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PRELIRI REPORT
PROPOSED MEASURE TO MITIGATE

THE POTENTIAL FOR LIQUEFACTION
AT LACHMR PLANT SITE NEAR GENDA, WISCONSIY

“BATRTLAND PONER COOPERRTIVE

INTRUBULTION
At the comclosiow ¢f the November 2 mesting, tam taclesr Boasid
tory Commissfon (RRE) directed Dafrylaud Power fogperal’es (NP} o propasse
magseres to mitdeste ter postalated potemtial for Tigeet:iTion 7w ks &t

that the LACRUR plact site experiences soTl liguetaction in tim top 50 fent
due to a Safe Shetdows Earthguake (SSE) reswliting $m a growd sarface accel-
arztion of 0.12 9. Dames & Moors reviewen briefly the w=. ious siteraafives
sustisble ta acconglish this gual. The followiny @3sCessian prewems oo
preliminary cosclusions regardimg the feasibhility of the warions methads
svailable for deasifying aad/or Tmaroving the fasndatics comditioas to =03
gate |iquetaction matential.

AN

METHODS OF DERSITYING AND/OR IMPRAVING SAMDY SDILS

-

The fyullowiag methods are generally used for Jemsifying andfor
improvimg cohesionless soils:

- Blasting

- Vibratory Prabe

- Vibratory Rollers

- Compaction Piltes

Reavy Tamplsy {(Dpnamic Cozselidatien]
Yibrafletatvon

Grouting

Displacerent Gramtiag
$idro-Repiacement Stase (cimmee {Gravel Orafos}
- Freezing

- Dewateriag

|
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Each of the sbeve methods was considered tar its up!ﬁcmnty te LACHE
plant sfte wheve an aperating nuclear power pbnt exfsts. A ssmber of thee
weve olhafsated femedtetely because of some serisus Fwmitatiows o oiker
restrictiens with resgect to the LACEBWE site.

BLASTING: Surcessive detowation of smalt emplosive charges cen e # rgid
and ecemomical mesns of demsificetion of cahestamless soilc. Fiseves, The
shock waves aod vikratfens resulitisg from blastiog may cewze focal ligee
farttan, wonasiform sispisrement sed vemaldiag af sofi. Becanse of petvatial
adwerse effects on existing strurteres amsd piie fumafet sy af Tue DATERA
plant site and tae daagers ssociates with asing eeplasiwe In 2 seEwryiy @A
citive areoa, the blasting techuique was ebimimted from Turiher Considess cex.

VIBRATORY PROBE (TEBRAPGODE): This methed essemtiszlly omsisis st deealfpian
a cortain mme of the soil by faseviing & vietieg pemie 0 The dosived
dopte. [his methns i best survted for ax apen sedewerliged ared. settionoats
will Be todured hecmee of uibretioms. Petevtizi donege (o saoferqrosud mipe-
Jises rowld reself.  Alse, it wil) ast be passibls to dmasiiy ihe saris oser
existing stenrtoves wsing mormal varkieny comipnewt and leckeigess. lherotors,
the Terranrahe ferkwiase was osasideres wasuitadle for farthee cosvideratisn
for the LACENE plaat site.

VIGRATORY MOLLERS. Compaction of the 5017 vs achiewed Oy a self-prageiies
and towed vibratory reller. As this method ¥s mul effective at deplhs of
rosghsly & fest befes the grosad surface, amd the gred (o Wmwose (b2 sotls
P A -SSR SN TS S gpepp— '.:--' to—l L e - P,

= L5 - -
“-“ bf":w F.ni Jll-t “fi.- 31& T Ty BRSPS S smme yas @ o B Ea EnE

fwrther cassidevaticn.

COMPACTICH FILES: Oy driving displacement piles at clase specing, densifi-
cotion of the sotl cas be acrompiished. [o additior to Troreastey Che den
sity (the {movesse o demsity may oot be very stomtficant sefoss the spacies
{5 very close), the coefficient of lateral ewrth preswwre fnrrestes aud
respits 1 2 cossidevable imcrease o cpelic skeer streagth. lkts 2 she-
stftcast from the pofet of view of mitigtios of tie Tfguefaction prediom
at LACBRE site. Therefeore, thic methed may be coxsidered os su amplicowie
cptian requiring forther comsideration. Rewecer, thic method alse sutfers
from the disedeantage tiat it is unsuitable where there are ewisting struc-
tares.
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SEREY TARPTSG (OVARNIC CONSUETDRTION]: Ta Uiis methed . repeated tmpacts of
a very heavy weight dropped fvom 2 btght are m[;t mm;;??‘:?

e tU Ww m.&h -&n‘; ddttt‘ uuﬁ" it uumun,‘ o
method ts obviausty mat suftable at sites with existisg straviores.

YTRGNFLATETIN:  Im thris metioe, dessification is acbiases by v Tt ron. -
of & “vibreflet™ (a cylmérical penedratar shimt DB mm tn dfametor 2od 2 rofprs

teag swspended by o crare, webghony abant 2 tewm end deselopiag & PR e
romtrifunat force at A rpm). Gramelar backFiTl will 8e ysed to 3! 65

the Bnles waick wil} alse be covpacted by wibwat¥es. Azain, theis malkod o

at e ased for deasifyiag soils soday styyclares.

GROTTING: This method of stabilizatiom comsists of eriler Trilieg s B
ymide in the o} mass wite cemort or clay (perticelate ."Mhii!l. e
imrerting differawt chpnieals watch feteract ta PidiCy ad sirengthes The

w5t? mrss by the formatiom of & gel iw thelr powes fChawical rugiingl, o
ctobilizing the sofl m#ss by wjectisg Fighly vistons grest 6 dispiade fhw
wotl @ By mressarized compactian (dicplacement ewumiiag swd copactiew
mewiites).  Tee displaenent groetisg sad compaciion groolisy rew resgit

a curkats of saturated sand. The saed particle size xt LACERN site 15 ol
well satted for perticebate grovtiss. Chemical grawtfms fs feasible but &8
veryg hrgh withal cast. A additionz] disadwestage is the extreme &i771-
culty 13 reackisg bGelew the strectwres sapperted oz mumeyous piles.

YEERO-PEPLACTMERT STONE COLUPSGS: Tris method s simtlar te vibvoflotatsen,
eecevt that the eymmslar backfill wied wild be coarse arave’. The mrictipic
here 15, iw addition ta demstftcation, the ovevall effective pevmeadility
of the system will be Tomreased sa a5 to evable the dissépation of oxcess
pore pressere as fast as it s geversted derfag the earthemmks. [ike many
other method, descriwed eartier, this methed can exly be agplicable to
arvas where there are ne existing stractures.

FREETIRG: Freeziay the grasad zad keeping it fregen far the lifetoe of
the strycture copla ebwmiaate tie petestial for liguefacties. Sewsesr, 107
selution is peactfenl anly for temperesy rether thee permazsest cuacdttions.
The methed zlsa is relatively wery expessfve 20d may have the ssdesirable
effert gf froszing all tie sodevgromme Fivelfives.




PEVMATERDNG: The presence of water is what wskes the sauds susceptibie tn
Ttquefaction. If the pere ater fs entirely removed by pumping ihe grunss
witer mad matntaining the water table at a lower bewel the pertentialt for
tiguefaction s esdirely el mimated abowe the water tabie. Tie ssivwtial
for Viquofactten is reduved under the water tahle berouie, whaR The WETEY
table is loweved, the effective stresses are ncreased &ad consengeeetly

twe cyclie skexr stresgtd fs ikcressed.

Aftes & prelimimary Tmvestigutiow of tie hydremasiessi comdt. s
3t the LACRKE site, the dewatering Optiap was comsideyed o feasidle aFlew
agd thevefove, 2 pelimivary design of the demateriug “251em w3 srwpeTes
for preseptation te the NAL. After reviess ¢ savowsi by O, Tariher
detatls af tee dowatering system will be comsideres 37 aneessary.

PEELIPINRRY DESIGR OF THE OLMRTERING SYSTEM

GLUERM.

An zvea of sppraximately 200 by 163 fept ia dimwnstoss comwisien
of th. resctor captainment, the turkine bailding, the wesis Fispomsi bwtidiag
sud the stack was coostdeved fowr dewsteving. The deplhk of the samdy sevis
snspected to be poteatially Vigueffsble at the LACRME site vs 40 feet. lbe
grosnd water lese) fluctustes Setween § to 12 feet Lmlow the enistieg plest
grede. Figure | shows the effect of the depilis (o water table brlox fhe gpimet
grade ou the facters of safety aguiust Tiguefactice potentfal at variows
depths. Figmre | alse shows that loweriang the weler fable to abaut 70 Teet
helow arade weuld facrease the factor of safety fram 1.38 tn 1,88 af x depth
of 30 feet and from 7.55 to 1.93 at & depth of & feet. The same infosvgiien
s presemted fo Table T in tabular form. Thevefore, (We desaterimy Spsien
will be comsidered adequate {f the wotey table cas be lowored by o mexEnm
af 17 fest from its existing level. Hawewer, the pveliminary desige s por-
foymed for a mexsman draw down of 16 feet below the existing water tafie
elevatfon that is, 25 feet belex the plant grade. The flsa} drawfows depth
will he determiued after apprvopriate field snd labevatory permeahility tesis
are dome.
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RYUROGEOLCGIC COSRITIONS AJ LACRME SITE

Fiquee 2 presents a schematic cress section of the subseil ces-
ditfams 21 the LACBME site. During the flasds of April 965, evidemce of
direct bpdranlic connection between . agatfer &t “he stte and the adjacest
river was ebserved. The mamhale cavers at the plant grade (mproxivate ele-
vetion of +639+} weve forved opew by the Fioad water wheve the water love? &t
the river was also spprosimately +633+. The sormat waber lewsi elevatian of
the river is +628+. The grasud weter level at the stte flactmates betxeen
+631 to +627. 1f the water table is lawered to +614+ (25 fest below the piast
grade), ané raietatred at that level, thes theve will be 2 permmacat recharae
from the river fsto the agnifer becawse of the dirext hydramlic cumaeryam
meol iemed easrtior.

Tie rversge permeabidity of the sauds in the agquiler was astimtes
to be 83 ft/day wsteg the informetion from grate size smelyses. Sooe ef the
faformetias provided by the DA persoreet regmding the geantities o° water
numped awt and the arexs of excaverfon damrfng Che plast cosstrurtion oF the
comtainmewt asd (e torines milding, the permeadility walues were [achk-
cetculated. The sversge resulting wligs of the permeabilily wes approawmetely
150 fr/dey. This bhigher valee was osed for the decigm of the dowatering svs-
tem. Howewsr, pypiuy tests will be performed (o verify omr assumptions.

TRE PROPOSED SYSTEM (F DEWATERING

Fowr differemt systems of dewitering ware comsidersd:

1. A poritmeter well pofat systom with a cewtral pumping statien;
2. A pertmeter system of soction wells with & cestral punpisy
station;

1. A system of taftvidual wells with individual pamps; amd
4. Rammey wells with Rovizestal screews.

The perimeter well point spstem was cousidered wniuitadle bocsuse
af the clese spachags (sppwomtmately 1-1/2 feet apart) mendated by the design
calenlations. The erimeter system of suction wells was alss comsidered
vasuitable because of practical Tmmitatiess an purpien head. Essssy wells
with borizostal screvss remaire spectal omctraction techetques sad twerefars
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were et cansidered further. The propesed system fs ame of Tndfvidual wells
with irdtvidual pergs connected to a commen discherge pipeliae, as skows fa

Figore I

PRELINTENEY DESIGR DETAILS FOR THE PROPOSED SYSTEM

We have tentatively estimated that 2 total fTow of 5000 epm will
kawe to he penped contiomumsly tn order to achieve & draw dows of apprexinately
15 feet at the cewter of the dowateriag system. We kave estimeted that 5
individral wells, ¥-T throwgh W-5, cach moanted with & 100D gpm pamp, 25 showe
is Fiqre 3, will perfam the regwived dewarrving functiom. A sixth well,
¥-6, is provided as a hackap for the dewatering system. The fellowing are
the desiges details of the wells aad the pumps.

s

Depth 165 feet

Mimimen dianeter of the hsle 20 inches

Migimon diameter of cesing 12 faches

Miginun dianetes of sorees 12 tmckes

Wiwimam lewgth of scvees 63 fest

Maximan Tongth of klamk casins 40 fest

Type of scyeen Jobuson Stataless Steel (or eqguiwslent)

Width of slot 28-stot (2.620 faches)

Grave? pack Propey st2e amd quastities to fill in
the awnnlar space of the wells.

PPS

Moretrench Amevican Corporatien's pog Gn. TODTS er eqwivalewt
is proposed. This punp fits into & 12 fock casing aad wil) pymp 100D gpm
at 70 feet of hrad, and has a 20 Wnrsepower submersible motow.

DISOMARGE PIPELIBES

It is yroposed that the dewsteving system commected by two sertioms
of 8 inch pipelines totalling 450 feet i lewnth lischarge ioto as 12 fuch
pipeline abost 120 feet v leugth which picks wp the conbined flow amd dis-
charges iste the river, as skows fu Figare 3.

=




OTEER_CONSIGEBRTIONS

Our preiimimary evalmtion is that the proponsed dewatorien systen
conld mitigate limeefacticn poteatial a3t the UMCBNR sibe durieg Safe Shutdoas
Earthugmate conditions.

Teere are other ramificatioss of dewaterisg, two were <omsidered
ian this study. The first is the settismest resuitiag from imcreased effec-
tive stresses; e second is tie dowa drag on MWe piles resmitiag fram ae
seftiement. Qar preiimisary Calcwilatioss shoew that the settlement resaiting
from dewatering of o 1imited area is about 4 grarter of aa dock. The de-
watered area is cxpected to experiesmce this settlement mifomiy amd ia omr
apisian will @et aduersely affect the facilities at the site.

The down drog effacts en the piies as a resalt of the setliement
is ewpected o facrease the oad carried by the piles. Owr prelimisary
caloelatiows fedicate tiat the iacrease of wertical ioad on piles is =mail.
Ihis imorease, ia cor opinies, s wet large encayh o casse amy Cemrera on
the safety of the fosadatioss at the LACHR site. Fertier detallsd calcsla-
tiens will be made ©9 verify s grelimisary Fimdizgs.



Table » 1
Effects of Depths to Water Tible Below Plant Grade
On Pagtors of Safety Ageinit Li.-,whc:&an(a“l v 0,12 g)

Depth v=10 y=20 ELh v} =40
Below Tay v F.8, 5 .9, T F.9, T F.$, v r.s,
arade (ft)  (PSF)  (PSF) (PSF) (PF) (Par) (PSF)
10 86 7% 0% - NL - N, - NL - NL
20 163 150 0,92 R4 1,47 - NL - NL - NL
30 233 g30 0,99 s 1.9 40  1.8% . NL " NL
40 290 40 1,37 A50 1,85 B60 1,99 680 2.34 - NL
7avg ® average cyclic shear stress

NL

eyelic shear strength

depth to water table (ft)

ng Tiquefaction
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FIGURE 1
EFFECY OF DEPFTHS TOWATER TASLE BELOW PLART GRADE OR

FACTORS OF SAFETY AGAINST LITQUEFACTION
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