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Mr. John D' Antonio
Department of Energy
Uranium Hill Tailings Project Office
c/o Jacobs' Engineering Group, Inc.
5301, Central Ave N.E., Suite 1700
Albuquerque, New Mexico 87108

Subject: UMTRA PROJECT: Review Coments on Documents for Working
Group 2 - Geotechnical Stability

,

Dear Mr. D' Antonio: ,

Enclosed are copies of the following draft doucments distributed at the 2 July-

1985 meeting of the DOE, NRC, TAC and RAC at NRC Headquarters in Silver
Springs, MD.

'

. 1. For the " Draft Standard Review Plan (SRP) for Geologic - Seismologic
Reviews of UMTRAP Documents prepared by the NRC", I have included
my review coments in separate sheets instead of on the body of the
SRP. I have confined my coments and discussion on four open
issues, and presumed that TAC will provide comments on the entire SRP
as it has primary responsibility for seismic hazard investigation
including the preparation of the report.

2. For the TAC documents cited below I have provided marginal comments
as agreed upon during the meeting. For the ultimate benefit of the
users, I have also taken the liberty to expand the content of some of
the documents:

a) Site Characterization - Geotechnical (Preliminary Draft).

b) Seismic Hazard Assessments for the UMTRAP (Preliminary Draft).

c) Slope Stability (Preliminary Draft).

d) Ground Settlement (Preliminary Draft).

e) Liquefaction (Preliminary Draft).

Main open issues as below are primarily related to Seismic Hazard Assessments
,

for the UMTRA facilities.!

(i) Develop unified accepted terminology / definition of all key tenns
used.

,

1 (ii) Level of field and office efforts considered adequate for each
UMTRA site.
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.

(iii) Design life of UMTRA facilities, 200 or 1000 years
(interpretation of 40 CFR Part 192).

(iv) Selection of acceleration attenuation function.

(v) Acceptable level of maximum earthquake acceleration (mean or 84
percentile).

(vi) Selection of design earthquake and related parameters.

(vii) Methods of Seismic Stability and Liquefaction analysis.

(viii) The need for a complete seismicity study report, containing
conclusion, recommendations, and sufficient back-up data.

Regarding TAC's design manual, it appears as a step in the right direction,
but it will need additional work to serve as an effective design guide.

Sincerely.

. ,.

,a af
'

N. G. Banerjee
Technical Review Engineer

NGB:afp
/

cc: pMike Blackford/Benard Jagannath, NRC
Ron Rager, TAC
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8 N E P,I,N,G, /, y,E,S,S E N G,E,R, ,a n d, ,U . S . , ,M,A I L ,R E,Q U E S T, ,F,O R M,

| ADDRESS:
TO: FRO M:Nuclear Regulatory Consnission

Waste Management Group 180 Howard Street

7915 Eastern Avenue San Francisco, CA 94105 :sEg _t:* c3911vor Enrinne. MD 70415 a
c_. noA W . Sa>ml Eaqanncak P gm

CHECK THE APPROPRIATE SPACE BELOW g g
20

1. Messenger Service (Local) 3 h
2 Courier Service (Overseas Service (1 to 2 days) b
3 Courier Service (Stateside only) A. 9:00AM Delivery.

B. 12:00 Noon Delivery.

C. Before close of business day.

Note: All material going by Courier Service needs the approval of the Project
i Engineer or above.

4 ' Freight Service
(Bulk items going by freight which usely takes 4 to 5 days)i

!

5. United Parcel Service
(Stateside only) (Bulk items of 50 pounds or less per box which

l usely takes 3 to 5 days depending on destination)

6 U. S. Mail .. _ _ _ -

.__

_

A. Express Mail XXXXXXXXX y
'Next day delivery - before noon)

B. Priority Mall

(Takes 2 to 3 days)

C. Pouch Mail
(Takes 2 to 3 days)

D. Bulk Mail
(Takes-l'to 2 weeks)

WM Record File WM Pro! t __ 3 Y -

Docket U]\ #

PDR M_ FROM: Karen Bullocks - UMTRA
LPDR ___ _ ._._ (Name - Department

D.istribution: .

__ __ _._ Char ge # L/d0 5 - O /
p]&d_^'st:112L.i G4 sit /d o20 -

~ Insurance Yes No._ yp t.o c .t ...

..| dd/Len-- .[-,

(2a'xin toy.1, 623-SM _ __ _ _ ___ e Date: 16 July 1985
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Dese standards are established to
foy 370 satisfy the purposes of the Act to". . .

stabilize and control . .tallings in a
safe and environmentally sound manner

bealth hazards to the public."pdiation2
and to minimize or eliminate

LThe Act Net--- No/c Mc M/ dee m of[ adde S[e#'[' #' b |
does not provide specific criteria to be j
used in determining that these purposes t 6''/87e|n.

,

have been satisfied. We have therefore 1
made it our objective to establish a j.

standards that take account of the '#l# b b/"N Co aff W 8 CW 'f' -f
"'

tradeoffs between costs and benefits in
a way that assures adequate protection
of the public health, safety, and the
environment; that can be implemented
using presently available techniques and
measuring instruments: and that are *

. reason le in terms of overall costs and (
* becefits We have been especially -

A,,c,/ 4 dj./@frWe. d o/- w d / ccogn' ant of the need to differenuate --

/what would be desirable from what we
believe to be necessary to achieve the de.5/ra//cp uA,/- ee (</,'ew hr: fLt nec%
Purposes of the Act. p f, ,- g {

The
final s1andarda pr. gyldtJ,gr.-

-

/"' s,
t11 Gontrolsystems for tailings piles--

Sge T/ Control and stabilization which wills
ensure, to the extent reasonably
achievable. an effective life of 1000 p gY p g g f,,, gyears, and in any case, for at least 200 =.
years.

Enrrn SuuuAny Courds~oNWPROPOSEo ANo FwAL STAnoAmos ~

dy 572. Pensemos res ,

Coreal of feirgs rama '

g j
s. Longmary At lasst JC00 years W m 1000 yeart m es outens seanorm e d.e f # , m (/, g,,/

* ete, newvenne. mis e emesi a00 '

E Reson enusers tem esposa# # pCum 4 eenvalure to shes ses% 30 m'a er 03 peut > em sweees
een songeort . De ennoses one, ogsvensee e emA

es% #erLceert
a we= p- specac e.as ear e ris.e., er e c w une emner, swa w reesrer snare

eseoecevo carganweres m ymse eret oppsy answereces sneenwes-

. eeur; noreopadoton af matase ehere reaset

onerie se aw
1. esaar enem essey preaans- thus nas ameos 0415 wL erme am eased eOs wu es se meere

erececaen. ecne om wL ,

a misaar onmere enseman sonemenne unmuness .
'Oeerie en Lore

t. swince s acus m av s se myer som one e pcus m ou is em enesse esvar.
som er armaa

aw s acvs e e, is se esper esem one is acus e er, is as myer esas se
anst enemme is, t

r ,.-. I
1.Pieneene ses speene omspeen speemanes she,= rums semenos emer se esseed .e S%9lepr3 oy;fetf(,,

s",ro T .".J:e d *"."le.re. N*vdo"

ae e - . , es e
cinerne se emmewe.e is .ennenrat er unsre amen meers

sus-agh wmeem er.unnes er inwgs w :
-

.

- menosposegawwnsinessen

|

|

"The
f" Committee does not want to visit this . - -

'** problem again with additional aid.ne
remedial action must be done right the , as---- Q yen, d Q ge# cry % w f( g/cy;c$, g first time." (H.R. Rep. No.1480. 95th e- "'"~~~
Cong 2nd Sess., Pt. I, p.17, and Pt. II, p. 'rg/gF/Ae . # M 4.
40 (1978).),

t -- _ _ _ - _ .
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b De Act gives other agencies of the -
'

4h ms////fL; p cr7h Tof,g
g,,fe, s 73 Federal Covemment the responsibility

,

to decide how to satisfy these standa I

{ at specific sites.'

Nrn '*ihelongevity(i.e long termintegrity) r

of control is particularly importan). his 67g't -gf is affected by the potential for /o-[ M 'q fcu% Q4T%,

disruption by man: by the probability of i
occurrence of such natural phenomena | |
as earthquakes, floods, windstorms, and ; + ["5 .g~ *5"^1-

-

glaciers; anWchemical and j|*
Gec arilcWprocesses in the ofes.

1

~

% Methods to prevent misuse by mas'~ ,

and disruption by natural phenomena

[#ffI')T may be divided into those whose *
integrity depends upon man and his
Institutions (" active" controle) and those

. that do not (" passive" controls).
Examples of active controls are fences. n <r-- Ep 4 4 y; e e % g
woming signs. restrictions on land use. \
and inspection and repair of semi- ;

permanent tailings covers, temporary 2
i dikes. and drainage courses. Examples **

of passive controls are thick earthen Oy0 r- /<c.rp'.y, e,j ,
covers, rock covers, massive earth and
rock dakes, burial below grade, and
moving piles out oflocations highly
. subject to erosion, such as unstable river a
banks.

- _ _ _ . _

# Bl. Resolution of Major issues Raised in - - --
'

he si(, Public Comuments ,

A. The Bosisfor the Stondonis

fytm. , 3. Cost-Benefit Analysis. r'am==nters
-

expressed the view that the cost of
@ s97 implementing the proposed standards ~t

-

will be high compared to the benefits,
that we failed to carry cat a cost-benefit
analysis for these standards, or that we
did not adequately consider alternatives .
to the standards proposed.

I

, , ,

- - . - ~ - . ..
. Based on these analyses, we have I

@ made a number of changes (described in
/ f gp Sections B and C.below) to make the

ore cosMMye,and eask [ e mare
an a g,g c,gg,, egj,e 4 ea,g,v, jogp
One notable conclusion from our /M,

analysis is that providing tailings piles |,

| with thick, durable covers costs
surprisingly little more than applying
minimal coverr ' hat will require

.

.

maintenance GA last a much shorter.
time. Die cotNion follows from the
large start-up expenditses related to
managing the remedial program and
undertaking any significant level of
remedial work at mill sites. Thick covers -*--- 74<'cg (snys y ye 4%p.) 4,, goffer greatly increased benefits from
inhibiting misuse, controlling redon
emissions. and increased longevity of ;

the covers' effectiveness. For example. ;

--- -- . - . _ _. ._ -
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t

sp- ~

- we estimate that the final control -

[Ocgg standard provides about ten times .

greater overall benefits than the lowest
cost alternative standard, for only about
25 percent greater cost. Therefore, given
that tallings piles wul be stabilized
under any of the alternativaa we
considere we fin it cost-effective to I e 6g ,e , p. 4 y..

b$( Senefits:We estimate benefits under
the assumption, when appropriate, that -

46'l? tailings pile control systems will be
,

partially effective longer than the
standard requires. Control systems are ,

required to be effective for as long as }
reasonably achievable up to 1000 years. !

I
.

but for not less than 200 years.Under
this standard most of the 24 tailings pile
will be stable against erosion and casual
intrusion for misuse for rauch longer
than 1000 years. nose __few piles that am -- <

susceptible to floo'd damage will be__'

.K; g * protected for at least 200 years. and_ h. , p[7/,,, ,p,,,J- d I,,et,sd s't..r- M - %
-

4 - de s /~
.oi suner real demage for muc I g eu

.gpT f+ a.,,a <,w a,1y,p m- 9.

--

+
.

)?g97 B. The Standards for Coritrolof Toilings
Piles

1. Larwevity of theContro!..'

We considered longevity !

/ . requirements ranging from 100 to 10.000 .

_

years and have concluded that existing
knowledge permits the design of control
systems for these tallings that have a
good expectation of lasting at least for

b " D7 *ma no a a p actica o e er,

causeb & 7 h *

f ty
e expenence with such longgne

,

,

Section104 of the Act sequires the *- -

ibN Federal Government to acquire and
retain control of these tallings disposal
sites underlicenses issued by the kN
gN c1== Resulatarv Commission (NRC)._

//7E l' w 4 - nqd p 4,pe,.,,.,% 4 %
, ' ' ' i

'

The NRC is_ authorized.191tguirt p%g #~"'
e *#'''''''f_ O N 8vg cof

. .

performance _of any maintenance._ _

b m_onitoring, and emergency measures % < 44+vc.s
-

that are needed to protect public health - i ~

and safetyq

[59 7 in the final standards we have _ y 3( f., g/ g g g ggmodified the requirement for longevity _. g ,

of control so as to assure that it is
practical for agencies to certify that the /4 c. mim'm m dAf/g 44 nf t.u'r%'/
standards are implemented in all cases. M 'j */*** dI W o
The proposed 's'eand'ard required a '

'

longevity of control of at least 1000 hh A)y,pde f ,

)
/fy g ._ _p years.He final standard requires that

control measures be carried out in a
manner that provides reasonable
assurance that they willlast, to the /
extent reasonably schievable, up to 1000

_

_

. years and,in any case, for a minimum of 200 years.
_ _ _ _ _ _ _ _ _

-..
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(We estimate up to 80 e f 5/im'M a.46'Irhed -e /ewf., Yor
nn..lon dollars might be unnecessarily

[* g g spent to move piles under the proposed g w c. e //g 4,,,,4 /c uo -yW ed'Ss p / 4requirement for a longevity of at least
1000 years.) De change does not signify gb yr,///jg do //4ys
that there are circumstances under ,

which the term of protection
contemplated by the proposed

' ~

standards is not appropriate.ne,
hange_mers acknowledaes that

,.

mp ementing agencies may so some
_

O' sis'have difhculIy certifying that
~

ii6~nlrolinessures that are appr3ii6ste . >

can reasonibly b~e expected to endure.
Evithout degradation for 1000 years.
Ma'n's ~ ability 16predici~ihe Terure as
notoriously limited. %a t fact. which on
the one hand warrants our making
responsible societal efforts to limit risk ~

to future generations. also warrants our
refraining from actions undirTaken ~

N+8fkN bfS) f b /A'/5$ /8 ' Nmerelyjn the name of necessM
artificial Iev~els of sta tistical certainty. { bM % * W8**[f.

_

.- -

fgiO| A. Guidanceforlaplementadoes
,,

We are therefore providing .. .~kO/ "Quidance for implementarian" to evoid N bM g g 9 em .
~

.

neecuese expense which may resultFm
uncertainty or cofifusion as to what
level of protection the standards Eri .

Intende,d to achieve. ~

f

" ' " ' NIf.oI N'he n|t|%$EnWek"?"*' W uk Sr'"h' ? ' ~-
reasonable expectation _tha
Tvisio5s of the standard '

st exteritfraLeonably_ar.bleyahlader fulfd.A /, t4.c-t.

h dgSm [t win IN
v

~

neces y based on site. specific
-

analyses of the properties of the sites.
candidata control systems, and the
potential efrects of natural processes
over time, and, therefore, the measures

,

required to satisfy the standard will
vary from site to site. We expect that
computational models, theories, and '-

expert dgment will be the mafor tools
~ ~~'

in deci that a proposed control 2

system w adequately satisfy the j- /~
standard, I

-

" we -
d'6 / WY)M~'Maat that DOE and Nar in

IV'(L (, M /) /c///c/urg~

consultation witi EPA and the States. .

fwill adopt Imlementation procedu
,

Eiisistent with our intent in estabh[resing
-

ifM[!*"?o"7YC k proce.9urco -
E6e standards.

..

.M

|

|

|
.. . _ . .
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.' ;B.Supplemento!Standants

ne varied conditions at the i

designated sites and limited experience !

with remedial actions make it
' I

appropriate that EPA allow adjustment
o7 the standards' whe~re clreiihistanM

-

'
r'equire.We believe tiiiE16 mostcasg,
Eur firial staHdaids sire ' ~dequatels l
pi'o'tective and can be implemented at
~

fissonable cost.Howser3e
sia'ndards could be t'o' ~ strict 1 someo
siiplications~. We anticipate that spch

~ *

" circumstances might occur.We
originally proposed to deal with this
through an '' exceptions" procedure
which would relax standards when
certain criteria were satisfied. We agree
with the comments, however, that the ,

proposed procedure was unnecessarily *

burdensome to apply. ;
In the final regulations we have

eliminated this procedure and replaced
it with a simplified procedure for -

alp yWoupplementalliandarda."
(in is a more_ effective _ nleana4f

8

accomislisEng our original p3gpose. An
*

eTdition7sTgEIIIciiit change la the
proposed criteria for exceptions la the
addition of criterion 192.21(c), which
relaxes the requirement for cleanup of
land at off site locations when residual
radioactive materials are not clearly
hazardous and cleanup costs are i
unreasonably high.%is category of _

contamination was not adequately
-

,

addressed in the proposala. j

- -. . . _

a , - - -
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{ SELECTION OF DESIGN EARTHQUAXE PARNiETERS FO.R CRITICAL STRUCTURES

._IOR CRITICAL STRUCTURES-f A'

I I i i
IPeak acceleration o,f IRecomended Peak Acceleration Coments & References
| Maximum Credible lof Seismic Engineering Design
IEarthquake (MCE)/Seis- | Earthquake j |r

| Earthquake 1 - |

.
- |- ; . lImic Safety Evaluation | ...

| | |
_

| 1 I I
0.50g ~ 0.60 0.10g * 0.15g lAccording to Seed (Ref.14, I

(Use for liquefaction .(Use for pseudo-static |p.59): . . . Both theory I
analysis) lanalysis) and experience show that this 1

- 1 is perfectly reasonable |

| | | procedure." ~ l
' i I 1 I

-

l I I l
10.30g ~ 0.60g (For the b |bSpecified by Newmark |'| 1.0ga

| | design of earth structures) land Hall (1973) (Ref.15) |

I 10.18 ~ 0.35g (For the design | |.'
I lof steel structures) | |

gi l l l

a. Specified by Page R.A et. al., US8GS (1972, Ref.17). -

.

J

.

6 - 16 - 4005-GEN-R-01-00616-00
_
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:::. ;- - ---- . : :r.:7 ^ ' _ _ L:. _ , _ . _
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;T DESIGN CRITERIA FOR THE PSEUDO-STATIC ANALYSIS OF EMBANKMENTS-

[After Seed (1979), Ref.16, p. 236]

l | I l
|EarthquakeIfagnitude | Design Criteria | Cocraents & References |

|

6-1/2 FS = 1.15 a) Applicable for embank- |

| |for Seismic Coefficient = 0.1 iments constructed of soils |

I I |which do not build up large |

| 8-1/4 |FS = 1.15 | pore pressures due to earth- |

| Ifor Seismic Coefficient = 0.15 | quake shaking nor show more |

| | lthan 15% strength loss |
I | |(usually). I

I I I I

- 1 I | |

.

m

*
.

-

- 17 - 4005-GEN-R-01-00616-00
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g A Note on the Seismic Coefficient Method of Design of Dams in Japan
'

!

In the so-called seismic coefficient method of dam design, the weight
of the dam body itself and a part of reservoir water determined by the

'

'

fomula of @namic water pressure are multiplied by the seismic
coefficient, and the value obtained is treated as the earthquake' .
force. These forces of inertia are applied horizontally to the dam
bo# to calculate stresses and stability. This method has been in use

.

in Japan since the time high dams began to be constructed in that ,

country.

This method has been improved based on studies and researc'h on
.

. . I

earthquake phenomena and behavior of dams during earthquakes. The
seismic coefficients selected for dam design are at present detemined
by various factors,such as the type of dam, geological conditions, and
occurrence of historic earthquakes in the vicinity of the proposed
dam. Table-B1 shows the design seismic coefficients established by the- -

,

Japanese National Comittee on Large Dams (Ref.18, p. 20). The values
$ are classified by the types of dams and the regions in which the$

proposed dams are to be located. -
i

.

|

/

.

.

.

9

4

l

|

%
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*' TABl.E B-1 - DESIGN SEISMIC COEFFICIENTS FOR D#tS IN JAPAN * ,.
.

-- - ,- i i , .
,

t,,.e u . .t... tn 9, ,_ ., , , ., , ; , , , u p.-. .
,

l~~ r '. (Ref.18, p. 21) m. .
' ''

g -

* ~~

,

.:n.m .. . ;; . . . ... . c. _ m .e , ,,, , : , , ,; )- . - e :,.

- - , . . . . _ , , . , , ,,

!

1

Part of Tohoku region; Kanto lHokkaido region; Hokuriku regions |

Ire' ion; Chubu region; Kinki 10ther part of Tohoku region; j| g
Type of Dam Iregion; Southern Shikoku region |Chugoku region; Northern Shikoku |

| Iregion: Kyushu region
I 1 ,

, ,

0.10 ~ 0.15 | |kConcrete Dams k = 0.12 ~ 0.20
'

|
'

=

and Rock-Fill .

| Dams | | |

| | 1 I

0.12 ~ 0.20 || Earth Dams | K = 0.15 ~ 0.25 | k =

| | | |

.
-

%

e

4
-

.

J
/

o

e

.
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PRELIMINARY DRAFT*

SITE CHARACTERIZATION - GE0 TECHNICAL
glij h * '' p A

,

p e *+

[c[gv40 /eh", e. IN ' '
%1.0 INTRODUCTION [gri

The purpose of geotechnical site char terizations for UMTRA sites is to
define the physical conditions of the existi g tailings pfles, foundation soils
and proposed borrow sources. These condition include the d ratigraphy and phys-'

ical properties of individual materials m osing the tratigraphic units.
O Stratigraphy is determined by visually loggin toreholes and.brstatic-cone pen-gN 'etVIYrorP8 tests. Materia 1% properties are determined by laboratory testing andp Ground water site characterization, which is closely related todW field tests.

fl geotechnical site characterization is presented in another position paper.
t'lf

of --- - . .. . . . . -
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2.0 ARCHIVED DATA

f Several of the UMTRA sites have geotechnical site characterization data
available from previous studies. This data varies in type, quality and quantity

-and must be assessed for appropriatene.ss on an individual site basis. This data
may include boring logs, penetration test data and laboratory test data.
Depending on the present concept toward stabilization at a site and the type and

! suitability of the available data toward use in this concept, a more limited pro-
gram may be required than is outlined in this paper. A review of all data avail-

{ able will be made at each site and the generic site characterization program
will be appropriately modified at that point.

v
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3.0 STABILIZATION IN PLACE SITES-

| Os m+ M # g, * }3.1 FIELD STUDIES 5+amda'"# k -

,

The nature and material properties o the tailings piles must be de-
termined if SIP is to take place without recompaction of the pile. In ad-
dition, the behavior and stratigraphy , of the foundation soils must be

y# g'" # g determined in order to assess the 1 n term stability of the pile. A se-
rtes of(,piezocoHb penetration tests

_

M D3441) are performed at a densi-@M# ty of one (IT per acre to cover the tailings pile. Each test will
h 842*eme { penetrate the entire depth of the pile and up to 5 to 10 feet into the

foundation soils. Output from those tests is in the form of a continuous
profile of the stratigraphy (as shown on Figure 1) and a digital tape of
the data collected. Interpretation of data collected from these probes
will be used to: 1) derive the stratigraphy of the pile in detail, thus
locating all significant layers, zones, and pockets of slimes within the
embankment; 2) determine dissipation rates of induced pore pressures
(Figure 2) which are used to estimate in-situ permeability and consolida-
tion characteristics of the materials; 3) obtain the penetration resis-
tance of the tailings as related to their strength and bearing capacityc

,, seed /" imp s haracteristics, and 4) determine the ground water level _
H"* " "*, "

at et.ser s a.civ$s *@c@ruee;<'.'r'o*m/ #e 4% ~ ens &furt*V3 + gy,,, , te;[ '*7
dal ,,a g ,, u.f. Based upon interpretati f the stratigraphy , selected borings will

located and conducted _to obtain. undisturbed _ samples _fotlaboratory test-
Jing. Approximately one 1) boring will be required _for_eyery 4] acres At
least two h{nBFtu isamples_and _numerou standard penetration test

cm/e,m4 ?_9I{SPT) samples _wi1L.be_obtained form _each _borin(g)/)etshof
~

In the event the soils*

prove too stiff to obtain Shelby tube samples, split barrel samples will
be obtained instead. The Shelby tube and split barrel samples will pro-

O * J^d * J @ S vide undisturbed samples for laboratory testing while the standard penetra-
-Wre Merw4 tion tests will provide a correlative basis for interpretation of the data
Nag m,/ eyem/with other,, published or unpublished data _and will be_used in ligsfaction
3 , " ,- analysis. | Ground water levels at the time of ~dIFTiTina will be _detenninedl

but no pTezometers wil'1 be 15tilledNhese borings will extend a minimum
of 20 feet below the tailings-natural soil interface. One of the borings-
will extend to bedrock or up to 250 feet below the interface if foundation
stratigraphy and material properties require definition.

14e s er,/ c ,o
'

7 ,,,( tewAni/c On small piles, the piezocone data will not be required and borings,c-

to, see.g eu th e conducted on a similar grid as described will be substituted.

| WN/*j ec'd ' Test pits will be excavated on the pile to obtain representative
.g;t wo (e r Xc ue/ sand, sand-slime and slime tailings samples for laboratory testing. This
4 g j,g, ,n,.y data will be used for determining the remolded geotechnical properties of,

g g 4 g , fill soils. p
Grnend h/ahr Me - hemerd &#'**! y,,g u;49,i,, k ,,if<_ .

, k ,,, -puee psver*/ soff wal''id
!

/ht N'''
g ,7,eerps av .|. tdatNN! g, j ,

hys/ /e ok/i//S-C b Spi a f CICW W#W 3
''

.

' U" f cof C|f*Ms v

?niS| cab
}L

&C
/g,heu < YAfiUh Cei| civ* *the 1khtg3 airerm th,fjrw,m ,Spj- 4e,p,y
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Veyy foeg e. A and, Jte
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3.2 LABORATORY TESTING -c & y

Laboratory testing of undisturbed and SPT samples for correlative ma-
terial properties will be conducted (see AttachmentJ A). In addition,
strength (triaxial compression) compressibilityf(o_ne-dimensional consolida-
tion), permeability, capillary moisture,*and other tests will be conducted
on the undisturbed soil samples. The results of this testing will be cor-

i
-

related to theJ ezocone datad A relationship w1BYdeVeloped between
ghe fRTd dRa anUhe tested properties which will ultimately reduce the

need for laboratory strength testinM
.
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.- 4.0 RELOCATED SITES (INCLUDING STABILIZATION ON SITE)

d

4.1 FIELD STUDIES

4.1.1 Disposal area fref Spef
/jerids W In order t ermine the foundation soil and/or bedrock char-'

atteristics at hhe disposal sites, a series of borings will be re-
g/ ' ". Te/I.so <t/e_ quired. The GensitDof borings will be approximately one (1)

w
*p7,

/A e d, _borino for every 3 acre _s. A sufficient area will be covered to al-i a/
\ 7# #"". 7w/

' low repositioning of the pile within the general area. Shelby
\ tubed-1[2 inch diameter split barrel and standard penetration*

test (SPT)) samples will be collected to aid in classifying the
/ r (e# pDg solTs~, correlat g data, and for further laboratory testing.

[6iit iio_piezometers will be installed.Gifound water levels at the time of drilling will be determined,g - -

Field packer tests will bem.H
>g2 conducted where applicable in order to determine in-situ permeabil-

ity characteristics. These borings will extend at least 20 feet
below grade, with at least 2 borings extending up to 50 feet below
grade or into bedrock.

| |( One lof the borings may extend as deep as 250 feet if a deepo

! soil site is encountered.
4

4.1.2 Tailings pile

[ Piezocone pene.tration tests (ASTM D3441), or borings with SPT

w d@pling,~ will be conducted for full thickness of the pile at asiti_of one _(IT test per 4 acres _Jin order to define the sand-
sam

Ds ime makeup of the pile.7est pits will be required (these may
, be combined with the rad waste group work) in order to obtain bulk
| samples for laboratory testing of remolded material properties.,

! 4.2 LABORATORY TESTING

A full range of material property, strength, and compression tests,

; will be required on the disturbed and undisturbed samples obtained from

{
each area, similar to what is outlined in Attachment C.

.
.
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5.0 BORROW AREA SITES
*

5.1 GENERAL

Borrow areas will be identified by performing a preliminary borrow as-
f sessment. This study will be performed by a TAC geologist or geotechnical
engineer and shall consist of a review of any pertinent data and a site
visit. Local materials _contractorJ.will be contacted in an effort to ob-

Tatiiinformation on the availability of local borrow sources.

5.2 RADON COVER

5.2.1 Field program

CD C6cm +6 e yn.m,g f Following preliminary borrow assessment, a limited number of '

"^hv 74 ue areas will be investigated by excavating 8 to 12 test pits at each
O J m i/u e/em ff/y ad) area. Tne test pits will be spaced in an effort to define the lim-

.

- m,isse , ,, Qg its of suitable borrow material. Both large and small bulk sam-
ples will be obtained in order to perform classification andYeWisn.e J^rinuaye.1-. material ^ properties tests. A field log of each test pit will also

hd/'y ["/" W be maintained.
le defermime.et; ais, 4se M '<m ee mw,.e g ngc.,c; m i ola.riy G =cHef

' f? cbse rnaf'"Y'P *'boratory testing * 0~ *h'f* * /~ P'h b h"'$ 'h' ''# "I' ' U~h fe
I- t <.

5 .2 La

*/Vof a6 y - J _ By visual examination _of_the soil ump 1" and_ rey _i e _ of_tes_t
p oss Af/c . git logs, the most suitable borrow area will be selected and sam-

* bk## ##"Y ples from this area will be subJectWto hb0faWry tests.
'

If all
sites appear equal, the most economical to develope will be used.

c-xelne ed/M M Selected samples obtained from the field program will be tested
o curces , for their mechanical characteristics, strength, compressability,p rf ,4 N g c

pemiability, capi 11arity, radon diffusion, and erodability.Need /s m aec. Depending on the nature of the borrow source individual or mixed
#N 8 samples will be tested. In addition, soil amendments ma"

@ca/'p"ra fi"4 f Cc-f t . to certain soils in order to alter their behavior [
~y be added~~~

( 5.3 ROCK ARMORING E a4=b" ).
% /%si de sir-He willie * uce % *tN'- o "* '"'*"'"' S # ' **"'$ -

5.3.1 Field program

Following the preliminary borrow assessment several areas
will be investigated in order to define the limits and quality of
Rock Armor borrow material. Six to eightgtest pits)will be con-

( ducted at each area. Both large and small bulk samples will be ob-
tained in order to perform classification and material properties
tests. A fleid log of each test pit will 1so be maintained.v
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5.3.2 Laboratory Testing p.

-

I By visual examination of thefsoIislobtained from the field
program and a review of the t.estJt logs, the most suitable bor-

- row #ea iiif11 be. selected for further testing. The samples ob--

tained from the test pits will be subjected to minimal durability
.and soundness testing.
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CONTRACT ASD-34-6703-5-84-0025 -

EXHIBIT A~
.

REVISION C ,,

DATED 5/28/85

SCOPE OF WORK

Basic Ordering Agreement for Geotechnical Laboratory Testing
I
.

Jacobs Engineering Group Inc. (Jacobs) requires the Subcontractor to
provide the services and supplies required for geotechnical laboratory

-

testing of soils in support of Jacobs' prime contract to the U.S.
Department of Energy under the Uranium Mill Tailings Remedial Action
(UMTRA) Project.

,

It is intended that this program will provide a detailed evaluation of-

the soils at 20 to 30 potential borrow sites, about 10 uranium mill
tailings sites to be reclaimed under the UMTRA Project and as many as

- 5 selected disposal sites should stabilization of the mill tallings in
,

.
place prove impractical.

The following outlines the proposed scope of services that may be re-
quired at each site to obtain geotechnical information on the proposed
materials. Sample collection and delivery will be done by others.

1. Soil Sample containers and Labeling

Soil samples contained in large and small plastic bags, Shelby
tubes, and 2 to 3 inch diameter tube (ring) samples will be pro-
vided by Jacobs' Technical Representative (TR). The samples will
be independently labeled by the TR for adequate identification as
to site, location, sample number, depth, etc.

*
.

2. Laboratory Testing

Laboratory testing of retained soil samples will be required. All
testing shall be performed in conformance with the latest edition
of the. appropriate ASTM Standard or other specified standard.
Tests which are anticipated to be required, but for which no stan-

.

dard exists, will require the Subcontractor to present, in writ--

ing, his test procedures to the TR. These methods will then be*

approved, disapproved or approved with modification to the satis-
faction of the TR and the Subcontractor prior to perfonning any
testing. Tests which may be necessary on each site include, but
are not limited to, the following:

,

A r r A c. u c. o T C
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Steve analysis without hydraniter (ASTM C136) ,

Sieve analysis with hydrometer (ASTM D422)
Atterberg limits (ASTM D4318)-

Moisture content (ASTil D2216)
Moisture density (ASTM D698)
Moisture density (ASTM D1557)
Capillary moisture relationships (ASTM D3152 and ASTM D2325)
Specific gravity (ASTM D854)
Triaxial permeability (EM 1110-2-1906)
Constant head permeability (Amy Corp of Enginects EM 1110-2-

1936)_
Falling head permeability (Amy Corp of Engineers EM 1110-2-

1936)
Three point sets Triaxial (R) (Amy Corp of Engineers EM

1110-2-1906)
Tnree point sets Triaxial (Q) (Amy Corp of Engineers EM

1110-2-1906)
Three point direct shear test (CD) (ASTM D3080)
Three point direct shear test (CU)-

Three point direct shear test (UU)
Dry density
Slake durability (International society for rock mechanics,

suggested method for determination of the slake-durability
index)

Three point sets California Bearing Ratio (ASTM D1883)
One-dimensional consolidation ( ASTM D2435)
Increments of secondary consolidation (per machine day)
Crumb tests ( ASTM Proceedings STP623)
Pinhole ( ASTM Proceedings STP623)
Double hydrometer (ASTM D422)
Aggregate specific gravity and absorption (ASTM-C127)
Aggregate soundness (ASTM CBS)
Los Angeles abrasion ( ASTM C131 and C535)
Remolding of samples per test sample
Rock crushing in preparation of samples per bulk sample

Other tests that ma,y be requested from time to time include:

Unconfined compression ( ASTM D2166)
:

Relative density (ASTM D4253 I, D4254)
i

; Shrinkage limit
| Percent passing No. 200 sieve
i Expansion, shrinkage and uplift (ASTM D3877)

Falling head permeability conducted in association with*

consolidation tests (per load increment)-

.

S
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3. Testing Procedures .

a. General-

All testing shall be perfomed in confomance with the latest
edition of the appropriate ASTM Standards or other standard as
indicated by the type of test performed.

b. Compacting Samples of Cohesive Soil

Samples of compacted soil shall be prepared in a split mold
having inside dimensions equal to the dimensions of the de-
sired sample. The method of compacting this soil into the
mold should duplicate as closely as possible the field compac- |

tion method. Tne soil should be compacted into the mold in 6
equal layers using a pressing or kneading action of a tamper
having a contact area with the soil of less than one-sixth the
area of the mold. The surface of the layer should be thor- i

oughly scarified before placing the next layer. Under no cir-
cumstances shall standard impact types of compaction be
acceptable.

The sample shall be prepeeed according to the ASTM D-698 test
procedure using an appropriate amount of water to produce tne
desired water content.

.

The desired density shall be produced by either kneading or
tamping each layer until this accumulated weight of the soil
placed in the mold is compacted to a knowin volume or by adjust-
ing the number of temps per layer and the force per tamp. For
the latter method of control, special constant force tampers
are necessary. After each sample has been compacted to fin-
ished dimensions and removed from the mold, the appropriate
laboratory test may be performed. Input parameters such as
moisture content at compaction, etc., will be provided by the
TR.

Preparation of" compacted granular soils should be perfomed as
outlined in the U.S. Army Corp of Engineers' " Laboratory Soil
Testing," publication EM1110-2-1906.

! c. Consolidation Testing

Consolidation tests must include time-rate of settlement plots
of all load increments. Tnese plots will be either log-time
or square root of time plots, whichever best defines the end
of primary consolidation. Falling head pemeability tests
may be required on certain consolidation tests.

.
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d. Falling Head Pemeability Tests

Testing procedures for falling head permeability t'ests shall
be conducted according to EM 1110-2-1906. Input parameters-

such as confining pressures will be provided by the TR. At
least 95% saturation of the samples is expected. In addition,
falling head tests, conducted during consolidation testing may
be required.

e. Constant Head Permeability Tests

Testing procedures for constant Head Permeability Tests shall
be performed according to EM 1110-2-1906. Input parameters
such as confining pressures will be provided by Jacobs
Engineering Group Inc. At least 95% saturation of the samples
is expected. Pressure can be applied to achieve saturation,
but shall not exceed an equivalent position head of 15 feet of
water.

'

f. Triaxial , Testing

Triaxial testing of select undisturbed or compacted samples
may include permeability tests, unconsolidated undrained tests

..
(Q), consolidated undrained tests with pore pressure . mea-
surements (R). All testing shall be conducted according to
procedures outlined in EM 1110-2-1960. A '8" parameter of
0.97 or higher is expected on all test samples prior to
shearing, unless otherwise indicated. Input parameters such
as confining pressures, etc., will be provided by the TR.
Photographs of the sample shall be included in the test data,
snowing the condition of each sample at f ailure. These should
show an external view (s) and a cross section view of the ;

sample.

g. Capillary Moisture Relationships

Capillary Moisture relationships shall be determined for a
4

specific soil sample using a combination of ASTM D3152 and '

ASTM D2325 test methods to produce a series of moisture con-

|
tents at tension values ranging from 0.1 to 15 bars. The in-
crements used should be 0.1, 0.3, 0.5, 0.7, 1.0, 2.0, 4.0,

! 7.0, 10.0 and 15.0 bars.
!

4. Project Scheduie .

-

A site specific workplan (Delivery Order) will be sent to the\

Subcontractor along with the samples to be tested. All analyses
for each phase must be completed within four weeks af ter receipt
of the samples unless otnerwise specified in the Delivery Order as'

issued. For ' selected specific gravity, moisture density grada-
,

tion and Atterberg Limits tuts a two week completion will be

|
required.

;

>

~~
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| 5. Quality Assurance . ..

All laboratory testing shall be perfomed by experienced and qual--

: ified personnel in confomance with the applicable ASTM test proce-
dures. Any deviation fron these procedures or any analytical pro-
cedures that are not available from ASTM shall be submitted in
writing to' the Jacobs Contract Representative (CR), who, after
consulting Jacobs' Quality Assurance Manager will provide ap-:

proval of any such procedure, prior to performing the test.
i These deviations shall be carefully documented and included on the

typed laboratory report. The laboratory which is to perform the ;

testing, including equipment, shall be available to the QAM's rep-
resentative prior to and during the testing for inspection.

The laboratory must have a Jacobs' approved Quality Assurance |
'

-

(QA) Program in affect to assure that the data transmitted is '

correct and that the lab tests were run according to the required-

: standard. The Subcontractor's QA program shall provide a des-
..

' ' ignated person as the primary contact person should any ques--

tions arise as to the reliability of transmitted data.*

+.

~~
. 6. Contract Performance~

All testing is subject to review and acceptance by Jacobs.,

Acceptance or non-acceptance of a deliverable, will be made by the. .

TR within 14 days af ter receipt of test data. Tests improperly or
inadequately performed will be retested at no cost to Jacobs.

All testing must be performed by the Subcontractor. No tests
are to be further subcontracted without prior approval by the
Jacobs CR. If different tests are to be run at various laborato-
ry's within the sa'ne company, the tests which will be run at each
lab must be specified on Attachments to Exhibit C, and the rea-<

son given for more than one lab. Snipnent of samples will only be
paid by Jacobs to the Subcontractor's laboratory nearest
Albuquerque, New Mexico.

d

Any discrepancies in data must be identified and explained on the
" Comments" section of the forms attached under Exhibit C; as to
the unusual nature or reason for apparent invalid test results.

7. DeliverableQullityAssurance
:

,

Results of all analyses shall be submitted on the specified report-
ing forms (Exhibit C) and accompanied by legible copies of all as-

,

| sociated laboratory work sheets. Reporting forms shall be

| typewritten with all lines on the form being completed. The let-
ter designation "N/A" for not applicable or "N/K" for not known

L ---. . - . . . . . .
~ . -; ;.- ..
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will be used in all blank spaces. If some steps or . procedures
were not perforned as specified by delivery order requirements,
the reasons must be stated on the appropriate reporting form or-

submitted as an attachment thereto. All laboratory worksheets
shall provide objective evidence that the data has been checked by
qualified personnel other than those performing the tests.

8. Sample Storage and Shipment

Any remaining portions of samples shall be retained until direc-
tion for disposal is received from Jacobs. Boxing and shipping
will be the responsibility of the Subcontractor. Shipping
charges when authorized by Jacobs, will be billable to Jacobs.
Shipping charges will be paid at cost only.

Once testing of samples are completed they shall be re-sealed and
stored for up to a period of six months, at which time the TR
shall be notified before the samples are disposed of.

9. Health and Safety Requirements

Some of the samples received will be uranium mill tailings. These
samples shall be handled in accordance with OSHA, DOT and any oth-
er applicable safety standards, such that contamination of equip-
ment and personnel is minimized.

!

Uranium mill tailings are a low level hazardous waste.

i
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PRELIMINARY DRAFT
,

GROUND SETTLEMENT

1.0 INTRODUCTION,

Ground settlement at UMTRA sites will be assessed in order to evaluate the
long term stability of the tailings piles. Settlement, especially dif ferential
settlement, can lead to flow concentrations during rainfall runoff events. If

these flow concentrations exceed those assumed during design, erosion of the
pile cover can occur. In addition, severe differential settlement could lead to
cracking within the radon cover. ,

Assessment of both total and differential settlements are somewhat impre-
cise but are indicative of the performance that can be anticipated at the piles.
Settlements occurring during placement of contaminated soils will have no ef-
fect on the life of the radon barrier or rock erosion layers.

.
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2.0 DATA COLLECTION
.

Details of data which will be collected are described in the geotechnical
site characterization position paper. As indicated in that paper the level of
data collected depends upon the previous data collected at a site. In addition
site conditions as indicated by field explorations will be considered in the as-
signment of laboratory tests. Specific areas of consideration include:

o One dimensional consolidation tests on all major material types
encountered.

o Saturated and unsaturated tests as indicated by field data.

o Use of pore pressure decay from piezocone data.
!Actual input parameters used in the analysis will vary depending on ac ,/o

tual site conditions. Engineering judgement will be used to assess t
these conditions and determine appropriate input parameters.

.
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3.0 ANALYSIS
.

n

W

3.1 MATERIALS AND METHODS I *
\ ( '

' ' . , .F. .

3.1.1 Nonplastic Qild [
NonplaskN soils wi11 be anaIyzed using elastic theory. The

method 'ptnerted in NAVFAC DM7.1-211 and -Figure 7 (Attachment A).e

The modulus o* elasticity will be demitped using cone penetration'

g - and/or standard penetration test data. Where possible this value'

[de.j shall be checked against the modulus of elasticity developed from
) the triaxial compressicn tests. Also, if appropriate, one.

Ng / dimensionsal consolidation tests will be performed and ' convention-

, j h [ [/ g
al consolidation theory will, be used to calculate' the settlement
using actual strains measured from the test. t $, Settlement ofp'9 e.

ge, [
5

nonplastic soils will be assumed instantaneous or to oicds~~duWng,
construction. 0

' ~~
4+ -

[W _ _ _ _ . . - v>

'
. s i

3.1 2 Plastic soils (clay)

Plastic soils will be analyzed using conve5tiora'l consolidat-
ed theory and laboratory one. dimensional consolidation tests con-
ducted on undisturbed soils. Where data is lacking or as a check
of the consolidation test data, consolidation priperties derived
from literatcre add mechanical properties correlatio6s will be'

>used. }
.

>,

-

..

Conver[tional consolidation theory is used in conjunction with-

the following equation (Lambe and Whitman,1969):
'

/CH Log P + P.
$ = .c..... .c.......

s

; ' pj 1 t e, ,P,
'i S = consoli<tation settlement (feet)c ,

Cs = compression index
e,

\ 10 = height of layer (feet)
g n '

=initialNoidratio. /e /.

O t t. .
,

_

Pp = initial effective stress ~ at midpoint of layer (psf)'?
,

;P' = change in effective stress at midpoint of layer (psf)

e1Aed // ce,|, uh ,c, n e7) And 74k // .Ce/He d pr.4/eny,)
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Secondary or long term settlement, where considered signif-- -

icant will be analyzed. Time-rates of consolidation will be deter- ;

mined from field and laboratory tests and used to estimate the
length of time for settlement to occur where cohesive soils are
saturated. ,

!

3.1.3 Cover cracking

f4, dwo/- ge When appropriate cracking of the radon cover due to differen-
tial settlement of the underlying soils will be calculated usingnm, y m,% methods developed by Lee and Shen (1969) Attachment A. Typically

#'#' these methods will only be applied at stabilization in place sites*

y /ost // epcgve. - where large localized differential settlements are likely to

cavec occur.-w4 ssp,s4c
de ekamed & C eeyjaili/y ?

3.2 APPLICATION

3.2.1 Stabilization in place

q Where stabilization in place is being considered the site
(m,I h 'lt- stratigraphy will be combined with determined material properties
J# ~ and a li6nt6ur plot of resultant settlements will be developed.

Depending on the results of this analysis, and the maximum differ-
ential settlement obtained from this plot, the potential for cover
cracking may be analyzed. If appropriate, long term settlement
contour maps will also be prepared.

3.2.2 Relocated piles

Where piles are to be relocated settlement of the foundation
and the pile itself will be calculated. It is assumed that since
the tailings will be blended and compacted, that differential set-
tlement will not be critical unless foundation soils are extremely
variable. Also settlement of the pile will be considered nearly
instantaneous since the tailings will be unsaturated.

.

3.3 FINAL CONDITION

The large scale of the tailings embankments, complexity of the subsur-
face stratigraphy within the tailings piles and foundation soils and the

i
limited data available from which' to derive design parameters make the pre-
diction of total and differential settlements inexact at best. In orderI

to reduce the uncertainty and raise the reliability of long-term stabiliza-
tion, several construction related design features will be required:

. -. . ~ . . - - - - . - . ..-.:=-..
_
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o Monitoring of embankment settlement for completion prior to place-
.

ment of a majority of the radon cover material. This will lessen
the chance of cover cracking due to sharp differential settlement.

yo Monitoring for completion of settlement after placing and before
[ final grading of the radon cover. This will lessen the chance of

unanticipated flow concentrations of storm water runoff.

-/'
o Placement of cover material at 2 to 3 percent above the optimum

moisture content, this makes the material more pliable and less
likely to experience cracking due to settlement.
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MORIEONTAL MOVEMENTS RELATED 'fC SUBBIDENCE
,

| .R*'

By Kenneth L. Lee,8 A. M. ASCE, and C. K. Shen s A. M. ASCE | J..< g,
;

-

,11 j
|- 'a

*

.

, }.
*

Considerable progress has been made in the techniques of settlement cal-
,'
84-

estations since Tersaghi introduced his theory of consolidation to the pro-
5

l'Mfeeston over 40 yr ago. On present day jobs engineers routinely proceed with ;dsome confidence to predict the amount of total and differential settlements
{htely to develop at a particular site. During recent years there has been an .j
M

ever increasing recognition and concern for horizontal movements that are ,.
'

shenobservedtodevelop in conjunction with vertical subsidence. Many struc- | t-
seresaremore susceptible to damage from differential horizontal movements

h*' [1
-

#

man from differential settlements, and examples of horizontal snovement '

'

peasurements and structural distress due to these snovements are being re-
[*:ported in ever increasing numbers.The nature and causes of settlement in-
|/escedhorizontal movements are understood in a general way.However, methods a,

|4 of predleting horizontal movements are still very much in their Infancy. ;.

This study was conducted in order to better understand and define some of , j

me anechanisms by which horltontal movements can accompany subsidence, *g'i+
i medio investigate some techniques for predicting the nature and magnitude of , , ,

netotalanddtfferentialhorizontal movements that are likely to develop under *g.
,,[ gives conditions. Examples of a number of actual cases are briefly reviewed . 9

*"
g to illustrate the extent and nature of the problem. Analytical methods and ex.

N eerements andto check hypotheses for predicting the magnitude of horizontal {{fperimentalstudieswereused to investigate the basic mechanism of horizontal
.?F

ano,ementalikely to develop under particular conditions. The study concludes :. 4>
|*O with an example of the predicted nature, distribution, and magnitude of hort- |f. ;I . Note.-Discuenton open untti June 1. IsGs. To entend the clontag date one month, e

*

ermes request must be filed with the Executive Secretary. A5CE. This paper le part |qp
d thecepyttghted Journalof the soll Mechanice and Foundettone DIvleton. Peoceedings .,q*g
dthe American Society of Civil Engineers. Vol. 94. No. SMG. Joneery.1968.Meneseript :1. d~,
ese esbmitted for review for possible publication on Janeery 25.1968. .g

i *
:y : Aset. Prof. of Engrg.. Univ. of Collf. Los Angeles. Calif. d

s Aest. Prof. of Engtg., Univ. of Calif., Davis. Calif. *i
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rge settlements such no at Lake Marselbo, Venezuela; Mexico City, (5. 27,140

sental movements likely to develop in an earth dam constructed on a coe.); Tokyo (30); and California's Central and Santa Clara valleys (34,36), /j *D)
k , .e

*6
overer, horizontal movements at these areas have not been reported, pos-

pressible foundation. g
bly because they are relatively small or occur in areas where the buildings
nd other structures are relatively flexible, and therefore horizontal move.

- ' '
m k3*

EXAMPLES OF HORIZONTAL MOVEMENTS eents have not been measured orobserved.However, the examples of cases !I,4
-a>

i

nere horizontal movements are known to occur illustrate the serious con- |*kSome of the earliest recognized examples of horizontal movements relat"
'

,

h **sequences of this type of deformation.to subsidence were associated with mining areas.In some mining operationsAnother example of horizontal and vertical movements occurred where a
'the rnine tunnels are allowed to collapse after the ore has been removed. A1
*i

brge industrial plant in Northern British Columbia was founded on 30 ft of k'l ''
thourhoomearchingmay occur,a considerable amount of total and differentistsubsidence is often observed at the ground surface. Furthermore, it has beenB11 over!Ying a 100.ft layer of gravel which in turn rested on a layer of deep P f;

gompressible clay. The maximum settlement was about 4-1/2 ft and the re-
foundthat horizontal movements inevitably accompany the ground subsidence.setting slope of the subsidence bowl was as much as 0.5%. However, the most

--

l Y,'Wl enthistypeof mining operation is employed, structures on the ground sur.
'

sertousdamagetosomeof theindustrial butidings was due to horizontal move-

movements.Many structures are more sensitive to horizontal than to vertics'
nentswhichin some areas caused buildings which were 1000 ft long to shorten

k l'Tface may be subjected to considerable diflerentlat vertical and horizontal
"

!4

movements, and mining engineers have made many studies of the natureeas much as 6 in.This net movement was made up of stretching in some sec.. .; } 9*

sons and compression in others (15).both horizontal and vertical surface movements caused by mining operatics" * e
parts and Taylor (6) have also examined the problem of horizontal move.

'

(8, 11, 16, 18, 20, 23, 25, 37).'Another type of serious horizontal movement is related to ground subeldem,sents which may develop as a result of placing large fills on compressible . . y k.,p
." Ucaused by pumping oil, gas or water from underground natural reservoirsR has been known for some time that horizontal movements may cause '$-

Thebest known and best documented example of this phenomena has occurreteracks to develop in earth dams as the fill settles (34,38). Many examples i

at Long Beach, Calif., which is founded above theWilmington oil field. Pumpl 8 'dN

tage been reported which illustrate the widespread nature of this problem E ';.has produced a settlement basin encompassing 50 sq miles with settlemenu(10,29. 32,33,35, 41).The settlement may be due to an underlying compres-at the center of approximately 29 ft.The slope of the nubeldence profile to.
''

al,le foundation or partial collapse of the embankment soll upon wetting when bward the center of the basin has been found to be as much as 0.25%.The de,
se reservoir is filled. In most cases where observations have been made it

'

$

.

velopment of this basin has been accompanied by horizontal movements as
! #*

tasbeenfoundthat differential vertical settlements along the crest of the dam
great as 6 ft and dliferential horizontal movements or surface strains aseereaccompanied by horizontal movements directed toward the zone of max.

t ti f i E5-
great as 0.35%.The damage to structo.es in the Long Beach Harbor area te.sultingfromthemovementsassociatedwiththis subsidence basin has exceed".seemsettlement.Thesehorttontalmovements create a favorable si ua on or|f.enformationottransverse tension cracks near the abutmente, and many such

% }'
$60.000,000 (1,18, 39, 40) Several studies of the basic nature of these movements were made by Grant and others. They suggested that the horizonta'.piamples have been reported. '

(g

cappleman (2) describes still another closely related problem. Horizontal Imovements could be explained by assuming that the ground above the oil
''

aseements due to differential settlement of earth dams on compressible
bearing sands deformed like a thick plate to conform to the subsidence whk

t
! g ",and other theories have als bedations have lead to a number c( condult failures in which the joints have !

developed as the ott was removed (12,13,14), 3,en pulled completely open.
A study of the available data regarding examples of ground movements i . . '

.

been suggested (29).
Although Long Beach is perhaps the best known example, subsidence nsegrests that there are two fundamental fa': tors which are important in the ' L4

'

horizontal movements are known to have developed over other oil fields (40,
IntAs Angeles,the BaldwinHills damwaslocated on the edge of the subsidew' problem of heritontal movements related to ground subsidence-'

[0zone caused by pumping oil from the Inglewood oil fleid. Settlement as gre
r'

as 9 ft, and horizontal movements exceeding 2 ft have been measured over
1. The seat of settlement must be located at some depth below the groundD, .

lifetime of the oil field.The dam was unfavorably situated on the edge of i
,t, * ',,

2.There must be differential vertical movement with the gross pattern Isubsidence area where maximum horizontal extension strains were likely
t

af settlement approximating a subeldence bowl or subsidence trough in which
develop. The catastrophic failure of this dam In 1963 was probably related

t

se settlements increase from zero at the outer edges to a maximum at the .,
these movements (17,21,22). *

An example of a subsidence and horizontal movement problem associa
te '

, . , ''' * .

withwaterpumpinghtsbeen reported at Houston, Texas where a 30-mile d
ia:

.

~ '

of thee features am to h h pM [h* Mi d ! ?

subsidence bowlhas developed.The maximum settlement is reportedto be at Ie-

todrontal movements were observed in subsiding areas. ! j3.5 ft andabsolutehorizontalmovements as muchas 16 In, have been measu
re

|tellensman (37), Grant (1,13,18), and others have observed certain cor.
a 4

relations between the horizontal movements and other features of subsiding(7,26).There are numerous other areas in the world where pumping has cau
- m

l ith the two factors mentioned are illustrated .' iy
-, areas. The correlations, a ong w k- sNamerstein parentheses refer to correspondtag items la A,,-

d:x I.-R*feni-
E
xa i r
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RI and Lee (15) found a reasonably good correlation between observed Therefore,it is of Interest to investigate the type of horizontal movements .; a
ents and those predicted by Eq.1 using A = N, the thickness of the etichdo develop at subsiding aream in order to establish guide lines as to the *

m .,

upper stiff gravellayer. reliability of Eq. 2, and to obtain reasonable values for the factor 4.
]5The assumptions of the simplified beam theory which lead to Eq.1 neglect , = ,

the effect of shearing stresses, and these may be important especially for beams MODEL ST11DfES -

with deep sections. For example, if the beam shown in Fig. 2 were to be de. -

formed under a state of pure horizontal and vertical shear, and section AB To study la some detall the development of horizontal movements due to '. $5
'

would remalavertical,andthe horizontal movement at point A would = 0. Thus emboldence of a relatively stiff layer of poll, leets were concluded unlag a '
9'

the inclusion of a shear stress would lead to a computed value for horizontal model (Fig. 3) consisting of a 93 in. x 24 in, w 6 in, wide beam of granular 'i
i movement somewhat less than given by Eq.1. In adottlon, for most real solle soll confined in a wooden box. The bottom of the box was adjustable so that d.the modulusof deformation increases with confining pressure, and will there. say desired subsidence profile could be imposed. The object of these model ifore increase with depth below the surface. leets was to induce certain predetermined settlement profiles at the bottom PThe addition of these factors to the analysts will in effect raise the neutral of the soll beam, and to measure the resulting vertical and horizontal move. I'

axis and result in computed horisontal movements somewhat less than given seats developed at the surface. These measured movements were then com. #
* { ' *:/by Eq.1 for 4 = N, the thickness of the upper silff stratum. Although it may pared to theoretically predicted values.

be difficult to account for these two factors by a precise analytical method, a
. y
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b!FIG. 2.-BEAM ANALOGY OF HORI2ONTAL MOVEMENTS '

i .iYF10. 3.-SCHEMATIC DRAWING OF MODEL TEST APPARATUS 8

it seems reasonable to expect that a more realistic expression for the hort. ;, 4*
sental movement of a surface point A shown in Fig.1 would be There was some concern that friction between the soll and the wooden i.'.

m =&Ne ....................... ***************(g' walls of the box might lead to arching and thus retard the free movement of 0:*
'

thesollinthe beam. To overcome this difficulty thin wooden movable sections V*
In which & = a factor to correct Eq.1 for the effect of shear and a variable og 1/3.In. thick masonite were placed between the soll and the fixed wooden 't ;'

,mockslus. For the ideal assumptions of the simple beam theory and constaM stdesof the box. Thesethin nectionswere fixed to the adjustable base sections * *

modulus & = 1.0 and for pure shear & = 0. These probably represent extrerm of the box so that they tilted in direct proportion to the induced differential I
*

Ilmttingvalues so that foranyparticularcase twouldlay somewhere Inbetweeg ,,ttlement as shown in Fig. 3. Thus, using the movable sides, arching between
. |

.
''

possibly closer to 1.0 than to 0. theeldesandthe soll was expected to Induce excessive horizontal movements, j.

AlthoughEq. 2 may be considered as only an empirical expression, never. ehereastheeffectof arching without the movable sides was expected to result '' li
theless, its use with any reasonable value of & between zero and one will lead tahorizontalmovementswhich were too small. Therefore,two tests were per. ' , ' '

topredictedvaluesef horizontalmovements of the same general form as thoM formedfor each deformation condition;one with moving addes and one with no j (j .;
litustrated in Fig.1. Therefore, provided that the settlement profile canbe eldes. The data from the two tests were averaged in each case, and are be. L

predictedwith some confidence,Eq. 2 could be useful in predicting at least the geered to be sufficiently accurate for the purpose Intended. I.

nature of horizontal movements likely to develop at a particular site. Dasedonthe summary of previous field data shown in Fig.1 It was assumed
. ,.

te
o.
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'

in Fig.1. In this figure, the seat of settlement is located at a depth N belse
the surface, and the settlement profile through the loaded area has the typica' agree with the observed data from a large number of field cases, as well as ,'

saucer shape with zero settlement at the outer edges, and a maximum settle. with the other theories presented herein.

ment in the center. The hortaontal movements and horizontal strains likely n Note that for the Idealized foundation and loading conditions illustrated la
developat differentpoints along this subsidence profile are also shown.Thes' yng.1, the point of inaximum absolute horizontal movement coinsides roughly
movement curves are related to each other as follows: with the edge of the loaded area. and the point of maximum horizontal exten.

'

'
slon strain lies somewhat outside of the area of applied surface loading. For

i '

l. There Is no horizontal movement at the point of maximum settlement s.orecomplicated foundation and loading conditions such as an earth dam in a
nor are there any horizontal movements at considerable distances beyond th rockgorge,etc.,thedetallsof horleontal movements may be somewhat altered

'

j leem those titustrated in Fig.1, but the available data strongly suggest thata subsidence sone,
L

4 2. At each location the direction of the horisontal movement is toward th he general pattern of these movements is the same in all cases.
[ point of maximum settlement.
~

i
HORIZONTAL MOVEMENT PREDICTIONS

!{ ; j
,

i

A number of attempts have been made to predict on a theoretical or semi- n
js j i

lheoretical basis the magnitudes of horttontal movements likely to develop at .{===== "**"
> I I ens m i=== i aparticularsite(19, 25,37).The theories developed for mine subeldence havee s====== 8j I | I stressed the importance of the thickness, N, of the upper stiff layer which

'

*** '
'

does not participate directly in the subsidence, but simply moves down as the
,

I | ! "'j j j ! f lower layers compress. Grant and his colleagues (1,13,18) have also recog.
i ,

.

*

j alred the importance of the thickness of the upper stiff layer, and have sug.
|

{
.

t
i ' l'

[ ! .t gested that this material behaves like a thick plate which bends to conform to8' = !
! f

theverticalmovements necessary to maintain continuity with the lower layers ['
' |

!
.'

Ii,j se they compress. In a vertical section through the subsiding area the stiffi | | 8{t ! ! !
j opper layer resembles a continuous beam.

* i '

,I | This beam analogy is illustrated in Fig. 2. Line AB represents a vertical
;

* .

j * ,
transverse sectionin the beam before any subsidence takes place. After some ,

I} " ' " " " . *

l*4 !
j*

i |2

| Q substdence has occurred this line will have moved to a new position A'B' re-
setting in some horizontal movement of point A on the surface. According to| | 8 n! ,' J

! j o ',,, | | one of the fundamental assumptions in the simpilfled beam theory, plane sec.
*

'-) | tiieiIieieeIiiIiI e tions before bending remain plain after bending. From f !s assumption it fol.

; :I }
s *,,

loesthatfora constant modulus of elasticity, the line A'Ir should be etralght,==~ *a***
; (. 6 *

meangle,8 shouldbe 90', and the slope, e, at the surface should be the same" " ' - !""' as the slope of the neutral axis. The horizontal movement, m, of the point A,..,1
' '

.
.

\ '. L a _ . + , u..
-

es the surface would then be defined by.

-"'
an; -

i " ' ' " ' " "
la which 4 = the depth to the neutral axis, and a = the slope of the subsidence .

proft|e at the point.
, FIG.1.-IDEALIZED SURFACE htOVEMEP'TS AT A SUBSIDING AREA

Inapplyingtheseconcepts to the subsidence problem at Long Beach, Gilluly
) 3. The point of mantenum horizontal movement corresponds to the pole i and Grant (11,13) proposed that the neutral axis would be in the center of the ,

II steepest slope of the vertical subsidence profile and the horisontal stratsi stiffupperlayer,at depth N/2 from the surface. This is the case for a normali

this point is zero. sprmetrical beam of thickness N, and there was some fleid evidence in the ".|
* 4. The horizontal strain over much of the central part of the subside * forrn of measured depths to sheared oil well casings to indicate that it was 1

area is compresolve, and extension strains develop nearthe outer edges also a reasonable approximation for the field. However, this assumption was I

crittelredby McCannandWilts (29) who pointed out that a neutral amis at mid-| the subsidence zone.

!I
S. The point of maximumhorizontalstralnislocatedatthepointof ste Pt dephwould require horizontalmovements at the bottom of the stiff layer which

slope of the horizontal movement curve. were equal and opposite to the horizontal movements observed at the top, andj 1 \

they reasoned that friction at the contact zone would probably prevent this [| The shapes and relative positions of the movement curves shown in Fig from occurring. In an analysis of the horizontal movements at an industrial
site founded on a 100.tt layerof gravel overlying compressible clay, Hardy,;

;
;

____ .-- . ___ -
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f that symmetricalhoundaryconditionswould lead to a symmetrical distributlos tyylealfield situation.The smallest total vertical subsidence used corresponded .

of movements, and that all potets on the center line would move vertically telin.atthe end of the beam.This represented an average slope over the 93 '

i down. On this basis it was decided to model only one-half of a symmetrical is length of about 1.0%, and a maximum slope of the subeldence profile of
'

4

] subsidence profile.The maximum vertical subsidence which would really occer 2M.Other tests were performed using a maximum vertical movement at the *

j in the center of the profile was modeled at one end of the beam as shownis end of the beam of 2 In. and 3 in. respectively. These were somewhat greater
than the magnitude of dt!!erential movements which have been observed to

j Fig. 3.
j Two types of gramilar soll were used for the model tests; a clean unifora cause damage to structures (9) or earth dams (24). However, it was felt that .

| nedium. grained quarta sand, and expanded styrofoam. The styrofoam was 11consistant correlations couldbe made between observed and predicted moet. .

1in the form of uniform spheres about immin diam.In a dense conditionllw
unitweightwasonly about 17 lb per cu ft.The test results reported here wer. [ ss* i

l_1 |/obtained with this material because it was easier to handle than the sand. ame _,
j -*

also because of its low density it was felt that side friction effects would te
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FIC. 4.-TYPICAL MEASilRED MOVEMENTS AT Titt StJRFACE OF MODEL BEAT 3 ..t vetices s.twenico N ,* g3t ,

{ I saw a s ,y q .7r---

|
minimited.However,allmitednumberof tests on the quarts sand gave elmth ,a ,

*

o 8o to 30 40 so so 70 so so eso t-
C:

|
results,

|
To prepare the model for testing, the soll was placed in thin layers in tt. s e==e r.e= nn. t.s.i.ines ,(, D

i*6
' wooden box and each layer was vibrated with a pneumatic vibrator until;

reached approximately 100% relative density. Small markers were embed & Ftc. 5.-MEASURED AND COMPUTED HORIZONTAL MOVEMENTS IN MODEL BEAM .,h
I

in the surface of the soll and their positions accurately determined with n
mentsforseveral cases, the results could be entrapolated back to the smallerspect to a flued reference.The bottom sections of the box were supporteda fW movements. .., g,

i adjustable screws, and the test was performed b a series of stages. At ear ;

j stage of the bottom supports were simultaneously lowered a small distas? The results of a typical test are shown in Fig. 4.The amount of archi ' '*
'

I inproportiontoltsultimate movement. After the final posillons were attaine, Indicated by the magnitude of the difference in surface movements
j the vertical and horizontal positions of the surface markers were agala n latestsconductedwlthandwithoutmovable side plates was small.Th

'

b
of the observed surface vertical movements for these two cases w |! lj curately measured.

: To be assured of reasonably accurate measurements, it was necessaryt theaccuracyof the measurements, almost identical to the vertical
' * l

{
use magnitudes of movements somewhat greater than might be expected kL Iwposedat the bottom. The nature of the horizontal movements is i enti al t (),

: ,.

!
I
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| that shown la Fig.1, and, therefore, it was felt that the average movements esaform to the imposed subsidence profile of the test;(2) all points on each

!
from the two tests were sufficiently accurate for comparison with predteted end were prevented from any hortsental movements, but were free to move r*

j vakses. The measured wahses of horizontal movements are compared with the certically; and (3) all points on the surface and la the laterior were given no *

) movements predteted from Eq.1 for the case of A = N shown by the dashed restrictions. No external loads or body forces were applied. The only source k-

| line la Fig. 4. This case corresponds to no-slippage and therefore a neutral of deformations was the Indoced subsidence at the bottoon of the beam. 1-

|
axis at the bottom of the beam, which might logically be expected to apply let Formostof theanalysesthebeamwasdividedinto 248 elements each 2 in.x I .)

] these tests because of friction between the soll and the wooden bottom of the jin. square.However, analyses performed using twice as many elements gave g ** '
! box. However, it is clear that Eq. I with & = N predicts excessively large results which were the same, indicating that the computed values of stress, '

I horizontal movements, even cosepared to the case with moving sides whert strain.and displacementwere not influenced by the finite-element representa- f3
archinC would lead to excessively larCe horizontal surface movements. seen chosen for the analyses. k,.

The average of these test data is reproduced in Fig. 5 along with the average t*
,

! horizontal strainsdeterminedtrom this data.The nature of the measured data
le similar to that shown in Fig.1,whichrepresents the form of movements 12 t'

n :observed from many field cases, gn, ggi M g y.An attempt was made to fit Eq. 2 with the average values of observed her. I 3 ,

Isontal movement. As shown in Fig. 5 it wasfound that the observed snote. f es gp,,

unents were very closely represented by Eq. 2 using a value of 4 = 2/3, i.e., | M / i ?1'y
'

,! j *U
8 \

e42 .

3 7 g
' ' p?|

aN. .......................................il s - , ,

m=3 .

THEORETICAL STUDfES BY THE FINITE-ELEMENT METHOD (FEM)
!, i i t

3
"* ~

j i i m i i .t
j& , 3LOlnehes e '.l a .t.olachesThe finite-elesment method of analysis is a powerful analytical method s' I $8 ! I y 3
g

entreme generality which has been applied to a variety of problems in med
i mechanics.Clough(3)and Wilson (43) describe the method and its formulatter ! \ % j

j .f
!

*=en * 4 *% *=se * 8.2 %
I foruse with high speed digital computers, and an excellent example of its use g

| -|
,

*

for soll mechanics problems has been described by Clough and Woodward (4) .

. I. .
,

Thevalues of soll modulus used in the finite-element analysis were deter. ; ,, ,'

*

Jminedby a series of triaxlat tests on the sand used in the model. The soll we. Z ,d, t,,,,,
,, .

,d, jcompacted to 10lfL relative density corresponding to the der.sity to whicht j 10 E *2000.s.s .g ,.gt3 e.-
s (lPieme Strein .:.was compacted la the model beam, and tested at confining pressure ranglig

S - "=***I#3 "'=*e |.
-

from 5 pst to 25 pol. The modulus values, defined as the slope of the initta 4
I p]tangent to the stress strain curve, were found to be related to the confinia se

o to 40 so so eo to 40 so so 10 0 j ,,

pressure by otesense seem pleed tad .j :
.

E = 2000e''' ...................................Il 9p
y

! la which E = the snedukse value in pounds per square lach and e = the vale rgG. S.-MEASURED AND COMPT!TED SURFACE HORIZONTAL MOVEMENTS ,i 'h
*

'

.

*
i of the confining pressure la pounds per square Inch. This relationship le sin The horisontal surface movements and herbantal strains computed by the

.

;' | ]liar to those determined for other granular solls and it was assumed thata FEM for a maximum 1-in. vertical deflection are shown in Fig. 5. It may be
;
-

.

relationshipot this same form could also be used to represent the moduluer soled that these movements are remarkably almilar to the measured move- ,@

the styrofoam. The analytical results indicated that the computed hortaonta. alw tests for 2-in. and 3-in. maximum deflections are shown in Fig. 6. Again. 'i s
,*

sients.andtothose computed by Eq. 3. Similar comparisons for the data from ;;'
snovements were not particularly sensitive to modulus.Therefore, Eq. 4 wa

.

! usedtocalculatethe modulus forvarious depths below the surface of the mods there is good agreement between the measuredvalues andthe two methods of *t ui;''
! beam. For these calculations the confining pressure was taken as one-ha,

{ of the vertical overburden pressure.Thus, the value of E used in the analys gesnputation. , , ,4., ,

,I M*
' increasedindirect proportion to the square root of the depth. For most of th
i studles the value of Poisson's ratio was assumed equal to 0.3, which agrev EFFECT OF DIFFERENT ELASTIC PROPEltTIES 8' IN

*

l - with measured values from other granular soils. ,

,,

;NThe boundary conditions used la the FEM studies were as follows: (1) E Thegood agreement between the FEM and the experimental data suggestedl
.

points on the bottom surface moved vertically down a prescribed amounti t that the FEM would be useful in investigating other more complicated situaJ : .$
w,

- .i \.

, b.
t
,
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*

. -
g.

tions. Before doing so, however, it was de;lrabla t3 det2rmine the Gffect cl equation chould be slightly modllled, la favor of ca exprension such to Eq. 2.
' '[variations in assumed elastic properties on the FEM results. Accordingly. The results of the model study and the FEM analysis both suggest that the

number of FEM studies were made for the model beam using the 1-in. maal. constant,4, in Eq. 2 may be of the order of 2/3, and therefore Eq. 3 presents y

mum subsidence profile, but with different assumed elastic properties for th' s enore accurate representation of the hortaontal movements which develop at -
t . granular soll. the surface of a subsiding layer. ;

Thefirst step was to perform a number of computer analyses using a con. Because the FEM gives movements at all points within the body,and not
stantvalueof E throughout the entire beam as well as a number of studies fo' justthoseatthe surface, it was of Interest to use data obtained by this method
a moduluswhichvaried with confining pressure. A summary of these analyses tostudy the variation of movements along an originally vertical plane section.
is presented in Fig. T. Identical movements were computed for all consta" The movements along a typical section computed by various methods are
values of modulus. Similarly, identical movements were predicted for all shown in Fig.10. The horizontal movement at the bottom of the beam = 0, .
analyses in which E increases proportionally to the square root of the depth. because this was the boundary condition employed in both the model studies
However, the movements predicted using a constant E were slightly lessthan andthe finite-element analysis. The analytical results from the FEM of anal.
those predicted using values of E which increase with depth. rate using either method of speelfying modulus indicate that originally plane .
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i FIG. 8.-EFFECT OF POISSON'S RATIO .' !

:

FIG. 7.-EFFECT OF SOIL MODULUS
,

sections become slightly curved during the deformation.The angle # at the <

The second step was to investigate the effect of using dttferent valuest
Poisson's ratto in the analysis.The results of analyses using three differer seutralaxisdoes not appear to remain at 90' during bending as is assumed by

.

the simple beam theory, Indicating an appreciable influence of shear on the 8

Poisson's ratiosare showninFig. 8. A summary of the effect on the maxima:
j horizontal movements for different values of Poisson's ratto and for t, resu!ttng deformations. However, the data in Fig.10 indicate that throughout

'

*

* '

methods of speelfying modulus is presented in Fig. 9.These data show tie thebeam the hortaontal movements approximate the linear relation suggested <];Poisson's ratto has only a small effect.The lower values of Poisson's rat< by Eq. 3. ,;|

j p-j
result in the largest values of horizontal movement.

Eq. I was derived on the basis of a fundamental assumption in the derin THREE-DIMENSIONAL PROBLEM | '.
tion of classical beam theory that plane sectors remain planeduringbendm
andthat there was zero movement of the neutral axis.Th1 data obtained fre The modelbeam experiment produced a plane strain deformat!On condition' ;:

J I '

the model studies, and confirmed by the FEM analyses in which the boundr andaplane-stral.t FEM computer program was used to obtain the co itI

, .
conditions flued the neutral axis at the base of the beam, indicated that th saalytical values shown in the previous figures. The computer p co h 'i

}-
* $

'
i
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verts values of modules and Poisson's ratto to appropriate values for the ser the sameinput subsidence profile corresponding to 1 In. maximune deflee. d - i*. '
-

4 '

Q * h*
tion le shown in Fig.12.The axleymmetric problem leads to slightly smaller

j dplane-strain analysts.
However, many field problems are three-dimensionalla character.itle,

horizontalmovements than determined by plane strain analysis. However, the *

! 'jtherefore, of laterest to investigate the nature of errors that might be ls.
dillerencebetweenthe movementscomputedbythesetwo methods is no greater

volved in using the plane-strain analysis for a nonplane-strain condition. For than the difference computed by choosing different values of Poisson's ratto .

this purpose a FEM computer program for axisymmetric structures (44)was
er different distributions of modulus. Most field problems will be somewhere p ! .*

'*I
used,and the results of the axisymmetric analyses were compared with those

between the extremes represented by the plane strain and the axisymmetric !EIcases, it is doubtful that at the present state-of-the-art the inaccuracles that
already considered. mightbeinvolvedinusingeithersoluttons will be of great signtilcance. Errors ! '.i' i

is the choice of the distribution of E, or of Poisson's ratlo could lead to as '4I
greatadliferenceinthecomputed horisontal movements as the use of a plane.

I '.8 *0 40
i
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FIC.10.-DISTRIBUTTON OF THEORETICAL If0RIZONTAL MOVEMENTS WITMI6 ? h-*

FIG. s.-EFFECT OF POISSON'S RATIO ON THE COMPtlTED MAXIMtJM SJRFACESUBSIDlNG SOIL LAYER AT POINT OF STEEPEST SUBSIDENCE PROFILE j .' ' 4
HORIZONTAL MOVEMENTS b*

strain FEM program to obtain the horisontal movements for a three-dimensional
,

The diflerence between plane strain and axisymmetric conditions for th ..e

case.Nomatterwhat choice is made for E, p, or type of deformation the cor. *; l'
,

type of deformations being considered here is shown in Fig.11. In using ti
n

I'
*

e: rect nature of movements will be computed, and the values of these computed *

I axisymmetric program it was assumed that the deformed shape of the mod '
1: eso,ements will be of the right order of magnitude. Furthermore, the simple | * P.

| beam represented one radial section of an axisymmetric subsidence bowl. I'6 semi-empirical Eq. 3 will also give a good first approximation to both theother words, the shape of the deformed vertical section shown in Fig.11(I
- e' sature and magnitudes of horizontal movements likely to develop. ! e.

I~
for the axisymmetric case was made to be identical to the deformed shape ~

'l *is all of these methods the most important factors required are the thick.
' '

the model beam, '*' * *
s mese of the stiff material above the zone of compression, and the vertical j

.

,

Thecomparisonotthe resulting horisontal movements for these two case
.

; y3

1 e . i:
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.

,

\subeldence profil). Compared C3 these two factors, all other refir.eanenta are
.

of secondary importance. 'i.
,c,

,

J

j r.a l.

. {f\\ DAM ON COMPRESSIBLE FOUNDATION

One arealnwhichhorizontalmovements are being observed with lacreasing [.' ,

care is in connection with earth dams. At the 1966 ASCE Slope Stability Con. I

'

ferencein Derkeley there were no less than five papers which dealt with some - f*:r
aspecteof horizontal movements andcrackingolearth embankments associated is
with differential vertical settlements (10,28,32,33,35).Sherard et al. (38) I-

Iand Leonards and Narain (24) de se ribe othe r examples. Cappleman (2) desertbes
,

3. . ,___n
| | e e.co s.oo ..e. s.co . v.e. . I "i

I l '.| - (a) Plane Stroin (b) Anisymmetric ' ' ' ' ' ' ' ' ' '

:1 e-- . 7*<

F10. II.-PLANE STRAIN AND AXISYMMETRIC DEFORMATIONS V ''* ** * # '" '''
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j[l FE.13.-INFLUENCE OF FILL STIFFNESS ON THE VERTICAL SUBSIDENCE .

{ ,,, C,%g examplesof13 damsoncompressible foundations where horizontal movements I
* vs.

;
' 'N remitingfrom vertical settlement have seriously damaged pipe condults run. 1,* * 5-***==* .

{ .. % r *=***** sing under the dams, h
8 a

,

To illustrate the possible appilcations and limitations of the FEM and Eq.t I z g: 4:3 3 in predteting horizontal movements for earth dams, a hypothetical example Y't .J.. ga. .
oa

I of a 125 ft high dam resting on a foundation of compressible clay with a max. I ,'!.*
,

I '' ' ' " * * " " " " " * * gmum depth of 225 ft was studied.The longitudinal section through this dam t
and foundation is shown in Fig.13(6).The clay was assumed to be normally f'., '*"*"*'"" '''**** "

FIC.12.-EFFECT OF THREE DIMENSIONAL DEFORMATIONS ON TIIEORETICAL consolidatedand saturated with a buoyant unit weight of 60 lb per cu it. It was *

- HORIZONTAL MOVEMENTS 38Mmed to have a compressive index C, = 0.25, and an inttlat void ratto e, =
.

{L
1.0 at an overburden pressure P. = 1000 psf. The fill for the earth embank.

U
; |.. . .

,

N
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for the consolidating clay I.sumlattun wese coseeputtil Irum E, = 2.4 x 10* s''' pst . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (6)

In which e = the confining pressure in l'b per sq ft. This relation is the same ."
APfl + e.)

los , p,apg * * * * * * * * * * * * * * * * * * * * * * * . . . . . . . . (5)
Ip. as Eq. 4 when the units are converted from pounds per square Inch to poundsj E= .

Ce ) persquare foot,andis slmtlartoother data for modulus of compacted granular . .

soll such as granular glacial till. By this equation the value E near the base
le applied load and the other terms were assigned the of the embankment was 230 x 108 psf. The embankinent was thus mach ettifer"

U. values snentioned yregionaly* Although this defintilon does not esaetly cor. than the underlying foundation. A value of Polemon's ratto equal to 0.3 la the *

qi embankment and in the foundation was used for spost calculations, but the
effect of using other values was also investigated.
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FIC.15.--COMPARISON OF COMPUTED MOVEMENTS BY APPROKIMATE AND . I4 ,,, **

, , , ,- FINITE ELt; MENT METHODS tens %j ;,
t.. ,..

)] ' g,j y For the sake of constatency and simplification it was assusned that any I

,,
IJ eeneelldation within the embankment itself would occur very rapidly in com.

*

partoon to the settlements due to consolidation in the foundation.This wask4 T3G 14 gyrtgEgeCE OF FILL STtFFNESS ON HOnt20NTAL MOVEMENTS elmelated with the FEM computer program as follows. The unit weight of the
,

,

respond with the classical definttlon of Young's modulus, nevertheless it wa * loundation clay was made equal to zero so that no body forces acted within
.

I '' felt that the values obtained from Eq. 5 were satisfactory for the intendt thislayer.The correct unit weight of the embankment was maintained and the *

purposeof providing a realistic order of snagnitude of the variation of modulo entire fill and foundation were allowed to settle under the weight of the em-

{!- with depth. The values of E determined by Eq. 5 ranged from 11 x 10* pr tankment. Most of the vertical settlement was due to compression within the *

,

k nearthe surfaceof thecosnpressible foundation to 27.5 x 10* pst la the deepet seendation,huta small amount of settlement also occurred within the embank-
sient. To eliminate this, another analysis was conducted, thle time with the

.[
,

3t.
.-- -
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the ebeelete vahses of these snowment'3 depend on the vertical emboldenc'unit weight of the embankneemt also esysal to sero, but spedfying the verticd
delsranat6onef each point at the base of the embankenent to be identlett to that

ohnch la tura depende on the ettffneas of the Embankment fill. However' thi * '.

analysis. The efferences in snoveniente at the general nature and trend of these movemente le the same for all cases: cesa. ||i
deteranteed by the ,,,,iI

1

fill surface ter these two cases were small for all cases winere the snochstes
preselentowardthe center. extension at the edges. sero movesnent at the point '

of theesnbankenent E, wee fairlylarge.Nowever,Isrconsletency thle procedser of snaximum subeldence. and zero strain at the point of maxisnum movesnent.
'

Ij R le of laterest to examine the accuracy with which Eq. 3 was able to
was used in all cases.

vertical Ss.6sidence of JAe Nypotheticer Dem.-Trollope (42) has pointed diet the horisontal move.nente for thle earth dasm. A comparison of the ho |j
1

outtleetbecauseof arcMag. the snagnitude and sitstrinnstion of vertical stresses esadal snevesmente and stralne detersnined by Eq. 3 and by the FEM for one I
p below earthesnbanksmente may not be the same as the weight of the overtusrdre *

5| material,andNonveiller (31) presesde an example of arching between the clag
,

, e
Icore and rock tillos an earth dasm. If the vertical stress is affected by arching. 3 , ,

-

*-~~.,/ ,.~.e- ,,, I* ' ' " - - -

the resulting emboldence would also be affected.
.

Subeldence profiles cosapeted for different vahnee of assumed esabanksnest
e ,, '

.

?j snodulue E, are eleown in Fig.13(e).This data illustrates the infhsence of the
p ,, ,
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FIG.16.-EFFECT OF DIFFERENT VALUES OF potSB008'S RATIO Olt TtlE h8AX.
J' IntUM ltORl20stTAL 800VEttENTS

as ,

.

--es-e e j
'

,n" " '""" , .'
}

stiff rsnbanksnentin arching between abutniente to redmee the total settlemer
The settleanent computed by consolidation theory snakes no account for a
stlifneseof the applied fill load. This le espalvalent to assuming the snoduluss

* * * ' . " , , , ' , " , * , * , " , , " , , ' , " *
~ ', ' ''

Awmw=' i.
] the ennbankanent espsalto seto.Forthee relatively narrow valley the settlemec ;l *f

I'I - computed by conventional consolldation techniques are comparatively larp g$MI,"QI$0st OF noRizoetTAL STRESSES AND STRAINS CAUSED BY l',|',
|| Subeldence profiles cosaputed for different valises of E, show a progresse, g g

decrease in the ==a. e of settlessient for increasing values of embankne- '

enlee of embankment modulus is shown la Fig.15. Agaln, the general nature 'i
''

.

,g Norizonast AApoemesis of the Nypothetical Dem.-The d6fferences la & and trend determined by the two snethods are identical.The position of the isnodules.
*"

|, assiountof settlesmentdue to the arching effect were large. and could be sigat eastanosaentension otralne,andof thesero strains le predicted to be the same Di'
1 | *4

leant in many cases.Oneof the aspects in which thle difference was significa hy either niethod. The absolute values of rnovemente on the left side are also-

I '

j was in the computed hortsontal snovements. , spesasneforbothmethode.However.on the right side the FEM redicte
;

Vahseeof horisontal surface unevemente and straine determleted by the Ft.(' sente about 25% less than the movemente predicted from Eq.
I -

' *
;g for three different esnbankseient ottifnesses are etiown la Fig.14.Noteit Tlieforegoing FEMcalculations forthisdamwere made assuming Poleson's
j 1 - *

i! 1.
!- h'

'
~ l'
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.

* The daes was completed and the reservoir began to fill on June 15, 1964. set the embankment tad the wat:r level at Gl. 80, which wa3 the opprontmata.
.

At thl3 date, the water level in the reservoir was at about cl. 80. lmmedirt;ly position Et closure on Jrne 15. The sam 2 type of eclc~1ations were repe:ted
the water level in the reservoir began to rise;and by June 23,1964. It had letthesecond step; this time with the water table at el.120, corresponding to
reachedel.12fl as shown in Fig.18.The vertical subsidence of the surface of June 23.The differrnce in movements computed by these two steps was taken
the dam andthe surface horizontal strains measured between June 15 and June as the movements due to the compression in the lower layers caused by the *

23 are also shown. Measurements within the embankment fill Indicated that reservoir level rising from el. 80 to el.120. !
during this period most of the vertical subsidence was occurring within the The theoretical vertical subsidence profile determined by this FEM ap. !'
lowerporttonot the flit which was wet from the rising reservoir water. Tiius, preach is also shown in Fig.18. At all locations it is close to the subsidence |
this situation is typical of those mentioned previously;1.e , a ett!! thick upper profile which was actually measured. Also shown in Fig.18 are the distribu. |
layer restinC on deep compressible material. lions of horizontal movements and horizontal strains computed by the FEM. j*Using Eq. 3, and a value of N equal to the depth to the reservoir on June Agats there is reasonably good agreement with the observed data.Thus, this
23 (or to the rock abutment, as appropriate for the particular section), the example Illustrates that by using a realistic and an appropriate choice of k

,

absolute hortzontal surface movement was calculated for each point across values for modulus and Poisson's ratto, the FEM can be used with confidence I
the crest of the dam. From these horizontal movements, the horizontal sur. Ispeedetsometypesof vertical and horizontal movements within earth dams. .
face strains were then determined. These computed movements are aise ,

shownin Fig.18 where they can be readily compared with the actual measured } g,
movements.Considering that the computed movements were in effect obtaines gg3 j
from a second dtiferenttation of the subsidence profile, the close agreeme91 ;
betweenthe measured and computed horizontal strains, both la magnitude and These studies suggest the following conclusions regarding the nature and ! $1

**'
I,distritmtion. Is very encouraging. estribution of hortsontal movements which have often been observed to ac.

*

During the period of time that the reservoir was filling to this height, see t-

, g,,g ,

small transverse crack developed near the left abutment and three develcped
near the right abutment as shown. Note that the position of these tracks cor. 1. R appears that a major and possibly a necessary requirement for her. ''

responds closely with the posillon of maximum horizontal extension strate isontal movements to develop in conjunction with subsidence is the existence 7
..

*

predteted from Eq. 3. of an upper layer of material which does not contribute directly to the settle. i*

It seems significant that horizontal movements and strains suffletentis sentbut which tles over a deeper layer of material ist which most of the com. !I
.

cause cracking could develop for a vertical settlement of only 11.5 cm h this plon develops. ,a'

148 m htch dam. The maximum vertical strain was only about 0.7% of the 2. llorizontal movements are related to the vertical subsidence profile as I* lI
height of the embankment and the maximum slope of the subsidence profile , illustrated in Fig.1. Ii
was only about 0.1%. 3. The finite-element method of analysis appears to offer a useful solution -

An attempt was also made to check the ability of the FEM to predlet tin . Isthe problem of both vertical and horizontal movements, especially in cases i'snovements which developed during this period of time. For this analysis wherearching may develop because of a rehtively thick and stiff upper layer *

values of the soit modulus above the water level were computed from 4. Provided the subsidence profile can be estimated, Eq. 3 appears to be a I*

E = 530e * kg per sq cm .........................*.g estisfactory approximate method of computing horizontal movements. In spite 4I*
e

.

sitts empirical nature, it appears to predict both the nature and magnitude of! ' ~iinwhich e = the confining pressure in kg per sq cm.This relation is tw same herttontalmovements to ausefuldegree of accuracy which may be satisfactory 4

| as Eqs. 4 and 8 when expressed in the appropriate units. Ier smany cases,
To simulate an increasing compressibility as the water table rose, some. j ,j

whatlower values of soll modulus were used for all elements below the wates ?

table. After a few trials, values of soll modulus were found which gave theo ACKNOWLEDCMENTS
'

,

| retical vertical settlements of approximately the same order of magnitude m
the measured values.The modulus was defined by The model tests were performed by the following students as a senior 1*

E = 3 40o 48 k g pe r og cm . . . . . . . . . . . . . . . . . . . . . . . . . * . . gg sedergraduate project in the Department of Engineering. UCLA; J A Fittone .-

W.E. Simpson, L. I. Seals, J. D. Allison R. K. Shanman, and J. S. hilanchi. M*
*

l's which a = the confining pressure in kg per sq cm computed on an effeettw Tne computer programs and valuable assistance in their use was provided by *8 *

stress basis taking the position of the water table into account.Thus, at tb stanley Dong Dept. of Engrg., UCLA, and J. Lysmer and E. L. Wilson, Dept. I*; .

same confining pressure the assumed modulus below the water table was on" of Civil Engrg., U.C., Berkeley. Several of the writer's colleagues read the !' '

,

about 65% of the modulus assumed for the dry soll. A value of Poleson a rat, manuscript and offered many helpful suggestions. Part of the work described| .

equat to o.3 was used for all elements of soll above and below the water tabh g, rela was supported by Grant No.W144 4U.66/68, University of California -
*

The FEM calculattons were made in two steps. For the first step, the tota Water Resources Center. Grateful appreclation is expressed for all of this.' settlementof thedamwas computed for the condition of gravity loacs thrcugt assistance.
e .
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PRELIMINARY DRAFT
,

LIQUEFACTION P0TENTIAL

1.0 INTRODUCTION

Liquef action potential will be assessed at UMTRA sites under Maximum
Credible Earthquake conditions in order to evaluate the long term stability of
the tailings pile.

Liquef action and/or. cylic mobility can only occur in saturated
cohesionless soils (sands and silts) due to cyclic loading usually caused by
earthquake induced ground motions. Liquefaction occurs when effective stress is
reduced to zero by earthquake induced pore water pressure buildup. When this oc-
curs the soil loses shear strength, becomes essentially a viscous fluid, and
thus falls catastrophically. Cyclic mobility, on the other hand, occurs in dens-
er soils. The pore pressure buildup causes loss of shear strength but results
in a limited amount of shear strain (generally not greater than 15 percent) be-
fore pare pressures are reduced and shear strength is regained.

There are several factors which are important in assessing the potential
for liquef action and/or cyclic mobility. Of these the most important are: 1)
the ratio of earthquake induced shear stresses in the soil to the vertical effec-
tive stress; and 2) the relative density (D )*r

Since there is a practical maximum acceleration and thus a maximum shear
stress that can be produced by the largest earthquakes, this means that as the
soll in question gets deeper the ratio of maximum possible shear stress to effec-
tive stress tends to become smaller. This f actor generally precludes liquef ac-
tion and/or cyclic mobility at depths greater than approximately 50 feet below W
the ground surface. p., %. u .fe u

Also, most researchers agree that there is a relative density beyond which
iguef action cannot occur. Ligtefaction_Can_ generally occur in soils with a rel-

ative density __(D than ercent (Seed, 1976)) Generally, beyond a
r uefacti n nr cyclic m bil_ity can occar
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Factors RY(.eeting Soil Liquefaction Characteristics and Penetratiefheistance

Ef tot on Stress Ratio Require Effect on
Factor to cause cyclic 1.1quefaction _ Penetration Resistance

-

. /
Increased Relative Density Increases Stress-Satio for Lign. Increases Pen. Resistance

Increased stability of Structure Increa ens Ra i or diqn. Increases Pen. Resistance
N

Increase in Tisie under Pressure creases stress Ratio for Lign. Probably Increases Pen. Resistance

Increase in K, Increases stress Ratio for Lign. Incre seg, Pen. Resistance

Prior Seismic Strains Increases Stress Ratio for Lign. Probably Increases Pen. Resistance
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2.0 ANALYSES TO BE USED IN UMTRA SITE DESIGN PROCESS.

2.1 GENERAL

The analysis of liquef action will be performed in a phased manner.
. Basically there will be three phases each depending upon the results of

the previous phase.
,

|

2.2 PHASE I - ANAt.YSIS

The first phase involves using the simplified liquefaction analysis 4
as developed by Seed and Idriss (1982), Attachment A. {

In this phase, and all that follow, it is explicitly assumed that no h
d'"''Y' ",9 liquef action will occur above the water table, even if there are zones of

f d'f'*#<w+],
*' ' saturated or nearly saturated soils. It should be noted that this assump- p,

rdah vc tion may not hold in the case of an extensive saturated zone associ ated x
3'(Ice #Ac''A=y-with a perched water table. These cases would be analyzed for liquef ac- % q.|
hwo N4 tion. For this phase it will further be assumed that only sands (SP, SW), O t

h, jG /ev /J - silty _ suds . and low plasticity slits (m.) with a relative densityf
(14 pm ess .aq_ZDE re capable of liquefyin

_ _
_ q

The Seeds and Idriss simplified method is based on the empirical cor- )d'

[W# 1ation of documented cases of liquef action as related to measured g
R chter ma nitude LM)and the s anfard' pen _e maximum horizontal ground _acce.lgration at the sitegi

.

tratlon___ test ($PT)~bTow count (N] of the soil prior pi
-

~

to liquef action.j w ,

In order to determine the maximum horizontal ground acceleration at'

Tir < O r et'a/* '" e site, the maximum credible earthquake (MCE) and the distance to the 5
(N) m e>' W causitive fault will be used in conjunction with the attenuation curve as tj
e,rseN M developed in the seismic position paper to estimate the maximum acceler- dt

g,, ,2u.W~f ation in rock below the site. Since this motion will be either attenuated '

,me/idA or amplified by the foundation soils at the site, the appropriate curve, *(
lg,) , as presented in the previously mentioned paper by Seed and Idriss, will be

used to estimate the maximum horizontal ground acceleration at the surf ace JS
4of the site. This acceleration will then be used to determine the shear

stresses developed by the earthquake in the various soll layers below the '{t 4
site. 5

4.

The value for shear stress required to cause liquefaction in a partic- f'
ular layer. The shear stress required to cause liquef action is found by d

,

enterina a f amilrof _ curves (See and Idriss,1982), for the given magni- e
tude and the~ SPT blow couni) appropriate to the layer in question. Full ac- -

_

counting of the grain __ stre distribution will be taken as indicated in
these curves, e

,

[ Seed and Idriss state that a factor of safety against liquef action
~

in a given soll layer can be calculated by dividing the shear stress re-
(quired to cause_ liquefaction in the layer by the shear stress generated,

that layer. Qhey statt) that a f actor of safety between 1.25 and .5
should be taken as the minimum. Since UMTRA sites are generally in rura

.beurde.mHisaGWAe w r m * R c * +s h /}* $ P Y d * h ( f' ' ' "elefemo'se ^4 4 /2M'/FnQ , f de &p tamjf.et yeeerde 4, /%ee4wes Ma nual s 'W*e e 11) ,
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and the ;onsequences_of lique, faction failure are generally considered min-.

imal the Qower value (or 1.25))will be taken as the minimum acceptable fac-
tor of safety for design purposes.

) Should the Phase I analysis show that significant areas of the tail-

$hj @#,
ings and/or fo dation materials may liquefy (i.e., have a f actor of safe-
.ty less than 1.25 then a more detailed analysis is called for and will
V oceed as out ned in the following section. If only limited layers indi-I, g cate a potential for liquef action, then further analysis may not be war-
ranted. If the hazard is considered minor, i.e., no extensive flow
resulting from liquef action, the potential for liquefaction will be noted
and surveillance following earthquake events will be required.

& Hs e pay
F2.3 PHASE II - ANALYSIS y j /% f y e, g e ,,,,,7 g g g , g e 6%K

In the above analysis the least accurately known factor is the actual
shear stress developed within any given layer in the soil profile. Thus
the second, phase will undertake to more accurately calculate the shear
stresses developed within the soil profile.

/ l In order to do this, the program " SHAKE" (Schnadel et al., 1972),
A/e ed /r deve47 , wi 11 be - utilized. In using~ this program a digitized earthquake record,
h c/es/p from a previously recorded eiMhquake in a similar tectonic setting will
es e c t/ceepm, be appropriately modified to better approximate the site MCE and will be

;, ,a q q c, mathematically input at bedrock le, vel within the program. In order to bet-
N>/7 p ter calculate the shear stresses t(n each soll layer of the profile it is

also necessary to detennine the shear modulus and damping characteristics
of the soll layer under consideration as a function of shear strain.
These material properties will be taken from curves presented by Seed and
Idriss (1970). The program then computes the shear stresses at various
predetermined points within the soll profile using the one-dimensional
wave propagation method.

The calculated shear stresses developed by the earthquake are then
compared to the shear stresses causing liquef action (as determined in
Phase !) and, since more accurat values of the developed shear stresses

"

7 are used, a factor of safety of will be considered the minimum value.

duffd e<f f for design purposes,
-winimum

( F.g p. /. zy If it is found that the factor of safety is less than 1.0 a sensitiv-
L J ity analysis will be performed to determine if the soil damping and shear

modulus values are critical. If so, a limited amount of dynamic testing
will be performed to establish some benchmark values for shear modulus and
damping. These values will then be used to appropriately to shift the
modulus and damping curves. These modified curves will then be input and
a second analysis performed. If the factor of safety for a given layer is
still below 1.0, the Phase III analysis will be initiated.-
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The Phase III ana y s will involve an extensive lab testing program
to determine the dynamic properties of the soil deposit for input into a 2
or 3 dimensional computerWdsT) (i.e., Dynamic Finite element modeling).

-

This process is extremely site specific and thus no detailed proce-
dures will be developed here. This process will also be very expensive
and will only be undertaken for cases where a failure in the tailings em-
bankment would result in very serious consequences.
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1.0 INTRODUCTION l

.

As an integral part of conceptual design development
for the reclamation of the 24 UMTRAP sites, a seismic hazard
evaluation is completed. This evaluation provides an esti-
mate of potential earthquake-induced ground mo i_on which_has

~

a rea ble chance of occurring during the 1,000-year de-W~Jolife of the reclaimed facility. Once th s estimate is
provided and the geographic distribution of potentially

4.| active faults is ascertained, the potential for damage to

N c#g/ liquefaction of soils underlying the tailings or the tail-
I the structure is assessed. This damage could result from

4#' ings prcper, on-site fault rupture, and/or slope failure of
W i the containment due to excessive ground motion. If the

p ,9 CWg potential for damage is distinct, remedial actions to miti-M tJ gate the resulting damage are considered during design
a development.

t The phase of seismic studies discussed herein is

Ng#i>h,f restricted to a seismotectonic characterization of each
g;g ,e UMTRAP site, and development of initial on-site acceleration

9. lve- /*h,g
values, duration of shaking, distance to the primary causi-o

,,y O tive fault or faults and other parameters required to.

.g 4 8 .g characterize the seismic hazard.I"

o4* ^ The Uranium Mill Tailings Project office of the De-

J,,peld p. partment of Energy (DOE) has recently received comments by

e'h,eF#f,e4,
the Nuclear Regulatory Commission (NRC) on seismic studies.

.ca , if completed for the Salt Lake City (SLC) and Shiprock (SHP)*

;g%c,G,g
p UMTRAP sites. These documents contain both generic and

d po specific comments concerning the technical approach, the

M' g,1# ,, h5
7/ scope of previous studies, the definitions of several key

3

7 terms, and acceptable methods for developing parameters
el''8 characterizing the seismic hazard,.

f Within the context of this submittal and ensuing dis-
cussions with NRC staff, we wish to clarify our position
relative to the scope and content of seismic hazard evalua-
tions completed fdr the UMTRAP sites. We trust that a
standardized, technically sound approach to estinating seis-
mic hazard and developing associated characteristic
parameters will result from these communications.

'

Based on the NRC comments regarding the content of the
SLC and SHP. seismic hazard evaluations, there are several
specific issues to be addressed. In summary, these issues
are as follows:

* Explanation of phased investigative program and
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specific methodologies applied to the assessment of
' seismic hazard for each UMTRAP site.,

* Explicit ~ definition of " active fault" which satis-*

fies the requirements of 40 CFR 192. The selection
of this definition should consider the long expo-
sure time of the UMTRAP sites and the impact on
public health and safety should the tailings sites
experience earthquake damage.

* Standardization of seismic acceleration termi-
nology.

7
heterminist h attenuation relationships

~

* Use of# N '*** , which are acceptable to all parties concerned.
ret * A W.shjo w

.r * Use of a percentile bound in applying attenuation
r d a W m .r h ,7* / G
j,v,.Q cd relationships which represents a reasonable level

g j y of conservatism.p
e das

Snha<=/'P Tach issue listed above will be discussed separately in the

ud /.-rs C text presented below. Our recommendations related to each
subject are presented at the and of the separate report

("/" b sections. The appendices contain bibliographies of litera-
44 ture reviewed during the compilation of this paper and

*

e.nsW annotated discussions on several specific issues.

M *'a'h 7 2.0 PHASED APPROACH TO ASSESSING SEISMIC HAZARD

The following outlines a sequential, phased approach
which we propose to follow in all future seismic investiga-
tions for UMTRAP sites. We recognize the validity of NRC
comments regarding the need for a more complete literature
review, a greater effort on-site to evaluate the disposition
of known faults, and a more thorough search for previously
unrecognized features.

Phase I

r* All pertinent geological, geophysical, geomorphologicalt

- S[nterpretec. soils) mapping and data will__h, acquired andincluding
Tnese cata will include existing maps

Vehich d W neate active faults and bedrock faults of any

[ age in. the site region, and published discussions
pertaining to the regional seismotectonic. setting.
Computerized data bases such as Georef will be employed
to assure acquisition of all nortinent information.

Y._ .hlw t>gorf /he f.II@ Y"", W f Y
s ,,,., ,, w ~ + e.

$W /
(D U . 3 ""/ y $
f ,";f, $ l' % O & i k~"t *"'" #' f *
S # y,s.d . 5 .

_ . . . ._ ..
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'' * An assessment of instrumentally and historically
recorded earthquake files will be completed. An1

,

,

! epicentral map showing the geographic distribution of f
4 miles of the sites __f ese fa-s t***i- all known earthquakes withh ''

,
! will be compiled. The 620-mileyradius has been 2,3 - w/c

selected so that any seismic event which could have TA h** '"""
| caused detectable on-site ground motion will be~ 74 W# *

included in the compiled record. The NOAA and all' le* k' ""#'

-

earthquake . data files, epicentral listing from cw A*. 4'm' #[ ,

: state-maintained seismi c nets, and available micro- (*8+ M f"#
Ic k g|/c h ' s| seismic data will be obtained and evaluated.
%.heMluA t;

E"MkfA
' selected suite of remote sensing imagery and conven-+

gg,,,j,q 9

| *N '5* suitable scales will be g ., fm* ---tional aerial photography at|
& A y""" acquired and analyzed. All photogeologic lineaments or

| fM 4. /leperf ' geomorphic features indicative of an active seismic
setting will be plotted. Specific attention will be; Nc ,y

any active fault or bedrock fault traces iden- { N 'h #paid to,

tified by previous investigators. The photo coveraae,

and analysis *will encompass an area within a~12-mile #'''' "''l' '' * ''
'

} radius of all sites and alternative disposal areas, 6 * II'1 #

er4 h "fo
M! plus selected strip coverage of terrain which may con-

!4 tain active faults, up to a distance of 40 miles from SNe i j%_c_u.
the sites. We m.aintain that the photogeologic analysis /g,u le.w ,-

and subsequent reconnaissance ,of an area within a 12 _the site, and selected areas within 40 p s ,,vas,,!. mile radius of
! miles, will adequately identify any active faults or Y **d h

systems which could pose a surface rupture hazard. The v4,. /indl.,,gs'

: terrain study completed in selected areas up to 40 g v p "
i miles from the site will normally be sufficient to -

- -

| characterize the distribution of active faults which If! M N L

5_f m__p!
could control the development of the on-site accelera- exa A

4
' Ils -tion ya1ue.

ack 'lbn

i * Utilizing the findings of the previous eff orts, ground 2,,sek .t;

! and aerial observations of known faults and suspect g%-

,

terrain indicative of an active seismic setting will be 4 g g .
performed. All aerial reconnaissance missions will be

- '

' N-completed under low-sun-angle conditions. The areas
within a 12-mile radius of the sites will be thoroughly Sh "'d( **# '

reconnaissanced and any outlying features which could 04*k/3 af '
// c m ,] influence the derived regional maximum credible i

i earthquake (MCE) or influence the earthquake design --
-

| parameters will be studied in the field.

|
* The findings of the efforts discussed above will be

j compiled into a series of maps which depict the dis-
j tribution of active faults and known earthquake

3 * " *"^ "' W " $ W i"T'
""0 ** "M *" '''5*# *) jettaes e delodt tff f't-|d- SV*0j*f''* '"' ^5 ' %

i 9 w ,o m w A.. w e e y - T '+ :
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epicenters. A detailed discussion of each seismo-
tectonic . setting will be developed. If specific
seismogenic -sources can be identified, an MCE for each,

,

?iault system > will be estimated using the fault length i-

'

v magnitude relationships developed by SlemmonsI

i(ersus 1982)*. By applying deterministic and/or i1977,
probabilistic methods, an initial estimate of on-site

'

,

ground motion will be developed. Currently acceptable |

attenuation . relationships will be applied. A dis- |

cussion of these relationships is presented in Section
'

4.2 of this submittal.

Ifhpe av "n
* Decision by DOE with concurrence by NRC on the adequacy gj yn ,,#-v
of the initial phase of work, and a determination as to

..,g.,,I,U,,|what additional evaluations, if any, are required. The
fo.various questions which need to be answered at this 15 [,tdy !

stage of the investigative process include: (1) will efked f6<
further investigations lead to more critical design SmQthde , ,

pr' nWs, aparameters?; .(2) is there a liquefaction hazard?; (3) d s

using the initial, conservative desigt parameters, what Jng,,g aw.gy
damage to a well engineered facility could occur?; and j4 c , f,g , u,z
(4) if deemed necessary, what ad,ditional studies are 4 j, 44
needed? j, g,.,A, 4v ,

\ h * #'#Phase II
_ \ E dic,74. poE'

,

* Applying methods developed by Glass and Slemmons-

(1978), an LSA aerial photo mission of the area within-

a,'12-mile radius of site, in addition to strip areas
which contain known or suspected potentially active

- lineaments, would be completed. i

*A subsequent photogeologic critique of LSA photogrephs
would be completed. Any geomorphic features indicative .

'
of active faulting would be identified.,

,
,

* A ' detailed field study of suspect features using scarp
morphology, trenching, and radiometric age dating of
surficial materials would be perform 2d.'

'
*!The seismic design parameters would be reest. mated. j

/

~
.

.

.

* References are listed at end of report.
.

.

I
,

|

1

%.
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Phase III

* If necessary, i.e., where specific suspect features
play an outstanding role in assessing the seismic
hazard, a more detailed investigation of the specific
features would be performed. This phase could include
additional trenching, radiometric age dates, test bor-
ings and geophysical surveys, where applicable.,

* The seismic design parameters would be reestimated in
light of all data gathered to date.

' ^
For a vast majority of the UMTRAP sites, the Phase I

program discussed above will probably be more than suf-
ficient in adequately evaluating the seismic hazard. For
each seismic hazard evaluation, the decision to proceed with

| -additional work should be based on a perception of the risk
of earthquake damage, and the impact this damage would have
on public health and safety. Il should._be_ recognized that
in cases where a low liquefaction hazard exists, the actual

amage which could ^oe caused by strong ground motion would
/k not have an adverse impact. The geometry and ultimate-

f p '{ siting of the UMTRAP reclamations are tailored to minimize
| 'e

- v,[-
. long-term impacts on groundwater quality and to enhance the

erosional characteristics of the encapsulation. The above-|) grade configurations being proposed for all reclaimed sites
inherently minimize the risk of earthquake damage. The

O [e reclaimed side slopes will not exceed 5:1 (horizontal to
vertical), and sites which are not underlain by shallow
groundwater are favored. In some cases, reclamation plans
include the engineered compaction of the loose tailings.
All these design or siting features enhance the seismic
safety of the reclamation action.

Irregardless of the inherent seismic stability of the
proposed actions, we intend to evaluate each disposal area
on a site-specific basis. Once the possibility of lique-
faction is eliminated, the only seismically-induced damage
that could be anticipated is disruption of the radon /
erosion-protection covers. In the seismotectonic settings
of a vast majority of the UMTRAP sites, we believe that the
possibility of cover and underliner damage is quite remote.
Due to this low risk, it appears that repair of such damage
could be instigated as a contingency response measure. We

'

believe this basic approach is in keeping with the objec-
tives of the EPA standards. N

~
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3.0 DEFINITION OF AN ACTIVE FAULT

As evident from the multiple definitions presented in
Appendix A, there is no standardized definition of an active
fault. As stressed by Nichols and Buchanan-Banks (1974),
the definition of what constitutes an active fault varies
greatly according to the type of land use contemplated. For
extremely critical structures, such as nuclear reactors and
natural gas facilities, conservative definitions are em-
ployed. These studies define faults with very low rates of
activity and very long recurrence intervals as active be-

} cause of the adverse impact to public health should an
J earthquake seriously damage the structure. For a 3ess

, critical structure, such as well-de_ signed tailings pile, a
L uess conservative approach is justifiable./

1-

~

C The definition which has been applied during our pre-
vious studies is provided by Slemmons and McKinney (1977)^

and is as follows:
.

"An active fault is a fault that has slipped during
the present seismotectonic regime and is therefore likely to

a have renewed displacement in the future. The fault activity
may be indicated by historic, geologic, seismologic, geode-
tic, or other geophysical evidence. The most widely used
definition in current engineering practice is for faults
with evidence of Holocene displacement (approximately the
last 10,000 years) ."

The Holocene represents the period of time which has
elapsed since the last Pleistocene glaciation (i.e., about
10,000 to 12,000 years). It therefore may not accurately
represent the duration of the "present seismotectonic re-
gime". However, surficial deposits of Holocene age can
often be distinguished from older units in the field, and
reasonably accurate estimates of their ages can be made.!

Without extremely elaborate field studies, age estimates of
Pleistocene and older units are generally subject to greater:

i uncertainty. The - Slemmons and McKinney definition quoted
above provides a criterion which is applicable within the
context of the UMTRAP seismic studies. These studies
normally will not include the level of effort required to

! fully document the Pleistocene displacement history of a
particular, fault.

We have recognized in our previous reports that fault
movement in the area of many UMTRAP sites (i.e., in the
Colorado Plateau) may have recurrence intervals on the order

M3 fua. //o/*ceme Mj N '"'## CD'"# * ' ' ' " * "'
9 I % 4an~.+(Atw,mn) %.me

M 0(dW Wj PY Y CC'**'n * ' Y Y'Wmet w w mdur fh e wn"f $ |m3
< n n E n ,.e , ua a m a in n f N e W ""7 g4Y uww o.wa y er-

% ( w" ? oIce, otety <<<d'~u
9 N came f @,

o ac . -._.
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of tens of thousands to hundreds of thousands of years. In
such a case, a fault which is accumulating stress under the
present seismotectonic regime and may produce earthquakes in

- the future may not be identified as active under our defini-
tion. However, when such a condition is recognized, an
attempt will be made to estimate the age of the last move-
ment on the fault.

It would be convenient if a perception of risk could
be ascertained by associating evidence of fault displacement
in the past 10,000 to 12,000 years with the 1,000-year de-
sign life of the UMTRAP reclamation plans. In simple terms,
it appears that this comparison implies that there is a 10
percent chance that a fault, classified as active under this
criterion, will experience renewed displacement in the next
1,000 years. This statement is not true because the occur-
rence of future fault activity is dependent upon the
tectonic flux or rate of strain being imposed, and the
associated recurrence interval of surface rupture of the
fault system. It is entirely possible that a fault in the ,

stable interior of the Colorado Plateau which displays I
Holocene activity may not experience movement for another |

100,000 years or longer. It is also plausible that faults
which would not be recognized as active under any conser-
vative definition and level of study may be the seismogenic
source of an earthquake within the next 1,000 years.

We recognize the difficulties in fully documenting the
tectonic history of an area, and the displacement history of
faults. We will qualitatively classify a fault as active if
it is believed that the structure has experienced displace-
ment during the present seismotectonic regime. This
approach is quite conservative. In the seismotectonic set-
tings of most UMTRAP sites, this approach would group all
faults which have displaced Quaternary geologic units as.

active.

In conclusion, we recommend that the definition of an
active' fault quoted above be applied to all seismic hazard
evaluations for VMTRAP. We believe this definition is in
keeping with the objectives or the tra stancarus.

4.0 ACCELERATION & ATTENUATION
'

4.1 Terminology

; It is agreed that the terms " sustained peak accel-
eration", " peak horizontal acceleration" and " effective

J a - - a
p , a . ,, , m - - + < + ~:

-

q upan/mn< F~M

_ - . . _ .
_ __
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peak acceleration" have distinct meanings, and that they
should be explicitly and consistently used. Since the
acceleration is determined from an attenuation
relationship based on distance and magnitude, the
appropriate term is also dependent on the attenuation
relationship. Typically, most relationships provide
predictions of peak hori- zontal acceleration. In
future work, usage of this term will be strictly adhered
to, and use of any other terms will be preceded by a
definition of the term.

It is of some importance to note that the term
" peak horizontal acceleration" is not always strictly

6xeyN1f nty defined. Joyner and Boore (1981 ), for example, explic-

f,jygggsf/c itly define this term to be the larger peak value of the
two horizontal components of a record, regardless of

8MS/'W'4 5 E* '# instrument location or site geology. Campbell (1981)
d>um,WuB7 dy defines it as the mean of the peaks of the two hori-

,4u y u< zontal components, noting that if a peak horizontal
gg e / acceleration independent of horizontal direction is''' N""Y'#D * py

required, the mean should be multiplied by a factor of
gAa/hv Ad%/t 1.13. As with Joyner and Boore (1981), the term is

explicitly defined with reference to the record of the
Seed-; 2 enu4 rte ~ motion. Donovan (1973) uses the term " peak ground ac-
ff""9 fA '- celeration", however, it is, not fully defined. This
E.gew a fin av term could be interpreted to be the peak of the hori-

'f zontal and radial components, but to use the adjective

Y'/ ' *". Abe*/
,* " ground" is misleading, since most instruments are

p//<e/s
e located in or on buildings, dams or other. structures,

Schnabel and Seed (1973) use the term " maximum rock4 g'uAwv acceleration" primarily because the records used were0
dba *SM #' uffj from sites underlain by rock and not soil. Donovan and,

h a 6 deh ' * * Bornstein (1978) use the term " peak horizontal ground

,t4, ,ng,sL acceleration", but do not provide a complete definition.

^ ## # ## # 4.2 Attenuation Relationships
a+ the tr*H )

There are a large number of acceleration attenua-p /.dl.gs
tion relationsh'ips available for use. A listing of

s** N "* "'d#- articles that present relationships is included in Ap-
pendix B.

To address the issue of which relationship should
be used, we have selected eight for comparison. Selec-
tion of .these eight does not imply that they should be
applied to the UMTRAP sites; they only repre'sent a cross
section of available relationships. These are described
in the annotated bibliography of Appendix C. Included

_ _ _ _ _ _ . - _ . . _ _ _ . _
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in the notes provided are the relationship, a definition
of the terms used, and a discussion of the data base
analyzed to develop the relationship. Source distance
(near-field versus far-field events), earthquake loca-

-

tion (California, worldwide or United States events),
the sophistication of the regression analysis employed
in analyzing the data, and the number of records used
are key elements in selecting an attenuation relation-
ship to be used.

A comparison of the eight relationships is pro-
vided in Table 1, which lists acceleration values
predicted by each relationship for magnitude 6 through 7
events at distances of 5 to 100 kilometers. A compari-
son of the acceleration values indicates that the
largest differences occur for larger magnitude events in.

A the near-field. Bolt (1982) and Campbell (1981) both
Fq specifically. attempted to consider the fault mechanism.-

"
effect in .the near-field in their analyses, the latter-/h/ /hiS by developing an alternate constrained relationship.

'

a gewf e Since Campbell's data base is broad, and his analysis
retagmsg attempts to consider earthquake location, this _non ,
g g% (strained relationship might be most appropriate for use

a 'Kh the near-field.
df 7 " "P Blume (1977) has considered a large data base, but
'"^M* b it is limited to events in the United States, which

would likely be biased by California events. The only
relationships that do not consider mostly California

~

events are those of Campbell (1981 ) and Donovan (1973) .
These relationships predict very similar acceleration
values, which may be a reflection of their nonhias as
regards to event location. Since the UMTRAP M tes are
located outside the California-Nevada area, either of
these relationships might be most appropriate for use.;

I Considering that Campbell (1981 ) also has provided
a more complete analysis of available data than the
other articles ,- it is our position that either of his
attenuation relationships should be used for the UMTRAP
sites. It is noted that Campbell (1981) also considersj

/ in his analysis the variable location of the recording

{instrumentandvariablesitegeologicconditions.-
4.3 Confid'ence Level ,$e. (/s. my cr*yerkNe A N/'-,

Table 1 also addresses the issue of confidence
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level by comparing 84 to 50 percentile acceleration pre-
dictions for several of the relationships considered.
The differences are typically large, increasing with
increasing magnitude and decreasing distance. Thus, as
has been suggested, it might be most appropriate to use
the 84 percentile value in design. However, it should
be recognized that these relationships predict a peak
acceleration value, which only represents one peak cycle
of several hundred cycles recorded during an event.

To address the potential effect of using a peak
value, Bolt (1982) analyzed 62 records, finding that the
90, 95 and 99 percentile levels of acceleration differed
remarkably. For one given record, the associated accel-
eration values were 0.23g, 0.289 and 0.629 Because of
this degree of difference, Bolt suggests a percentile
acceleration be used that is appropriate for the degree
of risk involved.

' Applying an 84 percentile bound in an attenuation
relationship in conjunction with use of a peak value
(which represents a 99+ percentile for a given record)
is unduely conservative. It is our position that the
mean value of a relationship based on peak values be

,/ used for the UMTRA project sites, as it represents a
.- reasonable level of conservation.
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APPENDIX A

Resume of Literature on the Definition of Active Fault
.

The meaning of active fault varies widely depending on
how it is to be used. Most of the literature relates to
engineering structures, and for these, definitions can vary
widely with the importance of the structure as it relates to
the effect that the structure may have on people if it
failed during an earthquake. Because of the severity of the
earthquake problem in California, much of the literature
refers to that state. The only publication in which the
definition of active faults is the subject is by Slemmons
and McKinney (1977). *

In addition to the literature summaries that follow,
-

other summaries are given which are taken from references
given in Slemmons and McKinney (1977). This was done be-
cause not all.of their references were available in time to

- . be reviewed for this report.

Summaries of Publications
s

Wood (1916) recognized for California that large earth-
quakes occurred along faults, and that earthquakes will
occur along these faults in the future. He referred to the
fault zones as "'living' zones of geological faulting - - -

" "

knolls, pographicpools, gush-ponds, marshes, small embankments
To features along these zones are small-

small
and escarpments - - - -

Louderback (1937) gives criteria for determining that a ;
fault is active. These are geological, historical, and
seismological. He states: "The best geological criterion
is based on evidence of recent displacement along the fault,
and especially on evidence of a series of displacements,
running through a long period of time and coming down close
to the present If a fault shows evidence of repeated- -

movements during Quaternary time, up to and including very
recent offsets, as, for example, in very young alluvium, it
is not likely that it died but yesterday, and we must be-
lieve that future movements are practically certain. The
actual observational evidence includes fresh or youthful

: nonerosional scarps., offset streams and alluvial fans,
longitudinal depressions and sag ponds, deformed and
displaced recent deposits, and similar phenomena along the
fault or shear zone - Historical evidence lies in the- -

records of earthquakes the descriptive accounts of which

:
u

I

w

. em u-em', saweeme m,aw w e- --m'. --e

-mm-e ee--m-- .r,.-e,aw.e- yewy e. +y,.-- -e-. v--m-rv.w.gpgwy-grT'm r v'g'---'v---Yvw-"*-'-- ,W-----''-r'-''---'*'--M'- * " " 9'" * "'**"*m' fV --- t' - - '-
-



.
__ ___ __ -

**
..

+ . - ,.

* *

Page 2.

s

permit reasonable reference to a particular fault - A- -

seismographic method of learning what faults in a region are
's that of determining the locations of centers ofiactive

origin of recurring small earthquakes."

Louderback (1950) states that faults are often clas-
sified as active or dead. The faults "are considered active
which are undergoing movement now or have undergone move-
ments in recent geologic or in historic time and are
considered liable to recurrent movements in the future.
Dead faults are those which were active in some earlier
period of diastrophism but show no sign of having been
active in more recent geologic time. Criteria - that- -

a fault is active are geological, historical, and seismolo-
gical. The active group cuts all formations, including the
recent, with which they come in contact, have direct ex-
pression in the topography, and a number have undergone
movements accompanied by earthquakes in recent historic
time." .

Schultz and Cleaves (1955) state that active faults
are' " Fractures that are known to have experienced dislo-
cation in . historic time The most direct and best- - -

evidence of activity is that furnished by seismographs and
bench marks Similarly, if accurately located bench- - -

marks exhibit horizontal or vertical displacements, any
faults known to exist in the area should be regarded as
active The physiographic evidences of active- - -

faulting are (1) bold escarpments, (2) sag ponds, (3) offset
streams, and (4) shutterridges If a fault is known- - -

to be overlain by younger strata that are not displaced, it
."'is permissible to regard it as inactive - - -

'

Trefethen (1959) refers to faults as either live or
dead. He states: "A fault is considered live if displace-
ments have occurred along it within historic time, whereas a
fault on which no recent slipping has taken place is con-
sidered dead."

.

Sherard and others (1963) state: "By definition,
active faults are those which either are clearly under-
going movement or have undergone movement in historical or
recent geological time. Dead faults are those which show no
sign of having been active in recent geological time."

.

Allen and others (1965) on geological criteria for
activity of faults in southern California state: "In the
absence of strain-accumulation data on historic records of .

- . _ _ . - . _ - - - -- .
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major earthquakes along a given fault,_the only satisfactory
criterion for-activity lies in geological evidence that dis-
placements have taken place along the fault in the recent
geologic past. Faults that have had sufficiently recent
movement to displace the ground surface are usually con-
sidered active by- geologists simply because the ground
surface is a very young and ephemeral feature. Such
physiographic evidences of faulting (e.g. scarps, sag ponds,
uffset drainage lines) are powerful tools in identifying and
studying active faults, but in practice it is difficult to
use these features to compare degree of activity between
different faults or to establish the time interval since.the
last major displacement. One principal problem is clima-
tic: average annual rainfall varies by more than 25-fold
-within the area of this study, so that steepness and
' freshness' of scarps may be more a function of location
than age Offset drainage lines resulting from- - -

horizontal fault displacements are another very ephemeral
feature of faults and therefore indicative of current
activity Most offsets have thus been considered of- - -

Recent age, although it is recognized that the ability of a
stream offset to maintain itself will depend not only on
age, but- also on climate, rock type, depth of stream in-
cision, regional gradient, and rate of fault movement."
They further state that due to variations in climate, rock
type, depth of stream incision, regional gradient, and rate
of fault movement, the ages of such features as stream
offsets and scarps in alluvium can vary greatly." Thus one !

is forced to the conclusion that if stream offsets and
scarps in alluvium are to be used as criteria for activity
of faults, then the term ' active' must apply to events
dating well back into the Pleistocene epoch, perhaps as much
as 100,000 years."

Albee and * Smith (1966 ) state that a degree of activity
should be assigned to most faults. They state: "the use of
the term ' active fault' reveals that most geologists- -

use the term in the sense expressed in Webster's- - -

(dictionary) definition that active means 'in action, mov- -

ing' .. - - Activity is not just a single state, but
varies over a broad spectrum of degrees of activity. For
example, some faults are exceedingly ' active', others are

, moderately ' active', and some are only slightly ' active' -

There 1 a fault' inactive, ares 191ah,difficultiesinclassifyinkvidences- -
*

or dea The more obviousas - - -

of fault activity are historic surface faulting, the oc-
currence cf large earthquakes related to a fault, and,

measurements of accumulated strain - In addition to- -

_ _ _ _ . _ _ _ . __._ . . _ . .._. _ _
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the seismic record, geodetic measurements may provide a
criterion for recognizing activity and estimating the degree
of activity Geologic evidence on 'the degree of- - -

activity' is a more powerful tool than seismic or geodetic
evidence because the geologic evidence monitors a fault over
a time period 1,000 or more times as long as the accurate'

seismic and geodetic records One common criterion- - -

of action is that a fault has undergone displacement in
Recent (10,000. years) time

,

Fault action may be- - -
!

indicated by displacement of the ground surface, which -
,

suggest(s) recent-

displacementmovement. includePhysiographic features in-dica ting ground fault scarps, sag
i ponds, and offset drainage lines. It should be clear -

that physiographic features provide only a relative aae- -

for last movement on faults - Geologic criteria pr6-- -,

vided by inferred regional mechanics can give a broader view
'

of the degree of fault activity."

Cluff and Bolt (1969) list topographic characteristics
*

along active faults in the San Francisco Bay region. They-

state: " Distinctive ' rift topography' such as offset,

streams, side-hill ridges, scarps in alluvium, alignment of
; g springs,. shutter-ridges, and sag ponds are features common

along most major active faults."
.

Bonilla (1970) states that an active fault can be
defined as one that has moved in the recent past (about4

.

10,000 years) and may move in the near future. Further, he
states: "The determination involves geology, geo-- -

physics, geodesy, and engineering. Some criteria currently
in use are (1) the occurrence of earthquakes that can be

. related to the fault with reasonable assurance, (2) one or
' more episodes of surface rupture (including tectonic creep)

or acute bending in the recent past as defined above, (3)
'

instrumental evidence of elastic or inelastic strain, and
(4) structural coupling to another fault (or other tectonic
feature such as a monocline) that is active."

Flawn (1970) * defines active and dead faults as fol- '

lows: " Active faults are faults along which there has been
movement in historic or Recent geologic time, or along which
recurrence of movement is predicted or is likely to occur;
dead faults are those along which there is no indication of
movement in historic or Recent geologic time and no reason
to predict a recurrence of movement. There are, of course, t

very subjective distinctions. Studies that demonstrate,

'

accumulation of strain in rocks in an area would justify
reclassification of a dead fault to the active category.

i
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Faults in seismic areas, even without a history of movement,
,
'

are more likely to slip than faults in regions without a

,

history of seismic activity."4

wesson and others (1972) list criteria by which active,

faults that may.. generate damaging earthquakes have been i

i identified. These criteria have been given by decreasing
i certainity of activity: "1) historic and/or current seis-
| micity or ground breakage, 2) physiographic faultline

features and disturbances in Holocene sedimentary deposits
which indicate displacement in the last ten thousand years,
3) structural geologic evidence for displacement in Quater-
nary time (last three million years), and 4) geophysical

,

i anomalies suggesting displacements in buried bedrock
~

coincident with anomalous distribution of surficial de-
posits."

Cobarrubias and others (1973) classify faults as
active, potentially active, and inactive. In addition,.they
divide potentially active into high and low potential.

,
' Active faults are "those which have showa historical ac- |

| tivity." Patentially active faults are "those, based on
: available data, along which no known historical ground

surface ruptures or earthquakes have occurred. These
faults, however, show strong indications of geologically

i recent activity." High potential active faults have some or
all of the following features: "e. Offsets affecting the>

Holocene deposits (age less than 10-11,000 years) . b. A
,

: groundwater barrier or anomaly occurring along the fault
b within the Holocene deposits. c. Earthquake epicenters

(generally from small earthquakes occurring close to the
i fault). d. Strong geomorphic expression of fault origin

features." The low potential active faults are the same as
.

high potential "with the exception that the indications of
! fault movement can be only determined in Pleistocene de-

posits (less than 1,000,000 years ago)." Inactive faults
are ."without recognized Holocene or Pleistocene offset or
activity."

,

'

According to Krinitzsky (1974), faults are either
active or inactive. He defines these as: " Active means
that a fault may move at some time in the near future - -

,

'
Inactive means that it will not." In addition he gives-

the criteria of the U.S. Nuclear Regulatory Commission with
two additional criteria along with geomorphic criteria of
the International Atomic Energy Agency (see another part of

. - . . . . . _ - . - - . .
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this section for these criteria). .He-states that the cri- !

teria of the two agencies are " indicative of a present-dayhazard from renewed movement- along a fault, and they are ;sufficient to identify a fault as active."

Krinitzsky (1974) discusses a pertinent topic on the
relationship between active faults and earthquakes in the
Texas coastal area of the Gulf of Mexico. He states: "some
faults. that are moving at present, and therefore are active,
need not be the cause of earthquakes." In this area, num-.

erous Tertiary and younger faults of the Gulf Coastal Plain
generally parallel the coast of the Gulf of Mexico, yet on
the seismic . risk map for conterminous United States (NOAAand USGS, 1982), this area has zero risk, which indicates
little or no seismic activity. The mechanism for faulting
(Bruce, 1972) indicates regional contemporaneous fault,

; development through sedimentary processes that began in the
Tertiary and are continuing to the present.

'

y Nichols and Buchanan-Banks (1974) in defining an
active fault imply that the definition should not be rigid,
but should relate to the use and importance of structures.
They state: "The definition of what constitutes an ' active
fault'. may vary greatly according to the type of land use
contemplated or to the importan.ce of the structure. For,

i example, the Atomic Energy Commission regards a fault as
active or ' capable' with respect to nuclear reactor sites df
it has moved 'at or near the ground surface at least once in
the .past 35,000 years', or 'more than once in the past '

j- 500,000 years' A definition for purposes of town- - -
!planning in New Zealand defines as active, any fault on

which movement has taken place at least once in the last
'

20,000 years Commonly, faults are regarded as active- -

and of concern to land-use planning when there is evidence '

that they have moved during historical time or, through
; geologic evidence, there is a significant likelihood that

they will move during the projected use of a particular
structure or piece of land. Because geologic evidence may
be lacking, obscure, or ambiguous as to specific times of
past movement, geologists may be able to estimate relative
degree of activity only after a regional analysis that may
extend far beyond the locality under consideration. Such

! analysis may be based- on historic evidence of fault move-
ment, seismic activity (occurrence of small to moderate

! earthquakes along the fault trace even though not accom-
panied by obvious fault movement), displacement of recent
earth layers (those deposited during the past 10,000 years),

_

i

l
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.and presence of geomorphically young, fault-produced fea-
tures (scarps, sag ponds, offset stream courses, and
disruption of man-made featu'es such as fences and curbs)r -

,a. .

- Sherard and others (1974) define an active fault (or a
potentially active fault) as "one on which there is suffi-
cient evidence of displacement within the recent geological
past to make it reasonable to anticipate that future surface
. displacements could occur within the lifetime of a dam
(about 100 years ) ."

Wesson and others (1975) for the San Francisco region
assume that "if a fault has been active over a considerable
length of time (millions of years) and has been historically
active or shows evidence of movement in the geologically.

recent it will most likely sustain movement in thefuture."past,These faults are commonly referred to as active
faults, and are " characterized by at least one or more of
the following features: (1) historical earthquakes with or

-

without surface fault displacement, (2) ephemeral physio-
graphic features such as sag ponds, offset streams, and

v linear . ridges that suggest recent fault displacement, and
(3) offset Holocene and Pleistocene deposits and geomorphic-

features."

Slemmons and McKinney (1977) summarize the geological
literature on active, capable, and dead faults. They state:
" Examination of the definitions * suggests the fol-* *

lowing general characteristics for active fault, canable
fault, and dead fault . An active fault is a fault- * *

tnat har slipped during the present seismotectonic regime
and is .therefore likely to have renewed displacement in the
future. The fault activity may be indicated by historic,
geologic, seismologic, geodetic, or other geophysical evi-
dance of activity. The rates may vary from very low, with
long recurrence intervals, to very high, with short re-
currence intervals. The most recent offset along faults
with long recurrence intervals may either be recent or
ancient. Some workers compare active faults with active
volcanoes, which show either historic or geologically recent
activity, or are dormant, but with the potential for future
activity. Definitions generally include a time indication
of either. the most recent offset or a recurrence interval.
The most widely used definition in current engineering prac-
tice is for faults with evidence of Holocene displacement
(approximately the last 10,000 years). Some definitions
include the connotation that active faults may move or have

_ ._ _ _ _ _ _ __
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offsets during the life of man-made structures, but most
workers prefer to define the term independently of applica-
tions or man-made structures . The definition for- - -

ca pable faults is specified by the U.S. Nuclear Regulatory ,

Commission for siting nuclear reactors - - The {
- - - -

similar definition of the International Atomic Energy Agency'

is summarized in Krinitzsky (1974). These defini-
- - -

i tions restrict this term to faults that have been displaced
once during the last 35,000 years, or mc e than once during
the last 500,000 years . A dead fault is a fault- - -

that was active during an earlier orogenic period, but is
not active within the present tectonic regime and accord-

i ingly does not offset late Cenozoic deposits or surf aces,
and is not seismically active."

' The following definitions of active, capable, and dead
faults are from the Glossary of Geology (Bates and Jackson,
1980): " active fault A fault along which there is re--

current movement, which is usually indicated by small,
periodic displacements or seismic activity - capable-

4 fault - A fault defined by the Nuclear Regulatory Commission
. as one that is ' capable ' of 'near future' movement; in gen-
1 eral, a fault on which there has been movement within the

last 35,000 years dead fault - a fault along which- - -

j movement has ceased."
*

,

; f The U.S. Nuclear Reculatorv Commission (1984) does not
a refer to " active faults" but to " capable faults." A capable

fault is defined as a fault "which has exhibited one or more
i of the following characteristics: (1) movement at or near

the ground surface at least once within the past 35,000
years or movement of a recurring nature within the past
500,000 years, (2) macro-seismicity instrumentally deter- ',

mined with records of sufficient precision to demonstrate a
direct relationship with the fault, (3) a structural rela- '

tionship to a capable fault according to characteristics (1) ;
- or (2) of this paragraph such that movement on one will be

reasonably expected to be accompanied by movement on the !
other." ,

In addition to the numerous publications used in this |
report, additional publications were summarized by Slemmons
and McKinney (1977). These summaries and references are
quoted from Slemmons and McKinney. i

;'

. .

Willis (1923): "- two classes of faults are- -

distinguished: active and dead. These terms are used very
much in the sense in which we speak of active volcanoes or

4

e

1

!
'
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dead volcanoes. An active fault is one on which a slip is
likely. to . occur. A dead fault is one on which no movementmay be expected Wood designated as active all- - -

.

faults on which there has been a movement within historicaltime, and also all faults upon which physiographic evidence
of recent surface dislocation- ' trace' phenomena--could
be obtained Hence, any fault that is related to- - -

.

growing mountain is reasonably subject to the suspicion ofa

being an active. fault in the sense that a slip may occur."
Cluff (1964): "An active fault is a fault that showsconclusive evidence of movement in Recent geologic time. Tobe classed as active, the fault must cut the Recent deposits

such as alluvial fans or alluvium, have had ground rupture
during historic times, or show seismologic evidence (epicen-
tral ~ plots along the fault) of activity. Many of the known
active faults mapped today show all three types of evidence,
i.e., geologic, historic, seismologic."

Bonilla (1967 and 1970): "An active fault can be
defined as one that has moved in the recent past and may
move in the near future. The 'recent past' as used here
includes the current hour and extends back an indefinitetime that many geologists would take to include at least the
Holocene Epoch (about 10,000 years). The 'near future' asused above includes a length of time on the order of theuseful life of engineering structures or the tine span
considered in long-range plans for the future. The deter-
mination of whether a fault is ' active' as defined above-involves geology, geophysics, geodesy, and engineering.
Some criteria currently in use are (1) the occurrence of
earthquakes that can be related to the fault with reasonableassurance; (2) one or more episodes of surface rupture (in-
cluding tectonic creep) or acute bending in the recent pastas defined above; (3) instrumental evidence of elastic and
inelastic strain; and (4) structural coupling to another
fault (or other tectonic feature such as a monocline) tha tis active. At present, some active faults may not be iden-
tifiable, but the ability to identify them should improve
with time."

Wentworth et al. (1969): "A fault is active ifbecause of its present tectonic setting, it can undergo
movement .from time to time in the immediate geologic
future. This active state exists independently of the
geolog"ist's ability to recognize it - '- -

.

selection of the criteria used to identify
- - -

active faults for a particular purpose must be influenced by

. - . - -
...- ._
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the. consequences of fault movement on the engineering struc-
tures involved - - - ..

" Positive identification of specific faults as. active,
or as -sufficiently active to be~of concern for a particular
engineering problem, is. not possible except for those few
faults that have exhibited repeated activity in historic or

. In the following discus-very recent geologic time - - -

sion, all faults exhibiting evidence of late Quaternary
movement with appropriate length to site-distance ratios are

."included as worthy of consideration - - -

Wentworth, Ziony, and Buchanan (1970): "A fault is
active if, because of its present tectonic setting, it can
undergo movement from time to time in the immediate geologic
future. This active state exists independently of the geo-
logist's ability to recognize it. Geologists have used a

.

number of characteristics to identify active faults, such as
historic- seismicity or surface faulting, geologically recent
displacement inferred from topography or stratigraphy, or

- physical connection with an active fault. However, not
enough _is known of the behavior of faults to assure identi-
fication of all active faults by such characteristics - -

% . * " Selection of the criteria used to identify active-

faults for a particular purpose must be influenced by the
consequences of fault movement on'the engineering structures
involved."

International Atomic Eneray Agency (1972): The
"The Inter-following summary is from Krinitzsky (1974) -

national Atomic Energy Agency criteria are similar to the
U.S. criteria, but add:

"(a) Evidence of creep n:ovement along a fault. Creep
is slow displacement not necessarily accompanied by macro-
earthquakes.

"(b) Topographic evidence of surface rupture, surface
, or offset of geomorphic features.

warping'They would further classify active faults on a geo-
morphic basis as follows:

" Class A - High rate of movement, greater than 1 m per

1,000 gear.
Topography shows clear evidence of dislo-Class B -

'
cation.

Topography shows indistinct evidence of" Class C -

dislocation.
No evidence of amount or rate of dislo-" Class D -

cation on which quantitative assessment can be based, but
fault is considered capable of causing surface faulting.

_ . _ . . . _ . ___._ _ __ _
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"In general engineering practice a fault is considered
to be active if there is displacement within Holocene de-
posits regardless of datable evidence. (Examples: fault
displacements within surface gravels, alluvium, or glacial
outwash.)"

Ziony, Wentworth, and Buchanan (1973): " Faults of a
region can be ranked according to likelihood of future
movement on the assumption that those with the most recent
displacements probably have relatively short recurrence
intervals. Selection of those faults considered to be
active, and thus requiring more detailed site investiga-
tions, must be influenced by the consequences of possible
displacement on the engineering works involved. For
example, all faults in the region with proved or likely
movement during late Quaternary time (past 500,000 years)
may be considered active for purposes of siting nuclear
power reactors and other structures that require large
safety fa ctors , whereas many such faults might not be con-
sidered active for less critical land uses."

,

Grant-Taylor et al. (1974): "A Class I Active Fault
is one that has shown repeated movement over the last 5,000
years, but may also include those with a single movement in
the last 5,000 years and repeated movement in the last
50,000 years (Officers Geological Survey, 1966). A Class I
fault moves sufficiently often and the displacement that
occurs is so large that it has definite planning relevance.
Officers Geological Survey (1966) states: ' Class I Active
Faults are liable to movement of up to 4.5 m in a period of
time that could be the same as the life of a structure. As
no structure can hope to withstand such a dislocation it is
recommended that no structures be built across the trace of
a Class I Active Fault, or across the presumed continua-
tion.'"

California Div. of Mines and Geoloey (1976): Alquist-
Priola Act. " Active faults are those faults which have had
surface displacemen't within Holocene time (about the last
11,000 years). Such faults are considered as active and
hence as constituting a potential hazard."

Lensen (1976): "An active fault can be defined as a
fault that has moved in late geological time and will move
again. The N. Z. Geological Survey (Report N.Z.G.S. 7,
1966) defines an active fault more precisely as a fault
'along which there is either evidence of movement since the

.

.-e-- - - - . . . , . ~ . . . , , . . , _ ,
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beginning of the last Glaciation (50,000 years ago) or evi-,

dence of repeated movement in the last 500,000 years.'i

"The main advantage of classifying active _ faults lies
in assessing their liability to future movement, based on
the assumption that a fault that has moved frequently in the
immediate geological past is likely to move with a similar
frequency in the future.

" Classification of active faults must thus be designed4

to reflect the history of past fault movements and classes
with high, medium, and low frequency of demonstrable past
activity can be assigned.

"The classification of active faults adopted by the N.
Z. Geological Survey is shown below:

"A Class I Active Fault is thus either a fault that
has shown repeated movement over the last 5,000 years, or
with a single movement over that period and repeated move-
ment in the last 50,000 years.

"A Class II Active Fault is less active with either
repeated movement over the last 50,000 years, or one single
movement in the last 5,000 years and repeated movement in
the period of 50,000 to 500,000 years.

i "A Class III Active Fault is the least active with
either a single movement over the last 50,000 years or
repeated movement during the 50,000-500,000 year period."

,

; U.S. Bureau of Reclamation (1976): The U.S. Bureau of
Reclamation is considering for some regions the use of new,

criteria for the basis of a definition in which " active,

faults" are defined as those "that have exhibited relative
displacement within the past 100,000 years." '

.)v -the MICE MW M'" A"'" " " Y *

Q l^4 W "''# * h .

%, 3 G',,,,g
p, m

. in, y w M~ "'M^ + "~,
,

4.,,,,,, q 9,s' eq+. rm J " ~ l'"' ~5
a

* #"-a.,. , * c_1

,, ba / , _ ,,-.

! 2, u ,, g a u ~ .,< j,,
.

. 4.

n,p... po, + '2;g' *.% p. .
.

j,- - 4 "' M~. ,ww$.

;

g o ~ f - P " " )* % _.,, ,. 4 - n . - ~ ~n m . w+ fry /-" |
'

o
a.u <.piu~ 9 ~+;' +,,,pg % w.r ~ o~"s

;

- oy,, w-- . . . .;

q y s,vashy& .

. . .

5 -m 7 y3--, _ .. _ ,, . _ _ _ .____,_____7,p - _ _ _ y , , , - - - - - - - - - - , - . , , ,,.,,,,4 , _e , ,,,,,c--



_ .._._ _ __

* '

,.
. ..

. ,
* * Paga 13

,

.

REFERENCES

Albee, A.L. and Smith,.J.L., 1966, Earthquake characteris-
'

tics and fault activity in southern California, in
Engineering geology in southern California: Los Angeles
Section, Association of Engineering Geologists, p. 23-25.

Allen, C.R., .St. Amand, P., Richter, C.F., and Nordquist,
J.M., 1965, Relationship between seismicity and geologic
structure in the southern California region: Seismological i

Society of America Bulletin, v. 55, no. 4, p. 761-763.

Bates, R.L., and Jackson, J.A., Eds., 1980, Glossary of ,

Geology: American Geological Institute, Falls Church,
Virginia, p. 6, 92, 161.

Bonilla, M.G., 1967, Historic surface faulting in conti-
nental United . States and adjacent parts of Mexico: U.S.

'

Geological Surv'ey open-file report: also Atomic Energy
Commission Report TID-24124, 36 pp.

Bonilla, M.G.,. 1970, Surface faulting and related effects, !
**

in weigel, R.L., ed., Earthquake Engineering : Englewood
Eliffs, N.J.,-Prentice-Hall, pp. 47-74.

Bonilla, M.G., 1970, Surface faulting and related effects,
in Earthquake engineering: Prentice-Hall, Inc., Englewood
DIiffs, N.J., p. 68-69..

'

Bruce, C.H., 1972, Pressured shale and related sediment
deformation: A mechanism for development of regional

Gulf Coast Asso-contemporaneous faults: Transactions -

ciation of Geological Societies, vol. XXII, p. 23-31.

California Division of Mines and Geology,1976, Active fault '

mapping and evaluation program; Ten year program to imple-
ment Alquist-Priola Special Studies Zone Act: CDMG Special
Pub. 47. *

Cluff, L.S., 1964, Active fault problems: in Earthquakes
and the practice of soil and geological engineering: Sym-
posium by Woodward-Clyde-Sherard & Associates, 227 pp. :

Cluff, L .'S . .and Bolt, B. A. ,1969, Risk from earthquakes in
the modern urban environment, with special. emphasis on the
San Francisco Bay area, in Urban environmental geology in

,

the San Francisco Bay region: San Francisco Section, Asso- ;

ciation of Engineering Geologists, Special pub., p. 54.

i

-.m.. _ -- .. .



.. . .

*....,
Page 14

.

REFERENCES (CONT'D.)

* ^

Cobarrubias, J.W., Chairman, and others, Grading codes ad-
visory board and building codes committee, 1973, Geology and
earthquake hazards: Planners guide to the seismic safety
element: Southern California Section, Association of En-
gineering Geologists, p. 6-8.

Flawn, P.T., 1970, Environmental geology: Harper and Row,
New York, N.Y., p. 21.

Grant-Taylor, T.L., et al., 1974, Microzoning for earthquake
effects in Wellington, New Zealand: New Zealand Department
of Scientific and Industrial Research Bull. 213, 62 pp.
International Atomic Energy Agency, 1972, Earthquake guide-
lines for reactor siting: Technical Report Series No. 139,
Vienna, Austria, pp. 9-10.

i

Krinitzsky, E.L., 1974, Fault assessment in earthquake en-
gineering: U.S. Army Engineer Waterways Experiment Station,
Miscellaneous Paper S-73-1, Report 2, p. 7-8, 51-52.
Lensen, G.J., 1976, Earth deformation in relation to town
planning in New Zealand: unpublished manuscript, NewZealand Geological Survey,17 pp.

Louderback, G.D., 1937, Characteristics of active faults in
the central coast ranges of California, with application to
the safety of dams: Seismological Society of America Bulle-
tin, vol. 27, no. 1, p. 9.

- - - ,1950,' Faults and engineering geology, in- - - -

Application of geology in engineering practice: Geological
Society of America, Engineering Geology (Berkey) volume, p.
127-141.

~

National Oceanic a'nd Atmospheric Administration (NOAA) and
U.S. Geological Survey (USGS), 1982, Earthquake history of
the United States: U.S. Department of Commerce and U.S.
Department of the Interior, p.1.

+ Nichols, .D.R., and Buchanan-Banks, J.M., 1974, Seismic.

hazards and land-use planning: U.S. Geological Survey
Circular 690, p. 2.

._.._7._.._.___~_'-~~- ~ ~

-



_ _ __ _

. -

..

. s .. ,
,

Page 15
.

REFERENCES (CONT'D.)

Schultz, J.R., and Cleaves, A.B., 1955, Geology in engi-
neering: John Wiley and Sons, Inc., New York, N.Y., p.
85-86.

Sherard, J.L., Cluff, L.S., and Allen, C.R., 1974, Poten-
tially active. faults in dam foundations: Geotechnique, vol.
24, no. 3, p. 368.

Sherard, J.L., Woodward, R.J., Gizienski, S.F., and
Clevenger, W.A., 1963, Earth and earth-rock dams: John
Wiley and Sons, Inc., New York, N.Y., p. 417.

Slemmons, D.B., and McKinney, R., 1977, Definition of
" active fault": U.S. Army Engineer Waterways Experiment
Station Miscellaneous Paper S-77-8, p. 4-5.

Trefethen, J.M., 1959, Geology i'or engineers: D. Van
Nostrand Company, Inc., Primation, New Jersey, p. 182.

U.S. Nuclear Regulatory Commission, 1984, Seismic and
geologic siting criteria for nuclear power plants: U.S.
Code of Federal Regulations, Title 10, Chap. 1, Part 100,
Appendix A, p. 794.

U.S. Bureau of Reclamation, 1976, Dynamic analysis of
embankment dams: unpublished draft manuscript, Ingineering
and Research Center, Denver, Colo. , pp. 2-12.

Wentworth, C.M., Bonilla, M.G., and Buchanan, J.M., 1969,
Seismic environment of the Burro Flats site, Ventura Ccunty,
California: U.S. Geol. Survey Open-file Report 1973, 35 pp.

,

Wentworth, C.M., Ziony, J.I., Buchanan, J.M., 1970, Prelimi-
nary geologic environmental map of the Greater Los Angeles
area, Calif.: U.S. Geol. Survey Rept. T10-25363, 43 pp.

Wesson, R.L., Brown, R.D., Jr., Helley, E.J., Lajoie, K.R.,
and Wentworth, C.M., 1972, Faults and their potential for
generating damaging earthquakes, in Proceedings of the
international conference on microzonation for safer con-
struction, research, and application, p. 859.

Wesson, R.L., Helley, E.J., Lajoie, K.R., and Wentworth,
C.M., 1975, Faults and future earthquakes, in Studies for
seismic zonation of the San Francisco Bay region: U.S.
Geological Survey Professional Paper 941-A, p. A5.

_. . ._ _ .__ __.._ _. . , _ _ . _ _ _ _



* *
..
. s .- .
* * Page 16

.

REFERENCES (CONT'D.)

Willis, B., 1923, A fault map of California: Seismol. Soc.
America Bull., v. 13, pp. 1 -12 with map.

Wood, H.D., 1916, The earthquake problem in the western
United States: Seismological Society of American Bulletin,
vol. 6, no. 4,.p. 198, 203.

Ziony, J.I., Wentworth, C.M., and Buchanan, J.M., 1973,
Recency of faulting; A widely applicable criterion for
assessing the activity of faults: World Conference on
Earthquake Engineering, 5th, Rome, Italy, Proc., pp.
1680-1683.

*

4

O e

e

P

.

e e

a

, _ , , _ _ _ _ _ , _. __ , , _ _ _ _ _ , __ , . _ - _ _ _m - _ _ _ , . _ _ _ _ . __



-s

e #

o '
( #. * g e

o

APPENDIX B
.

1

e

i

,'

J

i

I

e

r

l

I

e

W

, ,, .- =we***-"'*-* * - * ' - "*



-_ -

3 -

.' ' . Page 1,

, . . . ,

- +.
,

h
i BIBLIOGRAPHY ON ATTENUATION RELATIONSHIPS

,

Algermissen, S.T. and Perkins, D.M., 1976, A Probabilistic,

Estimate of Maximum Acceleration in Rock in the Contiguous,

United States, U.S., Geological Survey Open-File Report 76-
416.

Ambroseys, N.N., 1973, Dynamics and Response of Foundation
'

Materials in Epicentral Regions of Strong Earthquakes, Proc.,

of Fifth World ' Conference on Earthquake Engineering, Rome,'
Italy.

'

Battis,. J., 1981, Regional Modification of Acceleration
Attenuation Functions, Eulletin of the Seismological Society
of America, Vol. 71, No.j4, August.

Blume, J.A., 1966, Earthquake Ground Motion and Engineering <

Procedures for. Important Installations Near Active Faults,
Proc. of Third World Conference on Earthquake Engineering,q
Wellington, New Zealand.

Blume, J.A., 1977, The SAM Procedure for Site-Acceleratio'n-
Magnitude Relationships, Proc. of Sixth World Conference on J
Earthquake Engineering, New Delhi, India.

Bolt, B.A. and Abrahamson, N.A., 1982, New Attenuation Rela-
tions for Peak and Expected Accelerations of Strong Ground
Motion, Bulletin of the Seismological Society of America,,

| Vol. 72.

Boore, D.M. and Joyner, W.B., 1982, The Empirical Prediction
of' Ground Motion, Bulletin of the Seismological Society of
America, Vol. 72.-

Boore, D.M., Oliver, A.A., Page, R.A. and Joyner, W.B.,
1978, Estimation of Ground Motion Parameters, U.S. Geo-

'

logical Survey Open-File Repor,t 78-509. '

Brazee, R.L., ~ 1972, Attenuation of Modified Mercalli In-,

!,.' tensities with Distance for the United States East of 106*W,
Earthquake Notes, Vol. 43, No.1.

,

BriIl nger, D.R. and Preisler, H.K., 1984, An Exploratory
Analysis of the Joyner-Boore Attenuation Data, Bulletin of
the Seismological Society of America, Vol. 74, No. 4, Aug-
ust.t.

1s

i
'

%

~

s

'

.. . .-

f_ -g yq ,-y- - ,y-.-7 -#--i., -.,.--_--,---m'. we,, - y-%.y 9 ,,==-----,av ,e + - - - w-- ha



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

...

, ', . Pagn 2*

.

.

BIBLIOGRAPHY (CONT'D.)

'

Bureau, G.J., 1978, Influence of Faulting on Earthquake-

Attenuation, Proc. of the Specialty Conference on Earthquake
Engineering and Soil Dynamics, American Society of Civil
Engineers, Pasadena, California, June.

Campbell, K . ,. 1981, Near-Source Attenuation of Peak
Horizontal Acceleration, Bulletin of the Seismological
Society of America, Vol. 71.

Chiaruttini,- C. and Sira, L., 1981, The Correlation of Peak
Ground Horizontal Acceleration with Magnitude, Distance, and
Seismic Intensity for Friuli and Ancona, Italy, and the

. Alpine Belt, Bulletin of the Seismological Society of
America, Vol. 71.

Cloud, W.K. and Perez, V., 1971, Unusual Accelergrams
' Recorded at Lime, Peru, Bulletin of the Seismological

Society of America, Vol. 51, No. 3.

* Cornell, C.A. and Merz, H.A., 1974, Seismic Risk Analysis of
Boston, Journal of the Structural Division, American Society-

of Civil Engineers, Vol.101, No. ST10.

Davenport, A.J., 1972, A Statistical Relationship Between
Shock Amplitude, Magnitude, and Epicentral Distance and its
Application to Seismic Zoning, Western Ontario University
Engineering Science Research Report No. BLWT-4-72.

Donovan, N.C., 1973, Earthquake Hazards for Buildings, in
Building Practices for Disaster Mitigation, National Bureau
of Standards Building Science Series 46.

Donovan, N.C., 1974, A Statistical Evaluation of Strong
Motion Data Including the February 9, 1971, San Fernando
Earthquake, Proc. of Fifth World Conference on Earthquake
Engineering, Rome. *

Donovan, N.C. and Bornstein, A.E., 1978, Uncertainties in
Seismic Risk Procedures, Journal of the Geotechnical
Engineering Division, American Society of Civil Engineers,
No. GT-7, July.|

Duke, C.M., ,Eguchi, R.T., Campbell, K.W. and Chow, A.W.,
1977, Effects of Site on Ground Motion in the San Fernando
Earthquake, University of California at Los Angeles, Report
UCLA-ENG.

I

.. . . _ ._ _ . _ .



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

'. , Paga 3._ ,

.

BIBLIOGRAPHY (CONT'D.)

Duke, C.M., Johnsen, K.E., Larson, L.E. and Engman, D.C.,'

1972, Effects of Site Classification and Distance on
Instrumental Indices in the San Fernando Earthquake,
University of California at Los Angeles, School of
Engineering and Applied Sciences, Report No. UCLA-ENG-7247.

Esteva, L.,~1970, Seismic Risk and Seismic Design Decisions,
in Hansen, R.J., editor, Seismic Design for Nuclear PowerFIants, Massachusetts Institute of Technology Press,
Cambridge .

Esteva, L. and Rosenblueth, E., 1964, Espectors de Temblores
a Distancias Moderadas y Grandes, Soc. Mexicana de
Ingenieria Sismica Bol., Vol. 2, No. 1.

Esteva, L. and Villaverde, R., 1974, Seismic Risk, Design
Spectra, and Structural Reliability, Proc. of Fifth World
Conference on Earthquake Engineering, Rome.

Faccioli, E., 1978, Response Spectra for Soft Soil Sites,
Proc. of the Specialty Conference on Earthquake Engineering,
American Society of Civil Engineers, Pasadena, California,
June.

Ferritto, J.M. and Forrest, J.B., 1977, Determination of
Seismically Induced Soil Liquefaction Potential at Proposed
Bridge Sites, Federal Highway Administration, Offices of

- Research and Development, FHWA RD 77-128, Washington, D.C. ,
August.

Gupta, I.N. and Nuttli, O.W., 1976, Spatial Attenuation of
| Intensities for Central .U.S. Earthquakes, Bulletin of the

Seisn.ological Society of America, Vol. 66.
Gutenberg, B. and Richter, C.F., 1956, Earthquake Magnitude
Intensity, Energy, and Acceleration, 2nd paper, Bulletin of
the Seismological Society of America, Vol. 46, No. 2.
Housner, G.W., 1965, Intensity of Earthquake Ground Shaking
Near the Causative Fault, Proc. of the Third World
Conference, on Earthquake Engineering, Wellington, New2ealand.,

_

m

J' 9n ' 4 hwG*W'*Se tt
- p e w ,ge , , ,g y .,_

- - - - - -



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

. . . .

. . , Pcgn 4...

.

BIBLIOGRAPHY (CONT'D.)

Howell, B.F., Jr. and Schultz; T.R., 1975, Attenuation of
Modified Mercalli Intensity with Distance From the
-Epicenter, Bulletin of the Seismological Society of America.,
Vol. 65, No. 3.

Joyner, W.B. and Boore, D.M., 1981, Peak Horizontal
Accelera tion and Velocity from Strong-Motion Records
Including Records from the 1979 Imperial Valley, California,
Earthquake, Bulletin of the Seismological Society of
America, Vol. 71.

Kanai, K., 1966, Improved Empirical Formula for
Characteristics of Strong Earthquake Motions, Proc. Japan
Earthquake Symposium, 1-4.

M + H Engineering and Memphis State University, 1974,
Regional Earthquake Risk Study, Report to
Mississippi-Arkansas-Tennessee Council of Governments,
Memphis Delta Development District, Technical Report
MATCOG-DD-MHMSH-7 4 -1013-12.

McGuire, R.K., 1974, Seismic , Structural Response Risk
Analysis, Incorporating Peak Response Regressions on
Earthquake Magnitude and Distance, Massachusetts Institute
of Technology Department of Civil Engineering, Research
Report No. R74-51.

Mickey, W.V., 1971, Strong Motion Response Spectra,
Earthquake Notes, Vol. 42, No. 1.

Milne, W.G. and Davenport, A.G., 1969, Distribution of
Earthquake Risk in Canada, Bulletin of the Seismological
Society of America, Vol.1 59, No. 2.

Neumann, F., 1954, Earthquake Intensity and Related Ground
Motion,, University o'f Washington Press, Seattle.

Nu'ttli, O.W., 1973a, The Mississippi Valley Earthquakes of
1811 and 1812: Intensities, Ground Motion, and Magnitudes,
Bulletin of the Seismological Society of America, Vol. 63,
No. 1. .

,
t

.
-

)

-

-

-



_ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______________ ___-

. . . .

Pago 5.. . .. ..

.

BIBLIOGRAPHY (CONT'D.)

Nuttli, O.W., 1973b, Design Earthquakes for the Central'

United States, in State-of-the-Art for Assessing EarthquakeHazards in the United States, U.S. Army Corps of Engineers
Waterways Experiment Station, Mist. Paper S-73-1, Vicksburg,
Mississippi.

Nuttli, O.W. and Herrmann, R.B., 1981, Consequence ofEarthquakes in the Mississippi Valley, American Society of
Civil Engineers National Convention, ASCE Preprint 81-519,
St. Louis, Missouri, October.

Ovphal, D.L. and Lahoud, J.A., 1974, Prediction of PeakGround Motion from Earthquakes, Bulletin of the-

Seismological Society of America, Vol. 64, No. 5.
Page, R.A., B'o o r e , D.M., Joyner, W.B. and Coulter, H.W.,
1972, Ground Motion Values for Use in the Seismic Design of.

the Trans-Alaska Pipeline System, U.S. Geological SurveyCircular 672, Washington, D.C.
s

Rasmussen, N.H., Millard, R.C. and Smith, S.W., 1974,
Earthquake Hazard Evaluation of the Puget Sound Region,
University of Washington Geophysics Program Report,
Washington.

Sadigh, K., Power, M.S. and Youngs, R.R., 1978, Peak
Horizontal and Vertical Accelerations, Velocities, and
Displacements on Deep Soil Sites During Moderately Strong
Earthquakes, Proc. of the Second International Conference on
Microzonation, San Francisco, California, November-December.

|
Schnabel, P.B. and Seed, H.B., 1973, Accelerations in Rock
for Earthquakes in the Western United States, Bulletin of i

the Seismological Society of America, Vol. 63, No. 2.
Schnabel, P.B., Seed, H.B. and Lysmer, J., 1972,
Modification of Seismograph Records for Effects of LocalSoil Conditions, Bulletin of the Seismological Society of,.

America, Vol. 62, No. 6.

Seed, H.B., Murarka, R., Lysmer, J. and Idriss, I.M., 1975,
Relationships Between Maximum Accelera tion, Maximum

, Velocity, Distance from Source and Local Site Conditions for! Moderately Strong Earthquakes, University of California at
Berkeley College of Engineering Report No. EERC 75-17,Berkeley, California, July.

. . ~ ,. -.. 4 :3 2 2 : :~ TC L



-- .

. . -
.,

t. Page 6*- . -

.

.

BIBLIOGRAPHY (CONT'D.)

Stepp, J.C., 1971, An Investigation of Earthquake Risk in,

the Puget Sound Area by Use of the Type 1 Distribution of
Largest Extremes, . Pennsylvania State University Ph.D.
Thesis, University Park, Pennsylvania.

Trifunac, M.D., 1976, Preliminary Empirical Model for
Scaling Fourier Amplitude Spectra of Strong Motion
Accelerations in Terms of Earthquake Magnitude,
Source-to-Site Distance, and Recording Site Conditions,
Bulletin of the Seismological Society of America, Vol. 66.

Trifunac, M.D. and Brady, A.G., 1975, On the Correlation of
Peak Acceleration of Strong Motion with Earthquake
Magnitude, Epicentral Distance, and Site Condition, Proc. of
the U.S. National Conference of Earthquake Engineering, Ann
Arbor, Michigan, June.

Young, G.A., 1976, Problem Areas in the Application of
Seismic Hazard Analysis Procedures, Energy Research and
Development Administration, Reactor Development and

'

Demonstration Division, Agbabian Association Report
SAN /1011 -101.

Young, G.A., 1980, Earthquake Vibratory Ground-Motion
Intensity Attenuation, Nuclear Safety, Vol. 21.

.

d

e

e

4

- - - - - - - - . --,- _ -... . ...... _ ._

_ _ _ _ _ _ _ _ _ . _ . _ _ __ _ _ , _ . -- . . . _ . . _ , , _ _ , _ , _ . _ _



e ,0 *

* **
, s e e

a

e

APPENDIX C
.

e

e

9

4

.

"'"O ''hN9 m4weg, , _,



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

.. ~.
Paga 1. . . , , . .

..

I Joyner, W.B. & Boore, D.M., 1981, Peak Horizontal Accelera-
tion and Velocity From Strong Motion Records Including

-

Records From the 1979 Imperial Valley, California, Earth-
quake, Bulletin of the Seismological ' Society of America,,

Vol. 71, No.-6, pp. 2011-2038, December.
4

Data base included 182 horizontal motion components
from 23 earthquakes (20 in California, two in Alaska and one
in Nicaragua). All avents were shallow, with fault rupture1

being at a depth of 20 km or less, and had moment magnitudes,

(some calculated from seismic magnitude, and some assumed
equal to local magnitude) of 5.0 to 7.7. Source distances
of less than 1 km to 370 km were considered; for the larger
distances, an accuracy of 5 km was required for a record to

i be considered. Acceleration is the larger peak value of the *
-

two horizontal components.
f -

Derived the expression:
.

log a = -1.02 + 0.249M - log R,

! - 0.00255 R + 0.26 P
w

where a = acceleration as fraction of gravity.

M=magnituge)YR= (d +7.3 '

| d = closest distance in km from the recording
site to the surface projection of the
fault rupture (fault distance)

P = 0.0 f<or 50 percent probability that the
prediction will exceed the real value,

-

and 1.0 for 84 percent probability

The standard deviation for log a is 0.26, and the
standard error is 0.04. The authors also determined the
sensitivity _ of the expression to individual earthquake
events by deriving expressions with one or more events,

' eliminated. Found that the expression is not sensitive to
- particular. events but that the standard deviation is sen-
sitive. Site conditions (rock versus soil) were considered
but were determined to not have a significant effect on the

~

'

*

expression for acceleration.

.
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Campbell, K.W., 1981, Near-Source Attenuation of Peak Hori-
zontal Acceleration, Bulletin of the Seismological Society
of America, Vol. 71, No. 6, pp. 2039-2070, December.

.

Data base included 229 horizontal motion components
from 27 earthquakes worldwide. Depth to fault rupture for
events considered was 25 km or less. Moment magnitudes of
5.0 to 7.7 were considered, where magnitude (M) was defined
as surface wave magnitude (Ms) when both Ms and local
magnitude (M1) were greater than 6.0, and defined as ML when
M and ML are both less than 6.0. Source distances ofs
less than 50 km were considered, but were coupled with mag-
nitude. Thus, source distances were less than 20 km for M
<4.75, less than 30 km for 4.75< M <6.25, and less than 50
km for M 6.25. For larger distances, an accuracy of 5 km
for source distance was required.

Acceleration is the mean of the peak values of the two
horizontal components. The authors also considered the lo-
cation of the recording instrument and the local geologic
conditions underlying the recording site. To prevent
skewing of the regression analysis by particular events (24
of the 116 records were for the 1971 San Fernando event and
31 were for the 1979 Imperial. Valley event) , the records
were weighted as a function of distance and number of
records.

Derived the unconstrained relationship:

a = 0.0159e0.868M R+0.0606e .700M -1.090

where a = acceleration as fraction of gravity
M = magnitude
R = closest distance in km from the recording

site to the surface projection of the
fault rupture (fault distance)

.

and a constrained expression:

1a = 0. 0185e .28M R+0.147e0.732M -1.75

with,same terms as the unconstrained expression.
,

.

'

The expressions predict mean values of the average of
the peak values of the two horizontal components. If an

,
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estimate of the mean peak value independent of component
direction is required, the author stipulates an additional
factor of 1.13 be applied to the predicted acceleration.
The 84 percentile value of the predicted acceleration is-

determined by multiplying the mean value from the uncon-
strained relationship by 1.45, and the mean value from the
constrained relationship by 1.47. The standard error is
0.372 for in a in the unconstrained relationship, and 0.384
for in a for the constrained relationship.

For the constrained model, as compared f to the un-
constrained model, the exponent of the (R + f(M)) term was
set equal to -1.75 to account for far-field effects (greater
than 30 or 50 km). For near-field events (fault distances
closer than 3 to 5 km), the constrained model required a
constant peak acceleration, independent of magnitude, at the
fault rupture surface. This is in conformance with general-
ly accepted physical interpretations that peak acceleration
in the near-field is controlled by dynamic stress-drop.

.
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Donovan, N.C., 1973, Earthquake Hazards for Buildings, in
Building Practices for Disaster Mitigaticn, National Bureau
of Standards, Building Science., Series 46, p. 82-111.

.
-

Date base included 515 strong motion records (no other
definition provided). Site to source distances varied from
3 to 2,000 km, though most were in the range of 10 to 400
km. Acceleration is peak ground acceleration, but otherwise
undefined, and 'the Richter magnitude scale is used.

Derived the expression:

a = 1320e0.58M R+25 -1.52

where a = acceleration in cm/sec2
M = magnitude-

R = hypocentral distance, distance to causi-
*tive fault or distance to center of.

energy release in km..

.

. The expression predicts the mean value of the peak*
acceleration. The standard deviation for in a is 0.84.,

t
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Schnabel, P.B. and Seed, H.B., 1973, Accelerations in Rock
for Earthquakes in the Western United States, Bulletin of
the Seismological- Society of America, Vol. 63, No.2, pp.
501-516, April..

The data base is not well defined, and the reader is
referred to the article. Acceleration is defined as the
maximum value,. magnitude is presumed to be the Richter
value, and distance is the distance from the causitive
fault.

Attenuation relationships are presented graphically,
with mean values and a range in values plotted. These are
shown on the next page. It is noted these relationships are
for rock' acceleration. The graphical presentation was later
extended to other geologic site conditions by Seed and
others (1975).
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Blume, J.A., 1977, The SAM Procedure for Site-Acceleration-
Magnitude Relationships, - Proceedings of the Sixth World
Conference on Earthquake Engineering, Vol. 1, pp. 416-422.

.

Data base included all United States Earthouakes (U.S.
Department of Commerce,- 1933 through 1970) data. Magnitude
is as given in the listing, but typically Richter magnitude,
and acceleration is peak acceleration. Author assumed an
average focal depth of 8 km.

i Derived expression for M 16.5:
1; a = 0.318e .03M 29 14b(R+25)-1.14b .53Y1 2

and for M >6.5:
.

0a =,26.0e .432M29 22b(R+25)-1.22b .81Y1 l
'

"

where a = peak ground acceleration in gallons-

M= Richter magnitdue.

R= hypocentral distance in km
5- b= 0.5 log (pV )s

. p= site specific density
V, = site shear velocity in ft/sec
y= standard normal ' variable with zero mean,

and unit standard deviation (note: for
mean value of a set y = 0, and for 84
percentile use y = 1.0)

-

The author also developed relationships for various
portions of the data set, including distance and accelera-
tion constraints or cutoffs. For general comparf. son with i

ether data, he suggests the use of pVs = 2,000 ft/sec,
.

thus b = 1.65. I
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Bolt, B.A., 1982, Methods of Estimating Attenuation and
Effective Peak Acceleration in the Near Field, Proceedings
of the Third International Earthquake Microzonation Confer-
ence, Vol. 1, pp. 131-144.G

Data base is described in Joyner and others (1981), to
which the reader is referred, but is primarily records of
California events.

Derived expressions of the form

a= A (R+D)2+1 Ce-B(R+D)

where a = peak acceleration as fraction of gravity
R= closest distance to the surface projec-

tion of the rupture.

and the parameters A, B, C and D are dependent on
magnitude as follows:

Standard
M A B C D Error

ScM<6 172 0.066 0.033 27 0.06g
6.0<M(7.0 1.19 0.044 0.042 24.9 0.10g
7<Mc7.7 0.24 0.022 0.10 15 0.05g

.
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Donovan, N.C. and Bornstein, A.B., 1978, Uncertainties in
Seismic Risk Procedures, Journal of the Geotechnical En-
gineering Division, Vol.104,, GT7, pp. 869-887, June.

.

Data base included 69 records from nine earthquake
events, with Richter magnitude varying from 5.0 to 7.7.
Other definition of the data base is not pr2sented, except
that over -half the records are from the 1971 San Fernando
earthquake. The authors indicate, however, this does not
bias the results. For the California events considered, the
focal depth was assumed to be 5 km. Distances varied from
less than 1 to 321 km. Acceleration is peak horizontal
ground acceleration.

Derived the expression:

b,e2b M(R+25)-b3a= 1

'

where a = acceleration in em/sec2
M= Richter magnitude
R= distance to energy center of the causi-

tive fault in km
b= 2,15 4,000 R-2.10i
b= 0.046+0.445 log R2
b= 2.515 - 0.486 log R3

.

The standard deviation was found to vary with the
value of acceleration determined. Suggested values are as
follows:

Log Normal
a, 40 Standard Deviation

0.01 0.5
0.05 0.48
0.10 0.46
0.15 0.41
0.20 0.37-

0.30 0.30
>0.30 0.30

The 84 percentile value for 0.10g is calculated as 0.1
,

exp (0.46), or 0.16g.
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Development of Maximum Credible Earthquake (MCE):

.

There is no universally accepted definition of MCE. Also, after
reviewing various definition used by the engineering comunity we

-

; recognized that no single definitions of MCE was easy to adopt for
I the UMTRA Project. Therefore, the definition of MCE developed by

- MKE for UMTRA Project sites is presented in Ref. h, Chapter 8.
Our definition of MCE could be adopted for sites where MCE is
developed from capable / active faults identified in the vicinity of-

the UMTRA sites, or for sites where surface traces of active, e
'

faults are lacking and the MCE has to be developed by the,

'
Probatilistic Method.

.
.

Design Earthquake and Related Parameters

Besides the selection of the MCE, we do not find any discussion in
your report about the selection of the design earthquake and/or
related parameters for analysis.

'

As is well recognized, the characteristics of the MCE event cannot
be directly used for the design and analysis of UMTRA facilities.
For the same MCE event at a particular site, the choice of the
design earthquake and the related parameters are influenced by a
number of factors, such as site conditions, material (tatlings and

L foundation) properties and the method of analyses. Thus there

(
-7- 4005-GEN-R-01-00616-00
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sometimes is a need for selecting more than one design earthquake
or more than one set of design parameters suited to the type of

4 analysis (Ref.14). Or in other words, for the same MCE event.
*

the design parameters will be different for liquefaction analysis,
full scale dynamic slope stability analysis and/or pseudo-static
slope stability analysis. This is also discussed in Ref. 2
Chapter 8. For compacted tailings piles, which will be subjected
to little or no strength loss during an earthquake, a fraction of

i

selected by MKE) is considered adequate for the design horiz[ontal
the peak acceleration (1/2 to 2/3 of a maximum acceleration IS.

seismic coefficient used in the pseudo-static slope stability
| analysis. A design horizontal seismic coefficient less than 1/3

of the maximum acceleration has been sometimes recommended for the,,

| pseudo-analysis of critical structures (Refs. 14, 15, 16 4 17).
For the convenience of the reader, the maximum acceleration and

the corresponding design seismic coefficient recommended for some-

critical structures by Newmark and Seed are presented in Tables 2
,

and 3. A note on the stability analysis of dams in Japan by the
-

-

seismic coefficient method (Ref.18) is also included as Appendix
8 for the convenience of the reader.b

,

; '

Some suggestions<

We present several suggestions which we believe will help develop
a realistic program of seismic hazard evaluation, and also
expedite review and approval of seismic design parameters and
procedures.

:

1. The UMTRA Project could benefit from utilizing quality data
available with various public agencies. For example, seismic
studies for the BVPS Nuclear Power Station, Pennsylvania could
have been used to advantage for the Canonsburg and Burrell
sites in Pennsylvania. Similarly, a wealth of data is
available from the U.S. Army Corps of Engineers, Portland,
Oregon, who have performed seismicity studies for a number of

dam projects not far from the Lakeview, Oregon site.

(
%
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2. ERTS imagery / LANDSAT imagery and Radar imagery (SLAR) are j

readily available for all sites from the EROS Data Center and |

(, could be used for faults and lineaments studies and made an
integral part of seismic hazard evaluation reports. Such
exhibits will help regulatory agencies review the nature and
extent of studies performed for each site, and thus have.

greater level of confidence in the completeness and quality of
the studies.

3. The nature and extent of studies performed at each site should
be clearly spelled out in the report and backed up by data and
exhibits.

4. Exclusion from some of the stringent siting criteria spelled
out in 10 CFR 50 and 100 (Ref. 3) will require a very well
documented presentation to the DOE and the NRC.'

5. An outside consultant like Professor David B. Slemons of
~'

University of Nevada may be engaged to overview the study of
active faults and detrmination of MCE by SHB. Utilizing

,

Professor Slemons' strong background in active fault studies
will result in significantly reduced field work and greater
level of confidence in the results of fault studies.

6. It is not enough to provide the Richter Magnitude and peak
acceleration of the MCE event for each site. The reports
should conttin the following:

a. The sumary of findings.
b. Useable design parameters for:-

o Liquefaction analysis
o pseudo-static slope stability analysis of embankments.
o full scale dynamic slope stability analysis (may not

be required for any site)

(
9- 4005-GEN-R-01-00616-00-
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o simplified dynamic slope stability analysis
o and the design of ductile structures (concrete and

steel) by the UBC procedures.

Obviously the parameters in (b) above are dependant not only

on the characteristics of the MCE event but also on the type
of materials and methods of design. A suitable format for
presenting these data is shown in Table 8-1 (Ref. 2,
Chapter 8).

7. The report should also contain a section on landslides and on
'

ground rupture potential of each UMTRA site and vicinity; the
mechanism inducing these instabilities could be natural
phenomena, like, earthquakes, rain, snow, flood and volcanic-

eruption).

-

(
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APPENDIX-A

|

( Earthquake Acceleration Attenuation with Distance:
,

The following earthquake acceleration attenuation relationship with
distance has been proposed by Iwasaki, et. al. (1978, Refs.10, p. 44)

'

.

for average soil conditions based on the study 300 records.
,

0max (gals) = 18.4 x 10 302H x R-0.8 ( A.j )a , ,,,

where amax = maximum ground acceleration (gals)

R = epicentral distance (km)

and M = earthquake magnitude (Richter).

Like most empirical equations, there are some Ifmitations on the ranges,

of applicability of this equation. Since this equation is developed
based on the study of a large number of earthquake records it
essentially incorporates the effects of wide variations in soil-

conditions, geological variations along the wave paths and within the
fault zone. Therefore, it should be considered as a welcome addition-

to the list of selected attenuation relationships. Except at very
close distances ( 4 Skm), the ground acceleration obtained from this
equation (Table 1 inside text) is in close agreement with the
acceleration obtained using the attenuation relationship after Joiner
and Boore (1981, Ref.13). It is also inte ing to observe that the

| acceleration values obtained from this equation are in fairly good
agreement with the mean acceleration values computed, based on eight
attenuation relationships selected by SHP (Ref.1). The wide variation
in the peak acceleration values at close distances (4 Skm) as obtained
by using various attenuation relationships is understandable but
unavoidable; as the earthquake data population at such close distances
being small, any data interpretation at this range is strongly biased
by individual judgement of the researchers.

(
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A Note on the' Seismic Coefficient Method af Design of Dans in Japan

In the so-called seismic coefficient method of dam design, the weight
of the dam body itself and a part of reservoir water detemined by the
formula of dynamic water pressure are multiplied by the seismic
coefficient, and the value obtained is treated as the earthquake
force. These forces of inertia are applied horizontally to the dam
body to calculate stresses and stability. This method has been in use
in Japan since the time high dams began to be constructed in that
country.

.

This method has been improved based on studies and research on

earthquake phenomena and behavior of dams during earthquakes. The

seismic coefficient,s selected for dam design are at present detemined
by various factors such as the type of dam, geological conditions, and
occurrence of historic earthquakes in the vicinity of the proposed
dam. Table-B1 shows the design seismic coefficients established by the
Japanese National Comittee on Large Dams (Ref.18, p. 20). The values
are classified by the types of dams and the regions in which the

'

proposed dams are to be located.

(
- 12 - 4005-GEN-R-01-Or616-00
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TABLE B-1 - DESIGN SEISMIC COEFFICIENTS FOR DNIS IN JAPAN *

( (Ref.18, p. 21)

=

Part of Tohoku region; Kanto |Hokkaido region; Hokuriku regions
! Iregion; Chubu region; Kinki 10ther part of Tohoku region;
Type of Dam Iregion; Southern Shikoku region Chugoku region; Northern Shikoku

| region: Kyushu region
,1 1 ||
Concrete Dams k = 0.12 ~ 0.20 k 0.10 ~ 0.15=

,

and Rock-Fill |'

IDams I I I
I I I I
| Earth Dams | X = 0.15 ~ 0.25 | k 0.12 ~ 0.20 |=

I I I l.

.

m

M

c

r
,
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One half of the values shown in Table B-1 could be adopt:d for design
* -

then the reserv fr is empty because under this condition the damages
caused by an earthquake would not be serious.

For embankment dams or concrete gravity dams, the seismic coefficient
of the dam body is assumed to be equal to that of the foundation.,

However, in some cases involving very high dams, the seismic
coefficient is increased in the dam body in consideration of
amplification effects.

.
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TABLE - 2

SELECTION OF DESIGN EARTHQUAXE PARAliETERS FOR CRITICAL STRUCTURES

I i i l
IPeak acceleration o'f IRecomended Peak Acceleration Coments & References
Maximum Credible lof Seismic Engineering Design '
Earthquake (MCE)/Seis- | Earthquake l |'mic Safety Evaluation ! |

, Earthquake '
|

,

d 10.50g * 0.60 0.10g * 0.15g 'According to Seed (Ref.14, I(Use for ifquefaction (Use for pseudo-static ip.59): . . . Both theory |analysis) analysis) 'and experience show that this
is perfectl

I | | procedure."y reasonable
'

l | l l
*

i e e i1.0ga LO.30g " 0.60g (For the b bSpecified by Nerark
- Ldesign of earth structures)

| and Hall (1973) (Ref.15)
I 10.18 ~ 0.35g (For the design l |
| lof steel structures) | |
| I I I

'

a. Specified by Page R.A et. al., USAGS (1972 Ref.17).

.

9
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TABLE - 3

DESIGN CRITERIA FOR THE PSEUDO-STATIC ANALYSIS OF EMBANKMENTS

[After Seed (1979), Ref.16, p. 236]

| . I I I
| Earthquake Hagnitude i Design Criteria | Coments a References |

|
6-1/2 FS = 1.15 a) Applicable for embank- I

l ifor Seismic Coefficient = 0.1 Iments constructed of soils |
|which do not build up large

8-1/4- FS = 1.15 | pore pressures due to earth-
| Ifor Seismic Coefficient = 0.15 Iquake shaking nor show more |
| Ithan 155 strength loss |
| |(usually). 1
1 I l i

-

I l | I

.
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Weber
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Division of Waste Management J0 Bunting

COPNENTS: DRAFT STANDARD REVIEW PLAN FOR GEOLOGIC-SEISM 0 LOGIC
REVIEWS OF UMTRAP DOCUMENTS -

Pursuant to Technical Assistance Request TAR.85023, we are pleased to submit to
you a draft of the Standard Review Plan (SRP) for Geologic.Seismologic Reviews
of UMTRA Documents (i.e., Remedial Action Plans). This SRP was prepared and
coordinated by Jose Valdes (geology) with support from Michael Blackford
(seismology). <

~

The dra.ft SRP contains separate sections on the statutory basis for the . , ,

geologic and seismologic reviews of RAP's that we consider. to be a'n integral-
. '

part of the justification of the roles of these disciplines in the UMTRAP
review process. If, as you have indicated, WMLU plans to merge this SRP with
that of WMEG, retention of these separate sections might need to be discussed
prior to the next iteration. In that case, we would want to incorporate these
sections into the appropriate technical sections of the revised document.

WMGT would like to emphasize that the present version of this SRP is intended
to be a working draft, as the document has not undergone peer review beyond the
branch. Aspects of the seismic hazard analysis review plan have been recently
developed by Mr. Blackford and we are seeking peer review from seismologists
in NRC and in our contractor pool. We look forward to receiving your cow.ents
on this draft. If you have any questions about the SRP, please contact Philip
Justus,

oristaal maudE

Malcolm R. Knapp, Chief
Geotechnical Branch
Division of Waste Management
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DRAFT STANDARD REVIEW PLAN
FOR GEOLOGIC AND SEISM 0 LOGIC REVIEWS

i 0F UMTRAP DOCUMENTS
'

.

ig

'
1. UMTRCA DOCUMENTS (Remedial Action Plans) -;

|
1.1. Statutory Basis for Reviews L-

,

1.1.1 Uranium Mill Tallinos Radiation Control Act of 1978 as Amended l'-

! (UMTRCA), PL 95-604 4

| Title I of the Uranium Mill Tailings Radiation Control Act of 1978 as amended ,

(UMTRCA), provides the regulatory framework for the Uranium Mill Tailings
Remedial Action Project (UMTRAP). Under UMTRCA, Congress authorized a program

' of assessment and remedial action at designated ' inactive uranium mill tailingsi -

i sites to stabilize and control such tailings in a. safe and environmentally.

4 , sound.. manner . and to minimize or' e.11minate radiation health. hazards to . the. f.
; public. Remedial actions, which are proposed in the ' form of Remedial Action
i - Plans (RAP's), are to be selected and performed by the Department of Energy
j (DOE) with the concurrence of the Nuclear Regulatory Commission (NRC) and in
j accordance with the standards prescribed by the Environmental Protection Agency
j '~(EPA)(Sec.108]. The DOE's authority to perform remedial actions under UMTRCA
: terminates 7 years after promulgation of the .. EPA standards unless Congress
| grantsanextension(Sec.112). As the EPA starderds became effective on March

7,1983, this means that the UMTRA Project is to be completed by 1990.
~

The Act requires that, upon completion of remedial actions at a given site, the
DOE maintain institutional control of the proo'erty in accordance to a license
issued by the NRC [Sec.104(f)(2)]. The NRCT eay require in its license that

i the DOE undertake a program of monitoring, ma,intenance,' and emergency measures
'

1 as necessary to protect public health and safety.
1

| UMTRCA also addresses the matter of post-remediation disruption of tailings
! piles for purposes of natural resources recovery during the period of

| institutional control. Section 104(h) states that:
'

, s:

j "No provision of any [00E-State cooperative] agreement under ;

i section 103 shal] prohibit the Secretary of the Interior, '

i with the concurrence of the Secretary of Energy and the !

! (Nuclear Regulatory] Commission, from disposing of any
! subsurface mineral rights by sale or lease... which are

associated with land on which residual radioactive materials'

'

' !
w ,

|
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are disposed and which are transferred to the United States
as required under this section if the Secretary of the
Interior takes such action as the Commission deems necessary
pursuant to a license issued by the Commission to assure that
the residual materials will not be disturbed by reason of any
activity carried on following such disposition. If any such
materials are disturbed by any such activity, the Secretary
of the Interior shall insure, prior to the disposition of

,

the minerals, that such materials will be restored to a safe
and environmentally sound condition as determined by the
Commission...."

Other parts of UMTRCA deal with legal and financial considerations for the
remedial action programs which are not directly relevant to this document.

1.1.2 40 CFR 192 Standards for Remedial Actions at Inactive Uranium
Processing Sites .

.' - - -
.

*.-. . ... . .. .
. ., ,,

,
'

1.1.2.1 Subpart A--Sta'ndards for the Control of Residual Radioactive
Materials from Inactive Uranium Processing Sites

1.1.2.1.1 Applicability

As mandated by Section 108 of UMTRCA, amending Section 275 of the Atomic Energy
Act, EPA promulgated standards applicable to the control of residual
radioactive material associated with designated Title I sites and to subsequent
restoration of such sites following any use of subsurface minerals under
Section 104(h) of the Act. Control, as used in the current context, is defined
as "any remedial action intended to stabilize, inhibit future misuse of, or
reduce emissions or effluents from residual radioactive materials."

1.1.2.1.2 Standards

" Control shall be designed to:

I (a) Be effective for up to one thousand years, to the extent reasonably
achievable, and, in any case, for at least 200 years, and,

(b) Provide reasonable assurance that releases of radon-222 from residual
radioactive material to the atmosphere will not:

(1) Exceed an average release rate of 20 picocuries per square meter per
second [over the entire surface of the disposal site and over at
least a one year period], g ,

.

* = - .% ..%.. .- . .
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(2) Increase the annual average concentration of radon-222 in air at or
above any location outside the disposal site by more than one-half
picocurie per liter. *

1.1.2.2 Rationale and Implementation Guidelines

Though 40 CFR 192 does not provide any prescription of how the Subpart A
standards should be implemented, generalized guidelines for their
implementation are presented in Subpart C and, along with the bases and
rationale for the standards, in the " Supplementary Information" sections. An
derstanding of this collateral information is critical, as EPA states in

.;ection IV(A) that: "It is our objective that implementation of these
standards be consistent with the assumptions we made in deriving them."

The excerpts presented below have relevance 1n determining the scope of
geologic-seismologic reviews of UMTRCA documents.

'

1.1. 2.2.1 - ;Su'pplementarf Information Sections. .. .
. ,

,

Section II(B)(1), Cleanup and Control of Tailinas .

"The objective of tailings control and stabilization efforts are to prevent
their misuse by man, to reduce radon emissions (and gamma radiation exposures),
and to avoid the contamination of land and water by preventing erosion by
natural processes. The longavity (i.e., long-term integrity) of control is
particularly important. This is affected by the potential for disruption by

.$ man; by the probability of occurrence of such natural phenomena as earthquakes,
/b floods, windstorms, and glaciers; and by chemical and mechanical processes in

i the piles." [Emphasisadded.]
|

, "If necessary, erosion can be inhibited by... moving them away from a
I particularly flood prone or otherwise geologically unstable site." [Fmphasis

added.]

Section III(A)(3), Cost-Benefit Analysis

"The major hazard, the extent of possible future misuse of tailings by man, is
| almost impossible to quantify." [Emphasisadded.]
|

"Under this standard most of the 24 tailings pile will be stable against|

L erosion and casual intrusion for misuse for much longer than 1000 years."
-[ Emphasis added.]

(

|

. - -- . - . : -
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Section III(B)(1), longevity of the Control

"We consider the single most important goal of control to be effective
I isolation and stabilization of tailings for as long a period of time as is

reasonably feasible because tailings will remain hazardous for hundreds of
thousands of years. The longevity of tailings control is governed chiefly by
the possibility of intrusion by man and erosion by natural forces. Reasonable
assurance of avoiding casual intrusion [for misuse] by man can be provided |

through the use of relatively thick and/or dif ficult-to penetrate' covers (such |

as soil, rock, or soil-coment). No standard can guarantee absolute protection
against the .urposeful works of man and these standards do not require such
protection.- [ Emphasis added.]

Section IV(A) Guidance for Implementation

"The standard for control and stabilization of tailings piles is primarily
g"

the method chosen provides a reasonable expectation that the provisions of the. -

intended as a design-standard. . Implementation will require a judgement that
-

standard will be met . . . This judgement will necessar'ily' be based on site-.

specific analyses of the properties of the sites, candidate control systems,*-

and the potential effects of natural processes over time, and, therefore, the
measures required to satisfy the standard will vary from site to site."

[ Emphasis added.]

"We have concluded that primary reliance on passive measures is preferable,
since their long-term performance can be projected with more assurance than
that of measures which rely on institutions and continued expenditures for
active maintenance." [Emphasisadded.]

"As long as the Federal Government exercises its ownership right and other
authorities [under UMTRCA] regarding these sites, they should not be
systematically exploited by people or severely degraded by natural forces. We-

believe that these institutional provisions are essential to support any
project whose objectives is as long term as are these disposal operations, and

,

for which we have little experience. This does not mean that we believe
primary reliance should be placed on institutional controls; rather, that
institutional oversight is an essential backup to passive controls." [ Emphasis
added.]

Section III(B)(2) The Radon Release Limit

"We believe that limiting radon emissions from tailings piles serves several
necessary functions: reducing the risk to nearby individuals and individuals
at greater distances; and furthering the goals of reliable long-term deterrence

- - . - - .. ..
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of misuse of tailings by man and control of erosion of piles by natural

processes. The degree of reduction of radon emissions achieved by a disposal
system is more or less directly related to the degree of abatement of each of
these hazards." [Emphasisadded.]

" Congress did not intend that EPA set standards for ene generation only, or
that it set standards without consideration of the long-term reliability of
whatever means are available for implementing them. [Emphasisadded.]

1.2.2.2 Subpart C, Guidance for Implementation

"The implementing agencies [ including the NRC] shall establish methods and
procedures to provide ' reasonable assurance' that the provision of Subpart A .

are satisfied. This should be done as appropriate through the use of. .

analytic models and site-specific analyses . . . ." [Emphasisadded.]
,

"The purpose of Subpart A is to provide for long-term s.tabilization . a.nd
; isolation in order .to inhibit misuse and spreading of ' residual rautoactive .

.

materials, co,ntrol releases of radon to air, and protect water. Subpart A may
be implemented through analysis of the physical properties of the site and the
control system and projection of the effects of natural processes over time.
Events and processes that could significantly affect the average radon release
rate from the entire disposal site should be considered. Computational. . .

models, theories, and prevalent expert judgement may be used to decide that a
control system design will satisfy the standard. The numerical range provided
in the standard for the longevity of the effectiveness of the control of-
residual radioactive materials allows for consideration of the various factors
affecting the longevity of control and stabilization methods and their costs.
These factors have different levels of predictability and may vary for the
different sites." [Emphasisadded.]

1.2. Implementation Objectives. Review Elements and Procedures

1.2.1 Objectives

It is the staff's position that the requirements and implementation guidelines
of 40 CFR 192 necessitate that due consideration be given to geologic and
seismologic processes that bear on engineering and hydrologic site-suitability
considerations. Consequently, geologic-seismologic reviews of UMTRCA documents

| shall be directed toward the following objectives:

1. Determination of the site stratigraphy as input into engineering (ground
failure) reviews as well as hydrologic (groundwater flow and contaminant
migration) reviews and geomorphic evaluations;

. . . . . _ _ _ _ _ _ _ _ _ _ . . _ _ _ . _ _ _
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2. Evaluation of the potential for geomorphic hazards, such as landslides,
subsidence, and stream encroachment;

3. Estimation of earthquake-induced ground accelerations (vibratory ground
motion) that could occur at the site;

4. Assessment of the potential for ground rupture (surface faulting) that could
affect the tailings pile due to fault displacement;

.

5. Assessment of the potential for other types of tectonic hazards (e.g.,
volcanic activity) that could affe- the site.

6. Evaluation of the natural resources exploitation history and/or potential of'
the site as input into geologic stability assessments. / The goal of this
evaluation shall be to determine how resource exploitation in the surface or
subsurface of the site area may indirectly impact on the geologic stability of
the pile, rather than to exclude the possibility of direct human disruption of

,

the pile for purposes of resource recovery. The latter would go beyond .the.

' requirements of 40 CFR 192 (refer to' Se'c. III(B)(') in particular), which are1

only meant to provide protection against casual human intrusion for misuse.

1.2.2 Review Elements

The staff considers the geologic-seismologic information in the documents
reviewed to be acceptable if it satisfies the requirements and scope specified
in this section.

1. 2.2 s1 Stratigraphy

Information pertaining to the formation, composition (including internal
,

variability) sequence and correlation of the lithologic strata under the site'

; and the region surrounding the site should be presented. The scope of
stratigraphic investigations should be defined in part by the require.nents of
sections 1.2.2.2 and 1.2.2.3 and hydrology investigations. The level of
stratigraphic understanding to be achieved shall be commensurate with the
influence stratigraphy has on the determination that there is reasonable
assurance that the remedial action will comply with the EPA standards.

! Regional stratigraphic information may be obtained from published reports,
| maps, private communications or other sources. The information should be

discussed, adequately referenced, and illustrated by regional surface and
subsurface geologic maps, stratigraphic columns and cross sections. Sufficient -

detail should be provided to give clear perspective and orientation to the
,

site-specific stratigraphic information to be presented.
L

1

:
:
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Detailed data on the stratigraphic characterics of the site should be obtained {
from site-specific studies incorporating combinations of boring, trenching,
geophysical investigations, and surface mapping. Plot plans that graphically
show the locations of all site exploration localities should be provided. The
limits of the site should be superimposed on the plot plans. Descriptions of
the exploration and ' surveying techniques used should be furnished, as well as
all geologic and/or geophysical logs, supplemented by ground-based and aerial
photographs where appropriate.

.

The origin, depth, thickness, physical characteristics (e.g., color, sorting,
texture), mineralogy, and degree of con;ol' *stion of each lithologic unit
should be adequately described, noting zor. -s of alteration or weathering.
profiles. The relationship of the site stratigraphy to the regional
stratigraphy should be discussed. Selective stratigraphic cross sections
(and/or fence diagrams) should be provided that ir. corporate the location of the
borings or other exploratory locations from which the information in the-

sections was derived (i.e., " idealized" cross sections not based on discrete
~ .

stte s'pecific data are not adequat'e for. the. purpose of site chara'cterizatio'n)...

1.2.2.2 Geomorphic Hazards-

'

Geomorphic investigations should include systematic analysis of regional and
local landforms to provide evidence of geomorphic processes that may influence
the stability of the site. As appropriate, such analysis should take into
account the information discussed in sections 1.2.2.1 and 1.2.2.3 and that
derived from hydrological investigations. The level of understanding of
geomorphic processes to be achieved should be commensurate with the influence
the processes have on the determination that there is reasonable assurance that
the remedial action will comply with the epa standards.

Chapter 5 of NRC NUREG/CR-3276 (Schumm and Chorley, 1983) provides a useful
generic outline of standard procedures and methods for geomorphic site
evaluations. In general, the physiographic (geomorphic) province (s) in which;

; the site is located should be identified and described. This description
j should expound on the areal extent, distinguishing characteristics (e.g.,

elevation, relief) and major active processes modifying the present-dayi

| topography of the province (s) and should be supplemented by means of pertinent
large and small scale topographic maps (e.g., USGS 7.5-minute and 2-degree'

USGS quadrangle maps).

Site-specific characterization studies should include aerial photography and
detailed topographic mapping of the site and its vicinities. Topographic

. mapping of the disposal site area should be at a scale on the order of 1:2400,
j with a contour interval on the order ,of I foot. Such maps should be utilized

| . - . . . . - - - _ . - -.
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to generate geomorphic-hazards maps that delineate areas where landscape
changes associated with drainage networks, slopes, rivers and piedmonts (as
discussed in NUREG/CR-3276) may adversely affect site stability. Areas that may
be subjected to subsidence due to natural or man-made subsurface conditions
should also be identified (subsidence related to tectonic processes is
addressed under section 1.2.2.3.3). Delineation of such areas should take into

: account the various factors influencing geomorphic processes such as relief,
landform morphology, near-surface geology pedology, and resident, biota. Each
relevant geomorphic process identified should be described, including (1) rate2

of activity, (2) frequency of occurrence, and (3) specific controlling
mechanisms or factors.,

I 1.2.2.3 Seismic and Tectonic Hazards

The level of understanding of seismic and tectonic processes to be achieved
should be commensurate with the influence these processes have on the
determination that there ,is reasonable assurance that the. remedial . action .will
comply with 40;CFR~192.i . - , .

. ., ,
,

1.2.2.3.1 Vibratory Ground Motion .

The staff considers the derivation of the maximum credible earthquake (MCE) and
the resulting ground motion at the site to be acceptable if the processes and
procedures in this section are followed. This does not mean, however, that NRC
will exclude from consideration other methods and approaches to seismic hazard
analysis that can be demonstrated by DOE to adequately address the requirements
of 40 CFR 192.

1.2.2.3.1.1 Basic Information and Investigations Required

The required information and investigations provide an adequate basis for
selection of the maximum credible earthquake (MCE), as defined in 10 CFR 40,
App. A, Criterion 4(e), and determination of the resulting vibratory ground
motion at the site. The size of the region to be investigated and the type of
data pertinent _ to the investigations should be guided by the requirements of
section 1.2.2.3.1.2. Data should be obtained by standard photogeologic
analysis and field reconnaissance of the study area and from review of the
pertinent literature. Investigative activities and technical information
relating to the site should include the following:

(1) Determination of the structural geologic conditions at the site and the
region surrounding the site, including its tectonic history;

_ _. _ _ _ . _ _ _ _ _ _ _ . .
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(2) Identification and description of tectonic structures, particularly faults,
underlying the site and the region surrounding the site, whether buried or
exposed at the surface. (As used in this document, the terms " tectonic
structure" and " fault" have the same meanings as defined in 10 CFR 100, App. A
JII (1) and (e), respectively.)

(3) Listing of all recorded earthquakes that have occurred in the tectonic
province (as defined in 10 CFR 100, App. A III(h)) or provinces that would be
expected to influence the local seismicity. This listing shoufd include the
date of occurrence of the earthquake, its magnitude, and the location of the
epicenter. Since earthquakes have been reported in terms of varicus 'rameters
such as intensity at a given location, and effect on ground, stru tures and
people at a specific location, some of these data may have to be estimated by
use of appropriate empirical relationships;

(4) Identification of epicenters or locations of highest intensity of
historically reported earthquakes, where possible, with tectonic structures.
Epicenters or locations of' highest intensity which cannot be ' ritasonably.'-

-

identified with tectonic structures shall'*be identified with tectonic
provinces.

1.2.2.3.1.2 Determination of Seismic Hazard Parameters

Selection of the maximum credible earthquake (MCE) and of the resulting ground
motion at a site should incorporate the following steps:

Step (1), Determination of the Maximum Peak Horizontal Acceleration for
Earthquakes Unassociated with Known Structures. For those earthquakes not
associated with a known tectonic structure, the largest event that has occurred
in each of the tectonic provinces that would be expected to influence the
seismicity of the site should be identified. For each of these earthquakes,
the peak horizontal acceleration at the site should be determined by using an
accepted state-of-the-art attenuation relationship between earthquake magnitude
and distance. Joyner and Boore, 1981, Campbell,1982, and Nutt11, 1983, in
Bernreuter et al.,1984, are examples of acceptable relationships. In applying
these relationships, site-to-epicenter distances for each earthquake should be
set equal to the larger of two values: (a) 10 km, or, (b) the closest actual
distance of a given province from the site. The acceleration value adopted
should be the mean-value plus one-standard-deviation (i.e., 84th percentile
value).

The maximum peak-horizontal bedrock-acceleration value derived through this
exercise should be compared with the projected maximum practical design-
acceleration for the tailings embankment. If the latter is greater than the

_ _ _ _ _ . _ _ . _ - . _ . _
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former, the viability of stabilizing the pile at the given site should be
appraised before proceeding to steps (2), (3) and (4).

Step (2), Determination of Area for Fault Investigation and Identification of
Faults to be Investigated. By reference to Figure 1 (derived from
relationships of Joyner and Boore, 1981, and Bonilla et al., 1984.), which
presents a family of curves relating fault lengths to closest fault-to-site
distances for different accelerations, a determination should be ,made of where
the curve for the maximum peak horizontal acceleration value obtained in Step 1,

intersects the log fault length value of 2.4. For all faults within this area,
the fault length and distance to the site should be noted. With th's
information, it should be determined whether a point for a fault, plotted on-
Figure 1, lies above or below the acceleration curve corresponding to the
maximum peak horizontal bedrock acceleration value obtained in Step 1. For
points that fall above the curve, no further investigation is necessary. For
points that lie below the curve, the maximum earthquake magnitude that can be
associated with a pa'rticular fault should be determined ,using a relationship

- 'between the . length' of the ' fault; and the size of the earthquake *it . could -
.

generate (assuming that the fault 'is seismogenic). Acceptable state-of-the-art.

relationships, such'as those of Bonilla et al.,1984, or Slemmons et al.,1982
should be used. Ground motion should be attenuated to the site using the

, attenuation relationships described in Step'(1).

Step (3), Identification of Capable Faults. For faults whose ground motion
exceeds, as determined in Step (2), exceeds the maximum peak-horizontal
acceleration determined in Step (1), a determination should be made of whether
they are to be considered as capable faults. As used in this document, the
term " capable fault" has the same meaning as defined in 10 CFR 100, Appendix A
III(g). The DOE should evaluate whether or not a fault is a capable fault with
respect to the characteristics outlined in paragraphs III(g)(1), (2), and (3)
by conducting a reasonable investigation using suitable geologic and
geophysical techniques (such as those outlined by Slemmons, 1977). The
viability of stabilizing the pile at the given site, and the need to proceed
with Steps (3) and (4), should be appraised when at any point in this process a
capable fault is identified that would produce ground motion at the site in
exceedance of the projected maximum practical design acceleration for the

j embankment.
I

Step (4), Designation of the Maximum Credible Earthquake. From among all the
earthquakes associated with capable faults, as derived in Steps (2) and (3),
and the earthquakes identified in Step (1), the event that yields the maximum

,
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peak horizontal bedrock acceleration at the site should be designated as the
maximum Credible earthquake (MCE).

1.2.2.3.2 Surface Faulting (Ground Rupture)

As used in this document, " surface faulting" refers to differential ground
displacement at or near the surface caused by tectonism. It is distinct from
non-tectonic types of ground disruptions such as landslides, fissures and
craters, features. Fault investigations related to this issue should be
directed at providing reasonable assurance that no capable faults are present
within 3,000 feet of the embankment. Such investigations can be logically
integrated with those undertaken to assess the hazards to the site from
vibratory ground motion (section 1.2.2.3.1).

1.2.2.3.3 Other Tectonic Hazards
/

Investigations of other tectonic phenomena that could affect site stability
.

.shoult be an integral part' of.the overall tectonic hazard assessment. Two main.
~

items fall under this categoryi

(1) Volcanic activity; and

(2) Actual or potential surface or subsurface subsidence, uplift or collapse
associated with regional or local tectonic deformationa'. zones.

1.2.3 Review Procedures

The scope of UMTRCA document reviews by NRC is partly dependent on the stage of
development of the report being reviewed.

1.2.3.1 Early Identification of Issues

Review of initial draft versions of Remedial Action Plans are primarily,

| intended to evaluate the documents' completeness in relation to the review
elements previously described, and to identify technical issues that should be
addressed in later versions. The review will assess whether all

I geologic-seismologic representations and interpretations are based on adequate
|

information.

| 1.2.3.2 Review of Remedial Action Plans

The Remedial Action Plans should contain sufficient information to allow the
reviewer to make an independent assesment of the document's conclusions, i.e.,

the reviewer should be led in a logical manner from the data and premises given

!

- . .- . . .
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to the conclusions that are reached without having to make an extensive
independent literature search. Controversial information should not be ignored
so as to enhance a particular position. The geologic terminology used should -

conform to standard reference works. Questions and comments transmitted to the
DOE as a result of the staff review will identify issues that have not been'

addressed, or adequately documented by DOE, areas where staff interpretations
differ from those of DOE, and issues that have not been sufficiently documented
to permit the staff to concur with the conclusions reached by DOE.

.

Later reviews will concentrate increasingly more on evaluating DOE's responses
to the initial round of questions and comments presented by the staff.
Additional questions and comments for submittal to DOE are developed in regard
to data or issues that have become apparent since the initial review or those
that develop from the additional information provided in responses. Questions
may arise from the reviewers discovery of references not cited in the documents
which indicate conclusions or information that s'upports alternatives to those
presented by DOE. Whe~n insufficient information is provided by DOE to support
.its interpretation.s and conclusions, and .other reasonable or . adequate-

.,

~ '
alternative interpretatio~ns are indicate'd, the staff will request additional, *

investigations or sensitivity studies. All through this process, the staff
provides its review input to the Technical Evaluation Memorandum.

'
,
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