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MORRISON-KNUDSEN ENGINEERS, INC.

A NORRISON KNUDSEN COMPANY

HEADQUARTERS OFFICE

180 HOWARD STREET

SAN FRANCISCO. CALIFORNIA US A 94105

TELEX (WU 677058 (1TT) 470040 (RCA) 278362 (WUD) 34376
PHONE (415) 442 7300

Mr. John D'Antonio

Department of Energy

Uranium Mi11 Tailings Project Office
c¢/o Jacobs Engineering Group, Inc.
5301, Central Ave N.E., Suite 1700
Albuquerque, New Mexico 87108

Subject: UMTRA PROJECT: Review Comments 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
198? meet;sg of the DOE, NRC, TAC and RAC at NRC Headquarters in Silver
Springs, MD.

].

For the "Draft Standard Review Plan (SRP) for Geologic - Seismologic
Reviews of UMTRAP Documents prepared by the NRC", I have included
my review comments in separate sheets instead of on the body of the
SRP. I have confined my comments 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.

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).

¢) 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.

(1)

(i1)

Develop unified accepted terminology/definition of all key terms
used.

Level of field and office efforts considered adequate for each
UMTRA site.

8508020016 850716
PDR _WASTE

WM-39

PDR



Mr. John D'Antonio 4005-GEN-L-01-00720-00
16 July 1985 Page 2

(i1i1) Design 1ife of UMTRA facilities, 200 or 1000 years
(interpretation of 40 CFR Part 192).

(iv) Selection of acceleration attenuation function.

(v) Acceptable Tevel 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,
. sén“fw
Technical Review Engineer

NGB:afp

cc: Mike Blackford/Benard Jagannath, NRC
Ron Rager, TAC
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TO: e
== Nuclear Regulatory Commission Morrison-Knudsen Engineers, Inc.

Waste Management Group 180 Howard Street

7915 Eastern Avenue San Francisco, CA 94105

Silver Springs, MD 20615

A L g "),.{'l 4 \n(‘ i’()"vlu ing t "\
CHECK THE APPROPRIAYTE SPACE BELOW

l. Messenger Service (Local)

2. Courier Service (Overseas Service (1 to 2 days)

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

Engineer or above,.

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

5. United Parcel Service
(Stateside only) (Bulk items of 50 pounds or less per box which
usely takes 3 to 5 days depending on destination)

6. U.S. Mail

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

B. Priority Mail

(Takes 2 to 3 days)

C. Pouch Mail

(Takes 2 to 3 days)
D. Bulk Mail

(Takes 1 to 2 weeks)

ecord File

FROM: Karen Bullocks - UMTRA
(Name - Department
Charge # Y U9

Insurance Yes

Date: 1(‘ \]Ulj 1‘]&.!)
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These standards are established !0
satisly the purposes of the Actto ™. . .
stabilize and control . . . tailings in &
sale and environmentally sound manner
and to minimize or eliminate %@gjqp b
bealth bazards to the public li eAct ‘- Nofe
does not provide specific criteria to T b -
used in determining that these purposes CTite7ia
have been satisfied. We have therefore
made it our objective to establish < —
standards that take account of the
tradeofis between costs and benefits in
s 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
nuo::S;le in terms of overall costs and

The Ac ¥ ofees ’ﬁf*//’rc./.oe Speer?
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berefits]We have been especially
cognifant of the need to differentiate - ANt SO o fitvermaie har crddd €€

what would be desirable from what we /

believe to be necessary to achieve the Fesivadle domm What we believe Frlaa Necuna
purposes of the Act.
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The

final standards provide for 15y
1) Tontrol systems for tailings piles—

Control and stabilization which will

ensure, to the extent reasonably

achievable, an effective life of 1000 a o 2

years, and in any case, for at least 200 z € CApesd L/' celba ooy’ Lo

years

SummaRy COMPARISON OF PROPOSED AND FINAL STANDARDS

Proposed

A
Noan 0 yoors <3 zizl/j‘n L’f/C.
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“The
Committee does not want to visit this
probl;mllgain with additional aid. The
remedial action must be done right the a— 7% < efre ‘ '
first time."” (H.R. Rep. No. 1480, 85th //fe’ Temesk a[ -~ g T be dme
Cong., 2nd Sess., Pt. L p. 17, and PL I1. p. Tich +— e 7" vif feme
40 (1978).) -
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> ;7; of control is particularly important. This

l 4 e s
wfe——==== ntegrity depends upon man and his

F?’?"n
fere S5 L Public Comments

93 Sections B and C, below) to make the Knn'r(

The Act gives other agencies of the
Federal Covernment the responsibility

to decide how to satisfy these standards
8! specific sites

“ The longevity (i.e., long-term integrity)
;7 P
is affected by the potential for letenhal Scurcs 7 l‘y"' de
disruption by man: by the probability of '
occurrence of such natural phenomena ff' lrg devwe wdecridn ,
as earthquakes, floods, windstorms, and v - /

glaciers; and by chemical and
mechanical processes In the piles.

Methods to prevent misuse by man
and disruption by natural phenomena
"9 may be divided into those whose

inst:tutions (“active” controls) and those

that do not (“passive” controls). L - o

Examples of active controls are fences. < Eyaule, /¥ Aehve Zonbrol
warming signs, restrictions on land use, /

and inspection and repair of semi-

permanent tailings covers, tempor

dikes, and drainage courses. Examples . : ‘

of passive controls are thick earthen -}E)‘ Buspida ¢ famive édmirel,
covers, rock covers, massive earth and

rock dikes, burial below grade, and

moving piles out of locations highly

subject to erosion, such as unstable river

banks.

1I1. Resolution of Major Issues Raised in
S A. The Basis for the Standords

3. Cost-Benefit Analysis. Commenters
expressed the view that the cost of
/ implementing the proposed standards
will be high compared to the benefits,
that we failed to carry cu! a cost-benefit
analysis for these standards, or that we
did not adequately consider alternatives
to the standards propoud.

Ba—sed on Lh:se ;nal.ysu. we have
made a number of changes (described in

standards more cost-effective and easier w— Sio. 4, ¥ A

to implement. ' . 3 ol
One notable conclusion from our 7"7”"-%'-4-7"

analysis is that providing tailings piles

with thick, durable covers costs

surprisingly little more than applying

minimal coverr *at will require

maintenance ¢ - ‘ast a much shorter-

time. This cor~'. vion follows from the

large start-up expenditures related to

managing the remed.al program and

undertaking any significant level of

remedial work at mill sites. Thick covers —=— 7;vcu fevivs Crfty aveatl, miveese) bere L de

offer greatly increased benefits from ‘ ' Y i

inhibiting misuse, controlling radon

emissions, and increased longevity of

the covers’ effectiveness. For example,

Cosveefeehve & earivw o
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we estimate that the final control
standard provides about ten times
greoter overall benefits than the lowest
cost alternative standard, for only about
25 percen! greater cost Therefore, given
that tailings piles will be stabilized
under any of the alternatives we
considered, we find it cost-effective 1o
stabilize them well

Benefits: We estimate benefits under
the assumption, when appropriate, that
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,
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. Those few piles that are
susceptible 10 flood damage will be

giotecied for i least 200 years, and g

— e T
gl palgurTer ru_@mugefgr tru.ds'
nger

-

B. The Standards for Control of Tailings
Piles

1. Longevity of the Control.

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 tailings that have a
good expectation of lasting at least for
periods of 1000 years. We recognize that
it may not always be practical, however,
to project such performance with a high
degree of certainty, because of limited
engineering experience with such long
{ime neriods. .

,  Section 104 of the Act requires the
Federa! Government to acquire and
retain control of these tailings disposal

| sites under licenses issued by the
%mlznﬁtmnorx,cpmgﬂw@LNBﬁL

[he NRC is authorized to require
performance of any maintenance,
monitoring. and emergency measures
that are needed to protect public health
and safety.

In the final standards we have
modified the requirement for longevity
of control so as to assure that it is
practical for agencies to certify that the
standards are implemented in all cases.

The proposed s*andard required a
longevity of controi of at least 2000

standard requires that
control measures be carried outina
manner that provides reasonable
assurance that they will last, to the
exlent reasonably schievable, up to 1000
years and. in any case,
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(We estimate up to 50 <— Cshpated addilyinel -ex/éerv,c Fe
ruwion dollars might be unnecessarily ) .
f Y spent to move piles under the proposed Lorure efleéns [CVO - :{'5181—\ /,ﬁ;
: requirement for a longevity of at least ty v,
1000 years.) The change does not si Ky Py ¢ /la-
that there are circumstances udﬂw i iom ftavs
which the term of protection
contemplated by the proposed
standards is not appropriste. The,
g:!]nn _merely acknowledges that

plementing agencies may in some

Cases have ?i"ggully certilying that
€ontrol measures legpgp opriste
Can reasonably be expecied to endure -
without degradation for 1000 years.
Man’s ability to predict ihe Tilure Ts
notoriously ﬁmnod. That fact, which on
the one hand warrants our making
responsible societal efforts to limit risk

f i Iso .
reiraining Irom sctions ol s o4t Atk by off Shats p'eat
me? A werven /e

merely in the name of necessanly

artificial levels ol slatistical certainty.

e e~ -
/ £0) A. Guidance for Implementation
~ We are therefore providing

*¥%  fBeooo muSless o e .
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&“!h_xpenuw ich may 1
uncertainty or confusion as to what
level of profection the sta

Intended to achieve.
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me:urfry be based on aitn'gdﬂc
analyses of the properties of sites,
candidatz control systems, and the
potential effects of natura) processes
over time, and. therefore, the measures
required o satisfy the standard will
vary from site to site. We expect that
Computational models, theories, and
expert ll_»dmcmwmbolbomjorlooh /

in deciding that o proro..d trol
mns:’l adequately utu‘;;nun
nda
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B. Supplemental Standards

The varied conditions at the
designated sites and limited experience
with remedial actions make it
appropriate that EPA allow adjustment
Qf the standards where circumstances
require. We believe that, in most cases.
our final standards are udcqunc'].ya
Erolocﬂvc and can be implemented at
teesonable cost. However. the
standards could be too strict in
#pplications. We uﬁdpuﬁ%

“tircumstances 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

roposed procedure was unnecessarily
ensome to apply.

In the final regulations we have
eliminated thie procedure and replaced
it with a simplified
applying “supplemental standards.”

is Is ﬁ’ t%:n're,qﬂemve : “
accomplishing our origina! purpage.
sdditional | .Tﬁmiéi_n“t!‘chmc in the
proposed criteria for exceptions is the
addition of criterion 182.21(c). which
relaxes the requirement for cleanup of
land at off-site locations when residual
radioactive materials are not clearly
bazardous and cleanup costs are
unreasonably high. This category of
contamination was not adequately
addressed in the
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SELECTION OF DESIGN EARTHQUAKE PARAMETERS FOR CRITICAL STRUCTURES

FOR CRITICAL STRUCTURES

\

/e

|
|Peak acceleration of
Maximum Credible
Earthquake (MCE)/Seis-
mic Safety Evaluation

T
|Recommended Peak Acceleration
of Seismic Engineering Design
Earthquake

T

Comments & References

Earthquake g
T
0.50g ~ 0.60 0.10g ~ 0.1 According to Seed (Ref. 14,
(Use for liquefaction |(Use for pseudo-static p.59): ". . . Both theory
analysis) analysis) and experience show that this

is perfectly reasonable
procedure.”

1.0g%

0.30g ~0.60g (For the b
design of earth structures)
|10.18 ~ 0.35g (For the design
=of steel structures)

bSpecified by Newmark
and Hall (1973) (Ref. 15)

a. Specified by Page R.A et. al., US&GS (1972, Ref. 17).

g

4005-GEN-R-01-00616-00




DESIGN CRITERIA FOR THE PSEUDO-STATIC ANALYSIS OF EMBANKMENTS
[After Seed (1979), Ref. 16, p. 236]

| 1
|

Earthquake Magnitude | Design Criteria Comments & References

|
}
6-1/2 FS = 1.15 la) Applicable for embank-
for Seismic Coefficient = 0.1 |ments constructed of soils

Iwhich do not build up large
8-1/4 IFS = 1.15 |pore pressures due to earth-
|for Seismic Coefficient = 0.15 |quake shaking nor show more
|than 15% strength loss
:(usua1ly).

-17 - 4005-GEN-R-01-00616-00
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AT TACHMENT- D

A Note on the Seismic Coefficient Method of Design of Dams in Japan

In the so-called sefsmic coefficient method of dam design, the weight
of the dam body itself and a part of reservoir water determined 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
sefsmic coefficieng; selected for dam design are at present determined
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 Committee 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. :
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TABLE B-1 - DESIGMN SEISMIC COEFFICIENTS FOR DAMS IN JAPAN*

(Ref. 18, p. 21)

-

I Part of Tohoku region; Kanto Hokkaido region; Hokuriku regions
Iregion; Chubu region; Kinki |Other part of Tohoku region;

Type of Dam region; Southern Shikoku regfon Chugoku region; Northern Shikoku
T region: Kyushu region

Concrete Dams k=012~ 0.20 k = 0.10~ 0.15

and Rock-Fill '

|Dams |

1 [l

=Earth Dams : K=0.15~ 0.25 ' k = 0.12~ 0.20
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' PRELIMINARY DRAFT
re™
SITE CHARACTERIZATION - GEOTECHNICAL att froee Eost
s Al L
1.0 wmooucTion geritls <t rervdd iy %
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The purpose of geotechnical site charaterizations ‘for UMTRA sites is to
define the physical conditions of the existihg tailings piles, foundation soils
and proposed borrow sources. These condition include the é ratigraphy and phys-
fcal properties of individual materials osing the &tratignphic units.
Stratigraphy is determined by visually loggin reholes and'by-static-cone pen-
“etrationvtests. MaterialX properties are determined by laboratory testing and
field tests. Ground water site characterization, which is closely related to
geotechnical site characterization is presented in another position paper.
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Several of the UMTIRA sites have geotechnical site characterization data

- available from previous studies. This data varies in type, quality and quantity

and must be assessed for appropriateness on an individual site basis. This data

may finclude 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-
/ \ylb]g will be made at each site and the generic site characterization program

2.0  ARCHIVED DATA

will be appropriately modified at that point,

> 7 4[‘ 0 o f n' bas)
ks M‘ & 0(4 (=] Qﬂa{ av d ‘
2 o 0/5 ﬁ‘miz e "he w©ar 07' I 5/( '

ek ar S:'t‘e
‘ dets < /ww%-vc

: 9. ﬁ’ all the cwa lelle ‘

C";’t{ﬂ/l(qﬁk'h € erts N

e of l’.Vs he /‘PYM J} Cerle ceeeel /"'Mdﬁ-
collecteed Cunel  Covy!

vts mhrdd lem taen [ocatrom 7—n¢:p !/)rwvnj‘
S uch 7770 . (Cu?l.ndc

S.};r'u!(/ /ét

- fen vepert _ : d
, : 4 “hewy X ,7 aa

{) : i< /Iﬁ‘—"} h"’.'j‘ W { iy o S

Qll c’\:f-’cvc'ﬁﬁ” WTTIC /;,-fae‘w‘f"d 1

; poy vy Chas ol 1 /Dl'm/D/C
e A s 3 ‘:5 ad dat /J‘K;u(a%'m, ete)

nafrem  an cto |7
Stounde~nd Hewvia
/iwp olara ﬂumwm-y oy
> eUeeft
7R R ’ (Aqoﬂvlz, £M‘:7 Cne ’b)
IMRE'S UMTRE TESO : ) | L

: / be

C latt cuca veolvie rem J} ovoilable oata M/ f/we f""
i addihon al

TAC +v oleve e, Cest e#eeﬁ'vc :
2 Couted Ebe wreol [ath Advanfape 5} LAC

S/ -/c';# resu

[ Rawge, Meam velue, R

(4

C#‘u'on* aw el aa(cz,u«fc
e)f/é'/trah'l), /'-77171&4“- ¥ 4 J# alse

(LW Z/%M'mﬂ ouulju's.




» 7ne favclavef [enehuanon Teay proceFuzes Shevtd ée C.(oxcff D‘c'!o-er;
? lonew lealgeable Geoteed, eng/meers + Ghen Cazrc(u:&,éw rmes The SPT
Hato coutd be Very mislea ny due Variews errovs Confarired v Hana

3.0 STABILIZATION IN PLACE SITES é)
.9’ no# f-ﬂ‘o ASTM
3.1 FIELD STUDIES Stamdard fov O fome tumeter ¢

The nature and material properties of/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

Sc sherec yes Getermined in order to assess the longiterm stability of the pile. A se-

— ries of (piezocone penetration tests /(ASTM D3441)) are performed at a densi-

@ A5Tr Staccde™ 4. of one (1) per acre to cover aiTings pile. Each test will

j‘m [reroeme 1 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

Tocating 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 capacity
haracteristics, and 4) determine the ground water level, _

Shelby fibe wal Shewtd netafy fhe i walled™
fe _Criteria Sothat vhe Aauwple, are wmaisturied;

Based upon interpretation/of the stratigraphy , selected borings will

located and conducted to/obtain undisturbed samples for laboratory test-

ng. Approximately one (1) boring will be required for every 4 acres. At

“Jeast two (2) Ghelby tube” samples and numerous standard penetration test

A+rthat  _ W(SPT) samples w ‘obtained form each boring) In the event the soils

inmdervaty 2 prove too stiff to obtain Shelby tube samples, split barrel samples will

e
/' meed k')‘-nyg
at' elser S ¢.c|"n5;
: Soit ABlimmy
enfey ety
Material VA ¢

e

ye be obtained instead. The Shelby tube and split barrel samples will pro-
¥ Shattew opKs yide yndisturbed sampies for laboratory testing while the standard penetra-
dhe wibercals tion tests will provide a correlative basis for interpretation of the data
Chewget not execed/ With other published or unpublished data and unl_ﬁbg_u;ed_ipjimluﬂ
P e analysis. [Ground water levels at the time of drilling will be determined

ut no piezometers will be installed. “These borings will extend a minimum
of 20 feet below the tailings-natural sofl 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.

I The se1] ©

cé«_«,e aud benpnite On small piles, the piezocone data will not be required and borings,
- NL . sc conducted on a similar grid as described will be substituted.

An'llimg mud, Test pits will be excavated on the pile to obtain representative
the watevy Aeve/ sand, sand-slime and slime tailings samples for laboratory testing. This
Un The hote maYy data will be used for determining the remolded geotechnical properties of

»ot "f/“" She tuie fill soils. Be
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pift”
Laboratory testing of undisturbed and SPT sampleiﬁor correlative ma-
terial properties will be conducted (see Attachment ) A). In addition,
strength (triaxial compression) compressibility (one-dimensional consolida-
tion), permeability, capillary moisture”and other tests will be conducted
on the undisturbed soil samples. The results of this testing will be -
related to the piezocone data, /A relationship will be developed between
/tbe field data and the tested properties which will ultimately reduce the
-_need for laboratory strength testing, T
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4.0 RELOCATED SITES (INCLUDING STABILIZATION ON SITE)

4.1 FIELD STUDIES

ngZ -Sp“"”‘f’ 7

4.1.1 Disposal area
.,fﬁ°n~ds e T i, In order tp.«éermine the foundation soil and/or bedrock char-
Cpaesn NS f acteristics at (the disposal sites, a series of borings will be re-
& “”;chz/r_, quired. The (density of borings will be approximately one (1)
Qloe 4he Feepert y boring for every 3 acres. A sufficient area will be covered to al-
Critiind Seepnmn ./ | Jow repositioning of the pile within the general area. Shelby
SR t,ubef‘.Z—_l)Q fnch diameter split barrel and standard penetration

/

I test (SPT)> samples will be collected to aid in classifying the

e e~ —/soils, correlating data, and for further 1laboratory testing.

: f{thM, ~——{6round water levels at the time of drilling will be determined,

| ot € but no piezometers will be installed. Field packer tests will be
/ It’a{‘ > conducted where applicable in order to determine in-situ permeabil-

fty 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 of the borings may extend as deep as 250 feet if a deep
: soil site s encountered.

4.1.2 Tailings pile

| | sampling, will be conducted for full thickness of the pile at a

S s ——— ‘%’,\Sfu of one (1) test per 4 acres |in order to define the sand-
slime makeup of the pile. Test pits will be required (these may
be combined with the rad waste oroup work) in order to obtain bulk
samples for laboratory testing of remolded material properties.

4.2 LABORATORY TESTING

{ Piezocone penetration tests (ASTM D3441), or borings with SPT

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 s 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-
}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 contractors will be contacted in an effort to ob-
‘tain information on the availability of local borrow sources.

5.2 RADON COVER

5.2.1 Field program

(D Chee +4 ¢ _g,,m,( Following preliminary borrow assessment, a limited number of
., Sadey Tadle . areas w'll be investigated by excavating 8 to 12 test pits at each
G Imsita oemc,ty awy | 8red. ine test pits will be spaced in an effort to define the lim-
“meittuee | ¢, 4.4 | 1ts of suitable borrow material., Both large and small bulk sam-
YelQlishe Shymuase @ | P1€S Will be obtained in order to perform classification and
e AT material properties tests. A field log of each test pit will also
Swedimg fectm ud | pe maintained. ,
be defevmimed; c/se +the meed fbv m e tuve CmbiAom M"Mf G’M/’G‘:ﬁm o
. aqgderrecd - . ¥ . ¥ &)
/“f Tawe close up pheta [} the test pits Ahrh)?m:f Fhe S‘n/lonf)/e éDoE/A/QCI cnnfﬁ'"ﬁ‘:e )
: §.2.2° Labordtory testing may lrice

Vet alnty) e By visual examination of the soil samples and review of test

possile . Lpit Togs, the most suitable borrow area will be selected /and sam-

Y Wi divakts 5 dodiok ples from this area will be subjected to Taboratory tests. If all

L o “/ sites appear equal, the most economical to develope will be used.

< xam/ne atlcast Fuv  Selected samples obtained from the field program will be tested

prespeehive Aeurees . for their mechanical characteristics, strength, compressability,

permiability, capillarity, radon diffusion, and erodability.

* Need + awe Depending on the nature of the borrow source individual or mixed

Ermp avafive s7eiy 77 camples will be tested. In addition, soil amendments may be added
& wa “hH * Cots . to certain soils in order to alter their behavior,

5.3  ROCK ARMORING Qﬁ*ﬂ/’
S MoshH Olesivalle wil//be o use /hf Nap've et/ availalle o Fhe Vien ‘y .

5.3.1 Field program

r 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 eigh : will be con-

ducted at each area. Both large and small |[bulk sampTes will be ob-

~ tained in order to perform classification and material properties
( Ltests. A field log of each test pit will Also be maintained.
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5.3.2 Laboratory Testing ? @

By visual examination of the/soils) obtained from the field
program and a review of the test pit Togs, the most suitable bor-
row area will 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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- JACOBS ENGINEERING GROUP INC, ™

LR
‘S, L ADVANCED SYSTEMS DIVISION, ALBUGUERQUE CPERATIONS *

CONTRACT ASD-34-6703-5-84-0025
EXHISIT A :
REVISION C -
DATED 5/28/85
SCOPE OF WORK

Basic Ordering Agreement for Geotechnical Laboratory Testing

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
(U~TRA) 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 tailings in
place prove impractical.

The iollowing 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). Tne 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 sofl 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 performing any
testing. Tests which may be necessary on each site include, but
are not limited to, the following:

ﬁ'\'vu.u nau‘\’c
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Sieve analysis without hydromzter (ASTM C136) ;

Sieve analysis with hydrometer (ASTM D422) |

Atterberg limits (ASTM D4318) |

Moisture content (ASTM D2216)

Moisture density (ASTM D69B)

Moisture density (ASTM D1557)

Capillary moisture relationships (ASTM D3152 and ASTM D2325)

Specific gravity (ASTM DB854)

Triaxia) permeability (E¥ 1110-2-1906)

Co;stant head permeadbility (Ammy Corp of Enginescrs EM 1110-2-
906)

Fall;gg head permeability (Army Corp of Engineers €M 1110-2-
9

Three point sets Triaxial (R) (Army Corp of Engineers EM
1110-2-1906)

Tnree point sets Triaxial (Q) (Army 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 D1B83) |

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)

Rggregate specific gravity and absorption (A5TM-C127)

Aggregate soundness (ASTM CBB)

Los Angeles abrasfon (ASTM C131 and C535)

Remolding of samples per test sample

Rock crushing in preparation of samples per bulk sample

Other tests that may be requested from time to time include:

\
|
\
|
\
\
\
\

Unconfined compression (ASTM D2166)

Relative density (ASTM D4253 & D4254)

Shrinkage limit

Percent passing No. 200 sieve

Expansion, shrinkage and uplift (ASTM D3877) ‘

Falling head permeability conducted in association with ‘

consolidation tests (per load increment)
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Testing Procedures

General

A1l testing shall be performed in conformance with the latest
edition of the appropriate ASTF Standards or other standard as
indicated by the type of test performed.

Compacting Samples of Cohesive Sofl

Samples of compacted sofl shall be prepared in a split mold
having inside dimensions equal to the dimensions of the de-
sired sample. The mathod 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 & contact area with the soil of less than one-sixth the
area of the mold, The surface of the layer should be thor-
oughly scarified before placing the next layer. Under no cir-
cumstances shall standard impact types of compaction be
acceptable.

The sample shall be prep2-ed according to the AST™M D-693 test
procedure using an appropriate amwunt 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 & known volume or by adjust-
ing the number of tamps 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-
fshed dimensions and removed from the mold, the appropriate
laboratory test may be performed. [Input parameters such as
moisture content at compactien, etc., will be provided by the
TR.

Preparation of compacted granular soils should be performed as
outlined fn the U.S. Army Corp of Engineers' “Laboratory Soil
Testing,” publication EM1110-2-1906.

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 permeability tests
may be required on certain consolidation tests.
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Falling Head Permeability Tests

Testing procedures for falling head permeability tests shall
be conducted according to EM 1110-2-1906. Input paraneters
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.

Constant Head Permeability Tests

Testing procedures for constant Head Permeadility 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 sanples
is expected. Pressure can be applied to achieve saturation,
but shall not exceed an equivalent position head of 15 feet of
water,

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). A1l testing shall be conducted according to
procedures outlined in EM 1110-2-1960. A "B" parameter of
0.97 or higher is expected on 21l 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 fncluded in the test data,
showing the condition of each sample at failure. These should
show @&n external view(s) and @& cross section view of the
sanple.

Capillary Mofsture Relationships

Capillary Moisture relatfonships shall be determined for 2
specific soil sample using a combinatfon of ASTM D3152 and
ASTM D2325 test methods to produce a serfes 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.

Project Schedule

A site specific workplan (Delivery Order) will be sent to the
Subcontractor along with the samples to be tested. A1l analyses
for each phase must be completed within four weeks after receipt
of the samples unless otnerwise specified in the Delivery Order 2s
fssued. For selected specific gravity, moisture density grada-
tion and Atterberg Limits tests a two week completion will be
required.

)
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5. Quality Assurance

g A1l laboratory testing shall be performed by experienced and qual-
ified personnel in conformance with the applicable ASTM test proce-
dures. Any deviation fron these procedures or any analytical pro-
cedures that are not avzilable 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.
These deviations shall be carefully documsnted 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 Tlaboratory must have a Jacobs' approved Quality Assurance
(QA) Program in affect to assure that the data transmitted fis
correct and that the lab tests were run according to the required
standard., The Subcontractor's QA progran shall provide & des-
ignated person as the primary contact person should any Ques-
tions arise as to the reliability of transmitted data.

6. Contract Performance

A1l testing s subject to review and acceptance by Jacobs.
Acceptance or non-acceptance of a deliverable, will be made by the
TR within 14 days after receipt of test data. Tests improperly or
fnadequately performed will be retested &t no cost to Jacobs.

A1l testing must be performed by the Subcontractor. No tests
are to be further subcontracted without prior approval by the
Jacobs CR., 1If different tests are to be run at various laborato-
ry's within the same company, the tests which will be run at each
1ab must be specified on Attachments to Exhibit C, and the rea-
son given for more than one lab. Snipment of samples will orly be
paid by Jacobs to the Subcontractor's laboratory nearest
Albuquerque, New Mexico.

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. Deliverable qJ.'m, Assurance

Results of all analyses shall be submitted on the specified report-
fng forms (Exhibit C) and accompanied by legible copies of all as-
sociated 1laboratory 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
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will be used fn all blank spaces, If some steps or procedures
were not performed as specified by delivery order requirements,
the reasons must be stated on the appropriate reporting form or
submitted as an attachment thereto. A1l laboratory worksheets
shall provide objective evidence that the data has been checked by
qualified personnel other than those performing the tests.

Sanple Storage and Shipment

Any remaining portions of samples shall be retained until direc-
tion for disposa) is received from Jacobs. Boxing and shipping
will be the responsibility of the Subcontractor. Shipping
charges when authorfzed 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 & period of six months, at which time the TR
shall be notified before the samples are disposed of.

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 1s minimized.

Uranium mill tailings are 2 low level hazardous waste.




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 differential
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:

One dimensional consolidation tests on 2all major material types
encountered.

Saturated and unsaturated tests as indicated by field data.
Use of pore pressure decay from piezocone data.
Actual input parameters used in the analysis will vary depending on ac-

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



3.0 ANALYSIS
3.1 MATERIALS AND METHODS

3.1.1  Nonplastic *nils

Nonolasi‘c soils will be ana.yzel uwsing elastic *heory. The
method pre erted in NAVFAC DM7.1-211 and Figure 7 (Attachment A).
The modulus ©f elasticity will be devi:i¢ped using cone penetration
and/or standard penetratior test data., Where possible this value
shal] be checked against the modulus of elasticity developed from
the triaxial compressicn tests. Also, 1if appropriate, one-
dimensionsal consolidation tests will be performed and ‘“onvention-
al consolidation theory will be used to calculate che settlement
using actual strains measured from the test. Settlement of
nonplastic soils will be assumed instantaneous or to occur during
construction,

_ Plastic soils (clay)

Plastic soils will be analyzed using conventiorai consolidat-
ed thecry and laboratory one-dimensional consolidat on tests con-
ducted on undisturbed soils. Where data is lackini or as a check
of the conso'idation test data, consolidation pr¢perties derived
from literature &:d mechanical properties correlations will be
used.

Conventional conso.idation theory is used in conjunction with
the following equation (Lambe and Whitman, 1969):

consolidation settlement (feet)

compression index

height of layer (feet)

initial wid ratio

initial offective stress at midpoint of layer (psf)
change in effective stress at midpoint of layer (psf)
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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

Showtd nof He , When appropriate cracking of the radon cover due to differen-

tial settlement of the underlying soils will be calculated using
methods developed by Lee and Shen (1969) Attachment A. Typically
4 these methods will only be applied at stabilization in place sites
A lors ) effechive - where large localized differential settlements are likely to
- Ness M Fhe Caver occur.

‘( t‘»f/rueq’ f'v‘ (;guf/.h/,/y?
3.2 APPLICATION
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3.2.1 Stabilization in place

Where stabilization in place is being considered the site
stratigraphy will be combined with determined material properties
and a contour 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

B

contour maps will also be prepared.

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.

FINAL CONDITION

The large scale of the tailings embankments, complexity of the subsur-
face stratigraphy within the tailings piles and foundation soils and the
limited data available from which to derive design parameters make the pre-
diction of total and differential settlements inexact at best. In order
to reduce the uncertainty and raise the reliability of long-term stabiliza-
tion, several construction related design features will be required:




+0 Monitoring of embarkment settlement for completion prior to place-
.54 ment of a majority of the radon cover material. This will lessen
the chance of cover cracking due to sharp differential settlement.

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,

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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HORIZONTAL MOVEMENTS RELATED TO SUBSIDENCE

Py Kenneth L.Lee,' A. M. ASCE, and C.K.Shen,' A. M. ASCE

INTRODUCTION

Considerable progress has been made In the techniques of settlement cal-
eulations since Terzagh! Introduced his theory of consolidation to the pro-
fession over 40 yr ago. On present day jobs engineers routinely proceed with

some confidence to predict the amount of total and differential settiements
likely to develop at a particular site. During recent years there has been an
ever Increasing recognition and concern for horizontal movements that are
oftenobserved to develop In conjunction with vertical subsidence, Many struc-
wres are more susceptible to damage from differential horizontal movements
tan from differential settlements, and examples of horizontal movement
peasurements and structural distress due to these movements are being re-
ported In ever increasing numbers. The nature and causes of settlement In-
&sced horizontal movementsare understood ina general way, However, methods
of predicting horizontal movements are still very much in thelr Infancy.

This study was conducted In order to better understand and define some of
e mechanisms by which horizontal movements can accompany subsidence,
sad to Investigate some techniques for predicting the nature and magnitude of
(e total and differential horizontal movements that are likely to develop under
given conditions. Examples of a number of actual cases are briefly reviewed
10 MNustrate the extent and nature of the problem. Analytical methods and ex-
perimental studies wereused to Investigate the basic mechanism of horizontal
movements and to check hypotheses for predicting the magnitude of horizontal
movements likely to develop under particular conditions. The study concludes
«ith an example of the predicted nature, distribution, and magnitude of hori-

Vote.—Discussion open until June 1, 1969, To extend the closing date one month, &
eritten request must be filed with the Execcutive Secretary, ASCE. This paper ls part
of the copyrighted Journal of the Soll Mechanics and Foundations Division, Proceedings
of the American Soclety of Civil Engineers, Vol. 94, No, SM6, January, 1968, Manuseript
oas submitted for review for possible publication on January 25, 1968,

1Agst. Prof. of Engrg., Univ, of Calif., Loe Angeles, Callf,

P Asst. Prof. of Engrg., Univ. of Calll., Davis, Calil.
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gontal movements likely to develop in an earth dam constructed on & com.
pressible foundation.

EXAMPLES OF HORIZONTAL MOVEMENTS

Some of the earliest recognized examples of horizontal movements relate¢
to subsidence were assoclated with mining areas. In some mining operations
the mine tunnels are allowed to collapse after the ore has been removed. Al
though some arching may occur, a considerable amount of total and differentiy
subsidence |s often observed at the ground surface. Furthermore, It has beny
found that horizontal movements inevitably accompany the ground subsidence
When thistype of mining operation 18 employed, structures on the ground sur.
face may be subjected to considerable differential vertical and horizonta
movements. Many structures are more sensitive to horizontal than to vertica!
movements, and mining engineers have made many studies of the nature o
both horizontal and vertical surface movements caused by mining operation
(8, 11, 16, 18, 20, 23, 25, an.e

Another type of serious horizontal movement is related to ground subsidenc
caused by pumping oll, gas or waler {rom underground natural reservoin
The best known and best documented example of this phenomena has occurre
at Long Beach, Calif., which is founded above the Wilmington oil field. Pumpin
has produced 2 gettlement basin encompassing 50 8q miles with settlemeny
at the center of approximately 29 ft. The slope of the subsidence profile t.
ward the center of the basin has been found to be as much as 0.25%. The &
velopment of this basin has been accompanied by horizontal movements u
great as 8 ft and differential horizontal movements oOr surface strainsuy
great as 0.35%. The damage to structu.es in the Long Beach Harbor area re.
sulting {rom the movements assoclated withthis subsidence basin has exceeds
$60,000,000 (1, 18, 39, 40).Several studles of the basic nature of these move.
ments were made by Grant and others. They supgested that the horizony
movements could be explained by assuming that the ground above the ol
bearing sands deformed like a thick plate to conform to the subsidence whic
developed as the oil was removed (12, 13, 14), and other theories have alu
been sugpested (29).

Although Long Beach is perhaps the best known example, subsidence ax
horizontal movements are known to have developed over other oll fields (&
In Los Angeles, the paldwinHillsdam was located on the edge of the subsiden
zone caused by pumping oll from the Inglewood oll field. Scttlement a8 grez
as 91t, and horizontal movements exceeding 2 ft have been measured over U
lifetime of the ofl {ield. The dam was unfavorably situated on the edge ol th
subsidence area where maximum horizontal extension strains were lkelyt
develop. The catastrophic failure of this dam in 1963 was probably relatedt
these movements (17, 21, 22).

An example of a subsidence and horizontal movement problem assoclate
with water pumping has been reported at Houston, Texas where a 30-mile dias
subsidence bowl has developed. The maximum settlement is reportedto be abo.
3.5 It andabsolute horizontal movements as muchas 16 in. have been measurd
(7,26).

Thore are numerous other areas In the world where pumping has Caus

T Numerals in parentheses refer to corresponding (tems in Appendix {.~Reference,

mi

HORIZONTAL MOVEMENTS i1

prge settlements such as at Lake Maracibo, Venezuela; Mexico City, (5, 27,
@); Tokyo (30); and California’s Central and Santa Clara valleys (34, 36).
However, horizontal movements at these areas have not been reported, pos-
sibly because they are relatively small or occur in areas where the buildings
sad other structures are relatively {lexible, and therefore horizontal move-
pents have not been measured or observed. However, the examples of cased
ehere horizontal movements are known to occur illustrate the serious con-
sequences of this type of deformation.

Another example of horizontal and vertical movements occurred where a
hrge {ndustrial plant in Northern Dritish Columbia was founded on 30 ft of
pll overlying 2 100-ft layer of gravel which inturn rested on a layer of deep
compressible clay. The maximum settlement was about 4-1/2 ft and the re-
wlting slope of the subsidence bow]l was as much as 0.5%. However, the most
serious damage to some of the industrial bulldings was due to horizontal move-
gents which in some areas caused bulldings which were 1000 [t long to shorten
 much as 8 in. This net movement was made up of stretching in some sec-
pons and compresaion In others (15).

Davis and Taylor (6) have also examined the problem of horizontal move-
."‘.n which may develop as a result of placing large fills on compressible
wlls.

1t has been known for some time that horizontal movements may cause
eracks to develop In earth dams as the fi1] settles (34, 38). Many examples
ure been reported which illustrate the widespread nature of this problem
10, 28, 32, 33, 35, 41). The settlement may be due to an underlying compres-
sible foundation or partial collapse of the embankment soll upon wetting when
ae reservolr is filled. In most cases where observations have been made it
wsbeen found that differential vertical settlements along the crest of the dam
eere sccompanied by horizontal movements directed toward the zone of max-
1oum settlement. These horizontal movements create a favorable situation for
qeformation of transverse tension cracks near the abutments, and many such
esamples have been reported.

Cappleman (2) desc ribes stil? another closely related problem. Horlizontal
sovements due to differential settlement of earth dams on compressible
pundations have lead to a number of conduit failures in which the joints have
peen pulled completely open,

A study of the avallable data regarding examples of ground movements
sgrests that there are two fundamental factors which are important in the
grobiem of horizontal movements related to ground subsidence:

'1‘. The seat of settlement must be located at some depth below the ground
wmriace. '

1. There must be differential vertical movement with the gross pattern
o settiement approximating & subsidence bowl or subsidence trough in which

ae seitlements Increase from zero at the outer edges to & maximum at the
qenler.

poth of these features appear to have been present in cv.ery cne-l: ;M’ch
writontal movements were observed In subsiding areas.

fellensman (37), Grant (1, 13, 18), and others have observed certain cor-
relitions between the horizontal movements and other features of subsiding
sreas. The correlations, along with the two factors mentioned are (llustrated
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Ripley, and Lee (15) found 2 reasonably good correlation between observed
movements and those predicted by Eq. 1 using A = H, the thickness of the
upper stilf gravel layer.

The assumptions of the simplified beam {heory which lead to Eq. 1 neglect
the effect of shearing siresses, andthese may be importantespecially for beams
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
would remainvertical, and the horizontal movement at point A would = 0. Thus
the inclusion of a shear stress would lead to a computed value for horizontal
movement somewhat less than given by Eq. 1. In addition, for most real nolly
the modulus of deformation increases with confining pressure, and will there.
fore Increase with depth below the surface.

The addition of these factors (o the analysis will in effect raise the neutral
axis and result in computed horizontal movements scmewhat less than glves
by Eq. 1 for A = H, the thickness of the upper siiff stratum. Although it may
be difficult to azcount for these two factors by a precise analytical method,

mehe

Nectral oxis

FIG. 2.—BEAM ANALOGY OF HORIZONTAL MOVEMENTS

it seems reasonable to expect that a more realistic expression for the hori.
gontal movement of a surface point A shown In Fig. 1 would be

”-.".'.0.0......ll..".l'..l'..ll.I.'..'.I-I(:‘

in which » = a factor to correct Eq. 1 for the effect of shear and a variabile
modulus. For the ideal assumptions of the simple beam theory and constan
modulus b = 1.0 and for pure shear k = 0. These probably represent extreme
limiting values so that for any particular case k would lay somewhere Inbetween
possibly closer to 1.0 than to 0.

Although Eq. 2 may be considered as only an empirical expression, never.
theless, its use with any reasonable value of k between zero and one will lead
to predicted values of horizontal movements of the same general form as thow
illustrated in Fig. 1. Therefore, provided that the settlement profile can b
predicted with some confidence, Eq. 2 could be useful In predicting at least th
nature of horizontal movements likely to develop at a particular site,

M1 HORIZONTAL MOVEMENTS
Therefore, it is of interest to Investigate the type of horizontal movements

whichdo develop at subsiding are: . !n order to establish guide lines as to the

rellability of Eq. 2, and to obtaln reasonable values for the factor &.

MODEL STUDIES

To study in some detail the development of horizontal movements due to
subsidence of a relatively stiff layer of moll, tests were concluded using a
model (Fig. 3) consisting of a 93 In. X 24 in. ¥ 8 In. wide beam of granular
soll confined In a wooden box. The bottom of the box was adjustable so that
any desired subsidence profile could be imposed. The object of these model
tests was to induce certain predetermined settlement profiles at the bottom
of the soil beam, and to measure the resulting vertical and horizontal move-
wents developed at the surface, These measured movements were then com-
pared to theoretically predicted values,

FIG. 3.~SCHEMATIC DRAWING OF MODEL TEST APPARATUS

There was some concern that friction between the soll
valls of the box might lead to arching and thus retard the lr::dm::m’;
the soll Inthe beam. To overcome this difficulty thin wooden movable sections
of 1/8-In. thick masonite were placed between the soll and the fixed wooden
¢ides of the box. These thinsections were fixed to the adjustable base sections
of the box 8o that they tiited In direct proportion to the Induced differential
settiement as shown in Fig. 3. Thus, using the movable sides, arching between
thesidesandthe soll was expected to induce excessive horizontal movements
whereas the effectof arching without the movable sides was expected to reoul;
inhorizontal movements which were too small. Therefore, two tests were per
formed for each deformation condition; one with moving .'iden and one 'lt';ne n;
sides. The data from the two tests were averaged In each case, and are be-
heved to be sufficiently accurate for the purpose Intended. s

Dasedonthe summary of previous fleld data shown In Fig.1 it was assumed
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re, the seat of settlement is located at a depth H beloy
::e::l‘rh:n.':n: .t.hon::memcn( profile through the loaded area has the typicy
saucer shape with zero settiement at the outer edges, and a maximum settle.
ment in the center. The horizontal movements and horizontal strains likely
develop at diflerent points along this subsidence profile are also shown. Thew
movement curves are related to each other as follows:

tlemen
1. There Is no horizontal movement at the point of maximum get
nor are there any horizontzl movements at considerable distances beyond ti
subsidence zone,

2. At each location the direction of the horizontal movement s toward iy
point of maximum settilement.

Dete [ smgpwsertin L ove

FIG. 1.~IDEALIZED SURFACE MOVEMENMTS AT A SUBSIDING AREA

ds to the poinm |
3. The point of maximum horizontal movement correspon

steepest slope of the vertical subsidence profile and the horizontal straiag
this point is zero.

‘.P" The horizontal strain over much of the central part of the subsideny
area is compressive, and extension strains develop nearthe outer edge;
the subsidence zone,

5. The point of maximum horizontal strain islocated at the point of steep
slope of the horizontal movement curve,

The shapes and relative positions of the movement curves shown in Fig

M1 HORIZONTAL MOVEMENTS 143

srree with the observed data from a large number of fleld cases, as well as
vith the other theories presented herein.

Note that for the idealized foundation and loading conditions illustrated in
Fig. 1, the point of maximum absolute horizontal movement coinsides roughly
with the edge of the loaded area, and the point of maximum horizontal exten-
sion strain lies somewhat outside of the area of applied surface loading. For
more complicated foundation and loading conditions such as an earth dam in a
rock gorge, etc., the details of horizontal movements may be somewhat altered
from those illustrated in Fig. 1, but the avallable data strongly suggest that
the general pattern of these movements i the same in all cases.

HORIZONTAL MOVEMENT PREDICTIONS

A rumber of attempts have been made to predict on a theoretical or semi-
theoretical basis the magnitudes of horizontal movements likely to develop at
sparticular site (19, 25, 37). The theories developed for mine subsidence have
stressed the importance of the thickness, H, of the upper stiff layer which
does not participate directly in the subsidence, but simply moves down as the
lower layers compress. Grant and his colleagues (1, 13, 18) have also recog-
sized the Importance of the thickness of the upper stiff layer, and have sug-
gested that this material behaves like a thick plate which bends to conform to
the vertical movements necessary to maintatn continuity with the lower layers
30 they compress. In a vertical section through the subsiding area the stiff
wpper layer resembles a continuous beam.

This beam analogy 1s 1llustrated in Fig. 2. Line AB represents a vertical
transverse section in the beam before any subsidence takes place. After some
wbsidence has occurred this line will have moved to a new position A'B’ re-
sulting In some horizontal movement of point A on the surface. According to
one of the fundamental assumptions in the simplified beam theory, plane sec-
tions before bending remain plain after bending, From * 's assumption it fol-
lowsathatfora constant modulus of elasticity, the line A’} should be straight,
theangle, &, shouldbe 90°, and the slope, @, at the surface should be the same

a8 the slope of the neutral axis. The horizontal movement, m, of the point A
on the surface would then be defined by

m = ha o.oc..co-c.ll---too-ooclo'ln.ccl.l.o..l.")

in which h = the depth to the neutral axis, and @ = the slope of the subsidence
profiie at the point,

Inapplying these concepts to the subsidence problem at Long Beach, Gilluly
and Grant (11, 13) proposed that the neutral axis would be In the center of the
stillupper layer, at depth /2 from the surface, This Is the case for a normal
syrmetrical beam of thickness H, and there
form of measured depths to sheared oll well
1lso 2 reasonable approximation for the
eriticized by McCann and Wiits (29) who
depthwould require horizontal moveme
were equal and opposite to the horizo
they reasoned that friction
from occurring. In an anal
site founded on a 100-ft 1a

casings to Indicate that It was
field. However, this assumption was
pointed out that a neutral axis at mid-
nts at the bottom of the stiff layer which
ntal movements observed at the top, and
at the contact zone would probably prevent this
ysis of the horizontal movements at an Industrial
yer of gravel overlying compressible clay, Hardy,
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that symmetrical boundary conditions would lead to a symmetrical distributios
of movements, and that all points on the center line would move vertically
down. On this basis It was decided to model only one-half of a symmetrical
subsidence profile. The maximum vertical subsidence which would really ocewr
in the center of the profile was modeled at one end of the beam as shown i
Fig. 3.

l“l‘-o types of granular soll were used for the model tests; a clean unifors
medium-grained quartz 3and, and expanded styrofoam. The styrofoam wy
in the form of uniform spheres about 1 mm in diam. In a dense condition th
unit weight was only about 17 1b per cu ft. The test resulls reported here wer
obtained with this material because it was easier to handle than the sand, an
also because of its low density it was felt that side [riction elfects would
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Computed Movemenis
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Verteal Subs.dence = nches Monzontol Movement = inches

Distonce From Fined End — inches
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FIG. 4.=TYPICAL MEASURED MOVEMENTS AT THE SURFACE OF MODEL BEAx

minimized. However, a limited number of tests on the quartz sand gave simii
results,

To prepare the model for testing, the soll was placed In thin layers In 0.
wooden box and each layer was vibrated with a pneumatic vibrator until
reached approximately 100% relative density. Small markers were embedd
in the surface of the soil and their positions accurately determined with ny
spect to a fixed reference. The bottom sections of the box were supported o
adjustable screws, and the test was performed i1 a series of stages. At e
stage of the bottom supports were simultaneously lowered a small dma.]
inproportionto its ultimate movement. Aflter the final positions were attaine
the vertical and horizontal positions of the surface markers were again x
curately measured.

To be assured of reasonably accurate measurements, it was necessaryy
use magnitudes of movements somewhat greater than might be expected
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typical field situation. The smallest total vertical subsidence used corresponded
©1in.atthe end of the beam. This represented an average slope over the 93.
. length of about 1.07, and a maximum siope of the subsidence profile of
1.0%.0ther tests were performed using a maximum vertical movement at the
end of the beam of 2 In. and J In. respectively. These were somewhat greater
than the magnitude of differential movements which have been observed to
cause damage to structures (9) or earth dams (24), However, It was felt that
Uconsistant correlations could be made between observed and predicted move-
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wents forseveral cases
gt » the results could be extrapolated back to the smaller
The results of a typical test are shown In Fig. 4.

iadicaled by the magnitude of the difference in sufueemmm::n ol:l: e
Intests conducted with and without movable side plates was small. The i
of the observed surface vertical movements for these two cne.a w.  —
e accuracyof the measurements, almost Identical to the vertical m:.e'"hm
imposed at the bottom. The nature of the horizontal movements (s Idenum:
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that shown in Fig. 1, and, therefore, it was feit that the average movements
from the two tests were sufficiently accurate for comparison with predicted
values. The measured values of horizontal movements are compared with the
movements predicted from Eq. 1 for the case of h = H shown by the dashes
line in Fig. 4. This case corresponds to no-slippage and therefore a neutra)
axis at the bottom of the beam, which might logically be expected to apply for
these tests because of friction between the soll and the wooden bottom of the
box. However, It is clear that Eq. 1 with h = i predicts excessively large
horizontal movements, even compared to the case with moving sides where
arching would lead to excessively large horizontal sur{ace movements,

The average of these test data is reproduced in Fig. 5 along with the averag
horizontal strains determined {rom this data. The nature of the measured day
is similar to that shown in Fig. 1, whichrepresents the form of movement
observed from many f{leld cases.

An attempt was made to fit Eq. 2 with the average values of observed hor.
tzontal movement. As shown In Fig. 5 it wasfound that the observed move.
ments were very closely represented by Eq. 2 using a value of » =2/3, le,

m = ; Ho

oc-0000.0o-n-.too-oo.oo.oonooo.lloolo.o“

THEORETICAL STUDIES BY THE FINITE-ELEMENT METHOD (FEM)

The flinite-element method of analysis is a powerful analytical method ¢
extreme generality which has been applied to a variety of problems in so
mechanics. Clough (3)and Wiison (43) describe the method and its formulatio
for use with high speed digital computers, and an excellent example of its us
for soll mechanics problems has been described by Clough and Woodward (4

The values of soil modulus used In the finite-element analysis were deter.
mined by a series of triaxial tests on the sand used In the model. The soil wa
compacted to 100% relative density corresponding to the dersity to which:
was compacted In (he model beam, and tested at confining pressure rangiy
from S psi to 25 psi. The modulus values, defined as the slope of the initly
tangent to the stress strain curve, were found to be related to the confinin
pressure by

E.m.... .'--ooccococ-o'oo.o.ococo--ncovlooo('

in which E = the modulus value in pounds per square inch and o = the valw
of the confining pressure in pounds per square inch. This relationship I8 sim
flar to those determined for other granular soils and it was assumed that,
relationshipof this same form could also be used to represent the modulus ¢
the styrofoam. The analytical results indicated that the computed horizonty
movements were not particularly sensitive to modulus. Therelore, Eq. 4 v
used to calculate the modulus for various depths below the surface of the mod
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.
increased indirect proportion to the square root of the depth. For most of 1,
studies the value of Poisson's ratio was assumed equal to 0.3, which agre
with measured values from other granular soils,

The boundary conditions used in the FEM studies were as follows: (1) &
points on the bottom surface moved vertically down a prescribed amount !

HORIZONTAL MCVEMENTS
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tonform to the imposed subsidence profile of the test; (2) all points on each
nd were prevented from any horizontal movements, but were {ree to move
sertically; and (3) all points on the surface and In the (aterior were given no
restrictions. No external loads or body forces were applied. The only source
of deformations was the Induced subsidence at the bottom of the beam,

For most of the analyses the beam was divided Into 248 elements each 3 In, %
3in.square. However, analyses performed using twice as many elements gave
results which were the same, Indicating that the computed values of stress,
strain, and displacement were not Influenced by the [inite-element representa-
tion chosen for the analyscs,
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FIG. .~MEASURED AND COMPUTED SURFACE HORIZONTAL MOVEMENTS

The horizontal surface movements and hor!_.ontal strains computed by the
FEM for a maximum 1-in. vertical deflection 3~» shown In Fig. 5. It may be
soled that these movements are remarkably similar to the measured move-
ments, and to those computed by Eq. 3. Similar comparisons for the data from
the tests for 2-in. and 3-in. maximum deflections are shown in Fig. 6. Again
there Is good agreement between the measured values and the two methods of
computation.

EFFECT OF DIFFERENT ELASTIC PROPERTIES

Thegood agreement between the FEM and the experimental data suggested
that the FEM would be useful in investigating other more complicated situa-
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tions. Before doing so, however, it was desirable to determine the effect of
variations in assumed elastic properties on the FEM results. Accordingly, s
number of FEM studies were made for the model beam using the 1-in. maxi.
mum subsidence profile, but with different assumed elastic properties for the
granular soil.

The first step was to perform a number of computer analyses using a con.
stant value of £ throughout the entire beam as well as a number of studies for
a modulus which varied with conlining pressure. A summary of these analyse;
is presented in Fig. 7. Identical movements were computed for all constan
values of modulus. Similarly, identical movements were predicted for al
analyses In which E increases proportionally to the square root of the depth
However, the movements predicted using a constant E were slightly lessthy
those predicted using values of E which increase with depth.
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FIG. 1.—EFFECT OF SOIL MODULUS
The second step was to investigate the eftect of using different values.

Polsson’s ratio in the analysis. The resuits of analyses using three differe

Polsson's ratios are shown in Fig. 8. A summary of the effect on the maxime:
horizontal movements for different values of Poisson’'s ratio and for

methods of specifying modulus is presented in Fig. 9. These data show W]
Poisson’s ratio has only a small effect. The lower values of Polsson’s raly

result In the largest values of hortzontal movement.
Eq. 1 was derived on the basis of a fundamental assumption in the derin
tion of classical beam theory that plane sectors remain plane during bendir.

andthat there was zero movement of the neutral axis. Th~ data obtained fre

the model studies, and confirmed by the FEM analyses in which the bounda-
conditions fixed the neutral axis at the base of the beam, indicated that ¢
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equation should be slightly modified, in favor of an expression such as Eq. 2.
The results of the model study and the FEM analyvsis both suggest that the
constant, k, In Eq. 2 may be of the order of 2/3, and therefore Eq. J presents
amore accurale representation of the horizontal movements which develop «i
the surface of a subsiding layer.

Decause the FEM gives movements at all points within the body, and not
just those at the surface, it was of Interest to use data obtained by this method
1o study the variation of movements along an originally vertical plane section.
The movements along a typlical section computed by various methods are

shown in Fig. 10. The horizontal movement at the bottom of the beam = 0, .

pecause this was the boundary condition employed in both the model studies
andihe finite-element analysis. The analytical results from the FEM of anal-

ysis using either methoc of specilying modulus Indicate that originally plane
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FIG. 8.—EFFECT OF POISSON'S RATIO

sections become slightly curved during the deformation. The angle @ at the

seutral axis does not appear to remain at 90° during bending as |s assumed by

the simple beam theory, Indicating an appreclable influence of ghear on the

resu'ting deformations. However, the data in Fig. 10 indicate that throughout

: ;m: the horizontal movements approximate the linear relation suggested
q. 3.

THREE-DIMENSIONAL PROBLEM

The model beam experiment produced a plane strain deformation condition,
andaplane-strain FEM computer program was used to obtain the comparative
analytical values shown in the previous figures. The computer program con-

- e - .
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nmmdmumm'omuhmnmmu
plane-strain analysis.

owever, many [ield problems are three-dimensional In character. It la,
m"nm..&mummummndnm;mmwuu.

thi a FEM computer program for axisymmetric structures (44) way
M'mmmdmmmmmmmwnum
already considered.
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FIG. 9. —EFFECT OF POISSON'S RATIO ON THE COMPUTED MAXIMUM SURFACE
HORIZONTAL MOVEMENTS

The difference between plane strain and axisymmetric conditions for tv
type of deformations being considered here is shown in Fig. 11. In using th
axisymmetric program it was assumed that the deformed shape of the mode
beam represented one radial section of an axisymmetric subsidence bowl. k
other words, the shape of the deformed vertical section shown in Fig. 110
for the axisymmetric case was made (o be identical to the deformed shape «
the model beam.

The comparisonof the resulting horizontal movements for these two cases

1 HORIZONTAL MOVEMENTS 153

for the same input subsidence profile corresponding to 1 in. maximum deflec-
ton is shown In Fig. 12. The axisymmetric problem leads (o slightly smaller
porizontal movements than determined by plane strain analysis. However, the
#llerence between the movements computed by these two methods s no greater
pan the difference computed by choosing different values of Poisson's ratio
or different distributions of modulus. Most {ield problems will be somewhere
petween the extremes represented by the plane strain and the axisymmetric
cases. It is doubtful that at the present state-of-the-art the inaccuracles that
might be involved inusing either solutions will be of great signiiicance. Errors
ia the choice of the distribution of F, or of Polsson's ratio could lead to as
greatadifference inthe computed horizontal movements as the use of a plane-

Horizontal Movement, m-inches

Vertical movements. e
Scaole greaty d |
exogerated -

£I1G. 10.—~DISTRIRUTION OF THEORETICAL HORIZONTAL MOVEMENTS WITHIN
SUBSIDING SOIL LAYER AT POINT OF STEEPEST SUBSIDENCE PROFILE

strain FEM program to obtain the horizontal movements for a three -dimensional
case. No matter what choice is made for E, u, or type of deformation the cor-
rect nature of movements will be computed, and the values of these computed
movements will be of the right order of magnitude. Furthermore, the simple
semi-empirical Eq. 3 will also give a good [irst approximation to both the
sature and magnitudes of horizontal movements likely to develop.

In all of these methods the most important factors required are the thick-
sess of the stiff material above the zone of compression, and the vertical
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i
(a) Plane Stroin (b) Axisymmetric

FIG. 11.—=PLANE STRAIN AND AXISYMMETRIC DE FORMATIONS
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FIG. 12.-EFFECT OF THREE DIMENSIONAL DEFORMATIONS ON THEORETICAL
HORIZONTAL MOVEMENTS
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subsidence profile. Compared (o these two factors, all other reflinemenis are
of secondary importance.

DAM ON COMPRESSIBLE FOUNDATION

One area inwhich horizontal movements are being observed with Increasing
care is In connection with earth dams. At the 1266 ASCE Slope Stability Con-
ference in Derkeley there were no less than five papers which dealt with some
aspects of horizontal movements and crackingol earth embankments assoclated
with differential vertical settiements (10, 28, 32, 33, 35). Sherard et al. (38)
and Leonards and Narain (24) describe other examples. Cappleman (2) describes
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FIG. 13.~INFLUENCE OF FILL STIFFNESS ON THE VERTICAL SUBSIDENCE

euampiesof 13 dams oncompressible foundations where horizontal movements
resulting from vertical settlement have seriously damaged pipe conduits run-
sing under the dama,

To illustrate the possible applications and limitations of the FEM and Eq.
3 In predicting horizontal movements for earth dams, a hypothetical example
of 2 125 ft high dam resting on a foundation of compressible clay with a max-
imum depth of 225 ft was studied. The longitudinal section through this dam
and foundation Is shown in Fig. 13(b). The clay was assumed to be normally
ronsolidated and saturated with a buoyant unit weight of 60 1b per cu ft. It was
sssumed to have a compressive Index C. = 0.25, and an initial void ratio ¢, =
1.0 at an overburden pressure P, = 1000 psf. The [ill for the earth embank-
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in which o = the confining pressure in Ib per 8q ft. This relation is the same |

t. v“..) 0....0.00.--‘-COOOC.'..........M l.!Q-".“mm“l.nco.‘!m’mM"'flnn.n.nhbl
C. log —‘;:— persquare foot, and s similar toother data for modulus of compacted granular

assigned soll such as granular glacial till. By this equation the value E near the base
inwhich P = the change In applied load and th|dhtr"“n!:l’:l‘:': exactly e:t of the embankment was 230 x 10* psf. The embankment was thus much stiffer
values mentioned previously. Although this than the underlying foundation. A value of Polsson's ratio equal to 0.3 in the
embankment and in the foundation was used for most calculations, but the

ps ofu other values was also investigated.
.,nm:-mms-uiav-.oog_o_‘-. ellect of using ga
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FIG. 15. —~COMPARISON OF COMPUTED MOVEMENTS BY APPROXIMATE AND
FINITE ELEMENT METHODS

For the sake of consistency and simplification it was assumed that any
consolidation within the embankment itsel! would occur very rapidly in com.
MOVEMENTS parison to the settlements due to consolidation In the foundation. This was

FIG. 14.~INFLUENCE OF FILL STIFFNESS ON HORIZONTAL simulated with the FEM computer program as follows. The unit weight of the _

lassical definition of Young's mndulus nevertheless it wu pundation clay was made equal to zero so that no body forces acted within .

nspad‘ :?vmm - MI:M from Eq. 5 were uluhct'ory for the intende | wislayer. The correct unit weight of the embankment was maintained and the g

A of providing a realistic order of magnitude of the variation of modulw| entire fill and foundation were allowed to settle under the weight of the em-

R e The values of E determined by Eq. S ranged from 11X 10* pr| pankment. Most of the vertical settiement was due to compression within the o=
b m;uccd&!unm"*' foundation to 27.5 x 10* psf in the deeper| pundation, but a small amount of settiement also occurred within the embank -
near the ou ment. To eliminate this, another analysis was conducted, this time with the
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where the modulus
fill surface for these two cases were small for all cases
of the embankment E,mwmhm.lom.bruaﬂm this procedure
used in all cases.
'“\'cmcd ;-hnd:m of the Hypothetical Dam. ~Trollope (42) has pointed
out that because of arching, the magnitude and distribution of vertical stresses
below earth embankments may not be the same a8 the weight of the overburdes
material, and Nonvelller (31) presents an example of arching between the cly
conad'nctlmdu earth dam. If the vertical stress is allected by arching,
resu subsidence would also be affected.
“m:::o profiles computed for different values of assumed m;u
modulus E, are shown in Fig. um.m-muunmmm the

«0 ] .
Sow 7200 -
3
| NG
L ] “~
. e 1% . e 230 N
!u
:
i“
!l.
i ot thec
'O aiTiiect o Dviterent o
r:'o“ ::-nhl.
- [ 140008 gt g2 400" et
»y°0) pe* 03
°;oonuuu e O o2 ©3 04 08

umacns Retie of [ mbertment g Puesns Metie o msdeties 50

FIG. 16. —EFFECT OF DIFFERENT VALUES OF POISSON'S RATIO ON THE MAX.
IMUM HORIZONTAL MOVEMENTS

embankment in archi between abutments to reduce the total settiemes
m settlement e:.pkurby consolidation theory makes no account forn
stiffnessof the applied fill load. This is equivalent to assuming the modulus:
the embankment equal to zero. For this relatively narrow valley the sﬂtk:er
computed by conventional consolidation mmlnmuvﬂy n
Subsidence profiles computed for different values of E, show a progresse
decrease in the amount of settlement for increasing values of embankme:
O ontal Movements of the Hypothetical Dam.~The dilferences in o
Mdn&kﬂﬂb&o.&“d&ﬂmhm.uﬂmu&m
icant in many cases.Oneof the u'ech.t:‘-uel this difference was signil

ed horizontal move ..

'“v.;m::::uu surface movements and strains determined by the Fiy
for three different embankment stilinesses are shown in Fig. 14, Note &4

‘s 4§ . o ’ ' S

the absolute values of these movements depend on the vertical subsidence,
which In turn depends on the stifiness of the embankment fill. However, the
general nature and trend of these movements is the same for all cases: com-
pressiontowardthe center, extension at the edges, zero movement at the point
of maximum subsidence, and zero strain at the point of maximum movement.

It is of interest to examine the accuracy with which Eq. 3 was able to pre-
dict the horizontal movements for thie earth dam. A comparison of the hori-
wntal movements and strains determined by Eq. J and by the FEM for one
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FIG. 17. -DISTRIBUTION OF HORIZONTAL STRESSES AND STRAINS CAUSED BY
EMBANKMENT LOAD

nilue of embankment modulus is shown In Fig. 15. Again, the general nature
and trend determined by the two methods are identical. The position of the
saximum extension strains, andof the zero strains is predicted to be the same
by either method. The absolute values of movements on the left side are also
te same for both methods. However, on the right side the FEM predicts move- .
wents about 25% less than the movements predicted from Eq. 3.

The foregoing FEM caiculations for this dam were made assuming Poisson's .
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The dam was completed and the reservolr began to fill on June 15, 1964,
Al this date, the water level in the reservolr was at about el. 80. Immediately
the water level in the reservolr began lo rise; and by June 23, 1964, It had
reachedel. 120 as shown in Fig. 18. The vertical subsidence of the surface of
the dam and the surface horizontal strains measured between June 15 and June
23 are also shown. Measurements within the embankment fill indicated that
during this period most of the vertical subsidence was occurring within the
lower portionof the [ill which was wet {rom the rising reservoir water Tius,
this situation is typical of those mentioned previously; i.e 2 st thick upper
layer resting on deep compressible material.

Using Eq. 3, and 2 value of H equal to the depth to the reservoir on June
23 for to the rock abutment, as appropriate for the particular section), the
absolute horizontal surface movement was calculated for each point across
the crest of the dam. From these horizontal movements, the horizontal sur.
face strains were then determined. These computed movements are alse
shown in Fig. 18 where they can be readily compared with the actual measures
movements. Considering that the computed movements were in eilect obtained
from a second differentiation of the subsidence profile, the close agreement
between the measured and computed horizontal strains, both in magnitude and
distribution, is very encouraging.

During the period of time that the reservoir was filling to this height, one
small tmtnﬂ“bﬂmrl&bﬂﬂnﬁadlﬁmmm
near the right abutment as shown. Note that the position of these cracks cor.
responds closely with the position of maximum horizontal extension strals
predicted from Eq. 3.

It seems significant that horizontal movements and strains sufflicient o
cause cracking could develop for a vertical settiement of only 11.5 cm In this
148 m high dam. The maximum vertical strain was only about 0.7% of the
height of the embankment and the maximum slope of the subsidence profile
was only about 0.1%.

An attempt was also made to check the ability of the FEM to predict th
movements which developed during this period of time. For this analysih
values of the soil modulus above the water level were computed [rom

z.w&l“chﬂ e

unmc-mmmnuuprqc-.‘t\unmmumu-
as Eqs. 4 and § when expressed in the appropriate units.

To simulate an increasing compressibility as the water table rose, some
what lower values of soll modulus were used for all elements below the wate
table. After a few trials, values of soil modulus were found which gave thee
retical vertical settlements of approximately the same order of magnitude y
the measured values. The modulus was defined by

E = 3400%* kgpersqem ... ..

in which o-mmmnhkgprqe-nmuuneﬂnm
stress basis taking the position of the water table into account. Thus, at ty
same conlining pressure the assumed modulus below the water tabl® was onh
about 65 of the modulus assumed for the dry soil. A value of Poisson’s raty
equal to 0.3 was used for all elements of soil above and below the water tabl

The FEM calculations were made in two steps. For the first step, the toy
settlement of the dam was computed for the condition of gravity loaes throup

.o.-ouoo-oco.o--ooo----“

SRS g e S W B
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out the embankment and the water level at el. 80
. 80, which was

po::n at closure on June 15. The same type of emntlo:.n.r?:pe‘::::
or nm step; this time with the water table at el, 120, corresponding to
:nu :ucm:»:::MMouwnlmmmulmu

vements the compression in the lowe caused
n.::o:::nl rising from el. 80 to el. 120. " e

¢ retical verticil subsidence profile determined
this -
Mﬂe Is also shown In Fig. 18. At all locations it is close ;' the mnmueu .’o
:' “vl:':n was actually measured. Also shown in Fig. 18 are the distribu-
- zontal movements and horizontal strains computed by the FEM

Again re is reasonably good agreement with the observed data. Thus, hu'
m:uumm- .:ah?. using a realistic and an appropriate choice of

modu son's ratio, the FEM can be
- - S used with confidence

CONCLUSIONS

These studies suggest the following conclusions regarding the nature and

éstribution of horizontal movements which have often been observed to ac-

company ground subsidence.

1. It appears that a major and possibly a nec
essary requirement for hor-
irontal movements to develop In conjunction with subsidence is the m-tn:c
:‘: :p::.h.yle‘:. of material which does not contribute directly to the settle
c -
- m.mrldeepr layer of material in which most of the com-
1. Horizontal movements are re idence
ot gy lated to the vertical subs profile as
3. The finite-element method of analysis
appears to offer g usefu
o the problem of both vertical and horizontal movements, npecully| l.: ::“s::
.n‘n;rcmng may develop because of a relatively thick and stiff upper layer
. Provided the subsidence profile can be estimated, Eq. 3 appears to be n

atisfactory approximate method of computing horizontal movements. In spite

ol its empirical nature, it appears to predict both the nature and magnitude of

sorizontal movements to a uselul
- ‘ degreeof accuracy which may be satisfactory
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PRELIMINARY DRAFT @

LIQUEFACTION POTENTIAL

1.0 INTRODUCTION

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

Liquefaction 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 fails 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 pore pressures are reduced and shear strength is regained.

There are several factors which are important in assessing the potential
for liquefaction 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 (Dr)'

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
soil in question gets deeper the ratio of maximum possible shear stress to effec-
tive stress tends to become smaller. This factor generally precludes liquefac- F\
tion and/or cyclic mobility at depths greater than approximately 50 feet below '™
the ground surface. I frn e derat e Shos

Also, most researchers agree that there is a relative density beyond which
liquefaction cannot occur. Liquefaction can mn:.ul%y, ur in sofls with a rel-
ative density (D) less thanllo percent (Seed, 976{3 Generally, beyond a

/(\(ics- 70 perceﬁ her ~ liquefaction nmor cyclic mobility can occur
asagrande
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2.0 ANALYSES TO BE USED IN UMTRA SITE DESIGN PROCESS
2.1  GENERAL
The analysis of liquefaction 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 - ANALYSIS -
R
The first phase involves using the simplified liquefaction analysis | &
as developed by Seed and ldriss (1982), Attachment A, :
Descn'd Aoy In this phase, and all that follow, it is explicitly assumed that no S
O sl 1iquefaction will occur above the water table, even if there are zones of
¥erfermumng |saturated or nearly saturated soils. It should be noted that this assump- N3
ve/ative oensidy | tion may not hold in the case of an extensive saturated zone associated £
Y [See EAC pwith a perched water table. These cases would be analyzed for liquefac-| X |
Awceberey Manaat| tion, For this phase it will further be assumed that only sands (SP, SW), 8\*
Thaptey lﬁ silty sands and low plasticity silts (M) with a relative density .
P % prace ess than re cWM <
»«a#rwd/- - 1
Me SIY Date The Seeds and Idriss simplified method is based on the empirical cor- & §
. lation of documented cases of liquefaction as related to measured | g
}chtcr magnitude (M), maximum horizontal ?rogﬂ,d._ ration at the site O
and the [standard penetration test (SPT) blow count (N) of the soil prior ’é‘ :}
to liquefac To'ﬁ?’;]'>t %7
& e ———— - 4
s : In order to determine the maximum horizontal ground acceleration at | ,*E‘
The Spr dafs “Zite site, the maximum credible earthquake (MCE) and the distance to the .
'N) vavieus causitive fault will be used in conjunction with the attenuation curve as | * ;
Lowrechr D developed in the seismic position paper to estimate the maximum acceler- 3 ¥
U thas 041 ation in rock below the site. Since this motion will be either attenuated é
yiermalizah ™ or amplified by the foundation soils at the site, the appropriate curve, {
(M) as presented in the previously mentioned paper by Seed and Idriss, will be €
' used to estimate the maximum horizontal ground acceleration at the surface J )
of the site. This acceleration will then be used to determine the shear = § §
stresses developed by the earthquake in the various soil layers below the '+ <
site. i\t
The value for shear stress required to cause liquefaction in a partic- =

ular layer. The shear stress required to cause liquefaction is found by

enteri fly of curves (See and Idriss, 1982), for the given magni- \
tude and the|SPT blow count) appropriate to the layer in question. Full ac- .
counting of t gra j12¢ distribution will be taken as indicated in \

these curves. ‘e

2

|
Seed and ldriss state that a factor of safety against liquefaction |
\ in a given soil layer can be calculated bg dividing the shear stress re- |
. quired to cause liquefaction in the layer by the shear stress generated |
hat Tayer. staté that a factor of safety between 1,25 and
should be taken as the minimum, Since UMTRA sites are generally in rura |
Describe method o e mermalivation 43 SPT data [From N =
fAless [Fut rveeovelest, defevmmive N, m Blrss[Fest) "i‘_f_'ﬂ.t—-"‘

(Jcc ﬂﬂc'l &cnjn /v’-occdurcs Manwal ,Chapter N)
t-o L ,”)"“/"4(
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and the gonsequences of action failure are generally considered min- @
imal the (Tower value (or 1.25))will be taken as the minimum acceptable fac-
tor of safety for design purposes.

R, Should the Phase 1 analysis show that significant areas of the tail-
/ ¢\~ ings and/or foundation materials may liquefy (i.e., have a factor of safe-
, r‘,u‘("/ ty less than('1.25) then a more detailed analysis is called for and will
Ch 'sﬁ/*“irocee as outTined in the following section. If only limited layers indi-
\ cate a potential for liquefaction, then further analysis may not be war-
N ranted. If the hazard is considered minor, i.e., no extensive flow
resulting from liquefaction, the potential for liquefaction will be noted

and surveillance following earthquake events will be required.

% ‘he Pay

2.3 PHASE Il - ANALYSIS *(ﬁcm /28t Gemoy ah Cormmmenis ot the betpomYs

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.

' In order to do this, the program “SHAKF® (Schnadel et al., 1972),
Neeo fr develep) will be utiliz d. In using this program a digitized earthquake record
the desigw. [ from a previously tecorded earthquake in a simi Lr tectonic settln? w
Accelevegram. | be appropriately modified to better approximate Lhe site MCE and will be
 early 5t o4% mathematically input at bedrock level within the program. In order to bet-
s ,,,J ter calculate the shear stresses‘gn each soil layer of the profile it is
Free . also necessary to determine the shear modulus and damping characteristics
o of the soil 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 soil profile using the one-dimensional
wave propagation method.

The calculated shear stresses developed by the earthquake are then

compared to the shear stresses causing liquefaction (as determined in

Phase 1) and, since more accurate values of the developed shear stresses

. o are used, a factor of safety ﬁ@unl be considered the minimum value
oS uggett e for design purposes.

e

Fs > las If it is found that the factor of safety is less than 1.0 a sensitive
L___.,\ fty analysis will be performed to determine if the soil damping and shear
modulus values are critical., 1If 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 111 analysis will be inftiated.

*@ Cur )‘ntl“}f Coneerm ’\:g m’,pfhs. M7 0.#}“,',#(((¢d drncm"g M‘I’“" fv"¢¢’u¢¢ /%
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The Phase IIl analySis will involve an extensive lab testing program
to determine the dynamic properties of the soil deposit for input into a 2
or mensional computer model) (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 —

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 earthguake-induced ground motion which
a regj:fi§3¢ chance of occurring during the(1,000-year de-

ife

“sign 1 of the reclaimed facility. Once this estimate is
provided and the geographic distribution of potentially
active faults is ascertained, the potential for damage to
the structure is assessed. This damage could result from
ligquefaction of soils underlying the tailings or the tail-
ings prcper, on-site fault rupture, and/or slope failure of
the containment due to excessive ground motion., 1I1f the
potential for damage is distinct, remedial actions to miti-
gate the resulting damage are considered during design
development.

The phase of seismic studies discussed herein is
restricted to a seismotectonic characterization of each
UMTRAP site, and development of initial on-site acceleration
values, duration of shaking, distance to the primary causi-
tive fault or faults and other parameters reguired to
haracterize the seismic hazard.

The Uranium Mill Tailings Project office of the De-
partment of Energy (DOE) has recently received comments by
the Nuclear Regulatory Commission (NRC) on seismic studies
» [completed for the Salt Lake City (SLC) and Shiprock (SHP)
UMTRAP sites. These documents contain both generic and
specific comments concerning the technical approach, the
scope of previous studies, the definitions of several key
terms, and acceptable methods for developing parameters
characterizing the seismic hazard.

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 for the UMTRAP sites. We trust that a
standardized, technically sound approach to estimating 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 earthguake damage.

® Standardization of seismic acceleration termi-
nology.

® Use of dotermigz:zng attenuation relationships
which are acceptable to all parties concerned.
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° Use of a percentile bound in applying attenuation

,u,/‘/,/u{f@ relationships which represents a reasonable level

of conservatism,
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text presented below, Our recommendations related to each
subject are presented at the end of the separate report
sections, The appendices contain bibliographies of litera-
ture reviewed during the compilation of this paper and
annotated discussions on several specific issues.

2.0 PHASED APPROACH TO ASSESSING SEISMIC HAZARD

The following outlines a seguential, 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 previcusly
unrecognized features.

Phase 1
F' All pertinent geological, geophysical, geomorphological
L} including soils) mapping and data will be acquired and
éﬁlorprif‘d“ ese data will include existing maps
which delineate 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

L to assure acquisition of all pertin
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® An assessment of instrumentally and historically
recorded earthquake files will be completed. An
epicentral map showing the geographic distribution of
all known
will be
selected
caused

detectable on-site ground motion will be
included in the compiled record. The NOAA and all
earthguake data files, epicentral listing from
state-maintained seismic nets, and available micro-

seismic data will be obtained and evaluated.

These Shrutd ée
e s e on Y

A selected suite of remote sensing imagery and conven-
tional aerial photography at suitable scales will be
acquired and analyzed. All photogeologic lineaments or
geomorphic features indicative of an active seismic
setting will be plotted. Specific attention will be
paid to any.-active fault or bedrock fault traces iden-
tified by previous investigators. The photo cover
and analysis “will encompass an area within a -mile
radius o all sites and alternative disposal areas,
plus selected strip coverage of terrain which may con-
tain active faults, up to a distance of 40 miles
the sites. We maintain that the photogeoldg@ic analysis
and subseguent
mile radius of the site, anl selected areas within 40
miles, will adeguately identify any active faults or
systems which could pose a surface rupture hazard. The
terrain study completed in selected areas up to 40
miles from the site will normally be sufficient to
characterize the distribution of active faults which
could control the development of the on-site accelera-
tion value.

Utilizing the findings of the previous efforts, ground
and aerial observations of known faults and suspect
terrain indicative of an active seismic setting will be
performed. All aerial reconnaissance missions will be
completed under low-sun-angle conditions. The areas
within a 12-mile radius of the sites will be thoroughly
reconnaissanced and any outlying features which could
influence the derived regional maximum credible
earthguake (MCE) or influence the earthguake design
parameters will be studied in the field.

The findings of the efforts discussed above will be
into a series of maps which depict the dis-

compiled
tribution of active faults and known earthquake
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A detailed discussion of each seismo-
tectonic setting will be developed. If specific
seismogenic sources can be identified, an MCE for each
fault system will be estimated using the fault length
versus magnitude relationships developed by Slemmons
(1977, 1982)*, By appiying deterministic and/or
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.

' epicenters.

Decision by DOE with concurrence by NRC on the adeguacy
of the initial phase of work, and a determination as to
what additional evaluations, if any, are regquired. The
various guestions which need to be answered at this
stage of the investigative process include: (1) will
further investigations lead to more critical design
parameters?; .(2) is there a licuefaction hazard?; (3)
using the initial, conservative desigr parameters, what

damage to a well engineered facility could occur?; and
(4) if deemed necessary, what additional studies are
needed?

Phase 11

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
wh.ch contain known or suspected potentially active
lineaments, would be completed.

A subsequent photogeologic critigque of LSA photogrephs
would be completed. Any geomorphic leatures indicative
of active faulting would be identified.

A detailed field study of suspect features using scarp
morphology, trenching, ard radiometric age dating of
surfi-ial materials would be perform:d.

® The leismic design parameters would be reest:mated.
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Iff'hc cur ren

ekd vnve efy~
“gatian progran
is /l'KC[y o
‘ﬁkc# rhe
Sciwdule |

rrevitie;
h«wfﬁ"a*"hj
the s/i@ms amn'/,
have #o 6o
ertab/ She
i lomsulbet®

L # Ty DOE

*References are listed at ena of report.



Phase II11

® 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 adeguately 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 earthguake damage, and the impact this damage would have
on public health and safety. 1t should be recognized that
in cases where a low ligquefaction hazard exists, the actual
'Bamage “which could beé caused by strong ground mot101 would
not have an adverse impact. The geometry and ultimate
siting of the UMTRAP reclamations are tailored to minimize
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 earthguake damage. The
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 ligue-
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. —— S
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3.0 DEFIBITION OF AN ACTIVE FAULT

As evident from the multiple definitions presented in

rpendix 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 1long recurrence intervals as active be-

cause

of the adverse impact to public health should an

earthquake seriously damage the structure. For a less
critical structure, such as well-designed tailings pile, a
Eess consérvative aporoacb is ]ustlflable;f

o
vious

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

//1—and is as follows:

"An active fault is a fault that has slipped during

the present seismotectonic regime and is therefore likely to

have

reneweC 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 o©f 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 vyears). It therefore may not accurately

represent the duration of the "present seismotectonic re-

gime"
often

However, surficial deposits of Holocene age can
be distinguished from older units in the f-eld 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
uncertainty. The - Slemmons and McKinney definition guoted

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 reguired to

fully
partic

document the Pleistocene displacement history of a
cular 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
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of tens of thousands to hundreds of thousands of years. 1In
such a case, a fault which is accumulating stress under the
present seismotectonic regime and may produce earthguakes 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. 1In simple terms,
it appears that this comparison implies that there is a 10
peicent 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
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 earthguake 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 gualitatively classify a fault as active if
it is believed that the structure has experienced displace-
ment during the present seismotectonic regime. This

Fproach 1is gquite 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 abo.e be applied to all seismic hazard
evaluations for UMTRAP. We believe this definition is in
keeping with the objectives of the EPA standards:

— B Sy —

4.0 ACCELERATION & ATTENUATION

4.1 Terminolcgy

It 1is agreed that the terms "sustained peak accel-
eration", "peak horizontal acceleration" and "effective
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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- 2zontal acceleration. In
future work, usage of this term will be strictly adhered
to, and use of any other terms will be precedea by a
definition of the term.

It is of some importance to note that the term
"peak horizontal acceleration" is not always strictly
defined. Joyner and Boore (1981), for example, explic-
itly define this term to be the larger peak value of the
two horizontal components of a record, regardless of
instrument location or site geology. Campbell (1981)
defines it as the mean of the peaks of the two hori-
zontal components, noting that if a peak horizontal
acceleration independent of horizontal direction is
required, the mean should be multiplied by a factor of

1213, As with Joyner and Boore (1981), the term is
explicitly defined with reference to the record of the
motion. Donovan (1973) uses the term "peak ground ac-

celeration™, however, it is not fully defined. This
term could be interpreted to be the peak of the hori-
zontal and radial components, but to use the adjective
"ground" is misleading, since most instruments are
located in or on buildings, dams or other structures.
Schnabel and Seed (1973) use the term "maximum rock
acceleration" primarily because the records used were
from sites underlain by rock and not soil. Donovan and
Bornstein (1978) use the term "peak horizontal ground
acceleration"”, but do not provide a complete definition.

Attenuation Relationships

There are a large number of acceleration attenua-
tion relationships available for |use. A listing of
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 represent a2 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), earthguake 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 1lists acceleration values
predicted by each relationship for magnitude 6 through 7
events at distances uvf 5 to 100 kilometers. A compari-
son of the acceleration values indicates that the
largest differences occur for larger magnitude events in
the near-field. Bolt (1982) and Campbell (1981) both
specifically attempted to consider the fault mechanism
L 'S effect in .the near-field in their analyses, the latter

-[3ut Fhi's by developing an alternate constrained relationship.

G ¢tenucheon— | Since Campbell's data base is broad, and his analysis

47¢khh]nSAﬂf attempts to consider earthguake location, |his __con-

. FRPCNPY T strained relationship might be most appropriate for use
n the near-field,

Uatof o

dF yorur vopet Blume (1977) has considered a large data base, but

vead 20 2P it is limited to events in the United States, which
would 1likely be biased by California events. The only
=1 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 norn‘ias as
regards to event location. Since the UMTRAP “jtes are
located outside the California-Nevada area, e.ther of
these relationships might be most appropriate for use.

st

{" 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 considers
in his analysis the variable location of the recording
instrument and variable site geologic conditions.

4.3 Confidence Lev:l/_@:. my C",ndnh‘ov\ e} @

/ 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
increazsing magnitude and decreasing distance. Thus, as
has been suggested, it might be most appropriate to use
the B84 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, 0.28g and 0.62g. Because of
this degree of difference, Bolt sucggests a percentile
acceleration be used that is appropriate for the degree
of risk involved.

r’ Applying an 84 percentile bound in an attenuation

relationship in conjunction with use of a peak value

i (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 thé 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 earthguake. Because of the severity of the
earthguake 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

Wood (1916) recoanized for California that large earth-
quakes occurred along faults, and that earthguakes will
occur along these faults in the future. He referred to the
fault zones as "'living' zones of geolegical faulting - - -
- Topographic features along these zones are "small
knolls, smal pools, push-ponds, marshes, small embankments
and escarpments + * + =

Louderback (1¢37) gives criteria for determining that a
fault™ 1s active.  These are geological, historical, and
seismological. He states: "The best geological criterion
is based on evidence of recent displacement z2long 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 1likely 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 scarp:, offset streams and alluvial fans,
longitudinal depr¢ssions and sag ponds, deformed and
displaced recent deposits, and similar phenomena along the
fault or shear 2zone - - * Historical evidence lies in the
records of earthguakes the descriptive accounts of which
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permit reasonable reference to a particular fault - - - A
seismographic method of learning what faults in a region are
active 1is that of determining the locations of centers of
origin of recurring small earthguakes."

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
movemfnts accompanied by earthguakes 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 s ek The physiographic evidences of active
faulting are (1) bold eccarpments, (2) sag ponds, (3) offset
streams, and (4) shutterridges =+ * + 1If a fault is known
to be overlain by younger strata that are not dxsplaced it
is permissible to regard it as inactive -+ -+ -

Trefethen (1959) refers to faults as either live or
dead. He states: VA 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 gead."

-

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 1n southern California state: "In the
absence of strain-accumulation data on historic records of
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major earthguakes alon. 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,
vifset 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 1lines 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 tec 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 (196€) 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 -+ + + 4in the sense expressed in Webster's
(dictionary) definition that active means 'in action, mov-
ing' + =+ Activity is not 3just a singls 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' -
as '‘inactive TS PiMALRY difticulting 10 SiSBrisiivE. datntis
of fault activity are historic surtace faulting, the oc-
rurrence cf large earthguakes related to a fault, and
measurements of accumulated strain - - +« 1In 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 movement. Phygioggap?ic features in-
dicating groun displacement include ault scarps, sag
ponds, and cffset drainage lines. It should be clear -
for 1ast® hovement Toa° Ssofts®? Provige galy a relative age
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
springs, shutter-ridges, and sag ponds are features common
along most major active faults."

Eonilla (1970) states that an active fault can be
defined as one that has moved in the recent past (about
10,000 years) and may move in the near future. Further, he
states: "The determination + =+ + ipvolves geology, geo-
physics, geodesy, and engineering. Some criteria currently
in use are (1) the occurrence of earthguakes 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 1in 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 1in historic or Recent geologic time and no reason
to predict a recurrence of movement. There are, of course,
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.
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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."

Wesson and others (1972) list criteria by which active
faults that may generate damaging earthqguakes have been
identified. These criteria have been given by decreasing
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
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 a»4 low potential.
Active faults are "those which have show. historical ac-

tivity." Potentially active faults are "those, based on
available data, along which no known historical ground
surface ruptures or earthguakes have occurred. These

faults, however, show strong indications of geoclogically
recent activitv." High potential active faults have some or
2ll of the following features: "a. Offsets affecting the
Holocene deposits (age less thean 10-11,000 years). b. A
groundwater barrier or anomaly occurring along the fault

within the Holocene deposits. ¢c. Earthguzke epicenters
(generally from emall earthguakes occurring close to the
fault). d. Strong geomorphic expression of fault origin
teatures." 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)." 1Inactive faults
are "without recognized Holocene or Pleistocene offset or
activity."

According to Krinitzskv (1874), 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 giveg
the criteria of the U.S. Nuclear Regulatory Commission wit
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-day
hazard 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 earthguakes." 1In 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 (NOAA
and 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.

Nichalg 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 importance of the structure. For
example, the Atomic Energy Commission regards a fault as
active or 'capable' with rcspect to nuclear reactor sitee §f
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
500,000 years' + + + A definition for purposes of town
planning in New 2Zealand 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, geclogists 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
earthguakes 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),
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and presence of geomorphically young, fault-produced fea-
tures (scarps, sag ponds, offset stream courses, and
disruption of man-made features such as fences and curbs) -
. - ..

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 geoclogical
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 past, it will most 1likely sustain movement in the
future." These faults are commonly referred to as active
faults, and are ‘'characterized by at least one or more of
the following features: (1) historical earthguakes with or
without surface fault displacement, (2) ephemeral physio-
graphic features such as sag ponds, offset streams, and
linear ridges that suggest recent fault displacement, and
;3) offsat Holocene and Fleistocene deposits and geomorphic

eatures.

Slemmons ani 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, capable
fault, and dead fault =+ =+ * ., An active fault is a fault
that has slipped during the present seismotectonic regime
and 1is therefore likely to have renewed displacement in the
future. The fault activity may be indicated by historic,
geclogic, seismologic, geodetic, or other geophysical evi-
dence 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 Hclocene displacement
(apYroximatoly the last 10,000 vyears). 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
capable 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 definj-
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 recime and accord-
ingly does not offset late Cenozoic deposits or surfaces,
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 i1s re-
current movement, which is wusually indicated by small,
periodic displacements or seismic activity * * -+ capable

fault - A fault defined by the Nuclear Regulatory Commission
as one that is 'capable' of 'near future' movement; in gen-
eral, a fault on which there has been movement within the
last 35,000 years + + -+ dead fault - a fault along which
movement has ceased."

The U.S. Nuclear Reculatorv Commission (1984) doés not
refer to "active faults" but to "capable faults." A capable
fault is defined as a fault "which has exhibited one or more
of the following characteristics: (1) movemen:t 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
reason:bly 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
guoted from Slemmons and McKinney.

Willis (1923): "e e+ + two classes of faults are
distinguished: active and dead. These terms are used very
much in the sense in which we speak of active volcanoces or

——— s e
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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 movement
may be expected -+ =+ -+ Wood designated as active all
faults on which there has been a movement within historical
time, 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 of
being an active fault in the sense that a slip may occur."

Cluff (1964): "An active fault is a fault that shows
conclusive evidence of movement in Recent geologic time. To
be 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 indefinite
time that many geologists would take to include at least the
Holocene Epoch (about 10,000 years). The 'near future' as
used above includes a length of time on the order of the
useful 1life of engineering structures or the time span
considered in long-range plans for the future. The cdeter-
mination of whether a fault is 'active' as cefined above
involves ceolegy, geophysics, geodesy, and engineering,
Some criteria currently in use are (1) the occurrence of
earthqguakes that can be related to the fault with reascnable
assurance; (2) one or more episodes of surface ruvpture (in-
cluding tectonic creep) or acute bendirg in the recent past
as 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) that
is 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 if
because of 1ts present tectonic setting, it can undergo
movement from time to time in the immediate geologic
future. This active state exists independently of the
geologist'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
very recent geologic time * * + ., In the following discus-
sicn, all faults exhibiting evidence of late Quaternary
movement with appropriate length to site-distance ratios are
included as worthy of consideration + - -+ "

Wentworth, 2iony, and Buchanan (1970): "A fault is
active 1f, because of its present tectonic setting, it can
undergo movement from time to time in the immediate geclogic
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 Energy Agency (1572): The
following summary 1s from Krinitzsky (1%974) -~ "The Inter-
national Atomic Energy Agency criteria are similar to the
U.S. criteria, but add:

“(a) Evidence of creep movement along a fault., Creep
is slow displacement not necessarily accompanied by macro-
earthguakes.

"(b) Topographic evidence of surface rupture, surface
warpin?. or offset of ceomorphic features.

'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 ycar.

‘Class B - Topography shows clear evidence of dislo-

cation.

“"Class C - Topography shows indistinct evidence of
dislocation.

“Class D No evidence of amount or rate of dislo-
cation on which gquantitative 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 conseguences 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 factors, whereas many such faults might not be con-
sidered active for less critical land uses."

Grant-Tavlor 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 1is so large that it has definite planning relevance.
Officers Geological Survey (1966) states: 'Class I Active
Faults are lisble to movement of up to 4.5 m in 2 period of
time that could be the same as the life of a structure. As
no structure can hope to withstand such a2 dislocation it is
recommended that no structures be built across the trace of
A Cl??s I Active Fault, or across the presumed continua-
tion.,'"

California Div. of Mines and Geolooy (1976): Alguist-
Priola Act. T"Active faults are those faults which have had
surface displacement 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. 2. Geological Survey (Report N.2.G.S. 7,
1966) defines an active fault more precisely as a fault
'along which there is either evidence of movement since the
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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.'

"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 freguently in the
immediate geological past is likely to move with a similar
fregquency in the future.

"Classification of active faults must thus be designed
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.

"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."

Reclamation 1s considering for some regions the use of new
criteria for the basis of a definition in which "active
/)Zfaults" are defined as those "that have exhibited relative

;’ U.S. Bureau of Reclamation (1976): The U.S. Bureau of

displacement within the past 100,000 years."
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Joyner, W.B. & Boore, D.M., 1981, Peak Horizontal Accelera-
tion and Velocity From Strong Motion Records Including
Records From the 1979 1Imperial Valley, California, Earth-
quake, Bulletin of the Seismological Society of America,
Vol. 71, No. 6, pp. 2011-2038, December.

Data base included 182 horizontal motion components
from 23 earthguakes (20 in California, two in Alaska and one
in Nicaragua). All events were shallow, with fault rupture
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 reguired for a record to
be considered. Acceleration is the larger peak value of the
two horizontal components.

Derived the expression:

log a = -1,02 + 0.249M - log R
- 0.00255 R + 0.26 P

where a = acceleration as fraction of gravity

M= magnitu e

R = (d247.32)%

d = closest distance ir km from the recording
site to the surface projection of the
fault rupture (fault distance)

P= 0.0 for 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 earthguake
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 concidered

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 earthguakes 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 (Mg) when both Mg and local
magnitude (Ml) were greater than 6.0, and defined as ML when
Mg and ML are both less than 6.0. Source distances of
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 dweighted as a function of distance and number of
records.

Derived the unconstrained relationship:

a = 0.01549e0.868M R+0.0606e0-700M -1.09

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)

where

and a constrained expression:

a = 0.0185e1-28M R,0.147e0.732M -1.75

with sume 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 B84 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 1ln a in the unconstrained relationship, and 0.384
for 1ln a for the constrained relationship.

For the constrained model, as ccmpared £ 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 reguired 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-fiel¢ is controlled by dynamic stress-drop.



Page 4

Donovan, N.C., 1973, Earthqguake 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 = 1320e°.58" R‘zs -1.52

a = acceleration in cm/sec?

M = magnitude

R = hypocentral distance, distance to causi-
“tive fault or distance to center of
energy release in km.

where

The expression predicts the mean value of the peak
acceleration. The standard deviation for ln a is 0.84.



Schnabel, P.B. and Seed, H.B., 1973, Accelerations in Rock
for Earthguakes 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. Accelerstion 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 Comnerce, 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.

Derived expression for M ¢6.5:

a 0.313.1-°3H 291.1‘b(n‘25)-1.1‘b2.53y

and for M »6.5:
P .26.000"32"291 «22b(R425)-1.22by g1y

where

a = peak ground acceleration in gallons

M = Richter magnitdue

R = hypocentral distance in km

b= 0.5 log (pVg)

P = site specific density

Vg = site shear velocity in ft/sec

y = standard normal variable with zero mean

and wunit 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 compar:i.son with
cther data, he suggests the use of pVg = 2,000 ft/sec,
thus b = 1,65.
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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,

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 (ReD)Z241 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
A C D Error

5<5<6 1.2 o.sss 0.033 23 “0.06g
6.0¢Mc7.0 1,19 0.044 0.042 24.9 0.10g
7¢<M<7.7 0.24 0.022 0.10 15 0.05g



Donovan, N.C. and Bornstein, A.B.,, 1978, Uncertainties in
Seismic Risk Procedures, Journal of the Geotechnical En-
gineering Division, Vol. 104, GT?7, pp. 869-887, June.

Data base included 69 records from nine earthguake
events, with Richter magnitude varying from 5.0 to 7.7.
Other definition of the data base is not pr:sented, 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:

ae« by, eP2M(R+25)-b3

a = - acceleration in em/sec?

M= Richter magnitude

R = distance to energy center of the causi-
tive fault 19 km

by= 2,154,000 R-2.10

by 0.046+40.445 log R

bi= 2.515 - 0.486 log R

The standard deviation was found to vary with the

value of acceleration determined. Suggested values are as
follows:

Log Normal
Standard Deviation

0.5

0.48
0.46
0.4
0.37
0.30
0.30

:

oo0oo0oo0ocooo©o
WwN s 00
ooocwvouwm-—

v

The 84 percentile value for 0.10g is calculated as 0.1
exp (0.46), or 0.16g.
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Developnent of Maximum Credible Earthquake (MCE):

There 1s no universally accepted definition of MCE. Also, after
reviewing varfous definitfon used by the engineering community we
recognized that no single definftions of MCE was easy to adopt for
the UMTRA Project. Therefore, the definition of ucsbgeveloped by
MKE for UMTRA Project sites {s presented in Ref. @. Chapter 8.
Our definition of MCE could be adopted for sites where MCE 1s
developed from capable/active faults fdentified in the vicinity of
the UMTRA sites, or for sites where surface traces of active
faults are lacking and the MCE hes to be developed by the
Probatilistic Method.

Desfgn 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 1s well recognized, the characteristics of the MCE event cannot
be directly used for the design and analysis of UMTRA facilitfes.
For the same MCE event at a particular site, the chofce of the
design earthquake and the related parameters are influenced by a
number of factors, such as site conditions, materfal (tailings and
foundation) propertfes and the method of analyses. Thus there
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sonetimes is a need for selecting more than one design earthquake
or more than one set of design parameters suited to the type of
analysis (Ref. 14). Or in other words, for the same MCE event,
the design parameters will be different for 1iquefaction analysis,
full scale dynamic slope stability analysis and/or pseudo-static
slope stability analysis. This s also discussed in Ref. 2,
Chapter 8. For compacted tailings piles, which will be subjected
to Tittle or no strength loss during an earthquake, a fraction of
the peak acceleration (1/2 to 2/3 of a maximum acceleration jj)if
selected by MKE) s considered adequate for the design horizontal
seismic coefficient used 1n the pseudo-static slope stability
analysis. A design horizontal seismic coefficfent less than 1/3
of the maximum acceleration has been sometimes recommended for the
pseudo-analysis of critical structures (Refs. 14, 15, 16 & 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) 1s also included as Appendix
B for the convenience of the reader.

Some Suggestions

We present several suggestions which we believe will help develop
8 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 Statfon, Pennsylvania could
have been used to advantage for the Canonsburg and Burrell
sites in Pennsylvanfa. Similarly, a wealth of data {s
available from the U.S. Amy 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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3.

ERTS fmagery/LANDSAT imagery and Radar imagery (SLAR) are
readily available for all sites from the EROS Data Center and
could be used for faults and lineaments studies and made an
fntegral part of sefsmic 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.

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.

Exclusion from some of the stringent siting criteria spelled
out in 10 CFR 50 and 100 (Ref. 3) wil) require a very well
documented presentation to the DOE and the NRC.

An outside consultant 1ike Professor David B. Slemmons of
University of Nevada may be engaged to overview the study of
active faults and detrmination of MCE by SHB. Utflizing
Professor Slemmons' strong background in active fault studies
will result in significantly reduced field work and greater
level of confidence 1n the results of fault studfes.

It 1s not enough to provide the Richter Magnitude and peak
acceleration of the MCE event for each sfite. The reports
should contyin the following:

a. The summary of findings.
b. Useable design parameters for:

0 Liquefaction analysis
pseudo-static slope stability analysis of embankments.
o full scale dynamic slope stability analysis (may not
be required for any site)
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o simplified dynamic slope stability analysis
0 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).

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 natura)
phenomena, 1ike, earthquakes, rain, snow, flood and volcanic
eruptions.
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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 sofl conditions based on the study 300 records.

anax (gals) = 18.4 x 100-302M , g-0.8 = (A1)
where a,,x = maximum ground acceleration (gals)
3 = epicentral distance (km)
and M = earthquake magnitude (Richter).

Like most empirical equations, there are some limitations on the ranges
of applicabilfty of this equation. Since this equation s developed
based on the study of 2 large number of earthquake records 1t
essentially incorporates the effects of wide varfations in sofl
conditions, geological variations along the wave paths and within the
fault zone. Therefore, 1t should be considered as a welcome addition
to the 11st of selected attenuation relationships. Except at very
close distances ( « 5km), the ground acceleration obtained from this
equation (Table 1 fnsfde text) 1s in close agreement with the
acceleration obtained using the attenuation relationship after Joiner
and Boore (1981, Ref. 13). It 1s also 1nt’7£fing to observe that the
acceleration values obtained from this equation are 1n fairly good
agreement with the mean acceleration values computed, based on eight
attenuation relationships selected by SHP (Ref. 1). The wide varfation
fn the peak acceleration values at close distances ( < 5km) as obtained
by using various attenuation relationships 1s 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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APPENDIX-B

A Note on the Sefsmic 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
formula of dynamic water pressure are multiplied by the seismic
coefficient, and the value obtained is treated as the earthquake
force. These forces of fnertia are applied horizontally to the dam
body to calculate stresses and stability. This method has been 1n 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
sefsmic coefficiengp selected for dam design are at present determined
by various factors such as the type of dam, geological conditions, and
occurrence of historic earthquakes in the vicinity of the proposed

dam. Table-Bl shows the design seismic coefficients estab)ished by the
Japanese National Committee 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.
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TABLE B-1 - DESIGN SEISMIC COEFFICIENTS FOR DAIS IN JAPAN*

(Ref. 18, p. 21)

Part of Tohoku region; Kanto
Iregion; Chubu region; Kink{

{uoknido region; Hokuriku regions [

Other part of Tohoku region;
Type of Dam regfon; Southern Shikoku region Chugoku region; Northern Shikoku
region: Kyushu regfon
Concrete Dams k=012~ 0.20 k = 0,10~ 0.15
and Rock-Fi11
Dams
ll:arth Dams K=015~ 0,25 k = 0,12~ 0.20

4005-GEN-R-01-00616-00



One half of the values shown in Table B-1 could be adopted for design
when the reservoir is empty because under this condition the damages
caused by an earthquake would not be serfous.

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 sefsmic
coefficient 1s increased in the dam body in consideration of
amplification effects.
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TABLE - 2

SELECTION OF DESIGN EARTHQUAKE PARAMETERS FOR CRITICAL STRUCTURES

[Peak acceleration of
Maximum Credible

Recommended Peak Acceleration
of Sefsmic Engineering Design

T

Comments & References

Earthquake (MCE)/Seis- |Earthquake

mic Safety Evaluation

Earthquake

0.50g ~ 0.60 0.109 ~ 0.1 kcordin, to Seed (Ref. 14,

(Use for 1iquefaction |(Use for pseudo-static p.59): ". . . Both theory

analysis) analysis) and oxrriom show that this
is perfectly reasonable
procedure, *

1.0g8

0.30g ~~0.60g (For the b
desfgn of earth structures)
0.18~ 0.35g (For the design

]of steel structures)

bSpecified by Newmark
and Hall (1973) (Ref. 15)

%
- )6 -

Specified by Page R.A et. al., USAGS (1972, Ref. 17).
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TABLE - 3

DESIGN CRITERIA FOR THE PSEUDO-STATIC ANALYSIS OF EMBANKMENTS
[After Seed (1979), Ref. 16, p. 236]

I I
|Earthquake Magnitude Design Criteria Comments & References
6-1/2 FS = 1,15 a) Applicable for embank-
for Seismic Coefficient = 0.1 |Iments constructed of soils
which do not build up lar
8-1/4 FS = 1,15 pore pressures due to earth-

for Seismic Coefficient = 0.15 |quake shaking nor show more

than 15% strength loss
(usually).

s
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DRAFT STANDARD REVIEW PLAN FOR GEOLOGIC-SEISMOLOGIC

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
of UMTRA Documents (1.e., Remedial Action Plans),

Geologic-Seismologic Reviews
This SRP was prepared and

coorcinated by Jose Valdes (geology) with support from Michael Blackford
(sefsmology).

The draft SRP contains separate sections on the statutory basis for the

geologic and seismologic reviews of RAP'
part of the justification of the roles of these disciplines

review process.

prior to the next fteration.

s that we consider to be an 1ntogrnl

in the UMTRA

1f, as vou have indicated, WMLU plans to merge this SPP with
that of WMEG, retention of these separate sections might need to be discusced

In that case, we would want to incorporate these

sections into the appropriate technical sections of the revised document.

WMGT would Vike to emphasize that the present version of this SRP 1s intended

to be a working draft, as the document has not und
Aspects of the sefsmic hazard analysis review

branch.

ergone peer review beyond the

plan have been recently

developed by Mr. Blackford and we are seeking peer review from sefsmolngists

in NRC and in our contractor pool.

We look forward to recefving your comments

on this draft. If you have any questions about the SRP, please contact Philip

Justus.

Attachment:

original * aned IR

Malcolm R. Knapp, Chief
Geotechnical Branch
Division of Waste Management

4005-GEN-R-09-00663-00

PDR

ATE :85/06/14

.

185/06/1¢

T WM
‘MBTakyford ;nRKnapp
:85/06/ 14 :86/06/ o

.
RS TREE..- : PET T L LR L L L I LRl




-

Bt et et el Bl el et el et
- - - - - -

FT STANDARD REVIEW P
FOR_GEOL L v

TABLE OF CONTENTS

UMTRCA DOCUMENTS (REMEDIAL ACTION PLANS)

1 Statutory Basis for Reviews

.
.
.
.
.

1
1
1
1
l
1
1
2
2.
2.
2.
2.
2.
. 3
2
2

1.1

.

2

s
2
2
2
2
2

1.1
1.2
2

8.3
2.2

.
.
.
.
.

Uranium Mi1) Tailings Radiation Control Act of 1978 as Amended
(UMTRCA)

40 CFR 192
Subpart A--Standards for the Control of Residual Radiocactive
Materials from Inactive Uranium Processing Sites "o
Applicability
Standards
Rationale and Implementation Guidelines
Supplementary Information Sections
Subpart C, Guidance for Implementation

. Implementation Objectives, Review Elements and Procedures

Objectives

Review Elements

Stratigraphy

Geomorphic Hazards

Seismic and Tectonic Mazards
Vibratory Ground Motion
Basic Information and Investigations Required
Determination of Seismic Mazard Parameters
Surface Faulting (Ground Rupture)
Other Tectonic Hazards

Review Procedures
Early ldentification of Issues
Review of Remedial Action Plans

References Cited




JV/85/02/06/1

DRAFT STANDARD REVIEW PLAN
FOR GEOLOGIC AND SETSMOLOGTC REVIEWS
OF UMTRAP DOCUMENTS

1.  UMTRCA DOCUMENTS (Remedial Action Plans)

1.1. Statutory Basis for Reviews

et Uranium M{i1) Taflino< Radfation Control Act of 1978 as Amended
(UMTRCA), PL 95-604

Title 1 of the Uranium Mi11 Tailings Radiation Control Act of 1978 as amended
(UMTRCA), provides the regulatory framework for the Uranium M111 Tailings
Remedfal Action Project (UMTRAP). Under UMTRCA, Congress authorfzed a program
of assessment and remedial actfon at designated fnactive uranfum mil] taflings
sites to stabilize and control such tailings in a safe and cnvironnnulgy
sound manner and to minimize or eliminate radiation health hazards to the
public. Remedial actifons, which are proposed in the form of Remedial Action
Plans (RAP's), are to be selected and performed by the Department of Energy
(DOE) with the concurrence of the Nuclear Regulatory Commission (NRC) and in
accordance with the standards prescribed by the Environmental Protection Agency
(EPA) [Sec. 108]. The DOE's authority to perform remedial actions under UMTRCA
terminates 7 years after promulgation of the EPA standards unless Congress
rants an extension [Sec. 112]. As the EPA stardards became effective on March
, 1983, this means that the UMTRA Project s to be completed by 1990.

The Agt requires that, upon completfon of remedial actions at a given site, the
DOE maintain institutional control of the prooerty in accordance to a license
fssued by the NRC [Sec. 104(f)(2)]. The NRC may require in its license that
the DOE undertake a program of monftoring, matntenance, and emergency measures
as necessary to protect public health and safety.

UMTRCA also addresses the matter of post-remediation disruption of tailings
piles for purposes of natural resources recovery during the period of
fnstitutional control. Section 104(h) states that:

“"No provisfon of any [DOE~State cooperative] agreement under
section 103 shall prohibit the Secretary of the Interfor,
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
associfated with land on which residual radfoactive materials
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are disposed and which are transferred to the United States
as required under this section 1f the Secretary of the
Interfor 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
materfals are disturbed by any such activity, the Secretary
of the Interior shall insure, prior to the disposition of '
the minerals, that such materfals 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.

e B 40 CFR 192 Standards for Remedial Actions at Inactive Uranium
Processing Sites

Y. 3.8:3 Subpart A--Standards for the Control of Residual Radiocactive
Materials from Inactive Uranium Processing Sites

i3 8:3:3 Applicability

As mandated by Sectifon 108 of UMTRCA, amending Section 275 of the Atomic Energy
Act, EPA promulgated standards applicable to the control of residual
radfoactive materfal associfated with designated Title | 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, 1s defined
as "any remedial action fintended to stabilize, inhibit future misuse of, or
reduce emissions or effluents from residual radicactive materials."

1.1.2.1.2 Standards
"Control shall be designed to:

(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 materifal to the atmosphere will not:

(1) Exceed an average release rate of 20 picocuries per square mete: per
second [over the entire surface of the disposal sfte and over at
least a one year period], or
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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 Dbe implemented, generalized guidelines for their
implementation are presented in Subpart C and, along with the bases and
ratfonale for the standards, in the “Supplementary Information" sections. An
derstanding of this collateral {information s critical, as EPA states 1in
.ection IV(A) that: ™It 1s our objective that implementation of these
standards be consistent with the assumptions we made in deriving them."

The excerpts presented below have relevance 1in determining the scope of
geologic-seismologic reviews of UMTRCA documents.

B RS Supplementary Information Sections

Section II(B)(1), Cleanup and Control of Tailings

“The objective of tailings control and stabilization efforts are to prevent
their misuse by man, to reduce radon emissions (and gamma radfation exposures),

and to avoid the contamination of land &nd water by preventing erosion by
natural processes. The longevity (1.e., long-term integrity) of control fis
particularly important. This 1s affected by the potential for disruption by
man; by the probability of occurrence of such natural phenomena as earthquakes,
floods, windstorms, and glaciers; and by chemical and mechanical processes in
the piles." [Emphasis added.)

"If necessary, erosfon can be inhibited by...moving them away from a
particularly flood-prone or otherwise geolozically unstable site." [Fmphasis
added. ]

Section III(A)(3), Cost-Benefit Analysis

"The major hazard, the extent of possible future misuse of tailings by man, 1s
almost impossible to quantify." [Emphasis added.]

"Under this standard most of the 24 tailings pile will be stable against
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
fsolation and stabilization of taflings 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 fntrusion [for misuse] by man can be provided
through the use of relatively thick and/or difficult-to-penetrate covers (such
as sofl, rock, or soil-cement). No standard can guarantee absolute protection
against “‘he u[poseful 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 1s primarily
ifntended as a design standard. Implementation will require a judgement that
the method chosen provides a reasonable expectatfon that the provisions of the
standard will be met . . . . This judgement will necessarily be based on site=-
_pec1f1c ana_yses of the;prgperties of the sftes, candidate control systems,
and, therefore the

measures required to satwsfy 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." [Emphasis added.]

"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
prcject 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 contro]s [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 dete-rence
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of misuse of tailings by man and control of erosion of piles by natural
The degree of reduction of radon emissions achieved by a disposal
system 1s more or less directly related to the degree of abatement of each of

these hazards." [Emphasis added.]

that it set standards without consideration of the long-term reliability of
whatever means are available for implementing them. [Emphasis adqed.]

"Corgress did not intend that EPA set standards for cne generation only, or

1.2.2.2 Subpart C, Guidance for Implementation

"The 1mp1ement1ng,agenu es [including the NRQ] shall establish methods and
procedures to provide 'reasonable assurance' that the provisfon of Subpart A

are satisfied. This should be done as appropriate through the use of
analytic models and sfte-specific analyses . . . ." [Emphasis added.)

"The purpose of Subpart A {s to provide for long-term stabilization and
fsolation in order to finhibit misuse and spreading of residual ratifoactive
materials, control 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 radiocactive 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." [Emphasis added.]

1.2. Implementation Objectives, Review Elements and Procedures

1.2 Objectives

It 1s 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. Estimatifon of earthquake-induced ground acceleratfons (vibratory ground
motion) that could occur at the site;

4. Assessment of the potential for ground rupture (surface faulting) that could
affect the tafilings pile due to fault displacement;

5. Assessment of the potentifal 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 poteniial of
the site as fnput into geologic stabilfty assessments./ The goal of this
evaluation shall be to cetermine 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 Sec. III(B)(1) in particular), which are
only meant to provide protection against casual human {intrusion for misuse.

1.2.2 Review Elements

The staff considers the geologic-seismologic {information 1in the documents
reviewed to be acceptable if it satisfies the requirements and scope specified
in this section.

1.2.2.1 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 requiresents 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 1{s 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 inTormation to be presented.
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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 finvestigations, and surface mapping. Plot plans that graphically |
show the locatfons of all site exploration localities should be provided. The
1imits 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’ ‘ation of each 1ithologic unit
should be adequately described, noting zoncs 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 incorporate the location of the
borings or other exploratory locations from which the information in the
sections was derfved (1.e., "idealized" cross sections not based on discrete
sfte-specific data are qot'adequate for the purpose of site characterization).

1.2.2.2 Geomorphic Hazards

Geomorphic finvestigations should include systematic analysis of regfonal and
Tocal landforms to provide evidence of geomorphic processes that may influence
the stability of the site. As appropriate, such aralysis should take into
account the information discussed in sectifons 1.2.2.1 and 1.2.2.3 and that
derived from hydrological i{nvestigations. 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 sfte is located should be identified and described. This description
should expound on the areal extent, distinguisking characteristics (e.g.,
elevation, relief) and major active processes modifying the present-day
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,
with a contour interval on the order of 1 foot. Such maps should be utilized
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to generate geomorphic-hazards maps that delineate areas where landscape
changes assocfated 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 fdentified (subsidence related to tectonic processes 1s
addressed under section 1.2.2.3.3). Delineation of such areas should take into
account the various factors influencing geomorphic processes such as relfef,
landform morphology, near-surface geology-pedology, and resident biota. Each
relevant geomorphic process identified should be described, 1nclud1ng (1) rate
of activity, (2) frequency of occurrence, and (3) spccific controlling
mechanisms or factors.

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 1{nfluence these processes have on the
determination that there {s reasonab1e assurance that the remedial action will
comply with 40 CFR 192. » :

1.2.2.3.] Vibratory Ground Motion

The staff considers the derivation of t»e 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
ana1gs1;kthat 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 f{nformation
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
"Il (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 should 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 Jlocation, and effect on ground, str..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 {ntensity of
historically reported earthquakes, where possible, with tectonic _structures.
Epicenters or locations of highest intensity which cannot be reasonably’
fdentified with tectonic structures shall -be {dentified with tectonic
provinces.

1.2.2.5:1.2 Determination of Seismic Hazard Parameters

Selectfon 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 HMorizonta)l 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
sefsmicity 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 Nuttli, 1983, in
Bernreuter et al., 1984, are examples of acceptable relationships. In applying
these relationships, site-to-epicenter distances for each earthguake 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
shou'ld 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 Bonflla 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 lTength value of 2.4. For all faults within this area,
the fault Jlength and distance to the site should be noted. With th's
fnformation, 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 horfzontal 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 particular 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 1s sefsmogenic). 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 relatfonships described in Step (1).

Step (3), Identification of Capable Faults. For faults whose ground motion
exceeds, as determined fn 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 Lo the characteristics outlined in paragraphs III(g)(1), (2), and (3)
by conducting a reasonable {nvestigation wusing 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 fdentified that would produce ground motion at the site in
exceedance of the projected maximum practical design acceleration for the
embankment.

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 1in 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 {nvestigations related to this dissue should be
directed at providing reasonable assurance that no capable faults are present
within 3,000 feet of the embankment. Such {nvestigations can be logically
fntegrated with those undertaken to assess the hazards to the site from
vibratory ground motion (section 1.2.2.3.1).

182 8:8 Other Tectonic Hazards

Investigations of other tectonic phenomena that could affect site stability
shoul4 be an integral part of the overall tectonic hazard-assessment. Two main
ftems fall under this category:

(1) Volcanic activity; and

(2) Actual or potential surface or subsurface subsidence, uplift or collapse
associated with regional or local tectonic deformationa. zones.

B 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 1in later versions. The review will assess whether all
geologic~seismologic representations and interpretations are based on adequate
information.

1.2.3.2 Review of Remedial Acticn 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. Contrcversial information should not be ignored
s0 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 supports alternatives to those
presented by DOE When insufficient information is provided by DOE to support
its {interpretations and conclusions, and other reasonable or adequate
alternative interpretations are indicated, the staff will request additional
fnvestigations or sensitivity studies. All through this process, the staff
provides its review input to the Technical Evaluation Memorandum.
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