting shall be attended by appropriate USEI personnel, the project’'s Design Engineer,
Contractor’s representatives, the QC Representative, major subcontractors, the QA Engineer,
and the QA Certifying Engineer.

The pre-construction meeting shall cover the following activities:

¢ An individual shall be assigned to take minutes.
e Individuals shall be introduced to one another.

e [Each organization’s responsibility, authority, and lines of communication shall be

discussed.
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e Copies of the project drawings and specifications shall be made available for group

discussion.

e The drawings and specifications shall be described, along with unique design features,
potential construction problems, and answers to questions from any of the parties

concerning the construction.

e Reporting procedures, distribution of documents, the schedule for routine project

meetings, and resolution of construction problems shall be discussed.
e Site requirements and logistics, including safety procedures, shall be reviewed.

e The project design shall be reviewed, and the most critical construction aspects will be

discussed, as will scheduling and sequencing issues.

e The CQA Plan shall be reviewed and discussed, with the QA Engineer and QA
Certifying Engineer outlining their expectations and identifying the most critical

components of their project participation.

e QC procedures for materials to be employed by the suppliers contracted to the

Contractor shall be discussed.

e Construction QC procedures to be employed by the Installer or Contractor shall be

discussed.

e A list of action items requiring resolution shall be compiled and responsibilities for these

items shall be assigned.
e Corrective actions to resolve potential construction problems shall be discussed.
e Procedures for documentation and distribution of documents shall be discussed.

e Suggested modifications to the CQA Plan that would improve quality management on
the project shall be solicited.

o Climatic variables (e.g., precipitation, wind, temperature) that might affect the

construction schedule shall be discussed.

Familiarizing all project participants with inspection and testing procedures and the criteria for

pass/fail decisions (including the resolution of test data outliers) is a key objective of this
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meeting. Additionally, it is imperative that all parties understand any key problems QA
personnel have identified and that each party fully understands their roles and responsibilities

and the procedures regarding problem resolution.

3.3.3 Progress Meetings

Weekly progress meetings shall be held at the job site or at the discretion of the Design
Engineer, QA Engineer, or Contractor. The QC Representative and QA Engineer or his/her
designated representative shall be present at all meetings.

3.4 Sample Custody

All samples shall be documented with origin, date, and intent. Whenever a sample is
transferred to another individual or laboratory, records of the transfer shall be established with a

chain of custody.

3.5 Weather

Specifications shall make clear restrictions for certain construction activities due to weather.
The Contractor is responsible for ensuring that these weather restrictions are observed during

construction.

3.6 Work Stoppages

Unexpected work stoppages can result from a variety of causes. The QC Representative shall
be careful during any work stoppages to determine (1) whether in-place materials were covered
and protected from damage, (2) whether partially covered materials were adequately protected,
and (3) whether manufactured materials were properly stored and properly or adequately
protected from the elements. The cessation of construction during work stoppages does not
mean that QA inspection and documentation cease.
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4. Site Preparation

4.1 General

Specifications applicable to site preparation include Section 31 10 00 - Site Clearing and
Section 01 71 23 - Field Engineering. The following work will be included in site preparation and

grading:

o Field check existing landfill infrastructure and utility locations, as appropriate.
o Mark all survey hub markers, permanent benchmarks, monitor wells, etc.

e Strip or remove all brush, vegetation, surface debris, and similar materials from the soil
borrow source surface by grading the soil to a depth of approximately 1 to 2 inches.

Relocate soil and vegetation to a designated area on the site.

e The existing surfaces shall be checked and improved as needed to provide stable
conditions of the existing surface and provide a trafficable, reasonably smooth working

surface for construction equipment.
4.2 Survey Coordinate System

All areas to be affected by cover construction, including Cell 16, shall be surveyed and
integrated into a grid system so that locations of sample and testing points determined during
construction can be readily discernible by the QA/QC personnel. This grid system should
consist of equidistant parallel lines, 100 feet on center, projecting north to south and east to
west within the limits of the landfill. This grid system shall be coincident with the existing site
coordinate system for future reference. Other areas that are part of the construction project,
such as soil borrow sources, shall be surveyed in a manner that is approved by the QA
Engineer. The project limits will be staked out by the Owner or his representative based on

record drawings.
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4.3 Existing Subgrade

Specifications applicable to the subgrade include Section 31 00 00 - Earthwork. Cover sail
placement will be directly on the existing subgrade. Excavation of waste is not allowed unless
approved by the QA Engineer. The subgrade will be protected and approved in accordance

with the following procedures:

e The existing subgrade shall be protected from erosion and damage of any kind.
o The subgrade shall be kept free of all trash and debris.

e The condition of the subgrade shall be approved by the QA Engineer prior to cover soill

placement.
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5. Cover Soil

QA of the cover soil shall accomplish these objectives:

e Ensure that material quality meets specifications
e Ensure that materials were properly placed

e Ensure that minimum thicknesses of material layers have been achieved

The cover for Cell 16 will be an ET cover with an adequate depth of quality cover soil. The
objective of the cover soil is to install a uniform layer that provides for water storage capacity
while encouraging the establishment of an adequate rooting medium to allow for successful

plant establishment.

5.1 Cover Soil Layer

Specifications applicable to the cover soil include Section 31 00 00 - Earthwork,
Section 31 38 01 - Surface Rock Durability Requirements, and Section 31 32 00, Cover System
Components. Cover thickness shall be measured perpendicular to the final cover slope. Select
cover subgrade soil shall be placed on the existing subgrade to meet the lines and grades

needed for placement of the final cover soil.

5.1.1 Contractor Requirements

The Contractor shall be responsible for locating, testing, excavating, hauling, preparing (mixing),
spreading, compacting, and grading the cover soil. The Owner has completed limited testing of
soil from two prospective borrow sources on the Owner’s property. Testing shows that limited
soil quantities with suitable properties are available. The Owner will provide the available soil
testing data to the Contractor. The Contractor shall be responsible for all soil selection and
testing necessary to complete construction.

Borrow source soils shall be tested and determined satisfactory prior to construction of the

covers (see Attachment 1). Depths and lateral extents of borrow sources will be determined
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from borehole drilling or test pit excavation, soil sample extraction, and laboratory testing. Soils

used in the cover soil shall be only those from borrow source(s) approved by the QA Engineer.

Areas of the cover that may become overcompacted, such as haul roads, shall be tested for soil
density and as needed, shall be ripped to loosen the soil and retested to verify soil

conformance.

The Contractor shall be responsible for testing in-place (field) density and moisture content of
representative cover soil samples. Soil density testing shall be used by the Contractor as a QC

measure to verify acceptable soil density.

The Contractor shall prepare survey documentation that shows that the ET cover soil conforms

to the design grades.

5.1.2 Engineer Requirements

The QA Engineer shall approve suitable soils and placement with respect to construction
criteria. The QA Engineer shall inspect the select cover subgrade soil, soil rooting medium, and
topsoil, and grant approval prior to the Contractor proceeding with construction of the next

component.

5.2 Test Pads

Test pads are not required for cover soil that will be placed in lifts of 12 inches or less in
thickness. For soil lifts greater than 12-inch loose lifts, the Contractor shall construct test pads
prior to cover construction to demonstrate that the soil lift placement and compaction methods
provide acceptable compaction throughout the soil lift thickness. A test pad shall be constructed
for each soil type used in the cover. Significant changes in soil type that require a separate test

pad shall be determined by the QA Engineer.

Soil to be used in test pad construction shall be sampled from the borrow source and tested.

Testing shall be in accordance with all requirements of the soil type being tested.
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Test pads shall be constructed at locations within the project area selected by the Contractor.
The test pads shall have minimum dimensions of 50 feet by 100 feet. The lift thickness shall
match the lifts to be used during cover construction. Test pad construction methods must be
consistent with procedures to be used for cover construction in the field during construction,

including soil type, lift thickness, equipment, and equipment operating speeds.

The Contractor shall be responsible for testing in-place (field) density and moisture content of
representative test pad soil samples. Density shall be tested at a minimum of 10 locations
representative of equal areas on the test pad. At each of the 10 testing locations, in-place
density shall be measured at 6-inch depth intervals in a profile through the full test pad
thickness. The Contractor shall place the test pad soil in a manner that meets the acceptable
range specified. Acceptable soil density must be between 80 and 92 percent of maximum dry
density determined from the Standard Proctor test (ASTM D698).

Density testing shall use cone penetrometer testing (ASTM D6951), nuclear densiometer tests
(ASTM D6938), and sand cone tests (ASTM D1556). Cone penetrometer testing provides a
method of testing soil density in a profile through the entire lift thickness up to 3 feet. Nuclear
densiometer testing provides a method to check the cone penetrometer tests for the test pad
soils. As a check on the nuclear densiometer results, one sand cone test (ASTM D1556) and
one oven-dried moisture determination (ASTM D2216) test shall be performed for every 10 field
nuclear density tests. Holes caused by any of the density test methods shall be backfilled with

the same constructed materials and tamped to a similar density as the adjacent material.

The Contractor shall submit all test pad methods and results to the QA Engineer for approval.

Cover construction shall proceed only when approval has been granted by the QA Engineer.
5.3 Development of a Density Correlation for Thick Lifts

The Contractor may place soils in lifts greater than 12 inches and verify density with a
mechanical cone penetrometer (ASTM D6951) if an acceptable correlation between in-place

density measured by nuclear densiometer testing (ASTM D6938) and penetrometer resistance

is developed. The Contractor shall develop this correlation during test pad construction. The
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Contractor shall construct a soil lift using the same thickness (3-foot maximum), procedures,
equipment, and equipment speeds as will be used in the field during construction. At a
minimum of 10 locations, the Contractor will develop a profile of cone penetrometer resistance

versus depth for the entire thickness of the lift.

The 10 locations chosen on the test pad shall be tested using the cone penetrometer
(ASTM D6951). Following the cone penetrometer testing, each of the 10 locations shall be
carefully excavated in 6-inch lifts and tested in accordance with ASTM D6938, direct
transmission method, for the full depth of the excavated lift. The ASTM D6938 density tests
shall be performed in close proximity to where the cone penetrometer testing (ASTM D6951)
was performed, but it shall be separated by enough distance to ensure that independent and
accurate density test results are obtained for both tests at each of the 10 locations on the test
pad. The cone penetrometer will provide a number of blows per lift. The number of blows per
lift will correspond to an average wet density for the lift as determined by ASTM D6938, direct
transmission method. Thus, a correlation of number of blows will be equivalent to a wet density.
The final data set will show that x number of blows corresponds to a density y on one lift,
density y+i on another lift, density y+j on a third lift, etc. The final data reduction should show
that y, y+i, y+j,....,n are within +2 Ibf/ft® of the average density for that number of samples
corresponding to that number of blows. The moisture contents obtained from ASTM D6938 will
allow the wet densities to be converted to dry density values. The dry densities may be

compared to the specifications for acceptance.

The test pad correlation must be performed in the presence of the QA Engineer. The density
correlation method must be accepted by the QA Engineer and the Idaho DEQ. If the Contractor
can prove this correlation to the QA Engineer, the Contractor shall be allowed to place soil in
lifts not to exceed 3 feet and shall verify the density of full thickness of placed material using

cone penetrometer testing.

5.4 Select Cover Subgrade Soil

Select cover subgrade soil shall be placed over the existing subgrade to the thickness

necessary to meet the grades that will provide suitable subgrade for placement of the 5-foot-
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thick final cover layer. The select cover subgrade soil requires placement of soil that is suitable

for plant roots and compatible with the overlying final cover soil.

The select cover subgrade soil shall meet the following criteria:

All select cover subgrade soil shall be sampled from the borrow source and tested.

e The soil must satisfy the requirements for select cover subgrade soil as defined in
Section 31 00 00 - Earthwork.

e Soil tests shall include Classification (ASTM D2487), Grain-Size Distribution
(ASTM D422), Atterberg Limits (ASTM D4318), Standard Proctor (ASTM D698), and

salinity testing.

All cover subgrade soil material shall be approved by the QA Engineer.

The Contractor shall provide a survey to the QA Engineer to certify that the completed cover
subgrade soil layer meets the grades needed for completion of the final cover soil layer. The
final cover soll layer must meet minimum thickness requirements, but may be thicker, as long as
the final cover grades are met when construction is completed. Thickness of the cover soil layer
shall be measured perpendicular to the final cover surface grades. The Contractor shall obtain
approval of the survey of the select cover subgrade soil layer from the QA Engineer prior to
placing final cover soil. The thickness of the cover subgrade soil layer shall be determined by
the difference between the cover subgrade soil topography and the pre-construction existing
subgrade topography.

5.5 Soil Rooting Medium and Gravel Amended Topsoil Layers
Specifications applicable to the soil rooting medium and gravel amended topsoil layers include
Section 31 00 00 - Earthwork, Section 31 38 01 - Surface Rock Durability Requirements, and

Section 31 32 00 Cover System Components. Testing of soil rooting medium borrow source

material shall comply with the soil rooting medium sampling and analysis plan provided in
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Attachment 1, and shall be approved by the QA Engineer prior to excavation for cover

construction.

5.5.1 Soil Rooting Medium

The soil rooting medium shall meet the following criteria:

e Shall be sampled from the borrow source and tested at frequencies specified in
Section 31 00 00 - Earthwork (see Attachment 1).

e Soil rooting medium shall meet specifications designated in Section 31 00 00 -
Earthwork. Additional soil classifications may be approved by the QA Engineer if soll

test results show that all other criteria are met and approval is granted by Idaho DEQ.

e Percent relative compaction, saturated hydraulic conductivity, and water holding capacity

shall meet specifications designated in Section 31 00 00 - Earthwork.

e Uniform density is critical for this entire cover soil layer. Any higher-density areas
caused by truck traffic or other activity are to be loosened to meet the compaction

standard.

e Laboratory soil testing shall include USCS Classification (ASTM D2487), Grain-Size
Distribution (ASTM D422), Atterberg Limits (ASTM D4318), Standard Proctor
(ASTM D698), Saturated Hydraulic Conductivity (ASTM D2434 or ASTM D5084), and
Retention Curve Determination at Two Points (ASTM D6836). Moisture retention tests
shall determine the moisture content at -333 cm water pressure head (74 bar) and
-15,000 cm water pressure head (15 bar). Testing for saturated hydraulic conductivity
(ASTM D2434 or ASTM D5084) and moisture retention (ASTM D6836) shall be
performed on laboratory-prepared remolded samples at a relative compaction of
85 + 2 percent of the maximum standard dry density, with a final measured density
meeting the required 80 to 92 percent of standard maximum dry density. The saturated

hydraulic conductivity and moisture retention samples shall be remolded using the same
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criterion as the Standard Proctor (ASTM D698) method used for compaction. The

largest particle size shall be determined by grain size distribution of the sample.

e Field testing shall include in-place density and moisture content by nuclear methods
(ASTM D6938), sand cone density testing (ASTM 1556), and mechanical cone
penetrometer testing (ASTM D6951). Agronomic properties testing shall meet
specifications designated in Section 31 00 00 - Earthwork. These tests are to ensure

that the select cover subgrade soil will support native vegetation.

— Salinity Limits: Soil rooting medium shall meet salinity specifications designated in
Section 31 00 00 - Earthwork. Soils that do not meet the salinity limits shall not be
used in the cover.

— Nutrient Limits: Soil rooting medium shall meet the nutrient requirements designated
in Section 31 00 00 - Earthwork. Should the soil not meet these nutrient
requirements, amendments will be required as appropriate. Any amendment is to be
approved by the QA Engineer prior to application.

5.5.2 Gravel Amended Topsoil

The gravel amended topsoil shall meet the following criteria:

e The material must satisfy the same agronomic properties as the soil rooting medium
layer (see Section 31 00 00 - Earthwork).

e The fine portion must be productive topsoil satisfying the definition for topsoil in
Section 31 00 00 - Earthwork.

e Gravel in the top soil layer must be uniformly mixed within the profile to the extent that

pockets of soil will not have significant disparities in water holding capacity.

e The gravel amended topsoil layer shall be placed in one uncompacted lift.
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o All topsoil material shall be approved by the QA Engineer.

The Contractor shall provide a survey to the QA Engineer to certify that the completed cover soil
layer has, at any point, the minimum thickness designated on the final design cover soil surface.
The thickness of the cover soil layer construction shall be determined by the difference of the
final cover topography and cover subgrade soil topography.

5.6 Delivery, Storage, and Handling

If cover soil/gravel admixture materials are delivered to the site prior to placement approval,
materials shall be stockpiled on-site in areas as dictated by the Owner. Provision shall be
implemented to minimize surface water impact on the stockpile. Removal and placement of the
materials shall be done in a manner to minimize intrusion of soils adjacent to and beneath the

stockpile.

5.7 Cover Soil Placement

No cover soil shall be placed, spread, or compacted during unfavorable weather conditions. At
such times, work shall be suspended by the Contractor. The QA Engineer shall have authority
to halt the work when material is overly wet or during unfavorable weather conditions. The
cover soil layer surface must be made smooth and free from ruts or indentations at the end of
any working day when significant precipitation is forecast and/or at the completion of the

placement operations in an area in order to prevent saturation of the soil.
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6. Seeding Quality Control

Specifications applicable to seeding include Section 32 92 19 - Vegetation and Seeding.
Vegetation is critical to the success of an ET cover system; it provides for long-term stability of

the cover surface, minimizes erosion, and reduces infiltration flux.

Seeds shall be applied through hydromulching with a bonded fiber matrix (BFM). The
hydromulch shall be applied at a rate designated in Section 32 92 19 - Vegetation and Seeding.

Ensuring an adequate stand of vegetation begins with ensuring the quality of seed used. A
variety of mechanisms can be used to control and ensure high-quality seeding operations. The
seeding Contractor shall be required to develop and submit a seeding plan, detailing all seeding
equipment to be used, fertilizer types, and mulch sources for inspection prior to initiation of
work. Seed and fertilizer formulation certifications from the suppliers shall be submitted prior to

material use. Daily quality control logs shall be maintained.

Qualified seeding Contractors and operators shall be employed. Seeding requires experience
and familiarity with the various seed types to ensure proper planting. The proper equipment for
seeding the specified seed mix must be used.

Seed and seed mixtures shall be delivered in sealed containers. Wet, moldy, or otherwise
damaged seed or packages shall be rejected and unacceptable materials removed from the job
site. All labeling required by law shall be intact and legible. After delivery to the job site, seeds
shall be stored in a cool, dry, weatherproof, and rodent-proof place or container in a manner that

protects the seed from deterioration and permits easy access for inspection.

All seed shall be subject to inspection and concurrence by the Contractor before the
subcontractor is authorized to proceed with the seeding operation. Seed shall be tested
according to the Association of Official Seed Analysts, International Seed Testing Association,
and the Federal Seed Act standards. A certificate of analysis from a certified testing laboratory

shall accompany seed, certifying the following individual seed tests:
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e Purity and germination: Before seed is used, retest for germination all seed stored over
six months from the date of the original acceptance test, and resubmit the results for

inspection.

e Prohibited noxious weed seed: Seed shall not contain any federal- or state-listed
prohibited noxious weed seed (an amount within the tolerance of 0 percent) as

determined by a standard purity test.

o Restricted noxious weed seed: Seed shall contain no more than 40 seeds per pound of
any single species, or 150 seeds per pound of all species combined, of restricted

noxious weed seed.

o Weed seed: Seed shall contain no more than 1 percent by weight of weed seed of other

crops and plant species as determined by standard purity tests.

Laboratory certification seed testing within six months of date of delivery includes the following:

¢ Name and address of laboratory
o Date of test
e Lot number of each seed type

o Results of tests, including name, percentage of purity and germination, percentages of
weed content for each kind of seed furnished, hard seed content, and in case of seed

mixtures, pure live seed (PLS) proportions of each kind of seed as specified

The seed vendor on each standard sealed container label can provide information regarding the

seed mixture. The labels shall include the following information:

e Seed mixture name
e Lot number
o Total net weight and PLS weight of each seed type

e Percentages of purity and germination
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e Seed coverage (in acres) on a PLS basis

e Percentage of maximum weed seed content clearly marked for each seed type

The vendor shall package seed such that the acre coverage of each container is equal for
convenience of inventory. Prior to planting any seed, the seed labels and certification
documentation shall be inspected by the QC Representative to ensure that the seed provided

meets the requirements specified.

Equipment proposed for use and the methods of seeding shall be inspected for concurrence
prior to the commencement of seeding operations. The equipment shall be checked for
compliance to safety requirements (in the Contractor's HASP) prior to the commencement of
seeding operations. Equipment calibration tests shall be conducted immediately prior to
commencement of seeding operations and when the seed mix changes or different equipment

is used.
Consider environmental conditions and perform seeding operations only during periods when

successful results can be obtained. When drought, excessive moisture, or other unsatisfactory

conditions prevail, seeding operation shall be discontinued.
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7. ASTM Standards for Cover Installation

The following standards from ASTM are applicable to the installation and testing of soil and

cover materials. Construction specifications prepared for the USEI cover construction will

include the final testing requirements and standards.

7.1 Cover Soil

ASTM D422: Standard Test Method for Particle-Size Analysis of Soils

ASTM D698: Test Method for Laboratory Compaction Characteristics of Soil Using Standard
Effort

ASTM D1556: Standard Test Method for Determining Soil Density, Sand Cone Method

ASTM D2216: Standard Test Method for Determining Water Content of Soil Aggregate
Mixtures

ASTM D2434: Standard Test Method for Permeability of Granular Soils (Constant Head)

ASTM D2487: Classification of Soils for Engineering Purposes (Unified Soil Classification
System)

ASTM D4318: Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of
Soils

ASTM D6836: Standard Test Methods for Determination of the Soil Water Characteristic Curve
for Desorption Using a Hanging Column, Pressure Extractor, Chilled Mirror
Hygrometer, and/or Centrifuge

ASTM D6938: Standard Test Method for In-Place Density and Water Content of Soil and Soil-
Aggregate by Nuclear Methods (Shallow Depth)

ASTM D6951 - Standard Test Method for Use of the Dynamic Cone Penetrometer in Shallow

Pavement Applications
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7.2 Cover Subgrade Preparation

ASTM D698: Standard Test Method for Laboratory Compaction Characteristics of Soil Using
Standard Effort

ASTM D1556: Standard Test Method for Density and Unit Weight of Soil in Place by the Sand-
Cone Method

ASTM D2216: Standard Test Method for Laboratory Determination of Water (Moisture) Content
of Soil and Rock by Mass

ASTM D6938: Standard Test Method for In-Place Density and Water Content of Soil and Soil-
Aggregate by Nuclear Methods (Shallow Depth)

P:\_ES11-086\Cell 16 Cvr-Rev.2-12\Appx B_CQA\CQA_224.doc 28



Attachment 1

Soil Rooting Medium
Sampling and Analysis Plan



Daniel B. Stephens & Associates, Inc.

Soil Rooting Medium Sampling and Analysis Plan
Soil Characterization for Evapotranspiration Cover
US Ecology Idaho Cell 16

This soil rooting medium sampling and analysis plan addresses characterization of borrow soils
at the US Ecology Idaho (USEI) site. All of the administrative and substantive requirements
found in the main construction quality assurance (CQA) plan shall apply to this document. The
purpose of this program is to collect the necessary data to delineate and approve the borrow
source soils for the soil rooting medium prior to the construction of the evapotranspiration (ET)

cover at Cell 16.

Section 4 of the design report identifies the soil properties necessary for acceptable cover soll
material. Section 4 of the design report also identifies on-site soils that were tested to
demonstrate meeting the necessary criteria. The soil rooting medium layer of the ET cover has
the most stringent characterization specifications; therefore, it is proposed that soil sources
meeting those criteria be identified and approved in advance of cover construction. Data
obtained from the soil characterization investigation will be used to identify soil locations for the
soil rooting medium and other soil materials needed for cover construction. Note that any soll
that satisfies the requirements for soil rooting medium also satisfies the requirements for select

soil subgrade and topsoil used in the ET cover.
1. Source Soil Testing Frequency

The soil rooting medium testing requirements are presented in Table 1. Index testing of the soil
rooting medium shall be performed every 5,000 cubic yards (yd®); therefore, test pits will be
excavated to obtain soil samples meeting this frequency. Materials acceptable for soil rooting
medium are classified as silty sand (SM) and/or silt (ML). Testing for saturated hydraulic
conductivity, water retention capacity, salinity, and nutrients of the soil rooting medium will be

performed every 10,000 yd®. Testing must satisfy the specification criteria listed in Table 1.
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Table 1. Summary of Soil Rooting Medium Testing Frequency

relations

Test Method Frequency Requirement(s)
Index Tests
Liquid limit, plastic limit and | ASTM D4318 1 per 5,000 yd® Used for classification
plasticity index
Particle size analysis ASTM D422 1 per 5,000 yd?® Used for classification
Soil classification ASTM D2487 1 per 5,000 yd® Silty sand (SM) or silt (ML)
Laboratory moisture-density | ASTM D698 1 per 5,000 yd?® Reference for percent compaction

Moisture Characteristics

Saturated hydraulic
conductivity

ASTM D2434 or
D5084

1 per 10,000 yd?®
(may be increased
to 1 per 5,000 yd®)?

Less than or equal to 2.0 x 10~ cm/s
tested at a relative compaction of
85% + 2% of the standard maximum
dry density. Minimal confinement
pressure shall be used in accordance
with the ASTM standard.

Retention curve
determination at two points

ASTM D6836

1 per 10,000 yd?®

(may be increased
to 1 per 5,000 yd®)

Water holding capacity greater than or
equal to 0.11 tested at a relative
compaction of 85% + 2% of the
standard maximum dry density

Salinity

Electrical conductivity (EC)

Bureau of Soils
Method; USDA
Handbook 60

1 per 10,000 yd?®

Less than 8 mmhos/cm

Sodium adsorption ratio
(SAR)

EPA 6010B

1 per 10,000 yd?®

Less than 6

Exchangeable sodium
percentage (ESP)

EPA 6010B, ASA 9

1 per 10,000 yd?®

Less than 15% (g/qg)

Calcium carbonate (CaCOs3)

ASA 10-3

1 per 10,000 yd?®

Less than 15% (g/qg)

pH

SM4500-H+B: PH

1 per 10,000 yd?®

Between 6 and 8.4

Cation exchange capacity

EPA 6010B, USDA

1 per 10,000 yd?®

Greater than 15 (meq/100 g)

(CEC) Handbook 60

Nutrients

Percent organic matter ASTM D2974 1 per 10,000 yd3 Greater than 2% (g/qg)

Nitrogen (N) SM 4500NorgC and | 1 per 10,000 yd® Greater than 6 parts per million (ppm)
EPA 300.0

Phosphorous (P) EPA 6010B 1 per 10,000 yd3 Greater than 5 ppm

Potassium (K) EPA 6010B 1 per 10,000 yd?® Greater than 50 ppm

a Testing frequencies for saturated hydraulic conductivity and water holding capacity designated at 1 per 10,000 yd3 are dependent on the variability
of the borrow source material. If the borrow source soil shows significant variability, then the testing frequency will be increased to 1 per 5,000 yd3.
DEQ concurrence will be required to establish the final test frequency for saturated hydraulic conductivity and water holding capacity.

P:\_ES11-086\Cell 16 Cvr-Rev.2-12\Appx B_CQA\Att 1_SRM-SAP.doc 1-2



Daniel B. Stephens & Associates, Inc.

A total of approximately 700,000 yd® of soil will be required to construct covers for Cell 16. The
soil rooting medium layer in the final covers requires approximately 630,000 yd® of the total

amount of soil. Testing requirements are specific for each of the three cover soil components:

e Gravel amended topsoil
e Soil rooting medium

e Select cover subgrade soil

A soil borrow area for the Cell 16 cover will be identified to obtain suitable on-site soil from
within US Ecology property. The borrow area will be the Steiner property where suitable soil
has been identified or another area at US Ecology. The Steiner property soil borrow area
illustrated on Figure 1-1 is approximately 318 acres. Based on lithologic logs from test pits
completed within the soil borrow area, the silt and silty sand material needed for the soil rooting
medium is generally found within the upper 10 feet of soil. The lithologic logs are shown on
Figure 1-1. Assuming an average 10-foot depth of excavation, soil rooting medium samples will
need to be collected from an area of approximately 40 acres, selected within the proposed
borrow area. At a testing rate of 1 per 5,000 yd® of soil rooting medium, approximately
126 index tests will be required. Testing for saturated hydraulic conductivity, water holding
capacity, salinity, and nutrients at a frequency of 1 per 10,000 yd® will initially require

approximately 63 tests.

Following completion of the soil rooting medium sampling and initial testing, the QA Certifying
Engineer shall submit a preliminary report on the soil testing to the DEQ for review and
approval. The report shall include all test results and a recommendation on whether the testing
frequency of 1 per 10,000 yd? for saturated hydraulic conductivity and water holding capacity is
sufficient, or whether additional testing is justified. The report shall also include calculations
demonstrating that the borrow source sampling locations, including vertical and horizontal
spacing, satisfy the sampling frequencies specified in Table 1 of this sampling plan. The need
for additional testing will be based on the degree of soil variability. DEQ concurrence, prior to
soil rooting medium final placement, will be required to establish the final test frequency for

saturated hydraulic conductivity and water holding capacity.
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2. Soil Sampling Methods

Soil samples will be collected by excavation of test pits. Test pits will be excavated using a
backhoe or excavator. Based on previous test pit excavations within the soil borrow area, a
distinct transition is visually evident at the depth where the desired silty soil for the soil rooting
medium transitions to a deeper clay horizon. Test pit excavations should extend at least 2 feet

beyond the desired SM/ML stratum to clearly identify the contact.

Soil samples will be collected as composite samples from each test pit location. Composite
samples should be representative of the entire stratum thickness proposed for use in cover
construction. The sampling interval depths should be recorded and referenced to a known
survey elevation for each test pit. When samples are collected, a total of approximately

15 gallons of soil (three 5-gallon buckets) will be needed for each sample.

3. Inspection of Sample Collection

Inspection of soil sample collection shall be performed under the direction of the QA Certifying
Engineer. During collection of the soil rooting medium samples, full-time inspection of the test
pit excavation and soil sample collection shall be performed. The QA Certifying Engineer may
designate a QA Inspector who is a qualified engineer, geologist, or soil scientist with at least two
years of relevant experience. The QA Inspector shall direct test pit excavation and perform
inspection of soil sampling. The QA Inspector shall record soil descriptions and make note of
the largest particle size evident at each testing location. The QA Inspector shall determine
whether soil samples will be collected at a given location, or whether soil should not be collected

when the soil does not appear to meet the characteristics required for the soil rooting medium.
4. Limits of Qualifying Area

Figure 1-1 shows the entire soil borrow area available and the location of three Steiner property
soil samples that were tested to show conformance with the soil rooting medium requirements.

Within the soil borrow area, the QA Inspector will direct where test pits are excavated.

Contiguous areas located within the limits of test pits yielding acceptable results for soil rooting
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medium are qualified for use in construction. Soil rooting medium shall not be obtained outside
of the qualified areas. The depth of excavation shall be limited to the depth of soils that were

previously tested to show acceptable characteristics.

The goal of soil testing will be to qualify a single, contiguous area of approximately 40 acres for
excavation of the soil rooting medium. More than one area may also be selected if necessary to
obtain qualifying soil. Within the area being tested, test pits will be spaced at approximately
115-foot on-center intervals, depending upon the thickness of the desired stratum. The test pits

shall be spaced at representative intervals as the testing for source evaluation proceeds.

The location of each test pit shall be staked and labeled during excavation. The locations and
test pit labels shall be recorded by a licensed surveyor. Accurate recording of the test pit
locations is essential to establishing the limits of the qualifying area. The test pit locations shall
be recorded on a map by the QA Inspector. The origins of each sample must be distinctly and

uniquely identified on sample containers and laboratory chain of custody forms.

During construction, the limits of the qualifying area for the soil rooting medium shall be clearly

staked and identified to the Contractor.
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Daniel B. Stephens and Associates - Calculation Sheet

Project Name: USEI Cell 16
Project Number: ES11.0086.00
Calculation Number: 1
Number of Sheets:

Calculation Performed By: REP Date: February 19, 2012
Calculation Checked By: Date:
Status (Draft or Final):

Objective of Calculation:

This calculation is performed to determine the stability of the final geometry of USEI cell 16
using the proposed cover design.

Assumptions:

1) Stability of the landfill may analyzed by representative, two-dimensional, cross sections.
Stability is predictable by methods of limit equilibrium analysis. Seismic stability may be
predicted by pseudo-static analysis.

2) Saturated conditions were not considered in the analysis, due to the nature of the waste
and depth to the groundwater.

3) The peak bedrock acceleration was obtained from the USGS National Seismic Hazard
Maps, 2008, 2% probability of exceedance in 50 years (reference 1).

4) The peak ground acceleration represents the value for bedrock in the area. The subsurface
materials on top of the bedrock were considered to amplify the bedrock acceleration. The
combination of waste and subgrade soils were treated as soft soil; a conservative estimate due
to the lack of subgrade shear wave velocities from the site.

References:

1) USGS National Seismic Hazard Map, 2008.

2) Gundle/SLT Environmental, Inc. (GSE). 2006. GSE Technical Note 17. Direct Shear & Friction
Angle Testing for GSE Membranes.

3) Koerner, R. M. 1990. Designing with Geosynthetics. Second Edition. Prentice Hall, New Jersey.

4) USEPA, 1995. RCRA Subtitle D (258) Seismic design Guidance for Municipal Solid Waste
Landfill Facilities. EPA/600/R-95/051. Washington D.C.

5) Washington Group International, Inc. 2002. Engineering Report for Landfill Cell 15 - Grand View
Facility. Boise, Idaho.

6) GeoStudio 2007 (Version 7.12 Build 4250). Geoslope International, Ltd., Calgary, Alberta, Canada.
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Variables:

84 := 26-deg friction angle between textured geomembrane and geocomposite
peak value reference 2

Cq = 60— cohesion between textured geomembrane and geocomposite

8y := 17-deg angle of shearing resistance between HDPE geomembrane and mica
schist sand
Cp=0-— reference 3 - Table 5.5 (a), Pg. 382

83 := 15-deg angle of shearing resistance between HDPE and CL soil

C3:= 14k—N 3= 292_396.ﬂ reference 3 - Table 5.6, Soil No. 3, Pg.
m2 #2384
dmin = min(61,62,63) Smin = 15-deg weakest liner strength parameters

RCRA Subtitle C (40 CFR 264, 265) does not provide direction for seismic design. At a
minimum, the landfill should satisfy the criteria for municipal waste landfills, RCRA Subtitle
D, 40 CFR 258.14.

USEI cell 16 is located in a seismic impact zone. Seismic impact zones are defined as
those regions having a peak bedrock acceleration exceeding 0.1 g based on a 90%
probability of non-exceedance over a 250 year time period (reference 4).

=0.11-g 8max = 3,539.E Peak Ground Acceleration (PGA) value from the USGS
2 National Seismic Hazard Maps, 2008
2% probability of exceedance in 50 years (reference 1)

amax -

note: This value represents the maximum bedrock (lithified earth) acceleration in the
area. Reference 5 (3.4.2) indicates that the surface of USEI is approximately 2,250 ft. to
the Banbury formation, representing bedrock at the site. Soils at the site are described
as (Reference 5, 3.2.3) silty and gravelly sands, silty sands, sandy silts, and silts. There
are interspersed layers of clay. Soils are decribed as very hard to hard, but shear wave
velocities are not available for the site.

Reference 4, Figure 4.4 and Figure 4.5 were used to relate the maximum bedrock
acceleration to the landfill cover acceleration. Both figures consistently predict a surface
acceleration of approximately 0.2g from a bedrock acceleration of 0.11g, for soft soils
and/or municipal waste. The seismic, horizontal acceleration of 0.11g and 0.2g were used
in this analysis.

ft
= 0.2 Amax = 6.435—

S
Other material properties used in the analysis are listed in the following table (see Reference 5).

amax -
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Material Friction Angle Cohesion Unit Weight

(degrees) (Ib/ft2) (Ib/ft3)
ET cover 30 0 101.6
Natural subgrade 36 800 115
Waste 30 125 115
Compacted clay liner 22 60 94
Common fill 31 1,000 124.8
Liner 15 292.4 1.0

Slope Stability Calculations Using Slope/W (reference 6)

Static and seismic slope stability calculations were performed for the cross-sections
presented in Figures 1, 2, and 3.

Figure 1. Profile of Cell 16 north slope used for stability analysis.
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Figure 2. Profile of Cell 16 east slope used for stability analysis.

Figure 3. Profile of Cell 16 south slope used for stability analysis.
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Summary of Minimum Factors of Safety for North Slope

Method Static FS

Morgenstern-Price
Ordinary
Bishop

Janbu

Morgenstern-Price
Ordinary
Bishop

Janbu

1.73
1.73
1.77
1.73

1.73
1.73
1.78
1.73

Seismic Seismic
(0.119) FS (0.20q) FS
1.29 1.09
1.30 1.10
1.32 1.12
1.29 1.09
1.29 1.09
1.30 1.10
1.33 1.13
1.29 1.09

Summary of Minimum Factors of Safety for East Slope

Method Static FS

Morgenstern-Price
Ordinary
Bishop

Janbu

Morgenstern-Price
Ordinary
Bishop

Janbu

1.82
1.81
1.85
1.82

1.82
1.82
1.84
1.81
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Seismic Seismic
(0.119) FS (0.20q) FS
1.34 1.13
1.35 1.14
1.37 1.16
1.34 1.13
1.34 1.13
1.35 1.13
1.36 1.14
1.34 1.13

Analysis

Circular/Auto Search
Circular/Auto Search
Circular/Auto Search

Circular/Auto Search

Block
Block
Block
Block

Analysis

Circular/Auto Search
Circular/Auto Search
Circular/Auto Search

Circular/Auto Search

Block
Block
Block
Block

57



Summary of Minimum Factors of Safety for South Slope

Method Static FS

Morgenstern-Price
Ordinary
Bishop

Janbu

Morgenstern-Price
Ordinary
Bishop

Janbu

Conclusion

1.73
1.73
1.77
1.73

1.74
1.73
1.77
1.73

Seismic Seismic
(0.119) FS (0.209) FS
1.29 1.09
1.30 1.10
1.32 1.12
1.29 1.09
1.31 1.13
1.33 1.15
1.35 1.16
1.31 1.15

Analysis

Circular/Auto Search
Circular/Auto Search
Circular/Auto Search

Circular/Auto Search

Block
Block
Block
Block

A 3:1 (horizontal:vertical) sloped ET soil cover will be adequately stable against typical

seismic events expected at this site. Selected failure surfaces are displayed in Figures 4

through 6. Specific report analyses are attached to this calculation. An additional
discussion is provided in the permit report.

1.128

Figure 4. Failure surface and factor of safety for circular seismic (0.20g) analysis of east slope.
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Figure 5. Failure surface and factor of safety for circular seismic (0.20g) analysis of east slope.

1.128 .

Figure 6. Failure surface and factor of safety for circular seismic (0.20g) analysis of east slope.
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Table 1.

Geosynthetic vs. Geosynthetic Normal stress 50, 400, 800 psf

interface - Peak . . ~large Displacement
Angle (degrees) Adhesion (psf) Angle (degrees) Adhesion(psf)
Smooth geomembrane/geocomposite 12 10 10 10
Co-extruded textured geomembrane/geocomposite 26 60 21 40
Woven GCl/geocomposite 25 15 22 5
Table 2. Geosynthetlc \CH Geosynthetlc Normal stress 4000, 8000, 15000 psf
Interface ‘ . Peak ' Large Displacement
Angle (degrees) Adhsinn (psh) Angie {degrees) Adhesion(psf)
Smooth geomembrane/geocomposite 12 80 10 25
Co-extruded textured geomembrane/geocomposite 24 520 19 20
Woven GCl/geocomposite 21 365 19 50
References:
' GSE Technical Note TNO17 - Index Testing vs. Performance Testing.
TNO16 DireciSheacFriction RO¥17/06
This information is provided for referance purposes onb/ ond is notintanded os a y oF g GSE no liobllily in connection with the use of this information. Pleasa check with
GSE for currant, standard minimum quality and specifications. : :
GSE and other rac In this document are registered irademarks of GSE Lining Technology, Inc. in the Umted States and cenain forelgn countries. o )
North Amerlco GSE Lining Technology, Inc Houston, Texas 800435 2008 261 443 8564 Fax: 281 230 8850
Sovth Americ 6SE Lining Technology (hiks SA. Sanfiogo, Chile : 562595 4200 Fox: 5625954290
Asla Padfic 6SE Liréng Technokgy Company Limited Bongkek, Thailand 62937 009 Foc: 66 2937 0057
Europe & Africa GSE Lining Technology GmbH Hombury, Gesmany 49 40 767420 Fax: 49 40 7674234
Middle East GSE Uining Tedhnology-Egypt The 6th of Oclober Gy, Egypt 202 2826 8388 Fex: 2022 828 838¢

www.gseworld.com
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Designing with Geomembranes  Chap. 5

TABLE 5.5 FRICTION VALUES AND EFFICIENCIES {IN PARENTHESES) FOR (a)

SOIL-TO-GEOMEMBRANE, (b) GEOMEMBRANE-TO-GEOTEXTILE, AND

{c) SOIL-TO-GEOTEXTILE COMBINATIONS*

{a) Soil-to-geomembrane friction angles

Soil types
Concrete sand Ottawa sand Mica schist sand
Geomembrane (b = 30% (b =28 (b = 26
EPDM 24° (0.77) 20° (0.68) 24° (0.91)
PVC
rough 27° (0.88) — 25° (0.96)
smooth 25° (0.81) — 21° (0.79)
CSPE 25° (0.81) 21° (0.72) 23° (0.87)
HDPE 18° (0.56) 18° (0.61) 17° (0.63)
{b) Geomembrane-to-geotextile friction angle
Geomembrane
PVC
Geotextile EPDM Rough Smooth CSPE HDPE
nonwoven, needle-punched 23° 23° 21° 15° g
nonwoven, melt-bonded 18° 20° 8° 21° 11°
woven, monofilament 17° 11° 10° 9° 6°
woven, slit film 21° 28° 24° 13° 10°
{c} Soil-to-geotextile friction angle .
Soil types
Concrete sand Ottawa sand Mica schist sand
Geotextile (¢ = 30% (b =28 (b =26%
nonwoven, needle-punched 30° (1.00) 26° (0.92) 25° (0.96)
nonwoven, melt-bonded 26° (0.84) — —_
woven, monofilament 26° (0.84) — —
woven, slit film 24° (0.77) 24° {0.84) 23° (0.87)

Source: After Martin, et al. [8]

*Efficiency values in parentheses are based on the relationship E = (tan 8)/(tan &)

on smooth geotextiles giving the lowest friction values. For reference purposes, Part ¢ of
Table 5.5 gives the soil-to-geotextile friction values that are necessary for slope design of
lined slopes with geotextiles under or over the liner.

The fricttonal behavior of geomembranes placed on clay soils is of considerable
importance in the composite liners of waste landfills. Current requirements are for the
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TABLE 5.6 FRICTION VALUES AND EFFICIENCIES {IN PARENTHESES) FOR VARIOUS
CLAY SOILS TO VARIOUS GEOMEMBRANES [9]
Soil no. 1 Soil no. 2
ML-CL CL-ML
Description c E. (%) ) Ey (%) c E. (%) $ Ey (%)
Soil-to-soil 9.0 100 38 100 12.0 100 34 100
Ca E (%) S Ey (%) [N E. (%) 5 Ey (%)
Geomembrane-to-soil
PVC 8.5 94 39 100 3.7 31 23 69
CPE 8.0 89 40 100 3.2 27 24 71
EPDM 5.0 55 33 87 5.0 a2 23 67
HDPE 5.0 88 26 68 2.0 17 23 67
Embossed HDPE 9.0 100 35 92 11.0 92 29 58
Soil no. 3 Soil no. 4
CL SP-CH
Description ¢ E. (%) ¢ Ey (%) c E. (%) o Ey (%)
Soil-to-soil 20 100 30 100 25 100 24 100
Ce E. (%) ] Ey (%) [ E_(%) ] Ey (%)
Geomembrane-to-soil
PVC 14.0 70 16 53 7.0 28 24 100
CPE 13.0 65 17 57 8.0 32 23 96
EPDM 8.0 40 23 77 7.5 30 20 83
HDPE 14.0 70 15 50 3.0 12 21 88
Embossed HDPE 18.0 90 27 90 15.0 60 26 100
Soil no. 5
CL-SP
Description ¢ E. (%) b Ey (%)
Soil-to-soil 28 100 22 100
C E. (%) 8 Ey (%)
Geomembrane-to-soil
PVC 12.0 43 17 77
CPE 10.0 36 19 86
EPDM 9.0 32 18 82
HDPE 14.0 50 15 68
Embossed HDPE 16.0 57 25 100

Note: ¢ and ¢, are in units of kN/m?, ¢ and 8 are in degrees.
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Glenns Fer Forimation

The Glenns Ferry Formation represents lacustrine, fluvial (nver), and flood plain
deposits. The first encountered groundwater at the proposed siting area is in this
‘formation. The first water-bearing zones beneath the site consist of two groups 6f thin
sand beds that are interbedded in the fine-grained Iacustrlne sediments of the Glenns

Ferry Formation.

Bruneau Formatian

The, Bruneau Formation consists of unconsolidated lake deposits to high-energy river -
gravels. These are coarse-grained deposits that are located at the ground surface near

the site.

3.2.3 Subsurface Conditions

Subsurface conditions at the proposed site have been determined preliminarily based on '

a review of the subsurface conditions encountered in the excavation of Landfill Cell. 14,
(Landfill Cell 14 represents a large test pit excavated to a depth equal to the planned
Landfill Cell 15 and provides information related to expected excavation conditions.) In
addition, the detailed logging.of monitoring well D-40, which is near the south edge of
lLandf Il Cell 15, has provided additional geologic and geotechnlcal information., :

Before constructlon of the landfill cell is begun, site subsurface conditions. will be
confirmed by drilling, sampling, and logging several additional geotechnical exploration
borings within the Landfill Cell 15 area. Laboratory tests will be conducted on selected
disturbed and undisturbed samples to correlate the existing site soils data with the 501Is

encountered.

The site soils are composed primarily of layers of silty sands and sandy silts, with some
silt and clay layers. The top 30 to 40 feet are composed primarily of silty and gravelly
sands, which are underlain by silty sands.and sandy silts to a depth of approximately
150 feet. Below 150 feet, thick beds of inorganic silt are encountered. These materials
were deposited as fluvial lake deposits. Borings data show that relatively consistent,
uniform soil conditions exist throughout the site. The site soils may generally be
classified as over-consolidated, cohesionless soils consisting of very dense silty sands
and sandy silts. The soils are generally classified as SP, SM, SP-SM, and ML according to
the Unified Soil Classification System (USCS). The Standard Penetration Resistance N-
values generally range from 50 to more than 100 blows per foot, Indicating that these

soils are very dense.

Fine-grained soil strata were also encountered at the site. These soils consist of low-
plasticity silts that are classified as ML according to the USCS. The Standard Penetration
Resistance values in these soils generally exceed 30 blows per foot, indicating that

these soils are hard.
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Engineering Report

Q\¥ Washington - Landfill Cell 25
Date Latitude Longitude
{yy/mm/dd) (deq) {deg) Magnitude Comments

1959/08/18 44.83N 111.01wW 7.5 Hebgen Lake earthquake
1955/08/18 45.00N 110.70W 6.5 Hebgen Lake aftershotk
1959/08/18 45.06N 111.80W 6.0 Hebgen Lake aftershock
1959/08/18 44.86N 110.71W 6.3 Hebgen Lake aftershock
1959/08/19 44,75N 111.61W 6.0 Hebgen Lake aftershock
1975/03/28 42 95N 112.51W 6.0 56 miles from Pocatelio, ID
1983/10/28 43.96N 113.88W 7.3 Borah Peak earthquake

. All of these earthquakes caused property damage. The Hebgen Lake and Borah Peak
earthquakes caused loss of human life,

The effect of these historical earthquakes is accountéd for in the horizontal

accelerations depicted in USGS Map MF-2120, and a bedrock acceleration of 0.15 g was

conservatively assumed as the design acceleration for Site B. -

3.6 Climatologic

Climate data are available from the US Weather Service (University of Idaho, 2002).
"The average annual temperature of Grand View is 52°F. The temperature ranges from
a monthly average maximum of about 94.1°F to a monthly average minimum of 20.2°F.

The average annual précipitation is 6.97 inches. The average monthly precipitation is a
minimum of 0.18 inch in July to a maximum of 0.91 inch in May. Show may fall as early
-as October and may end as late as May, with an average annual snowfall of 5.9 inches.

The historic data of earliest frost is October 29.

4.0 REGULATIONS

4.1 IDEQ (RCRA)

The Landfill Cell 15 design was conducted and produced in compliance with 40 CFR
264, Subpart N. In particular, the requirements in 40 CFR 264.301, design and
operating requirements, and 40 CFR 264,302, action leakage rate, were used as
controlling principles. Elements of the design for leachate control and collection, for
liner design, and for construction quality assurance planning received close attention to

minimize issues during construction.

4.2 TSCA

The design was conducted in compliance with 40 CFR 761. In particular, the design
incorporates the chemical waste landfill design requirements from 40 CFR 761.75,
which includes technical, design, and location requirements. These requirements did not
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» 1,000 feet (from the expanded site perimeter) of existing public/private and
irrigation water wells, unless it can be demonstrated that natural hydrologic barriers

isolate the site location from the aquifer being pumped.
« A ﬂoo'dpla'in of a 500-year flood.
= Areés that are near active fault zones or other tectonically active or unstable area.
» Areas overlyfng any subsurface mining.

= 5,000 feet of any off-site residential structure that is routinely occupied at least
8 hours per day.

s 3 miles of schools, airports, hospitals, churches.
= 3 miles of a population center greater than 150 people.
The relocated buffer zone location still meets the criteria presented above.

The proposed Landfill Cell 15 design Iayout is shown on Drawmg 52-01-01, Appendix A.
The cell extends approximately 1,768 feet in the east-west direction and is

-approximately 768 feet wide, measured around the outer limit of the bottom liner at the

-berm crest. This location is defined as the “waste limit” for the Landfill Cell 15 design.

5.3 Slope Stability
-Landfill Cell 15 has been analyzed for slope stability including the maximum allowable - ,

excavation slope, the interim waste slope between Cell 15 construction phases, the final -

waste slope prior to cover placement, and the final exterior cover slope.

The landfill plan, sections, and details depicting the design conditiohs are shown on
Drawing 52-01-01 and Drawings 52-01-03 through 52-01-05, Appendix A. The
simplified model geometries used in the slope stability program are shown on

Figures 5.1 through 5.4.

Stability analyses were performed using the commercial slope stability program
SLOPE/W, Version 4, by GEO-SLOPE International, Ltd. The Spencer method of total
equilibrium analyses was used to calculate the factors of safety. Circular and/or wedge
failure surfaces were analyzed, depending on which was appropriate for the slope

geometry being con5|dered

The SLOPE/W program allows the user to model the geometry and material properties

and specify the regions to search for the critical failure surface. The program calculates
the minimum factor of safety for the given geometry and materials on a trial-and-error
basis. Thousands of potential failure surfaces are generated and associated safety
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Table 5-2  Geotechnical Desugn Parameters

I MaterialiTyne/ Locations B o e e R s Mateniak Propartyiss
¢’ = 800 to 2000 psf

Clay and silt vt = 125 pcf (Assumed)
(ML with some CL and CH) clay w=3t09%,avg. = 7.7%
silt w= 21 to 39%, avg. = 26.4%, 5=6.6, 0 = 6.1

" Percent passing No. 200 = 60 to 100%
Strength (based on UU tests)
@ =2°t0 13°
. € = 4,200 to 8,400 psf
Compacted Common Fill " | Max. yg per ASTM D698 = 124.8 pcf
Sand and silty sand : . OMC=9.0% -
(SP, SM, SP-SM) ] ¢ = 1000 to 1300 psf (direct shear)
@ =317°to 34.7° -
Cover soll (M L) Max, yg per ASTM D698 = 127 pcf (assumed)
OMC = 15.0% (assumed) "~
Drained strength:
c=0 (assumed)
_ . @ =27° (assumed) -
Compacted Clay Liner Lab. K= 1x10-7to 2 x 108 cm/s
Ketterling Clay (CL, CH) %CL=17t0 37
PI-=14.6 to 26.5
LL=374to51.7
Max. yg per ASTM D698 = 57.9 to 104.5 pcf
OMC = 20.0 to 22.8%
In-situ yd = 93.9 to 103.4 pcf
% Std. Proctor achieved = 95 to 105
Drained strength:
@ = 22° (assumed)
¢ = 60 psf {(assumed}
Undrained Strength:
@ =0°
¢ = 3000 psf {assumed}
Insitu w=28t03.4% .

Weakest Geosynthetic:

GCL (saturated and complete Strength: @ = 8° (published mfg. test data) -
degradation of tensile :
reinforcement) ’ .
GCL (reinforced and hydrated) Strength: @ = 18° (published mfg. test data)
Waste ’ . o
Stabilized soil-like waste y: =140 pef
Total stress {CU)
@ = 28°
¢ = 4,900 psf
Effective Stress (CU/pp)
@ = 32°
c' = 3,600 psf
Unstabilized soil-tike waste Yr =115 pcf (assumed)
Total stress (CU)
P=0°

€ = 500 psf (This is the consistency of soft c!ay, itis
not reasonable so will be ignored.)
Effective stress (CU/pp)

@' =30°

¢’ = 125 psf
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Daniel B. Stephens & Associates, Inc. - Calculation Sheet

Project Name:  USEI Cell 16
Project Number: ES11.0086
Calculation Number: 1
Number of Sheets:

Calculation Performed By: S Brady Date: 2/23/2012
Calculation Checked By: Date:

Status (Draft or Final): Final

Obijective of Calculation:

This calculation is performed to determine the critical distance along a slope before gully
formation begins. The calculation will be used to determine portions of the cover that will remain
bare soil and/or vegetation; and portions of the cover that will require designed erosion protection.

Assumptions:

1) On-site, loamy sand soil will be amended with 25% by weight gravel (10 mm - 50 mm)
and organics to form the top layer of the final cover. This soil will be referred to as
"amended,’ has a D of 0.5 inches, the minimum size of gravel used, and a roughness

factor of 0.025, reference 5.

2) Onsite, loamy sand soil has an allowable shear stress of 0.02, typical of soils with
D,5<0.05 inches, reference 4, and a manning roughness factor of 0.018, reference 5.

2) The top deck of the cover will have a slope of 3.5%. The sides of the cover will have a
slope of 33%.

3) The 100 year - 1 hour storm intensity was used for calculation, reference 3. 100 year - 1

hour storm event at the site is not available, the method of estimation provided in reference
3 is used.

References:

1) U.S. Nuclear Regulatory Commission (NRC), 2002. Design of Erosion Protection for
Long-Term Stabilization, NUREG-1623. Washington, DC.

2) Sturm, T. W. 2001. Open Channel Hydraulics. McGraw Hill. New York.

3) NOAA Atlas 2, Precipitation-Frequency Atlas of the Western United States, Volume
V-ldaho, 1973.

4) U.S. Department of Agriculture (USDA). 1987. Stability Design of Grass-Lined Open
Channels. Agriculture Handbook Number 667. Stillwater, OK.
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Variables:

qg = 1.07 runoff intensity (inches/hour), reference 3
D75 =05 effective diameter of gravel amended soil (inches)

equation used to determine allowable shear stress for soils with
D,5 > 0.05 inches, reference 4

ty =04 D75
ty=102 allowable shear stress for amended soil (Ibf/ft2)

tg:=0.02  allowable shear stress for on-site soil (Ibf/ft?), D;5 < 0.05 inches (ref 4)
nq := 0.018 roughness factor for onsite soil, reference 5

n, := 0.025 roughness factor for amended soll, reference 5

Xt = 2.0-deg Xg = 18.4-deg

Calculation:

This calculation was performed using the Horton/NRC Method; reference 1.

fgp = —3 slope function value recommended by reference 2, Pg. A-4, Step 3
tan(x)~ f = 0.095
sin(xs)
fgg= —— slope function fgg = 0.439
0.3
tan(xs)
5
65, °
Xep:= ———— X1 = 655.083 critical distance (ft) for amended soil on
> side slopes
f 3
UsN2-1ss
5
651>
Xepi= ———— X = 19.602 critical distance (ft) for on-site soil on side
> slopes
f 3
UsN1-1ss
5
65, ° 5 _
X3i=—— Xc3 = 8.333 x 10 critical distance (ft) for amended soil on top
S deck
f 3
ds'N2-Tst
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APPENDIX A
SECTION1
DESIGN OF SOIL COVERS
1 INTRODUCTION

Because regulations require that tailings remain stable for very long periods, and because of
the limited amount of performance data available for soil slopes, it is necessary to exercise caution
in their design. Such designs should be based on the premises that: (1) unconcentrated sheet flow
is not a realistic assumption, and there will always be some random flow spreading and/or flow
concentrations as flow progresses down embankment side slopes; (2) phenomena such as differential
settlement and wind erosion can caunse uneven surfaces that provide pockets for erosion and
preferential flow paths to occur on a slope; and (3) freezing/thawing of the soil cover can cause
deterioration and damage (e.g., frost heave) to slopes, thus producing areas prone to the formation
of concentrated flow.

The management position developed by the U. S. Nuclear Regulatory Commission (NRC) staff
(NRC, 1989) provides guidance in the selection of the design flood and the level of conservatism
needed in designing tailings covers. In general, the position calls for use of reasonable conservatism
in those areas that are not well-understood; however, extremely conservative values of design
parameters are not to be used. In those areas where the phenomena are well-understood or where
the range of design parameters is relatively narrow, typical or average values may be used in design.
For the design of soil covers, there are several design parameters that are not well-understood, such
as flow concentrations, long-term effectiveness of vegetation as erosion protection, allowable
stresses or velocities, roughness of the cover when flow depths are small, and other miscellaneous
problems that could occur over a period of 1000 years. ‘

The NRC staff has therefore concluded that the slope of a soil cover should be one that is stable
and will: (1) minimize the potential for development and growth of a gully over a long period of
time, assuming that flow concentrations occur; and (2) prevent the erosion of tailings due to

gullying.
2 DESIGN OF UNPROTECTED SOIL COVERS
2.1 Technical Basis
2.1.1 Horton/NRC Method
Horton (1945) determined that an area immune to erosion existed adjacent to a watershed
divide. The distance from the watershed divide to the point down the slope at which erosion will

occur was termed the critical distance, x.. At this point the eroding force becomes equal to the soil
resistance. The following expression was developed by Horton to determine the cnncal distance:

A-l NUREG-1623



65 R>3

X = —— -
¢ % 1 K& (A-1)

where:

x, = critical distance, in ft

= nmoffintensity, in inches/hour, corresponding to the computed time of concentration

n = roughness factor

R = soil resistance, Ib/ft*

f(S) = slope function= X

tan~x

where:

x = slope angle in degrees, measured from horizontal

If the following substitutions are made, the stable slope (S,) can be determined:
S, = sinx =tanx, for small values of slope;

t =R = allowable shear stress (pounds per square foot);

P =g, =design precipitation intensity (inches/hour); and

L =1x =slopelength (fi).

A flow concentration factor (F) is used in the equation to account for imperfections in the slope
and is multiplied by the rainfall intensity.

Therefore,

g _ 65 (9 i

s PLFn (4-2)

Equation A-2 may also be derived by simultaneous solution of the Manning Equation, the peak
shear stress formula, and the Rational Formula.

Use of equation A-2 allows direct solution of the value of the stable slope necessary to prevent
the initiation of gullying. The slope thus determined represents the maximum slope that can be

NUREG-1623 A-2



provided to minimize the potential for gully initiation due to the occurrence of one single intense
rainfall event, and thus should also minimize erosion due to a series of less intense storms to be
expected over a period of 200 to 1000 years.

Temple et al. (1987) and Chow (1959) discuss methods for determining allowable shear
stresses and recommend that the shear stress method be applied to design a stable section. The shear
stress method is often used to assess the size and slope of channels needed to maintain stability.
Data are available to estimate permissible shear stresses for various types of soils (Temple et al.,
1987).

It is expected that the use of this method will result in relatively flat slopes for achieving
long-term stability. Basic hydraulic design principles indicate that the resulting slopes are likely to
be flat enough to achieve subcritical flow, even if small rills and channels are formed on the
embankment slope. The staff concludes that the resulting subcritical flow regimes that are formed
will generally not result in severe erosion of a tailings cover, even if a gully is formed, based on an
examination of standard bed load equations and sediment transport models (Chow, 1959; Fullerton,
1983).

2.1.2 Permissible Velocity Method

Use of the permissible velocity method is discussed in detail by Chow (1959). The method
is widely used to design stable channel sections, both for cohesive and non-cobesive soils. However,
there is a potential for misuse when applying this method to design stable slopes or any application
other than channel design. If properly applied, there is no reason for rejecting its use. The most
common misuse is the failure to reduce the permissible velocity if the depth of flow is relatively
shallow (less than 3 ft).. As stated by Chow:

"When other conditions are the same, a deeper channel will convey water at a higher
mean velocity without erosion than a shallower one. This is probably because the
scouring is cansed primarily by the bottom velocities and, for the same mean velocity,
the bottom velocities are greater in the shallower channel. . ."

It can be seen that reductions to the permissible mean channel velocity are needed to reflect
the velocities that are to be used for slope designs, where the depths of flow are shallow. Chow has
published correction factors, based on the depth of flow. Abt and Hogan (1990) have determined
that such corrections are appropriate, based on an examination of the original data and based on
hydranlic theory.

Additionally, based on examination of data from the Soil Conservation Service (SCS, 1984),
the staff recommends that the maximum permissible velocity for grassed covers and chaunels be
limited to about 2% to 3 ft per second. This limit is necessary because no credit may be taken for
active maintenance in designing for long-term stability. Further, SCS data suggest that maximum
permissible velocities for most vegetation species, other than thick grasses, should be in this range.
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2.2 Procedures

Procedures have been developed to () design a stable unprotected soil cover (or vegetated soil
cover with no credit given for vegetation) using the allowable shear stress method, as modified and
developed in the Horton/NRC Method and (b) design astable vegetated section using the permissible
velocity method for areas where vegetation can be effective. These procedures provide two
acceptable methods for designing stable covers. Itis recognized that in many cases, specific values
of parameters may be difficult to justify. In those cases where licensees can justify values of
individual parameters that depart from the values given by suggested references, the resulting
designs will be considered on 2 case-by-case basis.

2.2.1 Unprotected Soil Cover

Step-by-step procedures for implementing the allowable shear stress method for an unprotected
soil cover are presented below:

Stepl.  Determine maxiroum allowable shear stress for bare soil using procedures developed by
Temple et al. (1987). The staff considers Temple’s method to be an accurate method for
determining shear stresses because it is related to the Unified Soil Classification System
and can be applied for specific soil types and degrees of cohesiveness. In general, the
Temple procedure for determining allowable shear stress is based primarily on the soil
particle size and the soil cohesiveness. The amount of resistance for granular
non-cohesive soils, including rocky soils, is principally a function of the D, grain size,
where the allowable tractive force is equal to 0.4 x D,s (Temple et al., 1987). For
granular soils, the increase in shear resistance due to cohesiveness is minimal. For
cohesive soils where the particle size is smaller, the amount of resistance is principally
a function of the soil cohesiveness and not the particle size.

Step2.  Determine slope and slope length to be considered, as developed in the preliminary
reclamation design.

Step3.  Determine flow concentration factor (F). Documentation of the occurrence of flow
concentrations and the ability of an individnal rock or soil particle to resist given flow
rates is discussed further by Abt et al. (1987). The actual value of F will depend on
several factors, including grading practices during cover construction, cover slope, and
potential for differential settlement. The staff recommends a default value of 3, for most
soil slopes; other values may be used, if properly justified.

Step4.  Estimate Manning’s "n" value using general procedures given by Temple et al. (1987);
by Nelson et al. (1986); or by Chow (1959).

Step5.  Determine the rainfall intensity using the procedures given by Nelson et al. (1986) and
determine the peak runoff rate using the Rational Formula.
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Step 6.

Solve for stable slope, using the Hortoo/NRC equanon If the computed slope is
different from that assumed, return to Step 2 with new values of slope and/or slope

length.

2.2.2 Vegetated Soil Cover

Step 1.

Step 2.
Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Maximum permissible velocities (MPVs) should be estimated using data developed by
the U.S. Soil Conservation Service (SCS, 1984); or by Nelson et al., 1986). Based on
these data, maximum MPVs should generally range from about 2% to 3% ft per second
for any vegetation other than dense grasses. These velocities need to be further reduced,
as discussed in Step 6.

Determine slope and slope length.

Determine flow concentration (F). See Step 3 in Section 2.2.1, above for additional
information.

Estimate Manning’s "n" value using procedures recommended by Chow (1959,
Table 7.6) for very low vegetal retardance (Fig. 7.14).

Determine rainfall intensity and runoff rate using procedures discussed in Step 5in
Section 2.2.1.

Determine the flow depth (y) by solving the Manning Equation for normal depth on a
one-foot-wide strip. This equation can be solved directly in this case using the following
derivation:

y3? = Qn/ (1.486 S'2). (A-3)

Determine the permissible velocity for the slope, based on the computed depth of flow.
Chow has developed correction factors that may be applied to determine the permissible
velocity. The permissible velocity is multiplied by the following correction factors,
depending on the depth of flow.

Depth of Flow (ft) = Coriection Factor

3.0 or greater 10
19 09

1.0 0.8
0.65 0.7
04 0.6
0.25 or less 0.5

For the assumed one-foot-wide strip, determine the actual flow velocity (V,) by dividing
the discharge by the flow depth:
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v, = Qf. (A-D)

If this velocity is greater than the permissible velocity computed in Step 7, return to Step
2 with new values of slope and/or slope length.

23 Recommendations

Recommendations are discussed in Section 2.2, for various steps of the design procedure.
Particular attention should be given to determining allowable shear stress values and permissible
velocities, since these parameters are likely to be the most sensitive parameters in the calculations.

2.4 Examples of Procedure Application

2.4.1 Stable Slope of an Unprotected Soil Cover

For a site located in northwest New Mexico with a slope length of 1,000 fi, the stable slope of
an unprotected soil cover may be computed using the allowable shear stress method.

Step 1.

Step 2.

Step 3.

The allowable shear stress is estimated using methods given by Temple et al. (1987). For

aclay soil having a void ratio (e) of 0.5 and a plasticity index of 15, the allowable shear
stress (t,) is computed using:

t, =1, Ce, (A-5)
where t, =basic allowable shear stress (pounds per square foot),

C, =void ratio correction factor,

C, = 1.38 - (0373)(¢) = 1.38 - (0.373)(.5) = 1.19 (A-6)

t, =0.0966 (from Table 3.3, Temple (1987),
t, =(0.0966)(1.197 = 0.14 Ib/fe.

The slope length is assumed to be 1,000 ft. The slope magnitude is assumed to be
0.002.

The flow concentration factor is assumed to be 3, assuming that uniform grading will be
done during construction and that differential settlement has been shown to be
insignificant..
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Step 4.

Step 5.

Step 6.

Manning’s "n" value is estimated using Chow (1959). For a uniform weathered earth
section (using normal values),

n=0.025
The rainfall intensity is estimated using the procedures given by Nelson et al. (1986).
It is assumed that the intensity has been calculated to be 40 inches/hour, using this

reference.

The stable slope may be computed using the aforementioned NRC derivation of the
Horton Equation:

(S,)"° = (65)(-14) / (40)(1000)(3)(0.025) (A-T

S, =0.002 fuft.

Since the stable slope is equal to the assnmed slope, the design is acceptable.

2.4.2 Stable Slope of a Vegetated Soil Cover

Step 1.

Step 2.
Step 3.

Step 4.

Step S.

Step 6.

The maximum permissible velocity (MPV) is estimated using SCS (1984) tobe 3.0 ft per
second, representing marginal vegetation cover, other than thick grasses.

The slope length is assumed to be 1,000 ft and the slope is assumed to be .003

F is assumed to be 3.

Using Chow’s (1959) relationships (Figs. 7-14) for very low vegetal retardance, a
velocity equal to the MPV of 3, and an assumed depth of flow of 1.0 ft, VR is calculated
to be 3 where (R = 1) and "n" is estimated to be .028.

Rainfall intensity is assumed to have been calculated to be 40 inches/hr.

Q is computed using the Rational Formula:

Q =FciA =(3)(1.0)(40)(1000)/43560

Q= 2.75 cfs/ft

The flow depth (y) is computed by
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y53 = Qn

" 1486512
g% o _@T)028)
(1.486)(.003)2
y =096 ft

Step7.  Foradepth of flow of 0.96 ft, the reduction factor is computed to be about 0.80. The
permissible velocity for this depth of flow is

MPV = (0.80)(3.0) =24 fisec

Step8.  The actual flow velocity (Va) is

Since the actual velocity is greater than the permissible velocity, return to Step 2 with new
values of slope.

2.4.3 Stable Slope of a Rocky Soil Cover

It is proposed that a rocky soil will be provided to closely simulate naturally-occurring desert
armor and desert pavement at a site in the semi-arid southwestern United States. Based on grain-size
analysis, the rocky soil is found to have a D,; particle size of 1.0 inches. The rock in the soil also
meets the minimum durability criteria given in Appendix D.

Stepl.  The allowable shear stress is estimated using the procedures discussed by Temple et al.
(1987):

t =04 x Dy (A-12)

where D, is the particle size in inches for which 75 percent is finer.

t = 04 (1.0) = 0.4 Ib/ft? (A-13)
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116 CHAPTER 4: Uniform Flow

TABLE 4-1 (Continued)

Minimum

Normal

1. Clean, recently completed

Type of Channel and Description Maximum
B. Lined or Built-up Channels
B-1. Metal
a. Smooth steel surface
1. Unpainted 0.011 0.012 0.014
2. Painted 0.012 0.013 0.017
b. Corrugated 0.021 0.025 0.030
B-2. Nonmetal
a. Cement
1. Neat, surface 0.010 0.011 0.013
2. Mortar 0.011 0.013 0.015
b. Wood
1. Planed, untreated 0.010 0.012 0.014
4. Planed, creosoted 0.011 0.012 0.015
3. Unplaned 0.011 0.013 0.015
4. Plank with battens 0.012 0.015 0.018
5. Lined with roofing paper 0.010 0.014 0.017
¢. Concrete
1. Trowel finish 0.011 0.013 0.015
2. Float finish 0.013 0.015 0.016
3. Finished, with gravel on bottom 0.015 0.017 0.020
4. Unfinished 0.014 0.017 0.020
5. Gunite, good section 0.016 0.019 0.023
6. Gunite, wavy section 0.018 0.022 0.025
7. On good excavated rock 0.017 0.020
8. On imregular excavated rock 0.022 0.027
d. Concrete bottom float finished with
sides of
1. Dressed stone in mortar 0.015 0.017 0.020
2. Random stone in mortar 0.017 0.020 0.024
3. Cement rubble masonry, plastered 0.016 0.020 0.024
4. Cement rubble masounry 0.020 0.025 0.030
5. Dry mbble or riprap 0.020 0.030 0.035
e. Gravel bottom with sides of
1. Formed concrete 0.017 0.020 0.025
2. Random stone in mortar 0.020 0.023 0.026
3. Dry rubble or riprap 0.023 0.033 0.036
f. Brick
1, Glazed 0.011 0.013 0.015
2. In cement mortar 0.012 0.015 0.018
g. Masonry
1. Cemented rubble 0.017 0.025 0.030
2. Dry rubble 0.023 0.032 0.035
h. Dressed ashlar 0.013 0.015 0.017
i. Asphalt
1. Smooth 0.013 0.013
2. Rough 0.016 0.016
j. Vegetal lining 0.030 0.500
C. Excavated or Dredged
a. Earth, straight and uniform -
0.016 0018 0.020
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P R R SRR B prE I S G NS RN o P Zo SR TS S I SRR R
Type of Channel and Descnpt.lon Minimum Normal Maximum
2. Clean, after weathering 0.018 0 022 ., 0.025
3. Gravel, uniform section, clean 0.022 0. 025 7 0.030
4. With short grass, few weeds 0.022 o027 0.033
b. Earth, winding and sluggish
1. No vegetation 0.023 0.025 0.030
2. Grass, some weeds 0.025 0.030 0.033
3. Dense weeds or aquatic plants in
deep channels 0.030 0.035 0.040
4. Earth bottom and rubble sides 0.028 0.030 0.035
5. Stony bottom and weedy banks 0.025 0.035 0.040
6. Cobble bottom and clean sides 0.030 0.040 0.050
c. Dragline excavated or dredged
1. No vegetation 0.025 0.028 0.033
2. Light brush on banks 0.035 0.050 0.060
d. Rock cuts
1. Smooth and uniform 0.025 0.035 0.040
2. Jagged and irregular 0.035 0.040 0.050
e. Channels not maintained, weeds and
brush uncut
1. Dense weeds, high as flow depth 0.050 0.080 0.120
2. Clean bottom, brush on sides 0.040 0.050 0.080
3. Same, highest stage of flow 0.045 0.070 0.110
4. Dense brush, high stage 0.080 0.100 0.140
D. Natural Streams
D-1. Minor streams (top width at flood
stage < 100 ft)
a. Streams on plain
1. Clean, straight, full stage, no rifts
or deep pools 0.025 0.030 0.033
2. Same as above, but more stones
and weeds 0.030 0.035 0.040
3. Clean, winding, some pools and
shoals 0.033 0.040 0.045
4. Same as above, but some weeds
and stones 0.035 0.045 0.050
5. Same as above, lower stages, more
ineffective slopes and sections 0.040 0.048 0.055
6. Same as 4, but more stones 0.045 0.050 0.060
7. Sluggish reaches, weedy, deep pools 0.050 0.070 0.080
8. Very weedy reaches, deep pools, or
floodways with heavy stand of
timber and underbrush 0.075 0.100 0.150
b. Mountain streams, no vegetation in
channel, banks usually steep, trees
and brush along banks submerged at
high stages
1. Bottom: gravels, cobbles, and
few boulders 0.030 0.040 0.050 ,
2. Bottom: cobbles with large boulders 0.040 0.050 0.070 G}
D-2. Flood plains v
a. Pasture, no brush -
1. Short grass 0.025 0.030 0.035 r
(continued)
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Table 12.  Equations for estimating 1-hr values In Idaho with siatissical parameters for cach equation

Nevads, western Utah, and the southeastern desert areas of Cali-
fornla. The pertion within Jdaho is in the southeastern comer of
the State and is south of the sonthern boundery of the Snake River
Basin (Region 3, fig. 1), Equations 1o provide eatimstes far the
1-ir duration for 2- ¥nd 100-yr retumm periods are chown in table
12, Also listed are the statistica] parumeters associsted with
ench equation. In hese equations, the vaziable [(X)(X,/X,)] o
XX 7X,)) can be regarded w Uie G-t valus times the slope
of the line connecting the 6 and 24-hr values for the appropriats
return yoar.

As with any separation into regions, the boundary can only
be regarded ea the sharpest portion of o zone of transition beiween
regions. These equations have boen toated for boundary disconti-
uities by computing values uslng equations from boih sides of the
boundary. Differences were found 1o be mosily under 13 percent.
Howsver, it is sugegstod that when corputing estimates along or
within & few miles of a regional boandary computations be made
osing equations applicable to cach region ard thet the average of
such caraputatians be adopted.

Estimates of 1-br precipitetion-Trequeacy values lor retarm
periods befwern 3 and 100 yre. The 1-hr oahwes for the 2- and
100 yr retutn periods can be ploticd on the nomogram of figare §
to obizin values for retum periods grester than 2 yrs ot Jess than
100 yrs. Draw » straight line connecting the 2. and 100-yr values
and read the desired return-period value fromt the nomogram

Estimatey for 2- ond 3-hr (120- and 180-main) preelpitetion.
Iroqoency vatoes. To obtain estimates of precipitalion-froquency
valves for 2 or 3 hra, plot the 1- ond the 6-br values from the
Atlas 00 the appropriste nomograra of figure 15, Draw o stright
line comnecting the 1- and 6-hr values, and read the 2- and 3-hr
values from the This oo i i of
retorm period. It was developed using data from 1he 1ama regions
wied bo develop the I-hr equations.

The mathematical solution from the data used to
figure 15 gives the following cquadoms for estimating the 2- and
3-hr vetues:

For Region 1, 2-hr==0.278 (6-hr) + 0.722 (J-hr)  (3)

figore 18 3hr = 0.503 (6-he) + 0497 (1br)  (4)
FarReglon2,  2hr— 0250 (6-h) + 0.750(1-h) (5
figaro 18 3-hr o= 0.467 (6-hr) + 0533 (L-br)  (6)
ForRegion3, 2= 0299 (5h9 + 0701140 (D
figure 18 3-hr == 0.525 (6-Ar) + 0474 (1-hr) (B}

Estimates for 12-kr (720-tain) peecipitation-frequency valoss,
To obtain estimates for the 12-hr duratioa, plot values from the
6- and 24-hr maps oo figere 16. Read the 12-he cstimates at the
iniersecrion of the line conoecting these polats with the 12-hr
duration line of the nomogram.

Eatlooates for less than 1 br. Ta obtain enimates for durs-
tions of less than 1 br, apply the valucs in table 13 to the I-hr
value for the rewrn period of inerest,

Region of applicabliity*

Meen of Standard
Corr, No. of computed error ot
Coeff, statlons  sin. values  estimate
(inches) (Inches)

Srake River Vatley below 5,000 Tt
58]

Mountainous reglons of Washing-
ton and Oregon east of crest of
Cascade Range and of Idaho and
Montana west of Continents!
Divide and north of southern
boundary of Snake River Besin—
sxcluding Snake River Valley
below a smoothed 5,000t
contour (2)

Western Utsh and Nevada except
Snake and Virgin River Basins and
spitlover zone east of Slerma
Nevada crest (3)

List of varlables
Yy == 2-yr 1-hr estimeted valus

100-yr 1 estirwled valoe

Y2 = 0.077 4 O.715[06)K,/%)]

.

Xy = 2:yr 6-hr velus trom pracipitation-frequency maps

Xg == 247 24-hr value from precipitation-frequency maps
Xy == 100-yr 6-hr value from precipitstion-frequancy maps
Xy == 100-yr 24-hr valie from precipRation-frequency maps
X = latitude {in decimals) minus 40°

Xy == longitude {in decimale) minus 100°

Z = point efevation in hundreds of feet

{llustration of Use of Precipitation-Frequency
Maps, Dlagrams, and Equations

To illustrate the vse of these maps, values wers read from
fignres 19 1o 30 for the point a1 4400 N. and 115°00" W. These
values are shown in boldface type in table 14. The values road
from the maps should be piotied on the return-period diagram of
figure 6 becanac (1) not all pointa arc oy casy to locate on a
ceries of maps as ore latitade-langitude intersections, (2) there may
be some alight registration difiecences in printing, and {3) precise
interpolation between isolines is difficult. This has been dons for
the 24-hs valucs in table 14 Cfig. 172} #nd 3 finc of best fit has
been drawn subjectively. On this nomogram, the $0-yr vale
appears somewhat below the line, 5o the value read from the maps
is corrected (as shown by the strikeout in wblo 14); such corrected
values are adopted in preference to the original readings.

The 2- and 100-yr 1-hr values for the point wece computed
from the equations applicable to Region 2, figurs 12 (table 12)
since the polnt ks in the orographic region, The 2-yr l-br is
estimated al .56 in, (using elevation of 9,100 ft and 2-yr 6- ond
24-hr values from wable 14); the estimated 100-yr 1-hr value is
137 in. (100-yr and 24-hr valucs from tablo 14). By plotting
these 1-hr vales o figure 6 and conneering them with a straight
line, ono cen obtain estimates for retum periods of 5, 10, 25,
and 50 yrs.

The 2- and 3-br values can be estimated by using the nomo-
gram of figure 1S or equations (5) and (§). The 1- and 6-hr values
for the desired retomn period are ublained as above, Plot these
points on the nomogrem of figure 15 and conrect them with a
straight Line. Read the estimates for 2 or 3 hrs at the Intersections
of the comnccting lino and the 2- and 3-hr vectical Unes. An
example is shown In figure 17b for the 100-yr retarn period. The
valuzs of the 100-yr 2-br (1.68 la) a0d 100-y3 3-br (1.95 in) are
im italice on lable 14,

1-hr 2-hr 3-hr B-hr 24-hr

2y 056 124 244
Byr 1,57 302
1097 183 342
259 230 ase

442

50491 242 4
10047 13r 1.68 195 a9 4.85

— 0.0004(%)(XJ 0.86 30 0.3% 0.034
Yioq e 0.187 - C.83ITOL)G/X)] 87 30 108 \161
Y3 ==0.019 4 0.711[(.){X,/ Xa))
- 0.001Z B2 98 0.40 031
Yiw == 0,338 4 0.670[ (X)X W]
+ 0.001Z .80 7% 1.0¢ d41
Y3 == 0.005 + 0.852[(X0)0X,/ %] 89 €5 041 047
Yo == 0.322 -i- 0.789[ (%) /X)) 87 65 1.25 196
“Humbers in parenthesas refer to geographic reglons shown In figura 18. See taxt for more complete description.
» R
PN -]
Y o oooegre 0833000
Tes .
LR - P
- Je EE T AT
Durstion (min) 5 10 15 30
Ratlo to 1-hr 0.29 0.45 0.57 0.79
{Adopted from U.S. Westher Bureau Technkal Paper No. 40,
1961.)
Table 13.  Adjustment factors to oblain n-min estimates

trom 1-hr values

Table 18.  Precipitation daia jor depih-frequency otlas
computation point 44°00° N., 115°00' W.
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ABSTRACT

Temple, D.M., K.M. Robinson, R.M. Abring, and A.G. Davis. 1987.
Stability Design of Grass Lined Open Channels. U.S. Department
Of Agriculture, Agriculture Handbook 667, 175., illus.

This handbook presents the state of the art in grass-lined
channel design. It is intended primarily for use by engineers
and technicians directly involved in planning, designing, or maintaining open
channels where vegetation can be used as a

lining for erosion protection. Each of the six chapters is a
complete discussion, with reference to other chapters as
appropriate. Nomographs and calculater/computer programs are
included as design aids. Only those design conditions that have
implications unique to the use of grass as a chamnel lining are
discussed in detail, and the design aids focus on stability
design under steady, uniform flow cenditiens.

KEYWORDS: grass linings, open channel hydraulics, agricultural waterways, lined
channels erosion :

Issued September 1987
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Table 3.3

Equations for determining al lowable

effective stressl

Soil Applicable
classification range Equation
Noncohesive soils I < 10
GW,GP,SW,SP
d75 < 0.05 L =0.0156
» 2 Ta =0.02
= 1/6
0.05 ¢ d75 ng =0.0256 dy5
*g = 0.4 dgg
Cohesive soils 10 < Iw ng =0.0156
— 2
Ta = Tab C
GM,SC Ce =1.42 . 0.61 e
10 <1, <20 Tab = (1.07 L2 + 14.3 Iy
+ 47.7)x10°4
20 < IW 'ab = 0.076
GC Ce =1.42 -0.61 e
- 2
10 < Iw < 20 Tab = (0.0477 Lo+ 2.86 IW
+ 42.9)x10°3
20 < " Tab =0.119
SM Ce =1.42 - 0.61 e
10 <1, <20 Tab= (107 L2+ 7.15 Iy
+ 11.9)x10°4
20 < Iy b~ 0.058
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Daniel B. Stephens & Associates, Inc. - Calculation Sheet

Project Name: USEI Cell 16
Project Number: ES11.0086
Calculation Number: 1
Number of Sheets:

Calculation Performed By: SB Date: 02/17/2012
Calculation Checked By: Date:

Status (Draft or Final): Final

Objective of Calculation:

The Wind Erosion Soil Loss Equation is a function of multiple charts, graphs and tables. This
sheet demonstrates the steps needed in order to determine soil loss due to wind, and provides
the values for the required variables, but does not perform the actual calculation. The equation is
performed for scenarios of no crusting, and crusting with vegetation on the cover system.
Assumptions:

1) The top 6 inches of the cover soil will be ammended with 25% by weight gravel. For the
purpose of this equation, the more conservative value of 20% has been used to determine values
of the Soil Erodibility Index (1).

2) From the design drawings, the maximum slope of 3.5% along the top deck of the cover used.

3) The maximum unsheltered distance is assumed to be the the greatest value (10,000 ft)
provided on the reference tables.

4) In determining the vegetative cover factor, the values provided in Reference 2 are converted
into "small grain" equivalents in Reference 4.

References:
1. National Agronomy Manual, 190-V-NAM, 3rd Ed., October 2002.

2. Journal of Soil and Water Conservation, March-April 1983, Vol. 38, Number 2, Saoil
Conservation Society of America.

3. Rangeland Productivity and Plant Composition-Elmore Area, ldaho, Parts of EImore, Owyhee
and Ada Counties, Web Soil Survey 2.2, National Cooperative Soil Survey, USDA Conservation
Service.

4. Argronomy Technical Note 69 - Wind Erosion Equation (Annual Method) on Rangeland,
NM-NRCS, May, 2004.
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Variables:
1=86 soil erodibility index, Reference 1 - Exhibit 502-2, page 502-22

=38 soil erodibility index with crust adjustment factor (gravel
admixture), Reference 1, Table 502-2, page 502-8

Icr_adj

Kig = 0625 soil surface roughness factor, Reference 1, Fig 502-4, page 502-10

C =40 climate factor, Reference 2, Fig 3, worst case assumption used a C of 40
L = 10000 unsheltered distance, worst case assumption
Ibf .
V = 1250-—— vegetative cover factor, Reference 3 and 4
acre
Calculation:

E = function(IK,4CLV)  with no crust adjustment and no vegetation during the first year
E=206—2° _ Reference 1, Subpart G - Exhibits, | = 86, K = 0.60,
acre-year C=40 V=0

E = function(IK 4,CLV)  with vegetation and no crust adjustment

E=14—°"  Reference 1, Subpart G - Exhibits, | = 86, K = 0.60, C = 40,

acre-year V = 1250
E = function(IK 4,CLV)  with vegetation and crust adjustment
E= o_3toi Reference 1, Subpart G - Exhibits, | = 38, K = 0.60, C = 40,
acre-year V = 1250
E = function(IK 4CLV)  with no vegetation and crust adjustment

Ezg1_tO0S Reference 1, Subpart G - Exhibits, | = 38, K = 0.60, C = 40,

acre-year V=0
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]
SubpartS02A  Introduction

502.00 Overview

Part 502 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, predic-
tion, and control. NRCS technical guidance related to wind
erosion conforms to policy and procedures in this part.

This part will be amended as additional research on wind
erosion and its control is completed and published. The na-
tiona) agronomist is responsible for updating this chapter
and coordinating wind erosion guidance with Agricultural
Research Service (ARS).

NRCS cooperating scientists may supplement this manual.
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 national agronomist
before being issued to field offices.

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 systers for wind
erosion.

The Agricultural Research Service has primary responsibil-
ity for erosion prediction research within the U.S. Depart-
ment of Agriculture (USDA). Wind erosion research is
conducted by the Wind Erosion Research Unit at Manhat-
tan, Kansas, and the Cropping Systems Research Unit at Big
Spring, Texas.

Wind Erosion

|
Subpart502B  Wind erosion

502.10 Thewind erosion problem

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, re-
duces crop yield. Abrasion by airbomne soil particles dam-
ages plants and constructed structures. Drifting soil causes
extensive damage also. Sand and dust mn the air can harm
animals, humans, and equipment.

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
caused by improper use and management of the land
(Stallings 1951).

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. The NRCS
annual report of wind erosion conditions 1n the Great Plains
shows that wind erosion damages from 1 million to more
than 15 million acres annually, averaging more than 4
million acres per year in the 10-state arca. USDA estimated
that nearly 95 percent of the 6 5 million acres put out of
production during the 1930°s suffered setious wind erosion
damage (Woodruff 1975). Other major regions subject to
damaging wind erosion are the Columbia River plains;
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.

In some areas, the primary problem caused by wind erosion
is crop damage. Some crops are tolerant enough to with-
stand or recover from erosion damage. Other crops, includ-
ing 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) when the
crops grown In that area are easily damaged by blowing soil
(table 502—4).

(190-V-NAM, 3rd Ed,, October 2002) 502-1
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502.11 The wind erosion process Suspension—The finer particles, less than 0.1 millimeter in

The wind erosion process is complex. It involves detaching,
transporting, sorting, abrading, avalanching, and depositing
of soil particles. Turbulent winds blowing over erodible
soils cause wind erosion. Field conditions conducive to ero-
sioninclude

* loose, dry, and finely granulated soil;

+ smooth soil surface that has little or no vegetation

present;
+ sufficiently large area susceptible to erosion; and
+ 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
threshold wind velocity (Lyles and Krauss 1971).

The wind transports primary soil particles or stable aggre-
gates, or both, in three ways (fig. 502—1):

Saltation—Individual particles/aggregates ranging from 0.1
to 0.5 millimeter in diameter lift off the surface at a 50- to
90-degree angle and follow distinct trajectories under the
influence of air resistance and gravity The particles/aggre-
gates retumn to the surface at impact angles of 6 to 14
degrees from the horizontal. Whether they rebound or
embed themselves, they initiate movement of other par-
ticles/aggregates to create the avalanching effect. Saltating
particles are the abrading bullets that remove the protective
soil crusts and clods. Most saltation occurs within 12 inches
above the soil surface and typically, the length of a saltating
particle trajectory is about 10 times the height. From 50 to
80 percent of total transport is by saltation.

Figure502-1
T—

The wind erosion process
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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 down-
wind, and on long fields can easily exceed the amount of
soil moved in saltation and creep.

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 to 25 percent of total
transport (Chepil 1945 and Lyles 1980).

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.

The rate of increase in soil flow along the wind direction
varies directly with erodibility of field surfaces. The in-
crease 1n erosion downwind (avalanching) is associated
with the following processes:

+ theincreased concentration of saltating particles
downwind increases the frequency of impacts and the
degree of breakdown of clods and crusts, and

+ accumulation of erodible particles and breakdown of
clods tends to produce a smoother (and more erod-
ible) surface.

The distance required for soil flow to reach 8 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

5022 (190-V-NAM 3rd Ed., October 2002)
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Subpart502C Estimating wind
erosion

50220 How, why, and by whom wind ero-
sion is estimated

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

Wind eroston 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 wind
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

No precise method of measuring wind erosion has been
developed. However, various dust collectors, remote and
in-place sensors, wind tunnels, sediment samplers, and
microtopographic surveys before and after erosion have
been used. Each method has its limitations. Research is
continuing on new techniques and new devices, on modift-
cations to older ones, and on means to measure wind ero-
sion.

Estimates of wind erosion can be developed by assigning
numerical values to the site conditions that govern wind
eros10n and expressing their relationships mathematically
This is the basis of the current Wind Erosion Equation
(WEQ) that considers soil erodibility, ridge and random
roughness, climate, unsheltered distance, and vegetative
cover

50222 Thewind erosion equation

The Wind Erosion Equation (WEQ) erosion model is
designed to predict long-term average annual soil losses
from a field having specific characteristics. With appropri-
ate selection of factor values, the equation will estimate
average annual erosion or erosion for specific time periods.

Development of the wind erosion equation

Drought and wind erosion during the 19th 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 Califor-
nia, South Dakota, Texas, and in 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
windflow patterns. The publication, The Physics of Blown
Sand and Desert Dunes, (Bagnold 1941), is considered a
classic by wind erosion researchers.

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.

By 1954, Chepil and his coworkers began to publish results
of their research in the form of wind erosion prediction
equations (Chepil 1954; Chepil 1957; Chepil et al. 1955;
Woodruffand Chepil 1956).

In 1959, Chepil released an equation

E=IRKFBWD

where:

E =quantity of erosion

1 =soilcloddiness

R =residue

K =roughness

F =soil abradability

B =wind barrier

W =width of field

D =winddirection

Wind velocity at geographic locations was not addressed in
this equation (Chepil 1959).
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In 1962, Chepil’s group released the equation
E=[(ACKLV)

where:
= percentage of soil fractions greater than 0.84 milli-
meter

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).

In 1963, the current form of the equation, E= f(ICKLV)
was first released (Chepil 1963).

In 1965, the concept of preponderance in assessing wind

erosion forces was introduced. See 502.34 for details on

preponderance (Skidmore 1965 and Skidmore and Woo-
druff1968).

In 1968, monthly climatic factors were published (Woo-
druff 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.) 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 exhibit 502-8.)

Although 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

The present Wind Erosion Equation is expressed as:
E = [(IKCLV)

where:

E = estimated average annual soil loss in tons per acre
peryear

f = indicates relationships that are not straight-line
mathematical calculations

I = soil erodibility index

K = soil surface roughness factor

C = climaticfactor

L = theunsheltered distance

V = the vegetative cover factor

The I 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 proper-
ties include texture, organic matter, and calcium carbonate
percentage I is the potential annual wind erosion for a
given soil under a given set of field conditions. The given
set of field conditions for which I 1s referenced is that of an
isolated, unsheltered, wide, bare, smooth, level, loose, and
non-crusted soil surface, and at a location where the cli-
matic factor (C) is equal to 100. (For details on the I factor
see502.31).

The K factor is a measure of the effect of ridges and
cloddiness made by tillage and planting implements. It1s
expressed as a decimal from 0.1 to 1.0. (For details on the
K factor see 502.32.)

The C factor for any given locality characterizes climatic
erosivity, specifically windspeed and surface soil moisture.
This factor 1s 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 L factor 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.)

The V 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.)

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.

Stepl! E, =1
Factor 1 is established for the specific soil. | may be
increased for knolls less than 500 feet long facing into
the prevailing wind, or decreased to account for
surface soil crusting, and irrigation.

Step2. E,=IK
Factor K adjusts E, for tillage-induced oriented
roughness, K4 (ridges) and random roughness, K,
(cloddiness). The value of K 1s calculated by multi-
plying K gtimes K (K=K 4xK;).
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Step3- E, =IKC
Factor C adjusts E, for the local climatic factor

Step4: E, =IKCL
Factor L adjusts E, for unsheltered distance.

Step5 E,=IKCLV
Factor V adjusts E, for vegetative cover

50223  Limitations of the equation

When the unsheltered distance, L, is sufficiently long, the
transport capacity of the wind for saltation and creep is
reached. 1f the wind is moving all the soil it can carry
across a given surface, the inflow into a downwind area of
the field 1s equal to the outflow from that same area of the
field, for saltation and creep. The net soil loss from this
specific area of the field is then only the suspension compo-
nent. 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.

Surface armoring by nonerodible gravel is not usually
addressed in the I factor.

The equation does not account for snow cover or seasonal
changes in soil erodibility The equation does not estimate
erosion from single storm events.

502.24 Alternative procedures for using the
WEQ

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.

» The Cntical 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.

+ Erosion estimates developed using the critical period
procedure are made using a single set of factor values
(IKCL & V) in the equation to describe the critical
wind erosion period conditions.

» The critical period procedure is currently used for
resource inventories. NRCS usually provides specific
instructions on developing wind erosion estimates for
resource inventories.

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 where the soil is exposed
to soil erosion for short periods, and where crop damage is
the foremost conservation conern, rather than the extent of
soi} loss. The management period procedure is described as
being more responsive to changing conditions throughout
the cropping year but is not considered more accurate than
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 n a
conservation plan or the FOTG, then only the management
period procedure will be used to determine 1f other conser-
vation systems, planned or applied, provide equivalent
treatment.

Factor values are selected to 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 Erosive wind energy (EWE)
distribution is used to derive a weighted estimate of soil
loss for the period. The general procedure is as follows:

« Solve for E in the basic equation (E = f(IKCLV))
using management period values for , 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 fo estimate average annual wind erosion.
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Exhibit 502-7a is an example of tables showing the ex-
pected monthly distribution of erosive wind energy at
specific locations. The complete table is available for
downloadingat
http://www.weru.ksu.edu/nres/windparm.doc

Exhibit 502—7b shows how these values are used in the
management period method computations. Erosive wind
energy values are entered on the form in the column identi-
fied % EWE.

Estimates for management periods less than 1 year in
duration are often useful in conservation planning. Ex-
amplesinclude
» When crop damage (crop tolerance) during sensitive
growth stages is the major concern.
» When a system or practice is evaluated for short-term
effects.

States will use critical period or the management period
procedure, within published guidelines, for conservation
planning. The management period procedure will not be
used for resource mventories unless specifically stated in
instructions. Refer to individual program manuals for more
specific instructions pertaining to the use of the Wind Ero-
sion Equation.

Adjustments to the WEQ soil erodibility factor, I, can be
made for temporary conditions that include irrigation or
crusts, but such adjustments are to be used only with the
management period procedure. The use of monthly prepon-
derance data to determine equivalent field width is also ap-
plicable only to the management period procedure.

502.25 Data to support the WEQ

ARS has developed benchmark values for each of the fac-
tors in the WEQ. However, the NRCS is responsible for de-
veloping procedures and additional factor values for use of
the equation. Field Office Technical Guides will include the
local data needed to make wind erosion estimates.

ARS has computed benchmark C factors for locations
where adequate weather data are 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 is needed to determine
how point data can be extended and how interpolation be-
tween points should be done. See 502.33 for guidance.

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 erodibil-
ity group numbers are included in the soil survey data base
inNASIS.

For further discussion of benchmark data supporting factor
values, refer to subpart 502D, WEQ factors.

502.26 Using WEQ estimates with USLE or
RUSLE calculations

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

502.27 Tools for using the WEQ

Graphs and tables for determining factor values are in
Subpart 502G Exhibits.

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 [, K, C,L,and V Ex-
hibit 5021 is an example. See 502.30 for procedures to
download E tables.

Use of the management period procedure can be simplified
through the use of worksheets on which information for
each management period is documented. Subpart 502F is to
include sample wind erosion computations using the Man-
agement Period Procedure.

An acceptable WEQ calculator has been developed in
Microsoft Excel, and 1s being adapted for use in many
states. A copy of this spreadsheet can be obtained from the
NRCS state agronomist in Albuquerque, New Mexico. Ex-
hibit 502.7B shows an example of this spread sheet.

Trade names mentioned are for specific information and do not
constitute a guarantee or warranty of the product by the Depart-
ment of Agriculture or an endorsement by the Department over
other products not mentioned.
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Subpart502D WEQ Factors

502.30 The wind erosion estimate, E

The wind erosion estimate, E, is the estimate of average an-
nual tons of soil 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. It was initially de-
veloped by relating wind tunnel data to observed field ero-
sion for 3 years 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 criti-
cal 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 ac-
counted for minor changes expected to occur during a nor-
mal 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. This procedure does not
account for all the effects of management.

The management period procedure for estimating wind ero-
sion involves assigning factor values to represent field con-
ditions expected to occur during specified time periods. Us-
ing annual wind energy distribution data, erosion can be es-
timated for each period of time being evaluated. The period
estimates are summed to arrive at an annual estimate. Crop-
ping sequences involving more than 1 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.

The new E tables can be downloaded from the WERU
server, Manhattan, Kansas. These tables can be accessed in
two ways:
» Through your WWW browser To view, direct your
web browser to: http://www.weru.ksu.edu/nres

Download the Adobe Acrobat Reader (if not already
installed on your computer) by clicking on the icon

and installing per the installation instructions. (Trade
names mentioned are for specific information and do
not constitute a guarantee or warranty of the product
by the Department of Agriculture or an endorsement

by the Department over other products not men-
tioned.) When 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 downloaded by clicking on the
hypertext for the following:

etab.pdf for PDF or

etab.wpd (for WordPerfect) or

etab.ps for Postscript

< Through FTP—For those without a web browser but
have FTP access, FTP to: ftp.weru.ksu.edu
go to the appropriate directory, for example
cd pub/nres/etables
Be sure that you are in binary mode

To download the table format of your choice, type:
get etab.pdf for PDF or
get etab.wpd for WordPerfect or
get etab.ps for Postscript

The appropriate E table will download to your computer
Exhibit 502-1 shows an example of an E table.

502.31 Soil erodibility index, I
1 is the erodibility factor for the soil on the site. It1s
expressed as the average annual soil loss 1n 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.
— Atalocation 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.

The I factor is related to the percentage of nonerodible
surface soil aggregates larger than 0.84 millimeters 1n
diameter. For most NRCS uses, the I value is assigned for
named soils based on wind erodibility groups (WEG). The
WEGQG is included in the soil survey data base in NASIS. If
the soil name is not known, exhibit 502—2 can be used to
determine the WEG from the surface soil texture.
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To determine erodibility for field conditions during various
management periods throughout the year, follow the sieving
instructions 1n exhibit 502~3 (Do not use this procedure to
determine average annual I values.)

A soil erodibility index based solely on the percentage of
aggregates larger than 0.84 millimeters has several potential
sources of error Some of these follow-

+ Relative erodibility of widely different soils may
change with a change in wind velocity over the
surface of the soil.

» Calibration of the equation is based on the volume of
soil removed, but the erodibility index 1s based on
weight.

* Differences in size of aggregates have considerable
influence on erodibility but no distinction for this
influence is made in table 1, exhibit 5023

+ Stability of surface aggregates influences erodibility,
large durable aggregates can becorne a surface
armor; less stable aggregates can be abraded into
smaller, more erodible particles.

+ Surface crusting may greatly reduce erodibility;
erodibility may increase again as the crust deterio-
rates (Chepil 1958).

Knoll erodibility—Knolls are topographic features charac-
terized by short, abrupt windward slopes. Wind erosion
potential is greater on knoll slopes than on level or gently
rolling terrain because wind flowlines are compressed and
wind velocity increases near the crest of the kanolls. 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 1s 3

Table502-1  Knoll erodibility adjustment factor for I
E——
Percent slope change in A B
prevailing wind Knoll Increase at
erosion adjustment crestarea
direction of 1 where erosionh 1s
mostsevere

3 13 1.5

4 16 19

5 19 25

6 23 32

8 30 48

10 and greater 36 6.8

percent or greater. Both slope length and slope gradient
change are determined along the direction of the prevailing
erosive wind (fig. 502-2).

Table 502-1 contains knoll erodibility adjustment factors
for the Soil Erodibility Index 1. 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.

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.

Surfuce 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 1t
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 1s more erodible than the same field with a
cloddy or ridged surface.

Table502-2  Iadjustment guidelines for crusts

]

WEG I Max adj Cealculated  Rounded
mgtprd 1
factor 1/

1 310 217 220

1 250 7 175 180

1 220 7 154 160

1 180 7 126 134

1 160 g 112 134

2 7

IR N

4

4L 86 4 38

5 56 3 ] 7 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 NRCS judgment
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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.

Irrigation adjustments—The I values for irrigated soils, as
shown in exhibit 5022, are applicable throughout the year
I adjustments for irrigation are applicable only where
assigned I values are 180 or less.

Adjustments based on dry sieving—Temporal changes in
the surface fraction > 0.84 millimeter may be measured by
dry sieving. These measurements may be used to establish a
basis for adjusting I for conservation planning when sieving
has been performed for each management period and for 3
years or more. The adjustment to I applies only to the
respective time periods when the soil surface is influenced
by changes in the nonerodible fraction. Therefore, the
adjustment is used only with the management period proce-
dure 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 ad-
justed based on the results of sieving, no additional adjust-
ment to I will be made for irrigated fields. Adjustments to I,

Figure 502-2
EE—

Graphic of knoll erodibility

Deposition

Prevailing wind
occurs here

erosion direction

Knoll erodibility

adjustment applies here Compressed air flow

Greatest erodibility

<4—Slope change oceurs here

=" 3percent
' Windward slope 500feet| ‘

based on sieving, should not be used without 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 that
have similar soil and management conditions.

Use of adjusted soil erodibility I factor, arrived at by using
standard rotary sieving procedures, is warranted provided it
represents 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 [and because 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 soil in a given area. Multiple-year soil
sieving data is required before adjustments are to be consid-
ered.

The National Soil Survey Center must review and concur in
any proposal to adjust I and arrange for laboratory assis-
tance. Adjustments to I must also 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.

Surface stability—A significant limitation of the I factor is
that it does not account for changes 1n 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
ofthe following:

+ Soils that have both erodible and nonerodible par-
ticles 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

+ Saltation destroys crusts, clods, and ridges by abra-
sion.
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*» Fields tend to become more erodible as finer soil
particles, which provide bonding for aggregation, are
carried off in suspension.

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

A surface may be virtually nonerodible and yet allow
saltation and creep to cross unabated. A paved high-
way is an example. Other surfaces may be relatively
stable and trap some, or all, of zthe 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 soif flow until the furrows are filled and the
surface loses its trapping capability. A vegetated
barrier will provide a sheltered area downwind until
the barrier is filled with sediment.

502.32  Soil roughness factor K, ridge and
random roughness

Kg is a measure of the effect of ridges made by tillage and
planting implements. Ridges absorb and deflect wind
energy and trap moving soil particles (fig. 502-3).

The K, value is based on a standard ridge height to ridge
spacing ratio of 1:4. Because of the difficulty of determin-
ing surface roughness by measuring surface obstructions, a
standard roughness calibration using nonerodible gravel
ridges in a wind tunnel was developed. This calibration led
to the development of curves (fig. 502—4 and exhibit 502~

Figure502-3  Detachment, transport, and deposition on ndges
ossmsesmmms  and furrows

Zone of removal

>
Zone of
(‘ 7 ~ accumulation
/ Area of forwar
e movement

/
— = Area. of backward
| ¢ and downward >
movement

Figure 5024

Chart to determine soil ridge roughness factor, K4 from ridge roughness, K, (inches). Only this chart, representing an

msssmsnsme  angle of deviation of 0°, will be used for the WEQ critical period procedure. When using the management period
procedure, see exhibit 5024 for graphs representing additional angles of deviation. Note: This graph represents erosive
wind energy 60% parallel and 40% perpendicular to the prevailing erosive wind. —Hagen 1996
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4) that relate ridge roughness, K., to a soil ridge roughness
factor, Krq, (Skidmore 1965; Skidmore and Woodruff 1968;
Woodruff and Siddoway 1965; and Hagen 1996).

The K; curves are the basis for charts and tables used to

determine K4 factor values in the field (exhibits 502—4 and
502-5). The effect of ridges varies as the wind direction

and erodibility of the soil change. To take into account the
change in wind directions across a field, we consider the
angle of deviation. The angle of deviation is the angle
between the prevailing wind erosion direction and a line
perpendicular to the row direction. The angle of deviation is
0 (zero) degrees when the wind is perpendicular to the row
and is 90 degrees when the wind is parallel to the row
Following is an example of how the angle of deviation
affects K4 values. 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 K4 is 0.5 But when the prevailing erosive wind
direction is parallel to those ridges, the K4 value is 0 7
Random roughness, particularly in the furrows, significantly
reduces wind erosion occurring from erosive winds blowing
parallel to the ridges.

In 1996, ARS scientists provided a method for adjusting the
WEQ K4 factor with consideration for preponderance
(erosive wind energy 60% paralle] and 40% perpendicular
to prevailing erosive wind direction) when using the Man-
agement Period Procedure. The use of preponderence
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. Prepon-
derance keeps the K factor value less than 1.0, when the I
factor values are 134 or less. When estimating wind erosion
rates by management periods, without the aid of a computer
model, the prevailing wind erosion direction and a defauit
preponderance are used for each period. This procedure
more adequately addresses the effects of the ridges in wind
erosion contro) since erosive wind directions may vary
within each management period

Note: When using the WEQ Excel spreadsheet

model, the actual preponderance, up to and including

a value of 4, for the period will be used, rather than a

defaultvalue.

The WEQ Kp, factor accounts for random roughness.
Random roughness 1s the nonoriented surface roughness

that is sometimes referred to as cloddiness. Random rough-
ness is usually created by the action of tillage implements.

It is described as the standard deviation (in inches) of the
soll surface elevations, measured at regular intervals from a
fixed, arbitrary plane above a tilled soil surface, after
oriented (rndge) 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.

Random roughness values have been developed for various
levels of WEQ I factor values and surface random rough-
ness (exhibit 502—6). Random roughness curves only adjust
the K factors of a soil that has an I factor value of 134 and
less.

The random roughness values used in the WEQ are the
same random roughness values used in RUSLE. Random
roughness (inches) from the machine operations data base in
RUSLE can be used to determine WEQ random roughness
values (table 502-7). 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 is determined by comparing a field surface
to the random roughness (standard deviation) photos in the
RUSLE handbook (Agriculture Handbook 703, appendix C).

The photos in Agriculture Handbook 703, appendix C,
may be downloaded from.

http://www.nres.usda.gov/technical/ECS/agronomy/
roughness.html

State agronomists should download, reproduce, and
distribute the photographs to field offices.

When both random roughness and ridge roughness are
present 1n the field, they are complimentary When both are
present, the K4 factor for ridges and K ; factor for random
roughness will be multiplied together to obtain the total
roughness K-factor

Example problem. 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 ridge
roughness Krg factor was determined to be 0.8. Using

table 502-7, under random roughness (inches), the anhy-
drous applicator has a core value of 0.6 Going into the ran-
dom roughness (inches) graph (exhibit 502—6), on the hori-
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zontal axis 1o 0.6, and then vertically to the line represent-
ing an 1 factor of 86, the K, factor is rounded to 0.8. The
total roughness value (K factor) is 0.8 x 0.8 = 0.64, then
rounded to 0.6.

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 soif can be trapped. Hence, when the effectiveness
of random roughness increases the total K -value decreases.

Random roughness, particularly in the furrows, significantly
reduces wind erosion occurring from erosive winds blowing
paralle! to the ridges.

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 ef-
fective, may be of short duration.

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, their
associated roots, and adhering soil. The total random rough-
ness of the field should be compared to the photos in the
RUSLE handbook and credited appropriately

Surface roughening (emergency tillage)—In some situa-
tions, there is a need to control erosion on bare fields where
the surface crust has been destroyed or where loose grains
are on the surface and can abrade an existing crust. One
method to reduce the erosion hazard on such fields is emer-
gency or planned tillage to roughen the surface or increase
nonerodible clods on the surface (random roughness). This
may be accomplished by one or more of the following.

* 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.

« The soil may be deep tilled to bring up finer textured
soil material that will form more persistent clods.

» Irrigation increases the nonerodible fraction of a soil
(exhibit 502-2).

 The surface may be worked into a ridge-furrow
configuration that will trap loose, moving soil.

» The soil may be tilled in strips or in widely spaced
rows to provide some degree of ridge and random
roughness to break the flow of saltation and creep

502.33 Climatic factor, C

The C factor is an index of climatic erosivity, specifically
windspeed and surface soil moisture. The factor for any
given location is based on long-term climatic data and is ex-
pressed 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.

The climatic factor equation is expressed as:

v3

C=34.48x -
(PE)

where:
C = annual climatic factor
V = average annual wind velocity
PE = precipitation-effectiveness index of Thomthwaite
3448 = constant used to adjust local values to a common
base (Garden City, Kansas)

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

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-effective- ness index (PE) (Thornthwaite
1931). The annual PE index is the sum of the 12 monthly
precipitation effectiveness indices. The formula is ex-
pressed as follows:

10

P B
PE=) "115x
shus i
where:

PE = the annual precipitation effectiveness index
P = averagemonthly precipitation
T = average monthly temperature

The C factor isoline map developed by NRCS in 1987 can
accessed at:
http://datad.ftw.nrcs.usda.gov/website/c-values
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Complete instructions for viewing the map are given in ex-
hibit 502-8. 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 fac-
tors are explained in exhibit 502-9

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 interpo-
lating between values, knowledge of the local climatic
and topographic conditions is extremely useful since
climatic conditions can vary disproportionately
between C factor value isolines.

2. Where WEQ soul 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 approved WEQ computer soft-
ware, when C factors programmed into the model are
in increments greater than 5 units.

3. C factor interpolations are for the purpose of conser-
vation 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.

Effects of irrigation water on the C factor—When irriga-
tion 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 wrigation is not
available. However, a procedure has been developed by
researchers to adjust the Erosive Wind Energy (EWE) by
the fraction of time during which the soil is considered wet
and nonerodible because of irrigation. See 502.31 and
exhibit 502-2.

The procedures that follow adjust the Erosive Wind Energy
(EWE) value which planners are to use when estimating
wind erosion on irrigated fields. This adjustment is for the
WEQ Management Period Procedure. States where wind

erosion is a concern should replace previous methods used
to adjust for the effects of irrigation and utilize this proce-
dure and the procedure for adjusting the I factor, for all
plan revisions or new planning activities. This new proce-
dure, 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 that receive
supplemental irrigation water.

+ Research scientists have developed an Irrigation
Factor (IF) that 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 manage-
ment period, and a Texture Wetness Factor (TWF).

* To account for the nonerodible wet condition of
various soil textures after irrigation, a TWF of 1, 2, or
3 is assigned to coarse, medium, and fine textured
soil, respectively See exhibit 502 2 for values as-
signed to the various soil groups.

* The IF is calculated with the following equation:

IF = number of days in period minus () nonerodible
wet days in period (NEWD), divided by the
number of days in period.

Nonerodible Wet Days (NEWD) are equal to
the Texture Wetness Factor (TWF) times the
number of irrigation events in the period.

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

« Example: A fine textured soil was irrigated three
times during 45 days. Twelve percent of the annual
EWE occurs during this period. Therefore:

TWF =3 for fine textured soil

Number of irrigations during the period =3
NEWD=(3)(3)=9

IF = (45 days — 9)/45=0.80

The adjusted EWE for 45 days 1s then determined by

multiplying IF times the percentage of annual erosion

wind energy during the period being evaluated.
Adjusted EWE =(.80)(12%)=9.6 %

Note: The EWE shall not be adjusted for any manage-
ment period where irrigation does not occur

» The WEQ factors (C & 1) used to determine the
Erodibility Index (EI), will not be adjusted when
determining highly erodible land (HEL) on cropland
thatis irrigated.
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502.34 Unsheltered distance, L

The L factor represents the unsheltered distance along the
prevailing wind erosion direction for the field or area to be
evaluated. s place in the equation is to relate the isolated,
unsheltered, and wide field conditton of I to the size and
shape of the field for which the erosion estimate 1s being
prepared. Because V is considered after L in the S-step so-
lution of the equation (502.22), the unsheltered distance is
always considered as if the field were bare except for veg-
etative barriers.

1 L begins at a point upwind where no saltation or
surface creep occurs 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 vegeta-
tion 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 subdivision
will be isolated and shall be evaluated as a separate

Figure502-5 Unsheltered distance L

\ Stable area

Isolated field

Stable area
. \ Y \
Incoming saltation

¥ ¥ X

L begins at
stable boundary

L

Field not isolated

Jfield. Refer to the appropriate NRCS Conservation
Practice Standards to determine when practices are of
adequate width, height, spacing, and density to create
astablearea.

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

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).

Figure502-6  Unsheltered distance L, perennial vegetation
Mesesssmsm—n (pasture or range)

Adjacent area stable

Unsheltered distance “L” perennial
vegetation (pasture or range)

Figure502-7  Unsheltered distagqnee L — windbreak or barrier

\ Windbreak
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4. When a properly designed wind stripcropping system
1s 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).

The prevailing wind erosion direction is the direction from
which the greatest amount of erosion occurs during the
critical wind erosion period. The direction is usually ex-
pressed as one of the 16 compass points. When predicting
erosion by management periods, the prevailing wind ero-
sion direction may be different for each period (exhibit
502-7a).

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
that 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 com-
plex; low preponderance indicates high complexity and as a
result, less wind will be from the prevailing erosive wind
direction than locations that have a high preponderance.

L can be measured directly on a map or calculated using a
wind erosion direction factor-

+ 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

Figure502-8 Unsheltered distance L, stripcropping system

T
\
A Stable area
\ Protected strip (stable)
o\
vh \ A

&‘ Planning area (field)

wind erosion direction is at an angle that is not per-
pendicular 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.

 For management period calculations, wind erosion
direction factors based on preponderance are to be
used instead of a measured distance to determine L
except
~ Where irregular fields cannot be adequately
represented by a circle, square, or rectangle.
- Where preponderance data are not available.

Steps to determine L for management period estimates:

1. Obtain local values for prevailing the wind erosion
direction and preponderance (exhibit 502-7a).

2. Measure actual length and width of the field and
determine the ratio of length to width.

3. Determine angle of deviation between prevailing
wind erosion direction and an imaginary line
perpendicular to the long side of the field.

Using data from steps 1 through 3, determine the wind
erosion direction factor from wind erosion direction factor
tables, tables 502~81a-e. These are adjustment factors that
account for prevailing wind erosion direction, preponder-
ance of wind erosion forces, and size and shape of the field.

Multiply the width of the field by the wind erosion direction
factor This is the L for the field.

If a barrier is on the upwind side of the field, reduce L by a
distance equal to 10 times the height of the barrier

For circular fields, L = 0.915 times the diameter, regardless
of the prevailing wind erosion direction or preponderance.

)y

Table502-3 Wind erosion direction factors
E———
Angle of deviation ¥ Adjustment factor
0 1.00
22.5° 1.08
45° 141
67.5° 261
90° L = Length of field

I/ These adjustment factors are applicable when preponderance 15 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
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502.35 Vegetative cover factor, V

The effect of vegetative cover in the Wind Erosion Equa-
tion is expressed by relating the kind, amount, and orienta-
tion of vegetative material to its equivalent in pounds per
acre of small grain residue in reference condition Small
Grain Equivalent (SGe). This condition is defined as 10
inch Jong 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 equiva-
lency has been computed using various regression tech-
niques (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 502-10.

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.

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

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 pro-

duction records or estimates and these amounts are then re-
duced by the expected or planned tillage. It may be desir-
able to sample and measure existing residue to determine
quantity of residue Local data should be developed to esti-
mate surface residue per unit of crop yield and crop residue
losses caused by tillage.

The crown of a plant, its associated roots, and adhering soil
should also be credited when doing transects to determine
residue cover Employees will need to use their best judg-
ment when deciding which crop curve to use when convert-
ing from percent ground cover to mass and then selecting a
curve to convert the residue mass to SGe.

[f you encounter a crop, residue, or a type of vegetation for
which an SGe curve has not been developed. exhibits 502—
11 and 50212 give procedures to develop an interim SGe
curve. Any SGe curve developed in this way must be sub-
mitted to the National Agronomists or the Cooperating Sci-
entist for wind erosion for approval.
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SubpartS02E Principles of wind
erosion control

502.40 General

Five principles of wind erosion control have been identified
(Lyles and Swanson 1976, Woodruff et al. 1972; and
Woodruff and Siddoway 1965). These are as follows:
+ Establish and maintain adequate vegetation or other
land cover
+ Reduce unsheltered distance along wind erosion
direction.
 Produce and maintain stable clods or aggregates on
the land surface.
« Roughen the land with ridge and/or random rough-
ness.
* Reshape the land to reduce erosion on knolls where
converging windflow causes increased velocity and
shearstress.

The cardinal rule of wind eroston control is 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:
* Return all land unsuited to cultivation to permanent
cover
» Maintain maximum possible cover on the surface
during wind erosion periods.
* Maintain stable field borders or boundaries at all
times.

502.41 Relation of control to WEQ factors

The Wind Erosion Equation (WEQ) was developed to
relate specific field conditions to estimated annual soil loss.
Of the five factors, two (1 and C) are often considered to be
JSixed while the other three (K, L, and V) are generally
considered variable or management factors. This is not
precisely true.

The I factor is related to the percentage of dry surface soil
fractions greater than 0.84 millimeters. Its derivation 1s
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 1
is appropriate. Also, I is increased by a knoll erodibility
factor where appropriate. See 502.31. This adjustment is
not appropriate if the knoll condition is modified through
landforming 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.

Total K reflects the tilled ridge roughness and random
roughness in a field. This is a management factor Stability
oftilled 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 paralle] to the rows when prepon-
deranceislow

Random roughness relates to the nonoriented surface
roughness that is often referred to as cloddiness. Random
roughness is described as the standard deviation of eleva-
tion from a plane across a tilled area after taking into
account oriented (ridge) roughness.

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

The unsheltered distance L is a management factor that can
be changed by altering field arrangement, stripcropping, 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.

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

When preponderance values are low (approaching 1.0),
knowledge of local seasonal wind patterns becomes more
important 1n planning treatment. Conservation treatment
should be planned to allow for the effect of seasonal
changes in the prevailing wind erosion direction.
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A stable strip across an agricultural field divides the area
into separate fields. Examples of stable areas include grass
waterways, hedges and their sheltered area, 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 virtualiy ali 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.

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

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 1n a field with little or no long-term degradation
of the soil resource, thus permitting crop productivity to be
sustained for an indefinite period.

Soil loss tolerances for a named soil are recorded in the soil
survey data base in NASIS.

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 esti-
mates using the WEQ and USLE or RUSLE are not added
together to compareto T

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

Crop tolerance to soil blowing may also be an important
consideration in wind erosion control. Wind or blowing
soil, or both, 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. Damage can
result from desiccation and twisting of plants by the wind.

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

(@) Blowing soil effects on crops
Some of the adverse effects of soil erosion and blowing soil
oncrops include:
« Excessive wind erosion that removes planted seeds,
tubers, or seedlings.
» Exposure of plant root systems.
« Sand blasting and plant abrasion resulting in
— cropinjury
~ cropmortality
— lower cropyields
— lowercrop quality
— wind damage to seedlings, vegetables, and
orchard crops.
« Burial of plants by drifting soil.

(b) Crop tolerance to blowing soil or wind

Many common crops have been categorized based on their
tolerance to blowing soil. These categories of some typical
crops are listed in table 502-4. Crops may tolerate greater
amounts of blowing soil than shown in table 502—4, but
yield and quality will be adversely affected.

(c) The effects of wind erosion on water quality
Some of the adverse effects of wind erosion on water
quiality include:

+ Deposition of phosphorus (P) into surface water
« Increased Biochemical Oxygen Demand
(BOD) in surface water
» Reduced stream conveyance capacity because of
deposited sediment in streams and drainage canals

Local water quality guidelines under Total Maximum Daily
Loads (TDML) for nutrients may require that wind erosion
losses be less than the soil loss tolerance (T) in order to
achieve local phosphotus (P) or other pollutant reduction
goals.

For a phosphorus (P) intrapment estimation procedure, see
the Core 4 manual, chapter 3C, Cross Wind Trap Strips.
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Exhibit502-2

Wind erodibility groups and wind erodibil-

ity index

Soil | EWE Predominant soil texture Wind Soil Soil
texture texture class of surface layer Erodibility Erodibility Erodibility
wetn Group Index (I Index ()
factor (WEG)3 (ton/ac/yr)l' forirrigated
soils
(ton/ac/yr)4
C 1 Very fine sand, fine sand, 1 310* 310
sand, or coarse sand 250 250
220 220
180 160
160 134
C | Loamy very fing sand. loamy fine sand, 2 134 104
toamy sand, loamy coarse sand. sapric
organic soil materials, and all hovizons vb'\)
that meet andic -~ soil properties as per §
Criteria 2-in Soil Taxonamy . regardless \&.‘f \Y
of the fine earth texiure (OO
C 1 Very finesandy Joam, fine sundy loam, 86 56
sandy loam, coarse sandy loam, and
noncalcareons silt toam with 35 to 50%
very fine sand and <10% clay
F 3 Clay, silty clay, non-calcareous clay loam, 4 86 56
or silty clay foam with more than 35% clay
M 2 Calcareous * foam and silt loam or 4L 86 56
calcareous clay loam and silty clay loam
M 2 Non-calcareous loam and silt loam with 5 56 38
more than 20% clay (but does not meet
WEG 3 criteria), or sandy clay loam, sandy
clay, and hemic organic soil materials
M 2 Non-calcareous loam and silt loam with 6 48 21
more than 20% clay, or non-calcareous clay
foam with less than 35% clay or silty clay
{oam with fess than 35% clay
M 2 Silt and fibric organic soil material 7 38 21
— — Soils not susceptible to wind erosion 8 — —

because of surface rock and pararock
fragments or wetness

@ w

Soil texture, C = Coarse; M = Medium; F = Fine
Texture wetness factor for adjustment of Erosive Wmd Energy (EWE) for the period (Imigated fields only)
For all WEGS except sand and loamy sand textures, if percent rock and pararock fragments (>2mm) by volume is 15-35, reduce I value by one group
with more favorable ratmg If percent rock and pararock fragments by volume 1s 35-60, reduce 1 value by two favorable groups except for sands and
loamy sand textures which are reduced by one group with more favorable rating If percent rock and pararock fragments by volume is more than 60. use

I value of zero for all textures except sands and loamy sand textures which are reduced by three groups with more favorable rating.

4/ The wind erodibility index 1s based on the refationship of dry soil aggregates greater than 0.84 millimeters to potential soil erosion. Value for irigated
soils is applicable throughout the year Values for nrigated soils determined by Dr. E L. Skidmore, USDA, ARS, Wind Erosion Research Unit, Manhat-

tan, Kansas.

AR
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The T factor for WEG 1 vary from 160 for coarse sands to 310 for very fine sands Use an I value of 220 as an average figure
Vitrandic, Vitritorrandic, and Vitrxerandic Subgroups with ashy textural modifiers move one group with less favorable rating
Calcareous is a strongly or violently effervescent reaction of the fine-earth fraction to cold dilute (IN) HCL



Exhibit502-3 Sieving instructions

Soii sieving has become increasingly important because of 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 determi-
nations. 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 important, and rotary sieving should be the chosen method

(a) Equipmentneeds
* A standard number 20 flat sieve or access to a properly designed rotary sieve.
* Adevice for weighing samples.
* A square-nosed scoop or shovel.
* Worksheet for sieving of dry aggregates (example follows).

(b) Procedure
1. 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 1n 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 ap-
proximately 1 inch Several small scoops may be more representatives than one larger scoop of soil

3. Gently place the sample (about 2 Ib) into a padded container for transporting to a sieving location. Fill in the appro-
priate 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.

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 millimeter
in diameter. Divide the weight of the sieved samiple by the total weight of the soil sample to determine percentage of
aggregates that exceed 0.84 millimeter.

7. Refer to table that follows to arrive at soil erodibility when using the percentage of nonerodible aggregates.
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Exhibit502-3 Sieving instructions~continued

Soil erodibility Index I in tons/acre determined by percentage of nonerodible fractions

% units—> 0 ! 2 3 4 5 6 7 8 9
Tens ton/ac ton/ac ton/ac ton/ac ton/ac ton/ac ton/ac ton/ac ton/ac ton/ac
0 — 310 250 220 195 180 170 160 150 140
10 134 131 128 125 121 1 17* 113 109 106 102
20 98 95 R XN 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 4}
50 38 36 33 31 29 27 25 24 23 2
60 21 20 19 18 17 16 16 15 14 13
70 12 11 10 8 7 6 4 3 3 2
80 2 — — — — — — —_ — —

usiNg  Sire S

(TP-'3>

Svofe =

502-24
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SUBPART G - EXHIBITS

502.60(a)
(E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR JANUARY, 1998
c = 4G
SURFACE - E =0.60 I = €&
(L) (V)** - FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE
UNSHELTERED
DISTANCE 0 250 500 750 1000 12503 1500 1750 2000 2250 2500 2750 3000
IN FEET
10080 2.6 17.1 12.3 7.8 3.7 1.4 0.5
8000 20.6 17.1 12.3 7.8 3.7 1.4 0.5
6000 20.6 17.1 12.3 7.8 3.7 14 0.5
4000 19.7 16.3 1l1.6 7.4 3.4 1.3
3000 18.8 15.5 11.1 7.0 3.2 1.2
2000 17.5 14.4 10.2 6.4 29 1.1
1000 14.4 11.8 8.2 5.0 2.2 0.8
800 13.4 10.9 7.5 4.6 2.0 0.7
600 11.8 9.5 6.5 3.9 1.7 0.4
400 9.9 8.0 5.4 3.1 1.3 0.3
300 8.3 6.7 4.4 2.5 1.0 0.2
200 5.6 4.4 2.8 1.5 0.5
150 4.2 3.3 2.1 1.1 0.4
100 3.1 2.4 15 0.7
80 2.4 1.8 1.1 0.5
60 1.6 1.2 0.6
50 1.3 1.0 0.5
40 1.0 0.5
30 0.7 0.4
20
10
(E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR JANUARY, 1998
cC = 40
SURFACE K =0 50 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 17.2 14.1 10.0 6.2 2.8 1.1
8000 17.2 14.1 10.0 6.2 2.8 1.1
6000 17.2 14.1 10.0 6.2 2.8 1.1
4000 16.0 13.1 9.2 5.7 2.6 0.9
3000 15.1 12.4 8.6 5.3 2 4 0.8
2000 13.8 11.3 7.8 4.8 2.1 0.7
1000 11.5 9.3 6.3 3.8 1.6 0.3
800 10.4 8.4 5.7 33 1.4 0.3
600 8.9 7.1 4.8 2.7 1.1 0.2
400 6.7 5.3 3.5 1.9 0.6
300 5.2 4.0 2.6 1.4 0.5
200 3.8 3.0 1.9 0.9
150 2.8 2.1 1.3 0.6
100 1.9 1.4 0.8
80 1.5 1.2 0.6
60 1.0 0.5
50 0.8 0.5
40 06 0.4
30
20
10
* NOTE: SOIL 1LOSS FOR VALUES WHERE "E' IS LESS THAN 0 1 OR GREATER THAN

440 0 RRE NOT SHOWN; OTHER VALUES NOT SHOWN ARE INVALID

** NOTE: VALUES SHOWN ARE FLAT SMALL GRAIN EQUIVALENT, NOT 'V’
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SUBPART G - EXHIBITS

502.60(a)
(E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR JANUARY, 1998
C = 40
SURFACE - K =0.6&0 I= 38
(L) (V)** - FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE
UNSHELTERED
DISTANCE 0 250 500 7?50 1000 1250 1500 1750 2000 2250 2500 2750 3000
IN FEET
16600 9.1 7.3 4.9 2.8 1.2 ¢.3
8000 9.1 7.3 4.9 2.8 1.2 03
6000 8.5 6.8 4.5 2.6 1.0 02
4000 7.6 6.1 4.0 2.3 0.8
3000 6.5 5.1 3.4 1.8 0.6
2000 5.4 4.3 2.8 1.5 0.5
1000 3.8 2.9 1.8 09
800 3.3 2.5 1.6 0.7
600 2.4 1.8 1.1 0.5
400 1.7 1.3 0.7
300 1.2 0.9 0.5
200 0.8 0.4
150
100
80
60
50
40
30
20
10
(E})* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR JANUARY, 1998
C = 40
SURFACE - K =0 50 I = 38
(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 7.6 6.1 4.0 2.3 0.8
8000 7.5 6.0 4.0 2.2 0.7
6000 6.8 5.4 3.5 2.0 0.7
4000 6.0 4.7 3.1 1.7 0.6
3000 5.0 3.9 2.5 1.3 0.4
2000 4.4 3.5 2.2 1.2 0.4
1000 2.9 2.2 1.4 0.6
800 2.3 1.8 1.1 0.5
600 1.8 1.3 0.7
400 1.2 0.9 0.5
300 0.9 0.5
200
150
100
80
60
50
40
30
20
10

* NOTE: SOIL LOSS FOR VALUES WHERE 'E° IS LESS THAN 0 1 OR GREATER THAN
440 O ARE NOT SHOWN; OTHER VALUES NOT SHOWN ARE INVALID

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

(190-V-NAM, Third Ed., January 1998)
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Erosive wind energy
distributions and climatic
factors for the West

Leon Lyles

ABSTRACT: Erosive wind energy (EWE) distributions were determined for the 7 west-
ern states and Alaska. Wind erosion equation climatic factors (C) were determined for
the 10 Great Plains States, the 7 western states, and Alaska. Both EWE and C should be
useful in improving design and evaluation of wind erosion control systems and data qual-

ity from future national erosion inventories.

ONSERVATIONISTS presently use a
wind erosion equation (8) to design
erosion control systems and to estimate soil
loss by wind. Recently, Bondy and associ-
ates (I) outlined a procedure for comput-
ing soll erosion by periods using erosive
wind energy distributions. They presented
erosive wind energy distributions only for
the 10 Great Plains States. Consequently,
additional data are needed, especially for
the other western states where wind ero-
sion is a serious problem.

Annual climatic factors (C), one of the
independent variables in the wind erosion
equation, were published in 1962 (2)
However, ouly general ranges of values
were given. Subsequent maps were pre-
pared for some states (areas), generally by

Leon Lyles is research leader with the Agri-
cultural Research Service, U.S. Department of
Agriculture, stationed at the Wind Erosion Re-
search Unit, Kansas State University, Manhat-
tan, 66506. This article is a contribution from
ARS, USDA, in cooperation with the Kansas
Agricultural Experiment Station. Department
of Agronomy Contribution 82-393-J.

request of the Soil Conservation Service
(SCS), and may be found in various SCS
Technical Guides or Notes (for example,
4) Updated maps are needed using more
recent climatological data and containing
more locations.

Method of evaluation

Erosive wind energy distribution. 1de
termined erosive wind energy distributions
for specific sites in the states west of the
Great Plains using methods described pre-
viously (I) Erosive wind energy is defined
by months as the sum of the cube of wind-
speeds between 8 and 20 meters per second
(18-45 mileshour) in 1-meter-per-second
(2.2-mile/hour) increments. I included on-
ly locations with 5 years or more of wind
data.

A I climatic factors. The local wind
erosion climatic factor (C) is used to char-
acterize the erosive potential of climate
(windspeed and surface soil moisture) at a
particular location relative to Garden
City, Kansas, which has an annual C value
of 100 percent based on long-term climatic




data (except for Alaska) are related to the
key map in figure 1 Individual locations
show extremes of 40.4 percent (Barrow,
Alaska) and 99.8 percent (Roseburg, Ore-
gon) of annual erosive wind energy occur-
ring in the first six months. Of the states
evaluated, Arizona shows the most erosive

Figure 2. Annual climatic factor (C) In per-
cent for the Qreat Plains.

“
B caLironnia
fy sav08 B2
] 978
7, '..’ 1720

LN R

Figure 3. Annual climatic factor (C) in per-
cent for the West.

wind energy occurring during the first six
months while Alaska shows the least
(Table 1)

Data in table 1 would be used according
to the equation:

(B, ~ (EWE), (E), (3]

where (E), is the estimated erosion during
a given period, (EWE), is the proportion
of erosive wind energy occurring during
the period at a particular location, and
(E), is the estimated annual erosion ob-
tained from solving the wind erosion equa-
tion using period input data for all factors
except the climatic factor For example, as-
sume the location is Big Delta, Alaska, and
the period fs January through March.
Then (EWE), equals 0.43 (Table 1), that
is, 43 percent of the erosive wind energy
occurs during that period.

Figures 2 and 3 show all the C-factor
data (Alaska C-factors are given in table
2) I made no attempt to draw isolines on
the maps. Knowledge of terrain features
and local climate would be needed to make
judgments about how far the point data
can be extended areawise.

To illustrate how the monthly precipita-
tion limit of 1.27 centimeters (0.5 inch) in-
fluences C-factors in dry climates, I chose
Daggett, El Centro, and Thermal, Califor-
nia, and calculated the following C-factors
using actual monthly precipitation nor-
mals: 2,222, 2,856, and 2,446, respective-
ly. Those values correspond to 975, 445,
and 483 using the 1.27 centimeters (0.5
inch) limit (Figure 3) The lower values
appear more reasonable for those loca-
tions.

Both erosive wind energy and C factors
should be useful in improving design and
evaluation of wind erosion control sys-
tems. These data should also be useful in
future natiopal erosion inventories and as
input to a wind erosion component of an
erosion-productivity model now under de-
velopment by the Agricultural Research
Service.
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Table 2. Annual C tactors for Alaska.

Location C-factor (%)
Anchorage 9
Aniak 4
Annette 1
Barrow 89
Barter Istand 84
Bethel 42
Bettles 6
Big Delta 32
Cold Bay 16
Cordova <1
Elmdorf 2"
Fairbanks 14
Galena 4
Gulkana 11
Homer
Juneau 1
Kenat 5
Kindg Salmon 15
Kodiak 1
Kotzebue 87
McGrath 2
Minchumina 4
Nenana 9
Nome 17
Northway 3
Petersburg <1
St. Paul Island 20
Shemya 40
Sitka <1
Summit 7
Talkeetna 1
Tanana 5
Unalakleet 40
Yukutat <1

*Less than 5 years of wind data.
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A wind erosion ee%téaﬁon. Soil Sci. Soc. Am.
Proc. 29(5) 602-608. [m]
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Rangeland Productivity and Plant Composition-Elmore Area, Idaho, Parts of
Elmore, Owyhee and Ada Counties

Rangeland Productivity and Plant Composition

In areas that have similar climate and topography, differences in the kind and
amount of rangeland or forest understory vegetation are closely related to the kind
of soil. Effective management 1s based on the relationship between the soils and
vegetation and water

This table shows, for each soil that supports vegetation suitable for grazing, the
ecological site; the total annual production of vegetation in favorable, normal, and
unfavorable years, the characteristic vegetation, and the average percentage of
each species. An explanation of the column headings In the table follows.

An ecological site 1s the product of all the environmental factors responsible for its
development. it has characteristic soils that have developed over time throughout
the soil development process; a characteristic hydrology, particularly infiltration and
runoff that has developed over time; and a characteristic plant community (kind and
amount of vegetation). The hydrology of the site is influenced by development of
the soil and plant community The vegetation, soils, and hydrology are all
interrelated. Each is influenced by the others and influences the development of
the others. The plant community on an ecological site is typified by an association
of species that differs from that of other ecological sites in the kind and/or propartion
of species or in total production. Descriptions of ecological sites are provided in the
Field Office Technical Guide, which is available in local offices of the Natural
Resources Conservation Service (NRCS)

Total dry-weight production is the amount of vegetation that can be expected to
grow annually in a well managed area that is supporting the potential natural plant
community. It includes all vegetation, whether or not it 1s palatable to grazing
animals. It includes the current year's growth of leaves, twigs, and fruits of woody
plants. It does not include the increase in stem diameter of trees and shrubs. it is
expressed in pounds per acre of air-dry vegetation for favorable, normal, and
unfavorable years. In a favorable year, the amount and distribution of precipitation
and the temperatures make growing conditions substantially better than average.
In a normal year. growing conditions are about average. In an unfavorable year,
growing conditions are well below average, generally because of low available soil
moisture. Yields are adjusted to a common percent of air-dry moisture content.

Characteristic vegetation (the grasses, forbs, and shrubs that make up most of the
potential natural plant community on each soil) is listed by common name. Under
rangeland composition, the expected percentage of the total annual production 1s
given for each species making up the characteristic vegetation The amount that
can be used as forage depends on the kinds of grazing animals and on the grazing
season.

Range management requires knowledge of the kinds of soil and of the potential
natural plant community It also requires an evaluation of the present range
similarity index and rangeland trend. Range similarity index is determined by
comparing the present plant community with the potential natural plant community
on a particular rangeland ecological site. The more closely the existing community
resembles the potential community, the higher the range similarity index.
Rangeland trend is defined as the direction of change in an existing plant
community relative to the potential natural plant community Further information
about the range similarity index and rangeland trend is available in the "National
Range and Pasture Handbook," which is available in local offices of NRCS or on
the Internet

Natural Resources Web Soil Survey 2.2 5/18/2009
Conservation Service National Cooperative Soil Survey Page 1 of 6



Rangeland Productivity and Plant Composition—Eimore Area, ldaho, Parts of
Elmore, Owyhee and Ada Counties

The objective in range management is to control grazing so that the plants growing
on a site are about the same in kind and amount as the potential natural plant
community for that site. Such management generally results in the optimum
production of vegetation, control of undesirable brush species, conservation of
water, and control of erosion. Sometimes, however, an area with a range similarity
index somewhat below the potential meets grazing needs, provides wildlife habitat,
and protects soil and water resources.

Reference:
United States Department of Agriculture, Natural Resources Conservation Service,

National range and pasture handbook.

I,JSDAi Natural Resources Web Soif Survey 2.2 5/18/2009
Conservation Service National Cooperative Soil Survey Page 2 of 6



Rangeland Productivity and Plant Composition—Elmore Area, Idaho, Parts of Eimore, Owyhee and Ada Counties

Report—Rangeland Productivity and Plant Composition

Rangeland Productivity and Plant Composition— Elmore Area, ldaho, Parts of Elmore, Owyhee and Ada Countles

Map unit symbol and soll name Ecological site Total dry-weight production Characteristic vegetation Rangeland
composition
Favorable year | Normal year Unfavorable
yeoar
Lb/ac Lb/ac Lb/ac Pct
47—Davey-Mazuma complex, 12
to 40 percent slopes
Davey Sandy Loam 8-12 Artrw8/achy 1,000 6800 350 | Wyoming big sagebrush 35 W
indian ricegrass 20
m;;:ﬂegrass 15
Miscelianeous perannial farbs 10
Miscellaneous shrubs |10
Bottlebrush squirrettail 5
Sandberg bluegrass 5
Mazuma Saline Bottom 8-12 Save4/leci4 1,200 0900 600 | Black greasewood 40
Basin wildrye a5
Inland saftgrass 10
Bottlebrush squirreltail 5
Miscellaneous perennial grasses |5
Miscellaneous shrubs 5
50-—Dors fine sandy loam, 0 to 4
percent slopes
Dors Calcareous Loam 7-10 Atco-pide4/ 700 500 250 | Shadscale saltbush 25
achy-acth7 Bud sagebrush 20
Indian ricegrass 15
Miscellaneous shrubs 10
E’ hurber needlegrass 10
USDA  Natural Resources Web Soil Survey 2.2 5/18/2009

Conservation Service

National Cooperative Soil Survey

Page 3 of 6



Rangeland Productivity and Plant Composition—Elmore Area, Idaho, Parts of Elmore, Owyhee and Ada Counties

Rangeland Productivity and Plant Composition~ Elmore Area, Idaho, Parts of EiImore, Owyhee and Ada Counties

Map unit symbol and soil name

Ecological site

Total dry-weight production Characteristic vegetation Rangseland
Favorable year | Nommal year Unfavorable composition
year
Lb/ac Lb/ac Lb/ac Pct

Sandberg bluegrass 5

Miscellaneous perennial forbs 5

Bottlebrush squirreltail 5

51—Dors gravelly fine sandy loam,
4 to 12 percent slopes

Dors Calcareous Loam 7-10 Atco-pided/ 700 500 250 | Shadscale saltbush 25
achy-acth? Bud sagebrush 20
dl'ndian ricegrass 15
Miscellaneous shrubs 10
Thurber needlegrass 10

Miscellaneous perennial forbs 5

Sandberg bluegrass 5

Bottiebrush squirreltail 5

164—Typic Tomiorthents Badland | | | | |
complex, 20 to 70 percent slopes

Typic torriorthents Calcareous Loam 7-10 Atco-pide4/ 700 500 250 | Shadscale saltbush 25
achy-acth7 Bud sagebrush 20
Indian ricegrass 15
Miscellaneous shrubs 10
Thurber needlegrass 10

Sandberg bluegrass 5

Miscellaneous perennial forbs 5

Bottlebrush squirreltail o 5
Badland — -_ - el -

USDA  Natural Resources Web Soil Survey 2.2 5/18/2009

= |

Conservation Service

National Cooperative Soil Survey

Page 4 of 6



Rangeland Productivity and Plant Composition—Elmore Area, ldaho, Parts of Elmore, Owyhee and Ada Countles

Rangeland Productivity and Plant Composition— Elmore Arsa, ldaho, Parts of Elmore, Owyhee and Ada Counties

Map unit symbol and soll name Ecological site Total dry-weight production Characteristic vegetation Rangeland
Favorable year [ Normal year Unfavorable composition
yeoar
Lb/ac Lb/ac Lb/ac Pct
169—Vanderhoff-Buko-Loray
complex, 2 to 20 percent slopes
Vanderhoff Calcareous Loam 7-10 Atco-pide4/ 700 500 250 | Shadscale saltbush 25
achy-acth? VEud sagebrush 20
Indian ricegrass 15
Miscellaneous shrubs 10
Thurber needlegrass ) 10
_Miscellaneous perennial forbs 5
Bottlebrush squirreltaif 5
Sandberg bluegrass 5
Buko Sandy Loam 8-12 Artrw8/achy 1,000 600 350 | Wyoming big sagebrush 35
Indian ricegrass 20
Thurber needlegrass 15
Miscellaneous perennial forbs 10
Miscellaneous shrubs 10
Sandberg bluegrass 5
Bottlebrush squirreltail 5
Loray Calcareous Loam 7-10 Atco-pide4/ 700 500 250 | Shadscale saltbush 25
achy-acth? Bud sagebrush 20
Indian ricegrass 15
Thurber needlegrass 10
Bottiebrush squirreltail 5
Sandberg bluegrass 5
USDA  Natural Resources Web Soil Survey 2.2 5/18/2009
- Conservation Service National Cooperative Soil Survey Page 5 of 6



Rangeland Productivity and Plant Composition—Elmore Area, Idaho, Parts of Elmere, Owyhee and Ada Counties

Data Source Information

Soil Survey Area  Elmore Area, Idaho, Parts of ElImore, Owyhee and Ada Counties
Survey Area Data. Version 9, Jan 31, 2008

% Natural Resources Web Soil Survey 2.2 5/18/2009
Conservation Service National Cooperative Soil Survey Page 6 of 6
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Agronomy Technical Note 69 - Wind Erosion Equation

(Annual Method) on Rangeland
NM-NRCS May, 2004 Mike Spareic, State Acronamist
This note is to be used to estimate annual wind erosion annual method using the WEQ NAM part 502 method
where native vegetation is in the field. It is not to be used for RMS planning on rangeland. It can be used
when sodbusting land to estimate a before erosion rate and can be used fo see if current vegetation meets T.

TECHNICAL NOTES

U.S. DEPARTMENT OF AGRICULTURE SOIL CONSERVATION SERVICE
West Technical Services Center Portland Oregon

June 1981
A GUIDE FOR CONVERTING RANGELAND
VEGETATION TO SMALL GRAIN EQUIVALENTS

This technical note is to be used as a supplement to the National Resources Inventory (NRI 1981-82)
instruction Section N, Wind Erosion, Data.

In using the wind erosion equation (WEE) to determine the soil loss by wind on rangelands, the
vegetative cover must be converted to small grain equivalents. When western rangelands are properly
managed, vegetation is generally adequate to control wind erosion. Areas receiving 12 inches or more of
average annual precipitation and those range sites producing more than 1,000 pounds of average annual
air dry vegetation per acre generally will not have a wind erosion problem if they are properly managed.

Natural plant communities produce various proportions of grass, forbs, and shrubs. A variety of species
complement each other and, when properly managed, generally curtail wind erosion. In areas of less than
12 inches average annual precipitation and where vegetation is not properly managed, wind erosion can
become a serious problem.

Vegetative communities in the western states which may require the use of the WEE are the Great Basin
sagebrush areas, saltbush-greasewood, creosote bush, cactus-shrub, grama-tobosa-creosote bush, and
other areas which have sparse plant cover and have not been properly managed.

To use the following table, estimate the total vegetation produced per acre and, determine the percent
composition by species, then convert to flat small grain equivalent. Mixtures of species generally have a
combined effect greater than the sum of the individual effects (see reference). As a rule of thumb, 75 to
125 pounds of plant growth can be expected for each inch of water available in the soil even though the
site may be in a low ecological condition. If a conversion is needed for a plant not listed on the table, use
a similar species.

The figures in the table are based on the current total production of leaves and twig growth. The Woody
materials (trunks, branches, and stems) are not included in the table. Wood material of deciduous species
such as shimery oak and mesquite may have a significant effect on wind erosion, depending density and
height. Fallen leaves provide some mulch cover which provides some protection from wind erosion.
Until we have better data, use a direct ratio for litter to flat small grain; i.e. 200 pounds of litter equals 200
pounds smal] grain residue.

The effect of rock fragments (stones and desert pavement) is provided for in the "I" factor of the equation.

Other than those grass plants indicated, the conversion equivalents are estimates by the author and are
intended to be used to attain an approximation of potential wind erosion under average conditions. Field
testing and research are needed to improve these estimates so that the conversion guide will be more
reliable. As field use is made of this table, suggestions for improvement should be sent to the range
conservationist at the technical service center

Prepared by Donald H. Fulton, Range Conservationist, West TSC, Portland Oregon.



PBASIN WILDRYE

Guide for Converting Range Vegetation to
Equivalent Quantity of Flat Small Grain Residue

Pounds per acre of Range Vegetation

Grass Plants 500 100, 2000 300 400f 5000 600 700 800] 9 100
.
1 *Buffalograss, burrograss
Inland saltprass 3200 7200 16301 2630
rL"Bigbluestem 45 110 280 4801 705 950 1215 1495 1785 2090, 2410
*Western wheaterass, creeping
E_,wkildry”,ck&,si(lcgg;uxwgrmnn 155 245 775 12400 17400 2260{ 2795 3345
4 HLittle bluestem 45 110 285 495 735 995 12801 1580 1900 2230 2575
5 *Blue grams, threadleaf sedge
& perennial threeawn 1100 235 49 7600 1040 1325 161 1905
6 b‘al]c_ta&tobosa 150, 300 800, 1200, 17000 260
Bottlebrush squirreltail,
7 needleandthread. & thurber
needlegrass 70 150 300 600 - 800, 1200
8  |Alkali sacaton 60l 150 400 800 1400 2200 2800, 3600
?  [Bluebunch wheatgrasa 500 1201 300 S50 850, 1150 1500 19000 2300; 2600 3000
19 fidaho fescue 100 200 400, 900| 1500 2300
1! Indian riceprass S 100 1753000 6000 900 1400
12 \Crested wheatgrass 1300 300, 600 900 1300 1800 2400 3100/ 4000
13 heatgrass 100 200 300 600 800 1000; 1200 1600, 2000 25000 3000

*Lyles Leon and Bruce E. Allison, "Range Grasses and Their Small Grain Equivalents for Wind Erosion Control,” Journal of Range

Management, Vol. 33 No. 2, March 1980, pp. 143-146.

NOTE.: Other grass species equivalents were estimated by comparing the growth characteristics with the tested species.



Pounds per acre of Range Vegetation "/

Forbs 500 1000 20 3000 40 5000 6000 700 80 90 100
1 |[Perennial forbs | 500 100 300 500,

Annual forbs 50, 1000 2000 3000 500, 800 1000

__Shrubs
1 Big sagebrush 3(J 70 300 750 1100 1500 2000 2600, 3200 4000

Low sagebrush 50 150] 450 90& 16000 2200, 2900 360J

Greasewood & 4-wing saltbush 200 60l 250 450 800, 1250, 1800 2400 3000
4 [Tall and low rabbitbrush 30 70 350 800 1200 1700 2200 2800, 3400
5 Shadscale 30 700 300 500 850 1300
6 (Creosote bush 200 700 2500 400 600 800 1000
7 Mesquite 200 80, 200 300, 500 700, 800 1000 1500 2000 3000
8 [uniper 400 90 180 3000 450 800 950 1300 20000 2700, 3605
9 Cholta 2/ 0 50 100l 250, 350 500_  700_ 950 1300
10 [Yucca 2/ 0 70 150, 250 4000 600 750, 000, 1400 1800
11_[Winterfat 40, 1000 30 500, 800 1400, 1800 2300, 3000
12 [Litter 3/ 500 1000 200 3000 4000 509 600l 7000 300 900 1000

"Total leaf and twig growth-air dry weight. Woody production not included in these weight figures,
¥ Include all leaf and fibrous material.
¥ Litter should, include leaves, twigs and seems up to 1/2 inch in diameter
For deciduous shrub" estimate foliage production at time of wind erosion hazard.
The forb and shrub small grain equivalents are personal judgment only No research data is available to support these figures.



Examples of determining “v” for use in the wind erosion equation.

Range site: Loamy — 8-10” p.z. fair condition

Bluebunch wheatgrass -
Cheatgrass -
Annual forbs -
Big sagebrush -
Litter

50#/acre
100#/acre
50#/acre
500#/acre
300#/acre
v

Range site: Basalt hills 2-7” p.z. fair condition

Perennial threeawn -
Sixweeks grama -
Annual forbs -
Creosote bush* -
Litter -

20#/acre
80#/acre
20#/acre
250#/acre
50#/acre
v

*current and accumulated production

Range site: Loamy 12-16” p.z. V poor condition

Cheatgrass -
Big sagebrush -
Litter .

300#/acre
700#/acre
400#/acre

v

I

I

i

i

80
200
50
1500
300
2130

28

160 (use cheatgrass)
20

325
50

583

600
2600
400
3600

Y Little if any wind erosion should occur on this site.
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THE PHYSICS OF WIND EROSION AND ITS CONTROL 201

cotton is grown, some special forms of wind strip cropping are employed
wherein cotton in two to four rows is alternated with various numbers
and sequences of rows of sorghum or of other high-residue yielding crops
(Burnett al at., unpublished data, 1962).

In conclusion, the chief benefit from strip cropping for wind
erosion control is realized because the strips control soil avalanching
and the serious damage which can result from it. Strip cropping alone
will not fully control wind erosion; it must be supplemented with other
practices, such as stubble mulching, to be fully effective. In combination
with strip cropping, the supplementary practices need not be as intensive
as they would have to be for large fields.

2. Crop Rows

The relative effectiveness of different row spacings for wind erosion
control has not been fully evaluated. Generally speaking, the closer the
row spacing, the more effective will be the crop. Most close-spaced
crops, i.e., those planted with drills with spacing ranging from 7 to 14
inches, are erosion resistant once they are established. Sorghum, corn,
cotton, and other crops normally planted in 40- to 42-inch rows are not
so resistant. Recent experiments have shown that some of these crops
can be grown in closer-spaced rows without detrimental effects on yields.

The direction of crop rows with reference to prevailing erosive winds
has some effect on erosion. Siddoway (unpublished data, 1962) has
shown that the relative amount of erosion from soil planted to wheat
in 10-inch rows is about six times greater when the wind is blowing
parallel to the rows than when the wind is perpendicular to the rows.
Zingg et al. (1952) working with a portable wind tunnel with 9-inch
high sorghum stubble in 40-inch rows showed soil losses three times
greater with rows parallel to the wind than with rows perpendicular
to the wind.

VIl. The Wind Erosion Equation

A. GENERAL FRAMEWORK

A wind erosion equation, with all its accompanying charts and tables,
has been developed to indicate the relationships between the amount
of wind erosion and the various field and climatic factors that influence
erosion (Agricultural Research Service, 1961; Chepil, 1962a). The
equation is being modified continually as new data become available.
It is designed to serve a twofold purpose:

(1) As a tool for determining the potential amount of wind erosion
on any field under existing local climatic conditions.
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(2) As a guide for determining the conditions of surface roughness,
soil cloddiness, vegetative cover, sheltering, or width and orienta-
tion of field necessary to reduce the potential wind erosion to an
insignificant amount.

The equation embodies the major primary factors that govern wind
erodibility of land surfaces. These primary factors influence wind erosion
directly. They have been recognized during the course of many years
of accumulation of experimental data on the problem. Some of them
may be grouped or converted for convenience into equivalent factors,
or may be disregarded, as follows:

Individual Primary Factors Equivalent Factors
Per cent soil fractions > 0.84mm. as . .
determined by standard dry sieving, A E Soil erodibility, I
Mechanical stability of the surface crust, Transient, and therefore generally
F, disregarded
Average wind velocity, o .
Average moisture of soil surface, M g Local climatic factor, C

Same

o~

Soil surface roughness, K

Distance (along prevailing wind erosion
direction across field, D,)

Distance (along prevailing wind erosion Equivalent width of field, L
direction protected by barrier, D))

Equivalent quantity of vegetative

Kind of vegetative cover, S
cover, V

Quantity of vegetative cover, R
Orientation of vegetative cover, K,

The percentage of nonerodible dry soil fractions > 0.84 mm,, A, as de-
termined by standard dry sieving is an equivalent of their true percent-
age and of their stability against breakdown by tillage and abrasion
from wind erosion. Sieving breaks a portion of the nonerodible clods to
smaller, erodible ones. The problem is to sieve the soil with such vigor
or for such period of time to neither overemphasize nor underemphasize
the influence of one of these factors in relation to the other. Therefore,
the method of dry sieving is standardized (Chepil, 1962a). The percent-
age of nonerodible dry soil fractions > 0.84 mm. in diameter as deter-
mined by standard method of dry sieving is directly related to soil
erodibility 1. This relation was derived from three major studies:

(1) Wind tunnel experiments on the relation between soil cloddiness
and wind erodibility (Chepil, 1950b; Chepil and Woodruff, 1954,
1959).
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(2) Field measurements in the vicinity of Garden City, Kansas, during
1954-1956 on the relation between wind tunnel erodibility and
natural field erodibility (Chepil. 1960b).

(3) Analysis of intensity-frequency of occurrence of climatic conditions
in the vicinity of Garden City, Kansas, during 1954-1956 (Chepll
et al., 1962).

The mechanical stability of the surface crust, F,, if the crust is
present, is of little consequence in the long run. It is disintegrated
readily under the action of abrasion after wind erosion has started. It
is a transitory condition and has some significance only if we desire to
determine erodibility of the field at the moment the estimation is made.
If we are interested in average erodibility for the entire soil-drifting
season or year, as we ordinarily are, this condition should be disregarded.

The rate of soil movement by wind varies directly as the cube of
wind velocity, v, and inversely as the cube of average soil surface mois-
ture M. It is convenient to consider these two factors together as a
local wind erosion climatic factor, C. A map has been prepared indicat-
ing the approximate value of this factor for any location in the United
States and the agricultural areas of Canada (Chepil et al., 1962).

The soil surface roughness, K, is expressed in terms of height of
standard soil ridges (the same as ridge roughness equivalent of Zingg
and Woodruff, 1951) and means that the surface, other factors being
equal, will resist the wind as much as the standard soil ridges in which
nonerodible clods do not exceed !4 inch in diameter and which have a
height-spacing ratio of 1:4. For example, a ridge roughness equivalent of
2 inches for a given soil surface means that the wind drag against the
surface will be as great as against the surface composed of standard
ridges 2 inches high and 8 inches apart running at right angles to wind
direction, composed of the same proportion of erodible and nonerodible
fractions as the soil, and exposed to the same drag velocity of the wind
as the soil.

Width of field or field strip alone does not determine how erodible
it is unless the prevailing wind direction and the presence or absence
of adjoining wind barriers are taken into account tco. No matter how
narrow the field strip might be, if wind direction is parallel to its length,
the strip would be almost as erodible as a large field of a width equal
to the length of the strip. Furthermore, if any barrier is present on the
windward side of the field, the distance D, (along the prevailing wind
erosion direction) which it fully shelters from the wind must be sub-
tracted from the total distance D, (along the prevailing wind erosion
direction) across the field to determine the unsheltered distance across
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the field along the prevailing wind erosion direction. This is the distance
L that directly determines the quantity of erosion. It may be termed the
equivalent width of field.

The quantity R, kind §, and orientation K, of vegetation or vegetative
cover can be expressed together in terms of equivalent pounds per acre.
The equivalent vegetative material is small grain stubble to which S
has been assigned the value of 1. The equivalent orientation is the
absolutely flat, small-grain stubble with straw aligned parallel with wind
direction, for which K, has been assigned the value of 1. The kind of
vegetative cover factor, S, denotes the total cross-sectional surface area
of the vegetative material. The finer the material, the greater its surface
area, the more it slows down the wind velocity, and the more it reduces
wind erosion. The orientation of vegetative cover factor, K, is in effect
the vegetative surface roughness factor and the two terms mean the
same thing. The more erect the vegetative matter, the higher it stands
above the ground, the more it slows down the wind velocity near the
ground, and the lower the rate of erosion. The factors R, S, and K, are
multiplied together to give what is termed the equivalent quantity of
vegetative cover, V (Chepil, 1962a). The wind erosion equation then
may be expressed as

E=f(ICKLY) (27)

which says that the potential average annual quantity of erosion, or soil
loss, E, expressed in tons per acre is a function of the following factors:

I = soil erodibility,
C =local wind erosion climatic factor,
K = soil surface roughness,

L = equivalent width of field (the maximum unsheltered distance
across the field along the prevailing wind erosion direction),

V = equivalent quantity of vegetative cover.

The mathematical relationships among the factors in the wind erosion
equation are complicated, but charts and tables have been prepared
from which the quantity of erosion (soil loss), as influenced by each
of these factors, can be read at a glance (Chepil, 1962a). Moreover, the
charts and tables can be used in reverse to determine what conditions
are necessary to reduce wind erosion to any degree. Space is too limited
here to include these charts and tables and to indicate how they can be
used to estimate the potential soil loss of a field or the conditions needed
to reduce the soil loss to an insignificant amount.
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B. DATA NEEDED TO ESTIMATE POTENTIAL SomL Loss

Each of the individual primary factors that influence wind erosion
must be determined before the potential soil loss can be estimated.
They are as follows:

Datum 1.

Datum 2.

Datum 3.

Datum 4.

Datum 5.

Soil erodibility I in tons per acre per annum, determined
from percentage of nonerodible soil fractions > 0.84 mm. in
diameter. The percentage of nonerodible fractions is de-
termined by standard dry sieving (Chepil, 1962b) or from
reference tables of known average cloddiness of different
soils during the wind erosion season.

Local wind erosion climatic factor C, in per cent, estimated
for a particular geographic location from the wind erosion
climatic map (Chepil et al,, 1962).

Soil surface ridge roughness equivalent, K, in inches. Usually
K is equal to the average height of clods or ridges of which
the soil surface is composed (Zingg and Woodruff, 1951;
Chepil, 1962a). Several measurements can be made with a
ruler and averaged. Widely spaced ridges, such as those used
in emergency tillage for wind erosion control, have a ridge
roughness equivalent less than their height. Usually, if the
distance between them is increased beyond the 1:4 ratio,
their ridge roughness equivalent is decreased proportionately.
Thus, if the ridges are 6 inches high and the distance between
them, measured along the prevailing wind erosion direction,
is 48 inches, their height spacing ratio is 1:8, as compared
to 1:4 for standard ridges, so that their ridge roughness
equivalent is 4/8 of 6 inches, or 3 inches, if soil cloddiness
remains the same as for standard ridges.

Distance Dy, in feet across the field (along prevailing wind
erosion direction). This distance can be measured or com-
puted from the width of field if the prevailing wind erosion
direction is known (Chepil, 1959a). No adequate published
data on the prevailing wind erosion direction at various
geographic locations are available at present (1962).
Distance D, in feet (along prevailing wind erosion direction)
of full protection from wind erosion afforded by a barrier,
if any, adjoining the field. This distance for standard pervious
continuous barrier is about 10 times the height of the barrier
(Woodruff and Zingg, 1952). Data on the effectiveness of
different kinds of barriers in shielding the soil surface from
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erosion are meager. If height of barrier is no greater than
normal height of stubble, the influence is negligible and no
evaluation is made.

Datum 6. Quantity of vegetative cover, R, above the ground in pounds
per acre. This is estimated by sampling, cleaning, drying,
weighing, and computing on a pounds per acre basis in
accordance with standard procedure (Chepil and Woodruff,
1959). For some types of standing stubble, such as sorghum
or corn, the quantity can be estimated roughly from height
of stubble and number of stalks per unit area. Unpublished
supplementary charts and tables are available to facilitate
this type of estimation. All quantities of R presented in this
review are based on washed, oven-dry material multiplied
by 1.20. This represents approximately the average thoroughly
cleaned, air-dry weights.

Datum 7. Kind of vegetative cover factor, S (dimensionless ), obtainable
from supplementary tables (Chepil, 1962a).

Datum 8. Orientation of vegetative cover factor, K, (dimensionless),
obtainable from supplementary charts (Chepil, 1962a).

Vil. Needed Research

Field and supplemental wind tunnel studies on the basic causes,
effects, and remedies of wind erosion began in the severe dust storm
period of the 1930’s. Data have been collected and recorded continuously
till the present time. The first attempt to apply some of this informa-
tion as part of the wind erosion equation was published by Chepil and
Woodruff in 1954. From then, general wind erosion research and re-
search as applied to the wind erosion equation have been continued
simultaneously. One is not and could not be separated from the other.

Considerable information still is required on air flow, temperature,
evaporation, and crop yields in the vicinity of windbreaks and other
types of surface barriers such as snowfences, hedges, crop strips, crop
rows, ridges, and soil clods. Part of this study is expected to be applied
to classification standards for shelterbelts presently in existence in the
Great Plains. Ultimately it is hoped that greater clarification may be
made of the principles governing air flow patterns and soil erodibility
in the vicinity of barriers ranging from the size of clods to field shelter-
belts. Experiments on models in a wind tunnel are being initiated to
speed up attainment of basic information on this subject.

Much damage to soils and crops could be avoided if severe wind
erosion conditions could be predicted a few months to a year ahead
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of their occurrence. Such predictions might be possible in view of the
fact that severe wind erosion conditions tend to occur in cycles. A pre-
diction of severe conditions one growth season ahead of their occurrence
should give farmers ample opportunity to establish special tillage and
cropping practices that would be effective.

Although it is known at present what soil structure approaches an
ideal condition for resisting wind, little information is available on how
best to create such a condition and at the same time permit the soil
to absorb water freely and serve as a good medium for crop growth.
None of the present cropping systems, including grasses, are entirely
suitable, and some are detrimental. Studies are needed on new tech-
niques of developing a suitable soil structure. More information is
needed on the influence of moisture on soil structure as influenced by
different types of tillage action. Possibilities of finding new methods and
materials to develop desirable sizes of stable soil aggregates should be
explored further.

It is recognized that vegetative covers, alive or ‘dead, offer one of
the most effective conditions for controlling wind and water erosion.
However, better implements and probably more extensive education
on how best to use the present implements are needed to maintain pro-
tective crop residues on the surface, to control wind and water erosion,
runoff, and evaporation, and to maintain high level of crop yields.

One of the problems associated with present methods of maintaining
vegetative covers is that they tend to leave the surface soil loose, fine,
and highly erodible by wind. When drought occurs and vegetative
covers become depleted, serious erosion sometimes occurs. Implements
that improve structure of the surface soil and at the same time maintain
vegetative residues on the surface need to be improved. Information on
how to preserve vegetative matter above the ground or how to develop
vegetative matter resistant to decomposition also is needed. Recognition,
selection, and development of plant species suited for reclaiming eroding
sand dune land is needed urgently.

The general framework of the wind erosion equation has been devel-
oped, but many details are still lacking. These details may be filled with
accessory charts and tables as more research information becomes avail-
able.

Information is needed on the average soil surface roughness K for soil
surfaces tilled with different implements on different soil classes, with
different soil moisture contents. This information is important to deter-
mine the nature of the implements and methods of tillage that might be
more suited than the present ones for permanent and emergency tillage
programs for wind erosion control.
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Information is needed on the average distance D, of full protection
from wind erosion afforded by barriers of various degrees of air pene-
trability in various geographic regions and for various soils. This type
of information for windbreaks and other barriers is presently almost
completely lacking.

Information is needed on the prevailing wind erosion direction for
various locations. Available data needed to determine the prevailing
wind erosion direction include: (a) average hourly wind velocity from
each of the 16 points of the compass, and (b) per cent duration of wind
from each of the 16 points of the compass. The prevailing wind erosion
direction needs to be computed from the above data. A map then can
be prepared for estimating the prevailing wind erosion direction on indi-
vidual farms. This type of information would be valuable in determining
factors D, and D, and, inversely, in determining how wide crop strips
running in a certain direction should be to control wind erosion in various
regions.

Soil erodibility I, based on standard dry sieving procedure, needs to
be determined for various soil types wherever wind erosion is a problem.

Information on the values of kind of vegetative cover factor S and
orientation of vegetative cover factor K, is needed for cultivated and
grass crops other than those already investigated.

It is expected that the wind erosion equation will become more useful
as more specific information on the influence of the major primary factors
1, C, K, D, D,, R, S, and K, becomes available,

IX. Conclusion

This review has been devoted to discussion of progress made in
obtaining new information on wind erosion and its control. However, the
solution of the problem is dependent on the overall progress made in
research, testing, and extension.

It is beyond the scope of this review to discuss the overall progress
made in the solution of the wind erosion problem. Substantial progress
apparently has been made. Probably the best evidence of this is the fact
that the severity of dust storms in the Great Plains during the 1950’s was
considerably less than during a period of similar climatic conditions in
the 1930’s (Chepil and Woodruff, 1957; Chepil et al., 1962; unpublished
data by Chepil et al.) This difference is believed to be due to better
techniques, more favorable financial resources, and more earnest desire
on the part of everyone to conserve the soil.
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