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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 Nerth

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

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 italics)
is followed by the response.

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

1USA states that the random fill material 10 be used consists of clay. silt, sund, und gravel
The material. which has been stockpiled onsite, comains isolated pockets of clay (CL npe)
and varying amounts of sandstone cobbles (from "3 10 300 millimeters [mm] in size) und
houlders (larger than 300 mm in size). I1USA states that it may screen out the cobhles and
boulders prior to placing the material on the dispusal cell It is not clear from 115A \
response what it proposes as the maximum size of particles in random fill 1o be placed in the
disposal cell

Ifplaced 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 differentiul
settlement and the potential for cover cracking.

) ' Dear Mr. Holonich:

Therefore. IUSA should specify the maximum particle size of random fill material o he
pluced in the disposal cell. Quality control (OC) procedures 1o ensure the separation of
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undesirable materials and 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 unalyzed and documented

Response #1

International Uranium (USA) Corporation ("TUSA™) suggests that two new terms. platform fill and
Jrost barrier fill, be uscd to distinguish the random fill placed dircetly over wilings to form
working platform from the random fill placed above the clay laver to provide trost and shrink-swell
protection.

Platform Fill

Aninitial lift of 3-4 feet of random fill will be placed to form a stable working plattorm (plutform
Lill) over tailings for subsequent controlled fill placement. This initial lift will be placed by pushing
the material across the tailings in increments, slowly cnough 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 Tite Il sites (c.g.
Homestake Grants, Quivera).

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

The top surface (top 1.0 feet) of the platform fill will be compacted to 90° s maximum dry densin
per ASTM D 698. If large rock protrudes into this part of the plattorm till trom 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. 1USA has already placed a significant
amount of platform fill in Cell 2 and a portion of Cell 3. Through field 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 fill) 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:

* Random fill borrow v ill be excavated by loader or scraper tfrom stockpiles and. it 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).

* 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 for 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.

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

Visual inspection will include observation of particle sizes and manual measurement of orthogonal
dimensions 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 appropriuate test frequencies are required to ensure that only ([,
and CH clays will be used for cover construction

Soil profiles provided by IUSA show that lavers of acceptuble tvpes of clav (CL and CH) are
overlain by clays with undesirable properties (SC. SM. and ML) The thicknesses of
undesirable clay layers have considerable spatial variation  These clays need 10 he
separa.ed from the acceptable clay ypes 1o ensure that the radon barrier will have desirable
razon conlainment properties An adequate QC plan with an acceptable sampling program
Is necessary (o ensure that required tests and any corrective action are completed 1o ensure
that acceptable clay types are used for cover construction.
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The test frequencies proposed by 11'SA are inudeguate to ensure that only clays with
desirable properties are used in the radon barrier  The NRC Staff Technical Position on
testing and inspection pluns (NRC. 1989) provides guidelines for the frequencies of OC 1esiy
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 Svstem. 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 hitle
or no sand content, and is less susceptible to cracking. SC and GC soils also have hydraulic
conductivities commonly in the 10° to 10 cmv/sec range and diffusion coefficients in the 10° 10 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 s consistent
with that previously approved by the NRC for Cell 4A clay base construction. It will include:

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

* 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
achievcd, as documented in Appendix B of the 1996 Titan report.  Therefore, the conservatism 1,
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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satisty 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 soil
horizons at a frequency of one sample per 1.000 cy. This represents about 26 % of the total
borrow volume from Section 16. After the first 50 soil classifications are pertormed on the
clay borrow source. testing frequency will be reduced to one test for cach 5.000 ¢y of
borrow if the results of the first 50 classifications are CH. CL. SC. or GC. 1USA will notfy
NRC of'its findings before implementing this change.

3 The test hole locations used 10 estimate the properties of null tailings and cover materials
should be identified. The standards and procedures used 10 determme the material
properties also should be specified

1USA should provide a map(s) showing the locations of the 1est holes from which tailing
and cover material characterization samples were obtained. The locations 1o be identificd
should include those samples described in Appendix A of the reclumation plun und
Attuchment 4 of 1USA's December 16, 199 response.  [USA also should specth the
standards and procedures 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 of the drill 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 classify 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) 1
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 1-1 & 2 (March
1. 1982), Cell 3 (March 4. 1983). and Cell 4A (1990). Soil classification data. test pit locutions and
drill hole locations for the clay borrow site located in Section 16 were included with the | ctter
Report Section 16 Clay Material Test Data, D" Appolonia. March 8, 1982™. provided as Attachment
I'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 (TP-2) shown on | 1gure
Iin 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 tailing
are taken by hand shovel excavation.

F \USERS\STAFFIRAHWRE CRESY8 DOC




Mr. Joseph J. Holonich -6- August 28. 1998
U.S. Nuclear Regulatory Commission

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
from random fill stockpiles RF-2, RF-3 and RF-35 as shown on the map in Attachment 1 1o these
comments. Site 1 and Site 4 <amples are tfrom Clay stockpile C-1 and Random fil} stockpile REF-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 be used to quantify adequately und account for ¢
intrinsic variation of maierial properties in IUSA S analyses,

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

1USA should conduct and document tests using muldtiple sumples 1o adequately estimate the
intrinsic varwation of material properties. including the heterogeneity of the tuiling
properties (see NRC. 1978). The location of Sumple UT-1 should be specified. as well as the
additional sumples used for determining the parameters for the slope stabiline analyses
Technical justification should be provided to support the contention that the material
property values used in the slope stubility analy<es are uppropriate and acceptably consider
the intrinsic variability

REFERENCE: NRC April 1975, “Laboratory Investigations of Suvils for Engincermg
Analysis and Design of Nuclear Power Plants, "Regulatory Guide 1138

Response #4

We understand from this comment that the NR(C 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 10 question the database for characterization of borrow soils to be used
in construction. Although the cover design document contained data only on a sample tor 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 arca in Section 16 was pertformed 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 1 of that report.
Sample UT-1 was taken from the D" Appolonia test pits (TP-2) as shown on Figure 1 - Auachment
2 to this submittal.

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

* Earthfill and Dike - This is random fill that consists mostly of mixed-grain soils and cobbles
up to 8-inch size. This material 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 input
parameters used for this material are conservative for slope stability analysis. because zero
cohesion and a friction angle of 30 degrees are used. Zero cohesion is conservative because
the testing by Chen and Associates and others show the random fill material has a substantial
minus-200 fraction and samples typically have low to moderate plasticity. These properties
would justity a classification of the fines as CL-MI. 10 C1 and some cohesion value between
zero and 1000 psf (ref: NAVFAC DM-7. Table 9-1). Materials placed to 95% maximum dry
density typically have an angle of internal fr :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 for by the relatively low strength parameters used in the
analysis.

* Foundation - Drill logs show that the foundation soils are locally-derived alluvium and
we: i -ed bedrock (sandstone with some claystone) consisting of SM o M. soils with
som - 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 shghtly 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.

¢ Bedrock - It is more accurate to characterize intact rock strength in terms of uncontined
compressive strength and fractured rock in terms of shearing resistance along tracture
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 Engincering
Geology and Geotechnics, 1957). For rock under 10 feet of cover. this translates into an
equivalent of cohesion of 720,000 pst with zero triction 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 43-50 degrees 1o
any case. the parameters for bedrock used in the analvsis are extremely conservatnve and
show that no part of a failure surface would pass through the bedrock.

Itis clear that the intrinsic variability of the foregoing properties will fall in a range o 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 opinion infeasible. Hydraulically placed tailings in active or recently active
impoundments are mostly saturated. soft or easily liquetied. and have very low strength,
Consequently. they are unable to support the static weight and vibrations imposed by drilling 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 IUSA 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 etfects of tathing

variability. The cumulative effects. rather than the variations themseles. are what
is more critical to reclamation and long-term cover performance.

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

For the reasons listed above. IUSA believes that it would be unproductive to 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. | heretore.
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 aboye
is especially appropriate for the White Mesa Mill, which. in contrast to most Title 11 sttes. 1y 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 time and opportunity
to conduct observation of real behavior, eliminating the need for predictive calculations.
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3 Technical support is required for the contention that the slope stability analvsis is
conservative.

The sketch of the cross section for Dam No. 4 provided with Antachment 3 of 1Sy
December 16, 1997 response. shows the top of the bedrock 1o 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 stubiliny analysis 11N
Justifies this inconsistency by stating that the analysis presented with a bedrock surtuce
lower than actual swould he conservative A technical rationdle is required for this
statement.

Assessments conducted by the NRC staff suggest that the actual mode of falure may be quare
different from the circulur fuilure surfuce assumed v IUSH inthe hypothencal case
presented in the reclamation plan (a plot of the critical fuilure surface was not provided with
the reclamation plun). The assessments suggest that the criticul Jailure surfuce may not be
circular and a portion of the failure surfuce may be bounded by the bedrock surtuce
Consequently. the failure of the slope may be determined by the cohesion and friction of the
interface between the foundation material and the bedrock

Therefore, 1USA should conduct and document in the reclamation plan an appropriate suite
of analyses to determine the cffects of bedrock close to the toe of the slope. specifically wirh
respect to the mode of failure  In addition, the appropriateness of the assumplion of u
circular failure profile should be demonstrated

In its analyses, 1USA also should

o investigate and unalyze other potential fuilure modes using other analyses methodys e ¢
the wedge method [Lampe and Whitman, 1979 l.

o address the potential for tensile crack formation. and if significant. analvze the possibfe
effect on waier infiltration and on the integrinn and function of the cover

o measure (in the luboratoryy or estimate (hased on available published intormations the
properties of the bedrock interfuce  Estimated values should be justified. and u
sensitivity analysis should be conducted 1o demonstrate the conservativeness of the
assumed values.

® include the effects of potential seismicity at the site ta horizontal ground acceleration of
0.12g) in the slope stability analysis.
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* indicate the measured location of the phreatic surface and. it appropriate. account tor the
effects of this surface in the slope stability analysis: and

® assess the potential impacts from carthquake-induced pore pressures.

REFERENCE: Lambe, T'W . and RV Whitman. “Soil Mechanics. SI ‘ersion. New
York. NY . John Wiley und 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 analy sis tor both
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 liner 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 ot the anal ysis was made. Cell 4A was approved to
operate as designed and constructed by Amendment 20 10 the Source Materials [ icense SUA-1358
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 between figures and borehole logs should he resolved so that the position
of the bedrock surface can be identificd

There appears to be inconsistency among the figures in Appendix (G and the borehole logy
Srom Chen & Associates given in that appendix - Without u 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 thar the
bedrock surface was encountered in two horeholes  Chen 829 und Chen #=~ The horchole
logs provided in Appendix G do not include these boreholes If these nwo boreholes belony
to the series of holes shown in Figure 3 (BH-13 through BIH-28). then the boreholes nanied
Chen #29 and Chen 877 cannot intersect the boundary of Cell 4 1f these holes helong 1o the
series of borehole logs given in Appendix G (Hole | through Hole ~3). then informaiion
about borehole Chen 477 is missing

Also. the surfuce elevation contours given in Figure 3 do not match the borehole logs
provided. For example. according 1o the contours in the figure. the collur elevation of Bi-
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24 should be between 5570 feet and 5380 feer However, according to the borehole logs.
BH-24 is berween 3601 and 3609 feet

Therefore, 1USA should resolve the inconsistencies among: the figures and the borehole logs
and provide the missing information

Response #6

The inconsistency ot drill hole data comes tfrom an icomplete data st being prosided. Drill holes
designated with a BH are holes drilled by Dames and Moore while the holes drilled by Chen and
Associates have no prefix. 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 1s between
5600 and 5610 which corresponds with the drill log collar elevation of 5609. Drill hole BIi-24
(Dames & Moore drill hole 24) has a map collar elevation between 5570 and 5580, with the drill log
indicating a collar elevation of 5573. The contusion comes trom having two series of drill holes with
similar numbering systems and only having a piece of the map without the legend. The attached
information should clarify the carlier confusion

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

The NRC Staff Technical Postion (STP) on testing and mspection pluns (NRC 9Ny,
provides guidelines for the frequencies of QC tests deemed acceptuble by the stapt for
disposal cell construction 1USA is proposing the perform these QC 1ests with frequencies
significantly less than those recommended in the STP

The objective of the recommended frequencies for the different tests is 1o ensure thar
acceptable construction quality of the disposal cells can be achieved given the importance
to public health and safety und required long life. as specified in 10 CFR Part 40, Appendia
A. Criterion 6(i)  The frequencies of testing recommended by the NRC staff are consistent
with standurd industry practice e g the 1°S Departments ot the Armny Navi and i
Force, the U'S Burcau of Reclumation | und have heen adopted by licensees ut other
UMTRCA Title I sites

While the NRC staff recognizes that construction methodologies and material testing
Jrequencies should reflect site-specific conditions the staff considers it mappropriate at this
stuge in the reclumation process to commit 1o the proposed trequencies absent actual

FUSERS\STAFF\RAHWRE CRE $98 DOC




Mr. Joseph J. Holonich -12- August 28, 1998
ULS. Nuclear Regulatory Commission

construction data. Therefore. the staff requests thar 1USA modify it QC plan 1o meet the
recommendations in the STP. Once 1S4 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 moditied
appropriately.

Response #7

The NRCs referenced STP was developed tor reclamation of Title | sites, and s such 1y
acknowledged to be very conservative, especially for Title 1 sites. In 1988 specttications 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 it of 1l
J Particie-size analysis and Atterberg limits - one per 5.000 Cy
. Standard Proctor tests - one per 10,000 ¢y

and for the clay base:

o Field density and moisture - one test per 300 cubic vards (cy) and per litt of fill
J Particle-size analysis and Auerberg limits - one per 5,000 )
o Standard Proctor tests - one per 10,000 ¢y

IUSA believes that NRC's desire tor a demonstration of acceptable quahty by actual construction
data has already been satisfied 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 till
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 1o enable 1USA 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 volume 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 [USA or by IUSA staff trained for these duties.
In line with the reasoning provided above. IUSA proposes the toHowing QC testing program for the
tailing covers:
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a. Particle-size analysis - One test by ASTM Method D 422 (no hvdrometer analy sis
will be run but samples will be washed over a #200 sieve) tor cach $.000 ¢y

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

C. In-place density and moisture of compacted fill - One test per 300 cubic vards ot ¢l
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 2922, with moisture
determined per ASTM 1D 3017, The Sand Cone method. ASTM D 1356, will be used
to check density measurements at the rate of one Sand Cone test tor 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 for moisture content will be performed at a
frequency of one test per 10,000 cubic vards of hill placed.

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

/

Additional information and analvsis are necessary to address the potential for cover
cracking due 1o liguefaction

The tailings properties indicate that the material has the potential tor Liquetaction and
its December 16, 1997 response. 1S4 acknowledges this potential - The potential tor
liquefaction must he assessed 1o demonstrate that any resulting damage would be minor and
would not cause cover damage

Therefore. IUSA should evaluate the potential for liquefaction at several locations within the
impoundment in order to provide adequate areal coverage  This evaluation should he hased
on laboratory andior field tests and pore pressure measurements. if necessary  Methods
used for interpreting test data and assessing liguefuction potential should be consistent vl
current practice in geotechnical engineering (Seed and Idviss 1971 and 1982 Seed 1994,

As a minimum. potentially liguefiabic zones should be identificd based on index properiies
and gradation test results for the maximum credible carthquake assessed in Appendix G of
the reclamation plun It the extent of potentially liquetiable zones is local or minor the
effects on stabiling: assuming zero material strength should be assessed and the cover
integrity should be demonstrated  However if the potenticd for Liquetaction s assessed o
be significant (¢ g involving the entire impoundment and:or the cmbankmenty mutizaiion
measures or redesign of the tailings ponds and. or the cmbankments should he proposed
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REFERENCES: Seed H.B. and Idriss, I M., 1971 4 Simplified procedure for Evaluating
Soil Liquefuction Potential, ” ASCE Journal of the Soil Mechunics and Foundations Division
ASCE. Vol 97 No. SM Y. pp. 1249-1274

Seed. HB. and Idriss. 1M 1982 “Ground Motions and Soil Liquetaction During
Earthquake " Earthquake Engincering Research Instituie., Engmecring. Monograph, Vol 3

Seed, R B. 1994, “lntroduction to Evaluation of Potential Liguetaction Hazard  Advances
in Earthquake Engincering Practice.” Workshop at the University of California ar Berkeley
May 31-June 4. 1994

Response #8

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

J The 1ailings can be characterized spatially and physically enough to quantity
liquefaction 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 liguetuction.

In TUSA’s responses above to previous questions. it was stated that the tatlings n their present and
near-future state are very difficult. it possible at all. o drill and sample sutticiently 10 develop a
three-dimensional model of the tailings on which gquantitativ e analyses depend. Nor can undisturbed
samples be obtained on which tests can be performed to measure the parameters crnitical to
quantification of liquefaction potential (¢.g.. density and water contenty - With any exploration
method that penetrates the tailings. there is a risk of also penetrating the liner system. thereby
compromising containment of the tailings sotution TUSA is concerned that it is not practicible o
obtain the quantitative results sought by the NRC at this time.

A qualitative assessment of liquefaction can be made. based on what is known about the ores. the
mill grind. and the method of hydraulic placement of tatlings.  As stated above. the null has
processed ore from many ditferent mines and ore bodies. so the chemistry and clay content of the
tailings will vary spatially and nonuniformly through the impoundments.  The wiligs were
deposited by discharging toward the center of the ponds from points along the dikes. Tatling solids
settled out of the slurry from coarser to finer fractions away fron the discharge pomts. resulting i
concentration of slimes in the middle of each pond. Nevertheless. in detail there will be considerable
variation in this pattern due to the development of deltas and backwater a -as between delas.
movement of discharge points over time, and variations in grain-size distributions and clav tractions
in the slurry. The variations in any horizon can be understood best by exanunation o* acrial photos
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of the ponds. which show the aforementioned features. Through any verucal section the pords will
have interfingering lenses of tailing sands and slimes. making the differentiation of physical
properties both intricate and gradational. In summary. IUSA believes that a UAantative assessmert
would require so many assumptions and generalizations that the results would not be credible

Overall. the tailings are classitied as SC 0 SM material - They contain some plasticity - a property
that resists liquetaction. Fines with some plasticity are probably Clavs. and these particles are most
likely to be concentrated in the center of the ponds.  These fines are bpically the most compressible
portions of the tailings. so settlements can be expected to be greatest over the centers ot the
impoundments. The tailings are probably sandier (SP o $M) and freer of plastic fines closest to the
discharge points along the dikes: consequently . liquetaction potential is likelyv to be greater near the
edges of the impoundments than in the middle. Although. as the ponds begin to till the discharge
points are moved closer to the center arcas which further contributes to artability ot the contaied
tatlings.

Empirical data and engincering analyses (I Arango. 1996, AMagniude Scahing Factors tor Soil
[iquetaction Eviluations. « Jowrnal of Geotechnicel Engineering. Nov o 1996 \ttachment 31 -how
that tarhings will not liquety under < smuc loading trom events has my a magnude of 478 G e
at the site. Frgures 1 6-3 and | 6-4 of the Reclamation Plan show that there has e been no histori
events of this magnitude within 109 miles of the wite Should i seismic ey ent farge enoagh to Cause
hiquetaction occur atter the covers are in place. the saturated sand and non-plastic tines portion of
the tailings would be expected to liquety and momentarils lose all strength he cnical tactors tha
would control the damage to the cover are

. Fhe spatial distribution of liquetaction (variability in hquetacton over the
impoundment areas).

o The containment of the hquetied tailings provided by the voner tabihity ot cover o
bend without cracking s

. he rate at which excess pore pressure can dissipate
. Fhe amount of Tateral displacenient of tahings under the voser Junng and i
liquetaction

Itis Bikely that liquetactuon sill not be unitorm because the tarhmg e not untforin Coanular. qon
plastic material would Hgacty but plastic tathings would not 11 the oxcess pare prossure - st By
enouph tan ndeternunate tme) hiqueticd sands could be displaced by dow stiength plastic tine s tha
shear and mose into liquetied zones when they Jose ateral continement | he displaced sand woaid
tflow into space vacated by the plasuc fines  This process would continue only as long as the cneess
pore pressures remain: excess pore pressures would probably be relicyed tirst news the dikes s
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pore liquid can migrate into the nonhiguetied plattorm fill. or through cracks m the cover W hether
the process continues to this point depends on how well the cover contains the iquetied tathings. 1 ¢

how flexible and strong the cover 1s and how much unsaturated talings exist over saturated talings
Fhese fuctors will change over time. improvi g as the tathings dewater (through evaporation and
capttlarity ) and consolidate.

IUSA recognizes that taling hguetaction is possible as long as some portion of the non-plastie
tailings remain saturated.  The impoundment dikes (embankments) are constructed ot compacted
random fill and are not saturated. theretore. the dikes are not susceptible hquetaction These dikes
were designed o contain liguid (tull hy drostatic pressuee) so thes will contam completels Tiguetiod
tatlings.

TUNA s unaware of a teehnically detenble solution to the liquetaction potenual

It important (o note that even a few random cracks m the cover would not he expected o
significantly reduce the cover s wffectiveness in retarding radon fux According to Regulatory Cnunde
364, page 3. cracks must be at least 2 cm wide. must be spaced less than Lo apart, and mug
penetrate at least 75% of the cover thickness 1o cause the radon Hux 1o double This secturio i
extremely unlikely. given the variabihty i hquetacuon sotential oser the total areas of the porids

Y Additronal iformaticon and anabisn are necessary i the il dation . o e spratiad o nadions
of settlement und uny potential for cover Cra kang dhiee 1o Hus differonnad scitlomenn i
calcrdation FeQuires esUMalion of the scttlement af various focations to provide an cadegur
aread coverage  Moreover due 1o the heterogenein of the raifings maierials o sertieme s
dnaly sis that wakes o account the spaticed variaiiling of the mater TSN TR
mdispensahic 1o developang an adequaie setttenent monioring PEOYF U

I general montoring staions or mosiuments are ot pluced yutckiv enowgh 1o record
ortgindl conditions  Consequentiy i ostmation of Hink 1o Yapereent conselidition o
Loy From ficld measuremient alone becomes o difficidt withont it oo
for estimating settfement with focation ped i perameler vl pes

Thercfore to provide an adequdte areal coverage 1051 should ostimane the settlionmrent dis
fo \'c‘”“ H’t‘l};’hl aned the ORNEV W Er oof the ciiver (i severa! focgirony Fhes esFERRT e s Rogiddd
he based on the known ar meaouied distribiiion of materials rc o ad sl i cak
tocation und laboratory -measured consotidation parameter values  Nettlement showdd by
calcidated at cach seitement plaiform and monstor g weil and 1f HECUNSHPL DOPC e s
measurements vhould he provided 1o confirm 90 percent Consolidation value s

HSA alsor showdd caiculate the maximom dHferesital enitesmient ar oy ool e ste i o
the clay cover due to the ditferental scriiement i addition the APABHY of U peopos
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clay 1o withstand the settfement straim s ithowt developimg cracks should he demonsir ared
These assessments are particularly important considering that the proposed thickness of ti
clay cover s thin (one foot) when compared 1o the standard practice in geotechimeal
eaginecring (Bennett and Kimbrell (991

Fonally - additional seitlement that may occnr as G result of the volume R ol tad e
during a seismic event (even in the absence of a liquefaction scenarios showd b onsnderod
1 assessing the settlement of the disposal coll cover

RELERENCE Bennet K 1Y and Kimbrell 4 F 1991 “Recommendations to tie N R o

Sotl Cover Svstems Over Urvamum ML Latlings and Fow Fevel Radioactive W astos
Constraction Methods for Sealing Ponetrations 0 Sod € overs "NURFG R 3430 1ol 3

Response #9

HESA S response to comment #8 explams that tarthng hatacterization based on dreidbing. wonphng
and testing of tahings t not teasible Waithout this spatialh distribared dudntrbication of phy goal
propertics. (s not possible to pertorm meanmglul caleulatons o1 otal settdements and doterential
settlements Fven i o farge suntber of samples could be obtainad. they would represent a very simall
percentage of the wotal tnlimgs. feaving any analsses sull dependent ona substant ! amount of
engineernmg judgement Settlement of the cosver van result fror

» Displacement of tnhngs o cover sonls tstractural detormation=

. Consohdation of tithings and o cover sorls Coolumetnie contrag o
Consoldanion could cause sortfement by redusing parosity and i the voluine of taihigs It
t> doubttul that valculations of setdement wang standard consolidation theary Forzaghe coal 190

would produce meanigfui result, Cadeulations using consohdation theor redine guanttheation
o

. Sonl protiie speaibicatly the namber depth and thivk e of cornpresaable favers

. Boundiny condiions of cach comprossibic Taver whether thes are or e not Hee
Jraminy

* Vahues tor the antcal propertie s of wil favers densate aid vond ratie swaier oot

COIRPEY astens tides

SOMe gssumphions are abso ssoviated with Consohdation theorn

bR RN P AR Y AR RE Y i o




Mt Joseph J. Holonich 18- August 28, 1998
LS. Nuelear Regulatory Comnussion

. Permeability remains constant during consolidation
. Voud ratio vy effective stress remains a hinear refationship independent ot time

At the White Mesa mill site it s not possible at this time to quantily the necessary parameters. and
the necessary assumptions may not be valid. i part because the parameters cannot be dependably
quantified. Furthermore. ores being processed now and in the future are conung from many ditferent
sources with widehy varsing properties so tlings properties may vary accordigh s oan
alternative. order-of-magmitude csumates ot consohidation and settlement based on yolumetrne
compressibility and empinical data from similar sites can be made. but these have o ery hinnted
benelit

As an alternative. TUSA proposes that settlement evaluation based on settlement MOMLOTING 1s More
appropriate tor the White Mesa tailings than exploration and testing tollowed by calculations.
Settlement data collected to date are shown in Attachment 4. Additional settlement monuments will
be tnstailed on a regular gnd. ilustrated i Figure 1ot Atachment 4. and measured on a schedule
that will provide data o evaluate settlement rates and patterns - From these data. estmates can be
made o1 the amount of settlement o be expected and the trme until 0%, of primary scttlement s
achieved

fis apparent that settdement monuments can be mstalled only when ground condinons allow 1 ¢

when the tnling surface 1s stable enough to support men aad cquipment needed tor monwment
mstatlaion However: this ime will armive betore the ime whes a drithmyg v can be operated a the
same place. so settiement data can be collected sooner than sariples can be collected for laboraton
testing

Phe relative mertt of HESA S proposed approach can be understood from the Cnperiviice ol
Hlomestaks Munng Company (HMO) a0 s Grants mall sie i predictog and monttonng settlement
I response to arequest from the NRC . HMO obtamed samples of tulings from the old tacin e
st 19600 tthag ple Doespite an experienced dnller good eyuipment. and “undisturbed”
sampling procedures. the samples were clearly disturbed Shimes were tested Tor consolidation
parameters. and the results were mput o a calculation using consolidation theory  That calculation
predicted total primary settiement of 34 teer tor a tarding shime section about 80 teet thick

Once the large tahing impoundment was recontoured and e shi s covered cnough o supnont
workers, 52 momtor points were mstatled on i regular 300N 300-toot grid pattern covering an area
YISO feet by 1250 teet, or about 90 acres Settlement readings were nrade mitally at feast cnee cach
week. then about cvery 20 dave Cursulative <ettlements wore plotted and analvzed for 1o
settlement. rate of settlement and changes i rate of settlenent Drarnig the vourse of these
measurctaents. another caleulation was performed to predict setdement based o teat resulia ol

samples taken trom a drill hole on the arge impoundment Samples from this hole were also dearly
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disturbed, and showed interbedded slimes and tailing sand. The calculated total settlement. 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 threc
teet after less than one year and was over tive feet after two years.

This example shows that methods of geotechnical engineering developed tor natural soils are not
necessarily appropriate for tailings, and that the alternative observational approach proposed by
IUSA, relying on settlement measurements rather than predictive calculations. produces site-specitic
and usetul 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:
theretore, IUSA proposes to address NRC's concerns about settlement using the observational
approach. TUSA will install additional settlement monuments. as shown on Figure T of Attachment
4. extending its existing array. over both tailing ponds as fast as ground conditions will allow sale
access to and work at each point. The existing monuments will continue to be monitored. v ith
settlements plotted against real time. Monuments installed in the future will conform to the design
shown on the accompany ing drawing.  The monitoring record will include data indicating the
location. thickness and date of platform il placed as interim cover during mull operations: Durimg
and after reclamation. the monuments will be monitored on a regular schedule. to be based on
observed settlement rates, until 90%% of primary consohidation has been achieved. as indicated by the
time-settlement curve becoming asymptotic. Alternatively. the end of settlement Monitoring mas
be determined by the annualized rate of settlement. based on the average of the five most recent
settlement readings. becoming less than 1% of the total settlement

We also note that itis not necessary to know the zero point, or start of settlement. for the proposed
approach to be used because it does not depend on fixing the initial point of a settlement curve.
which is virtually impossible to measure tor tailings. Fhe shape and asymptote of the cury ¢ are nsed
to evaluate settlement progress. and these are determinable through the course of settlement
measurements atter monuments are installed

O Additional information addressing the detaiis of disposal cell comsiruction ~hould b
/)?'det'(f

Lietails of disposal cell conirction are necessary 1o support NKC s detarled analysis of
IUSA S proposed reclamation plans and suren extmare e minmmum required imformation
includes methods. procedures. and reguirements for cxcavaing hauling stockpiing and
placing comtaminaied anu non-contaminated materials. and other di sposal coll material

The procedures for material placement and compaction shoutd be adequate to acheve the
desired mowsture comtent. placement densiny and permeabilinn Use of acceprabic
procedures such as the recommendations provided in NUREGACR-5041 (Densen ot al
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1987 for gradation. plucement, and compaction necessary to achieve design drainage 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 stability 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 conform to acceptable practice (¢ g NRC'
1989). Procedures and specifications for use of riprap. rock mulch. and for filter placement
should he 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 adequate 1o achieve the intended configuration for the
tatlings  The proposed time 1o completion should he reasonably achievahle  Appropriate
QC provisions should be provided 1o enswre 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

REFERENCES  Denvenetal . 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
Svstems for Urannm Mills ™ Regularony Gude 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 s 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’ Appolonia. 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 Atachment 4 shows the location of existing and proposed settiement monitoring
locations on existing Cells 2 and 3.

Settlement monitors are monitored on a monthly basis utilizing standard surveying practices tor
vertical control. All elevations are referenced to an established benchmark located on sohd ground
away from the tailings cells. Settlement for cach point is tracked utilizing a spreadsheet program
and graphs. Figure 2 of Attachment 4 represents the design of the settlement monitors.

1. The reclamation plan should address radionuclides other than radum-226 that MUY reqiiure
cleanup

The verification survey. as described in Appendix 4 of the reclamation plan. describes a
method to ensure that only radium-226 concentrations will be less than NRC' requirementy
Other radionuclides. including thorium-230 and uranium. may also be present in the voul
Itis noted that IUSA swates in Section 3 3 2 of Appendix A of the reclumation plan thar " [1]he
facility currently moniiors soils for the presence of Ra=226. such results heing presented in
the second semiannual effluent Ru-226-1 nit report for each year  Guideline values for these
two materials will be determined and will form the hasis for the cleanup of the White Mesa
Mill.. " This statement appears 1o imply that two radiosnclides will bo sampled durmy
reclamation However. of this is the case the second radionuclide is no: wdentificd

[USA should euher (1) provide technical justification for not including radionuclides other

than radium-226 in the soil cleanup plun, or (2) describe the methodology that will he used
(o determine that other radionuclides have heen reduced 1o acceptable levels
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Response #11

IUSA presently monitors for both Radium-226 and natural Uranium. 1t 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 showld be provided

In accordunce with Appendix A of 10 CFR Part 40, during the final site cleanup. the soil
must be reclaimed such that the average radium concentration in the soil does not excoed
the background level by more than 3 picocuries per gram (pCiZg) mthe upper 13 centimeters
(cm) or by more than 15 pCi/g in 15 cm sections below the upper 13 em. in order 1o comply
with these regulations, a value for the background radium concentration in the soil must he
determined. In the reclamation plan, 1USA has provided the historical soil sumpling daia.
but it has not committed 1o a value for the background radium concentration in soil

1USA should provide the value for background radium concentration in soil that will be used
1o determine the soil cleanup standards during decommissioning

Response #12

Based on soil sampling data gathered over a 16 year period (Attachment 5) 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
buackground concentration. Prior to initiating cleanup of wind blown contamination 1USA will
conduct a systematic soil sampling program in an area within five miles from the site to determine
the average background Radium concentration to be ultimately usea tor the cleanup.

13. Technical support should be provided for the scanming rate used  for swndblown
contumination during mill decommissioning

On the fifth page of the mill decomnussioning calcudations. the rate of scannming used for the
calculation of the time required to scan for windblown contamination is 035 nicters per
second (m/secy. According 1o NUREG/CR-3849 (NRC, 1992). the recommended \CANAING
rate for a ground survey is (0.5 m/sec. Of concern to the staff is the potential for 11SH s use
of a 0.5 m/sec scanning rate to result in inaccurate surveys.

I"'SA should adopt the scanning rate recommended in NUREG/CR-35849. or alternarely,
prove ¢ atechnical justification that its proposed 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 1o complete these
surveys
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REFERINCE: NRC, 1992 " Manual for ( onducting Radiological Surveys in Nupport of
License Termination,” NURFG/ACR-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 $2.456.00 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. 1996) data is provided
for the tailings und materials that will be used to 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 55, ~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 Axsociates report.
and

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

For the above listed samples, 1S should provide a map shoveong the sampling locations
und the depths at which these samples were acquired.
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REFERENCE: Titan Environmental, *Tuailings Cover Design White Mesa Mill. October
1996 for Reclamation of White Mesa Facilities, 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 characterizavon or
samples for details concerning a. b. ¢. and d.

Concerning the samples labeled “Test Pit 1. 2, and 3" in the March 8. 1982, D" Appolonia report.
these sample were taken from the bottom of bulldozer cuts which were excavated 10 feet deep o
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
readings and the Ru-226 concentration

On puge & of its December 16, 1997 response. 1USA states thar a correlation will be
performed between gamma readings and the Ru-226 concentration. However, 1USA has not
specified the confidence limit for the guideline value 1o 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.

1USA should indicate the confidence limit it will use in making the correlation bervween
gamma readings and radium concentration from which the guideline gamma reading value
will be established

Response #15

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

16.  SURFACE WATER HYDROLOGY AND EROSION PROTECTION

Additional information and analvses are reeded 10 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 1o mitigate the effects of local

scouring and future gully headcutting. Therefore, 1USA should provide estimates of the peak
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probable maximum flood (PAF) flos through the breach, warer surfuce profiles  hannel
velocities, riprap needed, scour depths, and other design information including draw ings
calculations, uand 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 ¢ attachments 8 and 9 in accordance with methods of HMR
49. The peak discharge of this storm (PMF) through the Cell 4A breach. 2057 ofs. 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 PMF could be 3-4 teet if the duration of the flood
is not taken into account. However, PMF is 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 extremely 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 veloeity. If the breach is cut into sandy
soil. riprap with dy, 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' i 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 feet below grade.

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

To evaluate the udequucy of the discharge channel. it is necessary o know the draimage arca
comributing flow 1o the channel and the bases for 1USA's estimates of peak P flov raies.
channel velocities. flood routings. etc Such information, including detaled drav ings 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 1o NRC in the past. 11'SA 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 PMF discharge
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was calculated to be 1344 c¢fs (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. If the
channel base is constructed to be 120 feet wide. the peak velocity would be 7.45 fps and the depth
would be 1.45 feet. In either case. the channel will be in bedrock. with allowable velocities of 8 - 10
fps. so riprap will no1 be necessary: i.e.. there should be no scour from the PMF.

18.  Additional rock durability tests are necessary to characterize adequatcly the sandstone rock
TUSA proposes to use as riprap.

One rock durability test is not considered 1o be adequate 10 document that the sandstone
rock riprap is sufficiently durable 1o meet longevity requirements.  (Given the marginal
quality of the rock, 1USA should conduct several durability tests taken from samples ar 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 forwarded to the NRC under separate cover.
TUSA commits to having a sampling program in place and obtain samples by September 30, 1998,
Laboratory testing and summary of results is expected to be complete by October 16, 1998,

As an alternative to the onsite rock, 1USA 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 desi an bases and
10 show the design configurations of the rock toes, pariicularly in those locations where the

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

Attached 1s a drawing (Figure 4 - Attachment 12) showing a plan view and cross section of a L pical
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 fV/f1. 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.
If 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
is meant by Acompetency. @ Whatever the properties of the bedrock . they will not be changed by
anything that IJUSA 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 1o endangered and threatencd specres shoudd
he brought up-1o-date.

In Section 1.7 of the reclamation plan. TUSA discusses the etfects of the sie on cndangered
and threatened species as of 1978, when the Environmental Report for the sue was wrinen
Berween that time and the present. new species may have been placed on or removed from
the endangered species list, and new species may have been observed on site

IUSA should update its analvsis of potential effects from reclamation activities on listed
proposed. or candidate endungered or threatened species. I appropriate, [USA should
confirm. at a minimum. that the evaluations conducted for the 1978 endangered species
analysis still are applicable

Response #20

During the preparation of Energy Fuels Nuclear's (FFN). the predecessor to [USA, license renewal
application for Source Material License SU-1358. NR(C staft prepared an Fnvironmental assessment
(EA) which was issued on February 27, 1997 with a final finding of no signiticant impact (FONSI)
prepared and issued on March 5. 1997 In this EA NRC staff addressed the issue of endungered
species on the site as follows:

4.5 Impacts on Ecological Systems

4.5.1 FEndangered Species
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In the vicinity of the site, four animal species classified as cithier endangered or threatened (i.c.,
the bald eagle (Haliaectus leucocephalus), the American peregrine falcon (Falco peregrinis
anatum), the black-footed ferret (Mustela nigripes), and the Southwestern willow fIy 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, Two references require clurification
In Section 3.2.3.2 of the reclamation plan. two references are made 1o information
contained in Section 1.3.2. The staff 1s unable 10 locate a Section 4 3 2 1 in the
reclamation plun. 1USA should claripy these references

Response #21

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

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

On page 5 of Appendix B of the Tuilings Cover Design (Titan. 19965, 1USA states that the
moisture content of the clay and random fitl used for the radon flux calculations are 141
percent and 9.8 percent. respectively These values are inconsistent with the values wsed
1o calculate the freeze-thaw effects on the cover, which are 13 9 percent for the clay and

11L& percent for the random fill (Titan. 1996, Appendix E. page 3)

Response #22

The moisture content of the ¢lay and random fill used in the radon flux calculations and the values
for the clay and random fill used for the freeze-thaw effects on the coner are unrelated numbers as
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they were sets of assumed values for two different unrelated calculations. The moisture content used
tor the Freeze/Thaw calculation was actually 12.5% which is the average between the random till
moisture of 11.8% and the 13.9% of the clay. The difference 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 pages should be clarified

In Attachment 3 10 1USA s December 16, 1997, response, six pages from the " Geotechnical
Data Base for Monticello Millsite Characterization” are provided as replacement pages for
several illegible pages in 1USA s initial submittal It is not clear how this duata from the
Monticello site is upplicable or relevant to 1USA s reclamation activities and analyses
Thercfore, 1USA should clarify the applicability of this data base 1o the present licensing
action,

Response #23

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

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

Very truly yours,

/,WM%/%

Harold R. Roberts
Executive Vice President

HRR pl

Enclosures

CC: Center for Nuclear Waste Regulatory Analysis
ATTN: Patrick MacKin
6220 Culebra Road
P.O). Drawer 28512
San Antonio. Texas 78228-0510
(2 copies)
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SECTION 1

FIGURE C-1

Boring and Test Pit Locations




chen and associates, Inc.
CONSULTING ENGINEERS

SOIL & FOUMDATION 94 8. ZUNI . DENVER, COLORADOQ 80223 . 303/744-7108
ENGIMIERING 1924 EAST FIRST STREET + CASPER, WYOMING 32801 - 307/234-2128

c=CTIon 2

Extrectad Data From

SOIL PROPERTY STUCY
EARTH LINED TAILINGS RETZNTIOM CILLS
WHITE MESA LRANIUM PROJECT
BLANDING, UTAH

Prepared for:

ENERGY FUELS NUCLEAR, INC.

PARK CENTRAL
1515 ARAPAHOE STREET
DEMYEQ, COLORADC 80202

Job No. 16,406 ’ July 18, 1978
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NOTES

(1)

LEGEND:

Sile

),

slightly calcareous with depth, slightly moist to moist, reddish brown to
light brown.

sandy, approximately 60-70% silt, fine to medium sand size,

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

approximately
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), approximately 60-75I 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 S50-75% low
plasticity fines, scattered very hard lenses/layer, dry to slightly moist,
light tan to white.

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

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

Claystone-sandstone bedrock, 1lightly 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.

Test holes were drilled on September 19 through 21, 1978, with a 12-1inch,

single-flight, powar auger.

(2)
(3)
(4)

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 (Z):

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

NP = Nonplasgtic.

FIQURE 8
LOGS OF EXPLORATORY BORINGS
(CHEN & ASSOCIATES)
WHITE MESA PROJECT
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ABSTRACT:

MHTTACHMENT 3

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 hquefaction
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 (o have
existed at the sites. and are only dependent on the magnitude-equivalent number of cycles relanonshup. These
factors are compared with others based on laboratory cyclic strengths from Seed and Idnss and on stausucal
regression of data from field case histories of liquefaction. The factors denved based on energy concepts are
similar to those derived by Ambraseys based on a statstical 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 derivaunon 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 vanous
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 densites (or correspond-
g penetration resistance), Seed et al. (1975) used the results
of the laboratory shake table tests carried 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-penetration resistance relationships
y Gibbs and Holtz (1957), these densities correspond to pen-
‘:-lnlion 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-
shed liquefaction chart that reflects the influence of earth-
.t‘nke magnitude on the liquefacuon susceptibility of a sand
posit.
Subsequently, Seed (1979) incorporated penetration data
btained at the U.S. Army Engineer Waterways Expenment
!muon. and the Chinese liquefaction criteria (unpublished
ata), 10 extend the 19735 chan to earthquakes of magnitude
8.3.
Davis and Bernl (1983) compared Seed's (1979) results
ith field liquefaction data derived mainly from Japanese
earthquakes. The companson led them to conclude that
Seed's resuits were generally overconservative for small
arthquakes and possibly unconservative for very large earth-
uakes. The ‘iscussers 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
feed (1979).
Seed and Idniss (1982) used the field data from Seed’s 1979
study to prepare a chart showing the relationship between the
'SPT-N blowcount normalized 10 an effecuve confining pres-

‘Mgr., Geotech. Engrg . Bechtel Corp . 50 Beale St. San Francisco.
CA 94119-396S.
Nots. Discussion open unui Apnil 1, 1997 To extend the closing date
moath, & wniea request Mmust be filed with the ASCE Manager of
Journals. The manuscript for this paper was submited for review and
possible publication on August 7, 1995, This paper is pant of the Jownal
of Geetechnical E , Vol. 122, No. 11, November, 1996.

ngineering
OASCE, ISSN 0733-941 (/9600110929 - 0936/34 00 + $.50 psr page.
B Paper No. 11350

sure equal 0 1 ksc. NV, and the cyclic stress ratics inducing
or failing to induce hiquefacuon under a magnitude 7.5 event.
The authors pointed out that “‘one of the limitations 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 limitatnon was s “'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 (1977}, and
the Miyagiken-Oki earthquakes (1978) in Japan. The combu-
nation of the field data gathered by Seed in 1979 with those
from the preceding earthquakes provided in the words of the
authors “‘a realisuc basis for developing correlauons between
standard penetration tests and the liquefaction characterisucs
of sands and silty sands for magnitude 7-1/2 earthquakes.''
The authors also reasoned that the resuits couid be extended
to other magniiude events by noung that from a hiquefaction
point of view, the main difference between different magnitude
events is the equivalent uniform number of suress cycles that
they induce. Based on previous staustcal studies carmed out
by Seed et al. (1975), and on a representative shape of the
laboratory relationship between cyclic tnaxial test stress rauo
and the number of cycles required to cause liquefaction, the
authors obtained the scaling factors shown in Table 1

Thus, by multiplying the boundary liquefacuon/no-liquefac-
uon curve obtained for magnitude 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 form (Seed et al 1984), the relationship
between penetration resistance and cyclic stress raiio causing
liquefaction in a magnitude 7 5 earthquake 1s as shown in Fig
1. In thus fgure. the propenty selected to characterize the soil
deposit is the SPT-N blow count normalized to an effective

TABLE 1. Magnitude Scaling Factors Derived by Seed and id-
riss in 1982 Based on Laboratory Simple Shear Tes: Data
P e
| Magnitude scahng tactor
E.m:‘:: ‘ NU"::I'.:: cyctic strength M = M
mag:‘u un:tqo‘:m cycles cyclic strangth M = 7.1/72
(1) {2) (3)
X ] 26 089
715 15 1 00
675 10 113
6 5-6 132
528 2-) 1.50

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

A critical review of the findings presented by Seed and Id-
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 earthquake (o vary in a deposit only with a fixed num-
ber of equivalent cycles, without also wcluding 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 suress ratio causing hig-
vefaction 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 comresponding to four earthquake magnitude ranges
(6.0~6.6; 6.7-7.2, 7.3-7.5. and 7.6-8.2) and satistically an-
alyzed the stress ratio 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 (0 the field liquefaction database by also sepa-
rating them in cases beloaging to carthquakes around magni-
tudes 5.3, 6.0, 65, 7.0, 75, 8,0. and 8.5. MSFs that have
approximately & 32% probability of misclassification were
derived. This probability of misclassification is. according
o Williams, about the same as that of the boundary line for

Relationship between Stress Ratio Causing Liquefaction and (N,), Valiues for Silty Bands for M = 7.5 Esrthquakes

TABLE 2. Magnitude Scaling Factors Obtained by Ambraseys
mmMonAmmuamunwmm

Magnitude scaiing factor

{1) (2)
s 044

8 067
73 100

7 130
675 1.48
65 1 69

6 120
5.3 2.86

Scaling Factors Obtained by Wiiliams in
iy oﬂ'lold qummm Osta

Magnitude scaling factor
(1) (2)
83 062
8 072
18 100
7 {34
.78 158
65 ! 88

clean sands shown in Fig. 1. The MSFs obtained by the author
are given in Table 3.

A different approach 0 derive MSFs was carmed out in
Arango (1994). writer, utilizing the field liquefaction data
observed at sites with the largest documented epicentral dis-
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tances, applied energy concepts to denve MSFs that are 1n-
dependent of laboratory test results. 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 hquefaction 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 i25 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.

Carter and Seed (1988) estimated the minimum ground sur-
face accelerations for which liquafaction has been induced by
earthquake shaking as shown in Table £

The values of the minimum accelerauons were obtained 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 Bernil (1983)
reasoned that these sites must represent *‘soft, highly liquefi-
able deposits nea: he ground surface with low N values and
a high water wable. " In their study. the discussers consider~d
the ground water to be at the ground surface, and N, values
equal 10 | and 5 Seed et al. (1984) considered that these
deposits consist of ' very loose sands. say with an (V) value
of about 4.”" Ambraseys (1988) concluded 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 15% 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-

TABLE 4. Maximum Distance of Liguefaction from Zone of

) rmquakn magnitude

Maximum digtance. km

(1) (2)
825 500

|1 400
75 230
68 75
15 20

b L

TR o

TABLE 5. Minimum Ground Agcelerations tor which Liguefac-
tion Hes Been Induced by Ground $Shaking [after Carter and
Seed (1948)

Earthquake magnitude Minimum acceleraton (s}
(1) (2)

823 0023%
8 0.03

75 004
7 003

6.5 0.08
6 V.08

012
sz

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

my + ky = mi 1y

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

]
T'Eaémy‘*;'ky" (2a)
S
3159—3 = ([0 + {woo])')"”? (2h)

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

It can be shown (Hudson 1979) that the previous expres-
sions are equivalent to the equation

JOURNAL OF GEQTECHNICAL ENGINEERING / NOVEMBER 1996 / 831
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that at the end of the earthquake 15 the same as the Founer

amplitude spectrum of the ground acceleration. Note that both

the lkunetic and the strain energies are proportional to the

square of the absolute ground acceleration.

In an undamped oscillator, the kinetic energy 13 zero at the
maxium displacement, and 1t is at & maximum at the static
equilibrium point. For the suain energy of the system, the
mverse is aue. Therefore, {KE)wu = (3E)uax = total energy
of the sysiem = (TE)

Maximum Kinelic Energy

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

P, W, W aT! ,
K.Eufimvmi;wn’i‘;“m i)

where W = weight of the oscitlating mass, v and u = its max-
imum velocity and maximum acceleration, respectively, and T
= fundamental period of the gystem.

Relationships between earthquake magnitude. distance from
the center of energy release. and kinetic energy can be esty
mated for rock moticns «f values of acceleration and predom-
inant wave perods are avatlable. The acceleration attenuation
relationships proposed by Idriss (1993), and the magnitude,
distance, and predominant period relationships for rocks pro-
posed by Seed et al (1968), or more recently by Idnss (1991),
can be used for this purpose.

A similar calculation for soil sites 13 difficult o perform.
This is because the fundamental period of vibeation T depends
not only on the stiffness of the soil layers. but also on the
geometry, and both of these may vary As shown in Fig. 3.
Rowever, loose send deposits with an (N, )y value of 4 and
thicknesses of between $ m and 10 m overlying about 50 m
of stiffer soils underlain by rock would typically have funda-
menral periods 1a excess of 0.7 5

Since in (4) W = Vp where V represents volume and p rep-
tesents weight per unit velume, 1t follows that the maximum
kinetic energy of a given soil deposit can be expressed as

%5 w constant < A (%

Maximum Strain Energy

With reference to Fig 4. the differential of elasuc SE as-
sociated with sheanng stresses 18

.

JISE) = %7 dv )
wheve 7/2 = average shed stress, G = average shear modulus.
and V represents the volume of the mass under straun. Sunge,
as shown in Fig 3. the cyclic siress induced tn the ground by
the earthquake waves i3 proponiional 1o the ground surface
acceleration. it follows that the srain cnergy per umit volume
1

Straun Ener SE ° .
o lide @y wer g wer W SORSIAME X A’ (73
Uit Volume = v = 3¢ © consant

The TE. whether instantancous or maximum. developed by
sarthquake shaking in a soil deposit gw unit volume is seen
0 be proportional to the square of the ground ascesleration.
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FiG. 4. Swain Energy

Without an external source, no real sysiens hike soul deposits
maintain an undiminished amplitude of vibravon Matenal
damping is a name for the coa obex physical effecws that con-
vert kinetic and strain energies 1n a vibratng sysiem into heat,
distocations, ships, ek

The time history of accelerauon developed at vy poant in
the ground during an eanthquake cunsists of a relauvely erratic
seres of cycles of varying amplitudes Therefore, both the
energies 1aput and absorbed by the profile vary from one cycle
to the next during the seismuc episode For analvucal & well
as for pracucal purposes, it has been found useful in geotsch.
mcal earthquake engineering practice o convert the umegular
series of earthquake-induced oeleraunns 10 an cquivalent se.
ries of umiform cycles (Seed et al 1975, Sced and Idnss 1982

This approach 15 adopted 0 the following derivation Ao
cordingly, 1t will be assumed that the ume dependent energy
that a s;l deposit absorbs can be taken as the energy corte
sponding o that of an effective acceleraton’ multiphied by
the equivalent uniform number of cycles cormesponding o the
size of the given earthquake

ENERGY REQUIRED FOR LIQUEFACTION

Ambraseys (1988) associated the reistionship between
carthquake magmitude and maximum epeniral disance 10
known hguefaction sies w3 relatonship between attenuated
carthquake magnitude and energy From these the author de-
rived ‘the least posasble values for the energy denuty required
1w mduce hiquefacuon ground falures

Very Looss Sands

Other investigaors have pustulated minumurm energy values
requited to reach liquefactuon in several types of laboratory
wsis For example, Arango (1994) presents cumulative values
of the energy absorbed by undrained tnaxial specumens in
reaching inihal hiquefacuon 1 36 stress controlled cyehc
axial tests and n 21 stran-convolied cychic tanal ess The
writer found that the ensrgy absurbed was a funcuion of the
relative density of the lest specimen but was relatively inde-
pendent of the type of test and of the frequency of loading
For specimens a1 a relauve density of 30%. the enmrgy ab-
sorbed ranged betwesn | 4 x 10 " and 28 x 107 em’

Figueros et al. (1994) reporied the resulta of 27 wenional




#47 105ts On specimens At relative denviies varying between
% and TO% The dissipated enstgy per umit volume up to
squelaction, varied with the tesung conditions (confining pres-
ure and dunsity) For speciméns @t 8 relative denmity new

W%, the umit energy sanged between about 03 x 107 and
15 % 10 Jem' which 1s in relatively good agreement with

e taxial st resulis reported by Arango in 196
B Thus, i is reasonable to assumie, based on sersmologic and
- W aboratory considerations, that the onsst of liguefacton of a
 saif deposit with given characteristics is associated with a min-
- fimum levebof energy. If all distant hiquefscton sites included
in Fig 2 hal the same characteristics (i.e high ground - water
Frable, low (N, ), values near 2 -4, similar predominant period),
it is ressouable to assume that 1o hiquefy all of these sites

B absorbed the sune enesgy Thersfore.

f(hm}uax,WM 2 Um}a;uuw:} * N {81

(TE) Ay \ .

Ny . s Ny % moolle = Ny % w*’ﬁf») (%)
wer ¥ Hw {TE)&N - (Auw,

‘ where A = accelerstion 1n gs, M, M and M, + | = earthquike
g magnicudes, and Ny, Ny . reprasent the squivalent number of

: 'cz:yeﬁ 05 for magnitudes M, snd M+ |
B Adoptisg 13 as the number of uigmificant stress cycles gen-
eraied by esrthquakes of magnitude M = 7.5 (fesd et al 1979,
| ma (9) provides the equiv-’ it number of cycles Ny. for vanous
' sarthquake magnitudes that &l the acceleration levels sthown in
| W Tuble $ would have induced equal amounts of ensrgy to the
‘ ground Bquivalent uniform number of cycies based on this

‘~ ' energy apgroach are shown in Table 6

2 b

The equivalent waform number of Jyoles Yy from this g
ble, wogether wih the cyclic stress ratios cortespomding to the
sccelerations 1n Table 5 can be combined 1o provide the held
derived stress ratios versus the number of cyules relationship
required to induce hiquefaction in very luose sand deposits
with (N = & This telatiotship 18 shown i Fig 9 and
Table 7

Denser Sands

Field cyche srength curves for denser soil deposits can be
obtained using the empurical daa 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, respectively The
critical eyclic stress ratios for liquefacuon under a magnitude
7 3 earthquake are 0 08 and 0 12, respectively (see Fig 1) For
deposits with an (N )y equal to 11, the field siress ratos re
quired for hguefaction n different numbers of cycies would
be those shown by the lower curve 1 Fig 3 muluplied by the
factor O 12008 Pield cychic suress rauos required for higue-
faction of denser sands at an (N, value of 11 are shown as
the upper curve in Fig 3

Cyclic swesses required (0 cause liquefaction i the feld
under various magnitude eanthquakes can be oblaned from
Fig § The rauo between the cyclic siress at a given eath
quake magnitude and thar corresponding (o a magnitude 73,
that is, the MSF. was calculated from the data for sands wuh
an (N,)g value equal 1o 4 The results are shown in Table 8
It should be noted that MSFs obuuned using the curve corre.
sponding 10 a higher (N ,)y would be identical

The '"Held’’ hiquefaction reletionship and the MSFs derived
previously assume that the distances to the remote hiquefaction
sites were accuratsly documented. They also assume that the
liquefaction phenomena occurred at sites with level ground
and stasic ground water such that the conditions shown in Fig
3 wre truly representative. Neither of these assumptions can be
documented to everybody s sausfaction. However, the follow-
ing discussion shows that, in fact, the MSFs are independent
of acceleration, and are only dependent on the equivalent uni
form number of suess cycles selecied w represent different
earthquake magnitudes

(N,}“ = i -
Maub R Mal MelMe! '3 N ) *
[ S | S A A ]
1 i§ 4 14 k] 2 100

MO 6. Megnituns Sesting Factore Derived irom Energy Gonseps
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Conmder a well charactenized site for which the (V) value
is well documented, and which lﬁmm under a magnitude

1.5 carthquake inducing an also well-documented ground sur-
fice accelerstion equal 10 Ag = a. Other sites with the same

sorechnicsl characuristics would liquefy nearby mr # other
ocations éurr;:g different eanthquake magnitudes. M, if the
snergy abso from the new evenis equals or exceeds that
carresponding 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 Migurs ™ (A,,..u)& Nz s 10y

where Ny = 15 The eneegy required under other events 1s

ITE s, Vunae ™ (Auup,)z Nuos. (i)
From ¢10) and (11). one obtans
‘5 12
Avorw, ™ (Agery) X (”“‘“"‘) 1
h
Fhe cycl stress ratios inducing hquefacton in the fleld are
therefore
L i
(7 N
(;)“.M ~ Ager ™ gary) X (&";) R Y
and the MSF would be expressed as
. L 1
S5 w % yay ( ‘?) (14
MAF = (ff«)mv * ﬁ; (4

I may be seen that the MSFs we independent of the accel-
eration level and only depend on the relationship betwesn
magoitude and equivalent uniform number of cycies.

[t 15 then possible. for axample. to use tte magnitude and
number of sgnificant sycles derived by Sead at gl (1979,

piad by Seed and idrisy in 1982 (Tubls 1), and based on

concipis ((14)]. to derive the MEFs shown in Table 9

@ on snergy cone :mwmmmmv T
ig (Table §) and from Beed & al.'s 1973 equival

mbmr of cycles (Toals ﬁ} e comparud

A W mu HNIEA

m&;&

i m hdﬁm Factors Ddirived In this $t
t v of Cysies hmm“%

' smmmum
e factors

@ )

28 )

14 t g

10 122

5-6 1 63

1 2 3 4 3 ] k F ] » kY
viees s Nurnbiee of Cyaies
FiG. & Cyclic Buwss Ratio Indusing Liguefaction in Figld

This figure shows that the scaling factors are idenucal That
is, the scaling factors derived from the consideration of the
equivalent uniform aumber of cycles versus minimum accel-
eration levels at distant liquefaction sites duplicate the answers
caleylated with any other set of acceleration attenuation rela-
tionships provided that those relationshups 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 devcloped by Seed and ldrvss (1982),
Ambraseys (1988), Williams (1994), and the presemt study
While Seed and Idnss used the magnitude versus significant
number of cycles proposed earlier by Seed et al (197%). the
authors then proceeded to obtain cyclic strengths based en-
tirely on laborstory simple shear test results with dawa exwrap-
olaked 10 the region of lower number of ycloa, ripresentative
of earthquake magnitudes less than about 6 25 The difference
between the results based on laboratory data (Seed and ldriss)
and fleld liquefaction data 15 ev.dent. The very close agrve-
ment between the results obtained by Ambraseys and by ths
wvestigation s also evident. Ambrageys’ results were oblaned
by regrassion of hguefastion Reld data from masy earth-
quakes The resuits of this ivestigation are based on the ap-
plication of nm;y concepts to the fleld iquefacuon data from
Many MAgRIlMes M very remole aites.

Because the mw&: used by Ambraseys and Williams are
both statistical regressions. & closer agresment beiwesn theur
sonclusions wauld have been expecied. Withams' scaling fac-
wrs for earthquake magnitudes less than 6 diverge consider-
ably from the values derived by the other two Reld-baged sivd-
ies. For eanthquakes below magnitude 6. Williama wtilized the

base swmmarized i Table 10 The scarcuty of liquefaction
data from eqrthquakes of magnisude 5 9 or less is clearly seen
1 the Whulgtion. In contrass, the lowest magnitude range stud-
ied by Ambeaseys was 6.0-6.6 for which data are available
for 10 cases of liquefaction, and 10 cases of no liquefaction
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Earthquake Sites witn
Ny

Yeoar |Magnitude Location Liquefaction| liquelaction
M | @ &) ) (8)
1937 53 Daly City ! 9
1965 49 San Francisco 0 !
1969 57 Santa Rosa 0 2
1980 LX) Chibachenchu 0 1

MSFs derived on this basis are Likely (o be more reliable than
those derived based on the data summarized in Table 10 The
scarcity of daa may be responsible for the divergence of Wil-
linm's resuls relative 1o Ambraseys’ curve shown in Fig 7

CONCLUSIONS AND RECOMMENDATION

The following conclusions are derived from the studies
summarized in tus paper
MSFs 0 be used in liquefaction powntial evaluatons have
besn derived in the past based o laborarory west results (Sesd
and [dniss 1982) or on the regression of feld liquefaction data
(Ambraseys 1988, Williams 1994). MSFs derived based on
taboratory meults are lower dhan those derived from fleld data
for earhquake magritudes less than 7.3 and higher for mag-
nitudes beyond 7.3
Seed's ad Idrnss' factors were based on laboratery sumple
shear tost dpta sxtrapolated 1o the number of cycles 1o lique-
faction repmesentative of lower magnitude earthquakes, less
than about magnitude §.25
Ambraseys’ and Williama' faciors differ considerably from
each othar for magnitudes less than about 6.0. A roview of the
dais used by both investigators shows thas for the lower mag-
nitude eariguakes, the daia in Ambraseys’ regression analysis
reprssent » more balanced staustical base (10 cases of lique-
fastion and 20 cases of a0 Liquefaction), while Willinms' data
mw cae of liquefaction and 34 cases of no
s backlog of fleld performance,

The total energy approach applied 1 this study w0 the case
histones of liquefaction at the farthest distances from the
earthquake centers of energy release gives MSFs that are very
close 10 the factors derived by Ambraseys

In the energy approach. a field liquefacuon resistance curve
was deveéloped based on the average of the acceleration levels
estimated by eight attenuation relattonships. From this curve,
MS§Fs were derived. This paper shows that the factors are ac-
tually idependent of the field acceleration, and are only de-
pendent on the earthquake magnitude-equivalent umiform
number of cycles relationship 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 uniform num-
ber of cycles relauonship proposed by Scad et al (197%5) and
any field acceleration attenuation model, results in the .ime
MS8Fs.

It 15 recommended that for the purposes of evaluaung hig-
uefaction potential. the commonly used earthquake MSFs in-
aoduced 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 II. NOTATION
The following symbols are used in this paper:

A

A,

a, aln)
G, Guax

= acceleration in gy,

= acceleration under earthquake M,

= acceleration in cavs?®;

= shear modulus; maximum shear modulus;

= acceleration of gravity,

= spring constant in simple osciilator;

= earthquake magnitudes;

= mass in simple oscillator;

= SPT-blowcount,

= blow count normalized to | ksc;

= normalized blow count corrected for 60% energy ra-
ti;

equivalent number of uniform cycles of loading in
¢arthquakes 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 oscitlator;

shear strain,

total unit weight of soil;

unit weight of water;

~eight per unit volume;

mean effective suress; and

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

H #H 8 H
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ATTACHMENT 4
SETTLEMENT DATA

ATTACHMENY 4 - SETTLEMENT DATA
Cef 2 Eset Ceit 2 Weat 1 Cell 2 Wenr 2 Cell 2 Wes1 3 Cek 2 West &

DATE  ELEVATION OATE  ELEVATION DATE ELEVATION DATE ELEVATION DATE  ELEVATION
owtany 5824 81
042549 582 60
oWOES 5824 89
002089 3624 34
102088 5824 93
2180 5824 48
e 5624 49
011180 S84 47
017790 M Q
022290 3624 44
0V18/%0 5824 )
040590 5824 82
050390 8824 41
060790 S84 40
072600 5624 38
oM10M0 5824 40
1490  8824.38
1041290 5824 38
1M/1590 582436
121490 3624 35
01248t 582438
o228 S8}
02141 582433
04891 562433

o239 3624 1) g2t 5619 96
0872181 5624 30 1031781 5619 83
0772081 424 X0 121 5619 79
082w 5824 30 01/02r92 1% 76
ow2I™ 5624 31 013192 3619 73
w»m 5824 31 02802 5819 72
1219 5624 3t 0¥25m2 5619 68
01/02/92 5624 32 04r24192 5619 69
0173192 5324 3 05/0492 5619 68
0272092 5824 29 0507192 1968 |
0325/87 %824 28 05/1592 4619 88
042482 5624 29 0572092 5619 66
05/04/92 5624 30 05726092 519 87
050782 %24 29 08/05/97 5619 68
01392 563428 0611192 5419 67
057202 5824 29 06/1692 561887
082902 5824 2% 062692 19 67
060892 5624 29 182 5819 69
ow1/82 5824 29 010882 5619 65
0871042 5824 28 0716742 819687
0872692 5624 29 0712392 5818 66
01012 S824 3 07728492 5818 70
o7089¢ 5624 2¢ 08/06/92 5619 67
ori1em? 524 28 08/12/92 5619 83
o1 5824 27 08/20/92 5619 68
077282 5624 27 o212 4619 70
080692 5424 2v 08/0292 5618 89
08/121%2 5624 29 090092 551968
08/20/92 5624 27 1892 5819 47
082192 58243 082492 4619 65
08/02/92 824 29 100192 5619 46
0M0WS? 62189 100892 L2519 61
0817192 4824 27 10/1592 81947
0912487 5624 06 102192 5619 59
100382 5624 24 102882 5619 %9
1710092 5624 27 110492 5619 58
wien %824 27 11182

102292 5624 49 111882 581987
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SETTLEMENT DATA
ATTACHMENT & - SETTLEMENY DATA
Cell 2 East Cetl 2 West 1 Cab 2 West 2 Ce¥ 2 West 3 Coh 2 West &
DATE ELEVATION DATE ELEVATION DATE ELEVATION DATE ELEVATION DATE ELEVATION
1oRwe2 5824 29 1n2sm2 1960
172092 5824 30 120392 5619 56 11,2592 5617 28 Indvad 1172592 5619 18 irvhat 172540 5618 38 Hudm
12092 1211087 519 5% 120392 5622 12 extension added 120382 5618 M4 120192 5618 23
1211092 5624 2% 121082 5819 54 12:10092 9622 03 12/10/92 52818 13 121092 5618 2
1211192 5624 27 1272192 1970 12:16/92 2622 08 121692 5618 33 12116792 551818
1225092 5824 30 1213182 5619 52 127282 562211 1272192 61817 1272192 5618 17
L2240 3] 5624 27 010793 5619 45 1243192 5622 07 203182 5818 18 123192 5518 2
010893 5624 27 011493 010793 5821 83 010783 5618 27 0107193 5618 11
01/318) 5624 33 L3137 ) 011483 01714793 01:14/83
oI 3624 30 012693 0121793 0172183 22183
01728783 824 20 02/04/83 ‘619 45 208} [Ard N 3 ) 0172393
02/04/93 5824 27 o2n1e 519 46 02/04/9) 5621 75 0204793 561827 0204792 18121
o193 M4 0%/18793 0111793 02111183 02:1193
02/18183 5824 21 22593 02/18/9) 021883 Q1893
2y 5824 27 0303/9) 61947 0272983 02/25M3 02/25/9)
0304%) 5624 27 031083 5619 1% [:RURY A 5621 79 030393 5518 23 03019} 561805
031193 5624 27 [ATE X 3519 47 0310193 5621 41 031093 5617 93 0¥1093 561775
031893 5624 29 0N259) 561875 031893 9621 7% 0318793 5618 23 031893 5618 0t
[27- 2% 1) $824 26 0401193 %19 27 012593 5620 9y 032583 3617 49 032493 5817 26
033I1e3 5824 27 04/08/9) 5619 46 0410149} 5621 47 G4m1e3 5618 05 040193 5617 83
[0 b 5624 27 04/15/9) 5619 45 040893 5621 68 04/08/93 5618 22 04/08/93 5813 04
04/18/93 824 28 04722193 041543 5621 67 04115793 5618 19 D4/15793 5618 03
/ 042283 5624 29 042993 5618 47 042293 5621 67 04/22/193 3618 21 04722193 561801
0430/9) 5624 20 063083 561947 0472919 4621 5% 0472893 5618 17 04728793 5618 04
00730/93 24 28 077299} 561944 08,3093 8218 063083 5818 18 0673093 561804
0112993 5824 28 08/26/9) 5619 45 0172983 5621 %8 072993 561817 0772983 617 95
08/26/83 5824 27 083083 816 42 087269 5621 51 08/26:91 5818 14 0872693 561788
03093 5024 27 10721/93 5619 4 08/30/9) 5621 48 09730183 5618 1) 293083 5617 93
10/2793 5824 2¢ 11722193 51941 10127193 5621 58 10721193 5618 06 102193 5817 88
122093 S82¢ 27 1272893 5619 43 11722193 5621 &1 11/22:93 5618 07 1172293 5617 89
1212093 5824 23 01/21/94 5619 4 122093 5621 41 122893 5618 07 12728093 5617 8%
01214 %24 23 02124194 581935 012794 562137 01784 5818 05 012794 5617 8%
224/84 5824 27 0331784 5619 3¢ 02724784 $621 3% L2494 5618 02 02/24/04 5617 81
0WI1B4 5624 22 050454 519 33 03ITB4 582133 0¥/31%4 5518 02 033144 817 75
050994 5824 28 060694 5619 33 0570594 %6821 32 050594 5617 99 05°08/94 561778
08/08/84 5824 29 0T2W84 5619 32 06/068/94 5621 31 06/08/94 5618 00 V608734 561777
012094 5824 29 08/29/84 519 31 07729794 %2 01/29:94 5617 96 0172994 56171718
02954 5424 29 10/28784 %10 31t 09728/94 5021 28 0972984 5617 90 08/29/94 5617 72
107208754 40 12722194 56193 107894 62127 10/28/94 $617 97 1072894 5617 17
12722194 5824 20 01/27/4S 569 28 122294 5621 24 1222194 122294 SB17 72
01727738 824 ¢ 02723195 519 29 01721194 5621 26 017219% 3617 96 2172195 8617 72
Q2305 8624 07 2N %619 27 022395 5621 26 02/23:9% 5817 895 022395 581767
0131188 5824 0% 0420m9% 5619 26 0¥3188 5621 2% X315 5617 9) 0334198 61772
[ 07 5624 0% 060298 819 29 V42868 5621 2% 04/28/85 5617 a7 04/28/95 5817 51
08202795 5824 04 07:319% 5619 29 0802195 621 24 08/02/95 5617 93 06/02/9% %617 65
[2fadl ] 5624 06 o095 5819 2% 0773198 %2128 Q7731185 5518 14 07/31/9% 61773
o019 5624 08 0972995 5818 23 08/01195 5621 22 £9,01/9% 5617 91 0301798 5817 64
082095 5824 07 101998 1927 0w20198 5621 23 0972995 Y617 93 09/29/9% 5617 66
101995 5624 1% 13730095 5819 27 10/1945 562125 11975 5617 99 101998 5617 5%
173098 5624 80 120129% 610 99 11/30:9¢ w2 1173095 5617 9% 113098 5617 61
RS 5624 62 01726196 5819 27 12721195 5820 9 12:2195 5617 61 1272195 5817 3§
Q172688 9624 0% 030196 5619 27 0126198 621 24 01/26/96 561792 0172696 5617 6%
030188 5624 03 04/23:96 561889 8301796 562t 19 0)01/96 5817 89 03,0196 S617 57
042596 5624 05 05/30/08 561923 0472596 %2121 0472596 5617 9t 0472598 51753
053098 5824 03 06/21/96 5519 26 053098 282117 03/30/96 5817 88 05/30/9%8 %617 56
0872196 8824 05 07172198 619 27 06727196 5621 19 06/21/96 617 89 62796 56178
0772698 5624 0% 0073096 3619 26 07726/96 5621 2 0772696 5817 90 07726/96 56176
[ faln 5624 0} 09/21%6 3819 29 0830796 562119 08730798 5617 87 0830196 581762
w2198 5634 02 1072696 Y519 24 09727196 % 17 08721/98 5617 93 oW27/96 S617 65
10/26/96 3624 03 11727198 561925 12696 5821 17 10/26/96 5617 90 1072696 561759
N2 3624 04 1272009 5619 28 1172798 82117 H2796 5617 89 1172796 5617 48
1272009 5824 04 LAY 44 619 11 12/20/0 562117 12/20/06 5617 90 122096 561763
o3imy 3624 022147 %6193 613197 562123 015397 5617 94 0131197 5617 56
[:>ird{, 14 5624 06 nrmer 5619 21 02:21197 5821 21 022197 5617 94 0272781 S817 53
w2 4623 98 042587 6192 o3zl 5621 1% 0277 5617 86 03Ri97 561757
Qa25m1 5624 02 0572897 4619 22 0472597 9621 1% 050297 5617 8¢ D472597 561749
GA730/87 5824 01 062697 619 22 083097 %2116 053097 5617 8% 0530197 581758
on2en’ 5824 00 a1 BT 5618 26 08/26/97 %2116 062697 5817 8% 00/26/87 5617 5%
073197 5624 03 042887 56192 ar3197 2121 013197 5617 94 TN A? 5617 61
oa28/m? 824 01 082597 %1918 08,2897 562116 082897 31, 88 082897 Mit7 58
s 2597 624 01 1072687 4619 2 092597 582113 0872597 617 87 092597 5637 52
102597 5824 01 1072697 5819 23 102697 5620 84 10/26197 SE17 89 10726197 5617 51
11897 9624 02 ARTAL % 24 561923 111867 2117 1171897 5617 87 111897 5817 83
121897 5824 00 1218797 5619 2) 1216197 5621 16 12/18/97 5617 90 1271887 51757
[An1Yy ] 824 00 01/18/98 619 23 01 16/88 562116 0111898 %17 89 011648 561753
02/08.98 42403 0708/98 5619 2) 02/06/88 5821 18 02/06/98 5617 88 0.06r98 5617 43
430698 3624 03 0306198 5619 22 03:06/98 %621 1% 0306/88 583787 030698 5617 41
04OV 5623 98 04/03:98 4619 2% 04/03/98 562119 040398 617 85 040398 5617 83
050898 9824 00 0506790 5619 2% 050698 562118 006/98 5617 a9 05/06/98 8617 54
l 080198 5824 20 08:0198 5619 21 050198 5621 1% 06/01/88 51789 06/01/98 4617 49
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ATTACHMENT 7 - RESPONSE TO NRC COMMENTS 7/17/38
TABLE OF SiX-HOUR LOCAL PMP RAINFALL DEPTH VS DURATION FOR WHITE MESA Mil

6-Hour Storm Rainfall is 10 inches (ret Hydrologic Design Report for White Mesa Mill 1990,
6/1 Hr Ratio for WHITE MESA i1s 1 22 (Figure 4 7 and Table 4 4 HMR 49

ONE-HOUR PMP S 8 20 inches at 5000 % elevation
97 0% or 7 895 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 6 07 588
05 89 7 30 7 08
075 95 779 755
1 100 820 795
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 i1s 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 RAINFALL % OF RAINFALL DEPTH IN INCHES
DURATION DURATION | ONE-HOUR AT ELEVATION
MINUTES HOURS PMP
5000 f 5600 fi(1)
0 0 0 0 0
25 004 275 225 219
5 008 45 369 358
10 017 62 508 493
15 (25 74 607 588
20 033 82 672 6 52
30 050 89 7 30 708
45 07s 85 779 755
60 100 100 820 795
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RAINFALL-DURATION CURVE FOR ONE-HOUR PMP AT WHITE MESA MILL
ATTACHMENT 9 - RESPONSE TO NRC COMMENTS 7/17/98

S3IHONI '"TV4NIVY

0.40 0.60 0.80 100 120
DURATION, HOURS

020

000
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ATTCHMENT 10 RESPONSES TO NRC COMMENTS 7/17/98
Alunonu METHOD CALCULATION OF PMF PEAK DISCHARGE, VELOCITY, DEPTH AND SCOUR THROUGH CEL.. 4A BREACH

FLOW PATH ELERRRT | MAX O] ARADIENT T BLOPE T RAINEALL N “SURFACE | PERF
ELEMENT LENGTH ELEV ELEY S ANGLE WITHIN AREA THSCHARGE
L dagraes hours te iy e ey G ods
CELL 2 COVER 123 | 56195 5617 00020 O t2 034 653 1429 74 00 1142
CELL 270 BERM 10 56817 5615 0 2000 IRINY ! (34 854 19 24 110 1158
CELL 3 COVER 900 5615 5813 2 00020 (VAR 081 730 1201 19 94 1543
CELL J4A BERM 180 | 58132 5517 2 0 2000 [REKD! Ge2 740 1142 817 1621
CELL 4A 1400 | 58772 5562 00109 062 082 770 942 21710 1828
CELL 4A INGLOPES B 55949 5560 0 4875 25499 (104 200 47 62 596G 25
CELL 4A BREACH | 278 5562 ‘356(” 00073 042 0 4 7 80 B 44 038 2067
FLOW PARAME TERS IN CELL A BREACH AT PEAK PMF DISCHARGE
T Bech T Ekars T Blawt ] T Wanang T T T T g ] T e e ipiap
Hotrom Sude Channe Loet [PIITARE L AT Dapth. y Cangs Hechn Hyth gu AR 6! Vesotity Hean Siw
Wath b Siges Cararienl A n area of Fiow Qs v vekr Ay HHi
L] nf L o 12 R a Hrs tps anes
VG mof,
Soil (SM) Channel 80 3 00073 003 486 3138 PET] 29 485 41 887 i4 14
Rack Channel 80 31 G073 0025 405 3.08 2109 2 66 408 227 9.7% 8-10
Soit (SM) Channel 80 31 g 0o73 003 486 290 2572 262 488 %) 8.07 24 98
Rock Channel a0 31 Q0073 0025 4086 260 2283 237 408 81 908 810

Reference 1 Fig 4 11 NUREG GR 4620

DEPTH OF SCOUR OF CELL 4A BREACH CHANNEL

Ait methods used are from Pemberton £ L and J b i ara 1984 ‘Computing Uzgradation and Local Scour” Techmcal Guideiine for Bureay of Rectamation

ds = depth of scour ft Soill Soll
q * unit discharge cfs/ft Channes Channet
80" wide 80 wide
HMethod 1 ds=K g™ 24
K = constant 2 45
q= H7 80
s = 4.1 4.0
Methoa 2 s = (1 25 dm
dm = mean water depth at design discharge = 30 26
as = 07 0.7
Method 3 ds = 0 6o
dlo = 9*0 666/F bor) 334 = 422 3499

Fbo = zero bed tactor = 1 () IVs*2 for fine sand

dy = 283 240

Maethod 4 a3 =025 " dma
ama = unil cross section of flow = 338 29

ds = 0.845 0728

1Memod 5 ds = dmVmve- 1y
Vim = mean velocity = 868 8 00
Ve = 2 2
gg x 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 CALCLALATION OF PMF PEAK DISCHARGE VELOCITY AND DEP TH THROUGH CELL #1 DISCHARGE CHANNEL

FLERY PATH FiEMENT MA¥ RN CHRATHENT S i RAINF AL b ACE BE AR ]
biRMEH! LERG Fit ik B AN L ARRIY] ANE A AR
i ingians Pty 4 s ARy FRRRA]
[s_:m i AR BTN 6 BRUUT ;b 4 iy R { td s A
FLOWDARAME 1885 IN CELT B DISCHARGE CHANNE D AT PEAR PME (1150 500
by g [EFUETE TR Aasirning [y Al isher
bt Yok wedthid 6 T Vbt Aty Ty g% el Py o 5e i 304 W, ERETeTY
FATS LA A oo Moapis 1
) gt s y A [Z] : e
3+ s
|
Bediork Chanosai iRSIN i SRR ) Pigh R 1o 1654 9 14 R H [LBRN
Betrack O unne: 120G v BEVALY FERE RS L) b tais 3 Y40 J85 A6 1 B
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White Mesa Mill

International Uranium (USA) Corporation

ROCK APRON AT TOE OF CELL OUTSLOPE

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

RAINFAGL L MNTENSItY
VI TN
¢

Feak
unR
Lscnacge
q
ofsitt incnes

EiEMEnT ; Ponkapsbnr | SLOGRE %
CE NG ; ~ AN E ! Aangfa
PO E AT FDEMENY H : A i H ! & Y GAL

Tegiees | Bt Wi ries

!
i
:
!

s 7.3

Afb M

|
|
i
|

Hites

The thps Laridl mlgrnisnt WEGH R IR0 M Thas e anad a0 e w0 abater o B Dne of s endatiog EIOS ELET SRR, BTN N TR

The gutsiope slement lenglto s 4G Thiy s 585 0 e cake uislions ho: 7 Pt na enteanon aral peAK el s rigige

Tha %0 ton tha cutsiops aes 2 alonaten gal Abt R and ohnaoge © Mg besge for Cvertopping Frow &% 6 i ot tegdidln b nginee HER

The afc for the agiorn was “aiuuiated s ALE 3 K orasse T Dot Pt Trabast w0 TRprab g At Tos o Eabarienent Slopes A b nuiag af shptidea Boginesnng

EDQVTH OF BCOUR AT DOWNSTREAM EDGE OF 10§ APRON
All inethods ussd are frotn Pemberton €L and JM Laca, 1984 "Computing Dagradation and Local Scouwr” Techmeal Guideline for Bureay of Reclarmation

ds = depth of se.oan 1t
g 2 unit dhscharge ofs/ft

Hﬂcthod 1 ds=K'9"0.24
Kom coanstant, 2 45
q= 181 cfatt

ds =

HMﬂhod 2 ds=028dm
dim = mean waler depth at design diseharge

ds = 022 n
jMethod 3 ds = 0.6%dfo
dfo = 90 666/Fbu0 33

Fbou = raro bad factor = 1 0 f/s”2 fos hine sand

dy = 009 1

’Molhod 4 ds=028"dma

dma = gmt cross section of flow = 0 87 ft
ds = 0.22 1

HMcthﬂd § ds = dma"{{ymiVc)-1)
Vi = mean valocity = 1 81:0 78 fps
Ve = 05 ips

ds =

AVERAGE SCOUR DEPTH = 130
Jintmum depth ot downstream edge scour barrer






