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t,.() ~11 pol(\+ Sc...9I.c2eng I a.nd '7cI' 3e91 pipe be SOAADLJnded tvH:t, 

+,'(-k~ 8Q(\d z.?<-fencL.'fl<j -+0 wHhin Cl. -klAJ me·l,us, D-f---the 
~~lJnd gl)~ce. 

thiS Me+hod jg, (Y)DS-t- 801-t-a.b(e, In [a!je9-Q.d ~w 

Sha.{,:..(2;ed Soils !.Dl,+h C-o-2.-?-f,'cJenf ~ 'PeJifY)eQ.tolf.i~ of 

--th e. :7tQf¥Je _El' t -+0 1D Y. l6"l{ Cf(] If!:,u. 



tt-"':-~:--~~-"'-~-Sf\ND 

. PrLTEI\ 
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Wf'Ll~ pV~N.r .. ~~ 
. ~ - ~ - .... ':-:--!1" 

H-I?AD€'R 

Lt\I~L 
-7--..;.:.:...,,.....:....,:..=....,...:...r~---, 

;' 

OR IG-tlN 
l,0j\.1"F1( 

...... 

Mechanl'srYl ~ €(eet-J-O - OSfY1OS"'~ 
~f~~----I 

.p...nocle. Cct+hd 
~) H 

po. fY'QIle.f'l(. 

h'ifc:l9Lc:rh'on Skl/ 



~~~~~n~{
 
and rl(\-t.e'Jtf\Ql '1)haSes,' . in Q' e-tal{ .'r:>b'?ce '.­
~ ~ r~ ~ ~--...-..J ~ 

/(IJR/I/$413 (/!/!//isI!!///I/tr==l/I/I.1=IIII/1 
of -t ffi -t -r -r- --'+ 

-- -_--fl.- _ + : (n-t~na.1 F~Se. 

CE)(+~nat Solu-{)on phase.) ., Cd.oub~ ra';fe~) 

LolJr'I{~ t'on~e e',
 
@ @ e 7.' I.
Ef)] 'r'I\Ja.aln '! 

--------- --- - - - -~I et:hoIV-t. e. .f.0IY\ 
-t '.; 87 e t'trrte:llnal f'ha.&~)" . 

[.'){-t-eJ\ flat rhose-r-"" of + ~ 
((/0(1fft'/IBiftmkJillll!llEYtl/lEYl717 . EJ -fi'iU.d ne~~\le 

St?~ccZ c.J'a''[~.s 

-rt,~ po-fen{;al d'"o.dt'en{ .should not-. ,£')(.ceed 0'S­

'\lc<J/-tg!C'-('() in O'7Ldl!Sj -tv p:MVerH- C,o"s,ldVlable toM o..f- 2.rJe5.~'j 

due. -rv he~n'3' o-? -ft-te ~'7oDord. 

[1(2c-tlSod~ ~ ~ 

The c;jQne~o.l ICl'J19ut- o-t +he ~eef:/Sodes. "dere ndS '­

upon ~e ~LJ~PDBe --fu'7l w(,.,,'cn 4~~ aAe An-knded' She«-+-f'!'le$ 

f)~ a.n:J shape. Can be. lJ$,ed ' Thl? stOlplest- -ttape. of OJ)~de 

-?o~ ND~(Y)::lr appUc.a.-t1'on ~e old pipes, Of- .2..s"'/Y1rYl oSL$bIY\lY) 

diCH,()~-te~3) tDhtch Car) be. ~iI'i d<N\JeI) Irrfo ftce- Soll­



"These can ~Jthe." be. placed &l'nfjl'j CO:h) ,'n ~:\DUps o-t-~oto'r) 
-th"'(oc· 

gtn.::e. -+he Otnodes Cn9JLt)de c:onsr'de9t.Q.6~ t'n -{he O:>t.n~e o~ 

0.. -f.~u.) u.)eeKS D~ 'K-leC-b-o -D8ri)~C. (leoJrf\en.-I: -+hE.'~ should lolL 

~lo..eQd as soon os -!:--he c..LJ:M1.Jrt d'Mlf& -fo tes~ -H.a.n 30 '/. D-f. 
-the lnt'-tial l.Dn$DfY)pt-JOI\. 

sr.n ~nh(18-t -fu /lOS\lY\a! . t.0etl fDf(\{-S +hese l2a-HYiJde t02/ls 

Should 2."ll-terd ~ofY) -fh.e so::>rlhc£ fo -the l::n-{--f'()m, 80 as. +0 

cdlow +he t.<Xt+~ +0 dt'&!-ha."/i,? lAfo +he f'I\ oVe'J) -!:-he.. cO?-'o{e o-f­
4 e191 he.tc;rhi:. Scrh CLtfttDde ~ [.,0etls have -the adVa.n~e- o~ 

SQ.9..'}\'n~ 0.11>0 as d9laJ nClJI2 wet/.s ~~ 1a~eiS an d rocl<..e{s, of. 
Sand r.ohfC-h cOle -#oa<Vu..UtH':j p~esen± 1r)81'~ SOl' {S and 

evkteh ~e~t.D\se r..oould ~dl.:r be ~ecled.b'j 2-1e&~-
Q)&M08l'g. 

~~ 
<The. -i%ttnw/ n'] 8t' rf'lfle 15'u.les shoutd be «U.de, 0/,v'ch
 

~\l~lIOI\e. Kno~ On -the st-h-l-


L{ J	 O(\t~ t'e3.So(\S wecdlA.3 5lo66eS\ booi.,g" s,hDUrcl be qdrY\;#ed 

t(\-f-.o -t-trIe nUfJ h6ou:t hood a..?-.{he £1.ec-tifode.s . 

.P. I	 tJ.Jt.Jle. r.DD'~"1 be.{ween anode af\::l c.a+~ode nel{he'Ji-);t>u.. 

~ leet-9.ode no 9t --H..e 1A)/9u'FYj 8hDurcl toe -touc.hed r'r) 8tJ:!.fl a 

rY'anre~ -t-ha-t to/,J{e Of\~ hand if!, on +t,e- Z:(ec-t'JIDde, -#te-C5>AAe/f 

c;le-f:3 irrto Co0-tCl.e+ lOl-{£, --th2 't!"'-olJrd ~O';\) /-0t'#, --the o-the" 

'£leG{-'7\ccle.2l>e'7J'ou..S ha't1Yl Courd, be. +he CDffie~lJ.<!.nce J 



i-Ven lA') H-h less. +han IDo Volt-s­

J,i 1 r.<:>he9le -+he- 2::xca.\fq-h'On is Cdu1ed auf fc,~ mQdu'ne'Nj 

8peclcd o.+kn:+ion ha.s. +0 6~ F'd h'd -fhe ~PVterto:A-fu 

_~o.'Jotd--theoc..c.u9l.a.(\CE' (')f' sh05\-t <!J9I.Cw'k· rt·\l's. (YJQlj Y1chrrr'i 

+he. DP-OlQ-fo91 ,hI'rY18e.l-f ,'n +!rle--!2t':7isJ r1a.ce· No ~~'WloUl 

"p5I.a.c.uui-'O(lS QU.. l\ec.es&DJly I~ -t-tJe ma.cJ'ine ope9tctfe~ tDl'4~() 

a ~PQC(? ~ndo¢(?d b~ on odeS &uc.h a.J 8heded .!.'XC'a.va.-h'uns· 

- J
 



:In anLj d.OLi00.ee.. Svst-elY) pe·~-I~)'tctf-ed pipes ard 

Ccndurt.s W pe:nf.oISn-ted ? I pes () '7] pipe Une~ w l-th 0 pe 1/ JDl nts 

COle U8UQtt~ p:7\'D'Vlded· tt-.e -spoce 6e+t..0een -+t,c r1o.-fu'"(al 

SOt I and -the pl'pe is ~ lIed 'U)l-+h 0. Coci7lSe 'J15cV ned fYla.-teCiia/ 

I knOLOtl oS~l[e"!, ~-? +h2 'Voids of' ~lb ci'Je (oJ11?\--l:-hQf) 

i -+he -PinE'~ c~J"oJns o..f --{-i,e adJolninc; Sot! '+hC2'71E' is a. 

i pOSS,iluiU-hj of +ir.ese -f?,'ne pCU)+icle~ -+0 ··f·ill 4e Yo;d~ o.nd 

I o..ccut'Y),uto."t. and 6lnCK -t+.e-f-LDLD· Dn--+he ~e~ !---and I~. 
i --+-h Q "'IOld ~ In -i:-t-Je -t;' (fe'" oJIe 0$ Smcd I as +c'ohe In +he sOil,
I 

j -+hc'n +h.eJ.e {'s 0. pDS&; 6i~ D-f'- -+t-e -(2,' lle~ rY'Icdet"lal ~st"(?d 

i In-t'D +t.e c...ordu.As. qnd fipe.s and -+Mus lead.N''J-h 2.'Oo-s'l'\)lJ 

!
\ 

of' -the na.-tc)oal .sDII . 6o-t-~ -B-ese COte orSesi'oOltole eondthons 
I .p, --f; lie'" ma-tEoI'o/ -t-ha+ O"l/C2o(Dmes +£"'e ~J'fGtf· cd,:()ve +too 

! Cond.i+loflS. ~g, ~ened -kl as. a. -h'({e9t, 

I,! 

I 

! Fnteo.c;, 03,e o.l.&o lJsed In ~hdQf'()&, eoUe1fdQ~ ond 

.s~ee+ f"le S+lfLJC-ro"fe£. ot.g 0. -t-'fQ(\&(Y)I&&l'on me.dJufYl o"(-l-:o 

'P".Q\len+ pipi n~' To p~\/(2n-t pi pi l"?J J --tt.e +"ltOl 1Y)00-1:e~at sh.ouId 
hCJ."'e qtJeayuo..-h voe...t~ht . ~A) C\. -fJ't:-te¥ ~?tknd£ ~c 9tQS.S a 

IoDlJndaA~ Ioe-tt-Oeen c...odh&e o.f\d -AAe cSD1[s..Id..!:.ue.M()+ 

~e.A.JodS ho.W +v bQ t.?.!ed· 

I 
---rhus In reoQ1 0- +'~l{.e'( D'C a d~'n rYYJct.eol'a( ghw/d I 

8a."~-I~Pv -+h.e -hoo ~eyw~MHl+s!' o...pebrt -?'6'OM addin1 I.De1Uhf.. \ 

0) -the J"6'C\.dc:Jion 0{ -?, fte'6' 1Y'to.-te'n'a I g hould be Cctpctbte. I 
of- -to'71m1n:r g rYlC\. LI &lil po ~e s, cS t:)c.h -t-t--A-f- (Y)1J~-hen Dt I 

---~-------I 
\ 



C(djac.en-t PCl.'i'-t.'c.le2. +ho~h -+he p0.3-tes I'S p~ven+e.d. 

(u) +he ~,a.dctf;on ot -+he ~'(+eY (Y)o.-k:fia! Shculd be. SLJC'.-h 

~Ol-t	 t+ aUows ot '3'Ap td d~oJr"IaJe.- 0H-hou+ dQ.'\fe.l0f'in<l 

lcV.Je. 8ee-p"''Je. -f.;,i'c.eS . 

"'The abo\/e ~e)lu1:1'4"JY)en+S o:>1.e 8ec-h.s.~'ed b::J 
qdop-h ng- 0.. So1-tQ.6le ~'lfcvn - SI-'}:.e cU'S-t,\ 6o-t-lor) M +he 

--?--;l-te1 (Y)a-{e'f;'t'a.1 Bo.&ed D fJ --t-he ~e~IQI -to be pootecled. 

The. ..fDllot-Ot'fl9' B ~e't Q~I-te.~kt Q3Le ~ be. o..d.or=*ed ( BertoalO) 

('140) " 

D'&v(p~ote.c-W 80ll) 

-rhe. c...lS"I-te.'II'On vYlphctSI2..eS. +hat -tt.e. DtS s't±e of 
--the ~~e.(l' So! I should nO+- be mD'he -t-han ~LJ.~ oo+;'\Ie. 

-hr'Y\e5 4e DS5 Si~e.- of -{{.,e p~otec+e.d ~Dil· lhe sewrd 
C.9U t:e...9\iOfl IS, 

D["5 (P:lLDte.c..te.el oS D tl) 

--rtJs C7I.i--\e,lon ~(Y)phQS{l.-es -t-+o..+ +he. D,s 8i~L 

of -t-he -t-i \{eo 60ll should be fY\D9te +Iran -fuu~ D'+;\/e. 

--H Me g, +h eD,S" s,l.z:e 04'- ~e. p~o{-e.cJ"ed goa· 

The add.;-hollal 9I.eeywN-mern:- 1AJ("Jc.c, ha& -h be
 

.so.+;&-9ied. Q.g 5..e.r-'"fd.s: +0 0pen{'rrys in +he tY'Iesh Sc..9Jeen 0 3)
 

pe.91.f?o.,afed f Ipe ig +hcd- +he. mo.'Ximom ,giCbe 0-(. ~e #-i(fe't
 

rY\Q+~Ctl ~hOu.IJ toe. 0.+ tec(,~+- --h-oiCe -f-hcl o? +he ope"lrrJ~l\
 

~_~~~ ~~~_ gC_:~~~~___ l 



----------4"1I
 
I D-r&1'()s,

I~ 

-A C-omple-te d ..Q)n C:uf'l~I'.S;{S. o-f -+kue. LDrnp'Onerrk, '\111'-7:. I, 

~ t-l:e9J J CDndu1+ 091. Coltec.--tD91 olld d1~P'lJs.Qt sC('&i:e.m. 

-AS dlscuSSed ~leA 0- -f,'lt-e'l (g ~<seIttiQI -t-05t Cnnf-ill\ue.d~ 

5..---f-f\C1encl.j D-@- the d~airJ Olnd -+u t-'~verrt &eepGt'Je ~:ooslo() 

dtJNf'I~ hl'~~ In~'tautic. a0oc1'en.t.!;.. The tOCl-tev e.g t:oltecled 

It'l -the d-1raifl Condtu'+s --f'.OiY'\ +Me ~'I+eY aAd ['S Co.9.5Ued 

Q. tD CLlj . O'6cl} riaJUtv I +h e ~ () dUNl So S -tv 10 -i-h'V) e.£. [oL\~e."( +tan 
kg, hVe!oaulic. c1)c+ot-t. ~ ottDuJ 4!0.'7t 'YC\9Jct+ion 1'V\ S0l[ 

F'e~meQIa~~ a.nd +0 Qcc..ofV)clo-h ,gome s,1t-t-t'f'KJ' C-DmMe'fet'al 

'P
1
pes.. hQve. pe~"fa fioNr of. 8 +0 '1 Nll'Y) l'n cUOIMe t-e.51 Qnd I 

:7Le"'{w5\.e a. ~'()(We.1 f.'lte'( wt'+h a fY'a'X1mlJfYl 8t--'le of. 11- (SfY)fY). 

the.	 ~Q(ffY'\Qnen-t one! <s imfe d.1A,.p~al ,g ~s-berY) t's G->oQVi1/' 

DtJ9Urvy o.c!\len1. e Conc1D'-kons, 8Deh as wei- r..Decrl-h<?O) hIla h L-{)CJt.te-t 

-table. and Q di-ffiwl+ +OPOd~Ph~ J j'tQ.\lH-rj 0Vs-l:e.m ~ cU'.!1fo'!)QJ 

c.clnno-t- -fDncl-icf'l . .2.r\ fSoc..h &c+ua/;icnS1 FlJrYl'fS I-ag, +0 Ice 

~.s()91+-ed +u lNhlch v:>tll foe- c..og+Ue~ o"\.te=n. a.. Lo'J pe'7tiod!. 

~~
 

the. otd~+ mclt,od ~ d~oJf"./()J ~'){ca\fa1lD().g f 9Loa.cla.
 

~+c.. \8. IoLf open D"6'au'n.s, '\I;~') a. eU&c-tJ o.9t a &oMf' -A S,ON'lf'
 

t~ fYIQ9vJ!1 a. S ho+ ditc-h t..Otu'ch Could be LPfkS:+wcted
 

w..s,'1 tlj £A.J i+h d1<S K.i lled [abDU91' Deicdt~ c..f- -+IN's (Y)C2.-t-hoda:Jle.
 

d.-l'Sc.ug,se.d ~le'7\'
 

c..los, ed D"6'oJ'~
 
~~ 

r.0hen see.pQ.(je ~oos[on ~9t plf'tn'j t<; -t-oDu.bte bON\e. o~ 

(,{)he~ ot f'e.~1Y'arletrt- d lraln 1'8 c1e.s I ?ted, f>e.~'7QfG::l pipe. La!) l 



Conc;;-1:ifLJcli {) n 

S. E'''Yuence. 
4-l---!<; 

f--------4 

-AM -Al{ey --t=!--__..~=t---{ 

loe l a1 d a{- C\ :JlC2.'Vui 91 ed d e.p~ tn d ikhe.s a rod --t-V1 ~ d;·kh 

tg bcl.ck ~'lled tOt+h ct- &'ot-kt6te. +iH-e9J VY"\O---te..·dal. -As-fct'( 

L)~ pog,&llolC2. plpes 8houtd 6e. lau'd In cS-t-oaiUh-t L'ne&· 

openlnd~ ShDuld be p'7\.o\/t'dro -fu.A $.ve~~ 60 -+0 Si) IY\ +0 

-f-lu~h ou.t ---t--he pipe e::cc.()stDnOlt~. AtJ,v ('(!Oflho{es. <should 

be ?'7\o'llided Ct-t cJ'P.n~es. t n. cL'9leclion Ctnd Cl..-t I'nkeva.l.s 

o-f lOO -6 l'5""o rY"\ cJ.on~ .g~"a1~h+ SecliDflS· 

G:::.--n l:>acted 
Bac. K ~ tl 0"( 

-ftne -i2l t-tel"' 

~()e At-tel--~ 

Co~se 
~ l{e.9J ~====i:e 

pq:xz d.o.1n wi-t-!A doubte -f1 t{e9) ta'(fers"
 
t-ro'30 :z=t,n-ta..l D '!IoU (\g
 
~~ 

'2-$ -fietd St-t-uo.-tloVi's' .L.Qanef"l+ -1:u Q'\!Ol cl q::en - c..u..+ 

t,0o'OK 091. no(\ -a...'taJta.6\~ M- exde::yu.o.ti sobmeofr-flc-eJ 

-+he? <J1"DOI1d WQ-te"t Call be LoLDE';lu2d b~ (y)E'.an~ D+- IX l'2.oJ)nlj 

d '('QJ' na~ e 8!.jdJm, \W g, 8lf &tem c..o 1'\ i3, I'~ o-f' 0. ~rrf?o~Qeel 
Co0C9LQ-D. sha.++.s. C:)\ uXl!S? -+.om LDw'ch 0.. nombe/l o..f­
h09\.i'Z:Qn+o.~ 'Pe9l.{?o9l.a.-ted Pl1:~·s. ClAE'.~')(e.d, Tlnes.e. pt'pe5- fYlG(fbe 

~"X.--teU"\::l ed -t--o 0 3LQ.eyul ~d teJ\~ In any cL'.9I.eclio() . tJ)crl-e'7l 

Coltec{ed 1'(\ -tine lAJett ,'Q, pl)lIVl~cl oui- b~ lN1.e.an~ o-f. Q -hJ"t"bt'ne 

pomp. 'l"kl!.> 8lt9.+em (Y)~ fiDe fc,Q ~..f.kd\ Ve ~n tol0eJIJ.'Vl~ 

wa-fe':!l ['1'\ S-t-oa:t;-h'ecl solI;,,· 



r 
Doninoqc: A f t-e9] Cons-totJe;h'on j 
~~~ 

p9\~en-+i"1 ~"6'DOlldlNoJ-e91 -foom gee.p\n~ t% on 

g{-.0clD~e o~ --th-rouCVh Ol. -finl'shed st-.L:JC:to~ M0'J be. I 

neee&soOtlj in o:7tde9\ -+0 06*010"1 f:nope9t use o-f ~e stm~ 

091-+0 1>~C+ H- ~oOff) d~o.Ira~e.. '~n gorYle sl~ucrliC()g) I 

· -+he. de~~' (l'J' .Qlj&-h?rM L?t-iUt"ecf d tJ9I.1f1~ eotfl.Q-t"6LJclicf) ma~ 

· be~,,-+he"- OS<2d +0 y~.o-tec-f ~e &truct-o?\e. 

T.n Ot ~oJtt-ic..o[a5l ~eld c.or-c:ll-tlon t~ t-t- \'& nec.es.s,~ 

· ---t-hat- an u. So b Ie PaJI.f- o-? 0. S-t-1roc-tu?\e has. --k:l be loca..{-ed 

· beLDtD-+lre 05LOond WOt:b~~ +a6Le j l{- is, ~8,s.enf;otl-+o boTld ! 

-+he -fa.C1ti~ L/-hu'6-1 r"i1lA:lo±e51 P'~ot>f dC2.9. 1<tn Gtfld c..oll9J:mcl-1Dn! 
--tech Ill'-=Vue<;. on e ~ -t:-tn.e dC2.s.1oo. Iale -ko-hJ5\.es. ~'7I. Q 8010­

ct.."u.cww;: .s.-t.lJCto~Q t' 8. +-0 hClvE' aU $eaMS o.l'Id jor~$, w l~ 

lNQ-t-e'31 S+ops, 051 --l-u o'vol'd CoVVlpWdlj 8eaN'S oVId JDI'rrh;.. 

! fC00dedlocn D'('oUl'lS, 
~~ 

[,0he9l.e 09coJf\d. wod:e91 t's. p9tesevrt III -{-1t)e 'U6.'(\{+y t)~ Ot 

&auc.~e) p9Lo\l1'.£,IDI'l shouLd bQ VYlOlde --h:> eW'CK.IV~ 

, Q.t.OQ~ +he lAJQ-te". ~oOM +!rIe Q,olLd!n'J' 2.n -tVie LDOY<:;'{- CoAcL'­

, ---\:ion +he S:..f..fecl 0-4- 19\.ooVld\t,OaJe:J\ MaO 6e aUnLDed Ofl!.rt 
: Dn +he. ~'>t-te>Jo'JI ~Ide o-? 8oHcL'flJ ' whe() ~~ dep+h beLDwQ 

· 4(2 \A)a:-te~ +c:\.Iot e 1'(: not:- -too U9teo-L l+- ['g, -feasible --t--o 

• Coru:'Oo I -H,e. t-Oa+e3) blj ~onde::c-h'O(\ D1rou'f\-S' An o.na.,yy_MD. 
; ~ i:h.JC.L, 0. d1rolfl l'g ghowr'l 6etDw· {-k-,tD~"e7'i1 sllc.hdlroJM 

, Shoutd n~-t- 6e placed LoLDe9t --t-lnQ,n ~e bcl-rtJm tD-f f-l1e 

-f',ov-hncj' StJch d-roJf"\9, Cengl\~+ o-/? pe.~~aJed t'r'pe~ o';f~lpes.
 

to/th open JOlfd;<;. So -+ha:+ *-he ~AolJrd tLla.k:7t CctY\ Vtte71 1(\+-0
 



-*-he. 'f>ipe ' A ~~,'-ia.ld.e *l+e71 Should .stJ~oV\d -t0e. ~'\p~'
 

-The c.otlec..t-ed l0O.+eY ['II\. -t-Vce pIpe£. "So dt~poSed o-f-~ 6~ 'j'6a.\lI'-1'
 

-f\OLU --h:> a. ~ d¥ cU (\ ~ ~9-telfY\ <[) '7\ o+!tle 71 d 7ial(lQ.'Je -t=o.C1 L'+i I
 

.s.Llch a.~ dt+ch, d '31.'j tOetl , i--1:c. 8~ c:Us pasaJ 6 tt ~'6'a. vt't1J -f./.ouJ I
 
\8> no{- ~o3st6leJ +he.. d"f"oU{\Q'Je w:tte~ ho.~ +u be dt9te.c+ed I
 

-+0 S,\?MP Pit o~ 

Ma!on ?o.~ 

f3lL& eV'l\li'rtLClltU
 
L€'~-two"l \.
 bJ'7IOClrd 8.o9l-fu.c.e [sloped o~{,OfY) I 
~e51IlflJ e>teJ)
 

-=-----::::--.-:.1T'tTI 
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