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PO. 7408 (Detroit)~31.1 ' Migust 9, 1941

‘1. Scopar A preliminary definite projact report cn the Detroit

site, in oompliance'with'circular Lettopgn; & H. Ng“19,71939;'was prée i
pared under date of February 1, 1940 nn"d "‘fc'm'arded ‘bothn c&’ii‘éf of Engineers
on Febfuary 17, 1940. The genoral plem of development outlinad in that
report was approved by the office of tho Ghiof of Engineers aubject to
’certain modifications and additional atudies.(See letter rile No. 74@2
(Willamette River - Detroit Res.)~21). _

2. Since the submission of the preliﬁihar&.teport, &dditibnalv.
ibourbdee- srptopation tow Dea oA & The alte, Parther field ihiées.
tigationa have been undertaken and additional office stu&ias, 1noluding
those requosted by the office of the Chief of Enginoors, have’ boun oom~ -
pleted. This report summarizes the rcsults of all investigations to date_ﬂi'
‘and 18 made with a view to obtaining final approval of the propoaed plan o
of development 8o that utility negotiationa may be comploted and. contractﬂ“:
drawings and specificati)na prepared, in order that land acquisition and
construction pan commenco Af and: when funds ars made avsilahle. “7"

3. Eggjgg&_&g&h;;igg&ign The. w1ll&mqtto River Baain Projoot was
authorized by the Flood Control Aat approvad Juno 28, 1936, which reads -
as follows: ' »:‘ g
"Sac, A. That the following works of 1mpravemﬁnt for the folg

benefit of nevigation and control of ‘destructive floogwAters
and other purposes are horoby adoptod &nd nnthorited'to ho



prosecuted under the direction of the Secretary of War and
supervision of the Chief of Fngineers in accordance with plans
in the respective reports hereinafter desipnated: Provided,
that penstocks or other similar facilities adapted to possible
future use in the development of hydro-electric powsr shall be
installed in any dam herein authorized when approved by the
Secretary of War upon the recommendation of the Chief of Engin-
gers and of the Federal Power Commission.

MO EIE

The general comprehensive plan for flood control, navigation
and other purposes In the Willamette River Basin as set forth
in House Document Numbered 544, Seventy-Fifth Congress, Third
Session,. is approved,and.for the initiation and partial accom-
plishment of the plan recommended for initial development in
said document there is hereby authorized §11,300,000; the re-
servoirs and related works to be selected and approved by the
Chief of Engineers.t
L. The funds authorized in the foregoin~ asct are to bs expended, in
general, on other units of the "initial development®, Additional funds
must be suthorized and further appropriations must be made before con-
struction of the Detroit Dam proper can commence.
5. Authorized Plant The approved plan of initial development for
the Willamette River Basin is set forth in detail in House Document No.
544y Seventy-Fifth Congress, Third Session. The Detroit Dam and reser-
voir, controlling an area of four hundred thirty eight square miles and
having a2 pross storage capaclity of 172,000 acre-feet, is one of the
storage units proposed in the initial development. The initial storage
at this site is to be operated in thé Joint interest of flood control
and increased low water flow on the North Santiam and Willamette Rivers.
The supélemental new water made available from storage can be utiliged
for navigation and stream purification on the main stream and/or irriga-

tion purposes.

6. The operation scheduls contemplates drawdown of the reservolir to



minimum stage during the months of Decgmbeé and Januaiy‘tc~givé_fu11

flood control reservntion.dufing this -period. With,auah'£1§6d cébﬁfﬁl
reservation a flood with a peak discharge ‘of 51;600 ef's, expactad |

frecuency once in twenty-five years, would be regulatod to a maxdmim v
cutflow of 10,000 cfs. The reservoir would be filled gradually dnring
the high runoff spring months, after the flood hazard had pasaed, ao ‘* i‘;";ﬁ
that it would normally be full by May 1 of eaoh year. The stored natér ?,W;‘>
would be released during periods of low runofr, or high irrigatioa dsmand,:=; Ffﬂ

usually from July to September, inclusive, and the reaervoir-again drann

down to provide flood storage during the winter months. The diseharge':'".
from the outlets under this method of operatinon will Vary fram about |
500 to 10,000 cfs over & range of head verying from the minimnm to thol;ii:;*$#ﬁ
maxdmum,. _ :

7. Consideration of future power possibilitios neeassitata that'>'
the "initial low Ham® development be so designad.and conatrueted thut
it can be feasibly raised some 85 feet in the future to provido An
additional 260,000 acre feet of supplemental powar storage whan auoh
storage becomes warranted. Such raising would provide & total gross
storage cabacity of 432,000 #cre feet and would, In additicn to satise
fying the same requirements as are satisfied by the initial law-daﬁ, :
make possible the development of 125,500 kw. of firm capacity, on a
60 percent annual load factor, at four proposed plants on the'North
Santiam River at and below the Detroit Dam site. Sk

8. Genaral information pertaining té both thﬁ Mow' and “Hish?"

dam developments is piven in Table I.



9. Location of Dam and Reservoir: The Detroit Dam site is located

at mile 47 on the North Fork of the Santiam River, a tributary of the
Willamette River, and is about six miles west and downstream of the
community of Detroit. The rivér at the damsite flows in a northwesterly
direction, through a deep and rugged gorge, with a fall of approximately
35 feet in a mile. The river at this point forms the boundary line
betwaeen Marion aﬁé Linn Counties, Approximately two miles above the
damsite the river valley widens forming a reservoir, for the low dam,
With a length of about seven miles and a maximum width of approximately
3,500 fast. ' |

10, Bg;g&gg_E1Qgg_ggn&xgl_;mnzgxgmgnggz The Detroit reservoir
is one of seven multiple use storage units to be constructed on the
major tributaries of the Willamette River. Thé'Doﬁroit reservoir will
operate in parallel with these other storage units to reduce flood
heights on the main stream and to provide increased low water flow for
navigation and/or supplemental water for irrigation use,

 II Initda) Low Dan Prefect

11, General: The location, layout and design of the initial
"low" dam mist bo‘sucﬁpas to fit into the contemplated future "high®™
dam development. Based upon the foragoing eriteria, utilities which
recuire reviéion for the "low" dam are to be raised to an elevation to
clear tﬁe future "high" dam. The "low" dem is ‘g0 laid out and designed
that 1%-0#3 be fessibly raised on eiﬁhaf the upstresm or dounatryam face,
With the exception of providing an opéning th}ough the right abutment

for future penstocks, no special provisions are to be incorporated in

o



the "low" dem to facilitate or reduce the cost of tuture ralsing,
12, Geologyr The damsite has been‘ext6n91VQ1y exploredvby means

of fifty-four dlamond drill holes, agzregating 5,175 feet 1n Iength}

five 36 inch calyx holes, with a eombinod lnngth of 283 foet' flvu tunnela,_

with a total length of L60 feat; and 250 linsar faot»of‘trencheaa The
extent of the exploration work undertaken and pertinent geologic data
are shown on PlatevVI anc on Plates I to V, inclusive, of Appendix B.~
Appendix B also contains geologic reports by Mr. E, B.“mrwell,".rr. )
Consulting Geologist. | | _ '

13. Foundation rocks at the site sonsist of'maaaiva-aﬁdééi@iﬁ )
lavas and irregular intrusive mﬁaaaé of diorite, both of whiah grp
intruded by andesite porphyry dikes, Terrace gravels, atraam-ailuwium,
talus and slope wash make up the unconsolidated deposits. Soma material

suggesting glacisl origin 1s found on the.right aﬁutmant¢ Extenaiva ‘

jointing and fracturing accompanisd by hydrotherhal"altération'has chang;d -

the original texture and composition of the andesiﬁe. ﬁlthough thia
alteration has been extensive the quality of the rock is still adequ&te
for a foundetion for the type and heigth of dam proposed, Except for
local weathering, the diorité and andesite'ﬁorphy#y §r¢ uaﬁa1$y fra§h  _
and unaltered; the contacts between the andesite and.th§>l§fhr iﬁtruaive |
rocks being sound and relatively tight. . | | o | |
14. The trends of the principal joints and fractures are, {8)
norfh—south and (b) K. 30 to £0°”Fest. Dip of the fracturpa iﬂ Pro- .

dominantly stesp (74° to 85°) and to the west or bogtuwust.:;npypggnt -



along the fracture planes, so far as has been observed, has ﬁeen slight
 with.on1y local or discontinuous areas of clay gouge or‘ﬁépﬁﬁ&a?y.mineﬁala.
déva10ped.' No major faults have haen discovered in the fdundéfibﬁ ares,
15. Rocka of the right abutment above elefation 1350 bebiuaa
of their exposaa position and extensively Joxnted condition, hava bean
,susceptlble to deeper weathering than thase axposed elaeuhere in the
foundation aroa.} | | | |
16.  The depth of overburden varies throughout the. foundatlon araa.: ‘
Largé aress hove practically no overburden while the'mmmimum'dapth,axr
‘plofed was o#ér 90 fest in Dﬂasz néar‘the head of the ﬁurie&Tﬁa;ﬁaped ‘i
,gully in the right ebutment. Talus ard slopa wash,probab;y ovarlying v
some gravel. and bouldars,is from 30 to 50 feet deep on tha banch above
‘elevation 1270 on ths 1eft abutment. Deap holes in the river are fillad
:with gravel and boulde“s to a depth of over 60 feet. o

17. Labcratory teste indlcate that the unjolntad foundation rock

has a compresaivo strangth vawyinﬂ from 6,000 to 48,000 pounde par aqparo  _‘5¥“;

inch} a ahearufriotion reqistqnce of at leasgt 1,000 pnunda per nqunra
ti.;inch plus»l.lSﬁbimes the normal load; a modulua of olgsticity varying

fraﬁ 4,770,000 to 12,120 000 pounds per square inch;*hﬁ&lﬁ Poiseon's

D ratio of from 0,18 to 0.28. Streaswétrain fiolﬁ.teatﬁ&bﬂ ﬁndiatﬁrbéd»

fonndabion rack in the tuynnels indicate a modulua of alasticity varyiag

, rram'approximately 150,000 to 1,100,000 pounds per square inch end a,j
Polsson's ratio of from 0.20 to C.48, o

13‘ Agggggnggg_Qﬁgwg;gnx Ra&onnaisanca sufweya were mad§ i§d

study was givaﬁ Lo vﬁrioua alterneto damsites befqré tﬁquetroit pitb }



al

-

was chosen for intensive 1nvestigatioﬁa. quﬁdétion'conditions, com-
parative estimetes of cost and conelderation of the possibiiity of future
ralsing resulted in the adoption of a}concraté gravi;deam structure for
the Detroit site. | | S

19. The proposed dam alignmént is sﬁréightjin\pléﬁ'with‘a,creat
length of 1,185 feet and a maximum height, frém l@yest pdint af foundation -
to top of dam of 359 feet. A free overflow, dgee type, river aoétion
spillway, with & net clear lehgth 6f 332 feet, is proposed. The foundation
rock &b the domnatream toe bolow the spillwey will be protected by &
concrete apron. Flood control outlets tﬁrough the dém will congist of
five 90 inch diameter and twe 108 inch dlameter controliéd sluida outlets,
Bulkheaded openings will be left thrnugh the righ@ abutment for ths. - n
installetibn of penstocks in the future if and when the dam‘is"raiasd'
for power purposes. Periinent descriptive data relating‘to tha 1dw dam
are glven in Table I and the lay-ut is‘shown on Plate-II,vSheatsvl-and'2,

20.  Spillway Design: The spillway is désignéd to pase & peak w
reservoir inflow of 176,000 cfa, with the flood control‘outlet cloaed,.f
‘Withﬂut overtupping of the abutments., The derivation of this spiliwey
desigm fléod is cmntained‘ig a raporﬁ, submittea to. the Office of the
Chief of Engineers, under dute of June 1%, 1940, eﬁtitled "Hydrology
Report us Belated to SpillW&ﬁ Requirements for Detroi£ Dam and Reééf~
voir, North Santiam River,® date June, 194C.  Due to the haight of the
dam and the jeinted condition of the founde tion rock, & 210 foot éoncrete
apron, contoined between pearallel concrets training walls, ie proﬁosad |

‘balow the swillway section to provide balanced hydraulic donditionsj

-7 -



to cause the fovmatiqn of the hydraulic jump; ruduco veiacitieax prevent
erosicn of uba rivmr bad adjacant to. the atructura and to smmoth out flow
conditdons at tho 31ta of the propoaed power plant.‘ Pertlnent hydraulie g
data/rvlatinr te th epi]lway dasign is ahown on Plate III. v | )
Q“*lgg‘gggign_ The: outlata are designed to paas e diachargo 7‘
of l0,0lt c¢s at minimum pool alavntinn. For thiu purpoua fiv» 90“ vl
diamﬁter ci"cular outlete, cantrnlled by Paradnx gates, are propoead thrqugh,i‘
the overflow section and two 108n diameter circular outlets, oontrclled
by 60" diameter needle va&vea are. prapoaed through the left abutmantn‘
p All outlets rill be protented by 1rayh racka and emerganoy ring fbllouar
slide pates, The Paradox game cantrallad outlota, whioh dischargs inta
thse . spillwuy aprﬁna will ba op@ratad Githar fully opan or fully clusad. S
<Fiaa regulafion will be accommlishad by tha needle valve outla%s, whieh

discharge into a sep&raﬁe geb«away ehannol adjacent to the. laft ahnhmgnt. .;;:_7

Pertinent hydraulic d&ta relating to the deaign of tha outlats ia ahaun
on Plate I1I. o

22, w1th the uxcaptian of bulkhoaded»

openinps in the riyht abutment aeetion RO, speaial praviaions ar& propoaod
to be incorporatad in the low dam proper to racilitatb future raiaing.', '
Preliminary strﬁa° studias indicate that no unpracedented ar"unuolvable
problems will arise in conneqtion with sueh future ruising theogar as
:1nternal atreases in the enlarged atructurn are ooncerned. Houavnr,,prao; 1f
 tical congiderations nocassitaxa the provision of some means of unﬂataring
the low dam ahd/or paﬂsinp the flaw during the poriod that future uark

on raiaxng of the dam.may be underway. Prelimdnary ntudiss indicata that



the most practieabié solution of thie problem msy be & large diametér "
diversion tunnel through the left abutment, to be driven during a 10!

| water period when the natural flow can be passed through the flood cnntrol
outlets, at the time raiaing of the dam 1s undertaken. Further study is
to be given this problem prior to construction of the 1ow dam. '

| :23.A zgg Studies: Investigation of atreaaes in tha 1ow dmnv'
structuro has to take into conaidaratiqn the possibility of future ; ' .
r&ising. Prelindnary atress atndiqs, based upon unrestrained cantilever -
iuﬁlemanta,,havé;been made for both the.high and low dens undér various
loading conditions. The details of these afudies are contained‘ih
Appendix A and the results, for both rasﬁrv01r empty and normal pool
'conditiona, but excludﬁne earthquake, are summerized in the following
“table, GStresses preceeded by a‘negntive sign‘are:pensions, all others

are compressions,

3 Reservolr Fmpty ¢ No

§
e
29

=
_ E ; F

T ‘.'
o
o .

: Stresses
Usximum Foundation Pressure

]
1
2 ¢
' :S ‘
H ¢ t . 8 : :
Lbs./sq. inch ? 319 ¢ 361 412 s 186 : 259 f 245
S L ‘ H t s ! ¢ L I g
Maximun Concrete Streas ! 3 : t : 1
Compresasion (&) o : s ' s t : 1
lbs./sq. inch 1 319 t 364 : 412 % 290 ¢ LO4 3 402
Tension (a)-lbs./sq. dn.; =113 -3 ¢ -7 1 Ot O O
Shear - lbs./eq, inch t O 't 0t 0 2139 194 196
y A 3 t ! : . -
Winimum Uplift Ratio (b) ¢t w3 = 3. - 3 1,058 0.97 1 1.00
T : 4 : L X : - B
Maximam Slidine Factor{e) 1 -~ : « 1t « ¢ 0,60 0,59 ¢t 0,62
: ' -2 : s ! : H L
Minimum Shear-Friction ¢ s t : e ¢ 7
Factor (d) t -3 = 3 - 18,99 7,20 1 6.96




(a) Principal Stresses,

(b) Ratioc of vertical preaaure at upstream face to horizontal uater
pressure at upatream face,

(c) Ratio of horizontal force to vertical less uplift force.
'{d).ﬁaaad upon 600 pounds per square inch ﬁlue 0.65 times vertical load,
‘24. After ﬁhe low dam is reised additional load will be trans-
4mitped’to the original low dam concrete resulting, in genéral, in an
increase in internal compression and sheur stresses 1n'th§"criginal low
_dam section, Stresses on the contact plane between the origihal low dam
lstructnre'and‘tho future high dam addition will vary with loading conditiona
and upon whether future raising tékes place on the upstream Or'dotnaﬁream
face, These contact stresses will be of low magnitude in any case, the
maximum shear stress varying from 12 to 62 pounds por'équarb incﬁ with
corfeSponding ﬁérmal stresses of 49 to 163‘pouhda.per'square inch; It
may be noted that the normal stress on this contact plane will be two
to four times greater than the correspondinv shear atrusa. ]
25, Flowage and Utilities: A map of the proposed reservoir, with
the normal pool olevations of both the high and low dams indicated, }s
| ’ahoin‘on Plate‘I; Although the reservoir lies within the Wlllamstﬁe‘
National Forest, approximately 70 pﬁrcent'af the résgrvoir lands are in |
privata»oﬁnanshib. The preater part of the reservoir area; ébout:eﬁ
pernent; consists of cut and burned over land supportiﬁg Eruah and a
‘young stand of gécondngrowth fir. Certsin forest service facilities,
the small community of Detroit and a musber of small lumber nills will
have to be méved out of the reservoir area. -Flowage fdr thq "low" dam

is proposed to be acquired to the 1,000 year floniliné ihich dérroapqnda

- 10 =



to elevation 1,484:0. When the dam fa raisaa, 1 18 proposed to acquirn o

additional flowage to an alevation ftve fest. aboya_tng high dnm nonmdlf

pool level or to elavation 1,5?&-0, whlch elmration 1188: abo*m the *high‘*
dam 1,000 year flow line. Flomimg above thie elﬂation wﬂl be ué It

frejuent that it is crmaidered more economical to pay for mch ‘e

if and when it occurs, that to acqw.m flomge ri.ghta over Mhe» lanﬁa:

affected. A resume of the lands to be acau1red and the. araa to be cloarﬁdﬁfﬂff i

. for both the "low® and "high” d&m ie sunmarized ns followat

1 Low Dam - sInerment Higm 'mm. High«-
A Acras & §
T A | H
Land to bo acquired and 3 : PR
gleare: %o elgvrtd gn.«-- 3 LaASAsQ : = ke
“Land to be acaulreds 3 B S T
Privately owned H ;,505 &L 910y
. Govarpment, owned Ty 498 i 570 %
Totel e 3 2,000 ¢ A BAQ
Land to be cleared:-- : ' 5 I
Opsn and cultivated $ - 200 s 0
Cut over and brush 3 1,760 1 1,510 o3
Total 3 2;0&5 i ;,QAQ . ,;;W’:’i.f}ng simiais

26,

aite. This route has been improwd and snrfamd‘w;t 22 fpdt:'_md!sh fmm




515(na#rd§ and crooked and ot places only wide enough for one wey traffic,

' 'The improvement of this portion has been held in abeyance for soveral

' ‘»myiaré“by the Oregcn Stete Highway Commission and the Public Reads

“Administration pendinw deve;onmen* of the Detroit Pro%éct.

‘2?. For- tha low dam-deve Opmnnt it is propoawd chrelocato the
8, & milea of exlqtine road affected to 1mnroved*a115nment xrade, width
:v and surface at an elevation of 1 605, in generel, ‘which ia °uf’icient
Ei?to,élear,anv probable future hxgh dam devglovmént, No future work cn
‘tbi& atratch vf tbe highway will be req uiréd vhen £He dam i%: raised,
b  howave 3 “the high dam will recuirs the relocetion mf an additional
"?'3Q5ﬂﬁilaé ﬁfuhrnésnt im?r¢vad nichway enet of DNetrcit, The proposed
highmﬁ&rrevimion is shown on Plate V. The 2,4 miles of highway‘ravision
"necaaaitateﬂ by the low dam iﬂ eatimeted Lo cost qi,QSE,OOO, or 31,182,000>
moxre tnan the imyproved water srade bzghw%y rizinally cnntempumted by the
Publié‘Roédé Adminietration. This incresse in cost‘is chgrge&ble te
"‘the Datroit Project. An additi-nal cost of $250,000 15 alen chargeable
‘ﬁb the high dém for revisien of the 2,5 miles of exiéting imnrovad
highway anve Deiroit. j |

28.K If the Mi“l City branch of the Southern Pacifi¢ Rallway is
_abandoned, an diacnssed in para:sraph 29, snd the railroad subgrade ie
' utilx56a as a ﬂrdue for an inﬂPOVbQ nigheey ~ver the 4.1 miles éectioﬁ
V,lyipg'dqwnstraam from and between the Jatroit Dam site and Nia rara, the
gost of an imprOVeaifoad wver this stretcen ls estimated ot ﬁ T4 ,OOOq
If §ﬁgf3§iIﬁay is:abandunad a3 a privete cerriar but remaing in place

balow the dam for construction purpcges, the cost of highway improvement



ovar thisanl mile section will be increased to $589,OOO;F Inasmuch<ga
practical and economic consideratlons indlcate that'it‘ﬁbuld‘be advisable
to leave the trackage in below the dam, at least during the‘dam construce
”tidn ?ericd, the ihcreaaed coat 6f.highway fevisian due to such & pProw
cedure; éstimated at 3215,000, has been charged to the Destroit Pfuject.

25,  The Corvallis and Fastern Railway, a logeing branch of the
SouthernvPacifiﬁ System, passes through the damsite and reservoir and
axtends to a roint ebout two miles east of the town of Detroit. The
cohgtructiah‘of the dam-will recuire the purchaée‘and abandonment or»f
the reconstruction of spproximately 15 miles of this railresd, It is
estimated tﬁat, if approvel can be obtained from the Interstate Commerco ,
Commission, the cost of acquisition and abﬂndonmﬁnt‘wil; amount, to about . B
§750,0004 . If such approval cannot be obtained the railroad will hava“ta
be relocated to clear the high dem at an estimated cost of aprroximately
$2,500,000. The cost estimates sttachad hereto are based updn_purchaaa‘
and abandonment of this line..

3G, Only minor telephons snd teleéraphliﬁeabciiSt in ths reser-
voir‘areab No prorlem would be raisad by their revisicn or relocatlon.

| 31. FEish feacilitiest The North Santiam River supports migretory

- salmon nd steelhead trout znd resident game trout. Due to the height
of the proposed storage dam and the grest seasonel range in pool levai,
it &s cénsidersd neither prectical nor necessary to‘build fish 1ifts or
ladders to pass fish around the structure. These flsh are now being
" srtificially propagated in hatcheries owned and operated by‘thé State y
Fish and Game Commission and by the U. S. Bureau of Fisheries. Rx-

tensions of these hatchery facilities, to replace the natural spawning
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grounds made inacessible by the construction of the seven authorized
dams, are proposed at & cost of $1,000,000. Studies are now under
way to determine the proper lccation of these new hatcheries and their
egp taking stations.

32, [Lstimated Cost of Low bag: The low dam develoyment, oute
lined herein 1s estimated to cost §12,903,000 or approximately 375
per acre fcdt of gross storage capacity. & detsiled estimate of cost
for the Jow dam is contained in Tablie V, appended. The present estimated
cost exceads tnal contained in the project document hy approximately 90
percent, This increcse is primarily due to the fact thet foundation
conditions, 8fter detailed inVQgtigatiqn, necessitated the éubetitutien
of a comcr@te‘gravity structura for the concrete arch dom originally
contemplatod! thus incbn&sing the amount of excavation by epprcximaﬁely
573,000 cubic yards and the céncrate suantities by‘ébout 975;000 cubic
yardss to the fact that constructién costs huve risoﬁ approkimataiy 20
percent since tﬁe date of the original eztimate; and to the further fact
that an additional 5 percent has been edded to the cortingency itams in
" the yresent astiﬁate to allow for the present trend of rising construction
costs, | |

33. ‘Fieid-reéonnaisance and laboraJoéy tasts indicate that, with
some Drocessing; suitable concrete angregetes may be obtained for bcth
the low end high dams from a terrace gmvéi de})osit lying along the North
Santiam Rivgr approximately 17 miles bslow the damsite. This deposit
is idéaliy situatqdeith respect to both rail and truck transportation.
Another similar deposit which has possibilities for the initial low daﬁv

construction 1s located in the reservoir area, approximately 5 miles
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upstpeam from the damsite. The estimstes hersin are bdapd upon obtaining
concrete aggregate from the dowmstream deposit and haulinz to the damsite K
by reil.

34,. Consfructioanxggxgm'"Befcre largs scaie conutruction can

"be undertaken at the Detro;t site, lands will need to be acquired and
clear«d; a major part of the highway relocatman must be complobad, tha
railroad must be abandoned or relocated and contract drawinqa and apaci«
fications for the'dam preparad. The time required to comnlets thia |
phasa of the work 1s estimated to take at 1uaat twalvelnantho,‘ti;

35, The low watar period at t,ha dwsﬁ,e nomlly Bat‘bandﬂ from .
about the first of June to the end of October. It construcbiun was -
commenced during the beginning of a low watsr poriod 1t ia aatxmated

that the low dam could be completed within a narlod of from 2L tu 30
months, During the first 1ow water season 1t would bo necesaary bo |
divert the river through & diversion channel alany the lwft bank and to

. complete n1l concreting in the other portions af th& dam up to at laaat i
elevation 1225, The river would continue to flow thraugh tha divarsion
channel during the winter months and concreting would uqntinue on tha
dam, except when temporari]y suspended due to high wateru Durnng the
second low water aeaswﬁ the river would be divarted throuph‘tuo tamm
porary sluice openings left in the base ‘of the completed partion of the
dam~ the oriainal diversion ‘channs} section,wauld be closed with oan~
erete; and ooncretiny uld continue on tho renaiuder af tha strucbure,
carryinp all concrete work up to at least elevation 1280 a8 saon as o
possible, After all concrete has been completed up to an elevatian of:

1280, the temporary diversion sluicaa would be‘plugged and tha r1var
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diverted through the permanént cutlete_bﬁfcre the second high’wéter
season, Frnm this point on, concrating could continua to comn&etion
without any further diversion yrnblam. |
36, Slngle step conatruction of the high dam and pbaar plant uould
follow vraotically the same program indicated for the low dam except
that 1oaure of the temporary aluicea, due to tha gr@ater valume of
.concrete 1nvolved, might run into a third low water seaaon, thus in-
creasing the period of construction te about 30 or 36 months-
37}‘ If the low dam is raised in the future it would be advisable

to draw the reservoir Doolcﬂﬂuxtﬂ as low a- Sthgﬂ as practicable in

order to unlaad the low .. .. Btru;ture befors the gegand step concrete

is placed thereon and tied into it. Such a procedﬁre is reédmmended

in ordef to obtain a better transfer of stresses across theveontact
plane, and to obtaiﬂ vetter stress distribution between the component
parts of the finalystructure after the water load Comes on; Preliminary
studies indicate that the most yrwcLLcable method of div reion durlng
the second step reising is to unplug the diwversion sluice outlet left

vin the low dem during‘consiruction and, during g‘IOW‘water‘period, to
drive a large diameter diversiﬂn_tunnel ﬁnder thé icv dam through the
left abutment. The time required to raise the low dam to the ultinate
haightvunder.this method of procedure ié eatimated at approximately 24
months.‘ The powsr house construction éould proceed in parallel with‘th@y
work on the dam,
LI Ultimste fileh Dap Plen |
38. Ceneral: The ultimate high dam structure is so laid out and

designed that full use is made of the original low dam concrete, pract-
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ically all of which is contained in the high dam'aaétiqn'i‘Tha‘high‘daml
estimates, for the design utilizing the lpwldam as par£ of the structure;
are based upon roughing, dow}ing, groutihg‘and drainiﬁg the contact
plane between the two component parts of the finiahéd,#trﬁéfugp. The |
tyve of facilities proposéd for the high‘daﬁ, énq tﬁeir‘f¢i§tivw lbcdtion,
are similar to those contemplated for the low dam with,tﬁé.axcgﬁtioﬁ.
that the spillway is to be controlled by”thfee 1@0' % leI#ﬁtomabie
drum gates. The gate ccntrolled spillway is aeonémiéal TOr the3hi§h
dam due to the fact that it reduces the maﬁimﬁm p&oi'éiévafioh by 17
feet, resulting in a reduction in concrate quantities and flmwaga coats,
and permits dropping the eleV¢tion of the Breitenhueh River crossing |
on the proposed relocated North Santiamrﬂiver Highway to elevation 1,585,

39. Dus to the fact that future construction ébéﬁs, futufe~pou§r x
values, znd incidental benefits cannot be acduratély de@ermingqfatfphia,
time, the ultimate height to which the dam can ‘be 'économicauy'ram in
the future cannot be definitely fixed until the time auch anlargament
takes wlace. Comparative studies of cost - of'rtising and'incidentul beno;
fits, based upon present construction costa and power values and taking
into considaeration notential future downstream power developm@nts,- 7
indicate that the height of the high dam as prupoaed, ?iving a grous s
storage capacity of 432,000 acre feet, ls near the upper liMlt of acqn+
omical storage development. This conslusion is alﬁo.valid if single step
construction is contemplated to full height at the‘praaént time.

40, [ue to the uncertainty of future cqndiﬁibns and’due to the
fact that only a small initial cost ls involvod; the ﬁérth Santiem Rivéf'

Hiighway and the railroad, if relocation of the latter is required, are
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j}'proposed ta be raiacd in general, to elavatiﬂn 1,605 haking 1t poamiblax

s to utilize ) high dam normal pool elevatinn o¢»apprnximataky 1,590 in

' fthe ruture if found eccncmically adviaable‘;

| 7§gégigng= Gamparative layguta and estlmates of cost hava~been made
“for (a) a high dem plan utilising & ocenter soctirn srsillway with the
- powsr h use donmatroam from the dam on the right hank and (b) & blgh
dam glan uti 1zing a right abutmant Spillway with the pouer houaa.
located at the downetream tos of the nonwOVerflow riVEr aeetion. ‘Comnv'
pamtive 1&ycvut3 for thase two plans ,. based upon m:.sinrr of the lcm dam
: 1n the future on the downstream face, are ahown on Plates VII and Ix,
end deteiled cast aatimatea are siVen in attschea Tablea VII and IX
re;pentively. I may'be nateu from thes@ ﬁab¢es the eatlmatéq cost of
_ thasu tun alternata plana of development, 1noluding powar faci'ities, _
are anproximataly the aame, 828,440,000 for the river sectman sulllway
» and 328,339,090 for the right ububment spillway, ' '

yv e The right abutment aplllway plan ubilizeb three 50t x 50'
&rane operated 1ift gates, in order to derraase the width nnd cost of
the spillway pet~away channel and also to make 1t poaeiblo to reducs '
‘:the height of the dam by npproximately 3.5 feet, mhile the river e iil~

. way saction utilizes three 18% x 100" drum gatas as, mantioned harein~

_ béféfe;' The river -apillway plan is oreferred and. rﬁcommﬁndgd by thia
ﬂzoffico (although the right 8butm&nt plan may "arrant further conuideruticn o
ifvaingla :tgp c035uruct1an °f the high dam is u“dertaken)_fﬂ? the |
following reasenss (a) the avatlsble Jocation for the right abutment
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spillwaj necessitates a horizontal curve, with high superelevation, in
the get-away channel alignment complicatingfthe hydraulics andrréiﬁing
an uncertaint.y as to the adequacy of the cost estimate for‘this feature,
(b) the foundation rock in the right abutment is highly jointed end
deeply weathered which condition, with the hiéh velocitieskihvolyed,
nﬁgaasiﬁates»lining of the get—anay‘channel and‘raisés'an uncertaiﬁty
 &5 to thengdequacy of the cost estimates for thé training wﬁlla, snd
‘(d).thé?disgorgement of the spillway discharge into the river channel
.immediataly‘bolow‘the power house locaticn may set up extrame water :
~ #surface fluctuations necessitating an increaaed 1eng£h of traininﬂvwall
"along the left sida of the gnt»away channel and/or . some provision for
vanergy dissipation at the lower eqd of the spillway channel thus raiaing
 tha cost over that estimated herein. N |

43 Rouph comparstive estimates of cost for an alternaté left'
.abutment spillway indicate that due to poor alignmant and extensive
) excavation requirements no saving would be involved in such a 1ayout
over the plans discussed herein. H | |

Lds o~-Stap lich D > ¢ The alignment of the low dam
'is such that when additional storage at the site becomes warranted, raising
Qf‘the dam can be undertaken on eitha: the>downstraam"or'upatream facé.
Accordingly, layouts, designe mnd cost estimates have been prepared forw
~ both of‘thééa alternate methods of procedurs. Plate‘VIi shqwa‘the iay»
N out and Tabie ?II zives a detailed cost estimate for raisingfor the
~ low dam on the dawnatream face while Plate VITI and Tabie VIII contain

éimiiar data for raising on the upstream face, The foregoing designs

- 19 -



- and cost estimaﬁes are based upon drum gate contrblled river spillway
ssctions as d;sousaed herelnbefaro. | : | » | |

| 450 Tnonstep constructimn of the high dam and reserVOir ¢an be
‘accomplished at practleally the sama cost no matta? whether the 1ow dam
is r&isgd on the dcwnstruam or ugstraam;slde. A sunrary of the. eomﬁ.
 ’parative:ccst‘astimates is sﬁo;n in the foliowihv table, The increment
coat of the 260 OOO acre feet of additionalsboragnprcvidea by ths
high dam ovcr that provided by the low dam ta estxmatod at approximataly
845 par ucre foot, while the total cgat of storagn in the high dam is
‘ eatimabed at 666 per acre foot as compared,with a ccat of 375 per acre

‘a'root for the low dam

Fggﬂgra R = nstrean.
T R IR 3
. Cost of Initlal Low Dam s 812,903,000 ¢ #1¢,903 000
- gggg_g_~ﬁgiginp ' , 2 A1a566.000 % 2
= @A VOiX" - K H YA ) i '
: ; ‘ G LQ?l‘OOQ i 39734000
Total Cust, ngh Dam, Reaarvolr I 5 B i

‘ . - 1 4§ 000 3

" &Wﬁ

| n’;bﬁ. Gealaﬂic and fcundatimn conditions are such 88 to slightly
f;favor reising of the. dam on the aonnstreaa face.‘ Raiaing on the down-
Vatruamvside will also giva bettar ttress conditions on thc contact plene
.bobwoen the twu componant parts of the two~step high dam undar maximmm ’
poal conditions B8 the 1nclination of the aantact plane yrnctxcally |
v,¢orrsspondusitb the dirsction of the first principal atrassea under
‘thoftpregﬁiggfeOnditions of-l&ad. Pértinenf stability_and iqﬁarhal
stress sﬁgqiés for the various high dem plans are contsinsd in Appendix
33@? | | | | S
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47. Single Step H lDev f.:r-' t A study”has baen made to
detormine uhat savings. in overall conetruction coata might reault if the
ultimate high dam were conatructed to full height 1n a uingla atep.

This atudy was based upon the 1ayout-and'croae aectioﬂs ahownvon Plate |
VII, with the exception that only thrse Paradox gata controlled flood
control outlets are required, in lieu of the fivs propoaed for the lcw
dam, due to the higher minimum pool elavation and carrespondingly higher:

mininum head available on th& outlets. :

48. The °°Bt of the Dotroit Dam and roaervoir, with ainglo at-p J;A‘I‘A

constructicn to rull height, is ostimated at 322 115,000, aa ahonn 1n B
Table VI, or §2, 354,006 less than the twv-atep,oonatructian of a-similari

dam to the same height. The coat of power fnailities at the Detroit

site will be approximately the same whetﬁer tho dam &8 built in one atep“t‘

or two, The savirnca in conatructiﬁn cost in favor of the qingla :tep
program is due primarily to the ract bhat the d1Ver3ion problom is not
duplicated, the flood control outlet- are reduoed in number, thn reaer—'
voir pool area below tha high dan minimum pool elaVation nead nat be :
+  clesred, ne spscial traatment or provaainn haq to be made for & contact B
plane between two concrete aectiona formad at. different timaa, and to
the fact that the total concrete vuluma requirad for the high dam onn .-
be placed more econamically in one, steady, continuous Opsratinn than o
in two, aeparato and distinct operatians. o vlv '>

49. Attention 1s invited to the fact that if the high dam design”
were to bs basad upon single step conqtruction t°_f“11 height, 8 somﬁ- :

what more practical cross section and hetter'aligniént ror thg high d&ﬁ ’



“~;}2  would reault frnm such adjugtment. ;

X"g migﬁtfbe devolépod.u However, no mnjor changa in quantitioa er caata f:'lji

X 2,}-‘ e )

}- abla bw thﬂ ﬂetroit high d‘“ and tho depﬂndable annual.pnwﬁr'drAIt‘at :

The 371 fout of | gmas hm w,idd am:)...;; el

”'*";fl;377 uubic foet per aecond made availablu by the rnsarvoir ﬂill maka

;"*,fpassible the davulopment of 26,800 kilowatts of continuous and depend- > -

. f*ahla power through a power plant prOPGSGd to be 10ﬂﬁt*d “t ‘h° damaita;i" g

, Tha location of bhe proposad powar plant, with respactlta;tha dam 1n ;
o ahown Qp ﬂhe varioua high dam Layout drawiagﬂ, 1ts aatimated ae-t il
r"fgiven in the varioua high d&m eut&matea nttachod, and partinanb dua~;- .

criptive data-relating tc 1t is givnn in Tabla I. Tha pmqpoaed pawer
1 ,ést,imhad to

‘plent, with an installadkeapacity'ef 90,000 kilbwatta,

-ﬁ{coat $3,??1,000 or approximataly 844 par kilowatt af 1nltaliadlcapacity. 1}?~.N'

51;3 Tha Detroit power plant is designad for peak load operatiqn

T m a 1w dﬂily load thQr’ bﬁlﬁ capablg of Mﬁkinﬂ’ ﬁ,t all tim‘s 1’.0 . |

‘;.'t,ne fu].;L eapAcity of m genaratorm Suck output nhamcteristica make

‘f‘\:it poesibla, and mutually beneficial, for the plant ta be coordinated

in oporation with a high lpad factor rm of river plant, uuoh an thq
'BanQVille Prnﬁsct on the Columhia Rivar, or with a sarica of high- lo&ﬂ
',rnetor river planta similar to thou- projected for future conatruction

on- tha atretch of the North Santiam Rivar below ‘the Detroit Dqusite.

1t oanstdared daairahla at the time the Detroit power plant. is aonsbructed,f” o

'the generntor installation could be Yimited to one or two units, 30, 000
or 60, 000 kilowatts, until such time as the full paaking napability af

‘the. plant 13 neadad.,
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52.  Potential Downstream Power Developmentsg: With regulation

of the stream flow by the proposad Detroit high dam reservolr it would

be physically possible, when warranted by power requirements, to econom-
ically develop &n additional 650 faet of gross head through-thfee poten-
tial power sites located on the‘North Santiam River below the proposed
Detroit power plant, Preliminary cost estimates indicate that these
potential dqwnatfeam gites can most economically be developed by means

of tunnels ahd side hiilvcanals, utilizing relatively low dams primarily |
for diversion purposes. Accordingly, in order'td kaeﬁ’the overall cost
of power developments to a minimum, these plants should be designed teo
vaperate under practically a constant power drafé, resulting in high

load facﬁor plants, all peak loads being carried by ﬁhe Detroit power
plant where storage is available and where peaking capacity can be ob-
tained most eccnomically.‘ The foregoing method dfvaparaﬁidn would require
thé‘construction of a re-reghlating dam ﬁélow ths.Détroit poweé plant |
in order to smooth out the daily and hourly flow fluctuation from that
plant. Pertinent data relating to the reguleting damAand‘the potential
dovﬁstréam power sites is contaiﬁed in the published project document,
House Document No. 544, SeventyéFifth Congress, Third Sessiony Cow
ardinatéd poperation of the Detroit power plant with the ﬁhree potential
‘downstrean plants.would make available the folloﬁing new power outoput

_on_the North Santism River:

Combined
North Santiam

¢ Downstream :
Detroit : Power !
P :
3

. oa

Flagt Characteristice L Eowe:
Installed capacity - kw, ¢ 90,000 52,800 142,800 -
Firm Cepacity - kw. : 82,400 : 51,700 125,500 (a)
Firm Cutput -~ Kwy. : 26,800 t 48,500 : 75,300

: = H 33 : U, $ 60

{(2) Coilncident Peak
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53, 1If desired, the mutpuﬂ'of the betroit power plant, in lieu
of being coordinated with the p@tentiél domnstream developments on the
North Santiam.Ri#er, could be utilized to peak up any other similar block
of AB55OO kilowatts of continuous power in the region;

. 54+ Flood Cont oLt The initial low dam and the ultimate high
dam will have similar flood control benefits and will, with coordinated
operation of the oth»r six authorized reserVoirs in the basin, eliminate
approximataly 95 percent of the potentialnflood damage on the North .
Santiam River énd approximately 75 parcéﬁblof such damage on the Lower
Willamette. :lb ,” : |

55, Supplemental low watepr supnly: The opefation of the foregoing
reservoirg will maintain a minimnm flow of 6500 Gof.8. 4t Salem on
the main stream in the interest of navigation and, in addition, will
furnish aome 565,000 acrewfeet of anpplemantal water durina the irrigation
season. The allocation of this new water from individuél reservoirs
betwaen navigation and irfigatian-iill depend primerily upon the loéation
of the new lands~tba£ are put under irrighﬁion. | .

56. ggygxxv‘when power‘davalopganta'oh the North Santiam River
bacome warrantad,vthe.édditicn oflsupplemental pouér storage in the
proposed Detroit rasarvdir, ﬁb‘maxe possible its coordinated uge invthe
interest of pow.r as weli'as for flood‘contfol and incragsed low water
flow, 1s feasible. Thé total storage thus provided wili meke possible

the economie deval&pment of,aome'l,OQO feet of gross head at and below

the Detroit reservoir and will~make available 2 firm dependabla output
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of 75,300 kilowatt yéars. Sufficient capacity can be installed at
the Detroit power plant to operate the overall development on a 60
parcent annual load factor.

57. - Qther Benefiis: The increased low water flew on the main
'strsam, part of‘which is creditable to the Detroit reservoir, will
incidentaily benefit streem purification, fish life and the existing
~ private powér‘inﬁtallaticns at Cregen Clty.

¥ Local Cogperation.

58. ‘L ‘ ion: The bfnﬁisiuns of the Flood Contrel Act
of 1938 eiiminated &ll reguirements of lacal cooperati-n witi respect
to the Detroit Dam and ressrvoir. Close coaperation is teiny maine
tained, however, with the Fublic Roads Administration, the U. 5. Bureau
of Fisheries and various State Agencies, such as the Fish and Game
Cmaﬁﬁ.ssiiona, whose interests will be affected by the proposed improve-

ment .
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Regulating Valves:

Type

Number and Size
Emergency Gates
Elevatiﬁn Centerline Intaka, M.5.L.
Gross Head, Feet

Capacity at Minimum Pool, C.F.S.
Capacity at Normal Pool, C.F.S,

Spiliwuy Data:

Dam

~Type
- Crest Length, Feet
Flevaticn Crest, M.S.L,
Elevation Maximum W.S., M.S.L.
Capacity with

Pool Elevation 1489.0, C,F.S.

Sectdont

Crest Length, Feet

Crest Elevation, M.S.L.

Freeboard above Maximum W.S5., Feet
Maximum Height, Feet

Crest Width, Feet

3. Deta for High Dam (Qagzgéaammh

2

3

Q 3

Minimum Pool Elevation for Power, M. S L.

Minimum Pool Elavation
for Flood Control, M.S.L,
Nom&l %01 mﬂv&ti@h’ MDS'L‘

Neadle Valves
2 « 60" Diameter
l08#H ring follower
1255
234
lo,mo

18,100

Free Qverflow
332
1464.0
1489.0

110
1489.0

11425;0 |

1503
1569.0

Pool Elevaticn for 1000-year Flood,M.S.L. 1572.2

Pool Elevaticn for Spillway Baaign
Floed, M.S.L,

Area at Elevation 1425.0, Acraa

Area at Elevation 1569.0, Acres

Area at Elevation 1577.3, Acres

Storage, Ninimum Pool, Acre-feet

~ Storage, Normal Pool, Acre-feet

Storage, Maximum Pool, Acre-feet

‘Usable Storage, Acre-feet

Maximum Flood Gontrol Reservation,
Aore-feet

Maximum Flood Ccntrol Reservation, |

Inches per square mils
Highway Revision, Miles
Railroad Revision, ¥iles
Telephone Line Revision, Miles.

1577.3
1360
3450
3610
110,000

432,000

460,000

- 322,000
165,000

7.06

16.0

NOne
12.5



Qutlet Datar |
Sluice bates: . ST '
- Type ‘ L Paradox S1ide Gataa_ :
Number and Siza L e el 3.~ 90% Diameter
Emergency Gatés S -, 90" Ring Follower '
Elavation Centerline Intako, N. E.L. “f 1225
Gross Head a.t. Outlat., Feat - =0 . . 367

Regulating Valwza: ST e
Type o ~ .4 Needle Valves -
Number and Size T 2= 60 Diameter S
Emergency Gates o - logn. Ring Follomr A
. Blevation Cent,erline Intaka,u..s L' i S
Gross Head, Feet e
Capacity at Minimum Pool, C. F.S.
Capa.city at. Normal Pnol, Ce F.S. -

&aa..;;mpm RN

Number and Size of Gates '
mmtiﬂn cmst’ M. SQL‘O oL
Flevation Maxinum %.S., M.S.L. T
Capacity with Pool Elevation 1577, 3, FR
CuaFeSe. S

Dap Section: | R U f
Crest Leng'th, Feat. v R A 5.9 ¢
‘Crest Elevation, M.5,L. - o . ¢ 1.577.5
Presboard above Maximum W.S., Feat. 'f SRR Y « 19
Maximum Helighty Foat. D L ALB PR
Crost Width, Feet .ot 20 0

: ‘NmberofUnits g LR e e Y e e
. Total Installed Capncity, kvu L 80,0000
" Maximum Gross Head, Feet: . -~ - o o . o %L
. Rated Gross Head, Feet = L ke
- Hiniwwm Gross Head, Feet SR e S I+ AR B PSR
. Bumber of Penstocks R R R C R . B T R AT
. Penstock Diameter, Feet . . M
' Penstock Length, Feet "~ PR -+ + SR
Power Draft through Flamt at Hinhmm am wge
and Maximwm Output, c.f,s. <5208
. Velocity through Pemstocks at Hinimnm Haad SRR
-and Maximum Output, feet per second =~ "22,10
‘Head Loas through Penstocks at lihinmm Hoad S &
and Maodmum Output, Feet
' - Rated Power Draft, .F.S. o
Firm Capacity, kw. : R
~ Firm Output, 1000 K,W.H, /Annum
Annual Load Factor, y SR




TAKLE II

Presipitation and Run-off Leecords, North Sentiam

Draina%g Fasin

Precipitation Stati ons

o 1 : sHecords Available: Tharacter
Statien 1Elevetiont Type ¢ From 1 o syearss of hecord
x 3 ] ’ t t T
Detrolt ! 1480 ilenual 1 1894 1 1939 1 32 3 Broken
. H : : H : H -
Detroit 1 1450 sKecorder 1 1839 ¢ 1941 1 2 ¢ Continucus
t 3 : : ' s ‘
‘Boover t 1642 sdenual :+ 1909 1 1916 7 3 "
. : : : ' 1 : :
Yehamsa ' 628 lienual s 19283 s+ 1941 : 18 2 "
: 8 1 s t : :
Breitenbush t 2226 1Resorder 1 1940 : 184l 3 1/2 : "
' ' » s ' ; s : ! : ,
Marion Forks s 2432 iRecorder : 1940 3 1941 « 1/2 "
S , 3 : 3 : : :
. Santiam Junotion 3 3750 : Kecorder: 1940 1 1941 3 1/2 s "
R o : t ' : : t H
Santiem Pass $ 4000 :Recorder : 1940 ¢ 1941 1 1/2 : "
Stresn Geging Stations
o K “tlralnage: Type 3 +  Character
' S T 3 Area 3 of g Records Available - of
Stetiont Stream 18g., Mi, : Cage 3 From : 10 { Vears 1 Regord
1 . H H H H H :
Dotrodt .iBreiterbushi 108 :Staff : 1910 + 1913 ¢+ 8 :  Continuous
(near) : River  : S : s : :
o H R T : p ] 3 i
Detroit sBreitembueh: 108 sRece 3 1932 : 1641 9 "
(rnear) s River 3 : : : 1 t
N : : 3 1 o :
Detroit sllorth t 224  :Steff ¢ 1907 ¢ 1909 : 2 "
(Near) & Bentism  : :Steff 3 1910 ¢ 1913 ; 3 1 "
: 1 s :Staff 5 1928 1 1932 4 "
t : :Ree. 1 1932 ¢ 1041 : 9 "
o 1 : : : : : :
Detroit sNerth s 438 i3taff 1 1638 : 1939 : 1 "
Damsites Ssntiam 3 thec. & 1939 1 1941 1 "
o t ' ' t : s : : t
. Niagera i¥arth 1 470 sStaff 3 1608 : 1910 2 1 "
T 1 Santiam 3 1Staff 1 1911 5 1919 : 8 "
, o T T ! s t t
* Mehama sNorth + 656 3Steff 1 1908 1 1907 3 2 "
1 Santiam 13 : " 11910 5 1914 : 4 "
1 & ¢ " 11921 ¢ 1933 ¢ 12 "
ooy o tRec. @t 1933 : 1941 8 i :
Wehame $Little 2 110 :0taff 1 1981 1 18641 ¢ 10 '
o+ 3 KeSantiam : : : : : i




TABLE %0, III

Climstologioel Dats for

Hehama , Oregon

Period from 1823

to 1841 imol.

North 3antiem Drainage Basin, Oregon

"3 1 F .&

5

——

D iAnnval

1 6 16 19 318

: : ¥ t K o3°Jd s d 1t A s O ¢ N
1 ' ' t B ' s t 3 E) 3
Pracipe 1 : : : 1 : vt oyt s s 1 i
Mean  : 8.64t 7.87:t 7.38t 4.4Ts 3.70: 2.451 C.492 0.885 3,22y 5.18: 8,19: 9,724 62,08
Maxe 115,58114.64134.38312.16¢ 7.83: 6,58t 1o9Bs 442735 8,01t 9.91115.568119.57: 84.98
Mine ¢ 4.0)s 1.43: 1,253 Lo24: G803 0373 0.00t 0,008 04353 0.4B: 04663 4,3]1 46,88
. Cs 1 : Y I R O e S [
Snowfallt 1 : T "I : O P A :
Meoan 2 BeS 3 14T 3 0¢b 1t Qu 3 CaO 3 020 1 0s0 v 040 5 0.0 3 000 ¢ 00 1 Osd 1 84§
Detroit, Oregon
~ Period from 1854 to 1941 inel.
S s 1 1 R ) it KR t 3 ' s f
Preocip. ¢ 3 IR 1 ¥ t o S ST B v '
C Mean  111.14: 8.36t Ta24: 4.55: 3.76:2 2,101 04621 04823 2.86: 5.08:11.721 9,041 68.13
_Max. 121447:16.83:16.101 8.05:100481 4.96: 3.87: 5,33: 8449111.54:23.23324.70¢ 52496
Mlllo 3 S.60: 0.2€63 1.00: 0;98’ 00563 Ce072 040 y 0.0 1 0.0 3 00103 Ot56‘: s.l“! QS.SS
: : 1 'y T 3 t T ' 3 : D
Buowfelle : t % I : : : R P o
Houn 12349 1 156033148 1 2.9 ¢ Qed 1 04D 5 040 3 0.0 3 00 1 0ol 1 245 3137 1 7049
S : : 1. 3 : s s [ T T Y] N
Towps. 3 - 3 t : : 3 : C 3 ;- Y S T
Mokt  334.2 $37.6 :41.7 :47.5 15441 159.1 165.0 16B.D ¢57.8 £51.3 1413 336.5 1 4648
AveMax.s4le0 :145.7 15246 35949 168,86 3T4a4 38343 184,9 17342 '6406!51!2 34.3.5 ? 6:09
AVQ¥M"27‘4 329.5 331,11 £35.1 :39.6 144,4 34:6-8. 145,0 34:3.1 338‘1 13-1‘5 323"5 H 38»7
Max. 364 - t€9 :78 190 96 106 1104 1106 199 80 ¢70 60 w106 -
Mine :~2  $15 :12 126 3126 #30 482 31 128 525 316 118 ¢ =3
T 3 : s 3 TR St 1 R
Average frost-free days o T S T . '
: t B8 130 31 a3l 330 124 g1 3 9 1238






._&b&..l
Detailed Mg&imgg‘ of Cost

B Detroit Lo wwﬁn?m ' .
TgeaPlata 1)y ‘ o
. Item;‘- s 3 T t
[N I8 2Units Cuaptdty : Undt Cost : Amount : Total
. ‘ : : ‘ $ . :
-~ As. % Rase P, o A T ) : T ’ 3,153 000
R Privately oﬂnad land : Ac. 1,750t - 50,008 87,500
't Clearing and Grubbing t Ac.: 2,060 100,00t 206, 000: ”
"1 Forest Service Lands : t : : I
¢ ‘and Facilities. - :L.S.s t ¢t 169,200
% Dotrait Commnnity " ‘ sL.S.¢ : H 43,0001‘
- #"Rural Homes = 3LeSes : : . 30,000% -
¢ Sawuill ang ch'ging Facilitieazl. S.% i’ : 55,0008
.3 Purchase Railroad (a) = . 1L.S,: 1 : 750,000:
) Hiéhvuy Relocation ~ 3 : t :
¢ Statiom 125 to 630 (b) T, e 8.4t 141,000.00% l,l&a,aOOz
3. Hivhway Reconstruection - 3 t : R
¢ -SBtatlion 630 to Niacra CaMi. e 4.1t 52,500,00¢ _215,2,5,0_; .
t Tblaphcne Facilities tMi. ¢ 12,53 500,00 642508
B cm’mngmme - 15$ B N R r 41, AOOS
IERRTNE | SR t '
; B’,[ ‘Co y am angd Ar 1 . R | : 2 H "?’602’000
ST | Praliminary . . th.Set $ t 180, 0004
t River D1VQraion and Control $L.8.8 t $ 75.060:
.1 Exeatetion, Coxmon 7 3ClY.t 133,000t - 1.00¢  133,000%
.., 8 Excavation, Rock - oo sClY.e 262,000: 2,001 524,000t
+ 3 Foundation Gleanup o 88, 28,0001 1.00¢ 28,000
‘...t Backfill, Dumped . 2CX.t - 33,0000 - 0,50t 16,500t
. ¢ Concrete, Mase-dam : 1C.1.2 692,000t 7.00¢ 4,844,000:
.. ¥ Concrete, Mass-walls RS 119 4% 2,200t 11.00¢ 90,2001
.. 3 Concyete, Apron = 3CY.1 19,000t 10.0038 190,000t
. i3 Conorete, Heavy Structural  1C.Y.3 255008 16.00: - 40,0001
“%7 . 1 Conecrete, Msdium’ Structural :tC.Y.2 2,100¢ = 20,00t  42,000:
_+ 3. Concrate, q;ohitectnral tCYet TIOS ;_“35 00: - 26,950:
z Grouting Aatar Stops, R | S ‘ t
N Jcooling, ete. S C G Y. '723,000: 0. 10: 72,3008
o ': Rsintnrcixxg sml . ald. 3 2,016,00060 0,05t 100,8008
s Anchor bAra -apron - iLJFaa . 10,5003 1.258 13,1251
3 Porous Contrete Drain Tila S ) 7 7S 20,0001 1,253 25,0003
1 -Sewer . Drain Tiig R tL,2Fys + 10,0008 . .50 25,0001
~_4 Conaalidatiqn urputing o tleFar 6,000% 3,003 18,0001
BN} Faunnat%oﬂ Dralqage © gLuFat 17,0001 3.00t 21,0008

R Conting%ncieaA- 15% A | P 9935




1 Concret.e, Rein:forced
tReinforcing Steel

- 'mtructural Steel - o

‘I‘rsﬁh Racks.

B ﬂ:@eﬂ Diameter Paradax

Servicu Gate .

1190“ Diemeter Ring Falicwer
' margancy Gate

’,-‘ngwm
‘1108"
3.  Fme

:Steul Liner Plates"
tNeedle Valve Homse *

sedle Valve
Diameter Ring Follower ,
rgency Gate " -

' “iOpereting Cranes

. tiisce
»sOpera

xContingmcin i 15%

83 PR 3 :"b

1Conorete Plug . .

Maneous Equimént,
torts ﬂomm

5 ‘:‘

- tReinforecing St.eel e
:Contingencies - 158

‘B, 1Field
- 1Bngin

sering & Overhesd-124%

25 om' '
O 05:-

“ ': .‘
0 lOs . 1

]

bf‘BBb '00:\l"
W ,ooo.ooc,gh

\?iaﬁ,ooa ot 7

S 9103
Sy

t 30,000,000

Xﬁ wQ.05‘,QWTT:

s se lss ew .

e ve 4s. pe ey

e ws en = we W

" 1811,469,000
' ;
I
\

. 1812,903,000

~h

(a) Based upon acquiaiticm and abandonment, ot’ l!:lll Mty aneh of Scmthern
o Pacific Railway. 1f milway has to be rslocnhed, coat will be increased
by approximtely 51,750, , :

’uts)'

sl Coatl

’Baaad upon Public Rcm.da Administration carx*ying #80(‘),000 oi‘ Highway Reviaion



 v £_“Lj o
led Batinate ot ast

§1a£lm4§£ﬁn Eﬁ&zé&& ﬁiaa.nam ﬂnh.ﬁw&uanuxtc

t{4P% %’

. (S8 Plate VII)

Ytems e Ty 1 : s :
Hg,;%u ‘ ;&g;‘~Q  S ‘:_;;,; M m"‘; ' ; “ i Total
A. 18in . Lo 3 3 : : e
" 1.1 Reservoir and t 3 1 B =$ 3,775;

] PrrVately omted land ‘ tAc. ¢ 2,720: 50,00: 134,000

t Clearing balow'ninimwu Pool  iAc, ¢ 1,350¢ 20,003 27,0008

: Clearinfs’ aboye Minimum Pool, tho. ¢ 2,550 120.00:  306,000:

{ Fopgat ppryios lendsrand ey et )b 1gp,2008

¢ Detroit CDmnunity RPN 1 1 43,000

+ Rural Homes T ,.L.s.‘ E t 30,0002

t-Sawidlls snd Logging Sk TR ! 3

: Facilities . B tL.S.¢ . | t 55,000t

: Puyrchase Rallrogd (a) tLeS.t Ty s 750, OOD:

t Hizhway Relocation. -}* IR $ T :

.+ Statlon 125 to 630 S - O O - Buht 141,000. 00 1 lB&;AOOx

't Highway Raconstrmichion- AR I 1 S

t. Station 630 to Nisgra - - Mi, 1 C 4.1t 52,500, OO: 21;,250:

t Highway Belosation ~ . r. 1 S : : , 3

:  Statlon 163 to = 15 tMi, e 3.5t 100,000,00:  350,0001

3 Telephrme- TFacilities BE 1A 12.5: 500.00: 6,2501

: Contingenciea - 15% T | : 492,9003

1 s Y t s

248 8 1 1 : z$lL,99L.

) Praliminary : ’ :ﬁL.L.: t ¢ 180,000

t River Diversion and Contral - 3L.8iy 3 - _ t 85,0002

: Excavatien, Common - 40X 217,000+ 1.00:  217,000:

t Excavation, Roek . S2Ce Yy 395,0603 2,001 790,000

¢ Foundation Claﬁnup 15Xt 44,0001 - 1.008 44,0001

: Backfill, Limped - S &) 73,0001 - 0,501 36,5008

: Concrete, Mass-dam - 3G, ,499 0003 - 6.75:10118,250:

1 Conorete, Mass-walls © 3G, Y. - 11,3608 11.003  124,300%

¢t Conerote; Apron . .Y - 19,0003 10.00: 190,000t

¢ Conerete, Heavy Structural THS % | 19,7001 13,008 256,1003

: Concrete, Medium Structural :C.Y.t 7,000:- 17.50¢ 122,500

t Concrete, Architectural 1€.1.¢ 1,170z ~32 502 - 38,0251

¢ Grouting Water Stope, s x T ‘ !

¢  Oooling, eto. 1,560,000: Q. 20 312,000:



E

N ns o s T s ’
m_' | .
T ' :
ot g : H
lRainforcing Stesl tLb, 2 3,500;000: 0.05: '175,0003.
tStructural Steel ~tLbs % 268, - 0,10: 26,8003
tAnchor Bare - Apron tL.Fo1 10,500. 1.25: 13,125:
tPorous Concrete Drain Tile ~ iL.F.1 . 34,000: 1,258 42,5008
tSewer Drain Tile - - sLaFae 0 10,000t 2.50: 25,000t
:Consolidation Grouting tL.F.: lB,DOOz 3.00: 39,000:
lutwoff Grout Curtain :LoFot - 50,000: 3.50: 175,0002
tFoundation Drainege tLaFot 09,5001 3.00: 28,5003
sCantingencies “ 155 I T '1 955, 400’
: s : t
3.2 d Conty - PO | H :' ' z& 557,000
:Conerete, Reinforced tC.Y.s 2501 25,003 6,250t
 :Reinforeing Steel | ~ sLb, 3. 37,0001 . 0,052 1,850t
1Structural Steel-Trash Racks :Lby t  112,000% 0. 10: 11,200:
190" diameter Paradox | 3 ‘ !
! Service Gate . 1Ba, @ 3+ 33,000. 00' 99,0001
- $90" diameter Ring Follower ¢ @ : t
1 Emergency Gate . tha. : 31 30,000 00: - 90,000t
160" diameter Needle Velves  tEa, 1 - 2r 21,000, 00; 42,0001
t108" diameter Ring Follower 3 t kK ‘ 3
t Emergency (Gate tEa, ¢t ‘ 2: 36,000 .00~ 72,0008
13tee) Liner Plates iLb. ¢ 818,000 0,103  81,800:
1Needle Valve House tL.S8.t ! o 5,000¢
10perating Cranes 1 : : t 60,000
siscellaneous Equipment sLeS.t 3 ¢t 10,0003
tOperator's House $LeSes : t 5,000
:Contingencies -~ 15% 3 : 3 T 72,9001
H H H H : ’ H
Let Spillway Gates 2 B : t 3¢ 331,000
tDrum Gates - 100‘ x 18t tEa. 1t 31 81,000,008 243,000t
:0ste Frames & Miscellaneous tLb. : 291,000 0.10s 29,1003
:Control Mechanism tLb. ¢ 102,000. 0.15:  15,300:
sContingencies - 15% : t : 3 43,6008
: ‘ 3 3 3 t t
8 : : : 1$19,658,000
2 : : : H
g1 t : ! t$ 2,457,000
1 t St : : '
s e 3 : !
) : $ : 1$22,115,000




Iten: ) T - ‘
¢ , . _ ] : Lo
B. ' tFPow \ d Xauioment ¢ 8 e i
7 tCommon Exnav&tiun : CsCeYar 78,0000 1,000 ~78,000:
- tRook Excavetion - . © tCaYet 80,0008 o 2,00 100,000:»
’,zFoundatinn Praparation " 18.Y.3 1,700;' ‘ 2,008 '3,4003 .
. “tLight Structursl. Concrvte - tCaYae 25.003 . 17,5001
- tHeavy Structural Concrete 16.Y.3 9,6001‘ - 15,008 144,000t
- tReinforeing Steal - tLb. ¢ 460,000t 0.05: 23,0008 . .
~ 1Structurel Steel . - tLbi ¢ ..1G91,0008 . . 0.10t . 19,100s..
tPenstock Bteel “. tLb, ¢ 2,280,000t 0.10: 228,000
113" x 13" Tractor Cate tBa. t 3: 28,000 003 84,0003 -
L 1120" Butterfly Valve tEa, 3 C 3 35, W00s 105,000t
- 18tog Logs and Guides “skbe oy . 30,0001 0,10t 3,0001
- tSuperstructurs 1CiPey - 650,0008 ‘0758 487,5001
. tTurbines and Gmmors Lt Pl 135,000t . 5.25: . 708,750t
- iGenerators ; : ®{.Wes 90,0000 7,00t 630,000:
tSwitching Facilitiea B S T T . |
't and Transformiers - iKWRee 90,000z 4.501  405,0008 -
:Crane and Anxiliary Equip. :L.8.t L e 1 20,0008
iMiscellanecus ":L.S.f Sy : 4 10,0003
. 'tContingenciss - 15%. HIRE S 3 t 459,751
- xmg:inwring &Uverhead-lzit% po K t 441,000t
o t : H : B
C. % I : 1 :
~ LN TR ! : !
H ;f: 3 : 8

(a) Basag upﬂn acquidtion end abandonmant of Mill City Branch of Southern
~ PacifMc Reilway, IT railnay hes to be relocated, cost will be increaaed
by approximately &1,750, ,

(b) Based upon Public‘Roada A&m&niatrdtion carrying 3800,000 of. Highwnj

Revision cost.

4



»E:mavation ,' Eaek
:mccavqtion‘ Gmroto

acomrm. Apron
*Conemto, Heavy Structura
20 aConerets, Medivm: §¢
‘ acmcreta,wkmhi#g, ;

sRainforeing moa
' xsﬁmchuul &tn?s

¢ 1' mmqu‘t J.-L S0 _,,)A _c,tlﬂﬂ'
Qrmm* r'enM A, .,






Zable VII (Continued)

*e we- T UEE && as P8

“ gs ve 5 Pe e se

*r 48] 32 e ww SR P 32 e

r Plant & Bouip, (Cont.)

i1Engineering & Overhead-123%

Q

.3

Item: o
Moot




© Dstallsc Estimte of Cost
: ’ Q:S_tep Qg&;oip High D _m and B,esemo;r,
s (ﬁs. o Plate o

e Quantity T TR
- ;veﬂxgwgmwm&_&sm‘;M' 3 Total
: R R k] N T B
%3 ““~T»§' LFlowage . 2y s g 779,000
e :Privatoty Omed Land = tAc.ar 9701 50,00t 48,5001
“ 1C)earing fnd Grubbing . t Ac.t  1,850¢ 145.001  268,250¢
- 1Forest Servica tand ¢ 5 : ¢ R A
ST and Fgoilitiao :L.S.¢ 3 i 10,8001
v":Highwqfooldu&tion RN R 08 : 1
BT | Stab*lon 163 Lo «15;] IR - P & 3. £ 100,000.00: 350,000
~:Cantinganniesmisﬁ CURT R S %u; 1 : 101,450%
- . P 3 ¢ .
L «i% : s T :$‘9,045 000
'=L S.z - : i 25,0008 \
3L.8.1 3 _ $ 125,000
g tiem, : 10Xt 93,000: ©1.001  98,000:
;--zxcavwim Rogk - ,: ;; S 2CaYes138,0008 ©3.00: - 414,000%
. 1Excavition, Concreto M~7“'; :C.¥es 3000 15.00: - 4,500¢
“sFoundation Glaannp ©38.Y.r 15,000: 1.001 15,838
: aBackfiIl, Dimped .. 0 :C, Y.t 58,0008 0.50: 29,
tCotterete, Haaaudmm B 3C. Y 1. 840,000 - 7.25:6,090,000%
iConcrate, Heavy Structural 3C.Y.: 17,000: 14.00:  238,000%
 iConcrete, Medium Structural :C.Y.:  3,400: 20,00t lés 000} -
~‘_szncrota, ‘Arehitectursl . - :C.Y.:  1,180: ‘32(50: 38, 350&
. tGrouting Water Stqps, g N PR * - : CobEe
1 Coaling, ete. S aWY.r 875,000t 0.25: 218 » 7501
- tPrepavation’ Conerets Surfaca 8.2 25,000 - 2.00: 50,009:
‘:’Mnrming Steel . . sbb. £1,840,000¢ 0.051 "'92, |
~ :Structupel Steel . "»;tLb.qz}k.87;500tf‘ © 0.10t 8 50-:
- thnchor Bars - Tack: or Dum tL.F.: 88,0003 . . 1,001 88,000
- 1Porowys Concrete Dratn Tile  1L,F.s 34,0008 1.25: 42,5001

sConmoYidation Grouting '~ tL.F.: . 7,4008 3,00t 22,200¢

ilut~off Grout Curtain = - iL.F,t 50,000t . 3.50: . 175,0001
| iFoundation Drelnage :1,. For o 7,600t 3.001 . 22,800
‘f,;:Canﬁihguncias - 15% SRR SR s & ~*¥1,l&p,15pt
o e *,.; .’ ' o ¢ ot EEERY



Table VIII (Continued)

em3 _ .. : : . 'y s :
Nos 3 Item iUnite Quantity : Unit Cost 3  Amount @ Total
. : » H : . ) ' H ' H
3.:Flood Contro : 3 TP s 3 88,000
tRemove Concrete :L.S.: P ' : 5,000 :
1Concrete Reinforced tC.Y.: 3702 25.00: 9,250t 1
:Reinforcing Steel sLb, 55,000 0.05: 2,750
:1Structural Steel - Trash Racks I : . : s
: (Salvege) 3Llb. ¢ 160,000¢ 0.05: 8,000 :
:Steel Liner Plates tLb. ¢ 528,000: 0.1C:1 52,800
:Contingencies - 15% (ORI e 10,200 @
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I INTROUNCTION

1. General: The Uetroit Dam, a contem lated concraste r~ravity
structure, is rroposed to be bullt in a comparatively narrow rocky
canyon of the North Santiam River. The reservoir to he furmed by the
dam will repulate the stream flow in the Joint intorests of fiood
control, navigation, irrigation, stream purification and eventually
power usé. The stream control functions may be served initially by
building a low dam, and later, when justified by -ower dermand, by
raising to the full height required for powar develoumant; or the
dam may be built in one step to its full height.

2. Sections tdopted: In the Project Document (H.D. 544, 75th

Congress, 3rd Session) an arch dam was .roposed for this site, but

design studies using more complete foundation data, and covering various
alternate types of dams indicated that the zravity tyce was best adapted
to the gite. After this decision was reached oreliminary layouts and
estimates were made to determine the alignment and section hest suited
to foundation conditions. As a result of trese studies the rravity
sections were adopted which are herein made the subject of more detailed
analysis. The sections shown for the "high dam" are adapted to the
requirements imposed by two-step construction (raising from a "low dam").
If a high dam were to be constructed in a single step minor modifications
of the sections mizght be necessary or desirable.

3. Dams Investirated: Governed by the above considerations, desimn

and stress studies were made for the structures listed below, Desim

and stress studies were not nade for the single step nigh dam, the

analysis of which would be closely comvarable to that of item "b" or "c".



a. A "low dam" for flood control purposes, height above
foundation 360 feet, lengzth about 1,110 feet, planned

to form an intezral part of a future high dam.

I

A "high dam" for power as well as flood control wurposes,
increased to a height of 448 feet and a length of 1,500
feet by raising the low dam on the dovmstream face,

c. A "high dam", similer to above, except reised on upstream

face of low dam.

The principal purposes

of the vresent investigations were:

8. To check the overall safety and stability »f the adopted
dam secticns, under various loading conditions.

b, To determine the internal and foundation %tresses, and
internal distribution of stresses for various loading
eonditions; and to correlate these stresses with the
indiceted safe workin- stresses for foundation rock and
concrete in the dam.

¢. To investigate problems involved in raising the low dam
to the future high dem, znd to determine the mest desir~
able method of raising insofar as stress conditions are
concerned, This involves an analysis of the low dam
before and after raising and stress studies along the contact
plane between old and new concrete.

5. Included within the scope of this study were the determination

of stresses, coefficients of resistance to sliding, and locations of



resultant forces at the bases and at varicus elevations of the sections

analyzed. In addition, normal and shear stresses in bath beorizontsl

and vertical rlanes, principal stresses, and cantilever deflections

were comvuted,

6. Drawings and Tables: Certain data derived from these analyses

are shown on
accompanying

a.

—

tables accompanying this text. In addition, drawings
the main repcrt show:
Layout and sections of each dam covered in this analysis,
zivineg vrlans of construction for each of the above men-
tioned conditions.
Diagrams on Appendix A Plates, showing sections analyzed
and indicatins the results of verious stress end stability
analyses which are discussed nerein.
Takulations on Appendix A Platez of urincipal data and

results of analyses.

I BASIC DESICN DATA

———

7. Deslimm Assunptions and Constants:

Total load on the dam is resisted by gravity action of

a series of cantilevers only, with no lateral restraint.
Unit weizht of water = 62.5 1b./cu. ft.

Unit weight of concrete = 150 1lb./cu. ft.

Coefficients of internal fricti-n fer concrete and rock =

0,65, (See Paragrach 17, MYain Report)

Tarthquake shocks are considered only with reservoir



water surface at or below normal pool slevation.

The horizontal comoonent of an earthouake shock hes an
acceleration of C.1 that of pravity, a veriod of vibration
of 1 second, and a direction of vibratisn normal to the
axis of the dam.

The vertical component of an earthauake shock has an

acceleration of 0.1 that of gravity, and & period of

- vibretion of 1 second.

Uplift vwressure on the base or a horizontal section through
a cantilever element varies from full reservoir head at

the upstream face to zero at the downstream face, acting
ovar one half of the area of the base or s=ction, Up=-

1ift pressure is assuned to be unaffected by earthquake
shock.

The inclined stresses varallel to the faces of the dam are
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 dam multiplied by the sguares

of the tangents of the angles between the faces and the
vertical direction.

Tailwster pressures are neglected.

Normal deflections of a cantilever element are in a
direction normal to the axis of the dam, and are caused

by normal shear forces and normal bending moments acting

on the cantilever and its foundation.



1.

Modulil of elasticity assumptions:

(1) Modulus of elasticity (E,) for concrete in direct
stress = 4,000,000 1b, per square inch,.

(2) Modulus of elasticity (E,.) for foundation rock
in direct stress under overflow secticn, alternate
assumutions:

(a) 4,000,000 1b. per square inch.
(b) 2,000,000 1lb, per square inch.

(3) Hodulus of elasticity (Ep) for foundation rock in
direct stress under non-overflow sections, altermate
assumptions:

(a) 4,000,000 1b. per square inch.
(b) 2,000,600 1lb. per square inch.
(¢) 1,000,000 1b. rer square inch (right abutment only).

(4) Modulus of elasticity (3) of cantilever or foundation
material in shear is eoual to 1/3 of the modulus
in direct stress.

Polsson's Ratio = 0.20 for concrete and foundation rock.
Minlmum base elevation of overflow section is assumed to

be elevation 1180, Concrete below that elevation is in the
form cf a plug in a hole in the foundation, and is assumed
to act as a part of the foundation.

Deflection for each block is tihat for a representative
cantilever element one foot thick, with base at the averare
elevation of the base of the block and slopinz transversely
at an angle with the vertical directi n equal to the average

anvle for the block,



P. Deflections of blocks 1 to 10 and 29 to 31 inclusive

are negligible and are not shown.

a., Maximum allowable comrression in concrete or foundation
rock = €50 1b./square inch.

b. Maximum allowable tension = C, except with ezrtiquake
sliock, when a maximun of 100 1b./square inch will be
allowed.

¢c. Shear:

(1) Maximum sllowable unit stress in direct shear =
300 1b./square inch.

(2) Minimum allowable computed shear-friction factor =
4.0. The shear friction factor is defined as:

(vert, load - uplift)(coeff. of int. friction)d(base ar%ﬂmwm

total horizontal force

and is based on a coefficient of internal friction
of 0.65 and a unit shear stress of 600 1b./square
inch. (See paragraph 17, Main Report)

d. The minimum comruted uplift ratioc with horizontal earﬁh-
quske shall not be less than 0.50. The uplift ratio is
defined as the ratio of the total vertical load at the
upstream face at any elevation to the full water pressure
at that elevation.

9. DBasis for Design Assumptions end Recuirements: In general the
assunintions made for this stress analysis are in agreement with standard

vractice. (eologic studies and lazboratery and field tests were the basls

-6 -



for the specific assumnnticne as to unlift and unit 3tresseé. Those
studies, and the results of field and l:boratory tests are »iven in
Appendix B. Com.ression test results listed tnere indicate the adecuacy
of the foundation to carry all superimrosed loads,

10. Sections Investicated: Analyses were mads of taree sechbions

each of tne low dam, high dam raised upstream and hich dam raised down-
stream. The three sections included (1) spillway sectinn with flood
control outlets, (2) non-overflow section mith needle valve ~utlets, and
(3) non-overflow secti-n with renstocks., For each dam and each section
analyses were made for the followine conditions described in naragraph

11 and varagraph 12,

ITIT ASSUMED LOADING CONDITIONS

8. Reservolr empty. The loads are dead loads or weishts
only, The weight of concrete displaced by ~utlet conduits
and penstocks is distributed cver a block width of 50

feet when computing the weight of a cantilever element.
The weizhts of conduit lining, conduit control rates and
trash racks were omitted, as was the weieht »f concrete
displaced by the salleries. The weisht of the suillway
gates and piers for the high dam was estimated to be

36,000 lbs. per linear foot.



Reservoir at normal pool. The herizontal and vertical
combonents of the water load are combined with the dead
loads fer this condition. The effect of hydrostatic up~-
1ift vressure on the coefficients of resistances to sliding
is also included in the analysis.

Maximum flood conditions. This econdition combines the
dead lozds and the comwonents of the maximum water load
on the face of the dam. The effect of hydrostatic uplift
pressure is included in determining; the coefficients of

resistance to sliding,

12. Loading Conditions, includings earthquake effects: FTarthquake

accelerations were assumed to act horizontally either up or downstream,

and vertically either upward or downward. Loading conditions during

the occurrence of the asswned maximum earthquake shock are as follows:

a.,

Reservoir empty. The inertia feorces causea by the accel-
eration of the mass of the dam are combined with the loads
for normal conditions of the empty reservoir,
Reservoir at normal pool. The inertia forces of the mass
of the dam znd the hydrodynanic effect of the inertia
of the water against the face of the dam due to earthquake
snock are combined with the dead loads and the ¢omoonents
of' the water load for normel conditi-ns. The effect of
hydroetatic uplift pressure is included in determining
the coefficients of resistance to sliding. (It should be
noted that, for an earthquake shock to have the maximum

ffect on & loaded structure, it must act to increase

-8 -



those locds which cause the mest unfavorable stresses and
safety factors. It is theoretically possible for horizontal
and vertical earthquake acceleratisns to occur al %the same
time, with a resultant increase in unfavorable loadings
greater than that due to acceleration in cone direction

only. However, in these znalyses, the acceleraticns were
applied singly and the effscts of combined accelerations

were not determined.)

IV. RESUMR OF 3TRESS STULIES

13. Low Dam, without earthquake: Analyses were made for reservoir

empty, reservolr at normal pool and reservoir at maximum pool.

a. QReservoir empty. Compressive stresses exist at the
upstream face of the dam snd small tensile stresses
exist generally at the downstream face. The maximum
compression is 319 lb./square inch at the base of the
spillway section and the maximun tension is 11 1b./
square inch at elevation 1400 of the non-overflow section

with penstock.

I

Reservoir st normal pool, The direct stresses are

all compressive. The maximwe stress is 290 1b./square

inch parallel to the downstream face at the base of the

spillway section. . The maximum horizontal shear stress
I

is 139 1b./sguare inch at the downstream face of the

spillway section at the base. The maximum sliding factor



of 0,599, minimum shear-friction factor of 8.99 and min-
imum uplift ratic of 1.049 all occur at the base of the
spillway section.

Maximum flood conditions. The direct stresses are compres—
sive for all sections. The maximum compressive stress
is 375 1b./square inch and occurs at the base of the
spillway section, as doss the maximum horizontal shear
of 180 1b./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
C.499 at elevation 1300 of the non-overflow section with

penstock.,

14. Low Dam, with earthquake: Analyses were made for reservoir

empty and reservoir at normal pool.

a'

I

Reservolr empty. The direct stresses at the upstream
faces of the sections are compressive for ali conditions.
The raximum is 362 lb./square inch at the bese of the
spillwey section. Tensile stresses exist at the down-
stream face of the dam for all earthquake conditions ex-
cept when the accelerztion is horizontally upstream.

The maximum tensile stress is 72 lb./square inch at elev-
ation 1200 of the non-overflow sectisn with needle valve
oullets.

Reservuir at normel pool. With the exception of the
stresses at the downstresam face of the non-overflow

sections at elevations 1400 and 145C under conditions of



horizontal eartnquake accelerati-n downstream, 211 direct
stresses are comnressive. The maximus comuressive stress
is 396 1b,/square inch parallel to the downstream fzce of
the spillway section at the base., The maximan tensile
stress acts sarallel to the dowmstream face of the non-
overflow section with needle walve outlets at elevation
1400 and equals 4 1lt./square inck. The maximunm horizontal
shear stress is 190 1b./square inch at the hase of the
spillway section. The maximum elidin: facter is 0,791,
the minimum shear-friction factar is 6.1, and the minimum
uplift ratic is 0.500. ALl cccur at the base of the
spiliway secticn.

15. Summary, Stress Studies of Low Dam: The maximum stresses and

minimum safety facteors, except for the minimum uplift ratis, occur when

the effect of torizontal eartiiouake acceleration is combined with the
normal loads on the dam (see paragraph 14 - PEM) . Less severe stress
conditions occur whien earthquake effects are excludad., The eximun stresse-
and minimum séfety factors under both conditions cre tatulated bhelovw,

For a complete tabulation of all stresces see Plate I. For tabulaticn

of maximum stresses end nminimum safety factors see Table I of this raport.

: : With H "ithout

Strezs or TFactor : Unit : Farthcuake @ Tarthquaks
Foundation Pressure ;Lh./sq. ir s 362 : 319
Compression ;Lh./sq. in.; 396 ; 375
Tension ;Lh,/sq. in.; 73 ; 11
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: : : Vithout
Stress or Factor ¢ Unit :Tith ¥arthouakes Farthoueke
Horizontal Sheer :Lb./s3. in: 190 : 120
Max. Sliding Factor : Ratio 0.791 : 0,765
Min. Shear Friction : : H
Factor : Ratio @ 6,308 : 7.531
Minimun Uplift Ratio ¢ Ratio : 0. 500 : C.499

-
o
L d
jasl
i
%
0]
joN

analyzed for reservoir empty, at normal pool and at maximum flood condi-

tions.

a. Reservoir empty. Compressive stresses exist at the up-
stream face of all sections and the downstream face of
the spillvay section. Small tensile stresses exist generally
at the downstream faces of the non-overflow sections.

The maximum comnressive stress of 412 1b./square inch oceurs
at the base of the spillway section., The maximum tensile
stress is 7 1lby/square inch parallel to the downstream face
at elevation 1400 of the non-overflow section with pen-
stock. Major orincipal stresses are ecual in masnitude

to those shown, and are in 2 vertical direction; minor
princival stresses are verv small, and ars not shown.

b. Reservoir a2t normal pool., The direct stresses are all
compressive. The maximum stress is 402 1b./sguare inch
parallel to the downstresm fece of the spillway section
at the base. The maximim horizontal shear stress is

196 1b./square inch at the dewnstream Tzce of the spill=

- 12 -



way section at the base. The maximum sliding factor 1s

0.618 at the base of the non-overflow sacticn with needle
valve outlets, The minimum shear-fricticn factor is 6.96

and the minimum uplift ratio is 1.002; They bhoth occur at

the base of the splllway section. The meximum major principal
stress 1s equal in magnitude and similar in directiocn to

the maximum stress shown above; the maximum minor principal
stress is 169 1b./square inch normal to the major principal
stress at the upstream face of the dam at the base.

c. Maximum flood conditions. The direct stresses are compressive
for all sections. The maximmm compressive stress is 424
1b./square inch at the base of the spillway section, at which
point also occurs tile maximum horizontal shear stress of'207
1b./square inch. The maximum sliding factor is 0,648 at
the base of the non-overflow section with needle valve out-
lets., The minimum shear-fricti?n factor of 6,70 occurs at
the base of the spillway section, and the minimum uplift
ratio of 0.820 occurs at elevaticn 1250 of the spillway
section,

17. High Dam Raised Downstre wit : e: This dam is analyzed
for reservoir empty and at normal pool.

a. Eeservoir enpty. The direct stresses at the upstreem
faces of the sections are compressive for &ll cenditions.

The maximum of 464 1lb./souare inch is reached at the base
of the spillway section. Stresses at the downstream face

vary from tensicn to compressi-n under the various loadings.

- 13 -



For the spillway section the downatresm streeses are all
compressive except under herlzontal esrthquake acceleration
downstream, when tensiorn exists. Below elevation 1500
of the non-overflow sections tension exists at the down-
stream face for sll conditions except that of horiiontal
esartihquake acceleration upstroam. The meximum tension is
87 1b./square inch parallel to tne dovmstream face of the
non-overflow section with needle valve outlets,at the base.
b. Reservoir at normal pool. The direct stresses are all
compressive, the maximum being 542 1b./square inch parallel
to the downstresm face at the bace of the spillway section.
The naximum horizontal shear stress is 26/ 1b./square inch
at, the base of the downstrecm face of the spillway section.
The maximum sliding factor of C.223 and the minimum shear-
friction factor of 5.07 cceur at the base of the nen-over-
flow section with needle velve outlets. The minimum uplift
ratioc is 0.4G95 at the upsiresm face of the spillway section
at the bace.

18. Summarv - Stress Studies of Hirsh Dam Raised Downst : The

maximum stresses and minimun safety factors occur when trhe effect of
horizental earthquske acceleration is combined with the nurmal loads on
the dam. Less sevare stress conditions occur when earthquake effects
are excluded. The maximum stresses and minimum safety fectors urder

both conditions are tabulated below:

- 14 -



STRESS OR FACTCR i UNIT fWITH EARTHQUAKEfWITHOUT EARTHQUAKE
Foundation Pressure ;1b./sq. inch L6/, ; 412
Compression ; n ; 542 ; 412
Tension : " ; 87 ; 7
Horizontal Shear ; " ; 264, ; 207
Mex. Sliding Factor ; Ratio ; 0.883 ; 0.648
Min. Shear~Friction ; " ; 5,067 ; 6.700

Factor s : :
Min. Uplift Ratio ; i ; 0.495 ; 0.220

19, For a complete tabuletion of all stresses see Plates II,

IV and VI. For tebuletion of maximum stresses and minimum safety factors

see Table II of this appendix. For stress distribution within the dam

see Paragraph 24; for stresses on contact plane between old and new

concrete see Parasraph 25.

20, High Dam Rais=d Uostres ritho : ¢ The analyses
were made for reservolr empty, at normal pool and at maximum flood con-
ditions.

a. Reservoir empty. The direct stresses are all compressive
except at the downstrzam faces of the non-overflow sections
where small tensile stresses occur at elevations 1450 and
1500. The maximum comoreszsive stress of 364 1b./square
inch acts parallel to the upstream face at the base of the
spillway section. The maximum tensile stress of 3 1lb./
square inch acts perallel to the downstream face at elevation

1450 of the non-overflow sections. lajor principal stresses
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are equal in magnitude to the values already shown, and

are in & vertical direction; minor principal stresses are
very small, and are not showr,

Reservoir at normal pool. The direct stresses are all
compressive. The maximum stress is 404 lb./square inch
parellel to the downstream face of the spillway section

at the base. The maximum horizontal shear stress is 196
1b./square inch at the downstream face of the spillway
saction at the base. The maximum sliding factor of 0.588
and the minimum uplift ratio of €.957 occur at the base

of the non-overflow secticn with needle valve outlets.

The minimum shear~friction factor is 7.20 at the base of
the spillway section. The maximum major principal stress
is equal in magnitude and similar in direction to the max-
imum stress shown above; the maximum minor prineival stress
is 165 1b./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 com-
pressive for all sections. The maximum compressive stress
is 422 1b./square inch parallel to the downstream face

of the spillway section at the base. The maximum horizontal
shear stress is 203 lb./square inch at the dewnstream face
of the spillway section at the base. The maximum sliding .
factor is 0.645 and the minimum uplift ratio is +%.329,

Both occur at elevation 1500 of the spillway section.

The minimum shear-friction factor is 6.93 at the base of

the spillway section.
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21, Hizb Dam Raised Upstream, vwith earthquake: This analysis was

made for reservoir empty and reservoir at normal nool.
a. Reservoir emﬁty. The direct stresses at the upstream
faces of the sections are comusressive feor all conditions.
| The maximum is 413 1b./squere inch parallel to the upstream

face of the spillway section at the base, OStresses at the

downstream {aces of the three secti-ns vary from tension

to compression under the varicus loadiﬂg conditions. The
maximum tension bf 34 1b./square inch acts narallel to
the déwnstream face at elevatlion lLSO‘of the non-overflow
sections.

b. Reserveir at normal pool. The direct stresses are all
compressive. The maximum comoressive stress is 530 lb;/
square inch parallel te the downstréam face of the spill-
way section at the hase. The maxirmum horizontal shear
stress is 254 15./aquafe inch at the downstream face of
the spillway section at the base. The mascimum sliding
factor i$‘0.784 at elevation 1450 of the spillway section.
The ﬁinimum‘uplift ratio éf 0.481 occurs at thé base of
the non-overflow séctién with needle valve outlets. The

minimun shear-friction factor of 5.4%5 occurs at thne base

of the spillway section. .
) 22, Summary - Stress Studies Hign Dam Ralsed Upstream: The
maximum stresses and minimun safety factors occur when the effect

of horizental earthquake acceleration is combined with normel loads

on the dan. Less severe stress conditions accur when
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eartliquake effects are excluded. The maximum stresses and minimum safety

factors under both conditions are tabulated below:

STRESS OR FACTCR f UNIT f WITH E&RTHQUAKE EHITHQUT EARTHQUAKE
Foundation Pressure; 1b./sq. inch : 409 : 361
Compression ; n % 530 ; L04
Tension ; " ; 34 g 3
Horizontal Shear ; n g 25/, ; 203
Max. Slidinz Factcr: Ratio ; 0.784 ; 0.645
Min. Shear-Frictiont " 5,450 : 6.030

Factor e f 3
Min. Uplift Batio : n 0.483 : 0.829

*
»

23, For a complete tabulation of stresses see Plates III, V and
VII; for tabulation of maximum stresses and minimum 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 Strezs Distribution and Principal St High Dam Raige
9 or D sam!  Stresses are uniformly distributed at any
elevation within the dam between the values shown for the upstream and
downstream faces. Major urincipal stresses are in general normal to
horizontal planes when the reservoir is empty; and for reservoir at normal
pool are roughly narallel to the downstream slope, except adjacent to
the upstream face, whers they become parallel to the uvstream slope.

Minor principal stresses are normasl in direction to the major princinal
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stresses, and vary from 2 maximum at the upstream face to a minimum

at the downstream face for reservoir at normal pool; for raservoir

empty these stresses are very small, and are not shown or discussed.
25. Stresses on Contact Plane: Stresses on the contact :lane

between old and new concrete were determined with reservoir empty and

reservoir at normal pool, without earthquake, for the overflow and
non-overflow sections of the following dans:
&. High dam raised downstream. Normal stresses on the contact

plane are all compressive, and vary from a maximum of 49
1b./square inch at the base of the non-overflow section
with reservoir at normel nool to & minimum of 14 lb.]square
inch at elevation 1450 of the overflow secticn with reser-
voir empty. Shear stresses on the contact plane vary from
a maximum positive value of 57 1lb./square inch at tne base
of both sections, with reservoir empty, to a maximum
negative value of 6 lb/square inch at elavation 1450 of
the non-overflow section, with reserveir at normal pool.

b. High dam raised upstream. Normel stresses on tne contact
plane are all compressive, and vary from 2 maximum of
163 1bt./square inch at the base of the non-overflow section,
with reservoir at normal pool, to a minimum of 1 1b./square
inch at elevation 1450 of thz overf{low sectlion, with reser-
voir emnpty. Shear stresses on the contact plane vary from
a meximum positive value of 62 lb./squnre inch at the base
of both sections, with reservoir at nermal pool, to & max~
imum negative value of 13 1b./square inch at the base o% the

overflow section, with rsservoir empty.
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26. . p
Downstream and High Dam Raised Upstream: Compressive stresses on the

contact plane, if within safe limits, are favorable, since they tend

toward monolithie action of the old and new concrete. In this respect

it should be noted that for the high dam raised upstream compressive
stresses on the contact plane are hizher at normal pool elevation than

for the high dam raised downstream; also they tend to increase more
rapidlj as the pool water surface rises. Shear stresses on the contadt
plane are increased (but well within safe 1imitm) for the high dam raised
ﬁpstream, by increase in pool elevation; for the high dam raised down-
stream similar changes cause decredsed or negative shear stresses on the
contact plane. For a tabulation of computed stresses on the contact plane
gae Plates VI and VII; for a tabulation of stresses in the low dam concrete

before and after ralsing to the high dam see Table IV.

-

¥ CANTILEVER DEFLECTIGNS

27. Assumed Load G tions:

a. Horizontal loading eongists of horizontal water pressure
only. Reservoir water surface is assumed to be at normal
pool elevation 1569. Tailwater is neglected.

b Vertical loading, including welwvht of concrete, gates,

piers, etc. is not considered in this analysis.

Space occupied by conduits, galleries, etc. is not con-

o

sidered to reduce the area of the section at any elevation.



fo8
L

Yartiiquake acceleration in either the horizontal or vertical
direction is not considered in this analysis.
2. No other loads were considersd in this analysis.

28. Explanation of Analvsis: Nomal deflections of a cantilever
element are caused by normal shear forces and normal bending moments,
singly or in combination. These deflections may be in an upétream
or downstream direction, varying in direction and amount with the applied
loads. (For detailed discussion of method of analysis, see Bureau of
Reclamation Technical Memoranda No. 436 and 441).

29, The normal deflection caused by normal bending moments at any
horizental section is equal to the intesral, from the base to that
sectlion, of the slope of the centerline. The slope of the centerline
at any horizontal section is equal to the angular rotation, or tilting,
of the foundaticn plus the int%gral, from the bhase to that section,
of the curvature of the centerline, The curvature of a centerline of

differential height is _M_, (see notation).
Bl

30. The normal deflecti»sn caused by normal shear forces at any
horizontal section is equal to the foundation’deformation plus the in-
tegral, from the base to that section, of the detrusion, (change in
horizontal cosition) of the centerline. The detrusion of a centerline,

of differential heizht is equal to VK, (see notaticn).
AG

31. Tangential deflections and angular movements of the cantilever
elements were not investizated. The calculations were performed by
sumnation and tabulation of the quantities noted above, at intervals from

the base of the dam to the horizontal section under censideration.
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32, HNotation: The followines notaticn nertains to the above text:

M = Bending Memant.
I = Moment of Inertia of section.
Eo= Modulus of elasticity of concrete in direct stress.

= Hodulus of elasticity of rock in direct stress.

g

G = Modulus of elasticity of rock ar concrete in shear.

Normal shear force on section.

<3
i1

K = (Detrusion due to actual shear distribution) divided by
(Uetrusion due tc equivalent shear distributed uniformly).
A = Area of section = base width T.

33. Hesume of Ceflection Studies: Deflections normal to the axis

of the dam were determined for representative cantilever clements
in all blocks from 11 to 28 inclusive, with assumed loadin: conditions
as already noted. All deflections include the movenent of the base of
the cantilever due to the yielding of the foundation under the applied
load. These deflecticns do not include thie deflection in an upstream
direction due to concrete weight or any other vertical load.

3. In view of the results of creolopic studies, covered fully in
Avvendix B of this report, it wac considered desirable to determine
the rrobable deflections with various values of Ep for the foundstion
rocl:, especially in the right abutment section, wher2 test results showed
the larsest varietion of the modulii, 2nd where the maximum computed

differential deflections occur between the overflow and non-overflow

sections when Ep is a constant for the whole foundation area.



35. The maximum computed deflection at elevation 1550, which is
approximately the elevation of the spillway crest, is 20,1121 feet measured
in a downstream direction from the axis, and occurs in Block 19.

36. The msaximum computed differential deflection at elevation
1550 ie 0.0329 feet and occurs between Blocks 22 and 23, which is the
point of contact of the overflow sectisn 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 foundation the maximum computed
differentisl deflection is 0.0%03 feet snd occurs between Blocks 14 and
15, which are the twc left abutment ncn-overflow blocks nearest to the
overflow section.

37. A graphical representaticn of the computed»cantilevef deflections
is shown on Plate VIII, Appendix A, and a tabulation of the‘sama def-
lection:is given in Table 5, 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 21l blocks considered, in the

analysis.

38. Results of the analysis indicate that no excessive or unusual
total deflections or differentiel 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
conditiona including earthquake may be expected to give higher computed
values of deflection. However, such deflections would be of momentary

duration, and the effect on the dem is not considered of practical

importance.
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VI LISCUSSION

39. Stress Studies: The analyses of the low dam, and the hizh

dam raised either upstream or downsiream indicate that the secticns
adopted are safe. With unimportant exceptions the stresses and safety
factors are within design limits for all loadine conditicns considered,
the exceptidn beine for loading conditions of short duration (earthquake)
wnere desigsn limits for uplift ratio ars exceeded slicshtly. The loading
canditions which jroduce the most critical stresses or stability factors
are as followst
&. Reservoir at normal pool, horizontal earthguake acceleration
upstream. This condition results in meximum comoressive
stress, maximum horizontal shear stress, maximum sliding
factor, minimum shear-friction factor, and minimum uplift
ratio (except for the low dam, when minimum uplift ratio
occurs under maximun flood conditions).

b, Hesarvoir‘empty, horizontal earthquake acceleration down-
stream. This condition results in maximum tensile stress
for all sections under consideration.

40, The maximum compressive stress is 542 1b./square inch, com-
pared to the design limit of 650 lb./square inch, and occurs parallel

to the downstream face at the base of the overflow section for the hig

dam raised downstream. The meximum tensile stress is 87 lb./square inch,

(design limit 100 1b./square inch), parallel to the downstream face

et the base of the non-cverflow section with needle valve outlets for

the high dam raised downstream. The maximum horizontal shear stress is

264 1b./square inch, (design limit 300 lb./square inch), at the voint
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where the maximum compressive stress occurs. The maximum sliding factor

is 0.883 at the base of the non-overflow section for the high dam raised

‘downstream. ' This is considered of less importance than the relativeiy

favorable shear-friction factor, in view of the nature of the fcundatioﬁ
stfucture‘(see.kppéndix B). The minimum shear-fricticn factor is 5.067,
(design limitvg}o), occuring in the same locaticn as the maximum sliding
factor. The minimum uplift ratio is C.483, (dpsign limiﬁ 0.50), a2t the
upstream face of the non-overflow sectlon for the high dam raised
upstream. Maximum stresses and‘minlmpm safety factors for each of the
dans are deécribéd undervthé‘corresponding heading in Section IIvof this
répart, and aréisummarized in Table I to 111, inclusive, of this>raport{

Ll— The points of application of the reaultant forces on the bases
and hor1zontal sections are within the middle thlrd for most cund:tions
of loading, and are well withxn the base of the‘dam for all_conditipns
of loading. All tensile stresses ére\in portions of'thé dam.nqt subject
to extefnal water pressure; | | | :

42. Internal stress studies indicate that the most uhfav;rable

' downstream face of the
stresses occur at either the upatream face or the/bantilever sections.
It is unnecessary, therefore, to discuss these stresses further, since

they are thoroughly covered in ‘the gravity ‘analyses.

43. Stres: o 0 lenes: -In the cases of a high dam built

dn twc,stepa, the normal stresses on the ¢onbaet planeybetween old and -

uew'éohcreta éré‘éompressive'for all loading conditicns édnsidéred.

The masc compressiVe stress is 163 1h. /sqnare 1nch~ the minimum com-
pres sive stress is 1 1lb. /square 1nch. Similerly, shear strasses on the
contact plane vary from & macimm positive value of 62 1b./square inch

to a maximum negatlve value of 13 lb./square inch.
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44, For either dam, dirsct strasses on the conmtact plane are
compressive, and all stresses including shear are held within safe limits.
Fromxthi$ standpoint, then, a high dam raised either upstream or downstream
may be considerﬁd practicabla.' :

45. Cantilever Deflections: The maximum compnggg:deflectibn at
elevatiqn 1550, ﬁhich is approximately the crest elbgépibp of the over-
flow section of tne high dam, occurs in the overflow section and is
O;llZl,feét in A’déwnstream direction. The maximum'computed differential
deflectiqh at elevation 1550 is 0.0329 feet at the point of‘éontact
between the overflow section and the right abutment honwoverflow section.
It should be‘noted that these daflections do not inclﬁde the deflection
in an upstream direction due to the weight of the dam, nor do they
include phe effects of earthquake shock (see loading condltions, Chapter
7). |

46. Conelusions: From these analyses it may be c-ncluded that for
the low dam, and’for the high dam, raised either upstream or downstream,
the sections shown in the main report on Plates II, VII, VIII, and IX
are safe under all lo&ding conditions considered.

47. Becommendstions for ﬁug&héx studies: Subsequent to the com-
plétionvof these design studies there has bheen a"greét increase in
power demand throughout the Pacific Northwest. If Detroit.Dam should
be constructed im the near future &s a power project, it would involve
the building of ibe dam in one step to its ultimate heipht. As previously
stated, the studies describod‘in.thia report do not specifieally cover
the case of a "high dam" built in one step, but the studies and data

presented for the %high dam raised unstream" are generally applicable.
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48;  In this connactian 1t would apnear desirable to make the

following additional studies

- a.

Preliminary studies to determine the most econamical

section that will be safe- for a high dam builh to the full

hoiaht in one step.

Final analysea of the sectlon indiaated by the above

&tudies. Since time may be limited, and because 1t 18
belisved that this new section will not dlffer greatly

from the section studied for the "high dam raised upstream",
a complete analysis, while dasirable,.maj not be essential.
It is therefore recommended that further studies be primarily
of ﬁhose features and stresses which the present analysis

has shown to be critical.

Extension of prévious studies to include investigation

of strasses as affected by the interaction of the blocks

and abutments of the damf This would involve a beam analysis

of the dam, including consideration of twist effects.
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RISULE OF

SHC 4ING WAKIXUL

TABLE 1

SrhES3 COAPITIONS

STi33:.5 and WiV S..050Y fACIORS

: Maximum L Haximun Congrete Stress  : liinimum : Maximum : Minimum
Loading Conditions ¢ Foundation : Compe : Tension : Jhear : Uplift ; 5liding :  Shear
: FPressure 3 1b,. : 1be 1b. : Zatio (a) : rfactor : Friction
{ 1b,/89, ins 3 B Qa ila. i 8Qa ila 2 3g. ine 2 . 2 F&&g: f'b}
s s H H : : :
As Without Farthquake s : : : 3 3 :
l. Reservoir fTnpty s 319 s 319 ¢ -11 9 w : 0 ©
2. Jormal rool HLlevation 1569 : 186 : 290 : Xone ¢ 139 1,049 ¢ 0.599 84991
3. daximom Fool EBlevation 1577 : 240 i 315 ¢ Hone 180 't 04499 1 0,785 : 7,531
H H : H H H H
B. &ith sarthgualte - “eservoir Smpty 3 : : : : : :
l. Horizontal Acceleration : : 3 : : : H
Upstream : 276 : 276 i lone @ 30 s € : -3 -
2. Horizonval acceleration : : : : : : :
Downstrean : 362 : 362 : -73 3D i 0 : - @ -
3. Vartical Acce. Upward i 351 : 351 s -10 3 10 : ted] : - -
4, Vertical Acc. Downward : 287 : 287 : -12 g © 3 - 3 -
H 3 H H : : :
Ce .ith ‘artnguake - normal Pool : : s : 3 3 :
l. Forizontal Acc. Upstream 1 254 : 296 H None 190 0.2500 s U791 3 5.808
2. Horizonial Acce Jownsgtrean : 1596 s 196 : -4 88 1.595 : 0,407 ¢ 13,234
3. Vercical acc. Upward : 205 3 319 : done 153 1,153 s 0.585 8270
4, Yertizal Agc, Downward 3 167 B 261 H ione 3 125 3 0e94d { D016 3 34790

{a) =atio vertical pressure at upstiream face to horizontal water Dpressure,

(b) Based upon 600 1b./sq. in. £ 0.65 vertvical load.



TABIE L1
BASUME OF GANIIL&VER STRESS CO.DITIONS

SHOGING MAXLMULN SCREOIES AND MINIMUM JAJSTY FACTORS
2TROID HIGH DAM RALGED DOvNSIHLAM
¢ Haximum 1 daximum Congrete Siress ; dinimom 3 Maximum : Minimum
Loading Conditions $ Foundation : Comp. : Tension : Shear ; Uplift : Sliding : OShear
i Pressure 1 1b./8qs 3 1bes/sqe : lbe/sq. : Hatlo (a): Factor : Friction
: 1ba/8qe dna 2 inch : ipneb  :  inch 2 2 & Factor (b}
: s 5 H 3 3 3
le ¥ithout Earthguaks 3 3 H t s H :
1. Reservoir Empty : 412 3 412 -7 i1 «© : 0 ©
2. Normal Pool Elevation 1569 245 t 402 s Kone 196 : 1.002 s 0.618 3 4960
3, Maximum Pool Elsv. 1577 t 2568 3 424 3 None : 207 1 0.820 t 0.648 : 5,700
s : s s s H 3
Be #ith Zarth -Reserycir Empt : : : : 3 H H
l. Horizontal Acceleration - t : t : 1 H H
Upstream : 360 ! 360 : TLome 42 © : - 3 ~
2. Horizontal Acceleration - H 3 t s B _ 3 3
Downstroam : 4564 : 484 87 1 42 3 W s - 3 -
3. Vertical Acc. - Upward : 453 : 453 -6 3 -3 3 w : - -
4., Vortical Aco., - Downward % 371 : ST1 -8 3 -3 3 0 : -8 -
3 t 3 : 3 H 1
Ce ¥ Earthgu -R Poo H : : 3 s 3 H
1, Horizontal Acce.-Upstream : 3&0 : H42 None @ 264 3 0.495 H 0.883 1 5,067
2. Horlzontal Ac:.-Downstream 254 3 362 3 None 128 : 1.503 : 0e420 10,216
3. Vertlical Acc,.-Upward t 270 H 442 None 216 s 1.100 3 0.604 1 6,400
4, Vertical Agc.-Downward s 220 : 362 1 None i 176 3 0,900 3 0636 3 7,620
(a) Ratio of vertical pressure at upstream face to horizontal water pressure.

{b) Based upon 600 1b./sq. inch £ 0.65 vertiocal

loade.



TABLS IIT

RESUME CF CANTILEVER STRESS CONDITIONS

SHOWING MAXIMUM STRESSES AND MINIMUM SAFETY FPACTORS

DAETROIT HIGH DAM RAISED UrSTREAM

oo

Maximum ¢ Maximum Concrete Stress ¢ Minimum @ Maximum : Minimum
Foundation ¢ Comp. ¢ Tension : Shear Uplift : Sliding : Shear

e

e

Loadinz Conditions

: Pressure : 1b./sg. @ 1b./sq. : 1b./sq. : Ratio (a) : Factor : Friction
: _Lb./sq. in. : dinch ¢ dneh @ inch : : Factor (b)
A. Rithout Earthguake : : : : : :
1. Reservoir Empty : 361 : 36, -3 oz 36 0 : o «
2. Normal Pool Elevation 1569 : 259 T 404 0 : 196 : 0.967 : ©C.588 : 7.196
3. Maximum Pool Elev. 1577 : 270 s 422 0 s+ 203 0.829 ¢« 0645 : 6.930
B, ¥%ith Ferthquake - Heservoir Emnty : : : : : : :
1. Horizontal Acceleration - : H : : : : H
Upstream : 313 + 315 0 69 £0 : - : -
2. Horizontal Acceleration - : : : : : :
Downstream : 409 : 413 : -3 : 41 : 0 : - : -
3, Vertical Ace. Upward : 397 : 400 : -3 : 40 : Y : - : -
Lo Tertical Acc. Dowvnward : 325 : 328 : -3 : 32 : @ : - : -
C. ¥ith Rarthquake - Noyrmal Pool H : H : : . : :
1. Horizontal Acc. Upstream : 339 H 530 : None . 254 : 0483 + 0,784 ¢ 5,448
2. Horizontal Acc. Downstream : 245 : 278 : None : 134 : 1.450 : 0.401 : 10.593
3. Vertical Acc. Upward : 285 : 444 ¢ None : 213 1.066 : 0.522 : 7.350
L. Vertical Acc, Downward : 2133 : 364 : None 175 0.369 = 0.672 = 7.060

(a) Ratio vertical pressure st upstream face to horizontal water pressure.

(b) Based upon 600 1h./sq. inch £ 0.65 vertical load.
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TABLE V

PART
SUMUARY OF CANTILEVER DUFLECTIONS AT ELEVATION 1450

DETROIT HIGH DAM RAISED DOWNSTRZAM

16 : 68° : 1215: 0.04590 : 0.06877

PREE- DEFLECTION IN FEET FUR VARIZUS ASSUMED MCDULIT
- E 1 O *ré IR I, NON-QVERFLOW SECTION : OVERFLCY SECTION
§§ %Sﬁ 'ggi,%Ec“’* 000,000 € =4, oooooog uz.ooooon E 4,000 ooom~A,OOO 000
mE & F L E&YE 2,000, ooo;“ 22,000,000 E = * “.=4,000, 000;E +=2,00C,000
11 ¢ 60° : 1350: . 0.01269 : 0.01964 & 0.01964 : :
12 @ 629 ;1335; 0.,01568 : 0.02404 :  0.02404 :
13 ¢ 623 : 1300: 0.02265 : 0.03430 : 0.03430 : :
14 33° : 1250: 0.02912 : 0.04039 : 0.,04039 :
15 90° : 1230: 0.04318 : 0.06612 : 0.06612 : :
17 908 : 1200 : : : 0.05212 : 0.07839
8 : 53 : 1180: : : : 0,05237 : 0.07510
19 : 90° : 1180 : : : 0,05956  :+ 0,08946
20 3 532 : 1180: : : : 0.05237 : 0.07510
21 s 703 : 1200: : : : 0.05112 : 0,07639
22 680 : 1215: : : : 0.04590 : 0.06877
23 337 3 1250t 0.02912 : 0,04039 :  0.06289 :
24 ¢ 33° : 1300: 0.01852 : 0.02605 : 0.04110 :
25 ¢ 60° : 1350: 0.01269 : 0.,01964 : 0.03352 :
26 67° : 1377: 0.,00883 : 0,00407 : 0.02456 : :
27 502 : 1400 0.00526 : 0.00844 : 0.01478 :
28 67° : 1437:  0.00226 : 0.,00412 : 0.00780 :

* Blocks 11 to 15 inclusive, Er=2,000,000

Blocks 23 to 28 inclusive, E,=1,000,000



| IABLE ¥
PART 2
_ggggg” Y GF € AdTI& gg DEFLECTIONS AT E EVATICN ljjg_g
| LSTROIT AIGH DAM RAISED DORNSTREAU
NORMAL PQOL ELEVATION 1569, NO BARTHGUAKE

: mf.'é P g, ¢ __DEFLECTION IN FEEI FUR VARIUUS ASSUMED MGDULLI
XH1OTRLl A OM _NON-OVERFLOW SECTION : . GVERFLOW SECTION
§§=a§£=%ggmaomomﬁ=4momwmmﬁmmmmgmmmmm%qpmpm

Pn + 3 M H
o =. 8 9. a‘g :Ep=4,000,000; Bx=2,000,000; Ep= * .E.=4,000,000,E,=2,000,000
11 . 60° : 1350 : 0.02158 : 0.07119 c 03119 ¢ :

12 ¢ 622 : 1335 : 0.02533 : 0.03657 : 0.03657 :

13 : 62° 1300 ¢+ 0.03409 : 0.04911 : 0.04911 : :

1 : 33° 1250 @ 0.04182 : 0.05587 : 0.05587 :

15 ¢ 90° : 1230 ¢+ 0.05853 : 0.08613 : 0.08613 : :

16 @ 68° : 1215 : : : t 0.06130 t  0.08874
17 ¢ 90° & 1200 : : L 0.06829 :  0.09952
18 : 53° & 1130 : : : 0.06853 :  0.09476
19 : 60° : 1180 : : : 0.07688 :  0.11214
20 : 53% : 1180 : : : t 0.06853 :  0.09476
21+ 70° : 1200 : B S : 0.06722 :  0.09737
22 : 68° : 1215 : : : : 0,06130 ¢ 0.0887,
23 ¢+ 339 ¢ 1250 ¢  0.04182 ¢ 0.05587 :  0.08391 :

24 ¢+ 33° : 1300 : 0.02880 : 0.03872 : 0.,05840 :

25 1 60° : 1350 :  0.02158 :  0.073119 :  0.05040 :

260 3 67° 1377 :  0.01649 ¢ 0.C2412 ¢  0.03940

27 + 50° : 1400 :  0.01211 : 0.0165%5 :  0.02655 :

28 : 67° : W37 0.00702 :  0.01046 : 0.01703 :

p Blocks 11 to 15 inclusive, Ep* 2,000,000

Blocks 23 to 28 incluaive, E.= 1,000,000



WAR DEPARTMENT
U. S. ENGINEER OFFICE
PORTLAND DISTRICT
PORTLAND, ORBGON

LLOYD L. RUFF

APPENDIX B TO ACCOMPANY DEFINITE FROJECT REE’ORT ON
'~ DETROIT DAM AND RE3ERVOIR .
NORTH SANTIAM RIVER, OREGON

GEOLOGY AND FOUNDATION DATA -




APPENDIX B

TABLE OF CONTENTS

CHAPTHER I INTRODUCTION

i

CHAPTER 1I GEOLOGY
CHAPTER III ~ RKREPORT OF CONSULTING GEOLOGIST
CHAPTSR IV - LABORATORY TESTS OF FOUNDATION ROCK

FIELD TESTS OF FOUNDATIGN ROCK

H

CHAPTER V

CHAPTER VI ~ — AVAILABILITY AND SUITABILITY OF CONCRETX AGGREGATE



' .
APPENDIX B - GEOLOGY AND FQUMDATICN DATA
DETROIT DAM SITE - NORTH SANTIAM RIVBR, ORBGON

CHAPTER I -~ INTRODUCTION



I -~ INTRODUCTIOUN

1. General. A brief outline of the geology of the Detroit Dam
Site has been uresented in Chapter II of the Definite Project Report.
Additional geologic and foundation data, including reports of the cone
sulting geologlst, are included in this appendix. A discussioﬁ of
concrete aggregate is also presented.

2. Exploration Work Completed. First studies of the area by the
Corps of Fngineers were begun in 1935, and the geology was covared by
W. K. McKitrick and A. M. Piper in preparation of the project renort
of 1937. At this time the preliminary exploration consisted of two
EX size diamond drill holes, one tumnel, and several test pits and
trenches, Exploration of the site was resumed in September, 1938 and
shortly thereafter was placed under the supervision of the Planning
Section of the Willamette Basin Project. A total of 4070 feet of drille
ing wag done under two successive contracts between September, 1938,
snd March, 1939, Slightly over 1000 feet of the total footage were
in overburden. The diamond drilling was almost entirely BX size
(1-5/8" core) for each of the two contracts.

3. The latest vhase of exploration wes carried out between May
15 and October 1, 1940, and included: five 36" calyx holes totalling
283 feet, 460 feet of tunnels and drifts, 250 linear feet of trenches,
and 850 feet of dismond drill holes. The drill holes were NX in size
(2-1/8" core) except for 137 feet of six inch holes, drilled fqr the
purpose of obtaining large 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 apprendix. Plan of the ex-



ploration is shown on Plate VI of the project report.

onded. The foundation area

for therlow dam has been well explored, as haa\most of the area for the
.%high dam.' Since DH - 54 further outlined thé gravel filléd gully on

the right abutmgnt but did not reach bedrock, it might be advisable
to drill one or two additional holes in that vicinity. The gravels, |
however, are‘highly imperviéus, and the gully is not belisved to,continuof
, across the ébutment at an elevation low enough to affeﬁt the low dam.
Additioﬂﬁl exploration for tha.péqatocks and éowarhouée'féundations |

will be necessary before dqsigh ahd construction,

K
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//)1. This report has been compiled for the purpose of bringing
together the existent geologic deta on the dam site and reservcir and
making interpretations and recommendations to assist in the plans,
estimates and design of Detroit Dam., A complete list of reports,
memoranda, files, and communications from which these data are drawn
is contained in Part XII of this chapter,

”/I2. Location: Detroit Dam Site is located on the North Santiam
River in the S. 1/2 of the NW 1/4 of Sec. 7, T. 10S., R. 5 E., ¥ill-
amette Meridian, about ,6 of a mile inside the boundary of the Santiam
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/B. Name: The site was formerly known as the Boundary site and
is so listed in some of the earlier reports (¢, d, i). (Letters fefer
to bibliography.) Helland (e¢) describes a site 1.3 miles sast of the
town of Detroit under the heading of Detrolt Dam Site.. In the 1937
project report the name Boundary was changed to Detroit Dam Site and
has since been known as such.

V/

Le Surveys and A Lio Profile surveys of the North Santlam

.o

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 1922 Mr.
R. 0. Helland (c), Assistant Engineer of the U.S.G.S., surveyed nine

sites on the North Santiam. The Boundary site i1s included in the



geologic racoﬁnaiasanco.

¢>/5. First studies of the area by the U. S, Engineer Department
were begun in 1935, thé:géélogy:ﬁéingvcovared by McKitrick (d) and
Piper (1). At this timo‘tha preliminarygxploraticﬁconsisted of two
RBX ‘size diamond,drill holaﬁ, one tuﬁnel, and several test pits and
trenches. | R )

6. Exploration of the eite was resuned in September, 1938 and
"saon after pLaéed under the direction of the Planning Section of
Willamette véllej Project. A total of 4070 feet of drilling was done
under two successive conﬁfﬁgﬁﬁybetwnen September, 1935u$n§ March,
1939, Slightly over 1000 feet of the total féotagaJwaa in overburdenj
this necessitated the driving of casing. The diamond drilling was al-
 most éntirOiy BX size (1-5/8" eore) for each of thektné contracts,

v, The-lateat ohase of exploration was carriod out Eetwéen May

15 and Oetober 1, 1940, and includes: five 36-inch calyx holes total-
1iﬁg 133 téét, 4L60 feet of ﬁunnels and dfifts, 250 feet (mpprox.) of
trenches, and 850 feet of diamond drill holes, 137 feet of which were
6 inches in diameter. This program was carried out undqr tha direct
supsrvision of the Planning Section with Mr. C, C. Mongold, Assistant
Geologist, in charge of field operations. Details of the complete
eiplmration are found on Pletes I to VI of this Appendix.
l‘;%féQ General Features: OUetroit Dam was first planned as a concrete
'arahqijpe of structure. The first extensive drilling program (1938-39)
was laid put on that assumption. Because of adverse bedrock topogrephy,
inereased coét estimatas, and various engineering aifficultiea, it

became evident that only z concrete gravity or rock fill structure

2



" ¢ould meet the problems'encountered. Plans for a rock'fill dam were
immediately discarded. The apructurérnow provosed is of ¢oncrets
graviﬁy type with two stage conatructioh. A low dam to ele?gyion

1489 (elevatiéns are 1n f@et'ahove Mean Sea Levéi'~ U.8.C. & G.S.

Datum - 1929)|w1111bé leter embodied in a high daM'to elevation of
1577.5 or 375 faet above the vailey floor gnd 450 feet 4 above the
lowest point of the foundation. The Detroit site is the farthest

aést of thavQa&@ral'pgbéihls~aités; with favorable croas~sechidﬁ, in

< the N, Santlam éahydn. .fQQVallay ﬁideng‘out shout three mi1§s~upatream

into the Detrditbﬁaain aﬁd féserVoir site.

_ 1L PAYSIOGRAZHX.

>< % Shn Gssonde Mbuntaina of Oregon are made up of two distin-
.ativo phywiogrnphic unith.. Thayvr (1) has tﬁe follouing to say abou£
the gunenal rolationahip featuras of the Caacade Meuntains., "I, C.'

' “,i Rusuall(k), in 1897, appears to have baan the - first to auspect ‘that

'tho Gascades ware formed of two or more asries of volcenic rocke, some
of which were foldod, and some of which were not folded. Thé«&ccuracy
of Rusaoll's observatiana has been fally borna out by later gsolo-

giata ~-, 8nd in 1933 Cellaghan (a) suggested the. terms Western Cascade
and High Cascade for the older and younger volcaniq aeriae, respectively.
Theﬂ§ namnes h#Ve been accepted for the Oregon Casﬁ#des'io differohtiate
the folded.uiocane end older Tertiary volcanic rocks from the unfolded
ynunger (Pliocano to Recent?) voleenlc rceka, -+ The tarms oripinata
in’ the fact that in Oregon, between.the~ﬂorth Santtam River west of

Mt. Jefferson and the Roguo.Rivar southwest of Crater Lake, the Cascade



Range is made up of two distinet north.south ranges. In genersal, the
Westarn Cascade Range is ¢haracterized by mature topography, with
narrow valleys and sharp'ridgea which bear little obviocus relation to
bedrock structures, In the High Cascade Renge the topography is con-
trolled almost everywhere by the structurs of the lavas." '

““10.  The Detroit Dam Site is located in the Western Cascade
Province, some 15 miles from its esstern border. While the North
Santism River Valley generclly may be mature, the gorge soction from
Gates to Blowout Creek is little beyond the youthful stage ait any point;
A limited number of terraces and benches are to be seen, but are rel-

atively harrow and indistinct.

IIX GEOLOGIC HISTORY

A 11. The geologic history of the Willamette Basin and adjacent
areas of northwest Oregon dates from Tertiary to Recent. Marine for-
mations predominate in the Coast Range and beneath the fill of the
Willamette Valley, while lavas and fragmental volcanic rocks comprise
the greater part of the Western Cascades. The more recent High Cascades
are mostly andesitic and bhasaltic lavas.

12, igocens: The oldest rocks in the North fantiam Area, ace
cording to Thayer (1) and others, are Oligocens or later in age,
Shallow Oligocene seas washed a shore line which eoincided closely with
the vresent eastern margin of the Willamette Valley.,  Volecanic activity
is believed to h:ve been extensive, because of the large amount of
tuffaceous material deposited in the Fugene, Illahee, Brownsville and

other marine formations. Beyond the marpin of the sea, thick devosits



of tuff, agglomerste, and breccia were dencsited. Today these rocks are
included in the Mehema Volcaniecs (1) and Breitenbush Tuffs, and may even
be related to the famous John Day beds of Central Oregon.

X 13. Toward the cloge of the Oligocene these formations were gently
folded (at least in the lower Santiam), and subsequently eroded before
the outpouring of the miocene Stayton basalts (h, 1).

' 14. ilocene: The Stayton Fasalts are correlated with the more
extensive Miocene Columbia River Basalts of the Paeific Northwest.
Contemporaneous with or possibly in part following the Steyton Levas,
the extensive Sardine Lavas were extruded. Thayer (1) has the~following
to say about the Miocene history of the Santiam Area; "After an erosion
interval the Stayton Lavas were erupted in Miocene time slon:g the
western margin of the range; within the range volcanism obscured the
record and no break is apparent between the Breitenbush Tuffs and the
Sardine Lavas. The Miocene volcenic activity was less violent than the
earlier vhases, and the Stayton and Sardine Lavas were extruded, orobably
from fissures, at the same time the region to the east was flooded by
the Columbia River lawas. The Sardine Lavas accumulated to a depth of
at least 6,000 feet before eruptions ceased. The Sardine Lavas thinned
rapidly eastward and westward and their erosicnal products were deposited
to the west —=-". "Toward the end of Miocene time the voleanic activity
died down, and the region was again folded. The thick massive lavas
bent only slightly, but the weaker tuffs were buckled into the Breitenbush
anticline. Intrusion of diorite porvhyry probably closely followed

the folding, and the range was subjected to a long erosion perlod which



probably was marked by a series of uplifts. By the time the first
High Cascade lavas were erupted, the Wgstern Cascade ﬁange‘hdd attained
essentially its present elevation and was maturely eroded;“

15, FPlingena: Subsequent history of the Santiam area in the vicinity
of the damsite wa: probably wore or less continuous erosion down to
the vresent time., O'Neill (h) tentatively asaigns tuff deposits over-
lyins the Stayton besalts to the Pliccene., Undoubtedly ihera wore some
" sporadic sutbursts of voleanic activity in the Wes£ern Cascé&és after
the main activity during the Miocqne‘

% 16, Pleistocene: The dam ares and gorge below were fufthef mod-
ified by one and possibly two staces of glaciation. Thayer (1)’riﬁds
definite svidence of glaciation as far west as Mill City, and CON
cludes that at ‘least one other stage reéched the Détroit Baﬁin; Cross
sectiine at geveral of the damsites investigated in‘gonnccﬁion with
the Detroit Dam.are very suggestive of an old gla»_cialr valle? from 150
to 200 feet above the present stream., If this is ﬁue tqulacia1 éction
it must be younger than the Mill City stage of glaciation. |

* 17. The more rapid erosion of tne fragmental lower Sardine and
Breitenbush formations gives rise to the Detroit Bagin,thqh’qf,which
is to be occupied by the DetroitAraserVOir. .Glacial tilléﬁglgcial
outwash, and Pleistocene and Recent stream_graials are abﬁndaﬁt'in the
reservolr area. With these sedimentary deposits in tha‘DeirotitBasin
and a sharp youthful valley bel&w the damsite it is noi imprdbable
that there have been earth movements in the gorge area ag recently as

late Pleistocene,



“18. Recent: Recent history of the dam site area has been chiefly
one of continued dommcutting in the gorge area., The valley sides have
remained steep and many of the terrace and outwash gsravels hn?a,beep‘

wholly or partially removed.

T Units Mapned: Formnﬁions at the damsite, 48 shown on the maps -
(Foundation Zxploration-Plan, Areal Geology), are divided first int&
overburden and rock outc£cps. On the Areal Geolégy sheet %h6 §0ck |
outcrops ake further divided‘iﬁtbkthe three major fock‘fdrmatiogs rgp;
resented at tine site. Further differentiation of.tha.indiv‘idml' forme
ationg is nade in the logs of drill holes,Aetc. | |

720 Rock Formatiops: The oldeat‘andAby far the most extaﬁsivﬁ
rocks in tﬁe damsite ares are £h0 andesitic lavas sf'the‘S&rdine‘
Series., These are somewhat varded in texture and‘&ppearance, but, érg
mapped in the field as the one unit endesite (an).

21, A 170 foot wide dioriie dike {di) trands N. 4° W;‘(boaringﬁg
etc.,, are all givén‘in reference to true N, ) diacbnally dsrbsa‘the‘aiream'v
below the dam axis. It isno doubt related to the Halls diarita porphyry
whlcn Thayer (1) nas mampad a mile or 80 ugatrﬂam from the damaita.
Additional diorite hns been noted in the drilL holee butb eithsr dOeq»
not zhow or is too small tn'be mapped pn tha surface. Othar nutcropa
of diorite occur ‘n the side at}sam$ €bove the d&msité aﬁd‘ﬂuteidq the
erea »f detailed mappings | |

22, The youngest unit of the foundetion rocks consistas of &
series of andesite porphyry (anp) dikes cutting both andesite and

diorite, and rumning in & more westerly direction than the diorite dike.



&”ﬁ23. Querburden: Unconsolidated deposits afa scmewhat varied in
origin and occurnce, and date‘back well into the Pleistocene. Gravel
and boulder deposits have been recognized up to elevation}1525 in DH *j,
The high eiﬁv;tinn gravel ia,baliéve@lto be continuous on the right
abutmsnt from rosd level (Elev. 1350) through Tunnel C up to the bottom
of DH 54 and probably not only fill the buried ravine (see Roock Contour
Kap), but also cover the amall bench above slevation 1500, A few rounded
grévels and cobbles have also been noted on the lsft abutmﬂni at about
elevation 1340, above the top of the rpék ¢liff. These are quité‘posq.
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 rock bench on the left bank.

4 24, Wnere the older gravels have been extensively explored they
are found to be somewhat weathered and so well cemented that, during
tunnel driving operations, individual boulders could be drilled without
dislodging them. In Tunnel C the gravels were relatively impervious,
and most of the water was encountered in tho talus immedlately over-
lying the gravel.

©R5, Helland (c) called attention to gravel deposits on the small
bench at elevation 1325, upstream from the present axlis on the left
bank. No relative age 1ls assigned to these.

# 26, Gravels of intermediate age form the right bank terrace below
the dam area end ars exposed in the railroad cut above CH 2, They were
penetrated to a depth of 55 feet in DH 32, Small patches of this material
are still plastered on the stesp slopes above the tracks in the viecinity

of the dam axis. The finer material in these dsposits is somewhat



-

woathered and the materizl is probably umauitable for use as aggregate.
Helland (c) states that it revresents cne of the two stages of valley
f11ling in the area, The age has not been determiﬁad, but may be at
least as old as Illinoien, Né deposits of Wisécnsin ags have so far
baen recognized this far down the river.
W“JVZZV. Recent gravels are confined to the straaﬁ channel and low
elevation bars., Nearly 60 feet of gravel were found in the stresm bed ;
near the axis of the dam. Deep holes filled with gravel may also be
expected downstream from‘the rapids in the river, which will also be
downstream of the spillway apron. |

A28,  Various explanations are offered for thevsilt—like deposits
at highway level-aeverul hundred feet downstream from the dem axis.
McKitrick (d) concluded this material wag glacial till, while Piper (1)
favored the glacial outwash interpretation. Mongsld (é) believes the
material to be associated with faulting and weathering of gouge and
crushed rock zones., Since the material is outsidevthe fonn&étion area,
the geologic exﬁlanation'becames an academic questionﬁand le left ae
such, | ' | |

b”‘29. Alluvial fan depoéiis are found at the ﬁouth 5f~tha small
creek below the dam area and partislly cover the gravqlltarf$¢é‘in the
same area, ‘ | g Iizu -

30. Numerocus talus slopes are pbeaohb on each abuﬁméﬁivwﬁila .
many of the discontinuous rock outcrops are awpérated only bﬁ’thin soil
cover, | o
¥ STRUCTURAL GROLOGY

31, Examination of the dﬂmﬁite_area and much of the rié;r for

-9 -



several miles below discloses very little information on the regional
trend of the Sardine lavas. According to Theyer's geologic map (1)
the dip of tho formation should be BSE. Locelly, however, the trend
mey deviate considerably bacausé of the close oroximity to the Halle
diorite intrﬁsivea  _‘ | |

»y“33£ {ﬁ?h; andesitéa 1n @h§1r driginal form had gt least the texture
of & flow ?ock, although'othQr'evidence of [low is scarce, From an
engineeringlehandpoint the andesite in the foundation area may be con-
sidered as 5 ;ingle litholosie uﬁit, and when unélterad, is satisfactory

&s & fOundaﬁiQn,for the dam,

33, No majorkfaults or lines of weakness huzve been discovered

in the féundatian area or imﬁadiate vicinity. The dry gully in the right
abutménb, as far es it hac been explored, 1s in.én area of miﬁo? join£5
and faults, which is not to be considered a sone of serious weakness,

34. Description of Fracture and Joint Systems: Careful surveys

ware made of all freoture and jJoint systems, both on the surface and

in the tunnels, trenches, and calyx holes, Deseriptions of the\fractureé
and Joints found in the calyx holes accompany the‘detailed logs of
Plate V, Shest 5 of this appendix, The remaining ones are listed and
briéfly described in this sectlon.

e 35, ‘Arper approximately 100 Joints and fractures had been mapped,
it‘was found;that they could be resolved into four o; five diastinct
sets, two of which were predominant throughout the area.

v 36. The most important and least variable set of fractures ip
the foundation area strikes fram N. 6° E. to N. 6° W, and dips from
74° to 78° westward. These fractures are not very evident on the low

rock floor of the left abutment. In this area they cross fractures
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which, because they are sub-parallel to the dtream, have been deevly
scoured cut and enlarged; therefore the N.-S. set of fractures is rel-
stively inconsgicuous, Fractures of this set zre seen to best advan-
tage in the road cut on the right abutment, where they are predominant.
-~ 37, All fractures belongins to this N.-S. cet are to some extent
hydrothermally altered. 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 right abutment hydrothermal alteration appears to be much more
extensive along these fractures. Soft, white, punky zones from 2.0

to 4.5 feet in width may be seen in the road cut in severai places.
Adjacent to Celyx Hole CH-3 on the risht abutment a zone 26 feet wide
has been bleached and softened by hydrothermal sblutions rising along
fractures of this set.

~ 38, Undoubtedly this set »f hydrothermally altered fractures on
the right abutment has been unduly accentuated because of the vosition
above the water table, and because of the inerease in volume of the
rock due to loss of load. Both of these caunses allow the altered zone
to sleke and c¢rumble, thus producing soft zones. This altered material
below the zone of weathered jeints is undoubtedly strong and firm.

/" 39, It may be further noted that the N.-S. set of fractures is
parallel to the diorite dike which crosses the river below the toe of
the proposed dam (Plate I, Appendix B). The hydrothermal alteration
and secondary mineralizztion undoubtedly accompanied the intrusion of

this dike.
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" 40. The second major saot of fractures strikes N. 18°-42° W. znd
dips 76°-88° S.W., most cormmonly 81°-85° S,W. The fractures of this
set are, by comparison with the previous set, only very slightly altered.
They are much stronger fractures, however, and often are badly brec-
ciated. The larger of these fractures are commenly paralleled by many
.weaker fractures, and several "fractures" mapped in this set are actually
Zones 6f very closely spaced parallel fractures.

©“41. This set of fractures apparently is later than the N.-S.
series uvreviously described. Intrusion of the andesite porphyry dikes
either accompanied or followed the development of these fractures.
Variability in the strike of these fractures is graphieally shown by
the orientation 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. TFollowing is the field descriptions of the fractures shown
on the field map. The exact dip of the frazctures on the low rock plain
of the left abutment could not generally be measured. The strike of
the fractures was not measured unless it could not readily be determined
by inspecticn of the fleld map.

F-1 Dip vertical to 85° S.¥. Generzlly tight and
unkrecciated. Locally open 1/8"., Hydrothermally
asltered for C.1'.

F-2 Dip variable, 80°-85° S.%. A clean, tight fracture,
Slightly hydrothermally altered locally for Q.1'.



F-3 Dip variable, 85° N.E. to 85° 3.W. Tight, wnaltered
fracture.

F-4 Dip 85° S.W., Badly altered locally in & zone 0,3'
to 1.2' wide in spots unaltersd, Tight at the surface,

F~5 Dip 50°-55° S,W. Tight. Locally brecciated and
very irregular, Unaltered or nearly so.

F-6 Dip 55° S.N. Tight. ‘Badly altered from 0.2' to
1.5', especially along southern portion.-

F-7 Dip 57° S5.W. Mght. Locally:altared for 0.1*
fo 0.2'. ‘ - |

r-g Dig vertical to 88° N. E.,nlang northern portion,
S.W. at southern extent, Hydrothermally altered
for 0.1' to 0,2' throughout., :

F~9  Dip 70° S.¥. Tight. Slightly hydrothermally altered
for 0.1' to 0.2%,, ‘ ‘

F-10 Din 53° S.W, Tight. S8lightly hydrothermally altered
for 0.1' to O. 2'

F-1ll Badly shattered and hydrothermally altered zone
associated with F.9 end F-10.

F-12 Dip 51° s, Very badly altered and locally very
badly brecciated up to 2.0' or 2.5' wide neer western
extent. Alteration gradually dies out eastward.

F-13 Dip 70°-80° S. Altered for 0.2' to O.4'. Tight.
Badly stream fluted.

F-l4 Dip vertical? Badly eroded and filled with debris,
Badly altered for most of its length.

F-15 Dip vertical to 70° S.K, Altered for 0.2' to 0.4'.
~ Very irregulsar. Irregularly bracciated.

F-16 Dip vertical to 80° 8.W. Génefaliy tight and un-
altered. The eastern portion of this frecture
passes out 1nto a badly jointed arsa,

F-17 Dip 67° S.E, Tight. Unaltered.

F-18 Dip 70°-80° 8,W. Tight. Practically unaltered.
Badly scoured and gauged out by the stream.

F-19 Dip 80°-85° S, Tigbt. Badly altered for 0,2'
to 0.5',
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F-20

F-21

F.22

F-23

F-24

F-25

F-26
F-27
Fo28
F-29
F-30

P31

F-32

F-33

F-34

Fw35

Dip 80°-85° S,W. Clean, tight; uneltered. Dia-
appears sradually to the northwest. ‘

Dip 85° S.®. to verﬁioal. biaaﬂ, tight, unﬁlterad. '

Dip 80° to 85° S,W, Brecciatad and slightly altered
for 0.2' to 0.4'. Tight. Disappaars gradually i
vwestward. ‘ -

Mp 58° S.  Badly hydrothermally altsred fram Ou4!
to 2.0!' near western end alteraticn decreagses
eastward and the fraeture~gradually diaappoanﬁ.
Tight, ] ‘

Dip 60°-65° S,W, Bndly altared, 0. 21 to 1.2'
locally brecciated, Tlght._j

Dip vertieal to 85° N.E. or S.W. Very badly altersd,
0.5' to 2,0', Bnd,bracoiatqéjin‘uedtral part.,

Dip vertical to 70° 8. E. Tighﬁ;“ﬁﬁiltﬁred, un~ :
brecciated. ‘ ‘ v

Dip 53°-55° 5. Altered for Ou1'.to 0.2' for- anbira -
lapgth end for O. 6' ho 1,@* lﬁcally in central -

pert. Tight. ok )
Dm57SW.Amwﬁﬂw0£’m02‘ mwm

Dip 61° S.W. Czememlly tught mﬂ unalt.ered, 1o¢ally
&ltered 0,1' to 0.2%,.

alterad O 1' to 0.%'

Dip 60° S,W. Generally tight and unaltered, locully' V

Pip 80° to- a5° 8.H. Very badly brecolated snd .
hydrothermally altered, 0.5" ta 1 54y in south~
sastern hﬂlfngﬁf" , o

Dip vertical to 85° Sww% Gonerally unaltervd,
locally 0.1'" o 0.2'.

DPir vertical to 80° 8, ﬁ. Braidod. Loeally'ﬁadly
sheared and altered in southaaatern half, tight and
unaltared in norhhwaphurn half. . .

Dip 80° to 88° g Vety 1rregular, locally brecciated
and alter&d for 0.3' to 0 8‘ T;ght.

Dip 80° to 35° §., Very irregulars Altered for

0.2' to 0.6'. Alteration decreases to the north-
wazt. Tight. e o '
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F-36

F-37

F-38

F-39

F-40

F-43
Feld
F=45

F-46
F-47

F-48

i vertical to 85° S. Altered for 0.2' to 0.4'.
Ticht. Very irregular.

Dip 85% S.W. Altered for 0.2' to O.4'. Tight.

Dip vertical to 85° S.W. Very irregular. Locally
altered for 0.4' to 0.8'. Tight.

Dip vertical to 85° S.W, Slightly altered. Tight.

Dip vertical to 80° S,W. [Deeply scoured by the
stream. Slightly altered.

Dip 80° to 85° N.w, Clean, unaltered, very slightly

open.

Dip verticsl to 85° N.E. Clean, wnaltersd, locally
brecclated. Many short clean fractures parallel

tO F-LQ .

Dip 350 S.W. Clean, tirht, unaltered,

Dip 85° S.w. Clean, tight, unaltered.

Dip Qertical to 850 S.W., Tight., Altered for
Ot3' tO 005'0

Dip 80° to 85° N.E. Tight, unaltered.

Dip 85° S.W. Locally badly brecciated, Unaltered.
Tight .

Dip irregular, 700 to 850 S.W. Badly brecciated,
practically unaltered,

Dip vertical. A brecciated zone 0.4' to 0.8' wide.
Unaltered.

Dip 77° $.¥. Unaltsred. Open 0.1' to C.2'.
Dip 75° S.¥. Unaltered. Open O.1',
Dip 71° S.W. Unaltered. Tight.

Dip 68° S.%, Badly altered and bleached for 0.6
to 1.5'. Soft, punky.

Hydrothermally altered zone 26,0!' wide. Thoroughly

bleached and softened throughout and locally very
badly altered,
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F-55 Dip 86° S.¥. Tight. Hydrothermally altered for
0.1' to 0.2', Altered material is very soft and
crumbly. Tight.

F-56 Din 88° S.W. Tight. Practically unaltered.

F-57 Dip 84° S.W. Locally badly brecciated and braided.
Contains hydrothermally altered material C.1l' to
0.2' wide,

F-58 Strike N. 3° 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 altered and brecciated for 1.,0' to 1.5'.
Tight. “

F-60 Strike N, 2° ®,, dip 72° N.W. Two parallel frac-
tures, 1.4' apart, cross jointed between. Hydro-
thermally altered for 0.3' to 0,5'. Altered and-
esite is soft and punky.

F-61 Strike N. 4° E., dip 79° N.®. Radly hydrothermally
altered for 2.0' to 3,5'. Altered andesite is
soft and punky.

F-62 Strike N.-S., dip 75° W. Two fractures 3.0' apart
very badly hydrothermally sltered in zones 0.6
to 1.2' wide,

F-63 Strike N.-S., dip 75° W. Badly hydrothermally
altered for 0.8' to 1,3', Tight.

F-6, Strike N.=S., dip 77° W. Badly altered zone 3.5!
to 4.2 wide. Altered andesite is soft and punky.

F-65 Strike N. 34° W., dip 86° S.W. Badly hydrothermally
altered for 0.4' to 0,7'. Altered andesite is
soft and punky.

F-66 Strike N. 11° W., dip 72° §.W. Hydrothermally
altered for 0.2' to 0.8', Tight.

F“"ér] Strike N' 60 'w’, dip 7140 SU?}D Alte!‘ed fOI‘ O-l' .
Tight.

F-68 Strike N. 4° W., dip 72° S.W. Altered for C.1'
to 0.3!.

F-69 Strike N, 2° W,, dip 81° s.%. Badly altered for

1.0' near river. Practically unaltered above
bridee (not shown on field map).
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F-70
F-71

F-72

F~76
P77
F-78

=79

F-80

F-81

F-82

F-83

F-84

F-85

Dip 87° S.%. Altered 0.1' to 0,2'. Tient.

Div 76° 5.%. Zone of parallel fractures, 0.5
to 2.0' wide, braided., Practically unaltered.

Btrike N, 20° W., di» 77° S.W. Closely fractured
zone, practically unaltered.

Strike N. 23° ®., dip 78° S.¥%. Parallel fractures,
0.5'" to 1,5' zone. PFractically unaltered,

Dip 86°-88°% 5,u, Many tight parallel fractures,
0.8" to 0.3' apart. Practically unaltered.

Strike . 31° ., dip 88° S.9, In places varallel
fractures are vresent, Tight, Practically unaltered.

Strike N, 8° E,, dio 74° U.W. Unaltered., Tight.
Strike N.-S,, dip 77° ¥, Unaltered. Tight.
Strike N.=S,, dip 78° ¥. Unaltered. Tight.

Strike N. 19° W., dip 82° S.W. Altsred for 0.1!
to C.2's Irregular. Tight.

Strike N. 34° W., dip 21° S.%. Locally slightly
altered for 002' to Ool’»' . Tié’htt

Strike N. 34° W., dip 20° s.w. Practically unel-
tered. Tight.

Strike N. 39° W., dip $0° S.%, A platy zone 1.0
to 2.0' wide is locally rresent. Tight,

Strike N. 39° W., dip 83° S.W. Only sligntly
altared. Very prominent platiness parallel to F-83
in a zone 10.0' to 15.0' wide. Tight,

Strike N. 16° W., dip 87° S.W. Unaltered, tight.
Strike N. 38° W., cip 35°-88° S.%. Unaltersd.
Prominent platiness parallel to F-35 in a zone 6.0!

tO S'O‘ "Niden Tighto

Strike N. 42° W., dip 86°-88° S.%, Slightly
pvlaty perallel to fracture, Tignt.

N, 60° W., dip 50° S.%. Filied with pouze or

hydrothermally altered material for 0.3-1.0. Dip
steepens in upper half to 68°,
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F-88 N. 1° Wey, dip 81° 3. W Open 0.1-0,3, Practically
Unalterad.

F-89 Strike N. 5° K., dip 65° N.W. Shattered 0.1 foot
wide, unaltered, thrown several €eet down on
We=t side. Forms hanging wal% of closely jointed
Zone. ‘ a

F-00 Strike N. 5% E., dip 65° N.W. Shattered 1.0 foot
wide, altered 0.4 foot wide, forms footwall of closely
jointed zone.

F-91 Strike N. 20° ®., dip 60° S.W. No alteration except
weathering, : ‘

F=92 Heopened fraectures once folloWEH‘by dioritae,

F-93 3Strike N. 350 E., dip 80° 5,%., Continuous crack
open .03 foot,

F-94 Strike N, 5° W., dip 80° S.W. Shattered .1 foot,
open and continuous.

F-95 Strike N. 60° W., dip is vertical, contimuous closed
Cracko »

F-¢6 Strike N. 3° W., dip vertieal, .1 foot shatterad
zone is "dioritized".

'/ Several smell parallel fractures strike N. 50 .,
ip vertically.

F-98 Strike N. 50° E., dip vertical, continuous crack
open .03 feet.

: (For location

of these joints and fracturss see Plate V, Sheet 5.)

Tunnel A.
No. L. Strike N. 90 W., Dip 7o° S.W, Altered 0.2 ft.
- 2. "N, 78 W., " 68° 5,W, Offsets #1 0.7 ft.
3. "N, 74 ., " 62° S.W. Altered 0.1 ft.

4. mON81% W,, " 71° S.¥, Altered 0.1 to 0.2 ft.
5. Altzred arna6 no fracture.
6. Strike N. 79

7.

E”JﬁpBI N.W. Altersd 0,1 ft,
"N, 080 W., 755 S.%. Altered 0.1 ft.
R "N, V., " 68° S.W, Very slightly altered.
g, "N, 780 W., * 73° S.¥. Altered 0.1 ft.
10. n h. 23 W, " 63 S.W. Altered 0.2 ft.
11. " c0% W, " 74° 8,W, Altered 0.0 to 0.1 ft.
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Tunnel B.

No.

Av‘Tunnel

No.

1.

2.
3.
be
5e
6.

T

11.
€.

1.

14.
15.

Strike N. 40° W., Dip 87°-90° S.%. Altered 0.1
to 0.5 ft, ©raided at low angles, probable move-
ment soveral in,

Strike M. 40° ¥., Dip £7°-90° s.v. Altered 0.1 ft.

Strike N. 22° w,, " 70° S.W, Altered 0.2 ft.
Strike N. 85° E,, " 75° S.E. Altered 0.2 ft.
Strike N. 70° B., " 75° S.E. Altered 0.1 ft,
Strike N. 05° E., " 65 ° W, ¥illed with

zeolites., Shattered and weathered 0,5 ft, to 3

ft. ©Shows movement., Parallel to #7. .

Strike N. 5° E., Dip 65° W. Altered and
shattared 0.1 ft. Forms hangine wall of broken
zone. Lack of clay or gouge shows that selvage

on #6 ias due to weathering and ground water seepage,
9., and 10. Strike N. 35° W,, Dip 75° N.E.
Weatherad up to 0.1 ft. Slisht movement on #9.
Belon:; to same system as Nos. 1 and 2,

Strike N, 70° E., Dip 75° 5.%. Minor fracture.

Fracture Strike N, 22° W., Dip 83° S.W, Altered

0.2 to 0.3 ft.

Fracture Strike N. 25° W., Dip 42° 5.%. Altered

0.1 ft. locally.

Zone of platy jointing,

Frecture Strike N.-S., Dip 25°-35° W. Slickenw

sided and containing clay.

Fracture Strike N. 1%° W., Dip 68° s.W. Tight,

unaltared,

Fracture Strike N, 12° w,, Dip 43° S.W. Tight.

unaltered.

Two parallel fractures. Strike N. 15° W., Dip

68° s.¥, Very sligntly altered.

Two fractures. Strike N, 05° W., Dip 72° S.W.

Lltered and oxidized for 0.2 ft. Soft.

Very prominent fracture. Strike N. 63° &,, Dip

86° S.E, Tight, unaltered.

Fracture. Strike K.-S., Dip 68° W,, Altered 0.1 ft.
" " N. 40° &., Dip 3P W Tight,

unaltered,

Fracture. Strike N, 61° ¥., Uip 84° §.E. Tignt,

unaltered, A

Fractures parallel to 12,

Fracture Strike N. 107 ¥%,, Dip 68° s.¥., Altered

0.4 ft.

rracture zone. UBraided altered fractures, 1.0

ft. wide, Strike N. 20° W., Dip 85° S.w.
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Tunnel C. (continusd)

16. Fracture Strike N. 63° W., Dip 65° 5.W. Badly
altered and oxldized fer 0.4 to C,8 ft, Very soft.
17. Fracture Strike 4. 26° W,, Dip 37° S.F. Hydro-

thermally altered for 0.1 to 0.2 ft. No soft material

prasent.

18. Fracture Strike N, 36° W., Dip 80° N.E., Platy and
shattered or crumbled for 2,1 ft. on each wall.
Slickensided, no gouge.

Tunnel D,
No fr-ctures or faults occur--only continuous jJoints
are present--orientation as followas: 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.)

JI - Petrography

45. A microscopic examinstinon of the foundation rock at the damsite

was made to determine more closely the several types of rock and to
study the alter:tirn of these rnéks in certain areas. Twenty samples
were selected and one or more slides made frum each. Forty slides were
prepared by grinding rock sections to 3/1000 of an inch and mounting
thaem on glasa.slides with'the eld of Canada belsan. Determination
of minerals was made by the use of a polarizing microscope. Uetails of
the study ars given in Table 1 at the end of this chapter. Rock types
studied in the laborstory closely agreed with the field determinations
and classification of OtNeill (h).

3fﬁ46. The andesite porphyry {r.m the small dikes clesrly shows the
least amount of alteration of any of the rocks of the area,valthough
some secondary minsrals, chlorite and epldote, are present., The ferro-

memesium minerals from which they are derived are still identifiable,

which 1is not the case in the andesites. The rock is easily distinguished

in the field by its greyish-zreen appearance and by the large pheno-
crysts of feldspar and altsred hormnblende. The hardness and toughness
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of this particular rock is shown by its physiograchic expression near
the toe of the ﬁrobosed(dam, where it stands as low ridgp# above the
surrounding rogk floor. No comprésaion or shear tegtsﬁ%afé made on
the andasitewborphyry, eince the tes£ samples had been ée;ected before
this material was recognized as a distinct rock type.

v%7647.' A rather wide variatinn in mineralovical eompoaitinn is noted
in the diorite rocks studied. The foldspara have a;pmneiderable range
in éoﬁnasitién &nd the percent of qﬁaftz ranges from 5% to 60%. Thié
, vari&bilxty'is uossibly due to tha influence of the wall rocks on ths
rising dioripic;magmam In DH 27 at elavatlnn 10004 & very light
g colpr§d5material coﬁposed of 98% foldapar and quartz was encounterqd.
It‘1a a‘fihe*graiﬁed granite. Two gsamples from bhgllarge d;grite dike
,»(Appﬁndix B, 913 te I) have only 3% quartz and fall in the diorite
: claasificatlon. The remainder are qua*tz diorite, but for di scussion
purposas thqy are all. referred to as diorite. g |

3,f“ Aﬂﬁ‘ Alteratinn af tha type prQV1nusly deseribed (chlorite and
'apidobm) is pragent 1n these rocks to an equal or greater axtant bhen
‘1n the 8ﬂd&“lt$ porplyry Mevascopxa examlnatlon of the samplae studioa,
ahows a allght staining und weathering effect not seen in the snecimana

of andasite porphyry. orite from the.drill holea~iﬁ usually fresh
- “and gound. Teste on'the“diorité swaicomprassive atrength‘of 20,000

fxﬁs. per squafe inch or o;er. Hybrid vérieties are mor@v§§riabia and
run &s low as 7,770 per sq. inch, ﬁhile others run around 12,000 to
13,000 lbs. ﬁer aq. inch, o |

Y49,  iUost of the andesite specimens studied were from the jointed
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and altered area on the right abutment above the road. {(Drill holes
2, 8 and 28) Composition of the feldspars is quite uniform but their
amount is variable from 5% to 50%. This is due in vart to alteration
and in part to the finer or groundmess portion of the rock being un-
identifiable., Quartz appears as a replacement miﬁeral (up to 40%)

in at least half of the samples. Alterstion produets account for most
of the remaindsr of the work. Kaolin is present in surprisingly small
amounts for a rock of suéh lusterless, unsound ocutward appearance,
Condition of the drill cores made it impossible to secure any specimens
for shear testing in this particular aréa. From calyx hole and tﬁnnel
data the sound rock line was placed below this material.

50; Many local areas exiét where the andesite has become a -
hybrid, quartz-~bearing rock by the addition of hydrothermal solutions,
While its strength is probably not as great as that of the unaltered
sndesite, it is still adequate for a foundation rock. More normal
appearing andesite was encountered in tunnels A and D, although pet-
rographic examinati-n of this rock may show some of the alteration and

hybridization found in other specimens.

#/wSl. Qverburden: Little mere than & brief sumwmury is necessary
in discussion of the overburden in the foundation area. The rock
contour map (Appendix B, Plate III) has been drawn from field date on
drill holes, tunnele and tranches. The overburden material containe
a few large boulders (Tunnel C, BR émbankmcnt, etc,) but due to the close

jointing in much of the area, the talus and slope wesh is smallin size.
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\/ ) v
S 52, Haximum denth of ocverburden encountered was in DH 54 near the

hend of the buried gsully on the right abutment., Seventy feet of this
wag talus overlyin; the cemented rravel and boulders. Apparently little
of this material would be remcved for the low dam. Further axploration
snould be done during or prior to construction to‘verify the rock bench
in the vicinityvof)DH 16. The present interpretation shows a continuous
rock line above the crest elevation of the low dam, but extending diag-
onally downstream from DH S,

53. Un the left abutment the greatest depth of overburden in the
foundati~n area lies between DH 52 and DH 34, where the material is
talus and slope wash, As wreviously mentioned in Sec. IV, zravel

depogits are knowvm to be 60 feet <deep in the river channel.

e

54. Rogk sxcavation: limit of rock excavation is estiméted from
apparent sound rock in the drill cores, and in the calyx holes and |
tunnals. The sound rock contour map (Plate IV this Appendix) is based

on these interpretations. This may 1s expected to set tie maximum rather
than the minimum or &veraye limit of the rock excavation. Many areas
especially below elevation 1300 are belleved to Ve perfectly sound only

¥

a few feet below the surface of the rock.  Estimated average depths of
. *

rock excavation based on eXpl3rution dota are as follows:

Logaticn Elevations } e aE Depth
Left Abutment 14,00-1550 20 ft,
Left Abutment 13001400 16 ft
Left Abutment 1200-1300 7 [t.
River Bed 1130-1200 3 ft.
Right Abutment 1200-17350 18 ft,
Richt Abutment 1350-1550 38 ft.



| 55, Selective mining out of Qeams and'éltefud ATCAB 5éléw'the
general excavation line mey be necessdary in nlacea: This shnuld
eliminate the necessity of deeher eycav&tion under whole blocka.

“ 56, Groutingt A program for grouting the faundatiap area has been
outlined by E. B. Burwell (b) consulting geologist, 1n his!repdrt of .
October 25, 1940, (See Chapter II of this appondix) The initial stage -
of this program probably will effectxvuly’seal the majority of the open-
ings OV”P most cf the area. In the final stage of‘Rrouting tha abut-
mente at the higher olevations will likﬂly receive most of the grout.

This 1s espeelally true of the high dam

L 57,  Pressure testing has giVen some indicaticn of the sxtent of - ‘L
open Jointing in the foundatlion area. [ive-foot segments wéro tested
concurreﬁt‘with the drilling of each hole in the 1940 exploration‘prograﬁ.
Thie method is recommended over the methods used in the earlier yrogram,
when an attempt was made to place the packer at succesaivaly lowerJ
slevationg (usually 1 or 2} until the bottom porﬁion of the hole ehowad
favorable holding snd pressure tests. ,

¥ 58, Least favorable tests during the 19A0‘progrém,wmrdvqhtginad
in the NX pilot hole at CH 3. Water losses were a8 much as 2.1 eu. T,
per minute for many of the five-foot segments in the upper 80 feet of
‘the hole, A large amount of seepage was noted in tunnei)h at‘ﬁhé time
CH 3 was beinz drilled, Upon completlon of the cglyx hole ahd thb‘tunnol,
fldyrescine dye was placed in the bottom of CH 3 and the timaléflits
appearance was noted in the tunnel below, A fow minutes over:five hours

wer& required for the dye to travel the inclined distance of 90 ft. by

grevity alone,



.
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59.  Depths of oxidization and of heavy discoloration cf the drill
cores are shown in the drill logs by a heavy vertical line. (Appendix
B, Plate V, Sheets 1-4)

< 60. Incidental to examining the cores for determination of sound
rock depths, the maximum depth to which the cores were stained by iron
oxide was also noted as an indicator of the extent of the circulating
ground water. A line drawn on the profile on Plate II, Appendix B
shows the lower limits of the iron stained joints as determined from
the drill cores., This probebly doaé‘not represent the maximum depth
to which good grout penetration wiil be obtained, but is considerad the
most importent area.

61. Stability: With such foundation treatment as hae been out-
lined, no knom factors remain which would affect the stability of the
dam. The joints and fractures are favorably'located with reference to
the axis of the dam and dip downstream‘or toward the left abutment at
high angles (70°~85%°), A few subwhorizontal fractures dip toward the
same abutment., Proper care in washing and grouting these to eliminate
any seepage is necessary. Differential settlement under maximum loading
is to be expected in a Jointed rock of this tyne and is considered
in the design. Compression stresses are most nearly parallel to the

fracture lines while the shearing stresses are morec nearly normal to

these lines.

VIII - DIVKISTION, SPILLVWAY

62. Diversion: Plans for diversion of the river during the early

staces of construction call for sarth cofferdams sbove and below the
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the foundation afea. Deep gravel deposits are known go exist in the river
channel at the axis of the dam and for 200 feet or more upstream. To
effectively seal thé area ageinsi seepage two locaticns are suggeated
for the upstream cofferdam.
a. In the viecinity of DH 6 where the bedrock rises to
elevation 1170. Drill recofds indicate large bouldors
in the gravel which might prevent the use of sheet piling.
Removal of the gravel and boulders to bedrock may be
necessary before placing of the cofferdam.
~b. Just upgtraam of DH 1 and DH 7 a ledge of rock extends
pert way across the river channel which mignt be utilized
“in an effective cofferdam.
\"d63. Consider:ble depth of gravel shoula be expected in the
stream bad below the spillway apron and should be considered in placing
2 cofférdam in that area. '
6la ,SQillwax end Jutlets:  The downstream edge of the spillway
apron of the low dam 1s faforably located on the diorite dike, which has
already retarded erosion of the stream channel in that srea. Excessive
erosion downgtream from the apron seems very unlikely. There already

exists a deep pool partially filled with debris, whieh mey be effective

in retarding the action of the water.

‘IX - RESERVOIR
r 65, Leakage: The Detrcit reservoir presents no problems involving

leakage or evaporation. No low divides or narrow ridees separate the

reservoir from adjacent river valleys, and the volcanic formetions are
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relatively tight and impervicus. Several large deposits of gravel may
give some additional storage, but the amount is not expected to be very
great..

66. Landslides: Some small landslides are found at maximun pool
elevation, and may affect the rrad and highway relocation in these areas.
Cne of particular note near Berry Forest Camp (Sec. 16-T10S-R5E) has
already been considered in the relocaticn surveys. Land slips should
be of no concern in the Sardine lava series of the upper vorge. The
Breitenbush Tuff series above the mouth of Blowout Creek may be sub-
Ject to local sliding in deep roadcuts.

67. Silting: Deposition of some heavy debris must be expected
where the Breltenbush and the main North Santiam enter the reservoir.
Fluctuation of the pool level would distribute the material, 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 steges must necessarily carry
a small amount. Some glacial flour is carried in the summer melt water
of Whitewater and Milk Creeks. Wave action, while vrobably not severe,
may be noticeable in some areas.,

s

X ~ CONCPETE AGGREGATE

- 68, Alluviel Deposits: Preliminary studies of ccncrete 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 dam and offers several good sites for an aggre-
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gate processing plant. Rail trensoortrticon to the damsite eould he
probably arranged over the existing roilroad tracks.

¥ 69, More than 200 acres in this vicinity are underlain by sand
and gravel deposits, ncne of which has been penetrated morz than 10
- feet by any of the eight tdet cits in the area. Apparently sufficient
material exists to allow seiective operations and to allow a high
percentage waste if necessary.

\V170; Another hatural aggregate deposit of sufficient size for
consgideration is in the south half of Secticn‘25 T98 R2E. It extends
for one to‘twn miles along the ripght bank of the river below Mill City,
(See Appendix B, Plate VI) (?nly‘one sh&llov: test vit m;“s dig in the
bottom‘of tlie state highway borrow pit. Furthar roconnaissance of the
ar@g,indicatsd‘a'sufficienthquantipy of materisl avallable for Detroit
Dam. ;Use of the deposit is dependent, however, on the aquality of the
material, which is expoctes to be as good as the deposit above the
'd&maitg. Further tests would be necessary to determine 1 s sultability
ag conéreb aggregate, Both dapowita show cunsiuerabxe v&rlatinn in

the natural grading, and therefore may be deficient in certain ascreen
sizes. The £6" sige ranges from‘2.3% to 53.2%'ahd ﬁﬁe sand sizes range
23.3% to 66.9% of the total. Since e{ther area 1s sufficiently‘iarge,
Selective borrowing might possibly improve the size gradetion znd elim-
inate some hrball the crushing costs., kIn generﬁl the two arees may be
céﬁ@éredraa followst Both deposita are derivsd from the lavas and vol-
-canic rocks of the Cascade Mountains. The Mill City deposit has the

additional admixture of the rocks and minerals derived from the Santiam
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canyon. Much of the material in the lower deposit, hnving travellgd
further, saould, by comparison, be smaller in size and have a smaller
percentage of unsound material, eépecially in the gravel sizes. The
ratio of mineral grains to rock fragments should be ﬁigher in the sand
sizes of the Mill City deposit.

71. Most cf the samples tested 8o far are above the level of the
permanznt water table, Material below ﬁhis-éurface may be less weathered
end consequently give better Last results. ‘

72, Crughed Rock: Use o»f crushed sicne from the foundation of
the dam or & nearby area for all or paft of the aggngﬁté has been
sugrested, The petregraphic study of the foundation rocks showed cone
ditisns very unfavorsble for their use as agsregate. Alth@ugh the
material is considered mors than adequate as a foundation roék, its
mineraln;zicel cgﬁyoaitian is not desirable for good concrete aggre-
rzte,  Abrasicn tests are nacessurily high on crushed rbck and the shape
of the fru:zments ey not be sultable. Magnesium sulphate losses would
be high because of tae structure of the rock and becsuse of certéin al-
teration winerals such as chlorite,

. '70

T ow

It 15 a feregbne'canclusion that most of the rock to be
excavated for the foundation of the dam 18 of poor quality and therefore
of little or no use. Altaration of the andesite country rock has been
nratty ceneral in the damsite area, and while possible, it is not very
nrobatle that sutensive arees of suitable aundesite {ur aggregate can be
found, A cossitility exisls ab.ut a mile upstream, where the quartz

diorite intrusive roccks ure well exposed. Specimens of material from
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XL - CONCLUSIONG |
74,  The North Santiam River offers a number of favoreble sites
‘for power dams with 100 to 150 ft.bhead: The cross-section of the -
_Santiam canyon is very distinetly V*éhaped in the bottom‘and widens cut
into nafrow terraces or benches above. dinh storage reuu;remants for
flood cantrol dams present many Hif?icultlae in selectinw sites of
ravarahle oross»aection. This is true not only of the Normh Santiam
River but of other atpeams in the Willametta Baﬁin. The ”innar eanywn'
is rare¢y of sufficient de;th and a flood control dam.mnat axtand up
on to the adjacent bench or teprraca. The Detmolt Dam ﬁite, chated near
the head of the Santiam rorge is most favornble for ataraya raqulrﬂments.
7%.  Rock conditions at the other North Santiam,damvaites inves-

tigated for the 1936 report (McKitrick,'(d),’(Piﬁer; (i)) grﬁfsimilar -
to th&se at the Detroit { Boundary) site. ‘Joiﬁting and:fpa;tufahg,‘in»
truaions, and seccndary mineralization Arg generally‘prééent, tﬁsrefdre
the lower sites would have 1ittle if any advantages in foundation con-
ditions. S8mall advantages wouidvlikely ba affeet by 1nereas;d height.
| of dam teo provide sufficient storagé. | |

s, 4 the gréaent‘timé the most gsrious problem con@fdnting the
construction of the Detroit Dam is the location of suitsble concrote
aggresate deposits, From present indicati?ns'the natural aggregate
in the reservoir zrea is not satisfacﬁory;  Further research and testing
i3 necsssary to determine whether the North Santiag(sands’and gravel
can be brougt up to spscifications. It.may‘be necessary to add
Willamette or Columbia River sand to Detroit“annd whici has been washed

and milled.



77. xploration of the damsite has basen adequate to outline
structural conditions of the frundation and determine within reas-nable
limits the rock surface and the sound rock line. Turther exploration
during construction often becomes necessary to outline mihor irreu-

larities and tais may well be the case in a dam of this sirze,
y

Lloyd L. Ruff,
Assistant Geologist,
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eport of 7. 2. Burwell, Jr., Consulting Geologist,

Detroit Dam and Reservoir, lorth Saatiem

River, Crezon,

Getober 13, 1939.

Detro it Project on North Santiam River

1, The plan for the Detroit Project provides for the construction of
a concrete dam to an initial crest elevation of 1475 and an ultimate crest
elevation of 1580, The maximum helght of dam for the initial stare would
‘therefore be approximately 325 feet and for the final stage spproximately
430 feet. As this dsm is to be very high, careful consideration must be
given to all the facts that relate to its foundation.

2. Geologic Setting. The narrow gorze in which the dam site is lo-

catad is formed in and underlain by thick Tertiary lava flows of the
andesitic type which appear to dip westerly at low ansles. The base of
the andesite was not reached in borings drilled to a depth 20C feet be-
low the stream bed and it extends to an elevation of more than 1000 feet
above the river in the valley walls., A few miles above the dam site, near
the villare of Detroit, the lavas rise above drainage and fragmental roclss
ofivolcanic origin - tuffs and apsloaerates - come to the surface, At a
nunber of places the lavas are cub by intrusive masses of diorite, a rock
similar in composition to andesite, but distinpuishable from it by its
granitold texture,

3. Character nnd Condition of Foundation. The prinecinal rock nass

at the dan site is composed of andesite, a dense, fine grained rock of
voleanic origin. It will form all of the foundation except in subordinate

areas where intrusive hodies of diorite in the form of dikes and tonrues



are present., The andesite 1is a dense, hard, durable roclk, has a high
strength, is free from porous layers, such as are commonly found in lava
flows, and, where structurally sound and unweathered, is a suitable rock
for o high dam of the gravity, arch, or bubttress type. Preliminary tests
indicate compressive strengths ranging from 14,000 to 30,000 pounds per
square inch. HNo scoriaceous contncts, vesicular layers or civnder beds
have been discovered in outcrops or in any of the 43 core torings made
in the site area. #hile the andesite has undergone a considerable smount
of hydrothermal alteration, and such alterations have in places lowered
the quality of the rock somewhat, the changes are relatively unimportant
from the enginesring polnt of view; for vhere umweathered and confined,
the poorest ~rade of andesite observed has a strength far in excess of the
requirements.,

4e The dlorite masses which will form a relatively =mall portion
of the foundation are composed of thoroughly competent rocks and no evi-
dence was found that the nature of the cont.éct. zones is such as might
affect the design or stnbility of the dame Some non-netallic mineralizae—
tion by materials weaker than the inclosing rock has taken place in the
contact zones and in premineralization fractures in the andesite, but the
strength of the foundation as a whole has not been appreciably effected
and such mineralization has been advantageous the extant that it has healed
the older fracture systems,

5. The prineipal flaws in the foundation arise from the several
rather conspicuous fracture systems which cut hoth the andesite and
diorite masses. Al) of these have promoted woathering of the asbutment
rocks, in nlaces to c(x'widera‘ola Jenths, :md‘ along some of thie Jractures

minor shear zones of chattered rock have developed. In preneral, however,
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these planes and zones of weakness appear %o have’been greatly accentu-—
ated by weathering and it ie rrobable that most of them will become tight
and many of them barely perceptible below the zone of weathering.

6. There aﬁ'e two fracture | systeins thal warraant special mention and
consideration. Jne of these strikes approximately W 459 W and dips 80° or
more to the southvest. These fractures cross the proposed axis of the
dam at an angle of about 70° If continuous and open, they would have
an impoftant. 'bearing on leskage and might conceivably affect the shear.
strength of the foundation., Thsy are conspicuous along the bedrock f{loor
at the foot of the left abutment and have to a large extent controlled the
course of the river through the site area and probably the buried ravine
in the right abutment. The fracture spascing varies from a few feet to
20 fest or more. On the valley i’loor; where the outcro_gping rock ia‘
fresh and sound, they are tight, are arranged in an echeloned pattern and
are not contlnuous over great distances, though some may extend through the
dam site area. Generally they are single fractures, tut a few show narrow
fractured rock zones along them. “hile this system of fractures has pro-
moted weathering in the abutments and bears on the grouting problems, partic-
ularly in the abutments, its bearing on the stability of a gravity-type dam
is believed to be of little significance. Owing to their nearly vertical
position, shearing of the fourdation would take place before sliding along
these fractures could occur,

7. The other set of important fractures strikes N 10° @ and dips
70° or more to the northwest. They are therefore roughly parallel to the
axis of the dam and dip in a downstream direction. The rost conspleuous
development of these fractures is seen along the hichway cut in the right

abutment a anort distance upstream from the proposed location of the heel



of the zravity dam. In a zone approximately 100 feet wide, 8 of these
fractures were observed. Along some of them shear zones as nuch as 2 fect
wide occur, but nowhere was fault-mougze or finely crushed roclk found., It
is believed that the amount of movement alongz them has been small., Deep
weathering has taken place nolong some of them, however, and the crushed
rociz zone at the outerop consists of soft fragmental rocl and clay.

These fractures were not obaeryed to extend dovmuward through the abutment
to the valley floor and are apparently, in part at least, cut out by inter-
secting fractures of other systems. It 1s believed that weathering has
enornously accentusted these zones of weakness in the risht abutment and
that below the zone of weathering the conditions will not be such as to
challenge the feasibility of the foundation for the high dan proposed.
Further investigation of these fractures and minor shear zones by means

of tunnels and large diameter drill holes is, however, warranted. Ho
evidénce was f‘ound that any faulting of major proportions occurs within

or near the dam site area. The opinion that belovw the zone of weathering
the najor fracture systems are tight is substantiated by the satisfactory
core recovery obtained from most of the borings drilled in the valley bottom
vhere erosion has kept pace with weathering,

&, Stability of the Right Abutment. HNo evidence has been brought

to light thet the roughly pvramidal shaped rock mass that forms the right
abutnent is out of nlace or that it is parted from the nain valley wall
mass by any dangerous plane or zene of weakness. While it is probable

that a yrominent set of northwest fractures culs the right abutment along
the buried ravine, it is believed that, lfor all practical curmoses, the
ri-ht abutment mass is monolithic with the valley wall nass, Investi‘,-;ation/

of the luried ravine area by means of tumeling ls desirable, lhowever, and
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has been included in the suggested plan of explorations.

9. Iype and Location of Dam. In the writer's opinion no geologic

conditions are now known that would preclude the construction of a safe
and effective concrete dam of the gravity, arch, or butitress type. Roth
the foundation and the topography are belisved, however, to favor the
gravity type. ‘hile it sppears that the choice will be governed primarily
by engihearing considerations and economics, it seems reasonably certain |
that a gravity-type structure would minimize the disadvantaces of the
foundations resulting from the fracture systems described above.

10. The location for a [ravity dam as now nroros»d has been Joverned
largely by econc;mic consicerations os determined from tie preliminary
bedrocis coutour map, Further investigation of the shear zones in the right
abutment may bring to lisht conditions that will justify shifting the
axis somewhat farther downstream, mut no major change is indicated.

11. Stripeing Reqirement., In the examination of cores special

attention was paid to the condition and depth of weathering in all critical
areas in an effort to determine the depth of stripping necessary to secure
accentable foundation rock. All of the cores talen thus far are of small
diameter (1-5/8 inches or less). Owing to rather hich core losses in many
of the sbutment holes, some of vhich were undoubtedly due to causes

other than weathering, a well defined strip line is rot apparent along

any 7iven section through the abutments. It l1s cerf,ain, however, that

the depth of stripping on the zutments will vary widely due to variable
thicimesses of overburden and to irregularities of weathering 2long
fractures, It is anticinated that the depth of rock strippin~ normal

to the slope of the abutments will range from 20to 0 fest., Complete



renoval of the projecting rock masses below the highway bridse should be

provided for as they are badly brolken and unsbable.

In the wvaller bobtom

where the rock is, in general, sound at the outcrop, allowance of 5

feet of stripping below the bedrock surface cppears adequate.

All of

these fipgures may be altered materially by the further nore reliable o~

plorations which have been recormended.

Some indication of the

nrobable

depths to sound rock is given by the following data on selected borinrs:

Hole

Location

b
7
15
16
19
22

12.

Valley bottom
Valley bottam
Left abutment
Rlght abutment
Right sbutment
Right abutnent
Left abutment
Iiigl’xt abutment
Left alutment
Right abutment
Right abutment
Left abutment
Valley bottom

Valley hottom

Leakage Conditions.

Hlev,
B

11¢5
1219
1375
1575
1643
1427
W71

1404
1449
1433
1505
1207
1198

Rock =Slev.

1130
1213

1368

%33
1393
1395
1449
1431
14,56
1207
1198

3 =
Hoglk Elev,

1126
1213

1357
1515

A cursory examination of the reservoir

ceology and 2 study of the topography of the North Santiam wabershed

indicate that there is no probability of importamt leakage i1f the dam

abutments and foundations are satisfactorily sezaled by means of a grout

curtain constructed at the hesl of the dam.

- b -

A considerable quantity of



rather deep grouting is indicated for the atutments, for among the most
prominent [ractures are those that trend roughly nomal to the axis of
the dam., Zelow the valley bottom it is believed the srouting require-
ments will not ve excessive. |

13. Zarthguakes. No ,reat earthqualces have occurred in Oregon with-
in historic time and only 2 of the 13 recorded since 1356 are listed as
of intensity & as measured by the Rossi-Forel scale. One of these occurred
in 1873 and had its epicenter near the Oregon-California border; the other
in 19356 with its epicenter close to the Oregon~llashincston border. Con-

cerning these tvwo most noteworthy earthquakes, the following statements are

taken {rom Zarthguake History of the United States, Fart I, Coast and
Geodetic Survey, U. 3. Departument of Commerce:

1873, November 22. A cevere earthguake centering between
Crescent City, Californla, and Port orford, Oreson, and presumably
near the Stste border, was felt from San Francisco, Califorda, to
Portland, Orsgon, over an area 280 miles by 160 miles. Between
Port Orford and Crescent City many chimneys were thrown down.

1936, July 15. lorth Oregon Just south of the border. The
earthguake was destructive at Freewater, State Line, and Umapine,
Oregon. At Freewat:r, plaster and windows were broken, chimnsys
were shifted at the roof line, and there was various damage to
schoolhouses and other btuildinzs. At %alla Walla movable objects
were shifted and a few chimneys were wrecked. In the central
region there was much eraclking of the rround in one case over an ,
area 1500 by 75 feet. The shock was felt over a large area in '
ashinston, Orepon, and Idaho. Thers were nuwaerous aftershocks up
to Movember 17. The two stroneest attained intensity 5 on July
18 and August L.

PO
ﬂn s
£

14, No seismic disturbances of sufficient intensity to cause damage
to an engineering structure have been felt at Detroit within historic time
and no active faults are !mown to exist in the area. However, as {his dam
is to be very high, and the rossibility of seismic disturbances does exist,
there appears to be justification for an earthguake asswspbtion in the design

of the dan.



15. Further Investigsations. Turther subsurface investisations by

means of F-inch drill holes and tunnels to determine the character of
the fracture zones in depth and the amount of stripping necessary to pro-
vide sound foundation rock are shown on the accampanying man. (Flate I.)
wWhile the important arsas have been rather extensively explored with small
diameter drill holes, much additional information regardins the structural
detalls and depth of weathering is to be desired and this cun besi be accom=
plished by explorations of sufficlent size to permit an inspection of Lhe
fourdations in place. |

16. Conclusions, The present incomplete data indicate that there
are no meological conditions at the Detroit site that would preclude the
construction of a safe and effective concrete dam of the maximum height

proposed,



Supplementary Report of E, B, Jurwell, Jr., Consulting Geologist,

1 ey A, 08

Detroit Dam end Reservoir, ilorth Santiam

River, Oregon.

October 25, 19540,

17. A report on "Geologie Conditions Releting to the Locetion,
Design end Construction of the Provosed Detroit, Cottage frove, Fern
Ridge‘and Dorene Dams" was prepered by me end submitted under the date
of October 14, 1939. Subsequently, extensive subsurface investipations
have been made at the Detroit and Dorena sites end the Cottage Grove snd
Fern Ridge projects have entered the construction stage. During the
period Qectober 7 to 11, inclusive, 1940, I made further studies of the
geologic econditions at Detroit end I'orena and inspected the foundations
for the spillway structure at Cottage~Grovs. On October 12, 1940, a
conference was held in the Distriet Office, at which time the results of
these investigations and the verious problems end questions presented for
my consideration ﬁere discussed. This supplementery report confimms the

findings and opinions given at that conference.

DETROIT

18, Under the subject "Supplementary Geologic Report om Detroit
Dem Site, North Sentiem River, Oregon" the District Engineer, in his letber
of October 2, 1940, requested a supplementary geologic report on the
Detroit dem site covering specificelly the following features:

"(e) £~ check of all geologic interpretations made by
this office, "It i3 especially desired that an eccurate and
complete check be mede of our '‘rock' and 'sound rock' contour

maps. The latter map fixes, in gemnersl, the excavation lines
for the proposed structure.



"(b) A study of the nost suiteble aligmment for the "low!'
and 'high' dam axis as determined by geologic considerstions.
The low dam axis must be loceted to fit economically into s
future hish dem plan, Future raising mey teake plece either on
the downstreem or upstream face of the initial low dam.

"(¢) A recommendation in regard to foundation grouting,
dreinege, snd, if pertinent, special treatment of fracture
ereas, Your opinion is especlelly desired in regard to depth,
grouting pressures and extent of grouting thet might be re-

uired for (1) consolidation of criticel fcundetion areas, and
?2) the provision of a suitable cut=off grout curtain near the
upstream face of the dam.

"(d) A reconsideration of the stability of the right
abutment, Reference is made to parsgraph 8 in your report of
October 18, 1%3%2. Your further considered opinion is desired
in rererd t the possibility that the whole right sbutment ares,
dovmstream from Tunnel T-, is a slide block which has become
seperated from the main valley well mass. If such a condition
is possible, a statement as to the seriousness of this feature
from e structurel standpoint is desired.

"(e) Reconsideration of eny other geologic features brough
to light by the latest explorction program which might change the
conclusions arrived at in your original report or which might
affect the design of the structurs.,”

The above items are discussed below in the order listed,

15, A careful study wes mede of bedrock conditions revealed by

the 3€~inch drill holes, tunnels and trenches end the cores were examined

fl

from all small diemeter drill holes located in the sreas in wiich structures
would be pleced. My findings relstive to bedrock conliguration end sound
rock elevations agree reasonsbly close with those mede by the listrict
office. In same locetions, where the sound rock elevation was not clesrly
defined and it was necessary to make a clioice between a maximum end minimum
strip line, 1 have talen the caservative viewpoint amd used the weximun,

On o basis of all of these determinetions, it appeers that the everage deoth

of rock strinping necessary to secure foundations suitable for the high dam



proposed willl renge from 40 to 60 feet in the right sbutment, from 5 to 10
fest in the valley bottom, snd fram 20 to 25 feet in the left abutment.

The data on sound rock depthe are tabulated below:

Hole Noe Depth to rock Depth to sound rock
in feet in feet
13 18,3 B8,.¢
9 6l.3 : 787
15 2242 B4.6
16 58,3 60,0
14 660 ¥ 4840
8 4,5 liot reached st 54,8
283 0 . 6643
29 1% 42,53
30 2 i 4041
47 0 - 10.0
63 0 12,5
28 31.7 46,2
37 13.68 46477
4 64,7 . 69,5
5 85,2 68,9
40 0 30
41 0 9e2
45 0 10 Verticul
3l 0 5
42 13.0 20.2
46 0 2.1
15 6.7 3Ze4
45 . 13,0 24,8
256 9.4 34057
17 11,4 22.0
51 11.9 29.7
34 4945 54 .1
52 3063 43,0
50 17.0- 2840
48 10.0 870

Speciel mention should be made of 36-inch hole CH 2 in the valley floor
where locael conditions apparently are respoﬁsible for the deep sound rock
elevation., It seems vrobable that a few feet away from the intrusive
contact, w ich this hcle penetrates, the sound rock elevation lies within
5 to 10 feet of the surface. There will doubtless be other lozalized
rreas where, due to strucil:ural conditions, a deeper than average weathered
rock zone will be found end have to be removed, but these should not

materially =ffect the total quentitiss.

- 11



2C.  Structursl conditions in the andesite mess which forms the Tetroit
dam site and the effects of structure on rock weathering are such as to
meke it desirable to locabe the axis of the dar ss far down strganm es
toporrenhy snd engineering ﬂnnsidorafions vernit, Tecv westhering hoeg
penetreted tha prominent shesr fractures which cut the right sbutment between
tunnels T-B and T-C (strike N 5 to 10° # dip 65°+ to S.7.) and clay fillings
from a frection of sn inch to 6 inches are present sbove the highway levels.
While the nmovement along these fractures appears to have been smell and
they are not regerded as flaws of a serious nsture, they have materially
affected the quelity of the foundation in the eree in which they are most
conspicuously develoned and should be savoided as far as possible in locating
the upstreszm limits of the dem. It is to be noted thst these fractures zre
neerlv norrsl to the line of maximum thrust emd it is conceiveble that they
migkt efford a considerable amount of slack in the right abutment founde-
tion unless thoroughly treanted. ¥For these ressons it is rccormmended +hst
the heel of the ultimate stege der be loceted not farther upstresm than
that shown on the sheet ko. 1 of the vresent project plen., It would seem
desirsble, therefore, 1f this reconmendetion is to be followed, to decide
in advence of the initiasl stege construction on which frce the dam would

be raised when end if the ultimate stege construction is underteken,

21, While the foundetion rock tt Detroit is a strong, durable
endecsite, it is cut at rather close intervals by fractures of both tension
and sheer types. Partiel removal of restreining loads incident to the
development of the torth Sentiam kiver velley hes resulied in the opening
of men; of these fractures tc considerable depthis in the valley wells and

deep westhering has taien place in masses thet lie above the water teblee

The two most noticeoble frecture svsters are t ose which for s8ll practicable



purposes may be considered ss having trends perallel and normal respectively
to the exis of the dam. The former, especially, might afford some slack

in the sbutment rocks in the direction of the maximum thrust end the latter
ere of special imnortance from the leekage point of view. Asg the 36~-inch
holes and the tunnels indicate the presence of a cmsiderable number of
open or cley-filled fractures below the probable foundation elevations in
the sbutments, it is believed thet consolidetion grouting should be provided
for beneath the sbutment monoliths of the dam. Reasonably tight bedrock
conditions are indiceted beneath.the valley floor by the 36-inch holes end
the pressure tests made on small diameter holes so that curtein grouting
only seems necessary under this portion of the dem. The following general
plan of zrouting is suggested:

a. Prior to placing concrete in the dem, consolidate the
upper 30 feect of the ebutment foundation by means of drilling
and zrouting 30-foot wagon-drill holes on 20-foot centers over
the entire area of the abutment monoliths using pressures us to
but not exceeding 50 pounds per square inch. Careful washing
of all holes to remove cley-fillings should be done.

b, Cons*ruct & shallow curtain along & line 5 feet up=-
stream from the heel of the dam for the full length of the dam
before placing concrete by drilling end grouting wegon-drill
holes 30 feet deep on first 20-foot centers, then 10=foot
centers, then 5-foot centers, if necesgsary, to secure a tight
curtain using pressures not exceeding 50 pounds per squsre inch.

c. Construct a deep curtain along the full length of the
dem end for a reasaneble distence beyond the ends of the dam
from the grout gallery after a sufficient weight of concrete
has heen placed to permit the use of high pressures. It is
recormended that the grout gellery be made at least 10 feet
high to feecilitete drilling end grouting operstions. It is
further recommended that grout pipes be set on 2-1/? foot
centers and thet the grouting be done in two stages, the first
stage extending to a depth of 75 feet in the vealley bottom and
increesing to 100 feet in the esbubments, and the second stege,
if found necessary after explorastory drilling end pressure test-
ing, extendin; to a depth 150 feet in the valley bottom end in-
creasing to & depth of 2:0 feet in the sbutments., 71l deep curtein
drilling would be done with rotary drills. Provision should be
mede for drilling sngle holes either in a plene parallel to the
exis ol the tumnel or inclined upstream et argles un to 60 depgrees

- 13 =



from the horizommtsl. Upheavel zages installed in the grouting
gellery and anchored through pipes set in drill holes to the
foundstion at depthe below that of the grout holes should be pro=~
viced for to avoid excessive pressures. As tiis dam would devel=-
on a hesd of over 300 feet et ultimete stage, pressures of 150
pounds per square inch for the first stage grouting, snd 300 pounds
for second stage ere recomended. The order of grouting for both
steges would be to drill emd grout holes first on 20-foot centers,
then on 10-foot centers, etc., until en effective seel has been
provided rs determined by drilling and pressure testing.

22 Though extensively {ractured throughout and cut by s deep,
filled revine in the vieinity of tumnel T.C., no eovidence has been dis-
closed by the recent explorations that the right sbutment rock mess is a
slide block or thet its stability is questionable becsuse of some major
structurel weakness. The primery considerations here sre deep strinping
to secure sound foundstion rock end ceref'ul grouting to provide uniformity
in structural strength in the upper part of the foundation mass,.

23. In the light of the geologic conditions disclosed by inves-
tigetions made subsequent to my earlier report, it is concluded thst
no foundetion conditions ere present which would preclude the construc-

tion of a safe and effective concrete dam of the gravity type to the

maximum heirht considered.
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LABCRATCRY TESTS CF FCUNDATION ROCK

¥, ~Sumpary of Test Results: Results of lzhoratory tests show in
Tables?f and £;'and Chart‘ifa@wthawendmofwthisvcﬂapter‘af‘bhe~appendix
indicate that the unjointed foundation rock hes a compression strength
varying from 6,000 to 48,000 pounds per square inch; a shear-friction
resistance of approximately 1,000 pounds ver square inch plus 1.15 of

the normal load; a modulus of elasticity varying from 4,770,000 té 9,440,000
pounds ner square inch unrestrained; and a Poisson's ratio of from C.18

to 0.28, Stregs-strain field tests on undisturbed foundatlon rock in

the tunnels indicate a modulus of elasticity warying from approximately

150,000 to 1,100,000 pounds per square inch and a Poisson's ratio of from

0.20 to 0.48,



APPENDIX B - CHAPTER-T¥

D QN

PHYSICAL DATA -~ FOUNDATION ROCK

- DETROLT DAY SITE
t : : : : : : tModulus of Elasticity
Hole :Sampla: = 3 : 1Specific Gravity: Density 3sAbsorp.:at Load ;OOO ;b.(gg,;g,,P01sson s
Nos : HNo. :Depth:Flevation: _Descriptio s Dry ¢ W : 3 : - : _Batio
: : : : : : : : H : : :
9 ¢ 3 :95,8 : 1496.6 :Altered andesite : 2.6 : $165.0 P 0.34 s :
16 : 4  £99.8 : 1475.0 :Altered andesite : 2.7} @ $169.4: : 0.63: : :
19 : 5 75,2 % 1567.9 tAndesite diorite : 2.59 3 1162.1: t 0.75 ¢ 3 :
25 ¢ 6 347.3 t 1357.3 :Andesite diorite : 2,61 : t163,2: 't 0.56 1 4,770,000 : :
29 ) $46.2 T 1354.0 ‘:Andesite 12,79  2.79 T74L.7 174.7¢ 0.00 : H]
32 : 8 273.0 2°1192.9 :Andesite breccia : 2,76 : 172,58 : 0.07 3 1 :
36 : G 45,7 t 1632.6 :Andesite breccia : 2.63 2164.5: s 0.93: : :
42 3 10 3444l T 1372.7 :Diorite : 2,57 £160.7: '+ 0.90 : 1 :
40 £ 11 2 0.3 : 1201.2 :Andesite 3 2.68 :167.6: 1 0.45 : :
4O+ 12 = 2.1 : 1199.4 :Andesite T 2.69 @ :168.2: : 0.23 : 6,630,000 : :
L0t 13  : 4.0 : 1197.5 :Andesite breccia : 2.70 : :168.9: : 0.05 : 6,290,000 : :
18 14 264.5 @ 1457.2 :Andesite diorite : 2.70 1168.9: s 0.84 : ' : :
18 115 369.0 : 1452.8 iAndesite diorite : 2.63 : 2164.5¢2 s 0.65 : s :
35 : 16  :32.5 : 1195.9 :Andesite {oxid.) : 2.70 : $168.9: s 1.36 ¢ : :
35 ¢ 17  134.0 : 1194.4 :Andesite diorite : 2.68 : :167.6: : 0.78 : :
35+ 18  :37.5 : 1190.9 :Altered andesite : 2.67 @ 1166.9:3 : 0.78 : 9,890,000 : :
11 : 19 & 6.0 : 1270.4 s:Andesite T 2.74 ¢ $171.5: : 0.20: : s
11 £ 20 & 8.5 r 1267.9 :Andesite : 2.82 ¢ $176.2: T Q.42 @ T :
46 :t 1 :25.9 2 1183.2 :Andesite : 2,67 3 2,68 :166.6: 167.3: 0.52 : 74250,000 ¢+ 7,800,000: 0.183
L6 2 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: 0.6l : 5,160,000 : #* : 0676
L9 : 4 148.9 1 1322.4 :Diorite : 2.63 : 2,65 :164.1: 165. 5: 0.79 : 3,440,000 2 12,120 OOO: 0.282
AT - . ' L da ral
* Not computed — Specimen Behiﬁed ?bﬁg}mall 21/ , V&gb ﬂh{; 'a 50 : 27
\ﬂ\ S ‘ }5’9, 435
{3:‘ . ()Z /g ’%

au



APPENDIX B - GHAPTER IV
/
TABLEHL O

COMPRESSICN TESTS
DETROIT DAM SITE

tCompressive :Computed Shear ~:Computed Normal

Hole ¢ Sample : , : ‘ ¢ Strength 1t ing Strength ¢ Load
Numbeyr : Number : Depth : Elevation i ipti : S 1 Lb ] : I
9 : 3 H 95.8 : 1496.6 tAltered andesite : 17,300 : 6,990 : 3,560
16 : 4 : 99.8 H 14,75.0 :Altered andesite : 16,100 H 6,500 : 3,310
19 : 5 2 7542 : 1567.9 :indesite diorite : 13,200 6,260 : L4540
25 H 6 : 47.3 : 1357.3 :Andesite diorite H 11,600 H 4,910 H 2,720
29 7 : 46.2 . 1394.0 :Andesite s 14,900 s 6,020 : 3,070
32 : 8 t 73.0 : 1192.9 sAndesite breccia’ : 6,360 @ 2,570 : 1,310
39 s 9 : 45.7 : 1632.6 tAndesite breccia s 12,870 4,770 : 2,140
42 : 10 s LhJo e 1372.7 :Diorite : 21,000 7,800 s 3,480
40 ¢ 1 : 0.3 : 1201.2 tAndesite : 9,190 3,510 : 1,635
AW s 12 : 2.1 : 1199.4 :Andesits : 12,610 @ 5,090 : 2,600
40, ¢ 13 : 4.0 : 1197.5  tAndesite breccia : 14,080 @ 4,880 : 1,980
18 : 14 6445 : 1457.3 tAndesite diorite : 12,900 : 4,800 : 2,140
18 ;15 H 69.0 : 1452.8 sAndesite diorite 13,400 s 54680 : 3,150
35 : 16 : 32.5 : 1195.9 tAndesite oxidized : 8,820 3,570 | ¢ 1,820

35 s 17 : 34.0 : 11944 :Andesgite diorite or : Vg {3 :
: : : : altered oxid. andesite 7,770 N3 3,440 o 2,060
35 H 18 H 37.5 : 1190.9 :Altered andesite H 10,320 2 35440 e @ 1,320
11 : 19 : 6.0 1270. 4 :Andesite s 10,850 & 3,910 \\\\: 1,660
11 : 20 : 8.5 : 1267.9 :Andesite : 6,130 \: 2,540 : 1,350
46 : 1 : 25.9 : 1183.2 tAndesite : 15,830 \: 5,089 1,852
L6 : 2 : 39.8 : 1169.3 :Diorite (andesite inc.): 8,920 % 2,614  Vu: 852
51 0+ 3 s 25,1 = 1422.8 :Andesite breccia 112,720 O: 4,250 ™y: 1,636
49 : 4 : 48.9 : 1322.4 :Diorite t 20,700 ¢ 6,068 < 1,977
25 : be : 47.3 : 1357.3 :Andesite diorite s 48,200 N 16,700 "t 6,780
: O : 1a s 2.1 1199, :Andesite '+ 28,000 3} 9,300 i 3,580
40 1 13a : 4.0 : 1197.5 :Andesite breccia : 19,700 \N: 7,880 : 45060 -
G ,géffflf/ 182 : 37.5 : 1190.9 .gltered andesite :’/’gglggc///i mﬁwm23§99mw,w v//*g,esoww +
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N 81°
1089, 'maé bearing of the tunnel is N. 58° - 38* E.

EHAPTER "V

WI&_QEWM

L. Jests and Purosgt Two foundation loa.ding ‘tests were complutod '

“on Detroit foundation rock, one in aach of tunnela Tuﬂ and T-l. These

tests were mada to determine Poiaaon g’ ratio and the madulua of alaan

ticity for the faundation rock in placu.'

427—~§ggﬁﬁiga,g§$;g§§gg ‘The test in tunnol T»B wa.s 1ocated at

/étation Of37 about 30 feet from the faee of thﬂ c1iff at an approximate
| elevation of 1300 feet and st local dsmsite coordim.taa ¥. 1387, 2

E

‘3» In tunnel T-A the test was set ﬂp mt stution 0497 approxo

imately 60 feet from exposed rock face, elevation 1237 ﬁ;gt, and co-
6° 33w |

' ordinates N. 1358, W, 899. The tunnel b‘ﬂ”g B7° 00* W.

%e The ‘matertal in both tunnelb ia a dense fine grainad andeaito.”

In the area tested in tunnel T-D there is evidence of cqnniderablo

Jointing on three planes, with some ,joint.a spaced as closa a3 one foot.

In tunnel T-A tha test was made in-a 3ection where the rock 1ndinatod
(//?»«V’f“ /i /ﬂ-:#ma o s TR w 3
large blocky jointing and no fraeturing. ﬁhewpreéeménant fracturaa '

'! ~é4,-

“}and joints awoushesnﬂou'tpguud*unﬂaﬂ;mﬂ&nhadﬁizﬁhlitﬁﬁ’

5. Bouloment and Setupt Chart I of Appendix WE®, Chaptor ¥ and

fizure 1 show the arrangament of bhe-aquipment. Load s appliad in

a horizontal direction normal to the tunnol center line with a hyﬂraulio
Jack of lOOwton capacity, to which a preasure gagﬁ was at&achada
Pressure in the jack was varled by meana af a hand operabed pump. Thu
bearing areas conaioted of stesl platqs, 13«9/16& diamoter, 3/4 inch

thick transmittin.: the load from a 12 x 12 timber to a concrete boaring

.,%

o

/;;f

16



block, and one 13-9/16" diameter and 24 inches thick transmitting

and distributing the load: from @ 14 inch diameter steel ball to a
concrete block. Each of these plates was imbedded in & concrete block
mounted on the tunnel wall. The thickness of concrete was kept at a

minimum, 4 to 6 inches being sufficient to cover projecting rock and

produce a bearing surfacs,

Fige 1. Test Equipment Mounted in Tunnel T«D.



6. Gaugu pluge, 3/#-1nch machlna bolts, wera located and desig-
nated as shown by Chartégf At lesst 6-inches of each bolﬁ was grouted
into drill holeg with highuearly atrength cement and sand grout. Tho.
bolt heads were aiigned in a vertical plane p#rallel to thé tﬁnnel
center 11na and as near the wall as possible. Rock betwuén the
gaupe plugs, projecting beyond thia plane, was trimmed to afford clearance
for the strain gauge. A complete set of plugs wns installed on each
VWall; ohe'aét directly opposite the other. Holes for str#in‘gnuge

points were drilled in the gauge plugs at distances mdicated. The

, ,diatance betwaan plugs l, 2 and 3 was mede equal to the gauge length

Yot a lOuinch strein gauge. The distance between plugs B—and 4 was
kmnde aqual to the diapance‘betwuen the two parallel planes of bolt
he&dﬂ ..

Radial deformation, movegent

'1n ﬁha plaua of the walls toaards the loaded ares, was measured with
“a lOuinch Whlttamowe Strain Gauge between points 1, 2 and 3. Radial
daxonmation botween points 3 and 4 and wal dafurmation, sepurat;un ﬁb‘
| the tunnel walls in the direction . of the applied load, wére measured nith
an Amqa Dial attached to an axiqnsion. The axtension wasg made up of
1/2~§nch pipe and iﬁs.providod with a hgrdnned tapered steel point which |
could be adjusted forwvariuus‘tunnel‘widtha. A thermometer was also
attached to the pipe. | |

8. Loads Ths total Togd applied was determined by readings on a
preasure gago attaahod to tha hydn&ulic jack. Thisg total load was

uniformly distributed ovor a circular area of 144.5 8q. inches.

4
H

i



g, asts Completed: Radial and wall deformations were observed

for the following loadings:

Time - Beginning
to End of Test

Test No. : Loadings 1lbs,/sq, in. 3 Hours
In el T : :
1l : 0 to 210 to O H 1
2 : 0 to 37 to O : .l
3 : 0 to 806 to 1012 to @ 5%
¢ 1382 to 1012 to 806 to :
t 592 to 367 to 210 to O ¢
In Tunnel T-A. : t
l : 0to 210 to O H 6
2 t 0 to 518 to O : 18 !
3 t 0 to 1382 to O : 5

il

10, Nomenclature:

Wl, W,y W, = Wall deformation of points 1, 2 and 3 in the

3
direction of applied load, in inches. Assumed

equal to one-half the measured wall ssparation.

Wl 5 = Wall deformation Wl minus wall deformation Wz.

Uys Uy, Ug = Radial deformation of points 1, 2 ang 3,
in inches,
U1~2': Radial deformation of point 1 minus radial
deformation of point 2.
& < Poisson's ratio.

=
!

- Modulus of elasticity in pounds per sq. inch.
q = Intensity of load in pounds per square inch

on loaded circle.

-l -



Iy To r3
E,» K,

‘klg k2, k3

1. Eouatiops:

fellowing equations.

il

Radius of the loaded circle. For-13 9/16"
diameter, & is 6,781 inches,

- Redius in inches to points 1, 2 and 3.

= Complete elliptical integrals for point 1.

a a a
= Constanbn i

The observed deformations were subetitﬁted in the

When solvedwaimultanoously, theae squatiocns give

values for Polsgon's ratio and the modulus of elasticity.

&, For wall deformation (W) in the direction of an applied load,

M&[fmde e /\‘/n 59]

See "Load distrituted over a part of tha
boundary of a semi-infinite abject. -
”Thaony of Elasticity" by Tlmoshenko,'p,:33A,

1st Rdition.

b, For radiel deformation (U).

U

_(1-24)(1+4) g a*
R Er

" Mguation derived by H. D. Eberhart froﬁ'equatibh
by A, E. H. Love, Equation is ideﬁﬁiéel»io
that given by Timoshenko for & concantrated
load (P) on & semi-infinite solid. Value of
P*gqs 82 {¥Theory of‘Elasticity“,‘page‘BBE,

1st Edition).



12, Constanits combined:
.2 z - ) ar
a. W= A0 -8%)gqr < ,_a"s{naaaém(l__ gz) 2 Je
™ E AVARrT RV A
4 O rZ

;’L(.L:é’.Lg_r: [E} _(,_%‘2)@

it

m

E, and K, being elliptical integrals, see "A Short
Table ot integrals’ Peirce p. 121,

(1) W,, For all No.l. Points. r, = 0"

K ::r.-g* ::.6'78l = 676
r 10
-k,

Sin = 420-42!
(E,), = 1.3705

(k),

AU g 10 | aran— g6 - 6.761 °
W= S .37Cs~ 1.8216{ 1~ =L )

1.8216

I

K, =678 - 339
20
sinke = j92 49

(K). =1.6191

-2 , 2
w,= Hl=i g 20 {:l.5246~~;.m9f( )-- 278 )]

3.1416 E

(3} W,y Fer r,= 30"

k 3 = e TEL =206
30



Sin i 132 040

E),= 1.550

O

(k),= 1.5915

4(1-47%) q 30 [ 5505 — | 5 _ 6.781%)
3.14(6 £ /.59 g 9'5(/ 30% )

2
!

- L5449 g
E

e R

(4) W= 493(1-8%)g _ 2.25(1-4%) g _
E E

_ 260 (1-4%)q
E

b U (1=28)1+4) g a?
: = ZEr i
(1) v ,ter r, = 10"
U =_(=28)(+£) g €.781%
! JE 0
__R.299(1=-28)1td) g -
- 4

(&Y U, ,for r = 20"

__(1=28+d) g a?

2 Erp

—_ 1148 (1-28)1+6)q .
E

(3) Uj , for r3 = 30"

— Uﬂléb__([_:’“ﬁ SWirodg

(4) U‘_,,z"—: e _“‘5:“;

__ (1-28)(1+2) 10:"(,,'_ L
(5) U, . g= — A =05 ET00 E T
0383 (1 o)kl
..A’7~...“

i)



3. Equut (ons (ombined.

a. Salve tor 4 using observed U andW,. Divide W, by -U,.

w, . [4.95 (1=67)q | s |
=7) [ 5 -‘L_j [2,299(1«24}(!*0’)¢J
W, . 4.93(i-48)
ST Y (B

W, (1-24)= —u(2.15)(1~7)
W 2w, 4 = 215U 5 ~ 2.5,
WL T UL = 215 U + W,

(2W, +2.050)= W, * 215U

J: \"» 'FZ.’5U|
2w, + 2,15 U,

b. Solve tor fusing abserved U_, and W,. Divide W, by ~U, ..

W, [4.93(:«45)0,] I E
TR E SRR I PR TN

W (I-20)= =U_,(4.29(1-5)

Wi-2w /4 = 429 U,_, 8 ~4.29 U, .,

WS+ 429U, _, 6§ = 429U . +W,

1=-£

4 =W _+423U.»
2ZW, + 429 Uy-2

T T T

c. JSolye fav‘o/qsl.ng observed U , and W_,, Divide W _, ky ~U,_,.

Wiz Ea.eo(r—/‘)q] r E___ ]
Uyep E " _Lt49(l-2o)(1+4) g

VY- 2.2(0(} 4)

"U‘—im ‘“E—/

W, - 20W,., = 2.268U,_, ~2.26U,_,

Jo Wiep + 226 Up-2 o
= 2W,., *2.26 Uz

R -
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14 Ob i es: Tables ¥and ¥, and charts % to ¥ in-
clusive sumparize all meaaurements made in tunnels T-D and T-A. Values
which defiat;djoxceasiVer have not been included in these averages.
Individual radialfﬁfréin gnggn measurenents are belleved to be accurate

+ 40002 irich. Wall separatdon measurements probably vary in a
range of * .?095 ipch. .irﬂ}ﬁ ‘ e
157 Zgngg T-R Results: Referring to Table ¥~ and charts-&i and

‘ég;“for tunnel T-D, it will be nnted that the values for radlal de~
formatien on the upstream or right wall indicate considerable increase
in diatanae between points. 2 and % and a decrease batween points 1
and;&. Thq greater part of this movement can probably be attributed
to closing of the Joints in the rock. _Tha domnstream or left wall
prodﬁcedwfhdidi défofmatiéna of much less magnitude and in the dir-
: action of the loaded area, 1ndicat1ng that the rock in thia wall was
not jointed as extenaiv«ly as the. opposite wall, Comparison of radial
deformat}qn on_the'rtght'and,lert‘ptl;snalso indicatss that the freater
pafivéfdﬁha'Wall geparation probaﬁly accurred in the right wall,
Wall QQba}atinn was measured from wall t> wall each reading being the
sum of the deformation of both walls,
16. For evaluating Poisson's ratlo and the modulus of elasticity

of rnéﬁ.iﬁ Tuﬁhel T-D, averagélvelues for radial movement observed

on thevdownstféamyér:left wall, and average values of the observed
wall’éepﬁfation for one wall were applied. Since the deformati n wae
vredtest on the p01nta close to the load, values, shown in tables
4£f'and égl, were detarmined either from the deformation at point I

or the difference in deformation between points 1 and 2. By using the

i



differences, effect of permanent set is reduced to that pcéurring in
a 10" gauge length. Values are computed from total deformation oceurring
on the application of each load, and for deformation recovered on re-
lease of the load. Deformetion causad by an appiied load may include
sliding on joints and permenent set in addition tc elastic deformetion.
When the load is removed, the recovered deformaticn may include sliding
on joints in addition to elastic deformation. . |
17. Tunnel T-A Femulte: Table ¥¥-apnd chaerts 4$¥and~;?show the
results obtained in tunnel T-A, Comparison of the radial defcrmation
in the two walls shows that the movement is more 'aiform in direction
and magnitude and thet it is not as great for similar loadings as
obtzined 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
fhe best example of uniform élaatic deformation observed} Very little
permbanent set is evident on releass of lqad. The right or hill wall
shows some evidence of sliding along'a Joint and e élight permanent
shift in position due to load,
18, ~ Average wall separati-n in tummel T-~A for &‘maximum load
of 1,382 lbs. per square inch was less than one-quarter of that ob-
tained in tunnel T-D. The cumulated nermanent set or wall deformation
at the completinn>of test No., 3 was less than one-aighth of that ob-
tained in tuﬁpel T-D.
19, - Values for Peisson's ratio and the modulus of elasticity
of the rock in tunnel T-A were determined by substitutisn in the ecuations
using the difference of observed deformeticns of points 1 and 2, table

o) .
%, sheet 2, In addition it was possible to meesure the radial movement

w 10 -



between points I-3 and I-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 ‘¥; gheet 1.
1]
Table ¥ summarizes the results obtained in Tunnel T-A.

20. Permanent Set: Permanent set, deformation not recovered on

release o{\load for wall ssparation in these two locations are olotted
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
then in Tunnel T-A. In Tunnel T-D the amount of permanent set increases
with the load, but in Tunnel T-A the permanent set is approximately
constant for loads from 500 to 1382 pounds per sqguare inch.

21, Summpary: Values for Poisson's ratlo and the modulus of

elasticity derived from these field tests are tabulated below,

:Cunuilative Permanent
Hodulus tSet, Wall Defcrmation,

-
.
-
.
3
.

. Poisson's : of :10 inches from Centar
Load per S e ns Ratio s Elasticity :of Loa 83 1 .
Tunnel T-D. : H H
Load spplisd(#*): : '
210 : 0.3 : 147,000 ¢ 0022
367 : 0.48 : 301,000 .0036
806 : 0.46 : 228,000
1,012 : 0.46 : 218,000 .0078
1,382 : 0.46 : 224,000 @
ad released : H :
#t) 1 H H
210 : 0.35 : 200,000
367 : 0.31 H 543,000 :
806 : 0.46 : 195,000 @
1,012 : 0.45 H 220,000
1,382 : 0.43 : 286,000 @
Tunnel T-A. : : :
Load applied(*): : :
210 : 0.23 : 750,000 @ .0004
518 : 0.36 : 880,000 3 +0009
1,382 : 0.38 : 1,080,000 » 0007

-1l -



210 : 0.4 ! 680,000 :
518 : 0.44 . ¢ 1,020,000 t
1,382 : 0.32 31,100,000 H

(#) Values are derived from measured deformatirns for sach load
which include only a portion of the cumulative permanent set.

(#%) Values are derived from deformation recovered on ralease
of load which do not include permanent set.

21, It is believed that the most of the movement recorded was
caused by sliding along and clpsing up of joints rzther than elastic
deformation, Laboratory compressicn tests cn sound 4-1/8" cores
from drill holes indicate a Poisson's ratio of about 0.18 to 0,25
and an unrestricted modulus of elasticity varying from about 4,000,000

to 9,000,000 pounds per square inch,



'Bnt Co

H
» lnmm 7inal 31 02 Uzt03 ' T 402" Uz to3! 2 J' 2 ! '5‘-: 7
7. 1load Inoresss £m 0 m»./sq. In. Theit values imlude pamnt set produced during
- sesoh sest but do not imolude oumnlativé pormansnt set resulting from previous loadinge.
1 ! @1 210 ¢ #4000 5 £.0008 17 £.0007 1 00043 (00631 400805400201 0007
2 ¥ 0t 367 ¢ —.0008 1 A£.0007 37 £40001 5 ~e0003: «00H2s ,0030:.00171 0002
3 1 03 806 31 ~.0015 1 £,0027 1. £,0004 + £.,0001: 401863 +00671.0085: ,0008
= 0; 866 : ~.0017 3. f.0026 3 £.0004 2 £e00013 01458 400771400391 0009
3 0.3 1,012 3 -0016 t;&_f.GOw . Fe0006 3 £.0003; 037735 +0085340040: 0006
t 03 1,012 ¢ -=s0028 ‘f.0084 : /0008 1 #£.0001¢ (01865 .00943.0045; +0011
¥ 03 1,882 4 -.0018 5 0041 §7 £,0008 1. £.0002: +02463 (0121:.00813 0011
“losd Daoreased to 0 Lbs./sqe 1n. Thesh values indioate deformation recovered on
« . Teleass of losd and do not {mclude perdanent set, R
1 #2103 0 3 L0000 ¢ £.0008 1+ £,000B 1 - D000 <0042 .0015:,0010;: «0000
2 x 367 4 0t -,0008 3 A£.0082 1 £,0004 t - L0001t 400393 .00261,0015: «0002
3 b 13881 0 4 =,0001 : 440081 3 £,0010 1. 0008t 01993 01003 ,0054: 0003
'- £ 1,012 1 0 1 40000 : £.0027 3 £,0008 3 - .00015 01825 .0087:1,00453 #0002 °
1 BOG 0 3. ~0004 1 £.0028 3  A,0008 1 00023 01621 .007T:.0041: »0001
1 592 0 1.-.0003 1 L0022 3 40007 3 L00023 401403 ,0066:,0035: 0003
t 367 s o -.»Oooz t Fe0013 5 L0006 3 -’.oool: +0096 3 400453 ,0024; 0002
t 20 Q0 8 - A foal ik $ +00373,00163 0001

- T

Note: A plus sign () preaeimq values for Ul 2 and U2 3 indicates soread:mg, due to the load,
between thase points. ‘ ,

(*) Bach value iz an average of one or more raadings on four similar gage lengths.




ARTRHRIX By CHAPIER X

BIPROIT DA SUXR
IURMEL 2R
SONEUTALIONS
XERE: 1 oL 2
Solve for 4 amd B 4 =Wz + 226 U2 E=2.60 (1-6) g
‘ RWpz + 2.26 Uy, . W,-;

1 Load Wi, +2.26 U, W, +2.26 Uy_p } | v :
Tost:q/L 'R L E -zt 'z‘zFoilsons..JZ."{A,E gso(lo’)q
Hoe t Lbas/ s W,_, 1 Y- ] W2 + 3 + Rasio -

Wi-2 ogg tRRUEYE Ly LWHZ 3”(: Y P Tz
~ For Inoreasing Load. 0 Lbs./sq. in. %6 losd indicated. Values include

. deformation and permanant set.
l . 210 3 L0033s ~-.0007 3 ~.001&_‘l .0017 t 200861 #0080 4 34 t +11: q89 i 147’000
2 3 367 1 J00221 0081 1 «40003 @ L0020 1 0044: L0042 1 48 1 4231 <77 1. 334,000
3 1 806 : 00681 -.0004 3 -40009 : LO0B® : ,0136:; .0L27 46 31 o213 79 3 243,000
3 1 1012 ¢ J0092:1 -o0006  ~,00)4 ¢ 00768 3 JO01B4: LO170 1 o868 1 W21z W79 3 826,000
3 1 1382 3 01281 =,0008 -.0016 1 .OIO? s +02501 L0232 .46 "3 oR21t «79 3 227,000

For Dearessing Load. Valun izalude deformation recovered on rolom of load, - }_
1 3 210 1 00265 -00005 3 —o00L1 3 <0015 1 o00521 00AL s 37 1 l8; o86 : 180,000
2 1t 367 t 40013: -,0004 : ~.0009 3 0004 ¢ ,0026: LOOLS 27 3 075 o83 ¢ 682,000
3 806 1 .00BbH: -«00056 t ~40011 1 0074 13 +01703 01569 3 «46 $ :txlt 79 'l 195'090
3 1 1012 1 00983 ~,0008 1 =,0018 1 L0077 3 L0190: L0172 85 1 4201 +80 3 228,000
3 1 1382 ¢ L00998 ~.0010 t -,0083 3 L0076 ¢ ,0198: LOl76 ¢ A3 1 4191 .81 3 294,000



dolve for 4 and E.

= 4”19»U1;z- + W,

£ .49 (1-4°)9"

2W + 4.29 Uy, W)
1 Lead W, + 4.29 U, P 2W, + 4290, : SR
Test s q | ek . 42 "¢; Poissons : R 4 g 4.93(1-47)4
Boe : Lbae/ 3 Ui 1 IW, + ,»IWH-s Ratio 1 s 1T s & F _ =
: ot w, cr P AR {429 Ury z;f{.;,, dasvn 4° ! ; 2
for Inoressing Losds 0 Lbs./ws, in. to loaé indicated. Values include
. deformation end permmnent set. oo 4
1 ¥ 21‘.0: .WG53 ~§0007 ‘i:: "-‘hml .00§3t 001358 .0096: q“ 3 =11l ." 059 G | 146‘000
2 ¢ 367 s <0021 40001 ¢ «o0003: L00481 o0104: ,0100: «48 t «33 1 LTT a2 268,000
3 5 806 t ,01451 =004 3 -40017: .0L3BY: L0290: JO273s o437 1 o222 3 78 3 214,000
3 1 1012 1 01861 «~o0006 3 —.0026: ,0160s 03723 03461 +46 1 21 3 79 : 211,000
3 3 1382 : 402461 20008 -y00343 «021Z%s ‘,0493: «0458¢ 46 1 <21 : .79 3 220,000
Por Decreasing Losd. Values inolude deformation _i-ecdva'rcd on release of load.
1 & BED 1 L0483 -.0006 1 -,002k1 ,0021: .00843 0063t 33 1 JI1 & .89 1 220,000
2 3 BBT 1 J0039; -,0004 1 -.0017; .0022; .0078: 0061 36 t «l3 ¢ 87 ¢+ 405,000
3 1 806 1 01627 =e0008 1 -o002]1; L0141l: .0324s L0303 +«46 31«21 1 W78 194,000
3 [ 7 1013 3 .01821 -2 0006 H —.w&: «0148: q0364: «03830; - +45 H «20 H «80 3 219,000
3 % 1362 | 001998 "00010 3 ‘00943: '01561 005983 .03551 044 H .19 s 081 H 278 ,000



ARTERDIA B, CHAPIER Y

ZABLE EL \)
TUREL I
SWMUARY QF COMPUTED VALUSS £GT PQISION'S R4TIO
AND IHE NQDULUS QF ELASTICITY
1 Msssuremente t
3 Used in :+ Polason's : MNodulus of
X A Ratle 2 ZRlastiolty
Load Applied
s W & Uy o t «34 ' 146,000
‘ H Ave . 1 o4 H
367 Wl_z& Ul—2 t «48 : 334 ,000
1 Wy & U, : o8 : 266,000
1 1 248 1
806 1 Wy & Uy_p : «46 : 243,000
3 wl & Ul_z H ¥ 3 214 ,000
4 i 245 i ‘
1012 3 Wl-z& Ul-2 : 046 H 226 4,000
! wl & U1-2 1 odb : 211 +000
X AvE s i 246 1
1382 $ wl_z& Ul._a 3 Y. H 227 |000
] Wl & Ul_z H 046 [ ] 220 ,000
% Ave, i 235 z 224 4000
Load Released
210 1 Wi ok Uz v 3 37 t 180,000
1 Wl & U1 -2 . s o33 1 220,000
i 4dva, T 3 25 :
367 $ 1..2"‘ u -2 |3 27 3 682,000
1 Wl & Ul‘_z H .36 1 405.000
I \ (TR 2 291 3 PA8,000
805 H wl_.a& Ul-z H 046 1 195,000
1 W & U0 o 246 194,000
4 AV, 1 -4§_.~_‘-u-lﬂﬁu999-~——
1012 1 Wl'_a& 01_2 1 +4b 222,000
t Wl & 01_2 ' «45 3 219,000
3 Ave, H 245 : 2£0,000
} 1 '1 & Ul_‘z 3 044 4 278 ,000
b A¥Se s Y 3 N £86.000




APPENDIX B, CHAPTZR V

TABLE IV

—

DETRIT DAM SITE
TUNNEL T-A

SUMMARY OF FOUNLATION LOADING THST DATA

: Loading : RADIAL UEFORMATION IN INCHES® : DEFCRMATION OF WALL#*
Test: Lbs./Sg. In. : RIVER WALL, LEFT : HILL Wall., RIGHT : IN DIRGCTICN OF LOAD, INCHES
No. U Yi : W, W : W

: Initial ¢ Final : U

Y2103 Y3404 T 1 ko2 ' U2to 33 Ugpoyt M & Hp 8 Wy 2 Ry

A A

. lto2 f

w

W N+

Load Increased from O Lbs./sq. in. These vaLues.include vermanent set produced by load during
each test, but do not include cumulative permanent set resulting from previcus loadings.

0 210 ¢ A£.0002 @ .0000 : A£.,0006 :  .0000 £.0002 ¢+ £.0003 :.0015 : .0009 : ,0007: .0O001
0 : 518 @ A.0002 @ £.0001 @ A£.0003 @ -.0002 @ £.0002 ¢ A£,C002 : .0024: ,0010 : .0005: 0002
0 1,382 ¢ £.0003 ¢ A.0005 @ £.0005 @ -.0004 ¢ A.0006 @ A£.0008 : .0053: ,0024 : .0012: .0005

-
.
-
.

Load decreased to O Lbs./sq. in. These vzlues indicate deformation recovered on release of
load and do not include permsnent set.

.o

£.0003 :,0011 ¢ ,0003 : ,0002 : .0001

210 0 : A£.0001 ¢ -,0002 : A£,0003 : .0000 : £,0001 :
518 0 : A£.0002 : £.0002 : -.0005 : -.0002 : £.0003 : =.0001 :.0019 : .0007 : .00C3 : .0001
1,382 0 1 A.0003 1 £.0005 : A.0011 : ~.0004 : £.0006 : £.0006 :.,0055 : ,0026 : ,0013 : .0004

Note: A plus sign (£) preceding values for U1 to 2 Uw to 3 and U, to 4 indicates spreading, due to
b4 » -

load, between these points.

Lk Each value is an average of one or more readings on four similar cage lengths.
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TABLE ¥
DFETROIT DAM SITE

TUNNFL T-A

COMPUTATIONS
SHEET: ] of 2

4 - 215U+ W,

£ 493 (1 494

[ fd =
Solve for 4 and E. 2W, + 2.15 U, ’ m
: Load W, +2.15U 22w, o+ 20180, ¢ S
Test : q (S |t R : 2 : 2 ! __: Poisson's : /2: FEs 4.93(1-4)9
No. : Lbs./ : W, U, :2.150, W, 215U, 2 2 W, fRWt2IsU,¢ Ratio = I W,
s 8g. s 2 : Left Tall : : : : : d : 3 : .
For increasing load. O Lbs./sq. in. to load indicated. Values include
deformation and permanent set.
1 : 20 : 0015 : -.0005 : -,0011 : L0004 ¢ ,0030: 0019 .21 : 04t .96: 660,000
2 H 518 : .0024 @ -.0006 : -,0013 : L0011 ¢ L0048 0035 31 : 09 .61 370,000
3 $ +1,382 : 0053 1 -.0013 : ~.0027 : L0026 ¢+ .Cl06: L0079 .33 : .11: .89: 1,150,000
For decreasing load., Values include deformation recovered on release of load.
: : : : : : : : : 3 :
1 : 210 : 0011 ¢ -.0002 : ~.,0004 : 0007 +  .0022: 0018 ¢ «39 : .15: .85: 800,000
2 H 518 : .0Q19 : - : - : L0019 ¢ .0038: .0038 : «50 : .25 .75 1,000,000 .
3 : 1,382 : .0055 ¢ -.0019 : -,0041 : .C0l4 = .C110: L0069 .20 : L04% .96F 1,190,000




BT

APPENDIX B, CHAPTER ¥

TABLE ¥V
(CONTINUED)
DETROIT DAY SITE -
TUNNEL T=A

CCMPUTATIONS
SHEET: 2 of 2

Wig +2.26 Uiz g =260(1-4%)3
SOlve .fOI‘ J a.lld E. / = ZW'- 2', + 226 U!—z, 3 w'-z
: Load @ +2. - o 28U,z 3 L : 2
Test . Oq — - wl-Z 2:26 u, 2 . - H ZWl-%‘v+ 2.2bU,2 : Poisson's : /Z : '~Jl T E= 260(]—0/)q
No. : Lbs./ tw,., = Uiz 12260, 2T agy i Mk o Ratlo T Wi-z
: Se.In. : : Lelt Wall 3 : 226Uz . : 2.26 Uiz ; { s = 2
For Increasing Load. O Lbs./s3. in. to load indicated. Values include
deformation and permanent set.
3 : 1,382 : 0029 ¢+ -.0003 : -.0007 : .0022 @ .0058: L0051 43 : .18: .82 1,020,000
For Released Load. Load in Lbs./sg. in. to O 1lbse./sq. in. Values include deformation
recovered on release of load.
: : : H : : H : : : H
2 518 ¢+ L0011 : -,0002 ¢ -,0004 @ 0007 ¢ ,0022: L0018 39 P W15: .85 11,040,000
3 T 1,382 ¢ ,0029 : -.0003 : -, 0007 : 0022 ¢ 0058 0051 ¢ 43 : L18: .82 31,020,000




APPENDIX B, CHAP

TABLE #E-
DETROIT DAM SITE
TUNNEL T. T-A
SUMMARY OF COMPUTED VALUES FOR POISSCN'S RATI
AND THE MODULUS OF ELASTICITY
Load - ¢ Measurements H s
Lbs. / : Used in t Poisson's : Modulus of
: Com: 8 Ratio : Elasticity
Load Applied. : : :
210 : Wy & Uy : .21 : 660,000
3 : :
. Wl 5 & U1-2 . 25 . 850,000
— éve. 2 a?? > 75Q|OOQ
518 : Wl & Ul 3 31 : 970,000
p W. H . H Is
. M2 & Ul-2 X 42 . 790,000
- AV&Q * ‘36 * 8 4
'L }‘“‘VEQ : '38 :_ l.OB0.000
Load Relsased. 3 ¢ :
210 . Wl & Ul : +39 . 800,000
PW o & U : 43 : 560,000
: Ave. : L1 : 680,000
518 H W & Uy : <50 : 1,000,000
: W1_2 & Ul_z H n39 H l,OA0,000
$ Ave, : A H 1,020,000
1382 : Wi & U1 : .20 : 1,150,000
HE IR : . : 1,020,000
P2 1.2 : 43 : sUel,
e Ave, 238 b 20100.000
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B PR D/stance =S _— ol
! i . <
Y e 7im projecting rock between Plugs. 2
i i 2
. z
4"" LS 2= ZVe"P/Qfes 4 34" Plote Z=Z21
o = 156" o BYe'dia NN
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(74
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= Z
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=i = === 2 = I =

SECT/ION THROUGH TUNNEL

ARRANGEMENT OF TEST EQUIPMENT
e

731
1 : i ~ Gage Dlugs
57-2: o 1 . |
Y IO 0L\ Oistonce = S in
Beoring Plote ', HL == -‘ =~ Rnnel Section g
A\i-_/’— q] -~ .' i
¥ \ | i
________ S | e —
%U 7 ; 0P T 02 Y 13?11?_ 51T 13 Tg_'}]
—————————— D Sy A : ity W
H \ ; / 77 ol projectirg rock in thi's areg,

~= -8/
%" Allowable variatin |

0 Porizontol and | 1|
veritical locotlon of | ‘? |8-2
Gage Plugs. Foy

Arrange Plugs and Beoring Plate on
Wall '8 gpposite fo the Wall 4" locatrans.

F
'L_[h 18-3 ~Floor of Tunnel

ARRANGEMENT OF GAGE PLUGS AND BEARING AREA WILLAMETTE BASIN PROJECT, OREGON
DETROIT DAM AND RESERVOIR
Mote : FOUNDATION LOADING TEST
Plugs are numbered 2,3 €4 rodially from Beoring Plote.
7 /ndicates locotion above Bearing Plaote.
I - ~  ahead on Tunne/ stationing. ‘ SET UP OF TEST EQUIPMENT
8 - -~ below Bearing Plate. '
o ” " backon Tunnel stationing from Bearing PIoTe) y s eNGINEER OFFICE, PORTLAND, OREGON, DISTRICT
DRAWN BY: P.AS.
TO ACCOMPANY APPENDIX B OF DEFINITE : TRACED BY: G.E.G.
PROJECT REPORT DATED:  AUG. 9, i94! DATE : DECEMBER, 1940

CHAPTER ¥ - CHART 1 DE-40-27/I




l/82-0¥ - 3Q I LHVHD - X d31dWHO

£ - prove ——— R S S S R S e e ’ r—

TS O¥ 6l '¥3IBN3IDOAA :31lva - I I TR i B R S e o VL

S R I S ; s SV S N S e ey o e
93D AR A3DVHL | e s/0) SN !
. - i ; P A b
g ‘ LA B R = AR
re Nt A } T e o B T B S I
ﬂ ( l .E z;(mo _ w vﬂ, V.JT e e e e e b FIPURON A. PR . ,:«w,w PO S ~4
€ ¢ ‘ cen o — ~ Sofdgl B e R ] s ot R — SV -
LDIHLSIO ‘NODO3HO ‘ONVYILYOd ‘321440 UYIINIONI ‘SN — L R S I IS P . . 2]
' T — S I R = b T B i et T W e ey e
i I i AV) HI +
: + ' '
l_ D P 04 it i
- . . : -+ b :
I e B S Attt
R i L T ey +
H - ¢ i « e p—a i +
i : L ! C 1 i
NOiLVYWY033Q 1vIQvd ogs i RS RA
i + i 1 .
1 T HE T M I T T
i - i g ;
—+ bty I S e e
i i b il i
1S3L1L ONIGvOT NOILVANNOJ et o e e e
! T I
L T + e .
i 2 O A
1 sl b } i
410A43S34 ONY AvAd 1i0dl B I -4
t ! ;
+ e e e T S e e -
ZOOmmO ._.Um_..Omn_ NIS vd uFFm NVYIITIM et NETEENRIUIR S
d -4 P i Tl T + -
} + H PR I I
T T i ] N A
| i 1 e
T A
H + } +—t :
4 1o — .
poida }
' lof + ¢ DR IR SR U RN i Y ;
N _ﬁ., : /L, it ‘l. S S .M i|wl]..|+|+lflr0111l+lrkﬂl.. gt
1 S ; b= ey vr [ S ¥ + 38 SENG UV G S B
it B S et e Jf—J;_rlrLJ‘.w L?w+‘ ST S SN N
e : ArTL_.lY,,i_!.D_? FESERNUN S ¢ ‘7Y S . ,_ O I
: " o = i ; N ! i i ; 1!
- Fobdeed B T ~+~.d AA-T‘,»TTM,Y
. — ; — . I ; el
3 I T . N frr— t ]
i ] : R 'S ] T
R - ‘ - i i .- i § HIG U
™~ i t ~ MR = . G IR
N ot i 4 ' i ’ NS U S, by ———y [ e
12 14 + Eam . At ———4 g
AdV. e/ oY . BN et
PR . .
X 28 ot i -1 SRR S Bk B 1
! i ; ' : !
+ — — , : y, R SR A B b 0
, e = T + i e
ﬂ ; $— by i + pt =] e R I
ﬁ H N FAE A =t | H v Lo [ H
] T ; T ~ B A0 R o s SRR i SRR St St 1
“, ¢ +—+ it I : ; .lt.LvtL".T e llulil*. et 4 — 4 ;_lLA
H i i ¥ H " H H ‘
BN N T e ) bt i W S s ORI G R S g
; IS W et s ; ! ; . H IR . i +
Tl [ il : H i 1 H T Bl T - T Y
e e L — S RS S
; + : ¢ S 4 : H : ; et e B e e o SR
i FH S SO bt _ﬂ _ Lot SR S & A -
et e R B S B S R
I M —pt m»q + At e g et —— T i i P
; 4 + + b : e +3 -t i OO (NN ST S -
1= . ; T T i !
. bbb et — S B T LT = SR S
+ F b 4 R + .| B B e p g ——
H -t .PL. i N - Lo Lo U S . - - b
- I N ; I i N ; i
= + o . * bt + e
. ! . ; { } - ' _.“ S V. PUNISSIUNI VS ORUU R D S SO S
,, — R NI —t ; 0 + T + oy bt I*l._u'lvjlfll. — et TS

N e SRS M , JESNEO NS S S SEMPSD S
fopd 4 AT, SO S S 44 P4 S —— -
=1 w i i - ,A _ j T [ N St S * RS Ba Jx..l.li.,l‘?.!lrl!.;rl&iﬁ;lol R +
+ Tt <ﬂr e — ' t 1 b s IaE] RS R e e
g 0 S N S N I S . Il ) U — RPN S ; SR G U
L : ; L I ; ! I : : : . .

e i e ] 4 1 I { gt et S i 5 - , . 50 SRS G SN S T SN ; F P S r ]
1 P RS B A S A S S S SN R ST S i bt b e e g s
bt I i . ; i i ; U T C. ./l — ; T e .

: — + — emam — ‘ s , — =t B ~Bop? + - aman — et man
b L S S S N o R e ; i Q N T T T i e e e e e e e e

Lo i R SN 1 ! i ; : : ;

; JrJ bt i ; pmfps- ; ; H w } [ ; . + S H : b i bt 1I1I.|,|.|Tfl¢ B TR e T T S b i e ek SRS SIS
et L ; ! h ; H ; : lJlrl ; JF I : PR SO S el B i o } ; . [
L i s . i — : 0 N I : : ; TR i . :

; ! ; e : ' : : T B ll¢|1x|?l.l*|l - o I + } i el
— i L ; \" : - N m\abu L QlJr N Vi) \‘N\N : 1 : i IS i — e - ; . 6‘ .
} : H ; i . : S T H T ; e - T :

IR Y= 701/ M0]0)(0 1 WY M=)/.r)0)% hm*.wﬁ\ RS ot ST ATREEN S NS I ISR S A

! 7. 070-14 MW v ey RALOIBI S e s : R AR U N O
] ! ’ K Lol BEay N i : =y S T i -t — Mll:?r» B T T Inures RS BN
N H ] I | ! N . . : H ot
| ; tomi } b et {1SURPS O CUSIUU RS OSSR S P S A
L ; pariell i . Pl ; ; ; : N

{ 1. i ) 2! < d RN R I - e 9 RN R i ; . :

N S U N S e 4 R S DR S SR SN +\4|L -
M 2 LI : 7/ 74 q ; RIS R B T T - . e

| — — N iy e I i ] i —t S SRS U S RSO oiliﬂl.IJrl.?....

i . ; [ : J ] i i i i ; ] ; J ! j ) . R 1
— ” : l .r } ; ¢ T + + et e »Llri%lwr;l.frfz S SUUUP VR D SR 3 x.ll.+\. | +— =S
e s T S B S . + - —t + = + - N B = SRR T .ib»twlr R L T USRS S bt ‘x;“rl*lwl.olﬁ. .Jtlw|+)
e R iy i { ; bt s . 4 ; ‘T,«(J‘, A f g e el Ly Lol g BRSNS [ SRS S S G G
i P ; - HE . - ; HEDUSEE N | i i ; RPN U ‘JTTLI.,.;. e b v et < apmr

' ! i : ! : ! ! : ! ; ; ; A
OSSN S S S e L b WAy»il%o : . -t %\ ; b - ’ »ﬁ ; B e s e R o S I St SOCTS S SRR S S

- - e : ‘ 4t At byt : i o ) - ‘

— e . N R v e, . —
T —t — T 4 T * [ 2 = 4 ™ T
R -+ - et i o e B &
RN NN NN SN SR B e ot b e e
- = H ! — fmvt b of . NI W SIS TI R . .
: 4 e H N i | [ T
: : i ; 1 oT w_w. [ t T ”w\w\w"TT‘TTiﬁw J(ﬂlLIT.T T.TLIY. P ]
= * 1 T ot + —t—— +— by t t- o~ - |rlrl..l_fIT!,I* -+ —— S .flr-vL R
RS S o CIrrm e T o I 0 S R R B SRR ”¢++f_l+1
i b ; 4 : e - L ; ;
Co I EEEa. N RSN 1 T Tt e e e e e
IR m L ! o — w;..,fz;wL,LLJJll.;f,f.wn : _::1;

L S { ; + t — +—+—+ t + b [ D T S B e e el S e e o ‘ PN SETSS

i\ i | — il H i ! ; Il i i . 4 et » B
BRI T Y T Y P Ty i M ey * T <7 — t ‘g ramas o t ’

. . : ! ! !
R T TR T Wy T "N 1 ' 1 SRR G SRt g R .ri n B e B e S R S A
: — i T P R + S S V.F4Tt b D SRR SISM VIR S et
b L SRR | i : i o 1 i T
T ! T R My T t T i Garrhs mranans dtty } S iRt tbal then kSR SRR
lw T Pty , } xoanngu‘ + i ; . 4 T Sl . A/“r L4 USRI S5 S Lh/?# xJPrl.Jlr b.v. PR JEEE S S G U
T . e T — ' ety 4 by SR Bt - - U SN .
SN : [ T i ! t e HE 4 H =N + (i * -+ + 4 i —+ ey .
ES A = + — * e 5 — R i + b - 1and s i R P
RS SNENES RN T ! _ — : L R s
m_wﬁ4+l~|q|‘r%. e M MR i - TS aas o ISR S e
| i i ; — — .
,WA . J ) B T ? T T T I + it it L#I.«Iﬂ|4L¢J
« + + 4|T~ i . gt 4 — b s & It i -
" " ! = et + e
L‘l llLle% —ge . + - L } H { H : -

e S EEERN ur: by N S B AP 7], PRI - i I S R
S : il [ N H I L yioe Lo T 1 T [ ) DA A A e
; HE N E] T t M —— S 74 gl et 5 b = b i

- S gt : — i ; — ; : : ; )
IR R SN 28 SRS EE EEGRUREENY SRS C , — uattuns DEE R
) ». : R L ; [ P L m e : ! Ky \,F T iy { ; = R : h
it i ey, — ; t -+ ! bt A Lt i - PN (PN —e b s .wftiJl ceia b
ety - : M. ; _ ; m bogd .\‘_...;lmle ™ t 3 T b : et OSSN — [ T It STTEEE PSR l 4ie
} s b HE S S HE H . :
} —t- ¢ + 4 bt S et S —— e —+ . RS GRS VN S SO 4 oo ;-
i i ' o H i 1
i 4 : I Md_, T RO O 4 I7LL|T.7LI*L [EDUISTR N S e b e e
ey H b I : - i . e il H - A —t .
N T : - ; ; : A s 1oL ! ’ "
Y * -+ T T : T+ =t it S SRl e ol s S an et g
H . i Ll . ; S

J * t + * - v + B e —m e e m .l%l», —

1 ! R MR i i) ol . RO ¢1+f‘uv

+— HIg WA : R ' i

T EE T t— t T Bt S S et ety S annll S B S iae o e gt ot -
+ : —himd 4 EEUNGE TR S S D VO U A SN S, ro— .+|.4|1._ e
' ' T =
: - - B SRRl S M‘rl. or ;T,TvL TL.A;; B e I B A S, 'F —4 4 ey
+ AATLY | +- - i SR R I ot AR et 4v0.v -~ d
e —+ Ly e - Alrl.,.u,ﬂl*;»x o I8 SO ——
: o J ;
. ; 3 Sk - - a2t 4 Jr et $ e e
& " H
t ' +~ —t
1 4 - g s s ..,l...Ll.lw+ -
¥ -4 I RTINSt JECECL T TP S S S5 SN
4 L deem e PR, N
: -
Ty A.w.l.-L,.+l.f JERE
4.1 PSS S T (SO e
E B B E Tl ST [P o TT;T.A»I#L- e 4
S S SO SO S 0 TTTAYLI TT‘T‘. st 4
- S e [T ON SN e B s i {w r :
H N 5= I [P UV QIO I D A.|+IA 4 b
1 3 bt + t * + o . et o+ w . - A R IH
* = * X + ' s ' + .
et 41.4.(.ll.i||. + - HE—, = —i- il b i ” + dept - IEEERE TN PR S l|»x¢Ll.iiT. e
i ..’.villl»j - . ; . . i i ; N PR { D f :
| . ; . ; ] L R S NS RN I - ) ) RENEEE e Tﬁj‘xvl.“T..lwlTT..
BESERERES RSN BEENSESN BN SRR R 1 [ e L Ea N & aas B
- L [, " 4 : i At . i i 4 { . 7t RGPV SRR | g
S S, ' AR S — R i H M i
R —+ - g - ; LW + : u JRUNPIURIP SN . — e e S R e O e 5
— . R e s B T SR + N
- : : , — POl f . ; S - - SISO S A S -
T, e o e I S L ll.[‘xl..|«| ,Ir..ll!";ll }‘Jllyli B S e .s.\L.lt. T - e

Mru\ﬁmm‘ sn’ mmmeHO.Z.m 40 mmmoo . INHGNILYEVYdEA m.&S




VAR ULFAR T IVIEN |

CUKKFS  UF ENGINLEKS,  U. 8. ;HMM'

1 14 11 4 14 d ‘ L
44 »_r. N _ S 4.__: A
] ] / 3 OAL § g ] ] '

N
!
i

- L4 - - ] e ; ide 4+
b MML-’ r L ] 1 L NEREEN
_}~ F T i 17 v'h___ - T T

w - L {4+

QY = o + 44
et {14
L .
X ¢ *h AN ] ]
1 " 4 S Ld 4 y "'"T'

|
Il
1
h-
4
1t

i}
1

4
1
1
2
N
\
\
]
1
T

T 44—+

Zz

Lot LAM. TS ,4’,,.r SRR A N S o R I B T X T T A O S A -+ (a¥ada ¥ !.\;_ N?I %,4;&:_q5f ) !TF

T T e e e e Prouidt Rebber aktadd e s, e

WILLAMETTE BASIN PROJECT, OREGON

}

1

!

|

!

T
I
=

|
1
1

Sk
i

b : T // “ ;f T 11 * : B 11 SRESNENAAR RS bt DETROIT DAM AND RESERVOIR
, A T IEEaEEpspuaunanan) EERIREREE T TT| FOUNDATION LOADING TEST

. s HritH /1 insd BRaURRRNE] aunnnaunny adny SHH R SSefSsgnnans) "_‘:“‘_“"‘_ - WALL DEFORMATION
g Tt ey L e e e e E T e e E e e e SRS SR TUNNEL T-D

B e T o S S 1

1] U.S. ENGINEER OFFICE, PORTLAND, OREGON, DISTRICT
DRAWN BY: P.A.S.
TRACED BY:C.L.S.
|| DATE: DECEMBER, 19 40 24

—
+—+
i

T
-
Fi
t
4
L
]
1
e i
n
T 1 ?
L : i
Tt T
SR S B S
|
i

i
T
SEITE
i
S SR
H-——
1
4 -

S R
I
i
T
i
T

T
4+
L
!
!
T M T
R
4 i it
{
T
e
|
s

— ‘ | CHAPTER ¥ - CHART Il DE -40-29/I




WAR UMMPW%KWZH CORPS OF ENGINEERS, U.S. ARMY

" R e — SRR S SR GO

- ama
R D RS S T T R ; .
,.L»L r O IS S S S S “
PR S _.‘w — ‘T«Tl_r|.4lql+.1‘7.w|«, B ; —te S S
e ) AN U SN NI U DU IR 5O R D L i :
o N : H .
S e s et I fr‘ (SO SO S S H LS
: ! . : : i
R I e e B B v\rl.Tw [ N e e i 4 _r T
ST S DI B L Er ok T B S S ; Ak
T ; it h 3 i - ;
H i H |
. ; e ; : i —
! T ool i : 1
H : : b : Coy
PN RS NN S S - - ~ 1 1 =t t T —
e e Sl o 4 i —4 i ot e s EEE
B - e b
B i B T R Aahatanl BeL St SEP S D : e i
B e B T RN U UGS S S + SRS S Aﬂ ;
B e e e e T S e e s S s s it SIRTIES I S S Lt fa. gt
S U e e . [ fli?l,lml j et 1 : : gt
ot - . -t e et
- RN P i i R SESEMED S O
PSR OV S Y RS S PN WS SUNN, S SN S — + s L |.,|,.|l,r.m
b g ] . + — : + TR -
P ; : R
ST - + bt T e
RIS FUPQUS 10 AR w S ; 4 H _ﬁ« HE
. ! . L : . : ™ '
o i BT Rt B e et e S T R ;
- T RN N ity o 1 I ! :
RSN N I N R R
R ; — i d B T A ;
- i |
" : ; " ) ;
S G S - - + .
R o ¢ e it ot
JEPSSEES SR DN SRR S - : » , :
-t L : i — i ; i ; + . i
e AV UL I
. ; + ; i H
i : sl ! i Pl
—+ L * * ==
; i . P S |
' + bt
-+ + g+ et
— ]
1 L
; : ; + o -t +
e _ _ :
T S R | — :
4 N i * J T
B T e B s Rk e b e - | b . P iy ; ;
! I T H T ' | L I H
‘ ek o : : 1 t ; i ! ™ T +
. i . i ; : H H ;
b b PR S s e Yy s 4 ¢ + Ly i - } : 3 M
o i 5 P L { i i
R e — e S fod bt M 5
iy ! jt ; gl i ; L4 i ; - IR S .
LR S O SR € ) S L S S T TUIRG T T TR B
- ¥ g > A I ~ T 1
V : : H T it e e
et —r 4 + ? — =
T TR i R b -
I w T i i | Lo RN (1
+ t H 1 Tttt 1
Run el ! + H + et —t —— —1 i :
{ ! H i ! ; | it i ] :
i T : i ! H ¢
; L : ! ! i : 1
B D ! ! . ¥ HEN
ot s i ; oo bt
[N ; ; | ; [
H H i L i 1 T
: . y o L + H ;
) Y T N 1 1 . :
l,b — it S ~P -t
L . Y e i . i
s man wmamas i i ' R ! T T t ==
D i A St L1 +—+—+ et 3 4
B . oo b : N Loy H i H [
ot H R Tt : t T R T T 1 ' i
- P P . oy Do . : : H 2 :
e et ey T e t T Tt '
TR S .,l.lAll‘.\Twr}T leJnLll flTTrle [ S SO T ft : — — B A, et Mr\ §
N e 4(]\TL1|T1| [ PP SR - ; : o frdmer o 4 _ e
SN et ; + e : : Tt Ty gt ety s t T T T
‘ ¢ : : ol o . ! { I L4
S [T S S SN e { - .
- — — et e + 4 + : 4 —t :
e - - ; + i - : S
. — —_ -~ - | - s ; ;
. t b =4 . ! JEIR IR I
T i T T H T i - T Q T * 4
; i : :
; ; i : ; ; ; N L ; ; i ;
[ - ; - s e = : ; boee ¥ I DY 53 + : At t * P
STV T S N PN T S . S e ; I~ it : ; + & 3 : ;
S t : : : L : : : : L : s ! ! s
e ISR S Tiixi.l‘ EREE BN B e 1 T e ; i M rt.l” i i : H ! :
i R _ Cbebied ;fl -+ i i — i R 4 ARV ot H R P‘ ') Lol 1 gm r ”
’ B s o L g Le/J: I _‘:wu
IR e R i h a— e + Y t ! t H 4 R
i i o R . [ BN RN o i A
- s R SR ' — e : — : : bt V\ m
; | ’ i ——— - + . -
R REIEEESIEEE i ey X A : Y I T NN
e e . e S Foass rmation Ao 3 point
—— - . . . > 2 IR QE QNN W hllvid 8! Sl ,
1 R - i . 17 T R gie e .
o g et o - - B e .- —— . - - -4 + b - |L.N K\‘ —
OSSO St PR U PRI St S S AR S S S R DNN UNM.MQ o Il A NmmmkN § fQr .

i T : X L i il £ q
em ey e b - - r* SR Ll..\ RO WSSV R A S OO R s C—t o, ; 4
. i L e I .u&* HET \N TTESPECTTR
R B e & Bmnaa , e e i s Atahunl
ot e e At ety s e e AR . = B EEEEE i ' -
; : Vo - ! coE i . : NP
o i.|] i S SR S S - S S S S + i ey . . : + ¢ ~—t - : =i
g [N P — + - : PSSR .T,L!...ﬂv‘vlwv‘. } ot — t 4 e bemgrg it ik . e e gt
: P : X : L : ; . P B :
ST FHE ST TNENPS DRSNS N S i R ; ; ; !
! i I . ‘ P H
. . b+ P T et
- M ; . . .. e 2N - i H FI— -
: : A LR i T . i
. e e L ey + p« ' . et ; :
i e . ; g i g
- C- — i ‘ WJJJLLII» . : , w ﬁ w ; +
1 - - e—t 4 _ bt +— + ' + * + = = i
1 DU [P i i - e
o . N L RN
. 1 H Tt ! T R \
b P SO S H S SER N 3 b H 4 +
— e i £kt N f Tt
* ' ko _.Tl\+ t AR SN B S | 1 T ~+ ) i
i i o ; RN .y ; i ;
+ -t t t : + t ] i + 1
L : CoL i i 1 i 1 |
B8 S e S t LlllTTTIJT st v 1 * * $
i b b v,
I == D AN t T T :
i i
7

R Llr T S i ,T.Tr«.i.ll N

! i i : ]
RO N AR RN R R e —
ITT L.l; 11*111? e : e ey ! ; ; Q {
! : L ; | i
g i SRS N ST VRN N S SNPOS SRPURIURN QNS W S
e T e : N i i e
: “ + g | A teoct +* i =t t + 1
i N . Y —_ ; '
-+ . -
T J RIS 1 — :
+ o + + v t
i} d 4 & + t
H i " : A i e
v ‘ b st
W\’ e & “ . m
T N H i A i i ~ i -
" - :
T - . T
i — + !
; i N : , . B ] 1 L
Tt T 1 ~ T + T
i o 4 w4 ' et
- et B + 4 +

X : ! .
B i s + Fobe e R 4 R it b=t Tt W T b
. N . - - ol i + i . i H N .'
BT i . S 44J|r TR ;94 B T e f P - ‘e

e e B T B

SRR N 1 Jg,u RTINSO © S | I VYR
Mw / — . .
T T TolAcGoN

B 1T PROJECT Rl

T T ] WILLAMETTE BASIN PROJECT, OREGON

ol -—1 DETROIT DAM AND RESERVOIR
] FOUNDATION LOADING TEST

Ean. [ RADIAL DEFORMATION
e L TUNNEL T-A

"l u.S. ENGINEER OFFICE, PORTLAND, OREGON, DISTRICT
h e i | i e e e b e o] DRAWN BY : PALS.

S H,,r.ii,Jjﬁ;_t_I.lmr‘,......w._ R S A Nd& 7 lx TRACED BY: G.E.G.

T TSI T I T I T T P TT T T] oATE : DECEMBER, 19 40 .
CHAPTER XY ~-CHART I¥  DE - 40-30/!




U. S. ARMY

T . T T ]
. . . USSR SN S
. . o4 . B by g e e - - Y
t e - i . D s e st i pe e e
Vet - . Pl e e e b
R - N e s W =
- o . = 9
Y . =07
w s ., T - - N ,’!
. bt e ot e m I U R = S
S N o Ll TR e
...... - N . PR ]MC
. . . L RS L L
. M F S, - - - - “va
; . b et 4 SRS <
A it b g < e et et e
______ S IR LT T e
BReY
>3 - - . W
S N I . . ﬁ
>

we99. | S
LOADED AREW 1 44.5 o INGHES.

) N .p4
- - - va«,
B S
c Zz
ol “ R
nw R ‘¢. * ...... , . .MMT!

IPORY | DATED:

¢

CORPS OF ENGINEERS,

|BQUIPMENT SET | .
AT 'BLEV: 1237 MT STA. 0+ P7 COORDINA|TES '

" |DISPLACEMENT 1S SHOWN |IN. DIRECTION

WILLAMETTE BASIN PROJECT, OREGON

DETROIT DAM AND RESERVOIR

FOUNDATION LOADING TEST

WALL DEFORMATION

TUNNEL T-A

U.S. ENGINEER OFFICE,

PORTLAND, OREGON, DISTRICT

WAR _DEPARTMENT

T

LOAD 210 [Hfa IN.

LOAD ,5/.0“/5 N -

i

o
N o
Q D =
X . n RL
o F o
e 3 A .l
} . . - a (9] W
Py b P . e M < o W
ey . + il .o ‘ , . ~ - ,,"bx e C
o : &
SORESRE S i e o T . oo
ot oo F_v « N Y =N " z 9 0©
A o I~ S < o] 2 Qw
- H ..... ! . ‘e [ o S~ . [ S N - . ﬁl,«AA < < -
. - . —y . N ; b - — e m m M
e | . C X o S \ i . oo et
. ne . - R b o - . .- .. IR . B - . . R BT Teretar B " eI ey B Sy
PO e S S N - i . [ - ﬁ .- PR 1*4 . .;lth.L,x b e 4”1.”‘
e - i iy . RS S ' - - 4 - — I . PO SR oot e I T
. “ . N . . - e eyt . U e - ke ._..NrL_ITJvLALL,i — IT..TJ!Q
. . * ' ” . MVv . N " s »x Rt e 4 b b o s
T , .
R L R SN SR L JoooT T AT
Voo 4 SR b e - - b — e ‘l&l;,.»#‘i 4 M
..... t - — . ———— SRS - ] .o,\l.r VG S S
t . - e 4= . M ey — e e S e
. | R . ~ e IR
:. . - - vwr . . - — JES——— - - — bll.,f..
™ . )
. M - - —— e e ey - IR
- . ) . R e .
> . m . . - . — e ]
- N B 1N — D m- . — b o e eane s — [ R
! , R (i < . - . . -
. B SRR I . p - - e R :
2 ¢ |- .ol R Corx R
o - w . - 3 4o i ST | I - i o -
N “ . . . P . — : mr‘ - - ”4‘ “«y — r‘_! - N .
M “ T * - . Q ﬁu . IR Mw«wm _ ARSI I B
- - ©, f . . w ~ - — o w S - S _—
-.0 . ,rn.» . n aQ Fm - N e ‘.PMW” | wm o S SR ]
g . -k . . . . v s o e e b ;
I & t : o . T R
i e g x5 T : IS
ied Jd (G " ; e 4 P b
e . LR MM - s e b DRI DDA SRR RSO | O SRR SR e
N N < 4‘ X g BN 5 '3 S SRR W | B NI W .
. b ; + ) H - [ o hvﬂ i_, " enemenpas W ﬂ et 4 R Y R ERaaIEEES /..;_,.i.:
. DA . . . ‘ - R b <SR DU~ | IR U S B N RO S
L x o h R 2 R WW e e R
B S ) B N AT | q - - o m [ e o ﬁwm_w PRI Wﬂw -
N R aw i e RSN PN SR | TR . WI - — e Py R T T I S
VRN — S e . R I | . e i I < | SRS O R AP NS
(TN q A N _ b o - I S\ | BUNS sV
‘i «Mx e . W R O O S M - lﬁ QY by [ DO!V¢ 2 ; w - Lo
e E T ) N iy SRR | N YN N DS
b o.m ¢B.« 4 h. —. . B AN - _ti, — S
v.xw».‘gl. | P } . 0 . B <‘Jﬁr“
o R C r < by
Ry X DU I o ¢
4 F, . i . ™., 5 .
3T - N i H
. rm - RO ST ._u . s i “
b oo f s A T
- M, R « T . w‘. (%) { .
e .. L. : . N " . .
...... o . Lo
T I . - L
L. . _ e . | .
1 1]
R G BV
: <3 | d i
~ N ) 5 . oo e ‘ E 1
S N N | I
|
LT . M. B r o . w . H,_T _
I~ W T i
|} ¢ +
SRR T R 1| N T I R ‘
RESUETBRE S HK?_ e : N BN Ul R D il SRR
SRR N T AN . . N I I
s —— [ -4 - L —— 1* ~ B - b — — U SR s e .
L o 5 . L R b _4 —————t —ed i . ) SN 4
N RN & e - - b
.:/- . — — - Rm— - — — -— - -

f— 4 — -

' .
o il e s e
B R 4
-

a4
o e e R s LL
b . Sy . - : I, -
R RIS I _ PR Tav 07T | Y 'AF V2 ‘ ISR S S
oy o o R~ S B s B
v O [ ; Q) ) _ . A~ TR ;
. 3 S ‘ 0 SR SRR - R s~
..... T S TS B RSt R I R
‘ L SUNIOI & |40 FOVYAN S TR B s
= SIHINI N/ _‘GY O G/ TdaV | 10 NOHIFHG Ni_TT¢M 40 ANINIIVTISITI - -

) DE-40-3I/1

HAPTER ¥ - CHART X




.

|
|

ARKMT

U.O.

ENOINEE KD,

|
S

1

[ PROJECT R

CORFS UF

U.S. ENGINEER OFFICE,

DRAWN BY: P.A.S.

TRACED BY:C.L.S.

. . SIS S : L w 5
. a— - B " - w = =
, Eel|lX S u = e
L BRI SaS g : | z7|° &+ o :
R IR § S el SRS D WolE &, = -2
A : . wa.LMfLJH_UH.#.I; § R ,‘,.“DQ K bV < < m
e - IS SN I I RO R =/ x zZ = X °
; . e - 9213 <~ x =g
, DR AR AN L] m m Q o z 5
: N I X a (an] A el M
R DRI SO S O SR ISR SR B D a8 < O w —F
PN SR . e ] SRS DU I . 1 Z2Elz <€ U0 o Wl m
ﬁt.: - N B S S N B U . S R S —m._ < | = - q
: T Talwn
S~ A 2 Z - Z
IR - Ly lm <C o = -
e -z 9 o= 3O -
. o Wl w =z
RSN W - M <<
. = = =
dgluozax ©
e B L
4 a
<

DATE: DECEMBER, 1940

DE-40-32/

WAR DEFPARTMEN |

I SR .
RN _ S P
; A\ | )- -J, L.
O U A I B .ﬂ, 5 H :
Ta; AR -
| 2
I
< - o A . .
N RiEE A
1l K i
BBttt 8o
R N
N ” e - D
~3 2 - X -
.Wv:w . 0 . -
= i I
= .1 o N
N 0
45 =t 1 - .
m.m%x - W .
of & -t B
2,” ‘- p P -
of o | &
S N
~ MNu—
N i B 4 A;*.;m .I.
. . FL
o
et ‘ s
IS S R AR R Y G ‘ - .2
. ¢ : d :.,1.‘|r..v. — — . . ey - . - v Q -
- g e - m BEEEREE b e M R < -
— e L.l.a T e S P — »Ut. " m . - R~ I
e ettt QY it <~ ~a Fp. L.ﬂ . “ E i Aa v. . .,L
TN T e FS L ANINY VY I
B R L | o
R - - I .
AI!L SRR .4' 1L“ . . 4 - e— . -

01X0t Wo1T232 eeond "12331939"

' 00 MIONTIICO IMI0OUT

CHAPTER X - CHART MI




APPENDIX B ~ GEOLQCGY AN FOUNDATION DATA

DETROIT DAM SITE ~ NORTH SANTIAM RIVER, OREGON

CHAPTER VI - AVAILABILITY AND SUITABILITY OF CONCRETE AGGREGATE



VI - AVAILABILITY AND SUITABILITY CF CONCRETE AGGREGATE

Teble of Contents

Paragraph 1. Aggrevate Deposits. Page 1

3. Laboratorv Analysis.
16. Conclusions,

17. Hecommendations.
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1. egato D its: 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.10S., R.5E., is 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, Te95., R.2E., one and one-half
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 area. Compsrative preliminary tests indicate that the material
may be slightly better than the Blowout Creek deposits.

3. Laboratory Analysis: Laboratory tests on aggregate from the
above depoaits were made by Professor 8. H. Graf at the %ngineering
Laboratory, Corvallis, Oregﬁn and included sieve analysls, abrasion,
soundness (megnesium sulphate), decantation (si}t), bulk specific gravity,
absorption, orgﬂhic impurities {color number), mortar strength tests and
compressive strength tests on concrate c&linders; The test data is sum—
marized on Tables I to III of this chapter of Appendix B.

be Sie&e analysis on the nine large samples shows‘considerablo
variation in the size gradation. Six inch élus material ranges from

2.3% to 53.24. Material under six inches shows —



a. Average percent of gravel 59,50
b. Average percent of sand 40.50
&. Average fineness modulus gravel 8.19
d. Average fineness modulus sand 3.20
e. Average combined fineness modulus 6.32
f. Average gravel/sand ratio 1.74

5. Abrasion tests by the Los Angeles method show satisfactory
results for all samples tested,

6. Magnesium sulphate soundness tests 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, 1940t "There is one important
feature of the magnesium sulphate accelerated soundness test used by
this labnratory which was not mentioned in recommending 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 gutside of the
particles. For this reason the percentage of loss is lower by a practically
constant amount than would be obtained by a well conducted test by the
existing A.S.T.K. 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 metnod by a factor of 2.20 in
order to make our results comparable with tests conducted properly by the

A.S.T.N. procedure”,



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 shom in the following table submitted by him:

=¥

: % Loss : € Loss : Ratio
~:Sample:Wuerpel :A.S.T.M.:A.S.T.M.

sNumber: Method 2 Method :Wuerpel

Fine Aggregates : BH«2 ¢ 12.76 ¢ 31.01 : 2.43
! BG-2 ¢ 12.78 ¢ 30,53 : 2.39
¢t BA-1 : 23.32 : 32,09 : 1.138
¢ BI-2 & 23.28 : 41.47 : 1.7
- : : !

Coarse Aggregates ¢+ BG-1 ¢ 11.27 : 11.73 : 1.04
: BI-2 : 13.06 : 11l.12 ¢ 0.85
: BG-2 ¢ 4.63 :11.04 : 2.38
: BF=2 ¢ 6,36 ¢ 9.21 : 1.45

8. On the fine aggregate specified losses were to be not over 30%
by the A,S.T.M, 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 /
deposit. No samples pass the Wuerpel test with a 10% minimum loss
allowance., Even with 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-(, B-H and B-I
wore examined under a microscope by Mr. R. C. Newcomb, Junior Geologist,
in an attempt to discover the cause of the unsoundness. His observations
are as follows:
a. "Composition of Grains. - A hasty examination of all samples
showed the sand to have essentially the same composition
throughout the five test pits., ~-~ Relation of type of grains

in the various screen sizes is typically shown by sample

BA-1."



: Grains
:_epproximate per cent
Screen Size : Rock :_Mineral
L -8 : 100 : 0
8 ~ 14 H 98 : 2
14 - 28 : 95 : 5
28 - 48 : 70 30
48 - 100 : 35 : 65

for

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 oxldes - mostly magnetite, pyroxenes and amphiboles
in the order named.

\

"Description of 'before! and 'after' MgSO, samples. —-

4
The 'before'! sand grains‘have e dull, chalky or clayey
surface; the grain surfaces are fairly smooth and evenly
rounded. The 'after' sands are clean end bright with the
same general outline, but with a surface rough and irregular
in detail. Sharply angular fragments mark the grains

broken by the MgSOL. The 'punky' coating, oxidized streaks,
and weathered spots of the 'before' sands show as holes

in tﬁe 'after' sands. Some badly oxidized and weathered
gfains occur in the 'befcre' sands but are nresent only

as anpular fragments, if at all, in the 'after' sands.

Ffesh unweathered fragmgnts generally have suffered only

a scouring effect. The basic (basaltic) grains are gen-
erally weathered more than the more siliceous (andesitic)

grains.



c. "Cause of unsoundness, -~ The grains broken by the MgSO4
are in practically all cases oxidized and weathered ones.
Fresh unweathered grains are practically never broken.
Since the rock grains are commonly an aggregaticn of fine
mineral crystals, it is common for one mineral (especially
feldspar or chlorite) to be pried out of the rock grain
by the HgSOA. From the correlation between unsoundness
and alteration or weathering observed in individusl grains
it is concluded that the unsoundness is due primarily
to weathering and to porosity produced by weathering.
Minerals such as feldspar and chlorite, into which incipieﬂt"
weathering can easily pass along cleavage lines, cause 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 and 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 important 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 its volume
decreases in proportion to the increase in size of the agyregats.

11. Bulk Specific gravity determinations range from 2.49 to 2.78

with three of the four samples tested being greater than 2.60.



12. Absorption tests indicate saﬁisfactory material in each
of the two areas tested.

13, Results of decantation tesﬁs show a low content of silt but
calorimetric tests show a high organic content for all the samples
from the Blowout Cresk 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.3.T.M. method using a water-
cement ratio of 0.6 with mixes adjusted to give 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 square inch at 28 days. In the second series tests were made by the
old A.S.T.¥. method of 1:3 (by weight) mixes for both the standard sand
and the test =zand., 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 b;th COarse
and fine aggregate from the Detroit Area falled to meet the specified
90% of design strength. Tests using Willamette River sand from the
Corvailis Sand and Gravel Company, Corvallis, Oregon and coarse aggregate
from the Detroit Area gave more satisfactory results. Indications

are that the Mill City gravel may be of slightly bettsr quality. See

Table III this section of Appendix B.

- b -



16.

17.

Conclusions:

8.

I

A sufficient quantity of aggregate is to be found in either
of the two areas investigated near the dam.
Coarse aggregate should be satisfactory with a minimum
of processing.
The suitability of the fine aggregate 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.

ationss
Additional samples of fresh send from the river bed in
the vicinity of Blowout Creek or the mouth of the Breiten-
bush River should be tested to determine the maximum quality
of fine aggregate obtainable in the area and indicate to
what extent weathering has affected the low terrace gravels.
Magnesium sulvhate tests after mill tests or abrasion
tests on test nit gravels to check the amount of MgSOA
loss due to weathering on the surface ;f 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.



Prior to construction a complete survey shogld 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 in the larger dams and

therefore materially affect the cost of aggregate.



; APPENDIX B - CHAPTZR VI - TABLE I o
OF AGGREGATE TESTS - DETROIT DAM SITE, | o :
v A myaxuz___. DETROIT jﬂl! v | .

B+F H B-G B=H H B-1 1 B=B

TEST PIT NQ. (g)

H H &A:‘ : Iy X .
Date Sample Taken : : 8/15/40 : 8/28/40 3 8/26/140 : 8/28/40 3 8/29/40 8/20/40: 8/20/40: 3/30/40z 9/4/40 ¢ 1/4/40 : 1/4J40 3 5/22/40 y : :
Blevation Ground Surface:M,.S.L. ¢ 1324 ¢ 1307 : 1307 ¢+ 1303 : 1303 : 1325 ¢ 1325 : 1333 : 1332 : 133, : 1334 s 133, : 70 : : 1333
Depth to Water Table tFeet : 5 : 9 :1 9 t 8.5 : 8.5 : 10 : 10 ¢ 7 :  ? : (£) ¢+ (£f)  (f) s (f) : () t 3 (d)
Sample Number : : 1l : 1 s 2 LD ¢ : 2 1 : 2 : 1 3 2 : 1 : 2 t 3 s 1 ¢ 1 s 1
Depth of Sample tFeet : 3-5 : 3=5 t 7-9 : 35 : 89 t 3-5 1 7.9 : 35 ¢ 8-10 : 1l.1-2.1: 2.1-3.6: 1.1-3.6 3 5.3-6.4 ¢ 2.1-2.1 : 0,6-1.8
Weight of Sample tLbs. @ 6377 : 5442 ¥ 8195 ¢ 4197 : 3357 : 444B @ 3684 : 6792 : 5662 1 76 ¢ 77 ¢+ 1500 : 148 : 50 : 2500
Over 6" 1 ¥ : 34 0 355 %t 53,2 : 8.8 : 33.2 : 24 : 2.3 : 30.3 : 531 & 21,6 1 2.1 t 269 1 2l.6 ot 4.7
Gravel (a) t % : 62,9 7t 645t 59,5 3 35,6 3 66.0 1 41.3 t 53.2 3 78.3 : 72,5 : 3.1 : 76.7 ¢ : 72,1 3 K
Sand (a) 1 £ 371 ¢ 35.5° 0 40,5 ot b4k 1 34,0 8 58.7 3 46.8 : 20.7 1 27.5 1 26,9 1t 23.3 t 279 ¢ :
g/g Rgtio {az ) : : 1é6§g : g-gﬁ : g.ég t 0,55 1 la94 3 0.70 3 1.23 : 3.62 : 2.64 & 2.71 1 3.28 1 25.8 :
M, Gravel (a : . . t 8.0 t 8. : 8. : 7.58 : 8, : 8. s 8. 8. : 8,28 v s
F.M. Sand | : s 3.14 ¢ 2.83 3 2.98 : 2. t 3.33 3 3-32 $ 3.28 : 3.28 : 3; 8 1 3.52 : .37 : : 3.57 t 2.40 3
F.M. Combined (a) . t t 6.62 3. 6,50 3 6.49 i 4,75 0t 6.Th 3 5.32 ¢ 5.65 & 7.80 : 6. $ 7.05 3 7.36 8 3 6.96 $ :
Grading-Percent Retaineds . s 3 | $ H s s t 3 3 3 3 t B | :
(Material under 6") S S : o 3 t : _ : t S : : s : : :
Coarse - Screen t 6" : 0 0o + 0 : O : O s O s 0 : 0 -1 O : 0 T O st ¢ 2 0 s :
' t 3" T 241 1 350 8 43.9 2 10,7 ot 25.4, : 18.9 &t 7.3 1+ 47.2 : 27.0 : 246 : 20.9 3 189 118 : ? * )
t 1A" ¢ 33.1 :  20.k t 23.8 : 29,1 : 30.0 : 27.4 ¢ 17.7 : 2.3 : 25.3 ¢ 30.0 1 40.7 ;?‘% : 29.5%5 H t /
Y 3/4" ¢ 21,5 ¢ 19.4 % 16.1 r 30.0 ¢ 20,7 : 28,5 1 251 : 13.1 : 21.0 ¢ 21.4 : 20.7 217 s 26,1 ¢ ]
¢ 3/3" ¢ 13.4 3 13,9 3 8.7 ¢t 16.5 : 12.5 : 15.0 : 25.6 : 7.6 + 14.7 : 13.8 : 10.1 ¢ 3.5 8 1543 H H
s #4 s 7.9 ¢ 11.3 ¢ 7.5 1 13.7 3 10.4 3t 10.2 ¢ 24,3 & 7.8 : 12,0 : 10.2 : 7.6 3. 4y 8 11.0 H H
Fine - Screen ' /A 3 0 : 0 O : 0 t O : O :t O : O : 0 : 0 ¢t 0 .z .0 -t 07 ¢ 0.8 :
s #8 : 11.3 ¢ 6.2 B 9.7 1 7.5 &+ 21,1 : 15,6 : 22,3 : 28.0 : 23,1 : 20.4 ¢t 19.6 3 17 : 21.9 : 2,5 :
t M4 ¢ 27.5 ¢ 20,7 3 22.6 : 19.2 : 29.2 : 28,7 : 30.7 : 35.0 : 2.3 s 26,0 : 30.3 : ;Q” : 35.0 : 15.4 :
: #28 ¢ 3.6 ¢ 2143 5 36,1 i 37.0 ¢ 26,1 : 30,2 : 26,2 : 18,5 : 22.7 ¢ 2,.3 3+ 27.8 : 1 s 27.6 t 31.9 3
t #48 ¢+ 19.2 ¢ 21.0 : 21,7 '+ 29.5 1 16.2 17.5 ¢ 15.4 ¢ 9,9 : 16.2 : 18.3 : U4 3 5% 2 1007 s 25.1 :
s #100 5.3 ¢+ 13.3 2 6.9 1 5.7 1 5.0 5.5 3.9 : 4.8 3 6.6 3 8.2 : 5.7 1 ¢t 3.1 s 14.8 s
t Pan : 21 ¢+ 75 % 3,0 ¢ 1.1 ¢ 24 : 25 ¢+ 1.5 ¢ 3.8 1 51 : 28 : 2.2 1 Loy 1.7_; t 9.5 3
Color No. - A.S.T.M. $ : 3 : 4 T 3 : 3 t 3.5 ¢ 4 A A : 3 t : s 3 ¢ 2 (h): @ ¢
Abrasion-Coarse~L.A.Tests 4 .8 : : s . H : e H : s s : :
~ 100 Rev. t : 3.68 %k): 3,30 (k)t 3.74 (k): 416 (k)t 4.04 (k¥ 3.72(k): 3.94(k): 3.80(k)s 3.48(k): 2.9 & 3.4 : 2.4 8 :
500 Rev. : 121.42 (k)318.64 (k) 19.50 (k) 20.98 (k)zl .22(k): 20.24(k) 20.28(k) s 19 50(k): 19 04(k): 17.7 ¢ 19.2 3 : 14,0 2 s
Soundnoes Test (b) sactual : : : : : : T
. Coarse : t ¥ : 8.72 (k) 7.37 (k) 6.36 (k) 11.27 (k): 4.63 (k) 9. OO(k) 8. 88(k) 8. 66(k) 13. Oé(k) : £10.60 (k): : :
Fine t loss :23.32  :15.68 122, 56 :13 38 .12 78 14.67 112,76 :17.61 123.28 : : 2 t 33.9
Soundness Test (c) meighted: : : e . . : : : :
Coarse $ average: : 4 9.21 (k) 11.73 (k) 11. OL(k) : . ‘ .11 12(k) . : . : : .
Fine t £ loss :32,09 : _ 30 53 3 $31.01 ¢ 41.47 ¢ 30.8 3 31.7 3 : 23.9 : :
Specific Gravity 3 : : : : : : s : 3 : 3 s $ $
Coarse 3 : : : : : : : 2.61(k): 2.78 s :
Fine s : s : : : : : : 2,49 2.7 : :
Absorption - 3 : : 3 : H :
Coarse t % : s i : : : : 3 : : : 1.82(k): 1l.41 : :
Fine 4 : §] : : R : : : : : : 3,78 ¢ 3.78 : :
Decantation (silt) : : 3 : : s : : H : 3.29(e): 1.56(e)s : 1,89 (e): :
Coarse t : : | e T : : s : : : P43 v W24 : :
Fine R : : s : : : : : : : : 31,66 2 LL3 : :
(a) Based on Material under 6" (e) Washing loss
(b) Wuerpel Method - Central Concrete (£) lot reached
Laboratory, West Point, N.Y. - (g) For Location see DE-40-24/1
(¢) A.S.T.M. - 5 cycles (h) After washing

(d) Water Table - January 4, 1940 -~ = (k) Does rot include material retained on 3" acreen’




MORTAR

STRENGTH TESTS ON FINE AGGREGATE

APPENDIX B - CHAPTER VI

TABLE IL

DRTROIT DAM SITE

:Cylinder: Age : : Strength :  Shear £ :Ratio-test sand:
: Size  :Days 3 : H 1o inesy : :
: H $ H : : H
A.S.T.M. (ag 20 x 4"t 7 :0ttawa @ 2890 : 320 : - :
A.S.T.M. (&) :2" x 4" ¢ 7 :B-D# : 1495 : 330 : 0.515 :
AS.T.M. (a) 22" x 4" ¢+ 28 :0ttawa ¢ 3790 : 28° : - :
A.S.T .M. (2) s2" x 47 ¢ 28 :B-D# : 2600 : 30° : 0.685 :
A.S.T.M. %b% 2" x A" : 7 :0ttawa ¢ 2880 : 29° : - : W/C = .35
AS.T.M. (b) 22" x 4"+ 7 :B-D# : 3560 : 28° : 1.233 : W/C = .333
A.S.T.M. (b) :2m x 4" ¢ 28 :0ttawa : 3210 31° : - : W/C = .365
A.S.TM. (B} 22m x 4" ¢ 28 sB-D #1 : 5240 27° : 1.436 : W/C = .333
A.S.T.M. %ag 22" x 4" ¢ 7 0ttawa 2740 : 27° : - : :
AS.T.M, (a) 22" x 4" 3+ 7 :B-B : 1800 : 24° : 0.66 :
AS.T.M. (a) s2v x 4"+ 28 :0ttawa @ 4360 @ 2509 : - :
A.8.T.u. (8) :2n x 4m ¢ 28 :B-B ;3410 23° : 0.78 :
A.5.T.M. (b) 2" x 4" ¢+ 7 :Ottawa : 2300 : 259 : - : W/C = 0.428
: : :20--30 ! : : :

A.S.T.M. (b) :2" x 4® ¢ 7 :B-B : 2740 : 27° : 1.21 : W/C I 0.443
A.S.TM. (b) 2% x 4" : 28 :Ottawa : 3540 : 18° : - : W/C = 0.428
H H $20-30 : : H :

A.S5.T.M. (b) 2" x 4" :+ 28 :B-B : 5030 : 24° : 1.42 : W/C = 0.443

(a) Present Standard A.S.T.M. Method (b) 01d A.5.T.M. Method

wW/C = 0.6

100% flow-

(1:3 by weight)



APPRNDIX B - CHAPTER VI

———

TABLE III

COM. E-SSION TeoTS ON CONCRATE CYLINDERS
CETRCIT DAY SITHE

Cylinder:Age : Coarse : : Stress : Angle :% of Design :
Size :Days: Ageorerate : Sand :Lb./sq. in.:of Break:Strencth (s) : Remarks
6" x 12": 7 :B-D #1 :Corvallis, Ore.: 1620 @ 29° : :No aggregate was sheared
6" x 12": 28 :B-D /1 :Corvallis, Ore.: 2920 : 27° : 97.0 :No aggregate was sheared
3 x 16": 7 :B-A & B-B :B-A & B-B : 1520 1 24° (e): sVery slight aggregate failure
g" x 16%: 7 :B-A & B-B :B-A & B-B : 1580 ¢ 24° (e): :Very slight aggregate failure
am x 16": 7 :B-A & BB :B-A & B-B : 1450 23° (c): :Very slight aggregate failure
an #16": 28 :B-A & B-B :B-A & B-B : 2200 1 23° (c): 73.0 Few ageregate particles sheared,
8" x 16": 28 :B-A & B-B :B-A & B-B : 2260 1 24° (e): 75.3 Failure mainly in cement paste and
8" x 16": 28 :B-A & B-B :B-A & B-B : 2340 1 24° (e): 78.0 of bond between cement & aggregate.
3" x 16": 7 :B-A & B-B :Corvallis, Ore.: 1520 ¢ 27° : :No aggregate failure
8" x 16": 7 :B-A & B-B :Corvallis, Ore.: 1420 @ 23° : :No aggregate failure
8" x 16": 7 :B-A & B-B :Corvallis, Ore.: 1430 s 28° H :No aggregats failure
8" x 16™: 28 :B-A & B~-B :Corvallis, Ore.: 27,0 1 259 (¢): 91.4 2 Very slizht acgrecats failure.
A" x 16": 28 :B-A & B-B :Corvallis, Ore.: 2730z 24° (c): 31.0 Failure mainly in cement paste and
8" x 16%: 28 :B-A & B-B :Corvallis, Ore.: 2760 : 30° (4): 92.0 J | of bond between cement & aggregate.

(a) Designed Strength 3,000 1lb./sa. inch at 28 days
(c) Signifies conical fracture
(d) Signifies diagonal fracture
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