
\A.' t ' ' A M r r ·r·· E.. B A :::_ ~~\ i P R [ ; (~ T R'"' '". r: tJ Nl V "i l... .. I,.,. I . ,, .• 1 • " ' ' ,.,, ' '4 I i . ·' '-· \.,;- i , , l... .,J V , 

DEFINITE PRO,~JECT REP(JRT 

ETROIT DAM & RESERVOIR 
NCRT~-1 



' .. ~ . 
·.: _:·· •.· ·· 

. ·< 

'• , . 

·.· t 

·. ~ . 

. .. . ~j~· 
~;· .. ; _ .. : _ _ ::_: 

' ~ · .. · -: C:. ·· 

· . . . \ 

' · ;,. 

..... , . ... · .. ~ 
. _, 

•.· · 

-.~- : i~:.: ·.i.~~~!{:' .'. 
c1-· ·.·" : .... ' · 

· .. · ... · '· .. ;. ·· . "' : :: ~ ' 

·•:.-
· •. r· 

• .J'~ • 

· .:, · .. · . ·/-
·: .":· . ·· 

~ ~ .... ; . :. . . ·.: .. :- ~ . . 

;· ··{' . ·<· ~ :-. 
. \ ... ~ . . ' 

..::1 :. .~ .. 

• • J~ (!. s.,.:' ~~~-;<~·r .. ' 
· ,·, . 

. ~': . · : ·.~-- ·) .1" 

•.'· · .:·:r·,. ~: 

. ' ·. 
_., . 
. J. 

: ·l · . .- ... r· ....... ~ ~ -
·_, . . ~~.·~ .;; 
:~. ~- ~-: .. . ·..,: . '- :~ - .-: 
r:: ·;.,.. - ·.·· 

... , .. .._. ~ . 

·:.z ;'.' : -~( 

. ~ ....... 
;. 

"' :~·· 

-·· 

~,· 

. < 

..... .., . -
-~- :-. · . ; ~·:..(· ::::~ · ,: .. 
. -: .: .. - . :\:~~-~:~) ·_ 

.. ~:--

··: ~ .::.; .. ~- ~·- · . ";·:~- ·~: .. 

· ...... 

.. , .. .;,:-. 
..,..- I ' 

.. (' ~ .. : :~. ·:;,.,.. . . I .' ·~ 

· ·" · 

·) . .... 
··7"' 

'.~"·. :· 

;-

. j:' 

.-. 

, .. 
· ;,. •· ,_ . 

~--

. . ·• 

,, · 
,_. 

., 

' . 

, WAR DU A1 ~T;..1E~l' 

tJ. s. E~;Gll\1Q£R OFFICE 
PORTU.n: DIS TRIGT 
PORTLAND • OnGON 

·. ·. 

.... 

_l .,_ 

· .... 

: ~ 

.. ·. 

•• r •. •· 

•: 

' . 

_, . ...... 

.·,· 

:~ 

. .... · 

"1 , . . •·-'· 

· ·- ~ 

:. : 

:-. .. 

..... · 

. . ' . ~·. 

... .-

·.•· 

··.'"· .. ·. 
... :.-

. . .:. .• 
· ..... . ·:' · ' 

· < ' 

. ·~ ' . 

.; ""\. ' 

'· 

"·:· 

.· ,. ' -: ' .. 

·.,·:· 

. .... : ... : ~ . 
-, . ~ ~ ·.·· 

• t· .. . , I , 

• I : 

·· .. , 

._-
. ' 

:->·· :. 

.. . . 

. ..•. · 
-· 

. :-.· ·· .. 

·" ". ' ,' . 

-:· . 

•' . .... .. 
. " . -~ ·, . ... .... . . . . . ~ 

:; . . :. 

. ... ' . .. · 
.· .'· 

: '· . ~ 

•.·.·· 

. .... 

·.· .. •: 

. · .~ . 

··., · .. · 

: .. .. 

.. .. 



·-. 
. .·· .. 

) .. .-··. 

. . ~· 

. ·.-· 
~ ,. . . 
. . . .. -~- .... 

!' "' ; 

•,\ . .. ~· 

'4-•' 

.. 
~-

. : . ··.' < . . . . . . · ~ 
.. ... 

... .. .'l'a'ble o£ Contents 
•, '· -·· -· ; 

•• • ' • ·.~ ~ • • ~·;, .. 'J . • T' •,, ' .'" • 

.• , J..' 

:Final ·.PefiJlit,_ ·P~o'j~crt · Re.pQrt on · Detroit Dam m\tl .ttea&rvoir, . 
·. ·, .· Rortb··.Santiu Ri_yer,-· Wll,~t.t~ Rivfiir·- ~siri·, Of~i'o~f; .: · 

.. ·- { ' 

. . ·: · .·-

: ::;_" .; .. 
.• . . -:. 

. ···'II 

c:h·&pte~ - i. ... '. -~ ia\rKUQt1s•h . 
~. 'o.v~~ ~ ' ~ ,• ;- , ', ":' ,' ,• • ' ' :~, ' o, o ' • 

.:· ·· ...... Paji; 1. •. · . S~pe··- ,· .· .. ·· .. , . 
: "' .:; ...... ·' 

•' 

.: r .... ·:· 

: 4 • 
-. ...... : 

' . 
'···· '• .. ; ... \ 

. .-
··. . ;. '· ' .. ' . _ .. 

1 ·, ,• 

~ ... ·~ ' : . ' --:' .. ~ ~ .. 
~. .. +, 

.. , : : :-;_ j._. ' P~Jo¢t _A'uthori~&tion •. _ ::: ·· .. 
" .. ·:' 'f •I '- }. ' • " • • ,_ .. • • • • ~ .. :.:· · ,· .. -.; ,·· .... 

-·· .. · ... ·. " 

;...,. , .. ·_,. .. . ~. ', . 
... -.· ,;;' · -· · .. :..; 

, ,;.: ., Aat.1lo~~4 Pllr.n.·. 
. :·. ~ . .. -

-.. . . 
--~-

> . _.. •• • . • ·: : : 

',. I J ~~ t.;. • •:,' 
... 

. ~· ~ . . ..... 

. . ·._o. _ ·,9: ~~~~~~~~ or ~-~·- an~ -, ~~i,e.rvo_~~-4:· 
· · 10, ... ,Related .Flood ·CQritx-ol · .Lup:rovenumte·. . .· . . ~ 

. · \ . :- ·. 

.· 

_:. " I~ · ·' ~ •r 
' . . ··~ ...... . · .·.•~ .. ~·: ... ~·~ ... 

•: • ~. · -=;,~.l..- -r- · ~ · r ,• .... ·-;·&.-- -.- -• -~ .. · ~- ·-··,.. 7' ... 

·' 

... 
' · .... ; :: 

,·: .. :;> ·\ i.:·. 

. , .. . 
• ·.. • t ~-..... ~ . ... 

( . ~- .. . . '' 
. \' .. - . 
' •' . ... ~ 

..... .. · ........ · ' 
. • .· .. 

. ; ... 
.' ...;.;- .·· .. 

"-· . . ... 
• t. ,."' ,. " -.. · ._.;.~ -. · . . ~ 

-( .. ~ ·. . . ' .. ... . .· ... " .... :~.:. . 
. .. . ·. 

....... -

. , ~· . 
· ' '' .. ' . ~ . ..... 

' ·.',J,• . .. 
: ··, ·; 

. ., ·~ 

... .... . · ., 
·~· \ ·: - i> • . 

,, .... 

': .... 

- . 
·" - ~- . . .,1'... t -~ 

. .. .. }. . ...(-• ·, 

-.~ -~ j • 

. . . ~ 
~-· ; . _,_. ' 

-~ 

le;_, ,,~-P.~ Low . D• ·Plan • 

20• · S¢.U:way De.npt. 

21.- . ~lei- Design • 

-~. :Providons- .for Future li&iJtng. . . . 

,, . 
. ~-

.. Jl~ Fi'zsh : tac:Ui t'i.es .,. 
. .. 

. . . 
32i -~W COat. ot Low ·Data • 

: • ••• •, • -- :. ' · -1 : . · 
·. I 

, . .. . ... 

· .... - .· . . ... ,.,._ -- ·,·. ,,. , 
-~ :- . .. : 1 .- .. ~ .. 

-.' 
'· 

-· 

·. · 

, · ' .\, I . . 

·. :. -~ . 

... ... ~ :--

. .... 

, . 

., ~ .. 

•··. 

', .. .. 

•' 

• . .,. . 

·. ,': 

··-: ~-

. ' . : ~ .. 
, .. 

·· .. · 

·-

.··, 
i . 

· .. 

··. 
... ..· 

·. 
: ... ·. 

.. ... 
•• l 

. ' .. 

. , :.· 
, . 

~ . ·. 

. ·~. •. · .. 

·' 

. -· 

, .. 

: .. 

. ~ ·. ~ :·.' . . :---.;- ·. 

. ' 



50. Detroit Power Plant. 

52. Potential Downstream Power Develo}lmenl.s . 

Cha.pt.er IV l&n~fita. 

Par. 54 • .flood Control. 

)5. Supi-Jlementa.l Low Water Supply. 

56. Power. 

57. Other Benefits. 

Chapted V LQpal Ci2Qra;rt.tign. 

Par. 58. Lc.cal Cooperntion. 

. ... 



Plates Aeeompanyin' Final Definite Project Report~ 

Detroit ~and Heserv~, North Santiam Rive~. 

Willamette River Basin. Ore~op. 

Pl-.te I. 
Plate n, Sheet 1. 

Sheet 2. 
1-'late Ill. 
Plate tv. Sheet 1. 

Sheet .2. 
Plate v. 
Plate Vl. 
Plate VlJ, She•t 1. 

Sheet :. 

Plate Vlii, Sheet 

Sheet 

Plate I.X:~ Sheet 1. 

Plate x. 

Plate 1. 
.t'late II. 

Plate III. 

Sheet 

.Plate IV. 
Plate v. 
?late Vl .. 
flate vu. 
n .• te Vlil• 

2. 

1. 

2. 

Reservoir l';.ap. 
Plan of Low twn. 
Profiles a~d ~ectians, Low Lam. 
Hydraulic Design tata, Low Dam. 
Da.ilJ Rydrograph, North Santi&Jil River at !~chama. 
fe.ily Hydrcgtaph, North Santiam. River at )!.eh4mll• 
Proposed North Santiam River Highway Relocation. 
:Foundation I!,xploration, Detroit Ds.m Site. 
Plan, Hi&! :r..un, Raised Downstream, River Section 

Spillway. 
Profiles and Sections, High Dam, Raised Downstream, 

River Section Spillway. 
Plan, High Da.1l, Raised Upetream, River Seotion 

Spillway. 
Profiles and Sections, High .IM.m, Raised Opst.T&lUil, 

River Section Spillway. 
Plan, High Dam, Raised Pawnatream, Right Abutment 

Spillway. 
PrQfilas e.nd Se-ctions, H-igh Dtm, Raise-d Downatr~,- - - . -­

Right Abutment SplllW&y. 
Hydraulic Deeign Data--High Dam. 

~pendix A 
Cantilever St~bili ty Analysis • Low I:a'!l., 
Cantilever Stability Analysis, High Dam Ra~s&d 

Dotmstroam. 
Cantilever Stability Analysis, High ~ Raie_. 

Upatream. 
Normal and Shear Streues, High ~ Raised !.'<Ml.strearn • 
Norm~l and She&r Stresse•, High Dam Raiaed Upstream. 
Stresses on Contact Plane, High l:lam. Raised Dollllstnam. 
Streit see on Co;ota.ct Plane, High LQ a.,taed Upstream. 
CfUltilever Defle~tion•, High Dam RAiled Dmmatream. 



Plate I. 
Plate II. 
Pla~ III. 
Plate !V. 
Plate v, Sheet ·1· 

Sheet 2. 
Sheet s. 
Sheet 4. 
Sh&et 6. 

Plate VI. 

.· I ; ' 

'. 

' ' 

-._; ., .· ..... 
·'. 

; . . . .~ .. 
-:: . ·.·. 

ve:!tJ:·! . ,: ' . ·. . . . .,. 
Fo\11¥latto~ EXpl~rat~. Arei.i _.,deology./ ·· ... · 
FoUlld&.t ion ·~lorat;i~~ . iTof'il•• and ' s.etione. 
Foundf..tion kplori.tion, . .llbok ~~t~~~ • . 
Fo¢ln.U.on Explwat10ll• :»~ Rock. Contoura-. 
li'eundati~~ : ~loi'a~ion, . 'LOg · et ·Drill Holea. ·· 

. , " " .'' ,, . " :·n. " 
II 

.. 11 " " fl .. . . ., . ' 

n rf ... ~ •• : ~·· 
II .. .. 

-~· ' 

. ; ,,'. 

'. · ~( ; . ,. ! .. ·. 
, .. . ··' ~.- ;·.· ct:l.yi- fu>1i. ~d Tunne~s. ·,_-.. -. ·. 

'Nor-th. Seati• Rli~ Cenorflte ~greg4t• Itt"ree~i~tiona. · .,_ . ·· ~· 
~-·. ~ .. 

. , · .... . , 
'r' . . . . . 

( . 
. ' ... :·- • 'i, •• 

... ·· .. , · _ .... · .. : 

,_ -· f-··· · 
'.-:' .... ·'! 

,• ... . ·. - ~· ~ 
" -· ;: . · 

, .. 

·' 
. · ' . -:' . . =.: ~· -· 

~ . ~ 
· ...... ·. . ' 

. ·· . 
. ', ~ "- -. . · . _,. ... '• 

... 
. . 

- -· -' -· ............ 

,.., 

., -~· . ; 

· . 
. ·. 

~ :; ;. , .• i· : . 

; ·,· .... •·. 
~ .. ~ . 

. J.: .. · 

... - ~ ; 

. ~ . 
. ..... ·.·· .... .. -. ·.>' ·' .. ·. . , . · .. :-·· .· . 

·, -· . - . 
• ~ ' ... :·,• ,:, '"' • I • 

.. 

·. ; ' 

. .,. \ ·. . . 
.. :-- .··.t.· 

.... , . 
... 

, ..... ,. 
' ·' ,, 

,., ~ i • 

• 2 



Tables AcooJnpanJ:ing Final lieti.ni te ProJ!ot Report ·~ 

Detroit Dam and Roseryoir,. North Banti~ Ri••r• ' .._..._-- _....._...__. 

Willamette hive.r Basin, Oregon. 

·-

:. 

Table I. Descriptive Data. Detroit Dam n.nd Reaervoir., Pi-ojeot Han .. 

Table II. 

Te.'ble III. 

Table IV. 

Table v. 

Table Vl. 

Ta'tle VII. 

Precipitation and kunoff' .Reoords, North SantiG ni-aiitegs ·Baaip. . . '. 

Climatological Data, N<lzo:bh Santia.m Drainage Basin. ·. 

Runo.!f' Data for the: Letro 1 t . D&m ·-site .. ·· 

Detailed Esti.mllt..e of C,ost, Detroit Lo:w Du1 ''and Resery-oir. 

Deta.qed .Estimate of c ·ost, Singl.e S.tep . Hi~~ Pam and ~e:ae.MoiP, 
··River Spill~ Le.yout. 

Detailed J<.6tima.te of Cost, 'I'wo•Btep Detroit High Dam and 

.· 

Reservoir, Raised Downstree.m, R1v~r Spill1hLy LAyo~t. ·,. 
. . . . 

Table Vlll.. Detailed Estimate of Cost, '1\vo-Step L'etroit E.igh ·!U and : 
Reservoir, Raised Upstr.eam, · Riv~r Spillway Layout•· · . . ., 

Table IX. lietailed Estims.te of Cost, Two-Step Detroit High Varn .and ·. 

" -

Res-ervoir • Raised I/()WllStr-eWR . .. I-'-ight Abutment- Sp-ill~ -. - - -··- - --­
Layout. 

. . '. ~ . 

. . . ~· 

•• II>., 

·.;;. . 
: ' 

\ . 



·-. ·. 

" ""• . . • • p -- • 

' '· ' .~ . 
.. ... ·. - .. · .. . ~. .. . 
·• / ' 

'; » ', ;. 

AVz1!11114ices Aoool1l~·rin~; Final Dei'ini te . PJ:oje~;t , .ll&P.ort .$. . • • • ·~ ' "( ' • I ' 

. ·J. ·: . ... 
·· .. : . ~ -. . ... ~ 

D~troit Dam &no Reservoir, · ~orth Santi~ River. -- ,';' l 

Appendix A. 

Appendix B. 

· .. 
' ... ~ 

I,' 

.~ 

. _, , ' 

·' · 
... ~ · . 

Cantilever Stresa .Analysis. Detro);t· "Low" ~d ' 1~ ~..i.~l~" Conor&~ - , -· 
Gravity De.:ms. ·. , 

. . 
Geology and Foundation tate.,. 'i:>etroi t ·Dam Siye1 Nortb .S..ntiam. 

,, • - • .= 

River.· Ore~on. . ' 
\,' ,, . 

. · .. 

'. 

' . 

. ~. ·. · . · ;-.'.,; 
. - . .. 

'' 

........ . .. ~.... . ... ' 

-..: ~- ~ -.... ~. -

- - -- - u. --;- .. -----~": 
... : · -- _......,.. __ 

.. • : .,. ~;·, : · . ... j' . 

d ... : • ' •• • t • · .. 
. ·.·. ··-' ... . 

I, ' • 
. . · ;· •. ~ . 

-~ . . . 

~ . 
• 

,.• . . ·- ···-
·- .. -. : ·. ~ · ~· : . 

;. 
• ' ': • I ~,• ' 

. ' •. ·' 
. . ···.·. 

·.; .... . 

·,, 
~ , .~ I 

' •.· · .. . ..... 

· ... 



PO 7408 (Detroit)~:U.l 
. '· 

Auguat 9, l-94l 
. ·_ , 

Final Detinite erolect • RePoci ' Qll Dotroiil PM MQ ~a,qo~r. · ..... 
North SantiNI_ Rixer, ,will8LiS·t~• R,\ygr B&o:W. ONgon. · . · 

•'' I 

. . 
. .. . 

1. SQdP£1 .. , A preliminary definite f}rOje.ct t'Jpor-t . on. ·tlie· D~roit, . - . . . . . ·. . . 

site, in oemp],iance with Circular Lettep ·R·~ l H. ~_o. 191 .. 1939~ - was pre-; . 

pared 'under date of February 1, 1940 ~d-fo .... rded .to·c_t,htt chlef o.f Engineers 

on F,bi"Uary 17, l940,_ . Th• genera~ - p~.: of· ··d~elopil:mt- ·~ut~~ in ttl&~ . 

report was approved- by the office of the. Ch~et of Enii.nMr~ ·a,Ubject t~ . 
.'1 , -

certain modificatioos and additional. etudie~~(See letter. !il'e N~ • . '1402·· 

(Willamette River - Detroit Res.·)-21). 

. .. :-

tigaticms have been undertaken and additional office studies; · inolu~_ 
' ' ~ . . 

thoh requested _ bf. the office of tti .. Chief of Rtt~"~~. have-· ~'*,1 o~· -
.. 

plated. This repo]it summa:rb.ee the results of all 1nvestigatio~s to date 
,: L:·-­

O and is made with a view to obtaining final· appi"'val.: or the· ·proposed plan . 

of develoJDent eo. that utility negotiat'-ontt : may . l)e· 'compl~teQ ~:end c~traet 
. . .. ·' . 

construction,;~M . CODIIII8Ilct8 if and.· ~en :tfu:il:ls &Nt mad~ · &Vailabl~~: .. :,: .. 
. )· .J ' : .-, . 

3. Piy.ie£t AuthoriztJ;ign: The Wi~t('- 'River: ea~ Pr<>j•ot; was 
. ,. . . · . . , .: ,. 

authorized by the Flood Control, Aot Approved J~·;:2s'i ·193f' 1 . 'Which re&4s 
• ·- • . - . 11. t: 

-~ .. · ....... r ~ ·:- . . 
as follows a ., . : · · .~ ,. .. 

"Sec. 4. That the follOwing work:e of inlji!ravem~t · fcrt" ~· _.· 
benefit of navigation and c·ontrol or··de~trUO:tfve p.l~~~rf 
and other purposes are .hen by ad~pt4Kl - 6ffli:: authori~·d to ·bit 

. . 

"',. _ 

· . 



prosecuted under the directbn of the Seeret.a.ry of War and 
supervision of the Chief of Fngineer~ in accordance with plans 
in the resPective reports herdnafter desienated: l:rovided, 
that penstocks or other similar facilities adapted to possible 
future use in the development of hydro-electric power shall be 
installed in any dam herein authorized when approved by the 
Secretary of War upon the recOJ'IImendation of the Chief of Engin­
eers and of the Federal Power Commission. 

The general comprehensive plan for flood contral, navigation 
and other purposes in the Willamette River Basin as set forth 
in Ho~se Document Numbered 544, Seventy-Fifth ConRress, Third 
Session,_is approvecJ,,~n~ .. for the initiation and partial accom­
plishment of the plan recommended for initial development 1n 
eaid document there is hereby authorised $.111 3001000; the re­
servoirs and related works to be selected and approved by the 
Chief of Engineers·" 

4. The funds authorized in the forcgoin,: act are to be eXJ)eilded, in 

general, on other units of the "initial development•. Additional funds 

must be authorized and further appropriations must be made before con-

struction of the Detroit Dam proper c-an commence. 

5. Authorized Plan% The approved plan of initial development for 

the Willamette River Basin is set forth in detail in House Do~ument No. 

5441 Seventy-Fifth Congress, Third Session. The Detroit Dam and reser-

voir, controllin~ an area of four hundred thirty eight square miles and 

having a ~ross storage capacity of 172,000 acre-feet, is one of the 

storage units 'proposed in the initiat development. The initial ~torage 

at this site is to be oper~ted in the joint interest of flood control 

and increased low water flow on the North Santiam and Willamette Rivers. 

The supplemental new water 1nade available from storage can be utilized 

for navie,ation and stream purification on the main stream and/or irriga-

tion purpose::>. 

6. The operati \m schedule contemplates drawdovm of the reservoir to 

- 2-



.. . ... . .. · 
*'" '· . !' , • 

... .. . :: 4 ·,.. 
. · .. 
.. ~ "' 

1 •.. .. _ 

·'' .' l' 

.. ·. ' • ~ ' .. .. ·-~ 

• ' • I· • .. < ... • \ •: 
' . ''• . 

-- . 
minimwn stage dw-1ng the months ·of ~e~.aml>er · and JanuaJ-1· to ·give JuU 

.... ''':! 

flood eont~l · ret:~~rvn tion dur~ this -~~-Q~. Mttj _ ;·~ch· ti~od oOiiiirOl -. .' . -:.- : 
.;',-1. -I . . 

reservation a flqoti with . a peak disehar~ ·:<).f · 5f~600 cfs,.' :~~C.t~~ · ·. ..·:· :_~·.::_·~ 

frequency once in twenty-five y~a:rs 1 ~~~ .be ~~~t~~ .~ ·,~ :~ .·· -·.: .· ·~-' · .. :· ·· · 

crutnow ot 10,000 cfs. The reservoir wculd bt.· £1~~ -:~~~-all;. ~mg ~ :.· ·. ·· ·::·. ;_ ·:-~~ .-
~ , ....... ··· ·~: . "" '-- ~-~:~··:: ,,_ • •. _ ... ::.; .. , l 

the high runoff spring m.onthe, after . the flQod ·hazard had pu~;'.•o . : · · ·: >:. - ~· ~ . ;;-~ 
: .~ , . ,,· '· · .. '· . . . ~ 

·, I '• • '• ; ; 

that it· -~uld normally be full by llay 1 r:Jt ea~h ~_year •.. The st9red lra~e~: .~ ._·: ;, .. .- ·. · . 
. ·. 

would bE! released during periods. o_r' low .wnoff ~ dr high irrlg~ti~: dSuandi; ·-_ ,.( .·:; ·;.::: 
. • _· . ·. : . .. .. -. . .- .· ·.. . . .. . . . ·~:~ . . ~ . : ~ . ,.r . . ~ ~~:·:.· .. ~- >.-: ~ . 

usually from July to September, inclu~i't;e_ , and the reeervo1r -aiai!i ~. -·· .· .::·~ .. •; .: 
- • • • • ~ • • I> • • :-.---; <~- ._ -~ . .. : .. ·. ::~~\. ·: 

down to provide ;flood· storage during . the . Winter months • . 'The 4!EJ'*~rge : ... ;~ ::··· .·· ..... ~- ·>/::.··~·~ 
• • • • • .• • • • • ~"- (_·· . " _. • - • , •• •• ~ . .... _ • • '4. ~ . 

from the_ outlets under this method of .. operat;inn-... :...iu ··v~:ry ·- ~i-<,~.-,·~bO~~ · ··:;.:/ ~- ._::,:: :_.:> i 
. . ~ ~ .· ~. ~· - ' ·.'- .. ~- ~~--.:~~ : ~ ~ ~ ·: _~. ~ .. - -: ~· _ .;· ·; ~ ~-- i·::-~ ;./:~~-

500 to lOJOOO cfs over a range of ~end ve.rying from ~he ~:ti9 ;. the:··;: .. ~Y . ::'?".' (( .- :~ 
. ' - , . . .... · ·-'. .. . 

the 

--- __ ;. _· ~·· .~ 
- . -~ . 

. . . . . . . .' 1 -: -~; · ··,. -~ ._:·: .. 
·.--. -:---

• •• • ,o • . ' . ~· . ' ...... 
. , i .· .. Consideration l)f future power ·possibilities neoe.$'Sitat.e ·:that·· · ··.·-~·,·:· 

. . . . . : .,. ' . ,.,.. ·• ·-·- ' .·.:~ :._ :..- _: . · ..... -.. ·,,: .. 
. ~-,._ 'o;. - .. ' :.- ~\ ;_ • ~ -~ ·:-

"initial low l:lam11 development bEi so designed and conetructed .t~.t , .. .. .. · ·_., :: 
'• - .,. { -. • . . ... l· ~ • 

t • ... • 

it can be fettosibly raised some 85 feet in the .1'\lb-u:re " to provide :a.n 
. • r • •,• ,'. •: ·:. "' •; 

. :· ., . 

additional 2601000 acre feet of supplem'ent-al. power sto~ge ·· when : ~uol{ 
. ' . . .. .. ' .· ·, . ' < • : . • 

' ... ~.. ¥ 

-:· fo ,_ 

• t :-: . 

storage ·beec:>m.es warranted. · Such raising·· w~u.ld ·P:OVidG e.. taial·· ~.s.e . . · ·: :· :· · ·.· .. !.· 
• ' l ,' ~-- ) ·' ':~ 

storage capaclty of 432,000 acre feet ,end ;v~~d, in addition t~ satit~.~ . · ·. · ·: .. :; ·: 
~ ·,I 

. • ~ ·r.. 

fying the same requirements as are .satia:!'ied. )•~Y · the ·. init;t.U·.· io..-.: ~{ 
•.• • - ~ h 

maka possible the . development of 12;,5()6 · kw~ . 0f. . fii.'IZl capaoiti,. ·on:;_. .. . .. . . ··- . ' _. . . . .,. 
• . • • . • ' . .. .- :'. \ · ·( :· : .' ·'~·- :~. · . - ':·~ · ..... ... ~( , t .::~ 

60 percent annual load factor, at four p~posed planta on the Nort-h · ·\. ·"· - ' . . ::· _;·· 
' ' . ' , ' · ·.: i: ~,) I{ ~ ~: : ~· · 

Santiam Riv~r at and below the Detroit Dam site. ' ' -

8. 

dam develoj:Jments is f,i ven in Table I. 

.... ~ .. . --·. :· .. 
:'·• ':l .· - ,• 

.1-.-·- ',· ·• 
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~. Iecation o·t Dfm f.ild Reservoir: The Detroit Dam site is located 

at Jdl~ 47 on the North :FOl'k of thtt Santiam River, a trlb\.ltary of the 
.. ~· • ! ' ' 

Willamette ·Riva;r, and · ~e .~bout ·six mile:s west and . d<?wnst~am of the 

coDIIIUllity of Detroit. The rlver at the daf!tsite flcms in a northwesterly 

direction, through a deep and ··r.ugged gorge, with A. f all of approximately 

35 feet. in · a mile. The ri~er at this point forme the boundary line. 

between Uarion and Linn Countie~ • . Appl'Oximately twa miles above the 

duu,i-te, .the river valley widena f'~ri& a r~~ervoi_:~ for the low dam, 

with, a l~gth of about 8:even mil&!f and a maXimum. width of approximately 

3,500 feet.· .. . 

10. · ijelateg Flood Qgnt,r,ol, 1Jnp;:svementsr The Detroit reservoir 

is one of · seven multiple uae storage units to be constr'lictad on the 

major' tributa'ries of 'tlie W:tll.8.ra&tte River. The" ~trait rese:rvoir .rlll 

operate 1~ parallel -with·: tihese other · st.orag~ unit~ to reduce f).ood 
. . 

beighta on the main stream and to provide increae.ed low. WB,ter flow for 
. • . lt • . .• 

naVigation and/or supplemental water . fo~ irr1gat1cn use. 
' . -. - . ' ' 

· 11 l.Jii!,i:'J- 18 .lJs fO.? :legt, 

11. ··Qml!i'A!r · The location, layout and 4esii.gn of the initial 

"low" daa .. Jm.u~t be sU.ch . as to fit into the contemplated future "high• 

dam develOJ:Caerlt. , 'JJUed UpOn. the foragoing 011.teria, uti.litiea . ..,tlicP. 
., .... , . : 

require redrlorf for the "low" dam: O:re "to·. be . ra18~d to an eleva~ion to 
' . ' . 

~l.m the .Mure 11h1Kb" Aaiu• . _'l'h~ "lo~• dam is · .~ ];a~d ·o_ut ·and d~.~igned 

.. t~t 1\ can·· be rfi~bly' .ra.ieed 00 &ith.r th~ . :upstreant or do~st-ream fo.ce. 

W1 th ~he · e~c-pt1on Q.f providing ~ ~in-g 'through. t}_le right abutment 

for h~u:re . penstocks 1 no 21pec~al. provi':ti91l·! are to be incorporated in 

··. 

. · .. · . ... 4 .- . 



the ttlow• darn to facilitate or reduce the co3t of future r~ising. 

12. QeoJ.og;zt The da.msi te has been extensively explored·· by. mesne . 

of fifty-four diamond drill holeaJ affgregating 5,175 feet ·~ 1engthJ 

five 36 inch calyx holes 1 with a co.mhined length of 2S.3 f~t; fi v~ tunnels 1 

with a. total length of 460 feet; and 250 linea~ feet of trenehe~. Ttl• 

extent of the explorQ.tion 'f.'Ork undertaken and. pertinent geologic ·data 

are shown on Plate VI and on Plates I to v, inelueive, of' Appen91x B. 

A_ppendix B also contains geolobtiC reports by Mr. E. B. 'Burwell, Jr, 1 

Consul~ing Geologist. 

13. Foundation rocks at the eite coneist of maseive a.n,d&si~c 

lavas and irregular intrusive .tnriss&s ot diorite 1 both of 'Which are 

intrudsd by andesite porphyry dike a. Terrace gravels, streem. alluvium, 

talus and slope wash make up the uneons.olld$ted deposits. Some material 

sugg·esting glacial origin is found on the right abu:tment. E:xt.ensive 

jointing and fracturing a.cconlp&nied b;,• hydrothermal' alteration ~a~ eh~d 

the original textu~ and compos.! tion of the andesite. Although this 

alteration has been extenei ve the quality of thf rock is a till adeq,U.te 

for a founde tion for the type and heigth or dam p:ropoeed. Exc::ep~ ffll' 

local weathering, the diorite and andesite porphyry&~ usually f11esh 

and unaltered; the contacta bet11"8ell the andesite ~d the lAter intruaive 

rocks being sound and rela. ti '¥'ely ti(:ht. 

14.. ~rhe trends of the principal joint.e and .fraeturo arfJ, (a) 

north .... south end (b) N. 30 to 400 ~G&t. Dip of the fractur.a -~.Pre- : 

dominantly ste~p (740 to· 85°) and to th~ west o~ eo\ltbwst~ · .lfq,~ttt1\ 

.... 5 -



along the fracture planes, so f.1J\l:"' as has been obsel'Ved 1 has be~n 8li~t 

. with only loQ.al or discontinuous arena of clay gouge Q;r' aeeoild.a.rf ruinerue 

dE'.tveloped. No major f8.ults have been discovered. in the foundation are4. 

15.. Roeks of the :right abutment above elevation lJ50, beeause 

of their exposed position and extensively jointed conditiOn.,, havf) been 

susceptible to deeper weathering than tho-ae exposed elsewhere in the 

foundation area. 

16. The· depth of overburden varies throughout the .foundation area. 

Li,rge areas ht1Ve practically no over~en while the ma:xi.munt depth e~ 

plQ~E)d was over 90 feet in oo .... 54 near the haad of tru;, :rurle(l \f.-shaped· 

~ly in the right abutment. Talus and slope was~ probably ov~t"lying 

some gl'avel a.nd boulders, is from. 30 to 50 f$;at deep on tl1.e. bench a boVIll 

'elevation 1370 on th• left abutment. DtWiP holes in the river are filled 

with grav~l ~1d boulde~s to a depth or over 60 teet, 

17. .tabo:rator1 teste indicat<J that the unjQinted·· fo\Uldation rock 

hae a c.ompressive str•ngth ve.eyiri[{ fr()nt 6,ooo to 481000 pound4L per 5Cl1l&re · 

. . . 

incn;: a ehear-:triction reEd.$t!lnee of at least 1,.000 po:tmde per.. ~quare 
. . .,. ,, 

-1nc:~ plus 1.15 times the normal load; a ·modulu$ of elasticity varring 

froJU 4t 770,.000 to l2,i2o,OOO pound.s per squar~ inc~· and a Poiaeoli•• 

ratio of from O.lS to. 0.2a. Stress-strain fiold teata':<,n _.undisturbed 

foundation rock in the twmels indicate a modulus ol ela.atieity varying 

from apProximately 150;000 to 1•100,000 ·pounds per sql.l4re inch and a · 

Poisson's ratio of .from 0 .. 20 to 0 .. 4S.,. 

18.. AQqP~td ~ • .{dJIDt Reconna.isance survaJ8 were made ~a 

study waa eiven to various altarna.to dam$ites before 'the· Detroit •1te 
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was chosen for intensive investigation.e. Foun<fa:t,ion oonditions, com-

parati:ve estiro.:?.t~s of cost and consideration of the poseib.ility of fut-uriiit 

raising re!3Ultoti in the adoption of a concrete gravity ·d&J.rt s-tructure for 
' ,. • . :1 

the Detroit site. 

19. The proposed dam alienment is straight in plan nth a ere;3t 

length of 1 1 185 feet and a .m.aximum hei.f,"ht1 from lowest point of !'oundation 

to top of darn. of 359 feet. A free overflow, ogee type, · river section 

spillr.ray, with a net Cl$ar length of 332 f6a·t., is proposed., The foundation 

rock at the do~nstream toe below t~e spillway will be protected by a 

concrete apron. Flood control outlete through the de.m will consist of 

five 90 inch diameter and two lOS inch diameter controlled sluice outle~s. 

Bulkhea.ded openings rill be left through the right abutment for the. 

installation of penstocks in the future if and when the darn· ia raise<f 

for power ;;urposes. Pertinent deacripti Ye data relating to the low dam 

are given in Table I and the lay·:-.ut ie shown on Pl~te !!1 She,ts 1 and 2. 

20. S::>ill'rJ§Y De§~f?Jl: The spillway is desi~z;1ted to pas$ e. · pf,fak 

reservoir inflow of 1761 000 c.f.a., with the flood control outlet closed, 

vritht)ut overt(.lppin:~' of the abutments. The derivation of this spillway 

desit-rn flood is contained in a Nport, subuittad to. the Office of the 

Chief.· of F..nginoers, under date of June 191 1940• entitled "Hydrology 

Report us ?."elated t,o Spillway Requirententt1 for Detroit Dam and Reser-

voir, North Santiam River,n date June• 1940. Due to tha heig-ht of the 

d~'11. nr;td the jointed condi tic.)n of the foundr. tion rock, a 210 foot concrete 

apron, containe(i between pe.rallel concrete training walls 1 ie proposed 

below the S!Jillway section to provide bA.la.noed hydraulle donditions J 
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···: 

to causa ths f9_$&t1Qr. ·9f the . hycl:rat.U.ic j~J)J ·~~e .. v&l~ities) prevent 

erosion of the riV.r. bed adjacent. to the stl"U.Qt~ end: to •mooth out fl:ow 

conditione at. the eita of'the pro~sed po~r plant• . ·PertinEmt .. h~auiic 
data:·relB:ting'·~~ .the spillway daeign 1e ehown ori Plat-e IU. 

The: outlets are designed to pa~·e a discharge 
' . \ ' ~: 

diBlll'eter eireular. outleie~ controlled by Pe.r5ttox gates~ are propoeed th:rq~_ 
' . ' ' ·.. j' '• 

the overflow SEtcti'!rl 'and two lOB" diameter· circular outlet,s, controlled. 

by 6Qn. clia.meter ne~dle ~·lves are. _propoe•d' throusn the left· &b\l~nt. 
·.. .· . ' ' ' . . . ' .... :· ... , .. · ... 

All outlets will be ·pl·oteoted by t.ra.~h rneka .and .e~rgenoy._. ring ·.t,~1lowe:r 
' ' ' ,. ' . ' 

slide. ga.f..as. The Pnradox ga.te ~o~ttolled outlet'tJt which tfisch~r~ into , ·--

the_ sp~~truy aprr>n~ Will be operat•d ai thiltr ·~lly opttn o.r fully clo!ed-.. 

Fine regulat10:f1 w:tll 00 a.ccomp~tshed by the needle valw otttl~·J~ 'Wti:t~ : 

discharge :$.nto a seP.erate get~y ()hatme:t· a.d.1aoent to the _left ~~-t .. ' -. ,. 
Pertinent hydn.~ic dAte. relating t.o the d~eign of th:e outl't~; is~. '.bown 
on Plate III. 

. . ' 

22. P:;orlla&\iA .:g;: l:i"ftt&r~-BI$1~t lith ~e exceptfon of \W.khAtaded 

Q}iJening-s in the rip,ht a hutment s_ef:tion l'l;O speci~l provieiOfl:S atwe ~pqsed 

to be ineorpora.ted in th~ lc>w dazn pro~r to· ·racilitatt ·pxt.Ul'e n~~Ur.e. 

Pr-eliMinary_ stl"tt.&e ·stuqie-a indieate that no ,unpreo8dented,·~- -un~lvable 

· problems will arise in .>chnneati?n wit.h aueh futun ,raiemg lb.eo~ w 

intemal stresses in th• 'ena.rged etruetura •" 'cQC.oemedt O:.*v•l", p~s,o• 
'"' ' ,.. ,' ' 

tical coaeider~tions nec·eis1t~t·e the provil)ion ot.some rneana ot un•tering 

the low dam a:nd/or pa.es:lng the tlaw durin,g the p!trlod- that future -,o'rk· 
~ ·, . . . ' ' . ' :· '' ' 

\ ' ' ,' ' ' 

on :raising of the data. may be Ut!deriay. Pt-elitdnary ~tudtea .!nd~utf.l:~~at.' : · 

''·, 

. .. 

\, ,· 



the most practicable solution of this problem•· may be a 'large diametor­

diversion tunnel througtl· the l"ft abutment, to ·be driven <:turing a low 

water period when the natural now can be: passed through the fiood control 

outlets, at the time raiemg of 'the d$n ie undertaken. Further atud.y is 

to be given this problem prior to construction of the low datu. 

23. Stt§§S St..ucJM!•• Inveatiga,tion of atree$es in the low fila.m_ 

structure has to take tnto con4iderattqn th~ posai b1li ty of future . 

rt+ie.ing. t7el!rninaey st-ress studies, baaed upon wn·estrained cantilever 

elements, have been made for both the~ high and low de:m.s u:ndor various 

lo&ding Conditions. The de~ails of these &t..udifS are contained _iri . 
- ' . 

Appendix· A and .the results, tor both :rtl,.rioir empty and nonnal pool 

· eon~tions, but excludln~ earthquake, are s'Uil'll'l1&rized in· the tollo~g 

table. Stresses preceeded by a negative sign a~ ~ne-ione,- all oth,er• 

&re compressions. 

----------~------------------. t 

Low·; H3.ih, PAl,_ .• , 
na. tRit''" lb'J,aiQ. 

J I Up t DOWn : t . Up 1 DOwn 
Ultraui&Stt.•. p I stres$!§ , . • t §trey.: stn~m. 1 

~ Foundation Pressure: c & c . 
II 

Lbs .. /eq. inch l 319 1 361 · 412 : 186 
I f 

Hax:lmuul Concrete StNsa 1 
Com.p~s-sion ·(a} - ! • 
lbs./sq. inch t 319 t 364 : 412 
•rensioo (a)-lbs./sq. in.; -11 : ... :; : -7 
Shea!" - lbs.jaq. inch t 0 a. 0 ,. 0 

: I l 
llinimua Uplift Ratio (b) t - : '"" I ·. • 

: 

' : 
I 

-
: 
: - l 

• ., 

r 
a : 
I 290 t 404 I 402· 
t · 0' :· 0 r· 0 
& 139 l 194 I 196 
s ' t 
I l,.05t 0~97 t 1.00 
t : i 
: o.60: o. 59 t o.62 
z : 
: : : 

Ma.:x:l.mwn SlidinR' Factor{-c) 

llinim.um Sheal'-Fri etion 
Factor (d) - • . .. z -I ' 8.99: .7.20 # '6·:/!' . . ... 



(a) Principal Stresses!! 

(b) Ratio of vertical pressure at upstream face to hori~ontal 1rater 
pressure at upstream face. 

(c) Ratio of horizontal fo!"ce to vertical less uplift force • 

. (d) Saeed upon _600 pounds per square inch plus 0.65 times vertical load. 

24. After the low da.m is raised additional load will be trans-

mitted to the original low dam concrete resulting, in general, in an 

increase in internal compression and ehear etreeses in. the original low 

dam section. Stresses on the contact plane between the original lQW dam 

structure and the future high dam addition will vary with loading conditione 

and upon whether future raising takes p4ce on the upstream or · dowetream. 

face. These oontaot stresses will be of lov1. magnitude in any case, the 

maximum shear stress vary-lng from 12 to 62 pounds pEtr square inch with 

corresponding normal stresses of 49 to 163 pounde. per square inch. It 

may be noted that the nonr.al str,ss on this contact. plane will be two 

to four times greater than the corresponding shear ,>st.rese. 

25~ f.QJ!ii;l ADS Utilitiega A map of the proposed reservoir, with 

the normal pool elevations of both the higll and lo-w dams indicatecl, ~s 

sbown · -9n Plat~ I. Although the reservolr lies w1. thin the W!ll.amette 

R~tiona.l Forest, approxi.mately 70 percent of the :reservoir land$ are 1..t\ 

private ownel"ahip. The great~r part of the reservoir area, a. bout · 85 

percent, consists of cut and burned over land supporting brueh anc:i a 

·· )'oung s~and of second-growth fir. Certain forest service f'ac.ili tie5, 

tha small eommunit:r of Detroit and a. number of ama.lllumber tnilla ldll 

have to be moved out o! the l"eservoir area. Flowage far the •low" dam· 

is proposed to be acquired to the 1,000 yur flow -lirlo which a~rre.sponda 
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to elevation 11 4B4,0. When the dul. {8 ~tUold'1 {t'-is pro,post4 td· acqtd" 

additional flowage to an el-evation ~1~: :r.•·e.t above th.~;; M¢l .~.m .no~·:::~:·< , 
. . . . . . . . . . .·· • :t .. ,: .· ', ·.·. -~ :;.:·>:;:; :' ' .. ·... . · .. ' .'' / ·. . ' 

pool level, or to eltt:vation 1,514~01 . ld'J,lch .f.tlevatJ.on ··;t1e8.:~bovs, ~he '*l\j,;t(b•·-.·~ .. · 
. . . "~. ' ' - . ; ' •. . .. ' ,., ~ . . ' ~ . . .. . ·. . . . ,;: . . . : 

'. . >.··.· .' '• .. ·~· .... ·~ .. -·' ..... .. ... _:._ ',:,,-_:·:: ... _~ .-.·~~_.'':··.·,;·_:· . .'···:(_-. __ .. -·:_::~ .. : . 
dam 1,000 year flow line. Flooding abo~ ·thi·e ·:•l.,.~tion/W!UC_tie · a:6 _:~;..·/·· .. 

·i' t · •.•. ~:"'. . . 

. fre(.;_Uent that it is considered mora GCOQQ:mi~~. to ~f:,_':£~-~~~\,,d;i'tA~;~f ... :·, 
: . '. . ., . . ' ~ ._.: ·• .·~ ;· ·l •! • ' ~ \ " 

if and when it occurs, that to acqW..~ flonge ri~t,·.~()nr~·~he~ ianu .. 
. .. . . . .,:r . i . . ' . . 

·~ 

affected: A resume of t.he lands to be a.equ.il'Od .. I.Ul~'lthe.~·,to· Q$.:·ele•~·"·;,::, 
,, ""~ \ ' " ' ·. . ' " . ' 

for both the "tow" and "high• da.t!Ut is suhmariz•d :.a$···foll;lt8f 
• .· • ,._!'. • . ' 

Land to be acquired and 
S<J.esu:~·~ t.:&: gl;v.~t;i('n:-

· Land to. be acquired& 
Privately oV¢1ed 
~vtmmmt. ?)mttd 

Land to be cleal:"ed:­
Open and cultivated 
Cut, over and brush 

• Ti!nber lan£s 

,· 26. 

t!nO:t!eJn&lt. Htgbt· ·.lf()-~)Hl~ 
.1 · ~~* Asltti .. ; \• · ·PM· Aai»o: : 
: ' 

I 

.; 1,;o' 
·-- t :· 42S ... · ·· t 

, r 2.•QQO · • · t 
I J' 

; 200 ' 
1,760 : 

: :ws , ·n ,· lrt.' 

· ... u-

. ' : ' '•, : .. 
.-: ~ ... ~ '" 

, • 11!11' •• \ , ••~~ • .,.. ~'!li ' '· II 
. ~ . 

. ~· .. :~9W .: .·f2.47f,,·_"'r:~-·· . 
• . 220 · s ··,,asa' .·· : · · 

+..~. · ... r· >:t·.~ .··~ .. 'rilf: •. .. ~. .. '· • . o· .· : , . 200•.:. 
~. ~;10 •f ··.· .. 3~·~70 ·:,:: . 
. •,_· S:tQ, I ' .. ~·· [t·3'' .• ! i 

,. . 

.; -, 
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if! na~ro'\t; ~d crook~d and et ;)laees <'illy wide enough for <me vw.y truffic • 

. . ' '1'):1. impt'overuent of .this port.tion han been held in a.beyance for several 

.::years 'by the Oregon State. Hir:;h~va.y. Comm:taai~)n and. tl1e Public Roads 

Adndni.strs.t:l;;:m pending dev.elopment of tho Detro:!.t. Project. 

· 2?. For the,. lor..t qam .c.tavo:.o~:mnt it is propor;ed tc relocate the 
'l . . 

·8 .4 mile a· .of e?D-s.ting road ,jffected to :i.r:1.proved ·alignmP-nt, ;.~nd.e, width 

i\n«i eu;:t:-ae~ at an elevat:i.:1n of 1,605, in generc:l, wh:l.ch i.s f"Ufi'icient 

· ··to clear any probabl(li! future high d~m developr.:snt, No fUture 1:6s·k on 

tbi$ at.~ete.h of the hip.-h~"RY 't,i.ll be reqttired. ;·'hen the d~L'T. is· rr:::.ised, 

· l:}:·e>Wever1 the hi.g.h da:m will requJro the rel.ocr·ti.)n of e.n e~,ddi ti.onal 

more than the inly:-rcved water t7rade bighw~.y 'Jriginally contemplated by the 

Public Roads Admini9tration. Thls incr~P.Be in cost is charg·eable to 

th.e Detroit Project. Art a.ddit.i::nrd cost of $35Ci,OOO :..s o.ls,-:: c~a.rz(H'ible 

.to the high dr{m for· revi~1.cn of t.ho 3. ~ r,.ilos or exist.ti·.g imnroved 

hi£:~hway above Detroit. 

2S. ·I:f· tho Mill City bral"".Ch of the Souttcrn PRcific r~9.tlw£.y is 

. abandoned, o.r-. discussed in para.,:~raph '2.\1, Pnd the :railroFt.d subr~rade ia 

util.~ta(.l as a gr&de for an i::uproved hii;h\':t..y r,;y\;r the 4.1 miles section 

. lying doV{flS~Ham from aud between the .O':'trnit Dam .site and Niagara,· the 

cost of an i,mproved road vver this str~tcn is estimated Gt ~-374 1000• 

If. t-he ~i~wa:;y is. t~.ba.n~une.d as a privc.to ee"rrier- hut, remains 1.n place .. 
below the dam ror constructi :m ~urposes, the. cost of hir~hwt.y improv«nent 
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over thie 4 ... 1 mile sect~tr.:·n will be i!'l.C:raaaed to $589;000.; Inasmuch .as 

practical and economic considerntL)ns indicate that it would be advisable 

to leave the trackage L"'l below ths dam, at least during the dam construe• 

tfon period, the increased coat of .highwn.y revision due to ·such a. pl'o­

cedure, estimated at $215 1 0001 has been eharged to the Detroit Pro.1eet. 

29. The Corvallis .end Eastern Railway, a logging branch of th4) 

Southem Paeifie System, passes through the damsite end reee:rVo:tr and 

$Jd.ends to a point about two miles cast of the t01m of Det~lt. The 

construction of the darn·'Will require th~ purchase and a.bandonm~t or 

the recenstruotion of approximately 15 miles of this railrc-r:"ld. It is 

estimated that, if approval can be obtained fro~ the Interstate Commerce 

Comrnission, the cost of acquisiticm and abandonment will ~ount to about. 

$750.tOCK).,,. If such Ji!J}Jroval ca.rmot be obta.ined the !"ail;road 7nll h'1ve to 

be relocated to clear the high darn at an estimated eost of approximately 

;2, 500,000. The cost estimatti8 e.ttachad hereto at-e based upon purehasa 

and !i:bemdonrnent of this l1.ne •. 

30, Only rrj_nor telephone and telegraphlines exist in the reser-

voir a.r'9ch No problem wonld be rais(ld by their NViEiicn or ·relocation. 

31. Fiqh [Ac1.lit!e;c Th., North Santiam River supports migratory 

-ealmc-m .::nd steelhead trout e..nd resldent game trout. Due to the height 

of the proposed storage dam and tho r"Te.t:.t EJGasonal range in pool lc'fel1 

it is eoneid,ered neither prectica.l nor necessary t~) build fish l!ft3 or 

ladde:t'l'e to pass i':Lsh around the structure. These fish are now being 

artificially prot.'\S.gated in hatcheries o~od and operat.ed by the State 

Fish and Gam.e Comrnissi,')n ~~d by tha U. s. Bureau of Fisheries. F..x­

teneione of these hatchery facilities, to rGplace the naturoal spawning 
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grounds made inaeessible by the construction of the seven authorized 

dams, are proposed. at a. cost of $1,0001000. Studias a:re now under 

egg taking sta.ti0lls. 

':\0 ....... 
lined herein is eatintated to cost $12,903,000 or approximately (~75 

per acre foot of gross a to rage Ctipaci ty. A detuilec rJnt:tnata of cost 

for the low dam is contained in Table V1 appended.. The present ~stima.ted 

cost Gxceeds that. contained in the project document b1; approxi.m?ltely 90 

percent. This increase is primarily due to thtJ fact tbe.t ftJ'..JlPiatlon 

conditions, ~~:rter de.tailed investi~tionj neoes~:ttt..tGd tr.e substi t,Jtion 

of a concrate gravity structure for the :eonc:ret.e a.reh dam originally 

contemplated, thus increasing the amount of excava.ti·J.n by approximately 

57J,OOO cubic yards a.nd the concrete :~:J.a!'it'lt..i.eR oy about 375,000 cubic 

yards; to the fc_ct that construction costs huve rison approx:i.w.ataly .20 

percent. sincr, the date of the original eetirnate; and to t.he furt.h-er raet 

that an additional 5 percent has been e.dda<l to the contingency items in 

the pre~ent estimate to allo1'r for the presen·t trend of rising construction 

33. F'told reconna.isance and lc.boratory teste indic~'lt.~ that, with 

some nrocessing1 suitable concrete aLmTegB.'tes may be obtainl;td for bOth 

the low and high da.m.s from a terrace ere. vel deposit lying along the North 

Santiam River appro.x.imately 17 mile:.s below the damsite, This deposit 

is ideally situated with respect to both t<-rll·.e.nd truck tr~nsportation. 

Another similar deposit which has possibilit1e.s for t.'1e initial low dam 

construction is located in the r~servoir area, approximately 5 miles 
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upstNam from. the damsi te. 'l'h-7 est5..rns.tes nerein are ba8ed upon obtaining 

c::.'ncrete ag~~egate from the do\tmstte~-r~ deposit arid haulin~~ to the d.at.msite ;<, 

by re.il. 

34. .£onstructipn PJ:o.t:ra: Be foNt large scale e'-;netruetion can 

be under"taken at the Detroit site, l~ds rlll.need to ~ acquired an(i 

clearr'd.t a major part of the highway relocation must ·~. compl.4J~d, the 

:railroad must be abandoned or reloeated and contra'ot drawing.s an~ ·.8p~ci ... 

fications for the dam preparad. The time l"(tquired to comolete this 
• ' I •j',··, ': . ' """' " ' 

phase of the work is estilnated to take at least 't,wetlv'f! moJ)tllt~. 

35, The low wat.sr period at the ~site .norroal11 ~s trOtn · 

about the first of June to the end of Oc:tobeta. . If" c~strUc-tf.i)Q. was 

C·)mmene-ed during the beginning of a low watsr ~rlod it ~S. estimat~!itf'' 

thed, the low dam could be completed within a ·1»riod of frrnn 'l-4 .. \() ~30· 
,",. 

months. During the first low. wa.ter aea.eon it woJ}ld be necesa~ry· to 

div~rt the river through a diversion channel a~ong· t~e le:f~ bank t\Qd.. to 

complet~ c.ll conc:r-eting in the othe"r portion$ of the ·dazl up ·~o, ·at .ieast 

Alev~tlon 1225. The river would continue to flow thr~gn tthflt:· ~version 
,. ' ' • . • ' ·: !\ ~- • ..,. ~ ·. ~ : 

chAnnel :iu:ring the winter montha ttnd' Conc:t-etin~ .W9uld OqrttinUff on th• 

dam, ex.cept when temporarily suepended due to- bi,gh_nter·• ·. ~ri:ng :tl1e 
'1 

sec,·.nd low wn.ter aaason the river would be diverted throu~ two t ... 

porary sluice openings left in tha base 'of the completed. portion of the 
' . . 

dam; the orleinal diversion channel secti"n lf<}uld be closed nth opn;... 

crete; and ooneratinfr ·would continue on th• ·Nm\&i.Rder of tba structure, 
' . :. ', ' 

carrying all concrete work up to at lea:st el-evat\01'1 12~0 as soon_ ~t.8 

possible. After all copc_r-ete t:tas been cqmplet$d up ."to 1¥\. -~evat1on of: 
' ' 

1280, the temporary d,.iversitm sluices '?f'Ould be ·pl~ge~·Md. ~e. .J1.ver 
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diverted through the perr....ener~t :::utlete. be!cre the s.econd. high W&ter 

season. From this point on, concreting could eont1nUE.l to completion 

without any further diversion problem. 

36. Sinele step construction of the ·high dam and. pblf~r . pl.an.t :would 

follow ~Jraetically the same program indicated for t.he ~~w. dain e~c4!lpt · 

that eloaure of the temporary sluices, dtio to· th;e ~ater VQlurrte of . 

concrete involved, might run into a. third low .water season, thus i:Q ... 

creasinf:; the. period of construction to about 30 or 36 month&,. 

37., I.f the low dam is raised in the tutU:" it would be advisable 

to draw the reservoir pool ~ to as low a· stage as prs.ctica'bl~ in 

order to unload the low .. , structure befor~ the second step concrete 

is placed tht:treon and tied into it. Such a procedure is rec~nded 

in order to obtain a better transfer of stresses acroae tne contact . 

plane, and to obtain better stress distribution between the compOnent . 

parts of the final structure aft~!' the water load oomea on.. Preliminary 

studies indicate that the most practicable meth(-,d of dive:rs1on during 

the second step raising is to ooplug the diversion sluice ?utlet left 

in the low dam during·conetruetion and, during & low water .period, to 

drive a large diameter diversicm tunnel under thEt low dam through the 

left abutment. The time required to raise the low dam to the ultirll.a.te 

height under this method of procedure is estimated at appro~tely -24 

months. The power house construction could pr~ceed in parallel with the 

work on the dam. 

38. ~em~: The ultin:late high dam structure is eo laid '-'Ut and 

designed that full use is made of the original low dam concret•, pract-
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ically all of which is contained in the high dam aectioa. The high dam 

estimates, for the design utilizing tha lolicdam as part or the structure, 

are based upon roughing, dow~ing, grouting and drainine the contact 

plane between the. two component parts of. the finiah&d strructu~•· The 

type of fa.cili ties proposed for the high clam, and. their relative location, 

are similar to those oontempl.?.ted for the low dam with. the_ uc~ption 

that the spillway is to be controlled by three 100• x lS1 a.titomatie 

drum gates. The gate controlled spillway is eoonomical for the ·high 

dam due to the fact that it raduea:.s thernaxiarwn.JJQ9l Etlevat'ion by 1? 

feet, resulting in a reduction in concrete quantities·· anQ. r~owa;ge coets1 

a.nd permits dropping the elevation of the Breitenbuah River crossing 

on the proposed relocated North Santiam River Highway to elevation l 1 5BS, 

39. Due to the fact t.hat future con•truction eos~s, future power 

values, md incidental benefits carmot be accut-ately de-t;,ermined-at·thia 

time, the ultimate height to which the dam can_ ·be econoadea.ll7 raised. in 

the future cannot be def1ni tely fixed until the ~imt such enlargement 

takes place.. Comparative studies of cost -of rw,irlng an(! incidental bene­

fits, based upon present conetr"Uction costs and powel' va~ues and taking 

into considt1ration potential future downstream poW13f" .. deveioPft18;\ts, 

indicate that the height of the hieh dam a.l5 p~opos~d, s1 vin. g a., g:r. oea 
'· 

storage capacity of 432 1 000 acre feet, ia nea.r the upper limit of econ­

omical storage developnent. This conal.uslnn is also .valid if single step 

construction is contemplated to full height at t}le pr~tsent time. 

40. Dtte to the uncertainty of fUture conditions and due to the 

fact that only a small initial cost .ia involved, t.he North Santiam. River 

Highway and the railroad, if relocation of the latter is re.quired, are 
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t\t• ,'it 

i ,- :proposed ,to, be raised, in genere.l, to ~~ev_atiCJn ~~605 making i,t pos~ible 

. tc). utiliZfJ a higb d:"" normal p~l eleva~ion of -apPrq:rl.m&WJi i, 590 -in 

. the tutura if, :f'o'UJ1d eeoncmically ·-advisable •. 
'·" ''• 

Qt£~ism1: Comparative lay)uta and O:stimate9 .of cost hi!'(t: b'een made, 

·_for (a) _a hieh d!un- plan utillzing A' center e~6tir(n $plll~ ~th tru.. 

po\Mr· h JUie dC"J~Mstream tram. the dmn on the right 'baf:lk and (b) ·a. biifb 

d.'iln pl~1 utilizing a: :right ab'titm$flt spillway with the. "po·wer · house 
' ' 

' . 

l¢cated at ,th<t downstream to& of tfie non...;.overnow ri'Ver ·aeetion. COJil:-. · 

pa.r.ative lay011ts £or the:se two plane, based upon rai!J~tl~ of .th~ low. dam. 

in t.he ·tuture on the do-tmstream face, are shown on Plates VII and IX; 

an<l deteiled cost eatimatea are tdven in att?..ehed ·Tabltul VII and IX . 
' . . ' . . ·- ' ' ·.·' . .• ' . 

. ,. 

re:>pec.t.i vely. As may be, not&d from thes.~. te.blco the eetimat.d cost of . 
" ,. 

thrt~nJ .. ,t•a &lternate:plana ~£ development, .inclucl-ing'fiower ta~lities. 

a:re. approrlmntoly t!lt same; 1·28,440,000 ror .the ~iver sect~on .apillwa; 
,. : ' . 

and $28,338 ,ooo for the right ubutrnent ~pill way. 

42• The rtght abutment spillway pl~~ utilizes f,hree 50' :x 50• 

crane op<Jrated lift gates, :tn order to decrease the width and eostor 

,the s~1llway get-awa.y channel and. also to make. 1~ p:Qstsible t.o· .reduce 

the heigh\ o! the dam by a.pproxirnatEtl7 3 .. 5 feet, 'Whilet :the riv~r apill• 
: . . -~ ' . ' '· ~. . . ·, 

way section utiUzes thn,e l~l' x 100' ibum ga~;it~ att. mentioned h~:rein­

befo:re. The. riyor .apillway plan is pr~!err$d and 'roeo~d·d b.r th1a. 

' offie~' (~ltl1ou~h the right 'abUtment plan may warrant .t\i.l-t.her cons1der~tion 
if. eingl$ .step ~onstruct1~.c of the- high dam is undertaken) foz;t -the . 

. tollowl.ng reasons; (a) the av~J.able location for the right abutpaent 
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spillway necessitates a horizontal curve, with high superelevation, in 

the get-away channel alignment compllca.ting the hydraulics and raising 

·&n uneer:k1.inty as to the adt'qua.ey o! ·the. cost estimate for this feature, 

(b) the . .foundation rock in the right abutment is highly .1ointed end 

deeply weatheredwhich condition, with the high velocities involved, 

neoe8sitatf)s lining of the get-away channel and raises an uncertainty 

ae to tht~,adequacy of the cost entirnates for the training walla. and 

·(e) the -disgorgement of. the spillway discharge into the. river channel 

irmtH~dia.tely bolbw the power house location may set up extreme water 

tturfa.c& fluctuations necess:i:tf).ting an fncreasod length of training wall 

.alQ~g. the left side of tbe get-away .channel and/or some provisiot:l for­

energy dissipation at the lowcJr end of the spillway channel thttB raising 

the cost over that e~tirnated herein. 

43. Rough compart:1.tive est1m.atee of co$t for an ~l.lterriate le.!'t 

abutment .spillway indicate that due to poor alignment.and exte(lsive 

exca~a.tion requirements no savin~:" vmuld be involved in wch A. layout 

over the .plana discussed herein. 

44. !Jro-St~:k! Hi!Sh Dma J:Nxe1,opment.: The ali.grunent of 'the low dam 

is such that when additional storage at the site becomes warranted, raising 

of the .. Qe.m can be undertaken on eith~r the downstream 'C')r upstream !ace • 

.A.ccordingly1 layouts, designe and cast eetimatee have be$1prep~red tor 

both ofthese alternate methods or pMcedura. Plate VII sh9W8 the lay-

out .~d Table VII t;i ve3 a. detailed oost estimAte for raitd.ng of the 

l~w .~ on the dawnatrsam face while Plate VIII and Table VIII contain 

si.rd.lar data for raising on the upstream face, The foregoing de~igns 
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and cost estimates are based upon drum gate controlled river spillway 

sections as discussed herei.nbefo:r•·· 

45. Two-etep construction o.f the h-igh dam and reservoi~ ce.n be 

accomplish~d .at·practieally the S&ll,B eost no rtt$ttet- wtiether·the lo• dam 

is raised on the downstreatn or upst:r.,.am .side. A sunttrtary of the. com. 

para.tive: C<)St estimates is shown in the following table.. The increment 

cost.of the 26o,OOO acre feet of additional,.$tora,saprovided by the 

high daln over that provid-ed by the lo11 c;lala. ~.;:e~t~t·ed. ··at ·approximately 
. . .. 

l4S per acre foot, while the total c~.t or storage i~ th~ h$.gh dam. i.s 
. ' . ; . 

< eati.m.ated· at .69 per acre foot aa oomparec.i 'fdth a cost of t?;·: per acre 

foot for the ·low d$n ... 

Total Cost, High Dam, Rastirv~ir 
and rwt f:tmt 

t ' ' ' ,' ~{ ·. •.' 
~ t12,903,ooo · 1 ·il219tt;.ooo 

._ ! • Ua50RI:QQQ .· 1·, l.J.·,sa;,,QQO 

. ' . .. . . . •· .. ' ' ' 

.: 46~•MQ.&Q9. I l2§,"',e02Q·, 

46. . Geologic and foundation cqndi tions are .s~ch aa to ~litrhtly 

,favor raising b£ thG. ~ c.~n tho. uO'ftonetl'Gail f&oe. Raising <m the down-
~: ' . ' ·. . ~, • 'I ' • 

stream .side riJ;.l also ·give better "ttroa-s c;:ondiUons 'an t~c <;.ontact plan~ 

Wtweert the ·two ,·~onwonent parts or tne t...O-atep,, high du urfde~. ~ 

pool cqnditions.'as the irtclinatiort or the contact pl~e ·pro.ctioally 

corresponds 'tiitp the direc:tion of the first prineiP&l etressti!s 'tmder 

·the ~~regoio~· dbndi tions of· lead. P~:-tin~nt stab111 ty and ipt;emal 

stre6a stu.dies for the various high dam plana a:re contai.hed in Appendix 

- 20 -



4 7. §:tflqJ..e Steu. High !lam D!vftloJD!Il:t.: A. stu4J>" has been made to 

detormine wh~t saving$ in overall ~onetructien c~st8 might·. reault if the 

ultimate high dam Were cqnat·ructtld to tull1'1Ja3h·t·1n a aingl9 •t•P• 

This study was ba.sed upon the layout -and croas aecti<>ns ehown on Plat·e. 

VII, witb the exception that only thre$",arado;x; ·g.a,te c-ontrolled flo<>d 

control outlets ar~ required, in.lieu of the five proposed £or the.low 

dam, due to . the higher. minimum pool: elev~tion and eo1'r$spondP'gl1 'hisflfelr 

minimum head available ·on the outlet$. · .· 

48. The. cost of the Detroft· Dam and roeervoir1 , with single •t•p 
' ' ' . ,, 

' .' ' : 

construction to>rull height, is estimated at .$22,11;5,000, ae .~hoWil 1~ · 

Table VI, or $~,354,iOOO.less than the two-step construction of a similar 

dam to the same heieht·. The cot.tt ot powe·r fa.oilities. _at t~Ef ~troit 
' ,•/ .' ·'' 

site will be approximately t,he same whether. tht :.da.. is ;built ill one· atep 

or two. The sa.virit;a in con,tNct;tcin coet in .favor of 'the 4~1~ atep 
' . . . 

program. i.e due primarily to the. fac-t, .:t,bat th$ divenion .,probleM is not; 
. . . . . . ·~ •. ' 

duplicated, the tloocl control outlets are reduced 1n nv.mber, the t'G&er~ 

voir pool area pelow the high dam minimtlm pool ele.ation need n~t be 

clearacl, no special trsetment or p~v:i.ai.ori has to be. ·made tor" • contact 

;)lane between t11'0 concrete se~tiona formed at. dif"terent· t~a .. ancl to 

the faot that the total concrete volume required .for th• high,· dam <tart 

be placed more economi~all)" in-one, steady, continuous operation than 

in two, separate and distinct operations. 

49. Attenti(m 1s ·invited to the fact that if, the higt;l dam' design. 

were to be based upon single etep constructiotl t.o· tull height, a s~ 

what more practical erose section and. better alignm~t ·for th!t higll -~ 
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~ght' be developed. However 1 .. no ujor change .in' ~ariti ties ·or ~coate 
~,Uld're~t r~·:~h a.djuatrnent. 

\'•,,,_ ... . ,o.· . lUttiStt PQit fJAn\f · .. The :37.1. r~tt.of ~·:·n!# .i&t:~~i~ , 
I ,·· ., ::~~~ -~··':-\~;·:.·· .:·;_~:t::,/ 

anl•. by .. ;·th~ Detroit·· high. ~ and the depen~ble: ann'tl4'}W,$:r.·:·.~ .. ··~~-· ··~· 
--~ '.",- ·:··~ ' .. ::·.· . ' ,. '•\ ":"~:_~:~.·.·· . ~...:·. ··. ·;-·:'.:' .. · .. --~ 

i.m.··oubic. ·ree:t·• ~:r· .. aecond ~made ava.ilabla ·bT· the ·.·r·~-rvoir l'd,.ll' ·aak~·· ·· ... ·,' . . ; .. ; . . . . ' 

· · ·poa~tblc:,·the d•velopll(mt ot .26~800 kilowatts of continuous ~d .. depent~-: 

abl. pQII81' thNugh a poweJ' pi,Jmt p~Qsed to Pe lQ .. t.d'·a.t ~· ·Wtte• 
' . " . ' ' . " . ' . ··~ ' ' 

.. J.• 

The. location of. the proposed ~r pl;ant, ,wi ta re$Pf~ct:_.to·r.·~~. ···d.&A··· t8 .. 
. . .. . /~' ' . . '· . ' ' •, ,·'( . ~ .... ·. ' 

·• ·.·.given in. ttle v•rtoua high dam e~t.im.~es a~taohed·,. at).4 p~l'tin•t· des-
,. . . " ' : . . . . . \ ' ; ·-~ ' ," ~ 

cnptive dat& telating to it is:·given in. T~bie :l~ .• Tb~ l>~seci PQ1J9r 

pl&n·t, 'lrl.th''an..··instuled~--eapacity-.of 90~000 .k~lowatt,S,· i~~~~litimAt.ed tO 

CQ~t $j197l,OOO or approxtmatei:r 844 per kilowatt·~f ~~t~lle~ ca~eit;r. · 

S1~ · The Detrait poJJer plAnt ill desigrted far ~ak loQ.tll'<t,perati~ · 

.oq a law daily 1~4 fMtor, beit)f; ca~ble of' t30¥UH(:.e.t·· aU times· io 
.. 

the tul). C,atpacltt 'r)t. ita gen•ratorc• Such ~u.tput :•cbaftlcter-iatice make .. · 

t t p6es1ble, and m.utuall:y beneficial, for the plant to ·be eoo~~:tAd. , · 

·,in o~~Uon .nth a n~gh ~oad ~actor run· of ~iver· Isl~t,- 8\lcb ·fU. ~•. 

lk mi.,.U_le Proj•ct on the Col'U~Zlbia R1 ver 1 or w1 th: a e•erl.•e. of :high·· load'~;· 

taet()r }'i.Yttl' Pllll'lt& swlat- t"o thoa.a )>l'Ojacted for l\lture. conatruc:ttpr\ .. 

on ·th~ ·etretch_ o!· the No,rth Santiaun Riv~r belaw 'the Detroit D4m site. · · 

If·oons.ld•red desirable at .the time the Detroit power p~t.i'a conatruct$d., 

'the ·pne~ator insta..Uation could be l.im:lted to one .or t1t0 units, 3010oo 

o:r 6o,poo k,il.qwatt81 unt.~l.. such tiae as the !ull p,akit.lg ca~bilitr.of 
r ; • ~ ' '•• ' • ' ' ' ~. ,. ' ' ' ' :. ' ' ' '. -\ ""' 

·the plant is need,d .. , 

t:.. 
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52. Pot!Jlt~al Downstream Power Dev€alO'QIDen1tl* With regulation 

of the stream flow by the propos;::Jd Detroit high dam reservoir it would 

be physically possible, when warranted by power requirements, to •conom­

ica.lly develop an additional 650 feet of gross head through three poten­

tial power sites located on the North S~tttiam River below the proposed 

Detroit power plant. Preliminary eoat estimates indicate that these 

potential downstream sites can most eeonom.ically be, developed by means 

of tUMels and side hill canals, utilizin~ relatively lew dams primarily 

for diversion purposes. Accordingly,; in order to keep the overall eoat 

of power developmentn to a minimum, these plant! ehould be designed to 

operate under practically a constant po..er draft, resulting in high 

load factor plants, all peak loads being carried 'by the Detroit power 

plant where s.torage is available and where peaking eapaci ty c;an be ob­

tained moet economically. The foregoing method of operation would require 

the const~etion or a re-r~gulating dam below the tH!troit power plant 

in order t.o smooth out the daily and hourly flow fluctuation from. that 

plant. Pertinent data relating to the regulating dam and' the potential 

downstream power sites is contained in the published project document, 

House Do'Cum$nt No. 5441 Seventy-Fifth Congress, Th:ird Session. Co-

ordinated operation of the Detroit, power plant with the three potential 

dawostream plants would make available the following new power output 

on the North Santiam River: 

!nfjtalled capacity - kw. 
Fina Capacity - l<w. 
Finu. Output - Kwy. 
£nnMAl LotQ Factor - S 

(a) Coineidant Peak 

• Detroit . 
1 iYUt f;Lant ; 

90,000 
82,400 
26 1 SOO 

JJ 
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Downstream Combined 
Po"tror :North Santiam 

Plants : f\i.J;t;r Sy:s;t.em.... 
52,800 : 142,800 
51,700 .. 125,500 (a) . 
4S,500 75, )0{) . 2J&., 60 



53, I! desired, the output of the Detroit pawer plant, in lieu 

of being coordinated w1. th the ootential downst~a.m developments on the 

North SantiMl. River, could be utilized to peak up any other similar block 

of 481 500 kilovtatts of continuous power in the region. 

I! ij~;;tj.t.lz 

54. Flgoq Cgntrol: The initial low dam and the ultimate high 

dam will hnve similar flood control benefi te and will, with coordinated 

operation of the other' six authorized reservoirs in the basin, eliminate 

approx:I.ma.tely 95 percent of the potential· flood dama.gf)J on the North · 

Sant1a.m River and approximately 75 percent of $UCh. darn.fl~ge .on the Lower 

Vlilla.rnette. 

55. SyRplemtntcaJ.: ·12!\ wata;: ;y,p'QJ.x: The operaticm of the foregoing 

reservoir~J will mainta,in a minin.lwn £low of 6500 c.t.a. at Salem on 

the main atream in. the interest or narlgation &.rld, in addition, 'lr.i.ll 

fumieh eome 5651 000 acre-teet of supplemental W8ter during the irrigntion 

season. The allocation of this new water from individual resarvoirs 

between navigation and irrigation will depend pri.marily upon the location 

of the new lan.Qs that are put under irrigation. 

56. fowgr% \\1-len powe;r dev:elo!)llent-e on the North Santiam River 

become warranted, the addition of wppl,emental power sto-rage in the 

proposed Detroit reservoir, to ~e possible its coo·rdinated. use j_n the 

interest of pow•"r aa well $S f?r flood eontrol and tncree.sed low wate:r 

flow, ia foasible. The tot.a.l sto"ge thus provided will make possible 

the economic development of some 1,020 feet of gross head at and below 

the Detl"oit reservoir and will m.B.ke available a finn dependable outr:ut 
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of 75,300 kilowatt years. Cuf.ficitmt r.;apacity c~n be instellled at 

the Detroit power plant to operate the overall developm0nt on a 6o 

percent annual load factor. 

57. \)~1~1: Uw&tf:i_~s: The increased low WELter flew 0n the main 

strea:ru, part of whicb is creditable to t.he Det:roit r01serv-oir, Tdll 

incidentally benefit strel'rn purification, fish li.fa ~.nd the existing 

private powor:i.n&tallatic.n::.> at Oreron Gity. 

! Loc~ CpQpets~loo. 

58. ~Rc,al., ~&?2Sqt,~t~::?.rl: 'The provistons of the Flood Control Act 

of 1938 eliminated all requirements of locAl cooper<lti'm vd.t:·i res~:ect 

to tbe Detroit Dam and re.:dervoir. Close cooper~tion i.s teing nlain­

ta.ined, however, •rl th the Fublic Roads Ad.'1lintstrat:ion, the U. 3. Bureau 

of F'isheri9s e.nct va.rious State Ag·enciea 1 such a!: the F:.sh nncl Game 

Couamissiona, whose interests Ylill be a.ff'ect.ed by the proposod improve­

ment... 
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Regulating Valves: 
Type 
Number and Size 
rlnergericy Gates 
glev;=.ttinn Centerline Intake, M.S.J,. 
Gross Head, Feet 
Capacity at Minimum Pool, G.F.s. 
Capacity at Normal Pool, C.F.S. 

§Rill,mti .12!.t.l: 
.. Type 

Crest Length, Feet 
Elevation Crest, M.S.L. 
Eleva.ti.on Maximum W.S., V.S~L. 
Capacity'with 

Pool Elevation 14gq,o, C.F.S. 

Q!m §estiqnr· 
Crest Length, Feet 
Crest Elevation, M.S.L. 
Freeboard above Maximum. W .s. 1 Feet 
Maximum Height, Feet 
Crest Wiqth, Feet 

Reservgit ~· . 
Minimum Pool Elevation for Pow•r, K.S.L. 
Min~ Pool Elevation · 

for Flood Control, M.S.L. 
NortllAl. Pool Elevation, M.S.L. 

Needle Valves 
2 - 60" Diameter 
lOS" ring follower 
1255. 

234 
10,000 
lJ~ 1 100 

Free Overflow 
332 

146,4.0 
1489.0 

161,500 

1110. 
1489.0 
. 36g 

'20 

Pool Elevaticn for 1000..:year Flood,M .. S.L. 
Pool Elevaticn for Spillwa1 l)esign 

1.425.0 

1503 
1569.0 
1572.2. 

Flood, U.S.L, 
Area at Elevation 1425.0 • .A.Qnts 
Area at Elevation 1569.0, Aoree 
Aren a.t Elevation 1577.)', Acres 
Storage, Vinimum Pool, Aera-tee:t 
Storage, Normal Pool, Aere-f'eet 
Storage, Maximum Pool, Acre-teet 
Useble Storage, Acre-teet 
M.ax.i.m:uru .Flood Contrpl Reservation, 

Aore-feet 
llaximum Flood Cont'll-ol Reservat.ion1 

Inches per- square mile 
Highway Revision, Miles . 
Railroad Revision, Miles 
Telephone Line Reviiion, Miles. 

- 2 -

1577-3 
1~ 
34.50 
3610 

110,000 
432j000 
460,000 

. )22,000 

·165,00() 

7.06 
16.0 
.None. 

12.5 

• '"1<", 



Qytl!>t {8\tl t 
Sluice Gates: 

Type . . . . Paradox Slide. oat•a 
Number and Size j ·--•~ 96•. Diam$t;er· · · 
Fmergency Ga:t@j,. . , · 90·• JU,ng Follower 
Elevation Centerl1n.e Intake, l£,8,1,. .122.5 
Groes Head a.~ Outlet, Fe·et · 367 

B.egu.lating Val vee: 
Type 'letClle ·valv.a 
Number and Size 2 • 60R.Digete:r 
lbergtsney Gate a.· . lC~ -· Rinr · Fo1i9we, .. 
El•vation Cente:rtline InU;UCe,JA\S.I.. , .. :_J2,~.· 
Groa~r Head,t Feet .. :. i)J9 

CapaQ,ity at .Minbrilm PQol, C.t .. s •. .' ].~10CX) 
Capa.eity at Normal Pool, ·c,.t.S.. . :l4.12j0 · · 

§RiJ.lway .P!.ii: 
Type.· 
Number and Size of Gates· 
Elevation .Crest, M.S.L. . , · , 
Elevation Maximwu w.sl!, W.S.aL.- · . . 
Capacity With Pool Etevation .··l;J77•3i 

C.F.S.,. . .. · . . .· . 

12Yl §!Qt.,on: 
Creet Length, FJ:;tt;tt; 

·cr-est Elevation, w~·s.L. 
Pre&~ abQve K&:ximum. w.s .. , __ ;'&$t>. 
Ma.xim.ura Heigbt; .Fee\· · · 
Crest Width;. 1&et · 

· ·U;rWa ·a a tee 
3 ·-.1a•. x 1oo•;: 

l;' 551 ' ' . . 
+,S71_.~-· 

149~500-

fQDt-·f·U"t .:. ·. 
Nlm\ber of Units . . · . . · · · , ·· 3' 

. Tqtal In$talled Capacity, . l<W~. · w·,QQO-~ 
~ Gross.He~d, F~~:\._. .. !.'1l 
Rated. Gross H•ttl F~~t · ~. . · :".<?-5:. : . 
. WoillU.lm Gross Mead, Feet. ,:227: · 

· NU~~tber o£ Penstocks. · · l 
Penstock Oiueter., Feet · lD . 
Penet,ock Length, ··f~t .. -..... ~·-·. OOo-· 
Power Draft through Plant at .Min1Bml\"::f!l*-d ., ·· · 
an~ Kax.i..rAV.nt ou.tput, c.r ... .- _ - · :·· . · ":'..' s.aos 

Velocity through Penstocks at lllnilrrtla'.·fftad· 
·· ·and lWd.Jnum Output 1 feet ·per second . ·- . ·. 

Head· Los:s through Penstocks at JtlninN.ll ·Bead 
and .Ma.ximwti Output, . Feet · 

Rated Power Dratt, C.F.S. . 
Finn Ce.pacit:r;~ kw. . · . . 
Firm. Output, 1000 K,W~H•/An.ntu. 

--. Armua.l Load Factor, % . . . .. · . 

·' . 



Pr•o,iRi~a.tion ~ Run..;o£1" he cords, lllorth Santi a.m. 

Draina~ Bas in 

Precipitation Stations 
.,. -I, II 

I c • Records Av-.i,lables r 
Station s Eleve ti on t T~P! 

. 
From ifo ""'a Year a • a • ... I 0 

I I . ' 
Df:troit 1450 , R~nue.l l 1894 1939 32 ' 
Detroit 1450 ;lieco~der • 1939 1941 2 

• : t 

·Hoover 1642 : ~!e.nual 1909 lfil6 : 7 I 

l 

Yehama I ,628 t~le.nual 1923 1941 18 a 

' 1 l 

Breitenbush l 2225 aReeord.er 1940 ' 1941 J l/2 : 
I 

· Manoa Forks * 2432 ;Recorder : 1940 1 1941 I 1/2 I 

J 

Santiam. Junction I 3750 : .Recorder a 1940 1941 I l/2 • 
• 

Safttiam Pass a 4800 :Recorder s 1940 1941 I 1L2 
t . 

Stream ~~tin£ Stationa 

~ ( br ainage &Type 
I s. .hrea ' of ' Rooords Available 

S~ations Stream &Sq. Mi. 2 Ga&e * 
t·rom fo • Years I 

• cq 

t ' ~t.roit s Brei tEMbue.h 1 108 :Staff 1910 1913 3 
(near) a Riv•r 1 

' t : 
Detroit aBrei.~bush1 108 2Ree. : 1912 1941 : 9 

(near) • River 

' l 

l>ettoit a!~ol'th 224 :Ste.ff 15101 c 1909 2 
(Neaf) • Santi am :Staff I 1910 ' 1913 3 

• :Staff J lB28 I 1932 4 
: Rec. l 1932 1941 9 

. I 

Detl-oit aN·orth l 438 ~staff ' 193S : 1939 1 1 

J::ela$i t e a Santiam I 1!\ec. 195P t 1941 : l 

• : 
Nia.ga.:ra. tliiorth 470 :Staff • 1008 1910 I 2 ' • Sa:tltie.m I a Staff' • 1911 I 1919 : 8 : 

t f 

MehaDl$. #l'iorth ' 666 a staff ' 190& l 1907 I 2 
1 Se\!ltiam t tt 

I lSlO I 1914 : 4 
l . : ' " 1 1921 l 1933 ' 12 
l : ' 1Rec. I 1933 t 1941 '& 6 

:Mehe.ma · sUttle ' liO •Gtaff l 19'81 lfJ4ol ' 10 
I N.Sa.ntia:&n I l. ... -.,. -···. . .... 

Character 
<Jf Heoord 
I 

nr~ken 

Continuoua 

" 
" 
Q 

., 

" 
n 

Character 
of 

Record 

Continuous 

II 

u 

" tt 

.. 

" 
" 
u 

" 
" .. 
" n 



TABLE 'NO. III ------
Climatological;, ~ !2!:. 

.!!:! North Sa.ntiam Draine.~e Basin 1 qrer;on 

Mehama, Oregon 
Period from 1923 to 1941 inol. 

: J j I 
1 s . : 

Preo i p. t a • -. - 1 f 

s l 0 • ~ : D aAnolial 
: 1 I 

t ! I • 
Me~ : 8.64l 7.87c 7.3th 4.47& 3.70; 2.45t 0.4\1& o.a~. 3.22• S.lS..s 8!f.l-9t 9,72• 62.08 
u.u. ale, ss :14., e4114. 39 ,loz.la & 1 .. ::;~: _6. se: 1·-Si•- 4.271 a.ol: ~.ilt.l5. 68119. 57& 84.ts 
Min. t 4.0ls 1.4~: 1.25' 1.24; 0.80J 0 •. 37; O,OOr o.ooa O•i!!Jr o.45-t o.asa 4.31& 46.88 

• • $Iii I 

Snowfall c z : 
Mea:o a -6.~_!_1.7 J 0.5 z o.a ; o.o 'l o.o ' o.o r o,_o 

Preeip. l : 

Detroit, Oregon 
.Period from 1894 to 1941 inol. 

; ' 
' 

1 ·.,-
.. . 
f 

,. 
= 

I 

I t I 

c ' . ' o.o o.o t o.o 0.4 6-.8 

' . f • 4 
. .. -' . t • 

Mean- sll.l4t 8.36t 7~4; 4.55: 3.7£,) 2.1oa o.saa o.a2s 2. 86: 5.0.3tll· 72t ..... 68.13 
S.49•ll.Mr23.23s.24.70• 92.;5 
o.o , o~to: o.set 1.141 43.56 

Max. :21.47:10.83:16.101 8.05ll0.48t 4.96: 3.87• s.sl, 
Min. I s.fio: o.26a 1.09: o,saa o.5s: 0.07: o.o • o.o ' 

Snowtallt ' l : t I ·I 

J!e.V. ... 2#.9 • l.thCa.ll·B ' 2-.9 o.t t o.o I o.o • o.o J 0~0 z 0.1 I ~.5 ala .. T.l z.o:s I :;lfl; .. ( 
":.t.~; :~· : : ~ 1 . ~ 

,, 
\I 

remp. ; . a t J I ' U.U! sM.2 t37.6 :41.7 :4'7.5 s64.l ~59.1 &65.0 &6&a~O 157.8 t61.3 t4l.J •36.5 .. , .. ~· 
Av.Max.a4l.O ;45.7 :52.6 ; ss.9 :68.6 174.4 j83.3 •84.9 t1S.2 t84.6' tSl,2 :4.3.S ' 6:.;.9 
A'Y ~tlli1l•127 .. 4 t29·5 s3l.l t35.1 :39.6 a44.4 t4e.a· :45.0 143.1 c38•l z3l~3 t29··6 ' 38.7 
~~ 164 169 =19 J90 t96 1105 tlC>l al06 a99 a90 .· a70 t60 'tl06 
mn. :-2 sl5 il2 s26 :26 t:50 a32 131 128. l2i ., al& al! • .a 

.......,....,,, 

' 'I ' J 

Nr'9.r$ge :frost-free da.ya . . • I ' ., 6 ' 6 ' 9 •18 28 .. tt.O a3~ 't3l'" rso l24 111 ' 9 •238 





Detailed Estimfte £! ~ 

Detroit L{w ~!DS-Re~eryoir 
See Plate II 

n., , 
-·Mg. J~ . Its .1Unlt1 Qu&ntity Un~J( Cost 

- I . 

A. 1 t\ts;!'l"!o;i.r md flsmif'J! · . : 
•: ·Pnvately o~ec:i land Ac,: 

. • 
1,7501 50.001 

·a Clearing and Grubbing : Ac,.: 
1 f«?H.tJt Service Lands· 
: , and Facilities :L.s.: 

2,060: lOO.OOs . : .. 
l 

t n,t:rolt CoDI!tunity, . sL.s.: 
~.-:.t·?ft~ Homes _ .... :. i . :L.s .• : 
.~:.~~U ~q Log~g _rac.ilitioezL.s.: 

.··•: ~aM Railroac;t· (a) :L.S.: 
,J ·.it1.-Sh1'a:r ·ne1oeation ... : 
1 '.-._~ta~ioxi 125· to 630 (b) :lli. : 
~;<!11,~h-,Jiy Reoonetruc.tion ·- 1. : 

. , J.. ~·~>Su.t19fl 6)0' to Niagra dfi. e 
~, T~~·one; Facilities zMi. : 

. t-:C~t4~c1ee -15!'- _& 

: 

' 8.41 l4l,OOO.OOt 
I : 

4;,lt 52, 500.00t' 
12.5: 500 .. 00: 

: 
I .·. . ',~ .: ' . · I 

· ';lh .. i .. 'Qsilijo, RIA iDs\ A2r9; t ' 

I :Pr8H-!hal"f ' . ' .. I sL~s.a 
t It!~t.~vet-aion and. Control .JL.s. a 
'. ~~.+at;toll,' QOJbJiiQn:- ' ' ' :c. y.: 

. .- . ' ~:.rtat.ton, Roo~·. 1C.Y.·t 
· • Foqn~t.ion '"Clean'QP 1 s. Y. a 

i I 

l f 

' I 
I I 

13J,()()Qz l.OO* 
262,oboz 2.00J 

28,0001 1.00: 
f_J3aql¢1U, l>qmped aC.Y. t 
·I Oono~_te, lilaae.-<i&m. 1 C. Y. t 

33,0001 o.so: 
'692,0001 7.'001 

t Co~crete, ·• ._,.s~W;&lle t C. Y. s 
1 ,Cone~•• Aprron tC.Y. a 

. • .conc~te, Rea,vy Stl"\lctural. • c. Y. • 
· ·, ' • ·concrete·, ltadiU. S~ruotural :C.Y. t 

8,2001 ll.OOt 
19,0001 10.001 
·2,500: 16.001 
2,1001 20.00: 

.J .. ConQ~~~~ .. ~i~ect~~el sC.Y.c 
1. Gr9-\l'\ti.ilg -:_ ... t,(t~' $topa1 · I I , .. . .. ,· ceo).4n&, ,t.e •. 1, • · · • • • e, Y. : 
·•· :Jtelj\t~r~~~.~~ .. · ·at b. a 
t,,:·St~j~Steel: ·;Lb. I 
t .Anobor -~- a~on. aL.F~l 
t · Poroua Conoi?eto -Drad.n Tile ci,..t, t 
·1.;·$twer.~'D:r.~·Tit• · : .. ·· aL."l.a 

, . :·. C9f}aql'Jd~on Gt-outtng tL.-F~ a · 
.••.. Cut;~tt."~~1f-:0ttrte.1n. . lL.F.: 
.·· 1. toQh~U9f\:-:i~•~.ap . •L•F~: 

1 Contirtg'e.ilciea· - 15.~ · a a 

7701 3$•00l 

' • • 
'723,0001 O.lOl 

2,016,0001 0.05& 
184,()()Qt o.1o: 
·101 500; 1.251 
20,000c 1,251 
10,000& 2.50: 
6,ooos :3.00: 
36,4~· 3.59: 
?,oqo, ).OCt 

t 

;· ... 

Am9unt . Total . 
: 

• 3115S,O()Q 
87,500: 

206,0001 
• . 

i69,2cp;. 
. 431<:XX)1 

30,00Q( 
55 1 CX:~H 

750,0001 

' l,lB41 400t 
J . 

. ' 
215 ,2,5Qt, 

6,2501 
411,4001 

I 

" 1.1;7,602,000 
.. 180,0()0• 

75,00,01 
133,0001 
524.0001 
28,0001 
16,500t 

4,844,000! 
90,2001 

190,0001 
40,0001 
42,000: 
26,9501 

l 

72,jooa 
100,8001 
. ].8,4001 
l3j.l25t 
25,0001 
25,000.: 
113,0001 

12?,4001 
?1,.0001 

991,.3251 



. ' 

· !a lUI I (Gsm t~\lftSl) 

It~au 

Is>· Itom .. . . 
:' ' . ' 

C. . I [Jsod:· CQD\£94 Qul(lt~p ., 
'Co~crote, l'tein,forced 
iR•into:rcing Steel 
istructural steel ·-

. "'• 'rnhsh Racka 
·. ·t:~tf .t>i&meter Paradax 

,<:, . ~c• _ Ga~· ,t- :. . . . ·· · 
&. .90" · D,1ameter ltipg llQ'llower 

· t ::Jtm~;rgancy Gate 
t601J NUdl.e Valve 
'tlOS" · Di~eter ·Ring FoUo-qr 
r ... ••rpri-cy: Gate . 
tSteel:.Liner· Pl.ate·s · .. 
:Ne~e 'Va.lve)j.ouee · 
tOJ)9re.t~g Cranes 
·•llis~•l~• ~pnent 
• oper~\.or!:a··aous. ·~ .. 
rcont1t1gettc1;1• ·.;... 15~ · · · 
: ' ', ' . . . 

n. Jsf.matpqk. ~~~~ 
1Cono:rete· Plug. · · ~. 
:ReinforCing .$tesl 
:Conti.r'tgenci.•s. - · ~5% . 
l 

x. 'flll~ ·qgat . . ' . . . 
t!QPne~r1nf&Over'A&ad,.;l2t% 

',.·.~~!. "'' 

'v 

t ·I , t . 1.· 

; !!Nt!t !1 ' -~~X: .! JJl\,i;t. QQit . : AmaWll. .·.·.'I •. ToW I I 

., : 
ILb, I 

: : a 
' lEa .• t 

t 
:El. , 
l.Ba. 1 
l. . t 
fE&, I 
ILb.. l 
tL~S. t 
:L~S,c 
IL.S.l 
rL.S,t 

' t· ' ' 
., t 

t. l 

.~c. Y ~' 
:Lb. 1 
t r 
I I 
I J 

• I 
' t I 

! . 

! 
. . .. . . 
160,00Qt 

c •' ' l 
·~I 33,000 ~-OO't 

' .. c . ' . :' ' ' 
· ;o; "30,ooo.oo• 

2t: · 21,ooo.oot. ., 
<1 

.. ?J01000t. 
. I 

21 
t· 

' l 

I 
' ., 

' ·120: 
1810001 

l 

• q ·-

: 
I . 
t 

t 

: 

,, . ·. ' 
. 3'6t000~00t 

_ o.1o: 

'· .10.002' 
o.o;: .. 

I . 

.· .. 
. l 

I 

3,000 

: l 

1811,/.69,000 
: , • la4l&u®Q 
: 
t 

· .- ~iQZ.9Q~I00.0 
-~ r ~-

, · <'-) ·aaeed upon aeqtiieition ap;.d abandonm9nt of lttU Mtr· ,J3ranch or S6uthem 
Pacific :ttt.Uway •.. lr :ratlwat has to be reloeat~d. CO!t· ·*ill be increased 
by .a pproxima telt · $11 75Q.;.POO. . · 

• ' ' • • ' > ~ 

·(b) . Bas.ed l.jpon Pul:!Uc Roa4s Admirtistrat:l.on carrying taoo~·OOQ ot Higb•f Revision 
Co.st. · · · · · · · · ' · · , · 

·, ' 



~~., n 
'DJti~•!d' h~W.1t .g.t ~ 

::;" •,,I· ' I 

Item.t 

.. .. 

·.,.: 

1 . tl •• 

A. a S~nde ~Ill· W,g}j • . .. 
· 1.1 Rese~i);, ~q· El21!§A! 

1 Privately o~d.· ~d. . . , 
1 Clearing ·below. )t{riimua., P,~l 

Clearinp-· aboYO: :Minimuta PoOl. 
FoJ:est1~•rvice. Land.s· an. d 

Jf&.Cl. ~t.J.eS · .· .. .·: · 
: Detroit.Comunity.: 
t Rural Homes · 
: Sa...Milla and hogging 
: Facilities 
r Pur-chase RaiirO.t:d (a) 
t Hi~h'tW-7 Reloea t1pn .. ~ · 

St·ation 125 to 63Q 
c Highway :R\:f~str"1eMon;... 
; · Station 6)0 to Nia.gra 
: Highw&)" Relocation.·~.· 
: .Station 163 to ~·.15; 
1 1'elephone Fa:oiliti ..... 0" 

: Contin~enoie~ ~· 15% 

' 2. : Qaasm~•· Rim abel·· A~ato.n 
1 Pr~UJainacy · 
t RiYe-r Diversion and Contro.l 
t F.xoa.va:~ion,. CotWllon. ·: 
Excavation~ Rock 
Found!ttion. Cl~up · 

s B&eldttl.t £U.,lp,ed · 
Conerete, l.!a$tJ-dam 

1 Concrete • Ka.s s-wallt;t 
r Concr9tei Apron · · 

CQJ'lcrete, Heavy Struct.u.ral 
: Concrete 1 Ued1WR Structural 

Concrete, Arehitectural 
r Grouting W..ter Strl>PJJ, 
: Oooline1 etc. 

,· .: 

• . : . t ! 

I Y»t i ·· WltU&.l~X · ·; ·· Un1 t Cost ; AmrJJJl.t1c ; . I . . . . . . . l i 

:Ac. 
:Ac .. f 
tAo~· t 
• .·... 1' -·t.s._.·, · 
tL•s;·, · 

. !L.s'~·~ 
f t 
::L. s .1 
tL~S .. t 

' flU .• t . 
: . - t 

dti~. I ... . 
aMi. 1 
sMi .·: t 
t . I 
: . 't 

t . .1 
.•t .. s.: 
st.s. • 

· ,tC.Y.* 
-"tC.t~• 

· ·ss.Y •. ~ 
sC~Y.1 .c. y •. , 
.·.o~Y. s 
:.C .. l',' 
tC.Y.t 
: c.t .• : 
ci.T.a 
: : 
t.C. Y'•1 

: 
2;'(201 
·1,350:. 
-2,,550: 

·, 

' I 
: 
l 

' I 
't 

S.4t 

. 4.lt 
; 

).S: 
12.5-: 

l 
·•. • 
-i 
c 

' 217 _ooo: 
395 .. 000: 
44,ooos 
73,()()91 

1,499,0001 
. '.'11;3001 

19,000'' 
19,'iUOa 

?tOOCh 
ljl.10: 

: 
a3 'J, 776)000 

5.0.00: 136,000: 
20~CKh 27,000: 

i2d. 00: 306 J (A'){j: 
1 1S0,200i 

43,000: 
: 30,000: 

* ' 55,000: 
750,0001 

1411 Q()(}~ 00: 11 18/t 1 400 I 
: 

- 52,500.001 21;,2501 
: s 

100,000.00: 350,000& 
soo.oo. 6,250t 

; 492,900l 
• . 
1$14;994,000 

: 180,000: 
es,oooz 

1.00: 217,000: 
2.001 790,0001 
l.OOt J.,4.000t 
o. 50• 36~ 500; 
6.75:1QgB.250: 

11.00; 124,300: 
10 .. 00: 190,000: 
13.00·1 256,100a 
17.50: 122,5001 
32.50: 38,025: 

t ' .. '. ' 1,560,000• 0,2.0: :312,000: 



~~· 

·"':"" 
lll : t : • . 

tiS? • !. Item 'tllAAte-: . ~WJUtY ; Un~t;.· Qq§t i 
1. . . . . . . J .t I : 

: cms£tt! ·PM· aai ·6era < Qgn~.) z : 
tRainforcing Steel :Lb. : 3,500)-000t 
:Struetu:ral Steel· :Lb. ~ 26$1000: 
:Anchor B&ro - Apron :L.F. J 10,500: 
:Porous Conc~t~ Drain Tile tL-.F • ~ .. 341000: 
:Sewer Drain. 'file .: L .F. -: 101 000 c 
;Consolidation Ol-9uting : L. P. :. . 13 ,-ooo: 
cCut-off Grout Curtain :I...F .1 50,000: 
tF09ft<iat.!.oQ ,~ •. ~... . . IL-.f~ ·~ ·:9t $)0 I 
=·Contingencies·-~ .15• r 

' ). : flqod Con;trgJ.. . Ml!!!t! 
:Concr.t.,, Reirlforted :C,Y.: 
:Relnfor~hig S~l oLb. : 
:Structural Steel-T:ra$11 Racks :Lb~· s 
:90" diameter Pa~x · : : 

' : 
250: 

37,000t 
112Joooa 

1 

{).05: 17!5,000$. 
0.102 26,800: 
1.25: 1~,1,25: 
1,25t 421500s 
2. 50: 25,000: 
3.00: .39,0001· 
3.501 17$,000: 
3.00: ·28,500: 

:1,955,400: 

. " ... 
25.00: 
0.05: 
o .. loa 

• .. 

•• 6,250t 
l,S50t 

11,200: 
; 

s Service Ga~ , •. 
• lEa. 

3t 33,000.00: 99,000S 
t · : 90" dian.tar Ring Follower 

1 .. imergency Gate 
:6oa diameter Needle Valves 
tlOS" diameter Ring Follower 
t ~rgenot. Gate 
:Steel Liner Platea 
llleedle Valve House· 
aOperating .Cranes 
iY!ecellaneous Equipaent 
tOperator•a Hause · 
:Contingencies - 15% 
I 

4• 1 Sp1Uwax Gatti 
tDrum Gatea - 1001 · x 18• 
:Gate Frames & Miscellaneous 
1 Control l!echaniaa 
:Contingencies - 15%. 
I 

S.tlltJ.d QRI~ 

: 

tEa .. l 
; f 

:Ea., I 
tLb. : 
:L.s.a 
t 
:L.S.' 
tL.S.: 
: : 

t 1 

tEa. I .. 
tLb. 
aLb. t 
: . 
; ' . . 

: ' 

: : 
)I 3Q,OC'J0.00: 
2t 21,000.00:. . . 
2t 36,000 .. 00: 

aie,ooo: o,1oa 

. . 
: 

)I 
291,000& 
102,000: 

' : 

I 

~ 

: 
s 

Sl, OOQ .• 00 t 
O.lOa 
0.15: 

s 
t 

901 000z 
42.0001 

I 

72,000t 
811 SOO: 

s_.ooo: 
60,000t 
10,000: 

5,000: 
,72,900t 

: 
1t; 

24),0001 
29,100s 
15,300: 
1.3;600: 

. • 

557,000 

:.331,000 

6. tfncip.§Ql:iQ&' & Qy;etb~U\d. - 12iS- I t =~ 2,457,000 
' . s 

?.:79~::Sto!ll §tt; : 
:Hi&h Dam anQ ftl;wt!Qir J 

- 2 ... 

l 
s 

I 
t$22,115_.000 



' .} ·, ... 

·90,000-: 
t 
: 

. ' 
'· 
.. • 
' 

l ' 

• ~ 
' :$ 3..~,000 

1•oo: 7~,ooor 
2.00a · 10Q1{)()()t 

·. 2 .• 0Qa · ··3 400f •• 25.00: 17,1 ,00r 
15.00t U4,000t 

0 .. 05: 23,000& '' 
0. l.Ot 19 ;!l()Ot.:.".' 
.O.lbs 2281000t. 

·.28,00().00: a4,ooo: 
,,,ooo,oqa · ;tos._ooo, 

' . 0~10: ' ,,0001 
:Q.?5t 487,500t 
5.25~' 708t 750: 
7.00·t 630,0001 

. ~·: ' . 1. 

4.5Q,: ' 405,000-1 
·· ·. I 20tOQOt 

J l01000J 
' 459, 750~ 

J.4l,oo01 . .. ·' : 

(.a} · Baa~t\ ':11~ .. E,H~quiiJt.i~ and a~donxnerit o.f Mill City· !Bra.neh of. So:uthem. 
· Paqi:f!e RailW'ay. . If. rrdlway nas to be relocated, coet will be increased 
b7 approxilrtately $1, 1~01000. ·· · · · 

' ' 

(b) Batted upon. Public Roade Admin1etrat.ion ca,t-ey'i.ng $8001000 ot,. '1-liglr.ay 
· !le~-slon ~coat. · ·· · · · · · ·· 

- J-



'n ' .. ,_ I 

. . .. .';;r:/·.\):··':·:·::/ :\' ·.. .•• ' 
50.00·1 . ·' 48.5091'. ' 

·u.:~~OOI , . 26!$ ;.2;or· . 
. J .. , .. , . , .. I· 

•'•'.::l. 

:, o,j• • 

'. J 

. :; . 

. . '. . ··~. 





Tabl§! !U ((dgntinlWl) 

I ·, 

\"'. 

Item: 1 1 :~ \~ .. · ... ~ . 

N2• a Its · ;Un;l.!d: QuN)tij;.y: 1 · Qnit Cost, i M~t. 

: 

. ' 

- 3 -

' . • 
' 1 

t$,28,440,000 



.. 

T@:ble Vjil 

~etatJrtsi ·ll·trwttt 2! ~ 

:bo:=§}.ep Wtroi~ 1Jigh ~ !!1.9. ResetYo1:r 

Raised ypstrn,V!\l 

' l!J. ver .~gil,lway lci$t . 

(~ Plit! VI~~). 

·lt!MJJ .·: Qua.rittty: 
IS\• I ... ,_ .. .· ··lftil-c 1, .' . {·i·.' :UnlJ,t rAm2YD1: ; Unit Cos:t 

. A. ···•.·.• :'§eggn4,; §j!P•H3.gh '&>p : 

.. . ' 

·· ... J~tllt.· ·. ··•.· ... ·.".· · .. ~.-··i·····t···· .. · .. Jri4.' .. ··.··.· .. ~ fl ... : .. q .. p. G.. : I : J . .Private:t.T &lfte,d..Laht$: t Ac.t 970t 
1,850# 

;o.oo: 
145 ~ooz . I Cle~I{.Jft9-::~.r\llSbing . : Ao. t 

· : Fo""t Se.rdoe. 'Land , : 
~ ·Q1cfE~~iit14l'e" .. · :l,.s_,,~ 

.. 
• 

}' 

:Hi~~~loc•tiop.;.... . : :· 
·t ·s.t-.·t~op·~i6~. tq: ;-l' · . sKi. t 
:Co~t._:$.~p,~Oies-~~.; ., .- t 
:' ' ··.'" ,·" ' ,;,:.<.',• .. ,, : ., 

;.~rQ'Qri!~ .<:a . t ·. 
:P~l~ .. ·· . · .. , :t .. s~r 

. . .. 
: . .. .:JliY4r·:nivit~,._,ou"·8.nd· .. cont:rol · :t.;s., · 

t!xc&vatt<M• COIIIlOI( .; . . · :c.t.a 98,000: 
:Exeava:t'ion, Rock > . . , :c.I.: · 13A,OOOt 
sF..xcava,tl.()n·, · COAcre~e . . . · : c • Y. t 300: 

.. : Fo~da,~ion ·Cla~UJ? :. : .. ' . . . ; S. Y 41 : 'l5, 000 ~ 
aBac~ill~Jx1fnped· .. ·· :C.:Y.~· · · 58 1 000: 
tCon·~~t,\e- Jllst~·. .tC~t~1r .. 8401.Q90; 
1C~or~~:1 · Rtiavy:. Struetu~ . aC.·"t.: .171'000: 
;Con~r,flte.t.:.KeQium •. st·ruet~l rC.Y.t .31400: 

. : Con·cret4!l· ..,.ehi~$c1'u.r~l . · : c • Y • : . 1, 180 t 
' ca·to,~t#lg .. Ja:ter ~~~.. • . t 
·: ·. 9~~ .. ettc; ·. ''.< !. "· · .•• , JC.J.: S75,000t 
. '~~~~r~tt~ ~ Cq~e.ret~.· ,St\r£ae• : S .I. t 2 5, 0001 
·~·~r~,.,~g. ~el · · · · · · ;.Lb. :,1.840 ,ooo: 

. _::St;,t-uot..u~ .Steel ·. . . ·.. . aLb.-::. · 87,500: 
t:MOb.o~,:·~ • Face.' of.·~.· :t;.p.: SS,OOQj~ .... 

'.::Po~:;.C~9'rete: ~A~in. T1~e., :L,F •. s 34,oqo:· 
.· tConaolt~tion· .. q·routiJ;i« ',. · tt .. F .:. 7 1400r 
:Cu~t Grout ·'Cllrtabt .,. .Jt.J,'. 50,000: . 
:.F6undl;t:ton ·Drainage · '· . a;t.F. I 7 ,()()()• 
.:·~Cenjt#t,.cies ~· 15:C .. · · t. · .t · 

. c . : ... 

\ .. 



• 

em: : 
No, I It!!m ; Unit: C.uant~tY ;" Un;U Qr~at Amount. Total 

.: J 

3. :Flood CQptrol,: f.&~ll!cl 
:Remove Concrete :L.S.: 
:Ocncrete Reinforced :C.Y.: 
:Reinforcing Steel :Lb. · : · 
,structural Steel - Trssh Racks 
: (Sal ve.p;e) ~;Lb. 
:Steel Liner Plates ·:Lb.. r 
:Contingencies ~ 15% : 
: '' ; ' 

4•:§Rill•~l Oatt§ 
tDr-um Oate - 100' x 18 1 :Ea. 
:Gate Frames & Miscellaneous :Lb. : 
:Control Mechanism :Lb. 
:Contingencies ...... 1~% r 
I 

S .. tfistJ.d Coat-Sescsm4 §;t.g~ Hi;¢1 Dwna 
: 

6. 1 felrlneering & Qvelj}ey.d-1~~ 
l . . 

· 7. tl.ittl.Costc of Raiti!itt tew Dam 
I . • .• 

B. :F&t·ima(ed Cpst of hon Rim 
: · · · See Table V) 
• • c. . J. Gtand To~a~ • Jj~ib i PAm 
: AQd fiesetyoir · 
: 

D. lfgwAt FAcili~l§ 
tCommon.F~eavation 
,·Rock _Excavation . 
:Foundation Preparation 
aLight Structural Concrete 
:Heavy Structural C6nerete 
sAprori Concret·a 
:Reinforcing Steel 
aStructural Steel 
:Pen.stook Steel 
:1'' X 131 Tractor Gate· 
:120" Butt-ertl:r ValYe 
z Stop Lo,:·s and.Guides 
a Superstructure 
:Turbine& and Govemors 
:Generators 

: 

t 
: t 

~ I . 

: C·. y •: 
:C.Y.: 
:s.Y., 
aC.Y.: 

. tC.Y.: 
:C.Y.: 
:Lb. : 
:Lb. 
:Lb. 
~~. 
:Ea •. 
:Lb. 
:C.F.; 
:H •. P.l 
:K .w.a 

:Low Ten,.sion Switching .Facilities K.W: 

• .. 
3?0·2 

s;,ooo: . . 
160,000-: 
52S,OOO: 

3: 
291,000: 
102,000: 

: 
l 

. t 

: 

: 

78,000: 
50,000: 
l,700t 

700: 
9,.600: 

340: 
460,® 

191,000: 
2,280,0001 

3: 
3& 

30,000: 
.650,000: 
135,000: 

90,000: 
90 1000:. 

- 2 - • 

25.00: 
0.051 

~ 

0.05: 
0.10: 

: 

s,ooo 
9,250n . 
2,750 l 

8,000 : 
52,800 : 
10,200 : . . 

88,000 

' l$ 331,000 
31,000.00: 243,000 

0.10: 29,100 
0.15: 15,300 : 

~ 4),600 : 

-.. 

. : 

·= 
1.00: 
2.00: 
2.00: 

25.00t 
15.00: 

'10.00: 
0.051 
o.lo: 
0.10: 

2~l,ooo.oo:· 
35,000.00: 

0.101 
o. 75: 
5.25: 
?.OOa 
4.50a 

:$10,243,000 

:$ 1,280,000 
: 
:$11,523,000 
I 

s$l2,903,00o 
. . 
• 

• • 
:$24,426,000 
• . 
t$ 3,971,000 

78,000 r 
100,000 s 

3,400:; 
l?1 500u 

··144,000 1 
3,400 ·: 

.. ~),000 I 

19,100 :. 
2~8;000 z 
84,000 1 

105,000 : 
3,000 • • 

"487, 500 • • 
708 1 750 I 

630, \K)Or 
405,000 : 



R•• I J 
tig t 1 l:WS . I YJla.;Q J 

; . . . & I 

-, Pqler .F.agili"~e. _, ~2nt\QuL\d) • ., a 
,crane· and .~uxiliary ~pment - ~~.s._a ·· 
%J.tiee'C!'6llaneous · · · tL .• S.-1 
~-I.Contingenei•s - l.:;~ .- , . . _· · : · t 
1 Engineering & Ov•rheadi-~2J~ · · t , & 
I . _. . . . f . . & 

E. ~~mn~ %2\11 cg·st. ._. · . -·. • 
. •N 1211Aa· RtaPGSiii lllsl · ·· ·• 

., i •f&D& ~ai~l:t.!u· · * 

- 3 .. 

: 
. l 

i i J • 

i• 

l I ' 

. I 

. t. . .. 2o-,()OO. 
t lO;OQOt · 
: 460;,3591 
l 4411000t 

:. . . 
I .. 

. ' . 

~·­... 



Detailed Eatimat~ Q! ~ 

Two~t§p Detro\ t, · H1.;:)'h Dam anq P,ese;crQit 

Jl;i.eht AS:ptmeot · §EUlYID:l: Lsryoy~ 

(~~UJ 

Jl L tr 

.A. :~&time.tf"d. ~st. .Q.f.·Rai{Sing 
:}&w. Vam ·· • ··· ·· 

l.:~.e~,e·,-voi · e 
:Frivn.tely (:V.'fl~q p.nds 
&Cle;:;:rinl mid: .Grubbing 
: For~~~.t Servielf.t !;and and 

Facilitiae 

tUnj.tt: 
t 

• . 
Ac.: 
Ac.: 

:L.s.: 

C:U§:I!t1~ u . ~ D:}.H 

970: 
1,850: 

. 
' 

eost 

50.00: 
145.00: 

t H:t5ilvra.y Relocation -
: Station 163 to ...-15 
:Contingene,es ... 1;,; 

Mi.: 3. 5: 100,000.00: 

l 

2 .. :gQDc;t)!te Dy eptl Aur2n 
: Frelindna.ry · . . 
:IUVt)r Diversion arid Contr•Jl 
:Excav:).ti~~n, Com.on 
: Exaav¢lt~::m, R.ock 
:Jt<cavation, Co.n<:rete 
: foun dati.m ctc.t..t1 up 
:Backfill, ~~: , 
t Backfill,. Gr\mte4. · 
; Concrete 1 Mli.s8..;;:dam 
:Concrete, Mass-walls 
:Concrete AprQn 
:Concrete \1/all Paving 
:Concrete1 ·Heavy Structural 
:Cone ret~, ·Medium Structural 
tG¢1eret,e-, . A:rchl tectural 

· :Drout4 .. ng Wat.e:r Stops, 
Cooling, etc· .. 

1 PX'eparatirm Concrete Surfaoe 
:Re1nfot'e1rt! .steel 
t3tructur~l Steel 
:Anchor Bare-Face of Darn 
tAnchor !irs-Apron and Walle 
·:Porous Concrete Drain Tile 
a.Sewer Drain Tile 
~Consolid.atiqn Grouting 
t'Ct:it~ff Grout Curtain 

: 

:1. s. = 

:L .. ~ •: 
:C.Y .. : 
:C.Y,l 
:C.Y.t 
s's .. Y.; 

· :C.Y,: 
:C.Y.: 
:C .. y" # 
:c. y .l 
:C.Y.: 
:C.Y.t 
: C .,Y ... : 
:C.!. a 
:C. y .t 

:C.Y.: 
:S.Y.: 
:Lb. . ' • 
:Lb. : 
:L.F.: 

. tL.F.: 
:JhF. t 
:L.F.t 
:L·.F.: 
tL.F.: 

:: 

: 
195 ,ooos 0.75~ 
354,000: l.50: 

7,100; 11 .. 00: 
27,000: 1.00: 
58,000: 0.)02 
4,000: 5.00: 

849,000: 7.25! 
31 ltOO: 12.00:. 

1.4,000: 10.00: 
1,300: 13 .. 00: 
1,000: 17.00: 
2,000: 20.00: 

'·l,J)Ol 32.50: .. . 
879,000: 0.25: 

29.,000: 2 .. 00: 
1,684,000: 0.051 

g5 .. 000: 0.10: 
99,000: 1.00: 
10,600: 1.25t. 
11,500: 1.25: 

2,200.: 2.50: 
7,100: 3.00: 

l3;JOO: 3.50: 

Amc:unt 'fQtAl . " 
ll 

.. 
tl 

t$ 779,000 
48,500: 

268,250: 

10,800: 

3~0,000: 
101,450: 

: 
:$9,239,000 

'· 
25,000: 

120,0001 
146,250t 
531,000: 
78,1001 
;~7,000: 

29,000: 
20,000: 

6,;l55,250: 
4C,.SOOt 

UO,OOOt 
16,9<Xl: 
17,000: 
4t>'j000r 
4J 11 22St 

~ 

219,?~01 
5~,ooor 

84,200t 
B.500c 

99,000: 
13.250: 
14,375: 

5, 5001 
21,300: 
46,550: 



Item: 
.,..;.P~.-.JI-·-i-·~~---.~I;;;.;.t;.~~.~""'m...._._.. ___ J.Yn.U.i-... faYSAl<:l.tt . . . . 

:C.o,ncrett ·~ t·~Aa (Cont.): 
.·:Foundation Drainage· :L.F.: 

;Bridge o•er.Spillway · :L.S.: 
:Contineenc1$s ~·15~ 
I 

3,:f:~of2d Con~r:oJ; ~f.J&:t§ 
: Remo"e Concret.e 
:Steel Lirier Plates 
tMQve N$edle Valves . . 

· jl&ove Auxilie.ry Equiratent 
· !OperAtor• s Hottse 

:Cont.tneenc:tes ;.:..15% 

4.: Spillwa~ Qa-t;._es .. 
:Fixed V11ieel Gates~;o• .x 50' 
tOpe rating Crane· · 
:Stop LC)g . 
:ltiscellaneous EQuipment 
:<::ontingencies -·:1~ " 

. •· .. . 
:L. s. t 
:Lb. I 
:L.S.: 
:L.S .. : 
tL. S.: 

: 
; 

.:Ea. 
:Ea. : 
rEa. : 
:L .. S. ( 
t 
: 

5·=E~~.ld ~ : 
s ' ' 

6 .• tillnne.~tinA' &. Qyerheas-ls~ t . ' • 
7. r'Fgt,i!l ~.Oit: ·. Qf Ri\§;\R& Icon. PEl 

2 ' . ' . ' . : 

' B. . tE.at~uttQ ~SG§.t 2t.1S1J! Dy : 
1 ·. (see Table V · · . :. 
t ' ' ' 

C. . :Grand'. Tgt§J. ... · H!gb Rg 
'1M· Ku~uyo~r 

Ill .. 
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I INTRUuUCTION 

1. Gen<jral: The J.Jetroi t Dam, a contem l_ab~d c )ncr3te ;"T,::J.vi ty 

structure, is ~:roposed to be built in a c<')mpar,'~~ti v>:~ ly ntirrow rocky 

canyon of the North Santiam River. TLe re.3ervair to b19 f?JrP1!?-d by the 

dam will reeulate the stream flow .in t:·F~ j~int intorests t'if flood 

control, navivntion, irrigation, stream ~)urificatii)n £l,nd eventually 

power use. The stream contr:Jl functicms may be served initially by 

buildinc a low dam, and later, when Justified by ~-;owe:- denand, by 

raising to the full height required for pow-3r develoom,3nt; or the 

dam may be built in one step to its full height. 

2.. SectLms Adopted: In the Project Document (H.D. 5/~4, 75tf: 

Congress, 3rd Session) 81'"\ arch da.c1 was ~roposed for this site, but 

design studies using m)re complete foundation data, a.nd coverinP' vnrir,us 

alternate types of dams indicated that the "rr::~vity ty0e was best adapted 

to the site. After this decision was rea.che::l :)reliminary laytmts and 

estimates w0re made to determine the alignment and section best suited _. 

to foundation conditions. As a result cf t:'ese studies the ::ra.vity 

sections were adopted which are herein ma.de the subject of m0r~ detailed 

analysis. The sections shown for the "high ctam•• are adapted to the 

requirements imposed by two-step construction ( raisins~ frr:-m a "low damn) • 

If a high dam were to be constructed in a single step minor mod:i.ficatians 

of the sections might be necessary or desirable. 

3. Dams Investirated: Governed by the above considerc1tions, 

and stress studies w~re made .for the structures listed below. Des i.':Tl 

and stress studies were not ~.~a de f:)r the sj n£le step hi.1:h da.1l, the 

analysis of whi.ch would be closely compar~l.ble to that of item "h 11 or "c". 



.e_. A "low dam" for flood crmt.rnl purpose::;, heir~ht above 

foundatinn 360 feet, leni~h about 1,110 feet, planned 

to form an integral part of a future hif!h dam. 

£. A 11 hi!!h damn for power as well as flood control {;Urposcs, 

increased to a height of 448 feet and a lene::~th of 1, 500 

feet by raisinr; the low dam on the dovmstream face • 

.£• A "high dam", similar to above, except raised on upstream 

face of low dam. 

4. Purposes 9nd Scone of Inves t,;U.,ation: The principal purposes 

of the yresent investieations were: 

!1• To cbeck the overall safety and stability of the adopted 

dam sectir~ns, under varirms loading· conditions. 

£. To determine the internal and foundation stresses, and 

internal distribution of stresses for various loa.dine 

conditions; and to correlate these etresses ~dth the 

indicated safe workin~· stresses for foundation rock and 

concrete in the dam • 

.£· To investigG.te problems involved'in raising the low dam 

to the future hi.gh dam, and to determine the mc·st desir­

able method of raising insofar as stress conditions are 

c:)nce:rned. Tbi.s invalvr;r- an ana1 ysis of the low dam 

befe)re ?J1d after raising and stress studies alon·~ the Cl)ntact 

plane between old and new concrete. 

5. Included v"i thin the scope of this study were the determination 

of stresses, coefficients of resistance to sliding, and locations of 
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rasultant f·)rces at the bases and at varic,us elevations of the sections 

analyzed. In addition, normal and shear stresses in both iwriz.ontal 

and vertical planes, principal stresses, ct.t1d cantilever deflecticms 

6. Drawinfs and Tables: Cert:iin data derived fr•:m these analysl3s 

a.re shown on ta.bl es accam~_,an:r:i.nt: this text. In add:i.tion, d;-awi11t?'s 

accompany] n.f~ the main repcrt show: 

.!!• Lay,.:mt ?.nd sections of each dam c:Jvered in this analysis, 

givin?, plans :Jf construction f')r each of the above men-

tioned conditions • 

.!::· Dia>.?rams on Appendix A Pla.tes, showinr SIS'ctions analyzed 

and indica tin·~~ the results of V<:; rious stress and stability 

analyses which are discussed herein. 

£• Tabulatians on Appendix A Plates of principal data and 

results of analyses. 

II BASIC DSSIGN Qb1! 

7. Design Assunntions rilld Constants: 

.£• Total load on the dam is resisted by gravity action of 

a series of cantilev~rs only, with no lateral restraint. 

£. Unit 11'Tei,7ht of water:: 62.5 lb./cu. ft • 

.£.• Unit weir:r,ht of concrete = 150 lb./cu. ft • 

.9,. Coefficients of int::~rnal fricti·;n fer ccmcrete rrnd rock = 
0.65. (See Paraeraph 17, Main Deport) 

.§.• Earthquake shucks are considere::i 0n ly w·.ri.t h resr::?.rvnir 



water surface at or below normal pool el~vt:~.tion. 

f.. The horizontal com~;onent of an efLrthquake shock has an 

acceleration of 0.1 that of ;:ravity, a period of vibration 

of 1 second, and a. direction of vibr::tti:m nonnal to the 

axis of the dam. 

g. The vertical component of an earthquake shock has an 

e.cceleration of 0.1 that of gravity, and a period of 

vibretion of 1 second. 

h· Uplift ?ressure on the base or a horizontal section through 

a cantilever element varies from full reservoir head at 

the upstream fc.ce to zero at 'the downstream face, acting 

ov~r one half of tte area of the base or section. Up-

lift pressure i.s assu.~11ed to be unaffected by earthquake 

shock. 

1· The inclined stresses ~)ara.llel to the faces of the dam a.re 

equal to the vertical stresses at the face of the dam 

divided by the squares of the cosines of the angles bet­

ween the faces and the vertical direction minus the stresses 

normal to the faces of the darn multiplied by the squares 

of the tangents of the angles between the faces and the 

vertical direction. 

j. Tailwuter pre~sures are nerlected. 

!f. Normal deflections of a cantilevr:r element are in a 

direction normal to the axis of the dam, and are caused 

by normal shear forces and normal bendin~ moments acting 

on the cantilever and its fO\mdation. 
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1· ~t)dulii of' elasticity assumptirms: 

(l) Modulus of elastic·i.ty (Ec) for concrete in direct 

strr~,ss = 4,000,000 lb. per square i.nch .. 

( 2) r.~odulus of elasticity (Er) for fr,undati:-m rock 

in direct stress under overflow sectic·n, alt.:~rnate 

assum!Jtions: 

(.~.) L,,oon,ooo lb. per square inch. 

(b) 2,000,000 lb. per square inch. 

(3) Modulus of elasticity (Er) for founda.ti('n rock in 

direct stress under non-overflow sections, alternate 

e.ssum~)tions: 

(§:) 4,noc:,ooo lb. r·~r sqna~e 3nch. 

(£) 2,000,600 lb. ;'er square i.nch. 

(.g) 1,000,000 lb. ner square inch (rir;ht abutment only). 

(4) Modulus of elasticj ty (:.J:) of cantilever or foundation 

material in Aheur is equal to 1/3 of the modulus 

in direct stress. 

!!!• Pois~;on' s Ratio = 0.20 for concrete and foundation rock. 

!!.• Minimum base elevation of O'Terflmv secticm is assumed to 

be elevation 1180. Concrete below that elevation is in the 

form of a plu~-:; in a hole in the foundation, and is assumed 

to act as a pFI "!''t of the foundation. 

Q• Deflection for each block is that for a representative 

cantilever element one foot thick, with base at the avera.p-e 

elcvatL.m of the ba:.::e of' the block and slopln.~; transversely 

at an anf'le with the V1:rtical dir~cti n equal to th·~ ;:,verHge 

an~le for the block. 

- 5 -



12• De.flectic~ns of blocks 1 to 10 and 29 to 31 inclusive 

are negligible and are not shown. 

8. Allowable stresses g.nd requirentents: 

.!!• Maximum allowable com;·~resBi0n ln concrete or foundation 

rock = 650 lh./square inch • 

.£. Maxim.um allowable tension = 0, except with earthquake 

shock, when a maximum of 100 lb./square inch will be 

allowed .. 

.£.• Shear: 

(1) l!axi.rnum allowable unit stress in direct shear = 
300 lh./square inch. 

(2) Minimum allowable com;ruted shear-friction factor = 
4.0. The shear friction factor is defined as: 

~' .. 
(vert. load - uplift)(~oef[, of int, friction)/(base area)(YD1t sbe&r) 

total horizontal force 

and is based on a coefficient of i.ntemal friction 

of 0.65 and a unit shear stress of 600 lb./square 

inch. (See paragraph 17, Main Report) 

.£. The minimum computed uplift rat1.o with horizontal earth-

quake shall not be less than 0.50. The uplift ratio is 

defined as the r<-~.tio of the total vertical load at the 

up5tream face at any elevation to the full water pressure 

a.t that elevation. 

9. Basis for DesiE;m Assumptions and R~quirem.ents: In general the 

assurdptione made for th1s stress analysis are in agreement with standard 

9ractice. Geoloaic stud:tes and lsbo:rator; and .field tests were the 'basis 
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for the speci fie assu.r:1:)ticne as to unlift anci unit ;:-:_~tresses. 1'hose 

studies 1 and the results of field and 1:: bor:;,tory tests ~:~re /iV~'~n ·in 

Appendix B. Com:·rP-ssi;)n test results listed tnere indicate the ader!uacy 

of the foundation to carry all superimposed loads. 

10. Secti\)ns InvestiP·ated: Analys(~S were :nade of tnree sections 

each of the low dam, hieh dam r<'dsed upstream and hiPh darn r=:tised dm\n­

strea.m. The three sections included ( 1) spillway secti:m with flood 

control outlets 1 ( 2) n:->n-overflow section ~·d th needle valve ~:-utlet8, and 

( 3) non-overflow secti~)n with J.enstocks. For each dam H.nd eacl1 s~ction 

analyses were made for the follovd.n~ conditions described in ~)araL:-raph 

ll and paraeraph 12 • 

.ill. ASEUMJi~D .LOADING COi~DITIONS 

11. LoadinF C.:mditions. e);cludj.p•"" earthgyak:e: 

!!• Reservoir empty. The lo:·ids are dead loads or wei,1 hts 

only. The weight of c:)ncrete displaced by rut let conduits 

and penstocks is distributed (;vc~r a block widtr; of 50 

feet when computinrt the vreir··ht ~··f a car:tilevr::r element. 

The wei,=;hts of conduit lini.np, conduit control r:ates and 

trrtsh racks were omit ted 1 as was the v'rei 1\h t nf concrete 

displr;.ced by the ~~aller) es. The wei,:;ht of tLe s: .. .i.llway 

pa.tes t~nd piers for the hi p-h dam was estimated to be 

36,000 lbs. per linear foot. 

- 7-



~· Reservoir at normal pool. The horizontr~.l .::nd verticeJ.l 

components of the water load are combined with the cl~ad 

loads fer this conditi0n. The effect of hydrostatic up­

lift i)ressure on the coefficients of Msistance to sliding 

is also included in the analysis. 

£• MaY.imum flood condi tivns. Thi.s condi ti·.'n combines the 

dead lor;ds end the comtJonents of the .-naximu.m wa.ter load 

on the f&ce of the dam. The effect of h~rdroatatic uplift 

pressure is included in determininu the coefficients of 

resistance to sliding. 

12. Loadine- Condit;t.ons 1 ipcludinf: earthg11a.ke e~"fect§: Earthquake 

accelerations were assumed to act horizontally either up or dovmstream, 

and vertically either upward or do'Wnward. LoadinP" conditions during 

the occurrence of the asswned maYimum earthquake shock are as follows: 

.!• Reservoir empty. The inertia fc·rces causeci by the accel­

erci.tic·n of the rriass of the dam are combined with the loP.ds 

for normal condi ti<~ns of the empty reservoir. 

~· Reservoir at nomal pool. The inertia forces o.f the mass 

of the dam ~nd th~ hydrodynrunic effect of the inertia 

of the water af::ainst the face of the dam due to eBrthquake 

shock are combined with the dead loads and the c 'Jm~xments 

of the wat~.~r loP.d for normal conditi:_~ns. The effect of 

hyc~rostatic uplift ores sure is :i.nc1 uderJ in dete:rminin,:>" 

the coefficients of resistance to slidinr. (It shoul~ be 

noted that, for an earthquake shock to hr~ve the maximum 

effect on .:, loaded. structure, it must act to increase 
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those lo:::.ds vrhich cause the mcs+... ~ln.favorf.i.ble stresses and 

safety factors. It is theorotically possible for h(~riz,ontal 

and vertical earthquake accelerfxtisns to occur &t the same 

time, '"'1.th a resultant increase in unfavornhle loadinvs 

,greater than that due to accelerativn in one direction 

only. However, in these analyses, t.he acceleraticns were 

applied sjncly and the effects of C'~\mbined accelerations 

were not determined.) 

IV. Rli:SUM.F: OF STRESS STUDIES 

13. Low Dsun, withoyt earthqyjkf(: Ana.lyses were made for reservoir 

empty, reservoir at normal pool anc reservo5_r at maximum pool • 

.ft• Reservoir empty. Compressive stresses eYJ.st at the 

upstream face of the dam t;llnd .small t13nsile stresseR 

exist generally at the downstream face. The max.imwn 

compression is 319 lb./square inch at the base of the 

spillway section nnd the maximum tension is 11 lb./ 

square inch at eleve.tion 14.00 of the non-overflow sect.ion 

with penstock • 

.£. Reservoir at normal pool. The direct stresses a.re 

11 · Th -~· t 4s 2(;'0 lb./sq,J::o-re a compressl.ve. e ma;..~n.um s ress .~... {..1._ 

inch parallel to the downstream .face at the base of the 

spillwt.ty section. Tho maximum horizontal shear stress 
I 

is 139 lb./square inch at the downstream face of the 

spillway section at the base. The maximum slidin_.;; factor 
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of 0.599, minimum shear-friction factor of 8.99 and min­

imum uplift ratio of 1.049 all occur at the base of the 

spillway section. 

£• MaYimum flood conditions. The direct stresses are compres­

sive for all sections. The maximum compressive stress 

is 375 lb./square inch and occurs at the base of the 

spillway section, as does the maximum horizontal shear 

of 180 lb./square inch. The maximum sliding factor is 

0.765 at elevation 1400 of the spillway section. The 

minimum shear-friction factor of 7.53 occurs at the base 

of the spillway section. The minimum uplift ratio is 

0.499 at elevation 1300 of the non-overflow section with 

penstock. 

14. Low Dgm, ~~th earthgtijll<e: Analyses were made for reservoir 

empty and rAservoir at normal pool. 

~· ReDel~oir empty. The direct stresses at the upstream 

faces of the sections are compressive for all conditions. 

The rr,aximum is 362 lb./square inch at the base of the 

spillway secti,m. Tensile stresses exist at the down­

stream face of the dam for all earthquake conditions ex­

cept when the acceler&tion is horizontally upstream. 

The maximum tensile stress is 73 lb./square inch at elev­

ation 1200 of the non-overflow section with needle valve 

outlets • 

.£. Reserv~dr &t nonnal pool. With the exception of the 

stresses a.t the do"?tnst.rea.m face of the non-overflow 

sections a.t elevation!:: 1400 ,<:J.nci 11~50 under conditions of 
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hori:t;ontal eartr.quake accel erati ·m dnw:-1E:trnD.m, .:dl direct 

stresses are The maximwn C')T:tures:::d ve stress 

is 396 lb. /squHre incr 1\ara.llel to the dcwmstream face of 

the spillwa.y secti('n at the base.. The max:i l'lUl~l tPmsi le 

overflow secti<.m with needle valve outlets at elevation 

1400 and equals 4 lt./squarA inct. The naximurrr h•Jrizontn.l 

shear stress is 190 lb./square inch at the base of +.he 

spillway section. The ma.ximtLr:'!. slidin\.L factcr is 0. 791, 

the minimum shear-frictL~n fact·Jr is 6, "'1, [•nC: the rrd rdr21Jm 

uplift ratio is 0.500. All occur Rt the base of the 

spillway section. 

15. .Summa.r;v, Stress Stu<ii.a5 0f Low Dam: The maximtl£1 stresse~~ and 

minimum safety factors, except for Lhe minimUP'l u~~l7. ft rati..-), ~ccur v.:hen 

the effect of horiz.ontttl earthquab.~ acceleration is comhincci V\"ith t:1e 

n0rmal loads on the darn (see p[l.ragraph l4 - 11 b"). te;;:s ::,~,,~-r·e ,s+.':'css 

conditions occur i•:hen earthquak.e eff~cts are exclud8d.. T'-1'l '::axirnun stresse · 

and minimum safety fo..ctors nndor h-.th condi tionR r, re tabu.tet.ed bc"1.cw:. 

For a complete tabulation of all stree::;:;es see Plate I. For t.,f;bulntion 

o.f maumurn stresses ~mel r.~.inimum safety fact,,rs see Table I of this r811ort. 

v:ithout 

Foundntion Pressure :Lb./sq. ir, : 362 319 

Compression ·U· /sr· • .. • .. i. in.: 3<J6 375 

Tension :T..b .. /sr~. i~ .. : 73 11 
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\".i thout 
§tt§C.s or Fa.Qtor Unit : r:i:th .~art!: quake: EarthgunkL._ 

: 
Horizontal tihee..r :Lb./s l· i.n: l(l(i 180 

Max. Slidinrr Factor Hatio 0.791 0.765 

Min. Shear Fr"i.ctior. 
Factor R.-:1tio 6.sog 7.531 

Minimum Uplift Ratio Ratio o. 500 0.499 

16. Jji~h Da.m Raised Dovmstream1 wi th,)yt earthgyake: Th.i s da.m is 

analyzed for reservoir empty, at normal nool and at waxi.rmun flood condi-

.!· Reservoir empty. Compres.s:Lve stresses exist at the up-

streH.m face of all sections &.:nd the do·~mstream face 

the spillway section. Small tensile stresses exist generally 

at the downstream fnces of the non-overflow sections. 

The maximum com::-1ressive stress of 412 lb./souare inch occurs 

at the bnse of the spillway secti(:n, The maximum tensile 

stress is 7 lb/ sc1uare ~inch parallel to the do¥mstream face 

at elev;rtion 1400 of the tl:)n-overflow section with pen-

to th0se shown, and are in e. vertical direction; minor 

princi9al stresses are v~~ry small, and are not shown • 

.£. Res·':rvoir at normal pool. The direct stres~(~s arc all 

compressive. The maximum stress is 1;02 lb./ square inch 

pp.rall13l to th9 downstrePun .fe.ce of the spill wny section 

at U1e bnf.;e. The t•taxirn,un rwri zontal shear stress is 

196 lb./ square inch at. the do\'mstrearn face of the spill-
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way section at the base. The maximum sliding factor is 

0.618 at the base of the non-overflow secti0n with needle 

valve outlets. The minimum shear-friction factor is 6.96 

and the minimum uplift ratio is 1.002. They both occur at 

the base of the spillway section. The maximwn major principal 

stress ia equal in raEignitude and similar in direction to 

the m.a.x.imum stress shown above; the maximum minor principal 

stress is 169 lb./square inch normal to the major principal 

stress at the upstream face of the dam at the base. 

£• Maximum flood conditions. The direct stresses are compressive 

for all sections. The maximum compressive stress is 424 

lb./square inch at the base of the spillway section, at which 

point also occurs the maxi.rnum horizontal shear stress of 207 

lb./square inch. The maximum slid:i.ng factor is 0.648 at 

the base of the non-overflov.: section with needle valve out­

lets. The minimum shear-friction factor of 6.70 occurs at 

the base of the spillway sec t.ion, an'J. the min:irnum uplift 

ratio of 0.820 occurs at elevc:~tion 1250 of the spillway 

section. 

17. High Dam Raised Downstream, with earthgualse: This dam is analyzed 

for reservoir empty and at normal pool. 

!.• Reservoir empty. The direct stresses at the upstreem 

faces of the sections are compressive for all conditinns. 

The maximum of 464 lb./square inch is reached at the base 

of the s~illway section. Stresses at the dovmstream face 

var-J from tensicn to compressi --m under the V<\rious 1oadinr:s. 
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compressive exceiJt under h(\rizontal e~:Jrthquake acceleration 

dmmstrofi.rn, wh~n tensior:: ex::i sts. Below elevati,:on 1500 

of the non-overflow sections terJsi..on f~xists at the down­

stream face for all c(.:ndi tions except tha. t of horizontal 

earthquake acceleration upstroam. The m~.xim.um tensL'm is 

f»7 lb./square inch parallel to the dovmstrea!n face of tbe 

non-overflow section wj.th needle vt:tl ve .)utlets, at the base • 

.£. Hese:rvoir at normal pool. Th~ direct str(~.'Jses are all 

compre~sive, the ma.Y.im.um being 542 lb./square inch parallel 

to the dovmstrer;.m face at the base of the spillway section. 

The maximum horizontal shear stress is 264 lb./square inch 

at. the base of the doVvnstre:.:m face of the spillway section. 

The maxirmJm slldinc; factor of C. S·jJ a.nd the minir:mm shear­

friction factor of 5.07 C'CC11r at the base •Jf the non-over­

flow sectll)n 7Titb neecae VHlYe outlets.. The rrd.nimurn uplift 

. ratio is 0.495 Ftt the u;,strec~rn face of the spillway section 

at the base. 

18. Summary - Stress Studies of f!lr··h D?,m Raised DCJvmstream: The 

maximum stresses P.nd minirr:um safety fact,)rs occ~ur when tte effect of 

horizontal earthquake acceleration is combined vdth the n·.:rmal loads on 

the dam. Less sevare stress conditions occur when earthquake effects 

are excluded. The rnaximttm stresses a.nd minimum safety fe ctors ur.der 

both conditions are tabulated below: 
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.. 

STRESS OR FACTOR UNIT :~liTH EARTHQUAKE:WITHOU'r EARTHQUAKE 

.. . 
Foundation Pressure :lb./sq. inch 461., 412 

Compression n 542 412 
; 

Tension It 87 7 

Horizontal Shear " 264 207 

Max. Sliding Factor Ratio o.BB3 0.648 

Min. Shear-Friction tt 5.067 6.700 
Factor 

Min. Uplift Ratio " 0.495 0.820 

19. For a complete tabulation of a.ll stresses see Plates II, 

IV and VI. For tebul2-tion of maximum stresses and minimum safety factors 

see Table II of this appendix. For stress distribution within the dam 

see ParaRraph 24; for stresses on contact pl&le between old and new 

concrete see Pari:'.;~ra.ph 25. 

were made for reservoir empty, at nonual pool nnd a.t rn.aximum flood con-

ditions. 

.!• Re~Aervoir ampty. The ci.irect stresses are a.ll cornpressi ve 

except at the downstr-=arn. faces of the non-overflow sections 

where small tensile stresses occur at elevations 1450 and 

1500. The rn.aximum. com-:Jre:::si.ve stress of 364 lb./square 

inch acts parti.llel to the upstream face at the base of the 

spillway section. The maximum tensile stres5 of 3 lb./ 

square inch acts parallel to the do1mstrerun face a.t elevation 

1450 of the non-overflow sections. ~ajor principal stresses 
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are equal in magnitude to the values already shown, and 

are in a vertical direction; minor ;)rincipal stresses are 

very small, and are not shown .• 

£. Reservoir at normal pool. The direct stresses are all 

com;:Jressive. The maximum stress is 404 lb./square inch 

parallel to the downstream face of the spillway section 

at the base. The maximum horizontal shear stress is 196 

lb./square inch at the downstream face of the spillway 

section a.t the base. The maximum slidinF factor of 0.588 

and the minimum uplift ratio of C.967 occur at the base 

of the non-overflow section vdth needle valve outlets. 

The m:inimum shear-friction factor is 7. 20 a.t the base of 

the spillway section. The maximum major ;.)rincipal stress 

is equal in magnitude and similar j_n direction to the max­

imum stress shown above; the maximwn minor principal stress 

is 165 lb./square inch normal to the mG.jor orincipal stress 

at the upstream face of the dam at the base. 

£• Maximum flood conditions. The direct stresses are com­

pressive for all sections. The maximum compress.ive stress 

is 422 lb./square inch parallel to the downstream face 

of the spillway section at the base. The ~aximum horizontal 

shear stress is 203 lb./square inch at trH3 dcwnstream face 

of the spillway section at the base. The maximum sliding 

factor is 0.645 and the minimum uplift ratio is 11 •. q29. 

Both occur at elevation 1500 of th~ spillway section. 

The minimum shear-friction factor is 6.93 at the base of 

the spillway section. 
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21" H_i ~;h Dam Rg.ised Uo§tJ•erun, v·;.t.h eHrtllcllla!se: This P.na.lysis was 

made for reservo:i.:r empty and reservoir at normal pool. 

!!• Heservoir empty. '!he direct stresses at the upstream 

faces of t'~-H1 sect.i0ns are com')rcssj v~ fer all C')ndi tions. 

The m~irnum is 413 lb./square inch parallel to the upstream 

face oi' the spillway B~ct:ton o..t the base. Stresses at the 

down$t.rel!.un faces of the three sec+,ir:·ns vr.!ry from tension 

to cor:rpreseion under the va:ricus loading condi tiona. The 

max:imu.r:n tension t)f 34 lb./square inch acts :··a.rallel to 

the downstrei:l.m. face at elevation 1450 of the non-overflow 

sections. 

!!· ~eserv()i r at normal pool. The direct stresses a.re a.ll 

ccmpressive. The maximum compressive stress 'is 530 lb./ 

square in~h parallel to the downstrea.m face of the spill­

way sectlon at the hase. The maxintun horizontal shear 

stress is 254 lb./square inch at the d0wnstref...m face of 

the spillway section at the base. The maximum sliding 

factor is0.7B4 at. elevation 1450 of the spillway section. 

The minimumuplift ratio of 0.4Bloccurs a.t the base of' 

the non-overflow section 'vi tb needle valve outlets. The 

tninimum shear-friction factor of 5.45 occurs at the base 

of tha spillway section. 

22. S,WUIIl:arY -:. Stte.§s S:!;.udies Hik'h Dru;n Rais~d Up§tream: The 

maxinm.m stres.scts and m.i.ninrum safety factors occur when the effect 

of horizontal earthquake acceleration is comb1.ned with norrn.e.l loads 

on the darn. Less severe stress conditions rJccur when 

- 17-



eartLquake effects are excluded. The maximum stresses and minimum safety 

factors under both conditions are tabulated below: 

STR~S OR FAC1~R : UNIT WITti EARTH ~U AKt~ :\.ITHCUT KARTEQUAKE 

.. .. 
Foundation Pressure: lb./sq. inch 409 361 

Compression It 530 404 

Tension tt 34 : 3 

Horizontal Shear fl 254 203 

Max. SlidinE Factor: Ratio 0.784 0.645 

Min. Shear-Friction: n 5.450 6.030 
Factor 

: 
Min. Uplift latio " 0.483 0.829 

23. For a complete tabulation of stresses see Plates III, V and 

VII; for tabulation of maximum stresses and min~~um safety factors 

see Table III of this appendix. For distribution of stresses within 

the dam, and principal stresses, see Paragraph 24. For stresses along 

contact plane between old and new concrete, see Paragraph 25. 

24. Si(:ree§ Distribution and Principal Stres§e§ for High Dam Raiseg 

Upstream or Dgwnstregm: Stresses are uniformly distributed at any 

elevation \\i.th1n the dam betvreen the values shown for the upstream and 

downstream faces. Major ;Jrincipal stresses are in general normal to 

horizontal planes when the reservoir is empty; and for reservoir at nonnal 

pool are roughly ~)arallel to the do?mstreruu slope, except ad,jacent to 

the upstream face, where they become parallel to the upstream slope. 

Minor principal stresses are normal in directi:)n to the major principal 
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stresses, a.nd VA.ry from a maximum at the upstream face to a minimum 

at the downstream face for reserv~ir at normal pool; for r~servoir 

empty these stresses are ver-1 small, and are not shown or discussed. 

25. Stresses on Contact Plan~: Str~sses on the contact ~lane 

between old and new concrete were determi..ned with reservoir empty and 

reservoir at normal pool, without earttqua..\ce, for the overflow and 

non-overflow sactions 0f tLe following dams: 

.!• High dam raised downstream. NormP-1 stresses on the contact 

pl&ne are all compressive, and v~1.ry from a. maximum of 1 .. 9 

lb./square inch at the base of the non-ovsrflow section 

with reservoir at nonnal pool to a minimum of 14 lb./square 

inch at ele-vation 1450 ot> the overflow section with reser­

voir empty. Shear stresses on the contact plane vary from 

a maximum positive value of 57 lb./square inch at the base 

of both sections, with reservoir empty, to a maximum 

negative value of 6 lb/square inch at elevation 1450 of 

the non-overflow section, vdth reservo5 r at normal p0\)1 • 

.£. High dan rG.ised upstrear:1. :Jorma.l stresses on the Ci.mtact 

plane are all compressi v0, and v:::..ry from e. :naxi.mu:n of 

163 1~./square inch at the base of the non-overflow section, 

with reservotr at nor1:1al pool, to a minimum of l lb./square 

inch at elev,1tion 1450 o.~ th~ overflow section, with reser­

voir empty. Shear stresses on the contact plane vary from 

a me.ximurn positive Yn.l.ne of 6'2 lb./squr~re lnch at the base 

of both sectL")ns, Vllith reserv·::i.r at norraal _t:ool, to a r:1ax­

imum fli~gA.ti.ve value of 13 lb./squ;;:.re inch at the bas~.:! of the 

overflow section, with reservoir empty. 
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26. Comparison, st:r~§S~S •)Q cgnta«t vlaneG. for High Dam Raised 

Do!iJlstr~wn ang Hieh Dam Raieyed t)pstream: Compressive stresses 0n the 

contact plane, if within safe limits, are favorable, since they tend 

toward monolithic action of the old and new cnncrete.. In this respect 

it should be noted that for the high dam raised upstream compressive 

stresses on the contact plane are hi,:;her at normal pool elevation than 

for the high darn raised do'Wllstrea.m.; also they tend to increase more 

rapidly as the pool water surface rises. Shear stresses on the contact 

plane. are increased (but well w.i thin safe iimi t:s) for the high da'!l raised 

upstream, by increase in pool elevation; for the high dam raised down­

stream similar changes cause decreased or negative shear stresses on the 

contact plane. For a tabulation of computed stresses on the contact. plane 

see Plates VI and VII; for a tabulation of stresses in the low da~ concrete 

before and after raising to the high dam see Table IV. 

:1. CANTILEVE[{ DEFLECTIONS 

27. Aesumed Loading Cqndition§: 

.§.• Horizontal loading C'Jnsiets of horizontal water pressure 

only. Reservoir water eu:rface is assumed to be at normal 

pool elevation 1569. Tailwater is neglected • 

.E.• Vertical loadinp, includinr~ wei.ght of C•:ncreta, e;-ates, 

piers, etc. is not c~)nsi.dered in this analysis . 

.£· Space occupied by conduits, galleries, etc. is not C'1n­

sidered to reduce the area of the section at any elevation. 
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g. Earthquake accelerati')n in ei trer the horizontal or vertical 

direction is not c:)nsidered in this analysis. 

~· No other loads were considered in this analysis. 

2B. Exola.nation of Anal:z;si§: No:rmal deflections of a cantilever 

element are caused by normal shear forces and normal bending moments, 

singly or in combination. These deflections may be ln an upstream 

or downstream directi·Jn, varyintt in directi·::m and amount with the applied 

loads. (For detailed discussion of mathod of analysis, see Bureau of 

Hecla.nation Technical Memoranda No. 436 and 441). 

29. The n·)rmal deflecti.Jn ca.uset.t by no mal bending momenta at any 

horizontal section is equal to the inte;_~·ral, from the base to that 

section, of the slope of the centerline. The slope ()f the centerline 

at any hnri'l.ontal section is equal to the angular rotation, or tilting, 

of the foundation plus the intP-gra.l, from the base to that section, 

of the curvature of the centerline. The curvt:!.ture of a centerline of 

differential heirrht is _JL, (see notation). 
Eci 

30. The norrn.al deflecti:m caused by normal shear forces at any 

horizontal section is equal to the fmmdation' deformation plus the in-

tesral, from the base to that section, of the detrusion, (change in 

horiz,ontal position) of the cent4<!rl1ne. The detrusion of a centerline, 

o.f differential height is equal to VK, (see notr:.ticn). 
AU 

31. Tangential deflections a.nd angular movements of the cantilever 

elements were not investigated. The calculations were performed by 

summation and tabulation of the quantities noted above, at intervals from 

trte base of the dam to the horizontal section under consideration. 

- 21 -



32. Notation: ~'1e followin~1 notaticn ~~ert8ins to the Eibove text: 

M = Bending Mom8nt. 

I = Moment of Inertia of section. 

Ec= Modulus of elasticity cf concrete in direct stress. 

Er= Modulus of elasticity of rock in direct stress. 

G = Modulus of' elasticity o.f' rock !Jr concrete in shear. 

v = Normal shear force 0n section. 

K :: ( Det:r-,.lsion due to actu.al shear distribution) di vi.decl b;r 

(Detrusion due to equivalent shear distributed uniformly). 

A = Area o.f section = base width T. 

33. Hesuroe of Deflection Stud;les: Deflections nomal to the axis 

of the dam were determined for representative cantilever elements 

ln all blocks from 11 to 28 inclusive, ~ri th assumed loa din,~: condi tiona 

as already noted. All deflections include the movern.ent of the base of 

the cantilever due to the yieldin1; of the foundati·:m tmder the applied 

load. These deflections do not incl1~de the deflection in an upstream 

direction due to concrete weicht or any other vertical load. 

34. In view of the results of ~;eolor:ic studies, covered fully in 

Appendix B of this report, it was considered desirable to determine 

the r~robable deflections -..;i th various values of Er for the found[,tion 

rock, especially in the right abutment section, where test results showed 

the lar:rest varie.ti<m of the modulii, Elnd where the maximum computed 

differential deflections occur between th~ overflow and rFm-overflow 

sections when Er is a constant f':)r the whole founda.ti.~-m area. 
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.35. The maximum computed deflection at elevation 1550, which is 

approximately the elevation of the spillw-dy crest, is 0.1121 feet measured 

in a downstream direction from the axis, and occurs in Block 19. 

36. The maximum computed differential deflection at elevation 

1550 is 0.0329 feet and occurs between Blocks 22 and 23, which is the 

point of contact of the over.f'low secti:1n with the right abutment non­

overflow section. When a modulus of elasticity of 1,000,000 lb./square 

inch is assumed for the right abutment foundc.tiJn the maximum computed 

differential deflection is 0.0309 feet end occur~ tetween Blocks 14 and 

15, 'Which are the twc left abutment non-overflow blocks nearest to the 

overflew section. 

37. A graphical representc:iticm of the computed cantilever deflections 

is shown on Plate VIII, Appendix A, and a tabulation of the S&'ne de:f­

laction~;is given in Table 51 Appendix A. Part 1 of Table 5 is a tab­

ulation of deflection·at elevation 1450 and Part 2 of Table 5 is a tab­

ulation of deflecticn at elevation 1550 for all blocks considered. in the .. /" 

analysis. 

)8. Results of the analysis indicate that no excessive or unusual 

total deflections or differential deflections occur in the dam under the 

loading conditions considered, and that the final design of the dam to 

allow for these deflections will present no serious problems. Loading 

conditione including earthquake may be expected to ft,ive higher computed 

values of deflection. However, such deflections would be of momentary 

duration., and the effect on the dam is n;;t considered of pro.ctical 

importance. 
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VI DISCUSSION 

39. Stress Studl~s: The analyses of the low dr.iln, and the hi;;h 

dam r(:1.ised either ur)strea.ra or downstream indic& te that t~1e secti·::ms 

adopted are safe. With unintportant exceptior.s the stresses and se.fety 

fActors are within design limits for all loadin~~ condi ticns considered, 

the exception beine for loadin:!. conditions of short duration (earthquake) 

where design limits for uplift ratio are exceeded slicrhtly. The loading 

conditions which -~·roduce the most critical stresses or stability factors 

a.re as follows: 

.!!· Reservoir a.t noi'm£;.1 pool, horizontal earthquake acceleration 

upstream. This condition results in ma.xi.Inum comt)ressive 

stress, maximum horizontal shear stress, maximum slidinG 

factor, 1!linimum shear-friction factor, and minimum uplift 

:ratio (except for the low dam, ~11en rninimtun uplift ratio 

occurs under maximum flood c~:·ndi tions) .. 

.£, Resa:rvoir empty, horizontal earthquake accelerati()n do\'VI'l­

stream.. This conditiCJn results in maximum tensile stress 

for all sections under consideration. 

40. The maximum com~:ressive stress is 542 lb./square inch, com-

pared to the design limit of 650 lb./square inch, and 0ccurs parallel 

to the downstream face at the base of the overflow sectinn for the high 

dam raised downstream. The maximum tensile stress is .S? lb./square inch, 

(design limit 100 lb./square inch), parallel to the d~.,wnstrerun face 

at the base of the non-overflow section with needle va.lve 011tlets for 

the high dam raised downstream. The maximum horizonte.l shehr stress is 

264 lb./square inch, (design limit 300 lb./square inch), at the ~Joint 
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where the maximUm.. compressive stress occurs. The maximum sliding fa.ctor 

is 0.883 at the base of the non-overflow section for the high dam raised 

downstream ... · This is considered of less importc,.nce than the rela.ti vely 

favorable shear-friction factor, in view of the nature of the fo'lmdaticm 

structure (see Appendix B). The minimum shear-friction factor is 5.067, 

(design limit ~-0), occuring in the ·'same locaticn as the maxi.rn.um sliding 

factor. Tho minimum uplift ratio is 0.483, (de[d.S'!l limit 0,.50), at the 

upstream face of the non-overflow section .for the hi&h d.c:."\!1\ raised 

upstream.. Ma..x.:Unum .stresses and minimUOl safety factors for each of the 

dams are described under the corresponding heeding in Section II of this 

report, and are.swmnariz.ed in Table Ito III, ir.clusive, of this report. 

41. The points of application of the resultant forces on the oases 

and horizontal setctions are within the middle third for most condttions 

of loading, and are well within the base of tne dum for all' conditione 

of loading., All tensile stresses are. in portions of the dam. not. s·ubject 

to external water pressure. 

42.. Internal stress· studies indicate that the most unfavc·rable 
dovmstrea.m face of the 

stresses occur at either the upstream: face or the/cantilever sections. 

It is wmecessary, therefore, to discuss these stresses further, since· 

they are thoroughly covered in 'the .gravity analyses. 

4). st·reasm; gn Qont§Qt fle.nej: In the case's of a high dam built 

.in two 'tepa, ··the normal· stre.s$ee on the ~ont.;act plane ~tween old and 

new Concrete are comprassi Ve. for all loC~.ding condi tic•OS C?nsidered. 

The ma....umUnl compressive stress is 163 lb./square inch;· tho m:inim\.Ull com­

pressive stress is 1 lb./square inch. s~~larly, shear st~ease5 on the 

contact plane vary from a max:imum positive value of 62.lb .. /square inch 

to a maximum negative value of 13 lb./square ineh. 
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44. For either dam, direct stresses on the contact plane are 

compressive, a.nd all stresses inoluding shear are held within safe 11Jnits. 

From. ·this standpoint; then, a high dam raised either upstream or downstream 

ma.y be C(>nsidered practicable. 

45. Ce:ptj.)..gv§r Dt.(J..§t:t:1gns: The max::im.um com~~~~ deflection at 

elevation 1550, which is approximatelythe crest ele"(atibn of the over-
·-.a:' 

flow section of the high dam, occul"s in the overflow section and is 

0.1121 feet iit a downstream direction. The maximum computed differential 

deflection at. elevation 1550 is 0.0329 feet at the point of contact 

between the over flo• section and the r:i.ght abutment non-overflow section. 

It sh<:->uld be noted that these deflections do not include the deflection 

in an upstream direction due to the weight of the dam, nor do they 

include the effects of earthquake shock (see loading conditions, Chapter 

IV) •. 

46. Cgnglusion~p From these analyses it may be C':.ncluded that for 

the low dam, &.nd for the high dam, raised either upstream or downstream, 

the sections shown in the main report ~n Plates II, ·vii, VIII, and IX 

are safe under all load~1g conditions considered. 

4 7. Recommendation§ fo:r turtber stu<U.ei!: Subsequent to the com-

pletion of these design studies there has been a· great increase in 

power demand throughout the Pacific Northwest. If Detroit Dam should 

be cc,nstructed in the. near future as a power project, it would involve 

the building of the dam in one step to its ultimate heicht. As previously 

stated, the studies described. in this report do not specifically cover 

the case of a "high dam" built in one step, but the studies 6Jld data 

presented for the nhigh dam raised u~.1stream" are generally applicable. 
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48. In this connection it wo~ld. app~ar desirable to n:i.a.ke the 

follonng additional· studies: 

A• PreliminarY studies to dete~e _the most eeonomi'cal 

section that will be saf4( for a high d8lJl built to the ful-l 

height in one step. 

:Q.. Final an.alyses of the section ~d:idated; by the above 

studies. Since time may be limited, and because it is 

believed that this new section will not differ greatly 

fr(:•m the section studied for the tthigh dam raised upstream", 

a complete analysis, while desirable,. may not be essential. 

It is therefore recommended that further studies be primarily 

of those features and stresses which the present analysis 

has shown to be critical • 

.£.· Extension of previous studies to include investigation 

of stresses as affected by the interaction of the blocks 

and abutments of the dam. This would involve a. beam analysis 

of the dam, .including consideration of twist effects. 

- 27 -



Loading Conditions 

.A., y, i thout Earthgtl.iS 
1. Reservoir 3opty 
2. riormal Pool ~levation 1569 
3, ~aximQ~ ?ool Elevation 1577 

B. 'd th :::arthgu.ake - :::eservoir Empty 
1. Horizontal Acceleration 

Upstream 
2. Horizon~al ~oceleration 

Downstream 
3, Vertical Ace. Upv;ard 
4. Vertical Ace. Downward 

c. :.ith ~artnquake - ~~ormal Pool 
1. Eorizontal Ace. Upstream 
z. Horizon~al Ace. ~ownstraam 
3, Vercical ~cc. Upward 
4, Vertical Aoc, Downward 

: 
: 

hla:ximum 
Foundation 
Pros sure 

lb,Lsg. ~n· . 
319 
186 
240 

276 

362 
351 
287 

254 
196 
205 
167 l 

Oomp. 
lb. 

IQ• i.Q. 

319 
290 
375 

276 

362 
351 
287 

396 
196 
319 
261 

Concrete Sl'ress 
'~ension : .:;iliear 

lb. lb ... 
sq. in. 

-11 
1:one 
l~one : 

Uone 

-73 
-10 
-12 

None 
-4 

:I one 
l~one 

sq. ig, : 

9 : 
139 
160 

30 

-35 
10 

8 

190 
es 

153 
125 

(a) ?.atio vert;ical pressure at upstream face to horizontal water pressure. 

(b) .Based upon 600 lb./sq. in. f 0,65 verr;ica.l load. 

i1inimum 
:Jpllft 

[{atio (a) 

t::o 

1.049 
0,499 

ro 

OJ 

trJ 

tO 

0.500 
1.595 
1.lb3 
Q,943 

l.~imum 

.:iliding 
tact or . . 

' l 
0 

0,599 
0, 755 

0.791 
0.407 
0.585 
0,616 

Minimum 
o3hear 

Friction 
Fswtar ( b 1 

tD 

8,991 
7,531 

6.608 
13,234 

G .270 . ~,790 f 



TA.Bl.ffi li 

D~'gROlT tUQR. .lM.\1 Ml3ED aPQIIJ;IS~RKAM 

Uaximum i>iBJllll!in Co~gr~~~ S~.t§l!~ Minimum s Maximum Minimun 
Loading Oond itions s Poi.lllda.t ion Com:p. ':l:ansion Shear Uplift . Sliding Shear . 

Pressure ' lb.jeq. lb./sq. lb.jsq. s Ratio (a.) : li'aetor Friction 
l.:b.laQ.. in. illQh inch inch . factor l b) 

I . 

~. Without Earthguake ' ' 1. Reservoir Empty 412 412 . -7 11 (() 0 l (() . 
z. Normal Fool Elevation 1569 245 s 402 None 196 1.002 0.618 1 b.950 
3. ila.J:imum :Pool E1ev. 1577 258 ' 424 None 207 ' 0.820 0.648 o.700 

: 
B. 'Hi th 3arthguake-8asea:oi;r: Em]2ty t 

1. Horizontal Acceleration -
Upstream 360 1 360 NoDe 42 (() 

2. Horizon~a.1 Acceleration - 1 . . 
Downs~ ream 464 464 . -87 -42 (() . 

3. Vertical Ace. - Upward 453, 453 -6 -3 (tJ 

4. Vertical Aoo. - Downward 371. 371 -6 J -3 (tJ 

: s 
c. V!ja Earthguy:e-HQr:maJ, I'ooJ: ' 1. Horizontal Acc.-Upstream 330 542 None 264 0.495 0.883 s 5.067 

2. Horizontal Ao.~.-Downstream 254 :.lo2 :None 128 1.503 0.420 :10.216 
3. Vertical Aoc.-Upward 270 J 4.42 None 216 I 1.100 J 0.604 1 6.400 
4. Vertical Aoo.-Downward 220 362 None 172 1 o.~oo : 01 636 l 716~0 

(a) Ratio of vertical pressure at upstrEtam face to horizontal water pressure. 

{b} Based upon 600 lb.jsq. inch f 0.65 vertical load. 



A. 

B. 

c. 

TAB.LS III 

RESU1'X2: OF CANTILEvro1 STRESS CONDITiuNS 

SHOWING t.tAXIMUH STP..E.SSF.S ~ MINIMUM SAFETY FACTCJES 

D;;;TROIT HIGH DAM RJ.ISEV U:-STR~:AM --
Maximum Metx::i.m\!!!1 Conc;rete Jt.ress 

Loading Conditions Fonndation ComL"· Tension Shear 
Pr0ssure lb./~q .. lb./sq. lb./sq. 
Lh,/sg. i;1. inch inch inch . . 

Wi~hou~ Earthglla~e 
1. Reservoir Empty : 361 364 -3 36 
2. Normal Pool Elevation 1569 259 : 404 0 196 
3. Maximum Pool Elev. 1577 : 270 . 422 : 0 . 203 . . 

With Ec:rthguake - Resecroir lf.mptx : 
1. 

2. 

3. 
4. 

With 
1. 
2. 
3. 
4. 

Horizontal Acceleration - . . 
Upstream 313 315 0 69 

Horizontal Acceleration - . . 
Dovmstrea.m 409 413 -34 41 

Vertical Ace. Upward 'JG7 400 -3 : 40 
Vertical J:..cc. Jovmward 325 328 _-::l, 32 ~ 

Earthguske - Normal Pool 
Horizontal Ace. Upstream 339 : 530 None : 254 
Horizontal Ace. Downstream· : 245 278 None 134 
Vertical Ace. Upward 285 44/+ None 213 
Vertical Ace. Downward 213 364 : None 175 

(n) B..atio vertica.l pressure at upstream face to horizontal water pressure. 

(b) Based upon 600 lb./sq. inch /- 0.65 vertical load. 

Minimum May..imum Llinimum 
Uplift Sliding Shear 

Ratio (a) Factor Friction 
Fac;tor (b) 

to 0 tO 

0.967 0.588 7.196 
0.829 0.645 6.930 . . 
a) 

OJ . . 
ro 
00 . . 

: 
0.483 0.784 . 5-448 . 
1.1.50 0.401 10.593 
1.069 o. 522 7.350 
0.369 0.672 7.060 



Ri!U21:!R1&: Jaln~y 
Lo•Dam 
Raised Down ~am 
Raised Up Stream , 

i!•!IO:SZ1t .Ful;L 
Low Dam 
Raised Down ~~~am 
Rai&ad Up StHU 

~UJI(f lJ.. 

S'll',&$SBS .11. .!&!. ~ OQ;NQ1i4i'A B&f~ ~. Wl;R. MlQlijG J!.Q. ULTlWE HEl@T 
liQ. .:....l!'l!HQ\1,\KI 

OVerflow Sec~ ion l •o~Overtlow Section ;t:,_,, l'lon-o·n rf'low Section . Bye Ai il«ta 1180 ; . :t laM a~ Eltt• 4&00 Base (J.t ilJey, 1450 • 
:'Vertical llst Prin.: Shear :v~uoal :lst Fria.a lilear a Vertical clst Prin.t Shear 
: Stress ; i}tre11 J t3trtt• ; 'f!ttl• • Strest ; 5tresa i Sttttl a Stroaa ; Stu•• 
aU.S,tD.S.;U.ij.ap.S.aQ.S.tD.S.tijf~•&D~A.aU.~aaD.S.tU.S.aD.S. au.~ •• D.s.,q,s.,p.~,,u.s.,D.s 

' 1 ; : I 
. 

J ; ; I J ' I : . 
I :Slgl -3· ~19t -41 Ot -2: ~~. -61 302a -9: 0: .... 56 a 121 56: l&s 0: 8 . 
l 4121 118; 412: llSa Os 57: M?: llSs a9'7: ua. 01 0: 14~: 10it 143z lOt: 0: 0 
I 264a 45a 2.65t 70a -l&l 33s N?t 39s 260: 60: -10: 29: lOth -21 lOS: -3: 0: -1 
I t 'I . ., • ' I ' l J • l : . . 
\ a ' t : t l t • l l s I • I I ' I 

• 12~: 186t 129: 290; 0: 139: 124~ l'i'2& 124J. 2o~h Os 129s 54: :l-3: 54: 21~ Oa 10 
t l69J 2~. lf-9: 34lt Ot 144t 162:& 216s 162• 524a Oa l3fH 771 '13& 7?r 84a 0: lS 
I li4s 259t .242: .404:& 6.2a l94a 18~: 147a aaaa ISOs 6.2a 18f)t 11: 7la 82s llla l8t 53 
I • ; t ; L .l a I l • ' l I t 



TABLE Y.. 

PART 1 
SU\r,iARY OF ~IL.h.v£11 D~i:FLECTIC)NS AT ELF~VATION lit.iQ 

DETROIT HICiH Dkl.l RAISt:D DOWNSTREAM .;;;..;;;;;;;.;;..;;.;.;;,.;;;;,.,;;;..--

NORM~AL f.QQb ELEVATICN ~' NQ EAfi'I'HQUJ}KE 

% 1350: 0.01269 0.01964 0.01964 
1335: 0.01568 0.02404 0.02404 
1300: 0.02265 0.03430 0.03430 
1250: 0.02912 0.04039 0.04039 : 
1230: 0.04318 0.06612 0.06612 
1215: 
1200: 
1180: 
llBO= 
1180: 
1200: 
1215: 
1250: 
1300: 
1350: 
1377: 
1400: 
1437: 

0.02912 
0.01852 
0.01269 
0.00883 
0.00526 
0.00226 

0.04039 
0.02605 
0.01964 
0.01407 
0.00844 
0.00412 

0.06289 
0.04110 
0.03352 
0.02456 
0.01478 
0.007$0 

* Blocks 11 to 15 inclusive, Er=2,000,000 

Blocks 23 to 28 inclusive, Er=l,OO'J,OOO 

0.04590 
0.05212 
0.05237 
0.05956 
0.05237 
0.05112 
0.04590 

0.06$77 
0.0?839 
0.07510 
0.08946 
0.07510 
0.07639 

': 0.06977 



T@LE Y. 

PAHT ~ 

SYMMJ\BY QE · CA.NTI~gtJQ. pliflriCTlONS AT ELEVATION l25Q.Q 

DE80IT _HIGH !!AM MIS:§ID IX(JMSIREAM 

NORMAL f.QQ1 ELE'"JATION ~~ NQ ~\IDJiQOAKE 

: ·· t : § : DEFLECTION IN [gT FOR VAR!GUS ASSUM&J MODULI! 
~ M : ~ -d ~ : .,... '6 J4 . . . NON-OVERFLQW §ECT!ON : OVERFLOW §ECIION ua> §> +l u- . . . 
~ ~ : ~ 0 ..c::: : ~ ~ ~Ec=4,000,0QO:Ec=4,000,000:E0;4,000,000:Ec::4,000,000:Ec=4,000,000 
!X:i :.tl.CPL<+>: a>cd~ : ! : : 

z = ~. ~ , s a:l i Ec4, ooo, ooo: Ex:=2, ~oo .. ooo =Ex:= * ; Ex:=4, ooo, ooo; Ex:=2, ooo, ooo 

11 . 60° ' . 
12 62'' 
13 62° 
14 33° 
15 qoo 
16 68° 
17 qoo 
18 53° 
19 90° 
20 53° 
21 70° 
22 6B0 

23 33° 
24 33° 
25 60° 
26 67° 
27 50° 
28 • 67° . 

• . 
1350 0.02158 0.03119 0.03119 
1335 0.02533 0.03657 0.03657 
1300 0.0,3409 0.04911 0.04911 
1250 0.041S2 0.05587 0.05587 
1230 : 0.05853 0.08613 0.08613 
1215 
1200 
1130 
1180 
1180 
1200 
1215 
1250 0.<)4182 0.05587 0.08391 
1300 0.02880 0.03872 0.05l140 
1350 0.021'58 0.0Jll9 0.05040 
1377 0.01649 0.02412 0.0)940 
1400 0.01211 0.01655 0.02655 
1437 : 0.00702 0.01046 0.01703 

* Blocks. 11 to 15 inclusive, Er= 2,000,000 

Blocks 23 to 28 inclusive, Er= 1,000,000 

: 

0.06130 0.08874 
-0.06S2q 0.09952 
0.06853 0.09476 
0.07689 0.11214 
0.06853 0.09476 
0.06722 0.09737 
0.06130 0.08874 
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I - INTRODUCTioN 

1. General. A brief uutline of the geology of the Detroit Dam 

Site has been rresented in Chapter II of the Definite Project Report. 

Additional geologic and foundation data, tncluding reports of the con­

sulting geologist, are u1cluded in this appendix. A discussion of 

concrete aggregate is also presented. 

2. E;plorution Work Cgmpleted. First studies of the area by the 

Corps of Fngineers were begun in 1935, and the geology was cov·;red by 

W. E. McKitrick and A. M. Pi..per in preparation of the project re}lort 

of 1937. At this time the preliminary explorati~n consisted of two 

EX size diamond drill holes, one tunnel, and several test pits and 

trenches. F~loration of the site was resumed in September, 1938 and 

shortly thereafter was plaeed under the supervision of the Planning 

Section of the Willamette Basin Project. A total of 4070 feet of drill­

ing waa done under two successive contracts between September, 1938, 

and March, 1939. Slightly over 1000 feet of the total footage were 

in overburden. The diamond drilling was a~ost entirely BX size 

( 1-5/8'' core) for each of the two contracts. 

3. The latest phase of exploration was carried out between May 

15 and October 1, 1940, and included: five 36 11 calyx holes totalling 

283 feet, 460 feet of tunnels and drifts, 250 linear feet of trenches, 

and S50 feet of diamond drill holes. The drill holes were NX in size 

(2-1/8" core) except for 137 feet of six inch holes, drilled fo.r the 

purpose of obtaining larre diameter (4-3/4" cores) for laboratory test­

ing. For the logs of the diamond drill and calyx holes, trenches, and 

tunnels, see Plate V, Sheets 1 to 5, of this appendix. Plan of the ex-



ploration is shown on Plate VI of the project report. · 

4. · Actd;tiorHl~ ExplQtttlnD ~1ork RtcQimeud~d. The foundation area 

foj the low dam has been well explored, as has mQst of the area for the 

. high dam.·. ''since DH - 54 further outlined the gravel filled gull)' on 

the right abutm~nt but did not r~aoh bedrock, it might be advisable 

to drill o~e or two additional holes in that vicinity. The gravels, 

however, are highly impervious, and the gully is not believed to continue 

aeross the abutment at an elevation low enou,gh to affect the low dam. 

A(}d1tional eXPloration for tht. penst .. ocks and pol'f.Qrhouse foundations 
'. 

will· be necessary before design apd construction. 
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GEOLOGY 

l- GENERAL 

1. This report ha.s been compiled for the purpose of bringing 

together the existent geologic deta on the dam site and reservoir and 

making interpretations and recommendations to assist in the plans, 

estimates and design of Detroit Dam. A complete list of reports, 

memoranda, files, and conununications from which these data are drawn 

is contained in Part XII of this chapter. 

2. Location: Detroit Dam Site is. located on the North Santiam 

River in the s. 1/2 of the m; 1/4 of Sec. 7 ~ T. lOS., R. 5 E. I Will­

runette Meridian, about .6 of a mile inside the boundary of the Sa.ntia.m 

National Forest. It is 13.6 miles by road east of Mill City and 6.2 

miles west of Detroit, on the county line between Marion and Linn 

Counties, Oregon, 

v· 
3. ~: The site was formerly known as the Boundary site and 

is so listed in some of the earlier reports (c, d, i). (Letters refer 

to bibliography.) Helland (c) describes a site 1.3 miles eaet of the 

town of Detroit under t.he headi~g of Detroit Dam Site •• In the 1937 

project report the name Boundary was changed to Detroit Dam Site and 

has since been known a.s such. 

v4. §urvey§ ang Expl;gra.tion: Profile surveys of the North Santiam 

were made in 1913 by the U.S.G.S. and were published in Water Supply 

Paper 349 (m). No reports on dam sites were included. In 1923 Mr. 

R. 0. Helland (c), Assistant rngineer of the u.s.G.s., surveyed nine 

sites on the North Santiam. The Boundary site is included in t.he 



ge~logic reconnaisaaoce. 

1// 5. First stu4i4JB o£ the a-rea by thG U. s. :Engineer Department 

were begun in 19351 t!1e geology bting covered by McKitrick: (d.) a.nd 

Piper (1). At this tim• the prel.1minar;r exploration oonsi&ted of two 

IX ·size diamond. .drill holes1 one tunnel, and several test pits and 

trenohes. 

V6~ Explox:-ation of the site was resumed in September, 1938 and 

·. soon after placed under the direction of the Planning Section of 

Willa.mette Valley Project. A total of 4070 feet of drilling was done 

\Ulder two successive eont;~~ .. ,\Jetween September;, 1938 and March 1 

1939.. Slightly GTer 1000 feet f)f the total footage was in overburdsnJ 

this necessitated the driving ot easing. Tho diamond drilling was al­

m.olt entirely BX size ( 1 ... 5/8" core) for. each of the two contracts. 

!.-" 7. The latest phase of eXploration was carried out between May 

15 and OetQber 1, 1940, and includes: five 36-inch calyx boles total­

ling 283 teet, 460 feet of tunnels and drifts, 250 feet (np;Jrox.) of 

trenehes, and 850 feet of diamond drill holes, 137 feet of which were 
' . 

6. in.ches in diameter. This program was carried out Wlder the direct 

eupervision of the Planning Section with Mr. c. C. Mongold, Assistant 

Oeologistt in charge of field operations. Details of the complete 

exp1dration aN found on PlHtee I to VI of thit!' Appendix • 

. Xs. Q·ene.t:ll Feature§: .Detro1 1;, tla.m yms first planned as a cone :rete 
- ~. . 

arch type of structure. The first extensive drilling program (1939-39) 

wae laid put on that assumption,. Becaul!5e of' adverse bedrock topography, 

ine~e~ed cost estimates, and various engineering difficulties• it 

becam., evident that only a concrete gravity or rock fill structure 
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eould meet thQ problems encountered. Plans for a rock fill dam were 

immediately discarded. The s~ruoture now proposed is of concrete 

grn."ti ty type with two ata,ge conatruotion.. .A lolf darn to eleva~·ion 

14S9 {elevations are in f•et above llean Sea. Level ..... u.s.c. & G.s. 

Datum - 1929) will be later ·embodied in a high dam 1:,o elevation of 

1577. 5 or 375 feet above the valley noor &nd 450 !eet ~ above .the 

lowest po:1-nt of tho. founc,tati9ll• The DetJIIO.it eite is the· farthest 

eas-t;, o.f the ·~~ral po'et;i'ble •ites; with ravora'ble erc>~s-sectiO:n, in 
' ' 

·~ ' the N. Santiu OanJOl'l• Tt\., V~ll~y widen~ 'out about three miles upstream 

into the Detroi~ Be.sSil and reservoir site. 

X 9 •.. \ .Jke···.· .. ~JiC&de llotmtaine of Oregon are made. up of two di.stin-
.. ' .~' ., ~-~ ; .·. ;• ., ' : ' ' . 

, • ~·. ' . ~i ><'. r'Y.,·.·· · .. , " '{ ' •· . • :~.. , , 

~~i've pbyaioi:rapliie JU'lttt.. ;. ,Thqer (1) has 'the following to eay about 

the ,rene~t\1 ,re~ation~ip r~atures :)f the Cascade Mountains. "I. c. 

' .. Jturiell (k), i.Q 1897, appears to have been the. fi,ret to .euepect th.at 

the ·Q&&eades were :formed ot two or more series of vole(Ulic rocks, some 

of which were folded,. and eome of Which were not folded.. 'ftl·e ~accuracy 

of !ussell' s observa.tione ha.s been fully borne out by later geolo-

gists -.-, and in 1933 CaUagha.n (a) suggested the -terms Western Cascade 

and High· "C&ecade for the older and younger voloan3_.c eeriee, respectively. 

'l'bese nem.et have been accepted fol" the Oregon Ca.~ade>s ·to diff-erentiate 

th\$ folded Alioeene and older Tertiary volcanic rocks from the -unfolded 
• • > ; t 

1ounger (Pliocene to Recent?) volcanic roOks; -· The terms originate 

in' the fact that in Oregon, between th& Jforth Santiam Ri vel" west of 

Ut. Je:tferaon and the Rogue.River southwest of Crater Lake, the Cascade 



Ranp,e is .made up of two distinct north-south ranees. In general, the 

Western Cascade Range is characterized by mature topography, with 

narrow valleys and sharp ridges which bear little obvious relation to 

bedrock structures. In the High Cascade Range the topograpQy is con­

trolled almost everywhere b,y the structure of the lavas." 

10. The Detroit Dam Site is located in the Western Cascade 

Province, sorne 15 miles from its e,t:tstern bord9r. Whlle the North 

Santiam River Valley generRlly may be mature, the gorge S9ction from 

Gates to Blowout Creek is little beyond the youthful stage at any point. 

A limited number of terraces and benches are to be seen, but are rel­

atively narrow and indistinct. 

I+I GEOkOGIC HISIORl 

,/ 11. 'rhe gfl.ologic htstory of thtt Willamette 3asin and ad,jacent 

areas of northwest Oregt)n dates from Tertiary to Recent. Marine for­

mations predominate in the Coast Range and beneath the fill of the 

Willamette Valley-, while lavas a.nd fragmental volcjQ,.nic rocks comprise 

the greater part of the Western Cascades. The more recent High Cascades 

are meetly andesitic and basaltic lavas. 

12. Q~iggcena: The oldest rocks in the North t:antiam Area. ac­

cording to Thayer (1) and othere, are Oligocene or later in age. 

Shallow Oligocene seas washed a shore line which aoincided closely with 

the'present eastern margin of the Willamette Valley. ,Volcanic activity 

is believed to he.ve been extensive, because of the large am•)unt of 

tuffaceous material deposited in the Eugene, Illahee, Brownsville and 

ot.her marine formations. Beyond the ma:rein of the sea 1 thick deposits 
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of tuff, a_::~glomerate, and breccia were deposited. Today these rocks a.re 

included in the M.eha..m.s. Volcanics (1) and Breitenbush Tuffs, and may even 

be related to the famous John Day beds of Central Oregon. 

)< 13. Toward the close of the Oligocene these forrnations were gently 

folded (at least in the lower Santiam), and subsequently eroded before 

the outpouring of the miocene Stayton basalts (h, 1). 

14. giocane: The Stayton F~salts are correlated with the more 

extensive Miocene Columbia River Basalts of the Pacific Northwest. 

Contemporaneous with or possibly in part followinf: the Stayton Lavas, 

the extensive Sardine Lavas were extruded. Thayer (1) has the following 

to say about the Miocene history of the Sa.ntiam Area; "After an erosion 

interval the Stayton Lavas were erupted in Miocene time a.lon;";· the 

westem margin of the range; within the range volcanism obscured the 

record and no break is apparent betv.;een the Breitenbush Tuffs and the 

Sardine Lavas. The Miocene volcanic activity was les~i violent than the 

earlier phases, and the Stayton and Sardine Lavas were extntded, probably 

from fissures, at the same time the region to the east was flooded by 

the Columbia River lavas. The Sardine tavas accunulated to a depth of 

at least 6,000 feet before eruptions ceased. The Sardine Lavas thinned 

rapidly eastward and westward and their erosicnal nroducts were deposited 

to the west -"· "Toward the end of Miocene time the volcanic activity 

died down, and the regicm was again folded. The thick massive lavas 

bent only slightly, but the weaker tuffs were buckled into the Breitenbush 

anticline. Intrusion of diorite porphyry probably closely followed 

the folding, and the range was subjected to a long erosion period ¥.rhich 
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probably was marked by a series of uplifts. By the time the first 

High Cascade lavas were erurJtedt the Western Cascade Range. nad attained 

essentially its present elevation r..nd waa maturely ~roded." 

X 15. Pli<HH~ne: Suhsequent history of the Santiam area in the vicinity 

of the damsite wa~-; probably more or less continuous erosion. Q.own to 

the present time. O'Neill (h) tentatively assigns tuff.deposits over­

lyinr; tho Stayton be.s.alts to the Pliocene. Undoubtedly theN ware some 

sporndic outbursts of volcanic activity in the l'festem Caactides after 

the ma:in acti.vi ty during the Miocene. 

'/-. 16. J:leiatooene: The da."l.l area and gorge bel,pw were further mod­

ified by one .md possibly two stages of glaciation, Thayer (1) 'rinds 

definite evidence of glaciation as far w&at as Uill City, and con­

cludes that at least ··Jne other atat~e r~ached the Detroit :S.sin. Cross 

sectiune at sev{~ra.l of the da.msi tes investigated in connection witil 

the Detroit Dam .are very suggestive of a.n old glacial valley from. 150 

to 200 feet above tr1e prasent stream. If this is due to· glacial ~ction 

it must be y(;unger than the Mill City stage of glaciation. 

·/ 17. The more rapid erosion of ti1e .·fragmental 'lower Sard:l.ne and 

Breitenbush formations g-ives rise. to the Detroit Ba..sin, much ~.f which 

ie to be occupied by the Detroit reservoir, Glacial tillt gl~eia.l 

outwash, and Pleistocene and R~cent stl:"eam.gravels are abun<:lar}1;; in the 

reservoir area. With these sedimentary deposits in -the Detroit .Batrln 

and a sharp youthful valley below the damsite it is not :Uuprobable 

that there have been earth movements in the gorge area a.e recentlY' as 

late Pleist0cene. 
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18. Recant: Reeent histoey of· the dam site area hae been chiefly 

one of continued downeutting in the gorge area. ·rhe vallGl sides hFtVe 

remained steep and many of the terrace and outwash gr&V$lS nav~ been 

wholly or r.artially removed. 

1YMML UWGI 
/.r/19 Uni1s M;agnag: Forrrt.&.tions at the damsite. aa shown on the mapa, 

(Foundation &::ploration-Plsn1 Areal Geolobr,;t), are divided first into 

overburden and rock outcrops, On the Areal Geology sbeet the roek 

outcrops are furt':er divided int'o the three major rook formatio.as rep­

re3ented at ti"le site.. Furth$r differentiation or the- individual forll\-

ati;:ms is raade in the logs of drill holes, etc. 

Y/20 ;Bock Fo~tiOQi: The oldest and b1 far the .lll.9st extensive 

Series. These a.re somewhat va.r~eq in texture and appearance, but are 

mapped in the field a.s the one unit ~rde&lte· (an}. 

A 170 foot. wlde diorite dike (di) trends I~. 4° w·. (bearinge1 

etc, 1 aro all given in reference t-o true N.) diagonally aoms3· the !ltream. 

below the dam ax:ts. It ·is ·no doubt related to _th, Ualls· 'diorit~a p.orphyry 

which Thayer (l) has 'mapped a mile or ItO 'Ul)ftrt:trua from the dall\a:t te'. 
' ·-;-'" ( ' . . :~ ,· 

Additiona.l diorite baa b$Gn ztotf!ld 'in· the dril1 holee butJ ~itli$r ~oes 

not ehC'JW or is too small ttJ be mapp.ed. 'Jn tb~ su...-fc.:.ce. Other out:eropa 

of diorite ·:21ccur .: n the side atreWJ1s e.bo"e t...1.e diurlsi te and nuteide the 

e.r~a ·'::If detailed mapping. 

22.. The ynilllgest unit l>i' th~ fouridntion rocks consista of a 

series of andesite porphyey (a.np) ctikos cutting both ard.e9i<te· nnd 

diorite, and running in a I:l.Ol .. e we:Jterly d.irecti 1)n tha.n the d1or1 te dike. 
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2).. Ovjrhurden: Unconsolidated deposits are somewhat varied in 

origin and ocoul4'nce 1 and date baek well into the Pleistocene. Gravel 

~d boulder deposits have been recognized up to elevation 1525 in DH 

The high e lev~"tion gravel i~. believed. to be continuous on the right . 
r' ....... 

abutment from road level (Elev. 1350) through Tunnel C llp to the bottom 

of DH 54 and probably not only fill the buried ravine (see Rook Contour 

Map), but al!O C')VF':r the .9Il).all bench above elevation 1500. A few rounded 

gravels and cobbles hr.ve also been noted on the left abutment l!lt about 

elevation 1340, above the top of the reek cliff. 'Phese are quite pos­

sibly the same age as the high elevation gravels on the right abutment 

and may be quite extensive beneath the heavy slope wash and talus which 

obscures much of the high roek bench on the left bank. 

t" 24. Where the older gravels have been extensively explored they 

are found to be somewhat weathered and so well cemented thatJ during 

tunnel dr1Ying operations, individual boulders could be drilled without 

dislodging them. In Tunnel C the gravels were relatively i.nlperrlous 1 

and most of the water was encountered in the talus L~ediately over-

lying the gravel. 

25, Helland (c) called attenticm to gravel deposits on the small 

bench at elevation 1325 1 upstream from the present axis on the left 

bank. No relative age is assigned to these. 

26. Gravels of intermediate age form the right bank terrace below 

the dam area end are exposed in the railr~)ad cut a.bove· CH 2. They were 

penetrated to a depth of 55 feet in DH 32. Small patches of this material 

are still plastered on the steep slopes above the tracks tn the vicinity 

of the dam axis. The finer material in these deposits is eom.ewhat 
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weathered and the material is probably unsuitable for use aS' aggregate. 

Helland (c) states that it represents one of the two stages of valley 

filling in the area. The age has not been determined, but may be at 

least as old as Illinoian. No deposits of Wisconsin age have so far 

been recognized this far down the river, 

2'1. Recent gravels are confined to the stream channel and low 

elevation bar5. Nearly 60 feet of gravel were found in the stream bed 

near the axis of the dam. Deep holes filled with gravel may also be 

expected downstream fr<)m ,,.Jhe rapids in the ri V'ell', whi~h will alec be 

do'ft.nstream of the splllway apron. 

/'X, 2B. Vari(.)us explanations are offered for the silt-like deposits 

at highway level ee~erul h~dred feet downstream from the dam axis. 

McKitrick (d) concluded thi9 material was glacial t1111 while Piper (1) 

favored the glacial outwash interpretbtion. lloneoid (e) believes the 

material to be associated with fa.ul ting and weathe-ring of gougt!l And 

crushed rock zones. Since the material is outside th.e foundation area, 

the geologic explanation becomes a.n academic. question ~d i·e left a.s 

such. 

29. Alluvial fan deposits are found at. tha .mouth of- the small 

creek below the dam a.r68. and pal"tial:ly .. eov.ar the grav~l te:~$-Ce · in the 

same area. 

)0. Numerous talue slopes are preaen~ on &Aeh abutment trilile 

many of the discontinuous rock outcropa a.!'& separated only b7 .. thin soil 

cover. 

31. Examination of the dameite area and much of the river for 
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several miles below discloses very little information on the l"egional 

trend of the Sardine lavae. According to Thayer's geologic map (1) 

the dip of tho formation should he ESE. Locally~ hoWever, the trend 

may deviate considerably be~ause of the close oroximity to the Halle 

diorite intrUsive, 

>/ 32. , ,,,'h~ andesttes in their original form had at least the texture 
t· ', : . ', ' 

of a flmv rock, although otne.r evidence of no• -is scarce. From an 

engineering ·et.andpoi.nt the andesite in the founct~..~.tion area may be con­

sidered as a sihgle litholor:ic unit, and when unaltered, is satisfactory 

as a £'6untlat1Qti .for the dam.. 

33. No major faults or lines of 'tlt'eaknass htve been discoverod 

in the foundation ar~a or immediate vicinity. rha dry gully in the right 

abutment, a$ far as it has been explored, is 1.n an area of minor joints 

e.nd faults,_Which is not to b:_. considered a sane of serioue weakness. 

were made of all frr)oture and joint syste.rns, both on the .surface and 

in the tunnels, trenches, and calyx holes., Descriptions of the-fracture& 

and join~a found in the calyx holes accompany the detailed logs of 

Plate V, Sheet 5 of this appendix. The remaining ones are listed and 

briefly described in this section. 

I / v After approximately 100 jointe and. fractures had been mapped, 

it was found that they could be resolved into four or five distinct 

eets, two of which were predominant throughout the area. 

;6. The most important and least variable set of fractures in 

the foundation area strike:as fro.m. N .• 6° E. to N. 6° w, and dips from 

7k0 to 7f!O westward. Thes~ fractures a.re not very evident on the low 

rock floor of the left abutment. In this ar~a they cross fractures 
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which, because they are sub-parallel to the ~ream, hc:ve been deeply 

scoured , u+~ ;:md enlarged; therefore the N .-S. set of frA.ctures is rel-

atively inconspicuous. Fractures of this set are seen to best advan-

tage in the road cut '>fl the rif;>,ht abutment, where they are predominant. 

37. All fracturet: belonging· to this N .-S. set are to some extent 

hydrothermally alt8red. Those fractures near river level are centered 

in a bleached and softened zone from 0.2 to 0.6 or 0.8 feet in width. 

The altered andesite in this zone is in most cases firm and strong. 

In the rl.ght abutment hydrothermal alteration appears to be much more 

extensive along these tractures. Soft, white, punky zones from 2.0 
I 

to 4.5 feet in width may be seen in the road cut in several places. 

Adjacent to Calyx Hole CH-3 on the right abutment a zone 26 feet wide 

has been bleached and softened by hydrothermal solutions rising along 

fractures of this set. 

,,• 38. Undoubtedly this set nf hydrothermally altered fractures on 

the right abutment has been unduly accentuated because of the Dosition 

above the water table, and because of the increase in volume of the 

rock due to loss of load. Both of these causes allow the altered zone 

to slake and crumble, thus :;~roducinr.r .soft zones. This ~1 tered material 

below the zone of weathered ,joints is undoubtedly strong e.nd finn. 

39. It may be further noted that the N.-S. set of fractures is 

pa.rn.llel to the diorite dike which crosses the river below the toe of 

the proposed dam (Plate I, Appendix B). The hydrothermal alteration 

and secondc:ry minerali ze.ti·Jn undoubtedly accompanied the intrusion of 

this dike. 
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' 40. The second major s~t of fractures strikes N. 18°-42° W. and 

dips 76°-88° S.W., most corr~only 81°-85° S,W. The fractures of this 

set are, by comparison with the t1revious set, only very slightly altered. 

They are much stronger fractures, however, and often are badly brec-

ciated. The larger of these fractures are commonly paralleled by many 

_weaker fractures, and several "fractures" mapped ln this set are actually 

zones of very closely spaced parallel fractures. 

This set of fractures apparently is later than the N.-s. 

series previously described. Intrusion of the andesite porphyry dikes 

either accompanied or followed the development of these fractures. 

Variability in the strike of these fractures is graphically shown by 

the orj.entation of the andesite porphyry dikes on Plate I of Appendix 

B. 

42. Chart I of this appendix shows the orientation of all surface 

joints and fractures, plotted in relation to true north and to the axis 

of the, dam. 

43· Following is the field descriptions of the fractures shown 

on the field map. The exact dip of the fr£.tctures on the low rock plain 

of the left abutment could not e-enerally be measured. The strike of 

the fractures was not measured unless it could not readily be determined 

by inspectien of the field map. 

F-1 Dip vertical to 85° s.w. Generally tight and 
unbrecciated. Locally open 1/8". Hydrothermally 
altered for 0.1'. 

F-2 Dip variable, 80°-85° S.W. A clean, tight fracture. 
Slig·htly hydrothenna.lly altered locally for 0.1 1 • 
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F-3 

F-4 

F-5 

DiP variable, 85° N.E. to 85° S.W. Tight, unaltered 
fracture. 

Dip 85° s.w. Bad~ &ltcred locally in a zone 0.3' 
to 1.2 1 wide in spots unaltered, Tight at the surface. 

0 0 . . 
Dip ;o -55 s.w. Tight. ' Locally brecciated and 
very irregular, Unalt.ar$d or nea.rly so. 

F-6 Dip 55° S.W. Tight, · R&.diy altered from 0,2 1 to 
1.5', especially along southern portion. 

F-7 Dip 57° S.W, Tight. Loeally altered tor O.lt 
to 0,2'. · 

F-8 Dig ver-tical to 88° N.E. along f'ortbG:m portion, 
80 s.w. at, southerli. extent. · fiydrothennally altered 
for 0.1' to 0.2' throughout, 

F-9 Dip 70° s.w. Tight. Slightly hydrothermallY' altered 
for 0 .1 ' to 0. 2 • , • 

F-10 Dip 53° s.w. Tight. Slightly hydrothennally altered 
for 0.1' to 0.2 1 • 

F-11 Badly shattered and hydrothe:nnally altered zone 
associated ?dtb. 1'-9 and 'F-10. 

F-12 Dip 51° s. Very badly altered and locally very 
badly brecciated up to· 2.0• or 2. 51 wide nee.:r westel"'tl 
extent. Al t9t"u tion gradually dies out er.u~t•~rd. 

0 0. . 
F'-13 Dip 70 -80 S. ·Altered for 0 • .2 1 to 0.4 1 • Ti,.g'ht.. 

Badly stream fluted. 

F-14 Dip vertical? Badly eroded and filled with debris, 
Badly altered for most o! its length. 

F-15 Dip v~rtical to 7o0. S, Wfl> Al~red for 0-.2' .to 0,4'. 
Very irregular. Irregularly brecciated. · 

F-16 Dip vertical to ·so0 s.w •. Generally tight and un­
altered. Ttte eaetem portion of this fre.cture 
passe~ out ~nto a badly Jointed,aren. 

F-17 Dip 67° S.E. Tight. Unaltered. 

F-18 Dip ?0°-80° s;w. Tight. Practically unaltered. 
Badly scoured and g&14rad· out by· the stream. 

F-19 Dip 80°-85° s. Tight. Badly altered for 0,2 1 

to o.s• • 
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F-20 Dip Bo0 -85° s.w. Clean, t..¢,ght.t unaltered. Die­
appears ~radually to the northweet. 

F-21 Dip S5° s.w. to ve~ioal. Gle~, tight, un.altered. 

F .....22 Dip 80° to 85° s. w~ Breqciated and ·$lit;htly altered 
for o. 2 • to 0.4' • Tight. Di•$.ppear8 gradually· 
westward. 

F-24 

Pip 58° S. · Badly hyd.rotherma.lly, altered rro.• 0.41 

to. 2.0• 'near •st,em ·end, alteration dec:re~4!.'8 .' 
efilstward ~.tnd the fracture\ gra~lly dinp~~tiJ'• 
Tight. ,. 

Dip 60°-6r;P s.w. Badly altered, 0.2 1 t.o 1,2r, and 
locally brecciated. Tight. 

F-25 Dip vertical to S5° N.E:. ·or s.w~ V~~'Y badly altered, 
o. 5' to 2~0', and br't!coiat~f1 i:n·\.Q.entrlil part. 
Ti,ght. . . . . 

F-26 Dip vertical to 7Q0. S.E. Tight·~ '·tilut.ltered, un ... 
brecciated. 

F-27 Dip 53°"'~'55° s. llt&rfd . .tor-·Q,l•.t,o·o.2• for entire 
length and for o.6• ~il.~.o•~ ·l.~eallyi.n central · . 
part. Tight. ·,-. : . .. ,. · 

r~2S Dip 57° s.w. .Al"t&t~ ,for .o~·ar .to .o.t•. Tisht. 

F-29 Dip 61° s.w. Genetra.liy \is~t n.n'd unlltereli, loea.lly 
altersd 0~1' to o.z• ~·.. . '. . . 

F-30 Dio 60° s.w. O.,nar·ally t:t.ght and UQ&lter1;ld, locally· 
altered o.l• to 0.31 • 

. F~31 Dip so9 to· 8~~ 5.W+ .. Vflrr b&cU..; .. b~ee.oiat.d anq 
hydrothe~JUy ~lt,ered, 0.5 ... to 1.5•,. in so'U,th- . 
eastern h.al:f'. · · · 

l ' 

F-32 Dip vertical t,~) B5° S·._w.· ·· ~tfl"ally unaltenJd,, 
locally o .. l , .. to o.~·. 

'' 
F-33 Di~· vertical to .OO~.tl~Ji: ~~d •. · toeally ·badly 

ahea.r-eq .a.ncl a.l.~el-.d ·in ·:soottleastem· half, tight and 
unal t~rtd in nort.bwa.terti .half, .. · · 

•' . . 

F-34 Di:p 00° to A'0 s·f .. VeiJy irregulal'1 lo~ly brecciated 
and a.lt.~rec tor o. 3' to. 0 ,n•. Tigtlt., 

'' . "' . ·•. { 

F-35 Dip 80° to 8~0 S~t:W~ ~'Vert t:rregula.r, .Altered for 
0.2' to 0.6'. A.lt-;-J$U<m deeN~a t;,o the north-
wast. Tight. ~~ ·· 



F-36 ui.c· vertical to B5° S. Altered for 0.2' to 0.4'. 
TL:.~ht. Very irregular. 

F-37 Dip 35° S.W. Altered for 0.2 1 to 0.4 1 • Tight. 

F-38 Dio vertical to 85° s.w. 
altered for 0.4' to 0.8'. 

Very irregular. Locally 
Tight. 

F-39 Dip vertical to 85° S.W. Slightly altered. Tight. 

F-40 Dip VP!"t.ical to 8:0° S.W. Leeply scoured by the 
stream. Slightly alt~~red. 

F-41 Dip 80° to 85° N.W. Clean, unaltered, very slightly 
open. 

F-42 Dip VPrticc;l to g5° N.E. Clean, unaltered, locally 
brecciated. .Many short clean fractures parallel 
to F-42. 

F-43 Dip 85° s;w. Cle8n, tir~ht, unaltered. 

F-44 Dip 85° S.W. Clean, tight, unaltered. 

F-45 Dip vertical to 85° S.W. Tit::·ht. Altered for 
0 •. 1 r to 0. 5 ' • 

F-46 Dip 80° to 85° N.E. Tight, unaltered. 

0 F-47 Dip 85 S.W. Locally badly brecciated. Unaltered. 
Ti.fbt. 

0 0 
F-48 Dip irregular, 70 to 85 s.w. Badly brecciated, 

practically unaltered. 

F-49 Dip vertical. A brecc5.ated zone O.L,' to o.R' wide. 
Unaltered. 

F-50 Dip 77° s. v~. Unaltered. Open 0.1' to 0.2 1 • 

F-51 Dip 75° s. v: .. Unaltered. Open 0.1'. 

F-52 Dip 71° s. 't'l. Unaltered. Tight. 

F-53 Dip 68° s.w. Badly altered and bleached for 0.6• 
to 1.5 1 • Soft, punky, 

F-54 H:Jdrothermally altered zone 26.0' wide. Thorou£?hly 
bleached and softened through·~!Ut and locally very 
oodly altered. 
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F-55 Dip 86° s.w. Tight. Hydrothenaally altered for 
0.1 1 to 0.2 1 • Alt~red material is very soft and 
crumbly. Tight. 

F-56 Di~J 88° S.W. Tight. Practically unaltered. 

F-57 Dip 84° S.W. Locally badly brecciated and braided. 
Contains hydrothe:rrn.ally altered material 0.1 1 to 
0.2' ?.1de. 

F-58 Strike N. )0 E., dip 76° N.W. Hydrothermally 
altered for 1.5'· Soft and punky. 

F-59 Strike N. 4° W., dip 76° S.W. Very badly hydro­
thermally altP.red and brecciated for 1.0• to 1.5 1 • 

Tight. 

F-60 Strike Nt 2° E., dip 72° N.W. Two parallel frac­
tures, 1.4' apart, cross .iointed hetween. Hydro­
thermally altered for 0.3 1 to 0.5 1 • Altered and­
esite is soft and punky. 

F-61 Strike N. 4 ° E., dip ?9° N .W. Badly hydrothermally 
alter<~d for 2.0 1 to 3.5 1 • Altered andesite. is 
soft and punky. 

F-62 Strike N.-s .. , dip 75° W. Two fractures 3.0 1 apart 
very badly hydrothermally altered in zones 0.6' 
to 1.2 1 wide. 

F-63 Strike N.-s., dip 75° w. 
altered for 0.8 1 to l.J'. 

Badly hydrothermally 
Ti~?ht. 

F-64 Stl"'ike N.-s., dip 77° W. Badly altered zone 3-5' 
to 4.2' wide. AltAred andesite is soft and punky. 

F-65 Strike N. 34° W., dip 86° S.W. Badly hydrothennally 
altered for 0.~ 1 to 0.7 1 • Altered andesite is 
soft and punky. 

F-66 Strike N .. 11° W,, dip 72° s.v.~. Hydrothermally 
alt·~red for 0.2' to 0.8'. Tight. 

F-67 Strike N. 6° w., dip 74° S.Vl. Altered for 0,1 1 • 

Tight. 

F-68 Strike N. 0 4 \'\'. 1 dip 72° s.w. Altered for 0.1' 
to 0.3'. 

F-69 Strike N .. 2° W., dip 81° S.W. Badly altered for 
1.0• near river. Practically unalt.~red above 
bridge (not shown on field map). 
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F-70 Dip 87° ~ .. w. AltfJred o.l' to 0,2'. Tight. 

F-71 Diu 76° s.w. Zone of pe.rallel fractureu, 0.5' 
to. 2.0' wide, braided. PrA.ctica.lly unaltr::red. 

F-72 Strike N. 20° w., di~·, 77° s.w. Closely .fractured 
zone 1 · pro.ctically unal to red. 

F-73 Strike N. 23° ~·.; .. ,dip 78° S.Y.' .. Parallel fractures, 
0. 5' to 1. 5' zone. Pri::cctt Crllly rn1al t:3red. 

F'-74 Dip 86 ° -SB0 S. ~N. Many tight parallel fractures 1 
0.8 1 to O.J' apart. Practically unaltered. 

F .... 75 Strike H. 31° V;., dip ggo S.W. 
fractur(.JS a:re ·:;:.'.resent. Tight. 

In places parallel 
Pra.ctieally unaltered. 

F-76 Strike N. 8° E., di~) 74° N.W. Unaltered, Tight. 

F -77 Strike N. -S.; dip 77° lfi. Unaltered. Tig-ht. 

F-78 Strike N.-s., dip 78° w. Unaltered. Tight. 

F-?<J Strike N. 19° W., dip 82° S.W. AltereJ for O.lr 
to 0.2'. Irregu~ar. Tight. 

F'-80 Strike N. 34° W., dip 81° 
alt~red for 0.2t to 0.4 1 • 

S. Yi.. Loc.1lly slightly 
Tight. 

F-81 Str:l.kc N. 34 ° W., dip B0° S. W. Pract:i cally· U..'1al­
tered. Tight. 

F-82 Stt'ike N. 39° W., dip 80° S.W. A platy zone 1.0 1 

to 3.0 1 wide is locally present. Tight. 

F-S3 Strike N. 39° v;., cLip H3° S.W. Only slightly 
alt~·~red. Very prominent j"Jlatiness ~1a.!'allel to F-83 
in a zone 10.0 1 to 15.0' wide. Tight. 

F-84 Strike N. 16° W._, dip 87° S.W. Unaltel"ed, tight. 

F-85 Strike N. 38° Y;., dip .35°-38° s.w. Unaltered. 
Prominent platiness pnrallel to F-85 in a. zone 6.0' 
to 8 .o• vdde. 'right. 

F-86 Strike N. 42° W., dip 86°-88° S.W. Slightly 
platy parallel to fracture. Tight. 

F-87 N. 60° W., dip 50° s.w. Filled with goug'e or 
hydrotharrually alt(~red material for o. 3-1.0. Dip 
steepens in upper half to 68°. 

- 17-



F-88 N. 1° w., dip 81° s.w. Open 0.1-0,J. Practically 
Unaltered. 

F-89 Strike N. 5° Ji:., dip 65° N.?r. 'Shattered 0.1 foot 
wide, una1t~red, thrown several '(eet down on 
West side. Forms hanging wal~ ot elosely jointed 
zone. 

F-?0 Strike N. 5° E., dip 65° N.~. Shatt~red 1.0 foot 
"~Jw'ide, altered 0,4 .foot wide, forms footwall of closely 
jointed zone. 

F-91 Strike N. 20° W., dip 60° S,W. 
weatherinp., 

{ 
No·altera.t~on exe~pt 

F-92 Reopened fra.etures once followed by diorite. 

F'-93 3tril<e N. )5° E .. , dip $0° s.w. Continuous crack 
open .03 foot, 

F-94 Strike N. 5° w., dip 00° s.w. Shattered .1 foot, 
open and continuous. 

F-95 Strike N. 60° W., dip is vertical, continuous closed 
crack. 

f-q6 Strike N. 3° w,, dip vertical, .1 foot shattered 
z~.me is "diori tized". 

t' P.ev~r:al small parallel fractures strike N.. 50° " . , 
, if-' ·.rertically, 

F-98 Strike N. 50° E., dip vertical, continuous crack 
open .03 feet. 

41t. Descri;.;J:i(<n of' Joint§ and ,!•~ractur,§ in T:unnele: (For location 

of these joints and fractures see Plate V, Sheet 5.) 

Tunnel A. 

No. 1. ~trike N. 9° W., Dip 70° s.w .. Altered 0.2 ft. 
2. " N. 7S0 w., " 680 s.w. Offsets #l 0.7 ft. 
3. " N.74° W., u 62° s.w. Altered 0.1 ft, 
4. If N .81° W ., " 71° S.'N. Altered 0.1 to 0.2 ft. 
5. Altered area6 no fracture, 
6. Strike N. 79 E., Dip 81° N.W. Alterad 0.1 ft. 
7. n N. 08° W. 1 

n 75° s.w. Altered 0.1 ft. 
K.. " N, ll 0 w ., " 68° s.w. Very slightly altered. 
9. " N, 78° w.' u 73° S • v-r • Altered 0.1 ft. 

10. " N. 2B0 W. 1 " 63° s.w. Altered 0.2 ft. 
11. " N. 01° w ., " 74° s .. w. Altered 0.0 to 0.1 ft. 
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rrunnel B, 

No. 1. 

7. 

8. J 

11. 

Ttmnel C. 

Strike N. 40° w., Dip 87°-90° s.w. Alt3red 0.1 
to 0.5 ft. Braided at low nngle:1, probable move­
ment s :~ve ral in • 
St ik ~r 40° \'" D-ip S:,\7° 90° l~ "' Alt d 0 1 "'+ r e .-. • , , • , ..~.. '"' - ..., • t; • ere • J '"" • 

Strike N. 22° w., " 70° s.w. Altered 0.2 ft • 
.Strike N. 85° E., 11 75° S.E. Altered 0.2 ft. 
Strike N. 70° r~., " 75° S.E. Altered 0.1 ft. 
Strike N. 05° E., u 65 ° W. Filled wl th 
zeolites. Shattered and weatl.ered 0.5 ft. to 3 
ft. Shows movement.. Parallel to #7. 
Strike N. 5° ·E., Dip 65° W. Altered and 
shatt~red 0.1 ft. Fonns hancin~ wall of broken 
zone. La.ck of clay or gouge shows that selvage 
on #6 i$ due to weathFtring and .~r~mnd water seepage. 
9 • , and 10. Strike N .. 3 5 W. , Dip 7 5° N. E. 
Weatherod up to 0.1 ft. .Slight movement on 1/9. 
Belon;.r to same system a.s Nos .. 1 and 2. 
Strike N. 70° E., Dip 75° S.H':. Minor fracture .. 

No. l. liracture Strike N. 22° W., Dip 8:3° s .. w. Altered 

2. 

6. 

7. 

8. 

9. 

10. 
11. 

0.2 to 0.3 ft. 
Fracture Strike N. 25° VJ., Dip 42° s.w. A1t'"!!red 
0.1 ft. locally. 
Zone of platy joi.nting, 
Frc:.cture Strike N.-s., Dip 25°-35° w. Slicken• 
sided and containing clay. 
Fracture Strike N. 15° W., Dip 68° s.w. Tight, 
unalt~red • 
.r·rHcture Strike N. 12° Vi., Dip 43° s. W .. 'rigt':-1:., 
unaltered. 
Two parallel fractures. Strike .N. 15° v.r. 1 Dip 
68° S.Vl. Very slightly altered. 
Two fractures. Strike N. 05° W., Dir; ?2° .s.w. 
Altered and oxidized for 0.2 ft. Soft. 
Very prominent fractu~. Strike N. 63° 8, 1 Dip 
86° S.E. TightJ unaltered. 
Fracture. Strike N.-s., Dip 68° w., Altered 0.1 ft. 

" " N. 40° ~ D. 3~ ' 1 V1 Ti ht t'"'• J l.p , ( n • h g J 

unP,l tered, 
12. Fracture. Strike N. 61° w., Dip 84° N.E. Tight, 

unaltered. 
13. Fracturns pat>allel to 12, 
14. Fr~.~.cture Strike N.. 10° ~Y., Dip 68° S. V:. Altered 

0,4 ft. 
15. rract11re ~one. Braided altered fractures, 1.0 

ft . wide 1 Strike !'~ • 20° W. , Dl p 8 5° s .. W. 
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Tunnel c. (continued) 

16. Fracture Strike N. 63° W.J Dip 65° S.W. Badly 
s.lt~r~td and oxidized fer 0.4 to 0.8 ft. Very soft. 

17. r,racture Strik@ N, 26° W., Dip J'f S.W. Hydro­
thermally a.ltt:!recl for 0.1 to 0.2 ft. No soft material 
pr~sent. 

18. Fracture Strike N. 36° W., Dip 80° N .E. Platy and 
shattered or crumbled for 0.1 ft .• on each wall. 
Slickensided, no gouge. 

Twmel D. 

No frctures or faults occur--only continuous joints 
are present--orientation as foll•JWS: N. 65° E., 
Dip 80° N.W.--N. 65° W., Dip 70° N.E. and N.-S., 
Dip 15° W. (See Plate V, Sheet 5.) 

45. A microscopic examlnatir:m of the foundation rock at the d8Jllsite 

was made to determlnEJ mo:re clo.eely the se-.eral types of rock and to 

study the alter: .. tinn of these r0cks in certain a.reae. Twenty samples 

we~e selected and one or more slides made fr0m each. Forty slides were 

prepared by grinding rock sections to 3/1000 of an inch Md m~unting 

them on glass slides with· tt'\e aid of Canada be.lsa;1. Determination 

of mineral~ w~s made by the us& of a polarizing microscope. Jetuils of 

t .. he stuct·; a:r'e given in Table I at the end of thi,s chapter. Rock types 

studied in the labors.t)ry closely agreed Y.1.th the field determinations 

and cle.ssifioution of O'Neill (h). 

The andesite porphyry fr.;rn the small dikes clearly shows the 

len::>t am0unt of alteration of a.ny of the rocks of the area, although 

some secondary minerals, chlorite and epidote, are prenent. The ferro-

ma:,nesium. minerals frJm which they are derivf.d are still identifiable, 

which is not the case in the andesites. The rocl-: is easily distinguished 

in the field by its greyish-F~reen appearance and by the large pheno-

crysts of feldspa.r and altered hornblende. The hardness and toughness 
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of tt'iis particular rock i.s shown by its physiographic expressi·Jn near 

the toe qf the p'roposeddam, where it star1~s a.s low ridRes above the 

surrounding rook floor. No compreseion or shear tests w0re made on 

tha a.ndasite ... porphyry, einee the teBt samples ho.d been selected before 

this matetial'wa$ reco~ized as a distinct rock type. 

4 7. A rather wida variation in mineralogical eompo$1 tion :is noted 

in t.he diorite roeks studied. . The feldspars have a. ~onaiderable range 

in oompoei tiort and the perc (tnt of quartz ranges from ~ t<'>' 60%. This 

variability Js possibly du@ to .the influen-ce of tbe wall rocks on the 

rising diortt1e' m,agm.,. In DH 27 at •+evation l()()Of a very light 

·. colored. material composed of 98% feld$par and qU;&rtz was encountered. 

lt is a fine-gnlned granite. Two sampleR from the large ~~rite dike 

. -(App&Bdix Bt PlatJ) 1} have only 5% quarlz and fnll :in .the diorite 

c;:lao$s1ficati<>:rt. The retaa.lnder are qtl.a:rtz diori .te, ·but for di soussion 

pu:tpoaea th•t an a11- referred to as dio~ite~ 
. ' 

eJJ,.idotilt) is present ~n the.se rocks to ~&n equal or greater extent 'bbe.n. 

in tbe .andesit •. porphfrY. Megascopic e~a.sdnation of the samples studies. .. 

:ihows a slight staining and woe.therlng e~fect not seen in the specimene 

of end4.ts'lta porp~yry. Diori ta. !rorn the drill holes iJt. usually fresh 

··and sounch ·Te~ts on· the ·q.iJrite show compressive strenRth of 201 000 

).bs. par squn:re inch or o¥e:r. Hybrid VFI-rietie~ Are more "18r1able -::md 

run as low as 71770 per sq. inch, while others run around 12,000 to 

13,000 lbs~ per eq. inch. 

49. IltJett of the andesi-te specimens studied were fr~Jrn. the jointed 
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and altered area on the right abutment above the road. (Drill holes 

2, 8 and .2~ Composition of the feldspars is quite uniform bu.t their 

amo\U'l.t is ve.riable from 5% to 5o%. This is due in nart to alteration 

and in part to the finer or eroundma.ss portion of the rock being un-

identifiable. Quartz appenrs as a replacement mineral {up to 4a!,) 

in at le:ut half of the samples. Alteration products account for most 

of the remainder of the work. Kaolin is present in surprisingly small 

amounts for a rrJck of' /SUCh lusterless, unsound outma.rd appearance. 

Condition of the drill corea made it impossible to seoure any specimens 

for shear teoting in this particular area. From calyx hole and tunnel 

data the sound rock line was placed below this material. 

50. Uany local areas exist where the andesite has become a · 

hybrid, quartz-bearing rock by the addition of hydrothermal solutions. 

While its strenr,th is probably not as great as that of the unaltered 

andesite, it is still adequate for a foundati~n rock. More normal 

appearing andesite was encount~red in tunnels A and D, although pet-

rographic examinati~n of thia rock may show some of the alt~ration and 

hybridization fom1d in other specimens~ 

VII - [ound .. if;l.fFi+1S 
I/ . 
;/ 51. Overburdm: Little !>lcr~ than a brief sum:>W.ry is necesf.lary 

in diacussion of the overburden in the foundation area. The rock 

contour map (Appendix B, Plate III) ha0 beon drawn from fil'.lld data on 

drill holes, tunnels and tr"''nches. The ovBrburden material containe 

a few large boulders (Tunnel C, RR emba•1kmcn t, etc. ) but due to the close 

jointi..11g in much c>f the 3.r~a, t:1e talus and slofJe we:Jh is r,mallin aize. 
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'./ 52. M.a.x1mull1 d~-;-;th of overburden encountered was in DH 54 near the 

he~ld of the buried gulJy rJn the right abutment, Seventy feet o:f this 

was talus ov0rlyin;r the cemented ::ravel ;Jl1Ci b'mlders. ArJparently little 

of this waterial wonld be removed for the low dam. Further e>..1Jloration 

should be done during or prior to construction to verify the rock bench 

in tne vicinity of DH 16. The present interpretation ehows a continuous 

rock 'line above the crest elevation of the low dam, but extending diag .... 

onally downstream fr;:,m DH 8. 

53. On the left abutment the :-rreatest depth of overburden in the 

foundati(~m area lies between DH 52 and DH 34, where t~:e material :ts 

talus and slope wash. As :.)reviously mentioned in Sec. IV, gTa.vel 

Jepositu are knovm to be 60 feet deep .in the riV8r channel. 

~- 54. Rook ~_xr..:lvnt\tJn: Liru:tt of rook excavation is estimated from 

appar-ent sound rock in the drill ceres, and in the calyx holes and 

tunn'!la. The sound rock contour mo.p (Plato IV this Appendix) is bas/3d 

on these int'!rpretnti.uns. This ma:ti is exoected to sot the maxinu.un ra.ther 

than the mi.ninnuu or &Vt3rage lirui t of the rock excavation. Ma.ny a.:raas 

especially below elevation 1300 are believed to be {Jerfectly sound only 

a. few feet below tr1o surface of the rock. Estimated 'average depths of 
~' : ·,, .. 

rock excavation based on expl~tian data are as foll~ws: 
\, 

!toga1},cn Elcyq!t~ AJerage Dqpth 

Lef't Abutment 1400-1550 20 ft. 

Left Ab1t.rnent 1300-1.400 16 ft •. 

Left Abutment 1200-1300 7 ft. 

River Bed. 1130-1200 3 ft. 

Right Abutment 12(X)-l350 18 ft. 

Right Abutment 1350-1550 38 ft. 
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55. Selective Luning out of seams and alter&Q areas below the 

general excavation line mey be nacessri.ry in places. , .. '!'hiB ehquxd 

eliminate the necessity of deeper _a."{cavntion W'tder 1vho~e block~t-

> 56. Grouting* A program, for gr-outing_ tho foi.uu;latiprt area haa been 

outlined by E. B. Burwell (b), consulting geologist, tn nis: report of. 
' ' 

October 25; 1940, (See Chapter 'II of this a.ppondix) .. The initial stage 

or tbie progrc:~m probably will effectively se·al the majority c,r the open­

in;:;s ov·:r most cf the a.rea.. In the final stage of.· grouting tho. abut-

mants a.t the higher olev~tions will likely receive most of the grou~. 

This is espw:ially true of the high dam. 

PreE:.ftur•:! tet:ting has given some indicatton of the eXtent of· · 

open jointing in the foundation area. Five-foot segments weretested 

concurrent with the drilling or each hole in the 1940 exploration program. 

This method is recommended over the methods used in the earlier program, 

When an a.ttGrn.pt wail rrtade to place the packer at successively lower 

e~evations (usually 1 or 2) until the bottQm portion of the hole ehowed 

favorable holding and pressure tests. 

Least favorable tests during the 1940 prograJ1l. were ol:rt&'1n$d 

in the NX pilot hole at CH ). .Water loe3es weN as much as 2 .• 1 cu, rt. 
perrninute for !Jl.BnY of the five-foot segments in the upper ·80 feet of 

· the hole. A large runount o.f seepage was noted in tunnel A at· tbe time 

CH 3 was being drilled. Upon completion o!~ the caly:x: hole a.nd thlt tunnel1 

''' 

fltqyrraseine dye was placed in the bottom of CH 3 and the tim.e ,o~ ·its 

appearance was noted in the tunnel below. A fow minutes over fivl!t hours 

were required for the dye to travel the inclined dieta.nce of 90 rt. by 

gr~.vi ty alone. 
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59. Depths of oxidization a.nd of h'9avy discoloration of the drill 

cores nre sh,Jvm in the drill logs by a heavy vertical line. (Appendix 

B, Plata v, Sheets 1-4) 

/ 60. Incidental to examining the cores for determination of sound 

rock dor;:ths, the ma.Y.imum depth to which the cores were stained by iron 

oxide we.s also noted as an indicator of the extent of the circulating 

ground water. A line dravm on the profile on Plate II, Appendix B 

shows the lower limits of the tron stained ,j ointfi a.s determined from 

the drill cores. This probably does not represent the maximum depth 

to which good gr·:ut penet:rati:.,n 'Will be obtained, but is considered the 

most importc:nt area. 

61. 9tabi6iti: With such foundati~n treatment as hae been out­

lined, no Y~o'nn factors remain which would affect the stability of the 

dam. The joints and fractures are favorablyiloca.ted with reference to 

the axis of the dam and dip downstream or toward the left abutment at 

high angles (70°-85°). A few sub .... horitontal fractures dip toward the 

same abtttment. Prop0r c,9.ro in wasb:tng and g-routing these to elim.jna.te 

any aeepage is necessary. Differential settlement tmder maximum loading 

is to be expected in a jointed rock of this tY'Pe and is considered 

in the design. Compression stresses are most nearly parallel to the 

fracture lines while the shea:r-ing stresses are more nearly norraal to 

these lines. 

•, f 

62. Div~!"sionz Plans for diversion of the river during the early 

stages 01~ c~)nstruction call for earth cofferdams above and below the 
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the found:-.tion area. Deep gravel deposits are known to exist in the river 

channel at the axis of the dam a.nd for 200 feet or more upstream. To 

effectively seal the area against seepage two locaticns are suggested 

for the upstream cofferdam • 

.!!;• In the yicinity of DH 6 where the bedrock rises to 

elevation 11?0. Drill records indicnte large boulders 

in the gravel which might prevent the use of sheet piling. 

Rwuoval of the cravtl and boulders to bedrock may be 

necessary before placi.ng of the cofferdam. 

R• Just upstream of DH 1 and DH 7 a ledp,e of rock extends 

part wa.y across the r:i.Ver channel which mi.ght be utilized 

in an effective cofferdam. 

63. Consider~:hle depth of .gravel should be expected in the 

stream bed below the spillway apron and should be considered in placing 

a cofferdam in that area. 

64. Spillwav r.;.nd Vu.t~~t..J:. 'rhe dovmstream edge of the spillway 

apron of the low dam is .favorably located on the diorite dike, which has 

alrea.dy retarded erosion of the stream channel in that area,. Excessive 

ero5ion downstream from the &~ron seems very unlikely. There already 

exists a deep p~ol partially filled with debris, whieh m.t.y be effective 

in retarding the aetLJn of the water. 

IX - :fi.ESEHVOIR 

i,' 65.. MW!~e: The Detroit reservoir presents no problems involving 

lea.ka.ge or evaporation. No low divides or narrow r~.dges separate the 

reservoir from adjacent river valleys, and the volcanic fol"mlltions a.re 
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relatively tight and impervious. Several large deposits of gravel may 

give some additional storage, but the a~otmt is not expectect to be very 

great. 

66. Landslides: Some small landslides are found at maximum oool 

elevation, and may affect the rnact and highway relocation in these areas. 

One of particular note near Berry Forest Camp (Sec. 16-TlOS-F..5E) has 

already been considered in the relocation surveys. I~and slips should 

be of no concern in the Sardina lava series of the upper Eorr;e. The 

Breitenbush Tuff series above the mouth of Blowout Creek may be sub-

ject to local sliding in deep roadcuts. 

67. §ilting: Deposltion of some heavy debris must be expected 

where the Breitenbush and the main North Santia.m enter the reservoir. 

Fluctuation of the pool level would distribute the mat~rial 1 with a 

certain amount of reworking, between minimum and maximum pool levels. 

The silt content of the Cascade streams this far back in the mountains 

is unusually low, although high water stages must necessarily carry 

a small amount. Some glacial flour is carried in the sunm1er melt water 

of Whitewater and Milk Creeks. Wave action, while probably not severe, 

may be noticeable in some areas. 

,! - COl'JCR'ti;TE AGGRt'{;GATE 

68. Alluvie.l Deposits: Preliminary studies of concrete aggregate 

deposits were made in 1940 on two widely separated areas.. The.most 

extensive deposit of river gravel and sand near the damsite is the river 

bed and the adjacent low terraces between Blowout Creek and the Breiten­

bush River. (See Plate VI, this appendix). This area lies three to five 

miles upstream from the dnm and 0ffers severr~l good sites for an aggre-
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gate proeo.saing plunt. Rail trt'nsnortr,ticn to the damsite could be 

probably arra.nged ove:r ths exi~t.1nr- ro ilroad t.racke. 

"< .. 6c; .. · More tha.n 200 acres in this vicinity are undarla.ii1 ,by sand 

and g:rRvel deposits, ncne ·of which t:as been penetrc-.te(1 mor~ than 10 

· feet by any of the eight tljst,. pits in t.he ar<~A. Apparently sufi'i c1ent 

material eXists to allow selective operat1.ons a .. ud to allow a hi;7h 

percentage waste if necessary. 

70, Ano·ther natural aggregate depostt of sufficient size f,:)r 

consideration is. in the south hal{ rJf Secticn 2.5 T9S R2E. It extends 

for r)ne 1-o two miles along the right bank of the river beloli· Mill City. 

(See Appendix B, Plata VI) Only one sha.llov; tes,t pit was dliJ i.n the 

bot tom o! tlte state highl'Nly borrow pit. Furth or rooonnais:s.alioe of the 

ar~ ~ndicateci a sufficient. (iue.ntity of material available for Dt-ttrt}it 

Dam. ·· Oee ';>f the deposit is dependent,, however, on the quality of the 

mnterial, which is expo·cte(l. to be a.e. good .ae the deposit above the 

dam.site. F'urther tests wo•..tld be neeessary to det~rm.ine 1 ts suitability 

8.$ concrete aggregate. Bo-th deposit& show considera.bla variation in 

the natural grading, and therefore may be deficient in certain ac:reen 

sizes. The /-6" ei~e ranges ,from 2 • .3% to 53.ZC and the sand sizes range 

2:3.:3% to 66 .. ~ of the total. Since either area is sufficiently large, 

. Selective borrowing might possibly improve the size r;r.e.dati\)fl r:.nd elim-

innte ease o..r- all the crushing costs. In general the two areas may be 

com:pa.red as follows t Both deposits are derived from the lavas and vol-

· ca.nic roeks of the Cascade Mountains. Tho Mill City dttposit. has the 
. " 

additional·· ad.m.ixture of the rocks and minerals derived from the Santiam 
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canyon. Much of the tnaterial in the lower depoeit, h.!·~.v.in.;: travelled 

further, oh·)uld, by comparison, be smaller in size and have a smaller 

percentage of tmsound material, especially in the gravel sizes. The 

ratio of mineral grains to rock fragments t~hould be higher in the sand 

sizes of the Mill City deposit. 
\ 

71. 

permanent 

Most cf the samples tasted eo fe.,r are above the level of the 

water t.?.ble, Material b$low this aurf'ace may be less weathered 

and conseciuer.tly give better test results. 

?2. QruspBd. Ro~: Use ·Jf crushed etcne frnm the foW1.dation of 

the dara ;;r a. nearby area fen' all or part of the aggregate has been 

BUF~·r~ested. The petrcgraphie study of the founda.tinn rocks showed. c'•n­

diti:ns very unfavorable for their use ·as aggregate"' Altn9u.gh the 

m.at~rial is considered moro than adequate as a foundati?n rock, its 

mineralC"',;,ic•.:l cor.11)osition is not dsairable for good ccnc;rete tilJ:;ere­

Ec'.te. Abrasic,n tr~sts are neoes&urily high on crushed rocl and the shape 

o.f tht~ fr,f,f)nentfi ~nay not be su:i.ta'ole. Magnesium eulphate losses would 

be high beca·~..~.ze ,,f t~1e st,ructure of the rock and because of certain al­

t.erntion minerA.ls such as chlorite. 

' ?";. It.. ir:; a foregon-e conclusion that most of the r,~ck to oo 

excavated for t}le fQunda.tion of the dam 18 of poor quality and therefore 

of little or no use. Altf)ration of Lhe andesite country rock has been 

;.'retty, ~T,enoral in th0 damsite area, and while possible,. it is not very 

:-)rob;\bls that exta'1.si vo areas Jf ,:;ui tabla audesi te fur a.ggreeata can be 

found. A :co.~,<:.itility r;xis!..o .:1b.ut a n~:i.le upstream, where the qua.rt2r 

dio1:"1te intru3ive reeks l,:re well ex,pose-4. Specimens of material from 

these larger bodies have not bean e.x.amined microscopically.· 
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74. The North Santiam River offers a numh~r of favor~ble eit~o 

for power dams w.tth 100 to 150 ft. hea.ct; The cross-section of the 

Santiam can1on is very distinctly V.shaped in the bottom and widens out 

into narrow terraces or benches above. Hirrh .storage req~rem.ents for 

flood eontrol dams presen+. m.gny difficulties in selecttne- sites of 

favorahle aroes-s~etion. This is trtte not .. only of the North Santiazn. 

River but of other ~JtNa.ms 1n t.he Willtllll~tte 13afin. The "innfllr canyon• 
'A';l' . . 

is rarely of sufficient de;:,:,th and a flood· control dPt,m~s;F ~itend up 

on to the adjac~nt bench or te:M"r±CI), The Det1101t Dam Bi~o) looated netu"" 

tho head of the Sa.ntia.m .~·orge is m.ost fa,vorBble for ~$tor.age· ·ra-quirel'llente• 

7;. Roak conditions at the other North Santiam ~lijl\ eite$ inves­

tigated for the 1936 report (MoKitrick 1 (d) 1 (Piper, (1)) e1~" stmtlar 

t0 those at the Detro:i.t {Boundary} ~ite •. Joint1ng and f:f'S.ctutiingr, in• 

trueion.e, and secDndary mineraliza.tion are l~enera.lly .Pr~sent, ther~fore 

the lo"r sites would have 11.t.t1e i.f a.ny a.dvantages in fou'"dation oon ... 

ditiona. Sw .. all ad,ra.t'ltagea would likely ~ offset by: increased. height. 

of dam to provide sufficient storn~-

cvnstruction of the Detroit Dam is the location of suitE~.ble conor0te 

in the reservoir ~.rea is not sat:U3factory·.,' Furt.her reser:trch and testing 

is nec~ssa.ry to deterro.~.ne whether the Nortn Santia.r.\1 e:ands and gravel 

CQO be brous._mt up to specification.,. It may be necassary to add 

Willam.ette or Columbia River sand to Detroit' sand whicn hae been washed 

.;t.nd roil led. 
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77. .;~XJ;lor,J.tion oi' the damsite has h3en adequate to outl:i.ne 

structural conditi.Jns of the fctmdatic'n and cietennJne within reas•mable 

limits the roc;k su:r·f·.:tce and the sound rock line. Further exploration 

durinr, const.r"\H~ti!)fl 0ften becomes necessary t·:'Y r>tlt.line rr.inor irre;(U-

larities and this 11~y 'dell be tho case in a dam of this size, 

Lloyd L. Ruff, 
Assistant Geologist. 
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lleport .2£ 2· ]. 3urYrell, ~·, Gonsultin'{ Geolo;:;ist, 

Det~ Dar1 !lllii Re~mrvoir, Uorth Sa.ntiem 

River/ Oregon. 

Gctober 13, 1939. 

Detro it Project 2.!! North Santiam ll~ 

1. The p)-an for the iJetroit Project provides for the construe tion of 

a concrete dam to an initial crest elevation of 1475 and an ultiJ:-..:~.te crest 

elevation of 1580. Tb.e maximum hei[.~1ht of dam for the initial sta;~e v~ould 

therefore be af)prox:i:m.atcly 325 feet and for the final stage ar)pro:x-lmately 

430 feet. As this 1iam is to 'oo ve'J."'f.J high, careful consi,~erntio:l must be 

given to all the facts that relate to its foundation. 

2, G-eologic Setting. 'rhe narrovi gor.c;e in which th1:1 dom site is lo­

cat~d is formed in and underlain by thick Tertiary lava flov~s of tJ:1e 

tlndesltic type which appear to dip 'Nest~rly n.t low 3IL1le s. The base of 

the Rndesite was not reached in borings drilled to a depth 2:)0 feet be­

low the stream bed and it extends to an elevation of core than 1000 feet 

atove the river in the vnl.ley VIalls. A few niles ;:1bOVf; the dan site, near 

the vil.la;;-e of Detroit, the lavas rise above dra.inaee and frag;:tental roc1~s 

of volc? ...... rUC origin - tuffs .1.r!d a:.":::lo!,1eratt~s - ccd·ne to t..'le surface. At a 

number of places t.he lavas are cut by intrusive !l'k"tsses of diorite, a luck 

sinilar in composition to andesite, but distin,:;u.isha.ble from it b:r i.ts 

grc: .. nltoid texture. 

3. Charactt3r rmd Condition of Foundation. The prinei;)r.J. rock ::1ass 

at the d .. m;l site i.s composed of andesite, a dense, fine .::.;ra.:Lned rock of 

volcanic orig·in. It will form all of t.he foundation axcept in subordinate 

areas vme re intrusive bodies of diorite in tl.le form of (lj_ke s r:tnd ton:~ as 



are present. The EJldes.ite is a dense, hard, durable roc!:.:, ha.s a high 

strength, is free frora porous layers, such as are commonly found in lava 

flows, and, where structurally sound and unweathered, is a suitable rock 

for .:. high dan of the gravity, arch, or buttress type. Preliminary teats 

indicate compressive strengths rru1~ing from 141 000 to 30,000 pounds per 

so.ua.re inch4! No scoriaceous cont(1.ct.s, vosicnlar layers or cinder beds 

have been discovered in outcrops or in any of the 43 core oorings made 

in tr1e site a.l"'ea. ~11ile the andesite has undergone a. considerable amount 

of hyti.rothonne.l alt (=ration, and such alterations ho.ve in places lowered 

the quality of the rock somev~hat, the changes are relatively unimportant 

from the engineering point of vieY•; for Yft1ere uriV>roa.thered and confined, 

the poorest r':'l"ade of andesite observed hn.s a strength ra.r in excess of the 

requirements. 

4. The diorite masses mich will form a relatively 311all portion 

of the foundation are composed of thoroughly competent rocks at1d no evi­

dence was found that the nnture of the contact zones is such a.s might 

affect the desien or st:.:bility of the dazn. :3ome non-notallic minera.lizar­

tion by materials weaker than tbe inclosing rock has taken place in t.he 

contact zones and in pramineralization fractures in the andesite, but the 

strength of the foundation as a whole has not been appreciably aftected 

and such ruinara.liza.tion has been adva.'1tar:;eous to the e:x:toot that it lk'1s healed 

the older fracture systems. 

5. The principal flaws in the foundation arise from t.he several 

rather conspicuous fractur~ s.:i'";.;Lems ·.t:ich cut 1xJth t!1e andesite and 

diorite ma:sses. All of these ha:ve promoted w(;athering of the abutr:1ent 

rocks, in :)laces to cooDicerablo Je:;th9 1 ;J.nd !llonv sa:1a of the fra\!ttrcs 

m:inor 3hear zones of mattered rock have developed. In t~eneral, hm"lover, 

- "2 -



these planes and zones of weakness appenr to have 'been greatly accentu­

ated by '::eathering ~d lt if: rrob:1ble th:-:..t most of ther.. will become ti~-11t 

and many of them barely pe rceptlble oolow the zone of weatherinG .. 

6. There are two fracture systems thd.t wnrrai1t special mention and 

consideration. Jne of' these strikes a.ppro:<irnately ri 45° Wand dips aoo or 

more to the southHest. These fractures c.rosu the proposed axis of the 

dam at an angle of about 70 °. If continuous and open., they \';OU ld have 

an important bearing on leakage and mi[jlt conceivably affect the shear. 

strength of the foundation. They are conspicuous along the bedrock floor 

at the f.oot of the left abutMent and have to a large extent controlled the 

course of the river through the ::.ite area. and probably t.l-te buried ravine 

in the right abutment. The fracture spacing varia s from a few feet to 

20 feet or more. On the valley floor, where the outcro~11ing rock is 

fresh and sound, they are tight, are arranged in an echeloned pattern a"'ld 

are not continuous over great distances, thoueh oome ma..,v extend through the 

dam site area.. Generally they are single f"ra.cturea, rut a few show narrow 

fractured rock zones along them. -t;'h.il& this sy::"item of fractures has pro­

moted weathering in the abu ~":len ts and be.:u:-s on the srout in2' problems, partic­

ularly in the abutraents, its bear.ing on the stability of a gravity-type dan 

is believed to be ()f little significance. o~ving to their nearly vertic~ 

position, mea.ring of the foundation muld take place before slidinc along 

these fractures could occur. 

7. The ather set of important fr:.7.Ctures strikes N 10° E and dips 

70° or more to the northwest. They are therefore rwghly parn.llel to the 

&"'tis of the dam and dl.p in a downst reara direction. The nost conspicuous 

development of the a~e fractures is seen along the hichv:ay cut ill the ri,t11 t 

abutment a a~ort distance upstream from the proposed location of the heel 
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of the .];ravity da.r11. In a zone apprry;.::iF.::lt.ely 100 feet \\'ide, 8 of these 

fractures were observed. Along some of the~ shear zones as much PlS 2 feet 

vd.de occur, but nowhere was fault-:-;ou;;e or fi:;.el;,..- crushed rock found. It 

is relieved that the anount of movement B~lonc theo has been mta.ll.. Deep 

lieat...herin;::: has ta.'!.(en place :llong some of them, hovvever, and the crushed 

rock ~one at the outcrop consists of soft fragrttmtal rock and clay. 

These fractures were not observed to extend dovmward through the abutment 

to the valley floor n.nd are appe.rentl;r, in part .::~.t lea3t, cut out by inter­

sactine fractures .:ll other systems. It is believed that weatherine has 

enon:\Ously a.ccentur"ted those zones of weakness in the r.ieht abutment and 

that belovt the zone of vreathcring the conditions will not be such as to 

challenge the feae:ibility of the foundation for the high dam proposed. 

Further imestigation of these fractures and rnirtor shear zones by means 

of tunn.els and lar616 diar:1eter drill holes io, however, 1JJa.rranted. No 

evidence was found that an..v faultinr; of major proportions occurs within 

or near the dam site area. The opinion that belov; the zone of weathering 

the rnajor frr~cture systems are tight substantiated by the satisfactory· 

core recaverJ obtained from most of t.l-Je l;orings drilled in the vulley ootto1:1 

v:here erosion ha.s kept pace ·.1ith weatherinz. 

8. Stabilitv of ~ Ric;ht Abutment. Uo evidence has been brought 

to light thf'.t t.l-te roushly pyramidal shaped rock mass that forms the right 

abutr:lent is out of :.:lace or that it is parted from the :·Jain valley ~·•all 

rnas s by any dancerous plane or zone of \/JeaJcne ss. 1'\'h.ile :L t is rzoo b able 

that a prominent set of northv·r'3st fractures cu·~s the right abutment nlong 

the wried ravine, it it:: r.:>elieved that, far all practical :ourposr~s, the ') 
/ 

ri.-ht, abut;.Jent mass is monolithic with the valley wall ru.~ss. InvestiE~a.tion 

of the turied ravine area by mo.:1.ns of tunnelinr:; J.s decirable, ho·,vever, and 
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has been included in the suggested plo.n of explorations. 

9. TyPe~ Location' of ~· In the writer's opinion no rreologic 

conditions are now lJtown that ~·10uld preclude the constl'uction of a safe 

and effective concrete dam of the gravity, arch, or buttress type. Both 

the foundation and the topography are believed, hov:ever, to favor the 

gravit:r type. ~:Jhile it appe a.rs that the c!:oic e will be ,;AOverne d primnr_.ily 

by anginee:ring oonsiderations rod econo:~ucs, it seeD-s reasonably certain 

that a gravity-type structure would t.'linirnize the disadva.ntage5 of the 

foundations resulting from the fracture systems described above. 

10. The location for a ,";r.:-.vity darn ;;,s 110\'; :;roros;d has been (-;ave.rned 

largely by economic consii.lerations o.s determined from tl~e preliminary 

bedroc~,~ cout·0ur "lB.j!. Further investigZ?.tion of the Ghear zones in the right 

atutment :nay bring to light conditions that will justify shifting the 

axis some'Nhnt farther dcnmstrem, rut no major change is indicated. 

11. Strip~)ing Re(:-tirement. In the $Xamination of cores special 

attention wa.s .paid to the condition and depth of vJeatherinf;' in all critical 

areas in an. effort to determine the depth of stripring necessary to secure 

acceptable foUndation rock. All of the cores taken thus far m:-e of small 

dir.r~leter (1-5/8 inches or less). Owlnr; to rather high core los :-:;es :in many 

of the abutment holes, so:ne of \';hich were undoubtedly due to causes 

other than weathering, ::t well defined strip line is rot apparent along 

any <;i.ven section throueh the abutments. It is certain, ho·:~ever, that 

the depth of strippinr; on tlHl 3. ;utment s will vary widely due to variable 

thic~messes of overburden and to irregtlla.ritie s of weatherinc e.long 

fractures. It i!!: antic i;!2.ted that the depth of rock strippin:~ c.orn.al 

to the slope of the abutments vrill ran(~1·e from 20 to 5J feet.. Cornylete 
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re::1ov al of the proj ectine rock r:v1s ses belm'.' the hi..gh·u9~r brid.:;e should be 

provided for ns they are badly broken enri unstable. In the ~ralle:r bottom 

where the rock is, in eeneral, sound ut the outcrop, allo?Iance of 5 

!Get of stripping below the bedrock surface c..ppe2.rs adequate. All of 

these figures rtl.a\t' 1::€ EJ.t ered rJ.at sri ally by the further r:1ore ~liable e:tt-

plora..tions \Vhich have been recornrnended,. Sorn.e in die ation of the probr.tble 

depths to sound rock is given by the following data on selected oorirtzos: 

Hole ~ocation; 

5 VP.lley bottom 

7 Valley oottom 

15 Left abutment 

16 Right abutment 

19 R.tgtt abutment 

22 Right abutr::i.ent 

23 Left abutment 

24 Itit.<jlt a hutment 

25 Left al:utment 

28 Right abutment 

30 Rid"tt abutment 

34 Left abutment 

38 Valley bottoJ:t. 

41 Valley bot torn 

Elev. -
1195 

1213 

1375 

1575 

1643 

1427 

11+71 

1404 

l4lr9 

1433 

1505 

1207 

1193 

Rock Slev. ---
1130 

1213 

1368 

1517 

1620 

1396 

1433 

139J 

1395 

1449 

1431 

1456 

1207 

1198 

Sou:td .li£.tt ~. 

1126 

1213 

1.357 

1515 

1578 

1372 

14.33 

1369 

1391 

1337 

1386 

1456 

1204 

1194 

12. Leakage Conditions. A cursory exru:1inatio:n of the reservoir 

geology and a study of the topography of the Horth Snntia!'.l watershed 

indicate that there is no pro'.:>ability of important leakage if the dam 

abutments Md foundations are satisfactorily sealed by means of n g't"'Ut 

curta:Ln constructed at the heal of the dam. A considerable quantity of 

I 
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rather deep erouting is inclic ated for the n.h.ttJT~ents, for atnon~;; the r:1ost 

prominent fractures a.r\.~ those that trend r·:mghly nonn.al to the axie of 

the dam. Below the valle:r bot tom it is believed the ,::rem ting require-, 

ments will not be excessive. 

13. Earthciuake s. No ,;.Peat earthquakes have occurred in Oregon vd th-

in historic time a.nd onl;r 2 of the 13 racorcled since 1856 are listed as 

of intensity G: as measured by the Rossi-lt'orel scale. One of these occurred 

in 1873 and had its epicenter near the Oregon-California border; the other 

in 1936 vrith its epicenter close to -the Oregcm-~'lashinr;ton border. Con-

cerning these two most OQte-worthy earthquaketJ, the foll.OlN!ng statements are 

taken from Sa.rthquako History of the Un.'tt ed Jta.tes, Part I, Coa:3t and 

Geodetic Survey, U. 3. Depa:rtr~lent of Comnerce: 

1.873. November 22. A :::evere eartLcpake centering bet1veen 
Crescent City, Cat. if orn.ia, and Port orford_, Ore:jJOn1 aid preS\Lrnably 
near the State oorder, was felt from San Francisco, California, to 
Portland, Orl3gonJI over an nrea. 2&1 miles by 160 miles. Between 
Port Ortor d P..nd Grescent City man:;t chirmeys '11ere thrown down. 

1936. July 15. North Oregon just south af the oorder. The 
earthquake was destruct.fve at Freewater, State Line, and Umapine 1 

Oregon. At FreewatiJr, plaster and ·.ti.ndows were broken, chimneys 
were shifted a.t the roof line, and there was various damage to 
schoolhous~~s and other bnildin,:~s. At "'falla Walla movable objects 
were shifted and a fmv chir;meys vrere wrecked. In the central 
region there was much crRcl-::ine of the (~ound in one case over an 
area 1500 by 75 feet. The shock wo..s felt over a large area in 
rlashin~?ton, Oregon, and Idaho. There were nu;nerous aftershocks up 
to N:>ve:nber 17. The two strongc;st attained intensity 5 on July 
16 and Aur:-;ust Lt .• 

14. No seismic dioturbances of sufficient intensity to cause damage 

to an en,::ineering structure have been felt at Detroit within historic tL"le 

and no active faults are 1nown to e:tist in the area.. Hm·rever, as t:us dam 

is to be very hit;h, and the T'ossibility of 3eismic disturbances does exist, 

there appears to be justific o.tion f~r nn earthquake assttr1ption in the design 

of the dar1. 
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15. F'urther Investigations. Further subsurf<1ce i.nvestii~ations by 

meaJ13 of JJ-inc.h drill holes and tunnels to determine t~1e character of 

the fracture zones in depth and the amount of stripping nacesscwy· to pro­

vide sound foundation rock ;-we nhovwn on the aecanpa.nying l!'lap. ( Flat.e I .. ) 

:·fuile the important areas have been rather exten.si,ely explored ni th smeJJ. 

diameter drill holes, much add.:ltional information re.:;a.r<lL:1:; the structural 

details and d~th of weathering is to be desired and this cml best be CiCCom­

plished by explorations of sufficient size to pen1it an inspection of l}·!e 

foun:ia tions in place. 

16. Conclusions. The present inco.mplete data indicate that there 

are no geological conrtttions at the Detroit site that 1vouJ.d preclude the 

construction of a safe and effective concrete dar;t of the maxir:lll:n height 

proposed. 
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Detroit~~ Eeser.~, ~·Jorth Snntio.m 

River, Oregaon. 

October 25, 1940. 

1?,; .A report on "Geologic Conditions Hele.ting to the Locution, 

De errl Construction of' the Proposed Detroit, Cottage Grove, Fern 
. 

Ridge and Dorena Dams" was prepered b;r me and submitted lJ l.der the date 

of October 14, 1939. Subsequt3ntly, extensive subsurface investigatiortp 

have been made at t.1te Detroit an:l Dorena sites an.d the Cottage Grove e.nd 

Fern Ridge projects have entered the construction stage. During t.'fJ.e 

period October 7 to 11, inclusive, 1940, I made further studies of the 

geolocic conditions at Detroit end f:o.rena and inspected the foundations 

for the spillway structure at Cotta.ge Grove. On October 12, 1940, a 

conference v1as held in the District Office, at which time the results oi' 

these investigations and th;, ve_rious problems e.nd questions presented for 

my consideration were discussed. T!tis supplementary report conf'irms the 

findings and opinions given nt that conference. 

DETROIT 

18.. Under the subject "Supple::nentary Geologic Report on Detroj t 

• Dam Site.., North Santiam River, Oregon" the District Engineer, in his letter 

of October 2, 1940, requested a supplementary geologic report on the 

Detroit dam site covering specifically the follcwnng features: 

"(a) 1\ check of' all t;eologic interpretations made by 
this office. 'It is especially desired that an e.ccurate and 
complete check be made of our 'rock' and 'sound rock' contour 
maps. The latter ~ap fixes, in general, the excavation lines 
for the pro posed structure. 
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"(b) A study of the :.1ost sui table aligmnent for the 'lmY' 
and 'high' dam axis as determined by ceoloc;ic considerations. 
The low dar.1 axis must be loc e.ted to fit econorrically into s 
future hi.c;h dam plan. Future rei sing may ta.\:e place either on 
the downstream. or upstream face of the ini tiel lOV'r dan. 

n(c) A reco:mmendation in :regard to foundation grouting., 
drninF ... ge, 8.nd, if pertinent, special treo.trnent of fracture 
areas.., Your opinion is especie.lly desired in regard to depth .. 
grouting pressures and extent of' groutinG thF.:.t r;dght be re­
guirod for (1) consolidation of cri ticB.l fcundation areas, ard 
(2) the provision of a suitable cut-off ~:;::rout curtain near the 
upstream face of the dam. 

"(d) A reconsideration of the stability of the right 
abutnent. Reference is made to pare.t:raph 8 in your report of 
October 18, 1938. Your further considered opinion is desired 
in rec;erd to the possibility that the whole right abutment area, 
dow:nstrea!:i from Turmel T-::, is a slide block W:·lich has become 
seperated fron the me.in valley wall mass. If such a condition 
is possible, a. statement as to the seriousness of this feature 
from e. structural ste.ndpoin t is des ired. 

n(e) Reconsideration of any other geologic features brought 
to light by the 1 atest explorction ~program ·which r:Ught change the 
conclusions arrived at in your m·iginal report or which mi[;ht 
affect the de sign of the struc turo." 

The above items are discussed below in the order listed. 

1q~ A careful study we.s made of bedrock conditions revealed by 

the 36 -:inch dri 11 holes, tu1mel s and trenches end the cores were eX['JTl:'~ne d 

from all sr.:all diarr.eter drill holes located in the areas in w:;ich structures 

'Wvould be placed. ~,;y findint:,s rele.ti ve to bedrock confit;uration end sound 

.rock eleva.tious agree reasonably close vii th those m.ede by the Uistrict 

office. In scrrne locutions. where the sound rock elevation was not elea.rly 

def'ined and it was necessary to make a cl:oice be tween a ma..ximum D!ld minimum 

strip line, I have 'tr.dcen tl"e ccnservati ve viev.rpoint arrl used the rnaximum. 

On e. basi,s of all of these deter:mine.tions, it appears that the average depth 

of rock stri':~ing necessary to secure fou..'Yldations suitable for the hie;:: da:n 



proposed vrill range from 40 to 60 feet in the right abutm::mt, from .s t·J 10 

feet in the va.lle y bottom, end from 20 to 25 feet in the left abut:ueu t. 

The data on sound rock depths are tabulated below: 

;-role No. Depth to rook Depth to .sound rock 
in feet in feet 

13 18.3 58. 0 

9 61.3 75.7 
19 23.2 61.6 
16 58.3 60.0 
14 5.0 f 48.0 

8 4.5 Not reached e.t 54o8 
28 0 .. 66.3 
29 1 4' 42o3 
30 2 40.1 
47 0 10.0 
53 0 1:3 •. 5 
35 31.7 46.2 
37 19.6 46. 7? 

4 64.7 69(15 
5 65.2 68.9 

38 0 3.0 
40 0 3.0 
41 0 9.2 
45 0 10 Vertical 
31 0 5 
43 13.0 20.2 
46 0 2.1 
15 6.7 32.4 
49 13.0 24.8 
25 9o4 34o9? 
17 11.4 22o0 
51 11.9 29.7 
34 49.5 54.1 
52 30.3 43.0 
50 17 .o 25.0 
48 10.0 67.0 

Special mention should be made of 36-inch hole CH 2 in the valley floor 

where locel conditions apparently are responsible for the deep s~und rock 

elevation. It seems probable that a few feet away fro;n the in·trusive 

contact,,_.,. ich t.l-)is hole penetrates, the sound rock elevation lies 'hithin 

5 to 10 feet of the surfa.ce. There v:ill doubtless be o·thcr lo:~.alized 

ercas ':.'here, .:iue to structural concitions., a deeper than average vres:t:hered 

rock z :Jne v;ill be found snd he.. ve to be removed" but these should not 

materielly r.ffect the total quantities. 
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2C.. Structural conditions in the andesite moss 'Nh.ich forrru;; the l'etroit 

daJn site P. .... YJ..d the effects of strwcture on rock v:ea.therinr, uro S"il.'Jh Es to 

m8ke it :-Jesiroble to locate the axis of the de.:, es f'&r dmm stream es 

tunnels T-B and T-C (strike N 5 to 10° d. 65°+ t c:: .,. 1 . .. 1 f '11 . 2p _ o ~ •.• .~ ~:.r:ct c e.;;r .l. ~1ng:s 

from a fraction of an inch to 6 inches are present e.bove tr.e hir;hway lovelo 

~·.'11lle t 1 ~e :.:'ovement e.long tl:ese fractures appears to have been sr:r'li and 

they ere not regarded as flaws of a serious n.e.ture, they have ::nateriully 

affected the quality of the foundation in the area in ~Nilich they nre :T.ost 

conspicuously developed and should be &voided as far as possible in locating 

the upstrer::m limits of the d~~. It is to be noted thrt these fractures p,re 

near1y norr:'1.:·1 to the line o:' maximum thrust r.md it is conoei va.ble that they 

rnicbt fLf'ford f3. considerable emount of slack in the right a.butment founds.-

tion uninss thoroughly treat.ed •. For these ree:,sons it is rccor:7:1ended 'that 

the heel of the ultinmtc stage dm•\ be loce.ted not farther upstrorun than 

that s~iov...n on tre sheet i~o. 1 o;f' the present project plan. It would seem 

desirable, therefore, if this recomrnendation is to be followed, to decide 

in ndvP.nce o+' the initit?l. stage construction on wl;ich face the da.1·n Ymuld 

be raised when enrl if the ultimat.e ste,ge construction is undertn~-::en. 

21 ~ \.Thi..le the found e. ti on rock ~. t Detroit is a strong, durable 

andesite, it is cut at re..ther close intervals by fractures of both tension 

m1rl shear types. Partial removal of' restraining loads incident to the 

development of the ;<orth ~~e.ntiam Eiver valley has resul<~ ed in the open:l.ng 

of r::rm,r of t~'.ese fractures to considerable deptl:s in the valley walls and 

deep wenthering has tni:en place in masses that lie above the vrater te.ble. 

1b.e tvro !:!Ost noticeable frfl.Ct'..J.re s:vster.·s Bre t ose ·::l:icl; for eJ.l practicable 



purposes ma.y be considered as having trends parallel and normal respectively 

to tl'"e axis of tho dam. The fonner, especially, might afford some slack 

in the abutment rocks in the eli recti on of the maximum thrust end the 1 atter 

e .. re of' special imnortence from the leakage point of view. As the 36-inch 

holes nnd tl1e tunnels indicat-,e the presence of a ccnsidera.ble number of 

open or cl~.y·-filled fractures below the probable foundation elevations in 

the abutments, it is believed thet consolidation grouting should be provided 

for beneath the ebubnent monoliths of the darn. Reasonably tie;ht bedrock 

conditions are indicated beneath the valley floor by the 36-inch holes end 

the pressure tests made on small diameter holes so thnt curtain grouting 

only seems necessa~r under this portion of the dem. The following general 

plru1 of grouting is suggested: 

a. Prior to placing concrete in the dam, consolidate the 
upper 30 feet of the abutment foundation by means of drilling 
and ~=routing 30-foot wagon-drill holes on 20-f'oot centers over 
the entire area of the abutment monoliths using pressures un to 
but not exceeding 50 pounds per square inch. Careful washing 
of a,ll holes to ren:ove clay-fillings should be done. 

b. Construct a shallow curtain alo:ng a line 5 feet up-
strerun from the heel of the da."n for the full length of the dam 
before placine; concrete by drilling and grouting wagon-drl 11 
holes 30 feet deep on first 20-foot centers, then 10-foot 
cent..ers, then 5-root centers, if necessary~ to secure ~l tight 
curtain usi.ng pressures not exceeding 50 pounds per square inch. 

c. Construct a deep curtain along the fUll length of the 
dam and for a. reasona.hl e dis te.nce beyond the ends of the dam 
from the grout gallery after a sufficient weight of concrete 
has been placed to permit the use of high pressures. It is 
recorrtrnended that the grout gallery be made at least 10 feet 
high to facilite.te drilling and grouting operations. It is 
further reco1·JTnended tho.t grout pipes be set on 2-1/2 f'oot 
centers and th& t the grouting be done in two stages, the first 
stage extending to a depth of 75 feet in the valley botton1 end 
inoree.sing to 100 feet in the e.butrnente, and the second stece, 
if found necessary after exploratory drilling Pnd pres sure test­
ing, extendii1i:., to a de?th 150 feet in the valley bottom end in­
creasing to 6 depth of 2·.'0 feet in the abutments. l,ll deep curts.in 
drilling VH)J ld be done with rotary drills. Provision should be 
me.de for drilling angle holes either in a plene parallel to the 
n:xi s of the tunnel or inclined upstream e. t angles up to 60 degrees 

- J. 3 -
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from the horizonts1. Upheave.l gaGes installed in the grouting 
g~:.llery and anchored through pipes set in drill holes to the 
foundr,_tion at depths belO':: that of the grout holes should be pro­
vi.C.ed for to avoid exeossi ve pressures. As tJ·-i s dam would devel-
01J a heG.d of over 300 feet. e.t ul ti:rna te stae;e, pre .. ssures of 150 
p~unds pe:r Equare inch for the first stage grouting, e.nd 300 pounds 
for second stase f;.re reeo:mrnended. T:be order of groutinc for both 
st~lt~es v:oeld be to drill Flnd grout holes first on 20-foot centers, 
then on 10-foot centers, etc., until ~n effective seal has been 
provided rs determineo. by drilling tmd pressure testing. 

Though extensively :f're.cturod throughout and cut by a deep, 

filled rPvi ne in ·the vio ini ty of tu1mel T. C., no evidence has been eli s-

closed the r~~pt explorations that the right abutment rock mnss is a. 

slic.e block or the.t its :-;ta.bility is questionable because of sor:,e ma~ior 

structur~1l weakness. The prim.ary considerations here r:;rc deep strlppir.1g 

to secure s ounc founde.ti on rock end ceref'ul grouting t..o provide uniforrni ty 

in si:;ructur:ll stre1.1f,;th in t.he upper part of the foundation r:1ass. 

2J.. In the lir1;ht of the geolot;ic conditions disclosed by inves-

tiEe.Uons made subsequent to my earlier report, it is concluded that 

no foundation conditions a.re present which would preclude the cons-true-

tion of a se.fe nnd e.ffecti ve cooo1·ete dam of the gravity type to the 

ma.'"'Cimum height c en si dered. 
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LAB'~H.ATORY Tl!~STS OF FOUNDATION ROCK 

·1:-:. ----SlHB!PJU'·¥· of Teet R~Hn::~lts:-· Results of laboratory teste show in 
t+ s- :::.. 

Tables ~·and ~· and Chart '% e:t·o·-ttre· erKl. o.t .. this. chapter of. the ·appendix 

indicate that the un.jointed foundation rock has a compression strength 

var,yine from 6,000 to 48,000 pounds per square inch; a shea~-friction 

resistance of ap;;roxirnately 1,000 pounds pe:r square inch plus 1.15 of 

the normal load; a modulus of elasticity varyine from 4,770,000 to 9,440,000 

pounds ue:r square inch unrestrained; anrt a Poisson's ratio of from 0.18 

to 0.28 .. Stress-strain field tests on und:isturbed foundation rock ln 

the tunnels indicate a modulus of elasticity varyine .frC\J'n approximately 

150,000 to 1,100,000 pounds per square inch and a Poisson's ratio of front 

0.20 to 0 .. 48. 



APPENDIX ~ -~ 

TAB!$ i ~ 
PHYSICAL DATA - FOUNDATION BQ9[ 

. DETROIT D.A)€ SITE 

. : :Modulus of Elasticity : 0 

Hole :Sample: : ~S:Q§~1t:i~ G~.;y:1~x: D!n~i.:trl: zAbsorp.:1t LQ~d lOOO lb.L§g.in1 iPoisson's 
No, : No, :Depth:E!evation: Des)<riQtion Dn 0 We~ pry ; 1M ;. % • E ~ 0 Bat.ig . . . . . 
9 . 3 =95.8 1496.6 :Altered andesite . 2.f:i4 !165.0: . 0.34 t . . . 

16 : 4 =99.8 1475.0 :Altered andesite 2.71 . :169.4: : 0.63 . 
19 . 5 =75.2 . 1567.9 :Andesite diorite : 2.59 1162.1: • 0.75 : . . . • . 0 . 
25 . 6 =47 .. 3 1357.3 :Andesite diorite : 2.61 . 1163.2: : 0.56 . 4, 770,000 . 0 0 

29 7 =46.2 : 1394.0 :Andesite . 2.79 : 2.?9 1174-7: 174-7= o.oo ' . 
32 8 :73.0 :·1192.9 :Andesite breccia 2.76 . 1172.5: : 0.07 : r . 
39 9 :45·7 : 1632.6 :Andesite breccia . 2.63 . :164.5: . 0.93 : : : . . . 
42 10 :44·4 I 1372.7 :Diorite 2.57 : :160.7: : 0.90 a . . 
40 . 11 . 0.3 : 1201.2 :Andesite . 2.68 :167.6: . 0.45 . . . . . . 
40 12 : 2.1 . 1199-4 :Andesite 2.69 : :168.2: . 0.23 . 6,630,000 . .. . 
40 . 13 . 4.0 : ll97.5 :Andesite breccia . 2.70 . :168.9: : 0.05 : 6,290,000 . • . . • . 
18 14 :64.5 1457.) :Andesite diorite 2.70 : :168.9: . 0.84 . 
18 15 :69.0 . 1452.8 :Andesite diorite 2.63· . :164.5: 0 0.65 . . . . . 
35 16 :32.5 1195-9 :Andesite ( oxid.) . 2. ?Q, : :168 .. 9: . 1.36 . . • . 
35 17 :34.0 : 1194-4 :Andesite diorite . 2.68 :167.6: . o. 78 . . 
35 18 :37.5 l190o9 :Altered andesite . 2.67 : :166 .. 9: : 0.78 . 9,890,000 . . 
11 19 : 6.0 1270.4 :Andesite 2.74 :171.5: . 0.20 : : . 
11 20 : g,; z 1267.9 :Andesite 2.82 :176.2: : 0.42 : . . . . 
46 1 :25.9 . 1183.2 :Andesite 2.67 . 2~68 :166.6: 167.3: 0.52 7,250,000 7,800,000: 0.183 . • 
46 2 :39.8 . 1169.3 :Andesite diorite : 2.63 . 2.66 :164.1: 166.1: 1.09 . 5,320~000 : 5,815,000: 0.186 . . . 
51 . 3 :25.1 1422.3 :Andesite diorite : 2.67 . 2.69 :166 .. 6: 168.0: 0.61 5,160,000 : * . -f};·6?&-·· . . . 
49 4 :48.9 1322.4 :Diorite 2.Q3 . 2.65 :164.1: 165.5: .0.79 9,440,000 : 12,120,000: 0.282 • . . : : . : . : . . . . . . 

Not computed - Suecimen b~hf;~!J·~tjn~rmally~11 
, 
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COMfRES§ICN TESTS 
DETP.OIT DAM SITE 

: . . :Compressive :Computed Shear -:Computed Normal . . 
Hole Sample . : : Stren&.-th : ing ·Strength Load . 

Number Number Depth Elevation . :Qesex:i;ptiQn :Lbs./Sq, rn,: ~b§./§q, In• Lbs./sg. In, , . : . 
lt 

3 . 95.8 • 1496.6 :Altered andesite : 17,300 . 6,990 . 3,560 • • • . . 4 99.S . 1475.0 :Altered andesite . 16,100 : 6,500 J,:no . . . 
19 . 5 75.2 1567.9 : f..ndesi te diorite 13,200 6,260 . 4,540 . . 
25 6 47-3 1357.3 :Andesite diorite : 11,600 : 4,910 . 2,720 . 

_2.9 7 . 46.2 1394.0 :Andesite 14,900 . 6,020 . 3,070 . . . 
32 . 8 . 73.0 . 1192.9 :Andesite breccia· 6,)60 2,570 1,310 . . . 
39 . 9 . 45-7 1632.6 :Andesite breccia 12,870 . 4,770 2,140 . . . 
42 10 : 44-4 1372.7 :Diorite 21,000 7,800 3,480 
40 11 0.3 1201.2 :Andesite . 9,190 3,510 1,635 . 
40 . 12 2.1 1199-4 :Andesite 12,610 . 5,090 2,600 . . 
4Q_ . 13 : 4-0 1197-5 :Andesite breccia . 14,080 : 4,880 . 1,980 . . . 
18 14 64.5 1457-3 :Andesite diorite • 12,900 4,SOO 2,140 . 
18 . 15 . 69.0 1452~8 :Andesite diorite 13,400 .. 5,680 3,150 • . . 
35 . 16 32.5 . 1195.9 :Andesite oxidized 8,820 ' : 3,570 1,820 . . 
35 17 : 34.0 . 1191,.4 :Andesite diorite or \..'4 : \) . 

7, 770 ~: '\ . a1 t.ered oxid. andesite 3,440 '\. 
. 2,060 • . 

32... . 18 37.5 1190.9 :Altered andesite . 10,320 ~ \: 3,440 ;'«)' : 1,320 . . 
11 : 19 6.0 1270.4 :Andesite : 10,850 ~: 3,910 ~: 1,660 
11 . 20 . 8.5 126?.9 :Andesite . 6,130 ,, : 2,540 : 1,350 . . . 
46 1 25.9 . 1183.2 :Andesite . 15,830 "\: 5,089 '~ : 1,852 . . 
46 2 : 39.8 1169.3 :Diorite (andesite inc.): 8,920 ': 2,614 ',,: 852 
51_ : 3 . 25.1 . 1422.8 :flndesite breccia 12,720 ~: 4,250 l'>i"): 1,636 . . 
49 4 48.9 : 1322.4 :Diorlte • zo, 700 ~: 6,068 \·,,," 1,977 . 
25 6a 47.3 . 1357.3 :Andesite diorite 48,200 ') 16,700 ·-. 6,?80 . 

~; 40 12a 2.1 . 1199.4 :Andesite : 28,000 .:0 9,300 3,580 . 
"-.,. 

40 • - l.3a 4.0 1197-5 :Andesite breccia . 19,700 ~: 7,880 : 4,060 

~ 
. 

18a 37-5 1190.9 :Altered andesite ~ 9,~---- -~--(;. 
.•. . . + 

_ __.. .. -· 
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s. 

l. T~;tt J.!lQ fymsaa Two foundation loading ·tests Jrere ~omp~•t•a 

on Detroit foundation rock1 one in e.ch of .ttmnelJJ T~ and T~.. These 

testa were made to dete:nttine Poisson • s ·ratio and the ·.dtiulus of eia.a .... . ' '. . " . . .. \ 

tiei ty for the foundation rock in 'place. · 

1/r~. ie!stt·3QS-·eE:.4tltrl• 'nle teat in t~~el T-1;) was loca.teq at·. 

Station 0/.37 abOut )0 feet from the . faee of tne· cliff at·. an ap]J~x.im&.te 
/ ', y :, 

elevation of 1300 feet 0 e.nd at local dwite. coo.rd~t.ea lf. 1387 1 ··· w, 
. . N tl 0 e 

1089. · 'i'h~ ~ bearing of .the tunnel ies N. 58'? ·38.1 E. . 

....,._. ln tunnel T-A the test was aet .. up at .it&tion of97 approx..:. 

imately 60 feet fro.m exposed rock faee., elevation .1237 feet, and oo~ 
' ~AI· !o d ; 3 I w ·. 

. ordinates N. 13581 W. 899· The tunnel be.a:re 'S. 8,0 00' W~ 

"-· Th$ material in both tunnels is a dense nne grained ande.eit~t. 

In the area tested in tunnel T-D there 1$ evidence of considerable 

jointing on three plan-es, with Sotle joints spaced as close &a one foot. 

In tUl'Ulel T-A the test was made in· a :JectiQn where the roek indieat•d 
Citt4~r .. ·l $;(e·'"'~ ' .. ~:;?;,,..­

large blocky jointing and no fraetur~ng. ~e J3l'"tUiM1R~mi tre.et~res 
,. l ... d to~ . .. ' ' ' . 

_A.•}\ 1 ( ,)_ (. · .. I ·••. '·•"" t. .• 

·&nd jolnta .._. ·,s.e• on-~ ~~.~~:-~ttiet ~ 

S· Egy.1,Q11Pt ansi §tty,ga e~art· t -of Appendix •B•,. Chapter V and 

fi~re 1 show the arrangsm.ent of th• equipnent. Load was applied in 
. ,' . . ' 

a horizontal direction normal to the tUn.nel center lina ,~~~ a hJ'draulic 

j&ck of 100-ton capacity, to whiph. a PN••ure gag$ ;wa:s ti~tf.di:e·d. 
" ~]!: ' . ' ·: ' ., . •' ,, '·.. " ' 

Pressu.rt) in tho jaek was vari~d bJ, means. of';:a hand 'ope:r ... :bed PWAP• The . 

bearing areas conai•ted of stetl pl.a~·~· 1)-9/16." diM~&ter., 3/4 inch 

thick trane:mittin~t the load frot4l a 12 x 12 timper to a. eonente bearing 

S. 

.. .: .. ; 



block, and one 13-9/16" diameter and 2t inches thick transmitting 

and dietriblltina the load· trom ~ 1~ inch diameter steel ball to a 

concrete block. Each of thee$ plates wae imbedded in a G~1erete block 

mountert on the tunnel wall. The thickness of concrete was kept at a 

minimum, 4 to 6 inches being eu!fioi~t to cove~ projecting rock and 

produce a bearing surface • 

• 

Fig. 1. Te~t f4uipment Wounted in Tunnel T-D. 

- 2 -
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6. Gaus• plu.ge, ,3/ 4-inoh machine bolts, were located and desig­

nated as shown by charti At leaet 6-inchea of each bolt was grouted 

into drill holes with h.igh-.arly strength cem.Qnt and san4 grout. The 

bo:tt heads we-re aligned in. a. vertical plane parallel to the tunnel 

center line and e.e near the wall as possible. Rock between the 

ga\tge· pl\igs, projecting b87ond this· plane, ~as· triuned to afford cl~arane, 

tor the atrtf'J.n gauge. A eom.plete $f!.tt of plugS wa:s installed on each 

wall, one set directly opposite. the othet'. Holes for Jtrain g-auge 

points were drilled in the gaUge plugs at distances indioat•d.. The 

diets.nce betwe&n plugs 11 ., 2 and ) we.s made equal to the· gaug• length 

of a l0-1nch strain · ga'fl€e. The diatsnee 'betwe~n plugs 3 a~d 4 lla$ 

made equal to the dis~anee between the two paraUel planes Q.f bolt 

heada •. 

7. J2tf&U1Mt191l Muor~:JI Radial deformation, movement 

· in. ·tha plane ot the walla to':'8rds · t.he loa.ded area, waa measured with 

a lO•incll Whittemore Strain Gauge between points 1, 2 and 3. Radial 

deformation betwe,m p<>int5 3 4U"ld 4 and wall deformation, aeparatiou cf' 
... / "' 

the tunnel walle. in the ditection.ot the applied load, were measured with 

an ~s Dial attached to an exterl-sion. The· e:xte11sion was made ~· ot 

1/2-i:Jleh pipe ·and ria providetd with a hardened tapered etEH!l point whioh 

could be adj.uated ro~ Narti..;)ua t.~el widthe. A thermometer was also 

attached to the pipe. 

8. ~· 'nl•. total . load applied was detenuned by readings on a 

pres,eure gage a.ti;.Mbed' to the_, hydra:ulic jack. 'ntis' total load wa.e 

uniformly distributed OVI't a circular area of 144.5 aq •. il).chas. 

- 3-
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9. Tests Qomplete!,!: Radial and wall deformations were observed 

for the follovdng loadings: 

Test Ng. Loadings lbs,/sg, in. 

:Time - Beginning 
to End of Test 

Hours 

In }'unr)el T-D, · 
1 

2 

In 'funnel·T-/J,. 
1 

2 

3 

0 to 210 to 0 

0 to 367 to 0 

0 to 806 to 1012 to 
1382 to 1012 to 806 to 
592 to 367 t~ 210 to 0 

0 to 210 to 0 

0 to 518 to 0 

: 0 to 1382 to 0 

. • . • . . 

1 

1 

' 
5~ 

6 

18 

5 

10. Nomenc!ature: 

w1, w2, w
3 
~ Wall deformation of points 1, 2 and 3 in the 

direction of applied load, in inches. Assumed 

equal to one-half the measured wall separation. 

w1_
2 

m Wall defonnation w1 minus wall deformation w2• 

u1, u2, u3 : Radial deformation of points 1, 2 an1 3, 

in inche~. 

u1_2 .. = Radial deformation of point 1 minus radial 

deformation of point 2. 

6 = Poisson's ratio. 

E = Modulus of elasticity in pounds per sq. inch. 

q = Intensity of load in pounds per square inch 

on loaded circle. 

- 4 -



Q = Radius of the loaded circle. For·l3 9/16" 

diameter, a is 6.781 inches. 

r1, r 2, r~ • Radius in inches to points 11 2 and ;. 
"" 

Et, K, = Complete elliptical integralt for point l. 

a a a k1, k2, k3 = Constant r; 1 ~, tJ • 

U, ~gu§tl2P1!: The observed deformations· were eubetit.uted in the 

following equations., When solved si.rnultaneo'Usly, t;hese equations give. 

values for Poisson's ratio anct the modulus of elasticity • 

.!• For wall deformation (W} in the direction of an a.p?lled load.. 
z ' ]! ,', 

w ::4(1 -4 )q.r[ £.tf~ 1:_ Q ~sin'ede_ {I~"') /z : clrJ .]· 
rr E J Y 1

:- Y:J.~. r 1:J-... I 1'- ;i~s~n~6 
o . . 0 V r" 

See ''Load distributed over a. part of the •· 

boundary or a semi-infinite object." -

11 Theor.y of Elasticity" by Tilnoshenko• P~.334, 

1st Edition. 

£• For radial deformation (U). 

u • w fr_: z /Jft!:_/) _!i__E!_ 

'lliua.tion derived by H. D. Eberhart fr~ equation 

. by A, E. H. Love, Equation is identical to 
' ' 

that given by TSJnoshenko for a conCGlltrated 

load (P) on a. semi.:.infinite sol~d. V-.iu~ 0! 

P • q ;r •
2 ("Theory of Ela:stiaitytt, pa,.ge 33~ 1 

1st Edi.tion). 

- 5 .... 
~ 
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12. Con :;tan! s combined: 

a. 

f 

E, und K, being elliJiticol in+eqraJs) ~et>''A '::>1 1,Jrt 
T"o b le ot :.;.. n teq ra 15 11 Peirce p. 121. 

( l ) W
1 

, For- a II No. I. Point .5. r
1 

::: I 0 ~~. 

5
. -h, 1n 

.::::: 

(E,)
1 

=- J .3705 

(K,), = 1.8216 

6.781 
10 

=- • 6 781 

4 < i -:"'·) g 10 [r. JI'O~- I.BZ/6( 1- 6;~~1 z)~ 
3.1416 E ' ~ 

= 4. 9 3 ( I- l
2

) g 
E 

(2) Vv~ , Fe" tz -:::. 20" 

J-;2 = 6. 781 =-,33.8 
zo 

5ir(k.~ :::: 19°-49' 

.E 1) ._, = I .. 5246 . ~ 

(K,).: :::: I .6191 

, '\' = .:U_L_} z L'l. ___ f a [ I "' ;' -' .:.. -·· ' (' ), I 91 (/ I -- __ §: ?_§j_: ))1 
r.?. 3.1416 E ,_,~.._.,) I•' • ;:.oz ~ 

= 2.33 j__I_-f~~--- ·----- --- ~ --
E 

-::.·.2.26 
30 



(E.,)
3 

I. 5505 

(k)~ I .5915 

w3 :::: .1ll::.A~1-V o .. 
3.1416 E. 

-- _ _1__~_4- t L ____ cj_ ~- .Lg_ __ 
E 

( 4) w 1-.~: 4 9 J k' -6 
2

) g - ::_:_;:.;,:_~f~ .( ~)_q ___ _ 

b u = __ (I- 2 i )(I +i) a a2. 
· 2. Er ~ 

(I) IJ1 , for Y( = I 0'' 

U, == _ li: 2 6) ( I .. "*" t) s_ ___ _i_:.l_{ll_~ 
£.~ E 10 

(3) U3 , for YJ 30'' 

u -' 

(4) u 

--7··· 

-r 



13. £quat ion!;) (..ornbined. 

a. .Solve for 6 LJ5in~ observed U, and~· Divide W1 btj -u,. 

W, (1 -2.1)=: -U,(Z,/5)(1-/) 

6 ( z. vr, +- z... J5 u,) = w, .._ 2.15 u. 

H .,. 2. 15 U, 
2 w, + 2' 1 ( 5' u 1 

w, ( 1- 2 /) = 

Wt -zw,l = 4.Z9 u,~~ 

z \"' I+ 4. 2 9 u,_z.. i - 4. 2 9 ~·- 2 -1- vvJ 

f = ¥\', + 4. 2. 9 u J- 2. 
zw,-+ 4.2.9 u,_ 2 

vv, -~ - z J w,_ 2 = z. z. 6 6 u,_ 2 



I 
I 

14.. pbserxea Y!!!lu.,~P '1~ablet _.i( and off, and charts ~:!: to ''f·· in-

clusive a\J.mlllari.ze all meaeurernentR mad~ in tunnels T-D a.nd T-A. Values 

which d~via.te<i excessively have not been 1..ncluded in these a.verat,-res. 

Individual radial etrain gauge measurements are believed to be accurate 

to ± .0002 inch.. Wa~l separaf4,on measurements probably v<u·y in a 

range of ±. .000~ inch. ·ir _· .)\ G 4-

. 15 •. !WUJ!(l ,t-tl Regulj(rs: Referring to Table ...f·"' and charte 4-i: and 
/) .. · . ' 

-lll-!or·tunnel T-D, it 1't'ill be noted that the values for radial de-

tonu.t.ion ·on the upstream or right wall indicate conside.ra.ble increase 

in d;1Rsiioe between pointe, 2 and ~ and a decrease between points 1 

and ·2· rn .... greater part of tbil movement can probably be attributed 

to-c;loaing ofthe jointe 1n..the rock. The d01mstream or left wall 

produced.\ radie.l deformations .of DlUCh lass magnitude and in the dir-
' 

action o! ·tba loaded area, indiea.ting that the rock in this wall was 

not jo_!Dted· as extenaj.vel.y, ae the opposite wal.,l. Compa.rieon of radial 

deformation on t~e right and lett •lJ.s, aleo indicates that the r,reate:r 

part. qf tha W.ll separation probably occurred in the right wall. 
. . . 

Wall ~ration lfas measured !rom. wall t~ wall each reading being the 

Still of the· deformation of bot,h -.alle. 

16. For evaluating Poisson's :ratio and the modulus of elastioity 

of rock in 'l'unnel T-D, average ve.lues fot' radial movement observed 

on the downetream or·laft wall, and average values of the observed 

wall separation for one wall were applied. Since the defonnati~m wae 

gr~ateat on the points elose to the load, values, shown in tables 
7 8 .. 
~and !i!,. we,re deter.mined either from the deformation at point I 

or the difference in deformat:J.cn between points 1 and 2, By using the 

- 9 -
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diff~~rences, effect of PeT"tllflnAnt set is redueed ,to that occurring in 

a 10" gauge length. Values a:r-e c:Jmputed from total defonnation occurr;tng 

on the appliccltion of each load, b.Itd for deformation recovered on re-

lease of the load. Jeformktion caused by an applied load may include 

sliding on joints and permanent set in addition tc elastic deformation. 

iVhen the load is removed, the recovered defo:nnaticn may include sliding 

on joints in ·addition to elastic deformation. 
'1 ("!' 7 

1"/. ~1 T-A Rerrul;1f!i Table -TY- and charts -1¥- and ..Y..· show tho 

results obtained in tunnel T-A. Comparison of the radial deformation 

in the two walls shows that the movement is more ,_ !liform in direction 

and magnitude and tht.t it is not as great for similar loadinp,s as 

obtained on the left wall of Tunnel T-D. In tunnel T-A the radial 
~ 

deformation on the left, or river wall, shown on· Chart i¥, presents 

the beet example of uniform elastic deformation observed. Very little 

}ltJrtuanent set is evident on releas~ of load. The r-teht or hill wall 

shows some evidence of sliding alon~ & joint and a slight p~rma.nent 

shift in position due to load. 

1a. .Average wall separat.i ·:n in tunnel T-A for a maximum load 

of 11 )82 lbs. per square ineh wae less than one-quarter of that ob­

tained i.n tunnel 't-D. The cumulated permanent set o-r wall deformation 

at the completion of test No. J was less than one-eighth of that ob-

tained in tunnel T-D. 

19. · Values for Poisson's ratio and the modulus of elasticity 

of the rock in tunnel T-A were determined by substituti·:)n in the ec;uations 

uelng the difference of obs~rved defonn.aticns of point!> 1 and 2, table 
10 
-;r, sheet 2, In addition it was possible to measure the radial movement 

.... 10 -



between points I-3 and 1-4• Assuming that point 4 remained fixed, the 

total radial movement of points 1, 2 and 3 could be determined. Results 

using the total radial movement and the wall deformation of point 1, 
10 

excluding cumulative permanent set, are shown in Table .1f; sheet 1. 
I I 

Table .lff- summarizes the results obtained in Ttmne1 T-A. 

20. Permanent Set: Permanent set, deformation not recovered on 

release of load for wall separation in these two locations are r)lotted 
;;. 
~~ .. , .. / 

on Chart~ for various distances from the center of the loaded area. 

It will be noted that the permanent set in Tunnel T-D is much greater 

than in Tunnel T-A. In Tunnel T-D the amount of permanent set increases 

~~th the load, but in Tunnel T-A the permanent set is approximately 

constant for loads fr~ 500 to 1382 pounds per square inch. 

21. Symrg.&.rr: Values for Poisson's ratio and the modulus of 

elasticity derived from these field tests are tabulated below. 

:Cumulative Permanent 
Modulus :Set, Wall Deformation, 

Poisson's of :10 inches from Center 
Load oer SQYAte;~: Ratio Elasticitv :of Loaggg Ar:~a in in. 
Iunne! T-~· . . 

ldoad a2~11~d ( *) : 
210 0.34 147,000 .0022 
367 0.48 301,000 .0036 
S06 0.46 228,000 

1,012 0.46 218,000 .0078 
1,382 0.46 224,000 

Load rele.{sed . **) . 
210 0.35 200,000 
367 0.31 543,000 
806 • 0.46 195,000 . 

1,012 0.45 220,000 
1,382 0.43 286,000 

Tunne~ T-A· : 
Lo~.ct anal~ed( *): 

210 0.23 750,000 .0004 
51B 0.36 880,000 .0009 

1,382 0.38 1,080,000 .0007 

- ll- . ~ 
>/ 



LQ§g t§leaseg, ( **} 
210 
518 

1,382 

0.41 
0.44. 
Q.J2 

6BO,OOO 
1,020,000 
1.100.000 

(*) Values are derived from measured defor.mati0ns for ~ach load 
which include only a portion of the cumulative permanent set. 

( **) Valuas are derived from deformation rac:Jvered on release 
of load which do not include pe:nna.nent set. 

21. It is believed that the most of the movement recorded was 

caused by sliding along and cl9sing up of joints r8.ther than elastic 

deformation. Laboratory compression tests on sound 4-1/Brt cores 

from drill holes indicate a Poiseon 1 s ratio of about 0,18 to 0.25 

and an unrestricted modulus of elasticity varying from about 4 1 00( 1,000 

to 9,000,000 pounds per square inch. 



1 
2 
I 

1 
2 
I 

manu A - QHAnu J. 

rtiH.1 .1 
~ZI\OU Ja .ilD. 

ZQIIII. t:1! •. 

SJJW fflt 91. l"l>IBID4il01 LOltQlJlb( :rGl P6U 

I Loa41118 ~ R4PIA_ miOlwAizfj ij nwiji_S ( *} . j DUORIUT lOB Of iiA.LL ( *) 
l&Ma,Lsa, In. 1~ RIGH'f Wfi·1· l J, , lEN W,!Jt!· Jlp R!mAAiOA Q! .Ltalilt lL 

sLoa4 ID.O,..U4 ~ 0 .Lbee/Sil• In. !heie val1.16e l.Mlude ~nt Mi pro4UiOH 4ur1ng 
teaoh sea~ 1rG 4o J~o~ l.eelwle <tumul.ativt ptJIDIIIUWnt aet n•ulting tl"oDl p:rnioua loa41nga •. 
t o 1 210 c ~.0006 a feOOOI sf ;..0001 a -f-00~: .006!s .ooaoc.0020a ,0007 
' 0 ' 36? I .... ooo. a f.OOO? '~ f.OOOl ' -.ooosa .oob&s .ooaoa.00171 .0002 
~- Q • .. 806 a -.ool5 1 1:.0021 , ; ;..o004 a f,.oools .om: .oo67t.0035s .oooa 
t 0 ; .~&&• c -.0017 .t;. ;t.oo2a <. f.0004 • f.OOOla .Ol-46a .oo77a.0039s .ooo9 
i o a 1,.012: a -~.0016_\~-f·OOI3 ·~ ;..ooo& a ~.oooaa .ol'!Va .ooa5a.004oa .09()6 
t 0 t 1,012 s .. ·-..0018 c fe00i4 tt f-0006 a f..OOOlt .OlS6• .oo~ .. Q046a .oou 
f . o a l,IS2 • •• 0018 a jl.004l cf jl.oooe •: .j..0002a .oMOs .Ol21a.OO&lt ~0011 
. .' ~ Deor.aeea to. 0 .l.)a.jaq. 1n. ftdl .. .,.1-.s i!ld.104'\• 4et0l'!llf.U.oa reoareMd. OJ>. 
· >releaN ot load aDd ~ uot t.aolwl• ~rilan•nt •'• . · . .·· 
~- 210 s . o s .oooo • . f.oooa ( ,t.ooo5 , · -~oo • • oou, .OOlth.oolO~ .oooo · 
~ ~7 s o . : ~ •. ooos J ;...~ • ;.oo04 ' · .ooots ~~~~ .ooZ&a.ool~ .<>Ooa 

, :t 1,381 • o • · • .. 0001 • f .. OQ81 s 1•0010 a .. ·~· .Gl99• .~loos.oo&ts .• otr~ 
J 1,012 • o .r .~ : f•QOa? • -;..ooos a . •000.1• .tll~: .OO&?t .0045s .• oooa , 
•. oo& , o t't.· -:.ooo' • f..OO&S • ;..ooa~· t ·0002• .otsza .oo7'h .00411. .qoo1 
.I 69% r & t . · .... oe()a t f:.0922 I f:•0001 s .• oooaa .0~40 a ,0065a .t>OIOJ . ~03 
.·• Z6? r o • -.ooot .: f.qoa • f:-0006 • . .WOl• .oot& a .oo4tt .oou,, ·· .0002 

r 1 210 I 2 I · -,Q)}Q4 ,; 
4
ita!91J. 1 t.0008 I . <.aOJ)Qit s29f! I eOOJ'la.OOlil . ,0001 

Note: A plus sign (f) P!eCed:lng values for trl-2 and U2_3 indicates. spreading, dtte to the load, 
betnen thsse points. . · 

( *) Each value is an average of one or 11\ore readings on four similar gage lengths. 

! 

l 

I 
t 
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Solve tor { and B 6 = w,_~~ +- z. Zb u,_z. E = z. 60 c , - ol..J ~ 
2..WI-Z. + ?..(.6 u,_~ W,-z 

l Lo&4 l w,_2. + 2.26 u ,_ ;::~ •zw,_l +Z. zo u,_z. ' 1 f l iL :r •• , I q ' Potaao.as I /1.. • 1-tl.. '£::: (..60 (1-6 )q 
No. t Lba.j a W,_ z. U,_ .z. I 2..Z4 U,-~ I WJ-L + U ' 2W,].2. I iW(I-2) + t Ra'lo • • t 

' W1-l 
I Ia a liia I I I•'~ Wall a a z..z..~tJ I-.?., · 1 z..6iLL,-c. 1 a- &. I 

'• 

lor lnorea.ing .I.Da4. 0 L)e.f•q• 1n. 'b loa4 indioued.. Values illcluh 
4eto:rmat1on aDd permanent set • 

1 ' 210 I .oo~. -.000? I ... oolt , .0017 l .0066t .0050 1 .M I .11: .a9 . , 147 .ooo 
2 ' 367 I .0022t -.0011 • •• oooa , .oo20 I .00441 .()04.2 I •• 8 ' .u • .1'1 ' aa..ooo 
3 ' S06 t .oo&ea •• ()()Oft I -.0009 I .oou. I .Ola6a .OU7 : .46 I • .211 .19 a 243.000 
3 I 1012 I .009ta -.0006 I ... ool4 I .0078 I .Ol.$&t .0110 I M I .2lt .79 • 126.000 .· 
3 I 1382 I .Ol25t -.ooo8 & -.0011 ' .010' • .OaMs .o232 I .46 .2lt .19 • ~7,000 

ror :o,:toreuilli Load. l'alota ta0lu4e ~01"D'J8r$1oB reOOYere-4 Oil 'rele.,.. ot load:• 

1 s 210 I .0026a -.0005 ' -.oou 1 .0015 I .0002a .0041 I ~7 • .l6s .S6 ' 1$9,000 
2 I 367 I .OOl!t -.000' : ... 0009 I .0004 ' .002'6& .0015 I .a? t .ov_, .ia I 68&,000 
3 ' 806 a .0085a -.0005 I -.oou I .0014 s .ol10c .0169 ' ·" t .21, .79 I 195.000 
3 t lOU I .00961 -.oooa l -.oo~ • .0077 I .OliOt .01'72 I .45 • ·.ao, .eo ' 22.8,000 
I I 1382 : .00991 -.0010 & -.0083 ' .0076 ' .01981 .0176 I .. 48 I .19a .sl I 2.94,000 



• 

I Lead 
'ea~ J q 
lo. t Lba./ 1 w, 

1 S&·IJie' 

d =- 4.2.9 UH!. f w, 
. 2.W, -l- 4· 2.9 u ,_ ~ 

E :: 4. 93 ( J - tf z) 9. • 
w, 

: zw._. + 4.Z9U,_z• -= 
Po1asona s 

l 
/l 

Ra~io o 
c1 .I 

lor lAOMUing ·~ 0 llD••/fA:. 1Jh · -~ 106\t Uid1oate4~ Yaluea 1nala4e . 
determ&,ion e.za6 pe~ .... 

1 J .aw I .0063s -~000'1 1;: ,..;.()030. .oo33a • o1.26s .00961 ·"' t .11 I .89 
2 t 367 I .-0062t ... oool • -.0004J .oo•:t- .0104s .OlOOt .48 I .20 • .7'1 
I ' 8061 .Ol.45a .•• Ql)t)& I -..'00171 .Olaf I;~ .0290• .021as .47 1 .&2 1. .'18 
3 • 1011 t .Ol8Gt -.0000 j - .• 0026t .Ol50t .OI?Ja .oa.t.Oa .46 1 .u J .'li 
3 : 1~%: ,(}24&, -0008 I -.0084-t .o2U• .ouas .ous. .46 1 .n l .79 

For Decrea•ine; Loa4 •. Vallles 11101-ade ••tormu1oa recOT8r•4 on relea• of 

1 I ... • o04aa -.0006 1 -..00211 .oo~l; .0084a. .00631 .&a I .11 ' .89 
2 ' Af· I .ooag, -.0004 • -00171 ..0022; .OO?Sa .006lt .36 ' .13 '· .B1 

.a I &06- : .016.2r -.0005 l -.0021, .0141: .oz24, .OZ03t .46 I .21 l .79 
3 t l&U J .Ol82t -.0006 • -.0034& .tU4St .oaMr .0330; .45 .20 • .eo 
3 l lMZ, .0199& -.0.010 I -.0()4a; .Ol56a .0598s .OZ5oa .44. .19 • .a1 

. 
; E:: 4.93 (1-IJ q 
• w, 
I 

. -, 146.000 
I 266.000 
I 214,000 
: 411,000 

' 220,000 

load • 

I 2.20,000 

' 405,000 
194,000 

l 219.000 
l Z?S,OOO 



AfW~i J.i, OH4\1ER I 

tJJU,i iW:- \o 
" 

41mQIT~~ 
TJJlijjEI,. ~ 

StJMM&;RY ~ QQJ4liD!ED YJ.LUlS LW. J;OI§~·s u~ro 
AU J:illi.Q;QY~U~ Ql ii.A~~g·~l 

I Measurement• I 

I Used in I Polaaoz:.'• !4o4nlue ot 
Msllll I asan~a~ J.ga lll~il I I~AI~1Ailii 
Loa4 .t.ppliea 

210 ' wl-2& ul-2 .34 147 ,ooo 
: wl & U1-2 .34 f 146,000 

A!l• I .~ I uz.ooo 
367 ' "1-a& 01-2 .48 a84,000 

I '1 & 01-2 .46 266,000 

I i..ll• .i~ ISl:l.ar& 
806 : w1-2& U1-2 :. .46 243.000 

J wl & ul-2 .47 114 ,ooo 
All• I 1ii .& I •• QQQ 

1012 I 11 ... 2& 01-2 ' .46 • 2!6,000 • 
I 'fjl & u1 .... 2 1 .4-6 211,000 , ..... ai§ I ~§.QQQ 

l3S2 ' w1-2& 01-2 .46 ' : 227,000 

t "1 & 01-2 .46 220,000 

Ave. I .t6 • iaN .ooo 
Load Released 

210 I ~'1-2& l11-2 ~·· ,37 180,000 
1 wl & 01-2 .Jz 220,000 

:&ve 1 l: 
'\ .aR ggQ.QQQ ~ ' 367 1 wl_z& ul-2 ,. .27 : 682,000 

I wl & u1 .... 2 .36 405.000 

1.!1• .3~ §:i&.QQQ 
806 I "1-2& 01-2 .46 l9S.ooo 

a w1 'ul-2 (: .46 l 194,000 

'"• ' ·i§ • 19p,QQQ . 
1012 w1-2' 01-2 .45 222,000 

t w1 as 01-2 .45 219,000 

. &ve 1 .~~ 2iQ.QQQ 
1182 • "1-~ 01-2 .43 294,000 

1 .1 ' 
0
1-2 

.44 278t000 

Ail• a4~ &Di.gQQ 
•""'' , .. 

,'>{~ 



Test: 
No. 

l 
2 
3 

l 
2 
3 

APPEJ"JDIX ~' CHAPT~%' Y.. 

TABLE IV 

Loading RADIAL DEFJRMA'fl,JN IN INCHES* DM'\..iRMATivN OF WALL* 
Lbs.Lso. In. RIV1..£R WALL .• L.E:FT : El~L ~.A,bL 1 RIGHT IN DIR.:•:CTLN OF LOAIJ 1 II~CHES 

Initial Final ul to 2 : u2 3 
: u 

to : ul 2 : u2 : u.3 to 4 Yil w w w 
to 3 4 to to ., 2 3 4 . . . j . 

Load Increased from 0 Lbs./sq. in. These vaLues include permanent set produced by load during 
each test, but do not include CUI:lulative pem.anent set resulting from previous loadings • 

0 
0 
0 

210 
518 

1,382 

210 
518 

1,382 

,L.0002 
,L.0002 
,L :'11'01 . ..) ../ 

.0000 
,L.noo1 
,L. CDO 5 

/-.0006 
,L.n003 
,L.noos 

.0000 
-.0002 
~ .0004 

,L.0002 
,L.0002 
,L.ooo6 

. 
,L.0003 :.0015 
,L. 0002 • 0024: 
,L. 0008 : • 00 53 : 

.0009 

.0010 

.0024 

.000?: .0001 

.0005: .0002 

.0012: .0005 

Load decreased to 0 Lbs./sq. in. These vc.lues indicate deformation recovered on rele<;se of 
load and do not include permBnent set. 

0 
0 
0 

,L.OOOl 
,L.0002 
,L.0003 

-.0002 
/-.0002 
,L.0005 

/-.()003 
-.0005 
,L.OOll 

.0000 
-.0002 
-.000/+ 

,L.OOOl 
,L.0003 
,L.0006 

,L.0003 : .oou 
-. 0001 : .OC19 
,L.ooo6 : .0055 

.0003 

.0007 

.0026 

.0002 

.0003 

.0013 

.0001 

.0001 

.0004 

Note: A plus sign (,L) precedin1:: values for U1 to 2, "Jw to 3, and u3 to 4 indicates spreading, due to 

load, between these points. 

*: Each value is an averE!ge of one or more readings on four similar gage lengths. 



Test 
No. 

1 
2 
3 

1 
2 
3 

APPENDIX ~~ CHAPTZR y 

TABLE y_ 
DETROIT~~ 

TUNNr!l, 1::! 

COMPUTATIONS 
SHEET: l .Q! 2.. 

Solve for 6 and E. 
I = z. 15U, + WI 

2W, -f2..15U, ' 
E:: 4.93 (! -lz)q 

w, 

. . : Load 
q 

Lbs./ 

. • ~ + ;2.15 u, 
U, t~.I5U, 

Poisson's 
Ratio 

lg. In. : 
w, 

: Left Wa1l : . . 2. W, : 2. W, + l./5 U,: . . . . ( 

. . 
: 
• . 
: 

210 
518 

• 1,382 

For increasing load. 0 Lbs./sq. in. to loa.d lndica.ted. Values include 
defamation and permammt set • 

. . 
.0015 -.0005 
• 0024 : -.0006 
.0053 l -.0013 

. . . . 

. . 
-.oou 
-.0013 
-.0027 : 

.0004 

.0011 : 

.0026 

.003(): 

.0048: 

.Ol06t 

.0019 

.0035 

.0079 : 

.21 

. :n 
-33 

: . 
/z: -/; E = 4.93(1-t:Jq 

(] :l : ~ . . . . 

: .04: .96: 
.09: • 91: 

: .ll: .89: 

660,000 
970,000 

1,150,000 

For decreasing load. Values include deformation recovered on release of load. 

. . 

. . 

210 
518 

1,382 

.0011 : -.0002 

.0019 

.0055 : -.0019 . . 

-.0004 

-.0041 

.0007 

.0019 

.0014 . . 

.0022: 

.0038: 

.ouo: 

.0018 

.0038 : 

.0069 
: 

.39 

.50 

.20 

. . 
• 15: .85: 
.25: • 75= 

: .04= • 96= 

800,000 
1,000,000 
1,190,000' 



Test 
No. 

1 
2 
3 

1 
2 
3 

APPE.~DIX B, CHAPTER I 

TABLE V 
(CONTINUED) 

DETROIT ~ SITE 
TUNNEJ.. T-A 

COMft.JTATIONS 
SHEET: ~ .Q1 ~ 

Solve for J and E. 6 , w,_ z -+- 2.26 u,_ 2. 

zw,_~~ + z.zb u,_~ 
£ :: 2 .60 ( 1 - I 2

) '1 
Wt-2.. 

. . 

. . 

. . . . 

Load 
q 

Lbs./ 
~sasin. 

210 
518 

1,382 

210 

: w,_z + z .2b u 1- z : 2W1-t. -t z.uu,.~ 
f Poisson's 

: w,_z. U,-t. :z.z.6u,_z. . w,.z.. + 
~ 2W1• z. ~ 

Z~-2) +- Ratio . . . ~1~ ;t!aJ.l . : t. 2bU, • .._ z. 2.6 u 1·/,. f . . • 
For Increasing Load. 0 Lbs./sq. in. to load indicated. Values include 
defo:rmati0n and pennanent set. 

• . 
.0006 : -.0002 -.0004 
.0014 . -.0002 . -.0004 . . . .0029 : -.0003 . -.000? . . 

. . 
.0002 . . 
.0010 

: .0022 

. . 
.0012: 
.0028: 
.0058: 

. . 
.0008 : 
.0024 
.0051 

.25 

.42 
-43 

~ .! z ~ I_ i~ ~ E = Z . 60 ( 1- 6) q 
• : . w,_l. . . 

. . : 
: .06: '.94 850,000 

.18: .82 : 190,000 

.18: .82 :1,020,000 

For Released Load. Load in l~bs./sq. in. to 0 lbs./sq. in. Values include deformation 
recovered on release of load. 

: : : : : l . : . 
.0008 . -.0001 -.0002 . .0006 • .0016: .0014 . .43 .18: .82 : 560,000 . . • • 

518 : .0011 - .. 0002 -.0004 .0007 .0022: .0018 .39 .15: .85 :1,040,000 
1,382 . .0029 -.0003 -.00(J? . .0022 : .0058: .0051 .43 . .18: .82 :1,020,000 . . . 

: . . 



APPENDIX ~.. CHAPTER J.. 

TABLE~-~-~ 

DgTROIT Mg SIT:§ 
TUNNEL T.,.A -

SUMM...Afii OF COMPUTED V A1UES .EQE PQISSON 'S RAIIQ 

~ ~ MODU~U§ QE ELASTICITY 

Load - : Measurements 
Lbs./ Used in Poisson's Modulus of 
~Qs l~Qb Conr:&t~tj.oru~ :&t;i.g El&ll~~!e1tx 
Load 'aH~ieg. 

210 wl & u1 .21 66o,ooo 
w1-2 & u1-2 . .25 850,000 . . Ave, .23 750,0QO 

" 518 : w1 & u1 .31 970,000 

wl-2 & 01-2 .42 790,000 

At.§. a a ~6 asQ.QQQ 
1382 w1 & ul .33 1,150,000 

wl ,.. tt.. ul-2 • .43 1,020,000 • -t:. 

' 
. 

!::,vet .Ja . I.oso.ooo t • !&isl R!l!Arullg• : 
210 w1 & u1 : .39 800,000 

w ....... & ul-2 ..43 560,000 J.-.a: 
:l\V§s ·l.l 

: 
~~o.OQQ . . I I 

518 l w1 &: ul 
. .50 . 

1,000,000 .. . . . . 
w1-2 & u1-2 .39 1,040,000 

Av~ 1 ,~.,, . laQ20.QQQ . lt 
1382 w1 & ul • 20 • 1,190,000 . 

w &U .43 1,020,000 
1-2 1-2 .. . 

l.l.QQ.QQQ . A via .3, . .. . 



WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY 

-~------Dev/oflon nof to exceed 1/aH:t 

-+----

Distance = S H 

?rim projecting rock between Plugs. 

2!/E"P!ofes 
1:; 91J6"dlo. 

100 Ton 
Hydraulic Jock 

1'/z"Sfee/ Boll 

~~" Plote 
13 9/;G" dio. 

!Z"x/2" 
Fir Block 

projecfion of' 6oge Plug 

6oge Plugs - ~4'" Mochine Bolts. 

SECTION THROUGH TUNNEL 
ARRANGEMENT OF TEST EQUIPMENT 

!6" 

Beonng Plofe 

ARRANGEMENT OF GAGE PLUGS AND BEARING AREA WILLAMETT E BASIN PROJECT, OREGON 

DETROIT DAM AND RESERVOIR 
MJfe: FOUNDATION LOADING TEST 

Plugs a-e num/Jered I, 2, 3. t 4 rodtolly from Beor/ng Plate. 
T /ndicofes location above Bearing P/ote. SET UP OF TEST EQUIPMENT 
I ft .. ahead on Tunnel sfofion/ng. 
8 below Bearing Plate. 
0 ixx::kon Tunnel sfofioning from f3eoring P/ofe. U.S. ENGINEER OFFICE, PORTLAND, OREGON, DISTRICT 

DRAWN BY: P.A. S. 

TO ACCOMPANY APPENDIX B OF DEFINITE TRACED BY: G. E.G. 
PROJECT REPORT DATED: AUG. 9, 1941 DATE: DECEMBER, 1940 

CHAPTER :2:- CHART l __ D_E_-~4_0:....._--=2;__7/_1_ 
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1. Aggre~at2 D'po§i~§: Preliminary studies have been made on two 

possible sources of concrete aggregate. The deposit near Blowout Creek 

in the reservoir, area, Sections 15 and 16, T.lOS., R.5E., i5 the nearest 

deposit containing sufficient yardage for Detroit Dam (see Plate VI 

this appendix). The distance is approximately 3.5 miles above the dam 

site. The deposit covers more than 100 acres, and has been sampled to 

a depth of 10 feet, approximate summer ground water table, in several 

of the test pits. No data are available on the thickness of the gravels 

but an average of 20 feet or more is not unlikely, 

2. The second area in Section 25 1 T.9S., R.2E., one and one-hnlf 

miles below Mill City, 15 miles below the dam site, is comparable in size 

and thickness to the Blowout Creek deposit. Only one sample was taken 

in the areu. Comps.rative preliminary tests indicate that the material 
I 

may be slightly batter than the Blowout Creek deposits. .,! 

3. Labqt§toty An§J.ys:i,s: Laboratory test!S •.)n ag~~egate from the 

above depoai ts were made by Professor S. H. Graf at the l2lgineerin~ 

Laboratory, Corvallis, Oregon and includad sieve analysis, abra~ion, 

soundness (magnesium sulphate), decantation (silt), bulk specific gravity, 

e.beorption, org'f'...nic impur1.ties (color n\.ijl\ber), mortar strength tests and 

compressive strength teste on concrete cylinders. The test data. is sum-

marized on Tables I to III of this chapter of Appendix B. 

4. Sieve analysis on the nine large samples shows considerable 

variation in the size gradation. Six inch plus material ranges from 

2. '5I> to 53.~. Material under six inches shows -



!.· Average percent of gravel 59.50 

l2· Average percent of sand 40.50 

.£• Average fineness modulus gravel 8.19 

£. Average fineness modulus sand 3.20 

!.• Average combined fineness modulus 6.32 

£.. Average gravel/sand ratio 1. 74 

5. Abrasion testB by the Los Angeles method show satisfactory 

results for all samples tested. 

6. Magnesium sulphate S')Und.ness testa were made according to 

A.S.T.M. specifications and also by the modified method as developed by 

Charles E. Wuerpel at the Central Concrete Laboratory, West Point, New 

York. The average weight loss of material tested by the A.S.T.M. method 

is higher than the other method and specification limits must be in ac­

cordance. Mr. Wuerpel makes the following comment in a communication to 

the District Engineer dated August 1, 1940: 11 There is one important 

feature of the magnesium sulphate accelerated soundness test used by 

this labnratory which was not mentioned in recnrmnendine its use to the 

Portland District. The use of the centrifuge eliminates attack on the 

sand particles by the physical action of the salt on the QUtside of the 

particles. For this reason the percentage of lose is lower by a practically 

constant amount than would be obtained by a well conducted test by the 

existing A.S.T.M. procedure. In order to maintain the criterion of 

acceptance on a standard basis, it is the practice of this laboratory to 

multiply the net losses by the centrifuge method by a factor of 2.20 in 

orcler to make our results col:lLJarable with tests conducted properly by the 

A.S.T.M. procedure". 
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7. Comparative tests to date by Professor Graf do not show a con-

stant conversion factor to be applicable. The variation may be from 

0.85 to 2.43 as shown in the following tabla submitted by him: 

Fine Aggregates 

Coarse Aggregates 

: % Loss : % Loss : Ratio 
. :Sample:Wuerpel :A.S.T.M.:A.S.T.M. 
:Num~t: Method M~thod :Wuerpel 

BH-2 12.76 : 31.01 2.43 
00-2 : 12.78 30.53 2.39 
BA-1 23.32 32.09 1.38 
BI-2 23.28 41.4 7 1. 77 -. 
BG-1 11.27 11.73 1.04 
BI-2 1).06 11.12 0.85 
BG-2 : 4·63 11.04 2.38 
BF ... 2 z 6. 36 9.21 1.45 

B. On the fine aggregate specified losses were to be not over 30% 

by the A.S.T.U. method and not over 10% by the Wuerpel method. The only 

sample passing the A.S.T.M. test is one from pit B-D at the Mill City 

daposi t. No samples pass the Wuerpel test with a 10% minimum loss 

allowance. Even vdth a 15% limit only four of the samples pass the 

test. (See Table I this section), 

9. Sands from the five test pits - B-A, B-F, B-G, B-H and B-I 

were examined under a microscope by Mr. R. C. Newcomb, Junior Geologist, 

in an attempt to discover the cause of the unsoundness. His observations 

are aa follows: 

/ 

.!• "Composition of Grains. - A hasty exarninat.icn of all samples 

showed the sand to have essentially the same composition 

throughout the five test pits. -- Relation of type of ~c;rains 

in the various screen sizee is typically shown by sample 

BA-l." 
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Screen Siz! 

4 - 8 
8 - 14 

14 - 28 
28 - 48 
4S - 100 

Grains 
a~proQim§t~ per cent 

Rock Mineral 

100 
98 
95 
70 
35 

. . 0 
2 
5 

30 
65 

Composition of the rock fragments or grains is largely 

fine grained felsites 5 to 15% soft and weathered. Com-

position of the mineral fraction is quartz, feldspar, 

iron oxides - mostly magnetite, pyroxenes and amphiboles 

in the order named • 

.£. "Description of 'before' and 'after' MgSOL., samples. -­

The 'before' sand grains ha.ve a dull, chalky or clayey 

surface; the grain surfaces are fairly smooth and evenly 

rounded. The 'after' sands are clean and bright with the 

same general outline, but with a surface rough and irregular 

in detail. Sharply angular fragments mark the grains 

broken by the Ygso4• The 'punky' coating, oxidized streaks, 

~~d weathered spots of the 'before' sands show a5 holes 

in the 'after' sands. Some badly oxidized and weathered 

grains occur in the 'befcre' sa.r1ds but are -~.~resent only 

aa an~ar fragment~, if at all, in the 'after' sands. 

Fresh unweathered fragments generally have suffered only 

a scouring effect. The basic (basaltic) grains are gen­

erally weathered more than the more siliceous (andesitic) 

grains. 
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.£.• "Cause of unsoundness. - The grains broken by the MgS04 
a.re in practically all cases oxidized and weathered ones. 

Fresh unweathered grains a.re practically never broken. 

Since the rock grains are commonly an aggregaticn of fine 

mineral crystals, it is common !or one mineral (especially 

f~ldspar or chlorite) to be pried out of the rock erain 

by the MgS04. From the correlation between unsotmdness 

and aJ.terati0n or weathering observed ln lndtvidual grains 

it is concluded that the unsoundness :1.s due pri..rnarily 

to weathering and to porosity produce(l by weathering. 

Minerals such as feldspar and chlorite, into which incipieltt· 

weathering can easily pass along cleavage lines, cau3e most 

of the unsoundness." 

9. While these findings are not conclusive they at least indicate 

some of the defects in the fine aggregate. 

10. For the coarse aggregate the specified losses were not more 

than 15% by the A.S.T.M. method a.nd not more than 10% by the Wuerpel 

method. All samples tested by the former method pass the test as satis­

factory. By the latter method seven out of ten samples meet the required 

specifications. If weathering is an importa.nt factor in causing the 

unsoundness of the fine aggregate it possibly is also a contributing factor 
... 

in causing unsoundness in the coarse material. It further holds that if 

surface weathering is mainly responsible for the unsoundness it.s volume / 

decreases in proportion to the increase in size of the ag~regate. 

11. Bulk 'specific gravity deterrcd.na.tions range from 2. 4 9 to 2. 78 

with three of the four samples tested being greater than 2.60. 
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12. Absorption tests indicate satisfactory material in each 

of the two areas tested. 

13. Results of decantation tests show a low content of silt but 

calorimetric tests show a high organic content for all the samples 

from the Blowout Creek Area. An average color number of 3.5 indicates 

the need for washing or other treatment to meet the specified color 

number of 2. 

14. Mortar strength tests comparing the test sand from pits B-B 

and B-D with standard Ottawa sand were made in two ways. In the first 

series for each test sample the present A.S.T.M. method using a water­

cement r~tio of 0.6 with mixes adjusted to five 100% flow were used. 

This method requires the use of the graded test sand. As will be noted 

in Table II, the samples tested by this method failed to meet the specified 

strength of 90% of the standard sand which was designed for 3000 pounds ' 

per squa.re inch at 28 days. In the secJnd e~ries tests were made by the 

old A.S.T,M. method of 1:3 (by weight) mixes for both the standard sand 

and the test sand. In this case the ordinary 20-30 mesh standard Ottawa 

sand was used. The test sand proved to be stronger in each case than the 

standard sand. 

15. Compression tests on concrete cylinders using various combin­

ations of coarse and fine aggregate were made. Tests using both coarse 

and fine aggregate from the Detroit Area failed to meet the specified 

90% of design strength. Tests using Willamette River stmd from the 

Corvallis Sand and Gravel Company, Corvallis, Oreeon and coarse aggregate 

from the Detroit Area gave more satisfactory results. Indications 

are that the Mill City gravel may be of slightly better quality. See 

Table III this section of Appendix B. 
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16. Conclusions: 

~· A sufficient quantity of aggregate is to be found in either 

of the two areas investigated near the dam. 

~. Coarse aggregate shou.ld be satisfactory with a minimum 

of processing. 

S· The suitability o.r the fine a,&rgrega.te has not been definitely 

proven and may take extensive processing or an admixture 

of outside sand or crushed rock to bring it up to speci­

fications. 

17. fiecgmmendationa: 

~· Additional samples of fresh send from the river bed in 

the vicinity of Blowout Creek or the mouth of the Brelten­

bush River should be tested to determine the maximum quality 

of fine aggregate obtainable in the area and iJldica.te to 

what extent weathering has affected the low terrace gravels • 

.h· Magnesill.r.l sul9hate tests after mill tests or a.bra.sion 

testa on test oit gravels to check the.amount of Mgso4 
loss due to weathering on t.he surface of the individual 

fragments. 

£• Additional magnesium sulphate tests and concrete strength 

tests on aggregate which has already undergone one standard 

magnesium sulphate test. 

£. gxploration of additional natural deposits, and of quarry 

rock, should processing fail-to bring the Detroit aggregate 

up to specifications. 
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~· Prior to construction a complete survey should be made to 

determine the aggregate deposit or deposits which may be 

used in Detroit Dam. Previous observations and tests on 

Willamette Basin aggregates indicate certain deficiencies 

which may become a serious problem jn the larger dams and 

therefore materially affect the cost of aggregate. 
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APPl'..NDil. Jl - CJiAPDB !! - TABIJ!i l 

~RX Jli AOGRPliA . ~TS - g100II Mil §lii, 

Date Sample Taken 8/15/40 $/2 40 ' 8/26/40 8/28/40 I 8/29/40: 8/20/40: A/20/40: g/30/40: 9/4/40 : 1/4/40 : 1/4 40 I 5/22/40 I 4 .. 40 
770 Elevation Ground Surface:M.S.L. 1324 : 1)07 : 1307 r 1303 1303 : 1325 1 1325 : 1333 133~ 1334 1 1334 1 1334 : I 

Depth to Water Table :Feet : 5 I 9 f 9 : 8.5 1 8 • .5 10 : 10 : ? : ? (f) (f) (f) 
Sample Number l : 1 s 2 : 1 : 2 : · 1 : 2 1 1 1 2 1 1 2 : 3 
Depth of Sample IFeet : 3-5 3-5 I 7-9 : 3-5 : 8-9 I 3-5 I 7-9 : 3-5 : 8-10 1.1-2.1 2.1-).6: 1.1-3.6 
Weight of Sample :Lbs. 6377 5442 t 8195 4197 : .3357 : 44JJ3 : 3684 6792 : 5662 1 76. 77 c 1500 
Over 6• I ~ 34 : 35.5 i 53.2 8.8 · : 33.2 · : 2.4 : 2.3 : )0.3 : 5).1 1 21.6 21.1 : 
Gravel (a) I • 62.9 .. : 64.5- I 59.5 35.6 I 66.0 I 41.3 I 53.2 : 78.) : 72.5 : 73.1 76.7 I 

Sand (~t) I ~ I 37•1 35.5. p 40.5 64.4 I )4.0 I 58.7 I 46.8 : 21.7 I 27.r. I 26.9 23.3 I 

I ( ) 1 695 1.82 i "' G S Ratio & ' • 1.:47 0.55 I 1.94 : 0. 70 I 1.23 : 3.62 : 2.64 I 2. 71 3.28 I 
F.Y. Gravel (a) I . : 8.52 : 8.54 i 8.-88 8.07 1 8.1.7 1 8.30 ~. 7.58 : 8.95 : .~·.41 11 . 8.45 8.57 I 
F.M. Sand 1 I I 3.14 l 2.83 f 2.98 2.90 I 3•38 ·I 3.24 • 3.48 I 3.60 I ;; 28 3.24 3.~37 I 
F.K. Ccmbined (a) . t I 6.62 I : 6,,5Q J 6.49 4.75 I 6.74 I 5.32 I 5.65 I 7.80 I 6.99 I· 7.05 7.)6 I 
Oracting-Percent Retained& .1 · f : 1 1 1 . 1 . 1 1 
(Katerial unc:ler 6") 1 : ._ I 1 : 1 1 · : I 

(f) (f) 
I 1 I 1 I 

I 5a)-6.4 : 2.1-3.1 : 
·148: 50 

26.9 I ?le6 
72.1 I 
27.9 I 
25.8 I 
8.28 ... . . 
).57 I 2~40 
6.96 I 

I 
• • 
I 

I 

. : 
I 

t 
I 

. I 

I 
I 
I 
I 

5 40: 
1333 
3 (d) 
1 

0.6-1.8 
2500 
4.7 

. f' C~rse - Screen I 6" 0 · I 0 • 0 0 I 0 I 0 I 0 : 0 · I · 0 : 0 I 0 I ' 6 0 
I )• . 24.1 I 35.0 J . 43•9 ·10.7 I 25.4 : . 18~9 I 7.3 a· 47.2 : 27.0 : 24.6 : 20~9 I ~£..11(-- I 11.1 I 

I 
l 

I f ~,-~· 

I 1i" .3).1 t .·20.4 } 23.8 29,.1 I 3().0 : 27.4 I 17e7 I ·24.3 : 25.). I J0•0 I 40.7 I ;..1 I 29.5 
I 3/4'1f 21.5 : 19.4 ~ 16.1 3().0 I 2le7 28.5 I 25.1 I 13.1 I 21.0 I 21.4 : 20.7 I ) 1.1 I 26.1 
I j/S11 13.4 I .13.9 t 8.7 : 16.5 : 12.5 : 15.0 25.6 : 7.6 I 14.7 : 13.8 : 10.1 I /J•b I 15.3 t 

I I /14 7.9 : ·U.) I 7.5 : 1.).7 I. 10•4 I 10.2 I 24•3 I 7.8 12.0 : 10.2 : 7.6 I j/.y· I 11.0 
I 64 0 : 0. • 0 : 0 I 0 : 0 I 0 I 0 : 0 : 0 I 0 . I , 0 ,o · : 0 I)· I 0.8 
I #8 11.) I 16.2 ,f 9.7 7.5 I 21.1 I 15.6 : 22.3 : 28.0 : 23.1 I 20.4 r 19.6 I t'1•1 21~9 I 2.5 

Pine -- Screen 

I fl14 : 27.5 : 20.7.. 22.6 19.2 :. 29.2 : 28.7 I )0.7 I 35.0 : 26.3 I 26.0 I J0,3 : ),&·~ )5e0 I 15,4 
I /128 34.6 : 21.3 J 36.1 : )7.0 : 26.1 : 3(),2 26.2 : 18.5 : 22.7 : 24.3 I 27.8 : ;_'].'1 : 27.6 I 31.9 
I #48 I 19.2 I 21.0 : 21.7 I 29.5 I 16.2 17.5 I 15.4 : 9.9 : 16.2 : 18.3 : 14.4 : (j.ll.. : 10.7 I 25.1 
l #100 5.3 I 13.3 -1 .6.9 I 5.7 f 5.0 : 5.5 : 3.9 4.8. I 6.6 I 8.2 5e7 I ~ J : 3.1 I 14e8 
l Pan : 2.1 l. 7e5 ': 3.0 : 1.1 I 2.4 2.5 I 1.5 I 3.8 I 5.1 : 2.8 : 2.2 I j. ! 12.(7~)'·· : 9.5 

Color Ho·. - A.S.T.W. : : 3 : 4 ·: . 3 : 3 I 3.5 : 4 : 4 : 4 . : 3 1 : : 3 • n1~ 
Abrasion-Coarse-L.A.Testa : : . : : I : 1 : : : : : 

100 Rev, l : 3.68 .(k) I 3~30 (k): ). 74 (k): 41.6 (k) I 4.04 (k) 3• ?2(k): 3.94(k): ).SO(k) I 3.48{k) I 2.9 I . 3.4 : 
500 Rev. a :21.42 (kh.l8.64 (k)-119.50 (k):20.98 (k):l9.22(k):20.24(k):20.28(k):.l9.50(k):l9.0L.(k): 17.7 : 19.2 : 

: 

Soundness Test (b) :actual 1 : : : : : : : : : : : : 
· Coarse c % : 8.72 (k): 7.37 (k)': 6.36 (k):l1.27 (k): 4.63 (~ .9.90(k): 8.88(k):. 8.66(k):l3.0t(k): : 110.60 (k)l 

Fine :lose :2,3.32 :15.68 ~22.56 :13.38 :12.78 · :14.67 :12.76 :17.61 123.28 : : 1 : 
Soundness Test (c) &Weighted: : : . : I I 

Coarse 1 average: . : .: 9.21 (k):ll.73 (k):ll.04(k): : :ll.l2(k): : ·: 
, Fine : ~ loes :32.09 : : )0. 53 : :31.01 : :41.4 7' : JO.B 31 .. 7 I 

Specific Gravity • : : : : : · : : I 
Coarse : ·: : : . : : 
Fine I ·: : : ·: : .: 

I 

2.61(k): 2.78 
2-49 : 2.74 

I Absorption : : t : : . • : 1.82(k): 1.41 

I 

I 
I 

. . 

: 
: . . . • 

Coarse c ~ c : : : . 
Fine . 1 % .: : : . . ).78 3.?8 : 

Decantation (silt) :. . 1 : : : 
Coarse - 1 % ·i · : : : : : 

: . . . Fine • • • 

(a) Based on Material under 6" 
(b) Wuerpel Method - Central Concrete 

Laboratory, West Point, N.Y. 
(c) A.S.T.w. - 5 e.yc1es 
(d) Water Table - January 4, 1940 

. • 
3.29(e): 1.56(e): 

. . ·4.3 
: 1.66 

(e) Washing lose­
(f) Uot reached 
(g) For Location see DE-40-24/1 

: 1.89 (e): 
.24 
.43 

(h) After washing . . 
(k) 'Does not include materi•l retained on 3" screen· 

I 

t 
I 
I 

I 
I 

: 
: 
: 
I 
t 

I 
I 
I 

: 
I 

: 
: 
: 
I 

} ' 



APPENDIX ]2 - CHAPTF£ .ll 

TABLE II 

MORTAR STRENGTH TESTS Q! FINE AGGIDLATE 
DETROI1' DAM ~ 

:Cylinder: Age . : Strength : Shear L :Ratio-test sand: . 
: Size :Days • Send :Lb,(sg. in.:with vertical: to standa.td Remarks , 

: 
A.S.T • .M. (a~ :2" X 4" 7 :Ottawa 2890 32° 
A.S.T.M. (a :2" X 4" . 7 :B-D #1 1495 . 33° o. 515 • . 
A.S.T.M. (a) :2 11 X 4 11 28 :Ottawa : 3?90 : 28° 
A.S.T.M. (a) :2n X 4" : 28 :B-D #1 2600 300 0.685 
A.S.T.W. ~~5 :2" X 411 7 :Ottawa . 2880 .. 29° W/C = .365 . . 
A.S.T.M. :2" X 4n ? :B-D #1 . 3560 . 28° 1.233 w;c = .333 . . 
A.S.T.M. (b) :2" X 4" . 28 :Ottawa 3210 : 31° . W/C = .365 . . 
A.S.T.M. (b) :2" X 4" . 28 ::B-D #1 5240 2?0 L636 W/C = ·3_33 . 
A.S.T.M. ~~) :2" X 4" 7 :Ottawa 2740 27° 
A.S.T.M. :2" X 4" . 7 :B-B 1800 24° . 0.66 . . 
A.S.T.Y.. (a) :211 X 4" : 28 :Ottawa . 4360 25° . . • 
A.S.T.U. (a) :2" X 4" . 28 :B-B 3410 23° 0.78 . . . 
A.S.T.U. (b) :211 X 4" . 7 :Ottawa 2300 25° W/C = 0.428 . . . :20-30 : . . 

27° A.S.T.Y. (b) :2" X 4n . 7 :B-B : 2740 1.21 W/C : 0.443 . 
A.S.T.M.. (b) :211 X 4" .28 :Ottawa 3540 18° : ?!/C = 0.428 

: . :20-30 . . . . . 
A.S.T.M. (b) :2" X 4" 28 :B-B 5030 240 1.42 W/C = 0.443 . . . . . . 

(a) Present Standard A.S.T • .M. Method (b) Old A.S.T.M. Method 
W/C = 0.6 - 100% flow. (1:3 by weight) 



APP;;1'JJIX Jl - C:-iAfTER :Ll 

COM.·~ ~SSION Ti~0TS .QN. CONCR><:TE CYLINDERS 
DETRdT Q!M .§.!.ll 

Cylinder:Age : Coarse 
Size :Days: Aggr<:Jcate Sand 

: Stress : An~le :% of Design 
:Lt./sg. in,:of Break:Stren.dh (a) : Remarks 

611 X 1211 : 

611 X 1211 : 

8 11 X 16 11 : 

811 X 1611 : 

8 11 X 1611 : 

8 11 1! 1611 : 

811 X 16 11 : 

8" X 16 11 : 

8 11 X 16 11 : 

8 11 X 16 11 : 

811 X 16 11 : 

811 X 16": 
811 X 16 11 : 

811 X 1611 : 

7 :8-D #1 
28 :B-D 1Yl 
7 :B-A & B-B 
7 :B-A & B-B 
7 :B-A & B-3 

28 :B-A & D-B 
28 :B-A & B-B 
28 :B-A & B-R 

7 :B-A & B-B 
7 :B-A & B-B 
7 :B-A & B-B 

28 :B-A & B-B 
28 :B-A & B-B 
28 :B-A & B-B 

:Corvallis, 
:Corvallis, 
:B-A & B-B 
:B-A & B-B 
:B-A & B-B 
:B-A & B-B 
:B-A & E-B 
:B-A & B-B 
:Corvallis, 
:Corvallis, 
:Corvallis, 
:Corvallis, 
:Corvallis, 
:'corvallis, 

Ore.: 
Ore.: 

Ore.: 
Ore.: 
Ore.: 
Ore.: 
Ore.: 
Ore.: 

1620 
2920 
1520 
1580 
1450 
2200 
2260 
2340 
1520 
1420 
1490 
2740 
2730 
276o 

29° 
27° 
24° 
24° 
23° 
23° 
24° 
24° 

: 2~ 
23° 
28° 
25° 

: 240 
300 

(a) Designed Strength 3,000 lb./sq. inch at 2B days 
(c) Signifies conical fracture 
(d) Signifies diagonal fracture 

. 
(c): 
(c): 
(c)! 
(c): 
(c): 
(c): 

: 
(c): 
(c): 
(d): 

97.0 

?J.O 
75.3 
78.0 

91.4 
91.0 
92.0 

:No aggregate was sheared 
:No &.ggregate was sheared 
:Very 3light aggregate failure 
:Very slipht aggregate failure 
:Very slight aggregate failure 

J [
Few aggregate particles sheared. 
Failure mainly in cement paste and 
of bond ~tween cement & aggregate. 

:No aggregate failure 
:No aggregate failure 
:No aggregate failure 

J { ~=~iu~;i::~~;c~~~~:~e~~~ ~~~~ and 
j of bond between cement & aggregate. 
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