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Albuquerque Operations Office

P.O. Box 5400
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Licensing Branch 1 # \t#
Uraniurr Recovery Field Office 4 1
Nuclear Regulatory Comission, Region IV .N h |88/ k @#
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Dear Ed,
%f MSLO g '

By your letter dated Novernber 17, 1987, the Nuclear Regulahory
Comissim (NBC) submitted coment2 on the Remedial Action Plan and
Final Design for the Tuba City, Arizona, urardum mill tailings site.

eg Enclosed for your use arri information are responses to those coments.'(j These responses should adequately address NBC's concerns; we are,
therefore, requesting $mc concurrence with the proposed remedial action
by January 29, 1987.

As you are aware, a subcontract for renedial action at Tuba City was
awarded by MK-Ferguson Conpany on Decenber 17, 1987. Notice to proceed
is scheduled to be given to the subcontractor on January 5, 1988. In
order to avoid remedirl action delays which might result from delays in
receipt of NRC concurrence, we request that, if NRC identifies any
concerns with the enclosed responses, NRC notify DOR innediately and,
if necessary,'a meeting can be scheduled to resolves outstanding
concerns.

If you have coments or quest'ws regarding this transmittal, please
contact Debbie Mann at FTS 846-1243.

(9- Sinccrely,v

W. John Arthur, III
Acting Project Manager
Uranium Mill Tailings Project Office

Enclosure

cc w/ enclosure:
T. Olsen, NRC-URED
R. Gmzales, NRC-URFD

oc w/o enclosure
G. Gnugnoli, NRC-lO
J. Oldham, MK-F
M. Nelson, JEG

1
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LMTRA DOCUMENT REVIEW FORM

l

SECTION 1

Site: Tuba
Document: RAP and Final Design , Date:__. November 17, 1987
Commentor: NRC '

Comment: Page 1

SURFACE HYOROLOGY

Calculation No. 18-890-02, Volume V, Supplement, Final DesignApril 1987
<

.(] Page 2 of 3 shows that dense basalt is to be oversized by 7.7 perc.ent''

using a factor of 2 for frequently saturated areas.
For frequently saturated areas, oversizing factor should be 10.This is not correct..
Therefore, oversizing should be 5 times what MKE determined or 5 (7.7) =

;

38 percent.

_SECTION 2

Response: Page _ By: MKE
_

Date:j2-17-87

Guidelines for the selection of the best available rock and for
oversizing of less durable erosion protection have been revised sinceCalculation No. 18-840-02 was prepared. We have replaced that- g calculation by Calculation No. 18-890-10,
test requirements which were based on data from four types ofutilizing specification

v.

quality tests.
guidelines. The new calculation is based on the latest NRC
new guidelines is attached.A copy of the calculations and a draft copy of the

Final desiwill be revised as required to conform.gn of erosion protection

Plans for Implementation:

As stated above.
.

SECTION 3

Confirmation Of Implementation:
Chaked By: _

, Date:
Approved By:

, Date:1

-1 5057-TUB-R-01-01369-00
4422U/01310

.
..

. . .
.

. .
.

.
.

.



._ - _ _ _ _ _ _

f ?, NKE DOCUMENT - NO. 4005-TUB-C-01-01367-00%,

Ccicul: tion Csycr Sh00t

Calc No. |9-M 0- t oContra;:t No, MS- /k Discipline MCN <<~ / Glcis-
No. of Sheets 1

Preject

MH77.A 7718. A C iT~ Y

Feature

6% ~ t M fKOT'ECTTCM

lte m

DCX D **L'T Y &|((Jf o V g,t sf;:_f g c
-

r
_

O Sources of Data%)

1

Sources of Formulae & References
| f E r, | , MKE W # s m ar w Y do.

A c o s - TLA E- A - 01 - of I M o o o,
Su 6 C04 TT Ac T Pocu ME*JTS , SIEClACArio,J

Qo . c 2 2.18 -6C $ (O AJ PAS TE CTf D ) TTiM 2.|.C., 6 ffJ L 19 % 7 ,,

2. N fic. PR.A F T Docu M E N T , hex m. c, ;. g ,,,,, 77_ "c,Airgg.4o
FA S E LECT IO*J A *J D OVER SI E iWCr OF A.O C K,"No t/6 M SEA (7 , f 9 3 ~/

3, WJLLTEK Q TEC H Ao &. o c.r iE t. IWc, j W Tf- 0 '.= (st-. P * % A*JhTL t *cF FF.: /C :E"> cco non Pr,3 re c.r, 3a e- A 7 A: s. L reto uW6e CIT Y , A /.'~2. 0/4 A MoVEM &EA 6 tC$6,y j

.

Preliminar, Calc. O Final Cale. Supersedes Calc. No. IS-39.9 -o2.

'

?f5fL a. i. ,, ' & _ .* !> -2 t2 r. G. %. Cu = ~
nE ' Remon e

/Cak ulaton By Date Checked By Date App'ovee By Datei

-2- ro,m an.no

_ __



QMORRISON KNUDSEN ENGINEERS,INC.
._ - _ _ - - - - - - - -

'' i

. [|, , .. Project TES M II' e'W [ Sheet- I o* "L
'

C:ntract No. 4x5 '4 File Nc,1Feature - v er ena: %new Designed RBew _ Date 81- ' -z 7ltem ben
d t4 % it v - RIPM P d V C/St Eto)CrChecked .''5~ A (- Date -

_

T>EN SE EASALT Peck - S et A 200 t1Cuas FA ,M g4A(y

+ * +vtST SP(ciF8t> 8' A d utit MT wr.c.ncs M A x. #Au H A x ure*gtsa
'

4;Mf f" St oAE McA ico u Sto M Sco uCRrr. ) consoas)

s tece r. e 1. 6 s 8 ci 7 2. so 90ciuart

Alsoctnoa 2. 5 2. 2. 4 to zo(%)
O

s.orim 5 6 'll 88 to lioL LrdAfE
T%)

L A A 6tKtm ,lO 5 | 5
.

@+)
go Io

i
-

- G A c. 5 / (:> 7 2 3 c)p- ._

eg n.ow Arp 1,
_,

0 we&ar w em.- |di X/OCg == 7 s % -

o ce. A :,, .a A Ley s a uure':> M c A:.(}ct.2) o ver.s, z u;c, A cq w g e,
,

-

FA. E gr,t 6 4 L.y SArad rau
.

Ai.eu - o Vg.4::,v4 Acq,,,3 3
9

r oucuo ne psa PLcq..cc un s.* < u r 3 Ar?.e* A S BTA FAeron er Coe - 73 ) = 27 %

oVre ice ro a. o cc a :,, w A u. y w m -ro AA.ca s SYA recToq en (" d o - 7 5 ) 7 's=

-3-
($

.



_ _ _ _ . _ _ _ . - - - - - - - - - -

- MORRISON.KNODSEN ENGINEERS, INC.*' *, , , -" Priject '""UNNI"YUd A C'W _ Sheet 2. e, t
-

Con:r ct No.4%5-1 E Fila No. -Feature CAwam PAsm % Designed,_I2,,8% ni ' Date I t * I - t*
_,

ltem Ro, x ouaow - AtM A P O/rt t i,U oc. Checked _ fad Date 't'''

N* h}"-f e-M Sit of N Sd UM4$
CM 3) teuWE t<_t

'

wa y K. A s., LJ
k wwo.- (Medix , 7L_

w: mm
,. ; 3

Ane u s es. k e uk u %" a " mww.

O

s,
J

.

g..



_ - - - _ - - - - - - - -

'
'

; : ., - '

ke F. I
-

,

-
.

on other project sites for more than? 20 years,
rock that has functioned satisfactorily as founda--

- ~

tion stone or building facing for 50 years or
-

more, and abandoned quarry faces which have main-
tained their integrity af ter not being worked for
approximately 50 years or more. Durability shallbe indicated by lack of significant weathering or
loss of volume and strength over decades of expo-sure to natural weathering elements.

c. The riprap materials shall meet the requirementsof Paragraphs B and C, and bedding materials shall
meet the requirements of Paragraphs B and D ofthis Article. -

B.
The materials shall be free' from radioactive or othercucaminai: ion.

O -

'

C. nigrar aateriats:

l. Individual pieces shall be dense, sound, resistant to
abrasion, and shall be free from cracks, seams, and;

other defects as shown in the petrographic examination.,

2. The shape of at least 75 percent of the material, by| weight, shall be such-that the minimum dimension is|
not less than one third of the maximum dimension.

3. Quality:

Tests- Designation Requirements',

Specific Gravity ASTM C127 Not less than 2.66._(Saturated SurfaceC Dry Basis)
'

W
Soundness ASTM C88 Na2SO4 Test: Not more

than 5 percent loss of
weight after 5 cycles.

Abrasion ASTM Cl31 Not more than 10 per-(Los Angeles
cent loss of weightMachine) after 100 revolutions.

.

Petrographic ASTM C295 The SubcontractorExamination shall furnish a report
for review by the Con-
tractor.

Absrphu kxn cum e we LM
*

Document No. 4005 TUB-S-01-00551-02
Issued for Construction-Revision 0

Erosion Protection 1555STU ti- L. - I I -5-
_.
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. ' SELECTION OF THE 8EST AVAILABLE ROCK y
.. !'

I 'l

Investigations.should be conducted to identify severalisources of available
~

, rock within a reasonable distance of.. the site. The suitability of these rocks-
>

,

.as--protective covers should then be asser. sed'by laboratory tests to determine
-

~

-the physical characteristics of the recks.~ >Several. durability: tests, such $s
:

;

L those listed:in Appendix 0,- should:be. performed to classify the rock as being
;

L
of poor, fair,; oi good quality and to assess''the' expected long-term performance '

=

IeiLthe rock.
-

3,

Uh _

_ . .. __
-J

Nhere rock of good _' quality is reasonably available.c.the cover design should.
-

.

: incorporate thist rock. - In those cases-where only rock.of less-than good quality _
,

,

'is reasonably 'available, increases in'the average rock size and riprap layer~

thickness may be necessary. ' An acceptable procedure forloversizing-of lessI

durable rock or utilizing rock may be found?in Appendix D.
I...'

:In many cases, it;may be difficult to demonstrate that tless-than good quality--' -

rcck will be-durable for 1000' years. Therefore, in accordance with; thel 200--
,

.

_

:-year.-durability. criteria of 40 CFR :192,- .the' applicant should clearly. document =
,

Land justify the use.of rock which' is' not of good quality._ _ - This: documentation7,

{ L and : justi fication ishould . include analysts !and discus sions regarding : the location ,7
~

.

' durability, and ~ costs associated with. the most practical' source of good qualityii +

_

- -

rock and/or theLdifficulties tand costs associated!with its placement.-
.

3
_

g
t

;It.should:be emphasized that' the oversizing procedure is an attempt to quantify
. 1

.acditionalirock sire: requirements, based on-staf f experience _with rock dura-b
~

. ;bility at several UMTRA sites and limited field-datat The procedure should be
, ,

[
used with a great- deal .of engineering ' judgment and should be used only in those
cases where the licensee / applicant has clearly documented that good quality-

,

i rock is not _ reasonably available.

g

*
.

! -- .

|-
;

..

,
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OVERSIZING OF LF%S DURABLE EROSION PROTECT!0F

Frequently, situations arise where it may bw necassary to uttitre rock timt is
not good quality as erosion protection.

These situations a'ise sometimes in
areas of the Western United States where many uranium mill sites are-located.

L !

O-
a t r i"iaa t' 4" 'i'r a' riar'a a d d ' r 'a"a t r arat ctia" *"a " 6'"'r

'

!

can bs a somewhat diffiMt and subjective task.
Very little design GuidanceL

'

ts available to quantitatively assess the degree of oversizing needed for a!

particular rock type to survive for long perit,ds, based on its physicalproperties.
4

In assessing the long term durability of erosion protection, the NRC staff has
relieo principally on the results of durability tests at several VMTRA sites*

and on information and analyses presenteu in NUREG/CR-4620 " Methodologies for
Evaluating t.ong-ferm Stabilization Design of Uranium Hill Tailings impoundments,"
(Reference 18). . This document provides a quantitative method for determiningh the oversizing requirements for a particular rock type to be placed at specific

-locations on or near a remediated embankment.

Staff review of actual field data from several tailings sites has indicatedt
that the methodology presented in NUREG/CR-4620 may not-be sufficiently flexible
to allow the us

~ r of. " borderline" quality rock, where a particular type, of rock
fails to meet Mntmum qualifications for placement 'n a specific embankment
zone, but fails to qualify by M1y a small amount. In such cases, it may be
acceptable to' utili#e such rock, provided that the rock % of relatively good
quality and is the best that is reasonably availabh

Based on NRC staff review of_the actual field data ne methodology presented
in NUREG/CR-4620 has been modified to-incorporate sditional flexibility; _these
revisions luclude modifications to the score rec < red for use in a particular

-11/19/87 -7-
ROCK CURABit!TY
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zone, re classification of the placement zones, reassessment of weighting .' actors
based on the rock type, and more detailed procedures for computing the over-
sizing required.

A step-by step procedure for implementing the revised methodo'ogy is presented
below.

DESIGN PROCEDURE
.

Step 1
Locate and Test Rock Sources

,w

(~) 1.
Locate least costly source (s) of " good" (80-100%)(1) rock

2.
Locate least costly source (s) of "other quality" (50-80% score)

'

rock,

4

For each rock 59urce the scores shou'id be based on the results of
about 3 4 different durability test methods for initial screening
and about 6 test methods for final sizing of the rock (s) selected
for inclusion in the reclamation plan.

Step 2 Develop Best DesignsV)
,-

1.
Using the oversizing criteria given below, if necessary,
develop designs for the rock sources identified above.

I
2.

Develop unit cost data for each of the different rock sizes-

that are needed in each design,

3. Develop a final design utilizing the best rock that is
reasonably available.

11/19/87 -8-
ROCK DURA 8ILITY
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Step 3
Develop Alternate Designs As Necessary

if:

only poor quality-(less than good quality) rock is )a.

available and oversjzing is not reasonably 'easible, or

: b.
good quality rock is reasonably available but 'is not of-
adequate size.

Then:-
! - .

|v ,

a.
use Appendix-O methodology to justify use of a flood less
than the PMF, and

.

kb,
develop alternative designs based on floods-less than the
PNF.

Ox.)

!

.

.._ . _ _ _ _ _ _ _ _

11/19/87 -9'
ROCK OURABIllTY,
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OVERSIZING CRITEIRA

A.
Frequently Saturated Areas - Channels, Poorly-Drained Toes and Aprons

Score

65-100 Oversize using factor of (100-Score)
Less than 65 Reject

h B.
Occasionally Saturated Areas - Top Slopes, Side Slopes, and Well-Dralned
Toes and Aprons

.

| _ Score

80-100 No Oversizing Needed,

50-80 Oversize using factor of (80-Score)
Less than 50 Reject

gsv' vt pr *:*d.t % e $ iny' La fr f fr k r W f(q' o'nv M fcert4+4 i erk flte7or pre ginary screen,ing ofv 1. Score developed using scorir.g criteria
j

rock sources, the' score should be based on the results' of about four
durability tests.- For final selection and oversizing, the score should
be based on-those durability tests indicated in the scoring criteria.
Other tests may also be substituted or added, as appropriate.

.

2.
Scoring criteria was developed using NUREG/CR-2642 and from NUREG/CR-4620 -
Chapter 6, with several modifications depending on rock type. The percent-
age increase is applied to the diameter of the rock.

[Therockthatistobeoversizedmus;firstbesubjectedtoapetrographic3.

y (<t f
famination and must get at least a ' fair" rating] Otherwise, the rock

hyTo ._

rff / will not be acceptable.

rE I
11/19/87 - 10 -
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An o:casionally saturated area is defined as an area with underlying fil erOm/ '
'4. ffran fo's/ s ent

,

blankets and slopes that provide good drainage (1;;; b'%) and are lo-
cated well above normal groundwater levels; otherwise the area is classi-
fled as frequently saturated. *

Natural channels and most man made diversion
channels shobid be classified as frequently saturated. Generally, any toe
or apron _ located below grade should be classified as frequently saturated;
such toes and aprons are considered to be poorly-drained in most cases.

5.
If a rock type barely falls to meet minimum criteria for placement in a
particular area, with proper justification and documentation it may be
feasible to throw out the results of a test that may not be rticularlyapplicable and substitute a r: pp14eabh test (kdf h A h her ut ikhMr) I, kiiO

;

depending the roctype or site iocation.
if this is done, consideration shouid be given to

performing several additional tests.
The additional tests ,should be those

which are the mos,t applicable tests for a specific rock type, as indicated
in Reference .

.

i

6. The oversizing calculations represent minimum increases.
Rock sizes as

large as practicable should be provided.
(It is assumed, for example,

that a 12" layer of 4" rock costs the same as 12" of 6" rock). The rocklayer must be at least 12" or 1-1/2 x D50 thick, whichever is greater.

7. -4may- be acceptib4 te utt'!:e-freetMh:1 te:t: frrlies ef th: :d th-seu .6 :: teste.
Additional guidance for e m 4 ; freeze / thaw N# Iiym

be found in Reference The number of freeze / thaw cycles to be used in.
*

the oversizing equations should be determined on a site specific basis,
utilizing climatologicg1 data for that specific site area.

-8. In performing any oversizing analyses, two factors are of utmost -

importance:
8

The best rock that is reasonably available will be used, and
.

'

The designs, utilizing the rock tyre selected, will meet applicable
.

standards
4

These factors should be clearly documented in analyses and calculations.
11/19/87 , - 11 - ROCK OURABILITY
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SCORING CRITERIA i-
'

WEIGHTING FACTOR LlS6R - '

.'-

SCORE.; FAIRy a.I ,

M ,

Limestone Sandstone- Iywous 10 9 8 7 6 5 '4 3 2 1 0
TEST *

;

Sp. Gravity 12 5 9 2.75 2.70 2.65 2.60 2.55 2.50 2.45 2.40 2.35 2.30 <2.3
.

'
,

t.5 it Absorption % 13 .5 2 .1 .3 .5 .67 .83 1 1.5 2.0 ,M f 3.0 >3.0 4
.

*
4

Sodium i
*

Sulfate % 4 3 11 1 3 5 6.7 8.3 10 12.5 15 20 25 >25
*

L/A Abrasion, 2 ,

{(100) % 1 8 1 1 3 5 6.7 8.3 10 12.5 15 20 25 >25 :

'

;

Schmidt Hammer 11 13 3 70 65 60 54 47 40 32 24 16 8 >8 |
,

*
. YTensile Strength 5 4 10 1400 1200 1000 833 666 500 400 300 200 100 <100 !

*ro. pst:
e '

!
'

'

1. Scores derived from Tables 6.2, 6.5. and 6.7 of NUREG/CR-2642 "Long-Tern Survivability of Riprap for Armoring .|
:

Uranium Mill Tailings and Covers: .. Literature Review," 1982.*

4 '

2. _Any rock to be must t at east " r" 'in petrographic examina$i % EMI## f [~ $
.

oy a y ro N /*f GXf fritisfrcoe, aluc fe af -

iff f re seg be C d'Irfly.rs.r.]f f; j p ~' 3. Weighting Factors derived from Table 7 of " Petrographic Investigations of Rock Durability and Comparisons of \
!

Various Test Procedures," by G. W. Dupuy, Engineering Geology, July 1965. Weighting factors are based on inverse i

.

of ranking of test methods for each rock type.- Other tests may be used; weighting factors for these tests may be 3 !derived using Table 7.
t

4. W>:{ me||1ocl.; sbna|r| he S I'*"|" '!'' ''1 #" | 'b'''h W-
1. 4 7-- w!!?:-| ! ~ fAc.cc it e/ //i NUB Cf^/rR z t fz. |'

.
4 j

: 1

i
I
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UMTRA Project
Tuba, City Arizona,

I
WESTERN

| TECHNOLOOGES
NC.,

Phoenia
3737 East Broadway Road
P O Boa 21387
Phoenen, Arizona 45036

|

| 1602)437 3737

Mesa '

Cateway Plaza

663 West Second Avenue
Mesa. Artrona 43202
(602)B3k1964

FlaastaH
2400 Eest Huntenstun Drive
Fla staff. Arizona 46001
(60 1774-8706

00 19981
Pinetop. Arizona 85935,

(602)367 3011

fuoen
423 South Olsen Avenue

I-
Tucson, Arizona 85719
(602)t04 64%

Submi tted to: 5iena Vista
h

Ir@a" 8I635
'

i Norrison-Knudsen Engineers (602)45641364
Se a st

180 Howard Street som .d cit,
San Francisco, Calitornia 94105

'60 M* a 5''"'

Bu hDNE. Arizona 86430,Attention: Mr. R. W. Heneks
(602175&2n1
Albuquertive

December 4 3986 3806 Acadena Parkway North. N.E.

I Invoice No. 31461155 $3jy[3jusNewWatto 87W" '

Farminsten
400$outh Lorena Avenue
Farmington. New Meneco 87401
(505)327 4966

taivesa.
300 West Boston AvenueRECEIyEU.Mng
[jn',i'jj,'dy*dde9102

DEC 0 51986 l' n'ON,au
g

UMTRA . S.F.
430 West,145 North

14 @f,g3''h 84770
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(602) F74-stoa'ond 8W1 Ig,
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I
Morrison-Knudsen Engineers
IHO Howard Street November 6, 1986
San l*roncisco, CA 94105

!

Attn Mr. R.W. Heneks

E Re: Petrographic Analysis of Refe No. 3146W113Proposed Erosion Protection Material
from Tuba Clty. Arizona

E Transmitted herewith is our petrographic analysis for the above

1
1referenced material. .

Rock types identified in the two samples examined are olivine
basalt and vesicular olivine basalt breccia. Both rock types
appear to bu adequately stable for use as an erosion protection
material, although the olivine basalt is the more competent of the
two rock types.

E
This report recomends use of the olivine basalt for erosion
protection material. Use of the vesicular olivine basalt breccia5 should be limited where possible. *

This report concludes our current petrographic services. Please
4

contact us if any questions arise.

Sincerely,
WESTERN TECHN01,0GIES INC.

i Northern Arizona District

{ John Steven Davis*

Coologist

!

E
-

.

t
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Morrison-Knudson Engincors,

Rof. No. 3146W113 !,

$
$

I N T Ro n i't'T I O V
b

.sw

The purpose of the pet rographic analysis of two snaples of erosion
protection material, to be used to stabilize processed uranium ore
tailings, was to aid in determining the material's long-tern

!stability. No standard for such examination has been set by the
American Society for Testing and Materials (ASTM), but the ASTM
standard C395-85, " Petrographic Examination of Aggregates for
Concrete", was used as a general guide for the petrographicexamination.

The material submitted in both samples consisted of hand-sumple
sized specimens (generally larger than 5" in the longest
dimension) which were examined as such.

,
,

W The petrographic examination included identification and
description of the rock types represented in each sample, degree
of weathering and general condition of particles. The
observations were used to determine the general suitability and
long-term stability of the samples when used as an erosion
protection material.

,

ROFK D E S(* R T P T IO NS

General Both samples were monolithologic-and appear to be of the,

8
same lithology. Both samples appear to have been collected from
the same lava flow with the vesicular sample being from the basal,

strata of the flow and the more massive basalt from the middlestrsta of the flow.

_samol 1

-

Olivine Basalt
Color: fresh - dark gray to black

Weathered - dark rust to tan ,

Hard, porphyritic - aphnnitic with pylotnxitic groundmans,
phenocrysts to 1 cm. slightly to moderately vesicular with
flattened vesicles up to Sam long.
Composition: Olivine (bimodal, fayalite and a morer-q magnesium rich variety) 0 7 *. . hypersthene pyroxene 34LJ (phenocryst assemblage \, plagioclase microlites in
groundansa.

W
- 15 -
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./ ** * Morrisen-Knudson Engincors
Ro f. No. 31MW113

( Sample 2
'

,

.u .

Vesicular Olivine Basalt Breccia
Color: Yresh - black 1

Wnnthered - dark brown I

Moderately hard to hard. porphyritic-aphanitic with I

pylotaxitic groundmass, phonocrysts to 8 mm. highly !

vesicular with flattened to ellipsoidal vesicles up to 1.2cm in greatest dimension:
breccia clasts are subrounded toE angular, up to 15 cm in greatest dimension, and surrounded ,

by matrix of sano composition.
Composition: Olivine (bimodal, fayalite and a more-

magnesium rich varietyt 974, hypersthene pyroxene 3F.'

(phenocryst assemblt ei, plagioclase microlites in groundmass
,

Weathering:
Both rock types have been affected to some extent byweathering.
The matrix of the vesicular olivine basalt breccia is

weathered completely through while the clasts are relatively freeof weathering effects.
The olivine basalt exhibits few effects of

the weathering process other than a weathering rind less than 0 5na thick. .

The effects of weathering appear to be primarily a result ofI chemical action.
has been the hydration and alteration of the olivines,The most obvious effect of chemical weathering)

'

of the magnesium rich variety. Minor oxidation of groundmass
especially

iron-bearing minerals also appears

Icontainssome
to have occurred.

Mechanical weathering seems
to have had little affect on eitheri sample

submittod, although the vesicular olivine basalt brecciofractures.
collected from an outcrop, Both samples appear to have beenthereby minimizing possibility ofE exhibiting mechanical weathering affects other than those duefreezing and thawing action. to

'

D narni Phvmical conditlan: The olivine basalt appears to be verycompetent
while the vesicular olivine basalt breceta is lesscompetent.

The presence of vesicles in both samples does not
appear to have introduced any extreme weakness resulting frommechanical weathering such as freezing. However, the highly
vesicular basalt han undergone auch more extensive chnmicalE
weath. ring which appears to have " softened" the matrix material.

E
- 16 -
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Morrison-Knudson Engincoring
Re f. No. 3146W113

I Due to the crystalline nature of both samples, no well defined
particle shap.es wers produced by crushing. In general the
particle shapes were spindle shaped or irregularily shaped with no
preferred dia'ensions.

CONC t,lts TONS

Both samples appear to be acceptable for use as an erosion
protection asterial.

E The highly vesicular olivine basalt breccia
should be used as sparingly as possible due to its more advanced
state of weathering, and the possibility of more rapid mechanical
and chemir.a1 weathering due to high vesicularity. The less

.

vesicular olivine basalt should be given preference for use as an
crosion protection asterial.

W

W
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UMTRA DOCUMENT REVIEW FORM

SECTION 1

Site: Tuba
Document: RAP and Final Design , Dates _ November 17. 1987
Commentor: NRC

2 iConment: Page

.urface Hydrology

Calculation No. 18-890-02, Vol. V, Supplement, Final Design - April 1987.

Page 2 of 3 states that absorption should not be included in theO' specifications because absorption is not used in the oversizingequation. We do not agree, absorption must be included.

Dense Basalt - Absorption varies 1.5 percent to 2.1 percent
Vesicular Basalt - Absorption varies 3.5 percent to 3.8 percent.

On page 2 of calculation No. 18-890-03, Volume V Supplement. April 1987,the proposed rock source is' Dense Basalt. Therefore, the absorption
specification should be set at not more than about 2.5 percent.

SECTION 2

Response: Page By: MKE Date:_12-17-87
$e agree that absorption should be included in the specifications.Specification Section
to include the requirement that absorption shall not ba02278, 2.1.C. Erosion Protection, will be revisedt
percent. more than 2.5

Plans for Inplementation:,

As stated above.

'SECTION 3

-Confirmation Of Implementation:
Checked By: , Date:
Approved By: , Date:

-.

5057-TUB-R-01-01369-00- 18 -
44220/01310
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UMTRA DOCUMENT REVIEW FORM

SECTION 1 i
_

Site: it+ , DATE:
Docum'er' 7 1$dc. No. 18-839-19 Lstabil1ty)
Commentor: NHc (november 17 ivai)

_

Stability

Commcnt: Page 1

1.
The design values presented in Appendix 0 of the RAP are not in agreement with theparameters used in the stability models. Specifically,
undrained shear strength cohesion value of the radon barrier material was increasedplease clarify why the-to $20 psf from 260 psf.

; O 2.
it is difficuit to evaiuate the resuits of tne stabiiity modei as it appears that'

only selective results were submitted. Please submit the entire output for each
j

computer run or as a minimum, the input data summary and mifilmum circle results for
>

each separate run.|

!

SECTION 2

Response Page By: MKE
Date: 12/18/87

See Attachments A and B.

'

Plans for Implementation:

No further action is required.

.

_SECTION 3

Confirmation of Implementation:
Checked by: , Date:
Approved by:

_

, Date:

- 19 - 5057-TUB-R-01-01369-00
44220/0131U
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AfTACHMENT A

Co p nt No. I

"Short-term" shear strength parameters for the radon barrier are defined by two UU
(or "Q") tests perfonaed on samples compacted to 95% of the Standard Proctormaximum dry density.

! Data for these tests and interpretation of the results is
presented on pp. 92-93 in the MKE Calc. No. 18-839-01-00 (Tuba City Calculation
Vol.1). See attached pages. The interpretation of results is presented with the
reasonable and standard approach of a best-fit line through the pt -qf datapoints. f

We believe that the design parameters are appropriate for the following
reasonst

1.
The "UU" cohesion of 520 psf is based on a best-fit curve through the data

,

points.
The TAC's value for "UU" cohesion of 260 psf is considered very

conservative.

2.
Based on our recommended values of 520 psf for "undrained cohesion" and
14 degrees for "undrained friction angle", tha average shear strength of
the radon barrier is about 640 psf ( = C+ tan = 520 + (122 x 1.5 + 123x 2.5) tan 14" = 640 psf). An undrained shear strength of 640 psf is
typically a " medium" clay as per Terzaghi and Peck (pg. 30 in Soil

O Mechanics in Engineering Practice, Wiley & Sons, 1967). Because the radon
barrier material at Tuba City will be compacted to 100% of the -Standard
Proctor maximum dry density, it should have a shear strength higher than
that of a " medium" clay. Thus, the v ec,omended UU shear strength
parameters eri considered appropriate.

'

3.
The ' laboratory UU tests were performed at 95% of the Standard Proctor
density; however, the radon barrier will be compacted in the field to 100%
of the Standard Proctor density. This fact identifies the laboratory test
results as conservative for the application in Tuba City analyses.

4.
Finally, of most importance, the proposed stability of the stabilized
embankment will not be controlled by the shear strength of the radon
cover.

Results of the stability analysis show that the critical slip

5057-TUB-R-01-01369-00- 20 -
44220/01310
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surface always passes predominantly through the in-situ tailings. Only a
small portion of the slip surface (or less than 105 of the length _ of the
slip arc) passes through the radon cover.

See Calc. No. 18-839-19 (Tuba
City Calculations Vol. !!!). The contribution of the radon cover to the (
overall resistance of the critical slip surface is therefore small, and so
the resulting factor of safety is not very sensitive to the shear strength

_ parameters of *he radon barrier material. For all practical purposes,
determination of the ' exact" shear strength parameters of the radon cover
may not be the most critical item for concern.

i

|

O

,

O

.

__
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ATTACHMENT B

i

Comment No t.

The entire computer output for critical sections x-x, y-y and z-r for both
short term and long-term cases, (each with seismic coefficients ranging from 0.0 to
0.3 or 0.35) is included in Calculation- Volume- !!! pages 28-71, 86-124, and
133-163. -Minimum safety f actors are presented for each case. Sunenaries of results

I are given on pages 24(a) 82-84 and 129-131. I

,

-

Original- copies of -the computer input for the slope stability program cannot be

O- produced due-to the fact that ue no longer own the computer which produced it.The
! - table below summarizes the slope stability seismic -analyses. (The input for the-

static cases are' presented in Calc. No. - 18-839-19, Calculation Vol. 111 for
5aS=0.) 'j 2

Desirin Safety Factor
Required .Short''erm Long-Term

Section Safety Factor Case Case

X 1,10 2.45- 2.20
Y 1.10 1.74 1.88'

1.10 2.35 1.95

O The critical section for both short-term and long-term stability analyses is Y-Y.
1he,efore we have co,ied the oid STi.a ,,,,,am and ,ety,ed the in,ut into ou, new

' computer.to produce the input and corresponding output for the critical cases. The

required seismic coefficients for the short-term and long-term stability analyses
are 0.11 and 0.14, . respectively. Therefore we have chosen to reproduce the closest

values of 0.10 and 0.15 for short-term and long-term analyses, respectively. See
:the attached computer printouts.. *

' n conclusion, the results verify those presented in Calculation Vol. !!!. The
i -

computer output for both our newly'. generated output and that in Calculation
Vol..ll! . are identical and complete; therefore we- did not present only selective
results.

_ _ _ _ . _ ._ _ _

- 25 - 5057-TUB-R-01-01369-00
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* Progrca;&TABR -u VCroicn 2.84 (MS-DOS) !

i
'

~

:

f BISHOP M491FIED !.ND/OR ORDINARY METHOD OF SLICES I

I

: ;
!-

UNTRA-TURA CITVi STABR 8HORT-TEM STABILITY CRITICAL CASE SECTION Y-Y !

L r

[ CONTROL DAC
.

NUMBR2 CF SPRCIFIED CENffh8 [;'
0

,

; NUMBG OF - DEPTH LIMITING TANGENTS 1 '

NUMBER OF VER7ICAL SECTIONS 12*

NUMEER OF SOIL-LAYMn~SOUNE4RIE8 6 !;
NUMBER OF PORPf #EG##C L1,WE8 - 0

!NUMBER.0F POINTE DE7D ING COHESION PROFILE 0

'8EISMIC COEFFICIENT 81,82 .10, .10=
.

!UNIT WEIGHT OF WATER 62.40=

||$ ARCH 18 BASED ON BISHOP' MODIFIED NETHOD !,

SEARCH ~ START 81AT' CENTER ( 300.0, 100.0) WITH FINAL GRID OF 20.0
.

A

ALL' CIRCLES TANGENT TO DEPTH, 205.0,7
:

GEONETRY :
,

;

t SECTIONS
.0 200.0 212.0 240.0 258.0 286.0 409.0 430.0 434.0 448.0 450.0

Mr. CRACK 8
174.0 174.0 176.4 182.0 185.6 191.2 215.8-220.0 220 0 220.0 220.0 i

,

W IN CRACK 174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 P20.0 220.0 220.0 ;
,

BOUNDARY
1 174.0 174.0 17654 182.0 185.6 191.2 215.8 220.0~220.0 220.0 220.0;- BOUNDARY' t

2 175.5 175.5-177.9 183.5 187.1 192.7 217.3 221.5 222.0 222.0 220.0- '

BOUNDARY; 3 1R0.5 180.5 182.9 188.5 192.1 197.7 222.0 222.0 222.0 222.0 220.0 ,BOUNDARY 4 222.0 222.0 222.0-214.0 214.0 222.0 222.0 222.0 222.0 222,0'220.0BOUNDARY
. 0.1 5 234.0 234.0 234.0:234.0.234.0 234.0 234.0 234.0 234.0 234.0 234.0 I

;
'

_ RDOUNDARY
6 300.0 300.0 'J00.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 I

83IL PROPERTIES,.

,

LAYER COHESION FRICTION ANGLE DENSITY
.

g ~11 .0 31.0 122.02- 520.0' 14.0 123.0
,

,.

3 520.0 14.0 121.0
.

14- .0- 35.0. 123.05 .0 40.0- 136.0
+

t

; BISHOP _ MODIFIEL AND/OR ORDINARY METHOD OF SLICES '
'
. UNTRA-TURA CITY, STABR SHORT-TERM STABILITY CRITICAL CASE SECTION Y-Y

NUMBER : TANGENT RADIUS (X) CENTER- (Y)_ CENTER FS (BISHOP) FS(OMS)
,.

l' 205'0 '105.0 300.0 100.0 2.677 2.649.

2 205k0 105.0 260.0 100.0- 2.211 2.151
.

; 3 -205.0- r145.0- 300.0 60.0 2.520 2.502--4 205.0 105.0. 340.0 100.0 4.680 4.6775 205.0 65.0- 300.0 140.0 2.945 2.889
; :26 -
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^
*

6 205.0 105.0 240.0 100.0 2.325 2.2487 205.0 125.0 260.0 40.0 2.189 2.141-8 205.0 105.0 280.0 100.0 2.362 2.318: .9 205.0 85.0 260.0 120.0 2.261 2.20210 205.0 125.0 240.0 80.0 2.309 2.24811 205.0- 145.0 260.0 60.0 '2.188- -2.14911 205.0 125.0 280.0 80.0 2.284 2.25013 205.0 145.0 240.0 60.0 2.324 2.27414 205.0 165.0- 260.0 40.0 2.197 2.16515- 205.0 145.0 280.0 60.0 2.228 2.200:16 205.0 165.0 240.0- 40.0 2.336 2.29417 205.0 165.0 280.0_ 140.0 2.204 2.181- 18 - 205.0: 125.0 280.0' 40.0 2.284 2.25019 205.0 125.0- -240.0 80.0 2.309 2.248
F.S. MININUM=- 2.188-FOR THE CIRCLE OF CENTER (;260.0, 60.0)

- O

_ _

O

.

. . , - - - _ - _ - _ _ _
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Phog* CbSTABR--VOralCn2.84
'

'

(MS-DOS)

BISHOP MODIFIED AND/OR ORDINARY METHOD OF SLICES
j

UMTRA-TUBA CITY, STABR LONG-TERM STABILITY CRITICAL CASE SECTION Y-Y
CONTROL DATA

NUMBER OF SPECIFIED CENTERS 0
NUMBER OF DEPTH LIMITING TANGENTS 1
NUMBER OF VERTICAL SECTIONS 12
NUMBER OF SOIL LAYER BOUNDARIES 6
NUMBER OF PORE PRESSURlt LINES 0
NUMBER OF POINTS DEFINING COHESION PROFILEO

SEISMIC COEFFICIENT S1,S2 .10, .10=
i

UNIT WEIGHT OF WATER 62.40=
1

9EARCH IS BASED ON BISHOP MODIFIED METHOD

RARCH STARTS AT CENTER ( 240.0,
80.0) WITH FINAL GRID OF 20.0

ALL CIRCLES TANGENT TO DEPTH, 214.0, '

GEOMETRY

SECTIONS
.0 200.0 212.0 240.0 258.0 286.0 409.0 430.0 434.0 448.0 450.0

T. CRACKS
174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220.0W IN CRACK
174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220 0BOUNDARY

1 174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220 0
.

BOUNDARY
2 175.5 175.5 177.9 183.5 187.1 192.7 217.3 221.5 222.0 222.0 220 0

.

BOUNDARY

3 180.5'180.5 182.9 188.5 192.1 197.7 222.0 222.0 222.0 222.0 220 0
.

BOUNDARY

4 222.0 222.0 222.0 214.0 214.0 222.0 222.0 222.0 222.0 222.0 220 0
.

BOUNDARY

5 234.0 234.0 234.0 234.0 234.0 234.0 234.0 234.0 234.0 234.0 234 0
.

BOUNDARY

6 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300 0
.

.

S3IL PROPERTIES

LAYER COHESION FRICTION ANGLE DENSITY1 .0 31.0 122.02 520.0 14.0 123.03 520.0 14.0 121.04 .0 35.0 123.05 '

.0 40.0 136.0

BISHOP MODIFIED AND/OR ORDINARY METHOD OF SLICES

UMTRA-TUBA. CITY, STABR LONG-TERM STABILITY CRITICAL CASE SECTION Y-Y
NUMBER TANGENT RADIUS (X) CENTER (Y) CENTER _ FS(BISHOP) FS(OMS)

1 214.0 134.0 240.0 80.0 2.166 2.0782 214.0 134.0 200.0 80.0 2.797 2.6573 214.0 174.0 240.0 -- 40.0 2.154 2.0924 214.0 134.0 280.0 80.0 1.951 1.8925 214.0 94.0 240.0 120.0 2.244 2.104'- 28 -

m -
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6 214.0 134.0 260.0 80.0 2.023 1.9507 214.0 154.0 280.0 60.0 1.931 1.8828 214.0 134.0 300.0 80.0 2.036 1.9909 214.0 114.0 280.0 100.0 1.999 1.92610 214.0 154.0 260.0 60.0 2.017 1.95611 214.0 174.0 280.0 40.0 1.926 1.88412 214.0 154.0 300.0 60.0 1.983 1.94413 214.0 174.0 260.0 40.0 2.020 1.96814 214.0 194.0 280.0 20.0 1.928 1.89215 214.0 174.0 300.0 40.0 1.945 1.91216 214.0 194.0 260.0 20.0 2.027 1.98317 214.0 194.0 300.0 20.0 1.926 1.89818 214.0 154.0 300.0 60.0 1.983 1.94419 214.0 154.0 260.0 60.0 2.017 1.956
| F.8. MININUM= 1.926 FOR THE CIRCLE OF CENTER ( 280.0, 40.0)

-

O

,

-
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'ProgrC3 STABR -- V0rcicn 2.84 (MS-DOS)
1

,

1

BISHOP MODIFIED AND/OR ORDINARY METHOD OF SLICES >
<

UMTRA-TUBA CITY, STABR LOMG-TERM STABILITY CRITICAL CASE SECTION Y-Y

CONTROL DATA
NUMBER OF SPECIFIED CENTERS 0
NUMBER OF DEPTH LIMITING TANGENTS 1
NUMBER OF VERTICAL SECTIONS 12
NUMBER OF SOIL LAYER BOUNDARIES 6
NUMBER OF PORE PRESSURE LINES 0
NUMBER OF POINTS DEFINING COHESION PROFILE O

SEISMIC COEFFICIENT S1,80 .10, .10=

UNIT WEIGHT OF WATER 62.40=

EARCH IS BASED ON BISHOP MODIFIED METHOD

E' ARCH STARTS AT CENTER ( 260.0, 60.0) WITH FINAL GRID OF 20.0
ALL CIRCLES TANGENT TO DEPTH, 222.0,

'

GEOMETRY

SECTIONS
.0 200.0 212.0 240.0 258.0 286.0 409.0 430.0 434.0 448.0 450.0

T. CRACKS
174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220.0

'

W IN CRACK 174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220.0BOUNDARY
1 174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220.0 '

BOUNDARY 2 175.5 175.5 177.9 183.5 187.1 192.7 217.3 221.5 222.0 222.0 220.0BOUNDARY
3 180.5 180.5 182.9 188.5 192.1 197.7 222.0 222.0 222.0 222.0 220.0BOUNDARY
4 222.0 222.0 222.0 214.0 214.0 222.0 222.0 222.0 222.0 222.0 220.0BOUNDARY
5 234.0 234.0 234.0 234.0 234.0 234.0 234.0 234.0 234.0 234.0 234.0-BOUNDARY
6 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0

LSSIL PROPERTIES

LAYER COHESION FRICTION ANGLE DENSITY1 .0 31.0 122.0
2~ 520.0 14.0 123.0
3 520.0 14.0 121.0.

4 .0 35.0 123.05 .0 40.0 136.0
|

BISHOP MODIFIED AND/OR ORDINARY METHOD OF SLICES

UMTRA-TUBA CITY, STABR LONG-TERM STABILITY CRITICAL CASE SECTION Y-Y

NUM ER TANGENT RADIUS (X) CENTER (Y) CENTER FS(BISHOP) PS(OMS)
1 222.0 162.0 260.0 60.0 2.523 2.4392 222.0 162.0 220.0 60.0 2.985 2.8243 222.0 202.0 - 260.0 20.0 2.490 2.428|

i 4 222.0 162.0 300.0 60.0 2.078 2.0325 -222.0 122.0 260.0 100.0 2.614 2.490
- 30 -
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6 222.0 162.0 280.0 60.0 -2.316 2.2577 222.0 182.0 300.0 40.0 2.078 2.0408 222.0 162.0 320.0 60.0 1.871 1.8249 222.0 142.0 300.0 80.0 2.095 2.037 ;10 222.0 182.0 320.0 40.0 1.833 1.790 !11 222.0 ,162.0 340.0 60.0 1.966 1.930 !12 222.0 142.0 320.0 80.0 1.920 1.865 i13 222.0 182.0 300.0 40.0 2.078 2.04014 222.0 202.0 320.0 20.0 1.799 1.76415 222.0 182.0 340.0 40.0 1.926 1.49616 222.0 202.0 300.0 20.0 2.087 2.05617 222.0 222.0 320.0 .0 1.782 1.75118 222.0 202.0 340.0 20.0 1.892 1.86619 222.0 222.0 300.0 .0 2.101 2.07620 222.0 242.0 320.0 -20.0 1.774 1.74621 222.0 222.0 340.0 .0 1.862 1.84022 222.0 242.0 300.0 -20.0 2.112 2.092-23 222.0 262.0 320.0 -40.0 1.847 1.82824 222.0 242.0 340.0 -20.0 1.833 1.81325 222.0 262.0 300.0 -40.0 2.122 2.10526 222.0 262.0 340.0 -40.0 1.810 1.7927 222.0 222.0 340.0 .0 1.862 1.8408 222.0 222.0 300.0 .0 2.101 2.076
F.S. MINIMUM = 1.774 FOR THE CIRCLE OF CENTER ( 320.0, -20.0)

,

O

.

4
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.__
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! Progr=3 STABR -- Vorcicn 2.84 -(MS-DOS)
| |-

,

i 1

i j

BISHOP MODIFIED AND/OR ORDINARY METHOD OF SLICES
4

!; UMTRA-TUBA CITY,-STABR IANG-TERM STABILITY CRITICAL CASE SECTION Y-Y I*

; ,

CONTROL DATA
| NUMBER OF SPECIFIED CENTERS 0
; NUMBER OF DEPTH LIMITING TANGENTS 1

,

Y

NUMBER OF VERTICAL SECTIONS 12
,

;NUMBER '0F SOIL IAYER BOUNDARIES 6
! NUMBER OF PORE PRESSURE LINES i

; NUMBER-0F POINTS DEFINING-COMESION PROFILE
- 0 ''

- |
0-

!.
r . SEISMIC COEFFICIENT S1,82 .10, .10=

.
. q
1 UNIT WEIGHT OF WATER 62.40=
i; ;

; CH IS BASED ON BISHOP MODIFIED METHOD
i

; SEARCH STARTS AT CENTER ( 300.0, .0); WITH ' FINAL GRID OF 20.0 I

{ ALL CIRCLES TANGENT TO' DEPTH, 234.0,- i

i CEONETRY '

t-
;

. SECTIONS -.0 200.0 212.0 240.0 258.0 286.0 409.0 430.0 434.0 448.0 450.0

.T. CRACKS 174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220.0::
LW IN CRACK 174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220.0 *
BOUNDARY 1-174.0 174.0 176.4 182.0 185.6 191.2'215.8 220.0 220.0 220.0 220.0 !'. BOUNDARY 2'175.5 175.5 177.9 183.5;187.1 192.7'217.3 221.5 222.0 222.0-220.0

i BOUNDARY 3 180.5 180.5 182.9 188.5 192.1 197.7 222.0 222.0-222.0 222.0 220.0
BOUNDARY- 4 222.0 222.0 222.0 214.0~214.0'222.0 222.0 222.0.222.0-222.0 220.0 i

-

190UNDARY 5.234.0 234.0 234.0'234.0 234.0 234.0 234.0 234.0 234.0 234.0.234.0
BOUNDARY 6 300.0 300.0 300.0 300.0-.300.0 300.0 300.0 300.0 300.0 300.0 300.0

EDIL PROPERTIES.

^ :
IAYER COHESION FRICTION ANGLE DENSITY.
,1- .0 31.0 122.0

,

2- 520.0 14.0 123.0 i
). :3 520.0 14.0 121.0.

f 4: .0 35.0 123.0[ 35- .0 40.0 136.0

BISHOP MODIFIED AND/OR ORDINARY METHOD '0F. SLICES- i
1

UMTRA-TURA CITY, STABR IDNG-TERM STABILITY CRITICAL CASE SECTION Y-Y

NUMBER TANGENT. RADIUS (X) CENTER (Y) CENTER FS(BISHOP) FS(OMS)

=1 234.0 234.0 300.0 .0 2.691 2.597
2: -234.0 234.0 a60.0 .0 3.088 2.969'

-3- 234.0- 274.0 300.0 -40.0- 2.683 2.608
=4~ 234.01 234.0 340.0 .0 2.526 2.452-
5- 234.0 :194 0' 300.0 40.0 2.722 2.600-.

- 32 --
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6 234.0 234.0 320.0 .0 2.594 2.5097 234.0 254.0 340.0 -20.0 2.510 2.4458 234.0 234.0 360.0 .0 2.379 2.323
,

9 234.0 214.0 340.0 20.0 2.556 2.47010 234.0 254.0 360.0 -20.0 2.425 2.37411 234.0 234.0 380.0 .0 2.446 2.396. 12 234.0 214.0 360.0 20.0 2.421 2.356| 13 234.0 254.0 340.0 -20.0 2.510 2.445
'

14 234.0 254.0 380.0 -20.0 2.417 2.373'
15 234.0 214.0 389.0 20.0 2.478 2.421'

16 234.0 214.0 340.0 20.0 2.556 2.470
F.S. MINIMUM = 2.379 FOR THE CIRCLE OF CENTER ( 360.0, .0)

,

b

:

O
9

.

d

O
J v

:

'

4

1

33 --

.

- - - - , _ _ . . . , . , - - _ , , , , . . , . . . _ _ , , , , , ,.,%,. . , . - - , - , . - . , ,. .,..,-..,t. - - ' , - . . , . - - - -



_ _ _ _ _._ _-- _ _ __ _ _.___ _

..'..:'
.

*

Program STABR -- Vcrcion 2.84'(MS-DOS)

- BISHOP MODIFIED AND/OR ORDINARY METHOD OF SLICES

UMTRA-TUBA CITY, STABR IANG-TERM STABILI*Y "RITICAL CASE SECTION Y-Y
CONTROL DATA '

-NUMBER OF SPECIFIED CENTERS O'
NUMBER OF DEPTH LIMITING TANGENTS 1
NUMBER OF VERTICAL SECTIONS 12
NUMBER OF SOIL LAYER BOUNDARIES 6Mt,MBER OF PORE PRESSURE LINES

__ 0

NUMBER OF POINTS' DEFINING COMESION PROFILE 0

SEISMIC COEFFICIENT S1,52 .15, .15= '
-

,-

UNIT WEIGHT OF WATER- 62.40=

EARCH IS BASED ON BISHOP MODIFIED METHOD
i

;

; CH STARTS AT CENTER ( 300.0, 100.0) WITH FINAL GRID OF 20.0

ALL CIRC 128 TANGENT TO DEPTH, 205.0,
t

GEOMETRY

SECTIONS
.0 200.0 212.0 240.0 258.0 286.0 409.0 430.0 434.0 448.0 450.0

T. CRACKS
174.0 17A.0 176.4 182.0'185.6 191.2 215.8 220.0 220.0 220.0 220.0

i
'

W IN-CRACK
174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220.0-BOUNDARY

1 174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220.0BOUNDARY
2 175.5 175.5 177.9 183.5 187.1 192.7 217.3 221.5 222.0 222.0 220.0BOUNDARY 3 :

180.5 180.5 182.9 188.5 192.1 197.7 222.0-222.0 222.0 222.0 220.0BOUNDARY
4 222.0 222.0 222.0 214.0'214.0.222.0 222.0 222.0 222.0-222.0 220.0

BOUNDARY-5 234.0 234.0 234.0 k34.0 234.0 234.0 234.0 234.0 234.0 234.0 234.0
)_ BOUNDARY6 300.0 300.0 300.0 300.0 300.01300.0 300.0 300.0 300.0 300.0 300.'0

-

SOIL PROPERTIES.
'

LAYER COHESION- FRICTION. ANGLE DENSITY1 .0 31.0 122.02 .0 32.0 122.03 .0 32.0 117.0
,

4 .0 35.0 123.0
-

5 .0 40.0 136.0

BISHOP MODIFIED AND/OR ORDINARY METHOD OF SLICES

UMTRA-TUBA' CITY, STABR LONG-TERM STABILITY CRITICAL CASE SECTION Y-Y

NUMBER -TANGENT RADIUS (X) CENTER (Y) CENTER FS (BISHOP) FS(OMS)
'l 205.0 105.0 300.0 100.0 1.933 1.883 '

.2 205.0 105.0. 260.0 100.0 2.125' 2.0073 :205.0- 145.0: 300.0' 60.0 1.883 1.8594- .205.0 105.0 340.0 100.0 1.804 1.819 ;.5 205.0- 65.0 300.0 140.0 2.050 1.941
.

- 34 -
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6 205.0 105.0 320.0 100.0 1.867 1.8517- 205.0 125.0- 340.0- 80.0 1.797 1.8168 205.0 105.0 360.0 100.0 1.680 1.7249 205.0 85.0 340.0 120.0 1.814 1.82410 205.0 125.0 360.0 80.0 1.682 1.72511 205.0 105.0 380.0 100.0 CIRCLE OUTSIDE SLOPE-12 205.0 05.0 300.0 120.0 1.677 1.72213 205.0 85.0 340.0 120.0 1.814 1.82414 205.0 85.0 380.0 120.0 CIRCLE OUTSIDE SLOPEin 205.0 65.0 360.0 147.0 1.671 1.719 {16 205.0 65.0 340.0 140.0 1.830 1.83217 205.0 65.0 380.0 14 'J . 0 CIRCLE OUTSIDE SI4PE18 205.0 45.0 360.0 160.0 CIRCLE OUTSIDE SLOPE19_ 205.0 85.0 340.0 120.0 1.814 1.82420 '205.0 85.0 380.0 120.0 CIRCLE OUTSIDE SI4PE21 205.0 45.0 380.0 160.0 CIRCLE OUTSIDE SLOPE! 22 200.0 45.0 340.0 160.0 1.863 1.847
'

F.S. MIN 1 MUM = 1.671 FOR THE CIRCLE OF CENTER ( 360.0, 140.0)
!

O
r

I

LO

.
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' ProgrCC STABR -- V0raicn-2.84 (MS-DOS)

BISHOP MODIFIED AND/OR ORDINARY METHOD OF SLICES

UMTRA-TUBA CITY, STABR LONG-TERM STABILITY CRITICAL CASE SECTION Y-Y
<

CONTROL DATA
NUMBER-OF SPECIFIED CENTERS 0
NUMBER OF DEPTH LIMITING TANGENTS 1
NUMBER OF VERTICAL SECTIONS 12
NUMBER OF SOIL LAYER BOUNDARIES 6
NUMPER OF PORE PRESSURE LINES 0
NUMBER OF POINTS DEFINING COHESION PROFILE O

SEICMIC COEFFICIENT S1,S2 .15, .15=

UNIT WEIGHT OF WATER 62.40=

EARCH IS BASED ON BISHOP MODIFIED METHOD

SEARCH STARTS AT CENTER ( 340.0, 160.0) WITH FINAL GRID OF 20.0

ALL CIRCLES TANGENT TO DEPTH, 214.0,

GEOMETRY

9ECTIONS
.0 200.0 212.0 240.0 258.0 286.0 409.0 430.0-434.0 448.0 450.0

,

,

T. CRACKS-
174.0-174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220.0W IN CRACK'

174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220.0BOUNDARY
1.174.0 174.C 176.4 182.0 185.6 191.2 215.8 2a0.0 220.0 220.0 220.0-

BOUNDARY'2.175.5 175.5 177.9 183.5 187.1 192.7 217.3 221.5 222.0 222.0 220.0BOUNDARY 3
180.5 180.5 182.9 188.5 192.1 197.7 222.0 222.0 222.0 222.0 220.0BOUNDARY 4
222.0-222.0 222.0 214.0 214.0 222.0 222.0 222.0 222.0 222.0 220.0BOUNDARY

5 234.0 234.0 234.0 234.0 234.0 234.0 234.0'234.0 234.0 234.0 234.0BOUNDARY
6 300.0-300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0

SDIL PROPERTIES

LAYER COHESION FRICTION ANGLE DENSITY1 .0 31.0 122.02- .0 32.0 122.0
. 3 .0 32.0 117.04 .0 35.0 123.05 .0 40.0 136.0

BISHOP MODIFIED AND/OR ORDINARY _ METHOD OF SLICES

UMTRA-TUBA CITY, STABR LONG-TERM STABILITY CRITICAL CASE SECTION Y-Y

NUMBER TANGENT RADIUS (X) CENTER (Y) CENTER FS (BISHOP) FS(OMS)
1 214.0 54.0 340.0 160.0 2.155 1.9932 214.0 54.0 300.0 160.0 2.492 2.1613 214,0 94.0 340.0 120.0 1.974 1.9034 214.0 54.0 380.0 160.0 1.877 1.8555 214.0 14.0 340.0 200.0 CENTER BELOW INTERPOLATED CR
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6 214.0 54.0 360.0' 160.0 2.010 1.9217 214.0 74.0 380.0 140.0 1.844 1.8398 214.0 54.0 400.0 160.0 1.694 1.7309- -214.0 34.0 380.0 180.0 1.951 1.89210- 214.0 74.0 400.0 140.0 1.694 1.73011 214.0 54.0 420.0 160.0 CIRCLE OUTSIDE SLOPE12 214.0 34.0 400.0 180.0 1.694 1.73017 214.0 74.0 380.0 140.0 1.844 1.83914 214.0 94.0 400.0 120.0 1.736 1.77315 214.0 74.0 420.0 140.0 CIRCLE OUTSIDE SLOPE16 214.0 94.0 380.0 120.0 1.826 1.83017 214.0 94.0 420.0 120.0 CIRCLE OUTSIDE SLOPE18 214.0 54.0 420.0 160.0 CIRCLE OUTSIDE SLOPE19 214.0 54.0 380.0 160.0 1.877 1.855

F.S. MINIMUM =
1.694 FOR THE CIRCLE OF CENTER ( 400.0, 140.0)

O

,

O
V
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Pro'grCa STABR -- VOrcien 2.84 (MS-DOS)
-

BISHOP MODIFIED AND/OR ORDINARY METHOD OF SLICES
|

UMTRA-TUBA CITY, STABR LONG-TERM STABILITY CRITICAL CASE SECTION Y-Y
CONTROL DATA

NUMBER OF SPECIFIED CENTERS 0
NUMBER OF DEPTH LIMITING TANGENTS 1
NUMBER OF _ VERTICAL SECTIONS 12
NUMBER OF SOIL LAYER BOUNDARIES 6
NUMBER OF PORE PRESSURE LINES 0
NUMBER OF POINTS DEFINING COHESION PROFILEO

SEISMIC COEFFICIENT S1,S2 .15, .15=

UNIT WEIGHT OF WATER 62.40=

SEARCH IS BASED ON BISHOP MODIFIED METHOD

ARCH STARTS AT CENTER ( 400.0,-100.0) WITH FINAL GRID OF 20.0

ALL CIRCLES TANGENT TO DEPTH, 222.0,

GEOMETRY

SECTIONS
.0 200.0 212.0.240.0 258.0 286.0 409.0 430.0 434.0 448.0 450.0

T. CRACKS 174.0 174.0 176.4
182.0 185.6 191.2 215.8 220.0 220.0 220.0 220.0W IN CRACK

174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220 0BOUNDARY

1 174.0 174.0 176.4 182.0 185.6 191.2 215.8 220.0 220.0 220.0 220 0
.

BOUNDARY
2 175.5 175.5 177.9 183.5 187.1 192.7 217.3 221.5 222.0 222.0 220 0

.

BOUNDARY 3 180.5 180.5 182.9
188.5 192.1 197.7 222.0 222.0 222.0 222.0 220.0

.

BOUNDARY
4 222.0 222.0-222.0 214.0 214.0 222.0 222.0 222.0 222.0 222 0 220 0BOUNDARY
5 234.0 234.0 234.0 234.0 234.0 234.0 234.0 234.C 234.0 234 0 234 0

. .

BOUNDARY
6 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300 0 300 0

. .

. .

SOIL PROPERTIES
' LAYER COHESION FRICTION ANGLE DENSITY1 .0 31.0 122.02 .0 32.0 122.03 .0 32.0 117.0

'

4 .0 35.0 123.05 .0 40.0 136.0

BISHOP MODIFIED AND/OR ORDINARY METHOD OF SLICES

'UMTRA-TUBA CITY, STABR LONG-TERM STABILITY CRITICAL CASE SECTION Y-Y
NUMBER- TANGENT RADIUS (X) CENTER (Y) (ENTER FS(BISHOP) FS(OMS)

1 222.0 322.0 400.0 -100.0 1.801 1.8192 222.0 322.0 360.0 -130.0 1.847 1.8453 222.0 362.0 400.0 .'.40.0 1.797 1.8184 222.0 322.0 440.0 -100.0 1.913 1.9385 222.0 282.0 400.0 -60.0 1.806 1.821
- 38 -
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'6 222.0 362.0 -380.0 -140.0 1.813 .1.825

*

7 222.0' 382.0 400.0 -160.0 1.796 1.817-8 222.0 362.0 420.0 -140.0 1.806 1.8339 222.0 -342,0- -400.0 -120.0 1.799 1.818:10 222.0 :382.0 380.0 -160.0 1.813 1.82611 -222.0 402.0 400.0 -180.0- 1.795 1.81612 222.0 382.0 420.0 -160.0 1.805- 1.8311) 222.0 402.0 380.0 -180.0 1.817 1.83114 222.0 422.0 400.0 -200.0 1.793 1.81615 222.0 402.0 420.0 -180.0 1.803 1.83016' 222.0 422.0 380.0 -200.0 1.824 1.839-17 222.0 442.0 -400.0 -220.0 1.792 1.81518 222.0 422.0 420.0 -200.0 1.801 1.82919- 222.0 442.0 380.0 -220.0- 1.832 1.84920 222.0 462.0 400.0 -240.0 1.794 1.81721 222.0 442.0 420.0 -220.0 1.800| -1.828-22. 222.0 462.0 380.0 -240.0 1.842 1.86023 222.0 462.0 420.0 -240.0 1.799 1.82724 222.0 422.0 420.0 -200.0 1.801 1.82925. 222.0- 422.0 380.0 -200.0 1.824 1.839
S. MINIMUM =

1.792 FOR THE CIRCLE OF CENTER ( 400.0,-220.0)
--

-.o

$
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* Progrc:2 STABR:-- VOrcicnJ2.84 (MS-DOS)--

BISHOP MODIFIED AND/OR ORDINARY METHOD OF SLICES

UMTRA-TURA CITY, STABR IONG-TERM STABILITY CRITICAL CASE SECTION Y-Y

CONTROL' DATA-
NUMBER OF SPECIFIED CENTERS 0
NUMBER ~OF DEPTH LIMITING TANGENTS 1
NUMBER OF VERTICAL SECTIONS 12-
NUMBER-0F-SOIL LAYER BOUNDARIES 6
NUMBER:OF PORE PRESSURE LINES 0
NUMBER OF POINTS DEFINING-COHESION PROFILE -- 0

i

SEISMIC COEFFICIENT S1,82 .15, .15-=-

'

UNIT WEIGHT OF-NATER 62.40=

CH~-IS BASED ~ON BISHOP MODIFIED METHOD-

SEARCH STARTS AT CENTER ("420.0,-100.0)- WITH FINAL GRID OF 20.0,

'

ALL CIRCLES TANGENT To-. DEPTH, - 234.O,
- GEOMETRY>

_ SECTIONS
.0'200.0 212.0-240.0 258.0 286.0 409.0 430.0 434.0 448.0 450.0

T.sCRACKS
174.0 174.0.176'.4L182.0 185.6 191.2 21528 220.0 220.0L220.0 220.0

~

N-INECRACK
174.0 174.0 176.4 182.0~185.6 191.2 215.8 220.0 220.0 220.0'220.0. BOUNDARY ~l'-

174.0 174.0-176.4-182.0 185.6 191.2 215.8 220.0 220.0 220.0 220.0:BOUNDARY-
2 175.5 175.5~177.9--183.5 187.1 192.7 217.3 221.5 222.0 222.0 220.0BOUNDARY-
3 180.5 180.5 182.9 188.5 192.1 197.7 222.0'222.0 222.0 222.0 220.0BOUNDARY
4-222'.0 222.0~222.0-214.0-214.0-222.0 222.0 222.0 222.0-222.0 220.0'.BOUNDARYE

-

-

5 234.0 234.0 234.0 234.0 234.0 234.0 234.0 234.0 234.0'234.0 234.0
Q BOUNDARY'6 309.0 300.0-300.0 300.0 300.0 300.0-300.0 300.0 300.0-300.0 300.0
- S*JIL - PROPERTIES -

-LAYER- COHESION FRICTION ANGLE DENSITY
'l- .0 31.0 122.02 .0 32.0 122.0T3- .0 32.0 117.0

-4

: 4 -- .0 35.0 123.0-5
_ .0- 40.0- 136.0

BISHOP MODIFIED AND/OR ORDINARY METHOD OF SLICES

UMTRA-TUBA CITY, STABR'10NG-TERM STABILITY CRITICAL CASE SECTION Y-Y

NUMBER' TANGENT- RADIUS (X) CENTER (Y) CENTER FS (BISHOP) FS(OMS)
'1: 234.0- 334.0 420.0 -100.0 2.301 2.2612 234.0 334.0 380.0 -100.0 2.118 2.0823- 234.0 374.0 420.0 -140.0 2.271 2.23814' 234.0 334.0 460.0 -100.0 2.845 2.7865 234.0 294.0- 420.0 -60.0 2.335 2.286

- 40 -

__



*
:|.| ;.*- .e e

~*
6 234.0 ~334.0 360.0 -100.0 2.161 2.124-7 234.0- 354.0 380.0 -120.0 2.120 2.0898 234.0~ 334.0 '400.0 -100.0 2.177 2.1419 234.0-- 314.0 380.0 -80.0 2.120 2.080-10 234.0 354.0 360.0 -120.0 -2.171 -2.13911 234.0' 354.0 400.0 -120.0 2.168 2.13512 234.0 314.0 400.0 -80.0 2.188 2.14813- 234.0 314.0 360.0 -80.0 2.153 2.112

F.S. MINIMUM = 2.118-FOR THE CIRCLE-OF CENTER ( 380.0,-100.0)
,

j

-($).
i

|

|
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|MTRA 00CL"nNT REVIEW FORM

SECTION 1-

Site: Tuba- , DATE:
Document: Calc. No. 18-839-19 iStability)
Commentor: NRC (November 17.1987)

Comnent: Page 1.2

3. The evaluation of the results- did not consider shallow sloughing failures of the
cover systems to be of any significance. As the integrity of the cover system will
be instrumental in supporting - the - design life of the f acility, you will need to -
submit an evaluation of modeling of shallow failure circles which would disrupt the-cover system.: .

4. A dynamic analysis was not submitted.
] for the facility was deemed appropriate.Please address why-a pseudo-static analysis

_

SECTION 2

Response: Page By: MKEg
-Date: 12/17/87

h See Attachments- C and- D.

,

; - 1 Plans-for laplomantation:

No action is required.

.

.

.

-SECTION 3

Confirmation of Implementation:
Checked by:

Approved by:
_, Date:

, Date:

.
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ATTACHMENT C-

~

ggent - No. 3 -

!

The results- of each case for Sections x, y 'and z where the minimum safety factor
is characterized by shallow sloughing,_are tabulated on the attached Table A.All-

Jcases of. sloughing occurred in the long-term stability analyses.

~ The required minimum long-term safety factors for static and - dynamic- stability
cases are 1.50 and 1.10. _ respectively.

The seismic coefficients for static and

-

dynamic analyses are 0.00 'and 0.14 respectively. All of the minimum safety, Q
factors for cases with seismic coefficients between.0.00 and 0.15 are greater than
1.50 - for failure by shallow sloughing.
therefore be considered a problem. Failure 'by shallow sloughing need not,

_

0;

i

.

_ _

5057-TUB-R-01-01369-00
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' MORRISON-KNUDSEN ENGINEERS, INC..
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j

TABLE A
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ATTACHMENT D

q
l

'

Coment No. 4.
.
_

Pseudo-static rather than dynamic analysis 'is deemed appropriate _ for the slope =
stability studies at the Tuba City site. The _ . rationalization for using.pseudo-static analyses is that- the - : embankment materials will not ' exhibit-significant loss of strength .during earthquakes, a criterion which can' be
rerefenced to H.B. Seed's 1979 Rankine Lecture " Considerations 1in the earthquake ;

resistant : design of - earth - and - rockfill dams." Seed's discussion suggests -that
clays and clayey soils , dry or moist cohesionless soils, or extremely- dense

--

0: cohesioniest soin do not iose significant strength during earthquakes. and
,

1

therefore can be analyzed with -the_ pseudo-static analysis. The tailings and
contaminated _ soll will. be compacted at or near the optimum water content beneath

!-

the - radon' barrier and more than 20 ft. above the water table. In the embankment -
these-- materials will -be compacted to 901 of the Standard Proctor Density.

!

Therefore, the. tailings and contaminated material both will not be loose and will-.
have no potential-- to become saturated.- Please refer to our response toliquefaction Comment 1.-

The radon barrier material is cohesive and shall be
compacted to _ J00% _of the Standard Proctor Density _ between 0% -and 35 of the optimum
moisture content. So the radon barrier. material is - cohesive L or' clayey and, in
addition will be very dense in the embankment.

40
EThe'-possibility of development, of significant pore water pressures- during-
earthquakes in these materials is therefore very remote, as supported by--the
l_iquefaction analysis and by our response to: comments on-liquefaction. There is nopossibility that- these materials will " lose significant strength during
earthquakes"; and therefore pseudo-static analysis is appropriate in this case.

'AsLcan be reviewed in Calculation Volumes I and V (Supplement)- , conservative values
have been selected for soil parameters. In addition, the most critical
pseudo-static case for the slope stability evaluation results in short-term and
long-term safety factors of 1.74 and 1.88 which are well over.the required minimum

- value - of 1.10 -(i.e., 1.74 - 1.10 = 1581). This high safety factor implies that
1 soil' parameters of less strength than utilized in the analysis would still produce
an-acceptable safety factor.

--45 - 5057-TUB-R-01-01369-00
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_UMTRA DOCUMENT REVIEW FORM

SECTION 1

Site:_ Tuba
, Date: Nov. 17. 1987Document: RAP and Final Design

Commentor: NRC __
'

_

_

Comment: Page 2

Liquefaction

1. You submitted four different liquefaction analyses using fourdifferent methods. Of the four, three (Koizumis, RO, Seed-Idriss
shows no liquefaction. indicate that material may be liquefiable and only one (Chinese))O there will be no liquefaction concerns?How does this support the conclusion that

2.
clay contents, inc.Your analyses utilized average SPT blowcounts, factors of safety,

Liquefaction studies generally search for anyliquefiable zones, rather than overall evaluating
Please discuss why the use of average values is appropriate.stebility.

_SECTION 2

! Response: Page By: MKE
Date:_12-17-87

See attached Comment Response

O-
t

Plans for Implementation:

.

'SECTION 3

Confirmation Of Implementation:
Checked By:

, Date:
Approved By: _

, Date:

- 46 - 5057-TUB-R-01-01369-00
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Comment Response

Koizumi's Method and the Relative- Density Comparison indicate ' that under
fully- saturated conditions, limited zones- in the Acid pile and the-

-Carbonate Pile #1 may possess liquefaction potential. . The Seed and
Idriss Simplified Method, a more^ precise method than the two mentioned .

-

above - was used to further review the liquefaction potential of these-
This method-indicates that only one six inch interval of all the-zones.:

areas investigated had a; factor of safety below the 1.5 (but greater than
1.0) considered acceptable for fully saturated conditions.

!

The liquefaction calculation for the Tuba City site may be moot since,-as
+

-

-discussed in the introduction to Calculation'No. 18-839-18, the materialsh
at Tuba City site.are unsaturated and the' groundwater level is well below
the tailings pile foundation..

Saturation of the materials in the
tailings embankment and the embankment foundation could only occur from
rainwater percolating downward through the cover system. This
possibility will be effectively removed by stringent 1 control : exercised
over the construction of the radon barrier layer. To effectively
eliminate infiltration.-measures will be taken to assure and verify that
a conductivity of I x 10-8-

- cm./sec. or --less will- be achieved by :. the
radon. barrier 1ayer for a. long period of time, i.e., 1000 years.-Saturation, and the possibilities for liquefaction potential, are
therefore not. realistic concerns:for this site.

.

. 47 5057-TUB-R-01-01369-00
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UNTRA 00CupENT REVIEW FORM-

SECTION-1:

u nt: P and Final Des 1on
* *

Conssentor: NRC

Comment; Page 2
'

Liquefaction

3. -
An -in-house analysis identified two layers of foundation material
.in. TAC boring 820 as possibly being-liquefiable. :The NRC analysis.-

-

as in your analyses, was required to make certain assumptions such
as saturation and sand densities.-h this area. Please re-evaluate the soils in<

-

4.
! The areas' identified- as " sand" in figure 3.2 of the RAP wouldgenerall -

areas studied for liquefaction. There was,!, however,y -be the
I only one boring, TAC boring 820, in these areas. 'Please-

establish that the " sand" areas cannot, over.--the design _ life,
become - saturated or submit additional borings and- the associatedanalyses.

_

SECTION~2
.

Response: Page By:| MKE
Date: 12-17-87

See response to Consnents'1 and 2.
-

-

-

,

Plans for Implementation:
,

i

1

:SECTION 3

Co~firmation Of Implementation:-n

. Checked By:
, Date:

' Approved By: , Date:
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LMTRA DOCUMENT REVIEW FORM

.

SECTION 1 __

~ Site:- Tuba , Date: Nov. 17. 1987
Document: RAP and Final Desion
Commentor: NRC

: Comment: Page 2-

Settlement-

1. The'in-house review of the settlement calculations was performed by
randomly selecting- several profiles and verifying your ;CONSOL-
modeling. -After discussions with the TAC due to the numerical type
of- errors in the modeling, -it is recomended that the calculationn

U be revised by correcting several of the models. The impact of the
corrections may demonstrate conservatism or may. demonstrate- the

ineed for additional study. You will need to determine the impact
on primary and differential settlement of correcting the models
and, if necessary, submit a corrected calculation that has been
independently checked.

;
-

L SECTION 2 -

. Response: Page By: MKE Date: 12/14/87
See attached Comment Response.

Plans for Implementation:

4

SECTION 3

-Confirmation Of Implementation:
Checked By:- , Date:
Approved By: , Date:

_
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Comment Response

Discussions with TAC and NRC personnel indicates the " numerical type of
|errors" in the settlement calculation modeling is a reference to the

values of the preconsolidation pressures used in the analysis. The

following paragraph discusses the procedure used in determining these
values for analysis of a typical profile.

The following .preconsolidation pressure values were used for the slime
sublayers of Profile 205, as shown in Calculation No. 18-839-17-01
Sheet 87b:

Depth to Center PreconsolidationC Sublayer of Sublayer (ft.) Pressure (psf)
i 4 13.00 1600.006 19.00 2000.007 22.00 2J00.008 25.00 2600.009 26.75 2800.00-

Note that sublayers 1, 2, 3 and 5 are not included since they are _ sands
and therefore not relevant to this discussion. The depths and

thicknesses 'of the sublayers were obtained from the profile on Sheet 44
of the calculations. The corresponding preconsolidation pressures were
then obtained by reference to the depth versus preconsolidation curve on

= Sheet 50 of the calculations. The input. values for the CONSOL programV- for the example, Profile 205, are shown on Sheet 51. This approach to
: determining preconsolidation pressures is a correct and approved
procedure.-

.

- 50 -
5057-TUB-R-01-01369-00
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UMTRA DOCUMENT REVIEW FORM

i
i

SECTION 1

Site: Tuba , Date: Nov. 17. 1987Document: RAP and Final Design i
Comentor: NRC i

Coment: Page 2

Settlement

2.
The cracking potential of the cover was evaluated by assuming aplasticity index (PI) of eleven for the soil. Please indicate howthis analysis is representative of actual field conditions, as norequirement for PI is included in cover material selectionOs, process.

I

!

SECTION 2

Response: Page By: MKE Date: _12/14/87
The method used in the analysis of cracking potential has been usedroutinely on other UMTRA sites, and is an approved UMTRA designprocedure.

As indicated in Figure 14-1 of the UMTRA Design Procedures,
the lower bound for_ tensile strains causing failure in soils compactedf]- at moisture contents which are no drier than about 3% below optimum is
.05% for soils with essentially zero PI, and increases with an increasein PI. The potential tensile strains of the cover were estimated
between 0.04 and 0.05%, indicating that even material with essentially

at
zero PI would not crack. PI will therefore not be a controlling factor.

Plans for laplementation:.

SECTION 3

Confirmation Of Implementation:
Checked By: , Date:
Approved By: , Date:

- 51 - 5057-TUB-R-01-01369-00
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UMTRA DOCUMENT REVIEW FlR_M

4SECTION 1

Site: Tuba , Date: Nov. 17. 1987-Docudnt: RAP and Final Design
Commentor: NRC

'

- ,

Conenent: Page _3

Radon Barrier

The final design of the radon barrier will be evaluated when it issubmitted. To facilitate the review of the final cover, the- dispersive
and shrinkage characteristics of the selected soil materials will need

_ to be addressed in the final design package.

L
; SECTION 2

Response: Page By:_ MKE Date: 12-17-87
Acknowledged.

O

Plans for Implementation:

.

SECTION 3

Confirmation Of Implementation:
Checked By:- , Date:
Approved By: , Date:
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_UMTRA DOCUMENT REVIEW FORM )

SECTION 1

iSite:_ Tuba
, Date:_ November 17. 1987Document: RAP and Final Design

Commentor: NRG

Comment: Page 3

Construction

1.
As mentioned previously, the specifications do not require that the
radon barrier materials meet any * aquirements for Pl as acceptableO
material will be classified as S or SM.d- These two soil types donot limit PIs to any specific range. As discussed extensively for
the Lakeview, Oregon, site, limits should be established on theacceptable lower bound of Pl. This will be a condition forconcurrence in the RAP.

|
|

_SECTION 2

Response: Page By: MKE Date: 12/17/87
For response, see attached Conswat Response.

A)L

Plans for Implementation:

.

SECTION 3

Confirmation Of Implementation:
-Checked By: , Date:
Approved By: _ , Date:

- ~
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.fkesponsetoComment~3.-

i
'Please :referD to Lthe response-

to Settlement,. Conment 2, above. .As
explained. in-_that response, for the minor differential settlement I

predicted for'this site it is _ pot _necessary that. the radon barrier have
~

-a Pl. greater thanizero to protect against cracking. A specific minimum
-

Pl; corresponding to the design permeability and _ radon diffusion
_

coefficient has- not: been established. However.f the ~ average PI for = the -

composite samples tested for these characteristics is- known (Average
P1 = 11) and is - the same - as -the average PI for all Greasewood Lake-

samples.
Permeability and diffusion coefficient -tests- were run on- two

composite samples from four -representative. test- pits, excavated in-

h Greasewood Lake, classified as SC and SM. _ Thus, as long as material is
-_ an SC or SM from Greasewood Lake. -it will be - satisfactory for the' radon

-

L barrier for this site.
-

4

For added insuranceJthe materials have been analyzed:in detail and will
-beLselected as follows:

-1.
The deposits in Greasewood Lake are ~ generally. characterized |by a
sandy - clay layer over a clayey --sand layer, with :some ismall sand
layers,

the upper clay layer L being - thickest .near the center of
Greasewood Lake. Thus, it is prudent to begin excavation 'near the

.

c. enter of=the lake and to excavate from a full vertical face.-6

2.
- The - specifications ' have been changed to -specify that the - radon-
barrier materials shall be: excavated from deposits in the central
ares of Greasewood Lake. (the 1 approximate: center. of the lake is
defined by coordinates) from locations designated by the Contractor
(DOE).

3.. The specificat ons further require that -the material will be
excavated from a L4 feet deep face to produce-- a composite mixture
from all horizontal layers in the face of the deposit, except thats

' the. depth of the face may be decreased as directed by the_

Contractor (00E) to-avoid excavation of underlying sand deposits.

. 5057-TUB-R-01-01369-00- 24 -
4422U/01310
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Spectitcation requirements will therefore assure that radon barrier-
material will be-excavated from the central area containing the greatest
proportion _ of higher PI clayey materials, resulting in increased quality

i

-of the borrow materials.

-

.

.

O

.
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