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U. S. CUSTOMARY ‘10 ME’I’RIC (S I)
UN Il’S OF MEA SUREME N ’F

U.  S. cus tomary  u n i t s  u t  measu remen t  used In this report can be converted

to metric (SI) units as follows :

Mu it ij1~v l
~y

cub ic  feet ,  0.02831b85 c u b i c  me t r es

degrees  (ang le) 0 . 0 1 7 4 5 3 1  rad i ans

f e e t  0.3048 me t res

fee t  per second 0.3048 met res  per second

miles (U. S. statute) l.b09344 kilometres

pounds ( f o rce)  per
square  inch ~894. 757 pascal s

pounds (mass) per
cubit ’ foo t 1b.0184b kilograms per cubic me tre

sslu.tre feet 0.09290394 square met res

tons (mass) p er
s q u a r e  fo ot  9,7b4 ,SSh kilograms per squa re metre
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Ft’~’5I Pa I t  e’ I’ “ s ’ lt  Ni l  1

It’ r l’ s ’ l t C e ’ Sm it  It N i l )

I ~5 I i - iS  , I t t , ’ e’ui as i ’Dt l

.1 L III I ’ i ’ , l I ’s i ,lIl iF, CDL)

K [e~ lt,i tnl I l t i e ’ Ismat i ( ‘1)1)

I •~~0 t’ge ’ S , t t t b s ’ rut

C. K u i t e r  L ULl

R i c l t , i  rd St ss’ e ’

Mark A. \ ‘ i sp i  WES

— No I’t Ii ( C I I I  r a t  I) i V 1 5  io n

CIX) — Cli i,,’ a s o  l) j~~t r is ’t  O f t ’ i,’s ’

WES — W. t t  e r w , i v i l  Exp e r  Iment S t a t  ion

I . The m,ij or Ws ’ u ’k e 1 f o r t  slut’ Lug l’tI,’iSe ’ I would b~’ 1 ~ ‘ r o s e u r  tj t ,le’ Ills ’S I

01 t h e ’ c ’X ~’s ’Se ’ sl c s ’llc ret c’ SU1’ I aces  s i t  I, li e lock .tiid dalli. WES s- i s  ,iske’d t o

.1 ’s t ’ l ’  1.1111 t lie ext  cut  o I’ Ct iIis’ t’c’ t e’ t,Ic’t er [sil’ s t t  ion On ~~~~~~ sur f  51~’e’5 . lit ,.’
numl, c’r and I t ’c a t  ion t i t ’ bor tugs t o  he ~I r [lied we’re ass igne’d b NCC pe’t’s o n h i e ’ 1

Spe’s’ II ’ Ic ho r irig I t ’t.’si t ions on t h e ’ separate’ St russ t urea We’ F e ’ ass i gued liv

the au t h o r  ,i I t  er  .t I i , , ’ Id in s p e c t  ion and a r e v i e w  01 ,i PCI’ [odie i I l S p e ’ct iOn

re p o r t  2 
,~ se ’ s s iU sI , 1  i v  c f fsirt was t o  eib t s i  in clia r a ct  er i.:,i t ion p r o p e ’ I t  I c’S

and engI ne’e’ r t uts dc’s ign p.irslme’t ers  ol  f siu r i d s i t ion rock sit g i  \‘eli b ea t  ions .

I’he’s~ ’ sl a t  ,i s u p p lemen t  p r ey  ious  lv r e p o r t e d  d a t a .

- i . l ’ l t ,t se ’ Ii wo rk Iii’,’ t ’ 1 V e t h  sI r i  1 I I iu~ h I d  I l te ’ti t s ’S I ifl:5 o l  s’ s ’ l t s ’ l e t s ’

and bed rock  f o r  p u r p s ise ’s of  o b t a i n i n g  c e r t a i n  c l i ar a ct  Ct ’ i .:,i t ion p r op c’rt [Cs

and eusg [u lcer Ist 15 ~~~ ign p rope r t  ies as out I [uicd Oil I’ ,iCe ’s ‘
~ .1 and ~ s in  R e’ I’—

e rc ’ne ’c’ 3. The’ I)istrict will check p rev ious s t r u ct u r a l  s t a b i l i ty  ana l v s - i e’s

1, 1 c e r t, i  Ill rock pr op er t  tes ci if fe r  s i g n i fi c a n t  lv I ron those  r ep o r t e d  in

R e ’t e ’r en s’e’ I.

-
~ . In  [lie sununer  of 1~

) 7o • Cs ’i’s~’t ’e’t e’ s’t) rc’s Ss ’ e’ t ’ c’ t ’t,’t,’o\’ c’t ’e’d f r o m  t l i s~

lock e hsimhe’ r w a I l s  i St  a rv 1’d Rock l,ock atid wer, .’ t c’s t ed  at [he H US . ‘I’hi e’

,.‘ t ire ’s were examined Is ’l’ e x t e n t  s~ I det  e’r [or a L  ion atid tested f or  ilt t’cnsl t Ii

and modulus s’ F e la s t  Fe ’ i t . v . Pt ’ rt ineint rt’st t .l t  s s i t  t ha t c’xan i ina t  ion and

t e s t i n g  .t u s ’ [tic luded in t his re’por t f o t ’ c o m p l e t e ness .  See’ Rt’ f e ’ rs ’nc c

ot  comp l e t e ’ t’eip ot ’t . As .t l’s’St I  I t  ot  sill [t I t  ci’ in f I old ifl5}~s’s’ I lOll Iii 1 u I  ~ ‘ 1~)7  7 .

~ . I



s ’ IC I :t  . Is Ist  i t  15 5 1 1 .51  s I ’ hugs ; I,’ s I ’ s ’  Sc ’ l s ’ s ’ t e d .  Il t s ’ u’ s s ; I I I  1,5 s it  t es t s  s i t i  t h e  s ’ s t l ’ 5 ’

t , lk ,,-u I ion t h e -,, - s s i I ’ F i i i ,s; ,t i ’,.’ i n c l u d e d  in t h is reps it - t .

I tlj_e’L’t I vss

b .  hI i e  o b j e c t i v , .’s o l  t h i s  stu ds ’  wer e ’  t o :

i .  Conduct  d r i l l i n g  f o r  l s tbs l r , t t s sr ’ :  t e S t  1fl5 01 s’s ’ I I C r s’t e ’ auid
l ounsha t  [on r o c k .

Ii . M.ik~’ ,i u usa lys  is  s i t  t e s t  conducted and a summary  of t h e ’
‘ si l l s ’ Fete cond it ion o ver  t lie p r o  l i s t  s i i , i s.  ‘Die rock t e st
resitlts , if l ound t o  be ’ signif [cant lv  di  f t  ,.‘rent  t h a n  p r e ’—
~‘ is ’sis l, v reported , are t o  he used f o r  checking a s t a b i l i t y
siuisi lvs is .

~ ,‘ ,g,.i~ ,

7. ‘l’he dri lling was accomp l [sIted u s i ng  a WES drilling cr,’s~. p iant,

,‘ind suppl i s ’s , Float ing plant , b a r g e — m o u n t e d  c r a n e , and tow boat  s’ers ’ 51 1 15—

p l i e d  by NCC . A Bu r e a u  ol Rssclamat ion geologist on cont rsict to  Is’E S [ ;sggs’ sl

stud preserved tIts - e’ si re  f o r  t e s t  ing . D o l i ver ~’ ol  t he  cor , .’ to WES was made

I l l  I l i n e s ’ sh ipments , OIl s ’ e a c h  in mid lime , , u l ~’ , and , \ I Ig l Is t  1977.

S. f l i t - o i ij  s’ct i v e ’s of  t h i s  studs ’  w e ’ to accomp 1, ished b~’ dr i l l i u~ c on—

Cr e t e’ and rock cores and samp h u g  b a c k t ’ il l  m a ter i a l ,  conduc t ing  p e t ro gr a p l s i c

e xaln j t la t, [otis , 5 - i i a ract or i,: s i t  loil p r op e r tY  cst.  a (uncon  I ’ m e d  C onlI i rca st ~~ti , 1111 i t

a’s’ igh t  , and u l t r a s o n i c  p u l s e’ velocit. ~
) , and ens inoorit’sg dc-s ign p r o p e r t y

t s ’5 t 5  ( m o d u l u s  of  e la s t ic i t\ ’ , Poi sso n ’ s r a t i o , and d i r e c t  s h e a r ) .  l ) i r s ’s’t

shear teats We’F s ’ c o n d u c t e d  on C s t U s ’ Vs ’t 0 o rock , i nt l et  rock , slisils’— till e d

p ar t  ings sir [outed psi u’alle I to  b e d d i n g ,  and sill  Sp e c ’ imert s o r i e n t e d  t 0 oh t st i l l

cross—bedded shear St r e it gt h s . Precut s u r f  aces we’re not t e s t ed  in d i r s ’~~1

sliest r because  suf I’ Fe i e’ l tt  test lug on P rs’ciut surf as’es had been performed

pr e ’v [oetslv; see’ Reference 5. One c [a\’ ey shale samp le was subj e’cts ’ d to a

Pc I r o g rap h ft examinat ion t o  det  e run inc nomenc la lure and mine r,i 1 is s~~ t ~.‘nt

5)~~ At the complet ion ~‘t ’ the Phase II  work a f i n al  r e p o r t  . t o  i n—

d ude the compliance drilling together with previous drilling (NCC , se’s’

Us ’ I s ’ r e lI c ’s- 3 ansI UPS drilling) , w i l l  be used t o  deve lop  t he s i t t ’ gesi l o gy

in more detail than presented herein; the report will f o l l ow  in the near

I s i t  s i r e .  ‘I’Ii is t’eps s rt is th i s’ f insi l r cps i  rt l’,i~’ t lie coticret is rs’hi stl s iii til t ion .

7



PART II : DRILLIN G AND EXPLORATION

Previous Exploration

10. The concrete sampling conducted by WES in 1976 is pertinent to

this study. In 1976, 20 horizontal borings were drilled into the lock

chamber walls from inside the chamber. The approximate boring locations

within monoliths are shown in Plate 1. The monolith numbering system is

the same as used in Plate 13, Reference 2. The cores were examined for

extent of deteriorat ion.

11. Previous foundation explorations pertinent to this study were

conducted in 1972 by the NCC (see Reference 3 for details) and in 1974

through the NCC by a private drilling company (see Reference 5 for boring

locations), During the 1972 drilling program seven borings were located

near the lock walls and upstream of the dam structures. During the 1974

program a total of 19 borings were put down north of and on three lines

parallel to the lock axis. The geologic information obtained from these

borings serves as a valuable reference for the work accomplished during

this investigation. P

Current Drilling

12. Drilling was begun on 4 June and completed on 13 August 1977.

A total of 67 borings were drilled into concrete and foundation rock; this

figure includes the 20 borings put into the lock chamber walls during the

summer 1976. The general boring location plan is presented in Figures la

and lb. Plate 2 gives the location of section lines and Plate 3 depicts

the sections on which specific boring locations are shown. During the

drilling operation the WES personnel numbered the head gate and tainter

gate piers from the Starved Rock cliff towards the lock. The District

has numbered coming from the lock and going towards the cliff. The WES

numbering system will be used in this report because this system is cited

in the. two exhibits to this report.

13. A suumnary of boring locations, direction number , material drilled ,

and depth is given below :

8
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l l l t i l l t i t e ’ tI r ,it ,it ’v sI t’ i I I  rig, stusi ,i ( oue’ui’sl ps i t ’ t s i b l i s  s i i ’i  I I  ri g . S I X — I l l , ’ h l  I l l ’ -
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Li t ’ s ’ 2

l ’ s . l o t  i i I u n i t  Igs ’ s I t ’ 11  [ t ’sI W , I I ;  ,‘ii I . I , I t i t )  .0 , , I l i t t  Ii ‘i . 1 I t l I t  t Ol l , ’ t’ s ’t  s ’ ,

t ’~’~I i’ t ’s ’k , , I l t s I  tivt ’t ’Ii tt t ’sle’ti , i’ s’sps ’t ’t i v , ’ I v . A I I s t i l t , ’ t ’ ’t e , i l i , h  l i ed i s i s ’ II 5.111t h h i ’s

w et ’,’ pu’ ,’os ’i’ veil t or I i h s , s t ’ ,i t c i i i ’  I , ‘s ; t l u g .  i’ t’os ’,’,I iut’ ,’ I tn hi,nt~l I Ili~ I his ’ s o t ’ ,’

, t i t s I  p u  , ‘ s ; , ’ t ’ V i l1 5  i t  t o t’ I u n i t  i u t g  is’ , i I i  I he 5,1115’ .i ~ 5 5 I v t ’Il i n  R i s t  s ’t’ ’u t t ’ u ’ ‘ i . i t i l  ‘i t ’
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Ii,’ h , t ’, I t ’ , i u ’k .  ‘I i , ’ Ii s i s ’l~ I I 1 I 111,11 s’t’ i , i h  t ’ t i i l O  i s ; t  s ,‘t s; , i i i thv  is ha ’ s ’ , I l t , I  g l u t ’ I i n t l
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w,Is; ,‘ ts ; I l v  t s ’ , ’ , ic’ , ’t s s I . A l  1 u l t  I I i t t I  h o t s ’s w e t s ’ h’ ,t~’kt  1 1 I si to L i t , ’ i i  t u i l I

ds ’t’t hi w i t  it t ’ , ’ L i s ’ t i l t ’ Pt ’i ’s l l t u ’ s ’ui i u s ,  h t t g  ,i s ’ , ’l l U i t t ’ I ’ s ’ 1, 11 l v  ,II ’ , I I  l , i I ’  I t ’ i’ , i , ’h , i g t ’ iI , I u

s’Oiltl’ I t ie d lIt I xi i i i  is

h i , i~t~~’ i ’~ 
,‘L ~‘utt , ’t is t’ , i i  I~~’ s i  t it  t t e l  I — I 1-.— h u t s ’ It  Iu 4~s ‘ p i p t ’ t is’ps ’ IS’ , l ? 5  l i t

*
si i i  R d  iii t n t  i u t g  CW hl— I .  I t  w , t s s,, ‘t a t  ,‘ l e v , t t  lu i t i  (el ‘I -i RI. - i h~p Ie~~. I u~ ’~

‘ I c ’ i 5 1- ,’ , ’ ’ 5’ : t  j i t , ’t i t -~~, i t . i ;  i i i ’’  s i : ’ L l h  i t ’ , ‘i’ I s  sil t t i l e ’ , t t  t ii ’ N ’ ( ’ ci 1 5 —

I c- i , ’t  c i l  I j s ’e s’ u iUI  . 1 L i i  .1 I s W  lIl, ’ , t S t t t ’ t ’tI tt ’ t i t  S 01 i,’ , t t  t i ’  It,’ i g l i t  S t t i C  W’s ’t ’ s’ I ,t k , ’~t

li v WES C L s ’ l~l gt e’ I og [U t  . i h t ~ ~‘t  ,‘ s - , ’ i t t  .11 le nt , i t tch  St Lt tu i t , i t  1 ,‘ , L t  i u ’it 01 I’ I L ’.’ t ’uIls ’t 5 ’

d a ta  .11; Is’ it s pt’t- t i u t , ’t is ’e L i ’ .t s I  , i t i  i l i  t i  , I l l , l l V S t s i  5, 11; h O t  w l t h t i t t  t h is ’

Scop e  s i t  C h is ; t i i c ’ s ’s ; I (5.11 ( s i lt .  :~lt . t SS, ’ S S I l t s ’ t t t  t i t  s ’U t ’ h ’ s ’ t t t  t~s ’ lsi t u g s  t t ’t ’thl ,t I I

p1  s ’ ,~ t ’llLt ’ t  i ’ l l ,  . tnut poss i b i , ’ u’ t ’t ’ iimm t ’ ut t h . I t  I si l tS I 01’ , i s lu i  L t t u ’ l t , t l  p1  t ’ ,’ t ’iii . ’t t i  j u l -

01 ,t l I , i t  b it s ;  l iv  W PS c Ost l~ I b ’ iit.~ I , ’ i t  SO s I t ’S I i t ’d ,

* Al I is I t ’V , i t  ions ( c i)  c it eel Iic’i’c in ii’ ,’ t i t  t t’,’t i t ’ t t~ t ’ t ’ t ’ sI L u ’ tti , ’ ( t i  50 .1  I t ’Vt ’ 1

H
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I’ •U~ I’ I I I :  SI  ( I I  u i  C U  s ’h IAl~As ’l’l ’ t~ I 5 ~~ 55

Ii, ’t l l  t ’ t - k  St i . i t  t~~ i’ , i j ihu v

l I t , ’ Ii t ’ , I t u i , -k  ls ,’iis ’.it It , i t i u h  isl I a t ’ ,’ t t t  t u i t hu s ’ l~ ’ ,-k , i i i t l  t I , i l i l  i s ;  ,iss I ~ t i t ’ ,I

I lii ’ St  . t ’ , ’ t  is 5 , t t t u h s ; I  , i L S ’  b ’ , ’t’ iu u , t t  I , ’ l i  , i t t i i  C Iu i ’ S t t , i k , i1’,’s ’ l i t i I u ’ltt ( t is I” t ’ t i i t , t t  I , ‘ l t

h o t  I t , ‘ t  t t i’ cit iv  is I , t u t  ag ,  . l i t , ’ St . h ’ , ’t sn Is u ’t ’pt ’s’st ’t it s d  , l t  S L , t  1 S t ’ , I  ~,‘, ‘k l’s-

I St  , ‘ t i t  S iIlt ’LII I i s ’ t S  • t iu , ’ l’ u i t t t  i ,i ui , l  I I t t ’ R i  , ‘s ; s ;  s ; , i l t u i S t  t i l l s ’s ; . l i t , ’ lo u t  i liu, ’nuh i , ’ F

i s ’  ,l ills~ u i L nih I o I l u t e ’ ~‘, t , t  ( t i e d , 5’ s ’ I I - s i t ’t  Sd , t i u ’ i t , ’ ,t I~’ . t t ’~’~’u t s  , I i i  at ,  I~ ’ ~,~t t , I s ’ t  ot t , ’ .

A t O t  .11 cit  situl~’ 10 f t  i,’ , t s  i l i i t ’ , ’ \’ , ’ I , ’ si in C us ho t  ,‘ hiu ’ L , ’ss . I t t , ’ I’ sil t t L I i u ~

s t i l l 1  t ’ t l l l , t h  l v  O tt  t I ts ’ Si , ‘ s;s; Ms ’i~iti t ’ t .
1’ l i t , ’ sIe~s Ign.a t l e n t  ‘‘ K t , ’ s , s ; ” 5’,%s ; 5 I c o n  t o

.11 1 sle pt ’ s; u t s ;  is l , ’ s ; , ’ l v  , i s ; s ; s ’ t ’ l.i t s’,I u, I t  Ii t i t s ’ St  . h ’ e’t et ’  h s i t  i i i t , i s ’ i  I v  I i~ ’, t I t s ’

I \~‘tc ’.ll , p i t i ’ s ’ s; , t u i s t s ; t  c ii i , ’ .
t 

A to t ,il t i l II I t  ,i t  1 I t s , Si  u ’s i s ;  ~I t ’ l l l I i s ’ l ’ s’. l s ,

,‘ ,‘‘s’e t ’ isd I t t  t h e ’ h o t  s h e ’  I s ’ s; .

I ~~. I ’iis ’ S h e ’ s’s u s ;  .1 s’ , ’ , t t  s;, t t t h , I i  l~ ’ u ’t  t ’ s ’ l l s ~ Iu itltt ’ I ’a t  s ’ s i t  a t i g u t  I , t i t ’ I l , ’ l  I i t t

,t s ’ , ’illt ’t lu t e ’ s; l~i v , ’t ’ , ’ t I  llt ,a t t i ~ t ’ I  s; ,iiiu l , g i  ,‘t ’ut s;h,i 1, ’ , or  is Li’s’ . I t I s ;  I t ’ s ; I s h i u s ’

, ‘uu t h i , ’ s ; ,  h i t  i , ’ i i  s ’I  t h e  t t t i u i s ’t  l v  1115 ,‘I t , ’ t ’ t  V sit ’ I s i t l t i  I t ’ s; . Ss ’Iit, ’ t i t  t I t s ’ ,‘I t e t ’ t

~s; , ‘o h  i t  I , ’ , I ’Ii , ’ Si s ’ s ; s s  s ’~~i l i t . l ( t t s ;  I , t v , ’ u s ;  o t s h i , i I , ’ up  t s i I I t  t l t i ’ ,’k .  l I t , ’

Kt ’ c’ s ; s ;  M,’t ithi ,’t Is ;  , s h i l i l t ’ \ l l l l, ’st  s 1 ’ s  i t , ) I t  t t t i , ’k i i i  t i s ’ u 11155; , l n i  I I , ’d i t t  t i .i~~’k t ’ I

t I t s ,I ,iui ( L i  - l i  t i t t ’ t i i t gh t  1 1) .

1’) . i t t , ’ Sh t , lku ipc ’,’ li t ’ 10111 1 ,‘ Is .1 C I i i  L~ t o  1 1 1 0 , 1 1 1 1 1 0 — h i u ’t t c h s ’ ,h , I j u t ’ gt ’ .i t

i t  ~‘, I I I a t ’ , ’ , ’i t s .  I ,’ m u ’, ’ , 1 i g t t t  l i i  t ’ii ’ i l  C u ’ I i 5 g u l  g t e ’ s ’  , I s ’ I , i l l l i t s ’ . I t  t ’ t ’i i t  ,i l t i s ;

L t ’ t l s ; , ’ s; , i iu , 1 h i V s ’ t  :‘ ‘‘I  s , ,lIi,Is. L t ’ I tc ’ sup I s ’ o I t  t h i 5 ’k .  I t  , ‘ , ‘i l t  .1 i l l s .  l i l i i s ’ S t s ’ s ’ I i

0 i,~ I , ‘v s~ , ‘ , ‘ i t  ~ I u , i  I t ’ Ss ’ ,i lIIS u t p  I 0 i t , I t I l i i  5’k . S l i , i l s ’— t t I I ,‘~l I’ ’d~h t t i~~ p 1 . i l t t ’ s;

h i  0 I , ‘ iu i t ~h 1 i i t ’ s ’etg h t u i t t t  t I t o t I c ’ 10111 i t . ’ , i t  a i s ; s ’ ,‘ u i t U  ,l L I l s ;  1,95 1 i s ’ t t  I ,’ti’ iil l S O u ’ s 01

l , t l i i t I t , l t  s’,l s I , i t h ’ , t-5, t c v  1Us d i t iu i i  g t , s  l i t , ’ ,1 ,L’ lt ’ltl l t , ‘ t It. i t , i l’t’ ,s I ,i I i s ’ ,’ t s ;  i, ’ht i s ’h i

l i t ’ , l s i I  I is e L 1 i  I t ’ I I t i t t  t i t  i , ’h, ,us ’s ; s; . \~ t I i i  i t  I I ts ’ s it ’ I out u 1 s ’ .11 0 t , i l t i l t h h ’ au , hs ’  , i t i ,I

11 0 , 1 ( 1  Is’s; u t  ,‘h,n t • s ;ou iu , ~ ,‘ ,‘ I i t  I s ’ , s i s it l lt ’ ; , i l t s i V . S,’’,’ , ’t .1 1 hs ’sis ;  .11 ’ s ’ h u t ’,’ ,’ i ,st o,h

,‘u ,I i s ;  i ’ u t m ’ L  is, I . “ 5, . l i , t t  , it  1115 I h~’ St , I’ , ’t  S i ’ , i i t t l i t t , ’ S h i a k t ’ii .’s ’ i l l  t h i , ’ St  , i i \ ’ u ’,I

Ro c k ,at’ ,’ ,t is; ,i ut~i I ~‘i  i t t t u ’ s ’ t i t  , ‘ i u i u l  C V .  l i t e r , ’ S’ , 5 s ;  .iu t I t i t  ,‘t - v,i I , ‘ I u t  , ‘s ; i t ’l l 1 1 1 , 1

t t u in _ t h s ii , , s ; I t  ion , l t  t i l l s ;  I t i l l , ’ w i t  t , ’I t  u I  o.lt ,‘d t it s ’ i h t . ’51t 1, 1 1 s ’t ’ t ’s ; i , ’li,i I 55111  I

s , s ’ I ’ .I i . i t t u g  t Its ’s-u s’ t wo lit i sI L i ’ s; s i t  tt ’t’k . Si ’ s; t d t t ,~ I 111 , 5 1 t ’ I ’  1, 1 1 t, sl~~’i I t l l h t i  h ’  1

I r , iui I It,’ is t , ’s; L i i i  , ‘t  t It s ’ l t l t u i t ’t ’ I v  lu g  u ’ ,it hona t e s  I s ;  I li t ’ 1 i i u is ’ ,h I t s  C I i , ’ St . l’ ,’t t i

, t s ;  t h i s ’ k t , ’~~ s, ~t , ’lI l t i , ’ i  . 
‘ ‘ ‘ I t t  i s ;  I I t s ’ e’, u i 1 , i u  S u i t  ,ts t 10,5’,’ , ‘~~i ’I , i  i l l  50,111, ’ ,‘l I I t s ’

1 ,



di, t t is r c ’t ’us ’ e ’ s; [it e’ levat ion oh’ t lie con tac t  of c_ lie St . i’ e ’t er and  t h e ’ Slt ~’skopc ’ s’

t ’u i t t t id  in I lie’ hs rehci les

ilask f i l l

10 ‘I’iir ec ’ bore’holcs were  made j i l t s ’  b a c k f i l l  m a t e r  L i i  ( SW I I— I , 51/11—2

CWB — I); St ’ s l~i gi ir e ’ Ia  t o t ’ b o r i n g  I sicat  ions . Ap p r o x i m a t e ly  ‘Cs t’t sit ’ tita ter isi I

wa s; re’cove ’ re’eI . Oti l v  one hs ireho lii ( G W B — l )  reacited bed rs is’k and pe’tle ’t r at. e’dI

I t t . Reel ros’k eWe’ r b u r d e u  was p robab l y spsi ii  I rom t lt e  lsis ’k 311(1 slain e’X—

s’,lvsl t [sins ansI Cc’lls is  tS 01’ a lIt h ’xtur e’ ‘ i t
’ is tax ’ , sand , and grav e ’ 1. ‘PIte b,is’k—

I i l l  tU.’its ’r i’l l v ar  [c’s in prope ir t  ions r at ig ing f r o m  80 p e rcent  loose’ satsd

on top ( c l  sive ’v sand)  t o  80 pe rc’e’nt sontpact is Ia tsea r b u t t  out ( sane ly  e’ I ssv

w i t I t  pocke t s  01’ grave [ i n t e r s p e r s e d  w i c _ I t  t h e  sand and s’Iav l ay er s .  t I p

Is’ 20 pe’rceiil grave l  i s  b uild w i t h i n  t lie sand and s’ 1 isv lay e r s .  Re ’dr oc’k

recsivc ’ re’d was st green g r ay  shale I ay e’r topp ing 3 s~itieIs l o u S e ’ rc’aci t e ’sI a t  p

ci 431. ‘I ’liis pu t s  t h e  rock  [is I lie’ Kr e s s  Sand s  tone ’ cii’ 3t t, l ie  s’s i l i t  a ’t s i t

t ite Sitak op ee Do ioitu i Ic and Kress  Satids lOne’ 3S ~t i f is r re’d f I’OIII sotnp.-i r i soti s i t

Is is ho Is w i t  It s u r round  ing lowe’ r approach  wa l l  borehole’s .

( e ’s i h 1~~ic Cro ss Ss ’is I, i o i l s

2 1.  1,og e) I l)e) r i n g  sliest s were ci rsswn atid [t i e ’ ludis I ite ’ ss’ven V, ’ i’t I s ’ ,i I

ho t ’ i tsgs-  d r i I le ’el du r  tri g t lie Phase ’ I woi’k atid t l t e’ 1, — I  b o r i n g  ss’Iie ’slu led I t ’  he

cI r [l ied  dut ’ ing I ’lta se’ I I  work ; 50e ’ P Lit c’s 5 , ti , and 7. lIon’ i lls  1, — i  was

sc ’hie ’duled to be’ cir i  l ied slur Rig t lie ’ h’h t a se I I  w o rk .  Due’ I o h eavy r I v, t’

t, r a f f  is the  d r i l l  crew was u n ab l e  t o  d r i l l  Ito t’ I s : sni t .11 lv  i n t o  I hu e  a p l ir o a e ’I t

w,’tl I s  and gat ~‘ re’sesscs ; t h er e  t o r e  t hie~’ sir i h e ’d 1, — I  d i i i ’ j u g  t h i s  t I tile’

p e r t  oil . ‘l’Ite I n I o r m at  Lo ts f r o m  bor  t r i g  1, — I  i s  p r e ’se ’t lI e’eI i i i  t Is i s  re l ies i ’t I 01

e’ s i t t t  [nit i t ’s ’ ’ ‘rIte log of bs”r tu gs  wel’e’ sI raw’is t t i  g i v e  is ge’nc ’ n t  1 oy s ’ rv  i s ’s’ s ’t

the lied reek mat e’r lal t hi,it was di’ i t  Ecu1 . I ’hie ’ fc ’t ind,s I Iu ’tt 111,1 t SI ’ 1,1 1 is u~ ii I t s ’

complex and in u rde’ r to  t o  r re I s i t  e’ St rat a ist~d select repre’S,’ll t .11 I ’s ’ s ’ 111.11 s’

r I a I f o r  t es t  i i sg,  d e tai l  geolesg Ic cross  seu ’ I Ioi~s ansI s4t rst5’t  L I ra I is r,’s;s;

sect. I silts were csnnp t i e d ;  I hew a re pt’cset st e’u I In App e~tieI i x A. I’wu i ge’ner .a I

get ’ I u ig  I s ’ is ross see’ t ioiss are  p r s ’se ’nte ’eI I t t  l’l at es 8 attd 9. (ht e ss ’ s ’t i o n

I s
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was drawn along t lte land lock wa l l  and t h e  lower approach w a l l .  Anoth er

s ec t i on  was drawn f rom t h e  upper  g a t e  recess on t he  land lock wal l , across

lie dam t o  the  c l i f f  i n to  which t u e  dam a bt i l t s.  See F i g u r e  Ia f o r  see—

I ion isie ’ . l I  ions.  ‘i ’ it e ’se two sect ions show the  cont i n u i t y  of t h e  bedrock

b ene si th i  and a d j a c e n t  t o  t h e  lock and dam and i n d i c a t e  p o s s i b l e  weak ZOne ’s.

I ’ig l t t  u ’oclt acts  between concre te  atsd rock were  observed on core f rom GW— l

atsd L — l .  Core  f r o m  GW— 2 had a loose cs in tact  and boreholes  l)— 14 t h rough

D — l 7  we’re ’ d r i l l e d  d i r e c t l y  i n t o  bedrock .

22 .  Ap p r o x im a t e ’ l v  80 f t  of bedrock was recovered f r o m  the  f o u r  bor it sg s

its th i s ’ back of I l t e ’ t a i n t  er gss t e’ daut 5 0 5’ t iotl of which  46 f t  was S t .  Pete r

Sand s t ; it se  and 33 f t  Shakopee Do lomi te .  The sat sdstone con ta ins  many shale

seams spaced .it. Ir r eg u l a r  i n t e r v a l s .  l’Iuickness of the  sh a l e  ratsges f r o m

coal ings on some bedding s u r f a c e s  to  a 2 — I ’r t h i c k  layer  in l ) — l 7 .  The 2 — I t

layer broke into p.i t ’s ’s ’s about 0. 4 f t  long as it came out of core b a r re l .

I ’Ite rock was unsu i tab le  fo r  compressive s t r eng th  t e s t i n g .  Ciiert  nodules

and ban d s ar e abundant and , in some a reas , oolit ic . The chert  is b lack ,

gre~’ , and w h i t e  with some of the w h i l e  cl tert  d i sp l ay ing  a s o f t , po r ous ,

cha lk—l ike  n a t u r e .  The dolomite cont aits s s h a l e — f i l l e d  bedding planes

spaced from 0.05 ft  to a fool a p a r t .  There is a 4 — f t  sandstone layer

fou nd in the dolomite which  is e’ori t i nuous across the  lock and darn .

2 3. E igh ty  feet  of bedrock was recovered f rom boreholes

on the lock and guidewalls (CW— l , GW—2 , I — I ) .  All of t lsis is Sitakopee

Do lomite.  The 4 — f t  sandstone bed p rev ious ly  ment ioned is presetit here at

t h e  same e levat ion its all three  boreholes ( 4 14 f t ) .

23. There are a few discont inetou s clay seams atsd pockets  its the St.

Pete r and near the top of the  Shakopee. The largest occurrence of c lay

is a [— f t  se’s’t Lots of grey clay found its 0— 14. The clay was anal yzed by

X—ray d i f f r a c t i o n  and consists e s s e n t ia l l y  of kao l in ite , i l l i t e, and a

mixed layer  clay con ta in ing  mor i tmor i l lon i t e , which wil l  swell in wa t e r .
25.  Boring 0— 14 is located 4 f t  downstream from ta iuster  gate p ie r

No, 4. The c l ay  was not found ifl l)— 15 , which is 15 f t  downstream from
t ) —1 4.  N u i i ’ was i t  foun d in the  Phase I I  boring h ) —l 2 wh ich  goes t h r o u g h

i’ ier  Ns’ . t, located about  140 f t  to  the  nor theas t  of 0— 14.  It  is not

known I f  t he  is l ay  Is l’re ’sent under t it s ’  t a i n t e r  gate sect Ion j .tst it p s t re ’,sm

It~
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I t’sitit I)— 14. I t  is recomiit e’nded t h a t  one b o r I n g  be’ ~l r i i  led t Ii t’siug h t this ’ s i l l

I t a m t  e t ’ g,it e No . s ( cciu it  t lug f rout I it e ’ ii lii h I  s i de’ s i t  t It s’ datti ) t h u r  I u ig

I lie scour  eis ’t e e ’ I [ott p r o g r a m  scheduled  i i i  i”\’ 78, ‘flit’ I op ci t  I lie ’ is l,s’s’ i s

a t  e’ 1 “~ 12 . 2 ’ s , t he t i e’s i gn e’ 1 01 e’0t 15 i’e’ I~~— roe’ k e’o nt as’ t i s  42 ~s , “uS , and t lie ’
,‘ts ’ I eta I s’out ac t  s i b  e’O nC ret e’ and rock ii i  11— 12 is s’i 41 b . S. flue ’ ~) ns ’se’uc e’ s i t

e’ I isv and I lie ’ s ’ s’i ie’ l e t  e’— r c ’s’k e’ ssi t t as’ t ne’eeis Is’ Lie ver  i f  ie’d t ist  sips I re,’t tu t t’t i t l t

11- Is .

Ilk ’ be’dros’k In I its’ I We ’ t’ross se’ct [sit is h a s  be’e’ii d i v  i sled h it  u s

I htr e ’e’ l i t  It o Ls sg is ’ u n i t s  on I ’l at  s’s 8 isuei 5) on t lie’ has Is cit 5i5’s’ ati ch s’~sti I i h i t  i t ’ s ’

oh a em i I s’ve t ’ I ite’ [sick and dant area, ‘l’hie cliv is [otis utia rke’ei a m e ’ t lie’ SI

i’s’ t e’ r Sand s t t it le ’ , t Ile’ Sht ak s pe’s’ Do j esui t t e  atisi t lie iloill i t t a  I u— It sands I sins ’

leits c c ’t t t  a i tie’s1 si t it in t lie Sitakeips’s’

b e d roc k  St i’u c l t i t ’a l  C h a r a c t e r i s t i cs

2 7 . I’ite’ genera l  hee l rt ’e’k st  r eu c t u r i s  1 e’hiat’as’ I s ’ r 1st I cs Fe ’ 1 evau i t  t o

Iou i ida l  j olts  are p re’seu t s’el in l ’l at  c’s; 5 , ts , ansI 7 and I Its’ sic’ t a i 1 e’sI chtis l a s ’—

tsr is t s’s are ’ l ine ’ sent eel In  A ispen sl ix 11 . ‘flue p lates are’ s Intl l,s r t o  t lie’ e’ rt’s s

St is I I s)ii5 sk sc’ r I h e ’d [is [~e’o L o g i c  Cross Si’s’ t Ions.

2 8 .  1) i ps iii local beelei L u g  r an ge ’ t rout 1 t o 12 degree’s wl t c ’n uie’asured

be’t ws’en be’re’lto 1e~s at  t h e’ S t .  l’e’t cr /  Sliak espee ’ con tac t  . ilowe’vs ’r , be’dd tr i g

sli ps nit i t  o rinlv ‘~ I degree’ wi t e’n nicasure’cl oil t h e ’ 4 — f t  sands I s Su e’ he’d [i s t his’

Shakop es’ is F Sotits ’ sil lier c on I i t i s io s is  I s’,’~ I n  ns ’ 01 her t h a n  t hits cont ad’ t , ‘lb is ;

is  exp la  t iiesl liv t lie I as’t that t lie St. I ’ ,’t e’ r / Sh a k s ’ i ’ee ’ e’ont ,sc ( m a r k s  a tita j s’r

t t i l e’ ci t t t sirm[t v , as meri t  toned it i  I lie SI ra t  i gr aph ~ , where  I ite St . l’s’t is t’ re’s t s

s ’ti a vi’ t’v in  regular  eros isinal st ir  f a c e ’ s’auseel by Sei h u t  lcsn s i t  t tn de’ r 1 v ing

s’lte ’ n t  v sie~ loin i t  c’s. Be’dd ing along I lie’ 1 oe’k at id apprs sae ’lt w a l l s  Is  ‘ s c’ u’v soii

s i s t  cut  and re’g u t a r  . Beds as small  as 0 . 2 — I ’ t — t  hi i ck  wet’ s’ I u ’aceab Ic ae’rsiss

lie’ lock it s  I Ite besre lso les . Among I he’ more p rornine ’nt I’ eat  un ’s wh I cli we re’

csuissl in ,s 11 1 lt r ee ’ bs ’ re’Iis’les are t h e ’ — b ’ t sands I one’ lay s’ r (e ’ 1 4 1 1 ‘I , ~tn

. i l g .’t l r eef  1 ’ I ‘e0 ’~~, s t v l o [ i t s ’si l s ’l “u U ’+~~, and a 0 . 2 — f t — I h i i e ’k chte ’rI bs’si at

(e l  ‘ut.) 3 ) ,

2’) . I ’ht s ’ itearest  ma l  or rc’g isina 1 s t r u c t u r e’ is I lie Sanslw I cli Fan 1 t 2o t i e ’

Rd e’ rent’s’ 3 s ’ont a  1 us a map e i f I lie’ I .1st It :s ’t l e ’ e’ t’ t’sii le’Ot i$  1 y ~ lac I tig i t  S ut i i  s’~~

17
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, ‘i:u St  , u u ’ v , ’d Roc k l ,s’e’k ,mnd I ) ,i ui ~iitd [(s t c’rs ’ii t ’s’ S I e ’c’ , t t  s’s It In I Its ssuifl e’ s m res i

Flu ~’ I .inI t .‘ t ’i l t ’ i s  ,is’t  i u.i I I v  I t ’~’ ,t te ’cl ‘ ,,S j Is ’s l t s ’r t  l te ’,iS t s i t  I t l ’ e’ssle ’I i  I s t l s t t id

os ’k .tmiei t ) s m m w h i c h  t in t s  i t  2 tj  ~i he ’S i l s i l ’ l l t e ’,tS t  si t St ,u rv e’d ks ’c’k sit 1 1 5  s l si S e’ S L

, mp ~i i  o t i s ] ; .  ~,u I i  t , u t u l  I s ;  W s ’l’ e ’ t t ’u u t t d  iu i t wt ’ s i t  t his hsire’lusi Is’s . ‘Ii, ’ [st rs,c’st

t ’e’cst r r e ’cl u t  I lie ’ e — t  I s ,t t t d s t  , ‘ui t ’ 1 ,t ves ’ i n  I I ts ’ Shlsi ksilie’e’ it s bot’s’l iu i Is ’ I)— lti st u d

I t , id  i i i  , I I i p , m r s ’t l l  d i  op l , u ~’~’a~’uit s i t  ;t , 1 . 2  t t , h i s ’ u ) t  lis t, I W t ’  l u . td  ci is~’ 1 , t e ’ s ’nls ’ t i t  s

t’l o~~ l v  0 .0 i I , S t e  ~\p j ’ t ’ i u s l  i x u ’ I t ’ t  a 1st ’ h t u l I S ’ t ’ i I S ’ O [t i l l  t i l l  us i l t g  thus ’ st .u ii

~h . u u ’d , ‘ ,‘; t s ’ ‘t ’ ,u 1 U s ’ l o t - Sc ’ 10111 I c ’ s O S ’ t t u ,  j e ’u ~t I t ’  I ’ t lie ’ 1 I 1 i n~ i js ; Rat s’t ’ 5’, t \ ’ ~~~~~” s ; t

is) . [‘hi j ut sen SI m u s t  ii t ’,u 1 ~ i s ’ , u k s - i l l  t hie~ s ’ s i t ’t ’ S W t ’ i  s ’ j i l t  is i ’ h ’ t ’s ’I s ’ sI t o

t ’ in t s. , l i l t ’ lut e l i i i  tour t’~i i t ’ s s i t  s ’ s i t i j u t g , u t e’ ~s’ i ti t s. I S i s ’ i ,t ir t~~t t ’ t ’ li tt g ,ut~ ’

t ’ I i I I  0 ls’. t s s  i i c ’,it’ l~ ’ ‘,s’rl j u st ! (SI )  s I& ’s, i ’ t ’ t ’o) , l i t , ’ ol  luisu ’ j).ti l ’ s; li l t ]  .u ’s’ ,’i ’ ,us, ,’ sI ps

ot 2 i sls~~~i , ~~ s. I so  s ’ h  t his ’ t’ s ’ills t in [ h g  U t l h i ,t l h’ s’ cl j s ’i l i t  s Itsisi si u ) s s ; s i t  Si)  sl s ’ , ’ u  , ‘ , o .
t h i s  j c i  [l i t  d i p  I re ’q sms ’uls ’y was  s m u  [sit’ t o  t ht,it t ’s’ p O u ’ t  c c l  i t i  k s )  s ’ i ’s ’ t t t ’ s ’ ‘ , .s ’ .

~i g r e a t s ’ r hlt u ll ibe ’ r oh ’ I ow sing Ic (1:s I s ’ 25  cle ’gree ’s 1 g rs’dulss cx is I .tulcl ,u lu i ghi

, t t i g l , e ’ g r ou p t ’ I j o  i u i l s  d Lpp iu~g 80 to 5:’ sh e c  i , ’ t ’ st X l  0 1 st  its I lie ’ s t i l e ’ t stke ’n

,l ut’ [us’, t Iii s s t u dy .  A It liouglt I list j t i  I ut  01’ i s ’us t ,ut ion sols not u’Ls ’s t s u r e ’sl c I C I t ’  I t i g

L it i s ;  i i l v t ’ s;t I g~it  [oI l , I lie s Iuti i. [sir oltit d L I , I rc ’ u l u t ’ns’ j iso siugge’s; I I l i s i t  I l l s ’

t ’ [ I I I  s IS ’05’ r [bs ’sl in I lii s report be’ I sstlg to I Its ’ s,t ms ’ 0 i h l t  Sc ’ t S t’epol’ 1~~dI

lire ’\’ [t ’ius ; Iv I or I I t s ’ Si arv~’sl Reick l)up l j~~,i t  is l, s’ck site ’. 
> 

‘flw es j i l t  01’ 1 cult si—

ion sivs ’r t lie’ sIt up 1 iu,~atc lock S i ts ’ s’,i i i  be proj s’s’I c’sl t o  t h i s ’ chs itii 5s’s’t lou i s ,

31 . l)silonij I c ’ and s5mu idst Otis’ bre’cc i us we l’ s ’ t’s~utid i l l  CS 2 .  01 lie ’ r

iso r , ’o s t i l l 1  ,i i ned “~l I sr u p le d  be’dding ’’ wl ij  s ’ lu  dc’s i ;‘,l’u , i t s’s do [ tim  i t s ’ silt is’ hi is

g - l I t ’ ,  :,a b :’s’,ik i t ’  or defor 1 sttl cI ;ir ob.ihlv ,:t,urks; (Its sil ’use’ t s i b ’ t h e ’ h i I’ ,’s’c’tzi t I t ’l l .

At I i t t’ h i ,i~~s ’ of  I he b recc’ ialed do lonu i I s ’ jul c ’ , W — 2  [S  j u t  stre ’st wIt  I c’lt IS tust

beg 1 1111 itig to break up i n t o  angular p L’s’s’s;. lIt is itup l j ss t hi ,m t t Its’ Iirs ’s’e’ i , u

w ,t s ~ t ormed in place and probabl y broke t i p  in response te~ press ure’ I roui

suurroetnd tug m ate’ r Lii. Re t e’ rc’iss ’s’ 1 1) s’ I ,in ii i 5’ st t h i s  pt ’ j i l t

‘‘Msuiy scsI [merits sli sp l iv lis t r I t ’ , l t  t l  v I si Iel s’el lse’cl s sit. 1,1111 II1,ts ’
some’tinie’s su s ’s’simp sulte ’el Isv i i ’ s ’ t ’5 1 , 1 , sI t’ssu ig l \ ’  0uY , s’st i t ig  t Ii ,it ~I~’—

I t i l ’ i t l . t I  hsti sis ’s’uurre ’d chill ’ [I tS t ’ i ’ slisst’t l v  sit ’te ’l ds’ls os it is’ti . Sonis’ sle ’
I si t’m.mt  ion s t r u c t u r e’ s s l p p , t r s ’t l l  l v  s’ t ’ s t u t ’  in  eis’hssss i ts 1st isl c i t swn s i l l

I l ls ’ I it is ’el s; lope’s I tlehs ’pe’uleIe ’li t s i t  1 Its’ ,us ’t I siti ~5 I ’ I u u t ’ I s  I s l I t  V s’t l  I ’ i’ s ’ i lt  S

lts,tstm’mus’hi is Sonic’ I’ [ise’—gt’sm iiie ’cI se’d inis’ml t 5 ~‘ si t l t  t i l l  i t ~s t t i 5~) lie’ t ’ s ’ , ’ l lt

water WIts’tl I t’e’sli l v  els’pui s It e’ei , sus’lt 1 s iu s su ’ Iv . l u ’ , I ’, l’ t ’ u ’, ,l  I sth uti sut s’r 1st 1
ni s iv  rc ’ , m s I [ l v  v i e  Id t 0 I t ’Fc’s’s ,tus si s I i s i s ’ dIt si,~i5 .1 t’s’ I si t i vs Iv e’,e’I lt  Is ’

l t ’j i e ’ t n  ~hu e. t r Ullde ’ l’ gs’nt I s ’ St  i’ s ’S 5 s ’ s . 1 ’ I u t ’ t ’F  t i t i . t  I h5’515l lug

I S
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l s s ’ , ’ t ’;sis ’ :; [1111’ j,’ ,ut s i ’ s  I t s Isle ’s1 s i t u ’  iui s, t l ie s i  I s ]  i i ; ’, ,  I l i t ’ s ;t  I t  I t m ’
‘1 ,1  I s ’ r ,u 1;; t~~ I I ts ’ h e e l s ’  ; ;;, u ’ s Is i t ’ ,t  k l i t 1 0 . 1 1 1 , 1 L  1 , t i  I r . l , ’u I t ’ l l  1 5 ,

t I e ’’,’ c ’ lo p I l l s ;  [ l i t  t , t t  , ‘l ’l l l , L t  i t ’ i t , i  I t O l l s ,  l t ’llis ’l ’, t t  t O .  01  i~ l i l l s ’ ,  l i l , i ’,’

i’~ ’,t~ I l i v  t t s ’ t ’ttF It I l ie ’ s ’ t l s ; s ’s; o I ~‘,‘ls •

F I t s ’ ‘‘ ‘ 1  , ; t ’ dh ; sss ’u t d c l  t ’l ’ l 1 l . u t  [t i l t ’’ l l s ’t 5’d I n  s ’ t  h e r ,trt ’.u s. , ‘ I  t I t s ’ s’ t ’ l  , ‘ ,~ u s ;

S I  t s ’ t ’ s ’ l i t  I ‘s’j ’ c ’ o t  I c ’ ; . j ’ ~~’ l i O s ’ I s ’ t l t d ’Sc ’ ‘ 1  c’ S S t l t ’ s’S , h le ’i’ s’ h i i ’ s ’~~ 0 u 1 ’ c ’ s j i l t t ’ l l

,‘ t ’ , l s , , ’ i  I ’ s ’sI , ‘ . u u , s , - h u e ’ n~ u t  s i  i i i  t , ‘ I l ow  , u i i d  hs ’e’s ’l iu s’ I t i l t h t ’ sl [ l i s t  t o t s ]  o l  ‘I ’ s ’ , t l t

Il l ’ . h i t s ’ I I ‘ss’ ~~ i u i i c s i a Lon e ’,  slt ,t le ’ Ss ’ , t lilst  1 l i t  ~~~~~~~~~~ u - I t  h i  t l I d ’  d~’ 1, i; SI I I s ’ .

St  V I c ’! i t t O  ;, L I  1; s ; l S l . u  1 1 l e F t  I t ’ l l  j ’ i ’ O C’s’ I I , ‘ll O S’s’j’c’ I s ’ttt icl Iii t [ ‘ s t  t s t  t l i t

, t ’ s  s ’U I ’ ’  i ,‘ I l ~ ’ I ’’ ;

i ’ ,u , ’t  u ; t ’ s ’d iss ’ , h i  ‘ ,~~~ 
se ;  I t ’I lli s l [ u ,t u ; u b s t  ~tn t  i ,m l p o t l  I t ’l l  t O I h i s

s ’ t ’r s ’S.  S i  x l  s ’ s ’ i i  ‘t i  t , u l  , ‘ I I h t ~’ l’ u ’5’k l t ’ C s ’Vs ’ red u u u d s ’r I h is l s i s’k I ll,! ,tj’pi , ‘ ,;, ‘h ;

;~~, i I I ts’ , t s; I t o t  I l l s ’s] wh u 1 ! s~ ,‘ , p e t  t ’ s, ’t l t  , i t  t [is ’ l ’ t ’s ’k  i u i  t h i s ’ I , ‘I l I ’  c’ t ’t ’ t ’ s I , ik s ’u

i ’ s ’ i i i  l ’ , t s ’k o I l It ’ 0,1:5; 1, 1,. I i t s  ; u t , ’d . s I t lii n t I l s ’ s; s ’ t ,su ; r lit ’ r5’h us ’ Is ’s ; , I hit ’

tog I ’  I t  ~‘i i 5 ’s ’k ‘ , ‘u t , ;  I l l s ’s] 1 l i t ’ h I i , ’,IIs ’Ol 5 ’ ’’u, ’ s ’ l lt  r , t t  I s ’ll s ’ i I l’ , u , ’t  l I l t ’ s ’ ,

L h u e ’ l u t i s t t i r e , ]  ‘ t ’ , I I , ’ s’k c’ t ’ t t s ’ t  1 1 1 1 1  ~‘S ‘ s ’ O s i  I S I s ’ s,’s ’ ,t k  :, ‘lIs ’ s’ in t l l s ’

ise ’ s h i ’ t i sk  s ’sjs s’s’ i . i l h  y ;tlids ’r t he ’ I s ’u’ s ’r  , u ; ’ i s l s ’ , I t ’ l l  ~~~ I I  l I t  St i l uIus;s ; ;;1,’— I ,i u ,h t : l s ’— ,; .

h I t s  rs’ck I r on  t l l s ’s ; e ’ [‘ si r i u s ’, , ; i s ;  iwo  0111 ’s  I i, u , ’t urc ’sl , li s u t It ,,‘ t ’ u s ; I s ; l 5 t ’l  s’ j , l V t ’V

s t i l t I s ’ , I I ’ i , t h i  i s  s , i l i s h S t  t ’ll t ’ w i t  hi 5hi, t i s  05,11110 , t u s h  sit ’ l s ’ui i t s ’ s - ; t h u ci ,uv 1i 5’5’k5’t o

Ati t ’t hue ’t’ ) i t ’O O  iS  i s ~ 
;,‘~‘. t k  ‘O t i s ’ I I i  t h i s ’ be th ’ s ’,’ ‘t~ u s ’  I t ’s ’ , l t  c’s1 j t u s t  s ls ’u. ’u i s t  5 ’ , i u i l  0

. 1  i t i t  s’ t ’ ‘ u t  s’ 1’ i t t ’ - ‘  i l l  uss r ill s, f l ” l - , ,  i’hi is s’s’,tk , ‘ s ’l ls ’ is cs iu ij i s is s ’sh 5 i t  is l ,u v

i, 1”l 1 l I t  i s ’k ’) ,tu tsl ls’ , i S  c ’h tc ’ s ’ l t u i i  5 ’ l i s t I  , u h i s ’s u t  ~ I I h i s’ ~~~ I t i
~~’ 

s i t  l’ s 5 t ’ s~ O s ’ s ’ I’ l o t  is A l

s~~l ,\l’i’ s’Itsl I X  A. 5 , 1 ’ s ’ 1 i t s  s ’ 1 , i ’ s’ I s ’ i’ s ’ , i  I i s i i o , , u i i s l  I hu t ’ s ’ , ’I i s ’ I ’ s ’I c ’ l ’ , ’s’ 5~ ,‘ t ’l l t  , u 5 ’t

, t s t  l os’ t o  , ‘I ’ ,; , ’i ’ ’s’~’~l i n  l’ t~r i us, P— 12 1 ,,‘sl 1 I ,u w , u ’ s  , t hu5 ’u t l t ~’ is I .t v  S’s ’t l  I t ]

s’s ’ s ’l t l l l u l s l s ’l ’ ‘ i t t ’  s s i t  hl i ul - t  I t ’ 12 I t  ~‘I  t h is  5’ s i u i 5 ’r s ’ t s ’ — r s s s’k  s ’ s ’ i l t s t s ’t  l i i i , ;

‘os; ; [I s  [ I  I t  v w i l l  Iii ’ c’xji I ~‘t’~’~l ,III i n s, t his  scou t ’  d e l  s ’ s ’ t  i on  s i t ,  u l I t  l u g .

F it s ’ e’xt i ’ s ’uis ’I v  l os,’ St  t ’ sIiu ’ ,tht s ’I  hue ’ i t i t  , l c ’ t  s lt ,tls ’ )‘,il ’,u l Id t , ‘ it ; ;

ill s, j’i s’Os’ m’ il’ s’s I h u , i t  , t I l V  s ; I I , u  l~ ’ l’~’~h l ’ s’ s’ s ’11s4 lcl s ’l’s’sI ,us; , i  j’ , ’ t  e ’ i it  t , u 1 s; 1 I d  l U 5

~ l in t ’ j’,ut ’,t I Is ’! t o  i t  S ls 5’d5l i l l s , ,  11w’ l lUl l i t ’l’ s’t t S ) t ’ t i l l s ;  i n  t l i t ’ Is u ’, h s ’s’k ~l~ ’—

oc r I ls~’~I I u~ ( t  I t ’ i ’ , ’ l l t ’ s ‘ ‘ I t ’ s ’ t ’t ’ u cu l t  ~‘~l oIl s ’S I h i , i t  t l l s ’V ,‘ s ’I l  l~h i ,trt us ; p~ut is I I I

‘te l l 1 , 1  l ’au’~’ i l l ’ s - o i l ’  i ns,  a u ’ s ’s ’L ws ’cls,~ ’ i l l  I t o u t  ot  t his ’ I~ ’;,’ s ’t ’  ,l l ’ i i i ’ s i , u s ’ h i  s t i l l

t i l ’  I hue ’ sl ,t ul ‘‘,‘isI [ s ’1 1 5 .  Ilie ’ rs ’t ’t iIl ulIeIttls ’cI s;h ts ’,ur 01 l’5 ’ l l ) ’ , I lu ‘ t i  t i t l i s t  , ‘ i ’ O I s ’t’ 11~ 11 I l r , I I

[ s i I Itt s i t t  this ’ s ; , t l t s lS t  s ’t i s ’ ,utusl s;li,i i s ’ , j S I ’ s ’Os ’ i lt  s s l  i i i  ks I s ’t ’ e’ ils ’ s ’ ‘ i l l s 1  5, 1 ‘s’ t ’il [ I i

Ii t i s ’I  t s  I t O t ’ I t  , shi~’iu t e l  l’ e’ s ’ s ’ilO [ s i t  lO t ]  [i i  ,t ,;t l’ ut ~ ’t  ; u u ’ ,u I s ; I  , i l s  I I i t  V

,mt t ,t I ‘s’ s ; l s ;

I t )



I’AR’I’ I V :  TEST Sl’I:C I M l-:NS AND ‘l’ES’I’ PROCEDURES

Cores Re ’ce?ived

I s . A p p r o x i m a t e l y 396 ft ot’ concr ete’ amid rock core ’ along wi th 11

s,t s ’ks StIlel 9 t u b e s  s i t ’ b a ck t ’ i l l  m a t e r i a l  were  rece ived f r o m  a t o t a l  t s l  4 7

bor j u g s ,  l’e r t  [insult [nt ’ormat ion concerts iuig t h e core rece ived sit WES is

0 ; ’ ‘ ;, .~~ed j n Table I.. U pon recei pt 01’ t he  core  a t WES , t h e ’ boxes c o n t s u i u l i n g

rs’ck samples were kept in the laboratory unit il th5’ select ion of test

spec ineti s was sonip l et ed ;  t h i s  process  took about  one week .  Se l e c t e d  t e s t

spec incus were tluc ts s tored  in a moist curing room until time for test lug.

Se lee t ion o l ’ ~~~~~~~~~~ linens

35. The concrete core varied greatly in its p h y s ical condi t ion over

this prsiicct (see Figures 3 stud 4). Some core was so badly deteriorsited

(broken to  g r a v e l — s i z e  p i e ce s )  tha t  i n t ac t  samples could not be o b t a i n e d

f o r  t e s t i n g .  Ther c ’I ’ore c o n c r e t e  t e s t  specimet is were selected from t his

in tact usear surface portion stid t h e hot 10111 p or l l o n  of thus core. The near

sli r t , t c e ’ co re’ ss~met i,ne5 con ta ined  cracks bu t  remaitied intact, Tli is procs’—

sIur e~ was used fo r  the  shor t  core and for core with lengths up to  5. 1 ft.

For the deeper borings , GW—l and GW— 2 t e s t  specimetss were selected front

the  near  su r f z t c e , m i d d l e’ , and b o t t o m  p o r t i o n s  of the  s’ore,  C l sar a c t sr i z s i —

11cm p r o p e r ti e s , e f f e c t i v e  (we t )  u t l it  w c ig ltt ( m ) ,  compress iotsal  wave

v e l o c i tY  ( V p ) ,  and compressive s t r e n g t h  (UC) , amid engineer ing design

prc)p er t  ies Young ’s Modulus ( E ) ,  and Po i ssoms ’ s r a t i o  (~‘) were d e t e r m i n e d

si r calculated. ‘rest assignmeus t locat ions can be g o t t e n  f rom a pp r o p r L a t e

tables of test results,

3 7 .  Recommendat ions  were made in References 3 sims d 5 to test sls;tie

dur ing  any f u t u r e  t e s t i n g  program fo r  compressive s t r e n g t h s  and E; a d e q u a t e’

samples  were tsot recovered dur ing  th ese invest ig s t t  tOlls . ‘I ’h l s ’ sh a l e  ths i t

*
For convenience , symbols and u s u a l  a h h r e vi a t  ions sire listed and del [ned

In t h e ’ Nt i t , t t  ion (A ppendix  F ) .
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Was i i  r e v  is)US l v  recove ’ reel was s j  h ue’ r b rokets by d rill ins act ion or Isle) thu its

f o r  t e S t  itig. h r s)Ili this  I’Sseilogi(,’ secS I is) flS I~ 
re 55 10, CX I l ie  re iut , i t  is cvi  ds ’ui t

t l i s t t  s t dqu a t e  shale ’ wsts not eSns ’ t u i l i t t  ere ’d in th e’ he’d riusk for other tItan

d i r e c t  shear h e e L i n g .  ‘l’hree l u l t a c t  sh ale samp les we re o b t a i n e d  w i t h  one

be iusg  takets from boring L—l.

38. Whenever  possible bed rock  specimens wer e selected f o r  chara c—

I s r  izslt Lou property tests from t h e  I’u,l, I l e n g th  of core . A few tests wers’

p en l s ir mc ;d  on the  ava i l ab l e  assumed weaker  rock close to thte conrete—bedrosk

cot it i ,t e t , n anlely f r i a b l e  sandstot is , se d i m e n t a r y  b recc ia , and in t e rb e d d e d

d o l o m i t e  atid sa t idst ons .  ‘l’ lu e ’ more compe ten t  bedrock  ( d o l om it e , c o m p e t e n t

ssuus sl s tone)  was q u i t e  s imilar  to  t h e  m a t e r i a l  t e s ted  d u r i n g  th i s  i n v e st i ga—

t ion r epor t ed  i n  Refsrs ’r .ce  5; t h e r ef o r e  t i l l s  rock wsts h ot t e s t e d .

39. For t u e eng itle~’ering desigus tests (nioduli , Pois son ’s ratio , and

d i r es t shea r )  sun ;utt smpt was made to select  t e s t  specimens to  be r sIprese ’n I ;t— I
l ive of th e rock in close proximity Is) t he  concrete—bedrock contact. Th is

applied to the lower approach wall a,d tainter gate Piers No . 4 and No.  K .

Due to this fractured and friable con ch i t i o n  of th e first 4 ft of b e d r o c k ,

sissuumed to u.tncherl;iy thus lower appro ;icli wal 1, t S’S I spec’ iunc’il s could not  he ’ 
-
‘

prepare’d for shie;t r testing. S p e c i m e n s  f o r  d i  rs ’c I shic ’;tr t s’sL ing Itas h t o  bc

t akeus abou t  7 to  15 f t  be low the’ base of this wall; some di f F [cult v was

e l i co l u i s  Is  reel p r e tp s t r ln g  t c’st spec linens F rom t h i s  zouse .  Lowe’ r bound shie ’;t I’

oh rengthis that coutld be’ used to represc ’ll t this bedrock wi Il l I I I  the first

4 f t  below t h t e  wal l  w i l l  be menl  [cu es] in Per t V . ‘i’est ass ignment l o c s I I  i sins-i

s u I t  be g o t ten  f rom t u e  t ab les  of rock lest results.

40. ‘l’her cs were  l’our  t y p e s  si [  specimens tes ted  in d i r ec t  shear ;  s on-

s rs I c  ‘;ust to rock , intact , sh a l e — f i l l e d  p a r t  Lt lgs , atid s’ ross—bedded. Nsist

of h i t s  specimen s  selected were  f r i a b l e  sands tone  and brecc  i;tt e ’d d o l o m i t e ’;

t it e  sp ecimens r ep resen t  t h e  bedrock a d j a c e n t  to the base ~ f t h e  i s sw u ’r

sipprosuc hi wall. Represetltat ivs ’ specimens of  the  t h i u s l y  bedded sl t s i le  we ’re ’

Is’sted in direct sh ear as a I 1 1 1 c r  mater isu l its the Fr isthls sztiiuhstotie ’ or

bne ’cc ia ied  rock and d e s i g n a t e d  us f i l l e d  p a r t 11555. L I s t ’ s ’  Se’;t Ill S g& ’l le ’r ; t I  l v

ot ’ s l u r  re’d il l  Iii glsly f rat ’ h it red Zuil lu ’ S ;iIsd s~)eis ifllst is c’Ont sl i ts Lug I his’m s ou l Isl

not be Ls’st c c l  in cli r u t -I shus’;i r

i - u



i t l u , ’ t 5 ’ I l l s ’ s ’ X l  s l i t  ,t t i sh l l l L t I l I ’ s ’ l  s i t  j O i I t t  i-i ut i I hus ’ I s i l u t i s t u t  I ’ l l ,

, i t  I u ’ l l u p (  ss 5,51,’ l il ,ts ht 1 ’ ’ s l i t  1 t l t  I t ’ : ; I  s ; h i s ’is l ui u c i t s ;  I i t t  s ou l , i  Iuu, ’eh I us e,’ I ,‘,u t U I  t o .

l u u ‘ ‘t ’l , ’t ’ l i t s ’, s l t i l , ’ ; i i t  5 ,‘ ,‘i’ ,’ ;  s olO  , u I l l  i u u s ,  ‘ ‘ L I I I  0 , u l  u,’,u .’ ; , ’l ’ :’t ’t ’ ’s ’,’ t h I h u , i t  I lu ,
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molds . Rock seurfaces on to which the concrete was cast were’ geustly tiusdu—

lat ing. Rock cores used for these tests were takets from within 10 ft

of tite concrete—rock contact,

44. A detailed visual examinatious of all t u e core was made its thte

l stb or ;u t s i ry .  P iece’s of concre te  core were selected fo r  pet rograp h t i c

e’x stmin ,’st i ou ’t f rom s u l l  s t r u c t u r e’s of the  lock and dam t h at were drilled.

Sonic I’ ie ’ceSS of cores were sawed It long the long ax ‘is of the ccire’ to a l low

b e t t e r  and esus icr  e’x ;tminat isuls of t hie concre te ;  a few were  ground smoothi

ami d ex sum iu ie d I or st s tra [n ed a i r .  Some of the  isew s u r f a c e  csu tis ’r c ts  recove’red

we’ re ’ hi ig ht Iv I ’ rsic t u r e d  and exauninat  ion was nu ad c of th i e  h~ I c’s s ’s . A p hiot o

gr a p h t was inside 01 h I t s  sawed s u r f a c e s  of cad s cousdi t io is  represeusted  by t h e

e’ores . The’ conc re t e  cross’-sectiotss were examined megascop icallv  amid w i t h

a S t e ’r eolnicr os( ’u )pe . Selected p a r t i c l e s  were examined us ing a p o l ar i z i n g

mic roscope  atid i deust i f i ed  us ing  X—ray  d i f f r a c t  ion.  I’o r t  iotss e~f the cemeist

pas te  in a d e t e r i o r a t e d  area of concre te  were  compared to this cement pas t s

f i ’ silli aus sures t  of concrete  t h t a t  was cons idered good.

45.  A szutii p le of grey  clay was ground to  pass a 45 microm stre’ (No. 325)

i v so ,, s ,,e:: e:xamitied ‘oy X — r a y  d if f re e  l ion. A se’d inuenteel slide was

ntade’ in t h e  usual  manuue r au th also X— r ;ty cd . ‘l’hue X — r s i y  ex amiu iat  ions were ’

made w i t h  sims X — r a y  d i f f ra ct o m e te r  usiuig u s i c k e l— f i ll e r e d  copper rad i st t  [sin .
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in this two vertical borings , however , no frost damage was detected in

the horizontally drilled core. The average depth of frost—damaged c’~o—

crete in the core from the vertical borings was 0.75 ft. The maximum

depth was 0.8 ft. Figure 5 presents details of the damaged concrete in

the lower approach wall.

80. Longitudinal cracks, starting at the free surface and extending

to maximum depths of 1,5 ft , were observed in three of the four cores

from the horizontal borings. Alkali—silica gel was present on the crack

surface of core GW—3; the longitudinal cracks are thought  to be caused

in par t by alkali—silica react ion.

81. Average Physical Proper t ies .  The average physical proper t ies

of the concrete f rom the two ver t ical  holes in the  lower approach wall

are presented below. Test specimens were obta ined f r o m  t h e  near  s u r f a c e ,

middle , and bottom of the approach’s wall; the values f rom core at the mid-

dle and bottom of hole were averaged because they were nearly eq ual .

Middle and
Near Surface Bottom of Core Percentage

Test Concrete Specimens D i f f e r e n c e

Effec tivo Unit Wt , pef 153.6 149.9 +2.5
Comp Wave Velocity, fps 11,000 15,257 —27.9
Comp ressive Strength , psi 

6 
5,470 6 ,920 —21 .0

~1odulus of Elasticity, x 10 psi .1.57 5.29 —70.0
Poisson ’s Rat io 0.17 0.20 —15.0

The velocity and modulus of elasticity of the near surface concretc is

consids’rably less than the concrete in the other p o r t i o n s  of this boring ;

28 and 70 percent , respectively. Th ese lower values are e’xpected in v ie s 5’

of the amoun t of deteriorated concrete itt the upper 0.7 f t  of  b o r i n g  SW — I .

The test  specimens tha t  represented the  near s u r f a c e  c o n c r e te  d i d  ccin l . a in

frost—damaged concrete. The strength of the same Core ’ does not mel i sa lt ’

the damaged concrete. The reason is that often tines cracks i l l  c’ores

that are perpend icular to the axis of applied load have 1, i tt is,’ e f f e c t on

compressive strength, Prom a m a t e r i a l  stand po int  the  s, ins ’r et e  in tile’ tc)h)

of the  wa i l  is not  p e r f o r m i n g  as o r i g i n a l ly intended. It is suggested
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I’.\R’I’ VI : GEOLOGICAL CIIARAC’I’ERLS’l’ICS AND
SU~~’L’5RY OE CONCRETE C O N D i T I O N  AND RE CO~~1E N l ) A ’l ’l I S~S

B~~~~~~~~~~~~~~~t~~r aph~’

94 . ‘Iwo stratum were, encountered unde r  t h i s  l , s sk  and darn site , the

Ordov its ian St. Peter Sandstone and t lie Shakopee’ 1)o Icint j Ic ’ . ‘l ’hie ‘1 01111, and

Kre’ss sanslsisins s of this ,’ St . P s l er  Forn,it ton were uncovt,’recl a t  S t a r ve d

Rock. ‘I’hie’ ic ili t i llld,’illbe’r is a 1115,0,1 i tlIll ’— I s )  t ttic’—gra m e d , we’il— slirtedl • 11011—

ca lc . lr e ’o t ls, I r i ,’ib lc salicistonc . ‘this , ’ Krc~ss is a co a r s e ’ r ub b l e  or ss’ng t orn —

cr a te  sO’ a n g u l a r  c h i s r t  in a ssunl~~t imes layered matrix of sand , grs,’c’n slia i s ,’ ,

or s lay . Th e’ Krc ’ss con l a  ins I a v e r s  s i t  slia Ic t ip  to l — I ’t — t l i  i ck . ‘l’Iie’

Shakopee ’ Ds,iion i i Is ’ is a titi ti— to ned turn—bedded , I i I l c’— g r a i n e ’ d , argi 1 l a c c’OI l s

to pure ’ , l igh t hrown ts i l i g l u I  g rc ’\’ d s i i s im i t e s . I t  con ta i n s  l en se s  and

lay ers of sandstons,s up t o  4 — f t — t l i  i ssk , blu e greet i  10 grey  sha l e’ Se’Sillls ‘sip

tci 0. 3—f t—t lt ick , and slia I~’ — l  ii Ie’d bedd mug p lanes t h i r d ’uug hl ou t  . I ,e ’ nt  1 511 Ia r

masses 01 do l , c i n u i t e  t h a t  ,ire’ algal reel’s up to 1 ft in I h i  i s ,’kness , l r s ,’ found

111 the Shakopse’

9 5 .  A nua j or  uticeiti fs il ’llI I I y Sc’ps’t t’; lt e i s t h e’ St . 5~~t 51’ and tIle Sliakopc’e’

in this St a rvs’cl Rcic k a re’a . An [ h i s S  rva l  of  c ’ isis ion ~rid nsin—de’pci s i i  C cili

c rs’atcel tiuc ’ irre gular c ’ rros itinal 501 rfacc ’ thaI se’p saral c’s t h e ’ s , ,’ t i so  hsiel L O S

s l f  l,e’ch rock. ‘I ii is irregular sur face may s’ Xp l . i  i l l  501115 of t I l e ’ di f I’s’is’lice’s i l l

s t’ S I [di l l  s i t  I lie’ C ol it  as t be’Iween  t h is St . Pet e r  ~ ticl I lie ’ Shak o 1iec ’

B a c k f i l l

96 . Bs e h r oc k  d i v e r b u l r c l d  Ii he hi  [l id  t h e  ciwe’S : i pp r s i a s ’ I u  wa l l is pt’ohah lv

spsi ii from th e [sick and dalI l s ’x s ’avaI  i oIls ,itid cons is Is of :1 Ill ix tsl r e ’ S i )  s’l iv

sand , and grave ’ 1. i’r o po rt  i (illS Of I
’ i i  1 r ange  I ron 80 h’ s’ l’ c ’ i’ l)  1 1 s)sis,’ S,’Il ) sh

(clavc ’ ’ satid on lop t o  :111 e t i t t a  I p e r c s ’ l it  o l  conlp21ss I s l a v  ( ss indv  s l i v

near Ills,’ hot t on .  The’ suvc ’ r h u r d h e ’Il Sc’S Is oti tlt s ’ Kre’ss san d l s I s i l t s ’ s’S it I l ie ’

Cs i l l I  a c t  of t lte ’ SI is’sks ij c’s’ Dsi Is irni t e atid Krs ’ss as i ti I’e~rrs’sl f l ’olli lis u’ l igs  [ I i

the’ adj ;iss’fll L s wt ’ r a j ij i  rsiacli Wa I t

L 
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seo Iuj,ic ~~r _S~~’~~4~~~

54 7~ Two cross, sect 10115 were drawn ; one’ a long  tIle ’ darn 21ticl sills ’ , l i s i l t g

thes lock chamber land wa ll and t i le  lower ap p r o a c l t  w a l l  . .\ t i gl i t  s’ ss t i t  a ct

(be’tweesti the concrete and bedrock) was noted in two ot’ Ills tllrs’t.’ hiorings

sin liSdi in th e lock and approach walls. ‘th e heiring s in back  s i t  t h i s  dam

were  d r i l l ed  d i r e c t ly  in to  rock. I ’I ic’ss Sections give sil l  c ’V sSrVi eW ~i I t i ts ’

bedrock  under  t h e  lock and j u s t  in bac’k s i t  t he  dam and sh ow t i le  v ar i s lt  j o l t s

tll t u e  I W O m a j o r  rock u t i i t s .  ‘l’lie l o c a t i o ti  sit ’ we ak lit site’r t s l l s  such  515 Sh~~l 1s’ ,

cia’s’, ansi f r i stb le  sz lndstons  can be readily Set ect~’d whi ic ’h i sh o u l d  be het ie’—

I i c ial  in assign tug s tr e t i g t l u  h) ar ;~~1eter s f o r  s t s u b i l  i t v  s in a l v s  i s .  I lls ’

uncs )t it  ormable c o n t a c t bet , wse’ii t h e  S t .  P et e’r and Sl t akc ip e ’e e’X i s I s  u t ider  t h i ~’

pro i ect . ‘l ’hie 4 — f t  — t h i c k  sands tone I av5’r in the dololIii t c ’ is sliss) cd) l’it  il lUOi ,15

under this’ ,ls)ck and dam.

98. there are  a few d iscot it  inuosts S 1 , v se’ams atid clst~’ lens it i I lie C

St . 1’,,’ tsr and h ear this I sip s i f  t h is ’ Sl t s i kc’ih i s ’c’ , ‘Ills ’ I_h is ’k,,’sI tin il  0 1 c lay

(a 1—ft letis or 5521111) WaS sncountsresd j  ust ‘u f t  dowuist reani sil 1st triter gal S

p icr No. 6. The lens is assumed to be wi thiiti 4 10 12 f t  of t his ’ 55)115 rc’t e’

bedrock  contact . The c’ Liv  was 5111.1 lv ,Se ’ sl by N— ray dil l rae’ I iou’s sine1 e’ si l i t  St illS

among oth er minera l s , I lie 1111115 ra 1 motll nor i lIon its wit ic II is a swel l  ins

t ‘,‘p s clay. ‘th e e’xie’n t of I Its c isi is slnkllown .

Bedrock Si rstctura I Clia r , scte ’r iSt ie’s

99 . [)ips In  lsis ,t I bs’cid i t ig  range’ f rom I Is ’  12 de’g ret’s Wli e’fl n1&’sls u re ’cl

be tween be re lis i  Ic’s ( t h r e e— p o  itit p rob lent) ~t t I lie St , l’e’t et ’ / Shi ;iks’pe ’e’ s’s’n tact

The 3 — f t  sands tone bed tIl I lie Shakopee il j  ~~ ti l l t I 0 m l  
~ 

I cle ’grc’e’ sWs’r I l ie’

projec t; this is cons ist,eIlt w i t h  rssgiotial sl i ps s’ tIed i t t  t u e  i. its ’r;i I t I r e

100. ‘this, ’ f t r s t  I and 3— 1 / 2  I t  of  bes elrock hstie’at hi t lie ’ lo we’r st p p r o a ch i

wa 1 i,s in boritigs SW— I and u2W — 2 r ssI~ ’s’t iVe Iv , Is I i , I s ’ t I l l  ‘ ci. ‘I ’Ii,, ’ f rsi c ’t ut’s’sl

rock in I hess two bor itigs Stills is ts of slot Ic , s’ l , iv s ’v sh a l e  , I r [sib Is’ s , l l l t h —

51 si l l e ’ w i t h  51121 I c — I  i i  le’dI par t ings • sil lS c’h l s ’ l ’t  v do I s)lIi i t s ’ . ‘I’ll is I t’ac’ I tl t ’ ssI

S oI l s ’ c’ 01114 1 11(1155 a ws’stknss ss in t lie be’droc k ;iiisl sitou Id he’ coils ide ’ t’e’sl itt

s t r u c t u r a l  s t a b i l i l v  , l I 1 , I l v s i s .  S i m i l a r  a n ostut s  s i t  I l’ste’turitig i ll  t his ’ S tI l ls ’

‘uS

_ _ _



I v~’t’ s i t  t’ s ’5’k ,‘Xj st u l l i s l s ’r I lie  s l s i w l l s ; 1  l s ’,l IlI li~~l’t It ’ll ot I h i s ’ I . 1 I i s h : ;  I s I s ’ I 5 i 5’k w. t I I

1, 5 , 5 ’ s ’ I’h I t , ’ 2 . Re’ I s ’ l ’ s ’lls ’ e’ l ’t . l I t , , ’ l’ s’sIt ’ , ’s’i’, i,t iis l t ’t’ I h i s ’ 5I l’h’ ,’l  501 1 l t ’ll o t

1 I u , ’ I , l h l s l : ;  I s i s ~ I s ’, ’k 5 . 1 1  i , l l i s l  1 1 0 5 1 5 1’ I I i s ~ S iv ,’t’s i~l~’ I s ’Sk 5*’ , l  h i  St il ls  I s ; I  S s u l

sls u l ,ih1 II Is ’ 5,11 ii ‘ , l l , l  I~’ —I  II I~’~l 5 , 5 1 1  111s5” , l l l s I  1 1 1 1 1 1  5 . I I I , I ’ ’ I s i l t , ’ I . l ~~s~ t : . . , \ I i s i s l t

i I t  ‘s ’Ils ’,l tli t l t s ’ h ,t s5 s’ i s ’’s’ , u t  i t ’ll s i t  t lts ’ h , i 5’k i s .  I l u ,  11,511 1 11, 11 ‘ i I  t t h i i s ’k

:. , l l l s l ’ .t  , ‘l ts ’ I , l V s ’I ’  1 1 1 , 1 1  ( 5  s’s ’l t t  [ l u i l , ’ l l s  sO’ s I ’  I lu s ’ I s~s I ~, , l I l s h  s l , t m 5 ;  i t , ’ , I’h us ’ 1s~ss -

5 5 1  ‘s’ , l I ( l s ’ sO i l l t s ’ I ’ Ii . l l  I 1 1 , 1  i O n  1 , -~ 1 1 ,7 sl , s ~ s ’h t , l i l i s ’,l s’h l ,l s h t , I h t ’ t  i i I t ’d

‘.11  t I l l s , ’, Is’ s:; Ills ’. l S l l t’ s ’sl s ’ll .1 1 s ’SI 
~l’~’’

’ [lllc ’ll I’s’s ’ s ’’s’s ’l ’ s ’sI I t’s unu thu is :.,ttt sls t s i l l s ’

1, 1’s s ’l’ .

l u l l .  1 51111 ’ I t  slsu i , ,’ I i s I i ’s’.lIIi t i ’ siIll t , l I t l I s ’ I ’  t~ , l I c ’ 5 151’ \ o .  u I S  1 I~~I t

I Ii i s ’k h ells s’t’ SsSlhI l  s u t  s’ I I’s’ ,‘ s i l l t  .1 1 11 15, I I ’ , t III e ’I lt  s of sI t u I s ’I I u i t , ’ . ‘I’l us ’ t s ’~’

s i t  (It,’ I s’I lS is  I s ’s ’ , I I  s ’ sI , i t  s I  • u  12, 1 ishi is ’hi 1:; 1 1 . 7 It lu~’ l os,’ I l l s ’ sI t ’S I ’ ,Il 6,1St ’

s’V.l I I t ’l l s i t  I I ts ’ I ,l j I l l  5’ t ’ s ’~.t t s ’ p i s ’ I’ :; . I t 1:; ‘u . 2 I I he 1 s ’s I he Ii i:; s ’ sO

I . i l t i t e ’ I’ ,t t  s’ p I s’l’ N5 ’, ~ wIt i cli is , l l i h ’ l ’ s ’X 1 111.11 e’ l’s’ I -sO I I t o  thus ’ llt ’l’ I I~ I It,’

s’, ’ I l t  1 , 1  s~ I t h i s ’ l” ,i ss’ s i t  I’ i so’ S ,tli cl bs ’s l t ’s u t ’k w , t S  s h s ’t S I’lll i l l s ’sl I l ’s’III his il ’ I 115, 0— 1 ,’

~h i I  I It ’d sl uu t’ i h i s ’, t his ’ I ’ h i . I s s ’ I I ss’ s i t ’k .  I’1i~’ h s ’ l lS is’ , l s  1101 I s r i l l t s h  I It ,lIlV s’t Iis ’t’

hot’  i l l s ’ ,  P I l l  sls iIs’Il 51111’ [I i  I lu i s  [I i ’ s ’ e’ S t  I t ’, s l t  j , i11 s’S I his ’ 5t ’s ’V I 5515 i l l t’ s’5I [ g. lt  [s i l l .

II 15 l ’ t ’ s ’ s ilhil Ils ’ I t s h s ’ sl 1 11 ,11  t Itt~ s’xt s ’ l it  s ’ I  I l l  i 5  111,11 t ’l’ 1 , 1 1 be ’ sls~t sum i l i s ’sl b’s’

shi ~ ilhinsi , sI ’st t~ in,’, this sc out’ sls~t t ’ct ion pi’ s’ic, i ’ ;un t Sc’h i s ’sh t l  1 s ’sI I s ir  F’\’ S. I I  it

is jit ’ s’Ss’llI tu i5 Ie ’r .1 pOl’t [ s ill s u t t his ’ s l , l l l I , t h t t ’t i sI is h in g st ;ib i h i t  , I t l , i l v s i s

I s i t ’ t Ii is ,iI’,’,u ol t hs ’ 5121111 5h i s i l t l ~I l’~’ 5’h u5 ’,,’ks’~l 11S I l l S ’, , l 1i 1i l ’s ij i t ’  1 , t t s ’ 111 . 11 5o’ i t  I

li i ’su h i t~ I I  s’S o t  I l i e ’ s’ h ,t ’s ’; t his ’ s’ I,i’s’ W s i t l  I s1  l i t ’ 5,5111 5 Is ’d .11151 1 s’S t  s’ S .

10?. I l l s ’ S, l l td ’ ,,’ i s ’ h l  1 , 1 1 1 1 1  , ‘,s ’l I , ’ i s ;  t his’ l l s ’ , t l ’ s ’ 5 I  111.1 s i l ’  I ’ s ’ t’, l s ’Il . l  I St l’ l l s ’

t n t ’ , ’ to St .1t’ v,’sl R5i 5’k I , s i s ’L , u u t s i  11 ,1111 ; I l l s’ 1 ,11111 , ‘ s ’ I l t ’ is ; 2 t ,  ml h ,’s I s ’ t i l t ’

tiort lts ’,ist . 8111,1 1 I I t ’s’,t 1 1 . 1 1 1 1 1  S Ws’Ss’ tih se’t’vs ’sl s’ll I hl c ’ s’sil ’e’ I 55511 1 Ws ’ 1101’ 1 1 15’, :;

t h is ’ I , l I ’ S,s’SI  I u ,tv i l l s ’,  , i l t  . t I u p , t l ’ s ’nt ~l [s pi , i s ’ s’llus ’ Il t  t i t  1 .2 I t . I’ht~’s~’ 5111,1 1 1 t , lu l t s

s i l l  t it ’t ,l I f 5 ’5’ I th i~’ St ~h i l l  t v o I I lt~’ h o ,’ k s’ sI , l l l l ,

11) 1 . li t s ’ I s ’ t l i t  5 t 11,11 ‘ss’Sl’e’ s’bss ’t’vs ’sl [II I lit , s ’ s ’t’ s ’ sh I l l ’  i n ’ , th u is I I I V , ,’st  I —

5, 11 lOti , l i ’ t ’ s ’ sO li4 i s l s ’l’ e’sl I s ’ be’ w it ht i l l  I l i t ’ 5,11115’ s i lIlt :s ’t  S t ’ s ’1i s i t I  s ’S ~n R e t  s’S -

sti s ’ s’ - i . N s i , ‘l l i l s’t ’ i s’t l t  , l t  i s i l lS is’Sl ’ s ’ llIe ’ , t : ; l l t ’ e’d s I l l S  i l l S ’ ,  1 111: ;  S t  l I s l V  , I l t iis’s ’v , ’I ’

l i t , ’ u u t ’s ’’s ’ lo ut s ;  ~~~ i t ll s i r  is ’t it . lt  [ s il tS lIIs ’ , 151 t l’ s’sl .11  l I t , ’ p r s ’I’os, ’sl sl11~’I  I s ’ , i t  s ’ I 5’5’L

s I t , ’ 1, ,l~ i 1 ,l s ’s’lll t 5 ’ I’t ’ s’5s’l1I  15 i 5’k • S5t ’ Rs ’I , ‘ l ’ s’fls ’ s’ ‘ ‘t c ou l d  l’~’ eXt  1 , 1 1 ’ , ’ 1, 11 t ’sl

I 0 l iii ’ si, tIl l s i l L ’ . 111,1 i v j s i n , i h  s i l l i t  S , tns l  Ss ’lt ll t s ’ ,,t t 5’ )t u I u lI 5; ~‘~‘tt h ,I i s u~~s l b h v

5 . 1 1 1  IS 1 11 ,11 t ’ In 1,1 1 111 l ~s , s i t  :;s ’ s’t  [t il t s  s i t  I l l s ’ , I P I ’ l’ t ’ , I s ’ I l  , l I l s l  h t i 5’L i.’ .t I Is , t I1 sl



( lie ’ s l . s I lu  l I t  s i l l s ’ s it t i l e  I o h  I. ’’,~’ : s ’ , Is’.t ’s’ s.  l I l s l i v  l , 1 u . l l  5 ’l l t t S  s ’ , ’ ; t [ ~ l ~‘ I  ~‘v 1,1, ’

Ill  I I I ; ’ l l l I s ’ sl s ; 1 i1 ’ l . ls ’ s ’ ‘‘I I  W I I l s ’ l l  .1 l l s ’I  i . ’ , ’ S I t . I l  i’dls’ , l I  l , I l l l l I s ’ 5551151 sl.Iv l [ghiI

,-~s 1isl [ I  I l l s  ‘ s i t ’ i , , ’ I l t , l t  5 ’ ’uu  ‘ ‘ I  l s ’ i u i l Se t s  t s ,i t ’ltt l s s ’ s s l S ’ l s ’ t ’ s s s - k  ;,, ‘ l ’ , , ’ ’ ’ , t Ius ’ii

sli , t i l ls  , i I , ’l I ~ ’, I l Ie ’ ,Js i j li t :~ S L l  I I s ’ s ’5 ~‘ , i l I I c l  clc ’ , ’ : S I  . ‘lI t  [‘ ‘‘I s l I t  l , ; l  Slls h [115

555 , 1:,,, i s ;  .1 . , . 1 : , s l is l l l l l d  s i ll I l l s , t s)p liv 5 , 1 1 , ’ 1 , 1  5 ’ , , - x 1 ’ ’~~s ’ , t  I i , - , s i l l s ’ I . ’ St ’ s ’ I l l  I l i t ’ , ,

1:1, 1 I i , . ’ i t i t , ’ I  se ’ ,’ t  I l l s ’ ,  SI ’ s ’5 , 5 ~~~I ’ s ’ sl s ’ l l t t s .  ‘lit ’ I s i mlll,II js i~~ , ‘I  “ ‘1 , ‘SS i i i

is i [lu: I 5,11 ~‘~I 111 I ’  i , ‘ , l l I ’ c ’ ‘ s ’I  5 5 1  s I  ,‘uuc , ’ i . In s ’SdIs ’I ’ I s ’ ~l~ ’ 1 s ’ l ’ ,’l i l l s ’ ‘05 5 [ t i l e ’

s’s ’ s l5c ’ s~~i , ’ s ’ :; , j s i i n t  I l’ s ’ , [ l l e ’ I l s ’V s i t ’ 1011 11  ‘‘ 5 1 5 m g  \~ I t  11111 s ’ l I l t _ - , ‘ IS 111(151 5’

she ’ t, - I ’ S : : l : l s ’ , I .  If l u , - ss’ ,’ur , I S s ’ , t 5  I I  t h is ’ I cick Slhl s [ s !,llll 511  s ’ s ’V s ’ S s l s ’ls ’ . l t , ’ I ’ s ’ s l .

.1 , 1  I i  Is’sh ~‘,s ’ s i I , ‘~~‘ I s ’ ” l r  IISI Ill ’s’ 51,5 5 [ It t ’ ,  S l i s i u l  ~l h~ ’ is ’ S 1  s ’ h ’ I i s ’1 . I I l l  , ‘SII I , l l l s i h i

1 , 5 5 5  Stls ’I I 5 5l[’5 [Iii’, s t  I s ’St  Ss ’II I ~l s ’ , i v s ’ 155 1 1  i s”t I S  10 , 5 S’ c s l5 s ’ s~ I ,‘e ’s~ I O h  515 , , ’

i l l .1 s t I ’( l s ’ l s l l ’ , u l  st ,tli i l i t ’ s  , l I l , l l\ s i s .  I )  t i l e ’ I i ve  0 1 1 1 1  , I t I i l l I s l s ’ :’ I I s I s ’ sI

sill p It, s ’ I  Rot s’rs ’Ils’s ’ i S I r s  s ’X.IIlIiIi s ’ dl ,u 1 ‘115 ’ s I t  II  I Il , ’ , u t  1 i l I S l e ’ , ‘ I  I l l s ’ h , -~I~l 1115,

. I l ls l  l i v 1i s i t l i e’ s i, : c ’ sl t o  l u ,svs ’ ,u s i s ’ , l l i I i S , l l l l  : r s ’li . l I i L lit v o l  e X I S t  i l l ; ’ ,  65 1 1’  . 1 1 1 1

t h i s ’ sl,1I II si l ’  1 sick Wail , t 1151 1 1 lls’’s’ SSI ,1\ ’  1) 5 t ’ , ’I I lS ’  i l i t ’S i ll  \‘ , l l ’  I , ’ I l ’ ’ W , l \ ’5 ) s ’ p l ’ ‘t I ; ; ,

I’S[’S s ’ss ’Il t ,lt jvs’S s i l 1i s is s j h l c ’ s; j  i s l e ’ ;,‘ s ’ s t ~~’,, ’:; , I s ’ :;, - l ’ s  ‘0 )  S l i t l s ’ ,I  I sI ids ’ i,’, ’ s l s ’ , s ’s

llI.l\ ’ I h e ’ll b5 ’ 4111 . l l v ,Ss ’sI ,15 I _ 5 i I l i e’ i I’ 11150,15’ ~‘l s-i l i d  111 , l l is l  1 1 1 5 1 1’ l’s’Sps ’s’( I t ’ s I

( i l ’ ; s i f  s,uI ,,’t v . ‘ I’Ii~’ six ~I i sc: si l it  t h u  i t  i s ’s s Ill lii ’ 501116 II I , ’ ,I l I l t  5 ’ Ii l I l t ’ O s ’ ,

I u .st I l ’ s ’ 5 ’ i S l I , t l  l \’ l [ ’ [ ’ l l ’e’ l lt  I s ’ l Is t’s’ .1 5s i55  m l i i I l t ~~’ s i l  nus~ ’s in~ [ I l l s ’ , 1 Ss ’ , ’ S l l

SI ’  s’ Xs ’ . l v , I I  is ’li p . ir s t l  Ic’ I I , ’ I lie 1 1  Vs ’S .  i 11 I I t s ’~~s ’ II I l l s 50 5 5 1’  [5

, I I 1 I I I V 5 I 5  l ul sh j S . l t s’s t l i r s ’s’ l l , l V t ’ I . I S I s ’l ’ s o l 5 , I I t ’ IV  , I i ’ , . S i l t s I  sI i 5 h i n g  liv I I 1 s ’ [ l ’

sle’,isl Sc ’ I I s i t  l ess 111,111 1 .0. l ’ l l e ’ 1 1 1 5 1 5  s ’ I s li sI [115 I S 1,,’ 1 1 s ’Il S l : s ’ ,i  0 , 5 ’ 1

lIlt ’ I s i W t ’St  sle ’t s’l ’l lh l I i e’d by I 551 1115, lh i~’ c’ ,I I ~‘ l I  1,11 I s ’I l :’ 550 1 Ii~’d i s  ~l~’ 1 , u t I ~‘~l I I I

Rc ’l  s ’ I ’ s’ l lSs ’ 1 1 . l’hie 1 , 11 I s ’S’ 1515 [I l l  , ‘ I ’ l IS . l l I s i ll p e l t  .11115 I s ’ I lus ’ ,; i~~, 51 Ss ’ s ’t i t  l l l l l I

I i ,,’s I 11.1 I s’ , l l l  l~s 5 5)1111 ) 1115 51 I nI ,’ ws ’sh s,’,s’5

s i [ lu l l s ’ I 5 ir  
~
‘ Rs ’qt t  I I’ s ’,I

I i s i  I t  ‘ i
~~ 

si iS 1 Ilk, “I d~ I i)— I t  \ s I t  I s  I 1 1 is  I I “it ul I I I I
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Table 81

Boring Iden tificat ion Numbers

CL Serial No. Depth , f t /EL * Field Identification

Backfill

CL—i 0—26 SR WES GWB—i : backfill , 802 ft downstream
458.5 of cener line lock , behind lower guide

wall

CL-2 0—18 SR WES GWB—2 : backfill , 797 ft downstream
458.5 of center line lock , beh ind lower gu ide

wall

CL—3 0—19 SR WES GWB—2: backfill 791 ft downstream
of cen ter  l ine of lock , behind  lower
guide wall

Guidewall

CON—5 0—3.1 SR WES GW—3~ 6—in .—diameter concrete core
452.9 from about 795 ft downstream on land

guidewall. Horizontal hole

CON— 6 0—30.9 SR WES GW—1: 6—in .—diameter concrete core
459.0 concrete core from about 795 ft downstream

on land guide wall. Ver tical hole

DC—S 30.9—57.0 6—in .—diameter rock core from SR WES OW—l
459.0

CON—7 0.3.3 SR WES GW—4: 6—irs. —diameter concrete core
445.3 from about 795 ft downstream on land guide

wall. Horizontal hole

CON—8 0—3.0 SR WES GW—ll : 6—in .—diasneter concrete core
454.2 from abou t 580 ft downstream on land guide

wall. Horizontal hole

CON—9 0—27.5 SR WES GW—2: 6—in .—diamc ter concrete core
459.0 from abou t 580 ft downstream on land

guide wall. Vertical hole

DC—6 27.5—54.8 6-in.—diameter rock core from SR WES GW— 2
459.0

CoN—b 0—3.5 SR WES GW—6: 6—in .—diameter concrete core
444.3 from about 580 ft downstream on land guide

wall. Horizontal hole

(Con t inued)

* M SL , elevation is for top of hole for vertical drilled holes and entr y
poin t for horizontal, drilled holes

(Sheet 1 ot ’ 4 )
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Table HI (Cen t  inuc ’d)

CL Ser i a l  No. D eptIs~ f t / E L  Field I d e n t i f i cat i o n

C O N — I l  0— 3 . 0  SR WES G W — l O :  6 — i n . — d i a m e t or c o ns _ -r e t e  cor e
4 5 5 . 7  t’ rom lower ga te  recess land side- wa l l .

Horizontal bole’

CON—l2 0—3.2 SR WES GW—7 : 6— in.—diame ter concrete core
461.3 from upper gate ’ recess land side wall.

Horizontal h ole

CON— l3 0—3.0 SR WES GW—8: 6—in .—diame ter concrete core
460.7 from upper gate recess river wall. Hori-

zontal hole’

CON— 14 0 — 3 .2  SR WES GW—9: 6—in .—diame ter concrete core
460. 5 f rom emergency ga te  recess r iver  w a l l .

Horizontal hole

CON—IS 0—3.0 SR WES GW—5: 6—in .—diame ter concrete core
460.8 from about 533 ft upstream river side

guide  w a l l .  H o r i z o n t a l  hole

CON — l 6 0 — 3 . 1  SR WES CW— l2:  6—in . — diame t er  concrete  core p
460.8 from abou t 754.5 ft upstream river side

gu ide wall. Horizontal hole

CON—l7 0—3.1 SR WES GW—l3: 6—in .—diame ter concrete core
461.0 from about station 947 ft upstream river

side guide wa l l .  H o r i z o n t a l  hole
Head Gate

CON—18 0—2.9 SR WES1Y~2’3: 6—in .—diameter concrete core
448.9 from south side pier No. 18. Horizontal

hole

CON—19 0—3.0 SR WES D—24: 6—in .—diameter concrete core
4 4 2 . 8  f r o m  sill f loor  near p ier No. 17. Ve ’r t i —

cal hole

CON—20 0—3.0 SR WES D—26: 6—in .—diameter concrete core
4 5 7 . 7  f rom downstream face  of p ier No. 18.

H o r i z o n t a l  hole

CON—2 1 0—3.1 SR WES D—22: 6—in .—diameter concrete cor s.-
448.8 from north side of pier No. 6. Horizontal

hole

CON—22 0—3.1 SR WES D—21: 6—in.—diame ter concrete cor’.’
4 4 2 . 8  f rom si l l  f loo r  near  p ier No. 7. \‘e’r t i ca l

hole

CON—23 0—3.3 SR WES D—2~~: 6—In.—d iame ter concrete cor e
456.7 from downst ream f ;tce  0 5  pier No . 6. H or  i —

zon tal h o l e ’

(Cont inucd)

(Shee t  2 ol  1)
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~~~ WESCC 25 May 1978

SUBJECT : Use of Se i smi c Coeff i c i en t for Starv ed Rock Inst a l la ti on

District Engineer
U.S. Army Engineer District , Chicago
ATTN: Chief , Foundations , Mater i als , and Surveying Branch
219 S. Dearborn St.
Chica~jo, IL 60604

1. In regards to your comments on the Starved Rock Rehabilitation
Project submitted by W.E .S., es pec i all y comment 4 , I found it neces-
sary to answer in detail.

2. The comment was stated :

“Page 15 , para . 28; The sandwich Fault is a major structure
alt hough not too active to date. Does W.E .S. have any reservations
about using the standard zone value for seismic coefficient for the
Illinois Waterway System as found in Figure 6 of EM111O-2-1902?”

3. I spoke with several earthquake engineers at W .E.S. in the
Structures Branch and was told that considerable care should be
~~ .,o1i when using the seismic coefficient method . In the Corps
this IlSethod is gradually bein g replaced by more accurate analyses.
They recommended using Response Spectrum or Time History Methods for
determining Earthquake Analysis fi gures for a particular structure.
In any case , calculating a design-basis earthquake for Starved Rock
is beyond the scope of our study and would require an additional
study if it were deemed sufficientl y important.

4. However , the study done for the Atomic Energy Commission by
Sar~ent and Lundy in 1973 on a proposed nuclear power plant to be
built in LaSal le County has some information which may be applicable
to Starved Rock Installation. The detailed Earthquake Anal ysis in-
dicates that “of all earthquake events which can he postulated for
the design-basis earthquake , the maximum level cf horizontal ground
motion of 20 . ( .2 g) of gravity would result from the occurrence at or

C 2
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near the plant site of an earthquake similar to the 1900 northern
Ill inio s Intensity V II shock. ” This is probabl y a better est i mate
than the 5 (.05 g) given in the seismic coefficient map in EM 111O -2—
1902. It has not been ca lc~f la ted  whether  th e Lock a nd Da m co u ld
withstand an earthquake of th is Ilagn ’itude. For ad di t ional in forma t i on
on the Ato mi c En ergy Comm i ss i on l’ oIJort , see the 1973 Appendix A-Soils
and Geolo gy Report for Starved ~oc~ -

5. If more i nformat i on i s nee ded a bout the newer ear th quake a nalys i s
meth nds or the calculations of the design-basis earthquake for Starved
Rock , co n tact Dean No rman , Structures Division , Wea pon s Effects
Laboratory , W.E.S.

FOR THE COMMANDER AND DIRECTOR :

BARBARA PAVLOV
Concrete and Rock Properties Branch
Structures Laboratory

CF:
Structures Lab , Dean Norman

2
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Dam Scour azimuth = 115°/295 °

Prominent joints in order of frequency f rom ReI ’e-re °u ce 5.

Strike P,~p 
Dip Di r .

I O°/180° 16° 9Q0

2 144°/324° 17° 234°

3 900/2700 100 00

4 52°/232° 20 0 322°

5 61°/24 1° 8° 1510

Bedding

B 45°/255 ° 100 135 0

Visual checking of f a i l u r e  poss ib i l i ty :

S—l — 2 — to  N , No.  May be to S 5—2—4 No S— 3—5 N
S— i— 3 — Maybe to N S—3—4 No S 4 5  S
S— 2— 3  — N ei the r  way S — i — S  No C

S—1— 4 — Yes to  N S — 2 — 5  S

S—B— i No.  2 plane possib i l i t ies
S—B— 2 S
S— B — 3 N I S—1— 2 to  South
S—B — 4 N II  S—l —3 to N o r t h
S— B—S No .  I I I  S— 1—4 to N o r t h

IV S—2—5 to South
V S— 3—5 to N o r t h
VI S— 4 — 5 to South
VII  S— B — 2 to South
VIII S—B— 3 to North
IX S— B — 4 to Nor th

Wet weight 150 pcf

= 13.7°

900

6 = 00

03
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l’Iendron , A. J., E. J. Carding , and A. K . Aiger , Analy tical and Graphi cal
Methods for the Analysis of Slopes in Rock Masses. NCG Technical Report
No. 36, 1971. WES contract report.

2.13 u = (cos S, sin ~~, o)

2. 14 v = (cos ‘
~~, 

sin ~~, — cos y cos (3, — sin ‘y’)

2.15 w = w x v =  i j  k

u
~ U y U~

vx vy vz

= C ( u yvz
_u

z v y ) ,  (u
~

V
~~

_u
xV

~~
) (U~~Vy

_t1y V~ç) }

= {UyVz~
_U
xVz~~

(UxVy
_U

yVx
)}

3.4 F.S. = ~ 
.
~~~~~

) tan 
~ (single plane)

(w~~~ v)

2.16 X12 = ‘~2 
X

= (~~W2yW1z _W 2z W ly) . (W 2~
Wi~

-W 2~~W1~~
) . (W 2~ W iy _W 2y W ix ) }

3.15 = X

= {Jxl2yWz Xl2z Wy ) ,  (X i27W~
_x

i2~ W~) , (x 12~ W~ —x 12~ W~
) }

Vec tor Analyses of nine possible wedges .

1 . S—1— 2

Plane 1 Plane 2
= 115° 62 = 152°

= 16° 17°

u1 = ( — 0 . 4 2 3 , 0.906 , 0)

v1 = (0 .871 , 0.406 , — 0 . 2 7 6 )

= (—0.250 , —0.117 , —0.961)

1)7 
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~~~~~~~~~~~~~~
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= ( — 0 . 8 8 3 , 0 .4 69 , 0)

“2 
= (0.449 , 0.844 , —0 .292)

= (—0.137 , —0.258 , —0 .956)

= (0 .0 ,-W)

R ‘ W = 0 + 0 + (—O.96l)(—W) = 0 .961 W > 0

R W = 0.956W > 0 Sliding cannot occur on 2

~
‘i2 = (0. 136 , 0.107, —0.048)

= 0.032

1*12 = (-0.108 , 0.143 , 0.011)

2s12 = (—0.115 , 0. 137 , —0.020)

= — _s.i6

I. R = 0.011W -z 0

2~” l2 = 0.020 W < 0

~ l2 s l id ing  impossible

K . = 0 .961W 0

plane 1 sliding possible.

Single plane s l i d i n g  on p lane 1 by deas! we ight ,

- 0.961W tan 13.7 — )  84
0.276W 

—

requires  ~~> 16.0 0 t o  make static F.S. 1.

II. S— I— I

I’ lane 1 P 1 anc 1
= 2 4 . 5

0 =

‘4 
= 10° = 16 0

= (0.910 , 0. + 15 0)

v1 = ( 0 . 4 0 8 , —0 .89 6 , — 0 . 174 )

= ( — 0 . 0 7 2 , 0. 158 , — 0 . 18 t )

1)8

II. —
~~~~~~~
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01 1 = ( — 0 . - + 2 3 , 0. 906 , 0)

“2 = (0.871 , 0.SOe , —0.271))

w2 = ( — 0 . 2 / 0 , —0. 117 , —0.°)ol)

= (0 , 0 , —l~’)

15 ‘ W
I 

= 0. ) 8 ’ W  0 nO tt i I i s  1015

15 . K , = 0. ‘)o 1W 0 t o tiS i i  s’ b t’ s’;iks

S ing le p lath- s lid I ttg ~l lt 
~ 

l,itls ’ 1 by o k’ st 0! Ws ’ I gh t .

F. S. = ~~~‘~~~~~-~~~~- ~~~~~~~~~~~~~~~~~~ = 1.380. 1i ’~~ 
—

~~~~~~

I,, it ~‘t’a 1 loading or pore pressur e  coot 10 in it S a t  o’ nSovs ’met lt b u t  oS !ls ’t ’Os ’ i Sc
s t .t b l e .

1 11 . S— -’+—l
I’ l.ane s 1’ 1 atic’ 1
C I 

= 
~ 

)lt = 11~
= 20 ° = 16°

= (0.-+ 5 -~, 0.8 91, 0)

= (0.837 , -0.427, -0. ,14 1)

w 1 = (—0. 30o , 0. 1 So , —0.940)

= (—0.42 1 , 0. 90b , 0)

“2 = (0.871 , 0. - ’+Oo , — 0 . 2 7 o )

= (—0.250 , —0.117 . -O. O l t I )

RI = (0, 0, —K)

N W = i). ‘1,5 05’ ‘— 0 ISO t~~ tt s i~~ t t

15 . K,  O. °~~t 1W ~ 0 t s ’llSi is’

S it sg I.,’ i’ h ans’ s l i  ~! lug on ph zinc -s by ds ’ ,l~! “s’S lg htt

- 0. ‘1 + 05’ 1 , 1 1 1  1 3 .
= - —  

0. 14 3W 
- - = 0~~. I’ltS

I’o ’oltt I t ’ ,’s .~ 
- - 21) . 0” to’  maSs - st,i t is F. S .

1)’ I

_ _ _ _  — ~~~~~~~~~~~~~~~~~~~~~~ —----
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IV.  5-5-2
Platie 5 I’lans’ 2

0) , ,, o1
= 53 

~ ‘t  
= 15.

J, 0 —
= 8 

~2 
= 17

U
1 

= (0.602 , 0 .799 , 0)
= (0 .79 1 , —0 .596, —0.139)
= (—0.111 , 0.084, —0.991)

UI  = (—0.883 , 0.469 , 0)
v2 = (0.449 , 0. 844 , —0.292)
w2 = (—0.137 , —0.258, —0.956 )

= (0 , 0, —K)

R . W 1, 0.991W > 0 110 t e n s i o n

R W2 0.956W > 0 tetisile

Single p lane sliding on plan e 5 b y ds,ld we ight.

- , 0 . 99 1 W  Lan 13.7
= 

0.139W 
—

stable under dead weight a l o n e .

V . 5-3-5
P lane 3 i’l , o t i c  5

, ,  0 , - 0
I) = ~— + . 5 ‘V “ I1 o —= 10 ‘

~2 
=

u~ 
= (0. 010 , 0 .3 1 5 , 0)

V
1 

= (0.480 , —0.890, —0.174)

= (—0.072 , 0.158 , —0.985)

U’)  = (0.602. 0.799 , 0)

= (0.  791 , -0. 596 , —0.1 30)

w 2 = (—0 .111 , 0.084 , —0.991)

1)11) 
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. 
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RI = (0. 0, —W)

15 . 5’ = +0. 08 5 5  ‘- 0 no t en s i o n

15 . 5’ ’ 
= 0. ~9 15 ~ 0 t e St s  Is ’

S itigl e p l ane  si iditig s ’tl  plane I by dead Os ’s ’ e,Iit

0. 1)8 ‘5 t,mn 13. 7 
~ ‘ - ‘_s- - - - - = 1.  tSO0. 1~~-+W 

~~
‘

s Lab Ic unde r  dead we i g lit a l on e .

\‘l. S- t-4
!‘lanc S 1’lans’ ‘+

- - _ o - S

1 
~~~ ~.4 , = UI _ I

= ~~
° 

~~~ = 20”

li
i 

= (0 .002 , Q~~7o)S , 0)

= ( 0 .  7o) 1 , —0 . ‘ , o1~ , . —0. 1 1 0)

= (—0 . 111 , 0. 055 , —0. °91)

= (0 .4 5 3 , 0 . 89 1 , 0)

= (0.517 , —0.~+,’7 , —0. 1+ 3 )

“2 
= (—0. 10o , 0. 1 Sot , — 0 .  OI ,,0)

RI = (0 , 0, -5)

IS = 0. 00 15  0 no t s ’t ss I o ’Ii
R 5’, = 0. ‘1 +015 0 t s’tis i Is ’

Sin g le i’l ,t t s~’ slid ing oh p i st I l s ’ S by d5’ ,i5! Os ’s ’ (Slit

0. 0 0) 1W t a n  11 .7
F.s. = 

0.i3~
’
~~
’ — =

stable ott’ids ’r dead we i ght  alot ic

D l i

-- ‘:, :
‘
~~

—
~~~
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\ ‘lI. S—B— 2
I’lane B Plane 2

= 700 = 152 °
= 10° )~~ 

= 17°

U
1 

= (0.342 , 0 .940 , 0)

V
i 

= (0.925 , —0.337 , — 0 . 17 - 5 )

w1 (—0.1’4 , 0.060, —0.985)

= (—0. 883 , 0 .469 , 0)

v , = ( 0 . 3 39 , 0.844 , — 0 .2 9 2 )

= (—0.137 , — 0 . 2 5 8 , —0.956)

‘RI = (0 , 0, — W )

= 0 . 9 8 5 W  > 0 no t en s ion

R 55 ,, = 0 .9 56W > 0 t ens i l e

Sing  Is p lane s l i d i n g  on bedd ing  by dead we ig ht

F S — 0. 1)85W tan 13.7 
= 1 8— 

0.1745’

stab le  under  dead we ig lo t  a lo tie .

VI II . S—3—B
Plan,,- 3 Plan e B

- 0,, , 5,)
5) = ‘‘ 0 . )  = 70
‘T I 

= 10° s ’
~ 

= 10°

= (0. 910 , 0 . 4 1 5 , 0)

V
1 

= (0 .480 , — 0 .8 ’) ( , , — 0 . 1 74 )

= ( — 0 . 0 7 2 , 0.158 , —0. 9 85)

OS , = (0. 142 , 0.040 . 0)

v 7 = (0.02 ’
~, — 0 . 3 3 7 , — 0 . 1 7 4 )

= (—0.164 , 0.060 , — 0 .9 8 5 )

012
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= (0 , 0, —W )

15 5~~, 
= 0.9855’ > 0 no tension

R W2 = 0 . 9 8 5 W  > 0 tensile

Single  p lane s l i d i n g  on plane 3 by dead w e i g h t .

— 0.9855’ tan 13.7  
—F.S. 

0.1745’ 
1.380

s t ab le  under  dead wei gh t  a lone .

IX. 8— 4—B
Plane 4 I’lane S

= 630 s , = 70°
T
i 

= 20 0 
2 

= 10°

= (0 .4 54 , 0.891 , 0) 5 .

v1 = (0.837 , — 0 . 4 2 7 , — 0 . 3 4 3 )

w1 
= ( — 0 . 3 0 6 , 0. 15 6 , — 0 . 9 4 0 )

= ( 0 . 3 4 2 , 0 .9 4 0 , 0)

= ( 0 . 9 2 5 , — 0 . 3 3 7 , — 0 . 1 7 4 )

w 2 = (— 0 . 1 6 4 , 0.060 , — 0 . 9 8 5 )

R = (0 , 0, —W)

R W = 0 . 9 4 0 W  > 0 no tens ion

R 5’, = 0 .9 85 5 ’  > 0 tensile

Sing le plane s l i d ing  on p lan e 4 by dead w e i g h t .

0.9405’ tan 13.7
1.S. = 

0.34 35’ 
= 0 .668

r e q u i r e s  p> 2 0 . 0 0 to make s t , l t i c  F. S. > 1.

O i l
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Conclusions

Sliding on single plane only possible for cases I, III , and IX.

Case I: Sliding on plane 1, tensile crack on plane 2 , and fric t ion
angle (p) of 13.7° produces F.S. = 0.85. Requires ~ of 16.00
to make static F.S. of 1.

Case III: Sliding on plane 4 , tensile crack on plane 1, and fric t ion
angle (cv) of 13.7° produces F.S. = 0.67. Requires ~ of 20.0

0

to make static F.S. of 1.

Case IX: Sliding on plane 4, tensile crack on bedding, and fric tion
angle (q) of 13.7° prod uces F.S. = 0.67. Requires ~ of 20.00
to make static F.S. of 1.

Most critical discontinuities

Plane 4: strike = 52°; dip = 20° NW
Plane 1: strike = 00 dip = 16° E
Plane 2: strike = l44~~: dip = 17

0 SW
Bedding: strike = 45°; dip = 10° SE

Possible Volumes
Assume 10—ft height of vertical free face of slide wedges.

Case I: Volume = x 79 x 109 x -
~~ x 10 = 14,352 f t3

= 532 yd3

Case III:Volume = x x 72 x 69 x 10 8,280 f t3

= 307 yd3

Case IX: Configuration appears very unlikely but would make a crack—
like subsidence about 500 ft long normal to free face and
60 ft wide at free face

Volume = x x 60 x 500 x 10 50,000 f t3

= 1,850 yd3

014
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APPENDIX E

CAPPING EXPOSED SURFACES
OF CONCRETE

STARVE D ROCK LOCK AND DAN
ILLINOIS WATERWAY
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Attendance at Meeting
Concre te Laboratory , 11 July 1977

Richard L Stowe; Con . & Rock Prop . Br.

Kenneth L Saucier; Con. & Rock Prop. Br.

Tony B.Husbands; Chief , Chemistry & Plastics Br.

George C.Hoff; Chief , Materials Properties Br.

Carl E. Pace; Structures Br.

Tony Liu; Structures Br.’
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APPENDI X F

Dci i — Do loititto
Sh — Shale
Cli — Chert
Cl — Clay

Cliv — Chorty
Sty — Sty lot [tic B~ sI

Intorl) — intorbeddoel
SI’ — Sof t

Inc — Lucius ion
l.y r — l,;t’t e r
Nod — Nodule’

WI — With
V — V e ’ rv

Ve’rt — Vert ical
Sig — Sl ight ly
Mod — Modera te l y

Fi — Fine
Bl — Blue
Br — Brown

— 1;riuy
—

— l)ark
Fr — F’racturo

Pt g — Part lug
.11 — ~Ist t.nt
SB — S t r u e’tura I Break
Bl’ — Bedding Plan e

Prob L’IZ — I’robab 1 y Miss tug  Zone’
VA — Fine’ Aggre’gat e
CA — Coarse’ Aggre’gi t e

Nat — Natural
Conc — Cotie’ Fe ’ t o

Pc — I’ ie’ce
Const — Cons I. m e t  ion

I,t — Light
Cr — Cra In

u/S — Upst ream
1)/S — lktwnst ream
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In accordance with letter from DAEN-RDC , DAEN -ASI da ted
22 July 1977. Subject: Facsimile Catalog Cards for
Laboratory Technical Publicati ons , a facsimile ca talog
card in Library of Congress MARC for mat is reproduced
below. 

-“ - - ‘ - ‘~~~~~~~~~ -— -~~~~~~~~ _ _ _ _ _ _

St stise’~ Richaril I.
C ’ons re re and i n k  core ’ t ,’ s t ’ ~ major  r e h a b i l i t a t i o n  of Starved

Rock I stck and ‘ iii . Illinoi s Waterway. Chicago [listri ct , phase I ,
r e h .i h il it ,u ti tit / l~ Richard I.. Sto w e . Barb ara A.  Pavlov . ( ing S.

~t ’ t t g .  ic ’ ks l tur g.  ‘~i’s ’ . : Ci. ~~ . Waterways Ex periment Stat ion
Sp r i ns ~t i e Id , t. : av ailable from Nat iona l Technical Information
Servi ce’ . l~tTh ,

I . 55 . I~OI ~ 1 5 1 1 leaves of plates : ill . 27 cm. (Mis-
cc l I; I t t l ’ osls I’ilpcr (I . S . Army Engineer Waterways  Experiment St a-
t ion I’ - 5 - 1 2 1

Prepared )‘or It . ‘~~. Army I~ng ineer District , Chicago . Chicago,
Ill.
Reference’s: p ~~~

I. Concrete co re ’~ , 2 . Conc rete t e s t s ,  3. (’.ore dri l l ing.
1. Rock co r e ’s . S, Ros’ k foundations. tt . Rock tes t s  (Laboratory).

Starved Rock l,n~ k and 11am , I. Pavlov • Barbara A. , joint
author. II . Wong. t ing S.. joint author. i ll. United States,
Arm y .  Corps ot’ I’ Itglne’e rs . Chicago I t is t r i c t  IV.  Series: United
~Ia t e s , W a t e r w u v : s  Experiment S ta t ion . Vicksburg . M iss .  Miscel-
laneous pat te r C- ‘~ - l 2 .
T\”~ W 34m no . l, ’8-12
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