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August 28, 1998

Mr. Joseph Holonich

U.S. Nuclear Regulatory Commission

Uranium Recovery Branch

Office of Nuclear Materials Safety & Safeguards
Mail Stop T7J9

Two White Flint Ncrth

11545 Rockville Pike

Rockville, MD 20852-2738

Dear Mr. Holonich:

Attached are our responses to the July 17, 1998 request for information from the Nuclear Regulatory
Commission on the Reclamation Plan for the White Mesa Mill. We have performed additional
analyses and calculations in support of several of these responses, and hope that we have throughly
responded to all the issues raised by the NRC. We also have incorporated in our responses the
information and specifics discussed during our meeting of June 12, 1998. Many of the more
complicated questions were discussed at that time, and we have developed our responses based on
our best understanding of the technical issues and NRC's request, and in certain cases, where we felt
it was appropriate, proposed alternatives.

If you have any questions, please feel free to contract me.

Very truly yours,
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Mr. Joseph J. Holonich, Branch Chief

High Level Waste and Uranium Recovery Projects Branch
Division of Waste Management

Office of Nuclear Regulatory Commission

2 White Flint North, Mail Stop T7J9

11545 Rockville Pike

Rockville, Maryland 20852

Re: White Mesa Uranium Mill
Response to NRC's Questions Dated July 17, 1998
Site Reclamatior Plan

Dear Mr. Holonich:

The following is in response to comments from the Nuclear Regulatory Commission (NRC)
regarding the White Mesa Uranium Mill Reclamation plan. Each comment from the NRC (in ualics)
1s followed by the response.

Geotechnical and Radon Barrier Design
/ The proposed random fill material requires additional characterization.

1USA states that the random fill material to be used consists of clay. silt, sund. und gravel
The material. which has been stockpiled onsite, contains isolated pockets of clay (CL npe)
and varying amounts of sandstone cobbles (from 73 10 300 millimeters [mm/[ in siz¢) und
boulders (larger than 300 mm in size). 1USA states that it may screen out the cobbles and
boulders prior to placing the material on the disposal cell It 1s not clear from 11 54
response what it proposes us the maximum size of particles in random fill 1o be placed in the
disposal cell.

If placed in a disposal cell, a strongly heterogeneous random fill can significantly affect the
performance of the radon barricr, making complex und difficult the estimation of differential
settlement and the potential for cover cracking.

Therefore, 1USA should specify the maximum particle size of rundom fill material 1o he
pluced in the disposal cell  Quality control ((QC) procedures to ensure the separation of
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undesirable materials und to ensure material specifications are met should be provided. If

stones and large particles. such as boulders and cobbles, are used. their potential effects on
differential settlement. cover cracking potential. preferential infiltration pathways. and the
potential for cover erosion should be analyzed and documented

Response #1

International Uranium (USA) Corporation ("TUSAT) suggests that two new terms. platform fill and
Srost barrier fill, be uscd to distinguish the random fill placed directly over tahings to form a
working platform from the random fill placed above the clay layer to provide frost and shrink-swell
protection.

Platform Fill

An initial lift of 3-4 feet of random fill will be placed to form a stable working platform (platform
fill) over tailings for subsequent controlled fill placement. This initial lift will be placed by pushing
the matenal across the tailings in increments, slowly enough that the underlying tailings are
displaced as little as possible. This initial lift cannot be compacted through its entire thickness
because the underlying tailings will not support the weight and vibrations of compaction equipment.
We understand that this situation is well-known to the NRC from the other Title 1l sites (e.g.
Homestake Grants, QQuivera).

The maximum particle size in the initial 1ift could be as large as the lift thickness. Because
settlement originates in the tailings. not the cover. the maximum particle size in the platform il has
no effect on settlement. Both differential and total settlement are primarily functions of tailings
compressibility. The etfect of the platform fill is to provide normal stress to drive settlement. and
the difference between unit weights of various matenials randomly mixed in the plattorm fill will not
be large enough to produce meaningful differentials in normal stress.

The top surface (top 1.0 feet) of the plattorm fill will be compacted to 90° ¢ maximum dry density
per ASTM D 698. It large rock protrudes into this part of the platform till tfrom lower portions.
smaller fill material will be placed to bridge the protrusion before compaction.

Examination of the platform fill that has already been placed is the best way to evaluate its
performance and the validity of the foregoing response. IUSA has already placed a significant
amount of platform fill in Cell 2 and a portion of Cell 3. Through ficld observation the till has
exhibited excellent stability and should continue to pertorm as predicted above.
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Frost Barrier Fill

Random fill placed above the clay cover (the frost barrier filly will be placed in 12-inch lifts. with
particle size limited to 8 inches, or 2/3 the uncompacted lift thickness. This maximum particle size
conforms to standard earthwork practice. IUSA plans to prepare and apply this random fill in frost-
barrier cover construction as follows:

e Random fill borrow v.ill be excavated by loader or scraper from stockpiles and. if oversize
material is found. it will be removed by whatever means is appropriate for the
earthmoving equipment in use (e.g.. rock rake or grader blade).

e The random fill material will be loaded into scrapers or trucks. hauled to cover locations.,
and spread in lifts of not more than 12 inches uncompacted thickness.

* Oversize material will be stockpiled tor possible use as riprap.
Source verification QC procedures for frost-barrier borrow material will consist of:
¢ Visual inspection of placed random fill at each location of tield density testing.

o Particle size analyses (ASTM D 422) for all minus 3-inch matenal, with oversize matenal
saved and weighed separately. One test per 5,000 cubic yards.

Visual inspection will include observation of particle sizes and manual measurement of orthogonal
dimencsions of any observed particle that appears to exceed eight inches in any one of the three
dimensions. If the intermediate dimension exceeds eight inches, the particle will be removed from
the lift.

2 A QC test procedure and appropriate test frequencies are required to ensure that only €'
and CH clays will be used for cover construction

Soil profiles provided by 1USA show that lavers of acceptable types of clav (CL and CH i are
overlain by clays with undesirable propertics (SC.SM and ML) The thicknesses of
undesirable clay layers have considerable spatial variation  These clays need to he
separa.ed from the acceptable clay types to ensure that the radon barrier will have desirable
razon containment properties. An adequate QC plan with an ucceptuble sampling program
iy necessary to ensure that required tests and any corrective action are completed 1o ensure
that acceptable clay 1ypes ure used for cover construction.

F WUSERS\STAFFIRAHRE CRES98 DOC




Mr. Joseph J. Holonich -4- August 28, 1908
U.S. Nuclear Regulatory Commission

The test frequencies proposed by IUSA are inadequate to ensure that only clays with
desirable propertics are used in the radon barricr  The NRC Statt Technical Position on
testing and inspection plans (NRC. 198Y) provides guidelines for the frequencies of QC 1ests
deemed acceptable for disposal cell construction

Response #2

IUSA should clarify here that the term “clay™. as used in the 1996 Titan Environmental report. does
not mean only soils classified as CL or CH according to the Unified Soil Classification System. In
the report, that term was not intended to be limited so narrowly that it would exclude the use of other
clay-bearing soils, such as clayey sand (SC) and clayey gravel (GC). in the clay portion of the cover.

Experience with radon barriers elsewhere demonstrates that mixtures of clay and sand make good
cover soils and can have some advantages over clay-only covers. Clay-sand soil is easier to handle
and moisture-condition, compacts more readily and to higher densities than clay soil that has httle
or no sand content, and is less susceptible to cracking. SC and GC soils also have hydraulic
conductivities commonly in the 10° to 10" cm/sec range and diftusion coefticients in the 107 to 10
cm’/s range, both of which are more than adequate for the required functions of the tailing covers
at the White Mesa site. Therefore. it would appear unnecessary to hmit the clay laver soil to Cl. and
CH material only. and IUSA would propose that SC and GC soils should be included as acceptable
soils.

The source verification QC program for clay-layer borrow material proposed below is consistent
with that previously approved by the NRC for Cell 4A clay base construction. It will include:

o Solil classification - particle size analysis per ASTM D 422 and Auterberg limits per ASTM
D 4318. one test for every 5,000 cubic yards (cy) of excavated borrow soil.

e Maximum density and optimum moisture content per ASTM D 698, one test for even
10,000 cy of borrowed soil.

We note that the radon flux emanating from the existing interim cover (platform fill). consisting of
random fill, already satisfies the 20 pCi/m™/s limit. One foot of “clay™ cover (clay laver) plus two
feet of random fill (frost barrier) will provide additional attenuation in excess of that already
achieved, as documented in Appendix B of the 1996 Titan report. Therefore, the conservatism n,
the design substantially reduces the dependence of cover performance on the QC program. allowing
IUSA to employ testing frequencies somewhat less than those in NRC's guidance. we believe are
strictly applicable only to situations where the design satisfies only the minimum requirements.

IUSA understands that clay borrow from the Section 16 source has not been used previously in
construction on the site. In order to provide additional confidence that the Section 16 soils will
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satisfy the requirements for the clay layer. IUSA will commit to an initial source verification testing
program as follows:

The first 50 classification samples will be collected across the candidate borrow suil
horizons at a frequency of one sample per 1.000 cy. This represents about 26 %o of the total
borrow volume from Section 16. After the first 30 soil classifications are performed on the
clay borrow source. testing frequency will be reduced to one test tor cach 5,000 ¢y of
borrow if the results of the first 50 classifications are CH. CL. SC. or GC. TUSA will nonfy
NRC ofits findings before implementing this change.

3. The test hole locations used to estimate the properties of mill wailings and cover materials
should be identified  The stundurds and procedures used to determme the material
properties also should be specified.

IUSA should provide a map(s) showing the locations of the test holes from which tailings
and cover material characterization samples were obtained The locations to be idennficd
should include those samples described in Appendix A of the reclamation plun und in
Attachment 4 of 1USA's December 16, 1997 response.  [1USA also should specth the
standards and procedurces used to assess the material properties.

Response #3

IUSA is including a copy of “Cell 4 Design-Tailings Management System, Appendix B™ (previously
submitted to NRC in 1988) as Attachment 1. This document contains a compilation ot the dnll hole
logs. test pit logs, soil classification data and a map showing the location of the pits and drill holes
located on the White Mesa Mill site. ‘This data has been used to characterize the soils used in the
construction of the cell dike and to classity the material that has been stockpiled for use in the cover
construction. Some of the data included in this Appendix was used and included (Chen 1978, Chen
1979 and Dames and Moore 1978) in the Titan. Tailing Cover Design. White Mesa Mill (10 96) in
Appendices A and G, without map. Additional data on soils stockpiled tor later use and used in dike
construction can be found in the Construction Reports submitted to NRC for Cells - & 2 (March
1. 1982), Cell 3 (March 4, 1983). and Cell 4A (1990). Soil classification data. test pit locations and
drill hole locations for the clay borrow site located in Section 16 were included with the I etter
Report Section 16 Clay Matenal Test Data, D" Appolonia. March 8, 19827, provided as Attachment
1 to IUSA’s comments dated December 16. 1997. Sample UT-1 was obtained in 1996 by Titan and
included in Appendix A to the Cover Design and was taken out of Test Pit 2 (1'P-2) shown on Figure
I in the D" Appolonia Section 16 Report. The map is included here as Attachment 2

There are no drill holes in the tailing. Any samples taken for classification purposes of the taihng
are taken by hand shovel excavation.
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Sample Composite (2.3. & 5) with radiological results from Rogers & Associates Engineering
Corporation, shown in Appendix A of Titan’s Cover Design is a composite sample of grab samples
trom random fill stockpiles RF-2, REF-3 and RF-5 as shown on the map in Attachment 1 to these
comments. Site 1 and Site 4 cumples are from Clay stockpile C-1 and Random fill stockptle R1--4
as shown on the map in Attachment 1 to these comments. All of these samples were taken from
shallow pits (<5 feet deep) excavated in these stockpiles.

4. Tests using multiple sumples should he used to quantify adequately and uccount for ¢
intrinsic variation of material properties in [USA'S analyses.

The intrinsic variability of the material properties should be characterized by conducting
measurements of each property using several sumples. Such a process appears not be have
been followed  For example, the Anerberg Limits tests. Standard Proctor test. and
permeability test were carried out using only one sample (UT-1). Moreover. the location
Sfrom which this sample was obtained has not been provided.  Similarly, supporting
information concerning the samples used for determining the material properties emploved
in the slope stahility analyses is missing also. Moreover, the hydraulically-placed tailings
show significant heterogeneity that must be taken into account in settlement analyses

1USA should conduct and document tests using multiple samples to adequately estimate the
inmtrinsic varation of material properties. including the heterogeneity of the tuiling
properties (see NRC. 1978). The location of Sumple UT-1 showld be specified as well as the
additional samples vsed for determining the parameters for the slope stabilitn analyaes
Technical justification should be provided to support the contention that the material
property values used in the stope stubility analyves are uppropriate and acceptably consider
the intrinsic variability

REFERENCE: NRC. April 1978, “Laboratory Investigations of Soils for Engincermyg
Analysis and Design of Nuclear Power Plants, " Regulatory Guide 1134

Response #4

We understand from this comment that the NRC appears to be concerned about the stability of the
impoundment dikes. The stability of the dikes. which were designed to contain liquid (hydrostatic
stress at maximum pond level). was addressed in the mill permit application and License
Amendments approved by NRC in 1979, 1982, and 1990.

This comment also appears to question the database for characterization of borrow soils to be used
in construction. Although the cover design document contained data only on a sample for UT-1.
substantial information has been developed on the Section 16 borrow source and from test drilling
by Chen and Associates and Dames and Moore submitted previously to the NRC. A field and
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laboratory investigation of the borrow area in Section 16 was performed by D’ Appolonia in 1982,
and the report of that study was submitted to the USNRC most recently on December 16, 1997, The
invesiigation included 6 test borings and 3 test pits located as shown on Figure | of that report.
Sample UT-1 was taken from the D" Appolonia test pits (TP-2) as shown on Figure 1 - Attachment
2 to this submittal.

Technical justification of the material property values used in the slope stability analy sis is based
on both the results of soil testing conducted previously and on conservative procedures used to
quantify the input parameters for the stability model. Specifically:

e FEarthfill and Dike - This is random fill that consists mostly of mixed-grain soils and cobbles
up to 8-inch size. This matenal is variable. ranging from sandy soils (SC. SM) to clay soils
(CL.. CH) with enough larger particles o possibly Le GP to GC in places.  The mput
parameters used for this material are conservative for slope stavility analysis. because zero
cohesion and a triction angle of 30 degrees are used. Zero cohesion is conservative because
the testing by Chen and Associates and others show the random fill matenal has a substantial
minus-200 fraction and samples typically have low o moderate plasticity. These properties
would justity a classification of the fines as CL-MI. to C1 and some cohesion value between
zero and 1000 pst (ref: NAVFAC DM-7. Table 9-1). Materials placed to 95%e maximum dry
density typically have an angle of internal 1" :tion of 31-34 degrees (NAVEAC DM-7. Table
9-1) and, along potential failure surfaces. a secant friction angle of over 40 degrees
(Terzaghi, Peck, and Mesri: 1996. Fig 19.4). The intrinsic variability of the random fill will
fall in a range that is accounted tor by the relatively low strength parameters used in the
analysis.

e Foundation - Drill logs show that the foundation soils are locally-derived alluvium and
we: ¢ -ed bedrock (sandstone with some claystone) consisting of SM to M1 soils with
somi -+ and CL. This material is the source for most of the random fill and. therefore. has
similar properties except that both the unit weight and the friction angle are slightly less o
account for the difference in compaction. the latter being uncompacted but undisturbed. The
same justification for conservatism provided above applies to the foundation soil.

e Bedrock - It 1s more accurate to characterize intact rock strength in terms of uncontined
compressive strength and fractured rock in terms ot shearing resistance along fracture
surfaces, but for inclusion in a soil slope stability model the parameters of cohesion and
friction angle are used. Typical values of compressive strength for weathered. porous
sandstone are above 5.000 psi. or 720.000 psf (Krynine and Judd. Principles of Fugineering
Geology and Geotechnics, 1957). For rock under 10 feet of cover. this translates into an
equivalent of cohesion ot 720,000 pst with zero tricuon angle or cohesion of 718.000 pst
with a friction angle of 60 degrees. In tractured bedrock the cohesion portion of strength
may be lost but the secant friction angle. which includes components for dilation resistance
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and resistance to pushing of grains, remains and would hikely be at feast 43-30 degrees In
any case. the parameters for bedrock used in the analyvsis are extremely conservative and
show that no part of a failure surface would pass through the bedrock.

It is clear that the intrinsic vanability of the foregoing properties will fall in a range £ which the
selected values provide a conservative limit,

Concerning the issue of tailing heterogeneity, the comment appears to be asking for specific
exploration and test data on physical properties of tailings. Such data are not available and collection
of such data is in our opinton infeasible. Hydraulically placed tailings in active or recently active
impoundments are mostly saturated. soft or easily lquetied. and have very low strength.
Consequently, they are unable to support the static weight and vibrations imposed by dnlling and
sampling equipment In circumstances where sampling has been attempted from structures within
the impoundments that can support equipment (e.g.. Homestake Grants sand-fill dikes). the samples
were disturbed and not demonstrably representative of the tailings. Therefore. while TUSA agrees
that multiple samples and three-dimensional characterization of tailings may be an ideal objective.
it would not appear to be a technically feasible objective.

An alternative, IUSA suggests the tollowing approach to

. Observe (monitor) settlements. Settlements reflect the cumulative etlects of taling
variability. The cumulative effects. rather than the vanations themselves. are what
is more critical to reclamation and long-term cover performance.

o Use empirical data from other Title 11 taithng impoundments that have already been
reclaimed to predict tailings behavior. Reclaimed impoundments with similar tailing
thicknesses and tailing placement methods might provide data that would support
better prediction of settlement, liquefaction. ete. than standard soil-engineering tests
performed on disturbed. perhaps non-representative samples from the White Mesa
impoundments.

For the reasons listed above. IUSA believes that 11 would be unproductive 1o conduct tests on
samples taken from the White Mesa tailing slurry or impoundments. The mill has. and will in the
future. handle ores from many different mines and host rock formations. To date the mill has
processed ores from over 130 individual mines located in Utah, Colorado and Arizona. Theretore.
the tailings will vary in percent fines, mineralogical composition, and particle shape. all of which
affect the properties and behavior of the deposited tailings. The alternative approach proposed above
is especially appropriate for the White Mesa Mill, which. in contrast to most Title 11 sites. 1s active
and will remain so for several decades. For sites that are inactive and in the process of reclamation,
predictive calculations may be necessary. but, at White Mesa. IUSA has the ume and opportuninn
to conduct observation of real behavior, eliminating the need for predictive calculations.
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Technical support is required for the contention that the slope stability analvsis is
conservalive.

The sketch of the cross section for Dam No. 4 provided with Antachment 3 of [0S
December 16, 1997 response. shows the top of the bedrock to be inferred from borehole logs
(which were not provided with the reclamation plany. This bedrock surface is closer 1o the
toe of the slope than the hypothetical surface used in the slope stability analysis 1S

Justifies this inconsistency by stating that the analysis presented with a bedrock surtace

lower than actual would he conservative A technical rationale is required for this
statement.

Assessments conducted by the NRC staff suggest that the actual mode of fatlure may be quite
different from the circulur fuilure surface assumed by 1USH in the hypothencal case
presented in the reclumation plun (a plot of the critical fuilure surface was not provided with
the reclamation plan). The assessments suggest that the critical failure surfuce may not be
circular and a portion of the failure surface may be bounded by the bedrock surface
Consequently, the failure of the slope may be determined by the cohesion and friction of the
interface between the foundation material und the hedrock.

Therefore, 1USA should conduct and document in the reclamation plun an appropriate suiie
of analyses to determine the effects of bedrock close to the toe of the slope. specifically with
respect to the mode of failure  In addition, the appropriateness of the ussumption of
circuluar failure profile should be demonstrated

In its analyses, [1USA also should

o investigate and analyze other potential fuilure modeys using other analysis methods 0 ¢
the wedge method [Lambe and Whitman, 1979/,

o uddress the potentidl for tensile crack formation. und if significant. analvze the possible
effect on water infiltration and on the integrin and function of the cover

o meausure (in the luboratory or estimate (thased on available published mtormations the
properties of the bedrock interface  Estimated values should be justfied. and a
sensitivity unalvsis should be conducted 1o demonstrate the conservativeness of the
assumed values;

o include the effects of potential seismicity ar the site (a horizontal ground acceleration of
0.12g) in the slope stability unalysis.
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¢ indicate the measured location of the phreatic surface and. it appropriate. account tor the
eftects of this surface in the slope stability analysis: and

e assess the potential impacts from earthquake-induced pore pressures.

REFERENCE: Lambe. TW., und RV Whitman, ~Soil Mechanics, ST ersion.” New
York, NY  John Wiley and Sons. 1979

Response #5

IUSA suggests that the NRC please review the Cell 4 Design which was submitted to the NRC
February 8, 1989 with revisions submitted January 10, 1990. In this document a complete stability
analysis was presented and accepted for the stability of the slope of the Cell 4 Dam. T'he embankment
stability analysis is addressed in section 3.4 of the design document that includes anals sis tfor hoth
static and seismic loading at two embankment sections. The stability analysis assumed that the
tailings were saturated and were completely fluid. It also assumed that the hiner had completely
failed and that the steady state seepage condition had been reached. It was based on these conditions
that the statement concerning the conservatism of the analvsis was made. Cell 4A was approved to
operate as designed and constructed by Amendment 20 1o the Source Materials icense SUA-T358
on March 1. 1990.

In the White Mesa Mill Reclamation Plan submitted February 28. 1997. the Plan calls for the Cell
4A dike to be breached. In view of this. we assume that analysis of the continued stability of the
dike after reclamation would not add to the Plan.

6. Inconsistencies berween figures and borehole logs should be resolved so that the postion
of the bedrock surface can be identified

There appears to be inconsistency among the figures in Appendix G and the borchole logs

Srom Chen & Associates given in that appendix  Without a discussion of the borehole logs
and the figures. it is not possible 10 determine how the position of the bedrock surface was
inferred from the borehole logs.  For example. Figure | of Appendix G shows that the
bedrock surface was encountered in two horeholes  Chen 829 and Chen 877 The horehole
logys provided in Appendix G do not include these boreholes  If these two boreholes belony
to the series of holes shown in Figure 3 (BH-13 through BH-28) then the boreholes named
Chen #29 and Chen 877 cannot intersect the boundary of Cell 3 If these holes belony 1o the
series of borehole logs given in Appendix G (Hole | through Hole ~3). then information
about borehole Chen #77 is missing

Also. the surfuce elevation comtours given in Figure 3 do not match the horchole logs
provided. For example. according to the contours in the figure. the collar elevation of BH-
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24 should be between 5370 feet and 3380 feer However, according to the borchole logs,
BH-24 is between 3601 and 3609 feet

Therefore, 11SA should resolve the inconsistencies among the figures and the borehole logs
and provide the missing information

Response #6

The inconsistency of drill hole data comes from an incomplete data set being provided. Drll holes
designated with a BH are holes drilled by Dames and Moore while the holes drilled by Chen and
Associates have no pretix. The attached copy of Appendix B trom the Cell 4 design submitted to the
NRC in August of 1988 (Attachment 1) provides a better explanation of drill hole series, locations.
elevations and drill logs. The map included with this attachment provides an overall view of the site
that better explains the locations of the various drill hole series. with corresponding collar elevations.

Concerning the specific example pointed out in the this comment. the collar elevation indicated by
the map contours (before the cover stockpiles were placed) for the Chen series hole 24 15 between
5600 and 5610 which corresponds with the drll log collar elevation of 5609, Dnll hole BH-24
(Dames & Moore drill hole 24) has a map collar elevation between 5570 and 3580, with the drill Jog
indicating a collar elevation of 5573, The contusion comes from having two series ot drill holes with
similar numbering systems and only having a piece of the map without the legend.  The attached
information should clanfy the earlier confusion

B The proposed frequencies of QU tests for controlling the gualiny of the construction of the
final disposal cell should be modified

The NRC Staff Technical Posttion (STPy on testing and inspection pluns (NRC 79NY)
provides guidelines for the frequencies of QC tests deemed acceptable by the staff for
disposal cell construction  1USA iy proposing the perform these QU tests with frequencies
significantly less than those recommended in the STP

The objective of the recommended frequencies for the different tests is to ensure that
ucceptable construction quality of the disposal cells can be achieved given the imporiancy
to public health and safety und required long life. as specified in 10 CFR Part 40, Appendin
A, Criterion 6(i)  The frequencies of testing recommended by the NRC staff are consistent
with standard industry practice (e g the 1'S Departments of the Armn Navyv and i
Force. the US Burcau of Reclumation ) und have been adopted by licensees ar other
UMTRCA Tidle I sites

While the NRC staff recognizes that construction methodologies and material 1esting
frequencies should reflect site-specific conditions  the staff considers it inappropriate at this
stage in the reclamation process to commit 1o the proposed trequencies absent actual
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construction data. Therefore, the staff requests thai 1TUSA modipy its QC plan to meet the
recommendations in the STP. Once 1USA can demonstrate using actual construction datu
that acceptable quality can be achieved with QC tests less frequent than those specitied in
the STP. the testing frequencies and associated surety assessment can be modified
appropriately.

Response #7

The NRC's reterenced STP was developed tor reclamation of Tale | osttes, and as such s
acknowledged to be very conservative, especially tor Titde I sites. In [988 spectfications were
approved by the NRC for construction of the Cell 4A dikes and clay base. The QC requirements in
those specifications are. for embankment (dike) construction:

. Field density and moisture - one test per 1,000 cubic vards (ev) and per hift of 1l
J Particle-size analysis and Atterberg limits - one per 5.000 ¢y
. Standard Proctor tests - one per 10,000 ¢y

and for the clay base:

o Field density and moisture - one test per 300 cubic yards (cy) and per lift of fill
. Particle-size analysis and Atterberg limits - one per 3.000 ¢
o Standard Proctor tests - one per 10,000 ¢y

ILUISA believes that NRC's desire for a demonstration of acceptable quality by actual construction
data has already been satistied by its approval of both the construction QC provisions and the
construction results of Cell 4A. TUSA will be using the same borrow material in the plattorm il
and frost barrier fill that was used in the 4A dike construction theretore. [TUSA would ask that this
experience and the success that came be considered to enable IUSA to propose as alternate
requirements the QC plan proposed here in. More frequent tests. particularly the Standard Proctor
test, would be necessary for low volume structural tills. but less important where the fill materials
come from relatively homogenous stockpiles and a large volumie of material is placed duily

IUSA proposes that testing of till materials and in-place density and moisture will be pertormed by
a qualified materials testing service contracted by IUSA or by TUSA statf rrained for these duties.
In line with the reasoning provided above. IUSA proposes the tollowing QC testing program for the
tailing covers:
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a. Particle-size analysis - One test by ASTM Method D 422 (no hvdrometer anals sis
will be run but samples will be washed over a #200 sievey tor cach $.000 ¢y

b. Atterberg Limits - Not less thun one test per 3.000 ¢y

C. In-place density and moisture of compacted fill - One test per 300 cubic yvards of clay
layer and one test per 1.000 ¢y of platform fill (top one toot onlv) and trost barricr
fill. using the nuclear density gauge according to ASTM D 29220 with moisture
determined per ASTM D 3017, The Sand Cone method. ASTM D 1356, will be used
to check density measurements at the rate of one Sand Cone test for every 10 nuclear
density tests.

d. Moisture-density standard - Standard Proctor density test using ASTM D 698, and
ASTM Methods D 2216 or D 4643 tor moisture content will be performed at a
frequency of one test per 10,000 cubic vards of fill placed.

Each field density test will be plotted on an carthwork control grid and recorded on test data sheets
that become part of the permanent record ot the project

/ Additional information and analvsis are necessary 1o address the potential for cover
cracking due 1o liguetaction

The tailings properties indicate that the material has the potential for liquetaction and m
irs December 16, 1997 response. 1USA acknowledges this potential — The potential tor
liquefaction must he assessed 10 demonstrate that any resulting damage would be minor and
would not cause cover damage

Therefore. 1USA should evaluate the potential for liquetaction at several locations within the
impoundment in order to provide adequate areal coverage. This evaluation should be based
on laboratory andior field tests and pore pressure measurements. it necessary Methods
used for interpreting test data and assessing liquefuction potential should be consistent with
current practice in geotechnical engineering (Seed and Idriss 1971 and 1982 Secd 19945

As a minimum. potentially liquetiabic zones should be identificd based on index properiies
and gradation test results for the maximum credible earthquake assessed in Appendix G of
the reclamation plun It the extent of potentially liquetiable zones iy local or minor the
effects on stabiliny: assuming zero material strength should he assessed and the cover
integriry should be demonstrated  However if the potenticl for hquetaction s assessed 1o

he significant (¢ g involving the entire impoundment and or the cmbankment ) nutigaiton
measures or redesign of the tailings ponds and or the embankments should he proposed
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REFERENCES: Secd. H.B. and Idriss. I M., 1971, A Simplified procedure for Evaluating
Soil Liquefuction Potential, ” ASCE Journal of the Soil Mechanics and Foundations Division,
ASCE. Vol 97, No. SM Y pp. 1249-1274.

Seed. HB. and Idriss. 1M 1982 “Ground Motions and Soil Liquetaction During
Euarthquake " Earthquake Engineering Rescearch Institute. Engineering. Monograph, ol 3

Seed, R.B.. 1994 “Introduction to Evaluation of Potential Liquetaction Hazard — Ldvances
in Earthquake Engincering Practice. " Workshop at the Universiny of California at Berkeley
May 31-June 4. 1994

Response #8

IUSA recognizes that the saturated sand and non-plastic fines portions ot the tatlings have the
potential for liquetaction. However, the NRC s request for quantitative assessment of iquetacuon
potential and resulting cover damage carries with it the assumption that:

J The tailings can be characterized spatially and physically enough to quantity
liquetaction potential. and

. The structural response of the cover can be also characterized well enough both
spatially and physically to quantify damage. if any. resulting from liquetucuon.

In [USA’s responses above to previous questions. it was stated that the taitlings in their present and
near-future state are very difticult. it possible at all. 1o dnll and sample sutficienty to develop a
three-dimensional model of the talings on which quantitativ ¢ analy ses depend. Nor can undisturbed
samples be obtained on which tests can be pertormed to measure the parameters cntical to
quantification of liquefaction potential (¢.g.. density and water contenty - With any exploration
method that penetrates the tatlings. there 15 a nsk ot also penetrating the hiner system. thereby
compromising containment of the tatlings solution. TUSA 15 concerned that it is not practicable o
obtain the quantitative results sought by the NRC at this tume.

A gualitative assessment of liquetaction can be made. based on what 1s known about the ores. the
mill grind. and the method oi hydraulic placement of tatlings.  As stated above. the null has
processed ore from many different mines and ore bodies. so the chemustry and clay content ol the
tailings will vary spatially and nonuntformiy through the impoundments.  The wilings were
deposited by discharging toward the center of the ponds from points along the dikes Tailing sohds
settled out ot the slurry from coarser to finer tractions away from the discharge points. resulting
concentration of slimes in the middle of cach pond. Nevertheless. in detail there will be considerable
variation in this pattern due to the development of deltas and backwater aicas between deltas.
movement of discharge points over time, and vanations in grain-size distributions and clay fractions
in the slurry. The variations in any horizon can be understood best by examination ot acnal photos
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of the ponds. which show the aforementioned teatures. Through any verucal sectton the pords wil]
have interfingering lenses ot tailing sands and slimes. making the difterentiation of physical
properties both intricate and gradational. In summary . [USA believes that a quantitative assessment
would require so many assumptions and generalizaiions that the results would not be credible

Ovecrall, the tailings are classified as SC to SM material. They contain some plasticity - a properta
that resists liquetaction. Fines with some plasticity are probably clavs. and these particles are meost
likely to be concentrated in the center of the ponds. These fines are typically the most compressible
portions of the tailings. so settlements can be expected to be greatest over the centers of the
impoundments. The tailings are probably sandier (SP to M) and treer of plastic fines closest to the
discharge points along the dikes: consequently. hquetaction potential s hikely to be greater near the
edges of the impoundments than in the middle. Although. as the ponds begin to fill the discharee
points are moved closer to the center arcas which turther contributes to vartabilits ot the contaed
tatlings.

Fmpirical data and engineening analvses (1 Arango. 19960 AMagnitude Scaling Factors tor Soil
Liquetaction Eviluations, a Jowrnal of Geotechnical Engmeering. Nov o 19960 Attachment Sy -how
that tathings will not hiquety under sosmuc loading from events having a magmtude of 475 op fees
at the site. Figures 1 6-3 and | 6-4 ot the Reclamation Plan show thar there have been no histon
events of this magnitude within 109 miles of the site. Should a sersmie event farge enoagh to cause
liquetaction occur after the covers are in place. the saturated sand and non-plastic fines portion of
the taithings would be expected to liquety and momentarily lose all strength The cnucal factors tha
would control the damage to the cover are.

. The spatial distribution of hquetaction (vanabihty in hquetaction over the
impoundment areas).

o The containment of the hguetied tathings provided by the vover tability ot cover o
bend without cracking

J [he rate at which excess pore pressure can dissipate
. Fhe amount of Jateral displacement of tahings under the cover dunng and i
liquetaction

Itis hikely that hiquetactuon will not be unitorm because the tahing s are notantforin Granolar. qon
plastic matertal would hgaety but plastic tatdhings would not 1t the excess pore prossures List fony
enough tan adeternunate tme) hiqueticd sands could be displaced by fow strength plastic e dha
shear and move o hiquetied zones when they Jose fateral continement he displaced wand- aoaid
flow into space vacated by the plastic fines This process would continue only as long as the oseess
pore pressures remain: excess pore pressures would probably be relieved tirst near the dikes wher.
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pore liquid can migrate into the nonhiquetied plattorny fill. or through cracks mthe cover W hether
the process continues to this point depends on how well the cover contains the liquetied tathings e

how tlexible and strong the cover s and how much unsaturated talings exist over saturated tabings
Fhese tactors will change over time improvig as the tathngs dewater (through evaporation and
capillarity ) and consolidate.

IUSA recognizes that tuling hguetaction is possible as long as some portion of the non-plistic
tailings remain saturated.  The nnpoundment dikes (embankments) are constructed of compacted
random fill and are not saturated. theretore. the dikes are not susceptible to hguetaction Fhese dikes
were designed to contain hauid ctull hydrostatie pressurey so they will contam comnplerels Tiguetied
tathings.

TUSA s unaware of a techiically detenable solution to the hquetacuon potenuad

It 15 important to note that even a tew random cracks mthe cover would not be expectaed o
stgnthicantly reduce the cover's vitectiveness in retarding radon flux:. Accordmg to Regulatory ¢ nade
3.64. page 3. cracks must be at least 2 cm owide, must be spaced less than o apart and mg
penetrate at least 75% of the cover thickness 1o cause the radon Hlux 1o double This seenari s
extremely unlikelv. given the vanabihoy i hguetacuon sotential over the total arcas of the ponds

Y Addimonal imfermation and analbosis wre recessary i the ol rdatiosy of the spaaiiad oo nalion
af settlement und amy potential for cover crackany die (o dus differoniial serdlemesa P
calcidation requires estimalion of e scitfement af variows locations fo provede an adeguic
arev! cueverage Viereover duc 1o the /h'!r‘lu,}_{r’llwfl of the Taidings s eridds s me ng
unalsis that takes oo account the spatiad vartabidiny of the miater s properiie o
mdtspensahic to developmg an adeguatc seltfe menl moRioring proyram

i gencral monitorse Siations or mosuments are ol placed guickl enougb o record th
ertginal condittons Consequently i oxiimalion of L do 0 percept consofidation o
1o from ficld measuremont afone becomes oxh difticadt withont unifiai s i
for estimating settfement with (ocation specttic parameter valies

Pherefore. 1o provide an adeguate avead coverage 101 showld cxtimare the settltomiont die
to self-weight and the comstriaciion of the cover at several tocations Fhose estimaies shonidd
he based on the knovwn ar measuied distribiiion of meiterials cow sand shimes i cach
tocation und laboratory -measired consolidation parameter values  Sctitloment showdd by
calcutated ar cach seitement platform and monitor g well and if necessary pore pre s
measurements showld he provided o confirm 98 pereent consolidation valie s

HENA also showdd caicilbare the smaximuon differonnial settioment ap ¢ andy 2od (e sie s o
the clay cover die to the ditferential scrfement I addinion the capab iy of Ui proproa i
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clay 1o withstand the settfement strain withowt developig cracks shouldd he demonsirared
These assessments are purticutarly important considering that the proposed thickness of the
clay cover 1y thin (one fool) swhen compared 1o the standard practice in geotechmcal
eagineering (Bennett and Kimbrell (991

Fowadly  addittonal sertlement that may ocour as a resudt of the voluene Change ol tadme s
during a seismuc event (even in the absence of a iyuefaction scenariog showld be onsidered
1 assessiig the settlemient of the disposal coll cover

REFERENCE Bennet K1) and Kimbrell. 1 F 1991 “Recommendations (o iiwe NRC for

Soit Cover Svstems €ver Urvaninme Ml Tadings and Tow Level Radioactive Wintes
Canstricnion Methods for Sealing Poenetrations i Soil € overs "NUREG R 3437 Lol 3

Response #9

HONA S response to comment #8 explans that tahing Chatacierization based oncdathing wamphng
and testing of tahimgs b not teasible Without this spatialhy distsbuted quantificaton ot phy aeal
propertics. tts not possible to pertor meanmgtul calcalanons o total settlements and diiterential
settlements  Fyenat o farge number of samples could be obtained. they would representasery small
percentage of the ol tobimgs, feaving any analyses sull dependent on g substantiad amount o
engineenng judgement . Scettfement of the cover can result brom

» Phsplacement of tahings or cover sonls structural detormations)

. Consohdation of tathigs and o cover sods Conlumetne contrac tion
Consobdanion could cause settfernent by reducing porosis and o tune the volume of tnhings
s doubttul that valoutaton of setttement wwng standhrd consolidation theory <berzaghn coal 1996)

would produce measingfud result. Calowlations usimg consohidation theory reguine guaniilication
o

» Sof protic specibicathy the samber depth and tickaess of comprossabic Tavers

. Houndany condiions of cach comprossibic faver sohiethes thes are or e not Bee
Jraminy

* Vabues for the cntwal properties of il bavers deosity and sond ralee swosten ot

sHTPH R s o vindes

Somy assurmptions are abso dsociated with consohdaton theors
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. Permeability remains constant during consohdation
» Void ratio vy eftective stress remains a hincar relationship independent ot tme

At the White Mesa mill site 1t 1s not possible at this tme to quantity the necessary parameters. and
the necessary assumptions may not be valid, in part because the parameters cannot be dependably
gquantified. Furthermore. ores being processed now and 1 the future are conung from many difterent
sources with widely varving properties so tinhings properties may vary accordingly A un
alternative. order-of-magmtude esumates o consohidation and settdlement based on volumcetng
compressibility and empinical data trom similar sites can be made. but these have very hnnted
benelit

As an alternative. ITUSA proposes that settlement evaluation based on settlement momtoring s more
appropriate tor the White Mesa tailings than exploration and testing toltfowed by calculations.
Settlement data collected to date are shown in Attachment 4. Additional settlement monuments will
be instatted on a regular gnd. iHustrated in Figure 1 ot Atachment 4. and measured on a scheduie
that will provide data to cvaluate settfement rates and patterns  From these data. estimates can be
made ot the amount of settlement to be expected and the e until DO% of primary settlement is
achicved

ites apparent that settlement monuments can be istatfed ondy when ground conditions allow ¢
when the taling surtace 15 stable enough to support men aad cquipment needed tor monumerit
mstatlanon. However. this tme will arvive betore the timie when aodridlimg rig can be operated ae the
same place. so settlement data can be collected sooner than samples can be collected tor laborators
festing

Yhe relative mertt o TESA S proposed approach can be understood trom the expencnce ol
Homestak e Mumng Company (HIMO) at us Greants ] sieom predictmg and moenttornny settioment
[ response toa request fronn the NROOHMO obtamed samples of Gulings from the old tmactonve
sthee 1960 tahng pmlc Despite an oxperienced dnller, good equipment. and “undisturbed”
samphing procedures. the samples were clearhy disturbed  Shimes were wested tor consolidation
parameters, and the results were imput o avalculation using consolidation theory  Toat calculation
predhicted total primary settiemient of 3-4 feer tora tahing shime section about 80 1eet thick

Once the large tatlig impoundment was recontoured and wie shu s covered enough to supony
workers, 3. monttor pomts were mstatied o a regular 300X300-foot grid pattern cosering an area
VISE feet by 1230 et or about 90 acres Setthement readings were made mnally at feast coce cach
week. then about cvery 10 dave Curoulative settfements were plotted and analyvzed for ot
settfement, rate of setifement and changes i e ol settfement Dury the course o these
measuretsents, anothar calculation was pertormed to predict setdement based o test rosudis o
samples taken trom o drill hole on the farge immpoundment. Samples from this hole were also dearly
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disturbed, and showed interbedded slimes and tailing sand. The calculated total settiement. using
test results and consolidation theory, was about three feet. A separate calculation using volumetric
compressibility predicted that with worst-case assumptions the total primary settiement could be as
much as eleven feet. The actual settlement measured at the nearest monument was more than three
feet after less than one year and was over tive feet after two years.

This example shows that methods of geotechnical engineering developed for natural soils are not
necessarily appropriate for tailings, and that the alternative observational approach proposed by
IUSAL relying on settlement measurements rather than predictive calculations. produces site-specitic
and useful data that can be used in decision-making by both NRC and [USA.

White Mesa has decades to operate. making the observational approach all the more appropriate:
therefore, [USA proposes to address NRC's concerns about settlement using the observational
approach. TUSA will install additional settlement monuments. as shown on Figure 1 ot Attachiment
4. extending its existing array. over both tatling ponds as tast as ground conditions will allow salc
access to and work at each point. The existing monuments will continue to be monitored. with
settlements plotted against real time. Monuments istalled in the future will contorm to the design
shown on the accompany ing drawing.  The monitorning record will include data indicating the
location, thickness and date of platform Qll placed as interim cover during null operations During
and after reclamation. the monuments will be monitored on a regular schedule. to be bused on
observed settlement rates, until 90% ot primary consolidation has been achieved. as indicated by the
time-settlement curve becoming asymptotic. Alternatively. the end of settlement monitoring may
be determined by the annualized rate of settlement, based on the average ot the five most recent
settlement readings. becoming less than 1% of the total settlement

We also note that 1t is not necessary to know the zero point, or start of settlement. for the proposed
approach to be used because 1t does not depend on fixing the initial point of a settlement curve.
which s virtually impossible to measure tor tarlings. The shape and asymptote of the curse are nsed
to evaluate settlement progress. and these are determunable through the course ot settlement
measurements after monuments are installed

1O, Additiondd information addressing the detads of disposal cell construction should  he
[)?'UWLIt'(j

Fictaily of disposal cell construction are necessary 1o support NKC s detadded analysis of
1UNSA S proposed reclamation plans and surciy estimaie e minimm required imformeation
includes methods. procedures, and requivemenis for excavatig hauling stockpriing and
placing contaninated ang non-contammated materials. and other disposal coll meaieral s

Fhe procedures for material placement and compaction should be adequate 1o aclieve the
desired mowture content, placement densuty  and permeabiliy: Use of acceprabic
procedures such as the recommendations provided in NUREG/CR-3041 (Densen et al
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1987) for gradation. plucement, and compuaction necessary to achieve design draimage rates
and volumes. to prevent internal erosion or piping, and to allow for collection and removal
of liquids should be confirmed.— Compaction specifications should include restrictions on
work related to adverse weather conditions (e g, rainfall, freezing conditions, ¢tc 1 Plans.
specifications. and requirements for disposal cell compaction should be supported by field
and laboratory tests and analvses 1o ussure stabiline and reliable performance

A plan for settlement measurement that 15 satisfactory for producing representanive
settlement data throughout the disposal cells 1y required  Settlement measurement stalions
should he of sufficient coverage and should be strategically placed 1o vield adequare
information for determination of differential and residual settlenents Monitoring
monuments should be designed to be durable

The proposed frequency of monitoring should confornr to acceptable practice (¢.g.. NRC
1989). Procedures and specifications for use of riprap. rock mulch. and for filter placement
should be provided and should be consistent with commonly accepted engineering practice
and the design specifications (NRC 197" and 19821 The construction sequence should be
described and demonstrated 1o be audequate 1o achieve the intended configuration for the
tatlings  The proposed time 1o completion should he reasonably achievahle  Appropriate
QC provisions should be provided 1o ensure that the construction will be in accordance with
the reclamation plan. and that the appropriate records will he mamtarned

ICSA should provide the information necessary 1o support an clevation of disposal ccil
construction

REFERENCEN  Denven et al . 1987 " Recommendations 1o the NR( for Review Criveria
tor Alternative Methods of Low-Level Radioactive Wasie Disposal " NUREG CR-304]

NRC December 1977 “Design. Construction. and Inspection of Embankmient Retention
Systems for Urannum Mills ™ Regularony Guide 311 Revision 2

NRC August 1982 " Rock Riprap Design Methods and their Applicability to Long-1erm
Protection of Uranium Mill Taldings Impoundments. NUREG-2684

NRC January 1989 “Staff Technical Position on | esting and Inspection Plans During
Construction of DOE s Remedial Action at Inactive Urarium Mill latlings Sites

Response #10

Details of the construction of the disposal cells has been provide .o the NRC through the
tollowing documents:
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Cell 1-1 and Cell 2 - Construction Report: Initial Phase - Tailing Management System.
White Mesa Uranium Project Blanding. Utah - D”Appolonia. submitted to NRC March 1.
1982

Cell 3 - Second Phase Engineering Design - Tailing Management System. White Mesa
Uranium Project Blanding. Utah - D" Appolonma. submitted to NRC May 20, 1981

Cell 3 - Construction Report: Second Phase - Tailings Management System - White Mesa
Uranium Project - Energy Fuels Nuclear. Inc.. submitted to NRC March 4. 1983

Cell 4A - Cell 4 Design - Tailing Management System -- White Mesa Project. Blanding.
Utah - UMETCO Minerals Corp.. submitted NRC February 8. 1989, revised January 10,
1990

Figure 1 of Attachment 4 shows the location of existing and proposed scettiement monttoring
locations on existing Cells 2 and 3.

Settlement monitors are monitored on a monthly basis utihzing standard surveying practiees for
vertical control. All elevations are reterenced to an established benchimark located on sohid ground
away from the tailings cells. Settiement tor cach point is tracked utilizing a spreadshecet program
and graphs. Figure 2 of Attachment 4 represents the design of the settlement monitors.

11, The reclamation plan should address radionuclides other than raduam-2260 that may requre
cleanup.

The verification survey, as described in Appendix A of the reclamation plan. describes a
method to ensure that only radium-226 concentrations will be less than NRC requirements
Orther radionuclides. including thorium-230 and uranium. may also be present in the soil
It is noted that 1USA states in Section 3.3.2 of Appendix A of the reclamation plan that 1 fhe
facility currently monitors soils for the presence of Ra-226. such results being presenied i
the second semiannual effluent Ra-226-Unit report for cach vear  Guideline values for these
wo materials will be determined and will form the basis for the cleanup of the Whie Mesa
Mill ... " This statement appears to imply that two radiosuclides will be sampled durmng
reclamation  However if this is the case the second radionuclide is nod wdentificd

1USA should euther (1) provide technical justification for not mcluding radionuclides other

than radium-226 in the soil cleanup plan, or 12 describe the methodology that will be used
{0 determine that other radionuclides have been reduced to acceprable levels
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Response #11

IUSA presently monitors for both Radium-226 and natural Uranium. It is planned to use both of
these radionuclides as a basis for soil cleanup at the site.

12.  The value proposed as the background radium concentration in the soil should be provided

In accordunce with Appendix A of 10 CFR Part 400 during the final site cleanup. the soild
must be reclaimed such that the average radium concentration in the soil does not exceed
the background level by more than 5 picocuries per gram (pCig) in the upper 13 centimeters
(cm) or by more than 15 pCi/g in 15 cm sections below the upper 13 cm. in order to comply
with these regulations, a value for the background radium concentration in the soil must he
determined. In the reclumation plan, 1USA has provided the historical soil sumpling duta.
but it has not committed to a value for the background radium concentration in soil

TUSA should provide the value for background radium concentration in soil that will be used
10 determine the soil cleanup stundards during decommissioning

Response #12

Based on soil sampling data gathered over a 16 year period (Attachment 3) at sample station BHV-3
located upwind and 5 miles west of the White Mesa mill the Radium background concentration in
the vicinity of the mill is 0.93 pCi/gram. This value will be used by IUSA as an interim value for the
background concentration. Prior to initiating cleanup of wind blown contumination IUSA will
conduct a systematic soil sampling program in an area within iive miles from the site to determine
the average background Radium concentration to be ultimately useu for the cleanup.

13, Technical support should he provided for the scanning rate used for windblown
contamination during mill decommissioning

On the fifth page of the mill decommussioning calculations, the rate of scanning used for the
calculation of the time required 1o scan for windblown contamination is 0.5 meters per
second (m/seci. According to NUREG/CR-5849 (NRC, 1992), the recommended scanning
rate for a ground survey is 0.5 m/sec. Of concern to the staff is the potential for 1S4 s use
of a 0.3 m/sec scanning rate to resull in inaccurate surveys.

1"'SA should adopt the scanning rate recommended in NUREG/CR-5849, or alternaiely,
prove ¢ d technical justification that its propuosed scanning rate will provide accurate survey
results. If the recommended scanning rate is adopted. 1USA should revise ity
decommissioning costs 1o reflect the time and associated costs needed to complete these
surveys
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REFERINCE: NRC, 1992 " Manual for ( onducting Radiological Surveys in Nupport of
License Termination.” NUREG/AR-584Y

Response #13

IUSA has reviewed the caleulations in question and finds that although the recommended scanning
rate in NUREG/CR-5849 (NRC', 1992) was stated in the assumptions for the calculation an incorrect
rate (1.5 meters/second) was actually used. Attachment 6 shows the corrected calculation based on
an eight hour work day with an efficiency factor of 80%. This calculation is based on all arcas being
surveyed on a 30 X 30 meter grid. when in tact the reclamation plan states that the “halo™ areas will
be surveyed on a 50 X 50 meter grid which gives a more conservative cost.  Based on the results
of this corrected caleulation the cost of the project would increase by $2.450.00 basced on the cost
per man hour for this task.  This extra cost is less than 0.2% of the total cost of the mill
decommissioning. IUSA proposes that this adjustment to the total reclamation cost estimate be
made upon final approval of the Reclamation Plan and the associated cost estimate.

14, Additional information abour the location of samp! taken 1o characierize the radon barric
materials is required.

In Appendix A of the Tailings Cover Design (Titan Environmental. 19965 duta is provided
for the tailings und materials that will be used 1o construct the tailings cover  Hovwever
insufficient information is given about the location and depth of the samples, which i
necessary 1o determine whether these samples are representative of the long-term properties
of all materials on site. The samples at question include:

(u) The samples labeled “Tailings, ™ "Composite (21, 3 and 5). ~Site #1." and “Site #4. "
ina March 4. 1995 Rogers and Associates Engineering Corporation report.

(h) The samples labeled " Random (2, 3 and 3). "Site 1. and “Site 4" in a Mav Y TYNK.
Rogers and Associates report.

(c) The sample labeled “UT-17 i a 1996 Advanced Terra lesting report.

(d The sumple labeled “UT-17" in a September 3. 1996, Rogers and Associates report.
and

(e) The sumples labeled “Test Pit 1, 2 and 37 ina March 8. 1982, 1) Appolonia repor
(depth of samples only is needed)

For the above listed samples, 11SH should provide a map shovwang the sampling locations
und the depths at which these samples were acquired.
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REFERENCE: Titan Environmental, " Tailings Cover Design White Mesa Mill. October
1996 for Reclamation of White Mesa Fuacilities, Blunding, Utah. ™ prepared for Encrgy Fuels
Nuclear, Inc.. Denver, Colorado. October 1996.

Response #14

Please refer to the TUSA response to #3 above concerning the location and characterizanon ot
samples for details concerning a, b. ¢, and d.

Concerning the samples labeled “Test Pit 1. 2, and 37 in the March 8. 1982. D Appolonia report.
these sample were taken from the bottom of bulldozer cuts which were excavated 10 teet deep to
expose the undisturbed clay layer. As stated in the response to Question 3, sample UT-1 came trom
the same test pits,

15.  Confidence limits are required for the guideline value for the correlation berween gamma
reuadings and the Ra-226 concentration.

On page & of its December 16, 1997 response, 1USA states that a correlation will be
performed betw een gamma readings and the Ra-226 concentration. However, IUSA has not
specified the confidence limit for the guideline value to be used in this corelation. In the
past, the NRC staff has found this method of correlating gamma readings to soil radium
concentration acceptable when the guideline value is set at the lower 93 percent confidence
limit of the correlation.

IUSA should indicate the confidence limit it will use in making the correlation henween
! Y
gamma readings and radium concentration from which the gdeline gamma reading value
will be established
Response #15§

IUSA agrees with NRC’s comment and commits to the 95 percent confidence linit fee the
guideline value for correlation between gamma readings and the Ra-226 concentration.

16.  SURFACE WATER HYDROLOGY AND EROSION PROTECTION

Additional information and analyvses are riceded 1o show that the breached area of Cell
No. 44 is protected adequately from erosion.

Because there is a potential for gully headcutting to occur and potentially affect the
reclaimed tailings area, erosion protection may be needed to mitigate the effects of local

scouring and future gully headcutting. Therefore, 1USA should provide estimates of the peak

FAISERS\STAFFARAHRECRESS8 DOC




=H Bl B T T B A BN I T B D BE s

-

Mr. Joseph J. Holonich -25- August 28, [9U8
LLS. Nuclear Regulatory Commission

probable maximum flood (PMFEF) floss through the breach, waiter surface profiles  channel
velocities, riprap needed, scour depths, and other design information including drawings
calculations, and analyses.

Response #16

IUSA provided partial response to this comment in previous submittals to the NRC; in addition., the
attached information (Attachments 7 through 11) have been prepared.

In the 1990 Hydrologic Design Report. IUSA showed that the six-hour PMP was 10.0 inches. This
design storm is adjusted for elevation and distributed over time for both the six-hour and one-hour
durations on Attachment 7 and plotted on attachments 8 and 9 in accordance with methods of HMR
49. The peak discharge of this storm (PMF) through the Cell 4A breach. 2057 ¢fs. is shown in the
tabulation of the Rational Method calculation (Attachment 10). along with the peak depths and
velocities for channel bed widths of 60 and 80 feet on both sand soil and bedrock. It the channel is
in sandy soils (as expected). the scour from the PMI could be 3-4 teet if the duration of the flood
is not taken into account. However, PMF 1s a once-ever. very brief event that would not be expected
to last for enough time to cause 3-4 feet of scour, which is calculated on the assumption of long-term
or repetitive flows of the design peak magnitude. which is exiremely conservative,

In any case, no riprap would be required if the breach were cut into bedrock. because the allowable
velocity over the rock is about the same as the peak PMF velocity. If the breach is cut into sandy
soil, riprap with d,, of' 9.5 to 11 inches would be applied to the channel and slopes. up to the PMF
peak depth mark. in a layer at least 1.5 feet thick. The downs® m end of the channel riprap would
terminate in a key. cut into the subgrade. 4.0 feet wide by 4.0 feet deep and extending across the
entire channel. The key will be terminated at the depth of bedrock if less than 4.0 teet below grade.

17, Additional information is needed to assess the adequacy of the discharge channel

To evaluare the adequucy of the discharge channel. it is necessary to know the drainage area
contributing flow to the channel and the bases for [USA s estimates of peak PMIE flow raies.
channel velocities. flood routings. etc Such information, including detailed drawings and
calculations. are needed to determine if the channel and its associated erosion protection
are adequate. Therefore, 1USA should provide this information or. if such information has
been provided to NRC in the pust. 1USA should provide appropriate references

Response #17
The PMF peak discharge through the Cell #1 discharge channel was calculated in the same way as
described above for comment #16. The drainage area, 143 acres, was measured from the most recent

17=200" scale topo map of the site. The longest flow path is 4800 feet. The peak PMI discharge
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was calculated to be 1344 cfs (Attachment 11). With a channel base width of 100 feet. the peak
velocity through the channel would be 7.96 fps and the peak flow depth would be 1.62 feet. 11 the
channel base is constructed to be 120 feet wide. the peak velocity would be 7.45 tps and the depth
would be 1.45 feet. In either case. the channel will be in bedrock. with allowable velocities of 8 -10
tps. so riprap will noi be necessary: i.e.. there should be no scour from the PME

18.  Additional rock durability 1ests are necessary to characterize adequately the sandstone rock
TUSA proposes to use as riprap.

One rock durability test is not considered to be adequate 1o document that the sandstone
rock riprap is sufficiently durable to meet longevity requirements.  Given the marginal
quality of the rock, IUSA should conduct several durability tests tuken from samples at the
proposed source. Results of these tests should be provided to NRC

Response #18

IUSA agrees that additional testing needs to be done to confirm the integrity of the rock proposed
tor the riprap installations. A program for obtaining representative samples of the existing stockpiles
of rock material. as well as selecting appropriate tests to confirm the acceptability of the onsite rock
is being formulated. The details of this program will be torwarded to the NRC under separate cover.
IUSA commits to having a sampling program in place and obtain samples by September 30, 1998.
[.aboratory testing and summary of results is expected to be complete by October 16, 1998.

As an alternative to the onsite rock, IUSA has located a developed source of limestone rock
approximately 15 miles south of the Mill site. This rock was approved and utilized on the U S
Department of Energy, Monticello Tailings Remedial Action Project. and would be available in the
event the onsite rock is unacceptable. This rock would be only incrementally more costly than the
onsite material because of less handling costs (excluding haulage) than the onsite material. and less
waste through the screening and sizing operation. Adjustments to the reclamation cost estimate will
be made in the event the off site source is preferable.

19. Additional information is needed to describe the proposed rock toes.
Detailed drawings and calculations should be provided 1o document the design buses and
to show the design configurations of the rock toes, particularly in those locations where the

toes transition into areas where sandstone bedrock is present. The competency of the
hedrock layer also should be assessed
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Response #19

Attached is a drawing (Figure 4 - Attachment 12) showing a plan view and cross section ot a tvpical
rock apron at the toe of cell #3 outslope. The apron is at least 7.0 feet wide and 2.0 feet thick with
a surface slope of 0.01 fU11. and the d., of the rock in the apron is 8.0 inches. The depth of scour in
the sand soil predicted under PMP is 1.3 feet. so the apron thickness is greater than the scour depth.
I bedrock is encountered at less than this depth. the key will be taken only to the top of rock. The
calculations of rock sizes needed to resist erosion and the scour depth at the edge of the rock apron
are included in table form with this response (Attachment 12).

It1s not clear what purpose will be served by trying to assess the competency of the bedrock. or what
ts meant by Acompetency. '« Whatever the properties of the bedrock. they will not be changed by
anything that JUSA might do to achieve reclamation. The durability of the bedrock will be similar
to that of sandstone samples from the site.

19, CLARIFICATIONS AND EDITORIALS

The discussion concerning potential impacts to endangered and threatened species should
he brought up-1o-date

In Section 1.7 of the reclamation plan. [USA discusses the effects of the sue on endangered
and threatened species as of 1978, when the Environmental Report for the site was writion
Benween that time and the present. nesw species may have been placed on or removed from
the endangered species list, and new species may have been observed on site

TUSA should update its analysis of potential effects from reclumation activities on listed,
proposed, or candidate endungered or threatened species. If appropriate, 1US. should
confirm. at a minimum. that the evaluations conducted for the 1978 endangered species
analysis still are applicable

Response #20

During the preparation of Lnergy Fuels Nuclear's (EFN). the predecessor to TUSAL license renewal
application for Source Material License SU-1358. NRC staft prepared an Fnvironmental assessment
(EA) which was issued on February 27, 1997 with a final finding of no significant impact (FONSI)
prepared and issued on March 5. 1997 In this EA NRC statf addressed the issue of endangered
species on the site as follows:

4.5 Impacts on Ecological Systems

4.5.1 Endangered Species
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In the vicinity of the site, four animal species classified as cithier endangered or threatened (i.e.,
the bald eagle (Haliaeetus leucocephalus), the American peregrine falcon (Falco peregrinis
anatum), the black-footed ferret (Mustela nigripes), and the Southwestern willow fly catcher
(Empidonax traillii extimus)) could occur. While the ranges of the bald cagle, peregrine falcon
and willow flycatcher encompass the project area, their likelihood of utilizing the site is
extremely low. The black-footed ferret has not been seen in Utah since 1952 and is not expected
to occur any longer in the arca.

No populations of fish are present on the project site, nor are any known to exist in the
immediate area of the site. Four species of fish designated as endangered or threatened occur
in the San Juan River 29 km (18 miles) south of the site. There are no discharges of mill
effluents to surface waters, and therefore, no impacts are expected for the San Juan River due
to operations of the White Mesa mill.

Currently, no designated endangered plant species occur on or near the plant site.”

21 Twa references require clurification
In Section 3.2 3.2 of the reclamation plan. two references are made to information
contained in Section 4 3.2 The staff 1s unable 1o locate a Section 4 3 2 1 in the
reclumation plan. 11.SA should clarify these references

Response #21

The reference in Section 3.2.3.2 of the reclamation plan to Section 4.3 2 1 15 incorrect. The
correct reference should have been Section 3.2 in Attachment A (Plans and Specitications for
Reclamation).

22, Anapparent inconsistency between values used for the moisture content of the clay and
random fill should he resolved

On page 5 of Appendix B of the Tailings Cover Design (Titan, 1996, 1USA states that the
maoisture content of the clay and random fill used for the radon flux calculations are 141
percent and 9 8 percent, respectively These values are inconsistent with the values wsed
to calculate the freeze-thaw effects on the cover. which are 13 Y percent for the clay and

1.8 percent for the random fill (Titan, 1996, Appendix E. page 3)

Response #22

The moisture content of the clay and random {ill used in the radon tlux calculations and the values
for the clay and random fill used tor the treeze-thaw eftects on the cover are unrelated numbers as
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they were sets of assumed values for two different unrelated calculations. The moisture content used
for the Freeze/Thaw calculation was actually 12.5% which is the average between the random fill
moisture of 11.8% and the 13.9% ot the clay. The ditference in moisture content of the materials
used in these calculations< is also within a range that would be expected during normal construction
activity and therefore not unreasonable.

23. Applicability of replacement puges should be clarified

In Attuchment 3 to 11USA's December 16, 1997 response, six pages from the " Geotechnical
Data Base for Monticello Millsite Characterization” are provided us replacement pages for
several illegible puges in IUSA's initial submintal It is not clear how this duta from the
Monticello site is upplicable or relevant to 1USA s reclamation activities and unalyses
Thercfore, IUSA should clarify the applicability of this data buse 1o the present licensing
qaction,

Response #23

The oniginal data included in the Titan Tailing Cover Design report was submitted at a time when
EFN (IUSA’s predecessor) was considering accepting tailings material from the Monticello Tailing
site. IUSA has not pursued this action, therefore the data for the Monticello site can be deleted tfrom
the submittal.

It you have any questions or comments concerning this information. please call.

Very truly vours,

/,WML/%&

Harold R. Roberts
Executive Vice President

HRR pl

Enclosures

O Center tor Nuclear Waste Regulatory Analysis
ATIN: Patrick MacKin
6220 C'ulebra Road
P.O. Drawer 28512
San Antonto. Texas 78228-0510
(2 copies)
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TABLE 11

LABORATORY PERMEABILITY TEST RESULTS

i Comg:gilon
Sample Soll Type C Dry Molsture g of Surcharge Permeabillity
Density Content ASTH D698 Pressure
(pcf) (%) (psf) (Fe/Yr) (Cm/Sec)
-7
TH 20 0-5" |Sandy Slit 11.6 16.4 95 500 0.57 5.5x10
TH S 8 74'-10' | Calcareous Silty Clay 102.1 22.0 10! 500 0.085 8.2x10”8
TH 12 @ 2'-5" Weathered Claystone 95.0 18.3 9l 500 0.068 6.6):!0-8
TH 15 @ 13'-k}' | Calcareous Sandy Clay 103.4 18.0 97 500 0.012 1.2x1078
TH 19 @ 0'-3° Sandy, Clayey Silt 109.9 12.4 9 500 0.035 3.hxlo-8
TH 37 @ 0'-k' | Sandy, Clayey SIlt 110.5 1.5 93 500 0.63 6.1x1077
TH 38 @ 5°-7' | Sandy Clay 102.4 17.9 92 500 0.0 L.ox1078
TH 40 @ 4'-5}' | Sandy Clay 106. 4 16.4 97 500 0.017 1.6x1078
TH 43 @ 1334-164'| Claystone 104. 1 15.8 95 500 0.024 2.3x1078
™ 49 @ 5°-7' | sandy Clay 105.2 13.9 95 500 0.33 3.2x1077
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TABLE 111

RESULTS OF ATTERBERG LIMITS

e T T——————— 5 R o e eemec . |
G G UE OO BB BN GE Gh BN 0N OO BN BN OGN G EE A4S e .

PERCENT ATTERBERG LIMITS
SoiL TYPE PASSING Llquid Plastlc Shrinkage SHRIHKAGE

MO, 200 Limlt Limit Limit RATIO
SIEVE (%) (%) (%)

Sandy SIit 58 20 17 17. 1,81

Calcareous Silty Clay 56 33 25 25 1.62

Calcareous Sandy Clay 65 26 18 17.5 1.76

Sandy, Clayey Silt 70 23 17 18 }.80

Weathered Claystone 91 n 21 12 1,90

Sandy Clay 69 29 15 4 1.89
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CHENMN AND ASSOCIATES
TABLE |
SUMMARY OF LABORATORY TEST RESULTS
_ _ _ _ Page | nfw‘}
ocern | MATURAL hiaTumAL omy{ATTERUER LIMITSIUNCOHE IHED|TRIAXIAL Sh. ki TFSTS PERCENT | T
HOLE MOISTURE DENSITY LIQUID [PLASTICITY VE[ pEviaTOR CONFINING PASS ING SOIL TYPT
(FEET) () (PCF ) Linit | tnoex | STRENGTH | stress | pressure | MO, 200
__S-/.) {*.) (PSF) (P_s_r_)_‘_ __tesk) ”§_|_EV\.J_.E_ B B L
26 o0-1 1 ks 2|5 |18 }Sandy silt
S » P S N L S . _Np - 26 _jSshlty, qravelly sond
71 |l.5-8__| 8,6 _30 15 ' 71 Sandy clay
79 0 -1 ho1 2 (5 — ' 83 | Sondy stle
5 = 5,5 5.5 He ' . L W1 calcareous _sandy clay
T h,5 - 7 I ] /8 | Calearcous sandy cliy
8 -85 | 101 _ho__| 20 || 86 |weathered claystone
81 3 - i.__ 6,3 26| 8 Oh | Silty, sandy clay
_8:5———_ 7“:2 ' 24 ___7 ' L __”__G.f-i___ _S.’\(\fl‘{' _c}vnyn\{._gijl“m
8 0-2 | 18 2 |05 _|Sandy sile
— _9-9.5 2,1 _hp o 27y Siluvy sand
16 8- 8,5 2,6 _Np b 12 | Sandstone
87 0 - | 3,1 16 ! 61 [Sandy stlt
B8 | 0-3 S 2 T - __66__ | Sandy stiv
90 8 -85 12,9 35 15 61___ | Meathered claystone
92 0 -1 5.9 21 5 80 | Sandy sitv
9_" 5-:—.5.5 "”l 3_’.7 27 110 _ 68 | Sandy clay_ i
95 6 -7 23 5 62 Sandy_s]le
%6 o - 2 5.2 | 21 | & 79 |sandy stle_
8.5 - 9.5 12 | 6 1066 Calcareous_sandy cliy
98 0 -1 3.8 |2 |5 L M| Sandy_stle
- j, - tr;:_ _17.8 _hn 25 ~ 76 lWeathered claystone
94 i - 9,5 o 20 e __mﬂ‘)‘_ [ Meathered claystone
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TABLE |
SUMMARY OF LAGORATORY TEST RESULTS .
——= — : . Page 2 003
vepry | NATURAL [NATURAL DRY ATTERBERG LIMITS ggconrm{?'rnmx:u SHEAR TLSTS I’ER(;‘(IN'( S
HOLE (Feen) | MOISTURE | prmsiry [Lrouro Jrastiany S'::‘c‘iis;vf DEVIATOR [ ConFIning PASSTHG SOIL TYPE
(*/) {PCr) Liwiy o INDEX 3TH L sTRess | pressunc [ NO, 200
{7} {=.) (PSF) | (psF) | (rsFP) | sifveE o
29 otz ) 135 26 10 | B |craystone
_ o0 ] _0-1 17_|_ue _— b dsitey sand
_ 556 12,0 e _61___|Sandstone-siltstone
102 6.5 -1 16.7 30 8 79____|Calcareons saidy clay
13.5_-_th 9.5 23 6 _B7___|Cloystone-siltstone
03 |to-10.5 7,0 _8 | 12 i Y S Sandy clay .
ok 8- 8,5 9.2 33__[__9 __70_____|Ealcarcous sandy «lay,
104 0 -1 S.h 22 6 |77 {sandy siit b
I T n.s Y |86 fsandy sive ]
o6 b5 - 5.5 10,4 28 6 ° . 59 _lClaystone-sandstone
Sy 17559 —He : A3 |Sandstone
w0~ h,0 18 3 169 fsandy sive 1
B 9.5 - 10 9.9 38| 16 | 93 |evystone
| 109 h-5 25 17 _ 15 Sandy, clayey sitt @
1l 9 - 9.5 5.8 25__|_10 - — o3 (Claystope
3 h -8 o | 20 Bl Veathered claystone
10.5 - 11 24 10 L | 5% {Claystone-sandstone
ik 0 -2 22 6 __‘_,";8___‘_ Sandy, clayey silt
1K 5 - 6 e _ 8 _|Cateareons
e 0 -3 22 5 77 lsandy sitt
, - 8 24 10 oy ke Claystone-sandstone
Y, | - 2 10.6 K 5 _ 27 Samdy shie
B 0 -2 25 6 {77 Sandy_silr
| Gupe— ——
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CHEN AND ASSOCIATES

TABLE |

SUMMARY OF LABORATORY TEST RESULTS

Page 3 of 3
: NATURAL INATURAL DRY{AT TERBERG LimiTs|unconFINED|TRIAX AL SHEAR TESTS| PERCLUT | T
HOLE DEPTH | OI1STURE | DEnsiTy | L10uto Jrasticim|COMPRESSIVEI GEvTATOR | Conrining | PASSING sorL Tyer
(FEET) (*4) (er vt | owwerx | STRENGTH | stress | puissunre | MG, 200
' () | (v (PSF)____ (PSF) | irs#) | SIEVE -
_ne___ [6,5~8.5 ho 20 ‘___9?_*_”,W¢qthergd_glqy§lnnc__
Ma____ | h5-5 10,0 26 12 08 _|sandy ctay
120 =2 25 8 69___|Sandy, clayey silt_
|5 =5.5_]_15.5 29 10 __78  _jfandy clay
= 11,50 1.6 h2 24 _ __.90___{claystone
vz | h-6 ' 25 8_ | @6 _|sandy, siity clay
14,5 = 15| __6.h _{_2 6__ |06 |Sandy clay .
123 1 -3 23 7_ 71 Sandy, clayey slit
124 N5 -5 6.¢ 23 7 _ _ 09 |Sandy, clayey silit
B T B N 3.8 22 6 07 _|Sandy silt
127 _h -6 5h 3h __Bo_ _|claystone
128 (-8 bl 2| — |90 |Claystope
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LABORATORY PERMEABILITY TEST RESULTS

Compactlon
Dry Holsture % of Surcharge Permeabl ity
Sample Classlificatlon Denslity Content ASTH DGIB  Pressure Ft./Yr, Cm/Sec,
(pcf) (%) (psf)

™ 80 @ Wi-7 Calcareous sandy clay 100.2 ID;H 96 500 0,81 7.8)(!0"7
~200%78; Ll=39; PI=20

TH 84 @ 0-2! Sandy silt 113.8 n.7 96 500 ks b 3x1070
~200=65; Li=18; PI=2

T 96 @ 8}-9} Calcareous sandy clay 96,9 20,7 97 500 1.55 1.5x1070
~200=66; Ll=32; Pl=b

Th 96 @ 8}-9)¢ Calcareous sandy clay 95.7 20,3 96 500 26. 90 Z,GxID-S‘

TH 99 @ 8-9)¢ Weathered claystone
~200289; LL=l0; Pl=20 99.8 18.5 95 500 0.22 2. 1077

TH 100 @ 0-1° Very silty sand 117.5 9.7 98 500 0.38 3. 7x1077
~200=41}; pleNP _

TH 11h @ 0-2° Sandy, clayey sllt 12,4 12,9 95 500 0.60 5.8x167/
-200=58; LL=22; Pla

TH 120 @ 1-21 Sandy, clayey sllt 108.2 14,7 95 500 0,11 oixto~?
~200=69; Llw2l; Pi=b

TH 122 @ h-6! Sandy, silty clay 118.8 15.5 96 500 0.h3 h,2x10~7
-200=66; LL=25: Pi=8

TH 123 @ 1-3 Sandy, clayey sllt 110,9 12,6 95 500 0.56 5. heto™/
~200=71; LL=23; Piw]

T 128 @ 6-7° Claystone 92,4 23.9 93 500 0.12 oaxio™/
=200=89; Ll=hl; pl=2} :

TiE 128 @ 6-7 Claystone 93.1 22.1 9h 500 0,52% S 0x10™ 7
-200=89; Ll=lil; Pi=/ -

* 1,5 pll sulfuric acld liquor used durlng percolatlon test Interval,
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Stle (ML), sandy, approximately 60-701 silt, fine to medium sand size,
slightly calcareous with depth, slightly moist to mofst, reddish browm to
light brown.

Sand, silty to sandy silt (SM-ML), fine to medium grained, approximately
50-60% silt, slightly moist to moist, reddish brown.

Sand (SM), silty, fine to medium grained, approximately 30-50% silt, some
scattered gravel, slightly moist, reddish brown.

Clay, silty to sandy silt (CL-ML), approximartely 60-751 low to non-plastic
fines, fine to medium sand size, slightly to moderately calcareous with
depth, slightly moist, light brown.

Clay (CL), sandy, approximately 60-75% low to medium plastic fines, fine to
medium sand size, slightly calcareous, slightly moist, reddish brown.

Clay (CL), highly calcareous, sandy to silty, approximately 50-75I low
plasticity fines, scattered very hard lenses/layer, dry to slightly moisc,
light tan to white.

Weathered claystone (CL-CH), approximately 75-90% medium to high plasticity
fines, slightly moist to moist, gray~browm to greenish.

Claystone bedrock, slightly moist, greenish gray to dark gray.
Siltstone bedrock, well-cemented, very hard, gray.

Claystone-~sandstone bedrock, lightly cemented, generally grading coarser
with depth, fine to medium grained, slightly moist, greenish gray.

Sandstone-siltstone bedrock, lightly cemented, slightly moist, gray-brown.
Sandstone bedrock, fairly clean to silty and clayey, well cemented with
depth, fine to medium grained, scattered conglomerate lenses/layers,

slightly moist to dry, tan to gray.

Disturbed auger sample.

NOTES: .

(1)

Test holes were drilled on September 19 through 21, 1978, with a l2-inch,

single~flight, power auger.
Elevations are approximate and taken from contours shown n Fig. 1.
No free water was found in the test holes at the time of drilling.

WC = Water Content (X);

-200 = Percent Passing No. 200 Siave;
LL = Liquid Limic (2);

PI = Plasticity Index (2);

NP = Nonplagtic.

FIGURE 8
LOGS OF EXPLORATORY BORINGS
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WHITE MESA PROJECT




Exzractad Qat: From l

RIP0RT {
§T=T SILIITICN AND DESIGH STUTY :
TAILING BITINTION AND MILL FAlILITIIS
WETTI MTIa URANIUM PRCJE
TLANDING, UTaM
Fo3 ENIISY FUILS WUCLIAR, INC.

Camas and Moore

January 17, 1978

09975-015-14




SR I SR T EN mE BN BN D S BN B B B B BN B EE me

Plate No.

A-2
A-3
A-4
A-5

A-7
A-8
A-9
A-10
A-11
B-11
B-12

TABLE OF CONTENTS

Unified Soil Classification Systen amd Graphic Log Symbols
Boring Nos. 1, 2, 4, 5, 6

Boring No. 3

Boring Nos. 7, 8, 10, 11, 13, 14

Boring No. 9

Boring No. 12

Boring Nos. 16, 17, 18, 20, 21, 22

Boring No. 19

Boring Nos. 23, 24, 26, 27, 29

Boring 28

Triaxial Compression Test Report Compacted Core

Triaxial Compression Test Report Silt and Sand




MASCR  Di175.CNS

GRAre [LE TTER
SYMBOL |Sru8oL

TrRicaL CESCRPTICNS

Claasgg
GRANED
SoLS

AF wav(e a,

WARR[e “eaw

woNL Tess 30 %,

We €00 LU

-0

g ot LT iRart ¥ mast
B y Y X L T8 ‘.t e
GRavEL | Z_Ean  GAALELS Gw o
AND ool o w0
i
FY . (AT ®
GRAvVELLY i P08, 7 GRAZED eaet.d  %eel,
$ILS . * GP Tew: wrt.aty Lo e
-3 Foaly
o
!"' Tt GMesg.s sResf. 1asd
GM et wear.eqy

LIS TY S TS

GRAVELS #TTH F NES

wost Tmam  30%. | SANDS wiTw FINES
COaRst  Feec | ssenttiamt  amGunt

SM

27 coaRsy foeac: vees ,
*om v asse(l apid AMOue
Ulearg FTAE Y ¢ 3] -
O = 4+ kel T.arge MYy SN BTN S FL T
GC Sy LAY T § )
= .
.t v @l . 340K Ve FL Y T
: : SwW Sancs 0. RN YT
SAND CLEAN §aND ) -4 o~ Tt 3 hd
AND AN BT I ) . . .
SANDY snes P008." - GRATEI  $iw33 30ecle.t
S0ILS SP BEN08 L TeC Se e F sy
]
w0

[ R $an0y $anl 3.7 watua(y

SOIL CLASSIFICATION CHART

ar
MCLIRS IS TLT aF  FimEh
LY} . »
have SC C.oavEr 3ames. 3aag (.4t wiTuell
o 0BG An:C BILTY sed oLFT Foug
Ty ML S48l 23Ce  FL 30 SATY O
I CLsvlr Fimd Sandd a® L avQy
g BLTY Tl gL GaT SLagtCity
FiNE SiLTS , . o0 ~0oRcasC CLats I L3® ‘3 W(dwe
AND Liouid Liw S c PLASTIITY  GRAvE..v E.ev),
GRAINED Wil Teas 30 L $A80T ZLAYE, BILTY CLATH, Llse
) cLavs
sOILS CLAYS ¢
N 'sc‘;..l.h','
:;:',..‘,1_,"ll: OagamiC 3473 ANO OfSaw
;~t:f:’:!:f:,'l‘ oL ST CLAYS OF Q0w PLagtiC.ty
b
mOAGANIC Sty weall3vy O¢
MH DIATOMSCIOUS fimg Bamo I8
LS AN U8 )
MOAC Twam 8 Iy
ar "Av:l:n °." srs Veuio [ Th 4 ‘eORGAME CLarl OF egm
¢ AND ATLY  vean 30 CH PLAITICITY  far CLATH
ARLLLE Trie = CLATS '
200 SevC It
IMamC CLavy 3F wiDiuw TQ mém
OH PLASTICTY  Q8¢amC .')
. ° BCAT  wywul  Sesms 03
MIGHLY  ORGANIC SOiLS v PT o Tn  mem GesaeC  COmTENTS
NOTE: DualL SYMBOLS ARL USELS 2 %D1CATE BIALCALINL SUin SLASHIFICATIONS.

SDS SANDSTONE

SLN

SiILTITONE

CLs

CLAYPSTONE

CGL

CoOnG L DmEnarg

GRAPHIC LOG SYMBOLS FOR

ROCK

UNIFIED SOIL CLASSIFICATION SYSTEM
AND GRAPHIC LOF SYMBOLS

DAMES 3 MOORS




MES-3RTaN FINE SASS AND 3iLT, ALSe3:C o P SAND Al 5ilT
MES I SELSE MEDILN DEZNSE
mria s esgpas wtmy miie [ SN TaL-
l g?ﬁ;‘;‘,’,?‘:;g;‘;“" LR CITr §TRlNGERS
- [
| w
- -
- -
x =
- -
& [
-1 -1
LISHT 3PN, SILTY CTLAY. Mam®
UnLATNEAES JLAYELIHES
T3] MESIiv BACa%, VERY PINE-IAAINED
83/ Al NE INTEMIAYERID WELi-
g - SEMENTED AND TMIN. POCALZ- =
{ a2 CLMZNTIZ RANCS 33 ————— HOLE S2IPLETED 9013/°°
oz CoPLISES V. NC SACUND WATER ENCIUNTIRL
GE S¥TLND &ATER BTN
BORING NO. 2 BORING NO. 6
L. 5834.3 FT. L. 5833.% FT.
[ = =
J5¥/Y nez-s uE $AND ANG SILT. ASM/] pza-aacew Frig $AND AND 5ILT,
WL | oagsou: sEus: ML MEZILM OLNSE
sy~ GAAGING CALCAREOUS WITH CAL- GRADES CALCARECLS wITY CTal
! 4 CITE STAINCKAS CITE $TAINGERS ALD ITIAS i
) ZONES OF MASSIT CALIITE
MENTATION
- il
& bty
0/ < . o DS
- §.Tyertio gy - z s.ev-100 moioil)ss
[+ phiakilo Al Ly
& i
x £ L‘.,ﬂi
GREEZN~3ROWN $ILTY Ci WEATHED 5
cL GREEy- o S LAY (WEATREALD s e LIGHT BROWN TO GREZN Ciav
E T P Gkl (WEATHERED CLAYSTOXE), WARD
s 13 1§ e - cL
T Y] OFF-JMITE SANDSTONE. ViRY WELL
CruENTLY
SDC| CRELiISH-3ROWN, FINE-CRAINED $SAND-
s sa, ) $TONE; INTYRLAYEALD WELL CEraNTED
1” : AUD 200RL.-CEMUNTED BANDS
20 ' e 0 HOLE CONPLETED 9/19/°?
UO CROUND wATER ENCOUNTIZED
24— WOLEZ COMPLETED" 9/10/17 KEY
30 GAOUMO @ATIR ENCIUNTTALD
A-2 B 7 [HDIC-~L§ DEPTH AT YHICH UNSISTURIES SAMPLE Wi§ fX-
TRACTES JSING DAMES & WORE SANP: 22
- 4 [NOICATES DEPTM AT WNICH DISTURBES SAMPLE @AS EXTRACTID
USING LAMES & WOORE SAMPLIR
ct IN0ICATES SAWLE ATTENPT WITH WO ALCOVERY
BORING NO. 4 ixe pmancs
4 . I3 INDICATE® “EPTN AT WHICK DISTUNBEID SAMPLE wAS EXTRAITID
L. 5823.2 FT. USING $TA-wndD PENETRATION TIST SAMPLER
A PI2i3 MOISTURE EXPRESSED AS A PERCENTAGE OF THIL ORY
weigat Cr $0IL
RLS-3AOWN  FINK SAND A#D SILI. T or 301
. NEDILN JENSE 3 ORY DENSITY EXPARSSED IN LAS/CU PT
CAADING CALTAZLOLS #ITH LAl-
CI178 STRINGEAS £ BLIWE.FT OF PLNETAATION USLING A 14J-1d MAWUR
- DROPPING 10 1NCHES
& Ty . . .
- Py INDISATLS NC JOAE RUN
E 4 + - .
GASEH PINI-SAAINE. SAUSSTONE, IN- 3 PEACEINT OF CCRE AECOUVERY
2 TIALAYLRES WELL SIMENT -} 1 t  Mo°
Y POORLY-CEMESTED BANSS
] Ly IU2LZATES PACKEE TTST SEITICY
.
?  /TRMEADILITY WZASURED BY SINGLE PACXEZR TIST IN FT YR
<o A BOT AZPLICABLE (USED FOR RGO I3 CLArS OR ALCRANITALLY
* " . PRACTUAED I0WES)
e L2 COMPLETED $/13, 77 R
WCTL:  ELEVATICHS PROVIDED BY ENERGY FURLS NLCLLAA. (.

NO GPOUND WATER ENCOLITEINED

WIX S ITY SESTTIATION .= PEPCITALL 2P ISpE EITUINID b
LENCTHS SRZATEZN TWAN 4 TuCwed

LOCG OF BORINGS

DAMmES £ MOORE

PLATE A-3




OEPYTH M FEEY

MG N
£51¢.4

BITSSSE ITH o
LI s EZ”/' =0
1)
75//
sy /%
nl’ 4’.;//
R A
22 2 /,/
EPE
PR
ot b

!

"

, 2
L

1

+

-
‘S' PP

]

5.0

AL+ 4%, FINE SAND 4n3 $1LT.
WSl
GAALZ.S CALSAALZILS RITH LI
CALIITE STRINCINS

$ATwn $I.TY CLAY (WEATHERED JLAY-

STnk., HARD

- GRATULI. SI1TY

$207. CQlitls #iueld

LISNT GRAr, MEITIUM GRAINED. WELL
T2 §S.NTSTONE TH SRANCL
ITE SIAINED BARDS

sy

LI

LI53T TO MIZIUA CRIEI-3ACaN,
NEDILM TO JTAAST-CAAINLZ SAnO-
STONE

wELL CIUENTLD

GAOUND «ATEA LIVEL $6.8 FT
1i/8Mm

CONGLOSEAATE 1a LICHT Cant. Filk
SAND MATRIS PACHM 61.4 70 &) FT

GRADES THAOUGH wnITE §ILTSTONA

70 A GREEN CLACSTINE

YELLSW, MEDIUM=SRAINED §.NOSTONE

GRILLING INOICATES GEXERALLY
[ YRR & LS SANSETINL 417M
M A (oo aRATE BALS

MATCH LINE

LOG OF BORINGS

£ ¥ YILLIW B5.24 WOSTLY
TEUELTED LUT 4174 $I.L THIM.

OEPTH N FEEY

148 e

L:1GAT SRAT. TINE-CALILES SANO-
STONE. PCCIL IIMINTED Iu PaA3TS

LITAT IR TC PILE MAY, FINE D
MISIUM-SRATHED ST LETING

INTERLAYZALD FALDE OF SaNdY. JALZ
CLAYSTONY AND 24> DAQwN SANCSTUHE

ORILLING IMDIZATLS UNFRACTURLD,
WELL JIMENTID S2LISTINE

MOLE COMPLITT2 ¥,14/77

DAMOS 8 MOORE

PLATE A-4




DEPTH I FEETY

OEPTH W FEET

OEPTH W PEEY

<

FooL 3ANC AND SILT.

IS TALSAALILS elTH O
G AND TCTAS

ST MASEIVE CALILITE

2z

PALL SRCWN, PINE SPAINED, =EATMINED
SASCaTINED, GRAZING AAAIEA

il Sadr BACWN ) 2AK CAASL, FIV
MEZILy SAAINED. ATATHERL] §A!
GAAZES HAASEA AND Tro IULIALD
FREZSIS AARD ALl VEAY naRl.
L1307 SAARL $A.38T3N

HOLE C2MPL.TED ¥.13/7°
NG SAOUND WATIR ENCSUNTENLD

23D m——i

BOR'NG NO. 10

Ec. 5830.9 F7.

M/
ALT-372WN PINE SALD AND $ILT,

YL 1 sense
GRADING CALCAALSUS WITH CAL-

.’ P

:
.. Uil CITE STRINGIRS
«’{‘_,1 GRASING VIRY CALTARCOUS ALD
#‘:M,Vf VLAY DENSK
Frwyd
,:'..1'
g ¥4 i
[ i

i i

P R ~ Sl 2

SUS| YELLOW TO GREZN. FIiL TO ME. 1M
GRAINDD. WEATHLAED SANOSTONE

‘GRADING {ARD. GREEZN, MEIIUM TO
TAFSZ-GAALUED FANDSTONE

HOLZ COUPLEITED $/19/77
HO GAOUND WYATER LuCOLNTEALD

10 e mem————

BORING NO. I3

EL. $802.6 FT.

RED-BAOWI  FINE SAND AND §.LT.
NEIIUN DENSK

PALE GREEN. MEDIUM-GRAINED SANDSTONE
3LTINES VIAY WELL-CEMENTED

HOLL SOMPLETED ¥/18/77
BO SROUND WATER EHCOUNTERED

OEPTH W FEEY

DEPTK IN FEEY

OEPYH WM FECT

9

[ R a Tl Y ~
O Nv. 8
£_. £383.3 FT,

J )
- 13 agsoaacaN

s
[
Sc S| sazzu. .3 TRAI LD
53, : WEATHEASD SALZITTHE

GRAZIS T3 VERL #AAS

SAAL GRAY, MEDILE-ITAINED FANDSLINE
ALenTIVELY Lolik Tl

CFF-4WITE, MESIUM-SPAINES ZAWIITLURE,
NEZLL CIMZNTID

RT)

MGLE COMPLETED 319
HO GROUND WATIN LCIUNTINED

BORING NO. i

EL. 5877.8 F7.

a —
Lo OM/L ago-smown  rie sAo AND SIT
oML GRADING CALSAREC.S WITH CAL-

sos Bt CIT STRINZZAS AND SOME ICNES
) OF MASSIVE CALTITE STMEITATION
[ TE R N4
3 PS it
nED
SDS] LIGHT BRCWN, FINT GRAINLD,
sosf WEATHEALD SAJOSTONE
0 iy
P ——"
GRADING 4Ll CENENTEO

MOLE COMPLETED 3/13/77
MO GAOUND SATER EMCOUNTEAZD

BORING NO. 14
EL. 5537.5 FT.

M/ agp-amoww  £1ug SAXD awD $IiT.
MU | neoreN 3zust
SAADING CALCARESUS WITN CAL-
€Iy STRINCERS

SO LiGaT 3AAY 10 OFF-MITE. MIIUM
TO COARSEZ-GRAINED SAMDSTONE, VERY
Ll cragsted
COLOR CRASES TO TALLOW-TAN

HOLZ S2MPLITED ¥/18/7)
NO GAOUNS “ATEIR ENCOULTENED




I ~ -~ - ~
Ev NS dhwe =
gE.. %5721 F°7.
\ //-w"-_ui
° . S i: — h,
SRl agzearles oap A3 ANS 3lLT
» . ‘ Q“L
- —_ —_
[ P R
— .. - R 3 HE 3
WQTT Ll FF-é=ITL ATD Iaii. T
aBaTALILD 3ILTI wlauSTLeL e s
TEFeanITI T ZALDN CLagat. . -
eEATHIRED $aSISTINE '
9 -
i
SAAIES ARIETA TS 23ED. Sa.lsTlNE
t: :
iy :
14 s¥gy . P ¥y -
aEATNIALC i
- St
i ¥
. -
2. ! 118 i e L g SATLND eATIR LINTL YT L Tt
I 1
¢l }
i [ ;
) .
P R ey W 2 er———————
1 z i
- - P . .. mgmas T PALE ZAEEN, MELLL4 Z3AINID, HARD.
MET I M ALY CTIVEY T a3 cawdt 2ANTL -
' | T —E_. ° s ¢ E SILITIFILD $A38TINL
38 13 :‘:’f'f’cua .l:.:'- n::n‘.!l-tA::L?!:. ;::’ o n;z’:az:- SALSY JLATETTNe FAITN
B & o St LAWLNATED ILAMETINE «ITh JRANIE i3 137,17 vo 88,1 P
i R S T LIeINITESSTAINED LAVERS aavr greey ‘; .. ot vy
i o B crre MEL DL ZRALLED, Zlacey
1 - Tl owEsiid BAaceN. FINE TS MESIUN-IRAINED 5. 08TNE, w02EeiorLy wid: alfm wiuce
) SANZSTONE; YARIES FACM SCOERATELY i 1NCL.5I2N8 OF Ja7c BACat, AMLLAR
Vg CESENTED TC YLRY POGRLL-IEMENTED . SAALCL-33IE3 I:£2T
L3 R S A— [ P —
i ’ }
{ I
! i
.y - WL 3IUM-33A MED SANDSTOME. MODEAATILY -
w4 T JECANTES. «4ITW 1s08 STAINING ALI.C 133 ]
- ' ORLIONTAL FAAITULRE 33
E 4 ~ }
: = LN| onoED. LIZaT TO MEDIUN GALZN $IiT- :
I3 S$TONE. SLAYTEY AND SCFT 14 PART
)
§.; --'——--—}-su- TS 5) JARK IRAC TO BLACK, sEDiLM SRAIEL 118 e
I | SELL CEMENTYLS, CAABCNACITLI $SANDITONL '
| A ~ITH SCHME SOFT. BLACK, CLATM( wANOS |
1 i
1
39 L—i GCTASIZNAL THIN. CARBONACIOUS 110 ]
! 3405 UINTINUE i
} 1.9 <
| HOLT ConpLETEI Y IV
. 138 e
.
JEAY WL TCOENTED. CUGAT GRAY TO OFF-
ANITE. MEDIVMSSAALSE  3ANDSTONE
POCRLY-CLULITES 2ERBLE SNGLOARRMATE
14 BACeU, SALSY MATRIL, 3oMa UNCEMBNTED
SANDY BASDS
MODERATEL( ~CLAEVTED T POOALY-CEMENTAD
$A:0870NE .
GRADES ~fl. SEMENTRD
i
'
1 M — MATCH LINE
PL) ..L_.____—/ A

LOG OF BORINGS

DAMES B MOORE

PLATE A-d




DEPTH It FEEY

135 °
\‘ /
—~ }
? " § 3 ™ ]
i $i.T. ! i To] sacLnuI e [P T
LN .
H
] [ QD S
1
I
i
6 i
’5 i rr—————————
L 1
e LIofrLuiW. Floa erzile fig.r
c 83, SLATHLALD $AISTINE i SLIIMES LIS5 IToL
13 98 mmememe———end §awr ot
r 1 PPt
1 — . . . - 1
P —
1 -:-———TT 12 =
* — -
§
' -
2y e PESTMES LLGS CLAYEY: mO§T Wiss me——r
i CIACLLATION LOST -
! k]
f =
AN < WELL-JEMSATIS SAnISTS T
3 @y ————
{
! LIZAT JAURN TO GRAY, MEDIUN-
t T IZ 3anJSTONE #1TH STE JAALCE
199 570iNINE WORAATILY T aEll
13 -L—-——-———‘, DL .TID AT TOP, BECCMES PCOALI- 118 mmme————d POCRLY-CENTES SANCSTONE
i TIMANTLD AT IS FT
L .
] STHEIALLY MUDERATELY-CEMENTLD )
Sins. 2CAE POORLY-CLIUEITED SANCSTINE
19 = T P —— @ELL-CEMCTED SANISTINE
1 POOALY~CTMENTED . POSSIALY CONGLOf~
0 v AELL-CEAZNIED SANDSTONK : ZAATE OR FRACTLALD SANDSTOSE
| i SMODRRATEL(-CIVENTED SANDETT L
s i s PLOALY+CEARNTED SANOSTONE
| t WELL-CLAENTED SALOSTOME
tg.e
i MODEAATELE-CEMLNTED $ANDSTONE
. 11 ——————y
wEL.L CENENTED WOLE COMPLITID ¥/33/ 77
EEER
YONScagou, 3ANCY CLAYSTONE wITH
e SOME AID INON STAINTNG, 3OFY 119 mrenmrmrmanmeen .
“'\L GAEEY. FINE CRAINED. MOOL4-
ATELY-CENENTED SANDSTCIE
INTEALATEALD SANDSTONE AND SAOY
SeAlZ TN
' BORING NO. 15
! . EL. $300.7 FT.
, .
oy ] o —
| 1300 u'u/ R™-BROWN  FINE SAND AND SILT.
} pmrt~ L] wo.ius oxase
. IR
p 1.4 e dELL-CIAINTED SANDSTONE. APPAR- ool SRADING CALCARESUS 4ITH IALZITE
: <UTH OCCASIJH4AL FAAMTURES - STRINGI RS
. a‘ SAZZ.. WLLTHIMS Tiai3TI0E
! |
' 2
i E—— s R cap
13 K JARES, FINh 0 ML3IoteSRAIAGD
| $ALSETTLE
' —— LITAT BROWN, MEDIUM-GAAINED SAND- GRAILS whil LAENTES
1 'm: / STONE. MOOERATELY CENENTLD. CRADISG .
a ) 4Ll CEMENTED
]
80 et N 1§ e HCLE COMPLETEZD ¥/1°/77
& SAIVTS GATIR DUZITUTIAN

LOG OF BORINGS

DAMESS 8 MOORR

PLATE A-T




OEtPYH IM PEEY

DEPTH N FEEY

SEPYTH W PEEY

13

23

12

BORING NO

'
E.. S

2XT-32T 4N PINE Sanl AlS 1T,
4L2I.9 DENSE

SRATING TALTAIITUS 41T JAL-

BETIMES II.TINLCUSLY eEl.-

CTLENTED

HOLE TIMPLEITED 84
40 GA0UND WATEA

ORI

BORING NO. 18

E.. 5808.5 FT.

ALI-IACH  Fim€ SAND And 3:I.T,
MES iUt SENSE

93/ GIADING CALZARIOUS 4174 JTAL-

‘.'." CITE STALNGLRS
QFY-4nITE, POGAL( CJIMINTED.
WEATHERED SANDSTLHE 4ITH LAYEAS
QF <EATHERED CLA?STONE

LY
] GALIN SANOSTONE
%G/

GREIN, WEATHERED CLAYSTONT HITH
Duaniis LACH $TAINING

WOLY CRMPLITES 3177
N0 GADLND 4ATEX ESCOUNTEALD

BORING NO. 20
EL. 5570.4 FT.

AED-BACWY P $AND A0 8ILT.
LOOSE TG MRDIUM DExEM

LIGHT BAOWN. PINE TO MEDIUN=
GCRAINED SANOSTONE. GRADING #Ele-
CEMENT D

HOLL COMPLETID ¥/17/777
MO GAOLND «ATER EMCIUNTSRED

OEFPYH N FEEY

DEPTH IN FEET

DEPIN N FEEY

m

()

§ A-L35@ 75

3
T $ALT AnD SILT
wEIl.v IEnsi
eITH §IME SY75.4
SLAISTCNE,
L]
#EATNERED
3q
L0 BEIIMLE ~w.L-TINENTED
HOQLE Il I R
1§ e e RO SAILLD #ATIX fITLTEARD
BORING NO. 22
E_. 5585.3 FT.
2

RED-3R0WN  Fi.l 3AND ANO SILT

GAAG IS CALSAAISUS 4ITW CAL-
CiTE ITALRINS

<3 el
12.88-1198 ol nth

N -
Y GPADES CLAviLR
85

LIGHT PACeN T SIP-4NITE, SILTY

wala

CLAY

© .23, “TATHRALED
1G4 CLAY lowTEnT.

BLCC LS 4ELL-IIMENTED

ASLL ITapLETES B T
MO GRCLLD 4ATIR ENCOUNTERED

LOG OF BORINGS

DAMES 8 MOoORSs

pi_ATE A-8




oW aBedl S¥al [ S [N e’
B e e T
E.. %2802.2 77
] PP
AL FACaN FILE 543 AND §..7
L3N, B
12 4v-3: ®LT
GANSES B30 (e WSAREILS ANS L2
VEar 18432
BIITHES LEAs LIOSE. PTSSIALY
19 2] 508 32
FYSRRLE b IS5
14 35
303 WL TT EDIL-TRAL AD
. AT e, alTw il
S au- (ELlia 1A $TAINI.D
1 s Sw V3D e
-
. -
s’ v
28 X ooy
DEIIMES IS8 ALATHERLS 41T LISS E
CLAT, PRAIOMINANTLY SBAY «I72 ]
SRANGE LRGN $7AINIWG. WOLIMATILE
CERUENTID. MEDILY SRAINED
19 - 103
1
[}
!
1
18 At i tertsie bl 1.3
t PACwN- (TLLIW, COAASE-GRAINED SANDSTONE
I
[
- - e FINE GRAVEL CONGLOMERATE 91TH T3NEID-
» i SOL) 224207 COAASE-GRAIVED SAND AND lAL-
3. 1 teg THG] cArEous waTux '
z ! ' FA0WN TO TELLOW, COARSE-SAAINMLS SAND-
. s 3 STONE WITH CONSICERABLE JEAX HORL-
¥ IO8TAL FRACTURING AND SONME JRANGE
! TRON STAINING, MODERATELY CIMENTED
AL ]
4 ————d 18
|
1
i
;
3 139 e o

L33

3

€3

10

L 1

WATER RETURN SOMPLETELY IS8T

LISHT SRAT. “IUILM TO CCARSE-ZRAINEG
SANDSTINE: NIZHLY PRACTURED ALONG

MORI ICNTAL PESOING. CONSISERABLE .
LIvONTTE $TATNING ALANG BEIDING
Pracouals, WOOERATILY JIMENTIO TO
UNCEMENTED, CORE LCSSES ASSUMED

QUL TO WASHING AWAY OF UNCLMENTED

1088

LiMITED wATER AETURN

BECTMES YERY UNCRMEITED. »ATIA
ATTURN LOST

HOLE LIST AT 71 P HGLE i¥A
DRELLED 1§ £7 SOUTH OF dOLE L3
WO WATER RETUAN JWTAINED: MO
SAAPL NG FOSI ML WOLE LIGSER
PRGT ShILLInG PROCALSS

VERY <RBLiL-CEARNTED SANDSTOMNE (72 FT)

MODEAATELY -CEMRHTRD SANDSTINE (71 7!

LOG OF BORINGS

APPELAAS TLATY
MODEIATEL A IIMENTET FANTSTIE

GACUND #ATER LELZL Li) FT L4 T
PCORLY-TEAINTES SAnISTCHE AITH

CCZASISLAL 308 OF SRAVEL IR
CONGLONMERATE

VERY “ELL-TEMENTED 3ANDSTONE
VERY POCRL MENTED 3ANCSTOME
VERY WELL-IEIENTED SAUDSTONE

BECCMES LESS CINENTID AND CLAYEY

HOLE COMPLITED 39,/38/77

DAMES 8 MOORN

PLATE A-9




DEPTH W FEEY

QEPTH W FEEY

oePTN W PERY

n .

~ P ™ [aat [ R I Sl Y
BV:D‘NJ MO, 23 EL™ e
g, %xsr 3y FT. g, 83:xgn
3 i
L3 30 3Md FINE §ad® Aud §I.7 M
LICSE O MEDIUM JEISE - B R
SRATING bt LT
M - aﬁ) S
W TEE
38 : o
3 b4
TRLLIW D LIZAT BACWN. WEII.N O &
TIANSL-GAAINED $AND wRaTHLID X
TS SALSETONEY
IS T o GAEIN 7O w4ITE MOTTLID IlAY e e
ER A 3 UWEATNEES SLAVSTISNE o
DTE TIowELLIN BRI MEIILM
. To3aaINED. LooTEmEnTin
LES TINE QRALES 4 B
folE Sl
BOrRMNG NC
E.. %8285 57T,
MaLE 2Iwsl
50 3ACL S
] o sisame s 9 ”
N B R
SN 1S
L -

|
|
"i

BORING NO. 24
E.. 5573.4 FT

OEPTH N FEEY

AET-BROWN  FISE BAND AND §..T.
LOOSE TO AR2ilUM JENSE
GAAQLHG CALTAREQUS WITH IALU(TE
STNIGERS
IPT-ANITE, TIHE GRAINED, WEATMERLD
JANDEATONE. GAAQES WELL~JIWINTLY

AFF-ANIT FINE TO MEDQIUM SRa.4ED
49/ HOBERATELY WELL-CEMENTED 3A8D87QUK
Sy :
-] 4 LIAT BRQUN, FINE TO MEDILM JhANAD.
. TELL~CRMAKITED SANDETONE
- WOLE SHMPLITAD 917777
1§ oo HO GAOUND #ATER BHCQUNTIAED

BORING NO. 285
.. $578.3 FT.

RRD-0ROWN  PINK AND ASD S1.T
LWIOSE TO MCITUN O
GRADING ZALCARKOUE 4ITN CALIITH
FTRISGEAY
SFP-AMITE. PING TO MEOILA- jAAINED
OSTONE. MEATHENRD. GRAJING WELL-
TEMEATED
VERY “ELL TNMEATRO
HOLE COMPLETEQ 9/17/17
MO GROUND “ATEA INCUUNTYAZD

-

LOG OF BORINGS

o8 840 AN F0L
tL5E
P S
W DT O RS RATLS TAs Sk ildUosd

FEITUMES SALL- wTER

AGLE TIAPLETIS
UG GAGL N 4ATNER

QoAMES 8 MOORN

PLATE A-10




oz

DEPTN W PEEY

SAASER . AT BALsN S0D

WEDT ep el RE

HEF 0T

el GAEN 4. FUIE SR
Soung AiTd LA EEKE OGP LA
§oouk 4P T 3 INTHES T

WED UM PO LIuRT BROWH , MBD
SAAREE JRALMEGE. WLLL SR
soani. :

SONTAET 4iTH SYERLEING P

GRA DNED #AnDgTONR

CIRCLLAT N LGEY

LiGHT GRAC, MEDIWR PO UUARSE

SR ED JANRETONE HiTH $R
VERY FODRLY - TEARNTED $ANDE7

TR AL R8RD. BUL A TR A

ARLL S EARMYEG SAMBETOK X 0

Gl sl A T

Satl INETALLED To T FT

SRGUYS 4RTER LEVEL T ¥

M TOs o 1NE

LOG OF BORINGS

EPTR N FEEY

i

i

§ g e s

i

BG.& LU LiTEE A

TraTE e 4
NEEL SN
5 -
Wy
N ) %o TR
[N S s
[ I
2 3 E O
g 4 NA £l -
¥4 3" T XY
i

BAMES & MOORS

"FL,M"i‘ A v




WO e

i

v

- - EE*] ES B Sl
- B e et A
b R
- . = P e

- o5 EY 3 :
: - R
' - wF g - -
S 3 * 4 % & e Tt :
v T * 'S - et
R 4 LU PO oy
. . A SR P o
P s
; 5
- S eE T e ¥
- - . -
- @ ey s -
er 7 # gr= . L
Y 5 PO -
b I Y w 5 = g
rE - #r o oo B
P e w R R b R .
. *s a2 ;L ¥m L W Bex I
i - - ~ s ——— 8 -
N B . - .
Rl - £ 5wy
T - B v A, .
“ P H Y
2 3 ke S T “ X
o - . - » : .
- * >0 e
. - -~ - « - T
= e > B
B B 4 - P R IR i) w!!\d!
Lt E s RS :
SR ecnme T
- ~ b T e T
3
" o - . »
P P &~ .
N B . -
- - s - . -
i s .
- Cad *
. T 2 ¥
- & A e S
[ =
+ & . -~
- : - - . -
- > b S LiBE e
. - ~ B L
Lt b gl i

CONDFE TS IM R TAL 1T E T mOEY e
MM

& o i oy o x

She THEAT awief - gt e

ALISNIG Ad0 WOAWIXYW 66-0 OLHLZYY 40
%56 0L CIL0OVdWOD ONYS 3INIZ ALTHS NO
Si5dL NOISS3IUANOD IVIKVYIYL

X
¢
ERAE RS

Y

¥

w13t




M P BT S ¥ T ) :
T T A a8 Oawedse 1. T8 T T U7 omoser

R Tal fiagﬂwﬂ e MY
CRywea RN aoms

Proontracey o o et WIN LR oy W R e sente
o et [ fags,  MRHATERETE 1T

NOUG ISR T S

TSSO N IS~ TIIHIIVE 3dha
ST 4d- O34T iS34 40 344

A80438 1531 NOISS3HdIWNOD TViXVidl

s SS NS IR DT MANYN 3
5% CSSIHIE TWMNBON 3

N4 r L] F 4 1
. A "y A & il
Y R v M 4 T
e e . H w
. - /- M Mw
o ik N 5
T il Bt P L N . I %
DY w.mu.m% ML W B L FEBT]  a g  f . -~ X, -
FTUA ] D S BEAE o9 T L] Ty g3 RS & \f/\\
TRbs  FES | e TEOW] Gud [ WORT L |3 “~ T - S P ,
s oot S T SOTTRT S e e //r e » ¥
et e o breal g g ; Salw-.; : Ifwxi — _p— \\\ :ﬂ
vor PR BRF R 0T TR e e Ge3 WS TieF - TN
Bach CTRNE ] west | BHET T o@D sl - »
TR LA ] e © TUARY [ OBST IO | . e ”
RN oG RS Tkt | o 51 e et |0 a-3 owicl -
LR AL SRR - TR DR L RS -
QP WYT ML N N W e Ly
ool ] ook | Dok | Oggih ] 0T | ool |y ta | .
we | & S0 TATT B TS e e w
et HREEE L SEAE & S5 SN+ 1 B w
x 2 e 2 € 2 1
- z = t H E - v
o o o - .ﬂ d R ,
=2 e F e SEMWMIS IRy ——
€ T 7 % FLR INFLTRS4E —
— L. T ] .
et M e g

ok S [ - SR a1 : m;L
g beRh R ¥ 5l 0 - s S

et B4 R s ¥ A B
oyt R B P

- 1

S T BRI RS ALISNIQ TYHNLYN iV GNVS 3Mid ALNS NO
- wm,.w, w z = gR S1S31 NOISSIHLAMOD TYIXVEIL ISVHJ 11N
N R EL N SV g




CDOAPEPOLONLY

'
fngmeer s Report

;‘ocond Phaso DeS|gn CeH 3

#/Vhite Mesa Uranium Project
Blanding, Utah

&nergy Fuels Nuclear, Inc.
Fénvar Colorado




Test Pit
Mo,

4-1]
4-2
4-3
4-4
4-5
4-6

4.7

4-8
4-9
D4 -1
D42
D4 -3




L i FINISHEC. = ' -

—————————

ATI BEJANM.

ROUND SURFACE EL .

(B8

ELEv
{FEET

§-*

<

~
-

(&1

red-wnize sandy

Verv stiff
silz. Dry. Verv calcareous

.8’

Vs

w

o

(&)

O

)
[

Sofz-medium scii?

red sandy silt. Moist,

w/streaks of whice.
Sligntly calcereous

9.0'

1..C

b}

-

)~
19

P

- dow

RCY F

Very sof: greenish

gray claysctone. Moist,

weathered

S NUCLZAR RM78-582-C

A 5'-5"6"
3.8% cacCo,
T

A 8'L”

5 lO’L”

3T



Y -~
- ™

DATE BEGAN o oz Za TeST PIT NO ;s PELD ENGingza 7, Greanus s
TE FINISHES Y /7L R" N . c . c=iceey vy S, Gresrtwo:o:
z22as! TIT0 A Ol ~? -2 v~
S 234 ~2 207 -
AQUND SURFACE Eu:_~539¢ L=
[
ELEV DEPTH PACFILE DESCRAPTICN KeMAAKS
IFEET) {(FEET)
e aomm o 1] . ]
11 n ————— Sane as above
— 12 =0
A LI Soi: vellowish brown
— RS . . .o . :
——— g a < . Weathere - . -
S sancscone eatnerec Iazacz, Easy ripoabdle
= -d ' .'.,'V;
- vl" P '4..'
12,0
Pe—— . . T .o e 0
— 7 Ripping becomes cdifficul:
5578 16.0 - 16.0'
Bottom of test piz
T 7 16.0'
— o
-
g o
e ——
TEST PIT NO. &-~) SHEZT I 387 2

NUCLZaR MM78-682-C




3 TE BESAN:
¢ FINISHEDS: . %

CUND SURFACE EL 77

BIE.T INC.NEER T

ey

-

CmElvEly N1y N

~ - - o .

Jr 3T W
S gpemeem s
CT28TWC I

X
D
(98]

4.0

s.o (. 7,

5.7'

6.0

7.0

Sof: yellowish brown
sandstone

7.0'

- e
. ——
- ~—
- —
= -t

Ay
Ve

CLZAR

PMTE-632-C

s

Sottom of test pit
7.0

1 3

2 58"

e .
t:!, ii.?: PROFILE DESCAIPTION HeMARKS
1 3 31 e
~ . 3271 NS, DIoTE TiPs
. 4| Rec sancdy sil:. Dry w/ —_—
== -1 L TOOIS Lo depch
c )
) AU
L~ })ﬂ
B “',{T.PNT.
s b~ 2 o0
* .. . . . St _zt .
.17 Medium dense red silty sand. A <'=5 346
B 7] Moisc. 2.3% caco

JAR




R

- s - Loa ie et - -
TE BEGAN: S TEST PIT NO L2 FigLD ENGNEER - ST 23w~
¢ . FmisweD: 1702730 N , , cueCeen ny R, Gra22nwecd
. 316,532 ~2.377.95
OUND SURFACE Eu:~ o332 e Er2.377.950
ELEV DEPTH '
PRQFILE (o] RPT < R
FEZT) (FEZT) QFiL 1319 ON H:MARKS
— : : SAZFLI N0, DI?7% TVPE
—. T} Meiilum dense rac sandy 9 CEL A
_"f.;"ff, si.t. Drv. Roots to depin
A —
e BIEE ,
e 1-3
™ & A. . . L. 1 1" -
»3)' - Med ium dense red-white - 1'8 JAR
380 2 A | " . .
28 . e silcy sand. Very culcereous
A. ". (. \“.
o xs'ﬁ S 2'-3' BAG
=1 ¢ o 21.6% caco
A R B
R 3.3

L.0

Soi: greenish gray to
vellowish brown claystone-
Weathered

(28]
L )

— sancstone,
5.0 P 5.0'
Bottom of tesc pit
5.0
H




OateBESAN: L Zo %0 TEST PIT NO  &-: F1E.s EnGiNeZa DL Graanwosd
TE FNISHED: L 5= 30 ' Crmitrgy v 5. Gr2anwocd
R N.o21o 7200 ~7 5T
GAOUND SURFACE Euinx 330 - Bx2.5:7
ELev OEPTH | pRofiE DESCAPTICH HeMARKS
(FEET) (FEET)
i ’ : ) . ¥ » - a .
o Madiuzm dense rec sancdy silt. ST NE, DZ?TE T2
- -~ 5 Lrv. Roots to deptn
- s e
380 1N (/(~
/\’
=t
'fy l.-d
- e -
PN L§S 71| Dense red-white silty sand.
o8¢l siigntly calcareous. Dry 1 AR JAR
o . R S 2.7"
) ) A 3! B34S
~ 3.0 S e Medium dense rec silcty sand. -
o008 : . 1.7% cacc
. et Moist 3
4.0 SS
-,,. *
h A B
5576 5.0
6.0 ... (.
, R 2 6 Ia
! - - SS O
’ 7.0 o S .
' 8.0 | ¢ - 8.0
—e—id Sof:z yellowish brown sand-
l = e stone. Weathered
b=4 SEEZIT 1 07 L




-

DATE BESAN | -

VTE FINISHED: = 2@ Pz _ Créceto e 3. Grzazwocd
' kS -a0 a o= L
GAOUND SURFACS Ev:= 2273 Nzie7s Cxo.c Zor=s
ELEV DE>TH PAGFILE ccca
(FEET) FEET) ROFILE CESCRIPTION He MARKS
, - = . gy~ T To— - -
.g); o Medium stiif red sanévy = |Z=m=s NO. D77 1P
. T~ sil:. Dry. Roots to depin
1.0 |-ty
Rt}
B 1.5

Dense red silty sand.
Drv. Slign:ly calcareous

A 3'-3¢ BAG

1 2 M
3.8 9% CaCO3

5.0

Medium dense red silty sand. 2

Moist

JAR

5.0’

6.0

Soft yellowisn brown
sandstone

7.0'

prom—e —
- T
atand g
e Sy
. e

Bottom of test pit
7.0'

P

S omd Ve

oy .-

- ———hot

2MT2-682-C




——

578

1.0

"~
O

2.0

3.0

e silty
r

red-wni ile
v calcareous

Denss o
Dry. Ve

sanc.

3.7°

NIRGY

e

t£.0 .ﬁ'g' Medium dense red silty sand.
T Moiszt
5.0 [
o $ST
6.0 Z?S$ i1'T
Lo
7.0 |
g
8.0 SS 8.0
T 7 Sof: yellowish brown sand-
. groma 8.5’
) Boccom of test pic
8.5

FUZLS NUCLEAR

RM78-682-C TZS

A

~ ~
-

r

aco

[ 5]
-3
Z
o

ee pEm . v ote e - ——
ATE BEGAN: - TEST PIT NO Lmi FiE.D EnGineEa . CT22amucoc
£ FINISHED: 1714 82 N . . Cwicriy iy ~. ar2anwocd
.- ' -~ 0 QL7 2 Rt NnTs
AQUND SURFACE EL: o S°7C e, Jios
£
ELEV DEPTH PROFILE DESCRIPTION He MARK S
(FEET) (FEET)
— | Mediuz s:iff red sandy SAPLI NC. DI?T: TIPT
7 silz

BAG

JAR

¥
(@]
"y
-




P ]

OATE 8€GaN:_ L7 S TEST PIT NO - FIELS ENGINEES T Jwas- - -d
-~ . o e
TE FINISHED: 1 T 15737 Cuicven v R Gr2anwcc:
czq ! N 22~ nan’ 2272 244 "
GROUND SURFAZE v ~2%3- o B2 z7z.2ad
€ ® :
ELsv DE®TH | ppcene DESCRIPTION e MARKS
(FEET) [FEET;
SS,ff:" Mediuz stiif red sandr sil:. St vo. rEom ~os
- _— e Twv. Roots to ce2z:chn —=
L m~—
1.0 ‘.' : . . .
. ’
~
€
2.0 P4V T 2.0 1 2" 213
-_..1;$?f Dense redish-wnize silty sand.
I 189 -] Very dry. Chalky. Very
3.0 (6] calcareous 3.0
- - §9 7 "] Medium dense red-wnite silcy
’ sand. Moist. Very calcareous
5580 4.0 2 X 313

» S AR A 3'6"-6" BAG
Clpe 29.7% CaCo
5.0 j,.gg 3

Ca
-
o

6.0 | ...l 6.0 3 6'
_'ggﬁfffﬁ Dense redish wnite silty sand.
- ~.. 70 Very dry. Chalky. Very

e calcareous

35748 8.0

Soi: yellowish brown sandstone

Bozzom of tesr pi:
-~ - 10.0'

ZNERGY FUELS NUCLZAR RM78-5382 e




BATE 855an: 1 o 2 - "
. ST T . FE.D ENGinEia - ameim i
. TEST PIT NO -3 NGt Crizminol
.z Lo A
g FINISHED: 1/ 2721 N ' CHECrEn iy 3 Geaa-eieas

. . n oz Az:
J N~3.¢,818 E~2,372,032

ACUND SURFACE E.: ~333C

gLEV CEPTH -
PROFILE DESCAIPTION RN ARK
(FEET) (FEET) °

R . PP P . RV DA 4 v - — -
GO A="1 Maziug szif?f red sandy SAaPLE N2, DEPTE 2T
— =t.- 4 silt, Dry. FKkoots to deptn
R332 1N ~ ’)‘( ]
- '-1. Sg -~ t =

ta
Y

- '< . .

o ;._-.SJ, Dinse red silty sand. Dry. i 2t
L4 | Some wizh white streaks
— -8 2.7

3.0 :fsé]_ﬂﬁf Loose red silty sand. A 3'-5" BAG
: ‘| Moisz. Some white s:traks 7.2% CaCO3

4.0

584 5.0 |00 5.0

.j§§ fifﬁ Dense wnitish red silty
ces| sand. Moderately calcareous
6.0 J--i0 T 3 6' JaR

o 5500

.
S
L
g.0 ;
S
.
T

5380 9.0 |"a' 9.0
! _ f’.  Sofz yellowish brown
| - —t—d  sandstone

3
D
[
O
[ )

Bottom 0f res:z pit
- - 10.0"

H
-
[P
o
'J

"~y

ME2CY FUZLS NUCLIAR RM78-382-C TZ3T PIT NC.




...f - - - ’ ~ 14 o * 2 - P s i
— TEST PIT NO &t €3 iniaes 3 organ
FNSPED: 2 /13/30 ' CrRECYEL Y B, Measmeien-
cea ! 1 ik o =2 zzn
RCUND SURFACE EL :p227% N N ~1e E
]
E_ZE_V DE’.T” PROFILE DESCAIPHION HeMARKS
FZET) (FEET)
25—~ Maiium sziff red sandy SACLI NC. DE>7E TiPE
P -1, o sile., Dry. Roo:is to depth
1.0 [T
- ({ " m——
~ i T
» - = 1 2 T8
2.0 1 3¢ | ©Dense red silty sand.
. o Drv. White streaks. Sligntly
- ._-iGS/ L calcareous
G
3.0 I~ ‘,'/S-, 3.0'
LR Stiff redish wnize sandy
= - .ssJ silt. Dry. Very calcareous
) 2 4! JaR

S 4.3
B "4ﬂ357,=}' Mediuvm dense red silcy sand.
5.0 oo, | Moist. Some white streaks.
44 Sligntly calcareous

A 4'-8'! BAG
24% Caco3

6.0 |- (g 6.0

;s<.{f;3f Dense redish white silcy

r_ﬁ','t'; sanc. Chalky. Very calcareous.
oot Dry

I S D
1535 8.0 |- & 8.0
fitf".ﬁ Very soft yellowish brown
B SAPSEN sandstone. Weathered
.0 eraee
—- Medium hard yellowish brown
RS sandstone
10.C e !
~.z 11.0°
Boctom of ctesc pi:
B ] 11.0°

NUCLEAD 2MT23-582-C TEST 3

L 2 )
SLAIL FLUoe PLRSRSREP-




DATE BEGAN: _‘_____;__3______ TZST PIT NO moe FigD ENGINEER F, Srsa-es-cs
L3 e -
ATE FINISHED: _ 1 /12 /3% . CHECrt iy S, Crza-o-ss

(o)
(s

ta
‘\
.
h

Ly

R ~3°C 207 E~o === a3r
GRCUND SURFACE EL i~ S o) - -
ELEV DEATH PROFILE DESCAIPTION KeMARCS
(FEET) (FEET)
Sl 221 red sandy silt. STl NO. DI?7E MHEES
’ - I ;vw. Roots to dz2pth
L ’
1.0 |
..ss.‘ )&-—' [
— 1. "'-SS'.' Dense red sil:y sand.
2.0 S L0 AT 1.0
89, ¥:Zdium dense rec silcy 1 L 27
= -~ e sand. Moisc
! 5574 3.0 99, ..

L §7-1 3'-5' 3" Shelby

4.0

———=! Very sof: greenish gray
clavstone, Moist

5.0

6.0

5570 7.0 —_— 7.0' .
. T Sof:z vellowish brown 3 7'2" JAR

W -
|
|
1

- —e il sandstone

Boztom of test pit
B . 8.0' .

—~ - - " P -
78-232-C TZ5T PIT NO., -~~~ S§HIZIT 1 CT -

L33 —r -ov'v A vy -
l ...\L.u. s n'u\'-nAP\ oM




ATE 3ESAN:T /L ST

*t FINISHEC: 1 /o5 30
A0UND SURFACE EL:_~e 2377

Z
?
o
(o]
L~
s )
”n
m
1
2

FELD ENINEES F, ST2sm oo
CHECY Sl iy 2. Graanessi

PROFILE

DESCRIPTION

HeMARKYS

’ . . - - . . B
T Maiium s:1iIf red sancdy siltc.
u 7 Lo Lrw Roozs to depih
1.0 |9 T
- —-A ‘- '.,‘.
o S
I AR
I .
2.0 | 2.0

..... D27

3.0

sile
will

(4]
(&%

2

Lense

v sand.
S:creaks of t

(-3
-

3.0'

4.0

Mad i

i
Moiss

um dense red silty sard.
. Streaks of white

7.0'

3"

7.0

8.0

Dense red silty sand.

Dry

Q 73!

L
(Y]]
R O™
1 N ]
1 f 1 | {
| [
f- = ©
(&) O (o]
S — L i N
EERRENA LR N TR

w
[¢]
(& 1)
o
‘<
L]
Py
-
<]
€
e
“w
or

browm sands:one

'sxzxsy FUELS NUCLZAR RM78-432-C

e ———

JAR

Sheldy

JAR

Shelbv




i

Fig D iNTINEER L. T

' CrHeCren Ny ]

QEPTH
(FEET)

CESCRIPTION He MARKS

e¢ sandy sil:. SLPLZ NO. DI27EH

da2oin

1.¢'

Dense rec¢ sil:cv sanc., Dryw.
Some roots v e
’

1.0 |

Dense red sil
treaks of wn
calcarauus

v saaz., Dry.
te. S.ighetly

[
'

-

-
3
-

3.1

4.0

5.0

6.0

P . - a [T
Mecd ium dense red silzy sand. §T-1 3'6"-5'6"

Mois:z

6.0'

~J
IO

Sof: yellowisa brown sandstoune

7.0' I

VERGY FUELS NUCLZAR RM78-582-7

Bottom of test pit
7.0'

3"Shelby

JAR

———

———




¥

SECTICON 6

TABLE C-1
SUMMARY CF LABORATORY TEST PTSULTS

CELL 4




G Gl & & R T G I R @, O G G GE B ar an oe
SUMMARY O (ABORATORY TEST R"SULTS

Cell 4
TECHNICIAN PROJENT NO.
APPROVED BY DATE
SAMPLE NO :&m m(r’x?u. CRADATION ;ﬁggm ATTERBERG LIITS SOIL OR BEDROCK i
. cm:.:fm D(‘::’:I'W th s“:"o Nsouesgo "L",)““,‘? "ﬁ&'ﬁ‘" TYPE COMMENTS
N ™~

11 19 @ 0-3 70 23 6 sandy clayey silt

T 23 @ 1-3 87 48 24 Weathered claystohe
TH 23 0@ 6-8 _ 96 61 30 Claystone

TH 25 @ 1-31 13.13 57 26 9 Sandy clay

llL?ﬁ 6 4.-5 15.3 91 41 20 Weathered claystohe

i 28 @ 0-2 2.7 72 28 10 andy clay

iH 29 @ 2-3 8.5 59 19 2 Sandy clayev silt

i 48 (4 5-5} 65 30 7 Candy clay

TH 49 @ 5-7 71 25 9 Sandy c¢lav

1149 @ 14-15 55 S 5 Calc.sandy silt

TH 58 @ 51-6 12.5 75 35 11 Sandy clay

TH 76 2 0-1 4.5 78 21 5 Sandy silt ,
TH 76 6 9)-10 4.4 26 NP -- Silty, geavelly sgnd
Jtl77 @ 7:-8 8.6 71 30 15 Sandy clay

TH 79 @ 0-1 4.1 83 20 5 Sandy silt

T 79 @ 5-5} 5.5 41 NP --- Calc. silty sand
l___
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ABSTRACT:

MAGNITUDE SCALING FACTORS FOR SOIL
LIQUEFACTION EVALUATIONS

By Ignacio Arango,' Member, ASCE

Energy concepts are applied to the conditions that are likely to have existed at distant hquefacuon
sites in past earthquakes. From this, magnitude scaling factors are denved that reflect field cyclic strength
conditions. It is shown in the paper that the factors are independent of the field acceleration assumed (0 have
existed at the sites. and are only dependent on the magnitude-equivalent number of cycles relauonship. These
factors are compared with others based on laboratory cyclic strengths from Seed and ldnss and on statistical
regression of data from field case histones of liquefacuon. The factors denved based on energy concepts are
similar 10 those derived by Ambraseys based on a statistical analyses of extensive liquefaction data. It is con-
cluded that the factors derived in the paper based on energy concepts, or by Ambraseys. appropriately represent
field conditions and avoid the limitations and extrapolations of the laboratory-based derivauon by Seed and

Idnss, and they are recommended for use in the analysis of liquefaction potential.

!TRODUCTION

The first comprehensive listing of site conditions at various
ations where seismic liquefaction did or did not take place
was presented by Seed and Peacock (1970). Their chart, sum-
arizing the results, correlates the relative density of the soil
posit to the calculated cyclic stress ratio. In the chart, the
clic stress ratio inducing liquefaction in the field is indepen-
dent of the magnitude of the earthquake.
Noting the scarcity of reliable field data concerning the lig-
'faction potential of sands with high densities (or correspond-
g penetration resistance), Seed et al. (1975) used the results
of the laboratory shake table tests carmed out by DeAlba et al.
976) to extend the dawa o carthquake magnitudes in two
*\ges: 5-6 and 7-7.5. The laboratory tests were performed
specimens prepared at relative densities of 54, 68, 82, and
90%. Based on the density-penctration resistance relationships
‘E’Gibbs and Holtz (1957), these densities correspond to pen-

tion resistances (normalized to an effective confining pres-
e of i ksc) equai to 11, 19, 27, and 32, respectively. The
chart developed by Seed, Arango. and Chan is the first pub-
.t‘nke magnitude on the liquefacuon susceptibility of a sand
posit.
Subsequently, Seed (1979) incorporated penetration data
!muon. and the Chinese liquefaction criteria (unpublished
ata), to extend the 1975 chart to earthquakes of magnitude
8.3.
ith field liquefaction data derived mainly from Japanese
carthquakes. The companson led them to conclude that
Seed’s resuits were generally overconservauve for small
uakes. The lscussers found an unacceptable lack of agree-
ment between the field data utilized in their study and the
ombined field/large-scale laboratory test data presented by
f Seed and Idnss (1982) used the ficld data from Seed’s 1979
study to prepare a chart showing the relationship between the
'SPT-N blowcount normalized to an effective confining pres-

shed liquefaction chart that reflects the influence of earth-
btained at the U.S. Army Engineer Waterways Experiment

Davis and Bernl (1983) compared Seed’'s (1979) results
arthquakes and possibly unconservative for very large earth-
eed (1979).

‘Mgr., Geotech. Engrg . Bechte! Corp . 50 Beale St. San Francisco.
CA 94119-3965.
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sure equal o | ksc. V;, and the cyclic stress ratos inducing
or failing to induce liquefacuon under 2 magnitude 7.5 event.
The authors pointed out that "‘one of the limitauons of the
{previous] chart was the limited number of reliable data points
available to define the boundary separating liquefiable from
non-liquefiable soils.”’ A second limitation was its ‘'inability
to differentiate between appropnate boundaries for different
magnitude earthquakes.”” The first difficulty was alleviated by
inclusion of supplementary data obtained from the Haicheng
(1974) and the Tangshan (1976) earthquakes in China; the
earthquakes in Guatemala (1976). and Argentina i!1977;; and
the Miyagiken-Oki earthquakes (1978) in Japan. The combi-
nation of the field data gathered by Seed in 1979 with those
from the preceding earthquakes provided in the words of the
authors ‘‘a realistic basis for developing correlauons between
standard penetration tests and the liquefaction characteristics
of sands and silty sands for magnitude 7-1/2 earthquakes.'
The authors also reasoned that the resuits could be extended
to other magnitude events by noung that from a hquefacuon
point of view, the main difference between Jifferent magnitude
events 1§ the equivalent umiform number of suress cycles that
they induce. Based on previous statistical studies carmnied out
by Seed et al. (1975), and on a representative shape of the
laboratory relationship between cyclic tnaxial test stress ratio
and the number of cycles required to cause hiquefaction, the
authors obtained the scaling factors shown in Table 1

Thus, by multiplying the boundary liquefacuon/no-liquefac-
uon curve obtained for magmtude 7 § data by the scaling fac-
tors shown in Table 1, boundary curves for other earthquake
magnitudes were obtained.

Seed et ai added addiuonal field data 10 the 1982 chart in
1984 In 1ts present formn (Seed et al 1984), the relauonship
between penetration resistance and cyclic stress ratio causing
liquefaction 1n a magnitude 7 5 earthquake 1s as shown tn Fig
1. In this figure. the property selected to characterize the soil
deposit is the SPT-NV blow count normalized to an effective

TABLE 1. Magnitude Scaiing Factors Derived by Seed and id-
riss in 1962 Based on Laboratory Simpie Shear Tes: Data

e
} NMagnitude scaling factor
Earthquake | Number of cychc strangth M = M
magnitude aquivalent
M uniform cycles cyche strangth M = 7-172
(1) (2) 3)
b 6 089
75 15 | 00
873 10 113
¢ 5-6 132
528 2.3 1 50

A e e e
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overburden pressure equal to | ksc and to a hammer energy
cquivalent to 60% of that of a free fall, (V). In today’s prac-
uce for other magnitude events. the scaling factors listed in
Table 1 are generally used.

A criucal review of the findings presented by Seed and [d-
riss (1982) and by Seed et al. (1984) was prepared by Am-
braseys (1988). In the reviewer's opinion, ‘‘the conversion of
ground acceleration records to an equivalent uniform cycle
format neglects any consideration of the nature of the earth-
quake ground motions and their behavior. It is not considered
reasonable to allow the level of shear stress for a given mag-
nitude carthquake to vary in a deposit only with a fixed num-
ber of equivalent cycles, without also ncluding some consid-
eration of the distance of the site from the seismuc source,
allowing for attenuation.’’ Ambraseys then proceeded to de-
velop relationships between average stress ratio causing lig-
uefaction and standard penetration resistance for different
magnitude earthquakes without recourse to a scaling factor. To
this end, he separated the available field liquefaction data in
groups comspondmg to four earthquake magnitude ranges
(6.0-6.6; 6.7-7.2;, 7.3-7.5; and 7.6-8.2) and suatistically an-
alyzed the stress uuo blow count relationship for each group.
From the study, Ambraseys derived the earthquake magnitude
scaling factors (MSFs) in Table 2.

In a separate eflort, Williams (1994) applied a logit regres-
sion approach to the field liquefaction database by also sepa-
rating them in cases belonging to earthquakes around magni-
tudes 5.3, 6.0, 65, 7.0, 75, 8.0. and 8.5. MSFs tha have
approximawely a I2% probability of misclassification were
derived. This probability of misclassification is. according

1o Williams, sbout the same as that of the boundary line for

30 40 50

(Nylgo
Relationship between Stress Ratio Causing Liquefsction and (N, ), Vaiues for Silty Bands for M = 7.5 Eerthquakes

TABLE 2. Magnitude Scaling Factors Obtained by Ambrassys
mthmAmdmmwmnm

Earthquake magnitude Magnitude scaiing factor
(1) (@)
as 044
8 067
75 1 00
7 130
678 148
635 1 69
] 120
53 186

Scaling Factors Obtained by Wiillams in
iy oﬂ'lold qumm Osta

Magnitude scaling factor

(1) (2)
8.3 062

8 072
18 100

7 {34
.75 158
65 ! 88

clean sands shown in Fig. I. The MSFs obtained by the author
are given in Table 3.

A different approach 0 derive MSFs was carried out in
Arango (1994). writer, utilizing the field liquefaction data
observed at sites with the largest documented epicentral dis-




tances, applied energy concepts to denve MSFs that ase in-
dependent of laboratory test resuits. This paper summanzes
the methodology used and the results obtained following this
energy-based approach

LIQUEFACTION AT LARGE EPICENTRAL DISTANCES

Compilauon of data regarding the distance from a given
epicenter to the most distant occurrence of liquefaction has
been done by several investigators (Kuribayashi and Tatsuoka
1975; Youd 1977, Davis and Berril 1983, Seed et al 1984,
and Caner and Seed 1988). Fig. 2 (Carter and Sced 1988)
inciudes data on 125 cases of hquefaction throughout the
world. Maximum distances 1o sites of observed liquefaction
can be read on this figure. and are presented in Table 4.

Carnter and Seed (1988) estimated the minimum ground sur-
face accelerations for which liquafaction has been induced by
carthquake shaking as shown in Table £
The values of the minimum accelerauons were obwined by
averaging the results of several attenuation relationships (Or-
phal and Lahoud 1974; McGuire 1977. Comell et al. 1979,
Donovan and Bornstein 1974, [wasaki et al. 1978, McGuire
1978, Battis 1981, and Hasegawa et al. 1981).

The characteristics of the liquefied soil deposits at these dis-
tant places are not well documented. Davis and Bernl (1983)
reasoned that these sites must represent ‘soft, highly liquefi-
able deposits nea: he ground surface with low N values and
a high water table. ' In their study. the discussers consider=d
the ground water 10 be at the ground surface, and N, values
equal to | and S Seed et al (1984) considered that these
deposits consist of *“very loose sands. say with an (N, ) value
of about 4.° Ambraseys (1988) conciuded from his studies
that "‘the farthermost sites at which liquefaction was observed
should have been associated with N,-values of less than 6 for
clean sands, and about 3 or less for sands with 13% fines.”’
Such loose deposits would probably have a relative density
somewhere around 30-40%, which appears (o be the loosest
state encountered in young alluvial pluin and lake deposits in
nature (Arango 1994).

EARTHQUAKE ENERGY

The erergy of an expanding carthquake wave front can be
estimated from accelerogram recordings from which ampli-
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TABLE 4. Maximum Distance of Ligquefaction from Zone of

Earthquake magnitude Maximum distance.
i (2)
8235 500
3 400
75 230
68 78
55 20
5 L
RS I ek

TABLE 5. Minimum Ground Ascelerstions tor which Liguefac-
tion Hes Been Induced by Ground $haking [after Carter and
Seed (1988)

Earthquake magnitude Minimurm acceieration (gs)
(1) (2)

823 0018
8 0.03

75 004
7 003

6.5 006
6 0.08

012
ramn

tudes and frequencies of the ground motions can be obtained
The equation of mouon of an undamped simple oscillator of
mass m and stiffness k is

my + ky = m& 1y

where y(r} = motion relauve 1o the ground, and z(7) = absolute
motion with respect to a fixed reference. For that oscillator.,
the total energy (TE) at any ume ¢ is given by the expression

]
T’Ea%my‘+~;~ky" (2a)
S
\/3%.(.‘.2 = ([yOF + {wr(n})'"? (2h)

where the first term represents the kinetic energy (KE) and the
second term represents the strain energy (SE) in the system.

It can be shown (Hudson 1979) that the previous expres-
sions are equivalent to the equation
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that a1 the end of the earthquake 15 the same as the Founer
amplitude spectrum of the ground acceleration. Note that both
the lunetic and the strain energies are proportional to the
square of the absolute ground acceleration.

In an undamped oscillator, the kinetic energy s tero at the
maxihum displacement, and 11 13 at @ masimum at the static
equilibnum point For the strain energy of the system, the
mverse is aue. Theretore, (KE . = (3E)uax = total energy
of the sysiem » (TE)

Maximum Kinelic Energy

If. for lecanons distant from the source, sarthquake waves
are considered to become harmonic. the expression for the
maximum KE is given by

P, W, W a'T! -
wtzmvmgﬁagxw i)

where W = weight of the oscitlating mass, v and 4 = its max-
imum velocity and maximum acceleration, respectively, and 7
= fundamental period of the system.

Relationships between earthquake magnitude, distance from
the center of energy release. and kinetic energy can be esu-
mated for rock motions of values of acceleration and predom-
inant ware periods are avatlable. The acceleration attenuation
relationshups proposed by ldriss (1993), and the magnitude,
distance, and predominant period relationships for rocks pro-
pased by Seed et al (1968), or more recently by ldnss (1991),
can be used for this purpose.

A simitar calculation for soll sites 15 difficult o perform.
This is because the fundamental perod of vibration T depends
not only on the stiffness of the soil layers. but also on the
geomewy, and both of these may vary Ay shown in Fig 3.
however, loose send deposits with an (Nl value of 4 and
thicknesses of between 5 m and {0 m overlying about 30 m
of stiffer soils underlain by rock would typically have funda-
mental periods in excess of 07 5

Since in (4) W = Vp where V represents volume and p rep-
resents weight per unit velume, u follows that the maximum
kinetic engegy of a given soil deposit can be expressed as

K
*—-&E = constant < A’ %

Maximum Strain Energy

With reference to Fig 4. the dufferential of elastc SE as:
soctated with sheanng stresses 13

"

JISE) = % dV h)
whece /2 = average shear suess, G = average shewr modulus;
and V represents the volume of the mass under straun. Singe,
as shown in Fig 3, the cyclic stress induced in the ground by
the earthquake waves 13 proportional 10 the ground surface
acceleration. it follows that the swrain cnergy per unit volume
13

Straun Ener SE ¢ ; ,
g e e CONGE ® Al 7
Unit Volume v 3¢ consant A th

The TE, whether instantancous or maximum. developed by
shaking in a soil deposit gw unit volume is seen

© be proportional 10 the square of the ground acesleration.
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FIG. 4. Sirein Energy

Without an external source, no real sysieins Like sodl deposits
rmaintain an undimanished amplitude of vibrauon Masenal
damping is a name for the coa lex physical effects that coo-
vert kanetc and strain energies 10 3 vibraung sysiem into heat,
dislocations, slips, ekc

The ume history of sccelerauon developed at sy pant n
the ground during an earthquake consists of a relauvely erranc
series of cycles of varying amplitudes Therefore, both the
energies iaput and absorbed by the profile vary from one cycle
o the next during the seusmuc episode For analvieal & well
as for pracucal purposes, it has been found useful in geotech
mcal earthquake engineering practice (o convert tee wreguiar
series of earthquake-induced aaelerauons 10 an equivalent se.
riey of umiform cycles (Seed et al 1975, Seed and Idries 198,

This approach is adopied 1 the following dervanion A
caordingly, 1t will be assumed that the ume dependéni enerygy
that a sl deposit absorbs can be taken as the entrgy corre
sponding to that of an effecuve oeleration multipbed by
the equivalent uniform number of cycles corresponding o the
size of the given earthquake

ENERGY REQUIRED FOR LIQUEFACTION

Ambraseys (1988 associated the relsnonsig  between
earthquake magnuude and maxmum epiceniral distance 1o
known hguefaction sues w a relationshup between auenuated
carthquake magniude and energy From hese the author de
rived ‘the least posaible values for the energy Jensity required
w induce hiquefacuon ground faluges

Very Loose Sands

Other investigatons have pusiulated minimum energy values
required (0 reach liquefaction in several 1ypes of laburatory
wests For example. Arango (1994) presents cumulative values
of the energy absorbed by undrained tiavial specumens i
reaching imtial hquefacuon in 36 stress conuvlled cyche
axial tests and i 21 stran-conuolied cychic tanial ens The
writer found that the energy absorbed was a fuscuon of the
relative density of the st specimen bul was relatively inde-
pendent of the type of st and of the frequency of loading
For specimens a1 & relative densuy of 0% (he enmrgy ab-
sorbed ranged beswesan 1 4 x 10 ' and 28 x 107 tm’

Figueroa et al. (1994) reporied the resulis of 27 torsional




Mheas 1¢sts on specimeny at relative densines varying between
 S0% and TO%  The dissipaied energy per unit volume up to
iquelactuon, varied with the esung conditions (confiming pres.
ure and density) For specimens at & refative ehnsuy near
WSO% . the guit eniergy isnged between dbout 68 x 107 and
t 5 * 107 Jom®, which is in relatively goud agreement with
thaxial test results reported by Arango i 19
T”hus it is reasonable to assume, baaed on wamsmgm and
tmmsm consderations, that the onsel of higuefaciion of a
501l deposit with given characteristics is associated with 2 min.
- Jimum levebof energy. If all distani hiquefagtion sites included
in Fig 2 had the same characteristics (e, high ground. water
" table, low (M) values near 2 -4, similar predominant period),
__ it is ressosable to assume that 1o hiquefy all of these sites
absorbiéd the sune energy Therefare.

CTE o NV 2 [T ] % Man (8
(TE) Ay L ‘

Nuoow Ny @ ol w N w»ﬁf») 9
weE T T, o Vet )

where A = goceleration n ga, M. M and M. + | = earthquake
; Hudee, and My, Ny, .. reprasent the equivalent number of
_"e:y fow 4 mmdnn and M+ 1
8 Miﬁ s the number of uigmficant siress cycles ge
maﬁn of magnitude M5 (Send eral 1975
(?) uvm the equiv’ i number of cycles N,. for vmm&
. uake magnitudes that st te accelerstion levels shown in
Tible 3 would have induced equal amounts of ensrgy to the
‘ ground Equivalent uniform aumber of cycies based on this
) ' energy apgroach are shown in Table 6

EartPupiake magnitude number of mm

M Ny

] @

§ 1t 4
4 8

s 5]
1 96
5 4

e,

-

14

The eguiyalent umform number of Cycles Yy from this 1y
ble, ogether with the cychic stess ratios corresponding to the
accelerations in Tuble 5 can be combined 10 provide the Reld
derived strésy ratios versus the number of cycles relationsiup
regquired 1o induce hguefaction n very Joose sand deposits
with (Ng * 4 This relatonship 13 shown in Fig 9 and
Table 7

Denser Sands

Field cychic mmgth curves for denser sol deposits Can be
abwnw smn%“ empuical data for clean sands proposed by
Seed et al (1984) (Fig 1) Take for example, clean sand de-
posits with (V. ) values equal to 4 and |1 respecrively The
critical cyclic siress ration for liguefacuon under a magnitude
7 3 earthquake are 0 0% and 0 12, respectively (see Fig 1) For
deposits with an (N ) equal to 11, the field stress ranos re
quired for hiquefaction »n different numbers of cycies would
be those shown by the lower curve 1n Fig % muluplied by the
factor O 12008 Field cyche stress ratios required for lique.
faction of denser sands &t an (N, value of [1 are shown as
the upper curve in Fig 3

Cyclic swesses required (o cause liquefaction in the feld
under various magnitude earthquakes can be obianed from
Fig 3 The rauo bDetween the cyclic siress at a given earth
quake magniude and thar comesponding to a magnitude 7 8,
that is, the MSF. was calculated from the data for sands with
A (N,)ge value equal 10 4 The results are shown in Table 8
1t should be noted that MSFs obuuned using the curve corre.
swnﬁmg o a higher (M), would be identical

The “field’’ hiquefaction reletionship and the MSFs derived
previously sssume that the diswnces to the remote iquefaction
sigs were accurately documented. They also assume that the
liquefaction phenomena occurred at sites with level ground
and static ground water such that the conditions shown in Fig
3 wre tuly regresentative. Neither of these assumptions can be
documented to everybody 's sausfaction. Howsver, the follow-
wng discussion shows that, in fact, the MSFs are independent
of asaceleration, and are only dependent on the equivalent uni-
form number of suress cycles selecied w represent differemt
eurthquake magnitudes

E N gy 4 S
: Ma§ A Mpt MeT Mol My ’
A | ! I’ .
1 18 4 W n 100
MNumbier of Qs

N0 & Megaitude Sesling Fastore Derived from Energy Consopte
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Cansuder 8 well charactenized sue for which the (M, ) value
is well documented. and which liquefied under a magnitude
1.3 carthquake inducing an also well-documented ground sus-
face sccelerstion equal 10 Ag » a. Other sites with the same

sowechnical characteristics would liquefy nearby mr # other
ocations éurr;:g different eanhquake magnitudes. M, il the
erergy abso from the new events equals or exceeds that
correspanding to that during the magnitude 7.5 event. Based
on the ensrgy approsch, the energy causing liquefaction in the
ragnitude 7 5 event s

(TE)sear s Nuwrs ™ (a0 Nigary (i
whete Ny, = |3 The eneegy required under other events 1s

I TEhesm. NVomae, ™ (Auup,)z Nigus. (i)
Fraom (10) and (11). one obtmns
8 i
Avor, ™ (Agary) X (”"“‘"‘) ()
Ny,

The cyclw stress ratios inducing hquefaction in the field are
therefore

NRY

[t (15 e
(W)u.~, Ava & L our ) X (,N*,n‘) v
and the MSF would be expressed as
2 ML ]
< o g L{) ,
Ms? (ff«)mv * (N“ ! l‘)
It may be seen that the MSFs are independent of the accel-

eraien level and only depend on the relastionship betwesn
magmitude and equivalent uniform number of cycies.

[t 1s then posyible. for anample magniude and
number of significant <ycles de ived by Seed ot @l (1979),
wopie: uﬂmmm‘u 1942 (Tabls 1), and based on

' cencepl §'t¢;¥~. 2 derive m MEF; shown in Table 9.

. QF mu MAIGA

) m Se Factors Diirived in this $t
o m‘ v of Cyelee hwu%

T Magrtude scaing

i » i fhctony
() @
83 8 0Th
T8 |4 ¢}
619 19 12
& 5-6 | 63
e s e ——

2 3 48 ] ® ow %
Sarvapnet Uniiern Navibne of Cyoes
FiG. 8§ Cyclic Buress Retio Inducing Liguelaction in Fisid

This figure shows that the scaling factors are dentical. That
is, the scaling factors derived from the consideration of the
equivalent uniform number of cycles versus minimum accel-
eration levels at distant liquefaction sites duplicate the answers
calculated with any other set of acceleration atlenuation rela-
tionships provided tat those relationships are associated with
the magnitude versus equivalent uniform number of cycles
{Table 1) proposed by Seed et al (1979

MAGNITUDE SCALING FACTORS COMPARED

Fig 7 compares MSFs devecloped by Seed and Kinvss (1982),
Ambraseys (1988), Williams (1994), and the present study
While Seed and Idriss used the magnitude versus significant
number of cycles proposed earlier by Seed et al (197%). the
authors then proceeded o obtain cyclic sirengths based en-
tively on laboratory simple shear test results with data extrap-
olated 1o the region of lower aumber of «yclos, ripreseniative
of earthquake magnitudes less than about 6 23 The diffsrence
between the results based on laboratory data (Seed and ldriss)
and fleld liquefaction dawa 13 ev.dent. The very close agree-
ment between the results obtuned by Ambraseys and by thiy
ivestigation s also evident. Ambrageys’ results were obtaned
by regrassion of hguefaction Aeld data from many earth-
quakes The resuits of this investigahion are based on the ap-
plication of vmn;y concepts to the fleld hquefacuon data from
MANY MAgRiKes M very remole sites.

Because the wm&: used by Ambraseys and Williams are
both statistical regressions. & closer agreement between theu
conclusions would have been expecied. Withams' scaling fac-
wrs for ewthquake magnitudes less than 6 diverge consider-
ably from the valuss denived by the other two field-bassd stud-
tes. For eanthquakes below magmitude 6. Williams utilized the

base summanized o Table 10 The scarcity of iquefaction
dasa from o kas of magnitude 3 9 or tess is clearly seen
i the whulation. In conirast, e lowest magnitude range stud-
ied by Ambraseys was 6.0-6.6 for which daty are available
for 10 cases of liquefaction, and 20 cases of no hiquefaction
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Sites with
Ny
Year |Megnitude|  Location  |Liquefaction| liquelaction
(- @ 3 (4) {8)
1937 53 | Daly City | )
1965 49 San Francisco 0 !
1969 57 Sania Rosa 0 2
1960 85 | Chibachenchu 0 i
o | 59 | WhmeNwow| 0 | a3

MSFs derived on this basis are Likely to be more reliable than
those derived based on the data summarized in Tabie 10 The
scarcity of daa may be responsible for the divergence of Wil-
linm's resuls relative (0 Ambraseys’ curve shown in Fig 7

CONCLUSIONS AND RECOMMENDATION

The following conclusions are derived from the studies
summarized in this paper.

MSFs to be used in liquefaction powntial evaluations have
been derivad in the past based or laboratory test results (Seed
and ldnss 1982) or on the regreasion of feld liquefaction data
(Ambraseys 1988, Williams 1994). MSFy derived based on
laboratory meults are lower than those derived from field data
for earhquake magnitudes less than 7.3 and higher for mag-
nitudes beyond 7.9

Seed's ad Idriss’ factors were based on laboratery sumple
shear tost dita extrapolated to the number of cycles 1o lique-
faction representative of lower magnitude earthquakes, less
m about agnitude 625

says’ and Williams' factors differ considerably from

ml& athiar e magnitudes less than about 6.0. A review of the

m used by both investigators shows that for the lower mag-

nitude eartiquakes. the daia in Ambraseys’ regression analysis

um 8 more balanced siustical base (10 cases of lique-

faction and 20 cases of no liquefaction), while Willinms' data
mw cape of liquefacton and 54 cases of no

1ys’ rosuls are

humg of Aeld performance,

The total energy approach apphied v this study o the case
hstones of liquefaction at the farthest distances from the
earthquake centgrs of energy release gives MSFs that are very
close 10 the factors derived by Ambraseys

In the energy approach. a field hiquefacuon resistance curve
was developed based on the average of the acceleration levels
estimated by eight attenuation relationships. From this curve,
MSFs were derived. This paper shows that the factors are ac-
tually independent of the field acceleration, and are only de-
pendent on the earthquake magnitude-equivalent umiform
number of cycles relauonship The paper also shows that in
the energy approach. the use of the data from the farthest hg.
uefaction sites. or of the magnitude-equivalent umform num-
ber of cycles relationship proposed by Scod et al. (197%) and
any field acceleration attenuation model, resuits in the .ume
MS8Fs.

[t 15 recommended that for the purposes of evaluaung hg-
uefaction potenual. the commonly used earthquake MSFs in.
troduced by Seed and Ldriss (1982) be replaced by those de-
vetoped in this study based on energy principles The proposed
factors are shown in Fig. 6
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APPENDIX Il. NOTATION
The following symbols are used in this paper:

A = acceleration in g,
Ay, = acceleration under ecarthquake M,
a. a(r) = acceleration in cnvs?;
G, Guax = shear modulus; maximum shear modulus;
g = acceleration of gravity;
k = spring constant in simple oscillator;
M, M, = earthquake magnitudes;
m = mass in simple oscillator;
N = SPT-blowcount,
N, = blow count normalized to | ksc;

normalized blow count corrected for 60% energy ra-
tio;

Ny Ny, = equivalent number of uniform cycles of loading in
carthquakes of various magnitudes;

parameter reflecting response of nonrigid soil col-
umns;

fundamental period of vibration;

volume;

velocity, shear wave velocity;

weight;

displacement, velocity, znd acceleration of simple os-
cillator, respectively,

base acceleration in simple osciilator;

shear strain,

total unit weight of soil;

unit weight of water,

~eight per unit volume;

mean effective stress; and

w, = natural frequency of harmonic motion = (k/m)'*

X
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1172796
12720196
0153397
0272197
(Y 2 1
050297
051097
06.26°97
013197
0872897
0972597
10/26197
111897
1211897
011898
02/06/98
03/06/58
040398
050698
06/01/98

Cel 2 West 3

ELEVATION

3619 38
5618 34
3618 331
5618 13
5618 37
5818 18
5618 27

561827

5618 23
5617 93
18 2)
5517 49
5618 05
5618 22
5618 19
5618 21
5618 17
5818 18
561817
5818 14
5618 1)
5618 06
5618 07
5618 07
5818 05
5618 02
5518 02
5617 99
5618 00
5617 96
5617 96
$617 97

3617 96
5617 95
5617 91
5617 a7
5617 93
5818 14
5617 91
Y617 93
S617 99
5617 9%
5617 61t
5517 92
5817 89
5617 9%
5817 88
617 89
5817 90
5617 87
5617 93
5617 90
617 89
5617 80
5617 94
5617 94
5617 86
5617 86
561785
5817 8%
5617 94
%1, 88
8617 87
SE17 89
617 87
617 90
%617 89
5617 88
5817 47
817 8%
5617 89
5617 89

DATE

4172542
120V82
121082
12116792
1272192
12/3192
0107193
01/14/83
183
0172393
02/0492
02:1193
Q1893
02/25/9)
030Vl
aX1093
01893
032543
040193
040893
0411593
04722/9)
04728793
0673093
0772983
0872693
093083
102193
1172203
1272093
0112794
02/24/04
033144
05°08/94
06/08/94
0112994
0872994
10/28/94
122294
2172195
022395
0331195
04/28/95
06/02/9%
07/31/9%
0301798
0872995
101998
11730095
127219%
0172696
03,0196
0472598
053096
62796
07/26/96
08/30/96
092796
10726196
1172796
12°20/96
0131197
022197
03Ri97
0472497
05730797
08:26/87
TN A?
082897
092597
10726197
111897
12/1897
jalary )
0./06r98
0370698
040398
05/06/98
06/01/98

Colt 2 West &
ELEVATION

5618 38
561823
56182
561818
518 17
5518 2
5618 11

5618 12

5618 05
5617 7%
86128 Ot
5617 26
%17 83
5818 D4
5614 03
5618 01
5618 04
5618 04
5617 9%
5617 88
5817 93
5617 88
5617 89
3617 8%
5617 8%
5617 81
81775
561778
5617177
5617 18
617 72
5617 17
617 72
2617 73
5817 67
561772
5817 51
5617 85
561773
5817 6%
5617 66
5617 5%
$617 61
5817 3%
5617 6%
$617 57
31753
617 56
56176
5617 6
5617 62
5617 85
5617 59
5817 %8
5617 63
$617 56
5817 53
%1787
S617 49
5617 5%
5617 5%
5617 61
517 5%
5617 92
5617 53
5817 83
561787
561753
5617 43
5617 41
561783
5617 54
5617 49

Hud
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Cell 2 East Settiement Monitor
ATTACHMENT 4-A

5625.2

5625 -

5624 .8

5624.6

5624 4 4

5624 .2

s624 1 w

5623.8 4

Elevation

5623.6 A

5623 4 4

56232 Ahuiod dodatuhdudadediuiaiutbubdaduioidobudgbdubioioiuldinieivivinieieiviobabudivbvieiobabebubuidodubsbobuluirinielairiviotobuintotuioiviedobuibuioiubuiviut-rhdubuiaivied cheiuivbudoiobiviriudududoduiviuiuiodduiobuhabubobolodububriotobolobabubuiubod b odabubdohubulod
- LASARRRAAARANR AR AR AR R A R R R AR R R R R R R R R AR R AR A R R AR R R R R AL R AR R AN R R A AR R AR R R AR R R R S AR AR AR AR RN AR AR A AR AL A AR AR AR R AR R AR AR R R AR R ARR R AR AR RRRLARRRARRRARRES

08/18/89 05/03/90 0572391 05/04/92 07/23192 10/16/92 01/28/93 04/22/93 05/05/94 09/01/95 09/27/36 09725797

Dates
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Cell 2 West 1 Settlement

5620.2 ATTACHMENT 4 -B

A

5620 |
56198 }
56196 |

am
56194 ¢

%
©w
N
T

Elevatio

56188 |

56186

56184 }

5618.2 }

5618 ‘ , : {2 ' " a 8
09/27/91 03/25/92 05/29/92 07/09/92 08/20/92 10/01/92 11/11/92 12/21/192 02/04/93 03/18193[)%4{29!93 11/22/93 06/06/94 02/23/95 09/29/95 04/25/96 10/26/96 04/25/97 10/26/97 03/06/98
es




Cell 2 West 2 Settliement Monitor
ATTACHMENT 4-C
5623
5622 M
L |
5621
5620 |
c 5619 ¢
o
©
>
o
w 5618 }
5617 r“
5616
5615 }
5614 JApApaapapApaqapiiaqapaiaiafaiaiaiaiapafapapaqapafapapapapapa e aqif o i ot efagafefapaf oo papaiaaqapapiiaqafspsiapaaiipiqaiaiaqapaqaqatagagal
11725792 01/07/93 02/18/93 04/01/93 07/29/93 01/27/94 09/29/94 04/28/95 11/30/95 06/27/96 12120/96 06/26/97 12/18/97 06/01/9
Dates




Elevation

5620.00

5619.50

5619.00

5618.50

5618.00

5617.50

5617.00

5616.50

11/25/92 01/07/33 02/18/93 04/01/93 07/29/93 01/27/94 (09/29/94 04/28/95 11/30/95 06/27/96 12/20/96 06/26/97 12/18/97 06/01/4

Cell 2 West 3 Settlement Monitor

ATTACHMENT 4-D

Date




Elevations

5618 6

5618 4

5618.2

5618

56178

5617 6

5617 4

5617.2

5617

5616.8

5616.6

11/25/02 01/07/93 02/18/93 04/01/93 07/29/93 01/27/94 09/29/94 04/28/35 11/30/85 06/27/96 12/20/96 06/26/97 12/18/97 06/01/9

Cell 2 West 4 Settlement Monitor

ATTACHMENT 4-E

ajapagajagapapapajapapajapapapagapofoqajapagaqapajaiapajagaapajapagipagagajaijagaajapagegapagagagatapagapaigapapigapapijapapaprjoqapapagapagagapapajagagay

Dates
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ENERGY FUELS NUCLEAR, INC.
WHITE MESAMILL
Soil Sampiing Results

(VALUES) x 10E-3 uCiXg

BHV-1 BHV-2 BHV-3 BHV-4 BHV-5
Date Ra226 UNst Re226 UNst Ra228 UNet Ra228 UNat Ra22¢ UNat
Sep80 06850 0420 0340 0420 0420 0420 0410 12184 0230 14.89¢
Sep81 0400 1800 0300 0600 0300 0600 0200 3000 0300 0800
Dec8% 0790 0770 0440 0560 0690 0420 0750 0630 0550 0420
JunB2 0423 0384 0412 0180 0285 0207 0478 0260 0449  0.216
May83 0471 0410 0589 0550 0481 0340 0643 0340 0.147  0.140
Jan84 0713 0868 0618 0883 0489 0471 0124 0324 0132 0310
Oct84 2960 0888 233 0089 2880 0721 3490 0804 2550 0817
AugB5 1630 0800 2190 0424 2270 0424 4330 0204 1280 0577
Aug88 0389 065 0468 0868 0382 0694 0308 0828 0728 0838
Aug87 0800 0800 1500 0800 0800 0600 1200 0700 1500 1300
Aug-88 1500 1600 1300 0700 0800 0800 1000 1300 3800 5000
Aug88 1200 1800 1100 3000 0800 1.000 1100 1400 2900 5700
Aug-80 2800 5800 1000 1400 0800 1400 1800 1300 3700 3200
Aug®1 3800 B800 1700 2600 2800 5700 1800 2600 2500 4400
Aug-82 1200 2200 0800 1400 0800 1200 0900 0800 1.100  1.600
AugS83 2000 1700 1400 1700 1100 1800 0800 1600 43800  3.500
AugS84 1000 1800 0700 0800 0700 0800 0700 1100 3000  3.800
Aug-95 2810 4700 0880 0200 0880 0650 0580 0240 2800  1.600
Aug98 1700 2150 0800 0480 0300 0210 0500 0520 1800 2010

NvHO TLIN]

d40D vwS1

Mean 1.43 2.00 098 0.62 083 " 1.12 160 1.81 268
Std. Dev. 1.02 212 0.60 0.77 0.76 118 108 260 1.38 3.M

v2228.910808=01
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TABLE OF SiX-HOUR LOCAL PMP RAINFALL DEPTH VS DURATION FOR WHITE MESA MiL

6-Hour Storm Rainfall 1s 10 inches (ref Hydrologic Design Report for White Mesa Mill. 1990,

ATTACHMENT 7 - RESPONSE TO NRC COMMENTS 7/17/98

6/1 Hr Ratio for WHITE MESA s 1 22 (Figure 4 7 and Table 4 4 HMR 49)
ONE-HOUR PMP IS

8 20 inches at 5000 * elevation

97 0% or 7 95 inches at 5600 ft elevation (1)
DURATION % OF RAINFALL DEPTH. IN INCHES. AT AVERAGE ELEVATION OF
HOURS 1-HR PMP (based on Table 6 3A. HMR 49)
5000 5600 (1)

0 0 000 000

025 74 607 5 88

05 89 730 7 08

075 95 779 7 55

1 100 820 7 85

2 111 910 8 83

3 116 951 922

4 119 g75 9 46

5 121 992 962

6 122 10 00 970

Plot of data 1s adaptation of Figure 12 10, HMR 55A, to site rainfall
{1) Average elevation of site in vicinity of base of cell 4Aeach tanks

TIME DISTRIBUTION OF FIRST ONE HOUR, OR THE ONE-HOUR PMP
(after Table 2 1. NUREG CR 4620)

RAINFALL
DURATION
MINUTES

RAINFALL
DURATION
HOURS

% OF
OHE-HOUR
PMP

RAINFALL DEPTH IN INCHES

AT ELEVATION

5000 ft

5600 (1)
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RAINFALL DEPTH, INCHES

12.00

10.00

8.00

6.00

4.00

2.00

0.00

DEPTH VS DURATION FOR 6-HR PMP
WHITE MESA MILL, UTAH
ATTACHMENT 8 RESPONSE TO NRC COMMENTS 7/17/98

R

1
H
.
; i
Y B
: . i
: |
; : ' |
. i
: : ;
; i
i i :
i i |
) :
s + - 4+ i {
] d ¢
' ¥

5

N

1 2 3 4 5
DURATION, HOURS
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',- _ - - 4,-7 - ;- - :{- - 1“- ‘"- {- F -

RAINFALL-DURATION CURVE FOR ONE-HOUR PMP AT WHITE MESA MILL
ATTACHMENT 9 - RESPONSE TO NRC COMMENTS 7/17/98

9.00

8.00

7.00

6.00

$ 00

4.00

RAINFALL, INCHES

3.00

200

1.00

¥ 000 020 040 060 080 100 120
DURATION, HOURS :
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ATTCHMENT 10 RESPONSES TO NRC COMMENTS 7/17/98
RATIONAL METHOD CALCULA TION OF PMF PEAK DISCHARGE, VELOGITY, DEPTH AND SCOUR THROUGH CEL.. 4A BREACH

FUOW PATH TLERERT | MAX Vi BRADIENT T BLOFE e RANFALL N RURFACE PERR
FLEMEMT LENGTH ELEY ELEY K ANGLE W THIN AREA THSUHARGE
i Jagraes hOuLS [{aA 31 B FIss:19 (o 1 }
CELL 2 COVER 123 | 56195 H617 0020 Ot2 34 6 53 14 29 74 00 1142
I ELL 2 BERM 16 56817 5615 0 2000 IR IS 0 34 8 54 19 24 110 1159
CELL 3 COVER 200 5615 56132 0 0020 01} 061 730 1201 19 94 1543
CELL W44 BERM 180 | 568132 5577 2 0 2000 [RIK)] 82 740 1142 817 1621
CELL 44 1400 § 55772 5562 00100 0862 082 770 942 21710 1828
CELL 4A INGBLOPES B0 5599 5560 0 4875 2599 004 200 4762 596 25
CELL 4A BREACH 275 5562 5560 00073 09 H 44 2067
A . . SV S ed DU S NS S R
FLOW PARAME TERS IN CELL 8A BREACH AT PEAK PMF DISCHARGE
THewech [T Arewn [ Biwwn ] T Manamg [T T T T Rew T T e T Sowamw [ Aeiep .
Hotrm Sud Channe Toph IR M ] Dapth. y Canma HRchn Hyth guir AR 6! Vesot ity Hean Siw
Wallh Siogres Cararhen & n Area of Fiow Qatis v el iy L
L nt L a "2 R & s fps HRNES
TOE vaHy %
e e ST N e S T T WP DRROUN SN
Soil tSM) Channel 80 3 00073 003 486 3138 PET] 291 485 1 887 24 14
Rock Channel 80 kB 00073 0025 405 3.08 2109 2 66 408 22 9.79 8-10
Soit {§M) Channel 80 31 00073 [ER1K] 446 290 257 2 262 489 %) 8.07 24 98
Rock Channel a0 31 o0y 0325 405 260 2283 237 408 61 9.05 B

Reference 1 Fig 4 11 NUREG R 4620

DEPTH OF SCOUR OF CELL 4A BREACH CHANNEL

All methods used are from Pemberton £ L and J L 1 ara 1984 "Computing Dzgradation and Local Scour” Techitcal Guideine for Bureau of Rectamation

d3 = depth of scour ft Soll Solf
q = unit discharge cfs/ft Channes Channet
80 wide
ﬂMemod 1 ds=K g0 24
K = constant 2 4%
q= 87 B0
s 2 4.1 4.0
Method 2 ds = ) 25 dm
dm = mean water depth at design discharge = 30 26
as = 07 07
Method 3 ds = 0 6%dfo
dlo = g*0 666/F bo*) 333 = 422 399
Fbo = rero bed tactr = Y 0 WS 2 for fine sand
dg = 283 240
jmlhud 4 ds = 025 dme
dma = unil cross section of flow = 338 29
ds = 0.845 0725
IMethod 5 ds = dmuvmANoK 1
Vi = mean velocity = 868 8 00
Ve = 2 2
gg = 98¢ 792
AVERAGE SCOUR DEPTH ft = 3.62 3.18
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ATTACHMENT 11 RESPONSES TO NRC COMMENTS 7/17/98
RATIONAL METHOD CALCULATION OF PMF PEAK DISCHARGE. VELOCITY AND DER TH THROUGH CELL ¥#1 DISCHARGE CHANNEL

FLERY PATH FiEMENT Max N CHAATHENT Si g * TAINE AG L i b ACE BE AR l
FLRMENS PEN e Fit [N 3 AN DAL N AR A {3 RRAR
B L pgty o o ATy VRN A
[g_,m At 4800} BTN o6t g i nd Y] t s Tids v a4
| |

FiOPW BAHAME TERN IN CELT B TISCHARGE CHANNE L AT PEAR PME DESO 0O

g [ O tot gyl L FYR ST [T Arie iy b
Hetten ke seAgh G Lot [ VAP Y ST SRR YN TR Cegs i b Fiy i gy S, regam
FATS LA RN . Adaig o F oW Vil Geren 1,
Y
" ot s 3y o [

Hedrork (hanosi TN [ GG [REF A R o 1Ry 9 154 AR 95 W [CURES!
RBetrauk hanne: tA0 1 ERRVERLE Y IR RN S 14 HE TR t 40 BELAF TN Tk Mo
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International Uranium (USA) Corporation

White Mesa Mill

* ROCK APRON

DESIGN:

FIGURE |
ATTACHMENT 12

AT TOER OF CELL OUTSLOPE

SHEET

of

A MUMN

DRAWN.

DATE: 8/17/98

SCALE  nNrs

A KUHN

CHKD BY:
APP

SRR 7|V S —




ATTACHMENT 12 TABLE - RESPONSES TO NRC COMMENTS 7/17/98
ROCK APRON DESIGN TABLE - TAILING CELL EROSION PROTECTION
WHITE MESA MILL

t 1 r 1 : - .
| | | | x ! . |
i : i i ! : i
H EEMEN! ' EaEMERT T ORALENT ’ SR ! 13 { RANFALL L NTENSILY ! Feak | AAD
; : ; ; ¢ {
PoaENGs ] Al B : ANGEE L draninutn L WITHIN ; Unt i
i i H ! H i H
PUEY R ATH D EMENY H ’ I i : | LR I , ¢ | ; Lsenacge 1
i i ! ‘ t ! | ! a |
; L] i n i it | Tegiees l R | Hnnes | wine H et inches
¢ ; i { i N
A BN E 4 ; { P : i e ; L ! v ; tag I 7.3
: ; i | 1 !
13 i H i H : i |
I i i i ; i i i

LT

The g Lavel wierhiant engih o8 350 10 Thin wes apt 0 e 40 aigte o b
The outsione aleent englto s 40 Try sy 5@ o e cake Qlstions Fos Tine f oo antaaniot ardd Deak et hse narge

Pra %0 tor tha outsinpe as 2 aionated e At R gnd ahoxar T Wigeag g for Cvertoppinag Frow A5 K 200 o lidiln Fogineenng LRt

e ot anzerAtine and peak L Esclgrge

The oX0 for e arston was Cgiogialed pef A o K npasse T8 Treantor Do Traban! 0 TReprap s At Tos of Daobarierent Sopes T AUk journa of ciydrdao Bnginesing

DEPTH OF SCOUR AT DOWNSTREAM BDGE CF TOE APRON
All tnethods usesd are o Pamberton, E L and JM Laca 1984 "Computing Dagradation and Local Scour” Techmical Guideline for Bureay of Reclarmation

ds = dapth of se.om #
= unit dhscharge. clsift

%Mcthod 1 ds=K"'q"0.24
K @ constant, 2 45
g = 181 clastt

ds = 282 0t

{Method 2 ds = 0.28 dm
dim = mean waler depth at design discharge

ds = 022 n
{Method 3 ds = 0.6"dfo
o = 90 666/Fbu"0 33

Fhws = raro bad factor = 1 0 /s 2 foi ine sand

dy = 009 1

[Method 4 ds = 0.25 " dma

dma = gt crass section of flow = 0 87 1t
ds = 022 1

Hﬂothud § ds = dma"{{ym/iVc)-1)
Vim = mean velocity = 1 810 78 fps

Ve =051ps
ds = 347 ft
IAVERAGE SCOUR DEPTH = 130 ft

mintimum depth ! downstream edge scour barmer

Pl VAW




