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DOE Responses to NRC Comments
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April 2006 NRC Comments and DOE Responses, April 2006 Meeting

June 2006 NRC Comments and DOE Responses, June 2006 Meeting

February 2007 NRC Comments and DOE Responses, February 2007 Request for Additional Information

September 2007 NRC Comments and DOE Responses, September 2007 Open Issues Meeting

Final RAP NRC Comments and DOE Responses, Final RAP



ADDENDUM A.- NRC COMMENTS AND DOE RESPONSES

April 2006 Meeting

Geology

1(a). "Linear feature - explain further why the stratigraphy of the Prairie Canyon Member
defines the lineament..." It is asserted that the lineament is stratigraphically controlled, i.e.,
there is little direct technical support provided in the RAP that an informed reviewer could
rely on to concur. The nature of the contact of the two members of Mancos Shale that are
adjacent to or directly underlie the footprint take on importance for understanding present
and future site conditions and the behavior of surface and ground water that flows across
and through the contact zone. If the contact is stratigraphic, explain why is it not linear
everywhere it is exposed. If the lineament cannot be explained definitively as stratigraphic,
then it may be structural, such as a fault contact. Such a possibility would entail
investigating whether or not it is a capable fault.

I(b). "...and that the linear feature is not offset by faults." The applicant's idea of explaining
why the linear feature is not offset by faults (and the significance of such an observation) is
potentially useful for showing structural integrity of the. lineament only where it is exposed
to scrutiny.

Response for ](a) and 1(b):
The stratigraphic horizon referenced in this comment is represented by discontinuous
concretionary masses of dolomitic siltstone that mark the top of the Prairie Canyon
Member. These resistant concretionary masses are near the north edge of the disposal cell
footprint in the south parts of Sections 22 and 23, as shown in the March 12, 2007,
geologic map. Exposures of this stratigraphic horizon are not linear everywhere because
the exposures are characteristically poor and the concretionary masses are discontinuous
both along strike and along dip. Additionally, subtle spatial variations in strike and dip
directions within the Mancos Shale, coupled with the topographic elevation of the
individual exposures, cause the exposed masses to appear nonlinear in outcrop.
Stratigraphic characteristics of the Prairie Canyon Member of the Mancos Shale at the
Crescent Junction Site are similar to the descriptions provided in two important references
(listed here).

Cole, R.D., R.G. Young, and G.C. Willis, 1997. The Prairie Canyon Member, a New Unit
of the Upper Cretaceous Mancos Shale, West-Central Colorado and East-Central Utah,
Utah Geological Survey Miscellaneous Publication 97-4.

Hampson, G.J., J.A. Howell, and S.S. Flint, 1999. "A Sedimentological and Sequence
Stratigraphic Re-Interpretation of the Upper Cretaceous Prairie Canyon Member ("Mancos
B") and Associated Strata, Book Cliffs Area, Utah, U.S.A.," Journal of Sedimnentary
Research, 69(2), pp. 414-433.
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The revised calculation set for Surficial and Bedrock Geology of the Crescent Junction
Disposal Site (Attachment 2, Appendix B) includes additional mapping results,
stratigraphic descriptions, and literature citations that describe this important horizon in the
Prairie Canyon Member.

2. "Provide photo(s) from the top of the Book Cliffs showing the lirieament." [does not affect
RAP]. This request was made to enable the NRC staff to inspect the lineament more
clearly in a larger form than what is in the draft RAP.

Response:
Four photographs taken on July 19, 2005, from the top of the Book Cliffs just north of the
site, showing the subject lineament, were sent to the NRC on May 3, 2006, for their
inspection.

3. "Linear feature - evaluate any geophysical reflection data on fracture orientations in
boreholes (005 and 023) and corehole (0201) north of the lineament." The objective of
such investigations appears to be to obtain data on the characteristics of the contact zone
and to seek evidence for the origin of the lineament. Such data may be potentially useful
for assessing the geomechanical properties of the rocks, flow and transport properties and
conceptual models of the rocks at and near the site.

Response-
Geophysical seismic surveys conducted at the site consisted of the refraction rather than
the reflection method. The refraction survey was conducted to obtain shear wave velocities
in the weathered Mancos Shale to determine its rippability characteristics. The refraction
survey area was south of the lineament, and this survey method would not provide useful
data for a lineament investigation.

4. "Low sun-angle photos - send a copy to NRC for inspection." [does not affect RAP]. The
request was made because the photos were identified, but not provided in the draft RAP.

Response:
A set of low sun-angle photographs taken on July 27, 2005, was sent to the NRC on May
3, 2006, for their inspection.

5(a). "Document/evaluate rates of changes of surface geologic processes such as scarp retreat of
the Book Cliffs..."

5(b). "...rock falls and roll distances (petroglyph dates),..." These geomorphic processes result
in (i) erosion of the cliffs that dominate the site by gravity, running water and wind, (ii) the
transport of rock particles of all sizes up to large boulders, and (iii) the deposition of the
rock particles. The smaller particles, sizes up to small boulders, are shown on photos and
reported to have been transported to (and impinge upon) the proposed footprint and beyond
(lower elevations), largely by sheet wash. There is a need to quantify or otherwise bound
the sediment loading of the surface drainage system for the next 200 to 1,000 years as
input to the design of the empoundment to achievethe necessary performance.
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Response for 5(a) and 5(b):
Northward scarp retreat of the Book Cliffs was estimated from average scarp retreat rates
in the literature (listed .here) for the Book Cliffs and for rock.types in arid environments at
5 feet (ft) per thousand years.

Schumm, S.A., and R.J. Chorley, 1983. Geomorphic Controls on the Management of'
Nuclear Waste, prepared for the U.S. Nuclear Regulatory Commission, Washington, D.C.,
NUREG/CR-3276.

Woodward-Clyde Consultants, 1983. Overview., of the Regional Geology of the Paradox
Basin Study Region, unpublished technical report ONWI-92, prepared for the Office of
Nuclear Waste Isolation, Battelle Memorial Institute, Columbus, Ohio, March.

Rock art (petroglyphs) on several boulders at the base of the Book Cliffs is from the
*Fremont era of 200 BC to 1350 AD. This gives a minimum age of the rock falls as 650
years, but they could have fallen as long as 2,200 years or more ago. Calculation of the
rock fall runout distance for rocks falling from the top of the Book Cliffs was made along
two profiles, using an empirical angle that defines the limit of runout. Distances from the
empirical rock-fall runout limits from the two profiles to the edge of the disposal cell
footprint were 900 and 950 ft. This indicates the disposal cell and any access roads or
infrastructure are far enough from the base of the Book Cliffs to. not pose a hazard from
rock falls.

The scarp retreat rate information was included in the revised calculation set for Site and
Regional Geomorphology - Results of Literature Research (RAP Attachment 2, Appendix
C). Information on rock-fall runout distances was included in the revised calculation set for
Site and Regional Geomorphology Results of Site Investigations (Attachment 2,
Appendix D).

5(c). "...and rate of incision (headcutting) migration of West Kendall and Crescent Washes." In
fact, the potential hazard to the proposed empoundment from any stream, wash or gully
that may erode headward and intersect or otherwise affect the empoundment in the. next
200 to 1,000 years needs to be fully investigated and evaluated as potential inputs to design
for mitigation.

Response for 5(c):
Forecasts of headward erosion are in the revised calculation set for Photogeologic
Interpretation and in the revised calculation set for Site and Regional Geomorphology
Results of Site Investigations (RAP Attachment 2, Appendices G and D, respectively). The
progress of headward incision of three tributaries of the West Branch of Kendall Wash was
compared in.the registered historical aerial photographs from 1944, 1974, and 2005.
Results showed the progress of headcuts was approximately 1.3 to 2.3 ft per year over the
60-year period. At these rates, headward erosion would reach the site access road in about
250 years and just outside the southwest comer of the disposal cell in about another 250
years. Approximately 1,600 years of headcutting would be required to reach
northwestward to Crescent Wash, where a capture of that drainage by the West Branch
would be possible.
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To protect the disposal cell from the headcutting, the outlet of the main diversion channel
coming from the north side of the disposal cell has been extended away from the cell and
with sufficient riprap at the outlet. In addition, a rock apron was also designed around the
toe of the east, West, and south sides of the cell to protect against erosion and dissipate
energy from cell runoff.

6(a). "Evaluate the effect (if any) of fractures on weathered Mancos Shale and on hydrology."

Because fractures exist at the site and beyond (from observations ofpits, core and
outcrops) in weathered (and unweathered) Mancos Shale, characteristics of fractures in
both the Prairie Canyon and Blue Gate Members should be investigated only to the level of
detail commensurate with their significance to design and to performance evaluations.

6(b). Suggest DOE prepare explicit characteristics of "weathered" and "unweathered" Members
of the Mancos Shale, given that these are end members of a gradational series. The goal is
to minimize ambiguous data-from samples that are partially weathered or partially
unweathered. Implicit in the description of the characteristics of the weathered Mancos
Shale, such as fractures, is the need to describe the characteristics that distinguish the
weathered Mancos Shale from the bedrock Mancos Shale (for both the Prairie Canyon and
Blue Gate Members). DOE stated at the meeting that the weathered zone of the Mancos
grades gradually into the unweathered (bedrock) Mancos, making it necessary to describe
criteria to distinguish each type of shale.

Response for 6(a) and 6(b):
Characteristics of weathered and unweathered Mancos Shale bedrock for both the Prairie
Canyon and Blue Gate Members were compiled from corehole lithologic logs and RQD
data and are in Figure 8 in the revi sed calculation set for Surficial and Bedrock Geology of
the Crescent Junction Disposal Site (RAP Attachment 2, Appendix B).

7. "Evaluate more fully the reason(s) for the abandonment of the course of the ancestral East
Branch Of Kendall Wash and assess if future drainage abandonments could occur and their
affect on the site." The significance of a stream abandonment on a bajadaor pediment for
understanding future stability or predictability of drainage networks depends on the
cause(s), rates of reestablishment of the drainage change, and future site conditions. The
observation of large boulders in a wash in or near the abandoned system unusually far.from
the Book Cliffs suggests the possibility that a highly energetic, but localized, wash may
occur again in a situation similar to that of the proposed footprint.

Response:
Additional characterization of the withdrawal area east of the proposed disposal cell
footprint (including the East Branch) was conducted in October 2006. Several additional
areas of large boulders were found associated with the East Branch and its ancestral
drainages. These areas are at least 1 mile (mi) east of the disposal cell footprint and appear
to be expressions of high-energy flows from the East Branch drainage system that heads in
two canyons (known as Little Blaze Canyon and an unnamed canyon just to the west of it)
that are reentrants into the Book Cliffs. Based on the difference in the depths of incision of
the ancestral East Branch and the present East Branch at the point of capture, capture of the
ancestral East Branch occurred approximately 6,000 to 9,000 years ago.
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This additional information and the implications for the disposal cell area were' included in
the -revised calculation set for Photogeologic Interpretation (RAP.Attachment 2, Appendix
G).

8. "Erosion surfaces appear to be displaced from aerial photos - determine if they' are
displaced and their significance if they show Quaternary movement." Because displaced
erosion surfaces may have been caused by neotectonic activity, they are potential clues to
seismic sources. They rhay be also caused by a seismic structural deformation. Such
potential surfaces were reported in RAP Attachment 2, Appendix G, Plate I and captions
'g' and 'h' for Low Sun Angle photograph.

Response:
Area "g" was investigated in May 2006 and determined not to be related to faulting. It had
appeared from aerial photographs that Crescent Bench, a mantled pediment surface, was
displaced down to the north. Upon inspection; the lower surface was not the same mantled
surface as Crescent Bench; it was an unmantled surface on Mancos Shale, and the
difference in height of the two surfaces could be explained simply by erosion rather than
faulting.

Possible displacement of the Quaternary surface along a linear feature at area "h" was
investigated in November 2006. No displacement was seen and the linear feature was
determined to be an old dozer cut about 2 mi long made for a seismic survey line probably
in the 1960s. Results from investigations of both areas "g" and "h" were included in the
revised calculation set for Photogeologic Interpretation (RAP Attachment 2, Appendix G).

9. "Expand the discussion onpotential natural resources (oil/gas, salt/potash,
uranium/vanadium, and gold) based on current economics." An update is prudent, given
that gold is near its all time high and oil is at its all time high, for example.

Response:
Oil and gas are the geologic resources that have the highest potential for occurrence and
development at the site area. The entire withdrawal area is currently leased for oil and gas,
and several oil and gas test holes have been drilled recently just to the south and west of
the withdrawal area. Exploration and production of oil and gas (if it occurs) is permitted in
the withdrawal area and production could take place even under the 250-acre disposal cell
by directional drilling.

The probability of occurrence of potash and other salt mineral resources is low in the site
area because of post-depositional movement of the saline facies of the Paradox Formation
toward the axis of the Salt Valley Anticline about 2 mi to the southwest of the site. As a
result, these deposits at the site are thin to absent. Uranium and vanadium and copper and
silver deposits are in the Morrison Formation in widely scattered locations more than 5 mi
south of the site area; the low probability of the occurrence of these metals beneath the site
and the greater than 3,000-foot depth of the Morrison Formation make their exploration
and development economically unfeasible. Gold content is slightly higher in Mancos Shale
in the site area than what normally occurs in shale; however, to warrant economic
extraction, the gold content would have to be 1,0 to 100 times higher.
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Additional information on these potential natural resources in the site area is in the revised
calculation set for Site and Regional Geology Results of Literature Research (RAP
Attachment 2, Appendix A). The discussion is based primarily on two BLM reports, which
give the occurrence and development potential of these resources.

10. "If oil/gas resources are present below the site, and these were exploited, could subsidence
(and how much?) occur?"

Response:
Possible oil and gas production from beneath the disposal site at depths of between 4,000
and 11,000 ft would not result in subsidence. Void (pore) space in the rock (typically a
sandstone) that would contain the oil and/or-gas typically amounts to as much as 20 to 25
percent of the rock volume. Recovery of the oil and/or gas (usually less than 50 percent of
the resource) would therefore result in creating a void space consisting of only about 10%
of the rock volume. Adequate grain support in the well-lithified sandstone of Paleozoic or
Mesozoic age and the great depths of the possible production horizons would make surface
subsidence highly improbable. No subsidence has been reported. as a result of oil and gas
production from numerous fields at similar depths in east-central Utah (personal
communication in 2007 with David Tabet, Geologic Manager of Energy and Minerals
Program for the Utah Geological Survey). This information was added to the Resource
Development section in the revised calculation set for Site and Regional Geology Results
of Literature Research (RAP Attachment 2, Appendix A).

11. "Further document the past occurrence of shallow gas in the Mancos Shale and its
potential to occur at the site." Given that DOE reported evidence of natural gas in at least
one of its boreholes on or near the site, that gas blowout preventers have been used by
local drillers because of a known (little evidence presented) or presumed hazard, it is
prudent to investigate the history, likelihood, expected magnitude of such a hazard at the
site or at analogous sites in the area.

Response:
More details of the occurrence of gas in one borehole from the 1920s were added to the
revised calculation set for Site and Regional Geology Results of Literature Research
(RAP Attachment 2, Appendix A). No other shallow test wells from the area have reported
gas, but the occurrence of gas in thick marine shale is not unusual.

12. From Disposal Cell Section: "The sheet flow process described in the geology section is
expected to continue after cell construction and must be considered in the design." From a
geological review perspective, the description of the sheet flow hazard (in the Geology
Section) would need a technical basis to support an estimation of locations, rates and
magnitudes of water and mass movements 6ver the next 200 to 1,000 years.

Response:
Because the disposal cell is designed such that maximurn flows coming down the main
sheet wash path (in the east part of the cell) would be diverted westward and eastward
around the perimeter of the disposal cell, sheet wash flow is not considered a hazard and
determination of the rate of accumulation of sheet wash deposits is not necessary..
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Seismology

13. "Indicate which faults are capable/not capable and basis for assumption." Identify the
known and suspected faults in the area such that if any were of such size and distance from
the site that, if seismogenic, would affect the site and need to be evaluated for its seismic
loading potential.

Response:
Faults are identified as capable/not capable in the revised calculation set for Site and
Regional Seismicity - Results of Maximum Credible Earthquake Estimation and Peak
Horizontal Acceleration (RAP Attachment 2, Appendix F, Table 3). Known and suspected
faults are identified and discussed in the revised calculation set for Site and Regional
Seismicity - Results of Literature Research (RAP Attachment 2, Appendix E, pages 5-12).

14. Provide rationale for using 6.2 for the floating earthquake when 5.9 is listed as the
maximum earthquake on page 6.

Response:
Rationale to explain the difference between the estimation of the maximum predicted
earthquake and the maximum historically recorded event is explained in the revised
calculation set for Site and Regional Seismicity - Results of Maximum Credible
Earthquake Estimation and Peak Horizontal Acceleration (RAP Attachment 2, Appendix
F, page 5).

15. -Indicate why some faults included in the calculations for the Cheney Site were not
included for the Crescent Junction Site.

Response:
An explanation is given in the revised calculation set for Site and Regional Seismicity -
Results of Literature Research (RAP Attachment 2, Appendix E, page 11) that although the
Cheney Site is used as a comparison for a site within the same tectonic province, the sites
are not in the same location, so faults located closer to one site will have the potential of
having larger impacts on the close site as compared to the farther.site. Specific faults will
be addressed on an individual basis that is relevant to both sites.

16. Provide velocity data from geophysics for the rippability study for the weathered and
unweathered Mancos Shale below the site.

Response:
The geophysical investigation at the Crescent Junction Site was done specifically to access
rippability of the Mancos Shale during construction of the disposal cell. As such, the
investigation consisted of determining the seismic velocities of the weathered and
unweathered shale deposits using compression wave data. Shear wave velocities and shear
modulus are typically the parameters used to evaluate the stiffness of the foundational
materials to evaluate if amplification of ground motions would be expected. However, on a
qualitative basis, the seismic velocity data will be presented to support the claim that site
amplifications will be negligible. Velocity data are provided in the revised calculation set
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for Site and Regional Seismicity - Results of Maximum Credible Earthquake Estimation
and Peak Horizontal Acceleration (RAP Attachment 2, Appendix F, page 17).

17. Provide more justification to support the salt dissolution origin for the Thompson Anticline
and Tenmile Graben structures.

Response:
A preliminary field investigation of several unnamed faults, associated with the Thompson
Anticline (Willis 1986; Doelling 2001), showed no evidence of Quaternary movement (no
Quaternary deposits were displaced by the faults). It was concluded that no recent
movement has occurred along faults associated with the Thompson Anticline, and that they,
reflect slow, incipient subsidence related to dissolution of deep salt deposits along the
northeast edge of the Paradox Basin.

* The Tenmile Graben, which is approximately 35 km long, is a narrow zone of faulting
displacing Cretaceous and Jurassic bedrock along Salt Wash southeast of the town of
Green River. The graben is on the northwestern edge of an area typified by northwest-
trending, elongated oval valleys that are collapsed or depressed anticlines. The graben is
probably related to salt dissolution. The youngest rocks offset by this fault are the upper
members of the Cretaceous Mancos Shale (Doelling 2001). No Tertiary rocks are
preserved along theTenmile Graben. Quaternary alluvium and eolian sediments do not
appear offset by any of the faults (Doelling 2001). Because no evidence exists for
Quaternary deformation of the Tenmile Graben, it is not considered a capable fault for
seismic-hazard assessment purposes.;

Further discussion is presented in RAP Attachment 2, Appendix E, pages 6-7 and 10-12.

18. Determine if Granite Creek and Ryan Creek Faults on the Uncompahgre Uplift are
connected andwhat acceleration would result.

Response:
The possibility of Granite Creek and Ryan Creek Fault systems being connected was
investigated. The two fault systems appear to be separate based on mapping both by
Doelling (2001) and in a cross section by Ely et al.. (1986). Because the Granite Creek and
Ryan Creek Faults are roughly parallel and overlapping, the total fault trace would not
increase if they were considered collectively. Several faults of similar strike parallel the
Granite Creek Fault to. the northeast. Both Granite Creek and Ryan. Creek Faults may
merge at depth with the major uplift-bounding (Uncompahgre) reverse fault. For purposes
of the Moab Remedial Action Plan, the Granite Creek Fault zone is considered a capable
fault.

Discussion on the connectivity of these faults is given in the revised calculation set for Site
and Regional Seismicity - Results of Literature Research (RAP Attachment 2, Appendix
E).

19. In Appendix B Table, change the Wells and Coppersmith rupture-length reference to
Campbell.
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Response:
The table in calculation set for Site and Regional Seismicity - Results of Maximum
Credible Earthquake Estimation and Peak Horizontal Acceleration (RAP Attachment 2,
Appendix F), has been adjusted to make column headings more clear.

20. Provide latitude and longitude for fault systems in tables.

Response:
Latitudes and longitudes have been shown on all figures in the revised calculation sets for
Site and Regional Seismicity - Results of Literature Research (RAP Attachment 2,
Appendix E) and Site and Regional Seismicity - Results of Maximum Credible
Earthquake Estimation and Peak Horizontal Acceleration (RAP Attachment 2, Appendix
F).

21. Provide copy of Cheney RAP.

Response:
The Cheney RAP was sent to the NRC on May 3, 2006.

22. Provide justification for using 0.42 g for Cheney design while 0.21 g for Crescent Junction.

Response:
According to the revised calculation set for Site and Regional Seismicity - Results of
Maximum Credible Earthquake Estimation and Peak Horizontal Acceleration (RAP
Attachment 2, Appendix F, page 18), the seismotectonic stability studies done for the
Grand Junction mill tailings/Cheney Disposal Site identified a fault (Fault 8) with a length
of 11.0 km at a distance of 9.0 km from the site. Although no evidence of Quaternary
displacement was proven, it was considered to be capable on the basis of its apparent
association with a possibly active regional structure, the Uncompahgre Uplift. This fault
was adopted as the design fault for the Cheney Disposal Site, resulting in a recommended
design acceleration of 0.42g. The capabilities of this fault and other faults related to the
Uncompahgre Uplift have negligible impact on the Crescent Junction Site due to the
distance of these faults to the Crescent Junction Site.

23. Address amplification when estimating the seismic design for the site.

Response:
The TAD (DOE 1989) states in Section 5.4.4 that for shallow soil sites with less than 30 ft
of overburden above bedrock, the site surface acceleration is considered to be the same as
the acceleration derived from the seismic study. In Campbell and Bozorgnia (2003)
attenuation relations, the PHA equations account for local site conditions of the upper 30
meters of rock or soil. As defined in their paper, the site is categorized as a firm rock site,
based on underlying geologic unit consisting of pre-Tertiary sedimentary rock (Late
Cretaceous Mancos Shale). This category assignment is supported by the SPT data, which
place the less-weathered Mancos Shale as a BC soil class as defined by the National
Earthquake Hazard Reduction Program.
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A discussion of amplification at the site is presented in the revised calculation set for Site
and Regional Seismicity - Results of Maximum Credible Earthquake Estimation and Peak
Horizontal Acceleration (RAP Attachment 2, Appendix F., page 17).

24. Provide any available reflection or geophysical data which may shed light on the
stratigraphy and seismic velocity at the site.

Response:
Seismic velocity data from the rippability study summarized the three main geologic
layers. The upper layer (alluvium and eolian deposits) ranged in depths from 4.5 to 18 ft,
with seismic velocities ranging from approximately 1,160 to 1,330 feet per second (fps),
typical for unsaturated alluvial overburden soils. The base of the second layer (weathered
Mancos Shale) was interpreted to vary between approximately 24 and 60 ft, with seismic
velocities ranging from about 4,060 to 5,220 fps. Velocities for the unweathered Mancos
Shale ranged from about 9,000 to 10,000 fps. These data are provided in the revised
calculation set for Site and Regional Seismicity - Results of Maximum Credible
Earthquake Estimation and Peak Horizontal Acceleration (RAP Attachment 2, Appendix
F, page 17).

25. Make sure the earthquake distributions in Fig. 4 App. (E) are consistent with those in Fig.
1 App. (F).

Response:
Modifications were made for consistency in the revised calculation sets for Site and
Regional Seismicity - Results of Literature Research (RAP Attachment 2, Appendix E,
Figure 4) and Site and Regional Seismicity - Results of Maximum Credible Earthquake
Estimation and Peak Horizontal Acceleration (RAP Attachment 2, Appendix F, Figure 1).

26. Identify the different symbols in App. (E/B) and App. (F/A).

Response:
In RAP Attachment 2, the Appendixes have been modified in the revised calculation sets
for Site and Regional Seismicity - Results of Literature Research (RAP Attachment 2,
Appendix E) and Site and Regional Seismicity - Results of Maximum Credible
Earthquake Estimation and Peak Horizontal Acceleration (RAP Attachment 2, Appendix
F).

27. Address if liquefaction may occur at the site.

Response:
Tailings liquefaction is not likely because tailings would be placed in the cell at near-
optimum moisture conditions (i.e., unsaturated), at compaction densities achieved with
placement in lifts and rolling with construction equipment, and the fines content of the
tailings. In the event that zones of tailings do become saturated, the calculated stress ratio
required to cause liquefaction of the tailings is higher than theseismic stress ratio for all of
the cases considered, indicating that liquefaction would not occur. Liquefaction is
discussed in the revised calculation set for Settlement, Cracking, and Liquefaction
Analysis (RAP Attachment 1, Appendix D).
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June 2006 Meeting

Ground Water Hydrology

1. What is the deepest weathered Mancos Shale encountered at other sites? Is it similar to the
approximately 20-foot (ft) thickness found at the Crescent Junction Site?

Response:
The weathered zone in the Mancos Shale at the Shiprock, New Mexico,.Legacy
Management Site is approximately the same thickness as the weathered Mancos Shale at
the Crescent Junction Disposal Site. Packer tests conducted at the Shiprock Site suggest
that the weathered zone (the zone with relatively higher permeabilities) extends to a depth
of approximately 35 ft. Below that depth, the permeabilities are approximately 3 to 4
orders of magnitude lower than in the upper weathered zone.

2. What is the basis for concluding that water encountered in the 300-ft-deep characterization
holes is connate?

Response:
The ground water in the Mancos Shale is suspected to be connate based on several factors,
including its salinity, variable ground water levels, and isolation from sources of recharge.
In August 2006, the ground water was sampled in wells 0203 and 0208 and analyzed for
radiocarbon (14 C). Results of the analyses show that the age of the ground water exceeds
40,000 years, which is the approximate detection limit for radiocarbon age dating. A
calculation set describing the results of 1aC dating of ground water from two wells (0203
and 0208) at the disposal site is included in a new calculation set for Radiocarbon Age
Determinations for Ground Water Samples Obtained From Wells 0203 and 0208 (RAP
Attachment 3, Appendix.F).

Water Resources Protection Strategy

3. Provide geochemistry data on water from the 300-foot-deep holes.

Response:
A hard copy of the requested data was provided to NRC at the meeting. A summary of
geochemistry data for the Crescent Junction Site is included in RAP Attachment 5,
Appendix H, Background Ground Water Quality.

Disposal Cell Design and Engineering Specifications

4. Recommendation was made on rock size and filter requirements that only the Abt-Johnson
method and not the Stephenson method be used with the objective of reducing filter layer
thicknesses and rock thickness and size on the side slopes. Ted Johnson indicated that
perhaps only the south side slope and the drainage channel(s) may require a filter layer
(east, west, and north side slopes may not require a filter layer), but a thinner filter layer
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could be used. Also, the thickness of the rock does not have to be twice the D5o, and that
1.5 times the D5o would suffice.

Response:
TFie calculation set for Erosional Protection of Disposal Cell Cover (RAP Attachment 1,
Appendix H) was revised using the Abt-Johnson method, which reduces the size of the
rock on the side slopes. The filter layer will be eliminated on the east, west, and north side
slopes, but is necessary on the south side slope to accommodate runoff from the surface of
the disposal cell. A filter layer will also be used under the riprap along the toe of the north
side slope. The rock layer thickness will be kept at twice the D50 or near the D100 size
requirements.

5. The proposed toe protection on tihe south side slope for a scour depth of I foot is too low,
as cited in Figure 4 in the calculation set for Erosion Protection of Disposal Cell Cover.
The total thickness of the rock was acceptable, but the thickness of rock for protection of
the south slope apron should be re-evaluated according to NUREG-1623, page D-19.

Response:
The apron protection on the south slope was recalculated to be 2.5 ft deep, and this was
incorporated in the calculation set for Erosional Protection of Disposal Cell Cover (RAP
Attachment 1, Appendix H).

6. The issue was ,discussed on how to handle sedimentation in the north drainage channel
from small precipitation events while maintaining a full channel to accommodate the
Probable Maximum Precipitation. Suggestion was made that DOE consider eliminating the
north drainage channel and just use toe protection buried below grade as is proposed for
the south side slope.

Response:
Diversion of upland runoff around the north side of the disposal cell involves conveying
runoff to the west of the cell without eroding materials at the toe of the north slope of the
cell. Diversion also involves accommodation of sediment from upland runoff that may
settle out due to the decrease in gradient from 2 percent (in upland areas) to 0.5 percent
(along the toe of the north slope). These factors are included in the current design along the
north slope of the disposal cell. Erosion protection along the north slope of the disposal
cell will consist of(l) a rock mulch on the slope above the anticipated level of flow along
the toe of slope, (2) riprap on the slope within the anticipated level of flow along the toe of
slope, (3) riprap on an apron extending from the toe of slope and (4) buried riprap in a
trench beneath the apron, extending below the estimated depth of scour. A channel will be
constructed along the toe of the north slope to facilitate placement of erosion protection
materials; the channel will drain to the west-southwest at a 0.5 percent slope, and it is
anticipated that it will fill with sediment from upland runoff. The above design changes
were incorporated in the revised calculation set for Diversion Channel Design, North Side
Disposal Cell (RAP Attachment 1, Appendix G).

,7. The NRC agrees with construction of a cut-off wall at the end of the north drainage
channel. Instead of using a gabion basket for this wall, use of a rock-filled trench is
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proposed. This is because the basket wire will deteriorate during the 1,000 year life of the
cell.

Response:
A rock-filled trench will be used without the gabion baskets. This design change was
incorporated in the revised calculation set for Diversion Channel Design, North Side
Disposal Cell (RAP Attachment 1, Appendix G).

8. The proposed radon barrier is highly conservative and DOE can re-evaluate in the interest
of reducing layer thicknesses. Major factors influencing radon barrier'thickness are the Ra-
226 concentration of tailings and, to a lesser degree, the moisture content of the barrier.

Response:
The Ra-226 values have been revised in the calculation set for Average Radium-226
Concentration for the Moab Tailings Pile (RAP Attachment 1 , Appendix K) to reflect the
average of known concentrations. Previous Ra-226 values (one standard deviation above
the mean) were 868 to 954 pCi/g. The updated mean Ra-226 value for the Moab pile is 707
pCi/g.

9. NRC contends that placement of contaminated railroad ties in the disposal cell will not
pose a problem because they are creosote treated and will be exposed to very little
moisture over the long term.

Response:
None required.

Vicinity Properties

10. DOE will continue to do gamma screening surveys on the 1971 EPA list as time/budget
allows. If vicinity property remediation is done where contamination was left in place
above 40 CFR 192 standards (Supplemental Standards), NRC will review/approve the

completion report and application for Supplemental Standards. If no Supplemental
Standards are applied, NRC will not review/approve the completion report.

Response:
None required.

General

11. NRC believes that later in the UMTRA Project, draft and final RAPs were merged into one
document. NRC explained that ultimately the RAP needs to contain construction
specifications and drawings (e.g. the documents that would be bid upon for the remediation

work). DOE explained that because of contractual matters regarding conceptual versus
final design, there will likely be a distinction in the draft versus final (degree of
completeness).

Response:
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The draft RAP will not contain detailed plans or specifications. The draft RAP does
include an outline of technical specifications for construction and reclamation of the
disposal cell to provide input on how the disposal cell will be constructed and how
construction quality assurance testing will be conducted. DOE's current contractor does
not have the contractual scope to complete these documents. To facilitate review and
approval of the final RAP, DOE is still seeking NRC's review of the draft to ensure that
the. Crescent Junction Site and proposed design features meet applicable NRC guidance
and the standards set forth intitle 40 of the Code of Federal Regulations (40 CFR 192.
U.S. Environmental Protection Agency (EPA), "Promulgated Standards for Remedial
Actions at Inactive Uranium Processing Sites"). Based on the draft RAP and NRC
comments, DOE's new contractor in 2007 can complete the detailed plans and
specifications and submit a final RAP.
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2007 Request for Additional Information

Geology and Seismology

G 1. Geomorphology: Provide additional evidence that the discontinuous east-striking line of
low, north-dipping, cuesta-like mounds just north of the disposal cell footprint near the top
of the Prairie Canyon Member of the Mancos Shale are formed by resistant dolomitic
siltstone concretions.

RASR, page 2-7, section 2.3.3. The text indicates "geomorphic features include ...... (4) a
discontinuous east-striking line of low, north-dipping, cuesta-like mounds formed by
resistant dolomitic siltstone concretions near the top of the Prairie Canyon Member of the
Mancos Shale just north of the disposal cell footprint." This linear feature also shows up on
most aerial photographs of the site and was visited during the site visit in December 2006.
These cuesta-like mounds may have been formed by resistant dolomitic siltstone
concretions, but additional evidence should be provided that this is the case and is not a
structurally-controlled feature, possibly a fault. Are there analogous mounds in other
locations away from the site where the top of the Prairie Canyon Member of the Mancos
Shale outcrops producing similar cuesta-like features or is there other evidence to support
the mounds have been formed due to resistant dolomitic siltstone concretions?

Response:
See response for 1 (a) and 1 (b) in the NRC Comments and DOE Responses for the April
2006 Meeting.

G2. Geomorphology: Evaluate headcutting rates for West Branch Kendall Wash and evaluate
the possibility of stream capture of Crescent Wash by West Branch Kendall Wash.

RASR, page 2-7, section 2.3.3. The text indicates "geomorphic features include ...... (6)
incised channels of the West and East Branches of Kendall Wash and the slow northward
advance of headward incision of the West Branch of Kendall Wash." West Branch Kendall
Wash is experiencing headcutting. This head cutting is progressing toward Crescent Wash.
Text in section 2.4.1 indicates this headward advance will have to be monitored.
Additionally, in the RASR Appendix A, DOE has committed to obtaining aerial
photographs from 1944 to try to determine headcutting rates. Stream capture was verified
on the abandoned wash shown as number 5 on the high-altitude vertical photographs, and
this possibility should be explored for West Branch Kendall Wash.

Response:
See response for 5(c) in the NRC Comments and DOE Responses for the April 2006
Meeting.

G3. Geomorphology: Determine why constant roadway maintenance is required for Route 70, in
the vicinity of the site and determine if similar problems could occur with the disposal cell.
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RASR, page 2-7, section 2.3.4. Thetext describes "constant roadway maintenance required
for Interstate Highway 70, which traverses Mancos Shale just south of the site." The text
indicates that "analyses of the Mancos Shale and Mancos Shale-derived soils did not show
the presence of swelling clay or highly plastic materials at the Crescent Junction Disposal
Site." It appears DOE has assumed that road failures are due to montmorillonite clays and
since montmorillonite clays are not present at the cell site the hazard does not exist. Has
DOE considered that road failure is due to something other than montmorillonite swelling
clay that may also be present at the Crescent Junction cell site? Interstate 70 and the cell
will be located on the same geologic material and the maintenance problems encountered
on 1-70 should be investigated fully to determine if they could occur on or within the cell.

Response:
Expanded discussion of the well-known problem of swelling clay because of the presence
of montmorillonite in Mancos Shale is included in the revised calculation set for Site and
Regional Geology - Results of Literature Research (RAP Attachment 2, Appendix A).
Rigid concrete pavement and concrete slab structures pose a problem if built on swelling
Mancos Shale. If no such structures are constructed at the disposal cell, then the swelling
clay should not pose a hazard. The text of the RAS Report was changed to restate the
results of analyses of Mancos Shale and Mancos Shale-derived soils.

G4. Geomorphology: -Clarify the depth of the disposal cell and on what material the cell will be
constructed.

RASR, page 4-3, section 4.1.2. Text in this section indicates "the disposal cell excavation
is anticipated to be into theQuaternary materials, as well as into upper portions of the
weathered and fractured Mancos Shale." On page 7-1, section 7.0, the text indicates the
anticipated depth of excavation is 15 to 20 feet (ft). Figure 7-2shows the excavation limits
as approximately 10 ft below bedrock. Figure 7-3 shows the cell directly on the weathered
Mancos Shale contact. It is unclear how far the cell will be placed into the Quaternary
alluvial material and/or the weathered and fractured shale. Will the top several feet of
weathered shale be removed or will the cell be placed directly on the first contact of the
weathered Mancos Shale? The depth of the cell and what material the cell will be placed
on should be clearly stated and consistent throughout the Report.

Response:
The base of the disposal cell will grade to the south at approximately a 2 percent slope,
roughly following existing grades. Typical sections that cut north-south and east-west
through the disposal cell, as well as the section locations, are shown on the revised figures
in Section 7 of the RAS. The depth of excavation across the site varies in limited areas
from as shallow as approximately 12 ft to as deep as approximately 21 ft. On an average
basis, the depth of excavation is approximately 16 ft.

Also shown on the figures is the approximate contactbetween the Quaternary alluvial soils
and weathered Mancos Shale, as estimated from borehole and corehole data. On average,
the excavation will be approximately II ft in Quaternary alluvial soils, and aptroximately
5 ft in weathered Mancos Shale. There is a small area in which the Mancos Shale is
estimated to be slightly below the excavation depth. In this area, a small remnant of the
Quaternary alluvial soils will be left in place. This area is internal to the disposal cell.

Addendum A-



Therefore, the remnantof alluvial soils will not act as a pathway for seepage migration out
of the disposal cell. In the area of the dikes, a minimum of 5 ft of excavation int6 the
weathered Mancos Shale will be required in order to prevent a lateral pathway for flow out
of the disposal cell.

A revised Figure 7-2, a new Figure 7-3, and a revised Figure 7-4 have been inserted into
Section 7.0 of the RAS.

G5. Geomorphology: Discuss slump features identified near the site. Indicate why slumping
will or will not have an impact on the site during the compliance period.

Attachment 2, Appendix G, High-Altitude Vertical Photographs (6), page 3. There is
mention of a slump block or mass-wasting feature on the north side on the Book Cliffs in
Horse Haven and at several other locations. The text indicates the slides were likely
initiated in wetter times during the Pleistocene. What is the basis for this conclusion that
the slides likely occurred in wetter times during the Pleistocene? Wetter Pleistocene could
have been the condition at the site only about 12,000 years ago and may be relevant to the
next 1,000 years projection. Are there analogous site(s) along Book Cliffs that have known
high or higher (and/or low or lower) rates of slumping hazards similar to those at Crescent
Junction?

Response:
In most of arid to semi-arid Utah, it has been recognized that most landslides are presently
inactive, or they become active only during periods of extremely high amounts of
precipitation. Times of glaciation during the Pleistocene were during a climate of much
lower temperatures and- much larger amounts of precipitation than at present and were
favorable for the formation of landslides (Shroder 1971). The landslides north of the site in
the Book Cliffs were likely active during the most recent glacial episode in the late
Pleistocene, and they may have formed then or during earlier glacial episodes in the
Pleistocene. This reference on landslides in Utah by Shroder (1971) and additional
discussion are included in the revised calculation set for Photogeologic Interpretation
(RAP Attachment 2, Appendix G).

G6. Geomorphology: Explain the origin and age of the pediment-mantling deposits and surfaces
located near the site.

Attachment 2, Appendix B, page 7, Section 2.5, discusses the "pediment-mantling
deposits" reported by the applicant. Has DOE considered that these deposits might be
indicative of former, uplifted pediments? If they are tectonic- geomorphic features, what
clues do they provide to rates of erosion, episodes of differential uplift, possibly faulting?
If the surfaces are tectonic-geomorphic in nature, is the age of the surfaces known, or is it
possible to determine the approximate age, and if tectonic activity produced the surfaces, is
this significant to the design of the disposal cell?

Response:
The origin of the pediment-mantling deposits is discussed in the revised calculation set for
Site and Regional Geomorphology - Results of Literature Research (RAP Attachment 2,
Appendix C). Intact pediments mantled by alluvial material are west of the withdrawal area
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and represent alluvial deposits from the ancestral Crescent Wash. No evidence for fault
displacement has been seen around the pediments to indicate they have been uplifted. The
location and characteristics of the mantled pediment surfaces are consistent with their
origin as alluvial deposits from ancestral drainages from the Book Cliffs that were
preserved as pediment mantles after stream capture by drainages in Mancos Shale. It is
possible that a new mantled pediment surface could start to form after an estimated 1,600
years after capture of Crescent Wash by incisional headcutting of the West Branch of
Kendall Wash, as described in the revised calculation set for Site and Regional
Geomorphology - Results of Site Investigations (RAP Attachment 2, Appendix D). This
erosional process, if it occurred, is far enough away to the west to not affect the disposal
cell.

G7. Mining, Oil & Gas: Discuss current orpast mining, mineral, and oil and gas claims for the
site or within a radius near the site that have similar geologic characteristics.

RASR, page 3-4, section 3.4. The statement is made that "Pockets of natural gas were
encountered during the drilling conducted as part of this project. Commercial exploration
for oil and gas has been, and continues to be, common in the Crescent Flat area." Also,
many boreholes are noted on the USGS quadrangle as well as mining pits. Is there a
possibility that this site could cause a conflict with future mining claims?

Response:
An expanded discussion of oil and gas resources and exploration in the site area is in the
revised calculation set for Site and Regional Geology - Results of Literature Research
(RAP Attachment 2, Appendix A). In that calculation set, it is stated that the withdrawal
area is leased for oil and gas, and that surface exploration would not be prohibited from the
area, except for the disposal cell (approximately 250 acres). Directional drilling would
allow the area under the disposal cell to be explored. No active mining claims are in the
withdrawal area, and the establishment of the withdrawal area precluded new mining claim
locations. After the disposal cell is constructed, most of the withdrawal area will be
released, and mining claim locations will be allowed. As noted in the revised calculation
set for Photogeologic Interpretation (RAP Attachment 2, Appendix G), the pits southeast
of the withdrawal area along old U.S. Highway 50, initially thought to have been made for
gold exploration, were actually made for exploration for road metal for highway
construction.

G8. Mining, Oil & Gas: Discuss past mining, mineral, and oil and gas activities that may have
occurred at the site.

Attachment 2, Appendix A, Resource Development, page. 5, para 1. This section refers'to
a petroleum accumulation 3 mi SSW, without extrapolating the potential significance.
However, there is an oil accumulation about 3 ini WNW of the site that is not mentioned. It
is not known if this play is in the Mancos or deeper (reference is a booklet on Grand
County geology by Utah Geol Survey dated 1987). The statement is made, "Data
concerning the targeted gas horizons and the actual results of this exploration are not
currently available. When will additional data be obtained on oil and gas targets in the site
vicinity and on pressurized gas pockets? This may bear on potential future disruptive
activities that may be safety related.
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* Has DOE checked for past drilling activities at the proposed site? Old drill sites and
improperly abandoned drill-holes may provide a pathway for water and transient drainage
from the cell to impact groundwater. Geophysical survey logs, borehole logs, geological
descriptions and cross sections may be available for the site area. Also, driller's reports of
subsurface conditions such as groundwater, brines, pressurized gas, deformable holes and
other information may be available.

Response:
Discussion of oil and gas resources for the withdrawal area and nearby surrounding area
was expanded in the revised calculation set for Site and Regional Geology - Results of
Literature Research (RAP Attachment 2, Appendix A). Included in the revision is
information on oil and gas wells and fields from the Oil and Gas Fields Map of Utah
(Chidseyet al. 2004), the Utah Divisionof Oil, Gas and Mining oil and gas information
website, the Mineral Potential Report for the BLM Moab Planning Area (Tabet 2005), and
the Mineral Report by the BLM on the DOE Proposed Disposal Site (Bain 2005).

G9. Seismology: Describe the association of the earthquakes that are located close to the Little
Grand Fault No. 9 and the proposed site. Examine the possibility that the two earthquakes
in the vicinity of the Little Grand Fault may have resulted from movement on this fault.

Attachment 2, Appendix F, Figure 7, page 13. There are earthquakes located very close to
Fault No. 9. Does Fault No. 9 have a bearing as to the design earthquake for the site?
Earthquake locations are not known accurately due to lack of instrumentations in the
vicinity of the site. Provide good evidence that the Little Grand Fault is not capable.

Response:
The two events in question are a July 30, 1953, event with an estimated intensity of 5, and
a March 31, 1954, event with an estimated intensity of 4. Both events are cataloged as non-
instrumental events in the Catalog of Earthquakes Occurring in the Eastern, Central, and
Mountain States of the United States, 1534-1986 [SRA (Stover, C.W., G. Reagor, and S.T.
Algermissen, 1984, United States earthquake data file: U.S. Geological Survey Open-File
Report 84-225.)].

Epicenter accuracy for both events is estimated to be within 0.5 to I degree, or
approximately 30 to 60 mi (SRA). The source for the catalog comes from the University of
Utah Seismograph Station (Arabasz et.* al, 1979). In this earthquake listing, non-
instrumental epicenters are assigned coordinates corresponding to the location of the town
or city where the felt effects were strongest. In this case, the coordinates were assigned to
the location of the town of Green River. Therefore, the earthquake location is fairly
uncertain, and in actuality could have occurred at any location within 30 to 60 mi of Green
River. Due to the low magnitude of the events (estimated' by converting intensity to Richter
magnitude) of 4.3 and 3.7, respectively, it is unlikely that either of these events would
result in a surface rupture. Therefore, it is unlikely that the true location of these events
could be better estimated by field evidence.

The capability of the Little Grand Fault (earlier referred to as the Little Grand Wash Fault)
was evaluated during the seismotectonic study performed for the Green River Site, as
discussed in the calculation set for Site and Regional Seismicity - Results of Literature
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Research (RAP Attachment 2, Appendix E, page 14). Based on the lack of offset in the
alluvial, colluvial, and talus materials overlying the fault, it was concluded during that
study that the fault is not capable. Later mapping of the fault (Chitwood, J.P., 1994.

Provisional Geologic Map of'the Hatch Mesa Quadrangle, Grand County, Utah, Utah
Geological Survey, Map 152, scale 1:24,000), (Doelling, H.H., 2001. Geologic Map of the
Moab and Eastern Part qfthe San Rafaiel Desert 30' x 60' Quadrangles, Grand and
Emery Counties, Utah, and Mesa County, Colorado, Utah Geological Survey Map 180,
scale 1:100,000) also did not observe any offset of Quaternary deposits.

Further capability of the Little Grand Fault wasalso evaluated in April 2007 to specifically
examine the eastern portion of this fault that is closest to the site. South of the Green River,
Utah, Site, displacement on the Little Grand Fault is more than 500 ft. Displacement on
this easterly-striking normal fault (down to the south) decreases eastward. The fault was
checked for evidence of Quaternary movement for approximately 6.5 miles along its
eastern part (using mapping mainly by Doelling [2001] and Chitwood [1994]), starting
where the fault passes under old U.S. Highway 50 in the SE¼ Section 27, T.21 S., R. I 7E.
The fault becomes less distinct eastward through Green River Gap (where displacement is
only a few tens of feet) and to the easternmost place where it is recognized by Chitwo'od
(1994) along the left fork (or west branch) of Floy Wash in the SE¼ /4Section 22, T.21 S.,
R. 1 8E. In places along the fault where it is overlain by Quaternary pediment-mantling
material or terrace gravels, no displacement of these units was seen. Based on this traverse
of the eastern part of the Little Grand Fault, it is concluded from the lack of Quaternary
displacement that the fault is not capable.

The information above has been included in revised calculation sets for Site and Regional
Seismicity - Results of Maximum Credible Earthquake Estimation and Peak Horizontal
Acceleration (RAP Attachment 2, Appendix F) and for Site and Regional Seismicity -

Results of Literature Research (RAP Attachment 2, Appendix E).

G 10. Seismology: Explain why some faults that show no evidence of Quaternary faulting are
considered capable while others are not.

Attachment 2, Appendix F, Table 3, page 16. Table 3 indicates that Fault No. 7 shows no
evidence of Quaternary faulting, but it is considered as a potential design fault. Meanwhile,
Faults 4, 5, and 6 also do not show Quaternary faulting but they are not potential design
faults. Please provide appropriate rationale to explain this discrepancy.

Response:
Discussion as to the capability Of these faults based on literature review is discussed in the
revised calculation set for Site and Regional Seismicity - Results of Literature Research
(RAP Attachment 2, Appendix E, p. 14). In this discussion, it is explained that unnamed
faults 1, 2, and 3 are all of similar strike and appear to be features related to salt subsidence
related to the Thompson Anticline. Faults 1 and 2 were investigated in 2005 and showed
no sign of Quaternary movement. By association, fault 3 is assumed to also be related to
subsidence of the Thompson Anticline. It was concluded that there is sufficient evidence to
suggest faults 1, 2, and 3 are not active, and therefore not potential design faults. Unnamed
faults 4, 5, and 6 appear to be splays of the Salt Valley Anticline. As discussed on page 9
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of the calculation set, there is sufficient evidence to suggest these faults -are related to
dissolution and collapse of the Salt Valley Anticline, are not active, and therefore are not
potential design faults.

Fault 7 is unique from the other unnamed faults in that it does not appear to be related to
salt subsidence. The likely age of disturbance is between Late Cretaceous and early Eocene
and there is no known Quaternary displacement on this fault. However, the age of faulting
has not been substantially documented in literature, nor has it been field verified.

Therefore, it has been conservatively assumed that this fault, due to lack of thorough
investigation, will be considered a potential design fault. This consideration has negligible
impact on the seismotectonic characterization of the site, as the peak horizontal
acceleration (PHA) estimated for fault 7 of 0.13g is below the recommended design PHA
of 0.22g.

Gi1. Geology: Discuss additional field work that has taken place to confirm or deny the
existence of faults.

Attachment 2, Appendix A, Structural Setting, page 5, para. 2. The statement is made,
"Surface field work and an additional search for well data in the area will be undertaken to
confirm or deny the existence of the fault." Clearly indicate what additional field work has
taken place and document the findings.

Response:
No surface evidence of a northeast-striking fault was found in the southwest corrier of the
withdrawal area during field work in April 2006. The existence of a fault in that area had
been inferred from differences in depths to the base of theMancos Shale found in two
nearby oil test wells drilled in the 1920s. The surface location of only one of the old test
wells has been found. Results of the search for this fault and any other faults in the
withdrawal area are in the revised calculation set for Surficial and Bedrock Geology of the
Crescent Junction Disposal Site (RAP Attachment 2, Appendix B).

G 12. Geology: Explain the origin of the fault associated with the axis of the Thompson

Anticline and why this fault shows up to 90 ft of displacement in some locations but no
apparent displacement of the Mancos.

Attachment 2, Appendix G, low sun-angle photographs (e.), page 4. Potential fault. The
graben strikes N20W and is located 2 miles from withdrawal area, at Thompson Anticline.
One fault shows displacement of up to 90 ft. No displacement of these faults is discerned at
contact with Mancos. There is no additional evidence to support that no displacement has
occurred at the contact with the Mancos. Clearly identify this fault on the seismic map and
explain why there is no apparent displacement in underlying Mancos. How small a
displacement could have been detected given the methods used?

Response:
The origin of the faults along the axis of the Thompson Anticline is discussed in the
revised calculation set for Site and Regional Geology - Results of Literature Research

Addendum A -



(RAP Attachment 2, Appendix A) and the revised calculation set for Site and Regional
Seismicity - Results of Literature Research (RAP Attachment 2, Appendix E). An
investigation of faults in the area was conducted in November 2005. Displacement of the
resistant sandstone beds of the Blackhawk Formation and Castlegate Sandstone that cap
the Book Cliffs is well exposed along the faults, but displacement (even though it
apparently occurs) in the underlying soft and mostly talus-covered Mancos Shale is not
exposed. This observation is in the revised calculation set for Photogeologic Interpretation
(RAP Attachment 2, Appendix G).

G13, Geology: Discuss the two pediment remnants near the site identified by DOE that are
vertically offset.

Attachment 2, Appendix G, Low sun-angle photographs (g), page 5. A potential fault has
been identified by DOE. Two pediment remnants are vertically offset about 45 ± 5 ft,
center of Sec 33. It is uncertain whether the surfaces are two different pediment surfaces or
is the same surface that is faulted. If it's a fault, it appears to be young and is close to the
site and could be a capable fault. This potential fault warrants further assessment.

Response:
See Response for 8, in relation to area "g", in the NRC Comments and DOE Responses for
the April 2006 Meeting.

G14. Geology: Investigate the linear feature striking N 70 E that appears on the Plate 1 aerial
photograph extending from Horse Heaven to the northeast and through Crescent Wash to
the southwest.

This linear feature is not noted by DOE in the RASR. However, it was noted and discussed
by NRC staff during the site visit in December 2006. Additional field investigation should
be considered to determine if there is any evidence that this feature is a fault, and if so, if it
is capable.

Response:
Characteristics of the N70E-trending linear feature were investigated in March 2007 and
are discussed in the revised calculation set for Photogeologic Interpretation (RAP
Attachment 2, Appendix G). No evidence for faulting was seen along the length of the
feature from CrescentWash to the south part of Horse Heaven. A prominent joint system
in the Blackhawk Formation strikes approximately the same direction as the trend of the
linear feature, and several parallel rotational slump blocks in the south part of Horse
Heaven trend in a similar direction. It was concluded that the linear feature is an expression
of the prominent joint system, which is important for landslide erosion on the north side of
the Book Cliffs, but will not affect the disposal site area.

G15. Seismology: Provide the basis for choosing the parameter values, in Attachment 1,

Appendix D, Liquefaction Analysis, for water content, type of sand (clean/silty), and
relative density, and provide their uncertainties. Provide the necessary justification for
using Fig. 11.8 mentioned in the calculations, although the design earthquake for the site is
less than that mentioned in the figure.
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Justification For the parameter valueswas not provided. Changes in these parameters may
change the condition of the layer from being non-liquefiable to being liquefiable.

Response:
The calculation for Settlement, Cracking, and Liquefaction Analysis (RAP Attachment 1,
Appendix D) has been updated to reflect tailings test results. The key tailings parameters
used in the liquefaction analyses were compacted unit weight and fines percentage (derived
from the. tailings testing). The unit weight representing compaction to 90 percent of
Standard Proctor density (50 percent relative density) was used, and fines percentages
representing the minimum and mean measured values were used.

The calculation set for Settlement, Cracking, and Liquefaction Analysis (RAP Attachment
1, Appendix D) was revised, and changes were made to text in RAS Section 4.2.2.

Geotechnical Stability

GT1. Characterization of Site Stratigraphy and Tailings: DOE and Golder Associates have
indicated severaldata quality issues with test data from the laboratory used for
geotechnical testing. As examples, there are questions on permeability test inconsistencies
(Attachment 5, Appendix K), and there are several open comments on data quality from a
Golder letter dated March 23, 2006 (Attachment 5, Appendix J). Provide a list of all
unresolved issues with the test data quality and discuss the status of resolution of each of
the issues.

Response:
All issues pertaining to test data quality have been resolved in revised calculation sets that
were completed for the draft final RAP.

With regard to the calculation set for Supplemental Geotechnical Properties of Native
Materials (RAP Attachment 5, Appendix K): Data quality checks of the original laboratory
data revealed that retests would be needed for thetriaxial compressive strength and
hydraulic conductivity analyses of sample number 154 at 20 ft. Laboratory results of this
retest are presented in Appendix C of this revised calculation.

In addition, data quality checks also indicated that retests of hydraulic conductivity would
be required for sample numbers 152 at 23 ft, .154 at 12 ft, and 156 at 12 ft. Laboratory
results of these retests are contained in Appendix D of this revised calculation. With the
completion of the triaxial and hydraulic conductivity retests, which are documented in
Appendixes C and D of this revised calculation, all data quality deficiencies associated
with the original calculation were resolved.

With regard to the calculation set for Geotechnical Laboratory Testing Results for the
Moab Processing Site (RAP Attachment 5, Appendix J): On August 16, 2006, the
laboratory responded to the comments in Golder Associates' March 23, 2006, letter. In
conjunction with their response, the laboratory issued page changes to the May 3, 2006,
Certificate ofAnalvsis. These page changes were inserted into both the electronic version
of the May 3, 2006, data set and the paper copies of that data set.
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During QA verification of the final data set, S.M. Stoller discovered one remaining error in
the May 3, 2006,Cert{ifcate of Analysis. In a letter dated February 21, 2007, the laboratory
responded and sent one additional page change to the May 3, 2006, data set. With the
inserted page changes, the data contained in the May 3, 2006, Certificate ofAnalysis is
now deemed to be complete and validated. No additional action is required. Appendix C
contains, in chronologic order, each of the letters that were generated during the data
review process. Page changes issued by the laboratory are included in the May 3, 2006,
Certificate ofAnalysis, which is contained in Appendix B of this calculation.

GT2. Characterization of Site Stratigraphy and Tailings: In Section 4.1.2 of the Remedial
Action Selection Report, DOE indicates that all of the materials that will be used in
construction of the disposal cell cover will be obtained from the cell excavation. Based on
the boreholes and test pits conducted at the disposal site, provide representative cross
sections of the Quaternary materials and weathered Mancos Shale. Using these cross.
sections, provide estimates of the volumes of materials available from the excavation and a
demonstration that the volumes will be adequate to construct both Alternative covers being
considered without the need for additional borrow areas.

Response:
Section locations and cross sections are provided in Section 7 of the RAS as part of the
response to Comment G4. The disposal cell layout has been based on a capacity for 12
million cubic yards (yd 3) of residual radioactive material (RRM). The objective of the
excavation and cell construction was to achieve a balanced cut-and-fill, subject to the
constraint that the height of the tailings above adjacent ground would be minimized while
the base of the disposal cell would be cited beneath the top of the weathered Mancos Shale.
All of the excavated material is intended to be used for cell-construction. Excess excavated
material (if produced) will be placed on the top of the disposal cell as additional cover
material or on the side slopes as additional embankment material.

The cell will be excavated into weathered Mancos Shale, with an anticipated average depth
of excavation of 16 ft. This excavation will provide approximately 3.4 million yd3 of
Quaternary alluvial and colluvial soils and approximately 1.7 million yd 3 of weathered
Mancos Shale. This excavated material will be used to construct the perimeter
embankment and cover for the disposal cell. For this cell layout, the required embankment
volume is approximately 1.2 million yd3. The required volume for the UMTRA Project
cover is approximately 2.9 million yd3, and the required volume for the Alternative cover
is approximately 3.6 million yd3. 'Assuming an average of 13 to 15 percent shrinkage for
the two cover systems, the excavation produces approximately the quantity required for
cover and dike construction.

The following three tables summarize the estimated amounts of material to be excavated
within the footprint of the disposal cell, along with approximate material requirements for
the two proposed cover alternatives.

Table 1. Materials Excavated from Within Disposal Cell Footprint

Material Volume (million Yd 3)
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Quaternary alluvium 3.42
Weathered Mancos Shale 1.69
Total cut material 5.11

Table 2. Materials Required for Disposal Cell Construction (UMTRA Project Cover)

Material Volume (million yd 3)
Berm (Quaternary alluvium and weathered Mancos Shale) 1.24
3.9 ft of Radon Barrier (weathered Mancos Shale) 1.29
3.0 ft of Frost Protection (Quaternary alluvium and weathered Mancos Shale) 0.99
1.0 ft of Interim Cover (Quaternary alluvium and weathered Mancos Shale) 0.33
Net Excess cut (Quaternary alluvium and weathered Mancos Shale) 1.26
Net Excess cut (Quaternary alluvium and weathered Mancos Shale) 0.49
accounting for 15 percent shrinkage with compaction
Note: Rock-Mulch Barrier and Infiltration and Barrier account for 0.17 million yd- each and are derived from
off-site borrow sources.

Table 3. Materials Required for Disposal Cell Construction (Alternative Cover)

Material Volume (million yd 3)

Berm (Quaternary alluvium and weathered Mancos Shale) 1.24
8.8 ft of Monolithic Cover (Quaternary alluvium and weathered Mancos Shale) 2.91
1.0 ft of Interim Cover (Quaternary alluvium and weathered Mancos Shale) 0.33
Net Excess cut (Quaternary alluvium and weathered Mancos Shale) 0.61
Net Excess cut (Quaternary alluvium and weathered Mancos Shale) 0.25
accounting for 8 percent shrinkage with compaction

Note: Rock-Mulch Barrier and Infiltration and Barrier account for 0.17 million yd3 each and are derived from off-site
borrow sources.
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GT3: Characterization of Site Stratigraphy and Tailings: In Section 2.5 of the Remedial
Action Selection Report, DOE indicates that the presence of swelling clays in the Mancos
Shale is a potential geologic hazard..Provide discussion of the samples tested and the
corresponding test results that demonstrate that swelling clays will not be'a problem at the
Crescent Junction Disposal Cell.

Response:
Swelling clays are a component of the Mancos Shale in the western U.S., and are a
geologic hazard in terms of volume change from variations in water content. This is not a
factor at the base of the disposal cell (where variations in water content are not expected).
In the disposal cell cover, variations in water content should be accommodated within the
frost-protection zone of the cover.

In general, a plasticity index greater than 15 can be an indication of highly swelling clays
(International Building Code, 2003. Section 1802.3.2, International Code Council, Country
Club Hills, Illinois). The average plasticity index of the weathered Mancos Shale is 11
(Geotechnical Properties of Native Materials, RAP Attachment 5, Appendix E). Therefore,
the weathered Mancos Shale is likely to be slightly to moderately expansive in the area of
the disposal cell, which can be accommodated in the design of disposal cell.

GT4. Slope Stability: In general, the various analyses make it unclear what exactly the cover
and clean-fill dike are composed of. The slope stability analyses were performed using
only the Alternative Cover. In the Remedial Action Selection Report (Figure 5.1), DOE
indicates that the cover is composed of a mixture of"slopewash, eolian soils, and
weathered Mancos Shale." The slope stability analysis considers the cover (radon barrier)
to be composed of only '"sheet wash and eolian soils" (Attachment 1, Appendix C, Table
1). There is a similar discrepancy for the clean-fill dike. Table 1 of the slope stability
analysis shows the clean-fill dike material to be recompacted "weathered Mancos Shale,"
while Attachment 1, Appendix C, page 7, describes the clean-fill dike as "recompacted
weathered Mancos Shale, alluvial, and eolian soils." Provide clarification of these
discrepancies and discussion of any resulting impact on the slope stability analyses.

Response:
The perimeter embankment (clean-fill dike) and cover will be constructed from the
material excavated from within the footprint of the disposal cell, consisting of Quaternary
alluvial, colluvial,,and eolian soils and weathered Mancos Shale. The only segregation of
these materials will be for construction of the radon barrier, where weathered Mancos
Shale will be used. The rest of the structures will be constructed with a mixture of these
excavated materials. This composition of materials is represented in the revised calculation
for Slope Stability of Crescent Junction Disposal Cell (RAP Attachment I, Appendix C).

GT5. Settlement: Include additional information as part of the settlement analysis presented in

Attachment I, Appendix D. Provide a tabulation of the material layers considered in the
analysis, references to the tests performed (or other basis) to determine each layer's
settlement analysis parameters, and the resulting engineering parameters. Also provide a
description or figure indicating the locations chosen for settlement analysis to demonstrate
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that the worst, average, and best settlement conditions have been selected and the largest
differential settlement conditions have been analyzed.

Response:
The calculation set for Settlement, Cracking, and Liquefaction Analysis (RAP Attachment
1, Appendix D) has been updated to incorporate tailings-consolidation test results.
Settlement analysis calculations were conducted for the largest anticipated tailings
thickness (38 ft) and the largest anticipated thickness of cover and interim cover (13 ft).
Settlement was analyzed at approximately the 1/3 and 2/3 depths within the tailings
profile, and added to provide estimated total settlement of I ft or less (for primary
settlement).

For differential settlement, the location within the disposal cell anticipated to have the
highest potential for differential settlement is along the perimeter of the inside of the
disposal cell, where the tailings thickness varies from 38 ft to zero over a distance of 76 ft.
Other areas of tailings within the disposal cell would not the have the tailings thickness
variation as along the cell perimeter, and would be spread in lifts and compacted.

GT6. Settlement: In Section 4.2.2 of the Remedial Action Selection Report, DOE indicates that
settlement will be low due to the methods of mixing, placement, and compaction of the
tailings in relocating the contaminated material to the Crescent Junction Disposal Cell.
Provide additional description of the procedures for bringing the excavated wet tailings to
optimum moisture at placement and compaction.

Response:
Initially upon excavation from the Moab tailings pile, the moisture content of the slime
tailings is likely to exceed optimum conditions for compaction. Excavated slime tailings
will therefore be mixed at the Moab site with the drier sand tailings. Mechanical mixing
will yield an average water content that, is appropriate for the transportation technique
selected by the remedial action contractor. The transported tailings will be placed in the
disposal cell and processed by the following'procedure: (1) dumping from trucks along a
working face or specific area, (2) spreading in lifts with a dozer, and (3) compacting the
spread lift of tailings with a compactor. Water will be added as necessary (by spraying) for
dust suppression. From this process, the tailings should be near optimum water-content
conditions during compaction in the cell.

GT7. Settlement: Provide a discussion of whether or not there are plans for monitoring
settlement during and following construction of the disposal cell. If there are plans, provide
details of the monitoring plan; if there are no plans, provide the basis for not monitoring.

Response:
Because the tailings will be placed, spread, and compacted in the disposal cell in lifts, with
significant time between tailings placement and cover construction, significant tailings
settlement is not anticipated. Monitoring of settlement of the cover surface is planned for
confirmation of cell performance, by monitoring of settlement plates or survey
monuments.
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GT8. Cover Design: In Section 5.0 and Figure 5-1, DOE discusses and portrays two different
cover alternatives, but does not indicate which is planned or preferred. Provide a
discussion on the factors that will determine which of the two covers will be used.

Response:
Both cover alternatives will meet the appropriate perfonnance standards in IOCFR192 and
NRC guidance. Selection of the cover alternative will be based on permitting and
construction costs.

.GT9. Cover Design: In its settlement analysis (Attachment 1, Appendix D), DOE analyzes
settlement and cracking for only the UMTRCA cover. In its slope stability analysis
(Attachment 1, Appendix C), DOE only analyzes the stability with the Alternative cover.
Provide a discussion of why different covers are used from analysis to analysis and how
the analyses presented conservatively band both covers being considered.

Response:
The UMTRCA cover was analyzed for settlement and cracking because of the compacted
clay radon barrier in the cover system. Settlement and cracking of the Alternative cover is
not as critical for cover system performance due to the increased thickness of the total
cover and the lower level of compaction effort during construction. The Alternative cover
was used in the slope stability analysis because it represents the thickest cover
configuration and, therefore, the highest slope heights. However, the UMTRCA cover has
been conservatively analyzed by changing the properties of the cover to represent the
compacted clay properties of the weathered Mancos Shale. The actual UMTRCA cover
consists of several layers, but the compacted clay represents the weakest of those layers.
The calculation set for Slope Stability of the Crescent Junction Disposal Cell (RAP
Attachment 1, Appendix C) has been updatea to include these analyses. The computed
factors of safety are similar to the Alternative cover analysis. Critical failure surfaces pass
predominately through the perimeter embankment. Therefore, the stability of the disposal
cell is relatively insensitive to cover-material thickness, and to the shear strength of the
cover material and compacted tailings.

GTIO. Cover Design: In Section 4.1.2 of the Remedial Action Selection Report, regarding the
potential for "bathtubbing", DOE indicates that the excavation will be into the weathered
Mancos Shale, which has hydraulic conductivities of from 10-4 to 10-3 cm/sec. Elsewhere,
DOE estimates the hydraulic conductivity of the cover to be 7 x 10-5 cm/sec. Discuss the
basis for concluding that both of the covers being considered have conductivities as low as
7x10- 5 cm/sec. In addition, discuss the potential for the cell excavation to extend to a depth
that removes most of the weathered Mancos Shale, and thus result in a base conductivity
much less than the assumed 10 4 cm/sec.
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Response:
Excavation for the disposal cell is anticipated to average approximately 16 ft, which results,
in the removal of alluvial/colluvial materials and notching the base of the disposal cell
below the surface of the weathered Mancos Shale. The weathered Mancos Shale transitions
into unweathered Mancos Shale, with minimal fracturing, at depths of 60 to 80 ft below the
original ground surface. Because the base of the disposal cell will be in the uppermost
weathered Mancos Shale, the thickness of the weathered Mancos Shale beneath the
disposal cell will be approximately 40 to 60 ft.

The key parameter for the evaluation of bathtubbing is not the hydraulic conductivity of
the cover, but the net rate of infiltration through the cover. The net infiltration is dictated
by the hydraulic conductivity of the cover materials as well as the thickness and water-
holding capacity of cover materials to retain moisture for evapotranspiration. After the
onset of steady-state drainage conditions, the net infiltration rate for both Alternative and
UMTRA covers is, conservatively estimated to be on the order of I × 10-7 cm/sec (or 0. 1
ft/year).

The potential for bathtubbing as well as the potential for tailings leachate to migrate
laterally and enter nearby gullies and washes is evaluated below. The key stratigraphic
zones are summarized in the following table.

Zone Approximate Hydraulic Conductivity or Flux Rate
Thickness (ft) (cmlsec) (ft/yr)

Cover 9-11 1.0xl0'- 0.1
RRM 35-45 3.0x10-5  30

Weathered Mancos Shale 40-60 2.1x10-3  2100
Unweathered Mancos Shale 2,400 3.6x10' 0.036

Because the influx of meteoric water is controlled by the design flux through the cover,
meteoric water could migrate downward at an average rate of 0.1 ft/year (RAP Attachment
3,. Appendix G.). Steady-state infiltration through the cover would occur as unsaturated
flow and gradually penetrate down to the top of the unweathered Mancos Shale. Inasmuch
as the hydrauiicconductivities of the RRM and the unweathered Mancos Shale arie larger
than the design flux through the cover, conservative assumptions indicate that the resulting
downward flow could pass through the entire stratigraphic sequence and build up a zone of
saturation at the top of the unweathered Mancos Shale, where the flux (at a unit gradient)
would be a factor of 2.8 smaller than 0.1 ft/year.

The downward movement of meteoric water through this stratigraphic column is explained
in terms of a simple water balance. For a flux of 0.1 ft/yr, the flow through the 250-acre
disposal cell is approximately 1.09 million ft3/yr [15.5 gallons per minute (gpm)]. The
downward flux (at a unit gradient) into the unweathered Mancos Shale is conservatively
0.036 ft/yr or approximately 0.39 million ft3/yr (5.6 gpm) over the area of the disposal cell.
Therefore, approximately 0.70 million ft3/yr (9.9 gpm) could migrate laterally away from
the perimeter of the disposal cell footprint.
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The leachate would eventually be consumed by slow vertical leakage into the unweathered
Mancos Shale (RAP Attachment 3, Appendix G). If more realistic assumptions are
considered, there is no potential for mounding or lateral spreading to occur in the
weathered bedrock. Regardless of the assumptions that are considered, there is very little
risk of potential discharge of leachate into surface drainages.

Surface Water Hydrology and Erosion Protection

SWI. Design of Erosion Protection for-North Diversion Channel: The RAP indicates that
riprap will be provided for the north slope of the disposal cell and the left side of the
diversion channel and that the rock will be designed to protect against velocities produced
by the PMF in the channel. However, it appears that the design of the riprap may also need
to be based on velocities and shear stresses that will occur in gullies that discharge into the
diversion channel. It appears that a significant number of gullies have formed and will
discharge into the diversion channel in an unpredictable manner. The staff concludes that
these gullies are likely to produce the design condition for the rock in the channel.

Staff review of the RAP indicates that DOE computed the scour depth, using assumptions
associated with flows occurring perpendicular to the diversion channel, and the staff
concludes that DOE'S assumptions related to gully size and discharge are appropriately
conservative. However, the size of the riprap should also be based on similar assumptions.
It is likely that the flow velocities occurring in these gullies will exceed the velocities in,
the diversion channel, thus requiring larger riprap sizes. In addition, the proposed rock
cutoff wall and/or rock toes should be designed for the gully velocities, and the size and
volume of rock should be adjusted accordingly.

DOE should either revise the design to account for velocities in the gullies, or provide
additional justification for the current design.

Response:
The riprap along the base of the channel will have a median rock size of 20 inches to resist
flow velocities from gullies discharging into the diversion channel. The riprap will be
placed in adequate volume to act as self-launching riprap that will fill in scour holes to the
maximum predicted scour depth. This modification has been made to the calculation set
for Diversion Channel Design, North Side Disposal Cell (RAP Attachment 1, Appendix
G).

SW2. Design of Riprap for the Diversion Channel Outlet: Staff review of the design of the
riprap for the diversion channel outlet indicates that the rock size and volume may not be
adequate to prevent head-cutting and gully intrusion into the channel. The assumptions,
related to flow distribution across the outlet structure do not appear to account for localized
flow concentrations. Further, the volume of the rock provided does not appear to be
adequate to fill in scoured areas during the occurrence of major floods.

During the December site visit, the staff observed significant gullies downstream of the
site, relatively close -to the southwest corner of the proposed cell. Because the drainage area
to this area will be increased by diverting flows in the diversion channel, there is a
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significant potential for large gullies to form and migrate upstream toward the disposal
.cell.

The design condition for computing the rock size and volume should be based on assumed
areas of flow concentrations occurring downstream of the outlet structure. The velocities in
these areas of flow concentration should then be used to compute the scour depth, rock
size, and rock volume, based on collapse of the rock structure on a slope of about IV on
2H. It is relatively obvious that flows occurring on the steep IV on 2H collapsed slope will
likely-result in very large rock sizes. Alternately, DOE could provide a design where the
downstream slope of the structure is constructed on a pre-formed specific slope, such as
IV on IOH, thus reducing the rock size requirements.

DOE should revise the design or provide additional justification that the design is adequate
to prevent head-cutting into the diversion channel. If DOE chooses to make revisions, the
design of the outlet for this diversion channel could be similar to other Title I designs that
have been previously approved. Guidance may also be found in NUREG-1623.

Response:
The outlet structure has been modified to include a pre-formed, 1 V: 1 OH, buried rock,
structure excavated to the maximum predicted scour depth. This modification has been
made to the calculation set for Diversion Channel Design, North Side Disposal Cell (RAP
Attachment 1, Appendix G).

SW3. Design of West Slope and Toe of Disposal Cell: Based on observations of on-site gullies
during the site visit, the staff considers that flows discharging from the currently-proposed
location of the diversion channel outlet could potentially erode the west side slope and/or
toe of the disposal cell. Based on the size, depth, and relative closeness of the existing
gullies immediately downstream of the southwest corner of the proposed cell, it appears
that gullies of similar size and depth could form immediately adjacent to the toe and coukt
erode to a depth that could undercut the rock toe.

DOE should revise the design of the west slope and toe of the disposal cell by: (1)
increasing the rock size and volume of the toe; (2) extending the outlet of the diversion to
the west so that the west side slope of the cell is not affected; or (3) changing the footprint
and alignment of the west side of the cell.

Response:
The outlet of the diversion channel has been extended westward to minimize impacts on
the west side slope of the cell. This modification has been made to the calculation set for
Diversion Channel Design, North Side Disposal Cell (RAP Attachment 1, Appendix G).

SW4. Delineation of Competent Mancos Shale: On page 5 of Appendix G, DOE indicates that
riprap will extend to the computed scour depth or to where competent Mancos Shale is
encountered. In general, the staff considers thatmany Mancos Shale formations may not be
extremely hard or durable if exposed to weathering. If riprap is keyed into such formations,
erosion and loss of rock volume could occur. Further, during the, site visit where the test pit
was observed, the staff did not observe any competent shale layers that would provide
suitable protection if exposed by erosion.
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DOE should provide a clear description and definition of what will be done to determine
the competency of Mancos Shale in those areas where riprap will be extended below grade
or where erosion is expected to occur. Alternately, DOE could provide rock of sufficient
volume to extend to the expected depth of scour.

Response:
DOE has selected the alternate approach; riprap volumes have been increased such that the
rock will extend to the expected depth of scour. The riprap will not be keyed into the
Mancos Shale. This modification has been made to the calculation set for Diversion
Channel Design, North Side Disposal Cell (RAP Attachment 1, Appendix G).

SW5. QA/QC Procedures for Rock Production: Based on observations made during the
December site visit, it appears that the rock in either of the proposed• quarries is somewhat
variable, depending on the location where rock will be produced within the quarry. DOE
should provide additional information to document the quality assurance and quality
control (QA/QC) procedures that will be implemented during rock production at the
quarries to address this variability and to assure that rock of acceptable quality will
consistently be produced. DOE should discuss how acceptable rock will be identified and
unacceptable rock avoided as part of the QA/QC procedures for rock production.

DOE should describe the lithologic variability of the rock sources and identify features
adverse to rock durability and resistance to weathering. Variability is also the basis for
selecting representative samples for durability tests and petrographic analysis. Discuss how
representative samples were obtained. Potential features could include mudstone/clay
interbeds, conglomerate/calcrete beds, bedding planes, or fractures that could be
vulnerabilities to freeze thaw and reduction in rock size. Explain how the mudstones and
limestones above and below the sandstone will be able to be avoided in producing the
sandstone.

Petrographic analysis, together with published literature, should be used to identify the
minerals and percentages. Petrographic analysis should clearly identify the rock source of
the sample. Mineralogy of the sandstone cement should be identified and the type of clays,
if present.

In addressing the above items, consider the sedimentologic, stratagraphic, and petrologic
analysis given in Currie, Brian S. "Upper Jurassic-Lower Cretaceous Morrison, and Cedar
Mountain Formations, NE Utah-NW Colorado: Relationships between Nonmarine
Deposition and Early Cordilleran Foreland-Basin Development", Journal of Sedimentary
Research, Vol. 68, No. 4, July 1998.

Response:
The selected rock for use as erosion-protection material will be assessed in two phases.
The first phase will be evaluation of the potential. rock quarries from testing of
representative rock samples from each quarry for durability. Rock quality designation
values will be calculated using the test methods for rock type outlined in NUREG-1623.
Testing will include petrographic analyses, with specific emphasis on -bedding planes and
fracturing, as well as the presence of clay minerals or soluble minerals. The results of the
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first phase will be determination of rock quarries that can produce acceptable rock for
erosion protection.

The actual rock quarry to be used will be selected from the quarries that can produce
acceptable erosion-protection material based on production and transportation cost,
production schedule, material variability, and other factors. The second phase of evaluation
will be confirmation that rock from the selected quarry will meet required durability
requirements and particle-size distribution specifications. This evaluation will consist of
testing of rock samples produced from the selected quarry either at the quarry or as
delivered to the disposal cell site. The frequencyof testing is usually based on a test per
ton or cubic yard of rock, and.is structured to represent rock production from startup to
completion of operations. Rock not meeting the durability or particle-size requirements
during this second phase of evaluation will be rejected.

Water Resources Protection

GWI. Discuss how tailings drainage will be confined to the weathered and unweathered Mancos
Shale and be precluded from seeping along the contact between the weathered Mancos
Shale and the overlying unconsolidated Alluvial/colluvial material and possibly migrating
offsite.

RASR (Remedial Action Selection Report), page 2-7, section 2.3.2. There is NRC interest
in the contact between the weathered Mancos and the overlying alluvial sediments to
determine if this contact could provide a pathway, for tailings drainage, especially where
paleochannels exist and cut into the Mancos Shale bedrock as noted in this section. Up to
25 ft of weathered alluvial material mantles Mancos Shale at the site. Horizontal hydraulic
conductivity and vertical hydraulic conductivity have been determined for the weathered
Mancos Shale, but hydraulic conductivity has not been determined for the alluvial material
overlying the weathered Mancos. If hydraulic conductivity is greater within the
unconsolidated overlying material, which is likely the case, this may allow for preferred
pathway or a "path of least resistance" for tailings drainage to seep from the tailing pile
along this contact and migrate downgradient and offsite.

Response:
Excavation for construction of the disposal cell will be through Quaternary
alluvial/colluvial soils and into the weathered Mancos Shale. In addition, the inside slope
of the disposal cell excavation will be tied into the compacted perimeter embankment.
Where buried swales exist that are deeper than the average depth of excavation, the
unconsolidated materials will be excavated from the buried swales. Therefore, potential
pathways for lateral tailings drainage migration will be cut off by the inside slope of the
disposal cell excavation and the compacted perimeter embankment. Tailings drainage will
thus progress vertically downward into the weathered Mancos Shale. The DOE response to
comment GT10 describes what happens to the tailings drainage after it enters the
weathered Mancos Shale.

GW2. Calculate the approximate volume of leachate that may drain from the tailings and the
volume of water that is expected to seep through the cover. Estimate the distance and depth
this volume of leachate may seep from the tailings impoundment.
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RASR, page 4-8, section 4.3.4. The statement is made that "the average moisture content
of the tailings will probably be biased on the wet side of optimum, leaving enough residual
moisture to drain from the tailings under the influence of gravity." The cover will have a
lower hydraulic conductivity than the underlying Mancos Shale to prevent "bathtubbing."
Has DOE attempted to calculate the approximate amount of leachate that may drain from
the volume of tails expected based on an approximation of "the wet side of optimum?" If
so, has the volume of Water calculated been modeled to determine its approximate flow
path and distance from the site? There is a concern that leachate may not penetrate the
weathered Mancos Shale and prefer to migrate along the weathered Mancos Shale and
Quaternary alluvial material contact. If this were to occur, would this result in offsite
drainage or the possible development of seeps in either Crescent or Kendall Washes,
especially if leachate were to migrate along the paleochannel(s) cited in the text?

The text in this section also notes that DOE will monitor the accumulation of transient
drainage with a standpipe tapping a sump at the downgradient toe of the disposal cell. How
far into the weathered Mancos Shale is the sump to be constructed or will it only be in the
alluvial material? Is only one sump anticipated, or will a se'ries of sumps be considered at
the downgradient toe of the cell? Please clarify or develop a plan and basis for location of
the sumps. Clarify the "action level" and the plan for pumping and disposal of water from
the sump(s).

Response:
The water content of the Moab tailings as excavated and hauled to the Crescent Junction
Disposal Cell is likely to be near optimum to above optimum relative to the required
compaction effort (at Standard Proctor density). The tailings are anticipated to lose
moisture, becoming nearly optimum in water content because of evaporation that is
anticipated to occur during mixing, dumping and spreading of the tailings prior to
compaction.

The excavated Moab tailings will be placed in the disposal cell and processed by the
following procedure:.(I) dumping from trucks along a working face or specific area, (2)
spreading in lifts with a dozer, and (3) compacting each lift of tailings with a compactor.
This tailings-handling process, when performed in an arid climate such as that at the
Crescent Junction Site, should dehydrate the tailings to nearly optimum water content
during compaction in the cell. Evaporation from the compacted tailings surface should
continue to dry the tailings further until the subsequent lift of tailings is placed. Water will
be added as necessary (by spraying) for dust suppression.

Based on experience at other DOE Title I sites where uranium mill tailings have been'
relocated, some drainage of tailings porewater has been observed. Sumps will be
constructed in weathered Mancos Shale, along the downslope (south)'side of the cell, as a
best management practice to collect potential drainage from the tailings. The volume of
leachate that might drain from the tailings can be estimnated from the difference between
the water content of the tailings at optimum water content and at residual water content
(drained conditions). This estimate is inherently biased to the high side because
evaporation of porewater from the surface of the tailings is expected during dumping,
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spreading, and compaction, and during the intervening time between placement of
successive lifts of tailings.

The average water content (by dry weight) of the transitional tailings at optimum
conditions for compaction is approximately 18 percent, and the residual water content
averages approximately 15 percent. For 12 million yd 3 of compacted RRM (primarily
tailings), this water content difference is equivalent to approximately 5 percent of the total
RRM volume, or 600,000 yd 3 (121 million gallons) of leachate. This Volume draining over
the anticipated period of RRM placement (approximately 20 years) results in an average
drainage rate of 12 gpm.

Leachate from the disposal cell would migrate downward as unsaturated flow through the
weathered Mancos Shale until it reaches the unweathered Mancos Shale, approximately 60
to 80 .ft beneath the original ground surface. Because the conservatively estimated seepage
flux (approximately 0.15 ft/year averaged over the footprint of the disposal cell) is higher
than the hydraulic conductivity of the unweathered Mancos Shale (approximately 0.036
ft/year as the geometric mean from packer testing), the leachate could perch at the top of
the unweathered Mancos Shale and would be expected to migrate laterally along the top of
the unweathered Mancos Shale. During the performance life of the disposal cell,
conservatively estimated accumulation of leachate and its lateral migration would occur
entirely within the weathered Mancos Shale. If more reasonable assumptions are
considered, there would be no accumulation or lateral spreading of leachate below the
disposal cell (RAP Attachment 3, Appendix G).

GW3. Provide additional data, evidence, or research to support the claim that water in the
Mancos Shale beneath the cell location is connate water.

Attachment 3, Appendix D, page 4. The statement is made that "Coreholes0201, 0203,
0204, and 0208 have continued to yield water at relatively constant rates, signifying that
the connate water intercepted by these coreholes is stored in larger compartments, which
will require more pumping to deplete. The continued pumping from these larger
compartments is deemed unnecessary because the concept that the connate water is trapped
in porous zones with limited volume was already demonstrated at corehole 0202."Provide
a basis that water in four coreholes is stored in larger compartments. Has DOE considered
that fractures may have provided a c6nnection for groundwater flow, thus indicating that
behavior of water in the four coreholes is more indicative of groundwater flow than that of
corehole 0202?

Response:
The ground water in the Mancos Shale is suspected to be connate based on several factors,
including its salinity, variable ground water levels, and isolation from sources of recharge.
In August 2006, the ground water was sampled in wells 0203 and 0208 and analyzed for
radiocarbon (14C). Results of the analyses show that the age of the ground water exceeds
40;000 years, which is the approximate detection limit for radiocarbon age dating; this
would make the. ground water at least late Pleistocene in age.. A complete summary of the
sampling and analysis of the ground water is presented in a new calculation set for
Radiocarbon Age Determinations for Ground Water Samples Obtained from Wells 0203
and 0208 (RAP Attachment 3, Appendix F).

Addendum A-



GW4. Attachment 4, Appendix B, page 35, section 8.7.2. Discuss proposed modifications to the
model based on the likelihood that much of the groundwater transport through the Mancos
Shale is through fractures or other large-scale features.

On the very last line of section 8.7.2, the comment is made that, "Thus, if ground water
moves dominantly by fracture flow, some modifications will likely be required." In section
8.8, paragraph two, the statement is made, "Because of the low-bulk hydraulic
conductivity, much of the ground water transport through the Mancos Shale is likely to be
through fractures or other large-scale features. Based on the two statements, modifications
of the model may be required." Discuss what modifications have been made to the model
to resolve this discrepancy.

Response:
The following text section from Section 8.8 of the calculation describes how the model
would be adapted to fracture flow:

"Adaptation of the model to fracture flow would be accomplished by decreasing
the concentrations of sites and minerals (normalizing to a liter of ground water)."

However, no modifications to the model are deemed necessary because the Mancos Shale
is preeminently a confining unit that contains isolated pockets of connate, briny ground
water, which exists in fractures and apertures and is essentially immobile. The Mancos
Shale provides effective hydrogeologic isolation to the Crescent Junction Disposal Site. If
through-flow were to exist, it would be under the conditions of very long travel times, as
indicated.by the 14C age date, exceeding 40,000 BP, which was obtained for the uppermost
ground water.

GW5. Attachment 4, Appendix B, page 35, section 9.0, paragraph 2. Discuss what hydrologic
investigations are to be used to yield more useful units of travel time and distance for the
model, or alternatively, provide a sensitivity analysis to assess the impact of chemical
attenuation at the site.

One of the conclusions of Appendix B is that project personnel will need to couple the
results from the model with the results from hydrologic investigations to yield more useful
units of travel time and distance. Furthermore, in lieu of further investigations, a sensitivity
analysis is proposed to assess the impact of chemical attenuation at the site. Provide the
additional analysis as based on the conclusion in this Appendix.

Response:
The hydrologic investigations required for improving the travel time and distance estimates
were conducted as part of the Hydrologic Characterization. The data interpretation
presented in the calculation set for Vertical Travel Time to Uppermost (Dakota) Aquifer
(RAP Attachment 3, Appendix E) develops the travel time and distance topics requested in
this comment. The resulting travel time ranges from 4,860 to 48,600 years based on
effective porosities of 0.05 and 0.005, respectively. These porosities are a factor of 50 and
5, respectively, lower than the porosity of 0.25 that was used in the geochemical
calculation. If a porosity of 0.25 is used in the calculation, the resulting travel time to the
uppermost (Dakota) aquifer becomes 243,000 years.

Addendum A -



Radon Attenuation and Site' Cleanup

RI. Please provide more detail on the process for inclusion Or exclusion of identified vicinity
properties.

Response:
DOE has, committed to perform gamma surveys on all of the properties on the EPA list.
The surveys will also include soil samples from the areas of highest gamma readings to
demonstrate compliance with Radium-226 soil standard. From these measurements an
inclusion/exclusion report will be prepared, documenting whether a property exceeds the
EPA standards (an inclusion) or does not exceed, resulting in an exclusion.

DOE will follow the enclosed flowchart in making the inclusion/exclusion decision. The
flowchart was revised to reflect NRC comments. Instead of relying on visual evidence to
confirm the presence of tailings, DOE will rely on visual evidence to confirm that a point
source is caused by uranium ore, fossil wood, or fossil dinosaur bones. Point sources
usually stand out as gamma anomalies with readings from 100 to 1,000 microroentgens per
hour.

Consequently, vicinity properties will be excluded if gamma and soils samples do not
exceed EPA standards or if the only elevated readings are point sources caused by uranium
ore, fossil wood, or fossil dinosaur bones. An included property will undergo further
assessment on both the exterior and interior of the structure to ensure all deposits
exceeding EPA standards are identified and remediated.

R2. Please provide more detail on which areas will require supplemental standards and the
justification for use of supplemental standards on these areas.

Response:
DOE is currently considering the use of supplemental standards on several areas on the
millsite, Policaro vicinity property, and BLM properties surrounding the millsite.
Examples of where DOE does not plan to remediate include: contamination under the
highway asphalt; contamination around high-pressure natural gas lines and buried electric
and fiber optic lines; and contamination on steep slopes where access is not feasible and
cleanup would cause excessive environmental damage.

DOE understands that additional information is required to substantiate the application.
Depending on which provision of 40 CFR 192.22 is cited, the following minimum.
information is provided:

Proposed use and justification of applying supplemental standards.

Engineering alternatives studied, including costs to implement.

Radiological levels.

Health risks of leaving RRM behind.

Potential for tailings movement or disturbance.

Property owners' notification and input.
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DOE has a lot of experience in applying supplemental standards for similar scenarios at
other UMTRA sites and can share examples if NRC desires.
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BOX ORGANIZATIONAL CHART FROM ORIGINAL PDF = AVAILABLE IN NEW PDF

Interior Inclusion/Exclusion Survey

Indoors
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(exposure rate readings) in any
9.3 in' area average

20 pR/hr above background
and are elevated readings due
to residual radioactive
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P
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No No

No

Exclude

Exclude
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BOX ORGANIZATIONAL CHART FROM ORIGINAL PDF = AVAILABLE IN NEW PDF

Exterior Inclusion/.Exclusion Survey

I listory

Conduct Interview with the
homeowner(s), check EPA
gamma survey database and
any other additional
information pertinent to the
property prior to the
inclusion/ exclusion survey
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to property)
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100m

2
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Yes
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No

Collect and analyze soil
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No
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concentrations as required
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background
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No
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entire property

Perform Interior Gamma
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September 2007 Open Issues Meeting

Further response for February 2007 GT (Geotechnical) Issues

1. GT 2 - As part of its volume balance analysis, DOE indicates that a 13 to 15 percent
shrinkage factor should be applied from excavated material to compacted material. DOE
uses the 15 percent shrinkage factor for the UMTRA cover option, but only assumes an 8
percent shrinkage for the Alternative cover. DOE needs to explain the basis for using an 8
percent shrinkage factor for the Alternative cover, or otherwise describe the source of
material to make up the shortage if the 15% shrinkage factor also applies to the Alternative
cover.

Response
The final design uses the UMTRA cover option. The alternative cover has been dropped.

2. GT 3 - In response to the previous request for additional information on swelling clays,
DOE has indicated that "the weathered Mancos Shale is likely to be slightly to moderately

.expansive in the area of the disposal cell, which can be accommodated in the design of the
disposal cell." In the final RAP, DOE needs to include information on how it has factored
(or plans to factor the Mancos Shale expansive characteristics into the cell design.

Response
The Mancos Shale formation can exhibit characteristics of moderate swelling, due to the
possible presence within the shale of expansive clays and thin gypsum lenses, which "
expand when hydrated. Though possible, expansion of the shale is not considered to be
problematic for the following reasons:

a) The shale formation has extremely low hydraulic conductivity, and though the top
surface of the shale will be wetted during the time when tailings are being placed and
later as excess capillary water migrates to and along the cell floor the water will not
migrate very far into the shale formation. The thickness of the shale being wetted is
not likely, more than 1 to 2 feet and the volume of expansive clay or gypsum in that
thin layer of shale cannot expand enough to be of consequence. For example, if two
feet of shale is hydrated, and 25% of the two feet thickness is expansive material, and

* the expansive material expands 50% (typical for some types of gypsum) the total
expansion would be 3 inches.

b) Minor expansion, if it occurs, will take place when the Mancos shale is initially
wetted. At that point, the cell is being excavated and the first layers of tailings.are
being placed. There will not be anything in place at that point that could be damaged
by minor soil movement. Damage from soil expansion and contraction tends to occur
when a sensitive structure such as a building or highway undergoes differential
movement. The disposal cell is not a sensitive structure, especially in the early stages
of cell excavation and tailings placement.
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c) Expansion and/or contraction of expansive soils takes place when significant changes
in moisture content occur. When moisture content is relatively constant, expansion.
and/or contraction does not occur. A relatively thin laye'r of Mancos shale may
expand when initially hydrated, but once several feet of tailings have been placed over
the shale, the moisture content at the cell floor should remain relatively constant.
Whether the cell eventually dries out or has some residual moisture at the cell floor
long-term, it should not be subject to moisture fluctuations that would result in
significant cycles of expansion and contraction.

Geotechnical Stability

3. At this time, DOE has indicated that construction details will provided with the final RAP.
This will include the proposed sequence of construction and the detailed construction
specifications, including contaminated material and cover layer placement procedures,
Therefore, until this information is submitted and reviewed, the approval of construction
details and specifications remains an open issue.

Response
In the final RAP, Section 7.2 contains the Construction Details and Addendum B contains
the Final Design Specifications.

4. DOE will implement an inspection and testing program to ensure quality control of the
construction of the various components of the cell. This program will be described in the
Remedial Action Inspection Plan to be submitted with the Final RAP. Therefore, until this
information is submitted and reviewed, the approval of the testing and inspection details of
the quality control program remains an open issue.

Response
Addendum E contains the Remedial Action Inspection Plan (RAIP) for NRC's review.

5. The factor-of-safety from the DOE slope stability analysis of the long-term pseudo-static
condition is just equal to the required minimum value of 1.0 DOE should provide a
discussion of these results in terms of the conservative factors in the seismic input
assumptions and the analysis as a whole as justification for the factor of safety not exceeding
the minimum allowed.

Response
New Slope Stability calculations were performed with computer program, SLIDE, V 5.0
by Rocscience. The SLIDE program analyzes the slope with multiple methods to
determine factor of safety, including Bishop Simplified, Janbu Simplified, Janbu
Corrected, Spencer, Morgenstern-Price, and Corps of Engineers Methods. Bishop and
Janbu methods employ limit equilibrium analysis method, Spencer and Morgenstern-Price
methods use both force equilibrium and moment equilibrium to determine safety factors.
In this analysis, Spencer results yielded the lowest factor of safety.
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The analysis.was performed for the End of Construction (short-term) and Long-term cases.
Stability of the disposal cell perimeter embankment and cover system was also assessed for
the design seismic event for both the short term and long term cases. Seismic conditions.
were analyzed using guidance provided in the Technical Approach Document (TAD) 1989.
The TAD requires the use of pseudo-static approach where Peak Horizontal Acceleration
(PHA) value of 0.22 g (previously determined) is taken as half of PHA or 0.11 g for End of
Construction case, and 2/3 of PHA or 0.15 for Long-term case.

The analysis results,' summarized in the following table, indicate that the Safety Factor of
,the critical slope exceeds the Safety Factor required by the TAD for all of the cases. The
stability results indicate that the proposed disposal cell site, perimeter embankments, and
cover system will be stable when constructed of on site materials and with the planned
embankment geometry.

Summary of Slope Stability Analysis

L Calculated Factor of SafetyLoading Condition Factor of Safety Required by TAD

End-of-construction:
Static 2.15 1.3
Pseudostatic (kh = 0.1 1g) 1.31 1.0

Long-term:
Static 2.78 1.5
Pseudostatic (kh = 0.15g) 1.51 1.0

Kh = pseudostatic coefficient

6. Both cover options include a 6-inch "infiltration and biontrusion'" layer. DOE should provide
a detailed description of the function and composition of this layer, and how the composition
will serve to meet the functional requirements.

Response
The infiltration and Biointrusion layer has 3 primary functions: It provides positive
drainage of any surface water that seeps through the upper layers of the cover and transmits
the infiltration to the side slopes of the cover, it provides a barrier against burrowing
animals, and it provides a break in the soil regime to discourage root growth into the radon
barrier.

The infiltration and biointrusion layer. is overlain by a 3-ft layer of soil and a final surfacing
of 0.5 ft rock armoring. All three layers act together to resist intrusion into the cell, limit
infiltration into the RRM and-provide frost protection for the underlying radon barrier.

A description of these cover layers has been included in Section 7.1 of the RAS.

7. In its alternate, monolithic cover design, DOE merely indicates a thick mixture of alluvial,
Aeolian, and Mancos shale materials. Unless this cover option is eliminated in the final
design, DOE should provide a discussion of how it would be constructed to provide a cover
of less than or equal to 10-7 cm/sec infiltration rate.
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Response
The alternative cover option has been eliminated.

.Surface Water Hydrology and Erosion Protection

8. Design of Riprap for the Diversion Channel Outlet: Staff review of the design of the riprap
lbr the diversion channel outlet indicates that the rock size and volume may not be adequate
to prevent headcutting and gully intrusion into the channel. Based on observations during
site visits in the area, it appears that existing gullies along the west and southwest sides of the
disposal cell are deeper than the proposed scour depth of 5 feet. The staff has observed
several gullies that are significantly deeper than '5 feet, and the increased drainage area from
the north diversion channel may result in gullies that will be similar in depth.

Although the scour model used may be acceptable, the assumptions related to flow
distribution across the outlet structure do not appear to adequately account for localized flow
concentrations.

The design condition for computing the scour depth, rock size, and volume should be based
on assumed areas of very large flow concentrations occurring downstream of the outlet
structure. The current assumption of a flow concentration of 3 is probably not adequate. In
addition, DOE should carefully analyze the gullies that currently exist and determine an
appropriate scour depth for the design of the, diversion channel outlet, based on potential
headcutting of existing gullies. This information was originally requested in geomorphic
comments that were submitted earlier (Comment 3c from 04/06 meeting).

Response
The revised cell design has replaced the north diversion channel with a wedge of
compacted surplus material from the excavation. Flow from the north will be diverted
around the disposal cell to the east and west. An analysis of sediment transport potential
and sediment supply to the area immediately north of the wedge indicates that the wedge
will not erode but rather trap sediment from the north and increase in volume over time.
After the flow turns southerly at the ends of the wedge it will erode channels that will carry
the flow to the east and west branches of Kendall Wash after bypassing the disposal cell..
Although the natural ground slope will not direct the flow toward the disposal cell, large
diversion berms are to be constructed to ensure that the flow will bypass the cell.

9. Selection of Rock Source: The staff notes that DOE has considered several rock sources, but
has not selected any specific source. The staff also recognizes that DOE does not plan to
produce and place rocks until several years in the future. However, the staff considers it
important for DOE to preliminarily select a specific source and use data from that source to
develop a complete design and construction package. Even though DOE has committed to
using design criteria such as NUREG-1623 and other NRC suggested guidance, this should
be done in the interest of resolving as many issues as possible, prior to construction.
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It is important to note that the sizing and the design of the erosion protection is dependent on
the specific gravity of the rock, the angularity of the rock, and the quality of the rock
placement. For example, the specific gravity is currently assumed to be 2.65, but this may be
optimistic for a sandstone source. The rock is also assumed to be angular, but if rounded
boulders are used, the rock size may need to be increased by as much as 40 percent.

The staff considers that DOE should develop a preliminary design that is based on the use of
a specific rock source. DOE should then provide data from this source regarding rock
.durability tests,, rock production procedures (at the proposed quarry), rock placement
procedures, and other QA/QC information.

Response
A source for the riprap will be selected and included as a part of the final RAP along with
rock durability tests, rock production (at the proposed quarry), and rock placement.

The Aggregate and Riprap specification contains the following quality requirements:

NRC TABLE OF SCORING CRITERIA FOR ROCK QUALITY

Laboratory Weighing Factor Score
Test

Linmestone Sandstone Igneous 10 9 8 7 6 5 4 3 2 1 0

Specific Gravity 12 6 9 2.75 2.70 2.65 2.60 2.55 2.50 2.45 2.40 2.35 2.30 2.25

Absorption, % 13 5 2 0.10 0.30 0.50 0.67 0.83 1.0 1.5 2.0 2.5 3.0 3.5

Sodium Sulfate, 4 3 11 1.0 3,0 5.0 6.7 8.3 10.0 12.5 15.0 20.0 25.0 30.0

LA Abrasion, %
(100 1 8 1.0 3.0 5.0 6.7 8.3 10.0 12.5 15.0 20.0 25.0 30.0

revolutions)
Schmitt II 13 3 70 65 60 54 47 40 32 24 16 8 0Hammer

Notes:
I. Scores were derived from Tables 6.2, 6.5, and 6.7 of NUREG/CR-2642, Long-Term Survivabilitv of Riprap

for Armoring Uranium Mill Tailings and Covers: A Literature Review, 1982.
2. Weighing Factors are derived from Table 7 of"Petrographic Investigations of Rock Durability and

Comparisons of Various Test Procedures," by G.W. Dupuy, Engineering Geology, July 1965* Weighing
factors are based on inverse of ranking of test methods for each rock type. Other tests may be used;
weighing factors for these tests may be derived using Table 7, by counting upward from the bottom of the
table.

3. Test methods should be standardized, if a standard test is available and should be those used in
NUREG/CR2642, so that proper correlations can be made.

ACCEPTABLE ROCK SCORES

An acceptable rock score depends on the intended use of the rock. The rock's score must meet the
following criteria:

For occasiotnally saturated areas, which include the top and sides of the pile, the rock must score at
least 50% or the rock is rejected. If the rock scores between 50% and 80% the rock may be used, but a
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larger Ds0'must be provided (oversizing). If the rock score is 80% or greater, no oversizing is
required.

For frequently saturated areas, which include all channels and buried slope toes, the rock must score
65% or the rock is rejected. If the rock scores between 65% and 80%, the rock may be used, but must
be oversized. If the rock score is 80% or greater, no oversizing is required.

ROCK OVERSIZING

Oversize rock as tbllows;
- Subtract the rock score from 80% to determine the amount of oversizing required. For example, a

rock with a rating of 70% will require oversizing of 10 percent (80% - 70% = 10%).

The D 50 of the stone shall be increased by the oversizing percent. For example, a stone with a 10%
oversizing factor and a D50 of 12 inches will increase to a D50 of 13.2 inches.

The final thickness of any layer of oversized stone shall, increase proportionately to the increased D50

rock size. For example, a layer thickness equals twice the D50, such as when the plans call for 24
inches of stone with a D50 of 12 inches, if the stone D50 increases to 13.2, the thickness of the layer of
stone with a D50 of 13.2 should be increased to 26.4 inches.

Water resources Protection

10. Points of Compliance: No points of compliance have been established and I don't believe
they need to be for chemical concentrations, however, I believe DOE needs to better explain
how they will demonstrate cell performance and monitoring for performance. DOE has
modeled the expected lateral spreading of contaminants in the weathered Mancos Shale and
estimated a 10 year ring, 200 year ring, and 1000 year ring. I would think that if
contamination is expected t spread to the 10 year ring, why not monitor for cell performance?
If no contamination or fluids occurs at year 10, cell is performing better than anticipated. If
it occurs before, DOE should have a plan to install wells at further out to monitor for
performance. No chemically, only the presence or absence of cell fluid is needed to monitor
performance because the geochemical nature of the Mancos (saline and briny) and its been
written off as a source of water. Al also believe that DOE should be specific as to how many
standpipes are going to be installed to monitor cell performance, at the edge of the cell. In
RAP, Attachment 3i Appendix G, page 12, last bullet, states, "Up to three piezometers
(standpipeS) are recommended to monitor the accumulation of leachate within the footprint
of thedisposal cell, during the transient drainage period, to verify that bathtubbing dissipates
as steady-state conditions are achieved. In addition, the piezometer may be used to monitor
subsurface hydrologic condition after steady-state drainage is achieved." However, the RAP,
page 4-7 states, "DOE will monitor the accumulation of transient drainage with a standpipe
tapping a sump at the down gradient toe of the disposal cell...." And on top of page 9-2, "A
temporary standpipe to monitor transient drainage is discussed in Section 4.0 of this
document." I take this statement to mean DOE has discarded the recommendation made in
the RAP, Attachment 3, Appendix G, page 12.

Basically, I have two concerns.
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I . DOE should monitor the toe of the cell for leachate and cell• performance to make
sure they do not have fluids migrating at the unweathered Mancos Shale.- Alluvial
material interface. I think one locations is not enough for a cell of this size and is
contrary tot eh recommendation in the RAP. These multiple locations should be
defined.

2. The overall performance of the cell and-the disposal strategy of allowing the cell to
leak over time needs to be confirmed. DOE has determined that all the fluids will be
contained within a defined perimeter around the cell and within the weathered
Mancos Shale. They should be require to monitor for this performance for the
presence/absence of cell fluids.

Response
The disposal cell has been designed with four locations for standpipes to monitor the
presen'ce/absence of cell fluids. The 4 standpipes are along the down gradient interior
boundary of the cell (Addendum C Final Design Drawings) The details of the standpipe
are shown on drawing E-02-C-104 in that Addendum. If any water accumulates in the
standpipe following closure of the cell it can be removed and stored in a cell water
retention pond.

During construction of the cell, the slope of the bottom will promote drainage to a
temporary sump in the dirty construction area. This water will either evaporate or will be
pumped and used as dust control on contaminated areas within the cell. As the
construction continues, the amount of water accumulation at the fresh face of construction
can be monitored along with any water in the already installed standpipes. This would also
provide information for documentation and for future planning.

A decision on future action to monitor water outside the cell would be developed under an
observational approach. If there were indications that a larger volume of water than
anticipated was accumulating within the cell, there would be studies/modeling performed
to ascertain what or if there was an impact and if further action was warranted.

Radon Attenuation and Site Clean Up

11. Editorial: 9.1.3 DOE states that for Th-230 a supplemental standard under criterion "f' will
be imposed. 192.21 f refers to the restoration of groundwater. Did they mean "h"?

Response
The correction will be included.

12. Analytical': 9.1.3 DOE stated they will use statistical correlations for radium in lieu of soil
sampling. They also state that thorium may be an issue on site. If an area contains RRM
other than Ra-226 wouldn't that cause correlations to be severely inaccurate?

Response
The correlation is based on gamma or exposure rate readings detected in the field. If an
area contains RRM other than Ra-226, such as Th-230, it would not affect the radium in
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soil versus gamma correlation due to the fact that Th-230 does not contribute significant
amounts of gamma radiation. For the areas identified on the site that may contain RRM
other than Ra-226, the soil sampling frequency will be increased in order to adequately
demonstrate that the appropriate soil clean-up standards have been met.
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NRC Comments to Final RAP

NRC Comment Comment DOE Response

(1) D. Gillen Will DOE perform cell cover settlement monitoring post closure Cell cover monitoring language added to
If so, add language reflecting DOE's commitment. RAS Section 4.6 and RAIP Section 6.11.

Draft Language provided to D. Gillen
3/13/08

(2) D. Gillen RAIP - Pg. 7 of 25 - 2nd bold heading "In-Place Density Testing Section will be removed.
3/21/08 of Waste Cell Spoil Material Embankment" - this Section

doesn't belong here.
(3) D. Gillen RAS Pg. 7-1, last paragraph - Sum of quantity of individual cell Error in quantity of wedge quantity.
3/21/08 components do not equal total quantity indicated. Clarifying language provided 5/8/08.
(4) D. Gillen Cover thickness inconsistencies in RAS and Calculations C-10 The correct final cover thickness is 9'.
3/20/08 and C-11. (8',9', 10') The RAS text will be corrected to reflect

this. Revised calculations provided to
NRC 5/8/08.

(5) D. Gillen Cover cracking typo, RAS, pg.4-9, allowable strain given as .065 is correct value. RAS text will be
3/20/08 .065 and .056 in same paragraph. revised.
(6) T. Johnson / M. Rock quality results in Section 6.6 - The overall score for the Rock lab made error in overall score of
Fliegel tan, friable SS appears to be too high based on the individual tan, friable SS

scores
(7) M. Fliegel / T. Discuss concerns regarding Silliman rock - test crush Silliman DOE is no longer proposing Silliman rock
Johnson / R. rock to see if poor quality rock breaks up, perform petrographic as a source. For RAP approval, DOE will
Johnson conf. call analysis on Silliman rock types, perform analog study propose Fremont Jct. as sole source.
4/17/08 Revised Section 6.6 will be submitted to

NRC ASAP.



S

Comments from
5/19/08 meeting at
NRC offices
RAS Document
(8) D. Gillen Table 4-1, pg 4-4 - check-CJ dike fill moisture content of 17.4% Table 4-1 dike fill moisture content

revised to 11.7% - sent to NRC 6/24/08
(9) D.Gillen Section 4.24, pg. 4-9, .065 & .056 % both used as maximum Revised text provided to NRC 6/24/08

strain, Also correct delta / I information in the text per Calc C-
15.

(10) D.Gillen Section 5.2.1, pg.. 5-3 explain how 12% long term moisture for Response provide to NRC 6/24/08
radon barrier was determined.

(11) D.Gillen Section 7.0 - add description of purpose for each cover layer Text provided to NRC 6/24/08
component

(12) D.Gillen 9/07 Open Issues Meeting - Comment response No. 6 calls for a Revised Response Text Provided to NRC
4' frost protection layer while design has 3'. 6/24/08

RAIP
(13) D. Gillen Globally in document - replace tailings with RRM Tailings replaced with RRM throughout -

Revised RAIP sent to NRC 6/24/08
(14) D. Gillen Pgs 7 & 8, incorrect indenting Corrected - revised RAIP to NRC 6/24/08

(15) D. Gillen Section 6.3.5 - Remove 'In-Place Density Testing" from Corrected
heading

(15) D. Gillen Section 6.4.3 - Make clear testing requirements when CAES not Corrected
used

(16) D. Gillen Cover drawing pg. 15 - remove "Random Fill" from drawing "Random Fill" replaced with proper
material description

(17) D. Gillen Section 6.7.1, 2 nd paragraph, remove "Table 2" Completed
(18) D Gillen Section 6.8.1 remove "Erosion and Rip-Rap Type A & B" Completed



Specifications
(19) D Gillen Earthwork - 1.2.6 - Need definition of Select Granular Material Spec Revised - Revised Specs sent to

NRC 6/24/08
(20) D Gillen Earthwork -3.11.1 correct typo -"brake" should be "break" Corrected
(21) D Gillen Earthwork - 3.11 - Need subsections for embankment, wedge Spec Revised

etc.
(22) D Gillen Earthwork - 3.14 - Need range for moisture control spec Spec Revised - within 3 % of optimum

for RRM, Radon Barrier, within 5% of
optimum for embankments, wedge

(23) D Gillen RRM Placement - Make requirements consistent with RAIP, Specs, RAIP consistent - moisture % for
add moisture range RRM placement within 3% of optimum

(24) D Gillen Final CAP Layers, Section 2.2 - make reference to Aggregate Reference added
spec for gradation requirements for cover rock

(25) D Gillen Final Cap Layers - Section 3.2.5 - need compaction procedure Reference Added
reference i.e. per ASTM ....

(26) D Gillen Final CAPLayers, Section 3.2.1 - 200 sieve is only testing DOE would like to discuss with NRC
requirement - need to add others

(27) D Gillen Aggregate & Rip-Rap - Section 1.4.2.2 do we need liquid limit Liquid Limit and Plastic Limit
and plastic limit testing? requirements eliminated

Calculations
(28) D Gillen Calculation C-15,.pg.6 - is there an error in delta / length calc? Calc Revised - Provided to NRC 6/24/08
Health Physics
(29) T Youngblood Written comment provided - Section 9.1.3 page 9-2 - does DOE Basis Documents for use of Gamma Scan

have technical basis document for use of GPS / Gamma Scan ? provided to NRC 5/28/08
Conf Call 6/23/08
Health Physics
(30) T Youngblood Section 9.1.3, Pg 9-3, mention in text that Supp Stds requires Language added to Section 9.1.3

NRC approval
(3 1) T Youngblood Section 9.1.3, Pg 9-3, use language in VP Completion Reports to

address Th 232 remediation standards.
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Groundwater
(32) R Linton Comment from Draft RAP not addressed, Attachment 3, The 6.7E-8 cm/s value is correct. The

Appendix E, pg.7 - Uses both 6.7E-8 cm/s and 4.5E-8 cm/s, calculation set has been revised to reflect
which one is correct? the correct value.

(33) R Linton Comment from Draft RAP not addressed, Attachment 4, Section 3.4 was clarified to indicate that
Appendix B, Section 9 Conclusions - states that geochemical the results of the geochemical attenuation
results should be coupled with the field testing (i.e. hydraulic modeling was coupled with the hydraulic
parameters) to yield more useful assessment of chemical parameters obtained by the field testing to
attenuation at the Crescent Jct Site. Does DOE plan to do this? yield a more useful assessment of the

chemical attenuation at the Crescent Jct.
Site.

(34) R Linton Calculations in the RAP estimate a lateral travel distance in the RAS Section 7.2.4, Transient Drainage,
weathered Mancos from transient drainage of tailings fluids. has been modified to state that 4 existing
DOE should consider monitoring the weathered Mancos for cell wells, one on each side of the repository
leakage outside of the cell foot print. will be recompleted as weathered Mancos

Shale monitoring locations.
Moab Mtng
6/26/08
(35) T Johnson Erosion of ends of energy dissipaters feeding sed ponds - the Design has been modified to incorporate a

ends of the dissipaters will head cut -= need to address this issue. buried 10:1 slope at the end of the
dissipaters with approximately 10" rock

(36) T Johnson CJ cell N diversion ditch - If unlined ditch at the toe of the Calculation C-04, Area between Cell and
wedge fills with sed, will the rock lined cell channel handle the Wedge has been revised and Drawings E-
flow from the wedge and also the cell cover? Confirm 02-C-500 and E-02-C-501 have also been
calculation. revised. A more detailed response is

provided in Attachment 1 to this Table.
(37) T Johnson Drawings need to provide more detail on wedge - cell tie-in. Additional provided on Drawings E-02-C-

Reference drawings E-02-C-501, E-02-C-502. 501, E-02-C-502



(38) T Johnson Rock Gradations - In some cases the D50 rock specified is too A revised rock gradation spec was
small. For example the south top slope rock requires a D50 of approved by T. Johnson via conference
1.8". The calculations state that the D50 should be 1.8 inches. call on 6/30/08. Revised specs will be
However, the specifications state that a D50 of 1.5 - 2.0 inches incorporated. The RAIP has been revised
is required, possibly resulting in undersized rock. to include verification that fines are

dispersed evenly throughout the rock
during placement.

(39) T Johnson Rip Rap Placement - RAIP document should include manual RAIP has been revised to add requirement
testing of the rock thickness against the CAES data to ensure for manual rock testing check every
specified thickness is being obtained. 10,000 cubic yards of rock placed.

(40) R Johnson Suggested conducting durability testing of the other than grey Samples were collected on 6/26/08 and
basalt rock present at the Fremont Junction quarry. durability testing is currently being

conducted. Test results will be provided
______________to NRC when they are available.

(4 1) R Johnson RAS Section 6.6.3.3, page 5, 3 d paragraph, 2 nd sentence - Text was revised to indicate 3 ft.
_________________specify a depth range instead of several "several feet"

(42) R Johnson RAS Section 6.6.3.3, page 6, 2 "d paragraph, 3 d sentence - delete Confirmed with R. Johnson on 7/9/08 that
this sentence - not substantiated by rock testing. sentence is ok to leave as is.

(43) R Johnson RAS Tables Section 6-15 and 6-16, page 9 -check the sample The description of the degree of
description for Samples 2B and 5B "Weathered Basalt" vs weathering from the petrographic analysis
"Basalt cobble" was included where available. This

information is not available for samples
_____________TP-3A and TP-3B3.

(44) R Johnson RAS Section 6.7.2 - 2 nd paragraph, 2 nd to last sentence - Rock This sentence was clarified.
which "passes"... should be "retained".

(45) R Johnson Section 6.6. Discuss discrepancies between 1988 and 2007/2008 Sections 6.6.1, 6.6.2, and 6.6.3 were
field observations, clarified to explain the discrepancies.



S

(46) R Johnson 6.6.3.3. Explain how natural analogs are being used. This section was clarified to explain that
natural analogs provide insight for long-
term performance of engineered covers.

(47) R. Johnson Reference Section: Would like copy of Smith et al. 1997. A copy of this report was forwarded to R.
Johnson.

(48) R. Johnson 6.6.4.1. Expand this section to include x-ray diffraction results. This section was expanded to include
results from the 1988 x-ray diffraction
analysis.

(49) R. Johnson Section 6.7. Change title to "Rock Selection During Production" The title was changed as requested.
(50) R. Johnson Section 6.7.2. Clarify size of material removed by crushing. Section 6.7.2, 3r' paragraph, 1st sentence

states that the crushing will "provide
appropriate sizes to meet the gradations
specified in Addendum B (see Table 3)".
This paragraph was clarified to state that
sizes smaller and larger than specified in
Addendum B will not be retained.

(51) R. Johnson Section 6.7.3. Discuss potential heterogeneities field personnel This section was expanded as requested.
needs to look for.

(52) R. Johnson Section 6.7.4. 2nd paragraph. Clarify that removed rock is This sentence was clarified as requested.
crushed away.

(53) R. Johnson Include that durability testing will be conducted every 10,000 Section 6.7.2 was expanded to indicate
yards even though it is specified in the RAIP. testing will be conducted every 10,000

yards.
(54) R. Johnson State NRC has approved the Fremont Junction rock source for This is stated in Section 6.6., 3rd

the Green River cell. paragraph, 2 nd sentence.
Call w Dan Gillen
6/30/08
(55) D Gillen RAIP - Section 6.7.1, pg 17 of 27 - Reference to ASTM 1140 Corrected

should be revised to ASTM 422 as in the specs
(56) D Gillen RAIP - Section 6.7.4 - Inspection and Testing, pg. 18 of 27, 1st Language added
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paragraph - add moisture content of (3% of optimum)
(57) D Gillen RAIP - Section, 6.8.2, last paragraph, add a bullet that addresses Bullet added to manually check rock

manually checking the thickness of the rock placed to ensure thickness every 10,000 cubic yards of
rock placed.

(58) D Gillen RAIP - Section 6.9.4, pg 22 of 27, 1st paragraph, add moisture Language added
content requirements (5% of optimum)

(59) D Gillen RAS - new Section 7.0 - description of Radon Barrier purpose - Language Added
add that radon barrier also limits infiltration (not just contains
radon).

(60) D Gillen RAS - Section 7.0 - The heading for "Erosion Control" is Corrected
mislabeled as "Frost Protection"

(61) D Gillen RAS Section 5.2.1 - comment to revised Section - See Typical tailings moisture content
Comment Response No. 10 need to expand I" paragraph - explanation provided in text and in
where does "typical" moisture content from tailings come from? Attachment 2 to this Table.
Do we have data?



Attachment I - Comment Response to Comment No. (36)

Comment: Since the unarmored ditches north of the access road will fill with sediment, the water
from those ditches will overflow into the armored ditch south of the access road.

(a) The analyses should reflect these additional flows, with respect to rock D50 and elevation
of the water surface with respect to stone size on the cell.

(b) Does the elevation go above the break to smaller stone on the cell top?
(c) In addition, the overflow from the unarmored ditches may form gullies with a tendency to

undermine the stone in the ditches south of the road. Estimate this gullying and determine
whether additional measures are required to protect the armored ditches.

(d) Determine whether the rock armoring on the 3H: IV side slope of the armored ditch is
sufficient to protect against overflow from the sediment filled ditch.

Response: (a) and (b)

Rock D50: We have assumed that the previously computed peak flows in the two ditches will be
combined into the armored ditches south of the road. The depth of flow and the D50 of rock
protection required in the armored ditches have been recomputed with the following results.

North Side North Side
of Cell of Cell
(West) (East)

Peak Flow (cfs) 583.4 811.5
Channel Slope .0089 .0063

Channel South of Access Road within Cell Boundaries
Maximum Depth (ft) 2.79 3.46

D50 (inches) on 5:1 Side of 4.2 3.7
Channel

D50 (inches) on 3:1 Side of 5.1 4.4
Channel

D50 (inches) on Bottom of 34
Channel

Channel South of Access Road beyond Cell Boundaries
D50 (inches) on 3:1 Side of 4.7 4.1

Channel
D50 (inches) on Bottom of 3.6 3.2

Channel

Design implications:

I. Since no rock D50 has been specified on the north side slope of the armored channel south
of the access road, a D50 must be specified that is as large or larger than the results above;
>= 5.1 inches in the channel flowing to the west and >= 4.4 inches in the channel flowing
to the east.

2. The calculated D50 on the south side slope of the channel flowing to the west (4.2 inches)
is larger than the D50 specified on the north side slope of the cell, the D50 for the bottom
2.79 feet of the north side slope of the cell must be >= 4.2 inches. (See Drawing E-02-C-
500, Section G)

3. Beyond the edges of the cell the ditch will be armored with stone with D50's as indicated
in the table above.

4. The water will not reach the smaller stone on top of the cell (See Drawing E-2-C-500).



(c) and (d) After the ditches north of the access road fill with sediment, the runoff from the south
side of the wedge will overflow into the armored ditch. Since the depth of sediment in the ditches
north of the access road can not be accurately predicted as a function of time and location, we have
assumed that the overflow will occur uniformly along the length of the ditches within the
boundaries of the cell on a slope of 0.01. We have also assumed that the flow will concentrate by
a factor of 3 in forming gullies and also in cascading down the north side slope of the armored
ditches.

With these assumptions the depth of gullies caused by the overflow has been calculated with
Federal Highway Administration culvert scour equations as described in Calculation C-02
assuming flow in a v-shaped ditch with 2H to IV side slopes. The D50 of the required rock
armoring for these gullies was computed using the safety factors method.

The D50 of rock armoring needed to protect the armored ditches as the overflow cascades down
the 3H: IV side slope was calculated using the method of Abt and Johnson (1991).

D 50 = 5.23q°'56

The results of these calculations are presented below.

West Side East side
Total Overflow Rate (cfs) 172.8 252.6
Ditch Length (ft) 1470 2891
Overflow (cfs/ft) 0.12 0.09
Concentration Factor 3 3
Design flow (cfs) 0.35 0.26
Scour Depth (ft) 0.64 0.56
D50 to Protect Against Gullying (inches) 0.6 0.5

D50 on 3:1 Side Slope of Ditch (inches) 3.6 2.9

Design implications:

5. It may be wise to cover the access road with I to 2 inch stone to stabilize it against
gullying.

Comment: The spreaders need further analysis and design.

1) Determine whether the spreader is long enough (in the flow direction) to allow spreading
from the channel to the 100 foot width of the spreader.

2) Redesign the toe of the spreaders to protect against headcutting from the gullies that are
expected to form at the spreader outlets.

Response:



(a) Use equation 2-28 in USACE EM 1110-2-1601 to estimate the required length of spreader.
This equation is the result of research performed by Rouse, et. al. in 1951 on the boundary shapes
for the expansion of a high-velocity jet on a horizontal floor.. Note that equation 2-28 is

3

b =I 2 2+I

where
Z = the half width of the expanded flow (ft)
bl = flow width before expansion (ft)
X downstream distance from the beginning of expansion (ft)
FI = Froude number of the flow before expansion

while Plate B-24 in the same publication which is a reproduction of results from the original paper
gives the equation as

3

We have used the equation from the original paper to compute the length of spreader required to
allow complete spreading of flow to the 100 ft width. The results are:

West East

Discharge (cfs) 583.4 811.5
Initial Flow Velocity (fps) 8.19 8.4
Initial Flow Cross-Sectional Area (sq ft) 71.24 96.62
Initial Top width (ft) 35.42 39.49
Initial Hydraulic Depth (ft) 2.01 2.45
Initial Froude Number 1.02 0.95
Distance to Expand to 100 feet (ft) 135 125

(b) Use either a 2:1 collapse into scour at the downstream end of the spreader with large self-
launching rock or a 10:1 buried rock blanket to protect against erosion down to the expected depth
of scour. After some preliminarycalculations, the D50 required by the first option was considered
unfeasible. The expected scour depths have previously been computed and the D50 of the buried
rock was computed using the equation in NUREG 1623, page D-19 from the work described in
NUREG 4651 Vol 2, Figure 4-4, page 35. The results for the east and west sides are given below
assuming a natural ground slope of 2.3% and a rock blanket slope of 10%. The thickness of the
buried rock slope is assumed to be two times the D50.

The results of the scour and rock armoring calculations are summarized below.



West East
Scour depth (ft) 3.82 4.46
Discharge (cfs) 583A4 811.5
Spreader Width (ft) 100 100
Discharge/unit width (cfs/ft) 5.83 8.12
Concentration Factor 3 3
Design Unit Discharge (cfs/ft) 17.5 23.3
D50 (inches) 9.7 11.6
Length of Buried 10:1 Rock Slope (ft) 49.6 57.9
Rock Volume (cy): Thickness = 2*D50 297 347

Design Implications:

1) The current spreader design is for a length of 100 feet in the direction of flow. This will
be increased to 135 feet.

2) The spreader outlet will be protected by a buried slope of rock extending to the depth of
expected scour. The buried slope will be approximately 50 feet long on the west and 60
feet long on the east. The D50 at each spreader will equal or exceed the sizes presented
above.

3) See Drawing E-02-C-500, Section G
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Attachment 2 - Comment Response to Comment No. (61)

Comment: What is the source of the 15% long-term moisture content for the tailings in the
disposal cell?

Response: The only source for the 15% moisture content was the draft RAP. It stated

"The mean weight percent moisture of the tailings has been modeled as 15 percent, which is in the typical
range for tailings and is below that value used for the modeling of the Grand Junction UMTRA Site
(18 percent). Sensitivity analyses for the influence of long-term tailings moisture content were used to
evaluate the influence of this parameter on predicted radon barrier thicknesses. Values of 10 percent moisture
content and 20 percent moisture content were modeled. The results of the sensitivity analyses are discussed in
the "Conclusion and Recommendations" section."

The results of the sensitivity analysis performed for the draft RAP are summarized below.

% Moisture Content in the Required Radon Barrier Required Radon Barrier
Tailings Thickness (cm) Thickness (feet)
10 119.1 3.91
15 119.8 3.93
20 111.7 3.66

No laboratory test were performed to determine the correct moisture content and the % clay and
% organic material of the tailings were not measured so the Rawls and Brakensiek equation could
not be evaluated.

A sensitivity analysis performed on the current radon barrier design yielded the results shown in
the graph on the next page. As can be seen the required radon barrier thickness is relatively
insensitive to the % moisture content of the tailings below approximately 14 to 15%. Lacking
data, the NRC publication

REGULATORY GUIDE 3.64; CALCULATION OF RADON FLUX ATTENUATION BY

EARTHEN URANIUM MILL TAILINGS COVERS

states that

"If acceptable documented alternative information is not furnished by the applicant, the staff will
use a reference value of wt = 6% for the tailings moisture content because 6% is a lower bound
for moisture in western soils."

Comparing the calculated required radon barrier thickness for a disposal cell with 6% moisture
content in the tailings with the current modeling results with 15% moisture content indicates a
radon barrier thickness only marginally greater than the 4 feet in the current design.

% Moisture Content in the Required Radon Barrier Required Radon Barrier
Tailings Thickness (cm) Thickness (feet)
6 123.40 4.05
15 121.74 3.99



The calculated radon barrier thickness with a tailings moisture content of 6% deviates from the
current design by only 0.6 inches which is considerably less than the precision with which the
barrier can be constructed.
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ADDENDUM B

Final Remedial Action Plan
DOE-EM/GJ 1547

July 2008

Final Design Specifications

Number Title

31-00-00 R2 Earthwork

31-00-20 R2 Placement and Compaction of Tailings and Interim Cover

31-00-30 R1 Placement and Compaction of Final Cap Layers

31-32-11 R1 Surface Water Management and Erosion Control

32-11-23 R2 Aggregate and Riprap
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PROJECT NO: 35DJ2600 SECTION NO.: 31-00-00

EARTHWORK

This title sheet is the first page of the specification and a record of each issue or revision. The
pages revised and the description of the revision should be noted under remarks.

REV. DATE BY CKD APPROVED PAGES REMARKS

0 12/17/07 WDB FMP W. Barton ALL ISSUED FOR
CONSTRUCTION

Page 16: Added Section 3.11.1.2
1 1/30/08 WDB FMP W. Barton ALL Pages 18-19, revised soil testing

frequencies

4/
'C-
C',

2

No, 7

2/27108

7Y 02

WDB FMP W. Barton ALL

Revised per DOE & Golder Comments

Page 6 Section 1.2.7: revised to
reference Section 32 11 23.
AGGREGATE AND RIPRAP

Page 7, Section 1.5: revised to Include
topsoil.

Page 10, Section 3.1.5: revised to
include additional requirements for
safe trench excavation.

Page 12, Section 3.4: revised to add
sediment/erosion control to stockpile
areas.

Page 13, Section 3.6.2: revised to
delete word muddy.

Page 14, Section 3.9.1.3: revised to
Include sand (SW).

Page 19, Section 3.14.2: revised
freauencv of check tests.Is j4u•1 1 -i '. El -.4 4 .1 .4

3

4/4./ z0

4/14/08

!

WDB FMP W. Barton
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Page 8, Section 1.7: Added section
about NQA- 1 and Quality Levels.

Page 16, Section 3.11.1: Revised from
10" loose lift thickness to 12" loose
lift thickness.

Page 16, Section 3.11.1.1, Item 2):
Revised wording to clarity, fill placed
In lifts not to exceed 12" loose.

Page 16, Section 3.11.1.2, Item 2):
Revised wording to clarify, fill placed
in lifts not to exceed 12" loose.

.4 $ -

4 06/01/08 WDB FMP

Revised per NRC Comments

Page 5, Section 1.2 Revised
Definitions.
Page 17, Section 3.11: Revised
Embankments Section, corrected
misspelled words, and deleted
sentence describing compaction of
cohesionless material.

I
I '
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SECTION 31 00 00

EARTHWORK

PART 1 GENERAL

This Earthwork Specification covers most of the earthwork in support of the
Moab UMTRA Project, including work at the Moab site, at Crescent Junction,
and for the Green River to Crescent Junction Water Line. Earthwork not
covered by this specification. (covered under separate specifications)
includes the Haul Road work at Moab, Placement and Compaction of Tailings
and Interim Cover, and Placement and Compaction of Final Cap Layers.

1.1 REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS
(AASHTO)

AASHTO T 99

AASHTO T 180

AASHTO T 224

(2001; R 2004) Moisture-Density Relations
of Soils Using a 2.5-kg (5.5-1b) Rammer
and a 305-mm (12-in) Drop

(2001; R 2004) Moisture-Density Relations
of Soils Using a 4.54-kg (10-1b) Rammer
and a 457-mm (18-in) Drop

(2001; R 2004) Correction for Coarse
Particles in the Soil Compaction Test

ASTM INTERNATIONAL (ASTM)

ASTM A 139

ASTM C 136

ASTM C 33

ASTM D 698

(2004) Electric-Fusion (Arc)-Welded Steel
Pipe (NPS 4 and Over)

(2006) Standard Test Method for Sieve
Analysis of Fine and Coarse Aggregates

(2003) Standard Specification for Concrete
Aggregates

( 2 0 00ael) Laboratory Compaction
Characteristics of Soil Using Standard
Effort (12,400 ft-lbf/cu ft)

(2000) Amount of Material in Soils Finer
than the No. 200 (75-micrometer) Sieve

(2000) Density and Unit Weight of Soil in
Place by the Sand-Cone Method

(2002ei) Standard 'rest Methods for

SECTION 31 00 00
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ASTM D 1140

ASTM D 1556

ASTM D 1557
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ASTM D 1883

ASTM D 2487

ASTM D 422

ASTM D 4318

ASTM D 6938

ASTM D 2216

ASTM D 4643

ASTM D 4944

ASTM D 4643

Laboratory Compaction Characteristics of
Soil Using Standard Effort (56,000
ft-lbf/cu ft)

(2005) CBR (California Bearing Ratio) of
Laboratory-Compacted Soils

(2006) Soils for Engineering Purposes
(Unified Soil Classification System)

(1963; R 2002ei) Particle-Size Analysis of
Soils

(2005) Liquid Limit, Plastic Limit, and
Plasticity Index of Soils

(2007b) In-Place Density and Water Content
of Soil and Soil-Aggregate by Nuclear
Methods (Shallow Depth)

(2005) Laboratory Determination of Water
(Moisture) Content of Soil and Rock by

Mass (Oven Moisture)

(2000) Determination of Water (Moisture)
Content of Soil by the Microwave Oven
Heating

(2004) Field Determination of Water
(Moisture) Content of Soil by the Calcium

Carbide Gas Pressure Tester

(2000) Determination of Water (Moisture)
Content of Soil by Direct Heating

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1 (2004) Structural Welding Code - Steel

1.2 DEFINITIONS

1.2.1 Satisfactory Materials

Satisfactory materials comprise any materials classified by ASTM D 2487 as
OW, GP, GM, GP-GM, GW-GM, GC, GP-GC, GM-GC, SW, SP, SM, SW-SM, SC, SW-SC,
CL, ML, and CL-ML. Satisfactory materials for grading comprise stones less
than 4 inches, except for f-ill material for pavements and railroads which
comprise stones less than 3 inches in any dimension.

1.2.2 Unsatisfactory. Materials

Materials which do not comply with the requirements for satisfactory
materials are unsatisfactory. Unsatisfactory materials include man-made
fills; trash; refuse; backfills from previous construction; and material
classified as satisfactory which contains root and other organic matter or
frozen material. Notify the Construction Manager when encountering any
contaminated materials.
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1.2.3 Degree of Compaction

Degree of compaction required, except as noted in the second sentence, is
expressed as a percentage of the maximum density obtained by the test
procedure presented in ASTM D 698 or ASTM D 1557 abbreviated as a percent
of laboratory maximum density. Since ASTM D 698 and ASTM D 1557 apply only
to soils that have 30 percent or less by weight of their particles retained
on the 3/4 inch sieve, degree of compaction for material having more than
30 percent by weight of their particles retained on the 3/4 inch sieve
shall be as a percentage of the maximum density in accordance with
AASHTO.T 99 or AASHTO T 180 and corrected with AASHTO T 224.

1.2.4 Rock

Solid homogeneous material with firmly cemented, laminated, or foliated
masses or conglomerate deposits, none of which can be removed without
systematic drilling and blasting, drilling and the use of expansion jacks
or feather wedges, or the use of backhoe-mounted pneumatic hole punchers or
rock breakers; also large boulders, buried masonry, or concrete other than
pavement exceeding 1/2 cubic yard in volume.

1.2.5 Unstable Material

Unstable materials are materials that are too soft or unstable to properly
support the utility pipe, conduit, or structure.

1.2.6 Select Granular Material

Select granular materials are materials classified as GW, GP, SW, or SP, or
by ASTM D 2487 where indicated. Not more than 30 percent by weight may be
finer than No. 200 sieve when tested in accordance with ASTM D 1140.

1.2.7 California Bearing Ratio

California Bearing Ratio (CBR) tests are tests to evaluate the strength of
pavement subgrade. If required, perform CBR tests on select granular
material in accordance with ASTM D 1883

1.2.8 Pipe Bedding Material

Pipe bedding material shall consist of select granular material in
accordance with Section 32 11 23, AGGREGATE AND RIPRAP.

1.2.9 Expansive Soils

Expansive soils are defined as soils that have a soil Activity number
greater than 1.25, where Activity (Ac) = Plasticity Index / percent finer
than 0.002mm.

1.2.10 Non Frost-Susceptible (NFS) Material

Non Frost-Susceptible material is a uniformly graded gravel or washed sand
with no more than 3 percent smaller than 0.002mm.

1.3 SUBMITTALS

Approval is required for submittals with a "G" designation; submittals not
having a "G" designation are for information only. All submittals shall be
provided to the Construction Manager in accordance with Section 01 33 00
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SUBMI'PAIL PROCEDURES:

SD-01 Preconstruction Submittals

Shoring; G;

Blasting; G;

Submit 15 days prior to starting work.

SD-03 Product Data

Utilization of Excavated Materials;

Rock Excavation

Opening of any Excavation or Borrow Pit

Procedure and location for disposal of unused satisfactory
material. Proposed source of borrow material. Notification of
encountering unrippable rock in the project. Advance notice on
the opening of excavation or borrow areas.

SD-06 Test Reports

Borrow/Fill Material Testing

Compaction Testing

Within 24 hours of conclusion of physical tests, 3 copies of
test results, including calibration curves and results of
calibration tests.

SD-07 Certificates

Testing

Qualifications of the testing laboratory.

1.4 SUBSURFACE DATA

Subsurface soil boring logs are available for elements of this project.
These data represent the best subsurface information available; however,
variations may exist in the subsurface between boring locations.

1.5 CLASSIFICATION OF EXCAVATION

Excavation will be designated as topsoil, common excavation, Mancos Shale,
or rock excavation.

1.5.1 Topsoil

Topsoil is defined as the top one ft of natural soil at Crescent Junction.

1.5.2 Common Excavation

Common excavation includes all materials not classified as topsoil, Mancos
shale or rock excavation.
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1.5.3 Rock Excavation

Include. rock excavation with blasting, excavating, grading, disposing of
material classified as rock, and the satisfactory' removal 'and disposal of
boulders 1/2 cubic yard or more in volume; solid rock; rock material that
is in ledges, bedded deposits, and unstratified masses, which cannot be
removed without systematic drilling and blasting; firmly cemented
conglomerate deposits possessing the characteristics of solid rock
impossible to remove without systematic drilling and blasting; and hard
materials (see Definitions) . include the removal of any concrete or
masonry structures, except pavements, exceeding 1/2 cubic yard in volume
that may be encountered in the work in this classification. If at any time
during excavation, including excavation from borrow areas, the Contractor
encounters material that may be classified as rock excavation, uncover such
material and notify the Construction Manager. The Contractor shall not
proceed with the excavation of this material until the Construction Manager
has classified the materials as common excavation or rock excavation and
has taken cross sections as required. Failure on the part of the
Contractor to uncover such material, notify the Construction Manager, and
allow ample time for classification and cross sectioning of the undisturbed
surface of such material will cause the forfeiture of the Contractor's
right of claim to any classification or volume of material to be paid for
other than that allowed by the Construction manager for the areas of work
in which such deposits occur.

1.5.4 BLASTING

Blasting shall be limited to that required for a quarrying operation to,
provide rock for the Waste Cell construction at Crescent Junction. At
other project locations, blasting to break rock for excavating shall be
performed only if no. other method of rock removal will work, and only with
prior written approval of a blasting plan. The Contractor shall submit a
Blasting Plan in conformance with Federal, State, and local safety
regulations, prepared and sealed by a registered professional engineer that
includes calculations for overpressure and debris hazard. Provide blasting
mats and use the non-electric blasting caps. obtain written approval prior
to performing any blasting and notify the Construction Manager 24 hours
prior to blasting. include provisions for storing, handling and
transporting explosive's as well as for the blasting operations in the plan.
The Contractor is responsible for damage caused by blasting operations,

1.6 DEWATERING

Perform dewatering of work areas in accordance with the project plans and
specification section 31 32 11, SURFACE-WATER MANAGEMENT AND EROSION
CONTROL.

1.7 NQA-l QUALITY LEVEL

All Earthwork activities for the Disposal Cell at Crescent Junction,.
including: the cell excavation, construction of the perimeter embankments,
Waste Cell Spoil Material Embankment, and perimeter ditches are designated
as Quality Level 2. All other work (not on the Disposal Cell) is
non-Quality related (Quality Level 3).
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PART 2 PRODUCTS

2.1 BURIED WARNING AND IDENTIFICATION TAPE

Provide polyethylene plastic warning tape manufactured specifically for
warning and identification of buried utility lines. Provide tape on rolls,

3 inch minimum width, color coded as specified below for the intended
utility with warning and identification imprinted in bold black letters
continuously over the entire tape length. Warning and identification to
read, "CAUTION, BURIED (intended service) LINE BELOW" or similar wording.
Provide permanent color and printing, unaffected by moisture or soil.

Warning Tape Color Codes

Red: Electric
Orange: Telephone and Other Communications
Blue: Water Systems
Green: Sewer Systems

2.2 MATERIAL FOR RIP-RAP

Provide filter fabric between soil and riprap in accrdance with 31 05 19
GEOTEXTILE and rock conforming to RIPRAP in accordance with 32 11 23
AGGREGATE AND RIPRAP.

2.3 PIPE BEDDING MATERIAL

Provide bedding material consisting of sand, gravel, or crushed rock, open
graded with a maximum particle size of j/8 inch. Compose material of
tough, durable particles. Bedding material shall be free of fines passing
the No. 200 standard sieve.

2.4 CAPILLARY WATER BARRIER

Provide capillary water barrier of clean, open graded crushed rock, crushed
gravel, or uncrushed gravel placed beneath a slab with or without a vapor
barrier to cut off the capillary flow of pore water to the area immediately
below.. Conform to ASTM C 33 for fine aggregate grading with a maximum of 3
percent by weight passing ASTM D 1140, No. 200 sieve.

2.5 PIPE CASING

2.5.1 Casing Pipe

Pipe for casing utility lines shall be ASTM A 139, Grade B or approved
substitute. Match casing size to the outside diameter and wall thickness
as indicated on the drawings. Protective coating is not required on casing
pipe.

PART 3 EXECUTION

3.1 GENERAL EXCAVATION

Perform excavation of every type of material encountered within the limits
of the project to the lines, grades, and elevations indicated on the
drawings. Excavate unsatisfactory materials encountered within the limits
of the work below grade and replace with satisfactory materials as
directed. Dispose of unsatisfactory excavated material in designated waste
or spoil areas. During construction, perform excavation and fill in a
manner and sequence that will provide proper drainage at all times.
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Excavate material required for fill or embankment in excess of that
produced by excavation within the grading limits from the borrow areas
indicated or from other approved areas selected by the Contractor.

3.1.1 Ditches, Gutters, and-Channel Changes

Finish excavation of ditches, gutters, and channel changes by cutting
accurately to the cross sections, grades, and elevations shown on the
drawings. Do not excavate ditches and gutters below grades shown.
Backfill the excessive open ditch or gutter excavation with satisfactory,
thoroughly compacted, material or with suitable stone or riprap to grades
shown. Dispose of excavated material as shown or as directed, except in no
case allow material be deposited a maximum 4 feet from edge of a ditch.
Maintain excavations free from detrimental quantities of brush, sticks,
trash, and other debris until final acceptance of the work.

3.1.2 Drainage Structures

Make excavations to the lines, grades, and elevations shown, or as
directed. Provide trenches and foundation pits of sufficient size to
permit the placement and removal of forms for the full length and width of
structure footings and foundations as shown. Clean rock or other hard
foundation material of loose debris and cut to a firm, level, stepped, or
serrated surface. Remove loose disintegrated rock and thin strata. Do not.
disturb the bottom of the excavation when concrete or masonry is to be
placed in an excavated area. Do not excavate to the final grade level
until just before the concrete or masonry is to be placed. Where pile
foundations are to be used, stop the excavation of each pit at an elevation
I foot above the base of the footing, as specified, before piles are
driven. After the pile driving has been completed, remove loose and
displaced material and complete excavation, leaving a smooth', solid,
undisturbed surface to receive the concrete or masonry.

3.1.3 Drainage

Provide for the collection and disposal of surface and subsurface water
encountered during construction. Completely drain construction site during
periods of construction to keep soil materials sufficiently dry. Construct
storm drainage features (ponds/basins) ar the earliest stages of site
development, and throughout construction grade the construction area to
provide positive surface water runoff away from the construction activity
and provide temporary ditches, swales, and other drainage features and
equipment as required to maintain dry soils. It is the responsibility of
the Contractor to assess the soil and ground water conditions presented by
the plans and specifications and to employ necessary measures to permit
construction to proceed.

3.1.4 Dewatering

While the excavation is open, dewater the construction area to limit
accumulation of water in the work area and to prevent damage to finished
work. Operate dewatering system continuously until construction work below
existing water levels is complete.

3.1.5 Trench Excavation Requirements

Excavate trenches as recommended by the manufacturer of the pipe to be
installed. Provide vertical trench walls where no manufacturer's printed
installation manual is available. Shore trench walls more than 4.5 feet
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high, cut back to a stable slope (as defined by OSHA 29 CFR 1926), or
provide with equivalent means of protection for employees who may be
exposed to moving ground or cave in. Excavate trench walls which are cut
back to at least the angle of repose of the soil as determined by a
professional geotechnical engineer. "Safe trench excavation is at all
times the responsibility of the Contractor."

3.1.5.1 Bottom Preparation

Grade the bottoms of trenches accurately to provide uniform bearing and
support for the bottom quadrant, of each section of the pipe. Excavate bell
holes to. the necessary size at each joint or coupling to eliminate point
bearing. Remove stones of 1 inch or greater in any dimension, or as
recommended by the pipe manufacturer, whichever is smaller, to avoid point
bearing.

3.1.5.2 Removal of Unyielding Material

Where unyielding material is encountered in the bottom of the trench,
remove such material 6 inches below the required grade and replace with
.suitable materials as provided in paragraph BACKFILLING AND COMPACTION.

3.1.5.3 Removal of Unstable Material

Where unstable material is encountered in the bottom of the trench, remove
such material to the depth directed and replace it to the proper grade with
select granular material as provided in paragraph BACKFILLING AND
COMPACTION.

3.1.5.4 Excavation for Appurtenances

Provide excavation for manholes, catch-basins, inlets, or similar
structures sufficient to leave at least 12 inch clear between the outer
structure surfaces and the face of the excavation. When concrete or
masonry is to be placed in an excavated area, take special care not to
disturb the bottom of the excavation. Do not excavate to the final grade
level until just before the concrete or masonry is to be placed.

3.1.5.5 Jacking, Boring, and Tunneling

Unless otherwise indicated, provide excavation by open cut except that
sections of a trench may be jacked, bored, or tunneled if, in the opinion
of the Construction Manager, the pipe, cable, or duct can be safely and
properly installed and backfill can be properly compacted in such sections,

3.1.6 , Underground Utilities

For work immediately adjacent to or for excavations exposing a utility or
other buried obstruction, excavate by hand. Start hand excavation on each
side of the indicated obstruction and continue until the obstruction is
uncovered or until clearance for the new grade is assured. Support
uncovered lines until approval for backfill is granted by the Construction
Manager. Report damage to utility lines or subsurface construction
immediately to the Construction Manager.

3.1.7 Structural Excavation

Ensure that footing subgrades have been inspected and approved by the
Construction Manager prior to concrete placement.
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3.2 SELECTION OF BORROW MATERIAL

Select borrow material to meet the requirements and conditions of the
particular fill or embankment for which it is to be used. Obtain borrow
material from the borrow areas within the limits of the project site,
selected by the Contractor or from approved private sources. The
Contractor is responsible for obtaining and delivering borrow material to
the project site.

3.3 SHORING

3.3.1 General Requirements

Submit a Shoring and Sheeting plan for approval 15 days prior to starting
work. Submit drawings and calculations, certified by a registered
professional engineer, describing the methods for shoring and sheeting of
excavations. Finish shoring, including sheet piling, and install as
necessary to protect workmen, banks, adjacent paving, structures, and
utilities. Remove shoring, bracing, and sheeting as excavations are
backfilled, in a manner to prevent caving.

3.3.2 Geotechnical Engineer

The Contractor is required to hire a Professional Geotechnical Engineer to
design shoring, and provide inspection of excavations and soil/groundwater
conditions throughout construction. The Geotechnical Engineer is
responsible for performing pre-construction and periodic site visits
throughout construction to assess site conditions. The Geotechnical
Engineer is responsible for updating the excavation, sheeting and
dewatering plans as construction progresses to reflect changing conditions
and submit an updated plan if necessary. Submit a monthly written report,
informing the Contractor and Construction Manager of the status of the plan
and an accounting of the Contractor's adherence to the plan addressing any
present or potential problems. 'The Construction Manager is responsible for
arranging meetings with the Geotechnical Engineer at any time throughout
the contract duration.

3.4 STOCKPILE AREAS

Keep stockpiles in a neat and well drained condition, giving due
consideration to drainage and erosion control at all times. Separately
stockpile excavated satisfactory and unsatisfactory materials. Protect
stockpiles of satisfactory materials from contamination which may destroy
the quality and fitness of the stockpiled material.

3.5 FINAL GRADE OF SURFACES TO SUPPORT CONCRETE

Do not excavate to final grade until just before concrete is to be placed.
Only use excavation methods that will leave the foundation rock in a solid
and unshattered condition. Roughen the level surfaces, and cut the sloped
surfaces, as indicated, into rough steps or benches to provide a
satisfactory bond. Protect shales from slaking and all surfaces from
erosion resulting from ponding or water flow.
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3.6 GROUND SURFACE PREPARATION

3.6.1 General Requirements

Remove and replace unsatisfactory material with satisfactory materials, as
directed by the Construction Manager, in surfaces to receive fill or in
excavated areas. Scarify the surface to a depth of 2 inches before the
fill is started. Plow, step, bench, or-break up sloped surfaces steeper
than I vertical to 4 horizontal so that the fill material will bond with
the existing material. When subgrades are less than the specified density,
break up the ground surface to a minimum depth of 6 inches, pulverizing,
and compacting to the specified density. when the subgrade is part fill
and part excavation or natural ground, scarify the excavated or natural
ground portion to a depth of 12 inches and compact it as specified for the
adjacent fill.

3.6.2 Frozen Material

Do not place material on surfaces that are frozen, or contain frost.'

.3.7 UTILIZATION OF EXCAVATED MATERIALS

Dispose of unsatisfactory excavated materials in designated waste disposal
or spoil areas. Use satisfactory material from excavations, insofar as
practicable, in the construction of fills, embankments, subgrades, and for
similar purposes. Do not waste any satisfactory excavated material without
specific written authorization. Dispose of satisfactory material,
authorized to be wasted, in designated areas approved for surplus material
storage or designated waste areas as directed.

3.7.1 Use of Excavated Material as Fill

Excavated material to be used as fill shall be stockpiled or hauled
directly to the fill site. Prior to installation as fill, the material
shall be tested to determine the maximum dry density (ASTM D 698)or
(ASTM D 1557) and optimum moisture content (ASTM D 2216) of the material.
The moisture content of the soil shall be adjusted to near optimum moisture
content (optimum moisture content plus or minus 5%) for compaction.
Moisture shall be added to the material ina manner that results in a
consistent moisture content throughout the fill. Quick tests of moisture
content (ASTM D 4643, ASTM D 4944, or ASTM D 4959) shall be performed as
required to maintain moisture control during fill placement.

3.8 BURIED TAPE AND DETECTION WIRE

3.8.1 Buried Warning and Identification Tape

Provide buried utility lines with utility identification tape. Bury tape
12 inches below finished grade; under pavements and slabs, bury tape 6
inches below top of subgrade.

3.9 BACKFILLING AND COMPACTION

Place backfill adjacent to any and all types of structures, and compact to
at least 95 percent laboratory maximum density (ASTM D 698) for cohesive
materials or 98 percent laboratory maximum density for cohesionless
materials (ASTM D 698), to prevent wedging action or eccentric loading upon
or against the structure. Prepare ground surface on which backfill is to
be placed as specified in paragraph GROUND SURFACE PREPARATION. Compact
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backfill materials in conformance with the applicable portions of
paragraphs GROUND SURFACE PREPARATION. Finish compaction by sheepsfoot
rollers, pneumatic-tired rollers, steel-wheeled rollers, vibratory
compactors, or other approved equipment.

3.9.1 Trench Backfill

Backfill trenches to the grade shown. Do not backfill trenches until all
specified tests are performed.

3.9.1.1 Replacement of Unyielding Material

Replace unyielding material removed from the bottom of the trench with
select granular material or bedding material.

3.9.1.2 Replacement of Unstable Material

Replace unstable material removed from the bottom of the trench or
excavation with select granular material placed in layers not exceeding 6
inch loose thickness.

3.9.1.3 Bedding and Initial Backfill

Provide bedding of the type and thickness shown. Place initial bedding
material and compact it with approved tampers to a height of at least one
foot above the utility pipe or conduit. Bring up the bedding backfill
evenly on both sides of the pipe for the full length of the pipe. Take
care to ensure thorough compaction of the fill under the haunches of the
pipe. Compact backfill to top of pipe to 95 percent of ASTM D 698 maximum
density. Provide plastic piping with bedding to spring line of pipe.
Provide bedding materials as follows:

a. Clean, coarsely graded natural gravel, crushed stone or a
combination thereof, ha('ing a classification of SW, GW.or GP in
accordance with ASTM D 2487 for bedding. Do not exceed maximum
particle size of 3/8 inch.

3.9.1.4 Final Backfill

Fill the remainder of the trench, except for special materials for
roadways, and railroads with satisfactory material. Place backfill
material and compact as follows:

a. Roadways and Railroads: Place backfill up to the required
elevation as specified. Do not permit water flooding or jetting
methods of compaction.

3.9.2 Backfill for Appurtenances

After the manhole, catch basin, inlet, or similar structure has been
constructed and the concrete has been allowed to cure, place backfill in
such a manner that the structure will not be damaged by the shock of
falling earth. Deposit the backfill material, compact it as specified for
final backfill, and bring up the backfill evenly on all sides of the
structure to prevent eccentric loading and excessive stress.

3.10 SPECIAL REQUIREMENTS

Special requirements for both excavation and backfill relating to the
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specific utilities are as follows:

3.10.1 Water Lines

Excavate trenches to. a depth that provides a minimum cover of 3 feet from
the existing ground surface, or from the indicated finished grade,
whichever is lower, to the Lop of the pipe.

3.10.2 Electrical Distribution System

Provide a minimum cover of 24 inches from the finished grade to direct
burial cable and conduit or duct line, unless otherwise indicated.

3.10.3 Pipeline Casing

Provide new smooth wall steel pipeline casing under existing railroad by
the boring and jacking method of installation. Provide each new pipeline
casing, where indicated and to the lengths and dimensions shown, complete
and suitable for use with the new piped utility as indicated. Install
pipeline casing by dry boring and jacking method as follows:

3.10.3.1 Bore Holes

Mechanically bore holes and case through the soil with a cutting head on a
continuous auger mounted inside the casing pipe. Weld lengths of pipe
together in accordance with AWS D1.1. Do not use water or other fluids in
connection with the boring operation.

3.10.3.2 Cleaning

Clean inside of the pipeline casing of dirt, weld splatters, and other
foreign matter which would interfere with insertion of the piped utilities
by attaching a pipe cleaning plug to the boring rig and passing it through
the pipe.

3.10.3.3 End Seals

After installation of piped utilities in pipeline casing, .provide
watertight end seals at each end of pipeline casing between pipeline casing
and piping utilities. Provide watertight segmented elastomeric end seals.

3.10.4 Rip-Rap Construction

Place rip-rap on filter fabric in the areas indicated. Install riprap to
conform to cross sections, lines and grades shown within a tolerance of 0.1
foot..

3.10.4.1 Stone Placement

Place rock for rip-rap on prepared bedding material to produce a well
graded mass with the minimum practicable percentage of voids in conformance
with lines and grades indicated. Distribute larger rock fragments, with
dimensions extending the full depth of the rip-rap throughout the entire
mass and eliminate "pockets" of small rock fragments. Rearrange individual
pieces by mechanical equipment or by hand as necessary to obtain the
distribution of fragment sizes specified above.
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3.11 EMBANKMENTS

3.11.1 Earth Embankments

Construct earth embankments in accordance with the following subsections.
Section 3.11.1.1 shall apply to all earth embankments at Moab and Crescent
Junction except the Waste Cell Perimeter Embankments and the Waste Cell
Spoil Material Embankment. Section 3.11.1.2 shallapply to the Waste Cell
Perimeter Embankments and Section 3.11.1.3 shall apply to the the Waste
Cell Spoil Material Embankment.

3.11.1.1 Earth Embankments

Construct earth embankments from satisfactory materials free of organic or
frozen material and rocks with any dimension greater than 3 inches. Place
the material in successive horizontal layers of loose material not more than
12 inches in depth. Spread each layer uniformly on a soil surface that has
been moistened or aerated as necessary, and scarified or otherwise broken
up so that the fill will bond with the surface on which it is placed.
After spreading, plow, disk, or otherwise break up each layer; moisten or
aerate as necessary; thoroughly mix; and compact material to at least 95
percent laboratory maximum density in accordance with ASTM D 698. Finish
compaction by sheepsfoot rollers, pneumatic-tired rollers, steel-wheeled
rollers, vibratory compactors, or other approved equipment.

3.11.1.2 Waste Cell Perimeter Embankment at Crescent Junction

The Waste Cell Perimeter Embankment forms the outside of the waste cell,
and will have 3:1 interior slopes, 5:1 exterior slopes, and a 30 ft wide
level top. Material from the cell excavation will be used to construct the

.Waste Cell Perimeter Embankment. The fill shall be tested (by others)to
determine its maximum dry density in accordance with ASTM D 698, Standard
Test Methods for Laboratory Compaction Characteristics of Soil Using
Standard Effort, and the moisture content shall be modified to bring the
fill to optimum moisture plus or minus 5%.

Construct the Waste Cell Perimeter Embankment as follows:
1) Prepare the ground beneath the proposed perimeter embankment by
stripping vegetation and loose soil from the site, scarifying and
compacting.the top six inches of soil.
2) Dump and spread fill in lifts of nearly uniform thickness, not to
exceed 12" loose. Fill qhall be compacted with a minimum 45,000 lb static
weight footed roller capable of kneading compaction, with feet a minimum of
6 inches in length.
3) At the Contractor's option, the compactor may be equipped with a
Computer Aided Earthmoving System, and soil placement and compaction shall
be controlled by the CAES.
4) If the CAES is used, the Contractor shall assist on-site soil testing
personnel by using the CAES to determine and document compaction. If the
CAES is not used, soil density tests will be performed by testing personnel
(contracted by Energy Solutions) in accordance with Section 3.14, below.

3.11.1.3 Waste Cell Spoil Material Embankment at Crescent Junction

The Waste Cell Spoil Material Embankment is a fill embankment to be
constructed north of the waste cell. The embankment will divert storm
water from the Book Cliffs around the. waste cell, and shall be constructed
of surplus excavated material (spoil material) from the waste cell
excavation. Prior to placement, spoil material shall be tested to
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determine its maximum dry density in accordance with ASTM D 698, Standard
Test Methods for Laboratory Compaction Characteristics of Soil Using
Standard Effort, and the moisture content shall-be modified to bring the
fill to optimum moisture plus or minus 5%..

Construct the Waste Cell Spoil Material Embankment as follows:
1) Prepare the ground beneath the proposed perimeter embankment by
stripping vegetation and loose soil from the site.
2) Dump and spread fill in lifts of nearly uniform thickness, not to
exceed 12" loose. Compact material with rollers, equipment tracks, or
successive passes of scrapers. Fill shall be compacted to a density ot 90%
of the laboratory determined maximum density in accordance with ASTM D 698.
3) Soil density tests will be performed by testing personnel (contracted
by Energy Solutions) in accordance with Section 3.14, below.

3.12 SUBGRADE PREPARATION

3.12.1 Proof Rolling

Prior to the placement of fill or stone base material perform proof rolling
to identify soft soil areas. Proof roll the existing subgrade with
rubber-tired construction equipment, such as a loaded dump truck or loaded
scraper, with a minimum weight of 45,000 lbs. Notify the Construction
Manager a minimum of 3 days prior to proof rolling. Perform proof rolling
in the presence of the Construction Manager. Undercut rutting or pumping
of material as directed by the Construction Manager to a depth of 12 inches
and replace with select material.

3.12.2 Construction

Shape subgrade to line, grade, and cross section, and compact as specified.
Include plowing, disking, and any moistening or aerating required to

obtain specified compaction for this operation. Remove soft or otherwise
unsatisfactory material and replace with satisfactory excavated material or
other approved material as directed. Excavate rock encountered in the cut
section to a depth of 6 inches below finished grade for the subgrade.
Bring up low areas resulting from removal of unsatisfactory material or
excavation of rock to required grade with satisfactory materials, and shape
the entire subgrade to line and grade, in accordance with project plans.

3.12.3 Compaction

Finish compaction by sheepsfoot rollers, pneumatic-tired rollers,
steel-wheeled rollers, vibratory compactors, or other approved equipment.
Except for paved areas and railroads, compact each layer of the embankment
to at least 95 percent of laboratory maximum density (ASTM D 1557).

3.12.3.1 Subgrade for Railroads

Compact subgrade for railroads to at least 95 percent laboratory maximum
density for cohesive materials or 98 percent laboratory maximum density for
cohesionless materials (ASTM D 1557)..

3..12.3.2 Subgrade for Pavements

Compact subgrade for pavements to at least 95 percent laboratory maximum
density (ASTM D 1557) for the depth below the surface of the pavement
shown. When more than one soil classification is present in the subgrade,
thoroughly blend, reshape, and compact the top 6 inches of subgrade.
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3.13 FINISHING

Finish the surface of excavations, embankments, and subgrades to a smooth
and compact surface in accordance with the lines, grades, and cross
sections or elevations shown. Provide the degree of finish for graded
areas within 0.1 foot of the grades and elevations indicated except that
the degree of finish for subgrades specified In paragraph SUBGRADE
PREPARATION. Finish gutters and ditches in a manner that will result in
effective drainage. Finish the surface of areas to be turfed from
settlement or washing to a smoothness suitable for the application of
turfing materials. Repair graded, topsoiled, or backfilled areas prior to
acceptance of the work, and re-established grades to the required
elevations and slopes,

3.13.1 Subgrade and Embankments

During construction, keep embankinents and excavations shaped and drained.
Maintain ditches and drains along subgrade to drain effectively at all
times. Do not disturb the finished subgrade by traffic or other operation.

The Contractor is )responsible for protecting and maintaining the finsihed
subgrade in a satisfactory condition until ballast, subbase, base, or
pavement is placed. Do not permit the storage or stockpiling of materials
on the.finished subgrade. Do not lay subbase, base course, ballast, or
pavement until the subgrade has been checked and approved, and in no case
place subbase, base, surfacing, pavement, or ballast on a muddy, spongy, or
frozen subgrade.

3.13.2 Capillary Water Barrier

Place a capillary water barrier under concrete floors and slabs directly on
the subgrade and compact with a minimum of two passes of a vibratory.
compactor.

3.13.3 Grading Around Structures

Construct areas within 5 feet outside of each building and structure line
true-to-grade, shape to drain, and maintain.free of trash and debris until
final inspection has been completed and the work has been accepted.

3.14 TESTING

I•n-place density testing of fill material will be performed by testing
personnel contracted by Energy Solutions. The following sections and the
Remedial Action Inspection Plan (RAIP) describe the testing that will be
performed by others, so that the Contractor will be familiar with the type
and frequency of tests being performed. When test results indicate that
compaction is not as specified, the Contractor will be required to rework
the material, replace and recompact to meet specification requirements.
The. following type and number of tests are the minimum for each type
operation.

3.14.1 In-Place Densities

In-place density testing will be performed using nuclear gage ASIM D6928
and/or Sand Cone ASTM D 1556 methods. Moisture content of soil will be
determined using oven ASTM D 2216 or microwave ASTM D 4643 methods. For
small work areas (less than V2 acre), in-place density tests will be
performed at the following frequency:
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a. One-test per 5,000 square feet, or fraction thereof', of each lift
of fill or backfill areas compacted by other than hand-operated
machines.

b. One test per 500 square feet, or fraction thereof, of each lift of
fill or backfill areas compacted by hand-operated machines.

For large fill areas (greater than ' acre), in-place density tests will be
performed at the following frequency:

a. For material compacted by other than hand-operated machines:
One test per 50,000 square feet or 1,850 cubic yards of material
placed, or fraction thereof, a minimum of one test for each lift
of fill or backfill, and a minimum of two tests per day.

b. For material compacted by hand-operated machines: One test per
500 square feet, or fraction thereof, of each lift of fill or
backfill areas.

3 .14.1.1 In-Place Density Testing of Waste Cell Perimeter Embankment

a. For material compacted by other than hand-operated machines:
One test per 50,000 square feet or 1,850 cubic yards of material
placed, or fraction thereof, a minimum of one test for each lift
of fill or backfill, and a minimum of two tests per day.

b. For material compacted by hand-operated machines: One test per
500 square feet, or fraction thereof, of each lift of fill or
backfill areas.

3.14.1.2 In-Place Density Testing of Waste Cell Spoil Material Embankment

a. For material compacted by other than hand-operated machines:
One test per 100,000 square feet or 3,700 cubic yards of material
placed.

b. For material compacted by hand-operated machines: One test per
500 square feet, or fraction thereof, of each lift of fill or
backfill areas.

3.14.2 Check Tests on In-Place Densities

If ASTM D 6938 is used, check in-place densities by ASTM D 1556 as follows:

a. One check test for each 20 tests per ASTM D 6938, of fill or
backfill compacted by other than hand-operated machines.

'b. One check test for each 10 tests per ASTM D 6938, of fill or
backfill compacted by hand-operated machines.

3.14.3 Optimum Moisture and Laboratory Maximum Density

Laboratory Density and Moisture Content tests (ASTM D 698, ASTM D 1557, and
ASTM D 2216) will be performed (by others) for each type of fill material
to determine the optimum moisture and laboratory maximum density values.

'For small fill areas of 50,000 cubic yards of fill or less, one
representative test per 5,000 cubic yards of fill and backfill will be
performed, or when any change in material occurs that may affect the
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optimum moisture content or laboratory maximum density. For fill areas
requiring more than 50,000 cubic yards of fill, one representative test per
20,000 cubic yards of fill and backfill will be performed, or when any
change in material occurs that may affect the optimum moisture content or
laboratory maximumi density.

3.14.4 Moisture Control

Ili the stockpile, excavations, or borrow areas, moisture tests will be
performed (by others) to determine in situ moisture content. The
Contractor shall add moisture to fill materials as needed to bring moisture
content to near optimum (optimum moisture content plus or minus 5%) for
compaction. The Contractor shall control the moisture content of material
being placed as fill, and may perform additional tests of moisture content
or make use of tests performed by others to control moisture. Testing of
mositure content may be performed by any of' the following tests:

o ASTM D 2216 - Standard Test Methods for Laboratory Determination of
Water (Moisture) Content of Soil and Rock by Mass (Oven Moisture)
o ASTM D 4643 - Determination of Water (Moisture) Content of Soil by the
Microwave Oven Heating
o ASTM D 4944 - Field Determination of Water (Moisture) Content of Soil
by the Calcium Carbide Gas Pressure Tester
o ASTM D 4959 - Determination of Water (Moisture) Content of Soil by
Direct Heating

During unstable weather, perform testsas dictated by local conditions and
approved by the Construction Manager.

3.15 DISPOSITION OF SURPLUS MATERIAL

Surplus material or other soil material not required or suitable for
filling or backfilling, and brush and refuse, shall be removed from
Government property or disposed of on site as directed by the Construction
Manager.

-- End of Section --
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SECTION 31 00 20

PLACEMENT AND COMPACTION OF RRM AND INTERIM COVER

PART 1 GENERAL

This specification covers placement, compaction and testing requirements
for RRM material and interim clean cover layers at Crescent Junction.

1.1 REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM D 698

ASTM D 1140

ASTM D 1556.

ASTM D 1557

ASTM D 1587

ASTM D 2167

ASTM D 2216

ASTM D 2488

ASTM D 2922

ASTM D 30171

ASTM D 3740

(2000ael) Laboratory Compaction
Characteristics of Soil Using Standard
Effort (12,400 ft-lbf/cu ft)

(2000) Amount of Material in Soils Finer
than the No. 200 (75-micrometer) Sieve

(2000) Density and Unit Weight of Soil in
Place by the Sand-Cone Method

(2002el) Standard Test Methods for
Laboratory Compaction Characteristics of
Soil Using Modified Effort (56,000
ft-lbf/cu ft)

(2000) Thin-Walled Tube Sampling of Soils
for Geotechnical Purposes

(1994; R 2001) Density and Unit Weight of
Soil in Place by the Rubber Balloon Method

(2005) Laboratory Determination of Water
(Moisture) Content of Soil and Rock by Mass

(2006) Description and Identification of
Soils (Visual-Manual Procedure)

(2005) Density of Soil and Soil-Aggregate
in Place by Nuclear Methods (Shallow Depth)

(2005) Water Content of Soil and Rock in
Place by Nuclear Methods (Shallow Depth)

(2004a) Minimum Requirements for Agencies
Engaged in the Testing and/or Inspection
of Soil and Rock as Used in Engineering
Design and Construction
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ASTM D 422

ASTM D 4220

ASTM D 4318

ASTM D 4643

ASTM D 4944

ASTM D 4643

ASTM D 6938

(1963; R 2002ei) Particle-Size Analysis of
Soils

(1995; R 2000) Preserving and Transporting
Soil Samples

(2005) Liquid Limit, Plastic Limit, and
Plasticity Index of Soils

(2000) Determination of Water (Moisture)
Content of Soil by the Microwave Oven
Heating

(2004) Field Determination of Water
(Moisture) Content of Soil by the Calcium

Carbide Gas Pressure Tester

(2000) Determination of Water (Moisture)
Content of Soil by Direct Heating

(2007b) In-Place Density and Water Content
of Soil and Soil-Aggregate by Nuclear
Methods (Shallow Depth)

1.2 SUBMITTALS

Approval is required for submittals with a "G" designation; submittals not
having a "G" designation are for information only. All submittals shall be
provided to the Construction Manager in accordance with Section 01 33 00
SUBMITTAL PROCEDURES:

SD-03 Product Data

Protection

Equipment

Materials Handling Plan describing the following: processing and
placement of the soil; type, model number, weight and critical
dimensions of equipment to be used for soil processing,
compaction, scarification, and smooth rolling; method of
protecting fill materials from changes in moisture content and
freezing after placement.

Testing Laboratory

Name and qualifications of the proposed testing laboratory.

SD-06 Test Reports

RRM/Fill Material Testing

Compaction Testing

Within 24 hours of conclusion of physical tests, 3 copies of test
results, including calibration curves and results of calibration
tests.
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1.3 EQUIPMENT'

RRM and interim cover material shall be installed with equipment capable of
scarifying and preparing the ground surface to receive fill, spreading fill
material in uniform lifts, and compacting it to the density required by
this specification.

1.3.1 Scarification Equipment

Disks, tillers, or other approved means shall be provided to scarify the
the ground surface or the surface of each previous lift of fill prior to
placement of the next lift. The scarification equipment shall be capable
of uniformly disturbing the upper 1 inch of the underlying soil surface to
provide good bonding between lifts.

1.3.2 Compaction Equipment

Compaction equipment shall consist of footed rollers or dozers. Footed
rollers shall have a minimum weight of 45,000 pounds and at least one
tamping foot shall be provided for each 110 square inches of drum surface.
The length of each tamping foot from the outside surface of the drum, shall
be at least 6 inches. During compaction operations, the spaces between the
tamping feet shall be maintained clear of materials which would impair the
effectiveness of the tamping foot rollers. Dozers shall have a minimum
ground pressure of 1,650 lbs per sq ft.

1.3.3 Steel Wheeled Rollers

A smooth, non-vibratory steel-wheeled roller shall be used to produce a
smooth compacted surface on the top of the completed interim cover layer,
such that direct rainfall causes minimal erosion. Steel-wheeled rollers
shall weigh a minimum of 20,000 pounds.

1.3.4 Hand Operated Tampers

Hand operated tampers shall consist of rammers or other impact type
equipment. Vibratory type equipment will not be allowed.

1.4 NQA-I QUALITY LEVEL

All construction and testing activities included in this specification:
PLACEMENT AND COMPACTION OF RRM AND INTERIM COVER for the Disposal Cell at
Crescent Junction, are designated as Quality Level 2.

PART 2. PRODUCTS

2.1 RRM MATERIAL

RRM material will consist of uranium mill tailings from the Moab Pile,
off-pile contaminated soils, and demolition debris and other waste
materials stored in the Pile at Moab. Most of the material will be uranium
mill tailings, consisting of contaminated sands, slimes, intermediate
material, and covetr soil. The RRM.material will be excavated, mixed and
blended, dried to near optimum moisture content for compaction, loaded in
containers, and shipped to Crescent Junction for disposal. Off-pile
contaminated soil material will be excavated and hauled to the tailings
pile and eventually mixed with the tailings. Demolition debris and other
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waste materials will be excavated, placed in containers, and shipped' like
the RRM material. In the waste cell, non-soil materials will be placed in
the contaminated RRM till in a manner that will not result in voids in the
waste mass.

2.2 INTERIM COVER SOIL

Interim. Cover Soil will be soil from the excavation of the Crescent
Junction waste cell. It will be material that has been produced on site by
modifying the existing overburden soil and weathered Mancos Shale excavated
on site. Overburden and weathered Mancos Shale shall be excavated,
pulverized, wetted, and mixed to produce a uniform fine-grained soil near
optimum moisture content for compaction. Soil shall be free of roots,
debris, organic or frozen material, and shall have a maximum clod size of 2
inch at the time of compaction, based on a visual inspection.

PART 3 EXECUTION

3.1 RRM AND FILL SOIL ASSESSMENT TESTS

Assessment tests shall be performed on RRM and on Stockpiled soil for the
Interim Cover Layer to assure compliance with specified requirements and to
develop compaction requirements for placement. A minimum of three tests
for maximum dry density (ASTM D 698) and moisture content (ASTM D 2216)
shall be performed for each type of RRM soil observed. A minimum of three
assessment tests shall be performed on stockpiled excavated material for
use as Interim Cover Soil for each type of soil observed. During placement
of RRM and Interim Cover soil, quick moisture content tests (ASTM D 4643,
ASTM D 4944, or ASTM D 4959) shall be performed as required to maintain
moisture control.

3.1.1 Compaction Testing

In-place density testing of RRM and Interim Cover material will be
performed by Energy Solutions. The following sections describe the type
and frequency of tests being performed. When test results indicate that
compaction is not as specified, the material will be reworked, replaced
and/or recompacted to meet specification requirements.

The following type and number of tests are the minimum for each type
operation:

RRM Testing: A representative sample from each principal type or
combination of blended RRM materials shall be tested to establish
compaction curves using ASTM D 698. A minimum of one set of compaction
curves shall be developed per 10,000 cubic yards of RRM material. A
minimum of 5 points shall be used to develop each compaction curve.

Interim Cover Testing: A representative sample from each type or
combination of stockpiled excavated soil for use as Interim Cover soil
shall be tested to establish compaction curves using ASTM D 698.

In-place density testing of RRM and Interim Cover material shall be
performed in accordance with section 3.4 of this specification.
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3.2 INSTALLATION

3.2.1 RRM and Interim Cover Soil Placement

RRM and Interim Cover soil shall be placed to the lines and grades shown on
the drawings. A GPS guided Computer Aided Earthmoving System (CAES) shall
be used to direct fill placement such that RRM and Interim Cover Soil are
placed in lifts of nearly uniform thickness not to exceed 12 inches loose.
In areas where hand operated tampers must be used, the loose lift thickness
shall not exceed 4 inches.

3.2.2 Moisture Control

R.RM and Interim Cover shall be placed and compacted within the moisture
content range needed to achieve 90% of the laboratory determined maximum
dry density of each type of material. RRM will be dried (at Moab by
others) to a moisture content of optimum moisture plus or minus 3%. The
Contractor shall modify the Interim Cover soil adding water and thoroughly
incorporating into the Interim Cover Soil as needed to ensure uniformity of
moisture content within a range of optimum'moisture plus or minus 5%. The
moisture content shall be maintained uniform throughout each lift.

3.2.3 Compaction

RRM and Interim Cover soil shall be compacted to meet the following density
requirements:
RRM - 90% of the laboratory determined maximum dry density as determined by
ASTM D 698.
Interim Cover Layer - 90% of the laboratory determined maximum dry density
as determined by ASTM D 698.

.3.2.4 Scarification

Scarification shall be performed on all areas of the upper surface of each
lift prior to placement of the next lift. Scarification shall be
accomplished with approved equipment. The final lift of Interim Cover soil
shall not be scarified. The final lift shall be smooth rolled with at
least 3 passes of the smooth steel wheeled roller to provide a smooth
surface.

3.2.5 Placement of Demolition Debris

Demolition debris will be placed in the waste cell along with RRM material.
Demolition debris will be sized by others, off site before being placed in

containers and hauled to the Crescent Junction disposal cell. Demolition
debris is to be sized as follows:

Wood, Concrete, Masonry: Cut or break up to a maximum 3-foot size
measured in any dimension.
Structural Steel Member, Pipes, Ducts, Other Long Items: Cut into
maximum 10-foot lengths.
Concrete, Clay Tile, and Other Pipes: Crush concrete and clay tile
pipes. Crush other pipes and ducts that are 6 inches or greater in
diameter or, if crushing is impractical, cut pipes and ducts in half
longitudinally. Do not crush asbestos-cement pipe.
Rubber Tires Excavated at the Site: Cut into two halves around the
circumference:
Geomembranes and Other Sheet Material: Cut into strips a maximum of 4
feet wide by 4 feet long.
Tree Limbs 4 inches in Diameter and Larger: Cut into. lengths of 8 feet
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or less.

The contractor is not required to verify or perform additional size
reduction.. The above information is provided to inform the contractor of
material sizes to be delivered for disposal. The contractor is responsible
for placement of demolition debris in the waste disposal cell and
compaction of RRM around the placed debris. Each container of demolition
debris shall be spread in a single layer, not stacked, and placed in a
manner that results in a minimum of voids around the debris.

3.3 CONSTRUCTION TOLERANCES

The top surface of the RRM and Interim Cover Layer shall be no greater than
2 inches above the lines and grades shown on the drawings. No minus
tolerance will be permitted.

3.4 CONSTRUCTION TESTS

3.4.1 RRM and Interim Cover Layer Tests

Compaction shall be verified by the CAES. When compaction of a lift of RRM
or Interim Cover soil is achieved, the CAES will produce a map of the
location and thickness of the completed lift. Computer records for each
layer of soil placed will constitute documentation of completed lifts and
be compiled as contruction records.

Perform compaction Verification Tests, in-place density and moisture
content tests on compacted fill material, in accordance with the following
requirements:

- verification tests of in-place density shall be performed on the initial
layer of RRM,.on the first 5,000 cubic yards of Interim Cover, and on any
layers in which the CAES indicates that problems occurred obtaining
compaction.

- When verification in-place density and moisture content tests are
performed on a soil layer, a minimum of two tests shall be performed per
5,000 cubic yards of fill material placed.

- Compaction and moisture content tests shall be performed in accordance
with the following methods:

o ASTM D 1556 - Density and Unit Weight of Soil in Place by the
Sand-Cone Method

o ASTM D 2216 - Standard Test Methods for Laboratory Determination of
Water (Moisture) Content of Soil and Rock by Mass (Oven Moisture)

o ASTM D 6938 - In-Place Density and Water Content of Soil and
Soil-Aggregate by Nuclear Methods (Shallow'Depth)

Note: Companion sand cone tests and oven moisture tests must be
performed along with nuclear tests until a sufficient number have been
performed to demonstrate a clear correlation.

3.4.2 Quick Moisture Tests

Each day that RRM or Interim Cover soil are being placed, a minimum of one
moisture content quick test in accordance with (ASTM D 4643, ASTM D 4944,
or ASTM D 4959) shall be performed to maintain moisture control during fill
placement. For RRM, moisture content shall, be optimum plus or minus 3%.
For Interim Cover, moisture content shall be modified to optimum plus or
minus 5%.
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3.4.3 Test Results

Where the CAES indicates acceptable compaction, the computer output for
that lift (lift thickness, location, and compaction), shall be considered
proof of satisfactory lift placement. If the CAES indicates that adequate
compaction is not achieved, the lift shall be reworked until an acceptable
result is achieved. Verification test results of ASTM D 6938, In-Place
Density and Water Content of Soil and Soil-Aggregate by Nuclear Methods
(Shallow Depth), shall be used to confirm the acceptability of the CAES
results.

3.5 PROTECTION

3.5.1 Moisture Content

After lift placement, moisture content shall be maintained until the next
lift is placed.

3.5.2 Erosion

Erosion that occurs in the RRM or Interim Cover layers shall be repaired
and grades re-established.

3.5.3 Freezing and Desiccation

Freezing and desiccation of the RRM and-Interim Cover soil shall be
prevented. If freezing or desiccation occurs, the affected soil shall be
reconditioned as directed.

3.5.4 Retests

Areas that have been repaired shall be retested as directed. Repairs to
the RRM or Interim Cover layers shall be documented including location and
volume of soil affected, corrective action taken, and results of retests.

-- End of Section
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SECTION 31 00 30

PLACEMENT AND COMPACTION OF FINAL CAP LAYERS

PART 1 GENERAL

1.1 SCOPE

This specification covers material characteristics, placement, compaction,
and testing of final cap layers, including:

Radon barrier layer;
Stone infiltration and bio-barrier;
Frost protection layer; and
Rock armoring.

1.2 REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM D 1140

ASTM D 1556

ASTM D 698

ASTM D 2167

ASTM D 2216

ASTM D 2488

ASTM D 6938

ASTM D 3740

(2000) Amount of Material in Soils Finer
than the No. 200 (75-micrometer) Sieve

(2000) Density and Unit Weight of Soil in
Place by the Sand-Cone Method

(2002ei) Laboratory Compaction
Characteristics of Soil Using Standard,
Effort (12,400 ft-lbf/cu ft)

(1994; R 2001) Density and unit Weight of
Soil in Place by the Rubber Balloon. Method

(2005) Laboratory Determination of Water
(Moisture) Content of Soil and Rock by Mass

(2006) Description and Identification of
Soils (Visual-Manual Procedure)

(2007b)
of Soil
Methods

In-place Density and Water Content
and Soil-Aggregate by Nuclear
(Shallow Depth)

(2004a) Minimum Requirements for Agencies
Engaged in the Testing and/or Inspection
of Soil and Rock as Used in Engineering
Design and Construction

(1963; R 2002ei) Particle-Size Analysis of
Soils

ASTM D 422
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ASTM D 4220

ASTM D 4318

ASTM D 4643

ASTM D 4944

ASTM D 4643

(1995; R 2000) Preserving and Transporting
Soil Samples

(2005) Liquid Limit, Plastic Limit, and
Plasticity Index of Soils

(2000) Determination of Water (Moisture)
Content of Soil by the Microwave Oven
Heating

(2004) Field Determination of Water
(Moisture) Content of Soil by the Calcium
Carbide Gas Pressure Tester

(2000) Determination of Water (Moisture)
Content of Soil by Direct Heating

1.3 SUBMITTALS

Approval is required for submittals with a "G" designation; submittals not
having a 'G, designation are for information only. All submittals shall be
provided to the Construction Manager in accordance with Section 01 33 00
SUBMITTAL PROCEDURES:

SD-03 Product Data

Equipment

Submit specifications for equipment for the processing,
scarification, placement, compaction, and smooth rolling of fill,
including type, model number, weight and critical dimensions of
equipment.

SD-06 Test Reports

Moisture Content and Density Tests of-Fill Materials, G;

Moisture Content Tests of Soil Fill, G;

Moisture Content and In-Place Density Tests of Soil
Fill (Verification Testing), G;

CAES Soil Placement and Compaction Records, G;

Test reports shall be submitted to the Energy Solutions
Construction Quality Control Manager within 48 hours of the
completion of soil placement and field testing.

1.4 EQUIPMENT

Equipment used to place and compact the Radon Barrier material and Frost
Protection common fill shall not brake suddenly, turn sharply, or be
operated at excessive speeds.

1.4.1 Compaction Equipment

Compaction equipment shall consist of footed rollers which have a minimum
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weight of 45,000 pounds and at least one foot for each 110 square inches of
drum surface. The length of each tamiping foot shall be at least 6 inches,
from the outside surface of the drum. During compaction operations, the
spaces between the tamping feet shall be maintained clear of materials
which would impair the effectiveness of the tamping foot rollers.

1.4.2 Scarification Equipment

Disks, rotor tillers, or other approved means shall be provided to scarify
the surface of each lift of soil prior to'placement of the next lift. The
scarification equipment shall be capable of uniformly disturbing the upper
1 - 2 inches of the soil surface to provide good bonding between lifts.

1.4.3 Steel Wheeled Rollers

A smooth, non-vibratory steel wheeled roller shall be used to produce a
smooth compacted surface on finished compacted soil layers. Steel wheeled
rollers shall weigh a minimum of 20,000 pounds.

1.4.4 Hand Operated Tampers

Hand operated tampers shall consist of rammers or other impact type
equipment. Vibratory type equipment will not be allowed.

1.5 NQA-l QUALITY LEVEL

All construction and testing activities included in this specification:
PLACEMENT AND COMPACTION OF FINAL CAP LAYERS for the Disposal Cell at
Crescent Junction, are designated as Quality, Level 2.

PART 2 PRODUCTS

2.1 RADON BARRIER LAYER

Radon Barrier is the layer constructed on top of the interim cover layer
and the contaminated tailings material in the waste cell and underlying the
protection layers in the final cap. The purpose of this layer is to retard
the emanation of radon gas from the tailings into the atmosphere and to
minimize infiltration of incident precipitation into the tailings material.

Radon Barrier Layer soil shall be produced by modifying the weathered
Mancos Shale excavated on site. Weathered Mancos Shale shall be excavated,
separated from other excavated materials, pulverized, wetted, and mixed to
produce a uniform fine-grained fill soil at or above optimum moisture
content for compaction. It shall be free of roots, debris, organic or
frozen material, and shall have a maximum clod size of 1 inch at the time
of compaction.. Fill material shall comply with the criteria listed in
Table 1. Testing of Radon Barrier soil to verify conformance with the
following table is described in Section 3.2.1 Radon Barrier Material.

TABLE1
REQUIRED PHYSICAL PROPERTIES OF RADON BARRIER FILL SOIL

Test Test
Property Value Method

Max. particle size (inches) 1 ASTM D 422
Min. percent passing No. 4 sieve 80 ASTM D 422
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TABLE 1
REQUIRED PHYSICAL PROPERTIES OF RADON BARRIER FILL SOIL

Test Test
Property Value Method

Min. percent passing No. 200 sieve 50 AST"M 1140
Min. liquid limit 35 ASTM D 4318
Min. plasticity index 10 ASTM D 4318
Max. plasticity Index 40 ASTM D 4318

2.2 STONE FOR FINAL COVER LAYERS

Stone for the final cover layers, infiltration and bio-barrier layer and
rock armoring, shall be rock material that has long-term chemical and
physical durability. Rock gradation shall be in accordance with Section
32 11 23 Aggregate and Riprap. Rock for final cover layers shall achieve
an accpetable score for its intended use, in accordance with the following

rock scoring and acceptance criteria:

TABLE 2
NRC TABLE OF SCORING CRITERIA FOR ROCK QUALITY

Laboratory Tet Welahlna Factoi
L1 "r 10 9 a 7 6 5 4 3 2 1 0

Good Fair Poor
Specific Gravity 12 6 9 2.75 2.70 2.65 2.60 2.55 2.50 2.45 2.40 2.35 2.30 2.25
Absorption. % 13 5 2 0.10 0.30 0.50 0.67 0.83 1.0 1.5 2.0 2.5 3.0 3.5
Sodium Sulfate, % 4 3 11 1.0 3.0 5.0 6.7 8.3 10.0 12.5 15.0 20.0 25.0 30.0
LA Abrasion, % 1 8 1 1.0 3.0 5.0 6.7 8.3 10.0 12.5 15.0 20.0 25.0 30.0
SchmittHammer 11 13 3 70 65 60 54 47 40 32 24 16 8 0

L = Limestone; S - Sandstone, I = Igneous

Notes:
1. Scores were derived from Tables 6.2, 6.5, and 6.7 of NUREG/CR-2642, Long-Term Survivability of Rlprap for Armoring
Uranium Mill Tailings and Covers: A Literature Review, 1982.
2. Weighing Factors are derived from Table 7 of "Petrographic Investlgallons of Rock Durability and Comparisons of Various Test
Procedures," by G.W. Dupuy, Engineering Geology, July 1965. Weighing factors are based on Inverse of ranking of test methods
for each rock type. Other tests may be used: weighing factors for these tests may be derived using Table 7, by counting upward
from the bottom of the table.
3. Test methods should be standardized, If a standard test Is available and should be those used in NUREG/CR2642, so that
proper correlations can be made.

Rock Acceptance Criteria
An acceptable rock score depends on the intended use of the rock. The
rock's score must meet the following criteria:
- For occasionally saturated areas, which include the top and sides of the
final cover, the rock must score at least 50% or the rock is rejected. If
the rock scores between 50% and 80% the rock may be used, but a larger D50
must be provided (oversizing). If the rock score is 80% or greater, no
oversizing is required.
- For frequently saturated areas, which include all channels and buried
slope toes, the rock must score 65% or the rock is rejected. If the rock
scores between 65% and 80%, the rock may be used, but must be oversized.
If the rock score is 80% or greater, no oversizing is required.

Oversize rock as follows;
- Subtract the rock score from 80% to determine the amount of oversizing
* required. For example, a rock with a rating of 70% will require oversizing
of 10 percent (80% - 70% = 10%).
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- The D50 of the stone shall be increased by the oversizing percent. For
example, a stone with a 10% oversizing factor and a D50 of 12 inches will
increase to a D50 of 13.2 inches.
- The final thickness of the stone layer shall increase proportionately to
the increased D50 rock size. For example, a layer thickness equals twice
the D50, such as when the plans call for 24 inches of stone with a D50 of
12 inches, if the stone D50 increases to 13.2, the thickness of the layer
of stone with a D50 of 13.2 should be increased to 26.4 inches.

2.3 FROST PROTECTION LAYER

The Frost Protection Layer is the top soil layer constructed of the waste
cell cover. The purpose of this layer is to protect underlying cover
layers from degradation due to environmental factors such as freeze-thaw
cycles. The Frost Protection Layer shall be constructed of common fill

.material, which can be any soil material from the waste cell excavation.

PART 3 EXECUTION

3.1 EXCAVATION, SEGREGATION, AND STOCKPILING OF CAP MATERIALS

Cap materials shall be soil material from the waste cell excavation.
Materials shall be excavated, segregated into common fill and weathered
Mancos Shale, and stockpiled for use as cap materials. Stockpiles shall be
at locations shown in the project plans or as directed by the Construction
Manager.

3.2 INSTALLATION OF RADON BARRIER MATERIAL

3.2.1 Radon Barrier Material

The Radon Barrier Layer will be constructed of processed Mancos Shale soil.
The soil will be produced on site by processing excavated Mancos Shale

into a fine-grained soil and adding water to bring the Mancos Shale soil to
near optimum moisture content for compaction. Mancos Shale soil produced
for Radon Barrier fill shall be tested to determine its material properties
and its maximum dry density and moisture content. As a minimum, perform
the following soil tests on each 10,000 cu yds of soil:

ASTM D 4318, Liquid Limit, Plastic Limit, and Plasticity Index of Soils
ASTM D 422, Particle-Size Analysis of Soils

ASTM D 1140, Amount of Material in Soils Finer than the No. 200 Sieve
ASTM D 698, Standard Test Methods for Laboratory Compaction
Characteristics of Soil Using Standard Effort.
ASTM D 2216, Laboratory Determination of Water (Moisture) Content of
Soil and Rock by Mass and/or ASTM D 4643, Determination of Water
(Moisture) Content of Soil by the Microwave Oven Heating

When an adequate number of soil tests has been performed to characterize
processed Mancos shale, the testing program will be reduced.

3.2.2 Radon Barrier Material Placement

Radon Barrier shall be placed to the lines and grades shown on the
drawings. The soil shall be placed in loose lifts not to exceed 12 inches
in thickness after compaction. In areas where hand operated tampers must
be used, the loose lift thickness shall not exceed 4 inches.
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3.2.3 Moisture Control

Radon Barrier soil shall be placed and compacted within a moisture content
range that will achieve the specified compaction (optimum plus or minus
3%). The moisture content shall be maintained uniform throughout each
lift. water added shall be thoroughly incorporated into the soil to ensure
uniformity of moisture content prior to compaction.

3.2.4 Scarification and Dressing of Final Lift Surface

Scarification shall be performed on all-areas of the upper surface of each
underlying soil layer prior to placement of the next lift. Scarification
shall be accomplished with approved equipment. The final lift of Radon
Barrier soil shall not be scarified. The final lift shall be smooth rolled
with at least 3 passes of the approved smooth steel wheeled roller to
provide a smooth surface.

3.2.5 Compaction

Radon Barrier soil shall be compacted to at least 95% of its laboratory
maximum dry density determined in accordance with ASTM D 698. The Computer
Aided Earthmoving System shall be used to direct fill placement, monitor
compaction, and record the location and thickness of each soil layer being
placed. If the CAES is not used for compaction fill shall be compacted
with a minimum 45,000 lb static weight footed roller capable of kneading
compaction, with feet a minimum of 6 inches in length.

3.2.6 Repair of Voids

Voids created in the Radon Barrier layer during construction (including,
but not limited to, penetrations for test samples, grade stakes, and other
penetrations necessary for construction) shall be repaired by removing any
unsuitable material, backfilling with soil and compacting by tamping each
lift with a steel rod, or by backfilling with bentonite.

3.3 INSTALLATION OF FROST PROTECTION LAYER SOIL

3.3.1 Frost Protection Material

The Frost Protection layer will be constructed of common fill soil. The
soil will be produced on site by adding water to bring the excavated and
stockpiled soil to near optimum moisture content for compaction. Test soil
in accordance with ASTM D 698, Laboratory Compaction Characteristics of
Soil Using Standard Effort. Perform at least,3 tests on each type of
material stockpiled for use as fill. Perform additional lab density tests
on stockpiled material if changes in material characteristics are observed.

3.3.2 Frost Protection Layer Placement

Frost Protection soil shall be placed to the lines and grades shown on the
drawings, The soil shall be placed in loose lifts not to exceed 12 inches
in thickness after compaction. In areas where hand operated tampers must
be used, the loose lift thickness shall not exceed 4 inches.

3.3.3 Moisture Control

Frost Protection soil shall be placed and compacted within a moisture
content range that will achieve the specified compaction (optimum plus or
minus'5%). The moisture content shall be maintained uniform throughout
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each lift. Water added shall be thoroughly incorporated into the soil to
ensure uniformity of moisture content prior to compaction.

3.3.4 Scarification and Dressing of Final Lift Surface

Scarification shall be performed on all areas of the upper surface of each
underlying soil layer prior to placement of the next lift. Scarification
shall be accomplished with approved equipment. The final lift of soil
shall not be scarified. The final lift shall be smooth rolled with at
least 3 passes of the approved smooth steel wheeled roller to provide a
smooth surface..

3.3.5 Compaction

Soil shall be compacted to 90% of the laboratory determined maximum dry
density in accordance with ASTM D 698. The Computer Aided Earthmoving
System shall be used to direct fill placement, monitor compaction, and
record the location and -thickness of each soil layer being placed. If the
CAES is not used for compaction fill shall be compacted with a minimum
45,000 lb static weight footed roller capable of kneading compaction, with
feet a minimum of 6 inches in length.

3.3.6 Repair of Voids

Voids created in the Radon Barrier layer during construction (including,
but not limited to, penetrations for test samples, grade stakes, and other
penetrations necessary for construction) shall be repaired by removing any
unsuitable material, backfilling with soil and compacting by tamping each
lift with a steel rod, or by backfilling with bentonite.

3.4 INSTALLATION OF ROCK LAYERS

This section describes the material and installation of rock layers for the
Infiltration and -Biobarrier and Rock Armoring of the final cover.

3.4.1 Rock Placement and Compaction

Rock shall be spread to the thickness indicated on the drawings or in
accordance with oversizing due to scoring criteria (see Section 2.2 of this
specification). Rock placement shall be guided by the Computer Aided
Earthmoving System to ensure that the appropriate thickness has been placed
at all locations. Stone with.a D50 of 2 inches or less shall be shall be
compacted with a vibratory steel drum.

3.5 CONSTRUCTION TOLERANCES

The top surface of the each layer shall be no greater than 2 inches above
the lines and grades shown on the drawings. No minus tolerance will be
permitted.

3.6 CONSTRUCTION TESTS

3.6.1 Material Tests

For placement and compaction of soils, moisture content tests shall be
performed daily prior to placement to maintain moisture control and
uniformity of soil to be used for fill. Computer Aided Earthmoving System
shall be used to place, compact and document compaction of all soil layers.
I CAES acceptance of an installed layer of soil will constitute proof of
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satisfactory compaction. Computer output of the CAES will be acceptable
documentation for location, thickness and compaction of installed layers.

Compaction verification Tests - Perform in-place density and moisture
content tests on compacted fill material in accordance with the following
requirements:-

- verification tests of in-place density shallbe performed on initial
layer of soil placed, and on any layers in which the CAES indicates that
problems occurred obtaining compaction.

- When verification in-place density and moisture content tests are
performed on a soil layer, a minimum of two tests shall be performed per
5,000 cubic yards of fill material placed.
- Compaction and moisture content tests shall be performed in accordance
with the following methods;

ASTM D 1556 - Density and Unit Weight of Soil in-Place by the Sand-Cone
Method

ASTM D 2216 - Standard Test Methods for Laboratory Determination of
Water (Moisture) Content-of Soil and Rock by Mass

ASTM D 6938(2007b) - In-place Density and Water Content of Soil and
Soil-Aggregate by Nuclear Methods (Shallow Depth)

Note: Companion sand cone tests and oven moisture tests must be
performed along with nuclear tests until a sufficient number have been
performed to demonstrate a clear correlation.

3.6.2 Initial and Confirmatory Surveys

verification of the thickness of the Radon Barrier Layer will he performed
by comparing before and after surveys of the Layer. Prior to placement of
the Radon Barrier Layer, a survey shall be performed of the top of the
'Interim Cover layer. The initial survey will document the pre-cap geometry
of the site. After the Radon Barrier Layer has been installed, a
post-installation survey will be performed on the top of the Radon Barrier
fill to confirm that the total fill thickness is in accordance with the
plans and specifications.

3.7 PROTECTION

3.7.1 Moisture Content

After placement, moisture content shall be maintained or adjusted to meet

criteria.

* 3.7.2 Erosion

Erosion that occurs in the fill layers shall be repaired and grades

re-established.

3.7.3 Freezing and Desiccation

Freezing and desiccation of the Radon Barrier layer shall be prevented. if
freezing or desiccation occurs, the affected soil shall be removed or
reconditioned as directed.

374 Retests

Areas that have been repaired shall be retested as directed. Repairs to
the Radon Barrier layer shall be documented including location and volume
of soil affected, corrective action taken, and results of retests.
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AGGREGATE AND RIPRAP

This title sheet is the first page of the specification and a record of each issue or revision. The
pages revised and the description of the revision should be noted under remarks.

REV. DATE BY CKD APPROVED PAGES REMARKS

0 12/17/07 WDB FMP W. Barton ALL ISSUED FOR CONSTRUCTION

1 1/30/08 WOB FMP W. Barton ALL Page 11, Table 3, Revised Gradations to
1 // WFP ___ arton_____ A allow small amount of fines

Page 8, Section 1.5, Revised weather

2 2/27/08 WDB FMP W. Barton ALL limitations.
Page 11, Section 2.1.6.2, revised riprap
thicknesses.

3 4/15/08 WDB FMP W. Barton ALL Page 8, Section 1.7: Added Section 1.7,
NQA-1 Quality Levels.

Revised Section 1.4.2.2, deleted
requirements to check Liquid Umit and

4 06/03/08 WDB FMP W. Barton ALL Plasticity Index.
Revised Section 1.4.3.1, deleted
requirements to check Liquid Limit and
Plasticity Index.
Revised Section 2.1.4, Riprap: Added sentence
clarifying:
TABLE 1 for non-disposal cell aggregate
TABLE 2 for disposal cell aggregate/riprap

Revised Section 2.1.6.1 Blobarrler: Added
sentence describing.the filter requirements of
biobarrier material.

Revised TABLE 3: Adjusted gradations to
increase sizes of materials as follows:

Cover Top- D50 = 2 in
Cover N, E & W edge -D50 = 4 in

5 07/03/08 WDB FMP W. Barton ALL Cover South Edge/Slope - D50 = 6 in
CJ East and West Apron - D50 = 6 in
CJ North Apron - D50 = 8 In
CJ South Apron - D50 = 12 in

Added note to TABLE 3: Contractor to limit the
amount of fines associated with riprap to
minimize segregation of riprap during
installation.

Revised Section 3.6 Installation of Riprap:
Added paragraph requiring Contractor to
minimize fines and install riprap such that it does
not segregate.
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SECTION 32 11 23

AGGREGATE AND RIPRAP

PART 1 GENERAL

1.1' REFERENCES

The publications listed below form a part of this
extent referenced. The publications are referred
designation only.

specification to the.
to in the text by basic

AMERICAN ASSOCIATION
(AASHTO)

AASHTO T 11

AASHTO T 19

AASHTO T 27

AASHTO T 99

AASHTO T 180

OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS

(2005) Standard Method of Test for
Materials Finer than 75-um (No. 200) Sieve
in Mineral Aggregates by Washing

(2004) Standard Method of Test for Bulk
Density ("Unit Weight") and Voids in
Aggregate

(200.6) Standard Method of Test for Sieve
Analysis of Fine and Coarse Aggregates

(2001; R 2004) Moisture-Density Relations
of Soils Using a 2.5-kg (5.5-1b) Rammer
and a 305-mm (12-in) Drop

(2004) Standard Method of Test for
Moisture-Density Relations of Soils Using
a 4.54-kg (10-1b) Rammer and a 457-mm
(18-in) Drop

(2003) Standard Method of Test for The
California Bearing Ratio

(2001; R 2004)ýCorrection for Coarse
Particles in the Soil Compaction Test

AASHTO T 193

AASHTO T 224

ASTM INTERNATIONAL (ASTM)

ASTM C 1260

ASTM C 127

ASTM C 128

(2005a) Standard Test Method for Potential
Alkali Reactivity of Aggregates
(Mortar-Bar Method)

(2004) Standard Test Method for Density,
Relative Density (Specific Gravity), and
Absorption of Coarse'Aggregate

(2004a) Standard Test Method for Density,
Relative Density (Specific Gravity), and
Absorption of Fine Aggregate
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ASTM C 131

ASTM C 29/C 29M

ASTM C 88

ASTM D 698

ASTM D 1556

ASTM D 1557

(2006) Standard Test Method for Resistance
to Degradation of Small-Size Coarse
Aggregateby Abrasion and Impact in the
Los Angeles Machine

(1997; R 2003) Standard Test Method for
Bulk Density ("Unit Weight") and Voids in
Aggregate

(2005) Standard Test Method for Soundness
of Aggregates by Use of Sodium Sulfate or-
Magnesium Sulfate

(2000ael) Laboratory Compaction
Characteristics of Soil Using Standard
Effort (12,400 ft-lbf/cu ft).

(2000) Density and Unit Weight of Soil in
Place by the Sand-Cone Method

(2002e1) Standard Test Methods for
Laboratory Compaction Characteristics of
Soil Using Modified Effort (56,000
*ft-lbf/ft3) (2700 kN-m/m3)

(1994; R 2001) Density and Unit Weight of
Soil in Place by the Rubber'Balloon Method

(2006) Soils for Engineering Purposes
(Unified Soil Classification System)

(2007b) In-Place Density and Water Content
of Soil and Soil-Aggregate by Nuclear
Methods (Shallow Depth)

(2003) Standard Practice for Sampling
Aggregates

(2004) Wire Cloth and Sieves for Testing
Purposes

ASTM D 2167

ASTM D 2487

ASTM D 6.938

ASTM D 75

ASTM E 11

1.2 DEFINITIONS

For the purposes of this specification, the following definitions apply.

.1.2.1 Untreated Base Course

Untreated Base Course (UBC) is well graded, durable aggregate uniformly
moistened and mechanically stabilized by compaction.

1.2.2 Degree of Compaction

Degree of compaction required', except as noted in the second sentence, is
expressed as a percentage of the maximum laboratory dry density obtained by
the test procedure presented in AASHTO T 99 or AASHTO T 180 abbreviated as
a percent of laboratory maximum dry density. The degree of compaction for
material having more than 30 percent by weight of their particles retained
on the 3/4 inch sieve shall be expressed as a percentage of the laboratory
maximum dry density in accordance with AASHTO T.99 or AASHTO T 180 Method D
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and corrected with AASHTO T 224.

1.3 SUBMITTALS

Approval is required for submittals with a "G" designation; submittals not
having a "G" designation are for information only. All submittals shall be
provided to the Construction Manager in accordance with Section 01 33 00
SUBMITTAL PROCEDURES:

SD-06 Test Reports

Sampling and Testing, G;

Field Density Tests, G;

Certified copies of test results for approval not less than 10
days before material is required for the work.

Calibration curves and related test results prior to using the
device or equipment being calibrated.

\Copies of field test results within 24 hours after the tests are
performed.

1.4 SAMPLING AND TESTING

Sampling and testing shall be the responsibility of the Contractor. The
materials shall be tested to establish compliance with the specified
requirements; testing shall be performed at the specified frequency. The
Contracting Officer may specify the time and location of the tests. Copies
of test results shall be furnished to the Contracting Officer within 24
hours of completion of the tests.

1.4.1 Sampling

.Samples for laboratory testing shall be taken in conformance with ASTM D 75.
When deemed necessary, the sampling will be observed by the Contracting

Officer.

1.4.2 Tests

The following tests shall be performed in conformance with the applicable.
standards listed.

1.4.2.1 Sieve Analysis

Sieve analysis shall be made in conformance with AASHTO T 27 and AASHTO T 11.
Sieves shall conform to ASTM E 11.

1.4.2.2 Moisture-Density Determinations

The laboratory maximum dry density and optimum moisture content shall be
determined in accordance with AASHTO T 99 or AASHTO T 180, Method D and
corrected with AASHTO T 224.

1.4.2.3 Field Density Tests

Density shall be field measured in accordance with ASTM D 1556, ASTM D 2167
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or ASTM D 6938. For the method presented in ASTM D 6938 the calibration
curves shall be checked and adjusted if necessary using only the sand cone
method as described in paragraph Calibration, of the ASTM publication.
Tests performed in accordance with ASTM D 6938 result in a wet unit weight
of soil and when using this method, ASTM D 6938 shall be used to determine
the moisture content of the soil. The calibration curves furnished with
the moisture gauges shall also be checked along with density calibration
checks as described in ASTM D 6938. The calibration checks of both the
density and moisture gauges shall be made by the prepared containers of
material method, as described in paragraph Calibration of ASTM D 6938; on
each different type of material being tested at the beginning of a job.

1.4.2.4 Wear Test

Wear tests shall be made on aggregate material in conformance with
ASTM C 131.

1.4.2.5 Soundness

Soundness tests shall be made on aggregate in accordance with ASTM C 88.

1.4.3 Testing Frequency

1.4.3.1 Tests on Proposed Material

To demonstrate that the proposed material meets all specified requirements,
one of each of the following tests shall be performed on the proposed
material prior to commencing construction, and subsequently for every
5,000 cubic yards of material. If materials from more than one source are
going to be utilized, this testing shall be'completed for each source.

a. Sieve Analysis.

b. Moisture-density relationship.

c. Wear.

d. Soundness.

1.4.4 Approval of Material

The source of the material shall be selected prior to the time the material
will be required in the work. Approval of material will be based on test
results.

1.5 WEATHER EFFECTS

Completed areas damaged by freezing, rainfall, or other weather conditions
shall be corrected to meet specified requirements.

1.6 PLANT, EQUIPMENT, AND TOOLS

All plant, equipment, and tools used in the performance of the work shall
be subject to approval before the work is started and shall be maintained
in satisfactory working condition at all times. The equipment shall be
adequate and shall have the capability of producing the required
compaction, meeting grade controls, thickness control, and smoothness
requirements as set forth herein.
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1.7 NQA-l QUALITY LEVEL

All rockarmoring activities for the Disposal Cell at Crescent Junction,
including.: the Cover Biobarrier, Top, Apron Riprap, Slope Riprap, and
Channel Armor are designated as Quality Level 2.. All other work (not on
the Disposal Cell) is non-Quality related (Quality Level 3).

PART 2 PRODUCTS

2.1 AGGREGATES

Aggregate shall consist of clean, sound, durable particles of crushed
stone, crushed gravel, angular sand, or other approved material. Untreated
Base Course shall be free of lumps of clay, organic matter, and other
objectionable materials or coatings. Gravel shall be free of silt and clay
as defined by ASTM D 2487, organic matter, and other objectionable
materials or coatings. Aggregates will be used for the following
applications, and the material properties for each of these application
will be provided in the following section:

Application Name of Material Gradation
Road Base Untreated Base Course UDOT UBC
Pipe Bedding Coarse sand/gravel ASTM D448 #9
Drainage Stone Open graded gravel ASTM D448 #57
Riprap slope armor Riprap D50 per plans
Riprap channel armor Riprap D50 per plans
Cover Biobarrier' Sandy gravel D50 2 in
Cover Top Sandy gravel D50 2 in
Cover Apron Riprap Riprap, 1,000 yr D50 per plans
Cover Slope Riprap Riprap, 1,000 yr D50 per plans
CJ Channel Armor Riprap, 1,000 yr D50 per plans

2.1.1 Road-Base

Aggregate for road base beneath asphalt pavement and for unpaved gravel
roads and pads shall be UDOT Untreated Base Course. The UBC coarse
aggregate shall not show more than 50 percent loss when subjected to the
Los Angeles• abrasion test in accordance with ASTM C 131. The amount of
flat and elongated particles shall not exceed 30 percent. A flat particle
is one having a ratio of width to thickness greater than 3; an elongated
particle is one having a ratio of length to width greater than 3. In the
portion retained on each sieve specified, the crushed aggregates shall
contain at least 50 percent by weight of crushed pieces having two or more
freshly fractured faces with the area of each face being at least equal to
75 percent of the smallest midsectional area of the piece. When two
fractures are contiguous, the angle between planes 'of the fractures must be

:at least 30 degrees in order to count as two fractured faces. Crushed
gravel for road base shall be provided in the gradation listed in TABLE 1.
When the coarse aggregate is supplied from more than one source, aggregate
from each source shall meet the specified requirements and shall be
stockpiled separately.

2.1.2 Pipe Bedding

Pipe bedding shall be coarse sand, or fine gravel, free from deleterious
materials and rocks larger than 3/8 inch. Sandy soil or excavated shaly
soil may be used for pipe bedding if it is excavated or processed such that
the material size is similar to the gradation listed in TABLE 1.
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2.1.3 Drainage Stone

Drainage stone is an open graded stone material intended as a capillary
break beneath concrete slabs. Drainage stone will also be used 'for French
Drains and seepage collection drains for retaining structures and
mechanically stabilized earth structures. Drainage stone shall be provided
in the gradation listed in TABLE 1.

2.1.4 Riprap

Riprap for slope and channel protection shall be provided at locations
indicated on the drawings. Riprap shall be sized in accordance with plans
and as listed in TABLE 1. Materials listed in TABLE 1 are not intended for
use on the Disposal Cell at Crescent Junction. Disposal Cell materials are
included in TABLE 3, below.

TABLE I. GRADATION OF AGGREGATES

Percentage by Weight Passing Square-Mesh Sieve

Sieve
Designation

Road
Base

Pipe
Bedding

Drainage Riprap Riprap
Stone Slope Armor Channel Armor

12 inch
10 inch
8 inch
6 inch
4 inch
2 inch

1-1/2 inch
1 inch

3/4 inch
1/2 inch
3/8 inch
No. 4
No. 8

No. 16
No. 50
No. 200

100
90-100
70-85
65-80
55-75
40-65

25-40

7-11

100
85-100
20-40
10-20
5-10
0-5

100

95-100

25-60

10-20
5-10

0

100
80-100
20-60
0-20

0

100
80-100
20-80
0-20

0

2.1.5 Stone For Final Cover Layers

Stone for the final cover layers, infiltration and bio-barrier layer \and
rock armoring, shall be rock material that has long-term chemical and
physical durability. 'Rock for final cover layers shall achieve an
accpetable score for its intended use, in accordance with the following
rock> scoring and acceptance criteria:

TABLE 2
NRC TABLE OF SCORING CRITERIA FOR ROCK QUALITY

I Ahnrntnru "tAot
Laborato- Test Weighing Factot

L" S* I'

Specific Gravity
Absorption, %
Sodium Sulfate, %
LA Abrasion, %
Schmdt Hammer

12 6 9
13 5 2
4 3 11
181

11 13 3

10 9 8
Good

2.75 2.70
0.10 0.30
1.0 3.0
1.0 3.0
70 65

2.65
0.50
5.0
5.0
60

7 6 5
Fair

2.60 2.55 2.50
0.67 0.83 1.0
6.7 8.3 10.0
6.7 8.3 10.0
54 47 40

4 3 2 1 0
Poor

2.45 2.40 2.35 2.30 .2.25
1.5 2.0 2.5 3.0 3.5
12.5 15.0 20.0 25.0 -30.0

* 12.5 15.0 20.0 25.0 30.0
32 24 - 16 8 0

* L = Limestone, S = Sandstone, I = Igneous
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TABLE 2
NRC TABLE OF SCORING CRITERIA FOR ROCK QUALITY

Notes:
1, Scores were derived from Tables 6.2, 6.5, and 6.7 of NUREG/CR-2642, Long-Term Survivability of Riprap for Armoring
Uranium Mill Tailings and Covers: A Literature Review, 1982.
2. Weighing Factors are derived from Table 7 of "Petrographic Investigations of Rock Durability and Comparisons of Various Test
Procedures,' by G.W. Dupuy, Engineering Geology, July 1965. Weighing factors are based on inverse of ranking of test methods
for each rock type. Other tests may be used; weighing factors for these tests may be derived using Table 7, by counting upward
from the bottom of the table.
3. Test methods should be standardized, if a standard test is available and should be those Used in NUREG/CR2642, so that
proper correlations can be made.

Rock Acceptance Criteria
An acceptable rock score depends on the intended use of the rock. The
rock's score must meet the following criteria:
- For occasionally saturated areas, which include the top and sides of the
final cover, the rock must score at least 50% or the rock is rejected. If
the rock scores between 50% and 80% the rock may be used, but a larger D50
must be provided (oversizing). If the rock score is 80% or greater, no
oversizing is required.
- For frequently saturated areas, which include all channels and buried
slope toes, the rock must score 65% or the rock is rejected. If the rock
scores between 65% and 80%, the rock may be used, but must oversized. If
the rock score is 80% or greater, no oversizing is required.

Oversize rock as follows;
- Subtract the rock score from 80% to determine the amount of oversizing
required. For example, a rock with a rating of 70% will require oversizing
of 10 percent (80% - 70% = 10%).
- The D50 of the stone shall be increased by the oversizing percent. For
example, a stone with a 10% oversizing factor and a D50 of 12 inches will
increase to a D50 of 13.2 inches.
- The final thickness of the stone layer shall increase proportionately to

* the increased D50 rock size. For example, a layer thickness equals twice
the D50, such as when the plans call for 24 inches of stone with a D50 of
12 inches, if the stone D50 increases to 13.2, the thickness of the layer
of stone with a D50 of 13.2 should be increased to 26.4 inches.

2.1.6 Stone Layers for the Waste Cell Final Cover

Stone shall be provided and installed for the following Final Cover Layers:

Application Type of Material Material Size
Cover Biobarrier Sandy gravel, 1,000 yr D50 2 in
Cover Top Sandy gravel, 1,000 yr D50 2 in.
Cover N,E,& W Edge/Slope Riprap, 1,000 yr D50 4 in
Cover South Edge/Slope Riprap, 1,000 yr D50 6 in
CJ Apron Armoring Riprap, 1,000 yr D50 6 in

(East & West Apron)
CJ Apron Armoring Riprap, 1,000 yr D50 8 in

(North Apron)
CJ Apron Armoring Riprap, 1,000 yr D50 12 in

(South Apron)

2.1.6.1 Biobarrier and Cover Top

The Biobarrier and Top of Cover Stone shall meet the 1,000 year lifespan
rock scoring criteria and shall be a mix of 2 inch stone and finer
materials. The Cover Biobarrier material is overlain by the. Frost
Protection soil layer and includes fines to act as an aggregate filter and
retain the overlying soil. The gradation shall be as listed in TABLE 3,
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below.

TABLE 3. GRADATION OF FINAL COVER AGGREGATES

Percentage by Weight Passing Square-Mesh Sieve

Sieve Cover Cover
Designation Biobarrier Top

Cover N, E,
& W Edge,

Riprap

Cover S
Edge, E & W
Apron Armor

Riprap

N Apron
Armor Riprap
& Bedding

S Apron
Armor Riprap
& Bedding

18 inch
16 inch
12 inch
10 inch
8 inch
6 inch
4 inch
2 inch

1-1/2 inch
1 inch

3/4 inch
1/2 inch
3/8 inch
No. 4
No. 8

No. 16
No. 50
No. 200

100
50-100
40-50
20-40

15-25

10-20
5-15
5-10

0-5

100
40-50
20-30
10-20

5-15

0-5
0-5
0-5

0-5

100
40-50
20-30

10-20

5-15

0-5
0-5
0-5

0-5

100
40-50

20-30

10-20

5-15

0-5
0-5
0-5

0-5

100
80-100
30-50
20-30

0

100
80-100

60-80

30-60
20-40
10-30

0-5

100
80-100

30-50
.20-30
10-20

0-10
0

100

80-100

60-80

30-60
20-40
10-30

0-5

Note: The Contractor is not required to provide washed riprap, and the
gradations shown in TABLE 3 allow a small percentage of fines. The
Contractor shall, however, minimize the amount of fine material to prevent
segregation of fines from riprap and the concentration of fine materials in
any location. See Section 3.6 Installation of Riprap for more direction on
placement of riprap to limit concentration of undersized material.

2.1.6.2 Final Cover Edge Riprap

The Cover Edge consists of the slope of the Waste Cell and a 10 ft
transition zone along the top of the slope. Riprap shall be placed on the
Final Cover Edges in accordance with the locations and sizes shown on the
Final Cover Plans. The Riprap must meet the 1,000 year lifespan rock
scoring criteria. The East, West, and North edges shall have a D50 of 4"
and a total thickness of 8". The South Edge riprap shall have a D50 of 6"
and a total thickness of 12". The Cover edge riprap shall contain 5% to
15% material less than 1/2 inch in size to fill in around the riprap to
prevent erosion beneath the riprap. Cover Edge stone gradations are listed
in Table 3.

2.1.6.3 Apron Armor Riprap

Apron armor riprap for the Waste Cell shall have riprap armoring in
locations and sizes shown in the Final Cover plans and gradation listed.
The riprap must meet the 1,000 year lifespan rock scoring criteria. The
apron armor riprap with D50 8 inches or larger shall be installed with a
bedding layer.
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PART 3 EXECUTION

3.1 GENERAL REQUIREMENTS

Adequate drainage shall be provided during the entire period of
construction to prevent water from collecting or standing on the working
area. Line and grade stakes'shall be provided as necessary for control.

3.2 OPERATION OF AGGREGATE SOURCES

Clearing, stripping, and excavating shall be the responsibility of the
Contractor. The aggregate sources shall be operated to produce the
quantity and quality of materials meeting these specifications requirements
in the specified time limit.

3.3 STOCKPILING MATERIAL

Prior to stockpiling of material, storage sites shall be cleared and
leveled by the Contractor. All materials, including approved material
available from excavation and grading, shall be stockpiled in the manner
and at the locations designated. Aggregates shall be stockpiled on the
cleared and leveled areas designated by the Contracting Officer to prevent
segregation. Materials obtained from different sources shall be stockpiled
separately.

3.4 PREPARATION OF UNDERLYING COURSE

Prior to constructing the base course(s), the underlying course or subgrade
shall be cleaned of all foreign substances. At the time of construction of
the base course(s), the underlying course shall contain no frozen material.
The surface of the underlying course or subgrade shall meet specified

compaction and surface tolerances. The underlying course shall conform to
Section 31 00 00 EARTHWORK. Ruts or soft yielding spots in the underlying
courses, areas having inadequate compaction, and deviations of the surface
from the requirements set forth herein shall be corrected by loosening and
removing soft or unsatisfactory material and by adding approved, material,
reshaping to line and grade, and recompacting to specified density
requirements. The finished underlying course shall not 'be disturbed by
traffic or other operations and shall be maintained by the Contractor in a
satisfactory condition until the base course is placed.

3.5 INSTALLATION OF UNTREATED BASE COURSE

3.5.1 Placing

The material shall be placed on the prepared subgrade or subbase in layers
of uniform thickness. When a compacted aggregate layer 6 inches or less in
thickness is required, the material shall be placed in a single layer.
When a compacted aggregate layer in excess of 6 inches is required, the
material shall be placed in layers of equal thickness. No layer shall be
thicker than 6 inches or thinner than 3 inches when compacted. The layers
shall be so placed that when compacted they will be true to the grades
shown in the plans.

3.5.2 Grade Control

The finished and completed base course shall conform to the lines, grades,
and-cross sections shown. Underlying material(s) shall be excavated and
prepared at sufficient depth for the required base course thickness so that
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the finished base course and the subsequent surface course will meet the
designated grades.

3.5.3 Compaction of Untreated Base Course

Each layer of the Untreated Base Course (UBC) shall be compacted as
specified with approved compaction equipment. In all places not accessible
to the rollers, the mixture shall be compacted with hand-operated power
tampers. Compaction of UBC shall continue until each layer has a degree of
compaction that is at least 95 percent' of laboratory maximum density
through the full depth of the layer. The Contractor shall make such
adjustments in compacting or finishing procedures as may be directed to
obtain true grades, to minimize segregation and degradation, to reduce or
increase water content, and to ensure a satisfactory base course. Any
materials that are found to be unsatisfactory shall be removed and replaced
with satisfactory material or reworked, as directed, to meet the
requirements of this specification.

3.5.4 Thickness

Compacted thickness of the base course shall be as indicated. No
individual layer shall be thicker than 6 inches nor be thinner than 3 inches

in compacted thickness.

3.5.5 Finishing

The surface of the top layer of base course shall be finished after final
compaction by cutting any overbuild to grade and rolling with a
steel-wheeled roller. Thin layers of material shall not be added to the
top layer of base course to meet grade. If the elevation of the top layer
of base course is 1/2 inch or more below grade, then the top layer should
be scarified to a depth of at least 3 inches and new material shall be
blended in and compacted to bring to grade.

3.5.6 Smoothness of Base Stone for Pavement

The surface of the top layer shall show no deviations in excess of 1/2 inch
when tested with a 12 foot straightedge. Measurements shall be taken in
successive positions parallel to the centerline of the area to be paved.
Measurements shall also be taken perpendicular to the centerline at 50 foot
intervals. Deviations exceeding this amount shall be corrected by removing
material and replacing with new material, or by reworking existing material
and compacting it to meet these specifications.

3.6 INSTALLATION OF RIPRAP

Riprap shall be placed at locations, thicknesses, and sizes indicated on
the drawings. At all locations except the Waste Cell at Crescent Junction,

*riprap shall be placed over a geotextile in accordance with Section 31 05 19
GEOTEXTILE. For the Waste Cell cover slopes, bedding aggregate shall be
placed and the riprap installed over the bedding aggregate.

For the Crescent Junction Disposal Cell, the Contractor must supply and
install riprap such that the riprap material does not segregate. The
objective is a uniform distribution of the specified riprap gradation. If
excessive fine material is present in the riprap, it may settle to the
bottom of a truck during transport and segregate from the riprap when
dumped. The Contractor shall minimize the fines in the riprap, and spread
the stone in a manner that prevents concentration of fine materials.

Rev. 5
Revised-Issued for Review

SECTION 32 11 23
Page 13



Project: 35DJ2600 Projct:35DJ600Moab UMTRA Project

Visual. inspection of. the ripra p placement will be performed by the
inspection personnel and any pockets of fines observed w~ill be required to
be replaced with material containing a uniform distribution of the
specified material gradation. The Contractor shall minimize segregation of
materials when bedding material is placed in conjunction with the
installation of ri-prap and when no bedding material is required.

3.7 TRAFFIC

Completed port-ions of the base course for pavement may be opened to limited
traffic, provided there i~s no marring or distorting of the surface by the
traffic. Heavy equipment shall not be permitted except when necessary to
construction, and then the area shall be protected against marring or
damage to the completed work.

3..8 MAINTENANCE

The base course shall be maintained in a satisfactory condition until the
full pavement section is completed and accepted. maintenance shall include
immediate repairs to any defects and shall be repeated as often as
necessary to keep the area intact. Any base course that is not paved over
prior to the onset of winter, shall be retested to verify that it still
complies with the requirements of this specification. Any area of base
course that is damaged shall be reworked or replaced as necessary to comply
with this specification.

3.9 DISPOSAL OF UNSATISFACTORY MATERIALS

Any unsuitable materials that must be removed shall be disposed of as
directed.

-- End of Section -
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ADDENDUM C

Final Remedial Action Plan
DOE-EM/GJ1547

July 2008

Final Design Drawings

Number Title

E-02-C-100 Overall Site Plan/Key Plan

E-02-C-101 Overall Cell Layout Plan

E-02-C-102 Overall Cell Grading Plan

E-02-C-103 Overall Cell Top of Waste Plan

E-02-C-104 Overall Cell Cap Plan/Fencing Plan

E-02-C-105 Rock Cover Plan

E-02-C-300 Disposal Cell Cross Sections

E-02-C-301 Disposal Cell Cross Sections
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Description of Calculation:

* Determine the peak unit discharge from the Probable Maximum Precipitation (PMP) using methods
given in the UMTRA TAD (DOE 1989).

* Calculate the required rock size (D50) on the top slope of the disposal cell using the Safety Factor
method (Nelson et al. 1986).

* Calculate the required rock size (D50) on the side slopes of the disposal cell using Abt and Johnson
method (Abt and Johnson 1991).

* Calculate the required rock size (D50) for the toe apron to accommodate flow transitioning from cell
slope to native ground using the method proposed by Abt et al. (1998).

" Evaluate the scour potential of flow from the toe apron using methods in NUREG 1623 (Johnson 2002)
and U.S. Department of Transportation (1983).

* Evaluate the need for a bedding layer between cover soils and erosion protection material by estimating
interstitial pore velocities using the method proposed by Abt and Johnson (1991).

Assumptions:
Item Verified Re-verification (Required as

Design Progresses)

* The PMP precipitation event is applicable for
long-term erosional stability analyses.

The 1-hour PMP event is estimated to be 8.2
inches, ("Site Drainage-Hydrology Parameters"
calculation, Draft RAP Attachment 1, Appendix
E).

* Rock available for erosion protection will be
angular, have a specific gravity of 2.65, and will
meet Nuclear Regulatory Commission (NRC)
durability requirements.

* For the PMP precipitation event, all the rainfall
runs off during the peak rainfall intensity (C=1.0
for the Rational Method).
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Calculation Section:

See Following text
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Conclusions/Recommendations:

See following text.

Reference:

See following text.
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DESCRIPTION OF CALCULATION:

Determine the rock protection required to protect the cover of the disposal cell from erosion due to
precipitation directly on the cell to meet the specifications of the Code of Federal Regulations (CFR)
(40 CFR part 192).

METHOD OF SOLUTION:

* Determine the peak unit discharge from the Probable Maximum Precipitation (PMP) using methods given
in the UMTRA TAD (DOE 1989).

" Calculate the required rock size (D50) on the top slope of the disposal cell using the Safety Factor method
(Nelson et al. 1986).

* Calculate the required rock size (D50) on the side slopes of the disposal cell using Abt and Johnson
method (Abt and Johnson 1991).

• Calculate the required rock size (D50) for the toe apron to accommodate flow transitioning from cell slope
to native ground using the method proposed by Abt et al. (1998).

* Evaluate the scour potential of flow from the toe apron using methods in NUREG 1623 (Johnson 2002)
and U.S. Department of Transportation (1983).

* Evaluate the need for a bedding layer between cover soils and erosion protection material by estimating
interstitial pore velocities using the method proposed by Abt and Johnson (1991).

ASSUMPTIONS:

* The PMP precipitation event is applicable for long-term erosional stability analyses.

" The 1-hour PMP event is estimated to be 8.2 inches, ("Site Drainage-Hydrology Parameters" calculation,
Draft RAP Attachment 1, Appendix E).

* Rock available for erosion protection will be angular, have a specific gravity of 2.65, and will meet Nuclear
Regulatory Commission (NRC) durability requirements.

" For the PMP precipitation event, all the rainfall runs off during the peak rainfall intensity (C=1.0 for the
Rational Method).
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Figure 1. Disposal Cell Layout
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CALCULATION SECTION:

SPREADSHEETS WHERE CALCULATIONS WERE PERFORMED INCLUDED IN THIS CALCULATION
PACKAGE ARE. CELLRIPRAP.XLS AND APRONSCOUR.XLS.

Drainage Area Characteristics

The layout of the disposal cell is shown in Figure 1. A cross section from the top to the apron on the south
side is shown in Figure 2. The cell will have a 2 percent top slope, 5:1 (horizontal:vertical) side slopes, and a
total footprint area of 251 acres.

Six drainage areas were delineated on the cover of the disposal cell, as shown in Figure 1. The area and flow
length of these drainage areas were calculated using computer-aided design (CAD) tools.

ROCK LAYER
D50-20 STONE

TOP OFCA
TOP OF/ STONE

WASTE

-PROPOSED
GROUND

D-"50 - 12 0

BOTTOM /

EJF '"'

WSTONE

10 -_

Figure 2 Cross section of the south slope of the waste cell.

Peak flows occurring within each drainage area are calculated using a rainfall duration equivalent to the time
of concentration for each drainage basin. The time of concentration is a characteristic of the geometry and
slopes of the drainage areas, and is computed by three different methods, with the average of the three
methods used to calculate peak discharges. The three methods used to calculate the time of concentration
are'described below. The mean of the three times calculated was used as the time of concentration in runoff
calculations.

1) The Kirpich equation as presented in NUREG/CR-4620 (Nelson et al. 1986):

7 0.0078 L -77
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where:
Tc= time of concentration (minutes),

L = slope length (feet [ft]), and
S slope (ft/ft).

2) The Soil Conservation Service (SCS) Triangular Hydrograph Theory, as presented in
NUREG/CR-4620 (Nelson et al. 1986):

(I j1.9L 3)038

where:
T= time of concentration (hours),
L = slope length (miles), and
H slope height (ft).

3) The Brant and Oberman equation as presented in the Uranium Mill Tailings Remedial
Action Project (UMTRA) Technical Approach Document (TAD) (DOE 1989):

where:
T, = time of concentration (minutes),
C = coefficient = 1.0 for bare earth,
S = slope (ft/ ft), and
i = one-hour rainfall intensity (inches/hour).

As specified in UMTRA TAD (DOE 1989), T, is limited to a minimum of 2.5 minutes. Because precipitation
falling on the top of the cover flows to the north and south slopes, the time of concentration for each of these
side slopes is equivalent to the time of concentration for precipitation on the top slope plus the time of
concentration for precipitation on the side slope. The characteristics of the drainage areas on the disposal cell
are summarized in Table 1. Where there is some variation of slope length within an area, the maximum
slope length was used in the calculation.

Table 1. Drainage Area Characteristics

Slope Slope Time of Concentration (min)
Drainage Area (ft/ft) Length Brant and Mean

(ft) Kirpich SCS Oberman
South Top Slope 0.02 1292.0 8.75 8.76 9.87 9.12
North Top Slope 0.02 564.5 4.62 4.63 7.49 5.58
South Side Slope 0.2 176.0 9.52 9.53 12.22 10.43
North Side Slope 0.2 42.0 4.88 4.89 8.95 6.24
East Side Slope 0.2 164.0 0.74 0.74 2.30 2.5*
West Side Slope 0.2 164.0 0.74 0.74 2.30 2.5*

*Time of concentration is limited to a minimum of 2.5 minutes.
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Peak Discharge

One of the technical criteria for the stability of the disposal cell is acceptable erosional stability from extreme
storm events (10 CFR 40, Appendix A). NRC has interpreted this criterion to be able to safely pass the peak
runoff from storms up to the PMP event (Johnson 2002). The PMP event has a 1-hour depth of 8.2 inches,
and a 15-minute depth of 7.1 inches ("Site Drainage-Hydrology Parameters" calculation, Draft RAP
Attachment 1, Appendix E). For events with durations less than. 15 minutes, precipitation depths as a percent
of the 1-hour PMP are estimated using the following formula, as given in Table 4.1 of the UMTRA TAD (DOE
1989):

RD
0.0089RD + 0.0686

where: RD = rainfall duration (minutes).

The precipitation depth of any given storm duration is then calculated as:

PD,,M,,1 =": %1PAMP•_,,,,, X PMP•_,,,,,l"

whereý PDpMp = precipitation depth of the PMP storm with duration equivalent to the time of
concentration (inches).

The rainfall intensity is calculated for a rainfall duration equivalent to the time of concentration for the drainage
basin. Rainfall intensity (inches per hour) is calculated as follows:

I Pr ecDepth(in) x 60
Pr ecDur(min)

Peak flow per unit width was calculated as specified in the UMTRA TAD.

CIL
q4 43200

where:
q = unit discharge (cubic feet per second per foot [cfs/ft]),
C = runoff coefficient = 1.0,
I = rainfall intensity (inches per hour), and
L = slope length (ft).

A runoff coefficient of 1.0 is used for PMP conditions, as discussed in UMTRA TAD (section 4.1.3).

Table 2 shows the results of the PMP unit discharge calculations in cubic feet per second
the areas shown in Figure 1.

per foot (cfs/ft) for
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Table 2 Results of PMP Unit Discharge Calculation

Drainage Area Average Percent Prec D Intensity Unit
Description Tc (min) PMPI.hr (inches) (inches/hr) Discharge,

_____________ _ ____ __q (cfslft)
South Top Slope 9.12 60.9 5.0 32.8 0.98
North Top Slope 5.58 47.2 3.9 41.6 0.54
South Side Slope 10.43 64.6 5.3 30.5 1.02
North Side Slope 6.24 50.3 4.1 39.6 0.55
East Side Slope 2.5* 27.5 2.3 54.2 0.20
West Side Slope 2.5* 27.5 2.3 54.2 0.20

Rock Size (D50) Calculation:

The required rock size on the top slopes was calculated using the Safety Factor method, as recommended in
NUREG/CR-4620 (Nelson et al. 1986) and NUREG-1623 (Johnson 2002) for slopes less than 10 percent. The
safety factor against erosion for any given rock is calculated as:

5F= cos a x tan

1 x tan q + sin a
where:

a = angle of slope measured from horizontal,
= angle of repose of rock, and

q= stability number.

.The stability number is calculated as:

(5S, - 1)7D

where:

o= bed shear stress (psf),
Ss= specific weight of the rock,
y = specific weight of water,
D = representative rock size (ft),

and:

T =yds

where:
d = depth of flow (ft), and
s = slope (ft/ft).

The depth of flow is calculated using Manning's equation

2

1.486dR S

n
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where:
q = unit flow (cfs/ft),
d = depth of flow (ft),
R = hydraulic radius = d for wide channels,
S = slope (ft/ft), and
n = Manning's n

Manning's n is computed using procedures discussed by Abt et al. (1987) as follows:

n = 0.0456 *(D 50 * S)01 59  (1)

where: n is Manning's n,
D50 is the mean riprap diameter in inches, and
S is the channel slope (ft/ft).

For a PMP event, a factor of safety slightly greater than 1.0 is recommended (Nelson et al. 1986). A factor of
safety of 1.01 was used in these calculations. The method assumes uniform sheet flow across the entire
drainage basin. The peak unit discharges due to the PMP (Table 2) were used to represent flow conditions on
the top slope. The flow per unit width was multiplied by 3 to account for potential flow channelization. The
angle of repose of 370 and specific gravity of rock (2.65) were assumed. The minimum thickness of rock on
the top slope should be 2 times the D50 (Johnson, 20.02).

The rock size (D50) required on the side slopes was calculated using the Abt and Johnson (1991) method, as
discussed in N UREG-1623 (Johnson 2002). This method is recommended for slopes greater than 10 percent.
The D50 rock size using the Abt and Johnson method is calculated as:

D50 = 5.23S0 43q 0.56

where:
q = design unit discharge (cfs/ft), and
S = Slope (ft/ft).

The method assumes uniform sheet flow across the entire drainage basin. The peak unit discharges due to
the PMP (Table 2) were used to represent flow conditions.on the top slope. This flow was multiplied by a
concentration factor of 3 to account for flow channelization and by 1.35 to account for the ratio of stone
movement to stone failure (Abt and Johnson, 1991). The angle of-repose and specific gravity of rock were
assumed and will need to be adjusted (if necessary) with actual source characteristics.

The rock protection layer thickness should be at least 1.5 to 2 times the median rock size.

Rock Size (D50) on Cell Aprons

Additional erosion protection will be provided for runoff from the side slopes of the disposal cell with rock
aprons. The perimeter apron will: (1) serve as an impact basin and provide for energy dissipation of runoff, (2)
provide erosion protection, and (3) transition flow from side slopes to natural ground. The median rock size
required in the perimeter apron was calculated using the equations derived by Abt et al. (1998) as outlined in
NUREG 1623 (Johnson 2002) as follows:

D50= =.0.46S0 43 q,° 05('
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where S is the side slope above the apron, and qd is the design unit discharge. The computed unit discharge
was multiplied by three to account for potential flow channelization and by 1.35 to protect against rock
movement as well as catastrophic failure (Johnson, 2002 and Abt et.al. 1998) The thickness of the rock apron
should be at least three times the D50 (Johnson, 2002) and the width of the apron at least 15 times the D50.

Scour at Aprons:

The maximum scour depth for a PMP storm was calculated using procedures outlined in NUREG 1623
(Johnson 2002) and U.S. Department of Transportation (DOT 1983). For discharge from a rock apron onto
natural ground the scour depth is computed as:

D2 iK 7
where

Ds = scour depth (ft)
ae 1.37
Tc = critical tractive shear

= 0.18
e = 0.10
t = time duration of peak flow duration or 30 minutes if unknown
t, = base time used in the experiments to determine the coefficients (316 minutes is the default)
Ye = (A/2) 112 where A is the cross sectional area of flow

and r = 0.001(S, + 8618)tan(30 + 1.73 PI)

where

S, = saturated shear strength (assumed 1.4 for native soils)
PI = plasticity index ( 5 for native soils)

For these calculations, the flow per unit width was multiplied by 3 to account for potential flow concentration.
This design flow was assumed to exit the apron in a v-shaped channel with side slopes of 2H to 1V. The
Manning n value was computed from the D50 of the rock on the apron using the equation from Abt et. al.
(1987) as follows:

n = 0.0456 * (D50 * S)1 5'9 (1)

where: n is Manning's n,
D5o is the median riprap diameter in inches, and
S is the channel slope (ft/ft).

The results of these calculations are summarized in Table 3.
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Table 3 Calculated rock sizes and thickness for erosion protection.

Unit PMP Stone Min Layer Min Apron Scour
Drainage Area Discharge Conc D50 Thickness Width (ft) DepthFactor Ratio (in) (in) 10 ft min. (ft)

South Top Slope 0.98 3 1.8 3.6

North Top Slope 0.54 3 1.2 2.4

South Side Slope 1.02 3 1.35 5.8 11.6

North Side Slope 0.55 3 1.35 4.1 8.2

East Side Slope 0.20 3 1.35 2.3 4.6

West Side Slope 0.20 3 1.35 2.3 4.6

South Apron 1.02 3 1.35 11.6 34.7 15 1.66

North Apron 0.55 3 1.35 8.2 24.5 10 1.18.

East Apron 0.20 3 1.35 4.7 14.0 10 0.67

West Apron 0.20 3 1.35 4.7 14.0 10 0.67

Over sizing may be required for rounded rock or for durability considerations. The width of the apron should be
a minimum of 15 times the median rock size or construction width. Rockapron thickness should be a
minimum of 3 times the median rock size or greater than the calculated scour depth. (Johnson, 2002)

Bedding Requirements

NUREG-1623, Appendix D (Johnson 2002), recommends a filter or bedding layer be placed under erosion
protection if interstitial velocities are greater than 1 ft/sec, in order to prevent erosion of the underlying soils.
Bedding is not required if interstitial velocities are less than 0.5 ft/sec, and recommended depending on the
characteristics of the underlying soil if velocities are between 0.5 and 1 ft/sec.

Interstitial velocities are calculated by procedures presented by Abt and Johnson (1991) as given by the
following equation:

V= 0.23 *(g*D[ *D S)2

where:
Vi = interstitial velocities (ft/s), 2
g = acceleration of gravity (ft/s),
D10 = stone diameter at which 10 percent is finer (inches), and
S = gradient in decimal form.
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The DIO is still to be determined, but assuming it will be equal to M2 the D50, the following results are
obtained. These results will be refined when the source and size distribution of the rock is
determined, but it is expected that a bedding layer will be required at least on the north and south side
slopes and probably on the east and west.

Table 4. Results of Bedding Requirements

Location DIO (in) Slope Interstitial
Loaton D1 (in)Slp Velocity (fps)

South Top Slope 0.9 002 0.18

North Top Slope 0.6 0.02 0.14

South Side Slope 2.9 0.2 0.99

North Side Slope 2.05 0.2 0.84

East Side Slope 1.15 0.2 0.63

West Side Slope 1.15 0.2 0.63

South Apron 5.8 0.02 0.44

North Apron 4.1 0.02 0.37

East Apron 2.35 0.02 0.28

West Apron 2.35 0.02 0.28
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Appendix A

Sample Calculations

Rock D50 on the South Top, Side, and Apron

Scour Depth on the South
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_Size side s[op _e.r ipr ap_ u__si-n-g JheAb~t iD _Jgnso n •iýq~ l igqhog 199 . ... .. i............... _. . ._ ........ ... . 1 .. . .. ........ . .1Sioe side PMPpe rphain-----------For the PMP. the requirement is that the safet factor. S. by greater than 1. he. ..t and..o.. ...

The tog slope Rip RaP_ is_ sized with the safetv factor method.I I-I I

Onilyrnmarinall enceedance is required for safety factor.
---------------------------- -- - ---- __ --

Enter Data Here . Then iI ' __'

.. ... Maximum Flow Length on Top (It) - - i I
_ _ Slope on the Top of Cell (Itit) I_0.02__ ___. I F"

of Length ot the Side Slope (it) 176 1 - i I
Z_--- __ LSide Slope (It11-1 0 2 i :. .

------------, W --. - --------. - ---1 - -.-- ~---- -- -- - - ---- -

Flw poinr- I j ..Top I -
Tc(minutes) Tclminutes)

Maximum Flow Length on Top (It) 2 Length of the Side Slope (1f 1 76 Kirpich 8.75 0.78
Slope on the Top of Cell (It/Ift) [P .. Side Slope (It/It) 0. SCS 8.76 0.78

B&O 9.87 2.36
Mean 9.12 1.30

Use Angular Riprap with a D50 of 1 inches on the top slope Top + Side 10.43

Use Angular Riprap with a D50 of 5.8 inches on the side slope q Top(cf/ft-sec) 0.982 x3 2.95

Use Angular Riprap with a D50 of 1 inches on the apron. q Side(cf/tt-sec) 1.016 x3 3.05
Minimum apron rock depth is 3 _ inches

and minimum width of apron is 9. feet

i J_ I ~ _~~j~..~~~ i t~jl_ I _____ i_ I _!_

For flow in cfs/ft width use with i(inches/hr). L(ft) is the flow path lengh I I
CiL.. s e a " e . . ..This is almost the rational lormnua Out is more-------------------------------------

q c - Itheoretically based. I"- _ - -

_____ ~43,2001
............. ýFn he time of con.centration. using three formula .and take the mean. ----------- - ------------

-t - .(...__ "_ I- ITc for Top of Cell . f Tc or Side Slope ' I

. . .- . .... .. . . _ (.. Feet Mailes .. . .I Feet a'Miles I . .. . . . .. . .

........-.- - -....- •, o i....... 1 1m- Fo e .2447 ...... I-- - .176) 0.0333t -- T I-
____ _____Sb e of watershed 6. .0 ------------ i --- I-----63------------------02 I ---------- ___

S I IDelta H = - 25.8 leet i 35.2leet _

Z K __ - ---_ ----------- ---7 -----
------ - ---- __ -7l~ue --... ..... . . . ...]. . ... .. ..i m.... ... ..I -. . . ..

I - ------- --------- -
-SCS -- --- I -- -- 8.76jminutes Oi

. . i i & Lber- - I I 1 I

S-•--- -:=-FF. -- I- ---------------- -------I---------

- - i ---- --- - --- -- -- --- ---- I I 1 -1 1 - i I / -I Men Tc 9.121minutes jt.3d Imiue

------------)--------------
" Specific Grayl of Rock i 2.65I

iei_ Wae -_4 _________-_- '

11 Hour PMP =- -i . 8.2iIches IfortI square mile watershed . -- " Ii

--------- T---------1Ii __________1 ____

9.-- 12minutePMP = 60.9%iof 1 hour =1 - 4.. inches I Se up Solver

-1O.4lmihte PP = 64.% of1 hour = I 5.30iinctres -- ------ --- -~ 7~r 1--- inches . 0.4eifee
_ For Rock on top I eT I I ___SsSL IsI 2.65 's rpcf avity 11

IRainall ntensity=7 32.inches/hourI - I - I " !Gamma 62-4-1btc"

I I SalaryFactorq i
4
/ 1.01

-M-a----/- I width I -J - 982clslt- - -- . .- Alpha . t. 466I degrees I........... i V ~ii if -i-• • F • i;, F, F • • I b • ... ......------------- ----------...... ------....------ ....... .. .. .......... . .. . ......... .... .... e s .......... .. .. .... . .... ........
ir in Imanningree-

I.Rock size on Lop slope by Safety_ Factor Method 0... i------------------------ 6 I -
Up - 2.91cf lsIn

S COS_ (Z tan 0 iwhere 1 I iand t = ITau 0 0.6934406 1

17 l cn 0 ss L I, ( - ) Slope 0.02Itt/ft i

Eta -763

77 Li7 -- I-------j-------- el- 5.30 __-
. F or - o ck on Si - -e Slope ----------- ------- - - - ------------- . . I I I I--........
tRainfall Intensit = I 30.48:incnesihour I I I

iMax 0/It width = "J_ 1.016 cfs/It _______ 'J

M Multiply by Co nentraton factor a =3 3.051cls/-t.• i___'_,__I
Mul~py y ton m veen tostnefalur rti -1 35 1 4.11 lcfs/lt - I- -r

IFor side Slope D50 = i 5.8i nches - I.
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!Fluid Density

SConcentration Factor
Design Flow............... .......... .! .e •. •. ......... ........... ........ ...

Time t
Base Time to
0D50

1.94 ýslugs/ft"2
Tc I 10.43mnues

1 1.016 Icfs ! J
. 3 Ifor overland sheet flow concentrating

3.048 jcfs------------.... .. .. ... .. .. ... ....................... . . .. . . . . . . .. . . . . . . .. . .. . . . .. . . . . .. .. .

32.2 I
103 P 73 HEC14- 30 min or peak flow duration
316 ýfrom HEC14 after eo5-1

Native Soil&.... . . .. . .. .. ... .. .. .. .. .. . .. .... ,

0.02 ..
11in iches*

---- .- . . 0 3 6...... ------------- . . . .. . .. . -.. . . . . . ..- .. . . . . . . . .
---... .. .. . . -----. .. . .. . . .. .. .. . . . . . .. .. . . .. . . ... . . ...-. .. . . . . . .. ...- . .. ... . .. . . . .

Use solver to find y
Assume V Shaped Channel
Rh = ' 0.33

Area = 1.10

Q =. 3.05
Y = 0.74
WP= 3.31
Solve 0 by varying y
Channel Shape
iHorizont . .al 2-
Vertical 1-

. . ..__ Apron slope_ . .

RipRap D50
Manning n

Hyd---- raulicRad !

0.33 IDepth of Scour = 1.66 ft

I Flow Area
, I Flow Depth

.- , • ,
1.10
0.74

3.048
- . Yelocit). -

.. .... ----I- ----- ------

2.78

5 ------------- ...........
.... ..

FUnconfined Compressive strength(psi) i 1.4
!Critical T r0actv -Sear . .145
_ Modified Shear Number 103.49

" ~ ~ ~ ... .............f 0.18

a.e 1.37... .... ....... ...... -- ------..... .... .... .... .... .... -- ------ -------.. .. .... ... ....... ... . . .... ... .... .. .. .

.. ... .. . . . .. ... . . . . . .. .. . . .

.E.uivalent Depthye =Culvert Diameter 0.74 or sqrt(A/2)
Dimensionless Deph 2.25

------------ -- ----- --- ---- ----- --- -- --- --- ----- ---- ----- -

--------- -- --- ----- --- -
---------- -------- ------ -----------_ --------- ----------

T -------
1 Denth of.scour 1.66 1 ft
Denili nhcour '1.66 ft



Size sie slopep~fp using the Apbtand .Johnson Method (1991) 1 _ I ______ _

For the PMP, the reguirement is that the safety facto_ . S. by reater than 1. I I I I I i
The toposlope RipRap is sized with the safety factor method. _.__-___

Only marginal exceedance is required for safety factor. - _ I I I T _ ________ I I i -_____ ________ _____ I I ____

_ _ Enter Data Here _Then I ____ I
Maximum Flow Length on Top (ft) _ _ ! i _ _

Slope on the Top of Cell (ft/ft) 02. _. _

Length of the Side Slope (tt) _ _ ._
S ide S lo pe (ft /ft2 j -- I_

_______ I ____ _________ .___. ____ _ ____ ___ _,

----- Results areBelow iI___F .-. ~ __~__ _

bwDon--ter ay da ta belowith ointsllfll I. _ Top. Side
Tc(minutes) Tc(minutes)

Maximum Flow Length on Top (ft) Length of the Side Slope (ft) 17 Kirpich 8.75 0.78

Slope on the Top of Cell (ft/ft) 1 Side Slope (ft/ft) 0.2 SCS 8.76 0.78
B&O 9.87 2.36

Mean 9.12 1.30

Use Angular Riprap with a D50 of 1.8 inches on the top slope Top . Side 10.43

Use Angular Riprap with a D50 of 5 inches on the side slope q Top(cfltt.sec) 0.982 x3 2.95

Use Angular Riprap with a D50 of [ 1.6 inches on the apron. . q Side cffft-sec) 1.016 x3 3.05

Minimum apron rock depth is 3 inches

and minimum width of apron is 9.6 feet

P1 I - ______ ___ ..l___ j __ __ __

For flow in cfs/ft width use with iinch• r ) is the flow path length i I I . I I [ I
_ _ - -[ •This is almost the rational formula but is more I_ _ --- _ _

S [lI3T.2l) tqheoretically based. " . --_ T I _ _' 'j . ______________
Find the lime of concentration using three formulas and take the mean. I

--___ - __Tc for Top of Cell . JTc for Side Slope 1 F - __

p______ f • IFeel Miles I IFeet IMiies. __ _ _ _

}K~pih T 0( ( L• ... -- i 8 5mnts I078 minutlles - -

S -
_ scs Iasu F t F 1292 02447 J p 176 3m3nutes 31 _

__.L- _ _ &L .... _ __Delta H 2 I56 f 1 2.36 3 fmintee

(1.0Bant& 1.."k• ____ ___- __ _

, S C _ e . . . . r " - 1 . 87 6 1m i n u t e s . _ _ _ _ _ 0 .7 8 m i n u t e s _ _ _ -- -_

Mean Tc I 9.12 minutes

Ci! T a i 10)Combined Tc Top-and Side I 10.431minnute-es

1.30)minutesI____ ___ _I___

I I

______ I I j I Unit Weight of Water j 62.41 1 4
________ _ _ __ Specific Gravity of Rock 1 2.651 I [ _ _

11 Hour PMP I 8.2 inches Ifor 1 quaremile watershed _ I _______

912IminutePMP = I 60.9% of 1 hour =1 4.99)inches 1. _ Set up Solver _ _ _

, 10.431minute PMP = 64.6% °of 1 hour --1 5.30 inches . I I _ _

i I J / I ' I. 1 _ D_ I0181inches I 0. 1468 feet

I For Rock on top Slope 1 i .I 7Ss 2.651specific aravity I
IRainfall Intensity = 32.841 inches/hourl _ I iGamma 624 1In/cf- i - -- - -- --

I . -" I . Safety Factor 1t01 j_
lMaxs/ft width = I 0.9821cfslfl I _ _I .... __ Alpha [__ 1 146idegrees I
I Multiply by Concentration Factor of 3 F 2.951cfs/ft ! Phi I 37-deg•rees I
F _____ _ I " i i _ _ in j 00268 manning j _

I Rock size on top slope by Safety Factor Method) I 0 5 Y ft

I I I .nI I iq I 2.95 c1 fs I
]__ where 2 land "Tau~0 I O8 06 I

I____ I~ t1asd- m (S, - 1)/ 21- jSlope i 0.02 1ft/tt I___
-. I Roc -n-Side--I___ I ____ teta I °-9 41-- -J. .

_______ I I I ___Velocity Cfps) 1 5.30) -

_ For Rock on Sideope 1__ _ I i
!Rainfall lntensitytý I 30.48)inches/houri I_ I I ISI I • I . !______ I l i

_ May Q/ft width = I 1.0161cfsfft i i_ I I
I Multplyby Concentration Factor of 3 t 3.05 icfs/ft I I I I I

Multiply by stone movement to stone failure ratio = 1.35 ) 4.11 Icfs/ft _ 1 J_ _

P-~ ýiri hZi- ti. in4 =~ ~~e iF 1 _A7 i-h



Siz
For
The
On

e side slope riprap using the AIt and Johnson Method (1991)__ " . I I ! I I
the PMP, -the requirement- i that the safety factor. S. by greater than 1. . . ....................... ,

top slope RipRap is sized wihtesft atrmethod. I
ly tmprgi tl eecR eda~n is zed uirid forsafetyfacoir.e o 6. . . . .. i .F.. ....

Enter Data Here - . Then . ...... } ........... ...

Maximum Flow Length on Top (ft) 1292I - .j ....

Slope on the Top of Cell (ft/fl) 0 .0.
Length of the Side Slope (8f) 176. .... i

Side Slope (ft/ft) 0.2 - _ - -. . ... .. .... ....
-; J jkI I ............ I....... ..

I~ont.ete,:n~alal~lW!tnspo6nt L ITop ISide

Tc(minutes) Tc(minutes)
Maximum Flow Length on Top (ft) 129 Length of the Side Slope (ft) 1 Kirpich 8.75 0.78
Slope on the Top of Cell (/ifif) Side Slope (ft/fl) SCS 8.76 0.78

B&O 9.87 2.36
Mean 9.12 1.30

Use Angular Riprap with a D50 of . 1 inches on the top slope Top + Side 10.43

Use Angular Riprap with a D50 of 5.8 inches on the side slope q Top(cflft-sec) 0.982 x3 2.95

Use Angular Riprap with a D50 of 11.6 inches on the apron. q Side(cf/ft-sec) .1.016 x3 3.05

Minimum apron rock depth is n4.7 inches

and minimum width of apron is , .III 15I feet

Forflw n csft idt ue ith i(incheshr) L ft) is the flow• pah n-gth. . .. ... . .. . .. . .. . . . ... ..... . .. ... .. .. .l- .. . . .. ..... . . . . . . . . . . . . . . . . . . . . . . . _ _
I This is almost the rational formula but is more I

.. ii.IiL[I4~) 3 00 1 thoeial based.i I~ ~ "- -
. . . .. . .. .. . . . . . . .. . •.....I. ?....i . : - - -.. . . .. . . . . .. . . .. . . . .. .. .

• I i I I----------.-

Find the time of concentration using three formulas and take the mean.. . .. .. _".. .. -i. ... .. . .I.. . . . . .. . ... .. ] . . . . ...-. - - . .- . .. . i . . . . . . __... . ... . . . i - ` . .. -
S- ITc for Top of Cell I Tc for Side Slope

_ . - Feel I Miles IFeet I Miles

..... .... - Flo... _Length .-- -- 1iI.. M l 0.. . . 0,03Y33
I0.021 1 , 0.2I 1

-'..... -- l..- ~ .---- , -" -..... 25-- feet•--------------i ... i....--•-•i--------_ ....

-------- K irp. ..ic h ( 1 9 4 0 I. . . .... . .. . . .. . . . .. -. ..8..7 -5.i n.u.te -S 1. 0 .7 8 1. .in u t e s .. . .

P____ 8.767...ut

____ rant & Oberman- T1.. 11 2.36 1lminutes

..... .... ....... . .. ... ... •...L . .... .. 9.1 minutes ..... ... I .. ... ...... ! ... .....n ...........] I ~~~Mean Tc. J- 9 minutes ,13 iue

CobndTc Top and Side +iues [

.I Unit Weight of Water 6
J S~pecific Gravity of Rck 2 651

t 1Hour PMP = . . .2riches I. for1 square mile watershed

1 9,12!minute PMP = 60.9% of 1 hour = 4.99 inches etup So
" . . . ... .e- - = .4.6% o ftn~~. 6 o u = I. .3 0 in -he s . ..... .. . ... i. . .i ..... 9 7....1 . ..... i.. ... .. . ... ... ....... . ..L ........... .. ...... -

[If rRoqk n top Slope I I I --------
[Rainfall ntensity ....... [. . . ... ......... . _...

.... .. . . S...... ...... ..... . .i ...... .. Vafety Fato ....

... ..I M wi d th_=y __ -.. 9.. -! cf / I . I .Alpha
_ Multiply by Concentration Factor of 3 I 2.95 cfs/ft I [Pi

.Ricy k s'izoem o 'n top slope by Safety Fac r. - . ... I. i. ..

costao 5 -tan - n r 2 .and- . j ........

- -- [ .!kctyO s- I~- - -_

[!ForIRock on Side Slop~e Ii
-.naj ne~st 30.Al'inches/bour' L

.Max O/ft width j I ~ 6csf
jMultiply by Concentration Factor of 33.0 5[7cf /ft -I

Multiply by stone movement to stone failure ratio 1+35 i 4.11 cfs/ft
Fo jie Slope 05 -d ; T inch-e-s

• -

-.. . . . -----
--- ---------- --

- - --- - -----

.8i nches- .14681fee2
2.651 specific gravity -

1.146degrees [I37.. [q67- degreesI i . . . . . .. .

6m an-ning I

2.95 I cs-

0.02[ 1 .. ;.].

.30 I
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SAFETY FACTORS-YOR RIPRAP PROTECTION'

By Mchael A.' Ste!.• ns, Daryl B. Simons,' F. ASCE, C2-
an dGary L. Lewis, A. M. ASCE

INTRODUMION

The safety factor for rock ri-ip is defined as ihe ratio of the moments
of forces resisiing rotation of thlie'ock particle out of the riprap blanket to
the moments tending to, dislodge the particle out of the riprap layer into the >
flow. The c'itihalconidition isei.tli•'ftw for which incipient motion occurs. At -
the critical condition, the riprap':'paticles have a safety factor of unity. If the
safety factor is greater than-on6,n the riprap is considered safe from failure;
if the safety factor is ,less than oný, rocks are washed from the riprap layer
and failure of the piotection rni&•,••ur. The safety factor for riprap protection
is analogous tothe safeity factor emiloyed in structural design. Incipient motion
conditions foi'rock ri'rap"corespohd to yield stress conditions in structuralm embers. ., : :. ;'--:" ,•5 •! •

The equations.describg safety factors for riprap protection are based on tK
theoretical considerations and 'existbig empirical information. Shield's criteria C
for incipient particlemotion as mnodified by Gessler (9) is employed. Hydrody- b
namic drag of the fliIidon the I •rock :is considered in the same manner as employed "']
by Lane (12). The-hydr6dynamicjliit of the fluid on the rock (5.8) is included
in the analysig. Theinagniiude of the lift force is proportional to the magnitude
of the drag force, buthelift force acts normal to the drag force. This difference
in direction of, force is important in analyzing stability of particles on side
slopes (6). The tability ,'of the pýaticle is obtained from its submerged weight
and the angleof repose- The particle stability analysis is similar to that made
by Campbell (3)'excepd' that, herein, the safety factor term is added.Safety factorsin riprap protftctin design are employed for two purposes:

Note. -Discussion opIhutii October i 1976. To extend the closing date one month,
a written request musti' be ftlek&. withtheEditor of Technical Publications. ASCE. This
paper is part of' the copyrigh•ted ournal of the Hydraulics Division, Proceedings of
the American Society of CivilfEnigfiiniers Vol. 102, No. HYS, May, 1976. Manuscript
was submitted for review fo i po••ible p41,cation on November 26, 1974.

'Presented at tle.Jiiuly -ly-9, 1974,•ASE/ EIC/RTAC Joint Transportation Engineering
Meeting, held at Moritreal .Caada.-.',.,-.j

'Assoc. Prof;,'Dept. of.Civ.' Enkrg, -Colorado State Univ.. Fort Collins, Colo.
'Assoc. Dean for. R1searbh, and Pr6,f. of Civ. Engrg., Colorado State Univ., Fort

Collins, Colo,
'Assoc. Prbf., Dept.'ofCi. Engrg..Univ. of Nebraska. Lincoln, Neb.

;,• 637
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(I) The safety factor can be used to assess the merits of a particular riprap
design; and (2) the safety factor can be used to evaluate different riprap design
methods that have been recommended in the technical literature. Illustrations
of riprap design and comparisons with recommended design methods are
presented.

RiPRAP STABILiTY ANALYSis

In the absence of waves and seepage, the stability of rock riprap particles
on a side slope is a function of: (I) The magnitude and direction of the stream
velocity in the vicinity of the particles; (2) the angle of the side slope; and
(3) the characteristics of the rock including the geometry, angularity, and density.

HY5 .- RIPRAPP•• iTECTION j39
is zero when. the fluid velocity is''zero :i he remaining force is the submerged
weight of the rock partic W'

Rock particles 0n side11 pi-s•týed to"ro11 rather than slide, so it is appropat
to consider the stability of rock ,part&cle$ in terms of moments about the point
of rotation. In Fig..4i(b) ihe direction of movement is defined by vector R.
The point of coitacýtabiio8ut which-rtatiop in the R direction occurs is identified
as point F0"' in.Fig.t(c)"

Forces acting in. the'plane of the sidi slope are Fa and W, sin 0 as showii
in Fig. trb). The angle•, is the'sid••ilope angle. The lift force acts normal
to the side slode:ianid'the cominponenf submerged weight W, cos 0 acts in
the direction as shoicwin-m Fig. (c).

At incipient ffibti6n .there is a balance of moments about the contact point
0 such that

e, WcosB 0 eiW,,sin 0cos 0 + eFj cols + e, F,

Moment arms e e2 e and e, are defined in Fig. l(c) and angles 8 and
3 are defined i..Fig. i(b).

The factor of safety, S S ofparticle Plagainst rotation is defined as the ratio
of the moments fesistiiig' particle rotation out of the bank to the submerged
weight and fluid force moments tending to rotate the particle out of its resting
position. Accordingly

e • + .~~e 2; Wý Cos B0 . 3!.:•?:?;
' .... . ... .. . .. ..... .................... (2)

e,.Wsin 0cos P+ e3 FdCos 8+ e4;,
If there is no flow anid the side slope angle is increased to the angle of repose
4) for the rock particles, thesafety factor becomes unity. Then, S 1.0; 8

4); 0 = 0 X ... 0 ,,and 0# 9 -= 90* [see Fig. I(h)]. With
these values, Eq:,2 reduces ito

a General .ew

tan4=e
e

.• , ... ... . ................... (3)

b View norm- l o Ih. sde slope c. Section A - A

FIG. 1.--Diagrams for Riprap Stability Analysis

The functional relations between the variables are developed subsequently. This
development closely follows those given by Stevens and Simons (20) and Lewis
(13).

Oblique Flow on Side Slope.-Consider flow along an embankment as shown
in Fig. I. The fluid forces on a rock particle identified as P in Fig. (1a) result
primarily from fluid pressures around the surface of the particles. Lift force,
F,, is defined herein as the fluid force normal to the plane of the bank. The
lift force is zero when the fluid velocity is zero. Drag force, Fe, is defined
as the fluid force acting on the particle in the direction of the velocity field
in the vicinity of the particle. The drag force is normal to the lift force and

that is, the ratib-of the momeni a-rmtse 2 /e, is characterized by the natural
angle of repose, ). Further, it is assumed that the ratio, e,/le, is invariant
to the direction• of particle motion indicated by angle 03.

Dividing both numerator and denomi•nator by e, W, Eq. 2 is transformed
to

cos 0 tan.• •
s = 1 ..................... (4)'q tan 4sin • Cos

in which 3 d Cos + . ... .. ..e2 Wi e2 W .......................... (5
The variable Tq' is called the stability number for particles on the embankment
side slope.

The angle X shown in Fig. 1b) is the angle between the horizontal and the
velocity vector (6r ifag f•6rce) measuit• in the plane of the side slope. Then
8 = 90 -x -h .. . . . . . . . . . . . . . . . . . . . . (6)

It is assumed- that moments of6 tnd.drag force F,, and the component of
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submerged weight. W, sin 0. normal to path Rare balanced so that the direction
of particle motion will be along R. Thus

e3Fdsin - e, W, sin 0 sin[3 p ......................... (7)

It follows then fromn Eqs. 6 and 7 that

(9). It follows then that:.

c,e, -+ c2e3  .
__ _ _ _ _ -21 ... .

C e, 0.4

For flow conditions other than incaipenOtEq. 15 becomes

21-r,(S s .: ,: .- . .- .< •. .. . . . . . . . . .

(SFr c:

Foi convenienc~ilet

(16)

e, F, sin 8
siei , W se• W sin 0

e, F, (cos Xcos - sin Xsin P)

el W, sin 0
....... (8)

(17)

cos X
or tan -3 =

e, W,......... sin 0 .i sin Xe j F,

.................................... .... (9)

M= e2F,e2 W,
The stability number -9 for particles on a plane

would be
bed (0 = 0) with 8 = 0

e3F 1  e 4 F,
"1 ... + .... ........................ ........ (10)

e2 W, eW,

according to Eq. 5. Also, Eq. 4 becomes

S I-..... ....... . .......... ........... ......... . I)

for flow over a plane flat bed.
Both the hydrodynamic drag and lift on the particle are related to the square

of the fluid velocity in the vicinity of the particle and to the exposed area
of the particle (8,20). The tractive force on the bed is also directly related
to the square of the fluid velocity, or
F , " c, Vk T . . . . . . . . . . . . . . . . . . . . . . . . . (12)

and F =C kT, ............. ..................... .......... (13)

in which -r, = the average tractive force on the plane containing the particle,
P; and k = the diameter of the rock particle. Coefficients c, and c, are dependent
on the exposed area of the particle, the coefficients of drag and lift, and the
relation between velocity and tractive force.

The submerged weight of the particle can be written (20) as

W. (S,-- l)-y k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (14)

in which c, is a coefficient depending only on the shape .of the particle; P;
S, = the specific weight of the rock; and -y is the unit weight of water.

Substitution of Eqs. 12. 13 and 14 into Eq. 10 we obtain

ce 4 + Cle3 T,
".. z...... ................... .......................... (15)

'3e, (SS, - I)"yk

The term r,/(S, -1 )-yk is known as Shield's parameter.
Incipient motion conditions for flow over a plane flat bed give S = 1.0 by

definition so from Eq. II, ", = 1.0. When flow along the bed is fully turbulent.
Shield's parameter for incipient motion has the value 0.047 according to Gessler

e3 Fd .. >.;;Ku

and N= - :

In terms of these new variables, Eq•ji.5 becomes
"lq = M + N cog ••':::'"" . . ,
and. .Eq ... . . .
and Eq. 10 becomes(::.::?.!,:.•,: .•:::-:.

118)

(19)

(20)

= M + N ... ": : .•. . . . . . . . . . . . . . . . (21)•~M+ " 6,6* 14""• .............. (..

Thus r9' and T, are related by,,

• . .. . .• . . . . . (? 2• -- + cos 8'?: : <% ;.'::L,: ,<;i
"i ' N ( 2:2 : 1.,]: .. ,g ,,.

-q M I% / •

The problem is to select the proper value of the ratio MI N so that thle
stability factor on 'a slide slope q-' can be related to the stability factor on
a plane horizonial bid, -q. Whichin turn is related to the Shield's parameter.
The assumption that ithe drAg'for, eFa "s zero means M/ N is infinite.
is zero, and ¶q .. ..The'assumpt~on of zero lift force F, means MIN is

zero and -l'/-~'i= cos 6. For if iite valies of lift and drag forces, stability
factor ratios are between the limits 0 and cos 8.

In considering incipient motion of riprap particles, the ratios, F,/ Fa and el /e,
depend on the turbulnit coniditionis of'the flow and the interlocking arrangement
of the rock partic!es. •o faci•itate th'e nalysis, the product of F,/F,, and e,/e,
is assumed to be ;'.;

M eFit
...................................... ..... ............... . ........ (23)

N e 3 Fd

This value wag choifin by Steiens and Simons (20) after considering the range
of possible valuesý for- IF,-ande4 / e1 and the effect of M/ N on the value
of the safety:factori S The Isftfy fa.ctor, S, depends on the value of M/ N
only for flow iside sl6pesOthei ise.. . the value of S is independent of the
value chosen for MI N•.• Witdh'M/N '1, Eq. 22 becomes
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I + cos

2

,I
HY5 .

(24)....... 
...

or by using Eq. 6

-' I -+ sin(X - j3)
... 2

I2
In. Eq. 9. the term eW~/e3 F,, can be written

HY5 ' .• °RIPRAPPR~OTECTION 6

If we solve Eqs. 32 and d• or To, theni

= Cos c 0 .u,: 9 •% .;i : . . . . . . . . . . . . . . .. . . . (341

The term, S', is the safety factor ifr riprap on a side slope with no flow.
Unless flow iS up the slope the sifety factor for the riprap cannot be greater
than S,. -

Flow on Plane Sloping Bed "Flow over a plane bed at a slope of u degrees
in the downstfriam direction is equivalent to oblique flow on a side slope with
0 :- aand X`-90'.

Then, according to Eq,, 28 8• •' and from Eq. 25, q' -n- It follows
from Eq. 4 that

..(25)

C)

0

C)

a
0

- i..J
ON

e W., e, W, e, I I= - ........... ........................ (26)
e3 F, e , F, e, N tan 4)

according to Eqs. 3 and 19. For Mi N -- 1, Eq. 21 becomes

2
.................................... (27)

cos atan + •

T- tan ot Sii c i

for flow on"a,- plan.e bed slopingi-,a degrees to
solving for 71 in Eq. 35, we obtain

. . . . . . . . . . . . . . (3 5 )

the horizontal. Alternatively.
If we substitute Eqs. 26 and 27 into Eq. 9, the expression for P3 becomes

CosX
tan 2sin6- ... .............. (28)

2i si
-q tan 4 /

In summary, the safety factor for rock riprap on side slopes where flow
has a nonhorizontal velocity vector is related to properties of the rock, side
slope, and flow by Eqs. 4. 17, 25. and 28.

Given a rock size k-of specific weight S. and angle of repose 40 and given
a velocity field at an angle , to the horizontal produding a tractive force T,
on the side slope of angle 0. the set of four equations (Eqs. 4, 17, 25, and
28) can be solved to obtain the safety factor, S. If S is greater than unity,
the riprap is safe from failure; if S is unity, the rock is at the condition of
incipient molion; and if S is less than unity, the riprap will fail.

Horizontal Flow on Side Slope.-In many circumstances, the flow angularity
with the horizontal is small, i.e., X 7- 0. Then Eqs. 25 and 28 reduce to

ta T' tan . . . .(

a .2 sin 0 6

(I + sin3
and (-2= . .. .... ........... (30)

When Eqs. 29 and 30 are substituted into Eq. 4, the expression for the safety
factor for horizontal flow along a side slope is

S",
S 2 [(k 2 4)' ..... . .......................... (31).2

in which E - S,,,-q sec 6 ....... ........................... (32)

tan +
and S,,, . . ....... ............... .(33)

tan 0

= 0. . .-............................ (36)

Flow on Hoirizontal Bed. For-f ully developed rough turbulent flow overa
plane horizonijilbed (c O) of rock niprap Eq. 35 reduces to

S - . . .- .: . ..: .;•7 ", -. . ,. . . . . . . . . . . . . . . . . . . . . . . 37

If the riprap. particles are at the condition of incipient motion. S - I so -9
. I and we-reveft back to Shield'si expression for incipient motion (Eq. 17

with TI I).
Relation Beteefn Shear and Velo6eity-ln order to compare the equations

previously developed with those, employed by others to design riprap, it is
necessary to relate-tractive for6es acting on the riprap bed or bank to fluid
velocities in tfie yic inity of the riitap. For fully turbulent flow. the relation
between the local velocity zu at dista'ice y above the bed is

it 2.5 u.In (62-y 30.2 ). .... ...... . ......... .......... (381

in which u..is the shear velocity defined as

u.= -- ,,:•l .-i.,.•. ,. ... .. .. .. .. .. .. .... . 39

This velocity distribution. equation was derived by Keulegan (1I) and was
employed by Einstein (7) inhii bý,ed-load function research.

If we select the.ivelocity• atadistance y -- k above the bed as a reference
velocity, U,-then•

i, = 2.5 u. In 302 . 8.5 u; . .... .......... (40)

-O-o

a/
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The value of the reference velocity. Ui, given by Eq. 40 is the same as that

employed by Campbell (3) in the Corps of Engineers' studies of the hydraulic

design of rock riprap.
From Eqs. 39-and 40, the relation between u, and r, is

HY5

pi1 -= 72 t . ............. ..... ....................... ......... (41)

This relation is strictly valid only for uniform flow in wide prismatic channels

in which flow is fully turbulent. For purposes of riprap design. Eq. 41 can

be employed when flow is accelerating, e.g., on the nose of a spur dike. The

equation should not be used in areas where the flow is decelerating or below

energy dissipating structures. In these areas, the shear stress is larger than

would be calculated by Eq. 41 because of turbulence in the flow.

Substitution of Eq. 41 into Eq. 17 gives the stability factor

645

In wide channels, the-'depth-averagii velocity and the mean velocity in the
channel are nearly~i quualv i.e.`J, U . Then the velocity against the stone
is related to thde.i'eterence velocity by the e xpression

3.4 [0.9581 o1~- I
.. U, . . . ..'L . . . . . .• .. . . 14•)

according to, Eqs. 44 and47' Fo•r vMtJes of v3/ k between I x 10" and I
106,. the value-of the U, v, is•iearlylI-4. Finally, by letting o,/v, - 1.4 the
expression f6orthO: stability ,fact, (Eq. 42) becomes

0.60 .2

(S, - )g~k 1

RepresentativeGrain Size.-In studites of scour below culvert outlets, Stevens

(21) was able toconsolidatea widerangetof scour data by employing the expression

0.30 it'

(S, - I)gk

The average velocity in the vertical U is given by

U 2.5 it. In 12.3 .........

in which v, , the depth of flow. This equation is

and was also obtained by Keulegan (01). The ratio

it, to the depth-averaged velocity is

.(42)

ii,

U

2.5 o. In (30.2)

2.5 it.In 1 .

3.4

In ( 12.3 ;)

..... . ..... . (43)

the companion to Eq. 38
of the reference. velocity,

...... . . . .. . (44)

be written in terms of the

....... . (45)

'Now the expression for the stability factor, "i. can

depth-averaged velocity. From Eqs. 42 and 44

E U2

(S.,- l)gk

in which -0.30 .... ....1 .

k . . . . . . . . . . . . . . . . . . .

for the effective or representative g-ain size of graded materials. Here: d 0i
I) = (dO 4- di 0)/2; :d'(U, = 2), (d + d,€)I2; ... 1li 10) =dw +
d,,)/2. The terms-`do, d 0, d .10;.K 2 d- 1 are sieve diameters of the riprap for
which 0%. 10%,--.i; ,f the mai•teritalI (by weight) is finer. Eq. 50 is equivalent
to determining the aithmetic average of the sum of weights of individual particles.

In Stevens' studies (21), the ratio k1 d' varied from 1.005-2.25, but normally
k !dC6 7 '

SAFETY FACTORS FOR ExzsniN DESIGN O MamM s

Many methods of designing riprap are available. The developed equation.s
are comparedsubsequently with methods developed by the Bureau of Public
Roads, the Corps of Engineers, the Cifornia Division of Highways. the ASCE
Task Committee 'on Sedimentati6n, the Bureau of Reclamation. and Lane's

and Campbell 's ethods.
Bureau of Publie Roads-Seaircy (16) used the 1948 ASCE Subcommittee's

summary on slope:protection (15) to a6dpt Fig. 2. The relations shown in Fig.
2 require the velocity againstthe stone given by Eq. 47 and the median spherical
diameter of the rock Searcy-recommended a gradation specification for riprap

patterned after gradationsi recommendid by Murphy and Grace 114). These
gradations were called th)e Arock for which k/d., - 1.08 and the B-rock for

which k/ d 0 :1.36. SSeýcy chose thý A-rock gradation in formulating his
specifications.

Safety factorg.for the curvesi'Fnig`. 2 can be determined in the following
manner. The irecoihifnededquivilent, spherical diameter of the tli,; rock is
3.75 ft (1.14 m) for v"-i. 24-fps (7;3 m/s) on a horizontal bed. This diameter

(46)

In his study. Search (16) gives the expression
- I

., . " (47)

0.958 log k + I

in which v, the velocity against the stone- and V t the mean velocity in

the channel. This equation can be closely approximated by dividing Eq. 38

by Eq. 43. using the assumption that = v, when y = 0.39k. The velocity

against the stone can, therefore, be considered as the velocity from Eq. 38

at a distance ' = 0.39k above the bed.
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corresponds to k = 5.1 ft (1.56 in) if we use the B-rock gradation. The stability
factor for this rock and velocity is, given by Eq. 49 or -q 1.28 and from
Eq. 37, the safety factor is S = 0.78.

If Searcy's recommended gradation (A-rock) is used, k 4.1 ft (1.25 mi

'4

261

24

g 22
oi

20

16

14

12
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On a 2:1 side -siope, the 13-rock grailation has a safety factor of 0.76 whichis obtained in the-16flii'6,wing mnh~er..IFor a velocity v, of 21) fps (6.1 tn/s).Fig. 2 specifies a rock size db. of3A4 ft (1.04 m). With the B-rock gradationk - 4.6 ft (1'440fm) and from i 1Eq 4. 0.98. On a 2:1 side slope withhorizontal flows(? 0)the•s•afety 1 factor is given by Eq. 31. An estimateof the angle of repose can be made Iby extrapolating information obtained bySimons (18) and giviemiii Fig.3 With 42', from Eq. 33 S 1.80. fromEq. 32 t= 1.971! and from Eq. 31: S! 0.76. Again, the safety factor is lcs%than unity indicating thatii. rock srieetd from Fig. 2 is uindersized.
In order to hav-ea safet•yfjator:i eater than unity for the 1:1 side slopecurve shown in Fig. 2; ihe-nglie of rpose for the riprap must be very large.From the 1:1 curve' in Fig.S&2,a ft (0.76-m) diam rock should withstanda bottom velocity 3 / on a 1:1 side slope. With the 13-rockgradation k ý34 ft (1.04 F Eq 34. 1= 0.65. and by solving Eq.34 with S =. 1.0we obti'ii . ý'3 52. As tan S . S,,, tan 0 (from Eq. 33).f = 74'. To obbainii a this'large ile riprap would have to be placed pieceby piece by crane',orby s )'meothe'rimechanical means. An allernative wouldbe to grout the' riraporto plaro ce smialler rock in baskets.
In conclusion, safety factors for tbe design curves in Fig. 2 are less thanunity. . .

U.S. Army Corps of Engineers Wiaterways Experiment Station.-Thc riprapdesign criteria adopted by the 'tCorps of Engineers (22) is based on Isbash'sequation for the mo-'verment' of sttone in flowing water. The equation can bewritten

U2 ! !2...................................1 "."
(S, - lI)gdd,

and is applicable for flow on. plane.flat beds. Here C is Isbasi's turbulencecoefficient. "
By comparing ithis expression withl q. 45, it is found that

CD

.0

I-a

CD

Eq unalqnt spheiC l diomelt, id,,, in it
tI I 0305m

FIG. 2--Rock Size for Bureau of Public Roads Design

I

T1 = 4C 5 _...;.. .. .. ... . ...... . ..... . ... . ........... (52)k -

According.to the.gradation.crztertai recommended by the Corps of Engineers(22). the represent.ativi griin [size, .. is not more than 55,, greater than d5,.Therefore, k d and Tt/2cjC ".
The Corps of Efigineers , uses 1=J.20 fo- applications in which the turbulencelevel is low. Accordingily".. 0 J47/'c. The coefficient 6 is a function of .%,,/k(Eq. 46), and the6.relatiofbreiw'e4en S and y,,/k for. the design equation recom-mended by the Corps or 4-Engine6rsi is shown in Fig. 4. The safety factor isless than unity for very shallow flows and increases to unity when N- '/ I,1.92. For relative depths. greaýte-rthan 1.92, the safety factor is .greater thanunity. .
California Division of Highways. -The California expression (I) for sizing riprap

.M i . . i
Madlon diameter, dso, In in.

to 20

FIG. 3.-Angle of Repose for Dumped Rlprap (15)

and S = 0.63. For either gradation, the rock sizes obtained from Fig. 2 for
flow on a horizontal bed are considered "unsafe" according to'the equations
presented herein.

is

2 10 - 5S,V"*W = - s ,in -- I * i * ......... ........... (53)
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for horizontal flow obn side slopes ; For flow on level beds. Eq. 54 reduces
to

0.29 V
2  

. ... ............... 155)

(S, - l)gd,,o'

Eq. 55 can'le compared directly.with Eq. 45 if it is assumed the channel
is wide so thatV U. Then

0)

10'

" 3.45E

so . .= - - .; ..1 : .: • '.: • :•. . . . . . . ..

. . . . . . (56) ) _ .

S(57) •. . . . . . . . . .FIG. 4.-Safety Factors for Corps of Engineer's Riprap Design

48

42

E

c 24

18 . . . .E
.0 For rock with

S• 2.65
, 12-----

.E

6 . .......- FI

0 0 5 10 15 20 25

Bottom Velocity, in fps
SI fps = 0,305 rn/sec)

FIG. 5.-Rock Size for Bureau of Reclamation Design

in which W = the minimnum weight, in pounds. of the outside stone; and V
the aveiage stream velocity, in feet per second. If we assume S = 2.65

and that the particles are spheres with diameter d.,O. then Eq. 53 reduces to

0.27 V2
-__.... ___.. __..... .... . sin (7W' .) .......... ............... .......... . (54)

For comparison purposes, i f we . make k = 1.2 d,, then S 0.347/c which
is the same expressionias was . btai&i6 in the analysis of the Corps of Engineers*
method. The safety factors are-givenjin Fig- 4.

For horizontal flows"on ide.'sliopet, the comparison is inure difficult. The
relation between theiman~chafiniel •elocity and the shear-stress or velocity
on the side Siopes iust bi established to obtain a safety factor. This relation
has been establishedlby' Lane (12)'ad•d others and depends on the geometry of
the channel. As: Eq. 54• Jisbase~d'on an average stream velocity, some simplifying
assumptions.rnust-have beenimhade abdut the ratio of side slope shear to average
shear. The analysisf ithesie siisiti ns are outside the scope of this paper.

ASCE Task Committee on Opiriti"' of Sedimentation Manual. -This commit-
tee (17) has recornm~hdeda.jbtish's fbomula

= _ - . .". -....... ... .... (58)
(S 4 -- l) 3 cos 3

for riprap design. Here Wis the weiglt of the rock with an equivalent spherical
diameter d5•.Eq. 58' reduces to

0.347 V
2 ,= Co t 0 . . ... . ..... . . . . . . . . . . . . .. ..

(S, - I)g d os. .-. d.% i59
For flow onA horizontal bed (9 0'), Eq. 59 becomes

ON

0

C-

0o

",4

0.347 V '

(S, - l)gd 5,." .. ., .. .

Eq. 60 can be compared directlya with Eq. 45.
is wide so that. V .U Accordingly.. J

TI 2.88 - . .. ....
k ,-

0.347. k,
so S= -

........... . ........... (60)

if it is assumed the channel

... ....... ....... (61)

1 . (62)

•(S, I)gd,,. For comparison puipo6ses, if we niae k = 1.2 d,. then S = 0.416/f. This
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safety factor for Isbash's formula is 20% greater for flow on a horizontal bed
than that obtained by the California Division of Highways method (1).

Bureau of Reclamation.--The Bureau of Reclamation (10) developed Fig. 5
to determine the maximum stone size in a riprap mixture downstream from
stilling basins. If the bottom velocity is assumed equal to the velocity against
the stone, V, the curve in Fig. 5 can be closely approkimated by

V, 49.1 (S, - I) d,(. . . ....... ......................... (63)

The stability factor for the curve in Fig. 5 is determined from Eq. 49 or

= 0.9 15 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (64)

k

and from Eq. 37, the corresponding safety factor for particles on a horizontal
bed is

k
S--- 1. 09 ... . . ........... ..... (65)

d 11K)

For comparison purposes, if we make k - 1.2 d~o, then
d 50

S= 1.31.. ........ ................................... (66)
d 1(m,

resultingin the conclusion that the Bureau of Reclamation curve in Fig. 5 provides
stable d1 riprap sizes on horizontal beds whenever the gradation is selected
such that the d,( size is greater than 0.76 d,00. For cases other than k -- 1.2
d50, the riprap is stable when k is greater than 0.92 d,,,. Riprap designed from.
Fig. 5 with a uniform gradation (k - d,,) would have a safety factor of 1.09.

Lane's Design ol Stable Channels.-lIn his method for designing stable channels
in noncohesive materials, Lane (12) employed the expression

/ -tan 2 ' 0"IK .... os........... cs0 .......................... (67)

to relate the stability of materials on a side slope to those on a horizontal
bed. The factor K was defined as ". . . the ratio of the tractive force required
to start motion on the sloping sides to that force required, in the same material,
to start motion on a level surface." Eq. 67 was developed earlier by Carter,
Carlson, and Lane (4).

Because S, = tan +/tan 0 the expression for K can be written

K I Y;7 cos 0 .............................. (68)S,,/

Eq. 68 can be obtained in the foregoing theoretical analysis by assuming that
the lift force is zero. In other words, Lane's method does not consider fluid
lift forces on the particles. With lift forces included, the equation corresponding
to Eq. 67 is obtained from Eq. 34 with S = 1, i.e.

'(5 RIPRIARPPIROTECTION1
The ratio /K then reflectstthe consequence of ignoring lift in a riprap stability
analysis. From Eqs. 68 aidý69, the ratioiq,

1/21

.=(l1 )i. . . . . ....... . . (70)

for the initiation of motion condition and is

T= (S S)12 17")

for other conditions of horntal-flow along a side slope.
For a given rock matieirial on a given•side slope. the ratio, -9/ K. is the ratio

of the computed incipient motion tactiveltrce, T,, including lift. to the computed
incipient motion shear stress, ,rig;rioing ift or. from Eq. 70

T, 1i/2

.. .l . . . . . . . . . . . . .. . (72)

Eq. 72 indicates' that nieglecting thelift force for flow along a horizontal
bed is of no consequeniceý On a.horizontal bed. S -, o and Tr =r. On
steep side slopes S is small and Eq..72 shows that the allowable shear stress
would be much lowedriwhe'i lift is included than when lift is ignored.

The conclusion isithat'lift is an important factor in the stability analysis
of particles on steep side slopes. For flow in a level bed, Lane (12) recommended
an allowable shear stress

=- 4.8 d7  .. ... .... .. . (73)

in which d7, = the rock: size, in feet, for Iwhich 75% of the material (by weight)
is finer. The umits_• _fshear 'stress are Ppund per square foot. Eq. 73 was
recommended for rock With S, = 2.56,, but can be written

-r - 0.049 (S,3 I)- l d7 5 . .. . .. .... . . . . . .. . . . . . . . . (74)
for rock with any specific eight Substitution of Eq. 74 into Eq. 32, the stability
number becomes 10 d/•k.,, I k.Using Lane's recommended shear stress.
the safety factor on a' eve•l, d beco6es S = 0.97 k/d75 . As k is usually
slightly less than d&, the Safety factor issslightly less than unity. For horizontal
flow along a side slspe the afety factor for Lane's design criteria is given
by

S n 2 + 0 1• ... . . . .• .:Y- = . .

2

in which fi 1 l03-. (S~ 2 1/2

. . . . . . . . . . (75)

..(76)

,q - ( I cos ( .) . ........................ ...... (69)S,2,

The value of the safety factor as detnned by Eq. 75 is generally less than
unity.

According to the stabilityainalysis presented herein, Lane's design criteria
for stable channels yields designs in Which particle motion would likely occur
on the banks...
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Campbell's Analysis.-Campbell (3) employed a reference velocity u, = 8.5u,
and Isbash's equation to develop the relation

(S., - 005"~
. .... . . . . . . . . . (77)

P.
HY5 •.-RPRAP PROTECTION 653
0', then Eq.' I37is"applicable anhd ýS7- 4.93. The curve in Fig. 7 relates the
safety factor~aind side slope ,angleoft the embankment shown in Fig. I [for
X = 20'.ýki &LOý it (0.305'rm) and i, = 6.0 fps (1.8 m/sl]. The curve can
be employed to obtain Option 2

Design Opt~ioni 4 is diffichit to useifor oblique flow on side slopes and is,

2.0

for stable rock sizes. Eq. 77 corresponds to q - 0.882 d,,/k and the safety
factor for flow on a plane flat bed becomes S = 1.13 k/d50. As k - dN,
Campbell's safety factor is always greater than unity for flow on a plane flat
bed.

Campbell (3) also derived a method of sizing riprap for side slopes. The
derivation is similar to that employed herein. His relations are complex so that
no direct comparison can be made. However, according to his example calculation
a 1.25-ft (0.38-m) diam riprap size is required on a 6:1 side slope in which
i, = 14.4 fps (4.39 m/s). Assuming that flow velocity along the bankline is
horizontal, then from Eq. 42, r- - 0.937. The angle of repose for dumped
riprap of diameter 1.25 ft (0.38 m) is approx 42' (from Fig. 3). Therefore,
from Eqs. 31, 32, and 33, S,, = 5.40, t - 5.13. and S= 1.015. That is, the.
1.25 ft (0.38-m) diam rock is at the condition of incipient motion.

RiPRAp DESIGN wi-h SAFETY FACTORS

The set of equations describing stability of rock riprap permits the use of

four possible design options for a fixed set of flow conditions on a side slope
or on a plane bed. The options are: (I) For a given rock size and side slope
or bed slope, the safety factor can be computed and the design accepted or
rejected on the basis of the value of the safety factor; (2) for a given rock
size, the side slope or bed slope can be chosen so as to provide a preselected
safety factor; (3) for a given side slope or bed slope, the rock size which
gives a preselected safety factor can be computed; and (4) for a given safety
factor, the proper combinations of rock size and side slope or bed slope can
be computed.

Suppose for Option I that the flow at point P on the nose of the embankment
in Fig. I has a velocity u, = 6 fps (1.8 m/s) and is directed down the slope
so that X = 20°. The embankment side slope is 3: Lor 0 = 18.4". If the embankment
is covered with dumped rock having a specific weight, S, = 2.65, and an effective
rock size, k 1- 1.0 ft (0.3 m), the safety factor is determined in the following
manner.

From Eq. 42, -r = 0.203, and according to Fig. 3 this dumped rock has
an angle of repose of approx 35'. Therefore, from Eq. 28, 3 = II' and from
Eq. 25, -q' 0.154. The safety factor for the rock is given by Eq. 4 or S

1.59. Thus, this rock is more than adequate to withstand the flow velocity.
Because it is easier to compute the safety factor given rock size and side

slope, Option 3 is best accomplished by repeating Option I over the range
of interest for k. The results of such computations (with , -- 350) are given
in Fig. 6 which shows that the incipient motion rock size is approx 0.35 ft
(0.11 m) and that the maximum safety factor is less than 2.0 on the 3:2 side
slope.

The safety factor of a particular side slope riprap design can be increased
by decreasing the side slope angle, 0. If the side slope angle is decreased to

to
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FIG. 7 Safety Factors for Various Side Slopes

therefore, recommenided only if the flow velocity vector on the side slope is
nearly horizontal.

The developed equationsdeal Withiaverage values of shear stress and local
velocity. lnstantaneougs- values 'of-.thjei shear stress, T,, or local velocity, u,,
may be as much as two or three times greater or less than the average value,
The fact that instantaneous •,,shear•stress at the bed could be varying greatly
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is accounted for in Shield's criteria for incipient motion if turbulence is generated
at the channel boundary. However, if turbulence is being generated in some
other manner (e.g:. by a hydraulic jump), then the average boundary shear
stress-is more closely related to the turbulence intensity of the flow than to
the velocity gradients.

As there are very few measurements of turbulence intensities in flow fields
over riprap below energy dissipators. riprap in these areas are sized from model
studies and from experience with field structures. Turbulence intensities below
energy dissipating structures are very large in comparison to intensities in normal
channels. Rock sizes required below these structures are much larger than would
be needed for the same mean velocity in a channel. For example, the U.S.
Army Engineers (22) specify a rock size twice as large below stilling basins
as in normal turbulent flow with the same average velocity. The writers have
had the opportunity to confirm the riprap design procedures presented herein
by experimentation with large-scale models. We hope to present these model
data in the future.

SUrvs1AY AND CONCLUSIONS

Stability equations for design of riprap protection on plane beds, side slopes,
and embankment slopes have been formulated from theoretical considerations
and existing empirical information. The relative importance of the magnitude
and direction of the velocity vector, the angle of side slope, and the size and
angle of repose for riprap, are reflected in the safety factor. The safety factor
is formulated as the ratio of the moment of the submerged weight of a particle
to the lift and drag moments tending to rotate. the particle out of the bed.
The safety factor is unity for incipient-motion flow conditions over riprap, and
is greater than unity for stable riprap.

The design criteria of the Bureau of Public Roads, the Corps of Engineers,
the California Highway Department, and others have been compared with the
developed stability criteria. The adequacy of the designs are judged on the
basis of the computed values of the riprap safety factor. In some cases, the
safety factors are less than unity indicating there could be a loss of riprap
material when the design flows are obtained.
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Estimating Probabilities of Extreme Rainfalls. Thomas A. RIPRAP DESIGN FOR OVERTOPPING FLOW
Fontaine and Kenneth W. Potter.

By George A. h1arper. Closure by authors ................ 1092 By Steven R. Abt' and Terry L. Johnson,' Members, ASCE

ABSTRACT: Near-prototype flume studies were conducted in which riptap-pro-
tected embankments were subjected to overtopping flows. Embankment slopes of
1, 2, 8, 10. and 20% were covered with riprap layers with median stone sizes of
1, 2, 4, 5, and/or 6 in. Each riprap layer was tested by slowly increasing the
discharge to failure. Riprap design criteria for overtopping flows were developed
for estimating incipient stone movement and riprap layer failure as a function of
the unit discharge, stone shape, median stone size, and embankment slope. Incip-
ient stone movement occurred at approximately 74% of the riprap layer failure unit
discharge. It was determined that rounded shape stone should be oversized ap-
proximately 40% to provide comparable protection of an angular shape stone, Flow
channelization was observed to occur at approximately 88% of the unit discharge
at failure. A flow concentration factor of approximately I to 3 was introduced for
sizing stone.

INTRODUCTION

The erosion potential of dams, levees, roadways, and other embankn
structures resulting from overflows during flood events has become an
portant aspect of assessing structure stability and safety. The technology
procedures developed for evaluating embankment safety have also been
plied to the capping and sealing of waste disposal impoundments that h
been legislated to be stable for periods of up to 1,000 years. Theref
understanding the mechanics of erosion due to overtopping and provit
alternative design measures for preventing erosion are vital steps in pro
ing the engineer the tools to insure embankment stability.

The mechanics of erosion on embankments due to overtopping were
viewed by Powledge et al. (1989b), in which information was prese
based on research and'case studies of embankment overtopping. In addit
alternative methods for embankment protection systems were summarize
include vegetation, geotextiles, mat and block systems, gabions, and rip
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kPowledge et al. evaluated the various embankment protective systems by
relating the flow depth over the embankment, flow duration, and soil com-
position, where applicable, to the extent of erosive damage to the embank-
ment.

One embankment protective system investigated and reported by Powledge
et al. was the placement of a riprap layer over the embankment downstream
face. It was indicated that riprap can provide suitable overtopping protection.
However, undersizing of the riprap or layer thickness may result in a fluidiz-
ing of the protective layer subjecting the embankment to severe erosive pro-
cesses. Powledge et al. did not specifically present a method(s) of sizing
riprap for preventing fluidizing of the riprap layer.

The objective of this investigation is to develop riprap design criteria ap-

'Prof. and Dir., Hydr. Lab., Dept. of Civ. Engrg., Colorado State Univ., Fort
Collins, CO 80523.

'Sr. Hydr. Engr., U.S. Nuclear Regulatory Commissioni Washington,'DC 20555.
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1989. This paper is part of the Journal of Hydraulic Engineering, Vol. 117, No.
8, August, 1991. VASCE, ISSN 0733-9429/91/0008-0959/$1 .00 + $. 15 per page.
Paper No. 26038.
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plicable to overtopping flow conditions to prevent fluidization of the pro-
tective riprap layer. If riprap is to be a viable, long-term alternative for pro-
tecting embankments from erosion, engineering design criteria must be
formulated to prevent stone movement and riprap layer failure.

BACKGROUND

One of the classic studies of rockfill design and placement was conducted
by Isbash (1935). Isbash investigated the construction of dams by dumping
rounded stones into flowing rivers. His investigation focused on:

1. Sizing individual stones located on the downstream dam slope to resist
displacement due to overtopping flow and percolation through the dam body.

2. Estimating spillway discharge coefficients of the dam for various stages of
completion.

3. Characterizing percolated flow through the coarse-grained material from
the dam.

Isbash also conducted a series of experiments that yielded an expression
indicating the critical transport velocity for displacing rounded stones as:

V = Y4. (d) . ... ......................... ................... . (1)

where

S= 2 g ( ........................................... (2)

and V = the velocity acting against the individual stones, d = the stone size
reduced to the equivalent sphere, A, = the unit weight of the stone, A, =
the unit weight of water, Y = a coefficient, and g = the acceleration of
gravity. Further, he expressed the percolation velocity, Vp, through the rock
layer as:

V, = Cu P(dl)' 2  . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (3)

where I = the average hydraulic gradient, P = the natural porosity or void
ratio of rockfill, and C, = a coefficient. Based upon these relationships,
Isbash formulated a procedure for dumping and stabilizing stones in flowing
water. -

A comprehensive investigation was conducted by Olivier (1967) on the
flow through and over rockfill dams. A series of laboratory experiments were
performed to evaluate how rockfill could be safely overtopped by floods both
during and after construction without risk of failure. Olivier carried out his
experiments in flumes 22-in. (56-cm) wide and 5-ft (152-cm) long on slopes
ranging from 8 to 45%. Median stone sizes ranged from 0.51 in. (1.3 cm)
to 2.33 in. (6 cm) for crushed granite and from 0.63 in. (1.6 cm) to 1.01
in. (2.6 cm) for pebbles and gravel.

Olivier observed two distinct stages during each test, threshold flow, and
collapse flow. Threshold flow was defined when incipient stone movement
occurs. Collapse flow is the final stage where stone failure results. Olivier
was the first to recognize that channelization occurred between the threshold
and collapsing stages.
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F
! Olivier empirically derived an expression for overtopping flow linking the

design parameters of unit flow, slope, and median rock size for crushed or
rough stones to threshold flow. The unit discharge at stone movement is:

qo, = 0.423d,' '2 - s)] 5/3.i-7/6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4)

where q0, = the unit discharge in cfs per foot, d, = the median stone size
in feet, w, = the unit weight of the stone, w = the unit weight of water,
and i = the embankment gradient.

Hartung and Scheuerlein (1970) performed a series of overflow tests in a
steep flume simulating steep open channels with natural roughness. They
determined that the maximum unit discharge, q, that would resist stone
movement can be expressed as:

q.. = T . Y.. V. ................................................. (5)

where

v, = 1.2 [2g(__-.t) (d, cos 4,),/2I ....................................... (6)

and

T = .• . ....................... . .. ....... .. . ............. (7)

or

T I - 1.3 sin 4, + 0.08 .................................. (8)

where Y, = the mean water depth, ,, = the mean roughness height (-d,/
3), d, = the equivalent diameter of the stones, 4, = the angle of slope, T
= the aeration factor, V, = the critical velocity at which the stone begins
to move, -y,, = the specific weight of water, -y,, = the specific weight of
the air-water mixture, -y, = the specific weight of the stone, and g = the
acceleration of gravity.

Stephenson (1979) performed a stability analysis for stones placed on the
downstream face of a rockfilled embankment subjected to overtopping. His
analysis of the hydraulic reaction on the resisting stones related the stone
size to the slope angle and flow rate. Stephenson derived an equation to
determine median stone size, d, for the threshold flow expressed as:

c~ 5
~ '~1

-1
~ it
~

~~ I
~

ii
4

rq (tan 0)716,1/6 12 t3d [Cg1/2[(1 - n)(S - 1) cos 0 (tan 4, - tan 9)1'12 ...... (9)

where q = the threshold unit discharge, n the porosity, s the relative
density of the stone, C = a coefficient, 0 = the slope angle, 4, = the angle
of friction, and g = the gravitational acceleration. The coefficient, C, is
derived from Olivier (1967) and reported to be 0.22 for gravel and pebbles,
and 0.27 for crushed stone. Complete collapse of the riprap will occur when
the unit discharge is increased 120% for gravel and 108% for crushed stone.

Knauss (1979) performed a comparison of the Olivier expression, (4), and
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the Hartung and Scheuerlcin expression, (5), for overtopping flow condi-
tions. He determined that both equations were valid for crushed stone with
angular shapes. However, Knauss recommended the Hartung and Scheuer-
lein equation for the design of overflowed rockfill dams with steep down-
stream slopes ranging from 20 to 67%.

Powledge and Dodge (1985) conducted a series of small-scale overtopping
tests using riprap as embankment protection on the downstream face. Since
the tests were to evaluate embankment protection and not to provide riprap
design criteria, the riprap fluidized and eroded the embankment. Powledge
and Dodge determined that improperly designed riprap did not provide ero-
sive protection to the embankment from overtopping flow.

It is evident that riprap design to resist overtopping flow is a function of
the representative stone size, the hydraulic gradient, and the discharge. Fur-
ther, riprap design should be directed toward preventing stone movement
and to insure the riprap layer does not fail or collapse.

TESTING FACILITIES

An experimental program (Abt et al. 1987, 1988) was conducted in two
flume facilities located at the Engineering Research Center of Colorado State
University (CSU). An outdoor flume was utilized for simulating steep em-
bankment slopes (--0.10) while an indoor laboratory flume was used for
simulating flatter slopes (!50. 10). Each flume was modified to enable pro-
totype testing of stone-covered embankments in order to evaluate flow con-
ditions and stone movement.

The outdoor facility is a concrete Ilume that is 180-ft (54.9-m) long, 20-
ft (6.1-ni) wide, and 8-It (2.4-m) deep. The flume was modified to where
the upper 20 It (6. I m) served as a holding basin and inlet to the test section.
A headwall was constructed 20 ft (6.1 m) downstream of the inlet. The
embankment was constructed downstream of the headwall. The throat of the
test section containing the embankment was 12-ft (3.7-m) wide to concen-
trate flow onto the slope. Fig. I depicts the outdoor facility.

The test embankment was constructed of a moistened, compacted sand in
the throat of the test section. The initial 15 ft (4.6 m) of embankment, down-
stream of the headwall, was horizontally placed to simulate the embankment
crest and to fully develop flow approaching the slope. The embankment tran-
sitioned to a designated slope. A geofabric covered and stabilized the sand.
The geofabric allowed the embankment face to be saturated and flex under
a variety of loading conditions. However, the geofabric prevented the sand
from massive failure, thereby minimizing turn-around time between exper-
iments. A 6-in.- (0.15-m-) thick sand/gravel bedding was placed on top of
the geofabric as specified by the bedding design criteria suggested by Sher-
ard ct al. (1984). Riprap was placed on top of the bedding material.

The indoor facility, located in the CSU Hydraulics Laboratory, is a steel,
tilting flume that is 200-ft (61-m) long, 8-ft (2.4-m) wide, and 4-ft (1.2-m)
deep. The flurne was modified to enable the embankment slope to vary from
0.01 to 0.10. The flume inlet was modified to where flows entered the head
box, discharged through a diffuser, and transitioned into the flow develop-
ment section. Rock was placed in the upstream 80 ft of the flume to establish
uniform approach flow conditions. A 20-ft (6.1-m) transition section was
constructed linking the approach to the riprap test section. The riprap test
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FIG. 1. Test Facility with Riprap-Protected Embankment

section extended 50 ft (15.2 m). The remainder of the flume served as the
tailwater control and material recovery basin. The test embankment consisted
of a moistened, compacted 4-in. (0. 10-m) sand layer. A geofabric covered
and stabilized the sand bed. An appropriately sized sand/gravel bedding was
placed on the geofabric to a thickness of approximately 6 in. (0. 15 m). Rip-
rap was placed on top of the bedding material.

The instrumentation used in both facilities consisted of the equipment and
materials necessary to monitor the discharge, water surface elevation, and
flow velocity over the riprap layer. Surface velocities were recorded using
a Marsh-McBimey® magnetic flowmeter and discharges were measured with
a sonic flowmeter in the outdoor flume. A pitot tube was used to determine

963



0 L__

the velocity profiles and orifice plates measured discharges entering the headbox
in the indoor flume.

Water-surface elevations were monitored using manometer taps installed
beneath the bedding of the embankment of both flumes, The manometer taps
were placed at sections near the transition, at the upper one-third point of
the slope, and at the lower one-third point of the slope. The taps were equally
spaced across the embankment at the quarter points of each section to mon-
itor potential differences in the flow distribution.

RIPRAP PROPERTIES

The riprap was derived from a limestone quarry. Median stone sizes, D50,
tested ranged from 1.02 in. (2.59 cm) to 6.2 in. (15.75 cm) as summarized
in Table 1. Rock properties of gradation, unit weight, y, specific gravity,
G,, porosity, ip, void ratio, e, and friction angle, cj, were determined using
procedures outlined by the American Society for Testing Materials (ASTM).

TESTING PROCEDURE

A series of experiments were conducted in which riprap was placed as an
embankment protective material and subjected to an overtopping flow until
failure. The experimental variables encompassed the median stone diameter,
channel slope, unit surface discharge, surface flow velocity, and water sur-
face elevation.

The riprap testing and failure procedures were similar for all experiments
conducted in both indoor and outdoor facilities. The riprap was dump-placed.
However, the stone surface was leveled to avoid the occurrence of man-
made flow concentrations. Once the riprap was placed and the instrumen-
tation set and checked, the flume inlet valves were opened, initiating flow.
The riprap was inundated and the bed was allowed to adjust and/or settle.
The flow was increased until flow over the riprap surface was observed.
Once the flow stabilized, the discharge was determined and localized ve-
locities and water surface elevations were obtained through the upper third
and lower third of the embankment when and where possible. Since the
depth of surface flow could not be directly measured due to cascading flow
conditions, the depth of flow along the slope was determined by monitoring

TABLE 1. Rlprap Properties

Shape D,,, (in.) D. (cm) C. (d./d,ý) ao (d./d.6 ) -y G, n' 4,(t) (2) (3) (4) 1 (5) (6) (7) (8), (9)

Subangular 1.02 2.59 1.75 1.79 94 2.72 0.44 40
Angular 2.2 5.59 2.09 2.09 92 2.72 0.45 41
Angular 4.1 10.41 2.15 2.16 92 2.65 0.44 42
Angular 5.1 12.95 1.62 1.87 90 2.65 0.46 42
Angular 6.2 15.75 1.69 1.86 90 2.65 0.46 42
Angular 2.0 5.08 2.14 2.50 92 2.72 0.45 41
Angular 4.0 10.16 2.30 2.72 92 2.65 0.44 42
Round 2.0 5.03 2.14 5.70 92 2.72 0.45 37
Round 4.0 10.16 2.12 2.24 90 2.50 0.45 38

the manometers placed in the bed. The flow depths presented are an average
value derived from the six manometers alohg the embankment slope. After
recording the data and documenting observations, the flow was increased.
The procedure was repeated until stone movement and/or riprap layer failure
occurred.

The failure criterion of the riprap layer was when the filter blanket, or
more often, the geofabric, was exposed. In many cases, concentrated flows
would scour a localized zone along the embankment. However, rock move-

i ment from up slope would subsequently fill and stabilize the scour area.
When rock movement could no longer adequately replenish rock to the scour
or failure zone, catastrophic failure was observed. Therefore, catastrophic
failure could occur prior to geofabric exposure due to the dynamic rock
movement along the bed and due to poor conditions for observing the bed-
ding resulting from the significant turbulence, bubbles, and air entrainment
of the cascading flows. The times from the initiation of flow to the rock
layer failure ranged from 2 to 4 hours depending upon riprap size.

RESULTS

Twenty-six flume tests were conducted with riprap placed on embankment
slopes of 0.01 to 0.20 and subjected to overtopping flows until riprap failure,
or collapse, occurred. Twenty-one tests were performed using angular shaped
stones and five tests evaluated rounded shaped stones. In 15 tests, the unit
discharge at stone movement, or threshold flow, and riprap channelization
was recorded. A summary of the test parameters measured for each test is
presented in Table 2.

It was observed in the early stages of each test that the smaller stones on
the riprap surface were often washed out, leaving the upper layer of larger
stones to armor the remainder of the embankment. On slopes greater than
0.02, cascading flows resulted. The plunging and impacting flow conditions
often caused the larger stones to move and/or adjust until interlocking,
wedging, and/or packing occurred between adjacent stones, particularly dur-
ing discharges approaching the failure discharge on the steeper embankment
slopes. During the adjustment process, stones often penetrated the water sur-
face, thereby increasing the white water appearance. When the riprap layer
failed, a catastrophic failure was observed on all slopes greater than 0.02.

ANGULAR-STONE FAILURE

(IQ

CD

CL

rZ

Ai
2

Riprap specifications have traditionally stipulated that a high-quality, an-
gular-shaped stone (preferably crushed) be used for placement in the field.
Angular stone tends to interlock or wedge and subsequently resist sliding
and rolling. In addition, fewer fines are required to fill the voids of crushed
material compared. with a similarly graded rounded stone.

In an attempt to determine the riprap layer stability for angular shaped
stones when subjected to overtopping flow, the riprap layer median stone
size, Dm, was correlated to the overtopping unit discharge at failure, qf, for
the angular shaped stones, as presented in Fig. 2. It is observed in Fig. 2
that the data represent a family of parallel relationships that correlates the
unit discharge at failure to the embankment slope, S, and median stone size.
A composite relationship was formulated collapsing the data presented in
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FIG. 2. Unit Discharge at Failure versus Median Stone Size

Fig. 2 into single envelope for angular stones as shown in Fig. 3. A power

regression was performed on the parametric expression relating median stone

size to the embankment slope and overtopping unit discharge at failure. The

results are expressed as:
: 0.43 056.. . .. (0

*Dmo = 5.23_ S qj ......................................
(10)

Eq. (10) provides the user a means to estimate the minimum median stone

size required to withstand a design overtopping unit discharge on an em-

bankment with specific design slope. However, (10) indicates the riprap layer

failure criteria and should be adjusted to prevent stone movement.

A safety factor may be derived for adjusting the stone size by enveloping

the scattered data shown in Fig, 3. The maximum deviation about the power

regression fit, (10), is approximately 20%. Therefore, a safety factor of 1.20

is recommended.
It is observed in (10), that the median stone size is determined independent

of the rock specific gravity. Since (10) is an empirical relationship derived

from riprap with the same specific gravity, -y = 2.65, the affect of variable

specific gravity on stone sizing could not be evaluated.
The writers acknowledge that the empirical curves representative of 1, 2,

and 8% embankment slopes are based on only four failure tests. However,

the extensive costs associated with near prototype experimentation signifi-

cantly limited the extent of the testing program. The relationship for angular-

shaped stones presented in Fig. 3 provide a means for confidently estimating
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in. stone sizes, respectively. Although these results represent only one set
of test conditions, they are indicative of the stability relationship between
angular and rounded stones.

The five rounded-stone failure points were plotted in Fig. 3 adjacent to
the angular-stone failure relationship. It is observed that the rounded stones
reflect a linear relationship parallel to the regression curve for the angular-
shaped stone. The rounded-shape riprap fails at a unit discharge of approx-
imately 40% less than angular~shaped stones of the same median stone size.

Usually, when angular stones moved, they traveled a short distance and
wedged into other stones. When the rounded stones moved, they often rolled
down the entire embankment without intermediate lodging. Stone shape ap-
pears to significantly affect riprap layer stability for overtopping conditions.

The suggested relationship between angular- and round-shaped stones is
based on limited data. The rounded stone relationship presented in Fig. 3 is
not recommended for design. However, the angular- and round-shaped stone
relationships appear to be indicative of how shape influences embankment
stability.

STONE MOVEMENT

The unit discharge at stone movement, q,,, was recorded in 14 of the
failure tests as indicated in Table 2. Stone movement observations were ver-
ified with videotape recordings. The stone movement was normalized by
dividing the unit discharge at movement by the unit discharge at failure. The
unit discharge at movement to unit discharge at failure ratio ranged from
0.62 to 0.79 with a mean value of 0.74 for both angular and rounded stone.

Since it is imperative that the riprap layer be designed to prevent failure,
the median stone size should be sized to resist stone movement. Therefore,
the failure unit discharge, qf, must be adjusted by the stone movement to
stone failure ratio where

q , -i = 1.35q ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (11)
0.74

Eq. (10) is modified such that the riprap median stone size is designed to
resist stone movement using the design unit discharge as:

D ', = 5.23 4 q&%i,, ....................................... (12)

Eq. (12) is applicable to angular-shaped riprap.

CHANNEUZATION

In 15 of the 26 tests, channels formed in the riprap layer, as shown in
Fig. 4, conveyinTg unit discharges greater than expected under sheet flow
conditions. The channels appeared to form as flows were diverted around
the larger stones and directed into areas or zones of the smaller stones. The
smaller stones were moved, creating a gap or notch between the larger stones.
The flow concentrated into these notches, thereby increasing the localized
unit discharge. The newly formed subchannel would quickly migrate down-
stream. Flow channelization occurred after stone movement and immediately
prior to collapse of the riprap layer.

0.1I
0.1

W~as

'-ii-
o3

1.0 10

5.23 S°' 45 qf0.56

FIG. 3. Composite Rlprap Layer Failure Envelope

the median stone size necessary for stabilizing an embankment of 1 to 20%
subjected to overtopping flow conditions. Application of this stone sizing
relationship beyond the test parameters presented are at the users' risk.

ROUNDED-STONE FAILURE

A series of five failure tests were conducted evaluating the stability of
rounded-shaped stones with median diameters of 2 and 4 in., placed on 10
and 20% slopes as presented in Table 2. Test procedures were identical for
both angular- and rounded-shaped riprap layers. Round rock was defined as
rock with no intersecting surfaces, but rather a single, continuous, smooth-
curved surface. During mining, transport, and handling, a portion of the rock
fractured and became faced. The faced rock comprised approximately 5%
of the rounded rock tested.

To compare the stability of rounded stone with the angular stone, the unit
discharges at failure for 2- and 4-in. rounded and 2- and 4-in. angular-shaped
stones were compared for a 10% slope with 3 D, 0 layer thickness. It was
determined from the results in Table 2 that the rounded stones failed at a
unit discharge 32 and 45% lower than the angular stone for the 2- and 4-
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TABLE 3. Design Comparison
Unit Discharge, q Embankment Median rock Size

Procedure (cfs) (mW/s) slope (in.) (cm)() ' (2) (3) (4) (5) (6)

Eq. (12)' 1.25 0.035 0.10 2.6 6.61.25 0.035 0.20 3.5 8.9
4.0 0.113 0.10 5.0 12.74.0 0.113 0.20 6.7 17.0Olivier 1.25 0.035 0.10 2.4 6.1
1.25 0.035 0.20 4.0 10.24.0 0.113 0.10 5.1 13.04.0 0.113 0.20 8.8 22.4Stephensonb 1.25 0.035 0.10 2.9 7.41.25 0.035 0.20 5.5 14.04.0 0.113 0.10 6.3 16.0
4.0 . 0.113 0.20 11.9 30.2

'Safety factor not incorporated in rock sizing.
'Assumes n, ý 0.40, 4ý . 40", C = 0.27.FIG. 4. Flow Chennellzatlon In 2-In. Layer of Angular Rlprap on 10% Slope

During four tests, 7, 10A, 15, and 18, the subchannet depth and width
were measured and localized velocities were taken when initially observed.
The sheet flow unit discharge at the time of subchannel development was
compared to the unit discharge estimated in the subchannei. The ratio of the
subchannel flow unit discharge to the sheet flow unit discharge was 3.33,
2.24, 1.67, and 1.33 for the 2.2-, 4.1-, 5.1-, and 6.2-in. stones, respec-
tively. The results indicate that flows can concentrate and form subehannels
in the riprap layer. Therefore, flow concentrations of 3 are possible and may
need to be incorporated into the design process.

The flow concentration factor may be incorporated into the stone size anal-
ysis by multiplying the failure unit discharge, q1 in (11), by the flow con-
centration factor, which ranges from I to 3. An increase of the flow con-
centration factor of 100% (i.e., I to 2) will result in a stone size increase
of approximately 50%. The selection of a flow concentration factor is de-
pendent upon the hazard level of the protected surface.

Incipient channelization was documented during 15 of the tests and ver-
ified with videotape recordings. The incipient channelization unit discharge,
q_, was normalized to the unit discharge at failure, qf, for each test. The
qjlqf ratios are presented in Table 2. The average point of incipient sub-
channel formation occurs at approximately 88% of the unit discharge at fail-
ure. Therefore, it is possible to predict the unit discharge at which chan-
nelization will occur on a riprap layer subjected to overtopping.

COMPARISON OF DESIGN ALTERNATIVES

The stone sizing procedures presented in (12) Olivier (1967), and Ste-
phenson (1979) were compared by applying the appropriate stone sizing
equations to the same design conditions. Stone sizing computations were
conducted for unit discharges of 1.25 cfs (0.035 ms/s) and 4.0 cfs (0.113
m 3/s) on embankment slopes of 0.10 and 0.20. The stones were assumed

970

to be angular in shape, with a porosity of 0.40, friction angle of 400, andstone specific weight of 2,65. The resulting stone sizes for each procedureis presented in Table 3.
It is observed that for the flatter embankment slope (0.10) and low unitdischarge (1.25 cfs), the three procedures determine similar median stonesizes ranging from 2.4 to 2.9 in. However, as the slope steepens and theunit discharge increases, the Stephenson procedure yields conservative re-sults compared to both the proposed procedure and the Olivier procedure.The Stephenson procedure was extremely sensitive to the porosity of thestone layer.

SUMMARY AND CONCLUSIONS

A series of 26 laboratory flume tests was conducted in which riprap pro-tected embankments were subjected to overtopping flows until the ripraplayer failed. Embankment slopes of 1, 2, 8, 10, and 20% were covered withriprap layers of median stone sizes of 1, 2, 4, 5, and/or 6 in. The resultsof these test provided the following findings:

1. A unique riprap design relationship was developed to determine medianstone size on the basis of a design unit discharge and embankment slope forovertopping flows. I
2. A criterion was developed to compare the stability of round-shape riprapwith angular-shape riprap. The rounded riprap appears to require oversizing ofabout 40% to provide a similar level of protection as angular riprap. Additionaltesting is required to substantiate these initial findings.
3. The median stone size should be increased by increasing the design unitdischarge by 35% to prevent stone movement.
4. Flow channelization occurred along the riprap-protected embankment whenthe unit discharge approached 88% of the unit discharge at failure.
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5. Flow concentration can occur on riprap- protected embankments. Flow con
centrations of 1.33 to 3.33 were observed.

6. Riprap design criteria for sizing riprap subjected to overtopping flow con-
ditions is presented based on near-prototype test data.
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COMPARISONS OF SELECTED BED-MATERIAL

LOAD FORMULAS

By ChIh Ted Yang,' Fellow, ASCE, and Schenggan Wan 2

ABSTRACT: Comparisons are made of the overall accuracy as well as the accuracy
within different ranges of sediment concentration, Froude number, and slope for
seven bed-material load formulas. Four formulas that can compute bed-material
load transport by size fraction are used to determine the particle size distribution
of the bed materials in transportation. One-thousand, one-hundred-nineteen sets of
laboratory data and 319 sets of river data in the sand size range are used to evaluate
and compare the accuracy of these formulas. The overall accuracy of formulas in
descending order are those of Yang, Engelund and Hansen, Ackers and White
(0d), Laursen, Ackers and White (d3,), Colby, Einstein, and Toffaleti formulas
when applied to laboratory flumes. The accuracy in descending order when applied
to natural rivers are the formulas by Yang, Toffaleti, Einstein, Ackers and White
(dsa), Colby, Laursen, Engelund and Hansen, and Ackers and White (d,,). How-
ever, these ratings may vary depending on the values of sediment concentration,
Froude number, and slope of the data used in the comparison. The study also
indicates that Yang's formula by size fraction can accurately predict the size dis-
tribution of bed material in transportation, while Einstein's hiding and lifting cor-
rection factors overcorrected the effect of nonuniform size distribution of bed ma-
terial on total bed-material transport.

INTRODUCTION

There are numerous sediment transport formulas developed by different
investigators for the prediction of bed load, suspended load, and total bed-
material load in alluvial channels. Comparisons of the accuracy of these
formulas were made by Yang and Stall (1973), White et al. (1975), Yang
(1976), Alonso (1980), Brownlie (1981), Yang and Molinas (1982), the ASCE
Task Committee ("Relationships between Morphology" 1982), Yang (1988),
Vetter (1989), and the Gennan Association for Water Resources and Land
Improvement (1990), among others. These comparisons emphasize the over-
all accuracy of formulas without given detailed information of the hydraulic
and sediment conditions under which measurements were made. Depending
on the conditions under which data were collected for comparisons, the same
formula could have different ratings of accuracy. This often causes confusion
in the profession in the selection of formulas for solving engineering prob-
lems.

Measured sediment concentration, Froude number, and slope are used as
parameters to define the hydraulic and sediment conditions. The analyses in
this paper are limited to total bed-material load formulas due to the lack of
general criteria to separate bed load from suspended load. Comparisons be-
tween computed bed-material size distribution and size distribution of bed
materials in bed and in transportation are also made in this paper. The com-
puter programs published by Stevens and Yang (1989) are used herein for
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RIPRAP SIZING AT TOE OF EMBANKMENT SLOPES
Calculation C-02 Project 35D12600 Appendix B Page B-20 of"37

By Steven R. Abt,' Fellow, ASCE, T. L. Johnson,2 Member, ASCE,
Christopher I. Thornton,' and Stuart C. Trabant4

ABSTRACT: A pilot study was conducted to evaluate existing rock-sizing techniques for stabilizing transition
toes of embankments. The U.S. Bureau of Reclamation and the U.S. Army Corps of Engineers (Campbell)
procedures were applied and determined to be conservative in sizing riprap. Embankment-overtopping tests were
conducted placing 8.9, 13.0, and 19.8-cm-diameter stones at the slope transition. An alternative method was
developed for sizing toe rock based upon the unit discharge, embankment slope, and flow concentration. The
results indicate that an embankment toe can be stabilized with a smaller median stone size than previously
anticipated. These results were verified for unit discharges of 0.54 m3/s/m or less.

INTRODUCTION

Rock toes, or toe basins, are often placed at the base of
sloped embankments to stabilize and/or anchor rock placed on
the side slope; serve as a toe drainage channel; serve as an
impact basin and provide for energy dissipation from tributary
flow; and provide erosion protection at the toe, transition flow
from the side slope to adjacent properties, and/or provide gully
intrusion protection to the embankment. Therefore, proper
rock sizing is an imperative element of the design process to
meet the project requirements while minimizing project costs.

Rock-sizing procedures have been developed by Isbash
(1935), Olivier (1967), Hartung and Scheuerlein (1970), Ste-
phenson (1979), and Abt and.Johnson (1991) that can be ap-
plied for protecting embankment top slopes and side slopes
for parallel flow conditions. However, these procedures were
derived from through-flow and overtopping-flow conditions
and are not considered applicable to flow transitioning from a
side slope onto a horizontal or near-horizontal toe. In most
cases, riprap placed at the toe of an embankment slope must
be sized to ensure stability as runoff transitions from the em-
bankrnent slope to the toe.

The U.S. Bureau of Reclamation (USBR) developed a rip-
rap design procedure for applications in stilling basins (US-
DO 1978) founded on the work of Berry (1948). The USBR
procedure is empirically based from extensive laboratory test-
ing and field observations. The procedure estimates the median
stone size as a function of the localized bottom velocity (in
feet per second) of the flow, Vb, at the location where the flow
transitions onto a stone-filled basin. If the bottom velocity can-
not be determined, the local average velocity may be substi-
tuted to size the rock. The local average velocity can be de-
termined using the U.S. Army Corps of Engineers procedures
(USACE 1991). The stone size and/or stone weight can be
determined from Fig. I (developed in English units).

Campbell (1966) presented a velocity-based riprap design
procedure for stone placed in channels for bank stability and in
stilling basin applications. Using the Isbash approach to rock
sizing and applying the logarithmic law velocity distribution,
Campbell developed a series of relationships between velocity

and stone size as presented in Fig. 2. Campbell presented ve-
locity in feet per second, stone diameters in feet, and stone
weights in pounds.

The USBR and Campbell rock-sizing procedures were de-
veloped to dissipate energy and provide a stable toe as flow
transitions into a stilling basin or similar structure. The rock
was sized to resist movement on a flat toe in the hydraulic
jump development region of flow. These procedures are dif-
ficult to apply for relatively small rock requirements (<0.3 m).
Both procedures have been routinely applied in engineering
practice for sizing rock placed at the transitions of compound
slopes (i.e., toe rock at the base of a slope) because alternative
procedures have not yet been formulated. Interestingly, both
procedures are perceived to yield conservative rock sizes.

A pilot program was performed to test and evaluate the
USBR and Campbell rock-sizing procedures when applied to
flow transitioning from an embankment side slope onto a rock
toe. The experimental program was designed to observe and
document rock movement and/or failure of riprap placed at the
toe' of an embankment and subjected to flow parallel to the
embankment, thereby, transitioning into a rock toe.

TEST PROGRAM

Facility

An outdoor, concrete facility was used to accommodate a
pilot, near-prototype experimental program. The model con-
sisted of a supply pipeline with a control valve, a headbox
with a manifold, an embankment, a rock toe, and an outlet
sluice. A schematic profile of the test section is presented in
Fig. 3.

The embankment was constructed in the test section with
dimensions of 29.3 m (96.2 ft) long and 2.4 m (7.8 ft) wide.
The embankment consisted of a moistened sand-fill material
placed to a height of 1.83 m (6 ft). The top slope was 4.6 in
(15 ft) long with a slope of 0.5%. The side slope was approx-
imately 4.6 mn (15 ft) long with a slope of 20%. The toe-of-
the-slope (rock toe) basin was approximately 4.9 m (16 ft) in
length with a rock depth transitioning from 0.91 m. (3 ft) to
0.61 m (2 ft) as indicated in Fig. 3. A sand/clay soil was placed
adjacent to the toe rock outlet extending downstream approx-
imately 12.2 m (40 ft) at a slope of approximately 3% to
simulate adjacent field conditions.

The embankment top slope and side slope were covered
with a stabilized riprap layer of 8.9 cm (3.5 in.) diameter rock
with a minimum depth of 1.5 times the median rock D,5 . Rock
was placed at the toe and smoothly transitioned the embank-
ment side slope to the toe as indicated in Fig. 3.

Riprap

The riprap placed at the toe for each of three tests had me-
dian stone sizes of 8.9 cm (3.5 in.), 13.0 cm (5.1 in.), and
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2Sr. Hydr. Engr., Ofc. of Nuclear Mat. Safety and Safeguards, U.S.
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FIG. 1. Parametric Curve Used To Determine Maximum Stone Size In Riprap Mixture as Function of Channel Flow (USDOI 1978)

19.8 cm (7.8 in.), respectively. The stones were angular in
shape with a specific gravity of 2.63. The coefficients of uni-
formity of the riprap ranged from 1.13 to 1.25 and are con-
sidcred uniform.

Instrumentation

Instrumentation used to document the rock performance in-
cluded a point gauge for monitoring the water surface on the
top slope and slide slope of the embankment and a total station
survey instrument with prism for monitoring the bed eleva-
tions at and near the toe. Velocities were measured using a
Marsh-McBirney magnetic flowmeter, which was calibrated
immediately prior to its use. Videotape and still photographs
were used to visually document each test.

Test Procedure and Program

Once the embankment was constructed, a detailed survey
was performed to document the pretest stone surface eleva-
tions. A 0.3-m grid was established throughout the toe basin
area. The grid elevations served as the base elevations for
mionitoring riprap movement during and after each flow incre-
ment.

Each rock toe was tested in the same manner. The flow to
the facility was initiated, and the headbox was slowly filled.
Care was taken to prevent surging or pulsation of the flow as
it first overtopped the embankment and entered the test sec-

tion. The discharge was increased to a flow of approximately
0.028 m3/s/m (1 cfs/ft). Flow was allowed to stabilize; then
data were collected at four locations throughout the test sec-
tion. Flow velocities were recorded at the embankment crest
(Section 1), midslope (Section 2), toe of the slope immediately
upstream of the hydraulic jump (Section 3), and 1.5-m down-
stream of the toe in the basin as indicated in Fig. 3. Point
velocity measurements were taken at 0.6 times the flow depth
from the surface at quarter intervals across the flume. Bed
elevations were determined at the toe of the slope each time
velocity measurements were obtained. After the velocity and
bed elevations were recorded, the flow was increased and the
data collection repeated. The process continued until the rock
toe failed. The test was then terminated, the toe basin docu-
mented, and the embankment and/or toe basin reconstructed.

The testing program consisted of three tests; each test using
one of the rock sizes (8.9, 13.0, and 19.8 cm) in the toe. The
program test focused on the rock placed at and immediately
downstream of the location where the flow transitioned from
the side slope to the rock toe. It is acknowledged that the flow
turbulence at the impact zone made direct observation difficult.
Therefore, observations of the rock included monitoring au-
dible vibrations of the stone. In addition to the vibrations, the
point gauge and survey rod with base plate were used to mon-
itor vertical displacement prior to stone entrainment or hori-
zontal dislodgment. Rock movement was defined to be when
stone was horizontally dislodged at the toe. Toe failure oc-
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curred when the elevation of the toe degraded the equivalent
of one median stone size. Although this is not a conservative
definition of failure, it provides measurable criteria during test-
ing.

RESULTS

When overtopping began, flow was conveyed down the em-
bankment slope and transitioned onto the toe. Rock usually
settled and/or adjusted to resist the impinging forces. Rock
adjustment to incremental flow increases was not considered

674 / JOURNAL OF HYDRAULIC ENGINEERING / JULY 1998

a state of rock movement. As the flow increased, a point was
attained where individual stones began to vibrate and/or ver-
tically displace. Rock vibrations would eventually transition to
rock entrainment and/or displacement. In some instances, the
rock displaced a short distance across the toe basin and then
settled and/or lodged into other rocks in the basin. The flow
eventually entrained the rock and completely transported the
rock out of the basin. Identifying the exact point of rock move-
ment was difficult (horizontal displacement) due to the tur-
bulent conditions.

I I...., I.., I . I - I I ý I - 'I zmý
69MMINMEM Iffia ý NWHONOMMM



Calculation C-02 ProJect 35D.2600 Appendix B
TABLE 1. Summary of Velocities

= -

(02
(cm)
(2)

Average Velocity
(m/s) I

Test

2

3

q
(M

3/1s/m)
(3)

Section 1 Section 2] Section 3 Section 4 Comment
(8)

19.8
19.8
19.8
19.8
19.8
19.8
13.0
13.0
13.0
3.0
8.9
8.9
8.9
8.9

0.08
0.18
0.26
0.36
0.44
0.54
0.09
0.18
0.26
0.36
0.08
0.08
0.18
0.26

1.22
1.54
1.73
1.87
2.02
2.15
1.09
1.50
1.72
1.83

1.49
1.56
1.69

1.58
2.61
2.73
3.01
3.15
3.43
1.65
3.15
3.36
2.99

1.75
2.04
2.18

1.25
2.38
3.00'
3.26
3.50
3.65
1.98'
3.05
2.36
3.20
1.05"

1.78
2.85

0.52
1.04
0.81
0.96
0.94

0.92
0.83
1.11
1.32

1.78
1.81

Failure

Failure

Failure

'Rock begins to vibrateivertically translate based on visual and auditory obser-
vations.

A summary of the test measurements indicating the unit
discharge and average velocities at each of the four monitoring
sections is presented in Table 1. Incipient rock vibration and/
or vertical displacement was detected based upon visual ob-
servations, videotapes, and auditory assessments as annotated
in Table 1. Rock movement was monitored in Sections 3 and
4 based upon periodic bed elevation contouring. It is observed
that the maximum flow velocities were measured at the toe of
the slope adjacent to Section 3; velocities ranged from 2.85
mis (9.34 ft/s) to 3.65 m/s (11.97 ft/s).

The flow impinged on the rock toe and transitioned into a
hydraulic jump to dissipate the energy of the flow. The data
demonstrate that the velocity was significantly slowed at the
jump downstream of the toe by 50-70%.

INALYSIS

During the low-flow segments of each test, flow conditions
permitted the observation (visual and auditory) of rock vibra-
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tion and/or vertical displacement (incipient movement). The
8.9 cm (3.5 in.), 13 cm (5.1 in.), and 19.8 cm (7.8 in.) stones
were observed to vibrate/vertically displace at velocities of ap-
proximately 1.05 mis (3.43 ft/s), 1.98 m/s (6.48 ft/s), and 3.0
m/s (9.84 ft/s), respectively. The incipient values were plotted
on the USBR (USDOI 1978) rock-sizing design curve as pre-
sented in Fig. 4. The incipient movement measurements appear
to agree closely with the data used to establish the USBR
criteria. These results imply that the USBR used a conservative
definition of rock movement.

Traditional procedures such as the USBR (USDOI 1978)
and Campbell (1966) utilize the flow velocity estimated at the
transition to determine the median rock size of the riprap in
the stilling area (toe basin). These procedures are empirically
based and determine rock sizes based upon flow impingement
at the toe. The point velocities measured at stone failure are
plotted with the USBR relation as presented in Fig. 5. A re-
lation is projected through the test results to allow a compar-
ison of these test results with the USBR procedure. When a
flow velocity of 3.65 m/s (12.0 ft/s) transitions onto the rock
toe, the USBR yields a median rock size of approximately 53.3
cm (21 in.). The initial results of these flume tests indicate that
a 20.3 cm (8 in.) rock would fail at the same 3.65 mis velocity
(Section 3). The USBR rock size is larger than 260% of those
indicated in Fig. 5. The Campbell procedure prescribes a stable
rock size of 55.9 cm (22.0 in.) at a transition velocity of 3.65
mis. It is important to note that flow velocities depicted in the
USBR and Campbell procedures is measured immediately
downstream of the jump transition, whereas the velocity pre-
sented herein is measured immediately upstream of the jump
transition.

The USBR and Campbell procedures apparently provide a
conservative approach to stone sizing in stilling basins and for
rock placed at the toe of a slope. Although the rock size de-
rived from the flume tests requires adjustment (increased) from
the failure condition to reflect a nonmovement condition, con-
siderable differences exist between these procedures.

An analysis was performed to evaluate how the unit dis-
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charge affects the median rock size at the toe. Abt and Johnson
(1991) formulated an expression for sizing the median rock,
D30, for top and side slopes of embankments as a function of
the estimated design unit discharge, qd, and the slope, S. Util-
izing the unit discharge instead of the flow velocity relieves
the designer from estimating the resistance to flow parameter
as well as rectifying the differences between average, bottom,
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and point velocities. The median stone size (Abt and Johnson
1991) designed to resist stone movement on embankment
slopes is expressed as

D,, = 5.23 X S043qd56  (I)

where qd is in cubic feet per second per foot; and D50 is in
inches. Eq. (1), expressed in SI units is
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D.o = 50.74 x S'4 X q>.S6 (2)

where Ds0 is in centimeters; and qd is in cubic meters per

second per meter.
Stone movement, upstream of Section 3, was documented

and plotted in Fig. 6. The stone movement of the embankment
slope reasonably agrees with the Abt and Johnson relation. The

data indicate that the Abt and Johnson relation, plus 100%,

envelops the rock toe size for unit discharges ý0.54 m3/s/m
(5.77 cfs/ft).

An expression can be derived to size the median rock size

based upon the toe rock relation presented in Fig. 6. The mod-

ified expression should incorporate (1) the rock size differen-
tial between the two relations portrayed in Fig. 6; and (2) the
flow concentration, Cf, aspect of flow discussed by Abt and
Johnson. Abt et al. (1988) and Abt and Johnson (1991) re-
ported that flow channelization develops on uniformly graded
slopes. Flow concentrations, or areas where flow was diverted
around larger stones and directed into zones of smaller stones,
created subchannels. The unit discharge in the subchannels
was documented to be at least three times (1 < Cf < 3) the
uniform unit discharge before channelization. The magnitude
of C1 should depend upon the hazard level of the protected
surface. For example, a C1 of 1.0 should be used for low-
hazard applications, whereas a C1 of 2-3 should be used for
high-hazard conditions. Therefore, the inclusion of a flow con-
centration factor for rock toe sizing is warranted.

Eq. (1) may be shifted such that the median stone size is
designed to resist stone movement rather than failure at the
transition of the toe as

D, = 10.46 X SO.
43 

X (C1 X qd)0's6 (3)

where q, = design unit discharge in cubic feet per second; D5 o
is in inches, and C1 = flow concentration factor. Eq. (3) ex-
pressed in SI units is

D, = 100.5 X S°O4 
X (C, X qd)0.6 (4)

where ql is in cubic meters per second per meter; and DIo is
in centimeters. Extrapolation of Eqs. (3) and (4) beyond unit
discharges of 0.54 m3/s/m are not recommended without fur-
ther testing.

These flow tests indicate that the rock toe may be sized
based upon the unit discharge and the embankment slope tran-
sitioning into the rock basin. The rock toe should minimally
extend 10-stone-diameters downstream of the toe and the stone
layer should be a minimum of 3-stone-diameters thick. It is
recognized that these few data points do not necessarily define
a definitive relation. Further, it is noted that (3) and (4) are
applicable to a small range of flows (<0.54 m 3/s/m) and do
not incorporate a factor of safety. However, (3) and (4) provide
the user a unit discharge rather than velocity-based approach,

accounts for concentrated flows, and reduces the conservatism
of design.

CONCLUSIONS

A few methods or procedures exist that size riprap placed
at the toe of a slope. Existing rock-sizing methods are velocity
based, focus on energy dissipation, and are extremely conser-
vative. A near-prototype, pilot flume study was performed
where flow overtopped an embankment and transitioned into
a rock toe comprised of 8.9, 13.0, and 19.8 cm (median stone
diameter). The test results indicate that the stone size required
to stabilize the riprap layer at the toe is approximately 100%
larger than the rock size -required to stabilize embankment side
slopes. A method was developed for sizing rock placed at an
embankment toe based upon the embankment slope and unit
discharge at the compound slope transition. Although the unit
discharge approach to rock sizing is based upon a limited da-
tabase, the results indicate that a less conservative rock size
may be sufficient to stabilize the embankment toe. It is ac-
knowledged that the database must be expanded.
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CHAPTER V

ESTIMATING EROSION AT CULVERT OUTLETS

Estimating erosion at culvert outlets is difficult because of the many complex
factors affecting erosion. Some of these factors are the discharge, culvert
diameter, soil type, duration of flow and tailwater depth. In addition, the
magnitude of the total erosion can consist of local scour and channel
degradation, the two types of erosion discussed in Chapter II-B. Maintenance
history, site reconnaissance and data on soils, flows and flow duration provide
the best estimate of the potential erosion hazard at a culvert outlet.

The objective of this chapter is to present a method for predicting local scour
at the outlet of structures based on soil and flow data and culvert geometry.
This scour prediction is intended to serve together with the maintenance history
and site reconnaissance information for determining energy dissipator needs.

Investigations (1), (3), indicate that the scour hole geometry varies'with
tailwater conditions with the maximum scour geometry occuring at tailwater
depths less than half the culvert diameter (1); and that the maximum depth of
scour (hs) occurs at a location approximately 0.4 Ls downstream of the
culvert outlet (3) where L. is the length of scour.

Empirical equations defining the relationship between the culvert discharge
intensity, time, and the length, width, depth, and volume of scour hole are
presented for the maximum or extreme scour case.

Cohesionless Material

The general expression for determining scour .geometry in a cohesionless soil for
a circular pipe flowing full is

Dimensionless Scour Geometry = (Q )(t-• (V-1)

where:
Dimensionless Scour Geometry is h, W, L, or V

hs, Ws, Ls, and V. are depth, width, length and volume of scour
respectively.

D is the diameter of the culvert

Q is the discharge, g is the acceleration of gravity

V-i
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t is the time in minutes,

to is a base time used in the experiments to derive coefficients
(316 minutes unless specified otherwise).

For noncircular or part full culverts, the diameter D can be replaced by a n
equivalent depth Ye, where Ye is defined as

Ye = (A/2)1/2

and A is the cross sectional area of flow. Modifying Equation (V-1) to include
the equivalent depth results in the general expression.

B 0

Dimensionless Scour Geometry e(Q ) aL>_ (V-2)

where:

a e % 0.632.5 B.l for hs, Ws, and Ls

a a 0.632.5 3 for V.

The values of the coefficients ae, p, and e in Equations V-1 and V-2 are given
in Table V-1.

Gradation

The cohensionless bed materials presented in Table V-1 are categorized as either
uniform (U) or graded (G). The grain size distribution is determined by
performing a sieve analysis (ASTM DA22-63). The standard deviation (a) is
computed as:

where the values of d8 4 and d1 6 are extracted from the grain size
distribution. If < 1.5, the material is considered to be uniform; if > 1.5,
the material is classified as graded.

Cohesive Soils

If the cohesive soil is a sandy clay similar to the one tested at Colorado State
University by Abt et al (8), Equation (V-i) or (V-2) and the appropriate
coefficients in Table V-I can be used to estimate the scour hole dimensions.
The sandy clay tested had 58 percent sand, 27 percent clay, 15 percent silt and
1 percent organic matter; had a mean grain size of 0.15 mm and had a plasticity
index, PI, of 15.

V-2
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Since Equations V-1 and V-2 do not include soil characterisitcs, they can only
be used for soils similar to the ones tested. Shear number expressions, that
related scour to the critical shear stress of the soil, were derived to have a
wider range of applicability for cohesive soils besides the one specific sandy
clay that was tested. The shear number expressions for circular culverts are:

S e

[hs, Ws, L., or V.] = • V"t ""

D D" , D Dto

(v-3)

and for other shaped culverts:
0

[hs, Ws,

Ye Ye

L., or
Ye

Vs] 2 ' N t
FTe 7c ) ( 0)

(V-4)

where: PV2 is the modified shear number
TC

V = outlet mean velocity

Tc = critical tractive shear stress

P = fluid density

Ole = a for hs, Ws, and Ls.63

.(.63)3
for Vs

The values of the coefficients a, 9, e, and ae in Equations V-4 and V-5 are
presented in Table V-1. The critical tractive shear stress (2) is defined as

To = 0.0001 (Sv + 180) tan (30 + 1.73 PI) (V-5)

where S. is the saturated shear strength in pounds per square inch and PI is
the Plasticity Index from the Atterberg Limits.

It is recommended that Equations V-3 and V-4*be limited to sandy clay soils with
a plasticity index of 5-16.

Time of Scour

The time of scour is estimated based upon a knowledge of peak flow duration.
Lacking this knowledge, it is recommended that a time of 30 minutes be used in
Equations V-1, V-2, V-3, and V-4. The tests indicate that approximately 2/3 to
3/4 of the maximum scour occurs in the first 30 minutes of the flow duration.

V-3
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It should be noted that the exponents for the time parameter in Table V-1 reflect
the relatively flat part of the scour-time relationship and are not applicable
for the first 30 minutes of the scour process.

Headwalls

Installation of headwalls (6) flush with the culvert outlet moves the scour
hole downstream. However, the magnitude of the scour geometries remain
essentially the same as for the case without the headwall. If the culvert is
installed with a headwall, the headwall should extend to a depth equal to the
maximum depth of scour.

SUMMARY

The prediction equations presented in this chapter are intended to serve along
with field reconnaissance as guidance for determining the need for energy
dissipators at culvert outlets. It should be remembered that the equations do
not include long-term channel degradation of the downstream channel. The
equations are based on tests which were conducted to determine maximum.scour for
the given condition and therefore represent what might be termed worst case
scour geometries. The equations were derived from tests conducted by the Corps
of. Engineers (1), and Colorado State University (5), (6), (7), (8) and (9).

V-4
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Design Procedure

1. Perform a hydrologic analysis of the drainage in which the culvert is
located or to be placed. Estimate the magnitude and duration of the peak
discharge. Express the discharge in cfs and the duration in minutes.

The discharge intensity is

D.I. = Q for circular culverts flowing full
F" D572

D.I. Q for other shapesIff ye512 .

where Ye A'0/2

FOR COHESIONLESS MATERIALS, OR THE 0.15mm SANDY CLAY

2. Compute the discharge intensity when the culvert is flowing at the

peak discharge.

3. Determine scour coefficients from Table V-i.

4. Compute the scour hole dimensions from

[hs, Ws, L., or V.1 a[ Q ____t_ (V-l)
D 0 D, D3 05/2 \3161

or
* e

[hs, Ws, Ls, or Vs] = e ( 7 Q' , N (V-2)

Ye Ye Ye Ye ye 5 2  3

FOR OTHER COHESIVE MATERIALS WITH PI FROM 5 TO 16

a. Compute the culvert outlet velocity in feet/sec.

b. Obtain a soil sample at the proposed culvert location.

c. Perform Atterberg limits tests and determine the plasticity index, PI
(ASTM 0423-36).

V-5
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d. Saturate a sample and perform an unconfined compressive test (ASTM
D211-66-76) to determine the-saturated shear stress, Sv, in pounds per
square inch.

e. Compute the critical tractive shear strength,

f. Compute the modified shear number PV2

Tc

3. Determine scour coefficients from Table V-1.

4. Compute the desired scour hole dimensions from

c, from equation V-5.

6 8
[hs, Ws, L., or V.]

D D D D

for circular culvert

or

[__ý,__,La, VsI = 'e

Ye Ye Ye Ye3

for noncircular culverts.

J~7T 76)

0 a

j)STC c
/(t -
ý3 16)

Example Problem Cohesionless Material

Determine the scour geometry--maximum depth, width, length and volume of
scour--for a proposed circular 30-inch C.M.P. discharging an estimated 50 cfs
when flowing full. The downstream channel is composed of a graded gravel
material.

1. The duration of the peak discharge of 50 cfs is not known.
Therefore, a peak flow duration of 30 minutes will be estimated.

2. The circular, 30-inch C.M.P. at 50 cfs will have a discharge intensity of

D.I..= 50
ýfg (30 )5/2

50

(5.67)(2.5)5/2

= 0.89

V-6
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3. The coefficients of scour obtained from Table V-1 are:

Depth of Scour 1.49 .50 .03

Width of Scour 8.76 0.89 .10

Length of Scour 13.09 0.62. .07

Volume of Scour 42.31 2.28 .17

4. Scour hole dimensions:

B

depth: hs = a \ \
-D , D2. \316 /

= 1.49 •(0.89)0.50 (0.09) .03; hs *3.27 ft

width: Ws = 8.76(0.89)0.89 (.09)'10; Ws = 15.5 ft
D

Length: L. = 13.09(0.89)0.62 (.09).07; Ls 25.72 ft

Volume: Vs = 42.31(0.89)2.28 (.09).17; Vs = 335.79 Ft 3

5. The location of the maximum scour (Figure V-2)

0.4 (Ls) = .4 (25.72) = 10.3 ft downstream of the culvert outie

V-7
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Example Problem Cohesive Material

Determine the scour geometry-maximum depth, width, length and volume of scour
For an existing circular 24-inch C.M.P. discharging an estimated 40 cfs when
flowing full. The downstream channel is composed of a sandy-clay mater iel.

1. The duration of the peak, discharge of 40,cfs is not known. Therefore, a
peak flow duration of 30' minutes will be estimated.

2. a. The average velocity at the culvert outlet is:

V Q 40.0 = 12.74 fps
T 3.14

b-e. The sandy-clay material was tested and found to have a Plasticity Index
(PI) of 12 and a saturated shear strength (Sv) of 240 psi.

The critical:tractive shear can be estimated by substituting into
Equation V-5

Tc 0.001 (240 + 180) tan -(30 + 1.73(12))

0.001(420) tan (50.76) 0.51 lb/ft 2 .

f. The modified shear number Snd = (PV2 ) is:
Tc

Snmod = 1.94 (12.74)2 = 617.4

0.51

3. The experimental coefficients a, 8 and e from Table V-I are

Depth .86 .18 .10

Width 3.55 .17 .07

Length 2.82 .33 .09

Volume .62 .93 .23
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4. The scour hole dimensions are:

hse
D

8 e
PV2! t

.B6(617.4)-li8 (.D9)1O hs = 2.14 X 2 =4.30 ft

Ws
D

L8

VS.
(TT

3.55(617,4)-17

= 2.82(6117.4)o33

=.62(617.4).93-

(.09).07; Ws 8094 X 2 27.9 ft

(.09)-09; Ls = 18M92 X 2 37.8 ft

(.09).23; Vs 140.3 X .3 : 1122.5 ft 3

5. Location of maximum depth of scour (Figure V-2)

0.4 L. =.0.4(37.8) 15.1 ft downstream of culvert outlet

V.-9



fBy Steven R. AbM,' James F. Ruff,' Members, ASCE,
and Rodney J. Wittier,3 Associate Member, ASCE

INTRODUCTION

Estimating flow through rockfill and protective rock covers can be a usefulprocedure for designing or evaluating flood control, waste repository, andwaterways structures. Often, a knowledge of rockfill and rock cover trans-missibility and the effect of through-flow forces on the stone are needed forstructural stability analyses. Through-flow velocity is defined as the averagevelocity of water flow through rock voids. An understanding of turbulent
flow in a rock medium is needed for through-flow analyses.. Numerous investigators have analyzed turbulent through flow, includingWeiss (1951), Escande (1953), Olivier (1967), and Stephenson (1979). Wil-kins (1956, 1963) performed laboratory transmissivity tests on cylindrical

* specimens, resulting in the relation

V, = 32.9m0 .i" ............................................... (1)
where V,, = the average velocity of water through rock voids in inches persecond; i = the hydraulic gradient; and rm = the hydraulic mean radius ofrock voids in inches (volume of voids divided by total surface area of the
particles).

Parkin (1963; Parkin et al. 1966) performed tests on clean, angular gravel(3/8-3/4 in.). Parkin derived the expression

i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (2 )
where i = the hydraulic gradient and V, = the average velocity of flow
through the rock voids in feet per second.

Leps (1973) consolidated the concepts of Escande, Wilkins, and Parkinand prcsented an expression for the average flow through rockfill for tur-
bulent conditions as

S= ,0  
0 .5 4...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (3)

where V,, the average velocity of water in rockfill voids in inches per* second; W = an empirical constant; m = the hydraulic mean radius in inches;and i = the hydraulic gradient. The average through-flow velocity is esti-nmated by obtaining the appropriate value from Table I and inserting it intoEq. 3. Leps' relation is applicable to uniformly sized rock with a specific
. gravity of 2.87.

Wilkins (1956, 1963), Olivier (1967), and Stephenson (1979) reportedthat
'Prof., Dept. of Civ. Engrg., Colorado State Univ., Fort Collins, CO 80523.2Prof., Dept. of Civ. Engrg., Colorado State Univ., Fort Collins, CO." •Res. Hydr. Engr., U.S. Bureau of Reclamation, Denver, CO 80225.Notc. Discussion open until October 1, 1991. To extend the closing date one month,a written request must be filed with the ASCE Manager of Journals The manuscriptfor this paper was submitted for review and possible publication on January 23, 1990.

This paper is part of the Journal of Hydraulic Engineering, Vol. 117, No. 5, May,1991. ©DASCE. ISSN 0733-9429/91/0005-0670/$1.00 + $.15 per page. Paper No.
25842.

TABLE 1. Coefficients for Estimating Through Flow (for Eq. 3) _"
Rock Size

In.
(1)

cm
(2)

WHI0.

(3)

0.75 1.9 10
2 5.1 16
6 .15.2 28
8 20.3 32

24 61.0 58
48 121.9 84

Note: Adapted from Leps (1971).

6 e average interstitial, or through-flow, velocity was a function of the riprap
;properties and the gradient. However, in the preliminary design process, the
engineer must assume a representative stone size and gradation before ex-
ltnsive material testing or analysis of a rock source is done. Therefore, a
procedure that predicts the average through-flow velocity for riprap and rockfiil
would be helpful. This note presents a method.

EXPERIMENTAL PROGRAM

An experimental program was conducted by Abt ct al. (1987, 1988) at
'Colorado State University in which embankments with slopes ranging from

1-20% were constructed in recirculating flumes. These model embankments
were similar to those designed for waste repositories. The embankments con-
sisted of a compacted sand material covered with a geotextile. A 6-in. (0.15-
m) sand-gravel bed was placed atop the geotextile. Riprap was placed on
top of the bedding material in uniform layer thicknesses ranging from 3 in.
(7.6 cm) to 12 in. (30.5 cm). The embankments were constructed horizon-
tally upstream of the crest and transitioned to the desired downstream slope.
Water overtopped the embankment crest and flowed through the riprap.

The riprap was obtained from a limestone quarry. Median stone sizes D50,
ranged from 1.02 in. (2.6 cm) to 6.2 in. (15.8 cm), as presented in Table
2. The rock specific gravity was 2.65, the gradation d./d,6, ranged from
1.80 to 2.72, and the stones were angular.

A tracer injection and recording system was developed to document the
flow velocities through the riprap layer. The system consisted of a pressure-
operated tracer injector, tracer-sensitive probes, a multichannel selector, and
a multichannel strip chart recorder. Each tracer-sensitive probe was fabri-
cated with three tracer-sensitive elements placed in the lower 8 in. (20.3 cm)
of the probe. The tracer injector was fabricated with three injection ports.
The injector port spacing was similar. to the spacing of the tracer-sensitive
elements in the probe; the spacing was 3 in. Fig. 1 shows a schematic of
the injector and sensor in the rock layer. A salt solution was used as the
tracer.

The injector ports were approximately aligned in the riprap layer with the
elements in the tracer-sensitive probe. The lowest injector was approximately
I in. (2.54 cm) above the riprap-bedding interface. The injector was placed
10-12 in. (25.4-30.5 cm) upstream from the first tracer-sensitive probe.
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W TABLE 2. Interstitial Velocity Summary

Riprap Average

Median Stone Layer Interstitial

Test Size, D, D_0 Thickness Embankment Velocity Vi

number in. cm In. cm In. cm slope fps cm/S

(1) (2) (3) (4) (5) (6) (7) (a) (9) (10)

61 1.02 2.6 0.6 1.5 3 7.6 0.01 0.10 3.0

71 1.02 2.6 0.6 1.5 3 7.6 0.02 0.13 4.0

91 1.02 2.6 0.6 1.5 3 7.6 0.10 0.24 7.3

41 2.2 5.6 1.1 2.8 6 15.2 0.01 0.15 4.6

31 2.2 5.6 1.1 2.8 6 15.2 0.02 0.23 7.0

101 2.2 5.6 1.1 2.8 6 15.2 0.10 0.36 11.0

111 2.2 5.6 1.1 2.8 6 15.2 0.10 0.37 11.3

3 4.1 10.4 2.0 5.1 12 30.5 0.20 0.72 21.9

4 4.1 10.4 2.0 5.1 12 30.5 0,20 0.97 29.6

8 5.1 13.0 3.45 8.8 12 30.5 0,20 1.04 31.7

9 5.1 13.0 3.45 8.8 12 30.5 0.20 0.86 26.2

14 6.2 15.7 3.8 9.7 12 30.5 0.20 1.47 44.8

26 2.0 5.1 1.03 2.6 3 7.6 0.10 0.46 14,0

28 2.0 5.1 1.03 2.6 4 10.2 0.10 0.50 15.2

30 2.0 5.1 1.03 2.6 6 15.2 0.10 0.54 16.5

39 4.0 10.2 2.0 5.1 6 15.2 0.10 0.62 18.9

41 4.0 10.2 2.0 5.1 8 20.3 0.10 0.66 20.1

47 4.0 10.2 1.2 3.0 12 30.5 0.10 0.48 14.6

50 4.0 IU.2 2.38 6.0 12 30.5 0.10 0.66 20.1

The second probe was 20-24 in. (50.3-61.0 cm) downstream from the in-
jector. Velocity measurements were taken in the upper third and lower third
segments of the embankment slope.

In each of the 19 tests, flow was established in the flume with the water
surface stabilized at a point just above the riprap surface. The tracer was
then injected into the rock layer. An event marker on the strip chart recorder
indicated when the injector was triggered. Output from the tracer-sensitive
probe elements also was recorded on the strip chart so that tracer concen-
tration versus time could be observed and documented. A tracer concentra-

Tracer

tion cu, ,e was recorded for each injector port. The peak of the concentration

curve was used to estimate the interstitial velocity. Knowing the time of

injection, travel time between injector and tracer ports, and the distance be-

tween ports, one could compute the average interstitial velocity for each test

condition in the rock layer. Each velocity reported in Table 2 represents the

average value of one-to-five velocity measurement locations in each profile.

The number of velocity measurements taken was a function of the layer

thickness; a 3-in. (7.62 cm) layer allowed space for a single velocity mea-

surement.

RESULTS

The average interstitial velocities V, that resulted from the 19 flume tests

are presented in Table 2. Velocities through the rock layers ranged from 3-

44.8 cm/s for embankment slopes of 1-20%, respectively. At a constant

slope of 10%, average interstitial velocities ranged from 7.3-20.1 cm/s for

median stone sizes of 2.6-10.2 cm, respectively.
A sensitivity analysis was performed, relating the rock size and embank-

ment gradient to the average interstitial velocity. Representative stone sizes

of Dso, D4o, D30, D2o, D, 5, and D, 0, in conjunction with the slope, were

correlated with the measured interstitial velocity. The analysis indicated that

0

>
_.2

I

0.01 .S0.01 0.1 I.O 10.0

0.223 ,r, DaoS

Slope Angle

FIG. 1. Schematic of Tracer, Injector, and Sensor in Rock Layer
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FIG. 2. Average InterstItIal Velocity through Rlprap as Function of Do and GradI-

rent
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stone diameter (at which 10% of the weight is finer) provided the,

0..st coefficient of correlation of the stone sizes tested. The interstitial
velocities are shown in Fig. 2, as a function of the rock size Dii and the
slope. A linear regression analysis yielded the expression

Vi = 0.23(gD10 S)"1 .............................................. (4)

where V, = the average interstitial velocity in feet per second; g = the ac-

celeration of gravity in ft/sec', DI0 is in inches, and S = the gradient ex-
pressed in decimal form. The correlation coefficient for Eq. 4 is r' = 0.92.
It appears that the D10 stone size controls the rate of flow through the stone
layer void space. Eq. 4 can be expressed in SI units as

Vi = 0.79(g IJ S)V ', ....................................... ....... (5)

The flow distance between the injector port and the sensor port was de-
pendent on the probe placement in the rock layer. In some instances, the
injector discharged directly into a large stone, resulting in immediate tracer
dilution and the tracer taking a sinuous path toward the sensor. In other
cases, the injector discharged into a void between the stones, resulting in a
shortened path between injector and sensor. Because of the high variability
in flow distance, the average interstitial velocities through the rock layer
varied ± 40%. Velocity variability was dependent on stone size.

CONCLUISONS

A series of 19 flume tests was conducted, in which flow was routed through
a riprap layer, and the average interstitial, or through-flow, velocity was
measured and recorded. Flow measurements varied ±40% about the average
velocity. A predictive relationship was developed in which the average in-
terstitial velocity was determined to be a function of the embankment slope
and rock size D,,, as presented in Eq. 4. The predictive relationship provides
the designer with a method for estimating through flow based upon a rep-
resentative stone size, gradation, and embankment slope. The relationship
was developed for stone sizes with a 030 ranging from 2.6 cm to 15.7 cm,
and DQ ranging from 1.5 cm to 9.7 cm.
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Description of Calculation:

" Determine the runoff from the watersheds between the book cliffs and the wedge and from the top of
the wedge for design storms with return intervals from 1 year to the pmp.

* Calculate the potential sediment transport in a hypothetical channel that routes the runoff along the
north side of the wedge and around the disposal cell using methods from Johnson, 2002.

* Calculate the sediment yield of the areas between the Book Cliffs and the wedge using the Modified
Universal Soil Loss equation (MUSLE) (Nelson, et. al., 1986)

* Calculate the sediment yield from the top of the wedge using the MUSLE to determine the potential
reduction in the height of the wedge due to direct rainfall..

* Compute the net potential sediment addition to or subtraction from the wedge.

* Calculate the potential depth of gullies formed on the top and side slopes of the wedge using the
methodology of Johnson, 2002 to determine'whether the wedge may be breached by gullying.

Assumptions:

* The 1 -hour PMP event is estimated to be 8.2 inches, ("Site Drainage-Hydrology Parameters"
calculation, Draft RAP Attachment 1, Appendix E).

* The rainfall frequency-depth-duration data were developed in the Draft RAP. The 1 year rainfall depth
was taken from the NOAA Atlas 14 ( http://hdsc.nws.noaa.gov/hdsc/pfds/sa/ut pfds.html ).

* Over a period of 1000, years 12.7% of the total rainfall will become runoff (Johnson, 2002).

• The unit weight of compacted soil in the wedge is 103.5 pcf and of undisturbed soil between the Book
cliffs and the wedge is 91.3 pcf.

* Since the results of this calculation indicate that most of the erosion of soil in the channel along the
north side of the wedge will be uncompacted sediment from the area between the Book Cliffs and the
wedge, it has been assumed that the unit weight of all soil transported in the channel is 91.3 pcf. This is
a conservative assumption as erosion of compacted soil would result in less volume for a given weight
of eroded soil.
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DESCRIPTION OF CALCULATION:

Runoff from the area between the top of the Book cliffs and the waste cell will diverted around the cell by a
wedge constructed of approximately 3,000,000 cubic yards of excavated material placed as shown in Figure 1.
The purpose of this calculation is to analyze the ability of the 'Wedge" to survive for the 1000 year life of the
disposal cell.

METHOD OF SOLUTION:

* Determine the runoff from the watersheds between the book cliffs and the wedge and from the top of the
wedge for design storms with return intervals from 1 year to the PMP.

* Calculate the potential sediment transport in a hypothetical channel that routes the runoff along the north
side of the wedge and around the disposal cell using methods from Johnson, 2002.

* Calculate the sediment yield of the areas between the Book Cliffs and the wedge using the Modified
Universal Soil Loss equation (MUSLE) (Nelson, et. al, 1986)

* Calculate the sediment yield from the top of the wedge using the MUSLE to determine the potential
reduction in the height of the wedge due to direct rainfall.

* Compute the net potential sediment addition to or subtraction from the wedge.

* Calculate the potential depth of gullies formed on the top and side slopes of the wedge using the
methodology of Johnson, 2002 to determine whether the wedge may be breached by gullying.

ASSUMPTIONS:
* The 1-hour PMP event is estimated to be 8.2 inches, ("Site Drainage-Hydrology Parameters" calculation,

Draft RAP Attachment 1, Appendix E).

0 The rainfall frequency-depth-duration data were developed in the Draft RAP. The 1 year rainfall depth
was taken from the NOAA Atlas 14 ( http://hdsc.nws.noaa.qov/hdsc/pfds/sa/ut pfds.html ).

0 Over a period of 1000 years, 12.7% of the total rainfall will become runoff (Johnson, 2002).

* The unit weight of compacted soil in the wedge is 103.5 pcf and of undisturbed soil between the Book
cliffs and the wedge is 91.3 pcf.

Since the results of this calculation indicate that most of the erosion of soil in the channel along the north
side of the wedge will be uncompacted sediment from the area between the Book Cliffs and the wedge, it
has been assumed that the unit weight of all soil transported in the channel is 91.3 pcf. This is a
conservative assumption as erosion of compacted soil would result in less volume for a given weight of
eroded soil.
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Figure 1. Location and Configuration of the Wedge
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CALCULATION SECTION:

Unit hydrographs for the two drainage areas between the Book Cliffs and the wedge are developed in Unit
Hydroaraphs.xls WedoeErosionEast.xls WedqeErosionWest.xls. Runoff calculations are performed using
HEC-HMS using the project: WedgeDrainage.hms Drainage area properties for other watersheds are in
WatershedParms.xls

Sediment Transport Capacity

Drainage Area Characteristics

Two drainage areas were delineated between the Book Cliffs and the wedge draining to the southeast and to
the southwest. Two more were delineated on top the wedge draining to the northeast and the northwest.
These drainage areas are shown in Figure 1.

For the undisturbed watersheds north of the wedge composite curve numbers were developed. The western
drainage is approximately 63% Toddler-Ravola-Glenton families association with an HSG of B and a constant
infiltration rate of 0.2 - 0.6 inches/hr. The remainder is Hanksville family-Badland complex with an HSG of C
and an infiltration rate of 0.0 - 0.06 inches/hr (WEB Soil Survey,
http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx, and Appendix B). The Eastern drainage is
approximately 49% Toddler-Ravola-Glenton and 51% Hanksville tam ily-Badland complex. The following curve
numbers have been assigned, a runoff curve number of 75 to the type B soils for semiarid rangelands with
herbaceous cover in fair to poor condition and 87 to the type C soils for the same use in poor condition (TR-
55, ), composite curve numbers of 79.4 for the western drainage and 81.1 for the eastern. Computing initial
abstraction using the NRCS curve number approach yields 0.52 inches for the western drainage and 0.47 for
the eastern. The NRCS initial abstraction is

1. =02 1000 -101LCN
Assuming a constant infiltration of 0.3 inches/hr for the type B soils and 0.03 for type C results in constant
infiltration rates of 0.20 in/hr for the western drainage and 0.16 for the eastern. For the compacted soil
comprising the wedge an initial abstraction equal to 0.2 inches was assumed with a constant infiltration rate of
0.1 in/hr. These loss values were used for all storms except the PMP for which the initial abstraction wasset
equal to 0.0.

Pertinent properties of the tour drainage areas are computed in UnitHydrographs.xls and
WaterShedParms.xls and listed in Table 1. The flow lengths are used to develop a unit hydrograph using the
USBR methodology and the Lag time is used in the SCS unit hydrograph method. The mean of the Kirpich
and SCS time of concentration formulas is used for the time of concentration.

LOY
The Kirpich equation is 7, = 0.0078--ý where

T, = time of concentration (minutes)
L = slope length (feet [ft])
S = slope (ft/ft).

and the SCS equation is T -= 11 where
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Tc = time of concentration (hours)
L = slope length (miles)
H = slope height (ft).

Table 1. Drainage Area Characteristics

Max Flow Initial ConstArea low Lngth Time of
Area Flow Length Lag = Abstraction InfDrainage Area (acres) Length Opposite (on) 0.6 Tc (inches) Rate

(ft) Centrold (mi) (inrhr)
Northwest of Wedge 183.6 4911 3078 NA NA 0.52 0.20
Northeast of Wedge 179.4 5126 3309 NA NA 0.47 0.16
West Side of Wedge 37.1 3140 NA 25.5 15.3 0.30 0.10
East Side of Wedge 31.6 2942 NA 24.5 14.7 . 0.30 0.10

Runoff Hydrograph Calculations

For the two largely undisturbed drainage areas between the book cliffs and the wedge, unit hydrographs were
developed using the methodology of the U S. Bureau of Reclamation (USBR, 1987). These unit hydrographs
are computed in UnitHydrographs.xls. For the two drainage areas on top the wedge the SCS unit hydrograph
was used. The USBR method was developed for natural areas in the west and is not appropriate for the
wedge constructed of compacted soil. The runoff hydrographs were computed using the Computer Program
HEC-HMS (USACE 2007).

Rainfall Depths Applied

The series of storms for the runoff calculations was developed from the Hydrology data in the draft RAP and
NOAA Atlas 14. The number of storms of each depth was chosen conservatively as follows.

" A storm with rainfall depth equal to or greater than the 1000 year storm occurs on the average once every
1000 years. Since the rainfall depth may be any depth between the 1000 year storm and the PMP, the
PMP was used for this storm.

" A storm with rainfall depth equal to or greater than the 500 year storm occurs on the average twice every
1000 years. Since the rainfall depth may be any depth between the 500 year storm and the 1000 year
storm, the 1000 year rainfall depth was used for this storm. Since the PMP accounts for one of these
storms, only one 1000 year storm was used.

" A storm with rainfall depth equal to or greater than the 200 year storm occurson the average five times
every 1000 years. Since the rainfall depth may be any depth between the 200 year storm and the 500
year storm, the 500 year rainfall depth was used for this storm. Since two larger storms have already
been applied, three 500 year storms were used.

Following this logic through storms of all available return periods resulted in the distribution of rainfall depths
and number of storms listed in Table 2. All storms represent 24 hour precipitation depth except for the PMP
which is a 6 hour depth.

Table 2 Distribution of storms used in computing sediment transport capacity.

Return Interval Return Precipitation Number of Storms Number of Storms of Depth
Represented Interval Depth (inches) Equal or Greater than Employed
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(years) Employed Interval Represented
_(years)

1000 PMP (6 hour) 9.0 1 1
500 1000 3.73 2 1
200 500 3.15 5 3
100 200 2.58 10 5
50 100 2.35 20 10
25 50 2.12. 40 20
10 25 1.91 100 60
5 10 1.63 200 100
2 5 1.42 500 300
1 2 1.16 1000 500
<1 1 0.93 Unknown 1000

The runoff from each area was computed using HEC-HMS with the results from the wedge and from the book
cliffs area flowing to the west combined into one hydrograph and to the east into another. A five minute time
step was used.

Sediment Transport Capacity

The capacity of the flow to the east and the flow to the west along the north edge of the wedge (Figure 2) was
estimated using a procedure in NUREG 1623 (Johnson 2002).

-PRDPO'SED
/ SROUND

CuPs ING PE~
SERL

., ,:::.. _ " "• ¢ •'.I • , ,- i•

, :: : • , :: , .. . :

Figure 2 Cross section of the north edge of the wedge.

In this method the sediment transport capacity of a channel can be computed-as

where
q,= unit sediment transport rate in fl2/s (unbulked)
V velocity in ftis
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h = flow depth in feet

NUREG 1623 gives the coefficient and exponents as a function of grain size distribution. Those that most
closely correspond to the grain size distribution of the native soil are

C., = 3.3 x 10-5
Cs2= 0.715
C.3= 3.30

A hypothetical trapezoidal channel with a bottom width of 3 feet and a side slope of 1.5 horizontal to 1 vertical
was assumed based on field observations of West Kendall Wash. The slope of the channel was assumed to
be 0.007 to the east and 0.009 to the west as determined from the topography of the site and the location of
the wedge. A table was constructed of sediment transport in cfs as a function of discharge in each channel.
The flow in each 5 minute period of a runoff hydrograph was then used to interpolate to find the sediment
transport during each 5 minute increment of the hydrograph. The sediment transport of each hydrograph was
then computed as the sum of these 5 minute contributions.

For the channel shown below in Figure 3 with a discharge Q, a depth h, and a top width T, the volume of
sediment transport capacity in a five minute period was calculated as follows. q, was computed as above.
Since this is the unbulked volume transport rate the unit weight was assumed to be 165 pcf. The value of q,
will vary across the channel as it depends on both the velocity and depth of flow. As a conservative approach,
the value q, computed for the full depth, h, was applied throughout the channel. The total rate of sediment
transport in cubic feet/sec (unbulked) was computed as

Q, (unbulked) = qT

and the rate in cf/5 min (bulked) as

Q, (5 min- bulked) = Qs(unbulked) * (300 sec) * 165pcf
91.3pcf

These 5 minute contributions were summed for each of the 5 minute flow periods of a storm hydrograph to
compute the total sediment transport potential in cubic feet of the native soil from a single storm.

\T

~/
~/
, /

Figure 3 Cross Section of Hypothetical Channel along the North Edge of the wedge.
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This calculation was repeated for all the storms listed in Table 2 and the total potential sediment transport

during 1000 years was computed.

Unaccounted for Runoff

The total runoff of water in the listed storms was also computed. Since the annual rainfall at Thompson
Springs during the period (1971-2000) was 9.97 inches(reference), and NUREG 1623 states that a reasonable
estimate of the ratio of runoff to rainfall in the semi-arid regions of the western United States is 0.127, a
volume of total expected runoff during 1000 years was computed. Comparing this volume with that computed
from the listed storms indicated that over half the runoff had not been accounted for.

Assuming that the sediment concentration in this additional runoff will be equal to the average concentration in
the runoff from the one year storm, an additional volume of sediment transport was added by multiplying the
average concentration in the runoff from the one year storm by the volume of additional runoff.

Sediment Supply from the Book Cliffs Area

The runoff from the area between the Book cliffs and the wedge will transport sediment toward the wedge.
The total sediment loss from the two watersheds delineated over a 1000 year period can be estimated with the
Modified Universal Soil Loss Equation (MUSLE).

The equation is

A=RxKxLSxVM

where:
A = soil loss in tons per acre per year,
R = rainfall factor,
K = soil erodibility factor,
LS = topographic factor, and
VM = dimensionless erosion control factor relating to vegetative and mechanical factors.

The rainfall factor is 25, as given in NUREG/CR-4620 (Nelson et al. 1986) for the eastern third of Utah. The soil
erodibility factor was estimated using the nomograph given in NUREG/CR-4620 (Nelson et al. 1986).

The topographic factor is calculated by the following equation:

650.+450xs+65xs' L~7'
LS 10,000 +s •.72.6)/

where:
s = slope steepness in percent,
L = slope length in ft, and
m = exponent dependent upon slope steepness.

The dimensionless erosion control factor used for the undisturbed watersheds was 0.4, from Table 5.3 of
NUREG/CR-4620 (Nelson et al. 1986), representing seedings of 0 to 60 days to mimic light vegetation in the
area. Over an extended period of time, a similar value can be expected to apply on the top of the wedge as
some vegetation will develop. A slope of 3.5% was used. This is a representative slope for the area between
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the wedge and the base of the Book Cliffs. Table 3 summarizes the results of the soil loss equation. The soil
loss (sediment supply) from the Book cliffs area is most likely underestimated sincethe slope from the base to
the top of the Book Cliffs is 40 - 50% and the erodibility factor of the soil is about the same for the two soil
types in the watershed (Web Soil Survey and Appendix B). More sediment than calculated should be eroded
from this area, but much of the additional sediment will be deposited as the slope flattens near the wedge.

Table 3. Results of Soil Loss Equation

Soil Cover Book Cliffs Top of Wedge Book Cliffs Area Top of Wedge
Area (West) (West) (East) (East)

Rainfall factor, R 25 25 25 25
Silt and very fine sand (,) 60 60 60 60
Sand (%) 25 25 25 25
Organic matter (%) 2 2 2 2
Soil structure Very fine granular Very fine granular Very fine granular Very fine granular
Relative permeability Moderate Moderate Moderate Moderate
Erodibility factor 0.35 0.35 0.35 0.35
Topographic factor, LS 0.911 0.183 0.861 0.178
VM (low density seedings) 0.4 0.4 0.4 0.4
Soil loss (tonslacre/year _ 3.19 0.64 3.01 0.62
Soil loss (inches/1,000 19.2 3.4 18.2 3.3years)

Total sediment loss in 1000 12,825,853 459,167 11,841,089 380,310
years (cf) -------------- 459,17 11,841,089 380,310

The relative sediment yield of a more realistic watershed shape has been assessed with the Revised
Universal Soil loss Equation (RUSLE) using the computer program RUSLE2 (USDA 2001). In this simulation
three slopes were used, 1000 feet at 40% to represent the book cliffs, 800 feet at 3.5% and 800 feet at 2.5%
to represent the area between the base of the Book Cliffs and the wedge. A RUSLE2 simulation was also
performed with a the same three segments, but with each having a slope of 3.5%. The rainfall was the long
term average at Thompson, about 6 miles east of the site of the waste cell and the other climate factors were
those for Grand Junction, Colorado. These input parameters and the results are presented in Table 4 and
Appendix C.

Table 4 Input Data and Results of RUSLE2 Estimate of Sediment Yiels from t Yield from Book Cliffs Area

RUSLE2 Sediment Yield

Segment Length(ft) Slope(%) .nAvg Sed Delivery(Tlaclyr)
________________ ~Erosion Taladr __________

1 100 3.5
2 800 3.5
3 800 3.5

Net Erosion 2.6 2.6

1 100 40
2 800 3.5
3 800 2.5

Net Erosion 28 9.1

These results indicate that the assumption of a single 3.5% slope in the MUSLE calculation was conservative.
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Sediment Budget

The volumes of sediments over a 1000 year period calculated with the MUSLE and the sediment transport

potential along the north side of the wedge are summarized in Table 5.

Table 5 Sediment Budget for the North Side of the Wedge

Area Sediment Transport Sediment Yield from
Capacity (cf) MUSLE (cf)

Channel along wedge to the west 4,629,541
Channel along wedge to the east 4,101,687

Western area between Book Cliffs and the wedge 12,825,853
Eastern area between Book Cliffs and the wedge 11,841,089

Western portion of the top of the wedge 459,167
Eastern portion of the top of the wedge 380,310

Total sediment yield toward the west portion of the
wedge _ 13,285,020

Total sediment yield toward the east portion of the 12,221,399
wedge 12,221,399

Ratio of sediment supply from Book Cliffs to 2.8
transport capacity (west)

Ratio of sediment supply from Book Cliffs to 2.9
transport capacity (east) 2.9

These results indicate that the water flowing along the northern side of the wedge to the west and the east
does not have sufficient sediment transport capacity to carry away the supply of sediment from the areas
between the Book Cliffs and the wedge. The northern edge of the wedge is expected to expand northward
during the 1000 year life of the disposal cell and offer increasingly more protection to the cell as time passes.
Even if the sediment supply from the north is discounted, the total sediment transport potential over 100 years
is only about, 12% of the volume of the wedge.

Erosion from top of Wedge

Due to the flat slope the predicted erosion from the top of the wedge is only 3.3 inches over a 1000 year
period. This is a relatively high estimate since the longest flow paths to the east and the west were used in
these estimates. Since the height of the wedge ranges from 28 to 48 feet, this is an insignificant depth of
erosion.

Gully Formation on Wedge

In addition to potential erosion of the wedge by runoff from the Book cliffs area and sheetand rill erosion from
precipitation directly on the top of the wedge, runoff from the top of the wedge is expected to form gullies on
the top and on the steep slopes as the runoff from the top of the wedge flows to the northwest and the
northeast. The potential depth of these gullies can be estimated with an approach detailed in NUREG 1623.
The three types of embankment geometries analyzed in this guidance document as shown in Figure 3.
Gullies forming on the top of the wedge are analyzed as a Type 3 embankment and on the steep side slope as
a Type 2 embankment. The effective tributary drainage area for each embankment is computed as
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A = 0.276[Lcos(o)]'
636

where L = total length of the flow path. A gully factor depending on the soil type, the height of the
embankment and the volume of runoff to the toe of the embankment toe is

G =-0o.70 for a clay content between 15 and 50%.

2.80+ 0.197
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Figure 4 Three types of embankment geometry for gully calculations.
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The estimated maximum depth of gully incision is

Dmax = Gf L,oIS

where S is the original slope of the embankment. The top width of the gully at its deepest point is

[ -D a "] 1.1|49

and the location of the deepest incision measured in units of Dmax downsiope from the crest of the

embankment is

-0.415

DI =0.71

The results of these calculations are summarized in Table 6. The calculations are performed in metric units
and the results converted to English units.

Table 6 Summary of Calculation of Depth of Gullies on the Wedge

Variable Description Top Slope Side Slope Top Slope Side Slope
West West East East

H, (ft) Height of Embankment 10 18 8 22
X" (ft) Horizontal Length of Embankment 1339 95 1254 92
Lo (ft) Length of Embankment along Slope 1339 96.7 1254 94.6

') (radians) Embankment Slope Angle (radians) 0.0075 0.1873 0.0064 0.2347
L2 (ft) Distance along Top Slope (Type II) NA 1339 NA 1254
H2(ft) Height of Top Slope (Type l1) NA 10 NA 8
L, (ft) Long Term Embankment Slope Length 1573 1436 1473 1349
A (sq ft) Effective Drainage Area 72,231 60,418 64,882 53,638
Vr (cf) Rainfall Volume 7,622,392 6,375,820 6,846,885 5,660,312
G. Gully Factor 0.36 0.35 0.36 0.35
Din (ft) Maximum Gully Depth 4.2 6.5 3.4 8.0
W (ft) Gully Width at Maximum Depth 7.7 12.7 5.9 16.0
D (ft) Distance of Dm, from Top of Slope 248 4.1 204 4.7

Summary

As shown Figure 1 a wedge of spoil material consisting of approximately 3,000,000 cubic yards of soil
excavated from the waste cell will be placed between the Book cliffs and the waste cell to divert runoff from
the Book Cliffs area around the waste cell. These calculations have been performed to asses whether the
wedge will continue to protect the cell during the 1000 year design life. Three possible processes by which the
integrity of the wedge might be compromised have been considered.
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1. Erosion of the wedge by runoff from the area between the Book Cliffs and the wedge will tend to erode
the wedge as it is routed to the southwest and northwest around the wedge and the waste cell. The
sediment transport capacity of this runoff during the 1000 year design life has been assessed using
equations from NUREG 1623. Supply of sediment from the watersheds north of the wedge have been
estimated by use of the Modified Universal Soil Loss Equation (MUSLE), as described in NUREG
4620 (Nelson et al. 1986). The assumptions made in the MUSLE have been evaluated using the
RUSLE. The results of these calculations indicate that the total sediment carrying capacity of the
runoff as it flows around the wedge is slightly more than 10% of the volume of the wedge. In addition,
the sediment supply from the Book Cliffs area computed from the MUSLE will be approximately three
times the sediment transport capacity of the flow around the wedge resulting in a net gain in the
volume of the wedge over the design life of the waste cell. For each storm, the flow in the channels
along the north side of the wedge will increase from near zero at the center of the wedge to the full
flow calculated at the east and west ends of the channels. This will result in increasingly greater
sediment transport as the flow increases along the channel. Since the sediment supply to the north
edge of the wedge is expected to be comparatively uniform along the channel, the result will be that
the central portion of the north edge of the wedge will migrate further northward than the east and
west ends. The slope of the channels will then increase over time and a balance between sediment
transport capacity and sediment supply may be achieved during the 1000 year design life of the cell.

2. Precipitation falling directly on the top of the wedge will run off toward the northeast and the northwest.
This runoff will erode the wedge from the top. Application of the MUSLE to estimate the volume of
sediment lost from the wedge through this mechanism indicate that the wedge will be reduced in
average height by about 3 to 4 inches. With a design height ranging from approximately 20 to 48 feet,
this loss of soil will not threaten the integrity of the wedge.

3. The third mechanism considered is concentration of flow as it runs off the top of the wedge and the
consequent formation of gullies both on the top of the wedge and on the steep slopes to the northwest
and the northeast. The depth, width, and location of the deepest portions of these gullies has been
estimated with techniques described in NUREG 1623 (Johnson 2002). The results are summarized in
Table 6. On top the wedge the deepest gully is estimated to be slightly over 4 feet deep, 8 feet wide,
with the deepest part of the gully about 250 feet from the south edge of the wedge. The deepest gully
on the steep side slope is anticipated to be about 8 feet deep, 16 feet wide, with the deepest portion
about 5 feet below the slope break from the flat top to the steep side of the wedge. Neither of these
gullies would pose a serious threat to the integrity of the wedge. It should be noted that because of
the time period over which gullies developed that were used in developing the equations, NRC staff
recommends the method be used for a design cell life of 200 years. Since the gully depth increases
with time, the calculation has been extrapolated to 1000 years as the best available estimate of the
extent of potential gully formation over a 1000 year design period.

Based on these calculations, we conclude that the wedge will protect the waste cell from runoff from the areas
to the north and continue to function over the 1000 design life.
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Two basic approaches exist for the design of suitable erosion-
resistant covers for a tailings impoundment surface as originally described
by-Nelson et al. (1983). The first approach consists of providing a cover
material that will resist material transport by flowing water using the
concept of critical shear stress. The second approach is based on the
Universal Soil Loss Equation, an empirical method originally developed
during the 1930's. The methodologies involved with both of these methods
are discussed below.

5.1.1 Critical Shear Stress Approach

The critical shear stress approach consists of providing a cover
material with a d30 grain size (i.e., 70% of the material by weight is
coarser than the 830) that will resist movement when subjected to the
sheet flow maximum permissible velocity resulting from the application of
the PMP over the entire impoundment surface. Minimum d30 grain sizes
should be determined using the critical shear stress approach similar to
the procedures discussed in Simons and Senturk (1977) applicable to over-
land flow. A numerical solution for selecting an appropriate d30 to
provide armoring has been developed by Shen and Lu (1983).

The design approach described above, in which the critical grain size
is selected to resist the onset of sheet erosion, should evaluate the run-
off from PMP storms of different durations, such as 0.5, 1, 2, 4, and 6
hours to select the maximum d30 required. Rainfall depths will
usually be based on 2.5 to 15 minute durations for small drainage basins as
presented in Section 2.1.2. Typically, the minimum construction layer
thickness is specified to be at least two times the maximum particle size.
If the above approach results in a cover thickness less than about 6
inches, then other considerations - such as nonuniform placement of cover
and particle breakdown due to handling, placement and weathering - would
suggest that a minimum cover thickness of 10 inches should be considered.
If a self-armoring cover can be provided, and there is no major concern for
weathering of the cover material, the design Is independent of time and the
cover should remain intact indefinitely.

5.1.2 Soil Loss Equation Approach

The concept of sheet erosion was recognized by early researchers and
the Universal Soil Loss Equation (USLE) was developed in the late 1930's by
the Agricultural Research Service to evaluate soil conservation practices
for cropland throughout the United States. After its inception, the soil
loss procedure was used and modified as field experience and data were
obtained incorporating the basic parameters of field slope and length,
precipitation, and crop management to estimate soil losses on an annual
basis. Application of the USLE to non-cropland areas and specifically for
construction sites became feasible when Wischmeier et al. (1971), using
basic soil loss characteristics, developed and implemented a soil
erodibility factor (K) in the soil loss computation. Subsequent efforts
refined the parameters used in the USLE for mining and construction
activities in the interior western United States.
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The Modified Universal Soil Loss Equation (MUSLE) was developed by the
,Utah Water Research Laboratory in 1978 for the principal objective of esti-
mating soil losses due to highway construction activities. Alterations
were made to the USLE to accomodate unique or special conditions encoun-
tered in highway construction, including steep and deep cuts and fill
slopes that could cause erosion affecting adjacent or nearby roadways,
streams, lakes, or inhabited areas. It is apparent that the modifications
made to the USLE extend to many construction and mining sites beyond the
scope of highway construction.

The Modified Universal Soil Loss Equation (MUSLE) is a mathematical
model based on field determined coefficients and provides the most rational
approach to evaluate the long-term erosion potential from an upland area
similar to that of the area covering a reclaimed tailings pond. Recent
investigations into appropriate methods of modeling major types of sheet
erosion (Abt and Ruff, 1978; Nelson et al. 1983; Nyhan and Lane, 1983; and
NRC, 1983), indicate that although more rigorous mathematical models are
available to simulate erosion as a function of time, the use of the USLE
has a strong precedent because it has a 40-year history of runoff and soil
loss data.

The MUSLE is used to evaluate average soil losses for certain types of
slopes as a function of time. The MUSLE does not consider the potential
for gully development or intrusion as discussed in Chapter 4 because the
topographic features of the tailings area are assumed to remain constant
with time. Also, the MUSLE does not incorporate the concept of the PMP but
rather a rainfall factor based on historical rainfall values. The MUSLE is
defined by Clyde et al. (1978) as follows:

A = R K (LS) (VM) (5.1)

where,

A = the computed loss per unit area in tons per acre per year with the
units selected for K and R properly selected;

R = the rainfall factor which is the number for rainfall erosion index
units plus a factor for snowmelt, If applicable;

K = the soil erodibility factor, which is the soil loss rate per ero-
sion index unit for a specified soil as measured on a unit plot
that is defined as a 72.6-ft length of uniform 9% slope continu-
ously maintained as clean tilled fallow;

LS = the topographic factor, which is the ratio of soil loss from the
field slope length to that from a 72.6-ft length under otherwise
identical conditions;

VM = the dimensionless erosion control factor relating to vegetative
and mechanical factors. This factor replaces the cover management
factor (C) and the support factor (P) of the original USLE.
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5.1.2.1 The Rainfall and Runoff Factor (R)

As noted by previous research at Los Alamos National Laboratory (Nyhan
and Lane, 1983), the R factor as used in the MUSLE is often misinterpreted
only as a rainfall factor. In reality, it must quantify both the raindrop
impact and provide information on the amount and rate of runoff likely to
be associated with the rain. More specifically, the R factor is described,
in terms of a rainfall storm energy (E) and the maximum 30-minute rainfall
intensity (130). Generalized R factors applicable to the interior I
western United States are given in Table 5.1. For R factors in specific
areas of the United States, it is recommended that erosion index distribu-
tion curves be obtained from local SCS offices.

Table 5.1. Generalized Rainfall and Runoff (R) Values.

State Eastern Third Central Third Western Third

N. Dakota 50 - 75 40 - 50 40
S. Dakota 75 - 100 50 40
Montana 30 -40 20 20 - 50
Wyoming 30 - 50 15 - 30 15 - 25
Colorado 75 - 100 40 - 50 20 - 40
Utah 20 -30 20 - 50 15 - 40
New Mexico 75 -100 40 - 50 20 - 40
Arizona 20 -50 20 - 50 25 - 40

5.1.2.2 The Soil Erodibility Factor (K)

The soil erodibility factor (K) recognized the fact that the erodi-
bility potential of a given soil is dependent on its compositional makejp,
which in turn reflects the grain size distribution of the soil. To predict
soil erodibility, five soil characteristics that include the percent silt
and fine sand, percent sand greater than 0.1 mm, percent organic material,
general soil structure and general permeability are determined. The K fac-
tor is then found by using the Wischmeier nomograph presented in Figure
5.1.

The makeup of the various soil fractions presented in Figure 5.1 is
based on separating sand and silt at the 0.1 mm size. This differs from
the Unified Soil Classification System which uses the No. 200 sieve size
(0.075 amn) for the separation between sand and silt. The value to enter
Figure 5.1 with should be the percentage of material finer than 0.1 mm in
size, not the percentage passing the No. 200 sieve. Also, the determina-
tion of the Soil Erodibility Factor (K) as shown on Figure 5.1 does not
specifically reference the percentage of clay " iner than 0.002 mm) con-
tained in the material. The percentage of silt plus very fine sand to be
used for Figure 5.1, therefore, is the percentage of material contained
between 0.002 mm and 0.1 mm.



IaJ

IL>

0

C

~1

0

~JI

CN

0

z

0
(Ji

-4-

~JIPROCE"I.,E: With appropriate data, order scale at left and proceed
to points rpresenting the sail' %/ sand tO.lO-20min), %
organic matter, structure, and permaobility, in that Smence.
Interpolate between plotted curves. The dotted line illustrates
procedure for a soil having: slitvfs 65%, snd°5%, OM 2.8%

structure 2, permeability 4. Solution: K :0.31.

Fig. 5.1. Noaoprsp far dMtermiq sod tredilIty facto K. Somrsc: after Widcmcicr ct al.. 1971.



Calculation C-03 Project 35DJ2600 Appipdix A Page 6 of 53

5.1.2.3 The Topographic Factor (LS)

Although the effects of both length and steepness of slope have been
investigated separately in different research efforts, it is more con-
venient for analytical purposes to combine the two into one topographic
factor, LS. Wischmeier and Smith (1978) developed plots correlating the
topographic factor for slopes up to 500 meters in length at slope inclina-
tions from 0.5% up to 50%. Note that flat, short slopes will have less
erosion than long, steep slopes and it is to the benefit of the design
engineer to optimize slope length and gradients to fit the topography.

The equation to determine the LS factor is as follows:

LS - 650 + 450s + 66s2 L m (5.2)
10,000 + s2 72.6

where LS = topographic factor
L - slope length in.feet
s = slope steepness in percent
m -exponent dependent upon slope steepness

The slope dependent exponent m is presented in Table 5.2.

Table 5.2 Slope Dependent Exponent

Slope (percent) m

s<1.0 0.2
1.0 < s < 3.0 0.3
3.0 < s < 5.0 0.4
5.0 < sVIO.0 0.5
s > 10.r- 0.6

5.1.2.4 The VM Factor

The VM factor is the erosion control factor applied in place of the
cover and erosion control factors found in the USLE. The erosion control
factor accounts for measures implemented at the construction site to
include vegetation, mulching, chemical treatments and sprayed emulsions to
impede or reduce erosion due to the overland flow of water, Values of the
VM factor relative to site-specific conditions are presented in Table 5.3.

The VM factor is perhaps the most sensitive factor to effect the
computed erosion loss for a given site. As shown by the values presented
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on Table 5.3, the development of a permanent vegetative cover can have a
significant impact in reducing the computed erosion loss. However, the
effectiveness of a vegetative cover over long-term periods should be
questioned unless other protective schemes, such as armoring of the cover
with the proper size material, are also included In the design.

5.1.2.5 Example Problem

An example problem in how to use the MUSLE is provided below.

Assumpt i ons:

Site location: Western Colorado

Site description: Uncovered tailings pond

Pond size: 160 acres

Slope: 3%

Length: 2500 ft

Material: 42% sand greater than 0.10 umm;
58% fine sand and silt less than 0.10 mm;
5% clay less than 0.002 mm;
0% organics;(53% silt plus fine sand less than 0.1 mm);
Consistency - fine granular;

Permeability - slow to moderate.

The following factors have been determined for use in Equation 5.1.

R = 20 from Table 5.1

K = 0.50 from Figure 5.1

LS = 0.747 from Equation 5.2 and Table 5.2

VM = 1.0 (average from Table 5.3 based on an undisturbed surface)

Using Equation 5.1. the annual soil loss (A) from the tailings pond due to
sheet erosion caused by flowing water is computed to be 7.47 tons/acre/
year, or 1195 tons/year from the facility. Therefore, the cover is esti-
mated to erode at a rate of 0.003 ft per year, or 0.3 ft/century.

5.2 SUMMARY AND FUTURE STUDIES

The main application of the soil loss equation approach in the evalua-
tion of cover integrity is to determine whether it is possible for sheet
erosion to penetrate the tailings cover, thereby exposing bare tailings and
constituting a failure of the cover. The followup study will concentrate

0 _ _ _
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Table 5.3. Typical VN Factor Values Reported in thl Literature.&

Condition WW Factor

1. Bare soil conditions

freshly disked to 5-8 lnches 1.00
after one rain 0.9
loose to 12 Inches smooth 0.90
loose to 12 inches rogh 0.80
compacted bulldozer scraped up and down 1.30

saw eacept root raked 1.20
compacted bulldozer scraped across slope 1.20

sam except root raked across 0.90
rough irregular tracked all directiOns 0.90
seed and fertilizer, fresh 0.64

same after isi months 0.54
seed, fertilizer, and 12 months chemical 0.39
not tilled algae crusted 0.01
tilled algae crusted 0.02
compacted fill 1.24 - 1.71
undisturbed except scraped 0.66 - 1.30
scarified only (1.76 - 1.11
sawdust 2 inches deep, 4isked in 0.61

2. Asphalt emulsion on bare soil

1250 gallons/acre 0.02
1210 gallons/acre 0.01 - 0.019
605 gal lons/acre 0.14 - 0.57
302 gallons/acre t).29 8 0.60
151 gal Ions/acre 0.65 - 0.70

3. Dust binder

605 gal Ions/acre 1.05
1210 gallons/acre 0.29 - 0.MR

4. Other chemicals

1000 lb. fiber Glass Roving with 60-150 gallons asphalt emulsion/acre 0.01 - 0.05
Aquatain 0,.6
Aerospray 70. 10 percent cover 0.94
Curasol AE 0.30- 0.48
Petroset SB 0.40 - 0.66
PVA 0.71 - 0.90
Terra-Tack 0.66
Wood fiber slurry, 1000 lb/acre freshb 0.05
Wood fiber slurry. 1400 lb/scre freshb 0.01 - 0.02
Wood fiber slurry. 3500 lb/acre freshb 0.10

S. Seedings

temporary. 0 to 60 days 0.40
temporary, after 60 days 0.05
permanent. 0 to 60 days 0.40
permanent. 2 to 12 months 0.05
penianent. after 12 months 11.01

6. Brush

7. Excelsior blanket with plastic net 0.04 - 0.10

Note the variation in values of VM factors reported by different researchers for the same
masures. References containing details of research which produced these VH values are
included in NCHRP Project 16-3 report. *Erosion Control During Highway Construction.
Vol. Ill. Bibliography of Water and Wind Erosion Control References." Transportation
Research Board, 2101 Constitution Avenue. Washington, OC 20418.

b7his material is conmonly referred to as hydromulch.
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on using the MUSLE for several alternate cover designs in order to evaluate
whether the proposed analytical approach can be successfully used to mea-
sure the long-term integrity of protective soil covers for uranium tailings
reclamation. Alternative designs will be compared, both from a standpoint
of overall integrity and construction difficulty. The covers will also be
evaluated using the critical shear stress approach to determine, based on a
given PMP, the minimum particle size necessary to protect the cover against
long-term degradation.
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APPENDIX B

METHOD FOR DETERMINING
SACRIFICIAL SLOPE REQUIREMENTS

1 INTRODUCTION

In many cases where tailings extend over a large area, slope lengths may be so long that
extremely gentle slopes will be needed to provide long-term stability. Such gentle slopes may
necessitate the use of very large amounts of soil, such that some of these slopes (with no tailings
directly under them) may extend greatly beyond the edge of the tailings pile.

In such cases, licensees may be able to demonstrate that it is impractical to provide stability
for 1,000 years and may choose to show that stability for less than 1,000 years, but for at least 200
years, is a more cost-effective option. Such a design may incorporate tailings embankment "out
slopes," where there are no tailings directly under the soil cover. Such slopes, designed for less than
the 1,000-year stability period, may be acceptable if properly justified by the licensee.

It should be emphasized that the staff considers that a 200-year sacrificial slope design should
be used only in a limited number of cases and only when a design life of 1,000 years cannot be
reasonably achieved. However, it should not be assumed that the design period should immediately
jump from 1,000 to 200 years. The staff concludes that the selection of a design period should
proceed in a stepwise fashion, with consideration given to intermediate design periods from 200-
1,000 years. In determining a minimum design, a 200-year sacrificial slope design, as presented
below, may be used. However, such a design has a considerable amount of uncertainty associated
with its use, due to its development by extrapolation of a relatively limited data base. Therefore, the
staff considers that the procedure should be used only after other reclamation designs have been
considered. The staff considers that the procedures forjustifying a design period of less than 1,000
years, as discussed in Appendix C, should be carefully followed to document that a 200-year
sacrificial slope design is the best design that can be reasonably provided.

2 TECHNICAL BASIS

The long-term gully erosion process has the potential to destabilize an earthen embankment
or soil cover constructed to prevent waste material release to the environment. Figures B-1 and B-2
present photographs of earthen embankments damaged by gullying. It was apparent to the staff that
little criteria were available that assisted the designer in predicting the potential impacts of gullying
processes to long-term stability of the waste material. The NRC thereby supported a series of studies
to expand the knowledge base on the potential impacts of gullies on reclaimed impoundments and
provide guidance for assuring the long-term stability of the waste.

In 1985, Falk et al. conducted a pilot study in an attempt to develop a procedure to predict
the maximum depth a gully may incise into a tailing slope as a function of time. Falk characterized
16 reclaimed mine and/or overburden sites in Colorado and Wyoming that demonstrated incision

B-1 NUREG-1623
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Figure B-1. Damage caused by gullying.
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Figure B-2. Damage caused by gullying.
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on the side slope and in some cases extended into the top slope areas. Field measurements included
gully length, slope length, pile height, pile age, maximum gully depth, and width, tributary drainage
area, vegetative cover and soil composition. From these data, Falk et al. attempted to formulate a
procedure for estimating the maximum depth of incision, width of gully, and location of the
maximum incision from the crest. The estimation procedure had a limited application but indicated
that an estimation procedure could potentially be developed.

Pauley (1993) performed a series of flume studies in which near prototype soil embankments
were constructed simulating a reclaimed waste impoundment. Figure B-3 presents a photograph of
the flume used in the study. A series of rainfall and subsequent runoff events were conducted
resulting in gully incision into the embankment. The gullying processes were documented as a
function of rainfall duration and volume, soil type, embankment slope and the maximum depth of
incision. The results of the study indicated that the gully incision depth was a function of the clay
content of the soil, volume of runoff to the gully, and the embankment height (Abt et al. 1994). The
gully processes observed by Pauley and later documented by Abt et al. (1995b) in the flume study
closely paralleled those observed in the field by Falk (1985) and others.

In an attempt to expand the Falk et al. (1985) database, Abt et al. (1995a) conducted a study
in which 11 field sites that demonstrated gullying on reclaimed impoundments were located,
characterized, measured, and sampled in the Colorado and Wyoming region and each gully was
characterized (Falk et al. 1985).

The information presented by Falk et al. (1985), Pauley (1993) and Abt et al. (1995a) was
consolidated into a composite data base as reported by Abt et'al. (1995b). A comprehensive
procedure was presented to estimate the maximum depth of gully incision, top width of the gully,
and location of the maximum incision from the crest. The procedure allows the designer to
determine gully depths and to predict the location of maximum gully incision.

A review of existing waste and tailing reclamation designs in conjunction with extensive site
experience indicates that three primary embankment/cover configurations are commonly proposed.
The three embankment configurations or types have been proposed or constructed as presented in
Figure B-4. It is important to recognize that although each embankment type is similar along the
main embankment face, the top slope, and subsequent potential tributary drainage, significantly
impact the maximum depth of gully incision, D,, that may intrude into the main slope. Therefore,
a different procedure was developed to estimate the potential tributary drainage area and volume of
runoff for each embankment type.

An empirical gully incision estimation procedure is presented as a function of the
embankment/cover geometry, hydrologic parameters, soil composition, and the design life. It is
anticipated that the estimation procedure will provide the user the maximum depth of gully incision,
the approximate location of the maximum depth of incision along the embankment slope, and the
approximate top width of the gully at the point of maximum incision as schematically presented in
Figure B-5. The user will need to insure that the gully incision does not expose the waste/tailings
materials.

NUREG-1623 B-4
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Figure B-3. Flume used by Pauley (1993).

B-5 NUREG-1623
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Type I Embankment

Type 2 Embankment

x.

Type 3 Embankment

Figure B-4. Three types of embankment geometry.
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Figure B-5. Schematic of typical waste impoundment.
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Staff review indicates that locating the depth of maximum gully incision is the most unpredictable
part of the design procedure. The field data and flume data cannot be relied on totally to adequately
describe the gully profile along the length of the slope. For example, the procedure may predict that
the maximum gully depth will be 20 ft and will occur 500 ft from the embankment crest. :However,
not reflected in the design procedure is the possibility that the same gully could be 19 ft deep at the
crest. The gully profile data available and staff experience suggest that gully depths approaching
the maximum gully depth could occur near the crest. Thus, until more data are available, the staff
recommends that the location of maximum gullying be assumed to occur near the crest of the slope.
In addition, because of the need for significant data extrapolation, the staff suggests that this
procedure be used to determine sacrificial slope requirements for a 200-year period.

In situations where increasing the set back distance of waste with respect to the embankment
crest is not feasible, the concept of embankment stabilization utilizing launching riprap may be
examined. Abt et al. (1997) presents a preliminary approach to the stabilization technique. Figure
B-6 presents a photograph of a laboratory simulation of embankment stabilization using launching
riprap. Based upon the findings of the pilot test series, a set of preliminary guidelines and a design
procedure is outlined by Abt et al. (1997). The procedure presented represents the pilot test series
and its application has not been tested and verified under field or near prototype conditions. It is
recommended that the procedures outlined by Abt et al. (1997) be applied with a high degree of
engineering judgement.

3 PROCEDURES

A procedure has been developed to estimate the effects of gullying over time. The following
steps outline the estimation procedure.

Step I. Determine the embankment design life as outlined in Appendix A. Stability of the
embankment must be insured for periods ranging from 200 to 1,000 years.

Step 2. Select the embankment type (Type 1, Type 2, or Type 3) and determine values of the
appropriate design variables.

Embankment/cover variables applicable to all three types of embankments include
the embankment height (H.) (m), slope length (L0) (m), slope angle (1) (degrees), and
horizontal distance from the embankment toe to the crest (X•) (m) as presented in
Figure B-4.

Step 3. Determine the embankment/cover soil composition, expressed as a percentage of the
sands, silts, and clays. Discriminating thresholds for gully intrusion potential for
embankments are segmented into soils with clay content less than 15 percent. clay
content between 15 and 50 percent, and clay content greater than 50 percent.

Step 4. Determine the average annual precipitation (P), expressed in meters, for the
embankment site. Estimates of precipitation can be obtained from U.S. Weather
Bureau isohyetal maps, local climatological data, or other appropriate means.

NUREG-1623 B-8
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Figure B-6. Photograph of launching riprap flume test.
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Step 5. Determine the drainage area tributary to the embankment to estimate the
volume of runoff to which an embankment will be exposed in its design life.
For embankments without external drainage basins, the tributary drainage
area that forms on the face of the embankment will determine the total
volume of runoff (Abt, Thornton, and Johnson, 1995b). The tributary
drainage area that forms on the embankment face is a unique function of the
type of embankment being evaluated.

Type 1 Embankment

The tributary drainage area for a Type, I embankment may be estimated by

A 0.276 * [L * Cos(O)]' 636 (B-1)

where: A = tributary drainage area (mn)
L. = original embankment length (m)
0 = slope angle in degrees computed as Tan7'(S,)

Type 2 Embankment

The tributary drainage area for a Type 2 embankment is computed by summing the
embankment face length (L.) and the embankment top length (L.2). The resulting
length (-ý) is then entered in Equation B-1 as:

A!= 0.276 * [Lt *COS(O)]!' 6 3 6  (3-2)

where: A = tributary drainage area Cm2)
= total length of embankment

0 = slope angle in degrees computed as Tan'l(S,)

Type 3 Embankment

The tributary drainage area for a Type 3 embankment can be estimated using
Equation B-1; however, an effective embankment length (L3) must be determined.
Flume and field observations indicate that a gully forming on a Type 3 embankment
can extend past the crest and into the adverse slope. When this condition occurs, the
effective length of the embankment is increased. To provide an estimate of the
tributary drainage area at any point in time, the value of the effective embankment
length is determined by estimating the final gully bottom slope. Abt et al. (1995b)
reported that the gully bottom slope may be estimated as

Sb = [1.008,SJ]-0.063 (B-3)

NUREG-1623 B-10
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where: Sb = gully bottom slope (rise/run)
So = original embankment slope (rise/run)

The, effective embankment length can then be computed as:

.3 = 1.175 *L( B-4)

where L0 and I are expressed in meters. The tributary drainage area can then be
computed using Equation B-I where L3 is substituted for Lo.

In situations where the embanlmaent toe is exposed to runoff that develops on
a tributary drainage area external to the embankment, the supplemental area (A1) is
added to the drainage area value computed using Equation B-1.

Step 6. The total depth of precipitation to which the site may be exposed to over the design
life needs to be determined. In Step 1, the design life of the embankment was
estimated. The average annual precipitation for the project site was then estimated
based on Step 4. The expected depth of precipitation, in meters, is then calculated
as:

Dt = Average Precipitation Depth (in) * Design Life (years) (B-5)

Step 7. The runoff to rainfall ratio, Rr, is needed to convert the potential depth of
precipitation for the embankment design life to potential runoff tributary to the
developing gully. The U.S. Geological Survey (USGS) developed a runoff map
method (Gebert et al., 1989) to determine the average annual runoff expected from
any location in the United States. The USGS map provides the user the annual depth
of runoff from a site specific location. The ratio of the runoff to rainfall is computed
by dividing the runoff depth derived from Gebert et al. by the average annual
precipitation for the appropriate locale. The average runoff-ratio using the USGS
Average Annual Runoff Method is 0.127. The runoff-rainfall ratio of 0.127 provides
a reasonable estimate for the arid and semi-arid regions of the western United States.

Step 8. The cumulative volume of runoff (V,) tributary to the embank'ment toe, in cubic
meters, is calculated as:

Vr =Dt * Rr* A (B-6)

where A is the tributary drainage area, expressed in square meters, as determined in
Step 5. It is acknowledged that a single storm event will significantly impact the
development of the gully. Abt et al. (1995a) indicates that the total volume of runoff
can serve as a predictor of the ultimate dimensions (i.e., maximum depth, width, etc.)

B-11 NUREG-1623
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Step 9.

of the gully. The volume of runoff tributary to the gully for the embankment design
life is the primary element reflecting the analysis period.

The maximum depth of gully incision (D.) can be estimated as a function of the
cumulative volume of runoff, Vr, the embankment height, H, the embankment slope
length, L., 1.2 , or 1-3, the embankment slope, and the clay content of the soil
composition. A gully factor, Gf, was developed from the analysis described by Abt
et al. (1994) for varying clay content of the proposed construction material. The
gully factor is defined as:

f Li * S0 03-7)

where L, is LI, L2, or 1-3 as applicable and the embankment slope S., is H0/X0. The
gully factor is computed as:

Clay content < 15%:

Dna
G f -= 5

Lo *S
2 2 +V 

-0 .5 52.25 + 0.789- rT (B-8)

Clay content > 15%, < 50%:

Of-= D,* 1

2.80 + (0.197 Vr -0.703 : (3-9)

Clay content > 50%:

SDnax
L 0 - 1

3.55 + (.76,~ Vr-0.•5 (3-10)
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Step 10. The maximum depth of gully incision expected on the embankment slope may then
be estimated as:

Dz.x= Gf * I- S 0-11

f (B-)

where D,, is in meters.

Step 11. After the value of D., is determined, the top width of the gully at the deepest
incision can be calculated as:

W.- 49 (B-12)

where: W = top width of gully (in)
Do=, = depth of deepest gully incision (in)

Step 12. In some applications, it is important to estimate the location of the maximum gully
incision to evaluate the stability of the embankment or the potential to penetrate into
the waste storage area. The location of the maximum depth of incision, measured
down slope from the crest, may be determined as:

Dt= 0.713 * ( (Yr * S))-o.415 (-3
D I 0 . 1 3( -1 3 )

where: D, = location of D.
V, = cumulative volume of runoff (mn)
so = original embankment slope (rise/run)
Lo = original embankment length (m)

Step 13. To priovide a conservative estimate of the possible damage caused to an earthen
embankment by a migrating gully, it is assumed that the maximum depth of gully
intrusion occurs at the crest of the embankment. The embankment material is then
assumed to erode, at the angle of repose. of the embankment material, up slope of
Dm-. The set back distance of the waste material is determined for each of the three
types of embankments by assuming the embankment erodes at the angle of repose.

Step 14. If altering the set back distance is not feasible, protection may be examined utilizing
launching riprap. A detailed explanation of the launching riprap application is

B-13 NUREG-1623
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presented by Abt et al. (1997). The following preliminary guidelines should be
followed in a launching riprap application:

" The minimum riprap size should be determined using accepted riprap sizing
criteria for overtopping flow. A minimum median stone size (Do) of 9 cm
was found to work well in flume studies.

" The protective riprap layer should have adequate volume to provide slope
coverage under maximum expected gully conditions. A layer thickness of
approximately 3 D, is recommended, depending on the volume requirements
and the length of the riprap layer.

4 RECOMMENDATIONS

The stable slope should be determined using the procedures presented in Appendix A.
Appropriately conservative values of input parameters should be used in the computation.
Additional refinements can be made after the analysis of the sacrificial slope requirements.

In analyzing Type 2 Embankments, the top slope of the cover should be much flatter (less
than or equal to 5%) than the slope of the embankment face. The gully would likely occur far
upstream from the crest if the top slope were steep. The followirig example is presented to outline
the stability assessment procedure, not to promote or compare any embankment types.

5 EXAMPLE OF PROCEDURE APPLICATION

The following example is used to outline the procedure of stability analysis of a Type 2
Embankment. Type 2 Embankments, presented in Figure B-4, are identified by an embankment
slope that transitions into a flatter top slope. Embankments constructed with Type 2 geometry are
evaluated by superimposing the total length of the embankment, I,, on the slope of the embankment
face.

Step 1. Design Life

An embankment design life of 200 years will be evaluated.

Step 2. Embankment Geometry

Once the embankment type is determined, the initial design variables are required.
It will be assumed that the embankment has the following physical dimensions:

H. = embankment height = 9 meters
L. = embankment slope length = 55 meters
So = embankment slope = 0.15 rise/run
Lz = top embankment length = 100 meters
S2 = top embankment slope = 0.05 rise/run

NUREG-1623 B-14
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Step 3. Soil Composition

It is assumed that a soil analysis has been conducted and that the embankment
material is composed of 13 percent clay by volume, and has an angle of repose of
34 degrees.

Step 4. Precipitation

L6cal climatological data indicate an average annual precipitation of 0.20 meters for
the site.

Step 5. Potential Tributary Drainage Area

The total potential tributary drainage area for a Type 2 Embankment is determined
by computing the total embankment length as shown below

Lt = Lo + L 2  (B-14)

where: -- = total embankment length (in)'
L. = length of embankment face (in)
L2 = length of embankment top slope (m)

The value determined for the total embankment length is then combined with the
slope of the embankment face and entered into Equation B-2 as shown below

A = 0.276 * {1155 meters* cos(853)} 1.636

(B-15)
A = 1038 meters 2

Therefore, the total potential tributary drainage area for the Type 2 Embankment is
1038 square meters. It is assumed that there is no additional drainage area external
to the embankment.

Step 6. Potential Depth of Precipitation

The first step in computing the total runoff volume for the site is to determine the
potential depth of precipitation, D, that the site will be exposed to during the design
life. As described in Step 6, the total depth of precipitation is the product of the
average annual precipitation and the design life. Therefore,
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Dt = 0.20 meters/year * 200 years
(3-16)

Dt = 40.0 meters of precipitation

and a potential depth of precipitation of 40.0 meters is computed.

Step 7. Runoff to Rainfall Ratio

A value of 0.13 is assumed as the average runoff to rainfall ratio, R, for the
embankment area.

Step 8. The cumulative volume of runoff, V r, is defined as the product of the potential depth
of precipitation, Dr, the runoff to rainfall ratio, Rr, and the potential tributary area, A.
Substituting the values of D,, R, and A, obtained above into Equation B-6 yields

Vr = 40.0 meters * 0.13 * 1038 meters 2

(3-17)

Vr = 5,400 meters 3

Therefore, the embankment slope will drain approximately 5,400 cubic meters of

runoff during the 200 year design life.

Step 9. Determination of Gully Factor

The gully factor, Gf, for the embankment should be determined as outlined in Step 9.
A clay content of 13 percent in the embankment material requires that Equation B-8
be used to calculate the gully factor. Substituting values for H, and V, into Equation
B-8 gives

2.25 + 789 ,399.97meters -

2.25 trs3] (3- 18)

Gf = 0.380

'Step 10. Maximum Depth of Gully Incision

A gully factor of 0.380 is entered into Equation B-8 to determine the maximum depth
of gully incision as follows

NUREG-1623 B-16
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D,,= = 0.380 * 55.Ometers * 0.15

Dm,, = 3.14 meters

Thus, after a 200 year period, a gully incision 3.14 meters deep would be expected

on the face of the embankment.

Step 11. Gully Top Width

Equation B-12 presents an empirical relationship that can be used to predict gully top
width, W, as a function of maximum gully incision, D.. Substituting the value of
3.14 meters computed for D = into Equation B-12 gives

W = (3.14 meters) 1.149

W = 0.61 (B-20)

W = 6.57 meters

therefore, 6.33 meters would be the estimated gully width at the point of deepest
gully incision.

Step 12. Location of Maximum Depth

Equation B-13 presents an empirical relation predicting the location of D. as a
function of the total volume of runoff, embankment length, and embankment slope.
Substituting the values determined above into Equation B-13 gives

DI = 0.713 , (5,399.97 meters3 *0.15) 415
(55 meters) 3 "0(B-21)

D= 6.50

which represents the number of D 's down slope from the crest the deepest incision
is expected to occur. To determine the location in meters, multiply the value
determined for D, by that determined for D.. For this example the deepest incision
point will occur approximately 20.4 meters down slope from the embankment crest.

Summarizing the results obtained above yields
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Da= 3.14 meters,

W = 6.57 meters

D= 20.4 meters

However, forlong-term stability applications, the location of D, should be assumed

to be at the crest of the slope.

Step 13. Set Back Distance

For conservatism, the maximum depth of incision is assumed to occur at the crest of
the embankment and the material is assumed to erode at the angle of repose (340 for
this example) upstream of the crest. For the conditions of this example, the set back
distance would be 4.66 meters up slope from the crest of the embankment.
Therefore, tailings should be located a minimum horizontal distance of 4.66 meters
up slope and a vertical distance of 4.71 meters down from the embankment crest.

Step 14. Rock Launching Application

If providing adequate setback distance is not feasible, embankment stabilization with
launching rock may be considered. For details and a preliminary application
procedure, see Abt et al. (1997). The findings discussed by Abt et al. (1997) should
be adapted to each specific site with engineering judgement. In general, a volume
of rock should be provided to cover the collapsed slope with a rock layer of 1.5 times
the D50 size, considering the depth of gully intrusion and the length. It is
recommended that the required D5. size be specifically determined for a collapsed
slope of 1V to 2H. Figure B-7 presents a schematic of the rock launching application
concept.

The results of the example outlined above can then be checked with the original design of the soil
cover, as described in Appendix A. Engineeringjudment then determines if the design is adequate
to provide the level of protection necessary throughout the design life.

6 COMPUTER APPLICATION

To aid in the analysis of the stability assessment, a computer program has been developed.
The WindowsTM application provides an automated method of evaluating the stability procedure
described above (Thornton, 1996). The program is available from the U.S. Nuclear Regulatory

NUREG-1623 B-18
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in column 6 is given from the sediment rating curve, or Equation 6. For each interval, the water
yield in column 5 is calculated from multiplying columns 2 and 6. Likewise, the annual sediment
yield in column 7 is calculated from Equation E-5 given Ap, Q and C, from columns 2,4 and 6. The
interannual total sediment yield is finally obtained from the sum of column 7.

2.5 Trap Efficiency

When sediment-laden water enters reservoirs, lakes, impoundments, and settling basins, the
settling of sediment will cause aggradation of the bed. The trap efficiency is used to determine how
much sediment is expected to settle in backwater areas. The irap efficiency is defined as the
percentage of incoming sediment for a given size fraction (i) that will settle within a given reach.
The trap efficiency can be calculated as follows:

-XW1

T• = -e hv (E-7)

where X is the reach length; wi is the settling velocity for sediment fraction i from Table E-4; h is
the mean flow depth; and V is the mean flow velocity. The exponent is dimensionless and any
consistent system of units can be used in this equation.

The sediment load that settles within the reach is given by the product of the incoming
sediment load and the trap efficiency. The outgoing sediment load is calculated by subtracting the
settling load from the incoming load. The trap efficiency varies with sediment size through the
settling velocity. Typically, the trap efficiency is approximately one for coarse sediment,
e.g., gravels, and approaches zero for fine sediment, e.g., clays.

2.6 Sediment Transport Capacity of a Channel

Simons, Li, and Fullerton (1981) developed an efficient method of evaluating sediment
discharge. The method is based on easy-to-apply power relationships that' estimate sediment
transport based on the flow depth hand velocity V. These power relationships were developed from
a computer solution of the Meyer-Peter and Muiller bedload transport equation and Einstein's
integration of the suspended bed sediment discharge:

C C53

q- cSIh CIV (E-8)

The results of the total bed sediment discharge are presented in Table E-2. The large values
of c. (3.3 < cO < 3.9) show the high level of dependence of sediment transport rates on velocity.
Depth has comparatively less influence (-0.34 < c,, < 0.7).

NUREG-1623 E-6
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Table E-2. Power equations for total bed sediment discharge in sand- and fine-gravel-bed streams.

C)1

-4

0,O

D30 (rmM)
~,=, n

0.1 0.25 0.5 1.0 2.0 3.0 4.0 5.0

Gr= 1.0
us 3.30x 1'0.' 1.42x 10. 7.6x 10 o 5.62x 106  5.64x10 6  6.32x 10.6  7.10x10.6  7.78x 10.6

Cs2  0.715 0.495 0.28 0.06 -0.14 -0.24 -0.30 -0.34
Cs_ 3.30 3.61 3.82 3.93 3.95 3.92 3.89 3/87

Gr= 2.0
es 1.59x10" 9.8x 106 6.94x 10.6 6.32x 10.6 6.62x 106 6.94x 10.6

cs2 0.51 0.33 0.12 -0.09 -0.196 -0.27
_ _3 3.55 3.73 3.86 3.91 3.91 3.90

Gr= 3.0
Cs 1.21x10" 9.14x10"6  7 M4x106

Cs2  0.36 0.18 -0.02
cs_ 3.66 3.76 3.86

Gr = 4.0
Cs1 1.05x10-'
es2 0.21
tes3 L 3.71 1

Definitions: q,, unit sediment transport
gradation coefficient,

rate in ft2/s (unbulked); V, velocity in ft/s; h, depth in ft; G, = 0.5 [(D84/D50) + (D5dD16)]
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For flow conditions within the range outlined in Table E-3, the regression equations should
be accurate within 10%. The equations were obtained for steep sand- and gravel-bed channels under
supercritical flow. They do not apply to cohesive material.

The equations assume that all sediment sizes are transported by the flow without armoring.
The sediment concentration cmg is calculated from

c = 2.65 x 1061s (E-9)
q

where L, is calculated from Equation E-8 and q = Vh is the unit discharge in ftF/s.

3 DESIGN AND ANALYSIS PROCEDURES

The following procedures may be used to determine: 1) sheet and rill erosion; 2) gully
erosion; 3) calculated sediment yield; 4) measured sediment yield; 5) trap efficiency, and 6) sediment
transport capacity of channels.

3.1 Sheet and Rill Erosion Procedure

The following sheet and rill erosion procedure based on the USLE may be used to determine
soil erosion losses from upland erosion. If data are available, this approach should be supplemented
with field measurements to properly calibrate and ascertain the accuracy of other procedures and/or
computer models.

Step A-1. Gather topographic, soil type and land use information. Subdivide the domain into
sub-watersheds. For each sub-watershed, determine: drainage area, runoff length,
average slope, soil type,. percentage of canopy cover and ground cover and any
particular method of soil conservation practice.

Step A-2. Determine the mean annual rainfall erodibility factor R for the specific site location.

Step A-3. Determine, for each sub-watershed, the soil erodibility factor K from soil samples.

Step A-4. Determine the slope length-steepness factor LS from the runoff length and average
slope.

Step A-5. Determine the cropping-management factor C from the ground and canopy cover data.

NUREG-1623 E-8
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* Table E-3. Range of parameters for the Simons-Li-Fullerton method.

Parameter Value range

Froude number 1 -4

Velocity 6.5 - 26 ft/s

Manning coefficient n 0.015 - 0.025

Bed slope 0.005 - 0.040

Unit discharge 10 - 200 ft/s

Particle size D50 > 0.062 mm

Ds50 15 mm

E-9 NUREG-1623
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Appendix B,

Soil Properties from

Web Soil Survey
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'Rpr 'ýUL2ýeat Atrbue

Grand County, Utah - Central Part

Map symbol and Pct. Hydrologic
soil name of group

map
unit

Kf T factor Representative value

% Sand ,% Silt -% Clay

11--Chipeta
complex

Clhipeta

Chipeta

18-Hanksville
family-
Badland
complex

Hanksville
family

Badland

31--Mesa-
Chipeta-
Thedalund
family
complex

Chipeta

Mesa

Thedalund
family

40

30

D

D

.37

.37

2

2

20.0

20.0

49.0

49.0

31,0

31.0

40 C .43 3 26.5 53.5 20,0

3S

25

25

20

0

B

C

,37

.28

.37

2

3

3

20.0

66.5

42,1

49.0

20.0

37,9

31.0

13.5

20.0
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Thedalund 20 C .37 . 3 42.1 37.9 20.0
family

52-Pizno-Rock
outcrop
complex

Rizno s0 D .28 1 63. 1 26.4 10.5

Rock outcrop 25 ....- " --

75-Toddler-
Pavola-
Glenton
families
association

Payola family 25 B .43 5 11.6 68.9 19.5

Toddler family 25 B .43 5 24.8 52.7 22.5

Glenton family 20 B .28 5 62.5 26.0 11.5

Dscription~I -RUU2Rla1dAtiue

RUSLE2 Related Attributes

This report summarizes those soil attributes used by the Revised Universal Soil Loss
Equation Version 2 (PUSLE2) for the map 'units in the selected area, The report
includes the map unit symbol, the component name, and the percent of the
component in the map unit. Soil property data for each map unit component include
the hydrologic soil group, erosion factors Kf for the surface horizon, erosion factor T,
and the representative percentage of sand., silt, and clay in the surface horizon.
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Ratings - 1 to 40 inches

Summary by Map Unit - Grand County, Utah - Central Part 0
Map unit Map unit name Rating (percent) Acres in AOI Percent of
symbol AOI

11 Chipeta complex 31.0 9,9 0,8%

1i Hanksville family- 41.1. 224.6 19.1%
Badland complex

31 Mesa-Chipeta- 40.9 24.3 2.1%
Thedalund family
complex

52 Rizno-Rock outcrop 11.4 12.0 1.0%
complex

75 Toddler-Ravola-Glenton 25.2 902.4 76.9%
families association

Totals for Area of Interest (AOI) 1,173.3 100.0%

B" ip - Ar, - l - '

Clay as a soil separate consists of mineral soil particles that are less than 0,002
millimeter in diameter. The estimated clay content of each soil layer is given as a
percentage, by weight, of the soil materiaL that is less than 2 millimeters in diameter.
The amount and kind of clay affect the fertility and physical condition of the soil and
the ability of the soil to adsorb cations and to retain moisture.: They influence
shrink-swell potential., saturated hydraulic conductivity (Ksat), plasticity, the ease of
soil dispersion, and other soil properties. The amount and kind of clay in a soil also
affect tillage and earth-moving operations.

Most of the material is in one of three groups of clay minerals or a mixture of these
clay minerals. The groups are kaolinite, smectite, and hydrous mica, the best known
member of which is illite.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the soil
component. A "representative" value indicates the expected value of this attribute for
the component. For this soil property, only the representative value is used.
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Summary by Map Unit - Grand County, Utah - Central Part (D
Map unit Map unit name Rating (percent) Acres in AOL Percent of
syrmbol AO0

11 Chipeta complex 20.0 9.9 0.8%

18 Hanksville family- 8.5 224.6 19.1%
Badland complex

31 Mesa-Chipeta- 48.3 24.3 2.1%
Thedalund family
complex

52 Rizno-Rock outcrop 62.6 12.0 1.0%
complex

75 Toddler-Ravola-Glenton 47.6 902.-'.4 76.9%
families association

Totals for Area of Interest (AOI) 1,173.3 100.0%

3. iri en- Sa-

Sand as a soil separate consists of mineral soil particles that are 0.05 millimeter to 2
millimeters in diameter. In the database, the estimated sand content of each soil
layer is given as a percentage, by weight, of the soil material that is less than 2
millimeters in diameter. The content of sand, silt, and clay affects the physical
behavior of a soil, Particle size is important for engineering and agronomic
interpretations, for determination of soil hydrologic qualities, and for soil classification.

For each soil layer, this attribute is actually recorded as three separate values in the
database, A low value and a high value indicate the range of this attribute for the soil
component. A "representatitte" value indicates the expected value of this attribute for
the component, For this soil property, only the representative value is used,
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Summary by Map Unit - Grand County, Utah - Central Part
Map unit Map unit name Rating (percent) Acres in AOI Percent of
symbol AOI

11 Chipeta complex 20.0 9.9 0.8%

18 Hanksville family- 8.5 224.6 19.1%
Badland complex

,31 Mesa-Chipeta- 48.3 24.3 2,1%
Thedalund family
complex

52 Risno-Rocl outcrop 52.6 12.0 1.0%
complex

75 Toddler-Ravola-Glenton 47.6 902.4 76.9%
families association

Totals for Area of Interest (AOI) 1,173.3 100.0"

DeIii -- - -epce-t Sand,.

Sand as a soil separate consists of mineral soil particles that are 0.05 millimeter to 2
millimeters in diameter. In the database, the estimated sand content of each soil
layer is given as a percentage, by weight, of the soil material that is less than 2
millimeters in diameter, The content of sand, silt, and clay affects the physical
behavior of a soil. Particle size is important for engineering and agronomic.
interpretations, for determination of soil hydrologic qualities, and for soil classification.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the soil
component. A "representative" value indicates the expected value of this attribute for
the component. For this soil property, only the representative value is used.
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Map unit Map unit name Rating (percent) Acres in AOI Percent of
symbol AOI

11 Chipeta complex 15.0 9,9 0,8%

18 Hanksville family- 16.8 '424,6 19.1%
Badland complex

31 Mesa-Chipeta- 18.5 24.3 2.1%
Thedalund family
complex

52 Rizno-Rock outcrop 5,0 12.0 1.0%
complex

75 Toddler-Ravola-Glenton 11.3 902.4 76.9%
families association L

Totals for Area of Interest (AOI) 1,173.3 100.0%

D i ,4', *4-,,-

Plasticity index (PI) is one of the standard Atterberg limits used to indicate the
plasticity characteristics of a soil. It is defined as the numerical difference between
the liquid limit and plastic limit of the soil, It is the range of water content in which a
soil exhibits the characteristics of a plastic solid.

The plastic limit is the water content that corresponds to an arbitrary limit between
the plastic and semisolid states of a soil. The liquid limit is the water content, on a
percent by weight basis, of the soil (passing #40 sieve) at which the soil changes
from a plastic to a liquid state.

Soils that have a high plasticity index have a wide range of moisture content in which
the soil performs as a plastic material. Highly and moderately plastic clays have large
PI values, Plasticity index is used in classifying soils in the Unified and AASHTO
classification systems,

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the soil
component. A "representative" value indicates the expected value of this attribute for
the component. For this soil property, only the representative value is used.
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Summary by Map Unit - Grand County, Utah - Central Part

Map unit Map unit name Rating (percent) Acres in AOI Percent of
symbol AOI

11 Chipeta complex 49.0 9.9 0.8%

18 Hanksville family- 50.4 224.6 19,1%
Badland complex

31 Mesa-Chipeta- 48.2 24.3 2.1%
Thedalund family
complex

52 Rizno-Rock outcrop 26.0 12.0 1,0%
complex

75 Toddler-Ravola-Glenton 64.0 902,4 76,9%
families association

Totals for Area of Interest (AOI) 1,173.3 100.0%

Descipion -

Silt as a soil separate consists of mineral soil particles that are 0.002 to 0.05
millimeter in diameter. In the database, the estimated silt content of each soil layer is
given as a percentage, by weight, of the soil material that is less than 2 millimeters in
diameter.

The content of sand, silt, and clay affects the physical behavior of a soil. Particle
size is important for engineering and agronomic interpretations, for determination of
soil hydrologic qualities, and for soil classification

For each soil layer, this attribute is 'actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the soil
component. A "representative" value indicates the expected value of this attribute for
the component. For this soil property, only the representative value is used,
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Summary by Map Unit - Grand County, Utah - Central Part

Map unit Map unit name Rating (percent) Acres in AO Percent of
symbol AOI

11 Chipeta complex 0.32 9.9 0.8%

i3 Hanksville family- 0.25 224.6 19.1%
Badland complex

31 Mesa-Chipeta- 0.32 24.3 2.1%
Thedalund family
complex

52 Rizno-Rock outcrop 0.75 12.0 1,0%
complex

75 Toddler-Ravola-Glenton 1.20 902.4 76.9%
families association

Totals for Area of Interest (AOl) 1,173.3 100.0%

,. alahU I ."r. ,. -a--,

Organic matter is the plant and animal residue in the soil at various stages of-
decomposition, The estimated content of organic matter is expressed as a
percentage, by weight, of the soil material that is less than 2 millimeters in diameter,

The content of organic matter in a soil can be maintained by returning crop residue to
the soil. Organic matter has a positive effect on available water capacity, water
infiltration, soil organism activity., and tilth, It is a source of nitrogen and other
nutrients for crops and soil organisms. An irregular distribution of organic carbon with
depth may indicate different episodes of soil deposition or soil formation. Soils that
are very high in organic matter have poor engineering properties and subside upon
drying,

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the soil
component. A "representative" value indicates the expected value of this attribute for
the component, For this soil property, only the representative value is used.
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.1Smmry.'~ SEP n 'it,- 1

Summary by Map Unit - Grand County, Utah - Central Part

Map unit Map unit name Rating Acres in Percent of AOI.
symbol AOI

11 Chipeta complex D 5.5 0.6%

18 Hanksville family-Badland C 142.0 14.5%
complex

31 Mesa-Chipeta-Thedalund B 26,3 217%
family complex

75 Toddler-Ravola-Glenton B 903,6 82,2%
families association

Totals for Area of Interest (AOI) 977.4 100.0%

Grand County, Utah - Central Part
75-Toddler-Ravola-Glenton families association

Map Unit Setting

Elevation: 4,000 to 5,000 feet

Mean annual precipitation: 5 to 8 inches

Mean annual air temperature: 52 to 55 degrees F
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Frost-free period: 150 to 180 days

Map Unit Composition

Ravola family and similar soils: 25 percent

Toddler family and similar soils: 25 percent

Glenton family and similar soils: 20 percent

Description of Toddler Family

Setting

Landform: Flood plains, drainageways

Landform position (three-dimensional): Talf

Down-slope shape: Linear

Across-slope. shape: Concave

Parent material: Alluvium derived from sandstone and shale

Properties and qualities

Slope: 0 to 3 percent

Depth to restrictive feature: More than 80 inches

Drainage class: Well drained

Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 to
0.60 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: Rare

Frequency of ponding: None

Calcium carbonate, maximum content: 15 percent

Gypsum. maximum content: 3 percent

Maximum salinity: Nonsaline to slightly saline (2.0 to 8.0 mmhos/cm)

Sodium adsorption ratio, maximum: 10.0

Available water capacity: Moderate (about 8.5 inches)

Grand County, Utah - Central Part
75-Toddler-Ravola-Glenton families association
Map Unit Setting

Elevation: 4.000 to 5,000 feet

Mean annual precipitation: 5 to 8 inches

Mean annual air temperature: 52 to 55 degrees F

Frost-free period: 150 to 180 d&ys
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Map Unit Composition

Ravola family and similar soils: 25 percent

Toddler family and similar soils: 25 percent

Glenton family and similar soils: 20 percent

Description of Toddler Family

Setting

Landform: Flood plains, drainageways

Landformn position (three-dimensional): Talf

Down-slope shape: Linear

Across-slope shape: Concave

Parent material: Alluvium derived from sandstone and shale

Properties and qualities

Slope: 0 to 3 percent

Depth to restrictivefeature: More than 80 inches

Drainage class: Well drained

Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 to
0.60 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: Rare

Frequency of ponding: None

Calcium carbonate, maximum content: 15 percent

Gypsum, maximum content: 3 percent

Maximum salinity: Nonsaline to slightly saline (2.0 to 8.0 mmhos/cm)

Sodium adsorption ratio, maximum: 10.0

Available water capacity: Moderate (about 8.5 inches)

Interpretive groups

Land capability (nonirrigated): 6e

Ecological site: Alkali Fan (Castlevalley Saltbush) (R034XY003UT)

Typical profile

0 to 7 inches: Silt loam

7 to 12 inches: Silt loam

12 to 36 inches: Sandy clay loam

36 to 60 inches: Fine sandy loam
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Description of Ravola Family

Setting

Landform: Flood plains

Landform position (three-dimensional): Talf

Down-slope shape: Linear

Across-slope shape: Concave

Parent material: Alluvium derived from sandstone and shale

Properties and qualities

Slope: 0 to 3 percent

Depth to restrictive feature: More than 80 inches

Drainage class: Well drained

Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 to
0.60 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: Occasional

Frequency of ponding: None

Calcium carbonate, maximum content: 40 percent

Gypsum, maximum content: 4 percent

Maximum salinity: Very slightly saline to moderately saline (4.0 to 16.0 mmhos/cm)

Sodium adsorption ratio, maximum: 10.0

Available water capacity: Moderate (about 8.5 inches)

Interpretive groups

Land capability (nonirrigated): 7s

Ecological site: Alkali Flat (Black Greasewood) (RO34XY006UT)

Other vegetative classification: Alkali Flat (Black Greasewood.) (034XY006UTI)

Typical profile

0 to 3 inches: Silt loam

3 to 7 inches: Silt loam

7 to 10 inches: Fine sandy loam

10 to 29 inches: Silt loam

29 to 60 inches: Silt loam

Description of Gienton Family

Setting

Landform: Drainageways, flood plains

Landform position (three-dimensional): Talf
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Down-slope shape: Linear

Across-slope shape: Concave

Parent material: Alluvium derived from sandstone and shale

Interpretive groups

Land capability (nonin'igated): 6e

Ecological site: Alkali Fan (Castlevalley Saltbush) (R034XY003UT)

Typical profile

0 to 7 inches:,Silt loam

7 to 12 inches: Silt loam

12 to 36 inches: Sandy clay loam

36 to 60 inches: Fine sandy loam

Description of Ravola Family

Setting

Landform: Flood plains

Landform position (three-dimensional): Talf

Down-slope shape: Linear

Across-slope shape: Concave

Parent material: Alluvium derived from sandstone and shale

Properties and qualities

Slope: 0 to 3 percent

Depth to restrictive feature: More than 80 inches

Drainage class: Well drained

Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 to
0.60 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: Occasional

Frequency of ponding: None

Calcium carbonate, maximum content: 40 percent

Gypsum, maximum content: 4 percent

Maximum salinity: Very slightly saline to moderately saline 4.0 to 16.0 mmhos/cm)

Sodium adsorption ratio., maximum: 10.0

Available water capacity: Moderate (about 8.5 inches)

Interpretive groups

Land capability (nonirrigated): 7s

Ecological site: Alkali Flat (Black Greasewood) (R034XY006UT)
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Other vegetative classification: Alkali Flat (Black Greasewood) (034XY006UT_ )

Typical profile

0 to 3 inches: Silt loam

3 to 7 inches: Silt loam

7 to 10 inches: Fine sandy loam

10 to 29 inches: Silt loam

29 to 60 inches: Silt loam

Description of Glenton Family

Setting

Landform: Drainageways. flood plains

Landform position (three-dimensional): Talf

Down-slope shape: Linear

Across-slope shape: Concave

Parent material: Alluvium derived from sandstone and shale

Properties and qualities

Slope: 0 to 3 percent

Depth to restrictive feature: More than 80 inches

Drainage class: Well drained

Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 to
0.60 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: Rare

Frequency of ponding: None

Calcium carbonate, maximum content: 40 percent

Gypsum, maximum content: 3 percent

Maximum salinity: Nonsaline to slightly saline (0.0 to 8.0 mmhos/cm)

Sodium adsorption ratio, maximum: 10.0

Available water capacity: Moderate (about 7.2 inches)

18-Hanksville family-Badland complex

Map Unit Setting

* Elevation: 4.200 to 6.100 feet
* Mean annual precipitation: 6 to 8 inches
* Mean annual air temperature: 46 to 54 degrees F
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* Frost-free period: 120 to 17(0 days

Map Unit Composition

" Hanksville family and similar soils: 40 percent
* Badland: 35 percent

Description of Hanksville Family

Setting

* Landform: Cuestas. mesas
" Down-slope shape: Linear
" Across-slope shape: Convex
* Parent material: Colluvium derived from shale and/or residuum weathered from shale

Properties and qualities

* Slope: 30 to 50 percent
* Surface area covered with stones and boulders: 7.0 percent
* Depth to restrictive feature: 2(0 to 40 inches to paralithic bedrock

* Drainage class: Well drained
* Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately low (0.00 to

0.06 in/hr)
" Depth to water table: More than 80 inches
* Frequency of flooding: None
* Frequency of ponding: None
* Calcium carbonate, maximum content: 15 percent
* Gypsum. maximum content: 10 percent
* Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)
• Sodium adsorption ratio. maximum: 4.0
* Available water capacity: Low (about 5.8 inches)

Interpretive groups

• Land capability (nonirrigated): 7s
* Ecological site: Desert Clay (Castlevalley Saltbush) (R034XYI03UT)
* Other vegetative classification: Desert Clay (Castlevalley Saltbush) (034XY1 03UTI)

Typical profile

* 0 to 3 inches: Extremely boulder)' silt loam
* 3 to '4 inches: Silty clay loam
* 14 to 23 inches: Silty clay
* 23 to 35 inches: Silt)' clay
* 35 to 39 inches: Weathered bedrock

Description of Badland

Setting
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* Landform: Cuestlas. mesas
* Down-slope shape: Linear
0 Across-slope shape: Convex
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Ma it eOh

fl -u

Grand County, Utah - Central Part (UT624) ®
Map Unit
Symbol

11

18

31

52

75

Map Unit Name

Chipeta complex

Hanksville family-
Badland complex

Mesa-Chipeta-
Thedalund family
complex

Pizno- Rock
outcrop complex

Toddler-Ravola-
'3 lenton families
association

Acres in Percent of
AO AO

9.9 0.8%

224.6 19.1%

24.3

12.0

2.1%

1.0%

902.4 76.9%

1,173.3 100.0%'oTotals for Area of Interest
(AOI)
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Appendix C

RUSLE2 Results
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Description of Calculation:

" Determine the runoff from the areas encompassing the south slope of the wedge for design storms with
return intervals from 1 year to the PMP.

* Calculate the potential sediment transport in a hypothetical channel that routes the runoff along the
south side of the wedge toward the east and toward the west using methods from Johnson, 2002.

* Calculate the sediment loss from the south slope of the wedge using the Modified Universal Soil Loss
equation (MUSLE) (Nelson, et. al., 1986)

* Compare the potential sediment loss from the south slope of the wedge with the potential sediment
transport in the ditches between the wedge and the access road to determine whether net erosion or
sedimentation is expected to occur.

* Calculate the potential depth of gullies formed on the top and side slopes of the wedge using the
methodology of Johnson, 2002 to determine whether the wedge may be breached by gullying.

* Calculate the size of rock protection required in the ditch south of the wedge beyond the east and west
ends of the access road using the safety factor method.

* Calculate the expected depth of scour at the spreader outlets for the PMP storm using the methods of
the Federal Highway Administration.

* Compute the rock size required for erosion protection from the flow in the spreaders.

" Compute the peak runoff from the PMP for the watersheds comprising the areas between the access
road berm and the drainage divide on top the cell using SCS methods.

" Compute the rock size required for erosion protection for flow along the north side of the berms from the
northwest and northeast corners of the cell using the safety factor method.
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Assumptions:

* The 1-hour PMP event is estimatedto be 8.2 inches, ("Site Drainage-Hydrology Parameters"
calculation, Draft RAP Attachment 1, Appendix E).

* The rainfall frequency-depth-duration data were developed.in the Draft RAP. The 1 year rainfall depth
was taken from the NOAA Atlas 14 (http://hdsc.nws.noaa.qov/hdsc/pfds/sa/ut pfds.html).

* Over a period of 1000 years 12.7% of the total rainfall will become runoff (Johnson, 2002).

" The unit weight of compacted soil in the wedge and the road berm is 103.5 pcf.
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Software:

Title Developer Versions Revision Level

EXCEL Microsoft 2002

HEC-HMS I USACE 13.1.0
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Calculation Section:

See following pages.
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Conclusions/Recommendations:

See following pages.

Reference:

See following pages.
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DESCRIPTION OF CALCULATION:

Analyze the area between the wedge and the waste cell to determine.

1. Does the ditch between the south side of the wedge and the access road require erosion protection to
prevent runoff from the south side slope of the wedge eroding the berm on which the access road is
constructed?

2. The discharge rate of runoff from the north side of the cell and the area between the cell and the
access road to determine the need for flow control at the northwest and northeast corners of the cell
aprons. The size of rock required for erosion protection north of the berm that diverts this runoff to the
spreaders.

3. The size of rock lining required to protect the ditches north of the access road (beyond the end of the
road) carrying water to the outlet spreaders on the east and west.

4. The scour depth at the spreader outlets.

5. The effect of erosion on the south side slope of the wedge on the integrity of the wedge including both
sheet and rill erosion and gully formation.

METHOD OF SOLUTION:

* Determine the runoff from the areas encompassing the south slope of the wedge for design storms with
return intervals from 1 year to the PMP.

" Calculate the potential sediment transport in a hypothetical channel that routes the runoff along the south
side of the wedge toward the east and toward the west using methods from Johnson, 2002.

• Calculate the sediment loss from the south slope of the wedge using the Modified Universal Soil Loss
equation (MUSLE) (Nelson, et. al., 1986)

" Compare the potential sediment loss from the south slope of the wedge with the potential sediment
transport in the ditches between the wedge and the access road to determine whether net erosion or
sedimentation is expected to occur.

Calculate the potential depth of gullies formed on the top and side slopes of the wedge using the
methodology of Johnson, 2002 to determine whether the wedge may be breached by gullying.

Calculate the size of rock protection required in the ditch south of the wedge beyond the east and west
ends of the access road, using the safety factor method.

* Calculate the size of rock protection required for flow in the spreaders.

* Calculate the expected depth of scour at the spreader outlets for the PMP storm using the methods of the
Federal Highway Administration.

* Compute the peak runoff from the PMP for the watersheds comprising the areas between the access road
berm and the drainage divide on top of the cell using SCS methods.

Compute the rock size required for erosion protection for flow along the north side of the berms from the
northwest and northeast corners of the cell using the safety factor method.
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ASSUMPTIONS:
" The 1-hour PMP event is estimated to be 8.2 inches, ("Site Drainage-Hydrology Parameters" calculation,

Draft RAP Attachment 1, Appendix E).

a The rainfall frequency-depth-duration data were developed in the Draft RAP. The 1 year rainfall depth
was taken from the NOAA Atlas 14 ( htto://hdsc.nws.noaa..ov/hdsc/pfds/sa/ut pfds.html ).

* Over a period of 1000 years 12.7% of the total rainfall will become runoff (Johnson, 2002).

" The unit weight of compacted soil in the wedge and the road berm is 103.5 pcf.
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Figure 1 Configuration of the Wedge and the Waste Cell
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CALCULATION SECTION:

Calculations are performed in the spreadsheets RoadBermNE Erosion.xls RoadBermNW Erosion.xls.
WatershedParms.xls Channel Rock and Scour.xls Spreader Rock and Scour.xls.

Sediment Transport Capacity

Drainage Area Characteristics

Two drainage areas were delineated between the wedge and the access road draining to the southeast and to
the southwest. Two more were delineated between the watershed divide on top the cell and the access road
to the northeast and the northwest. These drainage areas are shown In Figure 1. For all storms except the
PMP, an initial abstraction of 0.3 inches wasestimated for compacted NRCS Type B soil
(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx) with a constant infiltration rate of
0.1inches/hour. For the PMP the initial abstraction was set equal to 0.0 inches. Figure 2 shows a cross
section through the south side slope of wedge to the north slope of the waste cell.

Pertinent properties of the four drainage areas are computed in WaterShedParms.xls and listed in Table 1.
The flow lengths are used to develop a unit hydrograph using the USBR methodology and the Lag time is
used in the SCS unit hydrograph method. The time of concentration was computed as the time along the
predominantly east-west flow paths plus the time along the steeper predominantly north-south flow paths.

Table 1. Drainage Area Characteristics

MaxAae FTime of
Drainage Area Area Flow Concentration Lag =

(acres) Length (min) 0.6 Tc

Southwest Wedge 9.3 2062 23.38 14.0
Side Slope
Southeast Wedge 18.3 3470 35.53 21.3
Side Slope
Northwest Portion of 23.5 1471 25.38Cell
Northeast Portion of 46.3 2891 41.96
Cell I

C04 R3 Area Between Cell and.WedgeCalcsyPgs01-27.070908.doc
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Figure 2 Cross Section of the Area between the Waste Cell and the Wedge.

Runoff Hydrograph Calculations

Since these drainage areas are constructed and not in a natural condition, the SCS unit hydrograph transform
was used. The USBR method was developed for natural areas in the west and is not appropriate for the
constructed wedge and cell. The runoff hydrographs were computed using the Computer Program HEC-HMS
(USACE 2007).

Rainfall Depths Applied

the series of storms for the runoff calculations was developed from the Hydrology data in the draft RAP and
NOAA Atlas 14. The number of storms of each depth was chosen conservatively as follows.

* A storm with rainfall depth equal to or greater than the 1000 year storm occurs on the average once every
1000 years. Since the rainfall depth may be any depth between the 1000 year storm and the PMP, the
PMP was used for this storm.

" A storm with rainfall depth equal to or greater than the 500 year storm occurs on the average twice every
1000 years. Since the rainfall depth may be any depth between the 500 year storm and the 1000 year
storm, the 1000 year rainfall depth was used for this storm. Since the PMP is one of these storms, one
1000 year storm was used.

* A storm with rainfall depth equal to or greater than the 200 year storm occurs on the average five times
every 1000 years. Since the rainfall depth may be any depth between the 200 year storm and the 500
year storm, the 500 year rainfall depth was used for this storm. Since two larger storms have already
been applied, three 500 year storms were used.

Following this logic through storms of all available return periods resulted in the distribution of rainfall depths
and number of storms listed in Table 2. All storms represent 24 hour precipitation depth except for the PMP
which is a 6 hour depth.

C04 R3_AreaBetweenCell-and Wedge Calcs.PgsOl-27-070908.doc
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Table 2 Design Storms used in Sediment Transport Capacity Calculations.

Return Interval Return Precipitation Number of Storms Number of Storms of Depth
Represented Interval Depth (inches) Equal or Greater than Employed
(years) Employed Interval Represented

(years)

1000 PMP (6 hour) 9.0 1 1
500 1000 3.73 2 1
200 500 3.15 5 3
100 200 2.58 10 5
50 100 2.35 20 10
25 50 2.12 40 20
10 25 1.91 100 60
5 10 1.63 200 100
2 5 1.42 500 300
1 2 1.16 1000 500
<1 1 0.93 Unknown 1000

The runoff from each area was computed using HEC-HMS with the results from the wedge and from the book

cliffs area flowing to the west combined into one hydrograph. A five minute time step was used.

Sediment Transport Capacity

The capacity of the flow to the east and the flow to the west along the north edge of the wedge was estimated
using a procedure in NUREG 1823 (Johnson 2002). In this method the sediment transport capacity of a
channel can be computed as

q = c Ih C2 VCs3

where
q= unit sediment transport rate in ft2/s (unbulked)
V = velocity in ft/s
h = flow depth in feet

NUREG 1623 gives the coefficient and exponents as a function of grain size distribution. Those that most
closely correspond to the grain size distribution of the native soil are

C,, = 3.3 x 10-'
Cs2 =0.715
C.= 3.30

Trapezoidal channels with a bottom width of 2 feet and a side slope of 3 horizontal to 1 vertical were assumed
(See Figure 3). The slope of the channels were 0.007 to the east and 0.005 to the west as determined from
the topography of the site and the location of the channels. A table was constructed of sediment transport in
cfs as a function of discharge in each channel. The flow in each 5 minute period of a runoff hydrograph was
then used to interpolate to find the sediment transport during each 5 minute increment of the hydrograph. The
sediment transport of each hydrograph was then computed as the sum of these 5 minute contributions.

For the channel shown below with a discharge Q, a depth h, and a top width T, the volume of sediment
transport capacity in a five minute period was calculated as follows. q% was computed as above. Since this is

C04 R3 Area-BetweenCell and-WedgeCalcs.PgsOl-27-070908.doc
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the unbulked volume transport rate the unit weight was assumed to be 165 pcf. The value of q. will vary
across the channel as it depends on both the velocity and depth of flow. As a conservative approach, the
value q8 computed for the full depth, h, was applied throughout the channel. The total rate of sediment
transport in cubic feet/sec (unbulked) was computed as

Q,(unbulked) =,qT

q,*T and the rate in cf/5 min (bulked) as

Qs(5min bulked) = Qs(unbulked) * (300 sec) * 165pcf

103.5pcf
where the unit weight of compacted soil in the wedge and the road berm is 103.5 pcf.

These 5 minute contributions was summed for each of the 5 minute flow periods of a storm hydrograph to
compute the total sediment transport potential in cf of the native soil from a single storm.

\h /

Q I /

Figure 3 Assumed Cross Section of the Channel Carrying Runoff from the South Side of the Wedge.

This calculation was repeated for all the storms listed in Table 2 and the total potential sediment transport
during 1000 years was computed. These calculations are performed in the files RoadBermNE Erosion.xls and
RoadBermNW Erosion.xls.

Unaccounted for Runoff

The total runoff of water in the listed storms was also computed. Since the annual rainfall at Thompson during
the period (1971-2000) was 9.97 inches(reference), and NUREG 1623 states that a reasonable estimate of
the ratio of runoff to rainfall in the semi-arid regions of the western United States is 0.127, a volume of total
expected runoff during 1000 years was computed. Comparing this volume with that computed from the listed
storms indicated that 40% of the runoff had not been accounted for by the listed storms.

Assuming that the sediment concentration in this additional runoff will be equal to the average concentration in
the runoff from the one year storm, an additional volume of sediment transport was added by multiplying this
average concentration by the volume of additional runoff.

,C04_R3_Area BetweenCell-and WedgeCalcsPgsO1 -27_070908.doc
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Sediment Supply from the Book Cliffs Area

The runoff from the south side of the wedge will transport sediment toward the ditch between the wedge and
the road berm. The total sediment loss over a 1000 year period from the two watersheds on the south slope
of the wedge can'be estimated with the Modified Universal Soil Loss Equation (MUSLE).

The equation is

A=RxKxLSxVM

where:
A = soil loss in tons per acre per year,
R = rainfall factor,
K = soil erodibility factor,
LS = topographic factor, and
VM = dimensionless erosion control factor relating tovegetative and mechanical factors.

The rainfall factor is 25, as given in NUREG/CR-4620 (Nelson et al. 1986) for the eastern third of Utah. The soil
erodibility factor was estimated using the nomograph given in NUREG/CR-4620 (Nelson et al. 1986).

The topographic factor Is calculated by the following equation:

650+450xs+65xs2 x( LL

10,000+ s 2 , 72.6J

where:
s = slope steepness in percent,
L = slope length in ft, and
m = exponent dependent upon slope steepness.

The dimensionless erosion control factor used for the undisturbed watersheds was 0.4, from Table 5.3 of
NUREG/CR-4620 (Nelson et al. 1986), representing seedings of 0 to 60 days to mimic light vegetation in the
area. Over an extended period of time, some vegetation can be expected to develop. Table 3 summarizes
the results of the soil loss equation. Since the south side slope of the wedge varies from approximately 118 to
176 feet wide and 30 to 48 feet high, intermediate values of 160 feet wide and 40 feet high were used in this
analysis. As the results will indicate, no further refinement was warranted.

C04_R3_AreaBetweenCell andWedge CalcsPgs0I -27070908.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. Copyrightld
Jacobs Engineering Group Inc., 2007

0



Calculation Sheet
Project: 35DJ2600
Calculation Number: C-04

(Ref. FOWl 116 Design Calculations) Page 17'of 27 - Plus Appendices 31 Pgs

Table 3. Results of Soil Loss Equation

Soil Cover Western End of Eastern End of
Side Slope Side Slope

Rainfall factor, R 25 25
Silt and very fine sand o%) 60 60
Sand (%) 25 25
Organic matter (%) 2 2
Soil structure Very fine granular Very fine granular
Relative permeability Moderate Moderate
Erodibility tactor 0.35 0.35
Topographic factor, LS 7.94 7.94
VM (low density seedings) 0.4 0.4
Soil loss (tons/acre/year) 27.8 27.8
Soil loss (feet)/1,000 years) 12.3 12.3
Area of Side Slope (acres) 6.1 11.9
Total sediment loss in 1000 3,265,142 6,417,082
years (cf) 3,265,1426,417,08

Sediment Budget

The calculated volumes of potential sediment transport from the ditch and sediment supply from the side slope
of the wedge over a 1000 year period are summarized in Table 4.

Table 4 Sediment Budget for the Area between the Road Berm and the Wedge.

Area Sediment Transport Sediment Yield from
__Capacity (cf) MUSLE (cf)

Channel along south side of wedge to the west 22,792
Channel along south side of the wedge to the east 59,191

Western portion of the south side of the wedge 3,265,142
Eastern portion of the south side of the wedge 6,417,082
Ratio of sediment supply to transport capacity 143

(west)
Ratio of sediment supply to transport capacity 108

(east)
Volume of Ditch to the West 588,000 cf (18% of potential sediment supply)
Volume of Ditch to the East 1,156,400 cf (18% of potential sediment supply)

These results indicate that the water flowing in the ditch along the southern side of the wedge to the west and
the east does not have sufficient sediment transport capacity to carry away the supply of sediment from the
south side slope of the wedge. These results indicate a sufficient volume of sediment will erode from the
south side slope of the wedge to completely fill the ditch in about 180 years. Because of the geometry of the
wedge and the ditch, the flow in the ditch will increase from the high point near the east-west center of the
.wedge and carry increasingly more sediment as the flow proceeds downstream. The nearly uniform sediment
supply along the length of the ditch and the increase in sediment transport capacity in a downstream direction
will cause the bottom slope of the ditch to increase over time. This will increase the sediment transport
capacity of the ditch, but it is not expected to increase enough to carry away the total sediment supply from the
side slope of the wedge.
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Erosion from Side Slope of the Wedge

The results presented in Table 3 indicate soil to a depth of approximately 12 feet will be lost from the south
side slope of the wedge. Since the south side slope of the wedge will be 30 feet high at the east and west
ends and 48 feet high in the center, this depth of erosion, while substantial, will not threaten the integrity of the
wedge since the top of the wedge is over 230 feet wide at the west end and 150 feet at the east end.

Gully Formation on the Side Slope of the Wedge

In addition to potential erosion of the wedge by sheet and rill erosion from precipitation directly on the south
side slope of the wedge, the runoff from precipitation on the south side slope is expected to form gullies on
these steep slopes. The potential depth of these gullies can be estimated with an approach detailed in
NUREG 1623. The three types of embankment geometries analyzed in this guidance document as shown in
Figure 4. Gullies forming on the steep side slope wedge are analyzed as a Type 3 slope. The effective
tributary drainage area for a gully is computed as

A = 0.276[Lcos(9)]'
636

where L = total length of the flow path. A gully factor depending on the soil type, the height of the
embankment and the volume of runoff to the toe of the embankment toe is

1

2.80±+ 0.197 V' 3

for a clay content between 15 and 50%.
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Figure 4 The Three Types of Embankment Geometry Analyzed in NUREG 1623 for Gully Formation.
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The estimated maximum depth of gully incision is

Dmax = Gf Ltotal S

where S is the original slope of the embankment. The top width of the gully at its deepest point is

= tr 
ed i I 

o 
1 D mc4 9

L _0.61 J

and the location of the deepest incision measured in units of Dr.=, downslope from the crest of the
embankment is

-0.415

D, =0.713 3

The results of these calculations are summarized in Table 5' The calculations are performed in metric units
and the results converted to English units.

Table 5 Data and Results of Calculations of Gully Depths.

Variable Description -End of South Center of South
Side Slope Side Slope

H, (ft) Height of Embankment 30 48
X. (ft) Horizontal Length of Embankment 118 176
Lo (ft) Length of Embankment along Slope 121.8 182.4
8 (radians) Embankment Slope Angle 0.249 0.266
Lt (ft) Long Term Embankment Slope Length 143 214

A (sq ft) Effective Drainage Area 1,358 2,612
Vr (cf) Rainfall Volume 143,310 275,637
Gf Gully Factor 0.27 0.22

Dmx (ft) Maximum Gully Depth 9.6 13.2
W (ft) Gully Width at Maximum Depth 20 28.5
D, (ft) Distance of Dmn, from Top of Slope 35 58

While the predicted depth of the gullies that will form on the south side slope of the wedge over a period of
1000 years are substantial, the gullies are not expected to threaten the ability of the wedge to route runoff from
the Book Cliffs around the waste cell. In each case the height of the wedge is more than three times the
calculated gully depth' and the minimum north-south dimension of the wedge is 118 feet, much greater than
the expected gully depth.
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Rock In Channels and on North Side of Berms

The channels carrying runoff from the south side slope of the wedge to the east and to the west will not be
armored for most of their lengths because of the excess sediment supply from the south side of the wedge.
Beginning approximately 100 feet upstream of each end of the end of the access road, rock will be placed in
the channels to protect them against erosion from that point to the spreaders that terminate the channels. If
the channels fill with sediments, the flow will leave the channels and flow southward toward the berm shown in
Figure 2. Flow from the top of the cell and the area south of the access road and north of the cell will flow to
the east and to the west in trapezoidal ditches with 3H to 1V side slopes and a bottom width of 20 feet. The
flow in these ditches will continue along the north side of berms that extend from the cell side slopes to the
spreaders.

The peak flows resulting fromrthe PMP in each of these areas have been calculated using the SCS unit
hydrograph technique with an initial abstraction of 0.0 inches and a constant infiltration rate of 0.1 inches/hour.
The results of these calculations are included in Table 6. The time of concentration is calculated as the sum
of the times of concentration on each of the slopes in the drainage area. For example, the time of
concentration for the flow from the cell toward the west is the sum of T.(northward flow on the top slope of the
cell) + Tr(northward flow on the side slope of the cell) + T0(westward flow to the point where the channel turns
south.) Except for flow on the cell as described in CellRock.doc, the mean of the Kirpich and SCS time of
concentration equations was used. Except for the peak flow, these data are copied from Table 1.

Table 6 Peak Flows from the Area between the Wedge and the Waste Cell for the PMP.

South Side of South Side of Flow from Flow fromPeak flow from PMP Wedge (West) Wedge (East) Cell (West) Cell (East)

Drainage Area (acres) 9.3 18.3 23.5 46.3
Time of Concentrationr(min) (TJ) 23.4 35.5 25.4 42.0

Lag(min) = 0.8T, 14.0 21.3 15.2 25.2
Peak Flow (cfs) 172.8 252.6 410.6 558.9

The D50 of stone erosion protection was determined using the safety factor method. The results of these
calculations are presented in Table 7. Each of the channels north of the road berm is assumed to have a
bottom width of 10 feet and side slopes of 3H to IV.

Table 7 D50 of the Stone Required for Erosion Protection

D50 for Erosion Protection South Side of Wedge South Side of Wedge (East)(West)
Peak Flow (cfs) 172.8 252.6
Channel Slope .0094 .0076

D50 (inches) on 3:1 Side of Channel 3.3 3.4
D50 (inches) on Bottom of Channel 2.6 2.6

Portion of Channel Draining the South Side of the Wedge after it has Turned Southerly
Channel Slope .0175 .0175

D50 (inches) on Side of Channel 5.8 7.2
D50 (inches) on Bottom of Channel 4.5 5.6

After the channels north of the access road have filled with sediment, the flow from that channel will overflow
into the channels to the east and west south of the access road.. The peak flow in these channels has been
estimated as the sum of the peak flows from the south side of the wedge and from the cell presented in Table
7. The channels south of the access road have flat bottoms 15 feet wide, a 3H to 1V side slope on the north
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side and 5H to 1V on the south side (the side slope of the cell). Beyond the edges of the cell these channels
expand to a 20 foot bottom width with 3H to IV side slopes on both sides. The D50 of required rock armoring
in these channels was computed using the Safety Factors Method. The results are presented in Table 8.
Rock armoring with D50 at least as great as presented in Table 8 will extend vertically on the cell side of the
ditches to an elevation greater than the predicted maximum water surface elevation.

Table 8 Rock Armoring for Combined Peak Flows in Channels South of the Access Road

North Side North Side
of Cell of Cell
(West) (East)

Peak Flow (cfs) 583.4 811.5
Channel Slope .0089 .0063

Channel South of Access Road within Cell Boundaries
Maximum Depth (ft) * 2.79 3.46

D50 (inches) on 5:1 Side of Channel 4.2 3.7
D50 (inches) on 3:1 Side of Channel 5.1, 4.4
D50 (inches) on Bottom of Channel 3.9 3.4

Channel South of Access Road beyond Cell Boundaries
Maximum Depth (ft) 2.08 2.6

D50 (inches) on 3:1 Side of Channel 4.7 4.1
D50 (inches) on Bottom of Channel 3.6 3.2

Protection from Overflow Across Access Road

After the ditches north of the access road fill with sediment, the runoff from the south side of the wedge will
overflow into the armoured ditch. Since the depth of sediment in the ditches north of the access road can not
be accurately predicted as a function of time and location, we have assumed that the overflow will occur
uniformly along the length of the ditches within the boundaries of'the cell on a slope of 0.01 from north to
south. We have also assumed that the flow will concentrate by a factor of 3 in scouring gullies on the access
road and also in cascading down the north side slope of the armoured ditches..

.With these assumptions the depth of gullies caused by the overflow has been calculated with Federal Highway
Administration culvert scour equations as described in Calculation C-02 assuming flow in a V-shaped ditch
with 2H to IV side slopes. The D50 of the required rock armouring for these gullies was computed using the
safety factors method.

The D50 of rock armouring needed to protect the armoured ditches as the overflow cascades down the 3H:IV
side slope was calculated using the method of Abt and Johnson (1991).

D50 = 5.23q 0o 56SO.43

The results of these calculations are presented in Table 9.

Table 9 Rock Armor to Protect Against Overflow over Access Road

West Side East side
Total Overflow Rate (cfs) 172.8 252.6
Ditch Length (ft) 1470 2891
Overflow (cfs/ft) 0.12 0.09
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Concentration Factor 3. 3
Design flow (cfs) 0.35 0.26
Gully Scour Depth (ft) 0.64 0.56
D50 to Protect the Gullies (inches) 0.6 0.5
D50 on 3:1 Side Slope of the Ditch (inches) 3.6 2.9
Designed D50 on 3:1 Side Slope (inches) 5.1 4.4

These results indicate that the ditches south of the access road will be protected against potential scour and
rock movement caused by overflow from the ditches north of the access road by the existing design. The
access road should be protected by rock armoring with a D50 of I inch or more to stabilize it against scour in
the event of flow concentration greater than 3.

Rock and Scour at Spreader Outlets.

Flow from the channel north of the access road and from the top of the cell will combine at the spreader for
discharge onto the natural ground. The peak flows from the PMP have been added to estimate the peak flow
from each spreader. To obtain the flow per unit width, the peak flow has been spread over a width of 100 feet.
To account for potential channelization in the rock of the spreaders, the unit flow has been multiplied by
three for calculation of the required D50 of rock for erosion protection and potential scour depth at the outlet
of each spreader. The D50 was calculated using the safety factor method assuming a channel with 3H to IV
side slopes, a 1 ft bottom width and a channel slope of 2.3%. The scour was calculated using the Federal
Highway Administration culvert scour equations as described in Calculation C-02 assuming flow in a V-
shaped ditch with 2H to IV side slopes. The results are summarized in Table 10.

Table 10 Calculated Depth of Scour at Spreader Outlets.

West Spreader East Spreader
Peak Flow from Channel (cfs) 172.8 252.6
Peak Flow along Berm (cfs) 410.6 558.9
Combined Peak Flow (cfs) 583.4 811.5
Concentration Factor 3 3
Design Flow (cfs/ft) 17.50 24.35
Minimum Rock D50 (in) 4.5 5.2
Estimated Scour Depth (ft) 3.82 4.46

These results assume that the discharge will spread to a width of 100 feet as it flows from the end of the
channels to the end of the spreaders. The length of spreaders required to ensure this degree of spreading
can be estimated using an equation described in USACE (1994). This equation is the result of research
performed by Rouse, et. al.(1 951) on the boundary shapes for the expansion of a high-velocity jet on a
horizontal floor. Note that the equation presented in the text of USACE (1994) is

3

Z- 1 X + I

bi 2 b1 F1 2

where
Z = the half width of the expanded flow (ft)
bl = flow width before expansion (ft)
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X = downstream distance from the beginning of expansion (ft)
F1 = Froude number of the flow before expansion

while Plate B-24 in the same publication which is a reproduction of results from the original paper by
Rouse gives the equation as

3

We have used the equation from the original paper to compute the length of spreaders required to allow
complete spreading of flow to the 100 ft width. The results are:

West East
Discharge (cfs) 583.4 811.5
Initial Flow Velocity (fps) 8.19 8.4
Initial Flow Cross-Sectional Area (sq ft) 71.24 96.62
Initial Top width (ft) 35.42 39.49
Initial Hydraulic Depth (ft) 2.01 2.45
Initial Froude Number 1.02 0.95
Distance to Expand to 100 feet (ft) 135 125

Design of the Toe of the Spreaders

To protect the toe of the spreaders against head cutting by scour from the discharge of the PMP runoff a 1 OH
to 1V buried rock blanket will be constructed downstream of the toe to protect against erosion down to the
expected depth of scour. Figure 5 shows a typical buried rock blanket. The expected scour depths have
previously been computed and the D50 of the buried rock was computed using methods described in NUREG
1623. The results for the east and west sides are given below assuming a natural ground slope of 2.3% and a
rock blanket slope of 10%. The results of the scour and rock armouring calculations are summarized in Table
11.

Table 11 Rock Size and Scour Depth at Spreader Outlets

West East
Scour depth (ft) 3.82 4.46
Discharge (cfs) 583.4 811.5
Spreader Width (ft) 100 100
Discharqe/unit width (cfs/ft) 5.83 8.12
Concentration Factor 3 3
Design Unit Discharge (cfs/ft) 17.5 23.3
D50 (inches) 9.7 11.6
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PLAN

SECTION- LEVEL SPREADER & OUTLET APRON

Figure 5 Typical Buried Rock Blanket

Summary

A wedge of spoil material consisting of approximately 3,000,000 cubic yards of soil excavated from the waste
cell will be placed between the Book cliffs and the waste cell to divert runoff from the Book Cliffs area around
the waste cell. These calculations have been performed to assess whether erosion protection is required for
the ditch north of the access road and south of the wedge and to assess the sediment budget in that ditch.
The erosion protection requirements of the broad channels that carry flow from the areas between the wedge
and the cell to the outlet spreaders on the east and west have also been determined. Specific
results/conclusions are summarized here.

1. Runoff from direct precipitation on the south slope of the wedge will be collected and carried to the
east and west by ditches between the wedge and the access road. The sediment transport capacity
of this runoff during the 1000 year design life has been assessed using equations from NUREG 1623.
The supply of sediment by sediment yield from the south side slope of the wedge has been estimated
by use of the Modified Universal Soil Loss Equation (MUSLE), as described in NUREG 4620 (Nelson
et al. 1986). The results of these calculations indicate that the total sediment carrying capacity of the
runoff as it flows to the east and west is approximately 5% of the volume of the access road berm
over the 1000 year design life of the cell. The sediment supply to this area estimated from the
MUSLE will be many times larger than the sediment t~ansport capacity of the flow in these channels.
The net sediment supply to these channel indicates that the channels may fill with sediment in
somewhat less than 200 years. The sediment supply will be nearly uniform along the length of the
ditch, but the flow will be very small at the high point of the channels and increase nearly uniformly
toward the east and west. This will result in a greater sediment transport capacity in a downstream
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direction and cause the bottom slope of the ditch to increase over time. This will increase the
sediment transport capacity of the ditch, but it is not expected to increase enough to carry away the
sediment supply to the channel. This will delay the filling of the ditches with sediment but probably not
beyond the 1000 year design life of the waste cell. Some additional flow from the north side of the
waste cell may run off over the access road and add to the flow and sediment transport capacity of
these channels, but it will not be sufficient to keep them flushed of sediment.

2. Precipitation falling directly on the south side slope of the wedge will run off toward the south. This
runoff will erode the side slope of the wedge. Application of the MUSLE to estimate the volume of
sediment lost from the wedge through this mechanism indicate that the south side slope will be
reduced in average height by approximately 12 feet. With a design height ranging from approximately
30 to 48 feet and a north-south dimension ranging from 150 to 490 feet, this loss of soil will not
threaten the integrity of the wedge.

3. Runoff from the south side slope of the wedge will also concentrate and form gullies on the slope.
The depth, width, and location of the deepest portions of these gullies has been estimated with
techniques described in NUREG 1623 (Johnson 2002). The results are summarized in Table 5.
While the predicted depth of the gullies that will form on the south side slope of the wedge over a
period of 1000 years are substantial, the gullies are not expected to threaten the ability of the wedge
to route runoff from the Book Cliffs around the waste cell. In each case the height of the wedge is
more than three times the calculated gully depth and the minimum north-south dimension of the
wedge is 118 feet, much greater than the expected gully depth or length. It should be noted that
because of the time period over which gullies developed that were used in developing the equations,
the NRC staff recommends that this method be used for a design cell life of 200 years. Since the
gully depth increases with time, the calculation has been extrapolated to 1000 years as the best
available estimate of the extent of potential gully formation over a 1000 design period.

4. Flow from the south side slope of the wedge and from the north portion of the cell top and side slopes
will flow to the east and west. The flow from the cell will be carried in a channel south of the access
road with the cell apron being the bottom of the channel, one side slope is the cell side slope of 5H to
IV, and the opposite side has a 3H to 1V side slope with rock armoring with a D50 of 4 inches. As

'this water reaches theeast and west edges of the cell apron, the bottom of the channel will widen to
20 feet with side slopes of 3H to 1V. The side slopes will be protected by stone armoring with a D50
of 4 inches. The channels carrying the flow from the side slope of the wedge will not be armored until
100 feet before the end of the access road berm. From that point the channels will be armored with
rock with a D50 of 2.0 inches until they turn south. From that point to the spreader the rock D50 will
be 4.5 inches on the bottom and 5.8 inches on the side for the channel to the west and 5.6 and 7.2
inches for the channel to east. After the channel north of the access road fills with sediment, the D50
of rock armoring will equal or exceed the sizes presented in Table 8. To protect against scour as
water from the ditches north of the access road overflows into the ditches south of the access road,
the road will be protected by rock with a D50 of 1 Inch or greater.

5. The two channels carrying flow in each direction (east and west) will both discharge into the spreaders
and spread to a channel 100 feet wide. The length of the spreaders in the direction of flow has been
determined to ensure complete spreading of the flow across th 100 foot width of the spreader. The
calculated scour depth for the PMP is 3.82 feet for the spreader on the west and 4.46 feet for the
spreader on the east. A concentration factor of three has been assumed for determining the design
unit flow. The spreaders will each have rock armoring with a minimum D50 of 4.5 inches on the west
and 5.2 inches on the east. A IOH to IV buried rock blanket will be constructed downstream of the
toe to protect against erosion down to the expected depth of scour.

C04_R3_AreaBetweenCell andWedgeCalcs_Pgs01 -27_070908.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. Copyrighto
Jacobs Engineering Group Inc., 2007



Calculation Sheet
Project: 35DJ2600
Calculation Number: C-04

(Ref. FOWl 116 Design Calculations) Page 27 of 27 - Plus Appendices 31 Pgs

References:

10 CFR 40. U.S. Nuclear Regulatory Commission (NRC), "Domestic Licensing of Source Material," Appendix
A, Code of Federal Regulations, February 2007.

40 CFR 192. U.S. Environmental Protection Agency (EPA) "Health and Environmental Protection Standards
for Uranium and Thorium Mill Tailings," Code of Federal Regulations, February 2007.

Abt, S.R., and T.L. Johnson, 1991. "Riprap Design for Overtopping Flow", Journal of Hydraulic Engineering,
117(8), pp. 959-972.

Abt, S.R., T.L. Johnson, C.I. Thornton, and S.C. Trabant, 1998. "Riprap Sizing at Toe of Embankment Slopes",
Journal of Hydraulic Engineering, 124(7), July.

Abt, S.R., J.F. Ruff, and R.J. Wittier, 1991. "Estimating Flow Through Riprap", Journal of Hydraulic

Engineering, 117(5), pp. 670-675.

Chow, V.T., 1964. Handbook of Applied Hydrology, McGraw-Hill Book Company, New York, New York.

DOE (U.S. Department of Energy), 1989. Technical Approach Document, Revision II, UMTRA-
DOE/AL 050424.0002, December.

DOT (U.S. Department of Transportation), 1983. Hydraulic Design of Energy Dissipaters for Culverts and
Channels, Hydraulic Engineering Circular No. 14, September.

Geotechnical Engineering Group, Inc. (GEG), 2005. Technical Testing, Crescent Junction, GEG Job
No. 2165, December 22.

Johnson, T.L., 2002 Design of Erosion Protection for Long-Term Stabilization, Final Report, NUREG-1 623,
U.S. Nuclear Regulatory Commission, September.

Nelson, J.D., S.R. Abt, R.L. Volpe, D. van Zyl, N.E. Hinkle, W.P. Staub, 1986. Methodologies for Evaluating
Long-Term Stabilization Design of Uranium Mill Tailings Impoundments, NUREG/CR-4620, U.S. Nuclear
Regulatory Commission, June.

Rouse et. al., 1951. Rouse, Hunter, Bhoota, B. V., and Hsu, En-Yun. 1951. "Design of Channel Expansions,"
Transactions, American Society of Civil Engineers, Vol 116, pp 347-363.

Temple, D.M., K.M. Robinson, R.M. Ahring, and A.G. Davis, 1987. Stability Design of Grass-Lined Open
Channels, U.S. Department of Agriculture Handbook No. 667, September.

USACE, 1994. "Hydraulic Design of Flood Control Channels", Engineer Manual 1110-2-1601, June, 1994

USDA (U.S. Department of Agriculture), 1994. "Gradation Design of Sand and Gravel Filters", National
Engineering Handbook, Part 633, Chapter 26, October.

C04-R3-AreaBetween-Cell-and-WedgeCaics-Pgs0I -27_070908.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. CopyrightO
Jacobs Engineering Group Inc., 2007



Calculation C-04 Project 35DJ2600 Appendix A Page 1 of 31

Appendix A

Reference Materials

Documenti
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. CopyrightO
Jacobs Engineering Group Inc., 2007



.. ... -- ... ... I I. •LL

Calculation C-04 Project 35DJ2600 Appendix A Page 2 of 31

in column 6 is given from the sediment rating curve, or Equation 6. For each interval, the water
yield in column 5 is calculated from multiplying columns 2 and 6. Likewise, the annual sediment
yield in column 7 is calculated from Equation E-5 given Ap, Q and C, from columns 2,4 and 6. The
interannual total sediment yield is finally obtained from the sum of column 7.

2.5 TraI Efficiency

When sediment-laden water enters reservoirs, lakes, impoundments, and settling basins, the
settling of sediment will cause aggradation of the bed. The trap efficiency is used to determine how
much sediment is expted to settle in backwater areas. The trap efficiency is defined as the
percentage of incoming sediment for a given size fraction (i) that will settle within a given reach.
The trap efficiency can be calculated as follows:

-Xw,

TE5  I - e-hv (E-7)

where X is the reach length; w, is the settling velocity for sediment fraction i from Table E-4; h is
the mean flow depth; and V is the mean flow velocity. The exponent is dimensionless and'any
consistent system of units can be used in this equation.

The, sediment load that settles within the reach is given by the product of the incoming
sediment load and the trap efficiency. The outgoing sediment load is calculated by subtractink the
settling load from the incoming load. The trap efficiency varies with sediment size through the
settling velocity. Typically, the trap efficiency is approximately one for coarse sediment,
e.g., gravels, and approaches zero for fine sediment, e.g., clays.

2.6 Sediment Transport Capacity of a .Channel

Simons, Li, and Fullerton (1981) developed an efficient method of evaluating sediment
discharge. The method is based on easy-to-apply power relationships that estimate sediment
transportbased on the flow depth h and velocity V. These power relationships were developed from
a computer solution of the Meyer-Peter and Muller bedload transport equation and Einstein's
integration of the suspended bed sediment discharge:

q, =-clh C2V CO. (E-8)

The results of the total bed sediment discharge are presented in Table E-2. The large values
of c,, (3.3 < c, < 3.9) show the high level of dependence of sediment transport rates on velocity.
Depth has comparatively less influence (-0.34 < c2 < 0.7).

NUREG-1623 E-6
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Table E-2. Power equations for total bed sediment discharge in sand- and fine-gravel-bed streams.

Ip

___ (mm)

0.1 0.25 0.5 1.0 2.0 3.0 4.0 5.0

Or- 1.0
cs 3.30x0" 1.42x0"' 7.6xI0 5.62x10"6 5.64x104  6.32xI0"4  7.10xlO4  7.78x1076

Ce2  0.715 0.495 0.28 0.06 -0.14 -0.24 -0.30 -0.34
Cs3. 3.30 3.61 3.82 3.93 3.95 3.92 3.89 3/87

Or = 2.0
csI 1.59x10" 9.8x10" 6.94x10r6 6.32xI04  6.62x 10 6.94x10-6

cS 0.51 0.33 0.12 -0.09 -0.196 -0.27
Cs3 3.55 3.73 3.86 3.91 3.91 3.90

Gr - 3.0
Cs1 1.21xlf0f 9.14x10' 7.44x10"
Cs2  0.36 0.18 -0.02
Cs3 3.66 3.76 3.86

Or 4.0
1t 1.05xlOS

Cs~z 0.21
cI_ _ _ _ 3.71 1 _ 1_1

Def'nitions: q. unit sediment transport rate in fels (unbulked); V, velocity in ft/s; h, depth in ft; G, = 0.5 [(DuD•s + (Ds/Dlr)]
gradation coefficient.
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For flow conditions within the range outlined in Table E-3, the regression equations should
be accurate within 10%. The equations were obtained for steep sand- and gravel-bed channels under
supercritical flow. They do not apply to cohesive material.

The equations assume that all sediment sizes are transported by the flow without armoring,
The sediment concentration c, is calculated from

c,= 2.65 x 1011- (E-9)
q

where q. is calculated from Equation E-8 and q = V. is the unit discharge in fie/s.

3 DESIGN AND ANALYSIS PROCEDURES

The following procedures may be used to determine: 1) sheet and rill erosion; 2) gully
erosion; 3) calculated sediment yield; 4) measured sediment yield; 5) trap efficiency, and 6) sediment
transport capacity of channels.

3.1 Sheet and RillErosion Procedure

The following sheet and rill erosion procedure based on the USLE may be used to determine
soil erosion losses from upland erosion. If data are available, this approach should be supplemented
with field measurements to properly calibrate and ascertain the accuracy of other procedures and/or
computer models.

Step A-I. Gather topographic, soil type and land use information. Subdivide the domain into
sub-watersheds. For each sub-watershed, determine: drainage area, runoff length,
average slope, soil type, percentage of canopy cover and ground cover and any
particular method of soil conservation practice.

Step A-2. Determine the mean annual rainfall erodibility factor R for the specific site location.

Step A-3. Determine, for each sub-watershed, the soil erodibility factor K from soil samples.

Step A-4. Determine the slope length-steepness factor LS from the runoff length and average
slope.

Step A-5. Determine the cropping-management factor C from the ground and canopy cover data.

NUREG-1623 E-8
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Table E-3. Range of parameters for the Simons-Li-Fullerton method.

Parameter Value range

Froude number 1 -4

Velocity 6.5 - 26 ft/s

Manning coefficient n 0.015 - 0.025

Bed slope 0.005 - 0.040

Unit discharge 10 - 200 ft/s

Particle size D30 k 0.062 mm

Dos 15nmu

E-9' E-9' NUREG-1623
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APPENDIX B

METHOD FOR-DETERMUING
SACRIFICIAL SLOPE REQUIREMENTS

1 INTRODUCTION

In many cases where tailings extend over a large area, slope lengths may be so long that
extremely gentle slopes will be needed to provide long-term stability. Such gentle slopes may
necessitate the use of very large amounts of soil, such that some of these slopes (with no tailings
directly under them) may extend greatly beyond the edge of the tailings pile.

In such cases, licensees may be able to demonstrate that it is impractical to provide stability
for 1,000 years and may choose to show that stability for less than 1,000 years, but for at least 200
years, is a more cost-effective option. Such a design may incorporate tailings embankment "out
slopes," where there are no tailings directly under the soil cover. Such slopes, designed for less than
the 1,000-year stability period, may be acceptable if properly justified by the licensee.

It should be emphasizedtthat the staff considers that a 200-year sacrificial slope design should
be used only in a limited number of cases and only when a design life of 1,000 years cannot be
reasonably achieved. However, it should not be assumed that the design period should immediately
jump from 1,000 to 200 years. The staff concludes that the selection of a design period should
proceed in a stepwise fashion, with consideration given to intermediate design periods from 200-
1,000 years. In determining a mnimurm design, a 200-year sacrificial slope design, as presented
below, may be used. However, such a design has a considerable amount of uncertainty associated
with its use, due to its development by extrapolation of a relatively limited data base. Therefore, the
staff considers that the procedure should be used only aftei other reclamation designs have been
considered. The staff considers that the procedures forjustifying a design period of less than 1,000
years, as discussed in Appendix C, should be carefully followed to document that a 200-year
sacrificial slope design is the best design that can be reasonably provided.

2 TECHNICAL BASIS

The long-term gully erosion process has the potential to destabilize an earthen embankment
or soil cover constructed to prevent waste material release to the environment. Figures B-i and B-2
present photographs of earthen embankments damaged by gullying. It was apparent to the staff that
little criteria were available that assisted the designer in predicting the potential impacts of gullying
processes to long-term stability of the waste material. The NRC thereby supported a series of studies
to expand the knowledge base on the potential impacts of gullies on reclaimed impoundments and
provide guidance for assuring the long-term stability of the waste.

In 1985, Falk et al. conducted a pilot study in an attempt to develop a procedure to predict
the maximum depth a gully may incise into a tailing slope as a function of time. Falk characterized
16 reclaimed mine and/or overburden sites in Colorado and Wyoming that demonstrated incision

B-4 NUREG-1623
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Figure B-1. Damage caused by gullying.
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Figure B-2. Damage caused by gullying.

B-3 B-3 NUREG-1623
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on the side slope and in some cases extended into the top slope areas. Field measurements included
gully length, slope length, pile height, pile age, maximum gully depth, and width, tributary drainage
area, vegetative cover and soil composition. From these data, Falk et al. attempted to formulate a
procedure for estimating the maximum depth of incision, width of gully, and location of the
maximum incision from the crest. The estimation procedure had a limited application but indicated
that an estimation procedure could potentially be developed.

Pauley (1993) performed a series of flume studies in which near prototype soil embankments
were constructed simulating a reclaimed waste impoundment. Figure B-3 presents a photograph of
the flume used in the study. A series of rainfall and subsequent runoff events were conducted
resulting in gully incision into the embankment. The gullying processes were documented as a
function of rainfall duration and volume, soil type, embankment slope and the maximum depth of
incision. The results of the study indicated that the gully incision depth was a function of the clay
content of the soil, volume ofrunoff to the gully, and the embankment height (Abt et al. 1994). The
gully processes observed by Pauley and later documented by Abt et al. (1995b) in the flume study
closely paralleled those observed in the field by Falk (1985) and others.

In an attempt to expand the Falk et al. (1985) data base, Abt et aL (1995a) conducted a study
in which 11 field sites that demonstrated gullying on reclaimed impoundments were located,
characterized, measured, and sampled in the Colorado and Wyoming region and each gully was
characterized (Falk et al. 1985).

The information presented by Falk et al. (1985), Pauley (1993) and Abt et al. (1995a) was
consolidated into a composite data base as reported by Abt et al. (1995b). A comprehensive
procedure was presented to estimate the maximum depth of gully incision, top width of the gully,
and location of the maximum incision from the crest. The procedure allows the designer to
determine gully depths and to predict the location of maximum gully incision.

A review of existing waste and tailing reclamation designs in conjunction with extensive site
experience indicates that three primary embankment/cover configurations are commonly proposed.
The three embankment configurations or types have been proposed or constructed as presented in
Figure B-4. It is important to recognize that although each embankment type is similar along the
main embankment face, the top slope, and subsequent potential tributary drainage, significantly
impact the maximum depth of gully incision, D_., that may intrude into the main slope. Therefore,
a different procedure was developed to estimate the potential tributary drainage area and volume of
runoff for each embankment type.

An empirical gully incision estimation procedure is presented as a function of the
embankment/cover geometry, hydrologic parameters, soil composition, and the design life. It is
anticipated that the estimation procedure will provide the userthe maximum depth of gully incision,
the approximate location of the maximum depth of incision along the embankment slope, and the
approximate top width of the gully at the point of maximum incision as schematically presented in
Figure B-5. The user will need to insure that the gully incision does not expose the waste/tailings
materials.

NUREG-1623 B-4
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Figure B-3. Flume used byPauley (1993).

B-5 13-5 NLTREG- 1623
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Type I Embankment

* I
Ii,

* I
Type 2 Emibeankent

Type 3 Embankment

Figure B-4. Three types of embankment geometry.

B-6NUREG-1623
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Figure B-S. Schematic of typical waste impoundment.

B-7 NUREG-1623
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Staff review indicates that locating the depth of maximum gully incision is the most unpredictable
part of the design procedure. The field data and flume data cannot be relied on totally to adequately
describe the gully profile along the length of the slope. For example, the procedure may predict that
the maximum gully.depth will be 20 ft and will occur 500 ft from the embanlanent crest. However,
not reflected in the design procedure is the possibility that the same gully could be 19 ft deep at the
crest. The gully profile data available and staff experience suggest that gully depths approaching
the maximum gully depth could occur near the crest. Thus, until more data are available, the staff
recommends that the location of maximum gullying be assumed to occur near the crest of the slope.
In addition, because of the need for significant data extrapolation, the staff suggests that this
procedure be used to determine sacrificial slope requirements for a 200-year period.

In situations where increasing the set back distance of waste with respect to the embankment
crest is not feasible, the concept of embankment stabilization utilizing launching riprap may be
examined. Abt et al. (1997) presents a preliminary approach to the stabilization technique. Figure
B-6 presents a photograph of a laboratory simulation of embankment stabilization using launching
riprap. Based upon the findings of the pilot test series, a set of preliminary guidelines and a design
procedure is outlined by Abt et aL (1997). The procedure presented represents the pilot test series
and its application has not been tested and verified under field or near prototype conditions. It is
recommended that the procedures outlined by Abt et al. (1997) be applied with a high degree of
engineering judgement.

3 PROCEDURES

A procedure has been developed to estimate the effects of gullying over time. The following
steps outline the estimation procedure.

Step 1. Determine the embankment design life as outlined in Appendix A. Stability of the
embankment must be insured for periods ranging from 200 to 1,000 years.

Step 2. Select the embankment type (Type 1, Type 2, or Type 3) and determine values of the
appropriate design Variables.

Embankment/cover variables applicable to all three types of embankments include
the embankment height (H.) (m), slope length (L.) (m), slope angle (6) (degrees), and
horizontal distance from the embankment toe to the crest (X.) (m) as presented in
Figure B-4.

Step 3. Determine the embankment/cover soil composition, expressed as a percentage of the
sands, silts, and clays. Discriminating thresholds for gully intrusion potential for
embankments are segmented into soils with clay content less than 15 percent, clay
content between 15 and 50 percent, and clay content greater than 50 percenL

Step 4. Determine the average annual precipitation (P), expressed in meters, for the
embankment site. Estimates of precipitation can be obtained from U.S. Weather
Bureau isohyetal maps, local climatological data, or other appropriate means.

NUREG-1623 B-8
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Figure B-6. Photograph of launching riprap flume test.

B-9 NUREG-1623
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Step 5. Determine the drainage area tributary to the embankment to estimate the
volume of runoff to which an embankment will be exposed in its design life.
For embankments without external drainage basins, the tributary drainage
area that forms on the face of the embankment will determine the total
volume of runoff (Abt, Thornton, and Johnson, 1995b). The tributary
drainage area that forms on the embankment face is a unique function of the
type of embankment being evaluated.

Type I Embankment

The tributary drainage area for a Type 1 embankment may be estimated by

A = 0.276 * [L * Cos()] 1.6  (B-1)

where: A = tributary drainage area (m2)
L. = original embankment length (m)
0 = slope angle in degrees computed as Tan''(S.)

Type 2 Embankment

The tributary drainage area for a Type 2 embankment is computed by summing the
embankment face length (L1) and the embankment top length (Li). The resulting
length (L) is then entered in Equation B-I as:

A = 0.276*[L,*Cos(G)]' 6  (B-2)

where: A = tributary drainage area (m2)
= total length of embankment

0 = slope angle in degrees computed as Tarf'(S.)

Type 3 Embankment

The tributary drainage area for a Type 3 embankment can be estimated using
Equation B-I; however, an effective embankment length (L3) must be determined.
Flume and field observations indicate that a gully forming on a Type 3 embankment
can extend past the crest and into the adverse slope. When this condition occurs, the
effective length of the embankment is increased. To provide an estimate of the
tributary drainage area at any point in time, the value of the effective embankment
length is determined by estimating the final gully bottom slope. Abt et al. (I995b)
reported that the gully bottom slope may be estimated as

Sb = [1.008*S]-0.063 (CB-3)

NUREG-1623 B-10
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W where: Sb = gully bottom slope (rise/run)
So = original embankment slope (risenmn)

The effective embankment length can then be computed as:-

-- 1.175-L (B-4)

where L. and L. are expressed in meters. The tributary drainage area can then be
computed using Equation B-1 where L3 is substituted for L..

In situations where the embankment toe is exposed to runoff that develops on
a tributary drainage area external to the embankment, the supplemental area (A.) is
added to the drainage area value computed using Equation B-i.

Step 6. The total depth of precipitation to which the site may be exposed to over the design
life needs to be determined. In Step 1, the design life of the embankment was
estimated. The average annual precipitation for the project site was then estimated
based on Step 4. The expected depth of precipitation, in meters, is then calculated
as:

D, = Average Precipitation Depth (m) * Design Life (years) (3-5)

Step 7. The runoff to rainfall ratio, R, is needed to convert the potential depth of
precipitation for the embankment design life to potential runoff tributary to the
developing gully. The U.S. Geological Survey (USGS) developed a runoff map
method (Gebert et al., 1989) to determine the average annual runoff expected from
any location in the United States. The USGS map provides the user the annual depth
of runoff from a site specific location. The ratio of the runoff to rainfall is computed
by dividing the runoff depth derived from Gebert et al. by the average annual
precipitation for the appropriate locale. The average runoff-ratio using the USGS
Average Annual RunoffMethod is 0.127. The runoff-rainfall ratio of 0.127 provides
a reasonable estimate for the arid and semi-arid regions of the western United States.

Step 8. The cumulative volume of runoff (V;) tributary to the embankment toe, in cubic
meters, is calculated as:

V, =D *R,*A (B-6)

where A is the tributary drainage area, expressed in square meters, as determined in
Step 5. It is acknowledged that a single storm event will significantly impact the
development of the gully. Abt et al. (1995a) indicates that the total volume of runoff
can serve as a predictor of the ultimate dimensions (i.e., maximum depth, width, etc.)

3-f11 NUREG-1623
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Step 9.

of the gully. The volume of runoff tributary to the gully for the embankment design
life is the primary element reflecting the analysis period.

The maximum depth of gully incision (D.) can be estimated as a function of the
cumulative volume of runoff, Vr, the embankment height, H., the embankment slope
length, 1., 1 2, or L.•, the embankment slope, and the clay content of the soil
composition. A gully factor, Gf was developed from the analysis described by Abt
et al. (1994) for varying clay content of the proposed construction material. The
gully factor is defined as:

f f-

I,* S.
(B-7)

where L is L4, L2, or 1.3 as applicable and the embankment slope So, is HoOX,. The
gully factor is computed as:

Clay content < 15%:

of = Dm=O

0**
1

2.25 + (0.789 *--)I (B-8)

Clay content > 15%, < 50%:

D. 28 1
L* .80+V -0.70

'I

(B-9)

Clay content > 50%:

t = L-• *
(B-1o)3.55 +

NUREG-1623 B-12
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Step 10. The maximum depth of gully incision expected on the embankment slope may then
be estimated as:

D '= Gf * * S (B-11)

where D., is in meters.

Step 11. After the value of D.. is determined, the top width of the gully at the deepest
incision can be calculated as:

( 1.149 
(B-12)

where: W = top width of gully (in)
D = depth of deepest gully incision (m)

Step 12. In some applications, it is important to estimate the location of the maximum gully
incision to evaluate the stability of the embankment or the potential to penetrate into
the waste storage area. The location of the maximum depth of incision, measured
down slope from the crest, may be determined as:

( (Vr *S)/'°'15

D= 0.713 * ( Sv • (B-13)

where: D, = location of D,.
V, = cumulative volume of runoff (tin)
So = original embankment slope (rise/mn)

= original embankment length (m)

Step 13. To provide a conservative estimate of the possible damage caused to an earthen
embankment by a migrating gully, it is assumed that the maximum depth of gully
intrusion occurs at the crest of the embankment. The embankment material is then
assumed to erode, at the angle of repose of the embankment material, up slope of
D.,.-. The set back distance of the waste material is determined for each of the three
types of embankments by assuming the embankmnent erodes at the angle of repose.

Step 14. If altering the set back distance is not feasible, protection may be examined utilizing
launching riprap. A detailed-explanation of the launching riprap application is

B-13 NUREG-1623
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presented by Abt et al. (1997). The following preliminary guidelines should be
followed in a launching riprap application:

0 The minimum riprap size should be determined using accepted riprap sizing
criteria for overtopping flow. A minimum median stone size (D15 ) of 9 cm
was found to work well in flume studies.

0 The protective riprap layer should have adequate volume to provide slope
coverage under maximum expected gully conditions. A layer thickness of
approximately 3 Dsis recommended, depending on the volume requirements
and the length of the riprap layer.

4 RECOMMENDATIONS

The stable slope should be determined using the procedures presented in Appendix A.
Appropriately conservative values of input parameters should be used in the computation.
Additional refinements can be made after the analysis of the sacrificial slope requirements.

In analyzing Type 2 Embankments, the top slope of the cover should be much flatter (less
than or equal to 5%) than the slope of the embankment face. The gully would likely occur far
upstream from the crest if the top slope were steep. The followirig example is presented to outline
the stability assessment procedure, not to promote or compare any embankment types.

5 EXAMPLE OF PROCEDURE APPLICATION

The following example is used to outline the procedure of stability analysis of a Type 2
Embankment. Type 2 Embankmnents, presented in Figure B-4, are identified by an embankment
slope that transitions into a flatter top slope. Embankments constructed with Type 2 geometry are
evaluated by superimposing the total length of the embankment, I., on the slope of the embankment
face.

Step 1. Design Life

An embankment design life of 200 years will be evaluated.

Step 2. Embankment Geometry

Once the embankment type is determined, the initial design variables are required.
It will be assumed that the embankment has the following physical dimensions:

H, = embankment height = 9 meters
L. = embankment slope length = 55 meters
So = embankment slope = 0.15 rise/run
I-2 = top embankment length = 100 meters
S2= top embankment slope = 0.05 rise/run

NUREG-1623 B-14
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Step 3. Soil Composition

.It is assumed that a soil analysis has been conducted and that the embankment
material is composed of 13 percent clay by volume, and has an angle of repose of
34 degrees.

Step 4. Precipitation

Local clinatological data indicate an average annual precipitation of 0.20 meters for
the site.

Step 5. Potential Tributary Drainage Area

The total potential tributary drainage area for a Type 2 Embankment is determined
by computing the total embankment length as shown below

L -= L. +  (B-14)

where: LI = total embankment length (m)
L, length of embankment face (m)
L2 length of embankment top slope (m)

The value determined for the total embankment length is then combined with the
slope of the embankment face and entered into Equation B-2 as shown below

A = 0.276 * {155 meters ,cos(8.53))}-6.36
(B-15)

A = 1038 meters 2

Therefore, the total potential tributary drainage area for the Type 2 Embankment is
1038 square meters. It is assumed that there is no additional drainage area external
to the embankment.

Step 6. Potential Depth of Precipitation

The first step in computing the total runoff volume for the site is to determine the
potential depth of precipitation, D,, that the site will be exposed to during the design
life. As described in Step 6, the total depth of precipitation is the product of the
average annual precipitation and the design life. Therefore,

B-15 NUREG-1623
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= 0.20 meters/year • 200 yeaws

Dt - 40.0 meters of precipitation (B-16)

and a potential depth of precipitation of 40.0 meters is computed.

Step 7. Runoff to Rainfall Ratio

A value of 0.13 is assumed as the average runoff to rainfall ratio, R, for the
embankment area.

Step 8. The cumulative volume of runoff, V, is defined as the product of the potential depth
of precipitation, D1 , the runoff to rainfall ratio, R,, and the potential tributary area, A.
Substituting the values of D,, R, and A, obtained above into Equation B-6 yields

V,= 40.0 meters * 0.13 * 1038 meters 2

MMM3 (B-17)
Vt = 5,400 meters.

Therefore, the embankment slope will drain approximately 5,400 cubic meters of

runoff during the 200 year design life.

Step 9. Determination of Gully Factor

The gully factor, Gp, for the embankment should be determined as outlined in Step 9.

A clay content of 13 percent in the embankment material requires that Equation B-8
be used to calculate the gully factor. Substituting values for HL, and V, into Equation
B-9 gives

40.7 (9.OmeterS) 3 J
,=2.25 .[.89-*{ 5'9"7mtrS U]o (B-18) 1

Gf = 0.380

Step 10. Maximum Depth of Gully Incision

A gtlly factor of 0.380 is entered into Equation B-8 to determine the maximum depth
of gully incision as follows

NUREG-1623 B-16
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D. = 0.380 * 55.0meters ; 0.15

D,= = 3.14 meters (B-19)

Thus, after a 200 year period, a gully incision 3.14 meters deep would be expected

on the face of the embankment.

Step 11. Gully Top Width

Equation B-12 presents an empirical relationship that can be used to predict gully top
width, W, as a function of maximum gully incision, D.. Substituting the value of
3.14 meters computed for D. into Equation B-42 gives

3.14 meters) 1.149w = I 3-0
I 0.61 / B-20)

W = 6.57 meters

therefore, 6.33 meters would be the estimated gully width at the point of deepest

gully incision.

Step 12. Location of Maximum Depth

Equation B-13 presents an empirical relation predicting the location of D. as a
function of the total volume of runoff, einbankment length, and embankment slope.
Substituting the values determined above into Equation B-13 gives

DI 0.713 (5,399.97 meters3 * 0.15) Iso.415

(55 mieters) 3  J (B-21)

D, = 6.50

which represents the number of D;'s down slope from the cirst the deepest incision
is expected to occur. To determine the location in meters, inultiply the value
determined for DIby that determined forD,. For this example the deepest incision
point will occur approximately 20.4 meters down slope from the embankment crest.

Summarizing the results obtained above yields

B-17 NLUREG-1623
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D. -=3.14 meters,

W = 6.57 meters

DI = 20.4 meters

However, for long-term stability applications, the location of D,,, should be assumed
to be at the crest of the slope.

Step 13. Set Back Distance

For conservatism, the maximum depth of incision is assumed to occur at the crest of
the embankment and the material is assumed to erode at the angle of repose (340 for
this example) upstream of the crest. For the conditions of this example, the set back
distance would be 4.66 meters up slope from the crest of the embankment.
Therefore, tailings should be located a minimum horizontal distance of 4.66 meters
up slope and a vertical distance of 4.71 meters down from the embankment crest.

Step 14. Rock Launching Application

If providing adequate setback distance is not feasible, embankment stabilization with
launching rock may be considered. For details and a preliminary application
procedure, see Abt et al. (1997). The findings discussed by Abt et al. (1997) should
be adapted to each specific site with engineering judgement. In general, a volume
of rock shouldbe provided to cover the collapsed slope with a rock layer of 1.5 times
the D50 size, considering the depth of gully intrusion and the length. It is
recommended that the required D.0 size be specifically determined for a collapsed
slope of IV to 2H. Figure B-7 presents a schematic of the rock launching application
concept.

The results of the example outlined above can then be checked with the original design of the soil
cover, as described in Appendix A. Engineering judgment then determines if the design is adequate
to provide the level of protection necessary throughout the design life.

6 COMPUTER APPLICATION

To aid in the analysis of the stability assessment, a computer program has been developed.
The Windows"M application provides an automated method of evaluating the stability procedure
described above (Thornton, 1996). The program is available from the U.S. Nuclear Regulatory

[I
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Two basic approaches exist for the design of suitable erosion-
resistant covers for a tailings impoundment surface as originally described
by Nelson et al. (1983). The first approach consists of providing a cover
material that will resist material transport by flowing water using the
concept of critical shear stress. The second approach is based on the
Universal Soil Loss Equation, an empirical method originally developed
during the 1930's. The methodologies involved with both of these methods
are discussed below.

5.1.1 Critical Shear Stress Approach

The critical shear stress approach consists of providing a cover
material with a d~o grain size (i.e., 701 of the material by weight is
coarser than the a30) that will resist movement when subjected to the
sheet flow maximum permissible velocity resulting from the application of
the PMP over the entire impoundment surface. Minimum d30 grain sizes
should be determined using the critical shear stress approach similar to
the procedures discussed in Simons and Senturk (1977) applicable to over-
land flow. A numerical solution for selecting an appropriate d30 to
provide armoring has been developed by Shen and Lu (1983).

The design approach described above, in which the critical grain size
is selected to resist the onset of sheet erosion, should evaluate the run-
off from PMP storms of different durations, such as 0.5, 1, 2, 4, and 6
hours to select the maximum d30 required. Rainfall depths will
usually be based on 2.5 to 15 minute durations for small drainage basins as
presented in Section 2.1.2. Typically, the minimum construction layer
thickness is specified to be at least two times the maximum particle size.
If the above approach results In a cover thickness less than about 6
inches, then other considerations - such as nonuniform placement of cover
and particle breakdown due to handling, placement and weathering - would
suggest that a minimum cover thickness of 10 inches should be considered.
if a self-armoring cover can be provided, and there is no major concern for
weathering of the cover material, the design is independent of time and the
cover should remain intact indefinitely.-

5.1.2 Soil Loss Equation Approach

The concept of sheet erosion was recognized by early researchers and
the Universal Soil Loss Equation (USLE) was developed in the late 1930's by
the Agricultural Research Service to evaluate soil conservation practices
for cropland throughout the United States. After its inception, the soil
loss procedure was used and modified as field experience and data were
obtained incorporating the basic parameters of field slope and length,
precipitation, and crop management to estimate soil losses on an annual
basis. Application of the USLE to non-cropland areas and specifically for
construction sites became feasible when Wischmeier et al. (1971), using
basic soil loss characteristics, developed and implemented a soil
erodibility factor (K) in the soil loss computation. Subsequent efforts
refined the parameters used in the USLE for mining and construction
activities in the interior western United States.
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The Modified Universal Sail Loss Equation (MJSLE) was developed by the
Utah Water Research Laboratory In 1978 for the principal objective of esti-
mating soil losses due to highway construction activities. Alterations
were made to the USLE to accomodate unique or special conditions encoun-
tered in highway construction, including steep and deep cuts and fill
slopes that could cause erosion affecting adjacent or nearby roadways,
streams, lakes, or inhabited areas. It is apparent that the modifications
made to the USLE extend to many construction and mining sites beyond the
scope of highway construction.

The Modified Universal Soil Loss Equation (IUSLE) is a mathematical
model based on field determined coefficients and provides the most rational
approach to evaluate the long-term erosion potential from an upland area
similar to that of the area covering a reclaimed tailings pond. Recent
Investigations into appropriate methods of modeling major types of sheet
erosion (Abt and Ruff, 1978; Nelson et al. 1983; Wlyhan and Lane, 1983; and
NRC, 1983), indicate that although more rigorous mathematical models are
available to simulate erosion as a function of time, the use of the USLE
has a strong precedent because it has a 40-year history of runoff and soil
loss data.

The MUSLE Is used to evaluate average soil losses for certain types of
slopes as a function of time. The IWSLE does not consider the potential
for gully development or intrusion as discussed in Chapter 4 because the
topographic features of the tailings area are assumed to remain constant
with time. Also, the MUSLE does not incorporate the concept of the PMP but
rather a rainfall factor based on historical rainfall values. The MUSLE is
defined by Clyde et al. (1978) as follows:

A- R K (LS) (VM) (5.)

where,

A - the computed loss per unit area in tons per acre pee year with the
units selected for K and R properly selected;

R - the rainfall factor which is the number for rainfall erosion index
units plus a factor for snowmelt, if applicable;

K - the soil erodibility factor, which is the soil loss rate per ero-
sion index unit for a specified soil as measured on a unit plot
that is defined as a 72.6-ft length of uniform 9% slope continu-
ously maintained as clean tilled fallow;

LS * the topographic factor, which Is the ratio of soil loss from the
field slope length to that from a 72.6-ft length under otherwise
identical conditions;

VM -the dimensionless erosion control factor relating to vegetative
and mechanical factors. This factor replaces the cover management
factor (C) and the support factor (P) of the original USLE.



Calculation C-04 Project 35DJ2600 Ap#&dix A Page 26 of 31

5.1.2.1 The Rainfall and Runoff Factor (R)

As noted by previous research at Los Alamos National Laboratory (Nyhan
and Lane, 1983), the R factor as used in the MUSLE is often misinterpreted
only as a rainfall factor. In reality, it must quantify both the raindrop
impact and provide information on the amount and rate of runoff likely to
be associated with the rain. More specifically, the R factor is described
in terms of a rainfall storm energy (E) and the maximum 30-minute rainfall
intensity (132). Generalized R factors applicable to the interior
western United States are given in Table 5.1. For R factors in specific
areas of the United States, it is recommended that erosion index distribu-
tion curves be obtained from local SCS offices.

Table 5.1. Generalized Rainfall and Runoff (R) Values.

State Eastern Third Central Third Western Third

N. Dakota 50 - 75 40 -50 40
S. Dakota 75 - 100 50 40
Montana 30 - 40 20 20 - 50
Wyoming 30 - 50 15- 30 15 - 25
Colorado 75 - 100 40 - 50 20 - 40
Utah 20 - 30 20 - 50 15 - 40
New Mexico 75 - 100 40 - 50 20 - 40
Arizona 20 - 50 20 - 50 25 - 40

5.1.2.2 TheSoil Erodibility Factor (K)

The soil erodibility factor (K) recognized the fact that the erodi-
bility potential of a given soil is dependent on its compositional makeip,
which in turn reflects the grain size distribution of the soil. To predict
soil erodibility, five soil characteristics that include the percent silt
and fine sand. percent sand greater than 0.1 mm, percent organic material,
general soil structure and general permeability are determined. The K fac-
tor is then found by using the Wischmeier nomograph presented in Figure5;1.

The makeup of the various soil fractions presented in Figure 5.1 Is
based on separating sand and silt at the 0.1 mm size. This differs from
the Unified Soil Classification System which uses the No. 200 sieve size
(0.075 ma) for the separation between sand and silt. The value to enter
Figure 5.1 with should be the percentage of material finer than 0.1 mm in
size, not the percentage passing the Mo. 200 sieve. Also, the detemina-
tion of the Soil Erodibility Factor (K) as shown on Figure 5.1 does not
specifically reference the percentage of clay Iner than 0.002 on) con-
tained in the material. The percentage of silt plus very fine sand to be
used for Figure 5.1, therefore, Is the percentage of material contained
between 0.002 mm and 0.1 mm.
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5.1.2.3 The Topographic Factor (LS)

Although the effects of both length and steepness of slope have been
investigated separately in different research efforts, It is more con-
venient for analytical purposes to combine the two into one topographic
factor, LS. Wlschmeier and Smith (1978) developed plots correlating the
topographic factor for slopes up to 500 meters in length at slope inclina-
tions from 0.5% up to 50%. Note that flat, short slopes will have less
erosion than long, steep slopes and it is to the benefit of the design
engineer to optimize slope length and gradients to fit the topography.

The equation to determine the LS factor is as follows:

650 + 450s + 6*s2 L m (5.2)LS - ____(__.2)_

10,000 + s2 72.6

where LS = topographic factor
L = slope length in feet
s - slope steepness In percent
m - exponent dependent upon slope steepness

The slope dependent exponent m is presented In Table 5.2.

Table 5.2 Slope Dependent Exponent

Slope (percent) a

s 1.0 0.2
1.6 < s < 3.0 0.3
3.0 < s 25.0 0.4
5.0 < sg 10.0 0.5
s > 10.0- 0.6

5.1.2.4 The VM Factor

The VN factor Is the erosion-control factor applied in place of the
cover and erosion control factors found in the USLE. The erosion control
factor accounts for measures implemented at the construction site to
include vegetation, mulching, chemical treatments and sprayed emulsions to
impede or reduce erosion due to the overland flow of water. Values of the
V14 factor relative to site-specific conditions are presented in Table 5.3.

The VM factor is perhaps the most sensitive factor to effect the
computed erosion loss for a given site. As shown by the values presented
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on Table 5.3, the development of a permanent vegetative cover can have a
significant Impact in reducing the computed erosion loss. However, the
effectiveness of a vegetative cover over long-term periods should be
questioned unless other protective schemes, such as armoring of the cover
with the proper size material, are also included In the design.

5.1.2.5 Example Problem

An example problem in how to use the MUSLE is provided below.

Assumptions:

Site location: Western Colorado

Site description: Uncovered tailings pond

Pond size: 160 acres

Slope: 3%

Length: 2500 ft

Material: 421 sand greater than 0.10 tim;
581 fine sand and silt less than 0.10 mm;
5% clay less than 0.002 mm;
0% organics;
(53% silt plus fine sand less than 0.1 mm);
Consistency - fine granular;
Permeability - slow to moderate.

The following factors have been determined for use in Equation 5.1.

R = 20 from Table 5.1

K - 0.50 from Figure 5.1

LS = 0.747 from Equation 5.2 and Table 5.2

VM - 1.0 (average from Table 5.3 based on an undisturbed surface)

Using Equation 5.1. the annual soil loss (A) from the tailings pond due to
sheet erosion caused by flowing water is computed to be 7.47 tons/acre/
year. or 1195 tons/year from the facility. Therefore, the cover is esti-
mated to erode at a rate of 0.003 ft per year, or 0.3 ft/century.

5.2 SUMMARY AND FUTURE STUDIES

The main application of the soil loss equation approach in the evalua-
tion of cover integrity is to determine whether it Is possible for sheet
erosion to penetrate the tailings cover, thereby exposing bare tailings and
constituting a failure of the cover. The followup study will concentrate
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table 5.3. Typical VN Factor Values Ialported in th Literature.8

Condition VN F4ctor

1. Mars s11 conditions

freshly disked to 1-4 Inches 1.00
after on rain 0.19
1oo03 to 12 Inches smooth 0.90
loose to it Inches rough 0.80
compacted bulldozer scraped up and dow 1.10

son except root raked 1.20
compacted bulldozer scraped across slope 1.20

saw except root raked acrOSS 0.90
rough Irregular tracked all directions 0.90
seed and fertilizer, fresh 0.64

Sane after Sit months 0.54
seed, fertilizer, and 12 months chemical 0.39
not tilled algae crusted 0.01
tilled algae crusted 0.02
compacted fill 1.24 - 1.71
undisturbed eaxcept scraped 0.66 * 1.30
scarified only 0.76 - 1.11
sawdust 2 inches deep. disked in 0.61

2. Asphalt emulsion on bare soil

1ZS0 gal lons/acre 0.112
1210 gallons/acre 0.01 - 0.019
60S gallonslacre 0.14 - 0.57
302 gallons/acre 11.28 - 0.60
151 gallonslacre 0.65 - 0.70

3. Dust binder

605 gallons/acre 1.05
1210 gallons/acre 0.29 - 0.78

4. Other chemicals

1000 lb. fiber Glass towing with 60-150 gallons asphalt maulsion/acre 0.01 - 0.05
Aquatain 0.6B
Aerospray 70. 10 percent cover 0.94
Curasol Al 0.30 - 0.48
Petroset SB 0.40 - 0.66
PVA 0.71 - 0.90
Terra-Tack 0.66
Wood fiber slurry, 1000 lb/acre frmshb 0.05
Wood fiber slurry, 1400 lb/acre freshb 0.01 - 0.02
Wood fiber slurry. 3500 lb/acre fresIb 0.10

5.Seedings

teWrary. 0 to 60 days 0.40
tmporary, after 60 days 0.05
permanent, 0 to 60 days 0.40
permanent, 2 to 12 months 0.05
permanent, after 12 months 0.01

6. Brush

7. Excelsior blanket with plastic net 0.04 - 0.10

alte the variation in values of V11 factors reported by different researchers for the same
measures. References containing details of resarch which produced these VN values are
locluded in ICHIP Project 16-3 report, "Erosion Control During Higlhay Construction.
Vol. III. Biblogfaplhy of Water and Hi1d Erosion Control Referencess. Transportation
Research Board, 2101 Constitution Avenue, Vshingtonr, EC 20419.

b1ins mterial Is commonly referred to as wydruaulco.
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on using the IMUSLE for several alternate cover designs in order to evaluate
whether the proposed analytical approach can be successfully used to mea-
sure the long-term integrity of protective soil covers for uranium tailings
reclamation. Alternative designs will be compared, both from a standpoint
of overall integrity and construction difficulty. The covers will also be
evaluated using the critical shear stress approach to determine, based on a
given PNP. the minimum particle size necessary to protect the cover against
long-term degradation.
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Description of Calculation:

" Site-specific data for the RRM, which includes tailings, contaminated soils, mill debris, and other
contaminated materials, and for the native cover materials were developed through thorough field
investigations and laboratory testing programs (Golder 2006a, Remedial Action Plan calculations
referenced herein). These site-specific data are presented in summary tables in Appendix B.

" The Uranium Mill Tailings Remedial Action (UMTRA) checklist cover was evaluated. This consists of
an interim cover and a compacted-clay radon barrier.

* The Nuclear Regulatory Commission (NRC) computer code RADON (NRC 1989a) was used to
calculate the optimum radon-barrier thickness, given the specific input parameters for two model runs
with different radium activities in the waste. The estimated radon release rate was also calculated for
the barrier thickness selected in the preferred design assuming that the radium activity would be
monitored as it is placed to ensure a radium activity of 707 pCi/g or less in the upper 7 feet of the waste.

Assumptions:

" Tailings activity will be monitored as they are placed to ensure that no high activity material is placed in
the upper layers of the waste cell. The upper layer is assumed to have an activity of 707 pCi/g (the
mean of all the samples collected from the tailings pile) and the lower layer is assumed to have an
activity of 1,349 pCi/g (the mean of the samples collected from the slimes). It is anticipated that the
cover design will be re-evaluated during construction using actual as-placed source material activities
and properties to ensure the cover is optimized for as-built conditions.

* The maximum tailings thickness will be 43 feet.

* Bottom-boundary radon flux is equal to zero, as per the Technical Approach Document (TAD)
(DOE 1989).

" Ambient air radon concentrations were assumed to equal the conservative default value of zero, no
local ambient air radon concentration data were available. Should these data become available prior to
construction, these measured values should be considered in evaluation of the final cover design.

* The cell side slopes will be constructed of dikes made from clean fill to thicknesses far in excess of the
cover and with properties comparable to the cover material; therefore, radon flux through the side
slopes was not modelled.

" Following UMTRA precedence, materials above the radon barrier (e.g., frost protection layers, riprap, or
rock mulch erosion-protection layers) were not modelled. These overlying materials provide additional
radon attenuation. This conservative assumption enhances the reasonable assurance that the barrier
as designed will provide the requisite protection and long-term performance.

* A clean-fill interim cover with a minimum thickness of 1 foot (ft) will be placed over the tailings as a best
manaqement practice.

C05 Radon Barrier Evaluation MoabOlO908.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.
Copyright. Jacobs Engineering Group Inc., 2007
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* Physical properties of the cover materials are adequately represented by the characterization data.

* RADON model (NRC 1989a) default values for radon-emanation coefficient (0.35) are assumed
conservative and appropriate.

* Capillary breaks, drainage layers/biointrusion layers were assumed to have insignificant impact on
radon attenuation, given their large pore size and low long-term moisture content. Therefore, these
layers have conservatively been omitted from the RADON model runs.

C05 Radon Barrier Evaluation MoabO10908.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.
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Problem Statement:

" Part 40 of the United States Code of Federal Regulations, section 192.02 (40 CFR 192.02) requires that
control of radioactive materials and their listed constituents shall be designed to provide reasonable
assurance that release of radon-222 from residual radioactive material (RRM) to the atmosphere will not
exceed an average of 20 picocuries per square meter per second (pCi/m 2/sec), averaged over the entire
cover top slope.

" The cover of the Crescent Junction Disposal Cell must be sufficient to provide isolation of tailings and
control of radon emanation for the period of up to one thousand years, to the extent reasonably
achievable, and, in any case, for at least 200 years.

* This calculation establishes the dimensions and input parameters for design of the Crescent Junction
Disposal Cell radon barrier that will provide the requisite reasonable assurance of performance.

Method of Solution:

* Site-specific data for the RRM, which includes tailings, contaminated soils, mill debris, and other
contaminated materials, and for the native cover materials were developed through thorough field
investigations and laboratory testing programs (Golder 2006a, Remedial Action Plan calculations
referenced herein). These site-specific data are presented in summary tables in Appendix B.

" The Uranium Mill Tailings Remedial Action (UMTRA) checklist cover was evaluated. This consists of an
interim cover and a compacted-clay radon barrier.

* The Nuclear Regulatory Commission (NRC) computer code RADON (NRC 1989a) was used to calculate
the optimum radon-barrier thickness, given the specific input parameters for two model runs with different
radium activities in the waste. The estimated radon release rate was also calculated for the barrier
thickness selected in the preferred design assuming that the radium activity would be monitored as it is
placed to ensure a radium activity of 707 pCi/g or less in the upper 7 feet of the waste.

Assumptions:

" Tailings activity will be monitored as they are placed to ensure that no high activity material is placed in the
upper layers of the waste cell. The upper layer is assumed to have an activity of 707 pCi/g (the mean of
all the samples collected from the tailings pile) and the lower layer is assumed to have an activity of 1,349
pCi/g (the mean of the samples collected from the slimes). It is anticipated that the cover design will be
re-evaluated during construction using actual as-placed source material activities and properties to ensure
the cover is optimized for as-built conditions.

* The maximum tailings thickness will be 43 feet.

" Bottom-boundary radon flux is equal to zero, as per the Technical Approach Document (TAD)
(DOE 1989).

" Ambient air radon concentrations were assumed to equal the conservative default value of zero, no local
ambient air radon concentration data were available. Should these data become available prior to
construction, these measured values should be considered in evaluation of the final cover design.

* The cell side slopes will be constructed of dikes made from clean fill to thicknesses far in excess of the
cover and with properties comparable to the cover material; therefore, radon flux through the side slopes
was not modeled.

C05 Radon Barrier Evaluation MoabO 10908.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.
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* Following UMTRA precedence, materials above the radon barrier (e.g., frost protection layers, riprap, or
rock mulch erosion-protection layers) were not modeled. These overlying materials provide additional
radon attenuation. This conservative assumption enhances the reasonable assurance that the barrier as
designed will provide the requisite protection and long-term performance.

* A clean-fill interim cover with a minimum thickness of 1 foot (ft) will be placed over the tailings as a best

management practice.

* Physical properties of the cover materials are adequately represented by the characterization data.

* RADON model (NRC 1989a) default values for radon-emanation coefficient (0.35) are assumed
conservative and appropriate.

" Capillary breaks, drainage layers/ biointrusion layers were assumed to have insignificant impact on radon
attenuation, given their large pore size and low long-term moisture content. Therefore, these layers have
conservatively been omitted from the RADON model runs.

Calculation:

* The mean value (Xm.ean) of any parameter is calculated by the equation:

where: xi = the iP value, and
n = the total number of values.

* The standard deviation (s) of a set of values is calculated by the equation:

s= (xI - xmea,,')2

* Porosity (T1) of a sample is calculated from the equation:

=1 ((dry - bulk - unit _ weight)

(specific _ gravity) * (unit_ weight _ of _ water)

where the unit weight of water is 62.4 pounds per cubic foot (pcf) (I g/cc)

" Radon (222Rn) Diffusion coefficients were calculated using equation 9 from Rogers and Nielson (1991) as
follows:

D = Da 7exp(-6mr7- 6mn14,)

where: D = the calculated 222Rn diffusion coefficient
Da = the 22Rn diffusion coefficient in air (1.10 x 10-5 m2/s)
71 = the porosity of the individual material

C05 Radon Barrier Evaluation MoabOlO908.doc
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m = moisture saturation fraction of the material

M = 10_2 /0w

17P.
where: p = dry bulk density of the material

w = average term average moisture content of the material (dry weight %)
Pw = 1 (density of water)

* The density of a sample in g/cc is converted to pcf by multiplying the unit weight of water (62.4 pcf).

* The Rawls & Brakensiek equation referenced in the NRC Regulatory Guide 3.64 (NRC 1989b) can be
used to estimate the 15 bar moisture content (8) as a reasonable lower bound of long-term moisture
content. The equation is:

0 = 0.026 + 0.005z + 0.01 5 8y

where: z = percent clay in the soil
y = percent organic matter in the soil

For example, the calculated 15 bar moisture content of the alluvial site materials, which have a mean

clay content of 18.63 percent and a mean organic matter content of 0.28 percent is:

0 = 0.026 + 0.005 * 18.23 + 0.0158 * 0.28) = 0.075

The individual RADON model (NRC 1989a) output files, which include the input parameter values for each
model layer, are included in Appendix A. Appendix B provides additional calculations and data supporting
development of the input parameters.

Discussion:

The typical UMTRA-style cover consists of a compacted, native-clay radon barrier as shown in Figure 1. It
has been assumed as a best management practice that a 1-ft-thick interim cover of clean native materials will
be placed on the RRM to control wind transport of fine material and to provide for a relatively clean and
uniform work surface on which the radon barrier will be constructed.

The radon barrier layer has been fixed at four feet and the thickness of the top, lower activity, layer of tailings
has been determined to by the RADON model to limit the radon flux to 20 pCi/m 2/sec under long-term
moisture content conditions. As with previous UMTRA Title I cover designs, the attenuation of radon by the
drainage layer or frost protection layers are not considered in these analyses, though these layers will further
reduce the radon flux rate at the Disposal Cell surface.

Clean fill embankments made of native materials will be used around the perimeter of the new disposal cell
constructed with 5H:1V exterior side slopes and a minimum 30-ft-wide crest. Consequently, the tailings side
slope thicknesses will be far in excess of the cover requirements.
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Figure 1. Proposed Waste Cell Cover

Model Runs

The current conceptual design of the UMTRA cover system consists of 1 ft of interim cover on the tailings
surface below the compacted-clay radon barrier consisting of clean, native materials placed as a best
management practice to control wind transport of fine material and to provide for a relatively clean, uniform
work surface upon which to construct the radon barrier. The model is used to optimize the layer thickness of
the compacted-clay radon barrier and to compute the release rate of radon through the barrier layer for a
specified design. Several model runs were performed to assess model sensitivity to certain variables as
described below.

* Model run UMTRA la uses the mean radium activity of all samples collected from the tailings (707 pCi/g)
for the activity of the waste and optimizes the barrier layer thickness.

* Model run UMTRA lb uses the volume weighted mean value of the radium activity of the four material
types (565 pCi/g) for the activity of the waste and optimizes the barrier layer thickness.

" Model run UMTRA 1 c uses the mean radium activity of all samples (707 pCi/g) for the radium activity of the
top 7 feet of the tailings and the mean activity of the slimes (1349.3 pCi/g) for the radium activity of the 36
feet of tailings below the upper layer. The barrier layer thickness is specified as 4 feet and the release rate
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of radon through the barrier layer is computed. This configuration assumes that the radium activity of the
waste will be monitored as it is placed and no waste with an activity more than 707 pCi/g will be placed in
the upper 7 feet.

Description of Model and Input Values

Radon emanation calculations from a multilayered cover system were made with the RADON model, a one-
dimensional model that calculates radon flux from decay of a radium-226 (Ra-226) source (such as the
tailings). The key input parameters to the model include:

" Layer thickness.

" Porosity.

* Mass density.

" Ra-226 activity concentration.

* Emanation coefficient.

" Weight percent moisture.

* Coefficient of radon diffusion.

Only those material layers including the radon barrier and below are modeled. This ensures that the radon
barrier alone can meet the long-term average radon flux requirement of 20 pCi/in/s, without the additional
attenuation provided by overlying layers such as freeze/thaw protection layers or rock mulch layers. The input
parameters and values used in the model are outlined below. Table 1 summarizes the individual input
parameters used for all of the models run and their bases and the results of the model runs. Appendix A
presents the RADON model output files. Appendix B presents all raw data used in developing the model input
parameters.

Layer Thickness

The layers and material sequences for the UMTRA cover are illustrated in
Figure 1. Therefore, radon flux through the side slopes was not modeled. For all model runs, a total tailings
thickness of 43 feet (1310.6 cm) is used. This is the maximum anticipated tailings thickness in the waste cell.

The UMTRA cover design evaluated for radon flux consists of an a 1 -ft-thick interim cover constructed of
clean native alluvium and a compacted clay radon barrier constructed from conditioned on-site weathered
Mancos Shale. The overlying sand drainage/biointrusion layer, frost protection layer and rock mulch erosion
protection layer are not considered in the base-line modeling consistent with the historic UMTRA design
approach.

C05 Radon Barrier Evaluation MoabOlO9O8.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.
Copyrightc Jacobs Engineering Group Inc*, 2007



Calculation SheetJACOBS _

Calculation Number: C-05
(Ret. FOWl 116 Design Calculations) Page 13 of 35

Table 1. Crescent Junction Disposal Cell Radon Barrier Design, RADON Model Runs Summary

Gravimetric Moisture Calculated
Model Layer Thickness Thickness Porosity Density Activity Moisture Saturation Diffusion Notes

Run Type cknes fthit (gcc) Activy Content Fraction Coefficient
Run Type (cm) (ft) (pCilg) (%) (m 2/s)

(Appendix B data Table 2 Table 2 Table 3 Table 4 Table 5 Table 5reference)

Tailings 1310.6 43 0.44 1.57 707 15 0.535 0.010370 UMTRA Cover baseline
UMTRA Interim 30.48 1 0.38 1.66 1.9 9 0.393 0.016358 model run, Mean

1A Cover _ Tailings Radium
Radon 119.7 3.9 0.33 1.77 2.3 12 0.644 0.004636 Concentration = 707

,_ __ __ Barrier _.
Tailings 1310.6 43 0.44 1.57 565 15 0.535 0.010370 UMTRA Cover, VolUMTR IntrimWeighted Mean

UMTRA Interim 30.48 1 0.38 1.66 1.9 9 0.393 0.016358 Radium Concentration
AB Cover r _ = R C tRadon =565Baroe 109.2 3.6 0.33 1.77 2.3 12 0.644 0.004636Barrier

LowerLings 1097.3 36 0.44 1.57 1349.3 15 0.535 0.010370Tailings

Upper 213.4 7 0.44 1.57 707 15 0.535 0.010370 Two Tailings Layers
UMTRA Tailings with Concentration

1C Interim 30.48 1 0.38 1.66 1.9 9 0.393 0.016358 1349.3 and 707
Cover _ I I _
Radon
Barrier 121.9 4 0.33 1.77 2.3 12 0.644 0.004636

UMTRA 1A and UMTRA 1D optimized the barrier layer thickness for a surface radon flux of 20 pCim2/sec.

UMTRA IC specified the barrier layer thickness as 4 feet and a 2 layer waste configuration resulting in a predicted surface radon flux of 19.9 pCi/n'?sec.
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Porosity (n)

The porosity of the layer materials have been calculated based on the dry density and the specific gravity of
the specific materials according to the equation identified in the previous section.

The porosity of the tailings was modeled as 0.44, given a mean specific gravity of 2.8 for the tailings based
on the data in the "Geotechnical Laboratory Testing Results for the Moab Processing Site" calculation (RAP
Attachment 5, Vol. I, Appendix J), and a designed placement density of 1.57 g/cc (98 pcf).

The porosity of the interim cover and the monolithic layer of the alternative cover, to be developed from the
alluvial silty sands and sheetwash deposits overlying the in-situ weathered Mancos Shale, was modeled as
0.38, given a mean specific gravity of 2.65-based on nine samples presented in the "Geotechnical
Properties of Native Materials" calculation (RAP Attachment 5, Vol. I, Appendix E) and Appendix B-and a
designed placement density of 1.66 g/cc (103 pcf). These two layers will be constructed of the same on-site
materials from the Crescent Junction Site and will be placed in the same conditions. The porosity of the
frost protection layer was modeled assuming the same conditions as the interim cover material.

The porosity of the compacted Mancos Shale was modeled as 0.33, given a mean specific gravity for the
Mancos Shale of 2.65-based on the data in the "Geotechnical Properties of Native Materials" calculation
(RAP Attachment 5, Vol. I, Appendix E) and Appendix B-and a designed placement density of 1.77 g/cc
(111 pcf).

Mass Density

The dry density of the tailings as placed has been modeled as 1.57 g/cc (98 pcf), which is 90 percent of the
mean standard Proctor maximum dry density of transition tailings materials as reported in the Draft Tech
Memo by Golder Associates (2006b).

The density of the interim cover materials and the alternative cover monolithic layer, as placed, has been
modeled as 1.66 g/cc (103 pcf), which is 85 percent of the mean modified Proctor dry density value
(121.8 pcf) for these materials as developed in the "Geotechnical Properties of Native Materials" calculation
(RAP Attachment 5, Vol. I, Appendix E). The density of the frost protection layer has been modeled as the
same as the interim cover materials. Because these materials will be installed using more energy and in a
different manner than the native in-situ alluvial materials, it is anticipated that the frost protection layer will
have long-term density more representative of the as-placed conditions than the native in-situ material
conditions.

The density of the compacted clay materials and the UMTRA-style cover, as placed, has been modeled as
1.77 g/cc (111 pcf), which is 90 percent of the mean modified Proctor dry density value (123 pcf) for these
materials, as developed in the "Geotechnical Properties of Native Materials" calculation (RAP Attachment 5,
Vol. I, Appendix E).

Radium Activity Concentration

The Ra-226 activity concentration values used in the model for each specific material are outlined below.

Tailings

Radium-226 concentrations for the tailings pile materials were assessed based on 94 samples of tailings
sands, slimes, transitional tailings and other contaminated materials. Radium-226 analyses were performed
by gamma spectroscopy from these locations. The estimated volumes of tailings material are provided in the
'Volume Calculation for the Moab Tailings Pile," calculation (RAP Attachment 1, Appendix I). The mean
value of all the Ra-226 activity data for the contaminated materials is 707 picocuries per gram (pCi/g), with
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values ranging from 2 to 2,195 pCi/g, as developed in the "Average Radium-226 Concentrations for the
Moab Tailings Pile," calculation (RAP Attachment 1, Appendix K) (see also Appendix B of this calculation).

The current conceptual plan for tailings removal and placement would entail a significant amount of
blending of the four materials from which samples were collected. Since the volumes of the four types of
materials are not equal and the number of samples from each material is not proportional to its volume a
volume weighted mean radium activity of 565 pCi/g has been computed to represent the activity of the
blended materials.

It is highly likely that lower-activity contaminated sub-pile soils and contaminated soils from the mill site and
cleanup of peripheral and vicinity properties will be placed above the higher activity tailings, which will serve
to further reduce Ra-226 activity at the base of the cover. To test the effect of this approach a simulation
was performed using two layers for the tailings in the disposal cell. The upper layer is assumed to have an
activity of 707 pCi/g (the mean of all the samples collected from the tailings pile) and the lower layer is
assumed to have an activity of 1,349 pCi/g (the mean of the samples collected from the slimes). The
thickness of the upper layer necessary to achieve a release of 20 pCi/m 2/sec or less from the top of the
radon barrier will be determined. The tailings source term activity, as well as the actual cover materials
properties site, should be reevaluated once delivered to ensure that the cover design is optimized for the
actual as-built conditions of the cell contents.

Interim Cover

The Ra-226 activity of the alluvial materials to be used for the interim cover, alternative cover, and the
clean-fill perimeter dikes is based on five samples of native materials collected from the Crescent Junction
Site as developed in the "Geotechnical Properties of Native Materials" calculation (RAP Attachment 5,
Vol. I, Appendix E) (see also Appendix B of this calculation). Samples were collected from alluvial materials
and weathered Mancos Shale with depths ranging from 4 to 22 ft below the surface. The Ra-226 activity of
the alluvial material ranged from 1.4 to 2.3 pCi/g, with a mean value of 1.9 pCi/g.

Compacted Clay Layer

The Ra-226 activity value for the compacted clay layer is based on two samples of Mancos Shale collected
from the Crescent Junction Site that will be used to construct the compacted-clay radon barrier and clean-
fill perimeter dikes (see Appendix B). Samples were collected from weathered Mancos Shale samples with
depths of approximately 20 to 22 ft below the surface. The Ra-226 activity of the weathered Mancos Shale
ranged from 1.6 to 3.0 pCi/g, with a mean value of 2.3 pCi/g.

Radon Emanation Coefficient

A radon-emanation coefficient of 0.35 was used for all of the tailings, random fill, and cover materials. This
is the conservative default value used in the RADON model.

Long-Term Weight Percent Moisture

The mean weight percent moisture of the tailings has been modeled as 15 percent, which is in the typical
range for tailings and is below that value used for the modeling of the Grand Junction UMTRA Site
(18 percent). Sensitivity analyses for the influence of long-term tailings moisture content were used to
evaluate the influence of this parameter on predicted radon barrier thicknesses. Values of 10 percent
moisture content and 20 percent moisture content were modeled. The results of the sensitivity analyses are
discussed in the "Conclusion and Recommendations" section.

The mean long-term gravimetric moisture content of the interim cover is modeled as 9 percent. This value
is based on the mean of 20 measured 15 bar tests as determined by ASTM Method D3152 and presented
in the "Supplemental Geotechnical Properties of Native Materials" calculation (Attachment 5, Vol. I,
Appendix K). This mean measured value was evaluated for reasonableness using the Rawls and
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Brakensiek equation as presented in the NRC Regulatory Guide 3.64 (NRC 1989b). The Rawls and
Brakensiek equation is a simplified empirical relationship based on the correlation of measured 15-bar
moisture contents to the percent clay and organic matter in a range of soils. However, this relationship is
not considered as reliable as the site-specific test data, and is considered as confirmatory information only.
The calculated value, using the mean percent clay of eight alluvial samples and the percent organic matter
of six alluvial samples, is 7.5 percent, which agrees well with the measured value of site-specific soils, or
9 percent. These data and calculations are summarized in Appendix B.

The mean long-term moisture content of the compacted clay derived from the on-site weathered Mancos
Shale is modeled as 12 percent. This value is based on the mean of 12 measured 15 bar moisture content
(12.1 percent) as determined by ASTM Method D3152 and presented in "Supplemental Geotechnical
Properties of Native Materials" calculation (Attachment 5, Vol. I, Appendix K). This mean measured value
was also evaluated for reasonableness using the Rawls and Brakensiek equation as presented in the NRC
Regulatory Guide 3.64 (NRC 1989b). The calculated value is 12.4 percent, which agrees well with the
measured value of site-specific soils, or 9 percent. These data and calculations are summarized in
Appendix B.

In-situ moisture content for weathered Mancos was not included in the calculation of the mean, as in-situ
moisture contents are not representative of remolded weathered Mancos. Long-term moisture content of
the remolded weathered Mancos are better represented by the calculated and measured 15 bar moisture
content test values due to the significantly different fabric the material will have as placed in the cell cover.

Radon-Diffusion Coefficient

The radon-diffusion coefficient used in the RADON model can either be calculated within the model (based
on an empirical relationship with degree of saturation and porosity) or input directly into the model using
values measured from laboratory testing. However, the radon diffusion equations in the 1989 version of
RADON are not consistent with the later equations based on a much larger set of data correlating radon
diffusion with soil cover materials. Therefore, the model was modified to compute coefficients based on
equation 9 from Rogers and Nielson (1991. The diffusion coefficients are presented in Table 1.

Radon in Ambient Air

The ambient air radon concentrations above the radon-barrier layer are assumed to be zero (0) in absence
of site-specific data.

Conclusions

" Based on the model runs developed in this evaluation, the UMTRA checklist cover is capable of
meeting the requisite reasonable assurance of providing long-term control of radon flux to the specific
average of 20 pCi/m 2/sec.

" As shown in Table 1, the compacted-clay radon barrier of the UMTRA checklist-ty, e cover under the
modeled conditions may be a minimum of 3.9 ft for a radium activity of 707 pCi/m /sec and 3.6 ft for a
radium activity of 565 pCi/m 2/sec.

* The predicted Radon flux through a 4 ft thick Radon barrier with a two layer waste configuration is
19.9 pCi/m 2/sec. This simulation assumes a lower tailings layer 36 feet thick with a radium activity of
1349.3 pCi/m 2/sec and an upper layer 7 feet thick with a radium activity of 707 pCi/m 2/sec. This result
implies that waste of higher radium activity may be placed in the lower portion of the waste cell
providing that the waste is monitored as it is placed to ensure that the top seven feet of waste has a
radium activity of 707 pCi/g or less. This is a very conservative approach as, with a total maximum
thickness of waste of 43 feet and an upper layer thickness of 7 feet, the average radium activity
modeled is 1245 pCi/g.
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Computer Source:

See NRC 1989a, below.
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Appendix A

RADON Model Output Files
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P:\UMTRA_IA.out
----- *****! RADON !***** -----

Version 1.2 - Feb. 2, 1989 - G.F. Birchard tel.# (301)492-7000
U.S. Nuclear Regulatory Commission Office of Research

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS
ARE CALCULATED FOR MULTIPLE LAYERS

Mean Radium Activity: 707

CONSTANTS

RADON DECAY CONSTANT
RADON WATER/AIR PARTITION COEFFICIENT
SPECIFIC GRAVITY OF COVER & TAILINGS

.0000021

.26
2.65

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
DESIRED RADON FLUX LIMIT
NO. OF THE LAYER TO BE OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
RADON FLUX INTO LAYER 1
SURFACE FLUX PRECISION

3
20
3
0
0
. 001

pCi m^-2 s^-1

pCi i^-1
pCi m^-2 s--1
pCi m^-2 s^-1

LAYER INPUT PARAMETERS

LAYER 1

THICKNESS
POROSITY
MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

1310.6
.44
1.57
707
.35
1 . 854D-03
15
.535
.01037

cm

g cm^-3
pCi/g^-i

pCi cm'-3 s^-1

cm^2 s^-1

LAYER 2

THICKNESS
POROSITY
MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

30.48
.38
1.66
1.9
.35
6. 100D-06
9
.393
.016358

Cm

g cm^-3
pCi/g^--

pCi cm^-3 s^-i

cm^2 s^-1
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LAYER 3

THICKNESS
POROSITY
MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

10
.33
1.77
2.3
.35
9. 067D-06
12
.644
.004636

cm

g cm^-3
pCi/g^-1

pCi cm^-3 s^-i

cm^2 s^-I

DATA SENT TO THE FILE "RNDATA'

N
3

LAYER
1
2
3

F01
0. 000D+00

DX
1.311D+03
3. 048D+01
1. OOOD+01

CNI
0. OOOD+00

D
1. 037D-02
1. 636D-02
4.636D-03

ICOST
3

CRITJ ACC
2.OOOD+01 1.OOOD-03

P
4. 400D-01
3. 80OD-01
3.300D-01

Q
1. 854D-03
6. 100D-06
9. 067D-06

XMS
5. 352D-01
3. 932D-01
6. 436D-01

RHO
1.570
1.660
1.770

BARE SOURCE FLUX FROM LAYER 1: 5.733D+02 pCi rn^-2 s^-l

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.
(cm) (pCi m^-2 s^-l) (pCi 1^-i)

1
2
3

1. 311D+03
3.048D+0i
1. 197D+02

2 .492D+02

1. 196D+02
1. 999D+01

4. 990D+05
4. 963D+05
0. 000D+00

C05 Radon Barrier Evaluation Moab010908.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.
Copyrightc Jacobs Engineering Group Inc., 2007



JACOBS 1 Calculation SheetProject: 25DJ2600
Calculation Number: C-05

(Ref. FOWl 116 Design Calculations) Page 21 of 35

P:\UMTRAIB.out
----- *****! RADON !***** .....

Version 1.2 - Feb. 2, 1989 - G.F. Birchard tel.# (301)492-7000
U.S. Nuclear Regulatory Commission Office of Research

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS
ARE CALCULATED FOR MULTIPLE LAYERS

Weighted mean activity: 565

CONSTANTS

RADON DECAY CONSTANT
RADON WATER/AIR PARTITION COEFFICIENT
SPECIFIC GRAVITY OF COVER & TAILINGS

.0000021

.26
2.65

s^--

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
DESIRED RADON FLUX LIMIT
NO. OF THE LAYER TO BE OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
RADON FLUX INTO LAYER 1
SURFACE FLUX PRECISION

3
20
3
0
0
. 001

pCi m--2 s^--

pCi l^-1
pCi m^-2 s^-1
pCi rn^-2 s^-1

LAYER INPUT PARAMETERS

LAYER 1

THICKNESS
POROSITY
MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

1310.6
.44
1.57
565
.35
1.482D-03
15
.535
.01037

cm

g cm^-3
pCi/g^-i

pCi cm^-3 s^-1

cm^2 s^-l

LAYER 2

THICKNESS
POROSITY
MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

30.48
.38
1.66
1.9
.35
6. 100D-06
9
.393
.016358

cm

g cm^-3
pCi/g^-i

pCi cm^-3 s^-1

cm^2 s^-l
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LAYER 3

THICKNESS
POROSITY
MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

10
.33
1.77
2.3
.35
9. 067D-06
12
. 644
.004636

cm

g cm^-3
pCi/g^-1

pCi cm"-3 s^-1

cm*^2 s^-1

DATA SENT TO THE FILE 'RNDATA'

N
3

LAYER
1
2
3

F01
0. OOOD+00

DX
1.311D+03
3. 048D+01
1. OOOD+01

CN1
0. OOOD+00

D
1. 037D-02
1. 636D-02
4. 636D-03

ICOST
3

CRITJ ACC
2.OOOD+01 1.000D-03

P
4.400D-01
3 . 80OD-01
3.3 0OD-01

Q
1. 482D-03
6. 100D-06
9. 067D-06

XMS
5.352D-01
3. 932D-01
6. 436D-01

RHO
1.570
1.660
1.770

BARE SOURCE FLUX FROM LAYER 1: 4.582D+02 pCi m^-2 s^-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.
(c M) (pCi m^-2 s^-l) (pCi 1^-i)

1
2
3

1. 311D+03
3. 048D+01
1. 092D+02

1. 993D+02
9.598D+01
1. 998D+01

3.985D+05
3. 962D+05
0. OOOD+00
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P:\UMTRAlC.out
----- *****! RADON !***** -----

Version 1.2 - Feb. 2, 1989 - G.F. Birchard tel.# (301)492-7000
U.S. Nuclear Regulatory Commission Office of Research

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS
ARE CALCULATED FOR MULTIPLE LAYERS

Two layer tailings with activities of 1349.3 and 707

CONSTANTS

RADON DECAY CONSTANT
RADON WATER/AIR PARTITION COEFFICIENT
SPECIFIC GRAVITY OF COVER & TAILINGS

.0000021

.26
2.65

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
NO LIMIT ON RADON FLUX
LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
RADON FLUX INTO LAYER 1
SURFACE FLUX PRECISION

4

0
0
.001

pCi i^-i
pCi m^-2 s^-1
pCi m^-2 s^-1

LAYER INPUT PARAMETERS

LAYER 1

THICKNESS
POROSITY
MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

1097.3
.44
1.57
1349.3
.35
3.539D-03
15
.535
.01037

cm

g cm^-3
pCi/g^-I

pCi cm^-3 s^-i

cm^2 s^-i

LAYER 2

THICKNESS
POROSITY
MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

C05 RadonBarrierEvaluation Moab01 0908.doc
The current applicable version of this publication resides on Jacobs'
Copyright© Jacobs Engineering Group Inc., 2007

213.4
.44
1.57
707
.35
1 .854D-03
15
.535
.01037

cm

g cm^-3
pCi/g^-!

pCi cm^-3 s^-l

cm^2 s^-1
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LAYER 3

THICKNESS
POROSITY
MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

30.48
.38
1.66
1.9
.35
6. 100D-06
9
.393
.016358

cm

g cm^-3
pCi/g^-i

pCi cm^-3 s^-1

cm^2 s^-1

LAYER 4

THICKNESS
POROSITY
MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

121.9
.33
1.77
2.3
.35
9. 067D-06
12
.644
.004636

cm

g cm^-3
pCi/g^-1

pCi cm^-3 s^-1

cm^2 s^-1

DATA SENT TO THE FILE 'RNDATA'

N F01
4 0.000D+00

LAYER
1
2
3
4

DX
1. 097D+03
2. 134D+02
3. 048D+01
I .219D+02

CNI
0. 000D+00

D
1.037D-02
1.037D-02
1. 636D-02
4.636D-03

ICOST
0

P
4. 400D-01
4. 400D-01
3. 800D-01
3.300D-01

CRITJ
0. 000D+00

.Q
3 .539D-03

1. 854D-03
6. 100D-06
9. 067D-06

ACC
1. OOOD-03

XMS
5. 352D-01
5. 352D-01
3 . 932D-01
6. 436D-01

RHO
1.570
1.570
1.660
1.770

BARE SOURCE FLUX FROM LAYER 1: 1.094D+03 pCi m^-2 s^-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.
(cm) (pCi m^-2 s^-l) (pCi 1^-1)

1 1.097D+03
2 2.134D+02
3 3.048D+01
4 1.219D+02

2. 723D+02
2.601D+02
1.248D+02
1. 993D+01

1. 266D+06
5 .208D+05

5. 181D+05
0.000D+00

C05 Radon Barrier Evaluation MoabO10908.doc
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Appendix B

SUPPORTING CALCULATIONS AND DATA
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Table B-I. Moab Project, Crescent Junction Native Materials Index Test Results Summary

Geotechnical Testing Data from the 'Geotechnical Properties of Native Materials" Calculation (RAP Attachment 5, Vol. 1, Appendix E)

Test Natural Dry Li Passing W.. Sieve Hydrometer % Double

Tet Naua Dy Liud Plasticity No.20 Specific (Modified (Modified (Modified %, %, % , % % rai Hydro- 1-2Sample No. Field Description Depth Moisture Density Limit Index (%) GravSeiic Protor) Prodified (PCMdi)(f) () (pcf) ()%) Gravity Proctor) Proctor) Proctor) % % % ~ megnic eyro
() N Pf NN f (/) No) Grave I Sand Fines sift clay Matter meter (Cg

(ff((pcf)%) (de(%)c%) (%)

BH 031 Clay, sandy, silty IJSC) 12 8.2 96.0 24 4 50
BH 007 Clay. silty sandy (CL) 7 4.9 23 8 94
BH 007 Clay, sity sandy (CL) 10.5 4.5 100.0 21 9 62
BH 045 Clay, silty sandy (CL) 1.5 4.6 84.0 19 7 57
BH 005 Clay, silty sandy (CL) 2 4.2 91.0 21 4 69
OH 011 Clay, silty sandy [CL) 2 6.1 83.0 22 9 78
1H 064 Clay, silty, sandy (CL) 2 12.4 95.0 34 5 74
BH 068 Clay, silty, sandy (CL) 2 4.2 94.0 21 6 36
BH 092 Clay, silly, sandy (CL) 2 5.7 87.0 22 9 63
BH 013 Clay, silty sandy (CL) 2.5 5.8 89.0 24 9 70
BH 080 Clay. silty, sandy (CL) 3 2.8 95.0 19 5 53
BH 023 Clay, silty sandy (CL) 3.5 6.0 25 8 72
BH 043 Clay, silly, sandy (CL) 3.5 6.1 90.0 25 a 53
BH 051 Clay, silty, sandy (CL) 3.5 3.8 85.0 20 6 57
OH 066 Clay, silty, sandy (CL) 3.5 4.7 90.0 21 5 53
BH 100 Clay, silty sandy (CL) 4 8.0 25 5 69 1
BH 009 Clay. silty sandy (CL) 4 6.6 83.0 24 9 74
OH 062 Clay, silly, sandy (CL) 4 7.6 103.0 29 10 69
BH 094 Clay. silty, sandy (CL) 4 12.2 89.0 31 10 61
BH 031 Clay, silly, sandy (CL) 5.5 7.0 87.0 25 9 85
BH 025 Clay. silty, sandy (CL) 6 4.9 89.0 24 9 569
BH 007 Clay, silly sandy (CL) 6.5 6.5 23 5
BH 045 Clay. silty, sandy (CL) 6.5 8.6 98.0 32 9 78
BH 049 Clay, silty, sandy (CL) 6.5 6.0 83.0 20 6 62
BH 029 Clay, silty, sandy (CL) 7 13.4 77.0 23 6 77
OH 078 Clay, silty, sandy (CL) 7 5.7 85.0 23 7 70
BH 080 Clay, silty, sandy (CL) 7 6.0 89.0 24 7 65
BH 095 Clay. silty, sandy (CL) 7 6.5 85.0 23 7 46
BH 049 Clay, silty, sandy (CL) 12 5,4 102.0 19 5 80
BH 082 Clay, silty, sandy (CL) 12 4.7 91.0 21 8 79
BH 025 Clay, silty sandy (CL) 16.5 7.3 106.0 21 6 66
BH 027 Clay. silty, sandy (CL) 16.5 8.4 108.0 24 11 87
BH 094 Clay. silty, sandy (CL) 17 7.1 102.0 20 5 37
TP 153 Clay. silty, sandy (CL) 3.5 5.7 23 5 72 2.68 120.5 1.93 12.5 0 27 73 60 13
TP 154 Clay, silty, sandy JCL) 4 7.6 22 4 83 123.0 1.97 12.0 0 16 64 62 22 05 79 23

4TP 151 Clay. silty, sandy (CL 4.5 5.6 24 5 66 118.5 1.90 13.0 4 30 66
TP 152 Clay. silty, sandy (CL) 7.5 4.3 26 9 74 2.64 1210 194 13.5 0 25 75 59 1 - 19

CO5 ladon BarrierEvaluationMoanbO10908.doc
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Test Natural Dry Liquid Plasticity Passing pcL 12L,. WM Sieve Hydrometer % oubl a-226
S a m p le N o . F ie ld D e s c r ip t io n D e p th M o is t u r e D e n s ity L im it In d e x ( % ) N o . 2 0 0 G r a v it y ( M o d if ie d ( M o d if ie d ( M o d if ie d G Oa ni c H y d r ( p CI/g )

Index (MGravity Proctor) Proctor) Procto % % % Organic Hydro-(11) M%) (pcf) 1%) (%) Gravel Sand Fines s clay Ma
(pef) (glcc) M %)

TP 154 Clay, silty, sandy (CL) 12 2.7 20 3 63 2.65 122.5 1.96 12.0 0 33 67 40 27 0.2 62 1.6
TP 156 Clay, silty, sandy ICL-) 12 2.7 19 2 64 2.64 124.5 1.99 11.0 0 35 65 39 26 0.1 83 2.1
Ip , 152 Clay, silty, sandy (CL) 15 2.9 21 3 84 2.63 128.0 2.05 10.5 49 22 29 15 14 0.2 1.4

TP 156 Clay, silly, sandy (CL) 4-5 7.2 7 69 2.82 120.0 1.92 11.5 1 29 70 54 16 61
T P liner 156 Eolian 12,25 7.9 88.0 0 0 50
TP liner 154 Eolian 13 5.7 82.0 20 2 69

TP 156 Fluvlalleolian 15 0.2

BH 027 Sand. clayey, silty (SC) 4 5.9 24 3 44

BH 099 Sand, clayey, silty (C/SMI 2.5 4.8 87.0 18 3 47
BH 011 Sand, silly gravelly 11.5 2.6 21 4 19

OH 013 Sandy silt 7 8.3 113.4 0 0 43 1

TP 155 Sheetwash 4 0.4

TP liner 156 Sheetwash 3.5 9.5 89,0 0 0 79

TP liner 154 Sheetwash 4 9.5 81.0 22 5 81

TP liner 156 Sheetwash 7.25 6.0 91.0 63 0.3
TP 153 Silt, sandy. clayey (MLI 8.5 4.4 0 0 57 2.65 118.0 1.89 11.0 1 32 67 52 15

OH 064 Weathered shale 3.5 10.0 109.0 31 19 86
OH 043 Weathered shale 6 5.0 93.0 24 16 47
BH 009 Weathered shale 6.5 6.6 107.2 28 9 84
BH 066 Weathered shale 7 12.3 112.0 31 10 90

OH 079 Weathered shale 10.5 4.4 25 10 78

BH 033 Weathered shale 10.75 6.7 117.0 34 18 82
OH 005 Weathered shale 11 6.0 118.0 25 10 7 79

BH 090 Weathered shale 12 8.2 99.0 22 5 55
BH 092 Weathered shale 12 7.7 71.0 26 6 71

OH 026 Weathered shale 15.5 5.7 24 10 71

BH 011 Weathered shale 16 7.9 119.4 37 20 96
BH 082 Weathered shale 17 7.1 118.0 34 14 93

BH 094 Weathered shale 21.S 6.8 112.0 21 4 33
BiO 029 weathered shale 27 6.4 81.0 29 10 81
TP 154 weathered shale 20 5.5 38 20 95 2.73 120.5 1.93 13.0 0 5 96 55 40 62 1.6
TP 156 Weathered shale 22 25 7 84 2.56 127.5 2.04 11.0 2 14 84 53 31 0.4 86 3.0
TP 152 Weathered shale 23 5.5 33 12 97 121.0 1.94 12.0 0 3 97 55 42

Weathered Mancos
Shale Max 12.3 119.4 38.0 20.0 97.0 2.73 127.5 2.04 13.0 2.0 14.0 97.0 55.0 42.0 0.4 86.0 3.0

MitM 4.4 71.0 21.0 4.0 33.0 2.56 120.5 1.93 11.0 0.0 3.0 84.0 53.0 31.0 0.4 62.0 1.6
Mean 7.0 104.7 28.8 11.8 77.8 2.65 123.0 1.97 12.0 0.7 7.3 92.0 54.3 37.7 0.4 74.0 2.3

Median 6.7 110.5 28.0 10.0 82.0 2.65 121.0 1.94 12.0 0.0 5.0 95.0 55.0 40.0 0.4 74.0 2.3
count 16 12 17 17 17 2 3 3 3 3 3 3 3 3 1 2 2

Alluvium Max 13.4 113.4 34.0 11.0 94.0 2.82 128.0 2.05 13.5 49.0 35.0 84.0 62.0 27.0 0.5 83.0 2.3

C 15_R1d on Fl mrier_-E al a ri- -on l, 0 10908 .do-
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Test Natural Dry Liquid Plasticit Passing Specilic m,- W _pt Sieve Hydrometer % Double
Sample No. Field Description Depth Moisture Denaity Limit No.200 Specific (Modified (Modified (Modified Organie R- gS a p l N . i ld D e c r p i o D p t oi t u e e si y i m t In d e x (% ) N ,2 0 G ra v ity P ro c to r) P ro c to r) P ro c to r) % % % % % O rg a n ic H y d ro -

(ft) (pcravi) (Pt) Proc P Gravel Sand Fines silt clay Matter meter (pCi/g)(It) pci) (%) Idex %) j (a/cc) L(%)___ ___

(All Data w/out
Weath. Mancos Shali) Min 2.6 77.0 0.0 0.0 19.0 2.63 118.0 1.89 10.5 0.0 16.0 29.0 15.0 13.0 0.1 61.0 1.4

Mean 6.3 91.3 21.1 5.8 64.5 2.67 121B. 1.95 11.9 6.1 27.7 66.2 47.6 18.6 0.3 71.3 1.9

I Median 6.0 89.0 22.0 6.0 66.5 2.65 121.0 1.94 12.0 0.0 29.0 67.0 ' 53.0 16.0 0.2 70.5 1.9
I Count 51 36 49 50 50 7 9 9 9 9 9 9 8 8 7 4 5

5.nr OS, i ~ ar• •e In~ - 005 wJls
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Table B-2. Radon Barrier Design, RAECOM Model Runs, Summary of Key Parameters

Porosity f (G.) No. of Mean Specific No. of Mean Dry Density PorosityPorosityf (G,) Samples Gravity (G,) Samples (g/cc) Porosity
Alluvium 7 2.67 9 1.66 0.38
Alluvium (in-situ) 7 2.67 36 1.46 0.45
Weathered
Mancos 2 2.65 3 1.77 0.33
Tailings 5 2.8 5 1.57 0.44

Long-term Gravimetric No. of In Rawls & No. of ASTM D3151
Moisture Content (%) Samples Situ Brakensiek3  Samples 15 bar tests Used

Avg Avg
Alluvium 51 6.3 7.5 20 9.0 91
Weathered Mancos 16 7.0 12.4 12 12.1 12[ Tailings NA NA Not Available Not Available Not Available 15

Ra-226 Activity (pCi/g) No. of Samples Volume Weighted Mean
Alluvium 5 1.9
Weathered Mancos 2 2.3
Tailings & Contaminated 94 565 (UCL = 655.5)
Materials

(Calculated Diffusion Coefficient
Cover Layer (cm2/s)

Tailings (both cover designs) 0.010370
Interim Cover (both cover 0.016358
designs) 0.016358

UMTRA Cover Radon Barrier 0.004636

Note:
NA = Not applicable
Mean Dry density as placed for alluvium = 85% of Maximum Dry Density from Modified Proctor Density Tests
Mean Dry density as placed for weathered Mancos = 90% of Maximum Dry Density from Modified Proctor Density Tests
Mean Dry density as placed for tailings = 90% of Maximum Dry Density from Standard Proctor Density Tests
Porosity (n) is calculated form Gs and Dry density by n = 1 - Dry density/(Gs x Unit weight of water)

Unit weight of water is = 1 g/cc
Mean values developed from raw data presented in Table 1

1 Long-term moisture content of Alluvium based on 20 ASTM D5131 15 Bar moisture tests, calculated value using Rawls & Brakensiek Equation

Jin NRC 1 989b) is approximately 1 standard deviation from the mean test value ands is considered confirmatory of the mean value.
In-situ moisture content for weathered Mancos is not included in the calculation of the mean long-term moisture as in-situ moisture

contents are not representative of remolded weathered Mancos. Remolded weathered Mancos long-term moisture contents are better
represented by the calculated and 15 bar test values due to the significantly different fabric of the material as placed in the cell cover.
3 Rawls & Brakensiek equation (in NRC 1989b) based on mean values for each material type

C05 Radon Barrier Evaluation MoabOtO9O8.doc
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Table B-3. Moab Project, Crescent Junction Disposal Cell Tailings and Other Contaminated Materials Ra-226

No. of Ra-226 Material No. of Ra-226 Material
Samples Sample Depth Activity Type Samples Sample Depth Activity Type(pCi/g) (pCi/g) Tp

Transitional Talins Slimes

1 BH-701 0-20 400.9 trans 1 PB-2 34-36 782 slime

2 BH-701 20-40 480.8 trans 2 PB-2 54-56 2070 slime

3 BH-703 0-20 457.6 trans 3 437 40.75-41 2194.9 slime

4 BH-703 20-40 610.1 trans 4 438 72.75-73 1891.7 slime

5 BH-705 20-40 616.9 trans 5 439 82-82.25 2157.5 slime

6 BH-709 20-40 546.6 trans 6 AR-10 75-86 588.8 slime

7 BH-713 20-36.5 631.1 trans 7 BH-700 30-60 466.5 slime
8 BH-715 20-40 278.9 trans 8 BH-701 40-60 758.9 slime
9 BH-718 0-20 717.8 trans 9 BH-701 60-80 1215.8 slime

10 BH-718 20-40 917.3 trans 10 BH-703 40-60 1396.3 slime
11 BH-719 0-20 357.4 trans 11 BH-703 65-73 1333 slime

12 PB-1 39-41 335 trans 12 BH-705 40-60 1232.8 slime

13 PB-1 44-46 464 trans 13 BH-709 40-60 1195.3 slime

14 PB-1 49-51 566 trans 14 BH-709 60-65 1205.8 slime

15 PB-1 64-66 418 trans 15 BH-715 0-20 1000.5 slime

16 PB-1 74-76 605 trans 16 BH-715 40-60 1225.9 slime

17 PB-1 76-81 220 trans 17 BH-715- 60+ 1518.6 slime
18 PB-1 81-83 201 trans .18 BH-718 40-43 1601.7 slime

19 PB-2 9-11 803 trans 19 BH-719 20-40 1117.7 slime

20 P1-2 29-31 192 trans 20 BH-719 40-51.5 1669.7 slime

21 PB-2 39-41 325 trans 21 PB-1 59-61 236 slime

22 PB-2 49-51 816 trans 22 PB-1 69-71 748 slime
23 PB-2 59-61 781 trans 23 PB-1 83-85 1600 slime

24 PB-2 61-66 711 trans 24 PB-1 85-87 2040 slime

25 PB-2 69-71 614 trans 25 PB-1 87-89 1640 slime

26 AR-4S 20-21 530.6 unconsol 26 PB-1 89-91 1690 slime

27 AR-8 21-22 594.8 unconsol 27 PB-2 44-46 1740 slime

28 AR-8 25-35 639.9 unconsol 28 PB-2 71-73 1390 slime
I 1 1 29 P5-2 73-75 1280 slime

Sands 30 PB-2 75-77 1130 slime

Impound imp 12.7 imp 31 PB-2 77-79 1240 slime2

2 Impound imp 87.4 imp 32 P5-2 79-81 1550 slime
3

3 AR-10 3-4 311.8 sand 33 PB-2 84-86 1620 slime

4 AR-10 20-25 98 sand

5 AR-6 35-40 100.4 sand Alluvium

6 AR-9 10-11 320.2 sand 1 437 44-44.25 135.5 alluvium
7 AR-9 30-32 87.2 sand 2 438 74-74.25 134.3 alluvium

8 BH-705 0-20 186.2 sand 3 438 75-75.25 92.8 alluvium

9 BH-709 0-20 289.9 sand 4 438 76-76.25 31.3 alluvium
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No. of Ra-226 Material No. of Ra-226 Material
Samples Sample Depth Activity Type Samples Sample Depth Activity Type

(pCi/g) (pCI/g)

10 PB-1 9-11 215 sand 5 438 78-78.25 118.4 alluvium

11 PB-1 14-16 99.7 sand 6 439 87-87.25 23.9 alluvium

12 PB-1 19-21 202 sand 7 AR-5 0-1 84.3 alluvium

13 PB-1 24-26 148 sand 8 AR-6 0-1 17.3 alluvium

14 PB-1 29-31 153 sand 9 PB-1 94-96 208 alluvium

15 PB-1 34-36 447 sand 10 PB-2 89-91 1.83 alluvium

Table B-3 (continued). Moab Project, Crescent Junction Disposal Cell Tailings and Other Contaminated
Materials Ra-226

No. of Ra-226 Activity
Samples Sample Depth (pC/g) Material Type

16 PB-1 54-56 849 sand

17 PB-2 14-16 269 sand
18 PB-2 19-21 150 sand

19 PB-2 24-26 100 sand

20 AR-2 5.5-10 786.5 silt

21 AR-7 20-25 562.2 silt

22 AR-9 50-55 543.6 sift

23 AR-9 60-62 239.1 silt

Transitional Off Pile & Sub Pile & InterimAll Data Sands Slines
Tailings Cover Materials (Alluvium)

Max: 2,195 849 917 2,195 208
Min: 2 13 192 236 2
Mean: 707 272 530 1,349 85
Median: 564 202 556 1,333 89
Std Dev.: 589 224 195 479 66
Count: 94 23 28 33 10
Material 14,546,05
Volume (cy) 4 3,743,474 4,864,651 3,258,910 2,679,019
Volume %: 100% 26% 33% 22% 18%
Weighted
Mean Activity
(PCi/g) 565 70 177 302 16
95 % UCL of
Mean 371 592.4 1491 123.1
Weighted 95%
UCL of Means 655.5 100.6 198.1 334.0 22.7
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Table B-4. Moab Project, Crescent Junction Disposal Cell 15 Bar Moisture Content

Sample
Description Soil Type % Moisture (15 Bar)

TP-153, 8.5, A Fluvial/Eolian 6.74 All Data
TP-153, 8.5, A-R Fluvial/Eolian 6.75 Maximum 14.0

TP-153, 8.5 B Fluvial/Eolian 6.56 Minimum 6.4

TP-153, 8.5 B-R FluviallEolian 6.43 Mean 10.1

TP-152, 15, A Fluvial/Eolian 8.53 Median 10.1

TP-152, 15, A-R Fluvial/Eolian 8.52 St. Deviation 2.1

TP-152, 15, B Fluvial/Eolian 8.61 Count 32

TP-152, 15, B-R Fluvial/Eolian 8.62

TP-153, 3.5, A Sheetwash 10.86
TP-153, 3.5, A-R Sheetwash 10.6 L
TP-153, 3.5 B Sheetwash 10.49 Sheetwash/Fluvial/Eolian

TP-153, 3.5 B-R Sheetwash 10.52 Maximum 10.9

TP-1 52, 7.5 A Sheetwash 10.08 Minimum 6.4

TP-152, 7.5 A-R Sheetwash 10.19 Mean 9.0

TP-152, 7.5, B Sheetwash 9.99 Median 9.0
TP-152, 7.5, B-R Sheetwash 10.03 St. Deviation 1.4

TP-155, 5, A Sheetwash 9.56 Count 20

TP-155, 5, A-R Sheetwash 9.28

TP-155, 5, B Sheetwash 8.75
TP-155, 5, B-R Sheetwash 8.72
TP-154, 20, A Weathered Shale 12.1 Weathered Shale

TP-154, 20, A-R Weathered Shale 12.33 Maximum 14.0
TP-154, 20, B Weathered Shale 12.19 Minimum 9.3
TP-154, 20, B-R Weathered Shale 12.22 Mean 12.1
TP-152, 23, A Weathered Shale 13.99 Median 12.2
TP-152, 23, A-R Weathered Shale 13.73 St. Deviation 1.6
TP-1 52, 23, B Weathered Shale 13.47 Count 12

TP-152, 23, B-R Weathered Shale 13.56

TP-156, 22, A Weathered Shale 11.16
TP-156, 22, A-P Weathered Shale 11.16

TP-156, 22, B Weathered Shale 9.28

TP-156, 22, B-R Weathered Shale 9.52
Note: values are gravimetric moisture content on a dry unit weight basis
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Table B-5. Moab Project, Crescent Junction Disposal Cell Calculation of Radon Diffusion Coefficients Using
Updated Equation (Rogers and Nielson, 1991)

Long- Calculated
Mass Dry Term Specific Calculated

Cover Layer Density Density Water Gravity Porosity1  Saturation2  Diffusion
Coefficient 3

(glcm3) (pcf) Content (G.) (P) (S) (cm2/s)

Tailings (both
cover designs) 1.57 97.8 0.15 2.8 0.44 53.4% 1.044E-02
(moisture content =
10%) 1.57 97.8 0.10 2.8 0.44 35.6% 1.873E-02
(moisture content =
20%) 1.57 97.8 0.20 2.8 0.44 71.2% 3.541E-03
Interim Cover (both
cover designs) 1.66 103.5 0.09 2.67 0.38 39.4% 1.629E-02
Alternative Cover
Radon Barrier 1.66 103.5 0.09 2.67 0.38 39.4% 1.629E-02
UMTRA Cover
Radon Barrier 1.77 110.7 0.12 2.65 0.33 64.4% 4.636E-03

Porosity (p) = 1 - dry density/(specific gravity x unit weight of water)2Saturation (S) = Long-term water contenV((unit weight of water/dry density) - (1 - specific gravity))3D=Da*p'exp(-6Sp-6S14p) Source: Rogers and Nielson, 1991, equation 9

unit weight of water222 Rn diffusion coefficient in air (Da) 62.4
1.10E-05

pcf
m /s

Rogers and Nielson, 1991. Correlations for Predicting Air Permeabilities and 222 Rn Diffusion Coefficients of Soils, Health Physics, Vol. 61,
No. 2, pp. 225-230, August.
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Table B-6. Moab Project, Crescent Junction Disposal Cell Calculation of 15 bar Moisture Content

Using Empirical Relationship Rawls & Brakensiek (in NRC 1989b): 15 bar Vol. moisture content = 0.026 + 0. 005z + 0. 0158y

(where z = % of Clay in the soil and y = % of organic matter in the soil)
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Table B-7. Tailings Density

Tailings Maximum Dry Density

Source: Golder Associates 4/3/06 Draft Tech Memo

Standard Proctor Maximum Dry Density of Transition Tailings

Sample Number Max Dry Density (pcf)

GABT-05 113.3

GABT-07 107.3
GABT-08 112.8

GABT-09 102

GABT-10 107.8 90% of Mean
108.6 Mean 98 pcf

5 Count 1.57 I/cc

C05 Radon Barrier Evaluation MoabOlO908.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.
Copyright" Jacobs Engineering Group Inc., 2007



JACO BS Calculation No: Page 1 of 12
C-06

Calculation Cover Sheet Rev. No.: 0 Revision Date:

(Ref. FOWl 116 Design Calculations) Previous Revision Current Revision
Date: Date:1/09/08

Issuing Department: Supersedes:
Federal Operations Design Engineering

Client: Energy solutions Engineering Discipline: Civil
Project Title: Moab UMTRA
Project Number: 35DJ2600
System:
Calculation Title: Drainage During First Phase of Construction

Purpose:

To develop flows for sizing sediment ponds and culverts for the first phase of construction.

Bob YacierPrepared by:

Checked by: Bill Barton ,&,W
ate: 1/09/08

Date: I Z 5 / Cj

_ _Date: ZI 5 DS

............ vI fr - i

Engineering Managers Approval: -e..A

C06 Drainage_ During_ 1stConst_ Phase Moab010908.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.
Copyrightlc Jacobs Engineering Group Inc., 2007



JAC Calculation SheetJA O SProject: 35DJ2600
Calculation Number: C-06

(Ref. FOWI 116 Design Calculations) Page 2 of 12

Revision History:

Pages Affected By Revision Revised/Added/Deleted Description of Revision
All

h h

C06_DrainageDuring l stConstPhaseMoab01 0908.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.

Copyright Jacobs Engineering Group Inc., 2007



JACOBS coutoSee
IM11112%Calculation SheetProject: 35DJ2600

Calculation Number: C-06
(Ref. FOWl 116 Design Calculations) Page 3 of 12

Description of Calculation:

Compute the peak discharges and the volumes of runoff from the 1 Qyr 24 hour design storm to size culverts
and sediment ponds for use during the construction of the waste cell at Crescent Junction. There are three
sediment ponds and 5 culverts as shown in Figure 1. Culvert Culv_5 is used only for bleeding off some of
the flow from near the active working area and is not sized as the other culverts are capable of carrying the
computed discharges.

* Divide the areas into subwatersheds and assign initial abstraction, constant long-term infiltration rate, an
SCS unit hydrograph lag time, or a USBR unit hydrograph to each subwatershed. A USBR unit
hydrograph was developed only for the larger, principally undisturbed watersheds designated, S, X, and
EMPUL.

" Apply a 10, 25, and 100 year 24 hour frequency storm to the system using HEC-HMS version 3.1.0 and
extract the peak discharges and volumes of runoff.

" By trial and error using HEC-HMS, determine the configuration of culverts that will carry the 10 year 24
hour flow without overtopping the roads.

" Check culvert sizes using the Federal Highway Administration's culvert software HY8, version 7.0.

Assumptions:

* The 10, 25, and 100 year storms were developed in the Draft RAP. ("Site Drainage-Hydrology
Parameters" calculation, Draft RAP Attachment 1, Appendix E).

a For the larger, relatively undisturbed subwatersheds, S, X, and EMPUL, a USBR unit hydrograph is
appropriate. For smaller watersheds and/or more disturbed subwatersheds, the SCS unit hydrograph is
appropriate.

* It is assumed that rainfall falling directly on the open excavation will be contained and pumped out at a
later time. This rainfall is not included in this calculation.

* The volume of the ponds is required to contain the runoff from the 10-yr 24-hr storm plus 67 cubic yards
of sediment/acre of drainage area.

* Each pond will be cleaned out at least once per year.

C06 Drainage_ During 1st Const_ PhaseMoabO10908.doc
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Design Inputs:

See following pages.

Software:

Title Developer Versions Revision Level

HEC-HMS USACE 3.1.0

EXCEL Microsoft 2002

HY-8 FHWA 7.0
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See following pages.
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DESCRIPTION OF CALCULATION:

Compute the peak discharges and the volumes of runoff from the 10yr 24 hour design storm to size culverts
and sediment ponds for use during the construction of the waste cell at Crescent Junction (Stoller 2006).
There are three sediment ponds and 5 culverts as shown in Figure 1. Culvert Culv_5 is used only for bleeding
off some of the flow from near the active working area and is not sized as the other culverts are capable of
carrying the computed discharges.

METHOD OF SOLUTION:
* Divide the areas into subwatersheds and assign initial abstraction, constant long-term infiltration rate, an

SCS unit hydrograph lag time, or a USBR unit hydrograph to each subwatershed. A USBR unit
hydrograph was developed only for the larger, principally undisturbed watersheds designated, S, X, and
EMPUL.

" Apply a 10, 25, and 100 year 24 hour frequency storm to the system using HEC-HMS version 3.1.0 and
extract the peak discharges and volumes of runoff.

* By trial and error using HEC-HMS, determine the configuration of culverts that will carry the 10 year 24
hour flow without overtopping the roads.

* Check culvert sizes using the Federal Highway Administration's culvert software HY8, version 7.0.

ASSUMPTIONS:
* The 10, 25, and 100 year storms were developed in the Draft RAP. ("Site Drainage-Hydrology

Parameters" calculation, Draft RAP Attachment 1, Appendix E).

* For the larger, relatively undisturbed subwatersheds, S, X, and EMPUL, a USBR unit hydrograph is
appropriate. For smaller watersheds and/or more disturbed subwatersheds, the SCS unit hydrograph is
appropriate.

* It is assumed that rainfall falling directly on the open excavation will be contained and pumped out at a
later time. This rainfall is not included in this calculation.
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Figure 1. Layout of cell drainage during the first phase of construction.
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CALCULATION SECTION

Drainage Area Characteristics WatershedParms.xls

The drainage areas used in this analysis are shown in Figure 1.

For the undisturbed watersheds S and X composite curve numbers were developed. The western drainage is
approximately 70% Toddler-Ravola-Glenton families association with an HSG of B and a constant infiltration
rate of 0.2 - 0.6 inches/hr. The remainder is Hanksville family-Badland complex with an HSG of C and an
infiltration rate of 0.0 - 0.06 inches/hr (WEB Soil Survey,
http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx, and Appendix B). For drainage X the Toddler-
Ravola-Glenton families association comprises approximately 63% of the area with the remainder being
Hanksville family-Badland complex. Assigning a runoff curve number of 75 to the type B soils for semiarid
rangelands with herbaceous cover in fair to poor condition and 87 to the type C soils for the same use in poor
condition (TR-55, ), resulted in composite curve numbers of 78.6 for the S drainage and 79.4 for the X
drainage. Computing initial abstraction using the NRCS curve number approach yields 0.54 inches for S and
0.52 for X. The NRCS initial abstraction is

I -0210030 -10

N C j

For largely natural areas consisting of the Toddler-Ravola-Glenton families association with an HSG of B and
an infiltration rate of 0.2 - 0.6 inches/hr an NRCS curve number of 75 was used with an initial abstraction of
0.67 inches and a constant infiltration rate of 0.3 inches/hr. In areas that will be incidentally compacted by
construction activities, the initial abstraction was assigned as 0.5 inches and the constant infiltration rate was
0.2 inches/hr.

Pertinent properties of the four drainage areas are computed in WatershedParms.xls and listed in Table 1.
The flow lengths are used to develop a unit hydrograph using the USBR methodology and the Lag time is
used in the SCS unit hydrograph method. The mean of the Kirpich and SCS time of concentration formulas is
used for the time of concentration.

LOe
The Kirpich equation is T, = 0.0078-i-- where

T, = time of concentration (minutes)
L = slope length (feet [ft])
S = slope (ft/ft).

and the SCS equation is T = H where

T, = time of concentration (hours)
L = slope length (miles)
H = slope height (ft).

C06 Drainage During 1st Const Phase Moab010908.doc
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Table 1. Drainage Area Characteristics

Unit Flow Elevation
Drainage Area Hydrograph Area Max Flow Length Difference Lag (min)AppHrograch (acres) Length (ft) fromApproach Centroid (ft)

A SCS 26.7 2132 ________ 32 8.63
B SCS 35.7 2173 34 8.61
C SCS 15.4 2293 38 8.78

C1 SCS 12.8 3841 44 15.06
EMPUL USBR 161 4934 3038 68

FG SCS 5.1 632 8 3.61
HI SCS 22.3 1834 14 9.96
J SCS 4.6 721 4 5.49
K SCS 7.5 783 7 4.87
N SCS 33.4 1598 24 6.91
o SCS 23.9 1268 14 6.51
o SCS 19.3 2174 16 11.52
R SCS 9.5 715 14 3.36
S USBR 112.3 5580 3383 680
X USBR 136.8 4270 2424 756
Z SCS 37.4 2392 30 10.10

P1 (Pond) SCS 7.5 500 2 4.7
P2 (Pond) SCS 3.1 500 2 4.7

The data for ponds is included simply to add the volume of precipitation on the surface.

Runoff Hydrograph Calculations ConstructionRunoff.hms

For drainage areas that are large and in a largely natural condition, the USBR (Design of small dams, 1978)
unit hydrograph transform was used. The USBR method was developed for natural areas in the west and is
not appropriate for the constructed wedge and cell. For drainage areas that are constructed, disturbed, or
small, the SCS unit hydrograph transform was used. The runoff hydrographs were computed using the
Computer Program HEC-HMS (USACE 2007). The rainfall distribution was the built-in frequency storm
distribution.

Design Storms

The sediment ponds, drainage ditches, and culverts are designed for the 10 year 24 hour storm as specified in
Table 2. Runoff from the 25 year and 100 years storms was also computed.
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The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.
CopyrightV Jacobs Engineering Group Inc., 2007



Calculation SheetJAC •)SProject: 35DJ2600

Calculation Number: C-06
(Ref. FOWl 116 Design Calculations) Page 11 of 12

Table 2 Rainfall Depths for Design Storms.

Precipitation Depth (Inches)
Precipitation

Duration 10 Year 25 Year 100 Year

5 Minutes 0.25 0.34 0.53
15 Minutes 0.48 0.64 0.99

1 Hour 0.80 1.07 1.65
2 Hours 0.91 1.21 1.82
3 Hours 0.97 1.26 1.84
6 Hours 1.13 1,42 1.95

12 Hours 1.36 1.65 2.16
24 Hours 1.63 1.91 2.35

Hydrograph Routing

The runoff from sub-basin C1 is conveyed to pond P2 through culvert Culv_1. This was simulated in the HEC-
HMS model by a reservoir with minimal storage; less than 5 cubic feet maximum for the 10 year storm. The
flow from sub-basins N, 0 and EMPUL is routed through culverts Culv_2, Culv_3, and Culv_4 using the
reservoir option with culvert outlets and through ditches Ditch_1 and Ditch_2 using the kinematic wave option
in trapezoidal ditches with a 10 foot bottom width and 3/1 side slopes. The flow in the ditches is less than 2
feet deep for the peak flow of the 10 year storm. Culverts Culv_2, Culv_3, and Culv_4 are also modeled as
reservoirs with culvert outlets. In each case the maximum reservoir storage is less than 7 cubic feet for the 10
year storm. Culvert Culv_5 is not simulated in the HEC-HMS model. It is included in the plans to allow some
of the drainage from near the open excavation to bypass the culverts and ditches draining to Pond P1.

The pertinent parameters of the culverts and ditches are presented in Table 3.

Table 3 Culvert Data and Predicted Maximum Water Surface Elevation

Culvert Configuration Inlet Outlet Length Road Crest Peak Flow Maximum WS
Invert Invert Elevation (cfs) Elevation in

10 Year
Storm

CuIv 1 Single 30" RCP 4950.48 4949.33 65 4955.43 15.8 4952.47
Culv 2 Double 36" RCP 4931.95 4930.68 148 4936.91 105.0 4935.76
Culv 3 Double 36" RCP 4922.70 4921.16 232 4931.04 105.0 4926.51
Culv 4 Double 36" RCP 4916.20 4915.26 193 4926.19 106.3 4920.06
Culv_5 Single 30" RCP NA

Check Culverts with HY8
Culv 1 Single 30" RCP 4950.48 4949.33 65 4955.43 15.8 4952.39
Culv_2 Double 36" RCP 4931.95 4930.68 148 4936.91 105.0 4935.76
Culv_3 Double 36" RCP 4922.70 4921.16 232 4931.04 105.0 4926.51
Culv 4 Double 36" RCP 4916.20 4915.26 193 4926.19 106.3 4920.06

Ditch Length Bottom Side Channel Peak Flow Manning n Depth at Peak
Width (ft) Slope Slope (cfs) Flow (ft)

Ditch 1 1206 10 3 0.0066 98.7 .025 1.39
Ditch 2 962 10 3 0.0057 98.8 .025 1.45
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Volume of Flow to Sediment Ponds

The required volume of sediment ponds is equal to 67-cy of sediment volume per acre of drainage area plus
the runoff volume from the 10 year 24 hour storm. The three sediment ponds listed in Table 4. are sized
according to these criteria.

Table 4 Required Volumes of Sediment Ponds.

Drainage Area Volume Volume of Runoff (ac-ft) Total RequiredPond (acres) Required for from 10 yr storm (HMS) Volume (ac-fl)
Sediment (ac-ft) from_10_yrstorm_(HMS) Volume_(ac-ft)

P1 306.9 12.7 10.8 23.5

P2 80.9 3.4 5.3 8.7
P3 286.5 11.9 12.6 24.5

Summary

Ditches, culverts, and sediment ponds have been sized to handle the runoff from the 10 year 24 hour storm.
Their specifications are presented in Tables 3, and 4. Pond P3 is slightly smaller than the volume specified in
Table 4 and, therefore, must be cleaned out approximately once every 10 months.

References:

HEC-HMS Users Guide, USACE, 2006

HEC-HMS Applications Guide, USACE, 2002

HEC-HMS Technical Reference Manual, 2000

Stoller, 2006 - Moab UMTRA Project, Crescent Junction Disposal Site, Storm Water Pollution Prevention Plan,
DOE-EM/GJ1238-2006, July 2006
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Description of Calculation:
This calculation will size the ponds at the Crescent Juction site to hold a 10-year, 24-hour run-off event plus
67 CY/acre/year of sediment accumulation.
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Calculation Section:

Sediment Pond No. 1

Elevation Area Volume

4907 0
37437

4908 74874.6
317972

4910 243097
507522

4912 264425
70139

4914 280556.5

4914.5 0

Total 1478052 CF 54743 CY
Total Storage Available = 33.9 AC-FT

Storage Required:

Sediment storage = 67 Cy/Ac disturbed (assumed)

Disturbed Area = 307 Ac

Sediment storage = 67 Cy/Ac X 307 Ac = 20569 Cy = 555363 Cf = 12.7 AC-FT

10 yr-24 hr Storage Required = 10.8 AC-FT (from calculation C-06)

Total Storage Required = 23.5 AC-FT

Total Storage Available is larger than Total Storage Required

C09 Verification Pond Size 012308.doc
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Sediment Pond No. 2

Elevation Area Volume

4942.3 0
29194

4944 34345.5
122391

4946 88045.5
203844

4948 115798.6
28950

4948.5 0

Total 384378 CF = 14236 CY
Total Storage Available = 8.8 AC-FT

Storage Required:

Sediment storage = 67 Cy/Ac disturbed (assumed)

Disturbed Area = 81 Ac

Sediment storage = 67 Cy/Ac X 81 Ac = 5427 Cy = 146529 Cf = 3.4 AC-FT

10 yr-24 hr Storage Required = 5.3 AC-FT (from calculation C-06)

Total Storage Required = 8.7 AC-FT

Total Storage Available Is larger than Total Storage Required

Sediment Pond No. 3

Elevation Area Volume

4967.5 0
10089

4968 40356
85642

4970 45286
162914

4972 117628
243827

4974 126199
274069

4976 147870
147870

4978
h i
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Total 1 924411 CF = 34237 CY
Total Storage Available = 21.2 AC-FT

Storage Required:

Sediment storage = 67 Cy/Ac

Disturbed Area = 286.5 Ac

Sediment storage = 67 Cy/Ac X 286.5 Ac = 19196 Cy = 518279 Cf = 11.9 AC-FT

10 yr -24 hr Storage Required = 12.6 AC-FT (from calculation C-06)

Total Storage Required = 24.5AC-FT

Total Storage Available is smaller than Total Storage Required, therefore the pond must be cleaned
out more than once a year to maintain the water volume and sediment storage required.

Sediment Pond No. 4

Elevation Area Volume

4959 0
12982

4960 25964
55702

4962 29738
129150

4964 99412
209719

4966 110307
231311

4968 121004
252504

4970 131500
32875

4970.5 0

Total 924243 CF = 34231 CY
Total Storage Available = 21.2 AC-FT

Storage Required:

Sediment storage = 67 Cy/Ac

Disturbed Area = 32.7 Ac

Sediment storage = 67 Cy/Ac X 32.7 Ac = 2188.2 Cy = 59081.9 Cf = 1.4 AC-FT
C09 Verification Pond Size 012308.doc
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10 yr- 24 hr Storage Required = 14.3 AC-FT (from calculation C-06)

Total Storage Required = 15.7 AC-FT

Total Storage Available is larger than Total Storage Required
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Conclusions/Recommendations:

The ponds are adequately sized to hold the 10 - year, 24 - hour storm and the sediment from the
disturbed areas upstream for one year.

Reference:
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Cover top elevation: El. 4978 - 4982' at
analysis location (instead of El. 4972')

Summary of results and analysis.

Inserted new contour plan of tailings pile.

Inserted new detail of tailings embankment
geometry.

New FS results - End of Construction
(static).
New FS results - End of Construction

(seismic)

New results - Long Term (static)

New results - Long Term (seismic)

Disposal cell Stability calculation sheet_4-17-08.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. CopyrightV
Jacobs Engineering Group Inc., 2007



JAC BSCalculation Sheet
Project: Moab UMTRA Project
Calculation Number: C-10

(Ref. FOWl 116 Design Calculations) Page 3 of 13

Description of Calculation:

The calculations presented here are for determining and verifying stability of the disposal cell at the
Crescent Junction disposal site in order to assess long term stability of the tailings.

A disposal cell section at southwest corner of the cell was analysed for End of Construction (short term) and
Long Term cases. Stability of the cell dike was also assessed for the design seismic event for both short
term and long term cases.

The subsurface conditions were determined from borings taken near the section. Geotechnical design
parameters were developed/obtained from project reports and previous analyses.

The analyses were performed with an established commercial program SLIDE, V 5.0 by Rocscience. The
SLIDE program analyzes the slope with various methods to determine factor of safety including Bishop
Simplified, Janbu Simplified, Janbu Corrected, Spencer, Morgenstern-Price and Corps of Engineer
Methods. Bishop and Janbu methods employ limit equilibrium analysis method while Spencer and
Morgenstern-Price methods use both force equilibrium and moment equilibrium to calculate safety factors.
In this analysis, Spencer results were reviewed for the lowest factor of safety.

Assumptions:

The plan location and cross section selected for analyses are shown in Figure 1 and 2. The location is
within first phase of construction near southwest section of the disposal cell and represents critical height
and geometry.

No groundwater table was assumed. All borings were dry, and the review of historical data indicated that
water table at depth exceeding 100 feet below ground surface. It is assumed that the tailings will be
deposited by compacting it to 90 percent of the maximum density as determined by ASTM D1 557 at slightly
above (2%) optimum moisture content. From the review of test results and previous analyses, it is
determined that excess pore pressure will not be a factor in the stability analysis.

Disposal cell Stability calculation sheet_4-17-08.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. Copyrighte
Jacobs Engineering Group Inc., 2007



JACOBS Calculation Sheet
Project: Moab UMTRA Project
Calculation Number: C-10

(Ref. FOWl 116 Design Calculations) Page4 of 13

Design Inputs:

For SLIDE computer program, the design inputs were:

Material Properties

The material properties were obtained from borings, laboratory test results and from previous analyses
performed by others.

Unit Weight Shear Strength
Total Effective

MATERIAL
Moisture Friction Friction

Dry Content Moist Angle Cohesion Angle Cohesion
(pcf) ) (pcf) (Degree) (psf) (Degree) (psf)

UMTRA Cover 111 11.7 124 26 0 26 0
Tailings 98 17.4 115 0 615 32 0
Dike Fill il1 11.7 124 19 0 26 0

In-situ
Overburden
Material - ML 92 6.7 98 26 0 26 0

Weathered
Mancos Shale 104 7.3 112 25 0 25

Note:
Physical properties of in-situ overburden soils and weathered Mancos Shale were determined from the
earlier design phase calculations - 'Geotechnical Properties of Native Soils', Attachment 5, Vol. 1, Appendix
E. Physical properties of UMTRA cover, tailings and dike fill, and strength properties of all materials were
obtained from Attachment 5, Vol. 1, Appendix C.

Slope Geometry

The slope cross section was selected from 90% plans and shown in Figure 2.
Ground surface elevation at this section varied from 4954' to 4944' dipping towards the south.
Top of dike was estimated at Elevation 4967'.
Cover material will be 9-foot thick with top Elevation at 4978' - 4982' at the analysis location.
For site characterization and to determine geotechnical design parameters for the in-situ materials, Borings
CRJO1 - 0205 and CRJ01 - 0212 were used.
Water surface was not used.
Dike exterior slope was configured at 5 horizontal to 1 vertical.

Analysis Conditions

End of Construction (short term) using shear strength derived from total stresses.
Long Term case was analysed using effective stresses.

Disposal cell Stability calculation sheet_4-17-08.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. CopyrightO
Jacobs Engineering Group Inc., 2007



JACOBS Calculation Sheet
Project: Moab UMTRA Project
Calculation Number: C-10

(Ret. FOWl 116 Design Calculations) Page 5 of 13

Earthquake Effects

Seismic conditions were analyzed using guidance provided in the Technical Approach Document (TAD),
1989. TAD requires the use of pseudo-static approach where Peak Horizontal Acceleration (PHA) value of
0.22 g (previously determined) is taken as half of PHA or 0.11 g for End of Construction case, and 2/3"' of
PHA or 0.15 g for Long Term case.

Renuired Minimum Factor of Safetv
• "v•l ..... ........................... T

Guidelines provided in TAD for minimum acceptable safety factors are as under:

End of Construction - Static
End of Construction - Seismic

1.3
1.0

Long Term
Long Term

- Static 1.5
- Seismic 1.0

Disposal cell Stability calculation sheet_4-17-08.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. Copyright@
Jacobs Engineering Group Inc., 2007



Calculation SheetJACOBS Project: Moab UMTRA'Project
Calculation Number: C-10

(Ref. FOWl 116 Design Calculations) Page 6 of 13

Calculation Section:

See attached

As seen in the attached stability runs, the following factor of safety were obtained for the containment dike:

End of Construction - Static 2.15
End of Construction - Seismic 1.31

Long Term
Long Term

- Static 2.78
- Seismic 1.51

Disposal cell Stability calculation sheet_4-17-08.doc
The current applicable version of this publication resides on Jacobs' Inlranet. All copies are considered to be uncontrolled. CopyrightV
Jacobs Engineering Group Inc., 2007



Calculation Sheet
Project: Moab UMTRA Project
Calculation Number: C-10

(Ref. FOWl 116 Design Calculations) Page 7 of 13

Conclusions/Recommendations:

Based on the stability analyses, the disposal cell with its containment dike and cover material meets the
factor of safety standards established for this structure. The stability results obtained by these analyses
verify the results obtained and presented in the Revised Remedial Action Plan.

Reference:

DOE (U.S. Department of Energy), Revised Remedial Action Plan and Site Design for Stabilization of Moab
Title I Uranium Mill Tailings at the Crescent Junction, Utah, Disposal Site, Attachment 1 and Attachment 5,
June 2007

U.S. Department of Energy, Technical Approach Document, 1989, DOE/UMTRA

SLIDE Computer program, prepared by Rocscience Inc. 31 Balsam Avenue, Toronto, Ontario

Disposal cell Stability calculation sheet_4-17-08.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. Copyright@
Jacobs Engineering Group Inc., 2007
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Crescent Junction Disposal Cell
Material Properties

Material: UMTRA Cover
Unit Weight: 124 Ib/ft3, Cohesion: 0 psf, Friction Angle: 26 degrees

Material: Tailings
Unit Weight: 115 lb/ft3, Cohesion: 615 psf, Friction Angle: 0 degrees

Material: Dike Fill
Unit Weight: 124 lb/ft3, Cohesion: 0 psf, Friction Angle: 19 degrees

Material: Overburden
Unit Weight: 98 lb/ft3, Cohesion: 0 psf, Friction Angle: 26 degrees

Material: Weathered Mancos shale
Unit Weight: 112 lb/ft3, Cohesion: 0 psf, Friction Angle: 25 degrees

!2.149

0

C3

UMTRA Cover

Overburden .

I ~ ~ ~ ~ ~ ~~etered Mancos Shale i,;j,..%••j.;;,-'7--7 -7
End of Construction - Static

GATPW\GEOTECHFMoab-Oak Ridge\90%/o Design - Sl. Louis\Crescen! Junction\End of Construction - Static.!

--100 0 .100 200-------300- 400 500
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Crecsent Junction Disposal Cell

Material Properties

UMTRA Cover 1.175.

Unit Weight: 124 lb/fl3, Cohesion: 0 psf, Friction Angle: 26 degrees

10 Tailings
Unit Weight: 115 lb/ft3, Cohesion: 615 psf, Friction Angle: 0 degrees

Dike Fill
Unit Weight: 124 lb/ft3, Cohesion: 0 psi, Friction Angle: 19 degrees

Overburden
Unit Weight: 98 lb/ft3, Cohesion: 0 psi, Friction Angle: 26 degrees

Weathered Mancos shale
Unit Weight: 112 lb/ft3, Cohesion: 0 psf, Friction Angle: 25 degrees

UMTRA Cover
Dike Fill

":. ,' ,., •i•77"•• 7".•'!..: • :"LI:? • :i --',' :.,:::: - : .":?,•.Overburden

................... ........ Mancos Shale.

End of Construction - Seismic

G:ATPW\GEOTECH\Moab-Oak Ridge\90% Design- St. Louis\Crescent Junction\End of Constructio

o100 ft 1o....100 2o0 I....................... 300 ý400 500



Crescent Junction Disposal Cell

2.782:Material Properties

Material: UMTRA Cover
Unit Weight: 124 lb/ft3, Cohesion: 0 psf, Friction Angle: 26 degrees

Material: Tailings
Unit Weight: 115 lb/ft3, Cohesion: 0 psf, Friction Angle: 32 degrees

Material: Dike Fill
Unit Weight: 124 lb/ft3, Cohesion: 0 psf, Friction Angle: 26 degrees

0 gMaterial: Overburden
Unit Weight: 98 lb/ft3, Cohesion: 0 psf, Friction Angle: 26 degrees

Material: Weathered Mancos shale
Unit Weight: 112 lb/ft3, Cohesion: 0 psf, Friction Angle: 25 degrees

44 
Dike FillC, 

Overbuden..

Long Term - Static
GA\TPW\GEOTECH\Moab-Oak Ridge\90% Design - St. Louis\Crescent Junction\Disposal Cell Slope Stability\Long Term - Static rv.sli

-100 -t0_100 200 
400 500

0 too- ------ 
ový
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Crescent Junction Disposal Cell

1.510
Material Properties

Material: UMTRA Cover
C3 Unit Weight: 124 Ib/ft3, Cohesion: 0 psf, Friction Angle: 26 degrees

Material: Tailings
Unit Weight: 115 lb/ft3, Cohesion: 0 psf, Friction Angle: 32 degrees

Material: Dike Fill
Unit Weight: 124 lbIft3, Cohesion: 0 psf, Friction Angle: 26 degrees

Material: Overburden
o Unit Weight: 98 lb/ft3, Cohesion: 0 psf, Friction Angle: 26 degrees

*Material: Weathered Mancos shale
Unit Weight: 112 lb/ft3, Cohesion: 0 psf, Friction Angle: 25 degrees

4Dike Fill
"_.: i .. • i i..' ,I'!L !i•i::: ' .'.,• .:: : I! .i•.: :•:•i• •.••.•.:iO verburden

Wathered Mancos Shale ::•••-'••'•:.;• "• •;:"

Long Term - Seismic
G:\TPW\GEOTECH\Moab-Oak Ridge\90% Design - St. Louis\Crescent Junction\Disposal Cell Slope Stability\Long Term - Seismic-rv.slii

n10 nnn 300 400 500 60



JA CO BS Calculation No: Page: 1 of 14
C612 C-1 I

Calculation Cover Sheet Rev. No.: 1 Revision Date:
4/15/08

(Ref. FOWl 116 Design Calculations) Previous Revision Current Revision
Date: Date:

1/15/08 4/15108
Issuing Department: Supersedes:

Federal Operations Design Engineering Revision 0 (dated 1/15/08)

Client: U.S. Department of Energy Engineering Discipline:
Project Title: Moab - UMTRA Project Geotechnical
Project Number: 35DJ2600
System:
Calculation Title: Settlement Analysis of Uranium Mine Tailings at Crescent Junction, UT

1 Purpose:

Determine the magnitude of settlement for the uranium mill tailings pile to be constructed at the Crescent
Junction Disposal site.

The present condition and characteristics of the uranium mill tailings at the Moab repository site are
considerably different than what is anticipated to be placed at the Crescent Junction disposal site.
Material properties of the existing mine tailings are available for the Moab site. During the course of this
project, the mine tailings at Moab will be mixed and dried out to optimum moisture content before being
transported to Crescent Junction. There, the tailings will be placed and compacted to 90% of the
maximum density per ASTM D698. The settlement analysis is based on the consolidation
characteristics of the remolded tailing materials as reported by others. Both primary and secondary
settlements are estimated due to loads imposed on each incremental tailing layer by the cover material
and the tailing material above. The settlement of the tailings was also assessed by estimating the
compression of the tailing by its own weight.

NQA-1 QUALITY LEVEL: 2

Prepared by: If, J

Checked by:

Engineering Managers Approval: Jt&€-,)

Date:_ 4-/x5 - '

Date. 0!; 1.-

Settlement calculation cover sheet_4-15-08.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.
CopyrightO Jacobs Engineering Group Inc., 2007



Calculation Sheet
Project: Moab Tailings
Calculation Number: C-11

(Ref. FOWl 116 Design Calculations) Page 2 of 14

Revision History:

Pages Affected By Revision Revised/AddedlDeleted Description of Revision

Rev. I Revision / Addition
Page 3 of 12
Assumptions

Revision
Page 4 of 12
Design Inputs

Revision
Page 5 of 12
Calculation Section

Revision
Page 6 of 12
Conclusions/Recommendations

Addition
Pages 7 and 8 of 12
Drawings

Revisions
Pages 10 and 11 of 12
Calculations

Revisions
Page 12 of 12
Spreadsheet calculations

Added sentence about procedure to be
used to handle, spread and compact the
materials for the new tailings pile.

Added sentence(s) re: assumptions
concerning compression index, Cc.

Tailings thickness: 46.7 ft (instead of 38 ft)

Cover thickness: 9 ft (instead of 10 fl)

Tailings thickness: 46.7 ft (instead of 38 it)

Cover thickness: 9 ft (instead of 10 ft)

Compression of tailings: 2% of 46.7-fl =
0.93', or 11 inches (instead of 2% of 38 ft =
0.76' or 9 inches)

Secondary settlement: 8 in. (instead of 6 in.)

Total settlement: 19 in. (instead of 17 in.)

Secondary settlement: 8 in. (instead of 6 in.)

Total tailings height + cover: 55.7 ft
(instead of 48 if)

New plan and detail of section to be
analyzed.

Revised hand calculations to account for
difference in tailings pile geometry.

Spreadsheet settlement calculations using
revised cover thickness and tailings heighL

Settlement of tailings calculation sheet-4-15-2008 revised.doc
The current applicable version of this publication resides on Jacobs' Intranet All copies are considered to be uncontrolled. Copyrighto
Jacobs Engineering Group Inc.. 2007



ZAOB ]Calculation Sheet
Project: Moab Tailings
Calculation Number:_

(Ref. FOWl 116 Design Calculations) Page 3 of 14

Description of Calculation:

This section provides calculations for primary settlement and long term (secondary) settlement of uranium
tailings placed within the Crescent Junction disposal cell. The settlement is based on results of the
consolidation tests performed by others on remolded tailing samples.

Tailings will be placed, spread and compacted in layers for a period of 20 years or until all tailings have been
moved. Settlement of the tailings will be due largely to settlement of its own incremental weight and
ultimately due to an additional weight of the protective cover. In general, an embankment made up of sand
and silty sand type of materials will compress an amount equal to 2 percent of its height due to its own
weight. The settlement of the tailings will also be due to consolidation of each incremental layer loaded by
the cover material, construction activity and weight of the tailings above.

It is understood that all natural overburden soils will be removed full depth and the excavation for the
disposal cell foot print will extend 2 feet deep into the underlying Mancos Shale. Settlement of the
foundation soil will therefore be negligible.

Assumptions:

1. Existing tailings at Moab site will be mixed and dried out to optimum moisture content prior to
transport to Crescent Junction site. Once there, tailings will be placed in layers per specification
and compacted to 90% of the maximum density per ASTM D698. In general, mine tailings will be
placed at optimum moisture content plus 2 percent.

2. Consolidation properties of newly placed composite tailings (Cc- compression index, e0 - Initial air
voids) are anticipated to be similar to the ones obtained for this analysis by averaging values for the
sand tailings, transition tailings, and slime tailings. The tailings to be deposited at the Crescent
Junction site will be thoroughly mixed and dried to optimum moisture content before transport, and
then spread and compacted to 90% of ASTM D 698 density. Therefore, it is estimated that the
compression index, Cc, of the combined tailings will be more in line with the test values obtained for
the sand and transition tailings. In our opinion, the design Cc value for the composite tailings
should range between 0.1 and 0.2.

3. Tailings thickness will be 46.7 feet maximum and cover thickness will be 9 feet, See Figures 1 and
2.

Settlement of tailings calculation sheet-4-15-Z008.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. CopyrightO
Jacobs Engineering Group Inc., 2007



Calculation Sheet
Project: Moab Tailings
Calculation Number:

(Ref. FOWl 116 Design Calculations) Page 4 of 14

Design Inputs:

Cover thickness:
Cover Unit Weight:

Tailings thickness:
Tailings Unit Weight:

9 feet
124 pcf moist

46.7 feet
115 pcf at 17.4 % moisture content when compacted to 90% of the maximum
density per ASTM D698.

Consolidation Properties of tailings:
Compression Index, Cc = 0.16 (see calculation sheets)
Initial Air Void, eo = 0.87 (see calculation sheets)

Primary Settlement = {Cr /1+ eO} X H X log ( P2 1Po)
H = layer thickness
P2 = final stress level( Po + Ap)
Ap = stress increase
p0 = Initial stress level

Secondary Settlement = Ca X H X log %t2 / t1)
Ca = secondary compression index
Ca = .05 X Cc, From Holtz and Kovacs
t, = construction duration
t2 = cell life

Settlement of tailings calculation sheet-4-15-2008.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. CopyrightO
Jacobs Engineering Group Inc., 2007



Calculation Section:

Primary settlement due to consolidation = 11 inches

Compression of the tailings = 2% of 46.7-ft = 0.93' or 11 inches

Use either primary settlement value or compression of tailings value.

Secondary settlement = 8 inches

Total settlement = 11 + 8 = 19 inches.

See attached sheets and spreadsheet.

Settlement of tailings calculation sheet-4-15-2008.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. CopyrightO
Jacobs Engineering Group Inc.. 2007



1I Calculation Sheet
Project: Moab Tailings
Calculation Number_.

(Ref. FOWl 116 Design Calculations) Page 6 of 14

ConclusionslRecommendations:

The results of the analyses indicate that primary settlement of the tailings will be 11 inches and secondary
settlement will be approximately 8 inches. For the total height of the tailings and cover of 55.7 feet, the
magnitude of total settlement is insignificant. Also, because of the granular composition of the tailings, most
of the primary settlement will take place rapidly.

Reference:
Technical Approach Document (December 1989) DOFJUMTRA-050425-0002

Shaw E&I Inc., (2006), Geotechnical test results on tailings samples, March 13 and November 7. Presented
in RAP, Attachment 5, Appendix N, Supplemental Geotechnical Properties of Tailings Materials from the
Moab Processing Site.

Holtz, R.D. and Kovacs, W.D. (1981) An Introduction to Geotechnical Engineering.

NAVFAC DM - 7.1 (1982) Soil Mechanics

Settlement of tailings calculation sheet-4-15-2008.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. CopyrightO
Jacobs Engineering Group Inc., 2007
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35DJ2600 Moab Uranium Tailings Relocation
Crescent Junction Disposal Cell

Primary Settlement Analysis

Setti= Cc * H * Log (P2/Po)

l+eo
Cc= 0.16
eo= 0.87
Moist Unit Weight of Cover = 124 pdf
Moist Unit Weight of Tailings = 115 pcf

Cc and e Based on Consolidation Test Data from Shaw Testing

By: Hasan 411412008
Chkd by: kY/c- o$*/1s7

I%1
Initial Stress Final

Layer Depth Mid Depth Thickness Stress, p, Increment, Stress, P2 Cc Void Ratio Settlement
No. From (FT) To (FT) (FT) (FT) (psf) (psi) (psf) (FT) (INCH)

1 0 4 2.0 4.0 230 1,116 1,346 0.16 0.87 0.26 3.15
2 4 8 6.0 4.0 690 1,116 1,806 0.16 0,87 0,14 1.72
3 8. 12 10.0 4.0 1150 1,116 2,266 0,16 0.87 0.10 1.21
4 12 16 14.0 4.0 1610 1,116 2,726 0.16 0,87 0.08 0.94
5 16 20 18.0 4.0 2070 1,11.6 3,186 0.16 0.87 0.06 0,77
6 20 24 22.0 4.0 2530 1,116 3,646 0.16 0.87 0.05 0.65
7 24 28 26.0 4.0 2990 1,116 4,106 0.16 0.87 0.05 0:57
8 28 32 30.0 4.0 3450 1,11.6 4,566 0.16 0.87 0.04 0.50
9 32 36 . 34,0 4.0 3910 1,116 5,026 0.16 0.87 0.04 0.45
10 36 40 38.0 4.0 4370 i,116 5,486 0.16 0.87 0.03 0.41

i11 40 44 - 42.0 4.0 4830 1,116 5,946 0.16 0.87 0.03 0.37
12 44 46.7 45.4. 2.7 5215 , 1,116 6,331 0,16 0.87 0.02 0.23

I I I Total 0.91 10.96

Note:
UMTRA cover thickness is 9 feet
Tailing is 46.7 feet deep



JACOBS
Subject; Settlement of Disposal Cell

Authored by: A. Hasan Date:
2/11/2008

Project:Moab Mine Tailings
Sheet No, 1 f 1

Checked by:
Date: ým

CONSOLIDATION TEST DATA
Coefficient of Initial Void

Sample No Soil Type Consolidation Ratio
GABT - 04 Sand Tailings 0.15 0.880
GABT - 06 Sand Tailings 0.07 0.638
GABT - 09 TransitionTailings 0.20 0.808
GABT - 10 TransitionTailings 0.17 ' 0.703
GAST- 11 Slime Tailings 0.38 1.157
GABT - 13 Slime Tailings 0.34 1.052

Reference: Shaw E&I Test Results Dated November 7, 2007
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Atteaiberg SievelHydrometer Analyses Sample Prep Dry - Triaxial Shear Maximum OptimumBemch Strength (2) I Volume Dry Density MoistureTest $oil Limits Unit Weight (pen/ Hydraulic Eft Coefficient of Moisture Settled Percent.(1LPJI ae otntEf pf otn Compaction (4)Sample Type ASTM Water Content Conductivity (1) Friction Coneol., Cc Content at (tadr (Stend
No. T % (%)[Confinln p, (Standard AStandardniompacPtr(4 pco)4

4318 Gravel Sand Slit Clay. Pressure (pa.) Psf Angle, 1e-bars3)degrees
t06.33 TO7.0 12.5 4.70.06

GA1T-01 CoverSo1i NP 4 73 is 5 106.317.0 12.5 7.61-06 117.7 1 1.9% 82.0%
106.317.012.5 i.1E-05

GABT-02 Cover Soll NP 3 60 14 3 109.2 13.8% 65.e%
90.5114.412.25 2.7-04

GABT-03 Sind T9jIat5 NP 1 83 15 2 90.5 /14.412.26 3.eE-04 0 34.5 108.3 12,7% 79.3%
80.5114.41 2.27 ?.9BE-s

.8.2117.512.25 1.7E-04

GAST-04 Sand Tellig! NP 0 76 21 3 80.2/17.512.26 1.311-05 0 36.5 0.15 6.1 103.g 15.6% 62.2%
16.2117.5/2.27 1.6E-05

101.7115.312.25- 3.1 E-04
GABT-O5 Sand Tailing! NP 3 76 17 $ 101.7115.312.26 2.2E-04 0 38.3 t33 13.1% 90.9%

101.7115.312.27 2.1E-04
GAST-OS Sand Taling! NP I 03 13 4 " 0.07 24.4 107.3 14.6% 12.6%Y.

96.3120.5/2.5 1.2E-05AB-7 Transitiont

GaAS107 Trangs 31(22)5 1 49 42 8 96.3120.512.4 1.4E-05 0 47.2 107.3 16.4% 78.%60.31/20.512.7 
1.3E-05

101.41t17.12.25 3.2E-05
GABT-08 SandTaitng NP 7 72 1i 9 101.4117.912.26 2.10.05 0 37.1 112.8 16.0% 83.3%

601.41 17.962.27 7.4E-05
91.8123.012.5 0.4E-05

GABT-09 T(ansltlon 23r2013 0 42 so e 91.8123.012.6 6.9E-05 0 36.3 0.20 24.4 102.0 21.1% 07,9%Tailings 
91.6123.0/2.7 7.18.05

"AST-o Taftn 19117/2 a 70 24 6 0.17 ,50.5 107.8 18.7% 94.6%7800-1 Tailings

mST-II s 56/2729 0 22 53 25 0.38 27.6 95.0 27.8% 96.5%

•Talns 83.6120.9 12.5 6.4E-05

AOT-12 lmes 3519/161 0 41 47 12 83,6120.912.6 .E-05 0 50.6 101.6 22.5% 39.3%
2 T aiings 83.6 120.9 12.7 1. 11-05 0

G slm"s 4943V23 0 12 63 2; 0.34 25.A . 95.0 28.7% 04.9%AT-3 TeU'togs ______ _______

01.2122.6/ 3.0 2.7E-06

GAST-14 SlIms 43,22121 0 1I 82 22 81.2/22.813.1 1.8E-00 0 37.6 101.5 20.9% 76.6%
Tatiigs

1 81.2 122.8 )3.2 1.8-00-

(1) Hydraulic Conductivity tests performed at low confning pressurs. Temsa are currnty being reanalyzed at eatimated poe-onstructlon colrring prrssures. Data will be presented wien availabie.
(2) Trraxtal sheear strength tests pertormed at low o•lining presJures. Tesa are rrently 5beg reanalyzed at estimated pot-consttictln oonflntlrg pressures. Data wki be pasented when analable.
(3i Capitlary-Moliture Rtealionhips inetyzed with WP4 Potentiometer. Tests are currenty being raianeiyzed using ASTM D 5290 (flter paopermethod) Data will bv pSnrnlad ,1•0 l avalle.
(4) Teail resuts from GColderAsoales, Inc. (GAI), 2006. Re/lls Ito Bench "lae Testing Program on Cover Sots and Uranium MY[i Tairargs from (he MoOS Trafings Impoundment, GrandCGur*,". Utah, DrAf toehtccal memorandum. Lakewood, Colorado, April 3.

a~l mottl •0;•=.3•1p~aeflesof T.M. s Materaial
U.S. Opaderterd of Energy
May 2007

DOa. No. MUM00
Pg.i 5
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Calculation Title: Liquefaction Analysis of Uranium Mine Tailings Repository at Crescent Junction, UT

Purpose:

Assess the liquefaction potential of the uranium mill tailings pile to be constructed at the Crescent
Junction Disposal site.

The present condition and characteristics of the uranium mill tailings at the Moab repository site are
considerably different than what is anticipated to be placed at the Crescent Junction disposal site.
Material properties of the existing mine tailings are available for the Moab site. During the course of this
project, the mine tailings at Moab will b.e mixed. and dried out to optimum moisture content before being
transported to Crescent Junction. There, the tailings will be placed and compacted to 90% relative
compaction. Since Standard Penetration Test data are not available for the "modified" tailings deposited
at the Crescent Junction site, it is necessary to use empirical relationships to assume final conditions for
liquefaction analysis.

The analysis will focus on the liquefaction potential of the proposed tailings pile instead of the natural
subsurface materials since all natural soils will be removed full depth and the excavation extended 2 feet
into the underlying Marcos Shale beneath theentire base footprint of the tailings pile. The underlying
Mancos Shale is not considered to be liquefiable.
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Calculation SheetPACOBS roject: Moab UMTRA Project
Calculation Number: C-12

(Ref. FOWl 116 Design Calculations) Page.2 of 22

Revision History:
Pages Affected By Revision RevisedlAdded/Detd Description of Revision

Rev. 2 Revision,
Page 4
Section: Design Inputs

Revision,
Page 6
Conclusions/Recommendations

Revision
Pages 7 & 8
Calculation Page

Revised tailings pile geometry from 60% to
90% drawings resulted in the following
changes to design input:

Tailings thickness: 46.7 ft (from 38 ft)
Cover thickness: 9 ft (from 10 ft)
Total soil thickness: 55.7 ft (from 48 ft)
Saturated soil thickness: 46.7 ft (from 38 ift)

New factor of safety calculations based on
revised tailings pile geometry:

..."calculated factor of safety ranged from
1.37 to 2.38 in the tailings containing 17%
fines, and from 1.74 to 3.04 in the tailings
with 46% fines".

(Changed from "1.37 to 1.84 in the tailings
containing 17% fines, and from 1.74 to 2.34
in the tailings with 46% fines.")

Revised tailings pile geometry resulted in
the following change to calculation Input for
liquefaction analyses (for both tailings with
17% fines and with 46% fines):

Soil thickness: 55.7 ft

liquefaction analysis of tailings calculation sheet_4-15-2008 revised.doc
The current applicable version of this publication resides onJacobs' Intranet. All copies.are considered to be uncontrolled. Copyright@
Jacobs Engineering Group Inc., 2007



Calculation Sheet
Project: Moab UMTRA Project
Calculation Number: C-12(Rf F W -16Design Calculations) Page 3 of 22

Description of Calculation:

Evaluation of soil liquefaction potential using Seed-ldriss Simplified Procedure based on Standard
Penetration Test and modified for 1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of
Liquefaction Resistance of Soils.

Design input includes soil property characteristics (soil type, percent passing No. 200 sieve, and unit
weight), soil thickness, depth to groundwater, and seismic design properties (earthquake magnitude and
estimated peak acceleration at the ground surface for Crescent Valley).

Spread slieet calculates seismic cyclic stress ratio (CSR) and cyclic resistance ratio (CRR) and factor of
safety (FS). The factor of safety against liquefaction in a tailings layer can be calculated by dividing the
shear stress required to cause liquefaction in the layer by the shear stress generated in that layer by the
design earthquake.

Assumptions:

1. Existing tailings/at Moab site will be dried out to optimum moisture content prior to transport to
Crescent Junction site. Once there, tailings will be placed in layers per specification and compacted
to 90% relative compaction. In general, mine tailings should not be saturated.

2. For analysis purposes only, assume tailings are saturated full depth (worst case)

3. Seismic design input as given in Technical Approach Document and RAP Attachment 1, Appendix
D for estimated peak acceleration at the ground surface for Crescent Valley.

4. Liquefaction potential will be analyzed using earthquake moment magnitude = 6.5 (see attached
paper by Wong & Olig (refers to design earthquake magnitudes at Moab site).

5. SPT blowcounts can be reasonably estimated for the placed and compacted materials based on
assumed relative density of the compacted tailings layers.

liquefaction analysis of tailings calculation sheet_ 4-15-2008 revised.doc
The current applicable version of this publication resides on Jacobs' Intranet All copies are considered to be uncontrolled. Copyright@
Jacobs Engineering Group Inc., 2007



Calculation Sheet
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Project: Moab UMTRA Project
Calculation Number: C-12

(Ref. FOWl 116 Design Calculations) Page 4 of 22

Design Inputs:

Tailings thickness:
Cover thickness:
Total soil thickness:

Saturated soil thickness:

Cover Unit Weight:

Tailings Unit Weight:

Tailings Fines Content:

46.7 feet
9 feet (per discussion with Jacobs' Oak Ridge personnel)
55.7 feet

46.7 feet (tailings saturated)

104 pcf dry
112 pcf at 7% moisture content

98 pcf dry
124.1 pcf at 27% moisture content

17% minimum (SM)
46% mean (SM-ML)

Seismic Data:

Peak acceleration at ground surface: 0.22 g
(Note: for stability analysis, TAD allows for surfaceacceleration 0.11g at end of construction, and 0.66 x
0.22g = 0.15 g for long term conditions)

Earthquake moment magnitude: 6.5.

Tailings to be compacted to 90% relative compaction. The equivalent relative density is. 50% (Holtz and
Kovacs). Based on correlations of SPT blow counts, N, and relative density, an N6 0 of 10 to'15 (at

overburden pressure of approximately 20,psi) will be required to achieve50% relative density. This field N
is equivalent to N6 0 = 15 where N6 0 is the corrected blow counts for 60% rod energy ratio and for

overburden pressure.

liquefaction analysis of tailings calculation sheet_44-15-2008 revised.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. CopyrlghtV
Jacobs Engineering Group Inc., 2007



Calculation SheetB Project: Moab UMTRAProject
Calculation Number: C-12

(Ref. FOWl 116 Design Calculations) Page 5 of 22

(
Calculation Section:

See attached spreadsheets.

Liquefaction analysis has been performed for two cases:
1. Tailings with 17% fines (i.e. 17% passing the No..200 sieve); and
.2. Tailings with 46 % fines (i.e. 46% passing the No. 200 sieve).

liquefaction analysis of tailings, calculation sheet_4-15-2008 revised.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. Copyright@
Jacobs Engineering Group Inc.. 2007



Calculation Sheet
Project: Moab UMTRA Project
Calculation Number: C-12

(Ref. FOWl 16 Design Calculations) Page 6 of 22

ConclusionslRecommendations:

The results of the analyses indicate that liquefaction of the tailings will not occur under the assumed soil and
seismic conditions. Furthermore, it is considered likely that field SPT N-counts in 90% relative density
material may result in higher blow counts than assumed in this liquefaction analysis.

TheTechnical Approach Document (TAD) indicates the minimum factor of safety considered acceptable for
UMTRA sites is 1.5. The calculated factors of safety ranged from 1.37 to 2.38 in the tailings containing 17%
fines, and from 1.74 to 3.04 in the tailings with 46% fines. Due to the extreme (and unlikely) assumption
made for saturated conditions to be present full height of the tailings, it is concluded that the tailings at the
site are not liquefiable.

Reference:
Technical Approach Document (December 1989) DOE/UMTRA-050425-0002

Wong, l.G. and Olig, S.S., "Earthquake hazards in the Intermountain U.S.: Issues relevant to uranium mill
tailings disposal".

Lambe and Whitman (1969), Soil Mechanics.

University of Utah Seismograph Stations - NEHRP. List of Earthquakes in Utah and surrounding areas.

USGS Earthquake Hazards Program
http://eqint.cr.uscis..gov/deaggint/2002/out/Moab 17395 seismogramps.ipq

Seed, H.B. and I.M. Idriss (1971), "Simplified Procedures for Evaluating Soil Liquefaction Potential",
American Society of Civil Engineers, Journal of Soil Mechanics and Foundations Division, 97(9).

Shaw E&I Inc., (2006), Geotechnical test results on tailings samples, March 13 and November 7. Presented
in RAP, Attachment 5, Appendix N, Supplemental Geotechnical Properties of Tailings Materials from the
Moab Processing Site. . -.

Gibbs, H.J. and Holtz, W.G., "Research on Determining the Density of Sand by Spoon Penetration Test,"
Proceedings, Fourth International Conference Soil Mechanics and Foundations Engineering, vol I, (1957)

Holtz, R.D. and Kovacs, W.D. (1981)An Introduction to Geotechnical Engineering.

liquefaction analysis of tailings calculation sheet_4-15-2008 revised.doc
The current appilcable version of this publication resides on Jacobs' lntranet. All copies are considered to be uncontrolled. Copyrght@
Jacobs Engineering Group Inc., 2007



EVALUATION OF SOIL LIQUEFACTION POTENTIAL USING SEED-IDRISS SIMPLIFIED PROCEDURE - STANDARD PENETRATION TEST

Jacobs Civil

J Job 0: 35DJ2600
File:

By: K.B
Chkd:
Date: 4/15/2008

Density of water (pcf) 62.4
Water table depth (11) 10
Peak bedrock acceleration (g) soil thickness (ft) 55.7

Estimated surface acceleration (g) .0.22 * maximum amplification 1.5

Earthquake moment magnitude 6.5
Atmospheric pressure (psi) 21 16.2 Magnitude Scaling Factor, MSF 1.4

Borehole diameter (inches) 4.0 Sloping Ground Correction Factor, K_ 1.0

SPT hammer efficiency 60%
Split spoon liner FALSE

Soil Boring: Assumed to get N60 = 15

depth N % passing oilType n ,i ght Total stress effective Cyclic Cyclic Stress factor of

(ft) #200 Qu (tstI) (egh (psi) stress (psi) Cs C* N. Neacs K. Resistance rd Ratio (CSR) . safety
(pcf) Ratio (CRR)

0.0 0 95
5.0 10 95

10.0 12 t7

15.0 12 17
20.0 12 17
25.0 113 17

",4 30.0 13 17
35.0 14 17
40.0 15 17
45.0 16 17

50.0 16 17

55.7 16 17

' 0

ýcl
sm

sm
sm

sm

sm
sm
sm

am

sm
sm

I 1 8 1.70 0.90 0.0 3.0 0.05 1.0 0.02

112 560 560 1.50 0.95 14 22 1.3 0.24 1.0 0.14

124 1150 1150 1.26 1.01 15 19 1.1 0.20. 1.0 0.14

124 1770 1458 1.16 1.06 15 19 1.1 0.20 1.0 0.17
124 2390 1766 1.08 1.11 14 18 1.0 0.20 1.0 0.19

124 3010 2074 1.01 1.17 15 19 1.0 0.21 0.9 0.20

124 3630 2381 0.94 1.22 15 19 1.0 0.20 0.9 0.20

124 4250 2689 0.89 1.20 15 19 1.0 0.20 0.9 0.20

124 4870 2997 0.84 1.20 15 19 0.9 0.20 0.9 0.20

124 5490 3305 0.79 1.20 15 19 0.9 0.21 0.8 0.19

124 6110 3613 0.75 1.20 14 18 0.9 0.20 0.8 0.18

124 6817 3964 0.71 1.20 14 18 0.9 0.19 0.7 0.17

13.76
3.25 Clay

2.38 Okay
1.84 Okay

1.57 Okay
1.52 Okay
1.42 Okay
1.37 Okay

1.38 Okay
1.42 Okay
1.39 Okay

1.38 Okay

Note: New.L. - blow counts measured in the field
Q, (tsf) - soil strength (RIMAC, PP) used in estimating the density for cohesive soil Sol Type - t:H, CL & ML are cohesive and should hn

Cn - factor to normalize blow counts to an effective overburden pressure of approximately I atm.. Sol Type - SM-ML, SMK SP, SW & GP are cohesion

C* correction factor for N taking in account the rod length, split spoon liner, borehole diameter, and hammer efficiency SM-MI -Vry Fine Sa y Sand

N,. Corrected blow counts (xcludes correction for fines). SM- . Ve Sand

N,. Corrected blow counts to equivalent clean sand (correction for fines content). SP- Medrum Sand

Ký -Overburden pressure correction factor [Ref. I and 2] SW. Clean Medium to Coatse Sand

Y.., - Sloping ground correction factor [Ref. I and 2] GOP-Sandy Gravel

MSF - Magnitude Sealing Factor (applied when designs eartquake moment magnitude is not equal to 7.5)[Ref. I and 21

rd - Stress Reduction Factor [Ref. I and 2]

Reference: I. "Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of Soils".

by Youd et at.: by Youd et by Youd et al., Joumal of Geoteclnical and Geoenvironmental Engineering, October 2001

2. "Liquefaction Evaluation Procedures", lDOT Bridge Section - Foundation Unit.

are RIMAC or PP values

less oils



EVALUATION OF SOIL LIQUEFACTION POTW NT1AL USING SEE
9 :S SIMPUFIED PROCEDURE. STANDARD PENETRATION TEST

Jacobs Civil

By:
Chkd:

KB
Job #: C5X58706
File: O:\TPW\(GEOTECll\Moab-Oak Ridgeckrescentjunction calculations'[cresccntjunction liquefaction analysis 17% fines-RY 04-15-2008.xls]46% fines

Density of water (pc!) 62.4
Water table depth (ft) 10

Peak bedrock acceleration (g) ... soil thickness (ft) 55.7

Estimated surface acceleration (g) 0.22 - maximum amplificatlor "1.5

Earthquake moment magnitude 6.5
Atmospheric pressure (psi) 211 l5.2 Magnitude.Scaling Factor, MSF 1.4

Borehole diameter (inches) 4.0 Sloping Ground Correction Factor, K,. 1.0

SPT hammer efficiency 60%
Split spoon liner FALSE

Date: 4/15/2008

Soil Boring: Assumed to get N60 = 15
det %psin tent, Unit •cyclicdepth % passing Strength, Total stress effective Cyclic Stress factor of

( Nr 200 Soil Type.Q(t" weight s s C m Ncs K Resistance (d Comment
(psRatio (CRR) Ratio (CSR) safety

0,0 0 95
5.0 10 95

10.0 12 46
00 15.0. 12 46

20.0 12 46
25.0 13 46
30.0 13 46
35.0 14 46
40.0 15 46
45.0 16 46
50.0 16 46
55.7 16 46

61
ci

sm-ml
emi-ml
smi-ml
smi-ml
sm-ml
sm-ml

smn-mr
srT-ml

srr-mi
sm-ml

112 0 0 1,70 0.90 0.0 #DIV10 0.05 1.0 #DIVI0i #DIV/O!
112 560 560 1.50 0.95 14 22 1.3. 0.24 1.0 0.14 3.25 Clay

124 1150 1150 1.26 1.01 15 23 1.1 0.26 1.0 0.14 3.04 Okay

124 1770 1458 1.16 1.06 15 23 1.1 0.25 1.0 0.17 2.34 Okay

124 2390 1766 1.08 1.11 14 . 22 1.0 0.25 1.0 0.19 1.99 Okay

124 3010 2074 1.01 1.17 15 23 1.0 0.26 0.9 0.20 1.94 Okay

124 3630 2381 0.94 1.22 15 23 1.0 0.26 0.9 0.20 1.80 Okay

124 4250 2689 0.89 1.20 15 23 1.0 0.26 0.9 0,20 1.74 Okay

124 4870 2997 0.84 1.20 15 23 0.9 0.26 0.9 0.20 1.76 Okay

124 5490 3305 0.79 1.20 15 23 0.9 0.26 0.8 0.19 1.81 Okay

124 6110 3613 0.75 1.20 14 22 0.9 0.25 0.8 0.18 1.76 Okay

124 6817 3964 0.71 110 14 21 _ 0.9 0.23 0.7 0.17 1.74 -Okay

Note: NNIELD. - blow counts measured in the field
Q, (tsl) - soil strength (RIMAC, PP) used in estimating the density for cohesive soil
Cn - factor to normalize blowi counts lo an effective overburden pressure of approximately I atm.
C* correction factor for N taking in account the rod length, split spoon liner, borehole diameter, and hammer efficiency
N. Corrected blow counts (excludes correction for fines).
Ný Corrected blow counts to equivalent clean sand (correction for fines content).
K, - Overburden pressure correction factor [Ref. I and 2]
K= - Sloping ground correction factor [Ref. I and 2]
MSF - Magnitude Scaling Factor (applied when design eartquake moment magnitude is not equal to 7.5)[Ref. t and 2]
rd - Stress-ReductionFactor [Ref I and 2]

So Typo - CH. CL & ML are cosv and should have RJMAc or PP vakues

Soil Type - SM-ML. SM, SP, SW & GP are coheslonless sos

SM.ML - Very RFne Silty Sand

SM - Fine Sand

SP - Medium Sand

SW - Clean Medium tro Coarse Sand

GP -Sandy Gravel

Retference: 1. "Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of Soils".
by Youd et al. by Youd et by Youd ct al., Journal of eoltechnical and Oeoenvironmental Engineering, October 2001

_ . 2. "Liquefaction Evaluation Procedures", IDOT Bridge Section - Foundation Unit.
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Relative density (%)

0 15 35. 55 85 100
Very Loose Medium Dense dense
loosedes

(a)

100

o 0 lb./in.2

x 9 lb./in.
2  

Pressure as measured

80 - L 25 lb./in~J All tests made on air-dry sand
0 48 lb./in?,;

60

40 lb./in2

40-

20 0 10 1b./In.2
• j~x "..o •0 lb./in.2

120-0 20 40 60
......... e~afire density

so LOU 120

0 15 35 65 85 100
Very yVey
oose Loose Medium Dens"

l ~(b)

Fig. 7.5 Results of standard penetration tests. (a) Coarse sand. (b) Fine

sand. (From Gibbs and Holtz, 1957.)
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uuss
eisrnograph stations

aRe te Eart..hhqke Eahauake Education
List!i _ng Ma, p__

•lRej_#nLE.tl~Related•L• ~ i General Quake _erY,,Lc_ ks
Research Information- RLtdI-nks

MMore About UUSS m Site Guide

E h The LRceLsuakedTfhrtatEarthquakes .Researched for this Project

Click on Common Name for information about that ea~rthquake.
Click here for an explanation of Magnitude or lntepnlsy.

Sorted by Magnitude

Date Common Name Magnitude Intensity

Mar22,1876
Jul18, 1894
Apr 20, 1891
Apr 15, 1908
Jan 10, 1910
Jul15, 1915
Jan 20,1933
Aug 30,1942
Sep 26,1942
Feb 22, 1943
Nov 17,1945
Mar 06, 1949
Feb 13, 1958
Feb 27,1959
Apr 15, 1961
Sep 05, 1962
Oct 04, 1967
Aug 14,1988
Jan 29, 1989
Aug 01,1900
Nov 11, 1905
May.22,1910
May 13,1914
Feb 29, 1928
Sep 23,1945
Mar 31, 1952
Feb 15,1929
Dec 05,1887
Jul21, 1959

Moroni, UT
Ogden, UT.

St. George, UT
Milford, UT
Elsinore, UT
Provo, UT
Parowan, UT
Cedar City,.UT
Cedar City, UT
Magna, UT
Glenwood, UT
Salt Lake City, UT
Wallsburg., UT
Panguitch, UT
Ephraim, UT
Magna, UT
Marysvale, .UT
San Rafael Swell, UT
So. Wasatch Plateau, UT
Eureka, UT
Shoshone, ID
Salt Lake City, UT
OdenUT
Helena, MT
Flathead Lake, MT
Big Fork,T
Lombard, MT
Kanab, UT_

Southwest UT

10

5.0 VI
5.0 VI
5.0 VI
5.0 VI
5.0 VI
5.0 VI
5.0 VI
5.0 VI
5.0 VI
5.0 V1
5.0 VI
5.0 VI
5.0• VI
5.0 VI
5.0 VI
5.2 VI
5.2 VIl
5.3 VW
5.4 V1
51/2+/- VII
51/2-+/- V
51/2 -- VII
51/2+/- VII
5 1/2 +/- IV
5.5 V1
5.5 VII
5.6 V
5.7 VII
5.7 VI

http://www.quake.utah.edu/lqthreat/nehrphtm/eqtbl-mag.shtmrl 1129/2007
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Aug 30,1962
Jun 12,1930
Sep 02,1992
Feb 03, 1994

.Nov 17,1902
Oct 05, 1909
Sep 29, 1921
Feb 13,1945
Mar27, 1975
Jul 12, 1944
Jun 30, 1975
Oct 18,1935
Nov .23, 1947
Nov 10, 1884
Nov 13, 1901
Mar 12, 1934
Jun 27, 1925
Oct 28, 1983
Aug 17,1959

Cache Valley, UT
Grover, WY
St. George, UT
Draney Peak, ID
Pine Valley, UT
Hansel Valley, UT
Elsi'nore,- LT
Central'Idaho
Pocatello, ID
Central Idaho
Yellowstone, WY
Helena., MT
Virginia City, MT.
Bear Lake, ID
Southern UT
Hansel Valley, .UT
Clarkston Valley, MT
Borah Peak, ID
Hebgen Lake, MT

5.7
5.8
5.8
5.9
6 +/-
6 +/-
6 +/-
6.0
6.0
6.1
6.1
61/4
61/4
6.3
61/2 +/-
6.6
63/4
7.3
7.5

VII
Vil
VII
VII
VIII
VIII
VIII
Vil
VIIl
VII
VII
VIII
VIlI

VIII
IX
IX
VIii
IX

X

Note: Date listed in Local Time

University of Utah Seismograph Stations co)> 135 South 1460 East, Room 705 WBB
Salt Lake City, Utah 84112-0111 () Phone 801-581-6274 (<) Fax 801-585-5585

E-mail UUSS!

11

http://www.quake.utah.edu/lqthreat/nehrp-htnrreqtbl-mag.shtmil 11/29/2007
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Prob. Seismic Hazard Deaggregation
Aloab 109.7170 W, 38.967 N.
eak HoL-z. Ground Acccl>=0.1673 g
Acan Return Time 4975 years
lean (RM.Eo) 54.8 kr 5.87, D.39
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ABSTRACT:,

In the past two decades, a tremendous amount of new information and data has emerged on seismic sources
in the Intermountain United States and their associated processes of earthquake generation. Consequently,
the seismic safety of U.S. uranium mill tailings sites, which are located almost exclusively in this region,
are being reviewed by the U.S. Nuclear Regulatory Commission (NRC). Based on a deterministic and
probabilistic re-evaluation of potential seismic hazards at a Title II site in southeastern Utah, three
significant issues have been raised which will impact other sites in the Intermountain U.S. required to
revisit their seismic design criteria by the NRC. These issues are: (1) whether the NRC's required use of a
deterministic approach for assessing seismic hazards is appropriate for Title 11 uranium mill tailings sites in
a region such as the Intermountain U.S.; (2) is the alternative approach of probabilistic seismic hazard
analysis acceptable to the NRCfor uranium mill tailings sites; and (3) what is the appropriate return period
that should be used. Based on our evaluation, we conclude that deterministic ground motion approaches
such as the NRC's 10 CFR 40 Appendix A can result in overly conservative seismic design criteria for
Title II sites in the Intermountain U.S. and that instead, probabilistic seismic hazard analysis should
provide the bases for such criteria. Additionally, as in all decisions of this nature, the selection of a return
period for a specific site should be based on what is deemed an acceptable level of risk;. Such levels may
vary from site to site depending on the consequences of radionuclide release into the environment. However,
the values of 200 and 1000 years cited in the Environmental Protection Agency's (EPA) 40 CFR 192.02
and NRC's Appendix A Criterion 6(;) should form the basis for the selected return period.

1 INTRODUCTION

Many portions of the Intermountain region of the western United States (Figure 1) exhibit geologic
evidence for large prehistoric earthquakes although they may lack even low levels of historical and/or.
contemporary seismicity. Such areas are subject to future seismic hazards. Large events such as the 1959
magnitude (M) 7.3 Hebgen Lake, Montana and 1983 M 6.8 Borah Peak, Idaho earthquakes attest to the
earth's potential to damage both natural and man-made environments. The recurrence intervals of such
large events on a specific fault in the Intermountain U.S., however, may span from a few thousands to more
than 100,000 years. Hence, one of the most significant problems
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Figure 1. Seismicity of thewestern U.S. (1808 to 1996) and physiographic provinces and major seismic
source zones located in the Intermountain U.S. Also shown is the study area around the Moab site in
southeastern Utah. Earthquake data courtesy of the National Earthquake Information Center.

facing the community involved in earthquake hazard mitigation is how to address the hazard from large but
infrequent earthquakes. In contrast, there also exist portions of the Intermountain U.S., such as the, interior
of the Colorado Plateau, where the earthquake potential is low based on both recent geologic and
seismologic data.

In 1978, Congress enacted the Uranium Mill Tailings Radiation Control Act (UMTRCA) to provide for the
disposal, long-tenn stabilization, and control of uranium mill tailings. The NRC, which regulates
UMTRCA uranium mill tailing sites, has initiated a program of re-evaluating the seismic design criteria of

- Title II.(licensed) sites based on the results of a recent study performed by.Lawrence Livermore National
Laboratory (LLNL) (Bernreuter et al. 1995). In the LLNL study, "simplified" site-
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specific probabilistic seismic hazard analyses were performed for 19 Title II sites located in Utah,
Wyoming, South Dakota, and New Mexico based on readily available information. Bernreuter et al. (1995).
concluded that at most sites, their estimates of probabilistic peak ground acceleration at return periods of
2,000 years and more were higher than the values used in design.

In a recent re-evaluation of a Title II site in Moab, Utah, three key seismic hazard issues have emerged in
our interactions with the NRC. These issues will significantly impact most, if not all, other sites in the
Intermountain U.S. This paper describes these issues and our approach to resolving them.

.2 EARTHQUAKE HAZARDS IN THE INTERMOUNTAIN U.S.

The Intermountain U.S., as defined in this paper, consists of the states of Idaho, Nevada, Arizona, Utah,
Montana, New Mexico, Colorado, and Wyoming. Physiographically, the region consists principally of the
Basin and Range province, Colorado Plateau, Rocky Mountains, and Great Plains. Four major seismic
zones are located within or border the Intennountain U.S. including: (1) the Sierra Nevada-Great Basin
boundary zone; (2) the Intermountain seismic belt including the Centennial Tectonic Belt; (3) the Central
Nevada seismic zone; and (4) the Rio Grande rift (Wong et al. 1982) (Figure 1). Elsewhere, away from
these zones, the level of historical seismicity is more subdued but there still exists the potential for the
occurrence of large but infrequent earthquakes as indicated by the presence of late-Quaternary faults. For
example, the 1887 Sonoran earthquake of estimated M 7.4 occurred as a result of rupture along the
Pitaycachi fault just south of the Arizona-Mexico border (Bull and Pearthree 1988) in an area
characterized by a low level of historical and contemporary seismicity.

Of greatest relevance to the Intermountain Title II sites are the Intermountain seismic belt and Rio Grande
rift. The Intermountain seismic belt is one of the most extensive zones of seismicity within the continental
United States (Figure 1). It trends 1300 km northward from- northwestern Arizona through central Utah,
straddles the Idaho Wyoming border, and turns northwestward through Montana in the vicinity of
Yellowstone National Park (Smith and Sbar 1974; Smith and Arabasz 1991) Much of the Intermountain
seishmic belt is characterized by generally north- to northwest-trending normal faults. Prominent fault zones
include the Sevier and Hurricane faults in northern Arizona and southern Utah, the Wasatch fault zone in
central Utah, and the Madison and Hebgen faults near Yellowstone. Since the beginning of the historical
record in the mid 1800's, about 25 earthquakes of M 6 or greater have occurred along the Intermountain
seismic belt (Smith and Arabasz 1991). The largest event in historical time was the 1959 Hebgen Lake
earthquake.
The Rio Grande rift extends for approximately 600 hen from south-central New Mexico northward to
south-central Colorado (Figure 1). Most of New Mexico's population is concentrated along the Rio Grande
rift in cities such as Albuquerque and Santa Fe. The earliest report of earthquake activity was a sequence
of 22 events felt in 1849 to 1850 near the town of Socorro (Sanford et al. 1991). The largest earthquakes
observed to date are three events that occurred on 12 and 16 July and 15 November 1906 near Socorro.
The estimated size of the latter event, the largest of the trio, is about M 6.
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.3 SEISMIC HA7ARD EVALUATION OF THE MOAB SITE

In response to a request by the NRC, an up-to-date seismic hazards evaluation of the Title II Moab site was
performed (Wong et al: 1996). This site, owned by Atlas Corporation, consists of a 130-acre pile
consisting of 10 1/2 million tons of processed tailings derived from the past operation of the Atlas uranium
mill. The tailings were emplaced over alluvial soils and the disposal area was developed from 1956 to
1984. The site is in the process of final closure and the Remedial Action Plan (Reclamation Plan) requires
NRC approval.

According to the Standard Review Plan (SRP June 1993), "there are no NRC regulatory guidelines directly
applicable to the geologic and seismologic aspects of the UMTRA Program". However, the basic
acceptance criteria pertinent to the geologic and seismic stability aspects are provided in the EPA's 40 CFR
Part 192, Subpart A and according to section 192.02, "control of residual radioactive materials and theif
listed constituents shall be designed to be effective for up to 1000 years, to the extent reasonably
achievable, and in any case, for at least 200 years". NRC staff has interpreted this standard to mean that
certain geologic and seismic conditions must be met in order to have reasonable assurance that the long-
term performance objectives will be achieved (NRC 1994).

The SRP states that NRC staff review of seismnotectonic stability must conclude whether the information
and investigations in the Remedial Action Plan provide an adequate basis for selection of the Maximum
Credible Earthquake (MCE) and determination of the resulting vibratory ground motion at the site. The
NRC defines the NICE as the "earthquake which would cause maximum vibratory ground motion based
upon an evaluation of earthquake potential considering the regional and local geology and seismology and
specific characteristics of local subsurface material" (10 CFR 40 Appendix A). The NRC's Appendix A
approach, which basically requires the determination of the 84th percentile MCE ground motions, is a
deterministic approach. It requires the use of the worst case earthquake with no considerationr for its
frequency of occurrence. Although Appendix A stipulates that a tailings pile be designed for the MCE, the
Introduction to Appendix A allows for alternatives to be proposed by the licensee. These alternatives "may
take into account local or regional conditions, including geology, topography, hydrology, and meteorology.
The commission may find that the proposed alternatives meet stabilization and containment of-the site
concerned, and a level of protection for public health, safety, and the environment from radiological and
non-radiological hazards associated with the sites, which is equivalent to, to the extent practicable. or more
stringent than the level which would be achieved by the requirements of this Appendix and the standards
promulgated by the EPA in 40 CFR Part 192." Furthermore, Appendix A Criterion 6(1) specifies that the
regulatory standard is "reasonable assurance" of stability of the tailings disposal for the 200 to 1,000 year
period.

Moab is located within the interior of the Colorado Plateau which has been generally considered to be
seismically inactive and devoid of large earthquakes. Seismological studies performed in the past decade,
however, indicate that seismicity is fairly widespread throughout the Plateau interior, albeit at a low to
moderate level, and that earthquakes up to M 6 have occurred in historical times (Wong and Humphrey
1989). Although detailed fault studies have not been performed to date within the Colorado Plateau. the
.available geologic data suggests that only a few significant late-Quaternary
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faults may exist in the Plateau interior (Hecker 1993). Thus there appears to be at least a low level of
earthquake hazard within the Plateau.

in our seismic hazard evaluation of the Moab site, potentially seismogenic faults and seismic source zones
(areal sources) significant to the site were identified, characterized, and considered in the analysis. These
seismic sources included 11 faults, a zone 6f microseismicity along the Colorado River southwest *of Moab,
and a seismic source zone for the Colorado Plateau which represents unknown earthquake sources having
no geologic surficial expression (Figure 2). The closest fault to the site is the Moab fault which trends
beneath the northeastern comer of the site. Available geologic and geophysical evidence, however, indicates
that the fault is not capable of producing significant earthquakes (Olig et al. 1996). In fact, 10 of the 11
faults considered in our evaluation are associated with salt structures and are probably not seismogenic

(Wong et al. 1996).

Based on an Appendix A approach, ground motions, as characterized by peak horizontal acceleration, were
estimated for three potential earthquake scenarios; (I) a M 5.0 earthquake at a source-to-distance of 30 kin,
our proposed largest event along the Colorado River seismicity trend; (2) a M 6 1/2 earthquake along this
same zone at a distance of 5 km from the site as proposed by the NRC; and (3) a "floating" earthquake of
M 6.1/4 at a distance of 15 kim. In the absence of any nearby capable faults, the NRC's policy requires that
the MCE be represented by.a floating (random) earthquake. For the second scenario, the NRC assumed
that half of the seismicity zone along the Colorado River could rupture in a single large earthquake. Based
on geological and seismological arguments presented in Woodward-Clyde Federal Services (1996), we
consider this scenario to be extremely unlikely.

Given a maximum magnitude and source-to-site distance, empirically-based attenuation relationships can
be used to estimate median (50th percentile) and median plus one standard deviation (84th percentile)
ground motions for a site. The NRC stipulated 84th percentile peak horizontal accelerations at the Moab
site were 0.06 g, 0.63 g, and 0.29 g, respectively for the above earthquake scenarios. Based on this
analysis, the MCE for the site would be the NRC's M 6 1/2, earthquake occurring along the Colorado
River seismicity trernd at a source-to-site distance of 5 kmi.

As an alternative approach, we evaluated the earthquake hazard at the Moab site probabilistically similar
to, but in a more rigorous manner than was done by LLNL. In a probabilistic seismic hazard analysis, I

levels of ground motions associated with a probability or likelihood of being exceeded in a specified time
period (or inversely, return period) can be calculated. This approach also allows for the explicit inclusion
of the range of possible interpretations and uncertainties in components of the model including seismic
source characterization and ground motion estimation. The probabilistic seismic hazard model used in our
study is similar to the hazard model originally developed by Comell (1968) and refined by McGuire (1974).

All seismic. sources within a distance of about 150 km from the'site were characterized and input into the
analysis (Wong et al. 1936). This included the 1I faults such as the Moab fault, the Colorado River
seismicity trend, and the Colorado Plateau source zone. Ten of the I I faults were assigned low

probabilities of being seismogenic because they show no evidence for Quaternary activity except
deformation related to shallow salt dissolution and flowage,(Wong et al. 1996). The attenuation of ground

--motions was addressed through the use of state-of-the-art empirical relationships for peak horizontal
acceleration and stiff soil conditions.
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(Source: Wong et al. 1996)

Figure 2. Seismicity (1953 to 1994) and selected Cenozoic faults (after Hecker
1953) in the Moab study area. Stippled areas represent areas of
distributed deformation due to salt dissolution. Ball on normal faults
is on downthrown side.

The probabilistic seismic hazard analysis resulted in peak horizontal accelerations at the Moab site of 0.05
to 0.18 g for return periods ranging from 500 to 10,000 years (Figure 3). The MCE 84th percentile peak
horizontal acceleration of 0.63 g has a return period of about 750,000 years (Figure 3) or 750 times greater
than the 1000-year design life stipulated in 40 CFR 192.02 and Appendix A Criterion 6(l). The major
contributor to peak: acceleration hazard at 10,000 years is the background earthquake in the Colorado
Plateau source zone. The Colorado River seismicity trend and the Moab fault contribute little to the hazard
at the Moab site at this return period (Wong et al- 1996).

4 SEISMIC HAZARD ISSUES IN THE INTERMOUNTAIN U.S.

In the seisrriic'hazas'd.eviluationof the Moab site, three significant'issues were raised due toNRC " -

regulations governing Title TI sites. The first issue stems from the NRC's current
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Figure 3. Probabilistic seismic hazard curves for the Moab site. The fractile curves give the range of
uncertainty about the mean or median (50th percentile) values. The peak horizontal acceleration of 0.18 g
at a 10.000 year return period, our recommended seismic design value, can be read from the mean hazard
curve.

position of requiring the seismic design of Title II sites be based on a deterministic Appendix A approach
incorporating the concept of the MCE. In such an approach, the 84th percentile ground motions generated
by the MCE provide the basis for the Design Basis Earthquake. Intertwined in this issue is also the issue of
the reasonableness of the 15 km source-to-site for the floating earthquake in areas of low seismicity.

We believe the MCE peak horizontal acceleration for the Moab site (0.63 g) and even the value estimated
:forthe-floating earthquake (0.29 g) are overly conservative for seismic design purposes given the low - -
seismic potential that exists within the interior of the Colorado Plateau. This latter observation is supported
by the available seismological and geological data. In particular, the location of the Moab site in the
Canyonlands region where many precariously balanced rocks occur throughout the area, some very
delicately, suggests that this portion of the Colorado Plateau interior has not been subjected to strong
earthquake ground shaking for at leastseveral thousands of years (Wong et al. 1996).
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As described earlier, the NRC's policy specifies the 15 km source-to-site distance for the floating
earthquake. This distance is rather arbitrary because it is independent of the seismic potential of the region
being considered. Thus whether a site is located along the more seismically active Wasatch Front in central
Utah or the much less active Moab area, the 15-km distance is fixed. In general, deterministic approaches
such as dictated in the NRC's Appendix A can result in overly-conservative seismic design criteria in areas
of low earthquake potential. Even for sites in more seismically active areas of the Intermountain U.S.,
deterministically-based ground motions can also be too high for seismic design because the majority of late-
Quaternary faults are characterized by long recurrence intervals far exceeding the lifetimes of engineered
structures.

The second issue is whether probabilistic seismic hazard analysis is acceptable to the NRC as an
alternative to their Appendix A deterministic approach for developing seismic design criteria at Title II
sites. The NRC has endorsed the use of probabilistic risk assessment in nuclear regulatory matters as
specified in their final policy statement in the Federal Register (16 August 1995). At this time, however, the
NRC has not officially established a policy for Title II sites. Probabilistic analysis has become increasingly
used in seismic hazard analysis for a wide range of facilities and structures. It provides the basis for the
Uniform Building Code and is now become acceptable for evaluating the potential seismic hazards to
nuclear reactors.

Given the uncertainties in seismic source characterization and ground motion estimation in the
Intermountain U.S., probabilistic seismic hazard analysis is well suited to addressing these uncertainties.
For example, given the observation that the largest known earthquake along the Colorado River is less than
M 3, there is considerable uncertainty in the assumption that the maximum earthquake for this zone is M 5
relevant, to the Moab site. As previously discussed, the NRC's position that a maximum earthquake of M 6
1/2, could occur within this zone is even more uncertain. Additionally, because the acceptable risk of Title
II sites has been defined in terms of time (200 to 1000 years), it is best evaluated through probabilistic
analysis which incorporates the recurrence of earthquake sources.
If probabilistic analysis is acceptable for Title II sites, a significant issue is at what return period (or
alternatively a probability of nonexceedance) is deemed appropriate by the NRC. It was our
recommendation that the seismic design criteria for the Moab site be based on a return period of 10,000
years (corresponds to a 10% chance of exceedance in 1000 years). We selected and recommended this very
conservative return period based on the fact that the Moab site is located adjacent to the Colorado River
and that radionuclide release into tie major water source, if possible, might be considered higher risk than
other Title II sites. In the probabilistic seismic hazard analysis performed by Bernreuter et 'al.(1995) for
Title II sites, they calculated peak horizontal accelerations assuming a return period of 10,000 years. They
adopted this value because, in their opinion, it satisfied the criteria cited in Appendix A. Furthermore, they
stated that such a probability of exceedance may be too conservative for design because of the "relatively
low risk posed by the tailings piles." For comparison, the current design life for the proposed underground
nuclear waste repository at Yucca Mountain, Nevada is 10,000 years.

Because we considered a 10,000 return period to be very conservative compared to the required 1,000
years cited in 40 CFR 192.02 and Appendix A and because both EPA and NRC considered but explicitly
rejected a 10,000 year control period for uraniummill tailings, our recommended seismic design value of
0.18 g for the Moab site provides
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'reasonable assurance" of a level of protection "equivalent to, to the extent practicable" stipulated in
Appendix A. We believe that selection of longer return periods, which correspond to lower probabilities of
exceedance, would certainly result in overly. conservative seismic design criteria not consistent with the
available geologic, seismologic, and geophysical data pertinent to earthquake hazards in the vicinity of the
Moab site and the interior of the Colorado Plateau.

5 CONCLUSIONS

Probabilistic seismic hazard analysis has been increasingly accepted as an approach often superior to
deterministic methods alone for evaluating seismic hazards for.a wide variety of facilities and structures.
The probabflistic methodology is particularly well suited in applications for uranium mill tailings sites
because of their generally lower risk and locations in the Intermountain U.S. In this region, large damaging
earthquakes are possible but relatively infrequent There are also considerable uncertainties in
characterizing seismic sources and estimating ground motions which can be explicitly incorporated into
probabilistic seismic hazard analysis. Finally, because the level of acceptable risk for. Title fl sites has been
expressed in a time frame of 200 to 1000 years (40 CFR 190.02), probabilistic seismic hazard analysis is
better suited to providing the basis for seismic design criteria than deterministic approaches, which are time
independent.
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Description of Calculation:

The Modified Berggren Formula (MBF) will be used to determine maximum frost penetration into the final
cover of the Moab uranium mill tailings repository for known climatic and soil conditions at or near Crescent
Junction, Utah,

Climatic conditions are based on available climate records for nearby Thompson Springs, Utah
(approximately 5 miles from the Crescent Junction Disposal site).

Material properties for the in-situ soils and borrow material have been obtained from the "Geotechnical
Properties of Native Materials" calculation set (Attachment 5, Vol. .1, Appendix E) for the Crescent Junction
site.

Use the methods described in Smith and Rager (2002) to predict the maximum depth of frost penetration for
the Crescent Junction Disposal site. This method includes projection of extreme-value frost depths for the
200-year recurrence interval by extrapolating beyond the available climate records using the cumulative
probability distribution of the Gumbel function. Steps included in the analyses are:

1. Determine freeze-index parameters (air-freeze index, duration of freeze, mean annual temperature)
2. Determine surface correction factor
3. Determine thermal properties otthe soil
4. 'Determine annual frost depths
5. Determine extreme frost depth

Assumptions:

Climate: Historical climatic condition records for Crescent Junction are not available.
Historical climatic condition records are available from NOAA and the Western Regional Climate Center for
Moab and Thompson Springs (Thompson) Utah, respectively. Thompson Springs is located approximately
5 miles east of the proposed Crescent Junction Disposal site and the weather station elevation is within
±150 feet (El. 5150 vs El. 5,000) of the proposed top of the cell cover elevation at the Crescent Junction
site.

Climate data for the frost penetration calculation has been obtained from National Climate Data Center
COOP Station #428705 in Thompson, Utah;. latitude: 38058'; longitude: 109*43'; elevation: 5,150 ft AMS. It
is assumed that the climatic data presented in RAP, Attachment 1, Disposal Cell Design Specifications,
Appendix A "Freeze/Thaw Layer Design", including air-freezing index, length of freezing season, and. mean
annual temperature is correct.

Soils: Boring log and laboratory test data information of existing materials at the Crescent Junction site has.
been obtained from the "Geotechnical Properties of Native Materials" calculation set, RAP Attachment 5,
Appendix-E.

Soil properties: The existing soils which will be used as borrow material at the Crescent Junction site is
described as Silt, clayey, sandy (CL). The average dry unit weight is 91.6 pcf and the average moisture
content is 6.2%.

frost penetration calc(Rev 04-15-2008)revised.doc
The current applicable version of this publication resides on Jacobs' Intranet All copies are considered to be uncontrolled. Copyright@
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Calculation Sheet
Project: Moab - UMTRA Proiect
Calculation Number: C-13

(Ref.FOW 116 Design Calculations) Page 4 of 32

Design Inputs:

Air Freezing Index (FI): varies, depending on year. Obtain from RAP Attachment 1, Appendix A and from
WRCC data.

Length of Freezing Season (d) : varies, depending on year. Obtain from RAP Attachment 1, Appendix A.

Mean AnnualTemperature (T): varies, depending on year. See attached sheets from WWCC; use values
from RAP Attachment 1, Appendix A.

Soil: clay-silt type soil (CLAY, sandy, silty (CL)); dry unit weight: 91.6 pcf, moisture content: 6.2%

Thermal Conductivity (K); use chart (attached) for Kf and Ku for frozen and unfrozen silt-clay soils OR

Ku 0.0833(0.9 log w - 0.2) (100-01*dry unit wt) = 0.352 and

Kf = (0.0833) [0.0 1 (100.022*dry unit wt) + 0.085 (10 0.008*dry unit wt)(w)] = 0.324; therefore

Kave - 0.5 * (Ku + Kf) = 0.338

Volumetric Specific Heat (C) for unfrozen and frozen soil

Cu= dry unit wt (0.17+ (w11 00)) 21.25 BTU/ft3 0F and

Cf dry unit wt (0.17 + [0.5w/100]) = 18.41 BTUIft3 °F; therefore

Cave (Cu + Cf)02 = 19.83 BTU/fQ

Latent Heat (L of a Soil; use equation

L:= [(144 BTU/lb) (w) (dry unit wt)]f100 = 818 BTU/ft3

Surface Correction N-factor for freezing conditions:
N = I for snow
N = 0.9 for sand and gravel
N = 0.7 for bare ground (soil)
N = 0.5 for turf

Use N = 1 as worst case for the analysis. An assumed value of N = 0.8 can be used for a silt-clay cover
ignoring any rock cover., An assumed value of N = 0.9 should Oe used for a rock cover.

Modified Berqgren formula

X =Asq rt[(48* kave* n*FI) IL]

Where

'frost penetraftion calc(Rev 04-15-2008)revlsed.doc
'The current applicable version of this publication resides on Jacobs' Intranet. AM copies are considered to be uncontrolled. CopyrightZ
Jacobs Engineering Group Inc., 2007



C oss Calculation Sheet

iJACOBS, ____ua _oSoo

Project Moab -. UMTRA-Proiect
Calculation Number: C-13

(Ref. FOWl 116 Design Calculations) Page 5 of 32

x = depth of freeze (ft)

A = dimensionless coefficient which takes into account effect of temperature changes in soil mass.

Kave = thermal conductivity of soil, average of frozen + unfrozen (BTU/hr,* ft-. °F)

N, Fl, and L as defined above.

DetermineA., where• = f(u, a) From attached chart.

y = fusion parameter = (Tf - Ts) (CIL) and "f-Ts . nFl/d; therefore p = nFl/d x CavedL

a = thermal ratio = T - Tf / Tf- Ts where T = mean annual air temperature, Tf = 32 0F, and Tf -Ts nFlI/d

frost penetration calc(Rev 04-15-2008)revised.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled. Copyright@
Jacobs Engineering Group Inc., 2007



ACO B 1 " Calculation Sheet
Project: Moab - UMTRA Project
Calculation Number: C-13

(Ref. FOWl 116 Design Calculations) Page 6 of 32

Calculation Section:

Annual frost depths were determined for each of the subject years identified in Attachment 1, Appendix A
using the Modified Berggren Formula (MBF). Spreadsheets for sample calculations are presented In
Appendix A of this calculation, as well as a table summarizing all of the results calculated for the frost years
identified in Attachment 1, Appendix A versusthe results of this calculation.

The federal regulations including 10 Code of Federal Regulations Part 40 requires an extreme frost depth
be determined for 1,000 years where reasonably achievable, but in any case no less than 200 years. Once
the annual frost depths were calculated, methods as described in Smith and Rager (2002) were used to
determine extreme frost depths for recurrence interval of 200 and 1,000 years using the following sequence:

1. Compile computed frostdepths in ascending order.
2. Determine recurrence interval, Tr, where Tr = (n+l)/m, and n = number of observations and m =

ordered sequence of frost depth Values.
3. Determine Gumbel cumulative probability distribution (F(x)) of each frost depth calculation which is

equal to the inverse of the recurrence interval. F(x) = 1/(1-Tr).
4. Determine standard variate, y, where y = -In[-In(1-(1FTr))] for each frost depth calculation.
5. Plot calculated frost depths in relation to recurrence interval on arithmetic graph paper.
6. Determine best-fit line segments through the data with emphasis on the right (upper) distribution of

data which represents the higher recurrence intervals.
7. Extrapolate the data to 200 years and 1,000 years to obtain the extreme frost penetration depth

estimate.

The graphical results of the extreme-frost depth analysis suggest a maximum frost penetration of 45 inches
for a recurrence interval of 200 years with a surface factor of 1.0. Frost depth predictions were also made
with surface factor of 0.9 and 0.8 for the three highest frost penetration records, resulting in a maximum
frost penetration of about 43 inches and 41 inches, respectively. The analysis was further extrapolated to
recurrence interval of 1,000 years to satisfy the requirements of 10 Code of Federal Regulations Part 40.
The results indicate an extreme-frost depth of 52, 50 and 48 inches for surface factor of 1.0, 0.9 and 0.8,
respectively.

Based on Gumbel probability functions (see chart), designing for recurrence interval of 1,000 years verses
200 years does not add any significant value of risk reduction. In view of this, we recommend a maximum
frost depth of 45 inches for a recurrence interval of 200 years should be used in the design of the cover.

-frost penetration calc(Rev 04-15-2008)revised.doc
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Calculation.SheettJACOBSs ____u__,n oProject: Moab - UMTRA Project
Calculation Number: C-13

(Ref. FOWl 116 Design Calculations) Page 7 of 32

Conclusions/Recommendations:

Calculated annual frost depth penetrations were typically In line with results presented in RAP Attachment 1,
Appendix A. The method of analysis used for these check calculations resulted in reasonably close results
to those originally estimated using a surface correction factor of N = 1. The difference in results ranged
-from -2 to +0.7 inches, with the overall average difference for all frost years evaluated was less than 0.1
Inch greater than previous calculations.

Regional frost depth maps presented in NAVFAC 7.1 suggest a extreme frost penetration depth of
approximately 30 inches for the Crescent Junction area based upon state averages. This frost depth
magnitude represents a recurrence interval of approximately 3 years. For a.200-year design life for the
cover system, the 30 inch penetration is not acceptable.

Based on the results of the freeze/thaw analysis, a maximum frost penetration of 43 inches should be
assumed for design of the Moab uranium tailings cover at the Crescent Junction Disposal Site using a rock
cover, or 41 inches assuming a vegetation cover.

frost penetration calc(Rev 04-15-2008)revised.doc
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SUMMARY OF LABORATORY TEST RESULTS
CRESCENT JUNCTION DISPOSAL SITE, UTAH

Natural Moisture (%) Dry Density (Dcfp Soil Tve

4.2 91 Clay, silty, sandy (CL)

4.5 100 Clay, silty, sandy (CL)

6.6 83 Clay, silty, sandy. (CL)

6.1 83 Clay, silty, sandy (CL)

7.3 106 Clay, silty, sandy (CL)

8.4 108 Clay, silty, sandy (CL)
13.4 77 Clay, sf(ty, sandy (CL)

8.2 96 Clay, sand, silty (CL/SC)
6.1 90 Clay, silty, sandy (CL)

4.6 84 Clay, silty, sandy (CL)

6 83 Clay, silty, sandy (CL)
5.4 102 Clay, sjity, sandy (CL)

3.8 85 Clay, silty, sandy (CL)'

12.4 95 Clay, silty, sandy (CL)

4.7 90 Clay, silty, sandy (CL)

4.2 94 Clay, silty, sandy (CL)

5.7 85 Clay, silty, sandy (CL)

2.8 95 Clay, silty, sandy (CL)

6 89 Clay, silty, sandy (CL)

4.7 91 Cay, silty, sandy (CL)
8.2 99 Clay, silty, sandy (CL)

5.7 87 Clay, silty, sandy (CL)

7.7 71 Clay, silty, sandy (CL)
12.2 89 Clay, silty, sandy (CL)

7.1 102 Clay, silty, sandy (CL)
6.5 85 Clay, silty, sandy (CL)

4.8 87 Clay, silty, sandy (CL)
5.6 Clay, silty, sandy (CL)

4.3 Clay, silty, sandy (CL)
2.9 Clay, silty, sandy (CL)

5.5 Clay, silty, sandy (CL)
5.7 Clay, silty, sandy (CL)

4.4 Clay, silty, sandy (CL)

7.6 Clay, silty, sandy (CL)

2.7 Clay, silty, sandy (CL)
7.2 Clay, silty, sandy (CL)

2.7 Clay, silty, sandy (CL)

5.5 Clay, silty, sandy (CL)
5,8 89 Clay, silty, sandy (CL)
4.9 89 Clay, silty, sandy (CL)

7 87 Clay, silty, sandy (CL)
5 93 Clay, silty, sandy (CL)

8.6 98 Clay, silty, sandy (CL)

7.6 103 Clay, silty, sandy (CL)

10 109 . Clay, silty, sandy (CL)

6.2 91.6

Source: Geotechnical Engineering Group, inc. lab test results, December 22, 2005

Attachment 5 Vol. 1, Appendix E
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CALCULATED ANNUAL FROST PENETRATION DEPTHS
CRESCENT JUNCTION, UTAH

Depth of Frost Depth of Frost Depth of Frost Depth of Frost
Air Freeze Index Length of Freeze Mean Annual Penetration (in) - Penetration, Difference Penetration, Penetration,

Year f°-davs) Season (days) Temgerature °F) Apprendix A n=1.0 in (in) n=0.9 (in) n-0.8 (in)

1933 1141 83 48.8 38.3 39 0.7 37 35

1934 80 .42 56.7 6.0 5 -1.0

1935 124 62 53.3 8.0 6 -2.0

1937 970 83 50.1 33.9 34 0.1 32 31

1938 177 69 53.5 10.2 10 -0.2

1939 765 87 52.1 27.7 28 0.3

1941 765 87 52.1 27.7 28 0.3

1943 17 5 55.8 2.0 3 1.0

1944 119 33 55.2 8.8 8 -0.8.

1945 32 9 54.7 4.0 4 0.0

1946 520 73 53.2 22.0 22 0.0

1950 501 67 52.5 21.6 22 0.4

1954 240 45 55.3 13.4 14 0.6

1955 829 93 51.4 29.7 30 0.3

1956 45 29 55.3 24.0 3

1960 338 67 53.8 16.0 16 0.0

1961 199 60 54.0 11.1 11 -0.1

1963 735 44 52.9 28.9 29 0.1

1971 289 29 54.0 16.6 17 0.4

1974 734 82 53.0 27.0 27 0.0

1975 403 44 53.3 19.8 20 0.2

1976 293 45 53.7 15.8 16 0.2

1977 264 55 54.8 13.6 14 0.4

1978 177 6 55.0 14.4 14 -0.4 "

1979 1132 93 51.3 36.0 36 0.0 33 32

1980 293 48 53.5 15.6 16 0.4

1982 448 56 53.4 20.4 21 0.6

1983 92 21 53.3 8.3 8 -0.3

1986 106 37 54.2 8.0 8 0.0

1987 225 51 53.7 12.8 13 0.2

1988 832 74 50.8 30.7 31 0.3

1989 714 88 53.1 25.9 26 0.1

1990 255 85 53.6 12.5 12 -0.5

1991 696 77 52.0 26.8 27 0.2

1992 718 74 52.0 27.4 27 -0.4

1994 284 83 52.3 14.3 14 -0.3

average 432 58 53 19 18 0

Note:

Air Freeze Index, Length of Freezing Season, Mean Annual Temperature, and Depth of Frost Penetration - Appendix A for each frost year

analyzed are obtained from RAP, Attachment 1, Appendix A.
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DEPTH OF FROST PENETRATION CALCULATION
CRESCENT JUNCTION, UTAH

FROST YEAR 1933
dry unit wt (pcf) 1

moisture content [ 6.2

thermal conductivity (k)

for unfrozen silt-clay soils, ku = 0.0083(0.9 log w-0.2)*(l OA.01*dry unit weight)

0.0833 0.71315252 0.51315252 0.916 8.24138115

ku 0.352

for frozen silt-clay soils kf =( 0.083)[(0.01(100.022*dry unit wt))+0.085(1OA0.008*dry unit wt)(w)]

0.0833 2.0152 103.561898 1.03561898 0.7328 5.40505354 2.84846321

kf 0.324

for frozen silt-clay soils, kave = (ku+kfy2

kavg 0.338 Eq. 1

violumetric specific heat

for unfrozen soil, Cu = dry unit wt (0.17+(w/1 00))

Cu 21.25

for frozen soil, Cf dry unit wt (0.1 7+(0.5w/100))

Cf 18.41

Cavg 19.83 Eq. 2

Latent Heat (L) of a soil

latent heat = [144 BTU/Ibxwxdry unit wtj/100

L 817.8048

L 818 Eq.3

Freezing Index, (FI) = summation(T-32) and T = 0.5(TI+T2) where T Is In days (obtained from other spreadsheet)

T = mean daily temperature =0.5(T1+T2)

T1 = max daily air temperature

T2 = min daily air temperature

FI 1141 Eq. 4

N-factor (N) = surface freezing index /air freezing index.

Typical N values snow I

pavement free of snow 0.9

sand and gravel 0.9

soil 0.7

turf 0.5

N Eq. 5

Length of Freeze (d)

Per Utah Climate Center for Thompson. Utah, Freeze-free period= 79 days (short). 176 days (ave.), 211 days (long)

Ave = 365 - 176 = 189 days. Seeems to be too long based on 1948-1994 climate data.

Based on daily average temperatures for 1 48-1994, days with temp below 32 F = 134

13



.DEPTH OF FROST PENETRATION CALCULATION
CRESCENT JUNCTION, UTAH

FROST YEAR 1933
Based on daily average temperatures when the average of the min and max temp < 32 F, d = 63 days

d 83 Eq.6

modified Barggren Formula, x = A[((48)(Kavg)(n)(FI)y/L)]A/2

x = depth of freeze (ft)

A dimensionless coefficient which takes Into account effect of temp changes In soil mass

kave = thermal conductivity of soil, average of frozen and unfrozen (BTU/hrft*F)

n = conversion factor for air freezing index to surface freezing Index

FI = freezing index (F'days)

L = latent heat (BTU/cu It)

Determine A A= f(p, =) determined from Figure 1 graph

Determine p, fusion parameter

p = (Tf-Ts){C/L)

where

Tf-Ts = nFI/d

Tf-Ts 13.75

Cavg/L 0.024

P 0.333 Eq. 7

Determine o, thermal ratio

= (T-Tf)fTf-Ts

where

T = mean annual temperature, F per Thompson Utah climate records Ii 8

Tf= 32 F

Tf-Ts n FI/d

1.2 Eq. 8

Determine A from figure1
A 0N

Calculate depth of freezing (ft)
x= (A)*sqrt[((48XKaveXn)(FI)YL)]

22.63 4.76

x (ft) 3.23

x (in) 3 Eq. S1

14



RESULTS OF EXTREME FROST DEPTH ANALYSIS
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EXTREME FROST PENETRATION CALCULATIONS
GUMBEL EXTREME-VALUE DISTRIBUTION

CRESCENT JUNCTION. UTAH

:roo-DnlI twb (N.1.Ot Inr) I fank .1. IlroT, Sterndsd -srls I 1-11thr)
Enter,. G= d. Fred. Iens o,9v rdv - LN-1.11 1-.4 1 r7,O)I F"s' . oi-e(-l I 'st e- it

Fro t Os.l '. trro a) (M)

I 1 .1
6.907 1 0.9990 1 6.907 0.999 1 1.000 1 1.277 1 1.226 1

1.000 1 1.101 1 1.050 1

36 0.914 1 2 1 18.5
34

31

30

29

2a

0.864

0.762

0.737

0.711

3 1 12.333 2.470 1 0.9189 1 2.470 1 0.919 1 1.000 1 0.8131
4 9.250 2.168 0.8919 1 2.168 0.892 1.000

0.8649 1 1.930 1 0.865 1 0.999

7

27 0.711 . a 1 4.625 I 1.412 0.7838 1.412 -1 0.784
37 0.666 1 0 1 4. 111 1.278 1 0.7568 1.278 0.757 0.972

0.686 1 to 1 3.700 1.155 1 0.7297 1.155 0.730 0.958
3.364 1.042 1 0.7027 1 1.042 0.703 0.941

20 0.500 1s 1 2.313 0.568 1 0.5676 1 0.568 1 0.568 1 0.829

03)

17 0.432 17 2.076 0.486 0.5405 0.486 0.541 0.803
16 0.433 Is 2.056 0.406 0.5135 0.406 0.514 0.803
16 0.406 19 1.947 0.328 0.4865 0.328 0.486 0.750
15 0.406 20 1.850 0.251 0.4595 0.251 0.459 0.724
14 0.356 21 1.762 0.176 0.4324 0.176 0.432 0.697
14 0.356 22 1.682 0.102 0.4054 0.102 0.405 0.670
14, 0.356 23 1.609 0.029 0.3784 0.029 0.378 0.643
14 0.356 24 1.542 -0.045 0.3514 -0.045 0.351 0.616
13 0.330 25 1.480 -0.119 0.3243 -0.119 0.324 0.589
12 0.305 26 1.423 -0.193 0.2973 -0.193 0.297 0.561
t1 0.279 27 1.370 -0.269 0.2703 -0.269 0.270 0.534
to 0.254 26 1.321 -0.346 0.2432 -0.346 0.243 0.507
a 0.203 29 1.276 -0.426 0.2162 -0.426 0.216 0.479
a 0.203 30 1.233 -0.510 0.1892 -0.510 0.189 0.452
a 0.203 31 1.194 -0.598 0.1622 -0.598 0.162 0.423
6 0.152 32 1.156 -0.694 0.1351 -0.694 0.135 0.393
5 0.127 33 1.121 -0.800 0.1081 -0,800 0.108 0.362
4 0.0t2 34 1.088 -0.921 0.0811 -0.921 0.081 0.328
• , o.06 35 1.057 -1.071 0.0541 -1.071 0.054 0.290
3 0,076 36 1.028 -i.284 0.0270 -1.284 0.027 0.242

Tr = recurrence interval = n-ll/m, where n = number of observrations and
m = ordered sequence of frost depth values.

F(x) = cumulative probability distribution of the Gumbel function, which is equal to
the Inverse of the recurrence interval.

Thus F(x) = 1/(1-Tr)

y = standard variate = 4n[-In(l-(1iTr))].

Frost depths are plotted in relation to the standard variate on arithemetic graph paper.
A best-line fit is drawn through these data swith emphasis on the right tall of the distribution
where the higher-recurrence Intervals are located.

frost calculations by others crescent junction-UPDATED 04-11-2008.xts



MOAB - Crescent Junction: Extreme Frost Penetration Extrapolation
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MOAB - Crescent Junction: Extreme Frost Penetration Extrapolation
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MOAB - Cresecent Junction: Gumbel Probability Function for Frost Penetration
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THOMPSON, UTAH Period of Record General Climate Summary - Temperature Page 1 of 2

THOMPSON, UTAH
Period of Record General Climate Summary - Temperature

Station:(428705) THOMPSON
_ From Year=1948 To Year=1994

j~u• 13Monthl 14t! ___.91 __6______/1975__ - __31 __13/19 _______.___195611_13.___19731f M0.01

Averagey Daily Extremes Monthly Extremes TMpx.

~~M Date irL0Wý Dae Highest][y 1 Lowest < e~>
ii 1........I________I....J _______ [Mean ___M~ean ____ 19 F 32

'EE ddly~yy i d/
F ~~orr F --

January F37.1F14.6 25.9F62 -2F3163Lj j19 56 F13. 17-3] 070 E
February IF45.5 F22.37 33.9! 681[ 621-18 06/1989[1 1954 19.7 1955

March. 55.3 129.7 42.5 80 27/19535 L 1 21/195 .1972 36.3F1952 0.0

April 66.0 37.99 52.01 86 20/1989 15 081973 1981 45.91975 0.0

May I{75. 47.064 61.3 93 31/1994 26 07/1988F 6I.111969 57.4 1975 0.46[--?

June F186.9 57.1 72.1 108 25/1990 34 02/1990Z1 1977 66.81965F1 12.6 [:0
[ July 1[93.11F63.91 78.5105 06/1985 41 06/1993 1964 74.6 1993 24.91•

August IF90.4 61.5 F75.9 103 19/1986 40 25/1992 8j.51994 70.6 1968 18.610

ISeptemberF 81.6 F52.6 F67.1 97 15/1990 31 25/1961 1979 58.01961 4.1

IOctober 1F69-514711 55.31 8811 963 15 31/1991I 6T.1978 49.71994 0D0o
November I52.1 282 40.21F 77 09/1958E1 10/1950 F461 1965 33.31979 1O.o0jO

1December 40.4118.1 29.2 66 06/1958 -12 27/1962 1980 19.719785

6Annual 1 39.5 52.8 108 199006256-23 19630113 9 19811 5.61979] 60.6 18

winte Ir 41.0118.3 29.7 68 196202121-23 196301131 981 19.6 1979j1 7

1 Spring 65.7138.21 52.01 93 19940531 1 1955o321 419741 48.5 19751 0.4

Summer 90.1 60.8 75.5 108 19900625 34 1990F6021 .619941 72.4F1993 56.o0 EC:
Faall I 67.71140.61 54.21 971 199009151 21 19501110.L79119631 48.6!119611 4.1w1'

Table updated on Jul 28, 2006
For monthly and annual means, thresholds, and sums:

Months with 5 or more missing days are not considered
Years with 1 or more missing months are not considered

Seasons are climatological not calendar seasons
Winter = Dec., Jan., and Feb. Spring = Mar., Apr., and May

Summer = Jun., Jul., and Aug. Fall = Sep., Oct., and Nov.

.21
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Monthly Average Temperature, THOMPSON, UTAH Page'l of 2

THOMPSON, UTAH

Monthly Average Temperature (Degrees Fahrenheit)

(428705)

File last updated on Oct 18, 2007
*** Note *** Provisional Data *** After Year/Month 199411

a = 1 day missing, b = 2 days missing, c = 3 days, ..etc..,
z = 26 or more days missing, A = Accumulations present

Long-term means based on columns;-thus, the monthly row may not
sum (or average) to the long-term annual value.

MAXIMUM ALLOWABLE NUMBER OF MISSING DAYS: 5
Individual Months not used for annual or monthly statistics if more than 5 days are missing.

Individual Years not used for annual statistics if any month in that yeai, has more than 5 days missing.
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AN1
(S)

1948 ---- z ---- z ---- z ____z ---- z----z 77..35a74.90a ---- z52.47n 34.42 32.02f 62.22
1949
1950
1951
1952
1953

29.77r 25.20a43.08 54.77
23.41 b32.38g41.24d51.68
27.65e38.28j 42.47 51.38
26.08 30.50 36.29 54.12
32.80h 35.41 f 45.71 g 49.22j

60.37 68.28c 76.74 74.98 67.98 50.53 43.47 27.52 53.9A
59.06 68.20h 75.11h75.08 65,25f 57.33y ---- z34.33j 50.1.
56.67k72.41h 78.40b73.03 66.23 53.61
62.82 70.09n 77.98 ..76.32a69.95 60.38c

1954
1955
1956
1957

1958
1959
,1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

33.21 43.02 41.06
21.47 19.66 39.32
38.21 32.14 42.95

--- z ----- z45.58
30.24 40.57
31.05 37.23
24.05 29.71
28.16 36.98
22.39 36.04
13.71 39.66
27.50 31.36
33.52 34.52
24.93j 29.62
25.26 37.25

40.34
42.73
44.02
41.03
36.50
40.71
38.65
39.76
44.06
47.19

57.45
48.57
53.62
50.22
49.57
54.08
52.83
49.13
56.42
48.93
49.93
51.15
52.52
50.38

58.40k72.50h 8 1.021 75.55
64.53 72.13 80.68\ 75.13
60.181 72.12m76.56 78.61
65.29 75.77 78.34 74.73
57.68 70.75 77.39 74.84
61.00v74.05b 77.60 78.82
61.95u76.22 79.55 75.19
60.10 73.73 79.66 76.26
61.16 74.50 77.82 73.37
58.28v71.87 77.16 76.61
65.34 68.93 79.44 74.22'
61.24 69.75 81.52 78.36
58.50 66.78 75.92 76.75
65.94 73.74k 79.26 77.15

68.58f 57.92
67.88
71.27
71.80
66.00
68.75
66.03
68.42
58.03
68.00

v68.78

57.32
57.68
57.08
53.58
58.58
54.05
53.37
51.35
55.391
59.95

36.27 23.00q 53.63
----- z 28.75 e 52.32

43.83 26.08 56.8F
44.47 27.47 55.3(
36.87 36.53 48.65

.... z .... z 58.9sc

36.83 32.03 p 59.21
43.38 38.16 54.55
40.03 32.45 53.51
41.85 29.42 52.7F
36.45 21.15 50.7C
45.22 30.21 52.04
44.83 30.00 50.94
39.38 31.34 50.74
46.37 31.50 50.62
46.33 x26.64j 58.82
44.75 20.98 50.84
39.33 o29.89m67.91

q67.30c 60.16
s 60.81 d 58.06

68.03 54.03
g68.79 d 57.76

65.25 55.46f
60.24 67.23 79.44 76.85j

-z ---- z .... z ----- z ----- z --- z
32.06f 34.20 36.64c53.36a67.06 67.45a
29-97 /41.32 40.35 47.62 63.71 71.22
29.15 35.80 42.77 52.25 60.81 72.67
31.58 40.24 51.21 55.43 64.67p75.05
13.11 27.95 41.82 46.92160.37 69.77
18.92 21.89 47.60a50.32 66.39 75.92
22.85 34.39 42.31 45.92 57.35 66.93
26.76 40.47 40.95 52.05 63.60 71.62

78.25 q70.56
79.89 e 79.50
79.48 78.47
81.15 78.40
80.58 77.69
77.27 77.29
78.13 75.81
78.65 75.74
80.95 75.27

-- z47.92k 39.32
64.87 52.37d 42.17
63.57 57.25w38.30
68.58 47.41o 38.68
66.33 56.81 42.32
69.47 58.18 41.83
67.90 54.44 40.13
67.82 52.94 41.92

32.53
31.50
26.58
24.98
31.24
28.85
30.05
30.98

54.44
53.5S
52.8(
54.4C
51.3C
52.7E
51.35
53;7E
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Monthly Average Temperature, THOMPSON, UTAH Page.2 of 2

1977 .26.35 39.80 41.43b56.58 61.45 76.80 78.19 77.76 .69.35 57.61 42.63 36.32 55.3(
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

27.47 .33.27 47.60
16.76 22.21 40.06
32.35 39.14 39.94
37.23 39.43 44.03
23.53 31.61 43.00
32.24 39.41 43.63
18.87 30.02i 42.98j
27.60k32.64j 44.19j
32.37 39.29
25.77 35.89
16.73 27.12
17.48a27.18
27.76 34.93
21.42 33.38
17.19 34.66
27.32 33.27
29.74 31.64

47.95
39.32
37.84
45.97
45.82
41.26
46.42
44.97
45.69

42.51
3.36
0.28

5.1.21
36.29

53.32 59.40 73.17
51.61c60.03 71.83
•51.08 57.71 72.13
57.60 60.29 75.42
49.68 61.00 69.93
46.60 58.06 70.03
49.67j 67.39i 69.05 i
58.83r 64.32n73.68b
50.20 59.24 74.60
54.63 62.36b74.35
50.28 59.95 74.02
56.58 61.71 70.67
55.87 59.21 73.57
47.16a62.23 71.13
56.90a67.50y ----- z
48.98 60.97 68.07
51.43 61.66 75.92

79.32 76.19
78.45 74.66
78.92 74.48
78.53 76.52
75.71 75.66
78.16i 80.30i
79.821 76.1 li
78.85 76.71
76.21 77.74
74.97 73.23
78.76 74.63
80.31 73.19
77.47 75.76
79.10 75.56

---- z 69.92 s
74.65 74.44
79.32 a 80.53

68.75 60.74 42.85 19.69 53.4E
72.37 58.24 .33.32 27.65 50.6C
66.98 54.35 42.52 39.40 54.0•
69.07 52.26 43.92 31.69 55.5C
64.82 49.81 38.12 31.76 512:
71.70 55.63p 41.171 27.631 51.6"
67.61 k49.34i 40.63k32.03 m 18.8/
61.57a51.97a 37.54b30.66 58.71
62.38
66.17
63.65
65.17
70.73
67.22
67.43
65.18
67.37

51.48
56.71
57.19
53.53
53.63
54.89
57.44
51.39
49.73

55.29
3.14

-0.04
60.74
49.73

40.68
39.57
40.25
40.50
41.37
38.35
34.15
34.57
33.32

40.17
3.51

-0.34
46.37
33.32

32.23
27.21
29.16
28.73
22.79
.24.76
22.56
28.21

29.22
4.52

-0.01
39.40
19.69

53.7C
52.52
50.8C
51.7f
53.24
51.3'
42.OS
51.0(
55.1:

52.75
1.61
0.2E

55.5C
50.6(

MEAN25.87
S.D. 6.19

SKEW -0.22
MAX 3821
MIN 13.11
NO
YRS

33.90
5.74

-0.67
43.02
19.66

52.01
3.10
0.11

57.60
45.92

Period of Record Statistics
61.34 72.05 78.49 75.9.1

2.57 2.89 1.66 1.96
0.59 -0.24 -0.34 0.00

67.06 76.80 81.52 80.53
57.35 66.78 74.65 70.56

67.09
3.00

-0.77
72.37
58.03

39 42 41 35 37 " 42 40 42 38 40 37 2C
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THOMPSON, UTAH Period of Record Monthly Climate Summary Page I of 1

THOMPSON, UTAH (428705)
Period of Record Monthly Climate Summary

Period of Record 7/1/1948 to 11/30/1994

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee Annual
Average Max. 37.1 45.5 55.3 66.0 75.6 86.9 93.1 90.4 81.6 69.5 52.1 40.4 66.1
Temperature (F)
Average Mi. 14.6 22.3 29.7 37.9 47.0 57.1 63.9 61.5 52.6 41.1 28.2 18.1 39.5
Temperature (F)
Average Total 0.80 0.53 0.86 0.76 0.88 0.43 0.69 1.00 0.94 1.07 0.64 0.59 9.20
Precipitation (in.)
Average Total 4.8 2.4 1.2 0.1 0.0 0.0 0.0 0.0 0.0 0.2 0.6 3.2 12.4
SnowFall (in.)
Average Snow Depth 2 1 0 0 0 0 0 0 0 0 0 1 0
(in.)
Percent of possible observations for period-of record.
Max. Temp.: 92.3% Min. Temp.: 92.1% Precipitation: 95.4% Snowfall: 88.4% Snow Depth: 84.2%
Check Station Metadata or Metadata graphics for more detail about data completeness.

Western Regional Climate Center, wrcc.@ lri.edu
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THOMPSON, UTAH 1971-2000 Monthly Climate Summary

THOMPSON, UTAH (428705)
1971-2000 Monthly Climate Summary

Page 1 of 1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average Max. 36.5 45.2 56.0 65.7 75.4 87.2 92.8 90.4 81.4 68.0 49.7 39.5 65.8
Temperature (F)

Average Min. 14.9 22.8 31.5 38.4 47.2 57.2 63.5 61.4 52.5 40.7 27.6 17.7 39.7
Temperature (F)
Average Total 0.93 0.66 0.95 0.90 0.94 0.37 0.71 0.90 1.04 1.17 0.77 0.72 10.05
Precipitation (in.)
Unofficial values based on averages/sums of smoothed daily data. Information is computed from
available daily data during the 1971-2000 period. Smoothing, missing data and observation-time
changes may cause these 1971-2000 values to differ from official NCDC values. This table is presented
for use at locations that don't have official NCDC data. No adjustments are made for missing data or
time of observation. Check NCDC normals table for official data.

Western Regional Climate Center, wrcc(dri.edu
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THOMPSON, UTAH
NCDC 1971-2000 Monthly Normals

Mean Max.
Temperature (F)
Highest Mean Max.
Temperature (F)
Year Highest
Occurred
Lowest Mean Max.
Temperature (F)
Year Lowest
Occurred
Mean Temperature
(F)
Highest Mean
Temperature (F)
Year Highest
Occurred
Lowest Mean
Temperature (F)
Year Lowest
Occurred
Mean Min.
Temperature (F)
Highest Mean Min.
Temperature (F)
Year Highest
Occurred
Lowest Mean Min.
Temperature (F)
Year Lowest
Occurred
Mean Precipitation
(in.)
Highest Precipitation
(in.)
Year Highest
Occurred

Lowest Precipitation
(in.)
Year Lowest

Jan Feb

37.7 46.2

50.7 55.4

1981 1995

24.1 33.5

1973 1979

26.0 34.2

36.4 41.8

1981 1995

12.3 21.2

1973 1974

14.3 22.1

23.2 28.2

1980 2000

0.6 7.7

1973 1974

1.00 0.56

3.15 2.36

1993 1993

Mar Apr May

56.7 65.7 76.3

65.2 73.7 83.1

1972 1989 1984

50.4 59.0 68.5

1979 1975 1995

43.5 51.6 61.9

50.3 57.6 68.4

1972 1992 1984

38.6 45.4 57.2

1988 1975 1995

30.3 37.4 47.4

35.4 42.7 53.6

1972 1981 1984

23.6 31.9 43.6

1988 1975 1975

1.03 0.83 1.00

2.49 3.50 3.20

1978 1994 1973

Jun Jul

87.9 93.8

94.4 97.8

1994 1994

81.8 91.1

1995 1987

72.4 78.7

77.0 81.5

1977 1971

66.9 74.9

1995 1993

56.9 63.6

•63.1 67.9

1972 1972

51.8 58.0

1993 1993

0.35 0.77

0.90 2.27

1983 1987

Aug Sep

91.6 82.2

95.3 87.9

1994 1979

87.8 76.0

1999 1986

76.8 67.6

80.8 72.4

1994 1979

73.4 62.2

1989 1985

61.9 52.9

66.6 58.4

2000 1998

57.1 47.4

1988 1989

0.88 1.02

1.87 3.68

1977 1982

Oct Nov

68.9 52.0

75.5 59.1

1988 1999

61.6 43.8

1984 2000

54.6 40.0

60.9 44.5

1978 1995

50.1 33.0

1984 1979

40.3 28.0

47.3 31.4

1978 1998

34.6 20.5

1982 1979

1.23 0.68

3.93 2.09

1972 1978

Annual
Monthly

40.9 66.7

51.7 97.8

1980 1994

30.5 24.1

1978 1973

29.3 53.1

38.8 81.5

1980 1971

19.1 12.3

1978 1973

17.6 ,39.4

25.9 67.9

1980 1972

7.7 0.6

1978 1973

0.62, 9.97

1.65 3.93

1972 1972

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00
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THOMPSON, UTAH NCDC 1971-2000 Monthly Normals 'Page 2 of 2

Occurred
Heating Degree
Days (F)
Cooling Degree
Days (F)

1976 1972 1994 1982 .1974 1994 1994 1975 1978 1976 1976 1989 1976

1209. 864. 667. 410. 151. 18. 0. 0. 54. 332. 749. 1109. 5563.

0. 0. 0. 8. 54. 241. 424. 365. 131. 11. 0. 0. 1234.

Western.Regional Climate Center, wrcc~)dri.edu
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THOMPSON, UTAH
NCDC 1961-1990.Monthly Normals

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee Annual

Mean Max.
Temperature (F)
Highest Mean Max.
Temperature (F)
Year Highest
Occurred
Lowest Mean Max.
Temperature (F)
Year Lowest
Occurred
Mean Temperature
(F)
Highest Mean
Temperature (F)
Year Highest
Occurred
Lowest Mean
Temperature (F)
Year Lowest
Occurred
Mean Min.
Temperature (F)
Highest Mean Min.
Temperature (F)
Year Highest
Occurred
Lowest Mean Min.
Temperature (F)
Year Lowest
,Occurred
Mean Precipitation
(in.)

Highest Precipitation
(in.)
Year Highest
Occurred

Lowest Precipitation
(in.)
Year Lowest
Occurred

35.1 44.6 53.5 63.1 74.1

48.9 52.8 63.4 72.1 79.4

1981 1970 1972 1989 1963

22.3 31.7 46.1 55.9 68.9

1973 1979 1969 1983 1980

24.0 33.0 41.4 50.2 60.7

35.6 39.9 49.9 56.6 66.5

1981 1970 1972 1989 1984

11.5 20.4 35.2 44.3 56.5

1973 1974 1962 1975 1975

12.8 21.3 29.3 37.2 47.3

23.3 27.7 36.4 42.7 53.7

1980 1976 1972 1981 1984

0.3 7.8 20.2 31.9 42.9

1963 1974 1962 1975 196.1

0.75 0.48 0.92 0.75 0.86

2.64 1.79 2.49 1.84 3.20

85.0 91.9 88.9 79.7 67.5 51.4 39.0

90.5 96.7 92.2 86.1 74.4 57.0 50.0

1990 1989 1988 1979 1988 1962 1980

77.5 88.3 82.2 71.5 58.6 43.7 28.8

1967 1987 1968 1961 1984 1979 1978

71.0 78.1 75.3 66.0 54.2 40.0 28.2

76.0 81.0 79-5 71.5 59.9 45.2 38.3

1977 1964 1983 1979 1978 1965 1980

66.0 74.5 69.8 57.2 47.9 32.2 18.6

1965 1987 1968 1961 1969 1979 1978

57.0 64.3 61.6 52.2 40.8 28.6 17.4

63.1 67.9 69.2 58.4 47.2 34.0 26.6

1972 1972 1983 1990 1978 1965 1980

51.9 60.5 57.1 42.8 34.5 20.6 7-7

1975 1982 1988 1961 1982 1979 1961

0.54 0.76 0.92 0.93 1.02 0.69 0.60

2.78 3.02 1.91 3.68 3.93 2.09 1.65

64.5

67A4

1981

61.7

1973

511.

54.4

1981

49.5

1979

39.2

42.6

1972

35.2

1961

9.22

14.49

1965

5.41

1964

1978 1962 1978 1985 1973 1969 1965 1961 1982 1972 1978 1972

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1976 1972 1972 1982 1974 1980 1971.1975 1968 1976 1976 1989
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THOMPSON, UTAH N CDC 1961-1990 Monthly'Norxnals

Heating Degree Days 1271. 896. 732. 449. 167. .22.
(F)

Page 2 of 2

0. 0. 88. 346. 750.1141. 5862.

Cooling Degree
Days (F) 0. 0. 0. 0. 34. 202. 406. 319. 118. I '0. 0. .1090.

Western Regional Climate Center, w~rcc(~dri. edu
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0
t United States CLIMATOGRAPHY OF THE UNITEDSTATES NO. 84, 1971-2000

Daily Normals of Temperature, Precipitation, and Heating and Cooling Degree Days

Station Name: THONPooN MAH Station Number: 428705

Latitude: 38 "" -. oo0 Longitude: -o09 430- 00. e Elevation (feet): 5099

Climate Division: VT 07 Southeast Page 1 of 3

DECEMBER JANUARY FEBRUARY
Date MAX MIN AVG HDD CDD PRCP Date MAX MIN AVG HDD CDO PRCPIDate MAX MIN AVG HDD CDD PRCP

V 43 2 . 34 32 0 0.02

2 44 21 32 31 0 0.02
9 43 20 32 33 0 0.02
6 44 20 31 34 0 0.02
9 43 20 32 33 0 0.02

10 43 20 31 34 0 0.02
19 43 20 .3 34 0 0.0210' -42- 20 -31O 34 0 .,.0;.02

11 42 16 a 30 35 0 0.02
03 -41 18 30 36 0 0.02

,14 41 1 29, 36 0 0.02
16 43 . 7 29 36 0 0.02
17 40 17 29 36 0 0.02
18 40 16 28 37 0 0.02
19 40 16 28 37 0 0.02
20 340 16 28 37 0 0.02
2- 39 16 28 37 .0 0.02

.22 39 15 27 38 0 0.02
:23 '35 1 27- 38 0 0.02
24 39 .15 -. 27. 38 0 '0.02
,25 :39 Z5' 27 38 0 0.02

26 38 1i 27 38 0 0.02
27 38 14 26 39 0 0.02
28 38 14 26 3§ 0 0.02
29 38 14 26 39 0 0.03

30 38 14 26., 39 0 0.03
31 38 14 '26 39 0 0.03
?27H 40.9 17-6 29.3 1108 0 0.62

2 37 14 25 -40 0 0S.0

3 37 14 25 40 o 0.03

4 37 14 25 40 0 0.03
9 37 14 25 40 0 0.03
9 37 14 25 40 0 0.03

10 37 13 25 40 0 0.03
81 37 14 25 40 0 0.04
91 37 14 25 40 0 0. 03

10 37 13 .5 ;4 0 0. 03
,15 37 30'.3.; 25 40, 0' -. 0
12 37..13 .. 25 40 0 0.04.
17 37 <13... 25 40 0 0.04

16 37 14 26 39 0 0.03

218 31 1.4 "26 =39 0:• %0.0319 37 14 26 39 0 0.03
20 37 14 26 39 0 0.03
21 38 "14 26 39 O0 0-03

22 38 '14 26 39 " 0.03
23 38 15 27. 38 0 03
,24 38 15 '27 18. 0; 0.03~
25 39 15 27 38 0 0.03

26 39 15 27 38 0 0.03
27 39 16 28 37 0 0.03
28 39 16 28 3*7 0 0.03
29 40 16 28.31 0 0.03
30 40 17 29 36 0' 0.03

31 41 17 29 36 0 0.03

1- 1 8 ,0'.3 0, -. 0 '02

4 43 .19 31 34 0 0.02

1 44 20 32 33 0 0.02
8 44 20 32 33 0 0.02
9 44 20 32 33 0 -0.02

10 45 21 33 32 0 0.02

n.,,-, 45 .... 1 - 32'oý: 0 0-. 02

•: ,• :2 1 0..4 :.1 a 32-: .0 0.02:

13 4A6 .22 34 30 o0 0.02

14ý . 6AS .22 'ý4 31~ - ý0.02:

15 4 22 34 .31 o o-1

16 47 23 35 30 0 0.02
17 47 23 35 30 0 0.02
18 47 23 35 30 0 0.02
19 48 24 36 29 0 0.02

20 48 24 36 29 0 0.02
21, 48B.. 24 36 29, 0 0.02
22 .49 25 37 28 0 ,0.02

23. 49:" 25 :37 -28 0 0.02

24 49 25 37 28 0. 0.02
25 50 25 38 27, . 0 0.02

26 51 25 38 27 0 0.02
27 51 25 38 27 0 0.02

28 51 26 39 26 0 0.02

MTH

tN ERSASN:
37.7 14.3 26.0 1209 0 1.00 t4TH 46.2 22.2 34.2 863

AS.6-.80 %29:--10 -0-21

0 0.56
1,

MARCH APRIL MAY

Date MAX MIN AVG HOD CDD PRCP Date MAX MIN AVG HDD CDD PRCP Date MAX MIN AVG HDD CDD PRCP

1 .52 .27 39 26 0 0.03 1 62- 33 47 18 0 0.03 1 71 42 57 9 1 6.073

2 52 27 39 26 0 0.03 2 62 34 48 17 0 0.03 2 72 43 57 a 0 0.03

3 53 28 40 25 0 0.03 3 62 34 48 17 0 0.03 3 72 43 57 8 0 0.03

4 53 28 40 25 0 0.03 4 62 34 48 17 0 0.03 4 72 .43 57 8 0 0-03
5 .53 28 40 25 D 0.03 5 63 35 49 16 •0 0.03 5 72 43 57 8 0 0.03

6 53 28 41 24 0 0.03 6 63 35 49 16 0 0.03 6 73 44 58 8 1 0.03
7 54 28 41 24 0 0.03 7 63 35 49 16 0 0.03 7 73 44 59 7 1 0.04

8 54 28 41 24 0 0.03 8 63 35 49 16 0 0.03 8 74 45 59 7 .1 0.04

9 55 29 42 23 0 0.03 9 - 64 36 50 15 0 0.03 9 .74 45 59 7 1 0.04
10 55 29 - 42 23 0 0.03 10 64 36 50 15 0 0.03 10 74 45 60 6. 1 0.04
11 55 29 42 23 0 0.03 11 64 36 50 15 0 0.03 11 74 46 s0 6 1 0.04

12 • 56 29 43 22 0 0.03 12 64 36 . 50 15 0 0.02 12 74 46 60 6 1 0.04
13 56 30 43 22 0 0.03 13 65 37 51 14 0 0.02 13 75 46 61 5 1 0.04

14 56 30 43 22 0 0.03 14 65 37 51 14 0 0.02 14 75 47 61 S 1 0.04

15 56 30 43 22 0 0.04 15 65. 37 51 14 0 0.02 15 75 47 61 5 1 0.04
16 57 30 44 21 0 0. 04 16 66 37 52 13 0 0.02 16 75 47 61 5 1 0.04

17 57 31 44 21 0 0.04 17 66 38 52 13 0 0.02 17 76 48 62 5 2 0.03
18 57 31 44 21 0 0.04 18 66 38 52 13 0 -0.02 18 77 48 63 4 2 0.03
19 57 31 -44 21 0 0.04 19 67 38 53 12 0 0.03 19 77 49 63 4 2 0.03

20 se 31 45 20 0 0.04 20 67 38 53 12 0 0.03 20 77 49 63 4. 2 0.03

21 58 32 -45 20 0 0.04 21 67 -39 53 12 0 0.03 21 78 49 64 3 2 0.03

22 58 32 45 20 0 0.04 22 67 39 53 " 12 0 . 0.03 22 79 49 64 3 2 0.03
.23 59 32 46 19 0 0.04 23 68 39 54 12 1 0.03 23 79 50 65 3 3 0.03

24 59 32 - 46 19 0 0.04 24 68 40 54 12 1 0.03 24 79 50 65 3 3 0.03
25 60 32 46 19 0 0.03 25 69 40 55 11 1 0.03 25 80 - 50 65 3 3 0.03

26, 60 32 46 19 0 0.03 26 69 40 55 11 1 0.03 26 80 51 66 2 3 0.03

27 60 32 46 19 0 0.03 27 69 41 55 11 1 0.03 27 81 51 66 2 3 0.03
28 60 33 47 18 0 0.03 28 70 41 56 10 "1 0.03 28 81 52 67 2 4 0.03

29 61 33 47 18 0 0.03 29 70 41 56 10 1 0.03 29 81 52 67 2 4 0.02
30 61 33 47 18 0 0.03 30 70 42 56 10 1 0.03 30 02 52 67 2 4 0.02

31 61 33 47 18 0 0.03 31 82 52 67 2 4 0.02
MTH 56.7 30.3 43.5 667 0 1.03 MTH 65.7 37.4 51.6 409 8 0.83 MTH 76.3 47.4 61.9 152 55 1.00

SPRING SEASON: 66.2 38.3 52.3'1228 63 2.86
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Daily Normals of Temperatu

d' = Station Name: THOMLPSON

-Latitude: 38 58 * oo* Long
SA ' Climate Division: UT 0? Southeast

HY OF THE UNITED STATES NO. 84,1971-2000
ire, Precipitation, and Heating and Cooling Degree Days

UTA ' Station Number: 428705

itude: -o09" 43" oo*-* Elevation (feet): so99

Page 2of.3

JUNE JULY AUGUST

Date MAX MIN AVG HDD CDD PRCP Date MAX MIN AVG HDD ODD PRCP Date MAX MIN AVG HDD CDD PRCP

62 80 54- 6o 2 - 0.0 6 •2 6.z 77 0 o-'33s 0.0p 6 -'!4~ •4 7a• 0 14-. ~0.03
"7 05 34- 68 2_ 65. 0.• v 62 77 0 -~33 0.0 7 . 64 --7 0 .4~ *0ti:0

06 3. Ssf 68 1. 6 0o~o 3 .98 -3 . 0773.-.•2 0 3 64 7a 0 . 0

6 8a 55 70 1 6 0.01 6 93 63 78 0 13 0.02 6 94 64 79 0 14 0.03

s 85 55 70 1. 6 0.01 7 93 63 78 0 13 0.02 7 93 64 79 0 14 0.03

6 86 55 70 1 6 0.01 a 93 63 78 0 13 0.02 8 93 64 78 0 13 0.03

9 86 55 70 1 6 0.01 9 93 63 78 0 13 0.02 9 93 64 78 0 13 0.03

20 86 71 1 7 0.01 10 94 63 79 0 14 0.02 10 93 64 7B 0 13 0.03

211 . 87 ,.55- 71 .0 .1 : 4 9 : ' -"74 70.0 11' 93 -b.- 1.3 0- 2.

122..87•9 5 5 :• ,10.tX13.2 .'94 64 79 0 14 0.031 - 9S5 71 _1 7 00 _0-7

. .... .1 . . ..

13: "87 55 71 . . 7 1,0.01 13 1. .94, 4 -79 0 613 8.02 2, . .. 60 "75 0 13 0.02

14 " 1 .56. 72 O 0 " 64 79 0 .14 0.02 3'4 -5' 2.' *60 .7 0 1"0..02

5 .,_ . 02 .5- 0

26 88 57 73 0 8 0.01 16 94 64 79 0 14 0.03 16 92 62 77 0 i2 0.03

27 89 57 73 0 a 0.01 17 94 64 79 0 14 0.03 17 92 62 77 0 12 0.03

18 89 58 74 0 9 0.01. 8 94 64 79 0 14 0.03 I8 92 62 77 0 12 0.03

19 89 58 74 0 9 0.01 19 94 64 79 0 14 0.03 19 91 61 76 0 11 0.03

20 89 5e 74 0 9 0.01 20 94 64 79 0 14 0.03 20 91 61 76 0 11 0.03
21 go 90 58 74 :.f 9" 0.O 1 '- 9 4i.-4 _79 '0'.. -14' !0. 6- 2 1" 93 63 '6 -0 o.1 .0~

22 0 .59 75 0 -10 C.01-22 94 64 79 0 14 0.03 321 91 . 7 0 1 .0.03
.23. 9 59 75 0 I1 0 .01 3 S-95.- 63 80 0 215 0.77 -03-2 .0 61 76.8 0 9 0.03

24 91 59 75 0 .1 0.01 24 95 65 80 .0 5 0.03 24 90' 60 4 75. 0 10 0.03

25 91 59 75 0 10. 0.-01 25 -95 65 80 0 .15 0.03 25 90 60 7 0 10 0.03

26 91 60 76 0 11 0.01 26 94 64 79 0 14 0.03 26 89 60 75 0 10 0.03

27 92 60 76 0 11 0.01 27 94 64 79 0 14 0.03 27 89 59 74 0 9 0.03

28 92 60 76 0 .1- 0.0128 94 64 79 0 14 0.0328 89 59 74 0 9 0.03

29 92 60 76 0 11 0.0129 94 64 79 0 14 0.0329 88 59 74 0 9 0.03

30 92 61 77 0 12 0.01 30 94 64 79 0 14 0.03 30 88 59 74 0 9 0.03
318 94 064 79 0 14 0.0331 88 58 73 0 8 0.03

9TH 87.9 56.9 72.4 2. 241 0.35 MTH 93.8 63.6 78.7 0 424 0.77 04T 91.6 61.9 76.8 0 305 0.88

.0S 84 54ER SEASO03 i 721 43, 76.0 182.03 20.0 10 5 30- .' 23. 0 .0

SEPTEMBER OCTOBER .NOVEMBER

Date MAX MIN, AVG HDD CDD PROP Date MAX MIN AVG HDD CDD PRCP Date MAX MIN AVG HOD ODD PROP

I1 88 58 73 0 a 0.03 2. 76 47 61 S 1 0.04 2. 60 34 47 18 0 0.03

2 87 58 73 0 8 0.03 2 76 47 61 5 1 0.04 2 59 34 46 19 0 0.03

3 87 58 72 0 7 0.03 3 75 47 6. 5 1 0.04 3 59 34 46 .19 0 0.03

4 86 58 72 0 7 0.03 -4 75 46 60 6 1 0.04 4 58 33 45 20 0 0.03

5 86 58 72 0 7 0.03 5 75 46 60 6 1 0.04 5 57 33 45 20 10 0.03

6 86 58 72' 0 7 0.03 6 74 45 59 7 1 0.04 6 57 32 44 21 0 0.03

7 85 .58 71 0 6 0.03 7 74 44 59 7 1 0.04 7 56 32 44 21 0 0.03

a8 8 56 70 1 6 0.03 8 73 43 58 8 1 0.04 8 55 31 43 22 0 0.03

9 85 55 70 .1 6 0.03 9 73 43 58 8 1 0.04 9 55 31 43 22 0 0.02

10 84 54 69 1 5 0.03 10 72 43 58 8 1 0.04 20 54 30 42 23 0 0.02

11 84 54 69 .1 S 0.03 11 72 43 58 8 1 0.04 21 54 30 42 23 0 0.02

12 84 54 69 31 5 0.03 12 7.1 42 57 8 0 0.04 12 53 29 41 24 0 0.02

13 83 54 69 1 5 0.031 3 71 41 56 9 0 0.04 13 53 29 41 24 0 0.02

14 83 53 68 31 4 0.03 14 70 41 56 9 0 0.04 14 52 29 42. 24 0 0.02

25 82 53 68 1 4 0.03 15 70 40 55 10 0 0.04 15 52 28 40 .25 0 0.02

16 82 53 68 1 -4 0.03 16 69 40 55 10 0 0.04 16 51 28 40 25 0 0.02

17 82 52 67 2 4 0.03 17 69 39 54 11 0 .0.04 17 51 27 39 26 0 0.02

1s 81 52 67 2 4 0.03 18 68 38 54 11 0 0.04 18 so 27 39 26 0 0.02

2.9 81 51 56 .2 3 0.04 19 67 39 53 12 0 0.04 19 50 26 38 27 0 0.02

20 81 51 66 2 3 0.04 20 67 39 53 12 0 0.04 20 50 26 38 27 0 0.02

21 80 51 66 2 3 0.0421 66 38 52 13 0 0.0421 4-9 25 37 28 0 0.02

22 80 50 65. 3 3 0.04 22 66 38 52 2.3 0 0.0422 49 25 37 28 0 0.02

23 79 50 65 3 3 0:04623 5 37 51 14 0 0.04 23 48 25 37 28 0 0.02

24 79 49 64 3 2 0.04'24 65 37 52 14 0 0.04 24 48 24 36 29 0 0.02

25 79 49. 64 3 2 0.04 25 64 36 50 15 0 0.04 25 47 24 36 29 o 0.02

26 78 49 64 3 2 0.04 26 64 36 50 2.5 0 0.04 26 47 23 35 30 0 0.02

27 78 48 63 4 2 0.04 27 63 35~ 49. 16 0 0.04 27 47 23 35 30 0 0.02

28 7-7 48 63 4 2 0.04 28 6 2 35 49 .16 0 0.04 28 46 23 35 30 0 0.02

2 9 77 47 62 5 2 0.04 29 62 34 48 17 0 0.04 29 46 22 34 31 0 0.02

,a0 77 47 62 5 2 0.04 30 61 34 48 17 0 0.04 30 46 22 34 31 0., 0.02

32. .60 34 47 18 0 0.03

WTK 82.2 52.9 67.6 52 131 1.02 14TH 88.9 40.3 54.6 333 -11 1.23 MTH 52.0 28.0 40,0 750 0 0.68

-AUTUMN SEASON: 67.*7 40.4 54.1 1135 142 :2.93 -

ANNUAL: 66..7 39.4 .53.1 5561 1235 9.911
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CLIMATOGRAPHY OF THE UNITED STATES NO. 84,1971-2000
Daily Normals of Temperature, Precipitation, and Heating and Cooling Degree Days

Station Name: THOMPSON UTAHt Station Number: 4287051

Latitude: 38"" so , 0o0 Longitude: -O9"" 4:.1 oo- Elevation (feet): SD99

Climate Division: uT o7 Southeast Page 3of 3
PRECIPITATION PROBABILITIES

Probability JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL

0:'0.S5 0"09. -.-vD :ý0 0..-T;Q fl~0g. 417. J6 6'2--00--.0

0.100 0.20 0.05 0.00 0.21 0.12 0.00 0.06 0.15 0.18 0.18 0.17 0.12 7.26
0.200 0.41 0.12 0.35 0.34 0.30 0.11 0.19 0.29 0.32 0.36 0.29 0.25 8.07
0.300 0.57 0.20 0.53 0.46 0.46 0.17 0.31 0.42 0.47 0.55 0.38 0.34 8.70

0 O0d -0.7-2 2.§.2ti .70 ..85044L,-5 *~.2,-07 4 p4.4 9, -.2 6
0l.-500D 0. 118- :0.30 .'9 0.7 '0.0P- -02 0.5 0.70 -',9:095.09 0,t54-..0

0.60D 1.05 0.52 1.7- 0. &,.1.65w -0.37
0.700 1.25 0.68 1.31 1.02 1.25 0.45 0.96 1.08 1.25 1.52 0.84 0.77 10.99
0.800 1.52 0.90 1.61 1.24 1.58 0,55 1.24 1.37, 1.60 1.94 1.03" 0.94 11.76
0.900 1.95 1.29 2.10 1.60 2.12 0.73 1.71 1.83 .2.17 .2.64 1.32 1'21 12.88
,'950" 2135 1.67 2.56 1.:$3 .'. '.0 8§,.•:. - .'2" .- 2.73'-,"'3'33 .. 60:: 1.47. '.::1-3:-85

0..990- 3-2. Z-- 5 3. 58., 2.&S - 3.0 2.2 3.r .0 40..~B7'22~-203, -OL.8

0,995 -1:59, 2-.92 -4:0 "2,99'.3 I.2~.,3... . 4~3.45 ';5"53 '2.48'W 2

PRECIPITATION QUINTILES
Level JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1

2

3

4

5

-0.00 0.0o:
0.00 0.00
0.13 0.31
.0.14 0.32

.0-42 1.0.6
0.43 1.07
1.19 1.43

1.20 1.44
1.71 2.19
1.72 2.20
4.82 4.27
4.82 4-27

0 0 .•;oo. 0 .`60, ;0.-00 b.00--,o -'V0'5:-o0"
0.00 0.00 0.00 0.00 0.00 0.35 0.00
0.23 0.05 0.00 0.00 0.73 0.97 0.15
0..24 0.06 0.01- 0. 00.•:"0 0.74 0.98 :0.161.

-0.61 0.28 '0.28 -0.06, 1.58 .1.84 .0.89:
0.62 0.29 0.29 0.07 1.59 1.05 0.90
1.19 0.47 0.59 0.15 2.07 2.43 1.68
1.20 0.48 0.60 0;16 2.08 2.44 •1.69
2.05 0.88 0.86 :0.80 3.11 3.35 2.53
2.06 0.89 0.87 0.81 3.12 3.36 2.54
4.22 2.29 2.25 2.62 6.49 7.90 8.60
4.22 2 .- ? 2.2Cr 2-.;2 c 6.4q9 7.90 a.6o

.00 ý : ' 0. 00: 0.0,0
0.00 0.00 0.00
0.30 0.03 0.13
0.31 0.04 0.14

0.58 .3"9 0.29
0.59 0.40 0.30
1.01 0.64 0.72
1.02 0.65. 0.73
1.38 1.85 . 1.79
1.39 1.86 1.80
7.10 3.81 3.19
7.10 3.81 3.19

Abbreviations:
MAX = Maximum Temperature (degrees Fahrenheit)
MIN = Minimum.Temperature (degrees Fahrenheit)
AVG= Average Temperature (degrees Fahrenheit)

NOTES
HDD = Heating Degree Days (base 65)
CDD = Cooling Degree Days (base 65)
PRCP = Precipitation Amount (inches)

MTH = Monthly Means / Totals
SEASON = Seasonal Means I Totals
ANNUAL m Annual Means I Totals

This publication presents daily temperature, precipitalion, and heating and cooling degree day normals for stations based on the 1971-2000 record
adjusted to the present station location. Stations contained In the monthly normals (Climatography of the United States No. 81) are included.
Precipitation-only stations have no data in the temperature and degree day fields on Pages 1 and 2. Latitude and longitude values are presented In DD
MM SS, where DD=Degrees, MM=Minutes, and SS=Seconds. Small differences between monthly values in this publication and the monthly normals
presented in Climatography of the United States No.81 are attributable to smoothing techniques applied to this data set.as described below.

DallY Normals Tables:
The daily values presented in these tables are not simple means of the observed daily values. They are interpolated from the much less variable monthly nonmals by use of the natural
spine function. The procedure Involved constructing a cumulative series of monthly sums from the monthly normals. The cumulative series was for a 24.month period (July, August.
December, January, .,, December, January,..., June), so that the interpolating function could adequately it the end points in the annual series. This process was applied independently
to all six aernents. No normal values for February 29 are included; in common practice, the normal values for the 28' are used for the 290' In each leap year. Thus, for leap years, the
February monthiy total degree days or predpitation are calculated by adding the daly value for the 28' to the monthly total. February temperature averages are likewise not adjusted for
leap years. For most stations, the monthly heating and cooling degree day normals (base 65 degrees Fahrenheit) are derived from monthly normal temperature using an estimation
technique developed by H.C.S. Them. An asterisk (*) for a datly degree day value indicates a daily normal of less than one degree day, but not equal to zero. Seasonal means / totals
correspond to the three months fsted immediately above.

Precipitation Probabilities and Quintiles Tables:
The precipitation probabilities are the monthly precpitation totals that correspond to the indicated probabiity levels. The probability levels are based on the 1971-2000 historical sequential
monthly precipitation. The historical preciptation data are the adjusted values from the monthly normals (Climatography of the Unfted States No. 81).

When historical climate data are accumulated and examined, they generallyforeow a certain pattern called a statistical distribution. Mile temperature usually follows a Gaussian or bell-
shaped distribution, precipitation does not because it is zero-bounded. Precipitation generally follows a Gamma distribution, where most values are newr zero with rapidly dminishing
higher values. Thus, the Gamma distribution was used to estimate the precipitation values in the probablity and quintile tables published above. The probability table shows the amount of
precipitation expected at Ifteen probability levels (0.005, 0.01, 0.05, 0.10, 0.20,0.30, 0.40, 0.50, 0.60,0.70, 0.80, 0.90, 0.95, 0.99, and 0.995) for each month of the year and for the ennual
total. For exarnpte, if 1.77 indres coreponds to the 0.20 probability level, that means that on average. 2 out of1 0 years will have 1.77 inches or Jess of precipitation in that monh It also
measts that. on average. Bout of 10 years will have more than 1.77 inches of precipitation in that month.

The predpitation quintbles show the expected precipitation values at the fivequintile levels for each of the twelve months: 1. Firs[ Quinte (0.20%); 2. Second uirinie (20-40%); 3. Third
Ountile (40-60%); 4. Fourth Quintile (60-800%); 5. Fifth Ouinile (80-100%). For example. if 2.91 and 4.07 inches are the bounds for the second quintile (level 2), then a monthly total
precipitation amount for that month tailing in the range 2.91 to 4.07 would be delssifed as a second quintile pecipitation amount and that month would be considered relatively dry. The
foirt line (level 0 <) in the table shows the minimum precipitation value derived rom the historical record. OQuiila level 0 would be used if a future precipitation observation is less than the
1971-2000 value,. Level 6 > would be used if the observed value is more then the 1971-2000 maximum.

RedJease Date: December 1, 2001 National Climatic Data CenterINESDISINOAA, Asheville, North Carolina
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Calculation Title: Analysis for Cover Cracking of the Crescent Junction Disposal Cell

Purpose:

The uranium mill tailings which will be placed at the Crescent Junction Disposal.Site are to be stabilized
and controlled by placement in an encapsulated disposal cell. The cover of the disposal cell serves to
prevent the escape of radon from the tailings pile as well as to inhibit infiltration to the tailings. Cracking
of the disposal cell cover can adversely impact the ability to achieve those two purposes.

Calculations for potential cracking of the disposal cell cover had previously been prepared by others for
the preliminary design of the Crescent Junction disposal cell and included in the RAP Attachment 1:
Disposal Cell Design Specs, Appendix D.

The purpose of the attached calculation is to make an independent assessment of the potential for
cracking of the Crescent Junction disposal cell cover to occur, given the anticipated materials to be used,
the most recent proposed disposal cell geometry configuration, and the calculated total and differential
settlements of the cell cover.

NQA-1 Quality Level- 2
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Date: '7-, o -0O
Date: 7- -f - 6Y

Date: t7-30o- 09S
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BCalculation Sheet
Project: Moab - UMTRA Project
Calculation Number: C-15

(Ref. FOWl 116 Design Calculations) Page 2 of 8

Revision History:

Pages Affected By Revision Revsed/Added/Deleted Description of Revision

Rev. 1

Rev. 2

Rev. 3

Revision
Page 4of 13
Assumptions

Revision
Page 5 of 13
Design Input

Revision
Page 6 of 13
Calculation Section

Revision
Page 7 of 13
Hand-Written Calculation Sheet

Revision
Page 7 of 13
Hand-Written Calculation Sheet

Revision
Page 7 of 13
Hand-Written Calculation Sheet

Due to changes in the tailings pile geometry
from the 60% to the 90% drawings, the
following assumptions were changed:

Tailings thickness: 46.7 ft (instead of 38 ff)

Cover thickness: 9 ft (instead of 10 ft)

2(H):I(V) slope for the lower 27 ft of tailings
(instead of lower 18 ft of tailings)

Total settlement: 19 in. (instead of 17 in.)

Tailings thickness: 46.7 ft (instead of 38 ft)

Total Settlement: 19 in. (instead of 17 In.)

Length between differential settlement:
114 ft (instead of 96 ft)

Distortion (A/L) = 0.014 (instead of 0.015)

Same changes to tailings pile geometry as
listed above.

Revised conclusion statement for
clarification. 'Maximum cover strain is less
than allowable (0.014% < 0.065%)".

Revised conclusion statement to read:
Maximum covered strain calculated for a
distortion of 0.014 is less than the allowable
strain.

cover cracking calculation sheet_7-11-08 Rev 3.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.
Copyrightc Jacobs Engineering Group Inc., 2007



JACOBS ,Calculation Sheet
Project: Moab - UMTRA Project
Calculation Number: C-15

(Ref. FOWl 116 Design Calculations) Page 3 of 8

Description of Calculation:

Depending on actual amounts occurring at a given site, total and differential settlement of a tailings pile can
lead to cracking of the disposal cell cover (EPA, 1991). Settlement analyses have already been performed
to determine total settlement (primary and secondary) of the cover for the current disposal cell design. The
potential for cracking is assessed by comparing the horizontal tensile strains computed for the estimated
total settlement of the cover to the strains required to cause cracking in the cover materials. Magnitude of
differential settlement will be between zero (0) and the computed value for maximum total settlement.

This calculation evaluates the potential for cracking to occur due to differential settlement in the low
permeability earthen layer of the disposal cell cover.

Evaluation of the allowable strain for the earthen cover material is based on the premise that there, is an
empirical relationship between the plasticity of the soil layer and the allowable strain for that material (Claire
et al, and Caldwell and Reith):

ef = 0.05 + 0.003 PI,
where PI = plasticity index of the cover soil; and

ef= allowable cover strain at failure (in percent)

Given the plasticity characteristics of the material, a lower bound limit for tensile strain that would result in
failure can be calculated and the results compared with an established range of maximum tensile strain at
failure for that type of material.

Evaluation of the strain required to cause cracking in the cover material is based on the premise that there
is a relationship between distortion, which is defined as the differential settlement between two points
divided by the horizontal distance between the two points (Nt_), and the tensile strain in the cover materials.
As the distortion increases, the tensile strain in the cover also increases.

Design Input for these calculations includes the type of soil, the plasticity index of the soil, the differential
settlement along the inside slope of the embankment, and the horizontal distance between the toe and crest
of the inside slope of the embankment.

cover cracking calculation sheet 7-11-08 Rev 3.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.
Copyright© Jacobs Engineering Group Inc., 2007



'-C-OBS Calculation Sheet
Project: Moab - UMTRA Proeect
Calculation Number: -C-1 5

(Ref. FOWl 116 Design Calculations) Page 4 of 8

Assumptions:

1. Relationship between allowable cover strain at failure and plasticity index of soil exists per
references as follows: ef = 0.05 + 0.003 P1, where PI = plasticity index of the cover soil and ef =

allowable cover strain at failure.

2. Current disposal cell design includes a tailings thickness of 46.7 ft; a 9 ft thick cover; an
embankment with an inside slope of 3(H):1(V) for the upper 20 ft of tailings and slope of 2(H):1(V)
for the lower 27 ft of tailings.

3. The location of maximum differential settlement is along the inside slope of the embankment
(horizontal distance along inside slope from top to bottom of tailings).

4. Design calculations for the current disposal cell geometry indicate a total settlement of 19 inches
(1.58 feet).

5. For compacted clayey soils, the maximum tensile strain at failure range from 0.1 to 1 percent
(Gilbert and Murphy).

cover cracking calculation sheet 7-1 1-08 Rev 3.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.

Copyright 0 Jacobs Engineering Group Inc., 2007



1M Calculation Sheet
Project: Moab - UMTRA Prolect
Calculation Number: C-15

(Ref. FOWl 116 Design Calculations) Page 5 of 8

Design Inputs:

Soil Type 1: Silty clay (alluvial)
Plasticity Index: 5

Soil Type 2: weathered Mancos Shale
Plasticity Index: 10

Tailings Thickness: 46.7 feet (tailings saturated)

Total Settlement: 19in. (= 1.58 It)
Differential Settlement: 0 to 19 in., assume 19 in. (= 1.58 ft) as worst case

Length between differential settlement: 114 ft (see sketch on calculation page)

cover cracking calculation sheet 7-11-08 Rev 3.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.
Copyright- Jacobs Engineering Group Inc., 2007



J Calculation SheetProject: Moab - UMTRA Project
Calculation Number: C-15

(Ref. FOWl 116 Design Calculations) Page 6 of 8

Calculation Section:

See attached calculations.

For comparison of allowable cover strain at failure for the cover materials, it was assumed that the alluvial
material properties (worst case) would govern.

Based on published ranges of maximum tensile strain at failure for clayey soils, taking the lower value with a

factor of safety of 2 results in an allowable tensile strain of 0.05%.

The allowable tensile strain for the proposed alluvial cover material (worst case) is 0.065%.

For the given embankment inside slope configuration, the distortion, (A/L) = 0.014.

From Figure 2-16 in EPA/625/4-91/025, the graphical relationship between distortion and tensile strain
indicates the tensile strain for a distortion of 0.014 is < 0.1%.

cover cracking calculation sheet 7-11-08 Rev 3.doc
The current applicable version of this publication resides on Jacobs' Intranet. All copies are considered to be uncontrolled.
Copyrightc Jacobs Engineering Group Inc., 2007
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Calculation Sheet
Project: Moab - UMTRA Proiect
Calculation Number: C-15

(Ref. FOWl 116 Design Calculations) Page 8 of 8

Concluslons/Recommendations:

The results of the cover cracking analysis show that the maximum calculated tensile stresses in the cover
due to differential settlement are less than or equal to the allowable stresses for the cover earthen materials.
Calculations were made for the worst case where differential settlement is equal to the total settlement.

The results of the analyses indicate that cracking of the cover layer will not occur due to differential
settlement of the tailings.

Reference:
United States Environmental Protection Agency, Office of Research and Development, (May 1991)
EPA/625/4-91/025, "Design and Construction of RCRA/CERCLA Final Covers." Seminar Publication.

Caldwell, J.A., Wathen, T.R., and D'Antonio, J.R., "Criteria for Remedial Work at Inactive Uranium Mill
Tailings Piles".

U.S. Army Corps of Engineers Technical Letter No. ETL 1110-1-162, "Engineering and Design, Checklist for
Hazardous Waste Landfill Cover Design", September, 2001.

Claire, Robert F., Kuo, Jason C., and Wanket, Daniel R. (1994), "Evaluation of the Cover Cracking Potential
Due to Ground Subsidence at UMTRA Project Disposal Cells."

Gilbert, P.A. and W.L. Murphy (1987). "Prediction/Mitigation of Subsidence Damage to Hazardous Waste
Landfill Covers." EPN60012-87/025 (PB87-175386), Cincinnati, Ohio: U.S. EPA.

cover cracking calculation sheet_7-11-08 Rev 3.doc
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ADDENDUM E - REMEDIAL ACTION INSPECTION PLAN (RAIP)

STATEMENT OF POLICY

This Remedial Action Inspection Plan identifies the means by which the remedial action
activities associated with the disposal cell at Crescent Junction, Utah are controlled, verified, and
documented. This plan has been developed within the scope of the EnergySolutions Quality
Assurance Plan and complies with the applicable parts of American Society of mechanical
engineers (ASME) NQA'- 1-2000, Quality Assurance Program for Nuclear Facilities, Title 10,
Code of Federal Regulations (CFR) 830 Subpart A, Quality Assurance, and DOE 0 414.1 C,
Quality Assurance.

The procedures defining Organization, QC Personnel Qualification & Certification, Quality'
Assurance Records Control, Control of Measuring and Test Equipment, and Conditions Reports
are in accordance with the applicable section of the Quality Assurance Plan as follows:
Organization - Section 1, Organization, QC Personnel Qualification & Certification - Section 2,
Quality Assurance Program, Quality Assurance Records Control - Section 17, Quality
Assurance Records, Control of Measuring and Test Equipment - Section 12, Control of
Measuring and Testing Equipment, and Conditions Reports w Sections 15, Nonconforming
Materials, Parts or Components and Section 16, Corrective Action.

This Remedial Action Inspection Plan and the Quality Assurance Plan describe the means by
which EnergySolutions will ensure that the Environmental Protection Agency's requirements
which have the concurrence of the U.S. Nuclear Regulatory Commission (NRC) and the selected
remedial action guidelines for Testing and Inspection Plans During construction of DOE's
Remedial Action Plan and Site Design for Stabilization of Moab Title I Uranium Mill RRM at the
Crescent Junction, Utah, Disposal Site (RAP) are satisfied.
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TITLE: TESTING AND INSPECTION

1.0 PURPOSE

To describe the methods by which the construction activities will be tested and inspected
to verify compliance with the Design Specification requirements.

2.0 SCOPE

This procedure defines the testing and inspection of remedial action construction
activities at Crescent Junction, Utah. Types of tests, test frequencies and acceptability,
and documentation and reporting requirements are contained in this procedure.
Procedures for performing the individual tests shall be in accordance with the applicable
ASTM Standards, the referenced or other approved methods and the Design
Specifications.

3.0 DEFINITIONS

ASTM American Society for Testing and Materials

CAES Computerized Aided Earthmoving System

GPS Global Positioning System

RRM Residual Radioactive Material

4.0 ATTACHMENTS

CAES Brochure

5.0 REFERENCES

1. ASTM C 1.17 - Standard Test Method for Materials Finer than 75 ýtm (No. 200)
Sieve in Mineral Aggregates by Washing

2. ASTM C-136 - Test Method for Sieve Analysis of Fine and Course Aggregates

3. ASTM D 422 - Particle-Size Analysis of Soils

4. ASTM 698 - Laboratory Compaction Characteristics of Soil Using Standard Effort
(12,400 ft-lbf/cu ft)

5. ASTM D 1140 - Amount of Material in Soils Finer than the No. 200 (75-
micrometer) Sieve.

6. ASTM D 1556 - Density and Unit Weight of Soil in Place by the Sand-Cone Method

7. ASTM D 2216 - Standard Test Methods for Laboratory Determination of Water
(Moisture) Content of Soil and Rock by Mass

8. ASTM D 4318 - Liquid Limit, Plastic Limit, and Plasticity Index of Soils.
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9. ASTM D 4643 - Determination of Water (Moisture) Content of Soil by the
Microwave Oven Heating

10. ASTM D 4944 - Field Determination of Water (Moisture) Content of Soil by the
Calcium Carbide Gas Pressure Tester.

11. ASTM D 4959 - Determination of Water (Moisture) Content of Soil by Direct
Heating Method.

12. ASTM D 6938, In-Place Density and Water content of Soil and Soil-Aggregate by
Nuclear Methods (Shallow Depth)

13. 10 CFR 50 Appendix B

14. Computerized Aided Earthmoving System (CAES) Office User Guide

15. EnergySolutions Quality Assurance Plan

16. EnergySolutions QA/QC Work Procedures

17. Crescent Junction Design Specifications

6.0 GENERAL REQUIREMENTS

6.1 GENERAL APPROACH TO SOIL COMPACTION AND COMPACTION
TESTING

Typically, soil is tested in a laboratory to determine the maximum density that the
particular soil can achieve. The maximum density will be achieved at the optimum
moisture content for that soil. The laboratory maximum density and optimum moisture
content for the soil becomes the basis of comparison for the compaction of the soil in the
field.

In the field, the soil is placed in layers, compacted with specialized compaction
equipment, and tested to confirm that the soil density is close to the previously
determined laboratory maximum density. A variety of field tests have been used to
determine soil density, including sand cone, rubber balloon, drive cylinder and nuclear
gauge methods. Moisture content tests are also needed to determine the in-place soil
density. All of these test methods determine the density of a small quantity of soil at a
single point in a large quantity of placed and compacted soil. A number of tests are
required to infer that an entire layer of soil is adequately compacted. The documentation
of soil compaction has typically consisted of a visual inspection report combined with a
map of the compacted layer and the field test results.

6.1.1 Computer Aided Earthmoving System (CAES)
GPS and computer terrain modeling technology have been combined to provide, a new
method of performing soil compaction. The equipment is called Computer Aided
Earthmoving System (CAES). The system works as follows:

*A digital terrain model of the site to receive fill material is fed into an on-site
computer linked to a computer in the cab of the compaction equipment. A GPS
receiver is also linked to the compaction machine's on-board computer. When the
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machine moves across the site, the GPS equipment provides the exact position and
elevation of the equipment at all times.

0 Soil is dumped and spread into a layer of fill.. As the compaction machine spreads
and compacts the layer of soil, the position of the machine is compared to the original
terrain model to determine the location and thickness of the'fill layer being installed.
The on-board computer assists the equipment operator to place the material in a layer
with uniform thickness by informing the operator of thick or thin areas of the fill.

* After a layer has been placed with uniform thickness, the compaction equipment
makes multiple passes over the fill to compact the fill. A compaction machine,
compacting material at the correct moisture content, will eventually compact the fill
to near its maximum density such that additional compaction passes produce
negligible change. The computer recording the GPS location data interprets the
passes that produce no vertical change to indicate that the soil is at its maximum
density.

* A record of each soil layer's location, thickness, and compaction is generated by the
computer.

Visual inspection, correct placement and compaction techniques, and good moisture
control are still required to ensure that fill is properly placed, but the CAES method has
distinct advantages over traditional field density testing. Lift thicknesses are computer
controlled and are more uniform than when layers are installed based on visual estimates
by'the equipment operators. The computer checks compaction over the entire surface of
every layer, whereas the in-place test methods only check a few points on each layer. See
Attachment 1 for vendor data on the CAES system.

Soil density verification tests and independent land surveys will be performed to
demonstrate the effectiveness of the CAES System. In the following sections of this
plan, the verification testing and surveying will be described in detail for each element of
the cell in which fill is placed.

6.2 CELL EXCAVATION

Part of the proposed waste cell will be below the ground surface in an excavation. The
excavation will be constructed in phases with interim dikes that will be removed as
operations require or as subsequent phases are constructed. The overall cell floor and
side slopes are as described below.

6.2.1 Floor and side slopes

The cell floor slopes 2.3% from northwest to southeast. The cut slopes on the north,
west, and south sides of the cell slope at 2:1.

6.2.2 Final floor and embankment elevations

The cell floor coordinates and elevations are shownon the design plans. When each
section of the cell is excavated to the elevations indicated on the plans, a verification
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survey shall be performed to confirm that the excavation is to the proposed lines and
grades. The verification survey shall be signed by the Contractor and submitted to
Construction Manager.

6.2.3 Floor of cell is in the weathered Mancos Shale

The cell floor elevation has been set based on test pit and soil boring data and is at least
two feet below the top of the Mancos Shale at each data point. The cell floor shall be
visually inspected to confirm that it is in the Mancos Shale formation. If an area is
observed where the overburden soil extends below the cell floor, the area will be
undercut, backfilled with prepared Mancos Shale, and compacted.

6.2.4 Inspection and Testing

The Quality Control (QC) Inspector shall visually inspect the material and ground
preparation. The QC Inspector shall verify that the cell floor is constructed in accordance
with Plans and Specifications by checking and confirming:

* Floor and side slopes are per the design plans;

* Final floor and side slopes survey match the coordinates and elevations in the plans-
and

• The floor is weathered Mancos Shale or low spots have been compacted with
Mancos Shale.

6.3 EMBANKMENT CONSTRUCTION

Part of the proposed waste cell will be below the existing ground surface in an excavation
and part will be above the existing ground surface within a constructed embankment.
The proposed embankment will have 3:1 interior slopes, 5:1 exterior slopes, and a 30 ft
wide level top. Excavated material from the cell excavation will be used to construct the
waste cell perimeter embankment.

6.3.1 Material

Excavated material from the cell excavation shall be segregated into four types of soil,
topsoil', weathered Mancos Shale,, common fill, and unsuitable material. Materials shall
be stockpiled separately. The perimeter and spoil embankments will be constructed of
common fill. The fill shall be tested to determine its maximum dry density in accordance
with ASTM D 698 and the moisture content shall be modified to bring the fill to its
optimum moisture for compaction.
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6.3.2 Ground Preparation
The ground beneath the proposed perimeter and spoil embankments shall be prepared by
stripping vegetation and loose soil from the site, scarifying and compacting the top six
inches of soil.

6.3.3 Lift Placement and Thickness

The embankment shall be constructed of fill materials placed in continuous and
approximately horizontal lifts. The method of dumping and spreading fill shall result in
loose lifts of nearly uniform thickness, not to exceed 12". At the Contractor's option, the
compactor may be equipped with a Computer Aided Earthmoving System and soil
placement and compaction shall be controlled by the CAES. The contractor may use the
CAES to determine and document compaction, or perform soil density tests in
accordance with the Inspection and Testing, section below.

.6.3.4 Inspection and Testing Waste Cell Perimeter Embankment

The Quality Control (QC) Inspector shall visually inspect the material preparation,
ground preparation, and fill placenient operations. The QC Inspector shall perform in-
place density tests with companion, moisture tests to verify at least 95% of the laboratory
maximum dry density in accordance with ASTM D 698 Standard Test Methods for
Laboratory Compaction Characteristics of Soil Using Standard Effort. The QC Inspector
shall verify that the perimeter embankment is constructed in accordance with Plans and
Specifications by checking and confirming:

* Interior slopes are 3:1, and exterior slopes are 5:1 and a 30 ft wide level top verified
one time at the end of excavation;

* Fill material is properly moisture conditioned near optimum moisture.

* Fill material is placed in continuous and approximately horizontal lifts. The method
of dumping and spreading material shall result in loose lifts of nearly uniform
thickness, not to exceed 12".

* Embankment construction soil is common fill;

• Compaction is properly performed.

* Compaction - Embankment fill shall be compacted with a minimum 45,000 lb static
weight compactor. The compactor shall be a footed roller capable of kneading
compaction, with feet a minimum of 6 inches in length.

" Compaction Verification Tests - Perform in-place density and moisture content tests
on compacted fill material in accordance with the In-Place Density Testing sections
below.

" Verification tests of in-place density shall be performed on initial layers of soil
placed, and on any specific type of material in which the CAES is used.
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Testing and verification frequencies for lifts constructed without the CAES system shall
be in accordance with'the following:

Testing of Waste Cell Perimeter Embankment
" For material compacted by other than hand-operated machines: One test per 50,000

square feet or 1,850 cubic yards of material placed, or fraction thereof, a minimum of
one test for each lift of fill or backfill, and a minimum of two tests per day that fill is

• compacted in accordance with ASTM D 6938.
" One test per 500 square feet, or fraction thereof, of each lift of fill or backfill areas

for material compacted by hand-operated machines.

In place density and moisture content tests shall be performed in accordance with the
following methods:

* ASTM D 1556 - Density and Unit Weight of Soil in Place by the Sand-Cone
Method

* ASTM D 2216 - Standard Test Methods for Laboratory Determination of Water
(Moisture) Content of Soil and Rock by Mass

* ASTM D 6938 - In-Place Density and Water content of Soil and Soil-Aggregate by
Nuclear Methods. (Shallow Depth).

* ASTM D 4643 - Determination of Water (Moisture) Content of Soil by the
Microwave Oven Heating

Check Tests on In-Place Densities

If ASTM D 6938 is used; check in-place densities by ASTM D 1556 as follows:
" One check test for each 20 tests per ASTM D 6938, of fill or backfill compacted by

other than hand-operated machines.
" One check test for each 20 tests per ASTM D 6938, of fill or backfill compacted by

hand-operated machines.

* Optimum Moisture and Laboratory Maximum Density

Perform Laboratory Density and Moisture Content tests (ASTM D 698 and
ASTM D 2216) for each type of fill material to determine the optimum moisture (
optimum moisture content plus or minus 5%) and laboratory maximum density
values. One representative density test per material type and every 20,000 cubic
yards there after or when any change in material occurs which may affect the
optimum moisture content or laboratory maximum dry density. One correlation
test for moistures every 10 tests per ASTM 6938 will be performed in accordance
to ASTM D 4643 or ASTM D 2216.In the stockpile, excavations, or borrow
areas, perform moisture tests to control the moisture content of material being
placed as fill. Control of moisture content of fill shall be performed by
conducting routine testing of moisture content by one of the following tests:

* ASTM D 2216 - Standard Test Methods for Laboratory Determination of
Water (Moisture) Content of Soil and Rock by Mass (Oven Moisture)
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" ASTM D 4643 - Determination of Water (Moisture) Content of Soil by the
Microwave Oven Heating

" ASTM D 4944 - Field Determination of Water (Moisture) Content of Soil
by the Calcium Carbide Gas Pressure Tester

E ASTM D 4959 - Determination of Water (Moisture) Content of Soil by
Direct Heating

During unstable weather, perform tests as dictated by local conditions and approved by
the Construction Manager.

.6.3.5 Waste Cell Spoil Material Embankment (Wedge)

The Waste Cell Spoil Material Embankment is a fill embankment to be constructed north
of the waste cell. The embankment will divert storm water from the Book Cliffs around
the waste cell, and shall be constructed of surplus excavated material (spoil material)
from the waste cell excavation. Prior to placement, spoil material shall be tested to
determine its maximum dry density in accordance with ASTM D 698, Standard Test
Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort, and
the moisture content shall bemodified to bring the fill to near optimum for compaction.

Construct the Waste Cell Spoil Material Embankment as follows:
1) Prepare the ground beneath the proposed perimeter embankment by stripping

vegetation and loose soil from the site.
2) Dump and spread fill in loose lifts of nearly uniform thickness, not to exceed 12".

Compact material with rollers, equipment tracks, or successive passes of scrapers.
Fill shall be compacted to a density of 90% of the laboratory determined maximum
density in accordance with ASTM D 698.

The QC Inspector shall verify that the spoil embankment is constructed in accordance
with Plans and Specifications by checking and confirming:

* Exterior slopes are 3:1,
* Fill material is properly moisture conditioned near optimum moisture.
* Fill material is placed in continuous and approximately horizontal lifts. The method

of dumping and spreading material shall result in loose lifts of nearly uniform
thickness, not exceed 12"

* Embankment construction soil is common fill;
* Compaction is properly performed.
* Compaction - Embankment fill shall be compacted with a minimum 45,000 lb static

weight compactor.. The compactor shall be a footed roller capable of kneading
compaction, with feet a minimum of 6 inches in length.
Compaction Verification Tests - Perform in-place density and moisture content tests
on compacted fill material in accordance with the In-Place Density Testing sections
below.
Verification tests of in-place density shall be performed on initial layers of soil
placed, and on any specific type of material in which the CAES is used.
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Testing and verification frequencies for lifts constructed without the CAES system shall
be in accordance with the following:

Testing of Waste Cell Spoil Material Embankment
0 One test per 100,000 square feet or 3,700 cubic yards of material placed for

material compacted by other than hand-operated machines
E One test per 500 square feet, or fraction thereof, of each lift of fill or backfill areas

for material compacted by hand-operated machines

In place density and moisture content tests shall be performed in accordance with the
following methods:

* ASTM D 1556 - Density and Unit Weight of Soil in Place by the Sand-
Cone Method

* ASTM D 2216 - Standard Test Methods for Laboratory Determination of
Water (Moisture) Content of Soil and Rock by Mass

* ASTM D 6938 - In-Place Density and Water content of Soil and Soil-
Aggregate by Nuclear Methods (Shallow Depth)

* ASTM D 4643 - Determination of Water (Moisture) Content of Soil by the
Microwave Oven Heating

Check Tests on In-Place Densities

If ASTM D 6938 is used, check in-place densities by ASTM D 1556 as follows:
M One check test for each 20 tests per ASTM D 6938, of fill or backfill

compacted by other than hand-operated machines.
N One check test for each 20 tests per ASTM D 6938, of fill or backfill

compacted by hand-operated machines.

Optimum Moisture and Laboratory Maximum Density

Perform Laboratory Density and Moisture Content tests (ASTM D 698 and
ASTM D 2216) for each type of fill material to determine the optimum moisture
(optimum moisture content plus or minus 5%) and laboratory maximum density
values. One representative density test per material type and every 20,000 cubic
yards there afteror when any change in material occurs which may affect the
optimum moisture content or laboratory maximum dry density. One correlation
test for moistures every 10 tests per ASTM 6938 will be performed in accordance
to ASTM D 4643 or ASTM D 2216.

In the stockpile, excavations, or borrow areas, perform moisture tests to control
the moisture content of material being placed as fill. Control of moisture content
of fill shall be performed by conducting routine testing of moisture content by one
of the following tests:

* ASTM D 2216 - Standard Test Methods for Laboratory Determination of
Water (Moisture) Content of Soil and Rock by Mass (Oven Moisture)
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N ASTM D 4643 - Determination of Water (Moisture) Content of Soil by the
Microwave Oven Heating

N ASTM D 4944 - Field Determination of Water (Moisture) Content of Soil
by the Calcium Carbide Gas Pressure Tester

* ASTM D 4959 - Determination of Water (Moisture) Content of Soil by
Direct Heating

* During unstable weather, perform tests as dictated by local conditions and
approved by the Construction Manager.

6.4 RESIDUAL RADIOACTIVE MATERIAL (RRM)

The objective is to place and compact the RRM in the waste cell to create a stable waste
mass. The QC Inspector shall visually inspect the material preparation, ground
preparation, and RRM placement operations, and shall perform in-place density tests with
companion moisture tests for the CAES to verify that RRM compaction meets the
compaction requirements. The QC Inspector shall verify that the RRM placement is
performed in accordance with Plans and Specifications, and that the top of the placed
waste matches the final grades identified in Section 6:4.5. RRM shall not be placed when
frozen or over frozen subgrade. If rain water ponding has occurred, placement of RRM
waste shall only be performed after the area is dewatered and approval of Construction
Manager, QC Inspector or designee to place is obtained.

6.4.1 Moisture Modification

RRM material should be shipped from Moab at or near optimum moisture for
compaction. Some RRM may require minor moisture modification when received at
Crescent Junction.

6.4.2 RRM Placement

Scarify the top one inch of subsoil or preceding RRM lift using a footed roller or a dozer
prior to placement of subsequent RRM layers. Fill materials shall be placed in
continuous and approximately horizontal. lifts. The method of dumping and spreading
RRM shall result in loose -lifts of nearly uniform thickness, not to exceed 12".
Compaction equipment shall consist of footed rollers or dozers. Footed rollers shall have
a minimum weight of 45,000 pounds and at least one tamping foot shall be provided for
each 110 square inches of drum surface. The length of each tamping foot from the
outside surface of the drum shall be at least 6 inches. During compactionioperations, the
spaces between the tamping feet shall be maintained clear of materials which would
impair the effectiveness of the tamping foot rollers. Dozers shall have a minimum
ground pressure of 1,650 lbs per sq ft. The CAES shall be used to direct fill placement,
monitor compaction, and record the location and thickness of each soil layer being
placed.
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6.4.3 Inspection and Testing

The Quality Control (QC) Inspector shall visually inspect the ground preparation and fill
placement operations. RRM shall be compacted to meet 90% of the laboratory
determined maximum dry density as determined by (ASTM D 698). The QC Inspector.
shall verify that the RRM placement is constructed in accordance with Design Plans and
Specifications by checking and confirming:

. Assessment tests shall be performed on RRM to assure compliance with specified
requirements and to develop compaction requirements for placement. A minimum of
three tests for maximum dry density (ASTM D 698) and optimum moisture content
(optimum moisture plus or minus 3%) (ASTM D 2216) shall be performed for each
type of RRM soil observed.

" Fill material is properly moisture conditioned, one moisture content quick test will be
t1erformed each day material is placed in accordance with (ASTM D 4643, ASTM D
4944, or ASTM D 4959) until a sufficient number have been performed to
demonstrate a clear correlation allowing a reduction in testing.

" Fill material is placed in continuous and approximately horizontal lifts. The method
of dumping and spreading RRM shall result in loose lifts of nearly uniform thickness,
not to exceed 12".

" Compaction meets specifications.

Compaction by CAES - the QC inspector shall monitor CAES compaction by
visually inspecting the process and reviewing the computer records for each layer of
soil placed.

* Verification tests of in-place density shall be performed on the initial layer of RRM
and on any layers in which the CAES indicates that problems occurred obtaining
compaction. In-place density will be taken every six months to verify the
performance of the CAES.

Note: Companion sand cone tests and oven moisture tests must be performed along with
nuclear tests until a sufficient number have been performed to demonstrate a clear
correlation.

If CAES is not used the following testing requirements shall be followed:

M Compaction Verification Tests - Perform in-place density and moisture content tests
on compacted fill material in accordance with the following requirements:

o When verification a representative sample from each principal type or
combination of blended RRM materials shall be tested to establish compaction
curves using ASTM D 698. A minimum of one set of compaction curves
shall be developed per 10,000 cubic yards of RRM material. In-place density
and moisture content tests are performed on a soil layer; a minimum of two
tests shall be performed per 5,000 cubic yards of fill material placed.-
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Compaction and moisture content tests shall be performed in accordance with the
following methods:

o ASTM D 1556 - Density and Unit Weight of Soil in Place by the Sand-
Cone Method

o ASTM D 2216 - Standard Test Methods for Laboratory Determination of
Water (Moisture) Content of Soil and Rock by Mass (Oven Moisture)

o ASTM D 6938 - In-Place Density and Water Content of Soil and Soil-
Aggregate by Nuclear Methods (Shallow Depth)

o ASTM D 4643 - Determination of Water (Moisture) Content of Soil by the
Microwave Oven Heating

* After lift.placement, moisture content shall be maintained until the next lift is placed.

* Erosion that occurs in the RRM layers shall be repaired and grades re-established.

* Freezing and desiccation of the RRM soil shall be prevented. If freezing or
desiccation occurs, the affected soil shall be reconditioned as directed.

Areas that have been repaired shall be retested as directed. Repairs to the RRM
layers shall be documented including location and volume of soil affected, corrective
action taken, and results of retests.

6.4.4 Demolition Debris

Demolition debris will be placed in the waste cell along with RRM material. Each
container of demolition debris shall be spread in a single layer, not stacked, and placed in
a manner that results in a minimum of voids around the debris. The following materials
will be placed in the waste cell:
" Wood, Concrete, Masonry: Cut or break up to a maximum 3-foot size measured in

any dimension.
" Structural Steel Member, Pipes, Ducts, Other Long Items: Cut into maximum 10-foot

lengths.
" Concrete, Clay Tile, and Other Pipes: Crush concrete and clay tile pipes. Crush other

pipes and ducts that are 6 inches or greater in diameter or, if crushing is impractical,
cut pipes and ducts in half longitudinally. Do not crush asbestos-cement pipe.

* Rubber Tires Excavated at the Site: Cut into two halves around the circumference.
* Geomembranes and Other Sheet Material: Cut into strips a maximum of 4 feet wide

by 4 feet long.
* Tree Limbs 4 inches in Diameter and Larger: Cut into lengths of 8 feet or less.

6.4.5 Final RRM Geometry

The top surface of the RRM shall be no greater than 2 inches above the lines and grades
shown on the drawings and verified by survey or the use of the CAES. No minus
tolerance will be permitted.
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6.5 INTERIM COVER

After a section the RRM have been placed in the waste cell to final grade and verified by
survey, an interim cover consisting of 1 ft of clean, compacted soil shall be placed over
the RRM. Interim cover material will be placed and compacted directly on top of RRM
to provide a buffer of uncontaminated soil prior to the placement of the final multi-layer
cap.

6.5.1 Material

Interim Cover Soil will be soil from the excavation of the Crescent Junction waste cell. It
will be material that has been produced on site by modifying the existing overburden soil
and weathered Mancos Shale excavated on site. Overburden and weathered Mancos
Shale shall be excavated, pulverized, wetted, and mixed to produce a uniform fine-
grained soil near optimum moisture content for compaction. Soil shall be free of roots,
debris, organic or frozen material, and shall have a maximum clod size of 2 inch based on
visual at the time of compaction.

6.5.2 Ground Preparation

The RRM beneath the proposed interim cover shall be prepared by scarifying to a depth
of one inch prior to, the placement of the initial lift of interim cover soil.

6.5.3 Lift Placement and Thickness

The interim cover shall be constructed of fill materials placed in continuous lifts of
uniform thickness. The method of dumping and spreading Interim Cover Soil over shall
result in loose lifts not to exceed 12". The CAES shall be used to direct fill placement,
monitor compaction, and record the location and thickness of each soil layer being
placed.

6.5.4 Inspection and Testing

The Quality Control (QC) Inspector shall visually inspect the ground preparation and fill
placement operations. Interim Cover Layer shall be compacted to meet 90% of the
laboratory determined maximum dry density as determined by (ASTM D 698). The QC
Inspector shall verify that the interim cover is constructed in accordance with Plans and
Specifications by checking and confirming.
" Interim Cover is properly moisture conditioned, one moisture content test will be

performed each day material is placed in accordance with (ASTM D 4643, ASTM D
4944, or ASTM D 4959);

" Interim Cover is placed in continuous and approximately horizontal lifts. The
method of dumping and spreading interim cover shall result in loose lifts of nearly
uniform thickness, not to exceed 12".

* Compaction is properly performed.

Page 13 of 27



Compaction by CAES - the QC inspector shall monitor CAES compaction by
visually inspecting the process and reviewing the computer records for each layer of
soil placed.

Compaction Verification Tests - Perform in-place density and moisture content tests
on compacted fill material in accordance with the following requirements:

o Verification tests of in-place density shall be performed on the first 5,000 cubic
yards of Interim Cover and on any layers in which the CAES indicates that
problems occurred obtaining compaction.

o When verification in-place density and moisture content tests are performed on a
soil layer, a minimum of two tests shall be performed per 5,000 cubic yards of fill
material placed.

o Compaction and moisture content tests shall be performed in accordance with the
following methods:

" ASTM D 1556 - Density and Unit Weight of Soil in Place by the
Sand-Cone Method

" ASTM D 2216 - Standard Test Methods for Laboratory Determination of
Water (Moisture) Content of Soil and Rock by Mass (Oven Moisture)

" ASTM D 6938 - In-Place Density and Water Content of Soil and Soil-
Aggregate by Nuclear Methods (Shallow Depth)

" ASTM D 4643 - Determination of Water (Moisture) Content of Soil by the
Microwave Oven Heating

Note: Companion sand cone tests and oven moisture tests must be performed along
with nuclear tests until a sufficient number have been performed to demonstrate a
clear correlation.

* After lift placement, moisture content shall be maintained until the next lift is
placed.

* Erosion that occurs in the Interim Cover layer shall be repaired and grades re-
established.

* Freezing and desiccation of the Interim Cover soil-shall be prevented. If freezing
or desiccation occurs, the affected soil shall bereconditioned as directed.

* Areas that have been repaired shall be retested as directed. Repairs to the Interim
Cover layer shall be documented including location and volume of soil affected,
corrective action taken, and results of retests.

6.5.5 Final Interim Cover Geometry

Proof roll the interim cover with rubber-tired construction equipment, such as a loaded
dump truck or loaded scraper, with a minimum weight of 45,000 lbs to produce a smooth
compacted surface on the top of the completed interim cover layer, such that direct
rainfall causes minimal erosion. The top surface of the Interim Cover shall be no greater
than 2 inches above the lines and grades shown on the drawings. No minus tolerance will
be permitted
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6.6 CAP CONSTRUCTION

An UMTRA cover, a multi-layer cap, will be constructed over the RRM waste and
interim cover. The cap materials and configuration are intended to protect the RRM
waste from exposure due to water erosion, wind erosion, and burrowing animals for a
design-life of 1,000 years. The proposed cap layers are shown in the following figure:
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6.7 RADON BARRIER LAYER

The initial cap layer is a 4 ft thick Radon Barrier Layer constructed of compacted clay
soil. The Radon Barrier will be a low-permeability clay layer that limits radon emissions
from the RRM and limits the infiltration of water from above.

6.7.1 Material

The Radon Barrier Layer will be constructed of processed Mancos Shale soil. The clay
soil will be produced on site by processing excavated Mancos Shale into a fine-grained
soil and adding water to bring the Mancos Shale soil to near optimum moisture content
for compaction.

Assessment tests shall be performed on radon barrier material to assure compliance with
specified requirements and to develop compaction requirements for placement. A
minimum of three tests for maximum dry density (ASTM D 698), optimum moisture
content (ASTM D 2216) shall be performed for each type of soil observed to establish the
optimum moisture for radon barrier material placement. Mancos Shale soil produced for
Radon Barrier fill shall be tested to determine its maximum dry density and the optimum
moisture content. The moisture content shall be modified to bring the fill to optimum for
compaction. As a minimum, perform the following soil tests on each 10,000 cu yds of
soil:

ASTM D 4318, Liquid Limit, Plastic Limit, and Plasticity Index of Soils
ASTM D 1140, Amount of Material in Soils Finer than the No. 200 Sieve
ASTM D 422, Standard Test Method for Particle-Size Analysis in Soil
ASTM D 698, Standard Test Methods for Laboratory Compaction Characteristics of Soil
Using Standard Effort.
ASTM D 2216, Laboratory Determination of Water (Moisture) Content of Soil and Rock
by Mass and/or ASTM D 4643, Determination of Water (Moisture) Content of Soil by
the Microwave Oven Heating

6.7.2 Ground Preparation

The interim cover layer beneath the proposed Radon Barrier Layer shall be prepared by
scarifying to a depth of one inch prior to the placement of the initial lift of Radon Barrier
soil.

6.7.3 Lift Placement and Thickness

The Radon Barrier shall be constructed of fill materials placed in continuous lifts of
uniform thickness. The method of dumping and spreading radon barrier shall result in
loose lifts not to exceed 12". The CAES shall be used to direct fill placement, monitor
compaction, and record the location and. thickness of each soil layer being placed.
Compaction equipment shall consist of footed rollers which have a minimum weight of
45,000 pounds and at least one foot for each 110 square inches of drum surface. The
length of each tamping foot shall be at least 6 inches, from the outside surface of the
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drum. During compaction operations, the spaces between the tamping feet shall be
maintained clear of materials which would impair the effectiveness of the tamping foot
rollers.

6.7.4 Inspection and Testing

The Quality Control (QC) Inspector shall visually inspect the processing of Mancos Shale
into clay soil, ground preparation, and fill placement operations. The QC Inspector shall
perform in-place density tests with companion moisture tests (optimum moisture plus or
minus 3%) to verify that the CAES compaction results in a density of at least 95% of the
material's maximum dry density according to ASTM D 698 Standard Test Methods for
Laboratory Compaction Characteristics of Soil Using Standard Effort. The QC Inspector
shall verify that the Radon Barrier is constructed in accordance with Plans and
Specifications by checking and confirming:

" Fill material is properly moisture conditioned, one moisture content test will be
performed each day material is placed in accordance with (ASTM D 4643, ASTM D
4944, or ASTM D 4959);

" Material is placed in continuous uniform thickness lifts. The method of dumping and
spreading radon barrier shall result in loose lifts not to exceed 12".

" Radon Barrier soil isprocessed Mancos Shale;

" Tests have been performed on the processed shale soil to determine its maximum dry
density and optimum moisture content.

" Compaction - Radon Barrier fill is spread and compacted with a footed roller. The
compactor shall be equipped with a Computer Aided Earthmoving System and soil
placement and compaction shall be controlled by the CAES.

" Compaction by CAES 7- the QC inspector shall monitor CAES compaction by visually
inspecting the process and reviewing the computer records for each layer of soil
placed.

" Compaction Verification Tests - Perform in-place density and moisture content tests
on compacted fill material in accordance with the following requirements:

o Verification tests of in-place density, shall be performed on initial layer of radon
barrier placed, and on any layers in which the CAES indicates that problems
occurred obtaining compaction.

o When Verification in-place density and moisture content tests are performed on a
soil layer, a minimum of one test shall be preformed a minimum of 2 tests per
5,000 cubic yards of material placed.

o Compaction and moisture content tests shall be performed in accordance with the
following methods:

* ASTM D 1556 - Density and Unit Weight of Soil in Place by the Sand-
Cone Method
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* ASTM D 2216 - Standard Test Methods for Laboratory Determination of
Water (Moisture) Content of Soil and Rock by Mass

* ASTM D 6938 - In-Place Density and Water content of Soil and Soil-
Aggregate by Nuclear Methods (Shallow Depth

* ASTM D 4643 - Determination of Water (Moisture) Content of Soil by the
Microwave Oven Heating

Note: Companion sand cone tests and oven moisture tests must be performed
along with nuclear tests until a sufficient number have been performed to
demonstrate a clear correlation.

0 After placement, moisture content shall be maintained or adjusted to meet criteria.
a Erosion that occurs in the fill layers shall be repaired and grades re-established.
0 Freezing and desiccation of the Radon Barrier layer shall be prevented. If

freezing or desiccation occurs, the affected soil shall be removed or reconditioned
as directed.

Areas that have been repaired shall be retested as directed. Repairs to the Radon
Barrier layer shall be documented including location and volume of soil affected,
corrective action taken, and results of retests.

6.7.5 Initial and Confirmatory Surveys

Verification of the thickness of the Radon Barrier Layer will be performed by comparing
before and after surveys of the Layer by surveying or using CAES. Prior to placement of
the Radon Barrier Layer, an initial survey shall be performed of the section to be capped.
The initial survey will document the pre-cap geometry of the site. After the Radon
Barrier Layer has been installed, a post-installation survey will be performed on the top
of the Radon Barrier fill to confirm that the total fill thickness is in accordance with the
plans and specifications.

6.8 INFILTRATION AND BIOINTRUSION BARRIER (GRAVEL)

Above the Radon Barrier layer, a 6 inch thick Infiltration and Biointrusion Layer of
gravel will be placed to provide a barrier to burrowing animals, and a pathway for
drainage of water that has infiltrated through upper layers of the cap. The gravel will be a
sandy gravel with a gradation in accordance with project plans and specifications. Rock
shall be spread to the thickness indicated on the drawings or in accordance with
oversizing due to scoring criteria. Rock placement shall be guided by the Computer

* Aided Earthmoving System to ensure that the appropriate thickness has been placed at all
locations. Stone with a D50 of 2 inches or less shall be compacted with a vibratory steel
drum.

Page 19 of 27



6.8.1 Biointrusion Layer Materials Testing

Rock for the infiltration and biointrusion barrier layer shall be tested by a commercial
testing laboratory during production in accordance with the following:

Biointrusion Layer Material Reference

Specific Gravity (SSD) ASTM C-127

Absorption ASTM C- 127

Sodium Sulfate Soundness (5 cycles) ASTM C-88

(course aggregate)

L.A. Abrasion(100 cycles) ASTM C- 131

Schmidt Rebound Hardness ISRM Method

Test samples shall be submitted to a commercial testing lab for analysis and subsequent
acceptance or rejection or the material represented by the test results, based on
engineering calculations.

Rock for the infiltration and biointrusion barrier layer shall be tested for gradation in
accordance with ASTMs C-117 and C-136, and other approved testing methods. Test
results shall be in accordance with the Design Specification.

Rock for the infiltration and biointrusion barrier layer shall be tested a minimum of four
times. The materials shall be tested initially prior to .the delivery of any of the materials
to the site and at the beginning of placement. Thereafter, the tests shall be performed at a
minimum frequency of one test for each 10,000 cubic yards or fractions thereof
produced/placed (durability tests for materials produced/gradation tests for materials
placed). A final set of durability tests shall be performed near completion of production
for each~type material. A final gradation test shall be performed near completion of
placement for each type material.

Rock for the infiltration and biointrusion barrier layer shall be material that has long-term
chemical and physical durability. The material shall achieve an acceptable score for its
intended use, in accordance with the rock scoring and acceptance criteria.

6.8.2 Rock Acceptance Criteria

An acceptable rock score depends on the intended use of the rock. The rock's score must
meet the following criteria:

- For occasionally saturated areas, which include the top and sides of the final cover, the
rock must score at least 50% or the rock is rejected. If the rock scores between 50%
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and 80% the rock may be used, but a larger D50 must be provided (oversizing). If the
rock score is 80% or greater, no oversizing is required.

For frequently saturated areas, which include all channels and buried slope toes, the
rock must score 65% or the rock is rejected. If the rock scores between 65% and 80%,
the rock may be used, but must be oversized. If the rock score is 80% or greater, no
oversizing is required.

Oversize rock as follows:

- Subtract the rock score from 80% to determine the amount of oversizing required. For
example, a rock with a rating of 70% will require oversizing of 10 percent (80% - 70%
= 10%).

- The D50 of the stone shall be increased by the oversizing percent. For example, a
stone with a 10% oversizing factor and a D50 of 12 inches will increase to a D50 of
13.2 inches.

- The final thickness of the stone layer shall increase proportionately to the increased
D50 rock size. For example, a layer thickness equals twice the D50, such as when the
plans call for 24 inches of stone with a D50 of 12 inches, ifthe stone D50 increases to
13.2, the thickness of the layer of stone with a D50 of 13.2 should be increased to 26.4
inches.

QC Inspector shall verify that the Infiltration and Biointrusion Layer is installed in
accordance with Plans and Specifications by checking and confirming:

Gravel material gradation matches the gradation required in the specifications.

- Gravel material is placed and compacted to produce a continuous uniform thickness of
at least 6 inches. As a minimum depth verification will be performed every 10,000 cu
yds.

- Compaction is performed by a vibratory steel drum roller, and that the roller makes a
minimum of 2 passes over the placed gravel fill.

6.9 FROST PROTECTION LAYER

Above the Infiltration and Biointrusion Layer a 3 feet thick Frost Protection Layer will be
installed. This soil layer will provide protection for the low-permeability Radon Barrier
Layer beneath. The Frost Protection Layer will consist of 3 ft of clean, compacted soil
shall be placed directly on the gravel Infiltration and Biointrusion Layer.

6.9.1 Material

The Frost Protection Layer will be constructed of common fill. The fill shall be produced
from stockpiled excavated common fill from the cell excavation, tested to determine its
maximum dry density, and the moisture content modified to bring the fill to optimum for
compaction in accordance with ASTM D 698.
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6.9.2 Ground Preparation

The Frost Protection Layer will be placed directly on the gravel Infiltration and
Biointrusion Layer.

6.9.3 Lift Placement and Thickness

The Frost Protection Layer shall be constructed of fill materials placed in continuous lifts
of uniform thickness. The method of dumping and spreading of the frost protection layer
shall result in loose lifts not to exceed 12". Scarification shall be performed on all areas
of the upper surface of each underlying soil layer prior to placement of the next lift.
Scarification shall be accomplished with approved equipment. The final lift of soil shall
not be scarified. The final lift shall be smooth rolled with at least 3 passes of the
approved smooth steel wheeled roller weighing a minimum of 20,000 pounds.

6.9.4 Inspection and Testing

The Quality Control (QC) Inspector shall visually inspect the material preparation,
ground preparation, and fill placement operations. The QC Inspector shall perform in-
place density tests with companion moisture tests (optimum moisture plus or minus 5%)
to verify that the CAES compaction results in a density of at least 90% of the material's
maximum dry density according to ASTM D698 Standard Test Methods for Laboratory
Compaction Characteristics of Soil Using Standard Effort. The QC Inspector shall verify
that the frost protection layer is constructed in accordance with Plans and Specifications
by checking and confirming:

" Frost Protection Layer soil is common fill;

" Tests have been performed on the common fill to determine its maximum dry density
and optimum moisture content per ASTM D 698.

" Fill material is properly moisture conditioned to near optimum moisture;

" Fill material is placed in continuous and approximately horizontal lifts. The method of
dumping and spreading the frost protection layer shall result in loose lifts of nearly
uniform thickness, not to exceed 12".

" Compaction is properly performed.

" Compaction - Fill shall be compacted with a minimum 45,000 lb static weight
compactor. The compactor shall be a footed roller capable of kneading compaction,
with feet a minimum of 6 inches in length. The compactor shall be equipped with a
Computer Aided Earthmoving System and soil placement and compaction shall be
controlled by the CAES.
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Compaction by CAES - the QC inspector shall monitor CAES compaction by visually
inspecting the process and reviewing the computer records for each layer of soil
placed.

Compaction Verification Tests - Perform in-place density and moisture content tests
on compacted fill material in accordance with the following requirements:

o Verification tests of in-place density shall be performed on initial layers of soil
placed, and on any layers in which the CAES indicates that problems occurred
obtaining compaction.

o When verification in-place density and moisture content tests are performed on a
soil layer, a minimum of one test shall be preformed a minimum of 2 tests per
5,000 cubic yards of fill material placed.

o Compaction and moisture content tests shall be performed in accordance with the
following methods:

0 ASTM D 1556 - Density and Unit Weight of Soil in Place by the Sand-
Cone Method

0 ASTM D 2216 - Standard Test Methods for Laboratory Determination of
Water (Moisture) Content of Soil and Rock by Mass

0 ASTM D 2922 - Density of Soil and Soil-Aggregate in Place by Nuclear
Methods (Shallow Depth)

0 ASTM D 6938 - In-Place Density and Water content of Soil and Soil-
Aggregate by Nuclear Methods (Shallow Depth)

0 ASTM D 4643 - Determination of Water (Moisture) Content of Soil by the
Microwave Oven Heating

Note: Companion sand cone tests and oven moisture tests must be performed
along with nuclear tests until a sufficient number have been performed to
demonstrate a clear correlation.

6.9.5 Initial and Confirmatory Surveys

Verification of the thickness of the Frost Protection Layer will be performed by
comparing before and after surveys of the Layer. Prior to placement of the Frost
protection Layer, an initial survey shall be performed of the section to be capped. The
initial survey will document the geometry of the top of the Infiltration and Biointrusion
Layer. After the Frost Protection Layer has been installed, a post-installation survey will
be performed on the top of the Frost Protection Layer to confirm that the total fill
thickness is in accordance with the plans and specifications.

6.10 ROCK ARMORING

The final cap layer is Rock Armoring, placed over the Frost Protection Layer. The Rock
Armoring will vary in size and thickness at different locations on the cap, and shall be
installed in accordance with the project plans and specifications Rock shall be spread to
the thickness indicated on the drawings or in accordance with oversizing due to scoring
criteria. Rock placement shall be guided by the Computer Aided Earthmoving System to
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ensure that the appropriate thickness has been placed at all locations. Stone with a D50
of 2 inches or less shall be compacted with a vibratory steel drum.

6.10.1 Erosion Protection Materials Testing

Rock for the final cover layers shall be tested by a commercial testing laboratory during
production in accordance with the following:

Rock Armoring Reference

Specific Gravity (SSD) ASTM C-127

Absorption ASTM C-127

Sodium Sulfate Soundness (5 cycles) ASTM C-88

(course aggregate)

L.A. Abrasion (100 cycles) ASTM C-131

Schmidt Rebound Hardness ISRM Method

Test samples shall be submitted to a commercial testing lab for analysis and subsequent
acceptance or rejection or the material represented by the test results, based on
engineering calculations.

Rock for the final cover layers shall be tested for gradation in accordance with ASTMs
C-1 17 and C-136, and other approved testing methods. Test results shall be in
accordance with the Design Specification.

Rock for the final cover layers shall be tested a minimum of four times. The materials
shall be tested initially prior to the delivery of any of the materials to the site and at the
beginning of placement. Thereafter, the tests shall be performed prior to placement at a
minimum frequency of one test for each 10,000 cubic yards or fractions thereof
produced/placed (durability tests for materials produced/gradation tests for materials
placed). Where the total volume is less than 30,000 cubic yards, the test frequency shall
be one test for each type material when approximately one-third and two thirds of the
total volume of material has been produced/placed. A final set of durability tests shall be
performed near completion of production for each type material. A final gradation test
shall be performed near completion of placement for each type material.

Rock for the final cover layers shall be rock material that has long-term chemical and
physical durability. Rock for final cover layers shall achieve an acceptable score for its
intended use, in accordance with the rock scoring and acceptance criteria.
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At the quarry operations periodically a geologist will inspect the stockpiles to ensure the
percent of other than grey basalt does not exceed 10% for rock for the final cover layers.

6.10.2 Rock Acceptance Criteria

An acceptable rock score depends on the intended use of the rock. The rock's score must
meet the following criteria:

- For occasionally saturated areas, which include the top and sides of the final cover, the
rock must score at least 50% or the rock is rejected. If the rock scores between 50%
and 80% the rock may be used, but a larger D50 must be provided (oversizing). If the
rock score is 80% or greater, no oversizing is required.
For frequently saturated areas, which include all channels and buried slope toes, the
rock must score 65% or the rock is rejected. If the rock scores between 65% and 80%,
the rock may be used, but must be oversized. If the rock score is 80% or greater, no
oversizing is required.

Oversize rock as follows:

- Subtract the rock score from 80% to determine the amount of oversizing required.
For example, a rock with a rating of 70% will require oversizing of 10 percent (80% -
70% = 10%).

- The D50 of the stone shall be increased by the oversizing percent. For example, a
stone with a 10% oversizing factor and a D50 of 12 inches will increase to a D50 of
13.2 inches.

- The final thickness of the stone layer shall increase proportionately to the increased
D50 rock size. For example, a layer thickness equals twice the D50, such as when the
plans call for 24 inches of stone with a D50 of 12 inches, if the stone D50 increases to
13.2, the thickness of the layer of stone with a D50 of 13.2 should be increased to 26.4
inches.

QC Inspector shall verify that the Rock Armoring is installed in accordance with Plans
and Specifications by checking and confirming:

- Stone gradations match the gradation required in the specifications and based on
visual verification, fines (material <• 200 mesh) are dispersed evenly throughout the
rock.

- Stone material is placed to produce the thickness required by the plans for each area.
As a minimum, depth verification will be performed every 10,000 cu yds.
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Lift Thickness
Cell Component Material of Compaction max./ approx Frequency of Verification TestsConstruction Requirements loose / compact

Cell Excavation N/A N/A N/A N/A
PerimeterPemamente Common Fill 95% 12" / 10" Initial layer/ Section 6.3.4Embankment

RRM Placement RRM 90% 12" / 10" Initial layer / Section 6.4.3

Interim Cover Common Fill 90% 12 /10" Initial layer / Section 6.5.4

Radon Barrier Mancos 95% 12"/ 10" Initial layer / Section 6.7.4Shale

Infiltration and Stone N/A N/A N/A
Bio-intrusion Barrier
Frost Protection *Common Fill 90% 12" / 10" Initial layer / Section 6.9.4

Cap Armoring Stone N/A N/A N/A

Cell Construction Material Installation Summary Table

6.11 SETTLEMENT MONITORING

A grid system shall be established for periodic surveys to monitor cell settlement. This system
will be transferred to Legacy Management (LM) for continued cell settlement monitoring.

7.0 RECORDS

7.1 Test and inspection records shall be reported and filed in a timely manner, consistent with
the status of work performed. Inspection and test status shall be available at all times to
prevent inadvertent by-passing of an inspection or test.

7.2 Test and inspection records shall contain, at a minimum, the following:

7.2.1 Items tested or inspected.

7.2.2 Date of test or inspection.

7.2.3 Tester/inspector.

7.2.4 Type of test or inspection.

7.2.5 Results and acceptability, including the test or inspection acceptance criteria.

7.2.6 Identification number of instrument used in performing the test or inspection.
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7.2.7 Action taken in connection with any deviations noted.

7.2.8 Person evaluating test results, if different from person named in paragraph

7.3 Test and inspection records shall be filed and maintained in accordance with DOE-
EM/GJT 1545 "Records Management Manual."

7.4 Surveillances shall be performed by Quality Assurance of M&TE used by Quality
Control.

7.5 Daily Inspection Reports shall be generated, describing the adequacy, discrepancies,
progress, dispositions and details of each day's construction activities.

7.6 Permanent QA/QC records shall be periodically evaluated through internal and external
surveillances and audits.

7.7 A weekly Quality Control Report shall be generated, summarizing the volume of in-
placed materials and the number of field and laboratory tests performed for each type of
material. A copy of the weekly QC Report shall be transmitted to the ES Quality
Manager.
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Computer Aided Earthmoving System for Landfills
Advanced GPS technologies for earthmoving equipment improve machine efficiency,
maximize air space utilization, and extend landfill life.

Caterpillar is helping customers
revolutionize the way they compact
trash, grade slopes and manage their
operation with new technology solutions
for landfills. Solutions that provide
greater accuracy, higher productivity,
lower operating costs, more profitability
and longer landfill life.

The Computer Aided Earthmoving
System (CAES) is a high technology
earthmoving tool that allows machine
operators to achieve maximum landfill
compaction, desired grade/slope, and
conserve and ensure even distribution
of valuable cover soil with increased
accuracy without the use of traditional
survey stakes and crews. Using global
positioning system (GPS) technology,
machine-mounted components, a radio
network, and office management
software, this state-of-the-art machine
control system delivers real-time
elevation, compaction and grade control
information to machine operators on an
in-cab display. By monitoring grade

Sand compaction progress, operators
have the information they need to
maximize the efficiency of the
machine, resulting in proper drainage
and optimum airspace utilization.

This advanced technology tool also
aids in the identification of site-specific
storage areas for hazardous, medical,
industrial, and organic waste requiring
special handling and placement records.

Applications
CAES is an ideal tool for landfill
planning, engineering, surveying, grade
control, and production monitoring
applications in dump areas. CAES is
specifically designed for use on landfill
compactors, track-type tractors, wheel
tractor scrapers, and motor graders.

On-Board Components
" CAES Touch Screen Display
* GPS Receiver
" GPS Antenna (L1I/L2)
" Communications Radio

Off-Board Components
* GPS Reference Station
" Radio Network
E CAESoffice/METSmanager

'Operation
CAES uses GPS technology, a wireless then send the work plan from the office
radio communications network, and to the in-cab display to show operators
office software to map landfills, create the work to be done.
ý;t I. Ih n l o to t~oln¢' 1 41,tt

and track compaction and earthmoving
progress with complete accuracy.

The receiver uses signals from GPS
satellites to determine precise machine
positioning. Two receivers are used
to capture and collect satellite data -
one located at a stationary spot on the
landfill site, and another located on
the machine. Signals from the ground-
based reference station and on-board
computer are used to remove errors in
satellite measurements for centimeter
accuracy.

The CAES-enabled machine is driven
over the site to create a digital terrain
design file. Using the radio network
and office software, landfill terrain data
is transmitted from the machine to the
landfill office. Landfill managers can

The in-cab display provides the operator
with an overhead and cross-sectional
three-dimensional surface view of
the color-coded work plan and precise
machine location. The software
continuously updates terrain and
machine position information as
the machine traverses the site.

CAES gives the operator the ability to
control grade by monitoring progress
on the in-cab display, which shows
a graphical representation of lift
thickness and compaction density.
Cut/fill numbers are displayed in real-
time as the machine moves across the
site, which allows the operator to know
precise elevation, material spread,
compaction passes, and required
cut or fill at any point on the job.
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. The compactor display shows colored
grids representing the number of
compaction passes the machine has made
across each area. As the compactor
wheel travels over an area, the screen
changes color to acknowledge the pass.
Green areas indicate when optimum
compaction has been reached. The system
also monitors thick lift information and
visually displays when a lift exceeds
maximum site parameters.

In tractor, scraper and motor grader
applications, the color display graphically
shows the operator cut, fill, and grade
work to be done according to plan.
As the machine works, the screen
changes color. Green indicates when
the operator has achieved plan grade.

By providing immediate feedback
on the accuracy of each pass, CAES
operators have the information and
confidence they need to work more
efficiently, productively and profitably.

On-Board Components

*• Communications Radio. The rugged
radio, mounted on the roof of the
machine, is used for transmitting,
repeating and receiving real-time data
from GPS receivers. The radio broadcasts
real-time, high-precision data for GPS
applications. Under normal conditions,
the 900 MHz radio broadcasts data up
to 10 km (6.2 miles) line-of-sight.
Coverage can be enhanced with a
network of repeaters, which allows
coverage over a broader area.
Optimized for GPS with increased
sensitivity and jamming immunity,
the radio features error correction and
high-speed data transfer, ensuring
optimum performance. A 450 MHz
radio solution is also available.

GPS Antenna (11/12). The dual frequency
external antenna, mounted on the roof of
the machine and reference station, is used
to pick up the signals from the GPS
satellites to determine the machine's
position for high precision, real-time
machine guidance and control. A low-
noise amplifier provides sensitive. performance in demanding applications.
The compact, low profile design and
sealed housing ensure reliable
performance in harsh weather conditions.

GPS Receiver. The dual frequency real-
time kinematic (RTK) GPS receiver
is used to send and receive data
simultaneously across the radio
network. The system computes
differential corrections for real-time
positioning with centimeter accuracies,
to ensure precise machine guidance
and control.

CAES Touch Screen Display. The in-cab
graphical display provides real-time
operating information to the operator.
Designed for simple operation, the 264
mm (10.4 in) custom configurable,
integrated touch screen display allows
operators to easily interface with the
CAES system. The display utilizes the
latest infrared touch and transflective
backlight technology for superior
viewing in bright light conditions and a

broad-range dimmable backlight for
viewing in low light conditions.
Designed for reliable performance in
extreme operating conditions, the unit
is guarded against shock and sealed to
keep out dust and moisture.

Compactor Screen

Dozer Screen
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"* Off-Board Components

GPS Technology. Global Positioning
System (GPS) technology uses
24+ satellites that orbit above the earth
and constantly transmit their positions,
identities and times of signal broadcasts
to earth-based satellite sensors. The GPS
receiver is an electronic box, which
measures the distance to each visible
satellite from an antenna on the ground.
Through trilateralization, the receiver
determines where the satellite is in
respect to the center of the earth. The
GPS receiver uses its own position
and GPS satellite positions to calculate
errors and corrections for computing
exact location and precise positioning
with centimeter accuracy.

GPS Reference Station. A GPS reference
station is used to achieve the centimeter
level accuracy needed in a landfill
application. The reference station sends
GPS information over a radio link to
the GPS receiver on the CAES-enabled
machine. The receiver combines the. information with its own observations
to compute precise positioning.

Radio Network. The radio network for
CAES has two channels. GPS correction
data is transmitted over one channel,
while the other channel is used to send
site planning and production data to the
machine and from the machine back
to the site office. By utilizing the same
radio as a repeater the range can be
extended to provide seamless coverage
around local obstacles such as hills or
large buildings. Up to four radio
repeaters may be used to provide
extended coverage.

Landfill Planning Software. Site planning
and surveying begins with the landfill
planning software. CAES is compatible
with most third party CAD planning
software packages. Data formats used
between the CAES software and the
planning software are industry standard
.DXF and ASCII.

CAESofficeTM. The powerful Caterpillar-
designed CAESoffice software enables
landfill management to monitor CAES-
equipped machines and work progress
throughout the site in near real-time.
The data is stored in a database format
for easy customized access, reporting
and editing.

METSmanager. This software package
allows for integration of the landfill
planning system and the machine.
It provides the user interface for CAES
and controls all communications over the
wireless radio network. METSmanager
reads design files in standard .DXF
formats, converts them to CAES format
(.CAT), and sends the design files to
the on-board display on the machine
over the radio network. This program
continually updates the site model by
regularly requesting data transmissions
from the machine to the office.

" File Window. Displays design files
(.DXF) created using the site planning
package, and holds application
configuration files for GPS receivers
and files converted from .DXF to
the CAES on-board software format
(.CAT).

" Machines Window. Shows icons of
each machine equipped with CAES
on-board software. Allows multiple
machines to be monitored at the
same time.

" Messages Window. Contains a list of
recent error, warning, confirmation,
or information messages generated
by METSmanager. •

" Communications Queue Window.
Lists all file transmissions scheduled
to occur over the radio network and
displays transmission status for all files.

4



Specifications

WTC900B Communications Radio
* Technology: Spread spectrum
* Modes: Base, repeater, rover

" Optimal Range: 10 km (6 miles),
line-of-sight

" Typical Range: 3-5 km (2-3 miles) varies
w/terrain'and operating conditions.

Repeaters may be used to extend range
* Frequency Range: 902-928 MHz

* Networks: Ten, user selectable
m Transmit Power: Meets FCC requirements,

1 watt max.
* License Free (U.S. and Canada)
* Wireless Data Rates: 128 Kbps2

* Operating Temperature:
-400 C to 700 C (-400 F to 1580 F)

* Storage Temperature:
-400 C to 850 C (-400 F to 1850 F)

* Humidity: 100%
* Sealing: Exceeds MIL-STD-810E,

sealed to ±34.5 kPa (±5 psi), immersible
to I m (39 in)

* Vibration: 8 gRMS, 20-2000 Hz
* Operational Shock: t40 g, 10 msec
* Survival Shock: ±75 g, 6 msec
* Electrical Input: 10.5 to 20V DC
* Nominal Current: 250 mA (3 W)Ie •Transmit Current: 1000 mA (12 W)I
* Protection: Reverse polarity
* Control Interface: SAE J1939 CAN
* Emissions and Susceptibility:

CE comp'liant, exceeds ISO 13766
* Input Connector: 8-pin
* Network Connector: 8-pin
* Height: 250 mm (10 in)
* Width: 85 mm (3.4 in)
* Weight: 0.9 kg (2.0 lb)
Radios outside of US. and Canada operate
on different frequencies. Please contact your

Cat Dealer for specifics.

Li/2 GPS Antenna

" Operating Temperature:
-400 C to 700 C (-400 F to 1580 F)

" Storage Temperature:
-550 C to 850 C (-670 F to 1850 F)

* Height: 15 1mm (6 in)
* Width: 330 mm (13 in)
* Depth: 72 mm (2.8 in) K
* Weight: 1.695 kg (3.8 lb)

MS840 GPS Receiver
" Tracking: 9 channels LI C/A code, LI/L2

full cycle carrier, fully operational during
P-code encryption

" Signal Processing:
Supertrak multibit technology, Everest
multipath suppression

" Positioning Mode -
" Synchronized RTK: 1 cm + 2 ppm

horizontal accuracy/2 cm + 2 ppm
vertical accuracy, 300 ms latency,
5 Hz std. maximum rate

" Low Latency: 2 cm + 2 ppm horizontal
accuracy/3 cm + 2 ppm vertical accuracy,
<20 ms latency, 20 Hz maximum rate

" DPGS: <Im accuracy, <20 ms latency, 20
. Hz maximum rate
" Range: Up to 20 km from base for RTK
" Communication: 3x RS-232 ports, baud

rates up to 115,200
M Control Interface: SAE J1939 CAN
" Configuration: RS-232 Serialconnection
* Operating Temperature:

-20o C to 600 C (-40 F to 1400 F)
" Storage Temperature:

-30' C to 800 C (-220 F to 1760 F)
" Humidity: 100%
" Operational Vibration: 3 gRMS
" Survival Vibration: 6.2 gRMS
" Operational Shock: ±40 g
" Survival Shock: ±75 g
" Electrical Input: 12/24V DC, 9 watts
" Height: 5.1 cm (2.0 in)
" Width: 14.5 cm (5.7 in)
" Depth: 23.9 cm (9.4 in)
" Weight: 1.0 kg (2.25 lb)

CAES Touch Screen Display
" LCD Display: 264 mm (10.4 in)

640 x 480 transflective color VGA
" Buttons: touch screen
* Touch Screen: 3.17 mm (0.125 in)

resolution infrared high light rejection
" Back Light: 200 cd/m2,

200:1 dimming ratio
" Processor: Intel Pentium CPU
" Memory: 64 MB Ram
" Solid State Disk: Internal 128 MB,

external compact flash

" Operating Environment: Embedded
WinNT

" Operating Temperature:
-200 C to 700 C (-40 F to 1580 F)

" Storage Temperature:
-50o C to 850 C (-580 F to 1850 F)

" Sealing: IP68 sealed to ±5 psi
" Humidity: 100%
" Electrical Input: 9-32V DC
" Power Supply: 5 amp @ 40W load dump,

reverse voltage, ESD, over voltage
protection

" Connector: 70-pin
" Discrete 1/0: 8 digital ports; 5 PMW inputs
* Mounting: bracket or panel
" Height: 261 mm (10.28 in)
" Width: 315 mm (12.4 in)
* Depth: 93 mm (3.66 in)
" Weight: 3.17 kg (8.5 lb)

CAESoffice/METSmanager
PC Requirements
* Pentium II/III processor w/

128 MB memory
* 21 in. monitor (SVGA color 1024 x 768

resolution) with 2MB video memory
* Windows NT 4.0 or higher with latest

service pack
* Modem- internal or external (required for

remote support)
* Required ports: serial (suggest 2 serial,

I parallel)
* CD ROM drive
* 3.5 in disk drive
* Mouse or suitable pointing device
* Hard Drive Space: 200 MB min.

Customer Support. For over 25 years,
Caterpillar has been providing electronic
and electrical components and systems
for the earthmoving industry - real
world technology solutions that enhance
the value of Cat products and make
customers more productive and profitable.
Your Cat Dealer is ready to assist you
with matching machine systems to the
application or obtaining responsible,
knowledgeable support. For additional
information, please contact us at
LANDFILLGPS@CAT.com

Computer Aided Earthmoving System for Landfills specifications 5
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Landfill Compactors
Track-Type Tractors
Wheel Tractor Scrapers
Motor Graders
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Final Remedial Action Plan
DOE-EM/GJ1547

July 2008

Fremont Junction Rock Source Data

Number Title

F1 Green River Remedial Action Plan, Appendix Q. Addendum Q4. 1988

F2 Rock Durability Laboratory Results for Samples Collected in,2007 and 2008

Green River, Utah Final Completion Report, Volume 2, Appendix E, MaterialSummary Report, 1991



Addendum F

Fl. Green River Remedial Action Plan, Appendix D, Addendum D4, 1988.

F2. Rock Durability Laboratory Results for Samples Collected in 2007 and 2008.

F3. Green River, Utah Final Completion Report, Volume 2, Appendix E, Material
Summary Report, 1991.



Addendum Fl. Green River Remedial Action Plan, Appendix D,
Addendum D4, 1988
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FREMONT JUNCTION, UTAH

ROCK BORROU SOURCE



Site Description

The existing quarry and test pits are located in Quaternary gravel

terraces composed of outwash from nearby mountains and pediment deposits

presently undergoing erosion. The upper portion of the terraces can be

divided into two distinct layers.. The upper layer, which is. about

3-5 feet thick, consists of clayey. sand and/or clayey silt. This layer

should be considered as overburden. Immediately underlying the upper

layer is a 5 to 15 foot thick layer of mixed sand and gravel (up to

*3-inch maximum size), cobbles (3 to 12-inch size), and boulders (larger

than 12-inch size). Material gradation is variable in this stratum.

Approximately I to 3 feet of the uppermost zone of the lower layer

contains up to 15 percent (approximately) of friable, weathered. basalt

and basalt particles with friable weathering rinds. The obviously

weathered basalt particles were not observed in the underlying portion of

the lower layer, which has a maximum thickness of about 12 feet in the

existing test trenches.

Material Types

Based on visual examination of material, it is estimated that about

80 percent of the boulders, cobbles, and gravels in the lower bed are

basalt, about 10 percent are quartz and/or quartzite and about 10 percent

maximum are fine-grained sandstone. Sandstone particle sizes are

approximately in the gravel-to-cobble size range, up to 8 inches

maximum. Weathering rinds observed on rock samples broken at the site

indicate that the basalt fraction of the deposit is relatively

unweathered (except for highly weathered basalt in the confined zone

noted above).

Representative hand-picked samples were obtained for laboratory tests and

petrographic examination from piles of. materials obtained from trenches

dug with a front end loader. Particle sizes in the piles ranged from

less than 1 inch to 36 inches and particle sizes in the hand-picked

samples ranged from 8 inches to 15 inches.

I - 5057-GRN-R-Ol-DRAFT-O0
4889U/0O41U
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Sandstone particles Iiarger than .8 inches were not observed in the part of

the deposit explored to date.

-,2 - 5057-GRN-R-O1-DRAFT-O0
4889U/0141U
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UMTRAP
Green River, Utah
Job No. 1 117 88
.February 5, 1988

CHEN AND ASSOCIATES

TABLE I

SUMMARY OF UN•KOUND PARTICLES DATA

Location

Fret.,ont JLnct ion
TP-2, A

Fre4ont Junction
TP-5, A

Lab
No.

Percentage by Weight
Sandstone and Other
Unsound Particles *

of Size
Description of Distribution of

Unsound Particles Unsound Particles
Mainly sandstone, line-
stone, & very wathered
basalt fragments V'- No. 4115 3

119 2

Clinker-like w.athe red
basalt and soft lime-
stone particles

Sandstone, very weathered
basalt & limestone
fragments

1 "- No. 4

gnont Junction
-4, A 122 1 1/2"- No. 4

* Based only on the portion of the samnple greater than a %. 4 sieve.



G ar y 5, Utah
Job • 17, 88

February 5, 1988

CHEN AND ,'.SSOC'NrrCS

TARLE Ii

SUMMARY OF ROCK TF-W R;SUTS

Sodi um
Sulf ate
Soundness
Loss, %

Site Lab Specific Gravity Absorption,
Location No. Bulk Apparent B•alk (SSD) _

L.A. Abrasion Loss,
%, at 100/500 CSles Description

Fremont
Junction
TP-2A
TP-2B
TP-3A
TP-3B
TP-5A
TP-5B

115
116
117
.118

119
120

2.554
2.520
2.607
2.587
2.612
2.540

2.644
2.648
2,705
2.710
2.717
2.658

2.588
2.568
2.643
2.632
2.651
2.585

1.333
1.91
S. 38

1.760
1.4R6
1.739

. 5.5/33.7

6.4/29.7
6.7/30.3

4.5
1.2
3.2
1.7
3.9
3.7

Basalt Cobbles and Gravels
Basalt Cobbles

Granitic & Basaltic Cobbles
Basalt Cobbles
Basalt Cobbles & Gravels
Basalt Cobbles

Note: APO tests reported above have been performed on spex
_.cles, as indicated in the sco-p of work for th

'imens that do not include sandstone or other unsound
projpct.



LIIIAP
Green 'River, Utah
Job lJb. 1 117 88
February 5, 1988

CHEN AND ASSOCL~ATES

TA.R.. 111

SLM~ARY OF ROCK TEST RZRWLS

Site
Lcocatior

Fretmont
TP-2B
TP-3B
TP-SB
TP-5 B

Lab Sclinidt
N. Rebound

Janct ion
116
118.
120
120

Spl itt i ng
Tensile

Strength, psi

728
1308
1133
1394

29

30

Description

Basalt
Basalt
Basal:
Bacite



',L C•:"', IJ . C7-G';-L-O_,9-o0671-O0 / '.-
/

Chen & Ass ites 9 SColjh Zuni cerC e & ssocia Denver. Cc!.:racc 8CZ2.3 Co.crazo S.r:ngs
Consuiu'ng Geo~e:'1n,:3! Engneefs 303 744-7105 Ft Co,'ims

G:enwooo S•r.i•gs
Phcemix
ROck So,:r~;s
Salt Lase Cty
San Antonio

February 3, 19E8

Subject: Additionai. Laboratory Rock Tests
Green River, .ý-.P Site
Green River, LMah
Subcontract No. GMN 87-02-02

Job ýb. 1 857 87

Mr. Verncn D. Logan
MK-Ferguson Ccrpany
P.O. Box 9136

Abuqerqe, w Mexico 87119

Dear Mr.. togan:

-, closed are cz.pleted test re--,lts for t-he referenced subc-ntract. "his
c~cr-etes a-11 tests as assig-ed in your letter date- De-.ber 29, 1987, and in
our phz.-e ctnversaticn of t-he •ek of January 9, 19ES. Please note that a-11
tests assizned cco.i net be r fo.-c. Tnis was due to inadeqýate a-r.•Cuts of
týhe different rcck týpes.

If yCu h.ve an.y questicrs ccncern.-: th.is s".ii-a!, please ccnta--= me.

L.:atc-::a:z: .My a:- •eri

Rev. iy: SR4
cc: Frar-k Giros

Morr iscn- K•-sen Ez.9 inee rs, Inc.

AT7ACH:.NT: 5,57-GR,-C-09-0C672-00

FEB 0'• 1

UNITRA 
-S-F.
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MKE DOCUMENT NO.5057-GRt4-C-09-00672-00

Job No. 1 857 87
Green River, Utah
UMTMAP Site

3 February 1988

CHEW & ASSOCLATES

TABLE

Sarr..ary of Laboratory Test Results

Sa:-atle
Desicnaticn

Specific Gravity
.p;arent BL, r P.-!k (SED) Absortion, %

Sodium Soalfate
SoLn-'ness, % rLss

Cuartzite 2.67 2.58 2.61

Basalt 2.69 2.57 2.61

.2.64 2.50 2.55

Ccmccsite of Q-artzite, Basalt and Se-ndstone:

1.3

1.7

2.2

1.6

TCO C/cles
Los kngeles
A!brasicn, %.ress'

500 C-.:'es

33.28.2

RECEIVED -NIKE

FEB 0 9 •88
UMTýA .S.Fy



WKE DOCUMENT NO.5057-GRN-R-09-007.14-O0

Chen & Associates

Petrography and X-Ray Diffraction Analysis of Rock Samples

Job No. 1-117-88

SUMMARY

Ten rock samples, consisting of cobble fragments, were analyzed
petrographically in thin section and by X-ray diffraction. The samples fall
Into 4 broad groups: basalt (4 samples), andesite porphyry (4 samples), quartz
monzonite (I sample), and sandstone (one sample). The samples are all
mechanically, stable (fairly free of structural defects), with the exception of
the quartz monzonite (coarse grain size, microfractures) and one of the basalts
(internal weathering deposits).

Since all the samples lack significant amounts of deleterious minerals
(calcite, chlorite, clays, olivine, feldspathoids), they should be chemically
stable for thousands of years. Coarse fractions of gravels have, in effect,
already proven their durability. In a geologic time frame of course, basalts
are more vulnerable to chemical weathering than andesates, which in turn are
more vulnerable than quartz-rich rocks such as sonzonites, granites, and
rhyolites.

Procedures

The samples consisted typically of cobble fragments.
examination, a petrographic thin section was prepared
of each sample was crushed to about one-quarter inch,
Mesh for X-ray .diffraction analysis.

Following macroscopic
from each. The remainder
then reduced to minus-325

RECEIVED- MKE

F E B 19 1988

UMTRA-S.F.



Results

Monroe Union Pit, U-i, SLC

The rock sample consists of a cobble fragment of white quartz monzonite. There
are no visible chemical weathering effects other than surface discoloration and
surface alteration of biotite, The rock is equigranular; average grain size is
approximately 2mm. There are no visible fractures or other defects.
Examination of the crushed fragments shows that breakage is isotropic,
typically intragranular, and controlled by shear. The rock is not
exceptionally tough, and has a sugary or crumbly nature due to the fairly
coarse grain size, and presence of microfractures (see below).

Being an acid, quartzose igeous rock, the chemical stability should be
excellent. X-ray diffraction analysis indicates the following mineralogical
composition:

Mxneral Weight Percent

Quartz 43
Oligoclase 22
Orthoclase 21
Biotite II

Sphene, apatite, epidote, magnetiteW 3

Figures I and 2 show the general microscopic appearance of the rock. The
microfractures visible in the orthoclase grain may assist chemical weathering
to some extent. The grain textures are hypidiomorphic granular, typical of
granitoid rock.



Figure 1. Monroe Union Pit, U-I, SLC. Plane-polarized light.
50X.(lcm = 200 microns)

Quartz monzonite, showing hypidiomorphic granular (granitic) texture.
Microfractures are apparent in orthoclase grain (upper right quadrant).
Cluster of accessory minerals at left are biotite (dark green), epidote (light
green), and magnetite (black). There is a very.minor (dusty) sericite
alteration of feldspars.

r.

Figure 2. Monroe Union Pit, U-I, SLC. Cross-polarized light.
5OX (I cm = 200 microns)

Same field of view as Figure 1.



mU
U-Dot, Moab, F-3

The rock sample consists of a cobble fragment of andesite porphyry. There are
no visible chemical weathering effects other than surface discoloration, and
surface chloritization of mafic minerals. There are no visible fractures or
vesicles. The rock is porphyritic, consisting of approximately 75 percent
phenocrysts (average size approximately 4mm) and 25 percent groundmass. The
phenocrysts are primarily plagioclase feldspar, and minor hornblende and
augite. Examination of the crushed fragments shows that breakage is isotropic,

intragranular, and controlled by shear. The rock is tough.

Being an intermediate igneous rock, the chemical stability should be good. X-
ray diffraction analysis indicates the following mineralogical composition:

Mineral Weight Percent

Quartz 15
Andesine 58
Augite 10
Hornblende 9
Magnetite 4
Sphene, apatite, epidote 4

Figures 3 and 4 show the microscopic appearance of the rock. LesE than one
percent of the rock consists of silicate-filled vesicles, which don't, however,
weather out at the rock surface. No internal fractures are visible
microscopically. The grain texture is porphyritic and the grain size of the
groundmass is approximately 50 microns.



• ., . .... _

Figure 3. U-Dot Pit, Moab, F-3. Plane-polarized light.

5OX (I cm 200 microns)

Andesite porphyry, shoving porphyritic texture. Phenocrysts are plagioclase

feldspar (andesine, large grains at top), hornblende (rectangular, dark green

grains at left and lover right), and augite (lighter green, smaller grains).

The fine grained groundmass consists primarily of plagioclase feldspar and

quartz. The irregular, dark-rimmed feature at center left is an

epldote/quartz/zeolite-filled vesicle.

Figure 4. U-Dot Pit, Moab, F-3. Cross-polarized light.

50X (icm : 200 microns)

Same field of view as Figure 3. The ragged appearance of the

grains is a primary growth feature, and not due to alteration.
hornblende
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Freemont Junction. TP-5. Sample B

The rock sample consists of a cobble fragment of basalt. Surface chemical
weathering is fairly severe, characterized by.a light-colored crust. 'Although

fractures are not visible, some crushed fragments show similar internal
deposits. There are no visible vesicles. The rock is porphyritic, consisting

of about 50 percent phenocrysts of plagioclase feldspar, augite, and olivine,

(Imm, average size) and 50 percent groundmass. Examination of the crushed
fragments indicates that breakage is isotropic, intragranular, and controlled
.by shear. The rock is not exceptionally tough.

The chemical stability should be typical of tholeiitic (calc-alkaline) basalts.
X-ray diffraction analysis indicates the following mineralogical composition:

Mineral Weight Percent

Labradorite 72
Augite 19

Magnetite 6
Olivine I
Rutile, apatite 2

Figures 5 and 6 show the general microscopic appearance of the rock. No
internal fractures are visible microscopically. The grain texture is

porphyritic, and the grain size of the groundmass is approximately 75 microns.



° 
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Figure 5. Freemont Junction, TP-5, Sample B. Plane-polarized light.
50X (Icm = 200 microns)

Basalt, shoving porphyritic texture. Phenocrysts are augite (light green),
labradorite (white) and sparse olivine (not shown). Black grains are
magnetite, which occur both as phenocrysta and as a groundmass constituent.
The major groundmass constituents are plagioclose feldspar (labradorite) and
auaite.

Figure 6.. Freemont Junction, TP-5, Sample B. Cross-polarized light.
50X (U cm = 200 microns)

Same field of view as Figure 5.



mU
Freemont Junction, TP-2, Sample A

The rock sample consists of a cobble fragment of basalt. Surface chemical
weathering Is moderate, and characterized by pock marks where olivine crystals
have been leached away. No fractures or vesicles are visible. The rock is
porphyritic, consisting of about 50 percent phenocrysts of plagioclase
feldspar, augite and olivine (I to 2mm, average size) and 50 percent
groundmass. Examination of the crushed fragments indicates that breakage is
isotropic, intragranular, and controlled by shear. The rock is fairly tough.

The chemical stability should be typical of tholeiitic (calc-alkalinel basalts.
X-ray diffraction analysis indicates the following mineralogical composition.

Mineral Weight Percent

Labradorite 76
Augite 15

.Magnetite 5
Olivine
Rutile, apatite 3

Figures 7 and 8 show the general microscopic appearance. No internal fractures
are visible microscopically. The grain texture is porphyritic, and the grain
size of the groundmass is approximately 75 microns.

D 1
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Figure 7. Freemont Junction, TP-2, Sample A. Plane-polarIzed light.

50X (I cm a 200 microns)
Basalt, showing porphyritic texture. Phenocrysts are augite (light green),
labradorite (white), and sparse olivine (not shown). The groundmass consists
mainly of labradorite, augite, and magnetite.

e
Figure 8. Freemont Junction, TP-2, Sample A.

50X (i cm - 200 microns)
Same field of view as Figure 7.

Cross-polarized light.
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.Freemont Junction, TP-2, Sample B

The rock sample consists of a cobble fragment of basalt. The rock contains
approximately 5 percent calcite-filled vesicles, which leach out at the

surface. Other surface veathering effects are moderate. No fractures are
visible. The rock is porphyritic, consisting of approximately 50 percent
phenocrysts of plagioclase feldspar and augite (2mm, average size), and 50
percent groundmass. Examination of the crushed fragments indicates that
breakage is isotropic, intragranular, and controlled by shear. The rock is
fairly'tough.

The chemical stability should be typical of tholeiltic (calc-alkaline) basalts.

X-ray diffraction analysis indicates the folloving mineralogical composition:

Mineral Weiqht Percent

Labradorite 77
Augite 12
Magnetite 5
Oxyhornblende. 3
Rutile, apatite 3

Figures 9 and 10 shov the general microscopic appearance of the rock, including
one calcite-filled vesicle. No internal fractures are visible
microscopically. The grain textures are porphyritic, and the grain size of the

groundmass is approximately 50 microns.



11k5l,

Figure 9. Freemont Junction, TP-2, Sample B. Plane-polarized light.

50X (1 cm z 200 microns)
Basalt, shoving porphyritic texture. Phenocrysts are augite (light green),

labradorite (white), some magnetite (black) and oxyhornblende (dark red grain

at upper left). The large ovoid area at bottom is a calcite-filled vesicle.

The groundmass consists mainly of labradorite, augite, and magnetite.

I

Figure 10. Freemont Junction, TP-2, Sample B. Cross-polarized light.

5OX (I cm = 200 microns)
Same field of view as Figure 9.
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Freemont Junction, TP-5. Sample A

The rock sample consists of a cobble fragment of basalt. Surface chemical

weathering effects are moderate. No fractures are visible. Less than one

percent of the rock consists of small, open vesicles. The rock is porphyritic,

consisting of approximately 50 percent phenocrysts of plagioclase feldspar and

aug~te (1 to 2 mm, average size), and 50 percent groundmass. Exa.mination of

the crushed fragments indicates that breakage is isotropic, intragranular, and

controlled by shear. The rock is fairly tough.

The chemical stability should be typical of tholeiitic (calc-alkallne) basalts.

X-ray diffraction analysis indicates the following mineralogical composition:

.Mineral Weight Percent

Labradorite 67

Augite 15

Quartz' 9

Magnetite 4

Oxyhornblende .1

Rutile, apatite 4

Ficures 11 and 12 show the general microscopic appearance of the rock,

including one open vesicle. No internal fractures are visible

microscopically. The grain textures are porphyritic, and the grain size of the

groundmass is approximately 50 microns.



Figure II. Freemont Junction, TP-5, Sample A. Plane-polarized light.

50X (I cm z 200 microns)
Basalt, shoving porphyritic texture. Phenocrysts are augite (light green),

labradorite (white), and oxyhornblende (dark red). The large ovoid feature at

lover left is an open vesicle. The groundmaas consists mainly of labradorite,

augite, and magnetite.

Figure 12. Freemont Junction, TP.-5, Sample A. Cross-polarized light.

50X (! cm v 200 microns)

Same field of view as Figure 11.



Moab Southern Paving Pit. Sample B

The rock sample consists of a cobble fragment of andesite porphyry. Surface

weathering effects are moderate, and discoloration and chloritization of mafic
minerals penetrates about one-quarter inch. No fractures or vesicles are
visible. The rock is porphyritic, consisting of approximately 50 percent

phenocrysts of plagioclose feldspar, hornblende, and augite, and 50 percent

groundmass. Examination of the crushed fragments indicates breakage is

isotropic, intragranular, and controlled by shear. The rock Is tough.

Being an intermediate igneous rock, the chemical stability should be good. X-
ray diffraction analysis indicates the following mineralogical composition:

Mineral Weight Percent

Andesine 47
Quartz 14
Hornblende 12

Augite 11
Biotite 5
Magnetite 5
Calcite I

Chlorite 1

Apatite, Sphene 4

Figures 13 and 14 show the general microscopic appearance of the rock. No

internal fractures are visible microscopically, The grain textures are
porphyritic, and the grain size of the groundmass is approximately 50 microns.



Figure 13. Moab Southern Paving Pit, Sample B. Plane-polarized light.
50X (1 cm z'200 microns)

Andesite porphyry, shoving porphyritic texture. Phenocrysts are hornblende
(dark rectangular grain, with brown biotite rim), andesine (white), and augite
(light green, chlorite-altered grain at center). Groundmass consists mainly of
andesine, quartz and magnetite, with very minor calcite and chlorite. The
calcite occurs as a filling of microscopic vesicles, and the chlorite is a
patchy alteration of mafic minerals.

Figure 14.

Sam.e field

Hoab Southern Paving Pit, Sample B. Cross-polarized light.
50X (1 cm = 200 microns)

of view asFigure 13.



U

Moab Southern Paving Pit, Sample A
(Andesite Porphyry Fraction)

The rock sample consists of a cobble fragment of andesite porphyry. Surface
chemical weathering effects are minor, and include discoloration, and
chloritization of mafic minerals. No fractures or vesicles are visible. The
rock is porphyritic, consisting of approximately 50 percent phenocrysts of
plagioclase feldspar, hornblende, and augite, and 50 percent groundmass.
Examination of the crushed fragments indicates breakage is isotropic,
intragranular, and controlled by shear. The rock is tough.

Being an intermediate igneous rock, the chemical stability should be good. X-
ray diffraction analysis indicates the following mineralogical composition:

Mineral Weight Percent

Andesine 58
Quartz 17
Hornblende 10
Augite 6
Magnetite 5
Chlorite 2.
Apatite, sphene 2

Figures 15 and 16 show the general microscopic appearance of the rock. No
internal fractures are visible microscopically. The grain textures are
porphyritic, and the grain size of the groundmass is approximately.30 microns.
Mafic minerals throughout the sample (hornblende and augite) are partially
chloritized.



Figure .15. Moab Southern Paving Pit, Sample A (Granite Porphyry Fraction).
Plane-polarized light. 5OX (I cm 200 microns)

Andesite porphyry, shoving porphyritic texture. Phenocryuits are andesine
(white), hornblende (green, with chioritized rim) and augite (not, shown).
Groundmass consists mainly of andesine, quartz, and magnetite.

*1
Figure 16.

Same field

Moab Southern Paving Pit, Sample A.
Cross-polarized light. 50X ( 1 cm

of view as Figure 15.

(Granite Porphyry Fraction).
200 microns)



Moab Southern. Paving Pit, Sample A
(Sandstone Fraction)

The rock sample consists of a cobble fragment of sandstone. Classification as
sandstone, rather than quartzite, is based on the observation that breakage is
primarily intergranular. Surface weathering is moderate, and consists of
pitting due to leaching of carbonate grains. This effect penetrates about one-
quarter inch. No fractures are visible at the surface. Cementation is an
advanced stage of quartz overgrowth, with little or no pore space remaining.
Calcite occurs as recrystallized limestone grains, and clays occur as labile
rock fragments, often compressed into prior pore space. Examination of the
crushed fragments indicates breakage is fairly isotropic, primarily
intergranular, and controlled by shear. The rock is tough.

With the exception of the minor amount of calcite, the chemical stability of
the rock should be excellent. X-ray diffraction analysis indicates the
following mineralogical composition:

Mineral Weight Percent

Quartz 89
Calcite 6
Kaolinite 3
fxca/ Ilite 2

Figures 17 and 18 show the general microscopic appearance of the rock. The

average grain size is approximately 300 microns. No internal fractures are
visible microscopically.



Figure 17. Moab Southern Paving Pit, Sample A. (Quartzite Fraction)'.
I Plane-p6larized light. 50X (U cm = 200 microns)

Quartz-cemented sandstone. Clay-rich rock fragments (brown, iron stained)
were compacted into available pore space, followed by fairly complete quartz-
overgrowth cementation (dust rims outline original quartz grain boundaries).
Calcite (see below) occurs as apparently recrystallized limestone rock
fragments (dispersed grains) and not as cement.

Ii..

Moab Southern Paving Pit, Sample A (Qua•rtzite Fraction). Cross-
polarized light. 50X (U cm = 200 microns)

of view as. Figure 17. Two calcite grains (bright, yeliov) are
ten O'clock and two o'clock.

Figure 18.

Same field
visible at



U
U-Dot Pit, Moab, F-2

The rock eample coreete of a cobble fragment of andesite porphyry. Surface
chemical weathering effects are minor, and include discoloration, and
chloritization of mafic minerals. These effects penetrate about one-eighth of
an inch. No fractures or vesicles are visible. The rock is porphyritic,
consisting of approximately, 50 percent phenocrysts of plagioclase feldspar,
hornblende and augite, and 50 percent groundmass. Examination of the crushed
fragments indicates that breakage is isotropic, intragranular, and controlled

by.shear. The rock is tough.

Being an intermediate igneous rock, the chemical stability should be good. X-

ray diffraction analysisindicates the iolloving mineralogical composition:

Mineral Weight Percent

Andesine 56
Hornblende 16
Quartz 13
Augite 7
Magnetite 4
Calcite 1

Sphene, apatite 3

Figures 19 and 20 showthe general microscopic appearance of the rock. No
internal fractures are visible microscopically. The grain textures are
porphyritic, and the grain size of the groundmass is approximately 30 microns.
Calcite is present as a vesicle-filling mineral, in very small vesicles.



Addendum F2. Rock Durability Laboratory Results for Samples
Collected in 2007 and 2008



ENGINEERING
LABORATORIES
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December 10, 2007

Nielson Constructiol
P.O. Box 620
Iltuntington. Utah 84528

Project:
Project#:
Material:
Source:

Energy Solutions
3022
Rip Rap
Freemont Junction

Laboratory Test Average Test Score Weight Score & Max7 Value Weight Score

§'pecific Gravity . 2_ .. -8.9. [9 98.1 , .
Absorption % -1.4 _ 4.2 [ 2 8.4 720

[SodiumSulfate% o0.0 10 o 11 110 110
LA Abrasion K 7.6 ,7 7 I [ -.Z.S 10

FSchm idt [ ...T . .. ..- 1 -.7 -30
Total Score -- . [ . 217-7-[260

Rating = " 3, No Oversizing Required

TEST RESULTS

Specific Gravity and Absorption ASTM C-127
Lab # 113877

Relative Density (oven Dry)
Relative Density (SSD) =
Relative Density (apparent) =
Absorption (%)

2.694
2.731
2.798
1.4%

'II OGAN IAWt 2W1,01. (41 I411 4.) WiM tI N(r 1 ) IOGAN. tI 11. 8412 IpIluiwI 43J, 7'L2MO t.0Ir.) 435~.751.781. .
NkllH lIAI I Ag) 0II MI 1 1101 %Y)I %I 9ICINSON 1114M. 1.11 1 NORII I SAIl IAKI, LIT 840;4 If,~i'lU.J6.~b.l~ 11 '1.4W,,

Ll'.i.~Ii~iU,, SI~iLILW Wl'LiiIlAI%ýhI Wl IA!') V.AI I I Y( I I., III 1SI....lil1,1e l7fIliIin n



Los Angeles Abrasion ASTM C-131
Lab # 113876

100 Revolutions
Grading A

12 Spheres
% Wear

Sodium Soundness ASTM C-88
Lab # 113174

7.6%

5" x 5" x .25 square

Schmitt Hammer

Sample
Rebound Number

% Loss 0.0%

#1
27

#2
31

#3
31 Average = 30

.Sincerely,

Doug Watson
President

A ýý



mar 13 2008 8t52RH CKT EKGItEERING 801-53 -14BSp.14

ENCINIOUNC
LABORATOrRIES

"I. •I o n . M I I I c, * T h r a I e .t s
I'lreh*•e'? l, ti o fll t n .me l n g o. L M .•l, 3.l In$ n, e.n / g et4. 11 P R'%C.ý :l

Maucth 11,2008

Nielson Coouizwtion
P.O. Box 620
Huntington, Uah 84528

Project Energy Soluiiois
Projc•c#: 3022
Matweria; Red Oxidizcd Basadt
Source: Freemont Junction

Lbratu Th vrgeat cr o Wegh S-ar ý&, MRAX
Value Weight .LfScort

Spcf s.ic -rai-, f 2 "- 44" :F 3, ..... .f... --- ..4 Y - -• -

, ,Sodiu , Sulfate. .. i- . 'I. _. __

ri•x:,i o A 8.3 6.. ...0 . - T 6. + - +
'gI SchndiTa Hammer-f 1-7 2:2.64 13 F 30

iFj'F7o. 165.7 o

Retlag - 63.7% RollI

TES1 REULTS

Speelise Gravity anod Absorption ASTM C- 127
Lab 0 119997

lRelafive, Density (oven Dry) = 2.444
Relative Density (SSD) = 2.4 52
Relative Density (appannt) - 2.540

,;1w II MAI .AxfAIIw7 101 wI~i 40OM.&)0 DFVF. 5-C I ),C)lli WTJ. LAY', 1)1 VQ'S4 fphOa-4$01.9A~ I A4' 0-l &3I'14

,f;I1 VjM yýVI CIAa W4h SOI~i A0i.~1 I IWI MI ALLCYCa7Y UI V4 I -4k*iO)6 64IM06' !a, 9I ýw OC16



Mae 13 2008 Ssg3R" CHT EmGIREERING
801-S36-a4a

P. I5

0 Freemont Junction
Red Oxidized Basait

Los Augole Abratlob ASTM C-131
Lab# N118M

10O Revolutions
GrwingA .
12 Sphem

% Wca~r

Sodiun Sotdadnt ASTM C-.8
Lab NU JIM" e

YPx"x .25quarc %Loss

Schmlit Hammer

Sample #1 #2
Rebouund Numbe 15. 20

8.3 %

0.9%

16 Average - 17

sincerely,

Doug Watson
Pr~sidcjn!



nat 13 2008 8:53AtM CHT ENGIKEERJNG G~i.93G-4GSp.16

C'o.,,;r c ,ll *•ll ltlal M. M4lets I., r e| e' OeJn8 ,( *i ~
Cva1tc rn tat. (AN, ,IftW*`NA I. M.;ktI,. Iogn. I T .i . . .e .j.c.

March 11, 2008

Nielson Co•namtion
P.O. Box 620
Hunbir~ton. Utah 84528

Projed: Eaerly Solutions
ProjecIt:• 3022
Mulerha: Gray Basalt
Source: Freeaoni Junction

Laboratory e o• ' Avt.r 'f Te st. wellh; Sýr Mo" "• -AVeageut wegh %.ht 8cr, .i
I .in a .I. V-•ue W ." . I W : I Swr

:[ SpeclolJ.iv. lt 2.679 7[ 8.6 0 . [v7. 90

j___b _ ___ Lo .0 __

. Awi •S .% " 7. [ 30 j. -TF 1 ý110 ,-f-I-

' ___._d_ ,am', _f 30 3*,* 3 I " 3-1 F 30

Radi.g 5 #2.9% No Omenizang RequEWe

TEST RESULTS

Speerie Gravity and Absorption ASTM C-127
Lab# 118901

Relative Dentity (oven Dry) 2.679
Relative Density (SSD) w 2.707
Relative Desity (apparmt) - 2.756
Abettion (%) . 1.0%

tCX.h%t jv3m, Hmalt&•otwlr :t;s 0.OA.X. In 1 $2, o* 4•It.M7•il04341$ Mi)A2•SI

KMsT1i SA," kAi, O)IjIC. 90 Wes, 0003-1O.0%OpIU~.S111 hIOVjsi*T tAIkt, At4j),4IphoV60OI) WO*4dQ-t I9II46S



__n1 1d zOOa a:53RA CfT ENGINEERIHG
801-836-1465 p. 17

Freectnotiumtior,
Gray P asuh

o Andes Abruslon AM C-131
Lab# 118"0o

100 Revolutions
Grading A12 sphc•e

INO Wow%Wea

Sodium Soiwdnfss ASTM C-f
Lab# 115902

5"X5"x.25squaro %Loss

Scbzdftl .Hammer

Sample 41 /2
Rebound Number 39 20

7.0%

- 0.9%

#3
30 Average - 30

Sincerely,

Moug Wu.soz
President



Addendum F3. Green River, Utah, Final Completion Report,
Volume 2, Appendix E, Material Summary Report, 1991



APPENDIX E

MATERIAL TESTING SUMMARY REPORT
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RIPRAP TYPE A
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TYPE .A RIPRAP

o The riprap material was obtained from the approved Fremont

Junction Borrow Source. M-K Engineers performed an in-depth

investigation of the source prior to approval.

o The Type A Riprap was placed on top of the bedding material

to a depth of 6 inches around the perimeter of the cell and

to a depth of 12 inches on the upper 5:1 slopes. The

equipment used during construction was as follows: End Dumps

with Pup Trailers for hauling to the site and a Volvo 6 x 6

low ground pressure unit for hauling and dumping onto the

cell embankment; and a Komatsu PC 200 LC Backhoe and a

Caterpillar D-6 Dozer for spreading.

o The required durability test frequency for the Type A Riprap

was one set of tests initially prior to delivery of any

material to the site, one set of tests for the first-third

and second-third quantities produced, and one set of tests

after completion of production activities. Western

Engineers, Inc. and Professional Service Industries, Inc.

were the commercial testing laboratories used to perform the

required durability tests.

o As required, four representative samples of Type A Riprap

were acquired and sent to the laboratory for durability

testing in accordance with ASTM as follows: ASTM C-127 for

saturated surface dry specific gravity; ASTM C-127 for

absorption; ASTM C788 for soundness after 5 cycles; and ASTM

C-131 for abrasion after 100 revolutions. The specific

gravity tests produced an average result of 2.61 and a low of

2345B. 1 1



2.40. The absorption test results had an average result of

1.46% and a high value of 3.12%. The soundness test results

had an average of .. 70% loss and a high value of .93% loss.

The abrasion test results had an average result of 6.9% loss

and a high value of 7.3% loss.

o The Type A Riprap individual durability test results were not

required to meet a specified value, however, the test results

were scored for each sample and sent to M-K Engineers for

acceptance. After review of the results, M-K Engineers

signed for acceptance of the material.

o The average score for the four durability sample results was

85 with a low score of 78, and a high score of 90.

o The specified gradation test frequency for the Type A Riprap

was one test upon delivery of the material to the disposal

cell, one test for the first and second third quantities

placed, and one test near completion of placement activities.

o All gradation tests were performed in accordance with ASTM C-

136.

o As. required, four gradation tests were taken with all four

tests passing the design specifications. Considering -that

9,165 cubic yards of Type A Riprap were placed, the average

equalled one gradation test for every 2,291 cubic yards of

material placed.

o Four additional information only gradation tests were taken

during production which passed the specified gradation

2345B. 1 2



M

-limits. The gradation tests were taken at one-third

production increments prior to acquiring durability samples.

o The required tolerance was 90% to 125% of the specified depth

which allowed between .45 feet to .625 feet for the.specified

6 inch depth and between .90 feet to 1.25 feet for the

specified 12 inch depth. Thirty-nine (39) passing depth

checks were taken with at least one depth check for every 100

foot by 100 foot area. The depth checks complimented a

documented engineering survey,

o All areas that were found to be outside of the depth

tolerances were reworked as specified and reverified by

additional depth checks until passed.

o The shape of at least 75 percent of the Type A Riprap, by

weight, was required to have the minimum dimension not less

than one-third of the maximum dimension. Two dimension

analyses were performed during production which satisfied the

dimensional requirement. There were no required frequencies

for performing dimensional analyses.

o Daily inspections of the Type A Riprap were conducted during

excavation, production, stockpiling, transporting, and

placement to assure the following: That proper techniques

were employed to prevent degradation of the material due to

improper handling; that distribution was uniform; that voids

were kept as minimal as possible; and that proper gradation

was maintained.

2345B.1 3



o Daily inspections were also conducted to assure that the Type

A Riprap was sound stone, resistant to abrasion, and free

from cracks, seams and weathering rinds.

o During production, sandstone was extracted from the Type A

Riprap to assure that no more than 10% sandstone by volume

was present in the final product.

o All scales used were calibrated against equipment having a

known valid relationship to NIST (formally NBS).

o The test frequencies stated herein were derived from the

total quantity of material referenced, divided by the total

number of tests taken for that material. It should be noted

that during remedial action, quantities are not continually

surveyed during production, placement, and/or compaction but

rather surveyed at various milestones, i.e., completion of

first lift, for pay quantities, to verify survey2 coordinates.

Therefore, daily quantities are estimated by load counts or

conveyor belt rates until final or partial surveys are

obtained. Once survey quantities are obtained, the estimated

quantities are adjusted to reflect the actual test frequency.

Quantities between tests were estimated during remedial

action to never exceed the frequency specified by the Design

Specifications and Remedial Action Inspection Plan. Tests

were proportionally taken throughout production, placement,

and/or compaction and were not taken all in one given time

frame.

o All tests and inspections were performed in strict accordance

with the specification requirements.

2345B. I 4



RIPRAP TYPE A

(MK-FERGUSON
A S•OIMSA KITUOSE COUMPRAIY

AEMEDIAL ACTIOHS CONTRACTOR-UMTRA PROJECT -SPECIFIED LIMIT ACTUAL AVERAGE VALUE
r

U.S. STArNDARD U. S. STANDARD
SIEVE OPENING IN INCIIES SIEVE NUMIBERS

a8 43 2 1 3 4 610 1G 20 30 40 SOSO
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MK-FERGUSON COMPANY
A 610PRISON KNUDJEN COMPANY

N 1200

i

GREEN RIVER DEPTH CHECKS
TYPE "All RIPRAP

E 9Qo E Qo00 E 3,100E 8)0 E 1?00

N 1000

N 900
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_63

• 78 "77

.64 76 98

73
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