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MEMORANQDUM

FROM:

SUBJECT:

FOR:, Docket No 4. 40-- 162 ,"<..,,,. ' .* ; . ". "' ' ". . .

Raymond 0. Gonzales. Project Manager"

PROPOSED AMENDMENT- TO SOURCE MATERIAL LICENSE SUA-56 TO
REVISE THE APPROVED ,DISPOSAL AREA. RECLAMATION AND CLOSURE
PLAN FOR WESTERN NUCLEAR, INC.'S. SPLIT ROCK MILL NEAR
JEFFREY CITY, WYOMING,

The reclamation and closure plan for Western Nuclear, Inc.'s Split Rock Mill
was approved on June 17, 1993, by Amendment No. 68 to Source Material License
SUA-56. The backup support for that approval was provided ii, a Memorandum for
Docket File No.. 40-162. dated June. 12, 1992. Subsequent to plan approval,
Western, Nuclear, Inc.' (WNI) (the, licensee) made changes, to the radon barrier
design. and the. erosion protection aspects. of the approved plan. This
memorandum addresses, those changes.. Revisions were made only to portions.of
the June'12 ,1992, Memorandum, necessary.to accommodate a new design. Those
sections are. appropriately marked,.by vertical lines in the left margin.. All
other sections remain unchanged.,.,

BACKGROUND 4.

The Split Rock Mill, 'which has allready been decommissioned, was owned and.
operated by WNI. It was the first uranium millto be built in Wyoming. The
project is located 2 miles north of Jeffrey City, in Fremont County, Wyoming,

•at the base of the Granite Mountains. Jeffrey Ci~ty was established in 1957 by
WNI. In 1976, the population of Jeffrey City was estimated to be 2000., In
1988, the population of Jeffrey City was estimated to be 250. The largest
population center within '50 miles is the city of Riverton which had an
estimated population of 9202 in.1991 according to the Riverton Chamber of
Commerce. The. land inthe"vicinity of the site is currently used primarily

.for livestock grazing and-wildlife habitat. Unless the uranium mining
industry experiences an unexpected revival, thereis no reason to believe that
the area will experience a-population increase or change in land usage.

Source Material License'SUA-56,was issued to WNI in 1957. Milling commenced
in 1958, and continued until June 19, 1981, when the mill was placed on
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Unsalvageable material was buried 6iten ep ra. te buriae stes Jtnte0
restricted area. Review and approvala f the Decomissoni g Report rwasi

documented in a Memorandum, for Docket Fl No. 40-1162 dated J uy1r2.6 19, 199: 9 0

Amendment No.,, 33, August 15, 1986, trequired me submittal Isof a reclamation
pln.fr. tetaili ogs'-disp'osal site (License',Condition No. 30(F))*. Li ce ns e~

Condition No. 27 also. oferenced disposal area reclamation; however.Pja that
reference wasvsimply a conceptual plan to8 reduce the approved embankment.crest
elevation from 6444 feet msl to 6410 feet msl. By letter dated June 30', 1987,
WNI submitted a detailed reclamation plan for the"disposal area. NRC review

comments on the plan, were provided to WNI on.October 20, 1987. As a result of
those comments. and numerous other techni~cal meetings-and discussions,,.WNIA
submitted -RevisionoNo. 2 to the June30, 1987, Reclamation Plan3on March.31U..
12989." Rev isions,,:to the March 31, 1989, plan and, submittal of supporti~ve
iforma~ti 'on were transmitted-by licensee letter' dated July 12 and.. '

November 10, 1989;: June 5, 1991; March 12 and April 21, 1992.

On April 21, 1992, WNI submitted a final..documen~t. ent~itled "Western Nuclear,
*Inc. Split Rock Mill, April' 1992-Revision No. 3 to the June 30, 1987, Uranium
Tailings Reclamation Plan." .his submittal contained the drawings and)"
specificati~ons. incorporating all revisions to the design. This plan was
reviewed and found to be acceptable and the basis for the plan's acceptability
was- documented in a Memorandum for Docket File 40-1162 dated June 12, 1992. A
Notice of Intent to Amend Source Material License SUA-56 was published in the
Federal Register) (FR) onJune.,19, 1992. No public comments were received on
the FR Notice; however,"WNI was advised that before the reclamation plan could
be approved, an Environmental Report (ER) would have to be provided. The ER
was subsequently provided and on June 4, 1993, an Environmental Assessment was
prepared by the NRC". Revision Nn. 3 to the reclamation plan was finally
approved on June 17, 1993, by Amendment No. 68 to Source Material License.,
SUA-56. The amendment however, had stipulations associated with the design's
erosion protection.

During the-time between when the acceptability of the reclamation plan was
documented in a June 12, 1992, Memorandum for Docket File 40-1162 and the time
the EA was published on June 4, 1993, IAI proposed a further modification to
the plan. That modification was proposed on September 9, 1992, when WNI
submitted Revision.No."4't:6 th'"1987 Uranium Tailings Reclamation Plan., Since
Revision 3. had already.been found acceptable and the EA was being prepared,
Revision: No. .4 was not, reviewed pr.ior,,to approving the reclamation plan in
Amendment No. 68.

Revision No. 5 to the 1987 Uranium Tailings Reclamation Plan was submitted by

WNI on October 29, 1993. This revision superseded al.l previous revisions and
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to '!4 terdn attenut io bare de si`gn In..additi~on*, the plan-was expanded
to. include, reclamation of the ground-water corrective action program Winter
Storage Ponds located adjacent to the disposal area." A new borrow source,,the
Cody Shale Borrow Area, was identified as a source for radon barrier material..
The Bureau of Land Management issued a "Decision of Record and Finding' ofNSignificant Impact" for the Cody Shale Borrow.Area ,on September, 29, 1993. :'In
conjunction, the Wyoming Department o~f Environment'al.:Quality issued-Small,..
Minin 'Permit No. 694 forthe area.,on qctober 28,11993. WNI su.mit-ted thi'
information on December 13, 1993.- NRC review of Rvitsion 5 resulted w in
additional information being submitted by the licenscee. This additionpal
information was submitted as Addendum•A to oRevision a dAed Februaryc7, 1994.

DISCUSSION, ½,'

TheSplit Rock tailings disposal area consists of 7.7 million tons of tailings
covering 180 acres. Tai.lings.were hydraulically disposed of behind an earthen
starter dike which was raisedusing the upstream construction method.,:.This
embankment was breached on April 12, 1977. About 33 feet .of the embankment,.,
was lost, resulting in. the release of about 2 million gallons of tailing
liquors.' A new embankment was.constructed immediately upstream of. the old
embankment in 1977, using the .impounded tailings.as foundation. An alterna te
dIsposal. area located. downstream from the old tailings pond was used for
storage prior to 1977. .

About 5.3 million tons of tailings are located in- the old tailings pond and
alternate .tailings area. The remaining 2.4 million tons are contained within .
the new.taili~ngs area. These tailings will., be reclaimed in place as.shown on
the at.taclhed..figure. The tailings will be covered with windblown material, a
radon -barrier which will also reduce- infiltration, and a soil/rock erosion,
protection cover. Flows from upstream drainages will be routed to the north
and south of the disposal areas in diversion ditches.

Reclamation activities that have been. completed include:

'The regrading of the fine and coarse tailings, including the placement
of a minimum of 3 feet of coarse. tailings over, the fine tailings in both
.the old and new tailings impoundments.. .

ReOshaping of the~tailings.

Retrieval and relocation to the tailings of the windblown and
contaminated soils.outside of the boundaries of the final cover.

-• P - Placement of-an interim soil cover over. the mill site-and tailings
areas. In addition, borrow material hasl been placed to reach the
desired subgrade configuration.

in
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Review of the proposed reclamation plan in. Revision 5 and AddendumiA to
Revision 5 i.s discussed below. ,This, discussion is. di~vided into. seven
sections: structural stability and liquefaction, settlement,.,surface water

. hydrology, erosion protection, radon attenuat.ion,; construction specifications,
and archeology'. All references totReclamati on ý P.1,an ,Revi..sions--3.and 5,:and to
Addendum A. in the:,discussion. belowindicate th&ilicensees'.ubmittals that
contain ,the, commitments or analyses being discussed. " ' .,. .h ., w..

,Structural Stability and Li quefaction.

.The~structural stability and liquefaction potential of the existi.n9 disposal
,area, including.the foundation, were reviewed as part of the l-icense renewal.
It..was determined-that the structures were designed and constructed in
accordance with Regulatory Guide 3.11, "Design, Construction, and Inspection

.,of EmbankmentRetention.Systems for Uranium Mills" (NRC, 1977). The
structural stability. and liquefaction of the reclaimed facility is therefore
not a design. concern as the 'reclaimed con figuration flattens the outslopes,
el-iminates the.,,tailing,s pool, :and minimizes-infiltration through the cover,

.,system. The addition of.the Wi'nter.-,St6rage Ponds to the overall reclaimed.

.,configuration will.not affectthe stability of the structure. Therefore, the
structural stabilityof the reclaimed disposal area meets the criteria set,
forth ,in 10.CFR 40, Appendix A. .. "
• - . :.-, 45.", . . / ,'',' " - '• ,. , -

, 4,Settl ement. ,' -. ' 
.

-The, proposed..settlement program is summarized in, Section 7.2.1 of the
.specifications.(Addendum A to Revision 5). Settlement monuments were
jinstalled inn -1990 ,and 1991, during regrading_.operations at the locations shown
''on ..the. attached figure.and. on Figure 4, Drawing. No. 91-225-E53 (.Addendum A. to

, Revi sion 5). :The monuments consist-of a'; 3/4-inch diameter riser pipe welded
to..a,.24-inch by 24-inch,.,'/4-inch thick base plate as shown on Figure 10,

.,.Drawing No. 91.-225-E59 (Addendum. A to Revision 5). The monuments were placed
on the existing tailings surface so that the riser pipes extended to a minimum
of 18 inches above the.final elevation of the soil/rock matrix.

The settlement monuments,.,which the licenseehas been monitoring since 1990,
will. continue to be surveyed for.vertical movement quarterly unti-l primary
consolidation has occurred. Once this consolidation is complete, the licensee
will document the data and provide it to the NRC for review and approval. WNI
has committed not to begin placement of the final soil cover until the NRC has

.reviewed the settlement data and has concluded that primary consolidation has
occurred. This commitment provides adequate assurance that differential
settlement, if there is any, will not adversely affect the integrity of the
cover. The proposed settlement monitoring program is considered to .satisfy,

i . .. " . .. ..... ... "......."......-- - - - - - -'
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•"• apfrlicable "pOrtion~s2Of.Cr~iter;i~a• 141 4i,"'flnd. 2 ,lf iOf)0•R 40, 'Append~ix A•,"
re4cii~ring reclama~tion des'igns •to"Contr'ol. rad~ologic~al: ha zards, for thie desg

• wl tnou• acltI.'ve, malntenance,4 after reclamainaon is;, complete;<• :,;'Ir

* rTo accelerate settlement and assist in .the dewater~ing process:, vertical band
*drains were Irnstalled in the disposal..area in 1992. (These drai~ns .are...alled

wicks, because they resemble old, oil .lamp. wicks). .'Approximate~ly 3250 wicks.
were instal led over an area of .about 18.5 .acres...Results to .date. indicate
that the rate" o~f change of. settlemniet h'as .i~ncreased signi~ficanhy'.tY-since"•he'

.wicks were. ins~talled, I . .. . ... . , .- ," " ... " '"

Hty.roloyic Description and ConcpUal Design,...,

4 -. 41 0 41 t %. i,, -f , . P . .. ..

'lh Split Rock.Uranium M•Ill tailings impoundm~ents are located dt the head of a
.. ..r~ dr"ng ... a that' bounde .on the north, east, and soith sides, by
i[steep granite outcrops as shown on Figure B.1.2, Appendix B, (Revision 5).
* he out~let, of the drainage area" is toward the west where an additional granite.

outcrop separates the drainage into two valleys. The only perenr~ial stream-in
,.the vicinlity .of the mill site is Lhe Sweetwater River which isr located• more

than, a mile south..of the sji.te.' This river, however,, poses no threat, to the
" site as.t~he.: licensee has determined that an extreme flood in Sweetwater River

.i will not reacli the mill site. Based on a review of. the information providedI. by the l ic'ensee it. is agreed .that, extreme flooding in the Sweetwater, River
• fwill not affect t~he. site. i!Flo0odi~ng in the, immuediate vicinity of the tail~ings
•pilie can result from runof~f originating on surrounding granite outcrops. This
•'flooding however is limited as the drainage .area of the outcrops is less thanI square mile.

.In .order to comply..with0 CFR 40 Appendix A,tCriteron 6, which requires

stability of the, tailings, for..1000 years to the extent reasonably achievable
•,,and; i~n any case for..200 years. the licensee proposes to reclaim the tailingsimpoundments ,in place and protect the ailings from flooding and erosion. The
::.des~ign basi~s events, for .desltgn. of erositon protection i ncl ude the Probab e 'rpý.Maximum Precipitation (PMP) and the Probable Maximum Flood (PMF) events, both

Sof which. are considered to have low probabiities of being equaled or exceeded
, o during the 1000-year, stabilization period.

As shown on the attached figure, and on Figure 5, Drawing No. 91-225-E54,
(Addendum A to Revision 5), the surface of the tailings area will be regraded
to drain Into a central swale ontop of .the pile.- To protect against erosion,
the pile top will be covered with a layer of compacted rock and soil to form a
soil/rock matrix, and the swale will be covered with riprap (rock).' The
heights of the two tail.ings embankments will be reduced by as much as 30 feet
and the slopes, which are about 4H:IV, will be regraded to much flatter
configurations of about ]OH.:IV and 2GH:IV. Four rock-lined (riprapped)
ditches; the North Diversion Ditch, the South Diver n Ditch, the North
Central Diversion Ditch, and the South Central Diverbion Ditch, will divert

-wK41'34~: k j~ 4~44~Y~1*~T~ 4"4i44. ~ '"4 " I4........"
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taiiings piles will drain,into the North Diversion Ditch. On the west s ide of
the reclaimed area, riprapped erosion aprons and key trenches will protect the
outlets of the diversion ditches against extreme flood and long-term erosion

as shown. on Figure 9,,Drawing No,. 91.-225.-E58, .(Addendum A to Revision 5).... Key
trenches,.wil1 also be, provided in the areas. where'the soil/rock matrix
surfaces transition onto the existing soilas shown.,on Figure 10, Drawing .*,,,"', •
No. 91-225-E59, (Addendum A to Revis,o .5...., . '.i,

Flood Determinattons : .', .* .. ,,:, - . , 'a..

To evaluate the effects of.,fIooding and to determine the need for erosion
protection, the licenseeaanalyzed- flooding due :to Probable Maximum.Floods
(PMF) from the various drainage areas. A PMF is. based on the Probable Maximum
Precipitation (PMP) which is .'defined as. the greatest depth of precipitation
that is physically possible at..a particular. geographic location. PMP values
were estimated by the licensee..using Hydrometeorological Report No. 55A (USDC.,:",
1988), which is the correct reference for estimating.PMPs at this location.. A
1-hour PMP of, 9.2 inches was. used :is a basis for estimating PMF's for the
small drainage areas atV.the site. The lic.ensee"'s procedures for estimating
the appropriate PMP value for.use in calculating design flows were rev,iewed,.
and it was concluded that a 1-hour PMP of 9.2 inches is acceptable.

Before the 1-hour PMP value can be used. to estimate PMFs, it has to be
subdivided into smaller time increments. iPMP amounts for durations as small
as 2.5 minutes were estimated by the licensee using .percentage; recommended in
HMR-55A. As:these. percentages ,are comparable to,.those recommended in:,.
NUREG/CR-,4620 (Nelson and others, 1986), it was concluded that PMP values for
otheridurations are also'acceptable. a

Probable Maximum Flood (PMF) Estimates

PMFs are dependent not only on the magnitude of the PMP but also on the amount
of precipitation that is. lost by infiltration, surface storage, and
evapotranspiration. Other important parameters are the duration and temporal
distribution of the PMP and the hydraulic characteristics of the drainage
areas. By considering all of these parameters, a PMF can be estimated.

Two procedures were.used by the licensee to estimate PMF peak discharges for
the site. For the diversion ditches and the pile-top swale, the HEC-I1
computer program was used. This.program is a widely.used and accepted
procedure for estimating-peak discharges. The program was developed by the
U.S. Army Corps of. Engineers (COE,.1991a). For the'pile top, the licensee
used the Rational Method (Chow, 1964). This method is also a widely used
procedure for estimating flood, peak discharges and it is recommended in the
NRC Staff TechnicalPosi~tion on ErosionProtection,(NRC, 1990).

1.

17.77,
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Basi ... r. 'sti .ued.s.iputparmetr..o.HC..wer determ~ined• by

u.:•.isi ng. the: U. ~S. :;oi l;C~nserv ation Ser~viiie;Cur~ve Number' (('N) .Metho~d..as! dscrilF

0 7.

.. CN values wereesti.mated by
: . .consd.ýn'g eachtype of stterial'! ue)(,soil fpor rsock) in eachE drIawnage' beasrine. Tbi
ls:Iicenseeat..assumed -Curvhe beginning of the PMP event

.close to saturation. Thisresulted in conservative PMFs because if

the ground is close to •saturation, v~ery little of the rainfa~ll can i n.fi.ltrat",
into the soil and most will become surface runoff.

,, ~Other parameters that affect the magn~itude of a PMF esti~ma:ted using HEC-1 ar'
,,.-.; ::t h e.l'a g t ime!0and t he.' tem•po0ral id~ist~r ibu tiono~f.ir a in fai .I..,-A'fter'r, La i nfa•,:ivo cc u,

over a drainage area,I there Is a delay in time :before the runoff reac~.cz: itsmaximum peak. This delay is called .the lag time. Lag times were estimated

the licensee using a procedure developed by the U.S. Soil Conservation Servi•(SCS, 1972). This method is considered to be appropriate for estimating laq

S times for ..the small drainage areas. at the, site. .K.' . -.
The temporal distribution of rainfall is the sequence in which a storm occur

For example, in some storms, the largest increments of rainfall occur at the
beginnirng of a storm and taper off as the rainfall continues. In other

.'torms, rainfall begins slowly, increasing in intensity to a peak, near thecenter of the storm duration before it begins to taper off. It has been shof
O.•that,a rainfall, distribution that peaks near the center of the storm duratior:
results in themost conservative (largest) PMF peak discharge. This is the
madistribution thatiwasused by the licensee .. ..

The Rational Method (Chow, 1964) which was. used to estimate PMF peak
dimscarges for the pile top,. incorporates a coefficient (C) that represents
multipier.that accounts forany losses to the rainfall. For example,. a
C = 1.0 indicates 100 percent runoff (no infiltration) and a C = 0.8 indicatte
. e.nn, that 80 percent of the rainfall results in runoff. The licensee used a

,Crvalue of, 0.8 which indicates, that a high percentage of the PMP contributes
to.,theaPMFpeak discharge. In order to estimate the highest design discharcy
for the pile .top, PMFs were estimated for six locations on the pile top as
shown oon Figure. E.1,.1, ((Revision 5)p."• " d

To evaluate the adequacy of the licensee's PMF estimates, independent
calculations were performed. Based on these calculations, it is concluded
that the licensee's design PMFs for the diversion ditches are conservative as
thus acceptable.. For the pile top, the PMF estimates were not conservative.
However, as discussed below, since the riprap erostion proteCtin.8proposed by

the licensee was,. in most cases, larger than .required, there were only twolocations where ttheriprap ias not adequate. The licensee agreed to

adequately oversize; the..riprap in these locations.

Water Surface Profiles and Flow Velocities p..

• Once•PMF peak.discharges have been estimated, it is necessary to determine
water depths, flow velocities, and shear stresses associated with those

show on ig~e, E lj 1 (Rev sj n45
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d~iScharges ,,These ;parame~tersliprov~ide ,the ibasi s .for determi~ni,. ng,~~r~l ~.-
pro~tecrtion<.is£:necessary .and if it isi the par~ameters are used to,.estima~te the
required riprap sizes andplayer hicknesses.needed to provide erosional
stability to the reclaimed tailings.'

Water surface elevations and flow velocities were estimated by the licensee
'using two procedures. For the. pile top..and embankment side slopes, the
Manning equation (Chow, 1959)-was•used. For theiii`diversion'.d:itclches .and"the
.swale on the pi.le top, the U.S. Army .Corps.of Engineers' gradually-varied-flow
comp,uter, progr.am, :HEC?2 (COE, 1991b)..was used..:-Both of these .me~thods-..are-.-,
'acceptable computational procedures for estimating water surface'elevati.ons,
flow depths, and flow velocities as recommended in the NRC Staff Technical
Position on Erosion Protection (NRC, !990). To verify the licensee's
estimates, independent analyses were performed using HEC-2 and the Manning
equation. Based on; these independent analyses, it is concluded that the
licensee's calculations resulted in conservative design parameters that were
used as discussed.below to design.adequate erosion protection.

Erosion Protection

As discussed above, PMF peak discharges, water surface eltwvations, and flow
velocities were estimated by the licensee for the diversion ditches, the swale
and the pile top. .. Those parameters were t hen used together withappropriate
design methods-to determine the shear stresses and the riprap size,s required
to resist those, stresses. For riprap design purpuses, WNI conservatively
assumed that the. PMF-discharge in any part~icular reach of a..ditch would be
equal. to,the. discharge at the-end of the reach,.,.A summary of riprap
requirements is. shown in Table 2A (Addendum A to Revision 5).

Riprap. Design

In sizing riprap, median, stone diameters (D5 os) were first estimated using
either the Corps of Engineers' Shear Stress Method (COE, 1970) or the Safety
Factors Method (Stevens and others, 1976). The Corps' method can be used only
in cases where flow depths (y) are large relative to the D50 i.e., where the
ratio y/D50 is greater than about 2. For shallow ditches, the Safety Factors
Method was used. The SafetyFactors Method was,.also used to size -the rock
portion of the soil/rock matrix on the pile top. Eleven riprap sizes (D50s)
were estimated for the various applications. To reduce the need for having to
produce 11 different riprap sizes, the licensee elected to use larger rock
than required in certain areas. This reduced the number of different riprap
sizes.to-four as shown in Tables 2A and. C.1.1 (Addendum A to Revision 5),.
Diversion ditch and swale cross-section design details are-shown in Figure 6,
Drawing No. 91-225-E55 (Addendum A to Revision 5).

The methods used by the licensee for estimating D50 s are those recommended in
the NRC Staff Technical Position on Erosion Protection, (NRC, 1990) and are
therefore acceptable.

I

.4o
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To'eh 0ck the licensee's riprap de'signrJ,n ,pehde't 'at alyses were peormed. ' '

e .'elendent hanay.yes ýind icatd t hat except for' two cases, the Dn"s
' .prequoed.by thelicensee are adequate and, in several cases, larger t an

required. The two exceptions are on the pile top.. The first is an*area wherc
the slope is greater than 9 percent (Segment 3 of Profile 1 shown on
Figure E,1.1 (Revision 5)) and the second consists of several small- areas

..*,.'I south of the South Diversion Ditch (Figure .5, Drawing No. 91-225-E54;< ,,,
(Addendum A to Revision 5)). The staff. determined-that in these.:areasý,the
proposed 2-inch D50 riprap proposed,..is not. adequae.' For the,.s~teepjarea, a

2minimum D50 of 3 inches is .required. For the .area. south of the South
DDiversion Ditch,a minimum Di of '4.inches isrequired. The 1,icensee. agreed

to use a D50o6f 3 inches for the area of the pile tOp where the slope is
greater than 9 percent. For the areas south of the South Diversion Ditch, the
licensee will use a D50 of 6 inches which is larger than required. These
design changes were. made in Addendum A..to Revision 5. Figure 5, Drawing
No. 91-225-E54 (Addendum A to Revision 5) shows areas of the pile top, where
the 2-inch, 3-inch, an.6-inch rock will be placed.,
The estimated D s(s.were then used to design well graded miktures of rock to

Sresist the shear orces of..the PMF peak discharges. The Criteria used to
determine riprap g'rradations are .from the Surface Mining Water D'versions.
Design Manual (Simons and. others, 1982). The'proposed gradations are shown in
Table 2A (Addendum A to Revision 5). To verify the adequacy of the licensee's
proposed riprap gradations, independent spot checks were made using-design
methods presented -in NUREG/CR-4620 '(Nelson and others, 1986). These analyses

*.indicated.that the gradations proposed by thelicensee are acceptable.

Fil.ter Design. Z.

:,Rirrap, is Used to minimize the"potential for-erosion of the underlying soil.
Hoiever, when the.soiil isof such gradation that there is danger that fines
my be. washed out through the voids in the riprap. a layer of graded gravel
(iilter) should be placed beneath the riprap. The gradation of the filter
snould, be..coarser thanthe underlying' soil but finer than the riprap.
Dependin5 on the size of, othe .r'iprap, morethan one filter layer may be
necessary.-ý 'The licensee proposesbto place a, filter layer underneath the
,riprap in the four'.diversionditches,..the swale, and the key trenches. In

areas of t•ie ditches.requiring large riprap, the licensee determined that
two. filter .layers are necessary (Table 2B, Addendum A to Revision 5). The
design of'the filters was based on procedures from the Journal of Geotechnical
Engineering (Sherard and others, 1984).. This procedure is acceptable for
applications where water pressures are not high, such as filters .placed under
riprap in ditches and'swales.

Based on a review of the licensee's.fiIter design calculations, it is
concluded that the filters proposed by the licensee will stabilize the riprap
layers by preventing the underlying radon barrier soils from washing out into
the voids of the riprap.

-0 _W1 -AAAAU'I' 
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A•pro / Toe De'sgn " " ", -9n ,

AThtr'etnd•,. ne",fdur' , diversion e -a•'. ',feas where the, soi-/rock
th tf u I i, I ,1 .1 .,."t'

mon t ''tbnatural"gr'ud imust' be •protected from headcu-ts itha can
form a's a result of scour and subsequently propagate upstream* potentially
impinging on the reclaimed tailings.

To minimize the potential for .headcutti.ng of the diversion:di tches, aprons
.will be formed at the outlets by flaring out the bottoms of the.ditches ,to
greater widths. This design feature Will decrease flow depths and velocities
soQthat the aprons may.be daylighted onto, the natura,.soil, Fi..gurqe.,9, Drawing.
No., 91-225.E,58 (Addendum A to.Revision 5). "To, determine the requi.redii'ength
.of the flared 'aprons, the.licensee adapted a method from Barfield and'.I.others
J(1981). At the downstream end. of each apron, a "cut-off wall will be excavated
and filled with riprap as shown on Figure 9, Drawing No. 91-225-E58...
(Addendum A to Revision'5): The depths.of the cutoff walls will be equal to
the expec'ted. scour.,which the licensee'estimated Using a method.from the

Federal Highway Administration-(FHA,;1983);" This method for estimating scour
4 depth. is recommended-in the Staff Technical Position on Erosion Protect ion

(NRC, 1990) " . ,

:The areas where the soil/rock matrix on the pile top transitions onto natural
ground, will, also be providedwith rock-filled key trenches as shown in
Figure.10, Drawing No. 91-225-E59 (Addendum A to Revision 5). -The procedurn
used for designing toe erosijon protection is from the Corps of Engineers (COE,.

.1970)., Th'is procedure is recommended in the. Staff Technical Position. on
Erosion Protection*.(NRC, 1990)

,The rock apron and key trench design calculations were reviewed and
independent analyses were performed using procedures from the U.S. Bureau of
Reclamation (.USBR, 1977) and the Corps of Engineers (COE, 1970).ý Based on

,thi•. evaluation, itis, concluded that the licensee's rock apron and key trench
,designs are acceptable for both the diversion ditches and the transition areas
between soil/matrix areas andnatural ground..

As shown on Figure 5, Drawing No. 91-225-E54 (Addendum A to Revision 5) two
storage ponds located about 750 feet downgradient of the outlet of the South
Central Diversion Ditch will :be reciaimed in place. Flood flows exiting the
ditch willpond in a low area between the ditch outlet and the storage ponds.

•Thelicensee. evaluated the erosion effezts of this ponding and concluded that,since the top of the'reclaimed ponds will be at elevation 6320.feet 'hd the
ponding will be at a maximum of 6318 feet, the reclaimed ponds will not be
adversely affected. In addition, the apron of the-South Central Diversion
Ditch will sufficiently dissipate the energy of the flow exiting the ditch
such that the flow will not erode the side of'the tailings cover which, is
protected by a soil/rock erosion protection layer.

An independent evaluation of the ponding area downgradient of the South
Central Diversion Ditch outlet was performed. To estimate what the maximum

71 "7ý ' = 7 71 -77 . ,'7 ' ;
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pond fngeeevatiof.'if]VIi!be .' dUring'a vMF,,,a, i ndependent storage routi n~g %
arss was petformed usin,.the of EngiCneers ,HEC -1 computer program

:(C0, .. Thi9,analys s .- dIcated:tht 'the (maximum instantaneous .:pohding.
: .. ~ ~ o eweot~ Id 8 1 d .b f;'• t" s; 'Tt 's ; ' 'v

le i wu. eess that 6316.feet Th'e1vaion is more tha 4, feet
.. lower.than the storage ponds., Since, the:water would be ponded, the fl'ow
-velocity wouldessential:ly be zero. ,.To.support this.analysis, a'second..

in~dependent: analysis was performedr usingl:the Corps.,of Engineers. HEC-2 ".computer
program (COE,, 1991b). .Although flood, waters woul.d pond to an e.levation rof,;

about 63,14-:. eet,,andithenspx 1 joveýraridge .in,,rt.anorthwesterly .,.h,.rec tion,,.. i t.
was conservatively, assumed that the".entire fflow exiti;ng the SuthPntrai..
DiversiponDitcho.woul,d ,remai,n in the 1low area against- the tailings pile i e.. ..,.
no. fl ow. wouJd.:sp~i11 dover 'theridge he resul ts .f. this analyi~s 'indica ted'
thatflow vel~ocities,agaainst the rec1aimed storage'pcnds will be.nonerosive".
On, the basis 'of this' ,independent evaluation, it was- concluded that rip'rap is
not re.quiredin. thepondingarea between the outlet of the South Central
Diversion'Ditch and, the storage, ponds :. ,' 1

Sediment Con~sid.erations'" ".', ' i,,

The Staff Position Paper: on Erosion Protection (NRC, 1990) recommends 'that
ditches be designed to be selfýcleaning'.in order to prevent sediment from
being deposited and-reducing the flow, capacity of the. ditches. In order to
assess the ability of the ditches to be self-cleaning, the licensee reasoned
that if flow velocities occurring during a 25-year or 50-year flood event were
high enough to remove accumulated sediment, the ditches would be self-
cleaning.

The licensee, first estimated 25-year,,and 50-year. flood events for the
,".dive~r~sion ditches using the HEC-1 computer'.program (COE, 1991a)... Rainfall.
''values for 25-year'-and 50-year' events' used as fi'nput' to HEC-1 wer'e obtained

from NOAA Atlas 2 (USDC, 1973). Flow velocities were then determined using
Manning'.s equation (Chow, 1959). Next, the licensee examined grain-size
d~istributi(,n data for onsite soils and determined that 99.5 percent on the
soils found onsite are smaller than a No. 8 sieve (less than 2.38 mm). Ritter
(1978) relates flow.velocity to grain size and shows zones where sediment
deposition, transportation and erosion will occur. Ritter's relationship
shows that a minimum flow velocity of 1.7'ft/sec will erode soil having a
grain size of 2.38 mm. Although Ritter's relationship showed that a velocity

of 1.7 ft/sec would erode the soil, the licensee conservatively assumed.a
velocity of 2.5 ft/sec in their analysis. Using this relationship, the
licensee determined that flow velocities from both 25-year and 50-year'flood

events would be high enough, i.e., greater than 2.5,ft/sec, to remove any
accumulated sediment in the ditches. Based on this determination, the
licensee concluded that the.diversion ditches will be self cleaning.

In addition to. the 25-year and 50-year flood events.considered by the
licensee, the staff-independently considered the effects of a more frequent
flood event. Assuming a flow'velocity of 1.7 ft/sec from Ritter, the staff

estimated that flow velocities during a 10-year flood event would also be high

''I ' .'' I
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iiog m'e6 remove tKe d'i"VIondic~~
66oujjo,,reo apy'a tccumu Ice'd sedi'meiit in the'
6. T erlfo~it i s dc'5hluded'.that excessive sediment deoiinwl Otccur

inthe di~vers ion ditches. -

.,,he 1 icensee a]lso considered the,.potential for. clogging of the divers-ion
ditches with' se d im e*nt". f rom'the adjacent..grani te 'outcrops. In gene~ral the.

.eamount of sedimentavailable 'for depo'sitioent:'in the diversion ditches .s.. .
wnih bauie..he, areas that contrtbute runoff de-she ditches.;a're':, ' solid 'rock
" a .mlhnicnUM amount con soidoier There are.f several locations however'llo where,

' sed imentatj on. coul.dPOSi D•• b y,,ocur. Jhese.,.arearea '',where natura~l ý:.gdull;ji es'.-
exit. from• the. gran~i~teutcropss;,i.ntercept nativ6, soil, and subsequentl1 enter

the. diversion ditche. The'locations of' these, gullies are shown. as
"confluences" on Figure 5, Drawing No,. 91-225-E54 (Addendum A to Revisi~on 5).
In order to provide smooth.transitions for flows entering the diversion
ditches., the licensee proposes to construct a wide channel at each confluence
location as shown on Figure 9, Drawing No. 91-225-E58 (Addendum A to
Revision 5).,. The channels will extend upgradient through native soil to the
point of'..discharge o-f .each, natural gully. This design is based on procedures.
from. the Office ofSurface Mining (OSM, 1982). The channels will be riprapped
with the same size o- larger riprap that is being .used in the diversion
ditches and will extend upgradient to the granite outcrop (Addendum A *to
Revision 5). Since the flows exiting from the channels will be considerably
less than the flows in the diversion ditches, the.riprap is more than adequate
to protect the confluences of the channels and the diversion ditches.

Based on a review of site topography and on the licensee's analyses and
evaluation, it is concluded that sedimentation .from the granite outcrops will
not affect the ability of the diversion ditches to divert the PMF away from
the reclaimed tailings.

Runoff From The Surrounding Rock Outcrops

Since thetailings pileis-surrounded by very steep granite outcrops,. runoff
from these, outcrops.,will enter the diversion ditches in a direction
perpendicular to the flow in the diversion ditches. The licensee performed an
analysis 'to assure that these perpendicular flows do not overflow the ditch
banks onto the reclaimed tailings. Assuming sheet flow from the granite
outcrops, the licensee calculated the.size of riprap..that would be required in
the diversion ditches (Appendix F, March 12, 1992). The results of this
analysis indicated that the riprap proposed for the diversion ditches is much
larger than required to resist the. shear-stress o.f.a PMF from the granite
outcrops.

Based on a review of. the licensee calculations and on independent riprap
sizing calculations, it is concluded that the riprap proposed for the
diversion ditches is larger than required to resist the shear forces of a PMF
on the granite outcrops..

| ... *• " "•' •.".',•'•I" ;.•' • :•" i•'• : '• . ... • . 4- .: :'•i • hI- 1''' :i.•' ~ • :i"•
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Afws f,,o ithe, than rockt t ot p mege 4  f'lows in ,the-diversion ditch'es
t ,,eneere ns.,a. tcancet tnat-iydraUl ic J umps co61 d po'fentiali occur an dreI's U ,n '

, perforedr us•ingmethods from•CF•ow(i9')' as.ess "ha effects of any
''.hydraulic jumps that may occur. This analysis showed-that the freeboard in

the diversion ditches is adequate to contain the increase in flood depths.
The analysis also showed that the width.of the diversion ditches• is greater..
than the estimated lengths of the jumps. -On the basi~s..of this independ.nt
ana.lysis,..the4.desigr ,of the diversion ditches is adequate to contain 'any
hydraulicjumps that may becaused byflows-:fronmthe-surrounding.,Fock .i ...oc

,outcrops. .- •

Alternate Design " '' ' ""..

The steep topography o•n the. south side of the tailings impoundment-restricts.
drainage'routes around.the tailings and necessitates that the South Diversion
Ditch in some-areas be p laced at the interface between the tailings disposal
ai-ea and the adjacent granite outcrops. This places portions of the South
Diversion Ditchover.tailings. At NRC's request, the licensee considered an
alternative for routing flood.flows completely outside of the reclaimed
tailings (Appendix 0, Revision 5). This alternative would require that the
South Diversion Ditch, be located on the steep rock outcrops south of its
present location. Locating the diversion.ditch in this area is possible but
would.r~quire drilling and blasting through rock. The problem with this
alternative is that because of the.steepness of the rock slopes, drainage into
the alternate diversion ditch would cascade down rock slopes exceeding 40 feet
in height in a nearly free-fall condition. This would disrupt the ditch
hydraulics and probably overtop the alternate diversion ditch. The
overtopping flow would.continue on down the rock slopes onto the reclaimed
•tailings where erosion would probably occur. This alternative would also add
an additional$3,30,000 to the..reclamation cost even-if the rock excavated from
4this alternative ditch was used for,.erosion protection of other features of
the reclamation plan , - "

Based on a review of the evaluation provided by the licensee for this
. alternative to the South Diversi'on Ditch,. it is concluded that placing the
I South Diversion Ditch on the rock outcrops is not feasible because overtopping

flows will probably result in erosion of the reclaimed tailings. Therefore,
4 the plan proposed by the licensee for placing a portion of the South Diversion

* Ditch over tailings is acceptable.

4;Rock Durability and Gradation

Rock durability is defined.as the ability of rock to withstand the forces of
weathering. In order to assure that the rock used for erosion protection
remains effective for up to 1000 years as required by Criterion 6 of 10 CFR
Part 40, Appendix A, potential rock sources must be tested and evaluated to,.
identify acceptable sources of riprap. An acceptable procedure for making
this determination is presented in Appendix D of the NRC Staff Technical

!4
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!• ..... jf~siti-on on--Erosi~on Protection (NRC, 1990). This proc~edure s~peci'fies, a; .
i•! ~ miimum. , ,.,sore .dep~ending on._ _ .... the, location..where. , Fthe• rock'wi'll, be placed., :Rock

,scQori ng 8•0. per'ce'nt or' 'greater ,Inlae lq~ioa vrc tha~t.can be :used" for"i•:a• ••yapl i.catlo'.F' ' " :"Rock' '"•scores": : ewe "'" '' 5"- •W.n'B•••(-mcn i ndi cate" " 1 ~ss•••durableV•':":

-'! rock that can still be us~ed• for any application provided that the. riprap i~s
appropriatey oversized. Rock' scoring less.than 65 percent cannot be used for

~critical areas such as diversion ditches,".and 'poorly dirained toes 'and aprons.
: ~~However, rock scoring between 50 and 65. percent can. be..u'sed in nonc riti~cal!"
i ~area's such as .we~ll~drained .tailings'pile tops and~side slopes prdv'id'•d it is
i ~~overs i ze.asr ecmrmended..,in'. the, S ta f.-f,..echnj ca~l , Paper, on Erosi on Protec~t~ion..

.• '~As an initial test, the :licensee performed a.petrogr~aphic examination o6f the.
! '.proposed rock (ASTM C 295).' Thins. examination indicated that the rock could, be

considered for further physical testing.•' Rock samples were then tested for
.Bulk Specific Gravity 'and Absorption (ASTM C 127), Sodium Sulfate Soundness

~(ASTM C 88), and .Los Angeles Abrasion (ASTM C 535).. The results of these
tests were then' evaluated~using procedures recommended in the NRC Staff'
Technical Position on *Erosion Protection. This evaluatiOn indicated that the-
proposed rock .is Of vrey .high quality scoring 87..6.and 88 percent,' i•

K "respectively,'for the.,two' samples tested. WNI proposes to use rock that will
meet the r, ecommendations described in the Staff Technical Position on' Erosion
.Prot~ection. "T•his will allow them to~util~ize lesser quality rock if it is
encountered in the proposed rock source.... " . .

:. .' .10, t!

Based on a review of .the rock durability :analysi's provided by WNI, and•
,considering. the commitment to comply with, the .Staff Technical Position on

... Erosion Protection, it is concluded'that the rock proposed for erosion "
':protection., is accept able. '... *' ''F.. ':., .. F, .. .F,.

F Fj Riprap gradations were provided in. Table 2A (Addendum A to Revision 5). The
information was reviewed, and it was concluded that the gradation requirements
meet the Criteria recommended by the Corps of Engineers (NUREG/CR-'4620, Nelson
and tes 1986)...Based on ,thi~s review,.it .is concluded that the gradat~ionsproposed for-the r iprIareacceptable.i " -i '':

Teerosion protection design of the reclamation contributes to meeting the
requirements'-of Cr~iteria 6 and 12 in that the riprap has been sized to provide
erosion protection wi'thout any maintenance, to the extent reasonably

Iq

achievable. WNI's determination of the acceptabilityof the rock source using
procedures in the Staff ,Technical Paper on Erosion Protection contributes tomeeting the requirements ofPCriterion 4 by providing reasonable assurance that
the riprap will be dense, sound, and resistant to abrasion, and that the rock
will have' no other defects which could affect the ability of the riprap to
.protect the reclaimed tailings from excessive erosion.." is

Radon Attenuation .a "

F pFor design purposes, the reclamation area was divided into seven areas. As
shown on the attached figure, Areas iA and 18 represent the east and west new

HI - " ' " '' "

aF" 'Fc'F.F"' dpe

'~ ~ ~ ov r i zed as. r"e, "' m" " n ded' i " q •:., ,', the .. S " ta / f • f" Jec. '• nj " ' ape!r ...o Eros ion • Protec-tL o.•. :. .
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ta Mings area s v,r sprea .Viyeh A- Ireoiesehrt ithne north and 'so6f uthi
old 'ta i ings areias, res"Octivel'y, Area 2A represents the alternate 'tai lng .g.".'.
area, Area 2C represents the winter storage ponds, and Areas 3A and.38 '
represent the mi.ll, area with and without tailings, respectively. The proposed
de.sign of the radon attenuation barrier :for each of. the seven areas• is shown,
on' Figure 10, Drawing No. 91-225-E59, (Addendum Ato Revision 5).

Characterization~of Materials

The exploratjion;.program s for.the,,si te ,were,,.conducted in, 1987, 1988,,1989.
1991 .. and 1i993.-:All pertinent data used in the cover, design are con8tained in
Appendix A of.Revision 5. Sampling locations are shown on FigureG.1.2
(Rev, isi~on 5).

The initial exploration.program for thle taili.ngs consisted of eight test
borings; four in the.newtaili,ngs area,. two ;in the ,old tailings area, and two
in the alternate tailings area.. In.addition"," fouriteen .surface samples were
taken fromrthe new.tailings area. Locations of the borings and surface.',:"
samples are shown on pages A-5 and A-6.,(Revision. 3)'. Laboratory testing:
included in-place moisture, anddensity, specific gravity, radium
concentration, emanation coefficient, diffusion coefficient, and laboratory
compaction.,

Mil soils, which are to ,be reclaimed in place, were characterized by one,
composite sampl.e.,. Additional characterization data were obtained during
decommissioning-activities and placement of, an interim.cover over the area.
Laboratory testing included specific gravity, radium concentration, and
emanation coefficient.

u.

To augment these data, 25 additional borings were drilled in 1993, which ,
resulted in an -additional 375 feet of borehole and 431 separated samples..
Locations of the 1993•borings are shown on Figure A.5.1 (Revision 5).
Laboratory testing included .in-place dry..density.arnd moisture content,. percent
passing the No. 200 sieve, and radium concentration. Three composite samples
were tested -for specific gravity!';.ra don 6emanati oefficient, radium
concentraition,10 and capillary moisture determinatiion.'

Windblown tailings, although characterized, were conservatively not included
in the model cross sections. This provides the licensee flexibility in the
placement of this material in the new tailings area.

The radon attenuation barrier is comprised of an imported clay layer (Cody
Shale) and a borrow soil layer placed over the clay. The onsite soil borrow
areas are shown on the attached figure and on Figure 3, Drawing No. 91-225-E52
(Addendum A to Revision 5). To obtain representative parameters, 132 samples
were taken from the 8 borings and 14 test pits shown on Figure I (Addendum A
to Revision 5), and composited into 3 representative samples. Gradation tests
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ere. per*fo-rmed-on salml 132 o t r tes~t~n i, ncluded gradaition,
SAtter ergl im,ts, ,specfic -gravi ty laboratory tompaction., capillary-moisture

•,. relati onshki'p, and radon uldffuslon. .o ""s,
.,,The Cody, Shale Borrow Area which is located approximately 7 miles southwest of

_Jeffrey City,.was cha.racterized by 24 borings, sampling 700 feet of the shale
deposi.t located in Sections 6 and 7, Township 28 North, Range 92 West and. in

1.Sect ionsI 1:and 12, Township, 28 North,. Range i93 Wes~t',(Page A-49, Addendum A to
isRey iSion ;5)'. lor..aboratory determination of in-place moisture content,

273 indi.vidual specimens were composited into 29 sam-ples. The results were
used:,to 'further composite four samples representing.material with les.s than9.0 peircent'f ine.s, '90::,t6 92 percent fines, 92 ltO, 95 p.ercent fines, and. more
than 95 percent fines..The laboratory testing program for these four.samples

.included laboratory compaction, specific gravity, permeability, double
hydrometer,. and capillary-moisture relationship. The capillary moisture
;re'tionship was determine,d using Method 26-1'jo`-. ,"Methods of Soil Anal ysis"
1,(Klute, 1986), extended to 9 days, ilin.lieu of ASTM methodology.

Suitabiliýty of the .Borrow. Materials . . .

Based on' the field exploration and laboratory testing programs, the licensee, concluded that the proposed borrow areas contain suitable quantities of
acceptable material to.construct the radon barrier. Testing indicated that
the materials are nondispersive. Permeability Atests conducted on. the Cody
Shale compý Ite s amp QLres,]edin perrmeab`i ' i jties ranging from .1.2 x 10 to
9.,2_.,x IO ,centimeters perthe average :expected placement

ic'.xtbndis6nt.t{tions:.:",.i.These•.,- nt i te 'that7',1../ barrier material i~s":"
Considered pract'*,ally impermeable (USBR, 1987). It was.concluded that the

..low permeability of.the cover materials coupled with the low annual rainfall
and high evaporation rate of the region will serve to.prevent significant
tailings recharge.

Vegetation intrusion into, the radon barrier will be restricted by the
soil/rock matrix layer in the final reclamation cover. Although it is
recogniz'ed that some volunteer plant growth will occur during the design life
of the sitructure, the licensee concluded that it will most likely be shallow
rooted grasses whose roots prefer not to enter the dense Cody Shale clay
layer.

Indigenous animals to the area are not expected to select the reclaimed
disposal] area over native terrain. The compacted soil/rock matrix cover will
not be conducive to digging or to, establishing vegetation to-create an
'acceptable habitat. In addition, the large rocks in the diversion ditches

'which surround the disposal area should discourage passage onto the disposal
area. It is con-luded that the reclaimed, facility will not provide a
desirable habitat and that the diversion ditch system will provide a buffer
zone to restrict access.
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,, :.licnse er.rec•,onc, d reze.nw cyct1 es ion •neraodon barrier was also addlre•sse. h
' .~th •cqrense coc2ue •a.•themat~er~ia~l,'Wil• not, De4 susc ible to rsth e"a

thn. oabilet •to•••g e•w ]•. .W .I I:-o.sppr .a ryaction.. "Tiereto~e, :!. .'til aL•1.]t totransport~exces's' water to the;*frotilirne~does not exist;, and •
'~~the susceptibiliity of'the cover system to frost heave can be con'sidered, low..,;.

I., u• A , . .:. , ' . .. 1 i " . -, •, ,

~~~The licensee .evaluated shrinkage of the~iradon attenua~tio0n barrieri~and;•i~ts'v~
i ~potential e, ~fect on radon attenuation..IiA~s this, physical process is also.dependent onh the presenc'of capillary action, it was concluded that shrei;nkage

effects Onthecoversoils will not be significant. This conclusion was based

on the fact that the long-term moisture content of the soil cover will •emainessentially stable over the design life of the structure.
Based on independent evaluations, the Iee ' s c l o a

of the proposed borrow materials and amended materials to perform adequately
in the cover system are acceptable. It is recognized that bepeated c
freeze/thaw cycles may affect the permeability of the material. Theanticipated f'eze/thaw cycles may also reduce the density of the material
modeled in the radon attenuation design. The attenuation model however, is
not sensitive to this parameter, and will thereiore have little effect on the
ability of the proposerd designlto meet the radon flux criteria.

*Attenuation Modeling• faameters;, .•.•. •..,..w•-
The modeling of the facility was done using the RADONscomputer code (NRC,
1989e ) The final analyses and supporting data are contained in Appendix G
(Revision 5). Addendum A to Revision 5 contains a discussion of each of the
parameters that were used in the computer model. Final design depths arely
shown Figure 10, Drawing No. 91-225-E59 (Addendum A to Revision 5).a.

atReview of the licensee cs, input into the model identitied several areas of
concern, mostly associated with the selection of representative radiological
parameters and appropriate estimates of the expected long-term moisture
contents. These concerns were adequately addressed in Addendum A to
Revision 5. The use of 3 data points to determine the maximum dry density and
optimum moisture content forwthe Cody Shale was not addressed by the licensee
in these submittals. Although the use of only 3 data points is not G'.i
accordance with ASTM procedures, the resulting density and moisture cotent
determinations are well within the range of valueslexpected for this type of.

material and are therefore acceptable. The attached table and Table 4 of theslechnical Specifications (Addendum A to Revision 5) summarize the parameters
used in the modeling process for each area.

Model ing Results
The results of the licensee's modeling are summarizedbelow and in Table G.A.3
(Addendum A to Revision 5). Independent analysis verified that the proposed
radon attenuation barrier design will limit releases to the atmosphere to less
than 20 pCi/msec. Input parameters for the analyses are shown on the .

(Adnu A to Reiso 5). ~ Ineedn anlyi veiidta epooe

radon~~ ~ ~ ~ ateuto bare.einwillmtrlasst h. toshr ols
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at-tached- tab,le..' lhe `,T licensede 'Used,-the-,mo'de : to:optmize the'upper .laye~ r ,offi-Co y :Sha'l , ( :.•rs~: • tt.:com act d,• :Fg ,,erce nht,0 o f,.!,th e:`.,1 abo :a'tory .)i max 1 mu'm` d~ry
, den st • and s ubse que nt ! li f ts' t o9 5 , percen' t) to meetý, rthe ex ,1 t flux' .1st a~n'dard I• J

The 'resulting depths of Cody Shale were rounded up-to the next hi:ghest eveni
inch for .design purposes. Therefore, the d2 pths, in the following table• resul, t
in design exit fluxes of less than 20 pCi/m set.

Design Radon Attenuation Barrier-Depths

Area A ' ' Depth of, Cody Depth of'Soi l-,
Shale • Borrow

"_ _ .. .._. .__ _.. .._( i n c h e s ) ( i n c h e s )

Area 1A 33 12
East New Tailings ._ _•

Area 1B 44. , , 44
W e s t N ew Ta il in g s _ __"_'_ , _ _ _ " _",

Area IC - ' I 36 12
O l d T a i I i n g s .... _ __._ _. . _ _.. . _ '

Area 2A - 42 12
Alternate Tailings ._ ___-

Area 2B - ' '. 36 . 12
Oid Tailings _

Area 2C - 6B 12B

Winter Storage Ponds __

Area 3A- " 16 ' 12
Mill Area with Tailings _ __ __.-

Area 3B . . . 6 12
Mill Area w/out Tailings .....

A Areas are shown on the attached figure.

8 = The radon barrier design for the Area 2C will not be considered
final until the storage ponds are dismantled and a source term can beconfirmed. The proposed cover thickness shown above can be considered
to represent a maximum thickness for the purposes of estimating the

.;surety amount. Confirmation of the proposed design will be required by.
license condition.

Conservatisms in the modeling include the exclusion of windblown cleanup
materials and borrow area soils added to the areas to meet grade. The radon
attenuation design was based on acceptable input parameters and utilized an
ac~ceptable method toevaluate the exit flux. .Therefore, it is-concluded. that
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the p~r~opos~ed' radon attenuatiob'ddbsiighis acceptable t nueh ';theY'
emissions at the site will be l imi ted. to 20 pCi /m'sec as required by
Criterion 6 of .10 CFR .40, Appendix.,A.

Construction Speci~fications

The fo.llowing sections summarize the pertinent sections ofthe specifications
proposed by WNI. All testing shal 1.ýbe done in accordance wi th .ASTM standards
unless noted otherwise :(Secti~on 1.9. and Section- '5. 2. 1 (Addend'6m A;jo

w , + . • . : • • • • H ,, , +• • , ,• • , H,, , ; .• , , .H ' • • ! • t •. • I . •

Material Types .

Radon Barrier Layer Material -The Radon BarrierLayer Material will be
obtained from the Cody Shale BorrowArea located, approximately 7.8 miles
southwest of. the 'site. Suitable material will have at least 90 percent

. passing the number 200 sieve (Section61.11, Addendum A to Revision 5). Soil
classification is.not included in the mateial specification. This material

KI s als referred, to as Cody:,,,Shal e impo~rted ica.Yay nd clay radon birr'i'er,
material in the support documents' and specifications.
Soil - Soil will.be. all earth material that can.be excavated with conventional

earthwork excavation equipment.. The material shall not contain windblown
tailings or affe ted soil (Section 1.11, Ad ddendum A tu Revision 5)

Borrow Soil Cover.Material The borrow soil cover material shall meet the
requirements of tsoil.and no morerthan 10 percent of the soil volume shall
containgpartih cesnm arger than25 inches (Section 1.11,,Addendum A to
REvision 5).

Aff.cted Soils - Soil at depth in the boriow areas which Th is aagamma
r'diatio•:"os n survey value greaster than 20 pR/hr in areas not affected by-shine
and greater than s32 pR/hr in area's affected byshine (Section 1.11, Addendum A
to Revision 5).b ar'his erepresents a modification-of the cleanup criteria, which
is addressed under separate,licensing 'action.

Windblown Tailings - Wind transported tailings having gamma radiation survey
values similar to the Affected Soils (Section 1.11, Addendum A to Revision 5).

Riprap Riprap shall consist of sized angular granite obtained from the
pecified onsite rock source Figure 3, Drawing No.. 91t225-E52 (Addendum A to

Revision 5) or analternate rock source approved by the licensee. The riprap
shall meet the rockisoi ring criteria discussed in Appendix D of the Staff
Technical Position on Erosion Protection (NRC, 1990) (Section 5.2.1,
Addendum A to Revision 5). The riprap material. shall be resistant to abrasion
and weathering, free from cracks, seams, soils, and other defects. that would.'Aalme h okcrn rtra icse n pedxDo h-tf
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tend*torincrease weathering by wa'er 'and-fr6,stV ac't'on.(Section 5.l.4.1,

.,,Addendum Ato Revision 5). R'p-ýap shall beqweljYigraded and sized. as specif ied,
f.'each-rtcuar ,t reach or apron as shown inJable 2A of Addendum Ato,
Revision 5.

Filter Material - Filter material, shall consist of sized angular granite
obtained from the specified onsite source, Figure 3, Drawing No..91-225-E52
(Addendum A to Revision 5) or an alternate source.approved by the licensee.
The filter material .shall meet theroc.k-scoring cri teria discussed iin-
Appendix D of the Staff Technical Posiltion on Erosion Protection (NRC, 1990)
(Section 5.2.1, Addendum A to Revision 5). The filter material shall be
reasonably free. from clay, loam, ordeleterious material. The filteeirmaterial
shall be wel.l graded and sized for each particular ditch reach or apron as
specified in Table 2B of Addendum A to Revision 5..

Soil/Rock Matrix -The soil./rock matrix shall consist of sized angular granite
and soil obtained from the specified onsite borrow sOurces shown on the
attached figure and;on Figure 3, Drawing No. 91-225-E52 (Addendum A to'-
Revision 5); soil obtained during excavation of the ditches; or alternate
sources approved by the licensee. The soil must be acceptable as specified
above. The rock shall meet the scoring criteria discussed in AppendixD of
the Staff Technical Posiftion on Erosion Protection (NRC, 1990) (Section 5.2.1,
Addendum A to Revision,5). The rock material .shall be, angular, resistant to
abrasion and.weatheri~ng, and shal.l be free from cracks, seams, and other,
defects that would. tend,+to.inncrease weathering by water and frost action. The

-rock shall *be well graded and sized as specified in Table 2C of Addendum A to
Revision 5.

Placement

Fill (Below Cover Sy-stem) - Fill shall: be obtained from excavated soil and
relocated tailings resulting• from diversion ditch construction. If necessary,
borrow soil may be used.(Section 3.2.7, Addendum A to Revision 5).. The.
maximum loose lift thicknessfor fill to achieve, the desired subgrade shall be
8 inches. Each lift.wi.l1 be compactedby ati.least one pass of a
Caterpilla'r 815 (or ,equ1valent)...smooth drum compaIctor. Prior to placement of
this fill, the existing surface will also be proof rolled with at least one
pass of a Caterpillar 81,5 (or equivalent) (Section 3.2.7, Addendum AVto.
Revision 5).:

Radon Barrier Layer - The first 6-inch thick lift of material shall be
compacted to 90 percent of the laboratory maximum dry density within minus
2 percent to plus 4 percent-of-the optimum moisture content.. All subsequent
6-inch lifts shall be compacted to 95 percent-of the laboratory maximum dry
density within minus 2,percent to plus 4 percent of the optimum moisture
content (Section 4.2.2.1 Addendum A to Revision 5)

.. . , . .• • ;• :... . ,, ' <;i' ,, • . : i

-~77 77 . . ...
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i; • { compate ung pa~ssjve means in thtcmato •1b chieved by
• .. <. ii;:, Construction. traffic. (Se'ction /'2 2, Addendum A to Revision 5)

j4 i-••' i ,, :• ' ' - -21-. ; , ,h. ' , . . ; .)

R • :, • iprap -Riprap shall be .placed .at the. location's'and grades,..show6 On..theoreclamation pilan drawings. Theriprap shall be'placed in to prevenm
.(segregation and to pr2, ode a layerv0f riprapsof the 5pecifiedfthickness.
oMinimumpcreprapd:uthincknesses forn teahparti culmarappicat ionl :shall.be asc-eedbs 4 Specifited.in' Table 2A(ofS(Addendum A to Revision 5). Hand placing will be

required onlyRto the extent necessary to lnsure these results. Riprapo

'I.ýmaterial,which does not meet the quality control requirements discussed below
i •, ,• shall be either.r'eworked or remove~d~and replaced as necessary (Section •5.2.3.
;• :~~~ Addendum A to;Re ~i 's10n 5) ... .•..: , ,.. . ... .. ,. ,.

Filter Material' Each filtns Ther pae sIll be placed in one lift annd t racked in: place by threee•tasses of a Caterpi1,far D-8 bulldozer or equivalent. Minimum
Milter layer thicknesses for each particular application shall be'as specifivo
" spelf din Table 2B, Addendum A to Revision 5. Each layer shall be placed in a mannbe
that prevents segregation' Filter material that does not meet the quality

' i' control requirements'discu'ssedbelow shall be either reworked or removed and
S replaced as necessary (Section 5.2.4 Addendum A to Revision 5).
Foil/Rock Matrix- The rock for the sol/rock matrix shall be placed first by
end or bell dump trucks or other means i0n a manner that will minimize

•'"•degradation andseparation of the material. The rock will be spread with aSfimotor grader to achieve the specified thicknesses. Nexti the soil for the
'..,soil/rock matrixdwill .be placed in a similar manner. The soil will also be
ttspread by a road grader to Achieve the desired thickness and then compacted
with a vibratory roller/compactu r to push the seil into the rock. Tor e soil

.; shall be forced into the rock voids*while maintaining a maximum thick~ness of
• ,,.•i•" ,2 inches of. soillabove the rock layer after compaction (Secti:r 5.2.5.

ýiAddendum A to'Revsison 5). Minimum thicknesses for the soil1 and,rock layersshall be as specified in Table 2C., (Addendum A to Revision 5).

i :•.•i• Qual ity Contru] .

The quality control progr~m will be performed by the licensee or its
. .~representative. .The program is •designed to verify that constructionactivities will meet the Intent of the reclamation plan by meeting or

>•I;exceeding: a)] design criteria,.
Table 5 of the specifications (Addendum An to Revision 5) summarizes thedrquality control progarato The m will meet the testing requirements and

.'solfrequeocies for cover material dand rock contained in the Staff Technical
>.Position on a desting and Inspection (NRC,t 1989a). e

She following site s peciffc items are included in the program.
4j,
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•Radiona 'Bar~rier La~yeri- Gradation.test'ing (ASIMD 0 i4'01) wil1 be performed once
for •each 1000 cubic yards (cy) of material placed and ati least once a day''for
each day more than 150 cy of material is placed (Section 7.2.3.1, Addendum.-A
toRevision 5).. In-placedensity and moisture testing will be performed once
for each 500 cy of material placed, a minimum of twotests will be performed

each day more than 150 cy of material is placed, and a minimum of one .test per'.
lift and a minimum of one test per full shift of placement (Section. 7..3.2,
Addendum A to Revision 5). Laboratory cor.:paction test-ing(ASTM.D.0'6..8)' will be
performed once for every 15 ,in-place density and moisture. tests performed,
Additional ly, .one-po.i nt laboratory cormpacti 6n',-tAes ts'w~i llj",be per formed, a 't a.;
rate of one test, for every 5 in-:place. density..and moisture tests performed:.:'";.:.
(Section 7.2.3.2, Addendum A to Revision,5). . .

In addition to the testing described above, the Staff Technical Position.on
Testing and Inspection.(NRC, 1989a) requires determination of the plasticity
index once per day and also contains reqouiIrements for soil classification.' As
the material specifications for..this mater.ial do not contain requirements for.
a minimum plasticity index or an associated classification, there is no reason
to include these tests in the quality control program.

Borrow Soil Layer - There ,are no specific compaction requirements on the
borrow soil layer; therefore, there is not a quality control program for the
ndterial. I . . .

Tolerances- A thickness tolerance specification is not required for the radon
barrier layeras .the.thicknesses shown in Table G..I.3 (Revision 5) and on
Figure 10, Drawing No. 91-225-E59 (Addendum A to Revision 5) are minimums.
For the borrow soil layer, the thickness tolerance will 8 to 12 inches. .
Thickness will be measured on-a 200-foot grid system (Sections 4.2.2, 4.2.2.1,
and 4.2..2.2, (Addendum A to Revision 5). .

Nuclear Density Gauge Calibration- During placement of the interimcuver,.
52 in situ density tests were conducted using both the sand cone apparatus and
the'nuclear gauge. A strong correlation was determined between the-two test
procedures and a best-fit equation was developed for dry densities. A
95 percent confidence boundary was determined as shown in Figure 11,
Drawing'14o. 91-225-861 (Addendum A to Revision 5). The dry density
speclficiltlons are based on these boundaries.

All nuclear gauge dry densities.must be corrected by the best-fit equation.
Duplicate tests using both the sand cone and the nuclear gauge must be.
performed once for every tenth in situ test. If the duplicate tests do not
fall within the 95 percent confidence boundaries in Figure 11, Drawing
No. 91-225-861 (Addendum A to Revision 5), the nuclear gauge results will not
be acceptable until the results of an additional 20 consecutive duplicate
tests fall within the acceptable boundaries (Section 7.2.6, Addendum A to
Revision 5).

"';-i;•':,•t':•)' " 2: "J ;" 'i". .,',•,,. " ,,•'•.'-- '•-,!: ',,):,'},•-[• : " . .. .. •"' . -. .. . . . . .
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Wher e, the nuc64lear gauge;j,,s used to determine mo'isture content, te -oven drying
method shall also becohducted as a dup licaite test for the first series of
t,:n consecutive tests to confirm that both the sand cone and the nuclear gauge
a.re producing.results within ± 1.0 percent moisture* If all ten pairs of test
resul-ts are within this. tolerance, the nuclear gauge may be used for
subsequent testing. In addition, after• the.first series of ten tests, the.
Oven dryi.ng method shall be conducted as a.duplicate analysis at a frequency
of once for every ten nuclear moisture tests. If for any tenth test, 'the
results are not within ± 1 percent moisture, the nuclear. gauge will.-not6e
used. until another tenduplicate tests confirm the results, Section 7.2.6,
(Addendum A to Revision 5). ...

Microwave Calibration -' If. a microwave oven is used to determine in situ
moisture contents, the first series of ten consecutive tests must have
duplicate moisture tests using the microwave method and oven-drying method.These results must agre'e within 1. percent moisture. JIf all ten pairs are.,,1 within this tolerance, the microwave method may be' 'used for subsequent
testing. Correlations wll be veri.fied every tenth.test. If the correlation•.
results do not fa~ll within I percent moisture*, the oven drying method will be
used until another ten consecutive duplicate tests confirm that the microwave
method produces results- within I percent moisture of the, oven-drying method.
(Section 7.2.6, Addendum A to Revision 5).
Rock Durability - As specified in Section 5.2.1, (Addendum A to Revision 5),

durability testing of. the rock to be used for riprap and.filter material, will
include the following series of laboratory tests:

1. Bulk .Speciffic gravity:
.2. Absorption ... .

3. Sodium sulfate- soundness
4. L.A..Atprasion

As a minimum, a test series will be performed before use. This will, be
followed by testing for each additional 10,000 cubic yards of rock from a
particular source. More frequent testing may. be conducted if it is suspected
that the rock has changed substantially from the rock that was. previously
tested. Any visual change that is noted will be recorded as described under
the Records section below (Section 7.2.4.1, Revision 5). The rock will meet
the durability requirements defined in Appendix 0 of the NRC Staff Technical.
Position on Erosion Protection (Section 5.2.1, Addendum A to Revision 5).

". ". , ' i

Rock Grada~tion -. Gradationtesting.of the riprap and filter material will...:
include, as a minitruum, an initial test followed by additional test.ing for- each.
additional 10,000 cubic yards of rock. The testing shall be performed for
each riprap and filter size. A minimum of three gradation tests will be

nrequired for riprap sizes having less that 30,000 cubic yards
(Section 7.2.4.2, Addendum A to Revision 5).

77 77'7zýý7ýttý ý,--,77 . . ....
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.Ro~ck;Thickness,.;K-. For.,the' soil /rock -matriJx, thb thicknesses off boththte" r~ock
mul ch. and .the-overlng sol sha.i0:l be measured on a 200-foot 1grd.,:system,.
S'e t•i.o.n. 7.2..5' Add hiddind'm to Revisi'dn 5),.._ The',thickness of, the 'rapa and.2 ; fil , tjer layers ,in th di version i'tches shall be' veri f ied -by measuring'the"

thickness .in a test section constructed at the initial placement of a speci'
size riprap. In addition, the riprap layer thickness shall be measured aL
intervals of.100 linear feet. Layer thickness will be as specified in
Tables 2A and 2B of (Addendum A to Revision 5).

Records , . .

*,Weekly inspection reports shall be maintained that contain the adequacy,.
progress, details of construction, and decisionrs. Volumes of materials placed
:and the number, of field and laboratory tests performed on each material shall
be summarized weekly. (Section 7.2.7, Addendum A to Revision 5).

.In addition, as-built drawings 'will.be.prepared at the completioni of the
project. (Section 1.5,'Addendum A to Revision 5)

; ~~~Archeol og.y .. '"11 - . !. . ,'4.

By letter dated December 14, 1987, th.e Wyoming Department of Environmental
Quality identified to WNI that the Oregon Trail variant located on the site
should be avoided or that a complete cultural resource inventory be.,undertaken. Accordingly,'WNI was' formally, requested by NRC in a,letter dated
May 14, 1991,, to document.that the requirements of License Condition No. 34

weresatisfied. In response,.WNI submitted a comprehensive survey of thei! !'i'potential borrow'iareas,,at,,the site,.' A complete, summary of, the" review. is

documented by Memorandum for Docket File No. 40-1152 dated June 8, 1992. It•, iiiiwas concluded that WNI's proposed avoidanceland monitoring program Would be

adequate. The, licensing action in that memorandum should have been included
in the issuance of the amendment approving the reclamation plan. It was

4i 'inadvertently excluded and will therefore be. part of the current amendmenL.
.... ....4.. 4'~~i ,II

Appendix A to 10 CFR 40 establishes criteria for the technical financial

ownership, and long-term site surveillance relating to the siting, operation,
decontamination, decommissioning, and. reclamation of uranium milling
facilities. Each site-specific licensing decision is to be based on the
criteria in the Appendix, taking into account the public health and safety and
the environment. Decisions as to the ability of the design to meet

.. "reasonably achievable" criteria must take into consideration the stateof
technology and practice as well as evaluation of the economic cost to

' resul ting benefit.

Review and independent, analyses.,of the revised,.reclamation plan for the Split
6 "Rock Mill disposal area have resolved all issues. and open items,'and it is

concluded that the proposed design is consistent with 10 CFR 40, Appendix A.

"1
' I

________________.___ 1 ,,, , 4i



* Criterliia: 2,.8, iandjl, ar~e, not applicable fTor; reclamation and were therefor~e
not considered... Criteria '5,' 7, 'ahd•'13 c6nc&e'r, ground-water protection .
standards. As ground water is being addressed under separate licensing

•actions, these criteria are also not applicable *for reclamation licensing
: ~actions. Criteria 9 and 10 require that a financial surety arrangement .be
: : .established to assure that sufficient funds are available to carry out the
'! decontamination and decommissioning of the facility and the reclamation~of the
i { disposal area. By amendment dated October 22, 1993, WNI was reqU'ired to
;I increase their surety amount to $14,828,282 by License Condition No. 70 of

'!.!!'•' Source Material ... .License SUA-56. 'The current surety instrument is a •
performance bond issued by Federal Insurance Company in favor, of the State, o~f
Wyoming.. The licensee is allowed 3 months to submit a proposed revision to>
the financial surety arrangement if estimated costs in the newly approved plan

the~~ fmutlcvee

•exceed th mut oee i.n the ex~isting financial surety. The culrrently"
approved"surety amount was based on approval of.Revision 5 to the reclamation
plan and therefore, no revision of the amount isranticipated . tefo,

Therefore, it is recommended thatc source Material License SUA-56 be' amended by

imodifying License Condition Nos.27 and 34 to read as follows: ty

27. Thed licenseeshall reclaim theetailings disposal areas in accordance

S with the Tables and Figuresi, and Sections 1 through 5 and Section 7 of

d otheir February 7, 1994a repo; titled, "Western Nuclear Inc..Split Rock

Mill, Addendum A (February 7, 1994). to Revision 5 to the June 30, 1987

Uranium Tailings Reclamation Plan,".with the following'exceptions:

A. If a rock source other than the on-site source is used, durability
testing must be performed and the results submitted to the NRC for

review and approval prior to placement of materials from the
excd t malternate source . . . ..

B. ' The preliminary radon attenuation barrier design for the Winter

• Storage Ponds (Area 2C, Figure 4, Drawing No. 91-225.--E53
pla(Addendum A to Revision 5) consists of 6 inches of Cody Shale and
Tefei12 inches of Soil Borrow. This design is considered acceptable

moiyn Licorense dimting Nos. suret aond4t.o roeead asflonwtes toae:od

27. . are dismantled, the licensee shall confirm the design and obtain

C. foietiatn the salsan i urety amondet.ioweer onc theog n setorgion ds o

M NRC d approval prior to placing the radon cover on the ponds.

Ur u TA completion report including as-built drawings, 'verifying that

reclamation of the site has been performed according to the
approved reclamation plan shall be provided within 6 months after

B. Th completion of construction.u The report shall also include '

(Adedsummaries of results of the quality assurance and control testing

f-to demonstrate that approved specifications were tmet.

[Applicable Amendments: 22, 56, 68, 71]

I. :,
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art~ifact survey of'areas of its property, not previously surveyed,
performed prior to, their'disturbance,:including borrow'areas to be
for;:reclamati.on cover. These.surveys must be submitted to the.NRC
no' such disturbance'shall occur .until'the licensee has receive,,d'
authorization from the NRC toproceed..".

used
and'

The~licensee is authorized to excayate material from the proposed
reclamation borrow areas as designated inthe licensee's, approved
reclamation plan, provided that protection of.the cultura]:"resources is
managedinaccordance. with statements and representation~contained in-the licensee's letter dated March 30,1992..'

s . ' ,. ' d t

[Applicable Amendments: 71] '

The proposed licensing action was discussed and agreed to with Ms.
March 23, 1994.

mond 0. Gonzales'l

roject Manager

S. Baker on

Attachments:
1.. References
2. Site Plan After Reclamation
3. Radon Attennuation Design Parameters

Case Closed: 04001162990R. .
X''60714
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RADON ATTENUATION DESIGN PARAMETERS

M'"aterial Porosity Dry Radium Emanation Long Term Diffusion
,Densiy Activity Coefficient . Moisture Coefficient
...(/cm) (pC/g) (Calculaled Values)

(cm /sec)

Area- 1A 0.39 1.62 280 0.28 1.58 5.667E-?
East New Tailings

AArea 1B 0.40 1.55 450 0.37 1.5 5.758E-2?
West New Tailings ....

Area.IC 0.39 1.61 341 0.27 6 .0* 4.239E-z
Old Tailings

Area ZA 0.38 1.64 448 0.27 6.0' 4.977E-2
Alternate Tailings

A
Area 28 - 0.39 1.61 341. 0.27 6.0 - 4.239[-2
Old Tailings . ,

Area 2C. N/A' N/A0  N/A' N/A' N/A' N/A'
Winter Storage Ponds

Area 3A . .38 1.65 88 0.27 6.0 5'.027E-2
Mill.Area with lailings

Area 38
Mill Area w/o Tailings
Top I"Foot -ý0.40A 20.3 0 . 3 5 A 1.5 B 5.744[-Z

- A A8Lower 14 Feet ' 0.40 '1.57 5.5 0.35A 1".5 5.744E-2

Cody Shale

9 90 95 Compaction 0.44 1.56 0 0 16.96 7.440E[2
9 9! % Compaction 0.41 . 1.65 0 0 16.9 • " 4.68E -2

Borrow S0il 0.40A 1.55 1.1 0.35k 2.0c 5.393E-2

A Default value from RADON computer code.
e Based on 15 Bar Laboratory Testing.
c Less than default value of 6 percent
o 'Not Applicable as the Radon Barrier design for Area 2C will not be considered-

f,inal until the ponds are dismantled and a source term can be confirmed.
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