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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,



.
y

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



v

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

- -



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
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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




WAR DEPARTMENT CORPS OF EN}GINEERS,U.S. ARMY

W =22y = 2 Z e

T
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‘______,A \Z,‘“ %'( ______ -
——EZzzzoig SEEEI
N =
? ! 5/’/ Vertical plane poralle! to N>
Q| 7 7unnel Centerline. 0
| = | e . =
| I/ ~——0eviation not to exceed 8"+ wo -
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
Q. &N = }
\; =\ Y t ‘§ 1 “
| ”; o]‘ o - = i
¢ it /00 7on 12°x 12" 'ECQ 1/ :
X 1 draulic Jock S Qof= :
< i =) #y Joe Fir Block I § 1t < :
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d =1 I 7
3 R i L N 4 3
N | i N 34—/ V2" Steel Ball sl Y Y 3
| T2 ] o o f-=23]
| _Z\ ' I Maximum projection of Gage Plig 0
5| i\ " on Woll A =
N )| i
| —— :;Cj/ | Coge Plugs -34 " Machine Bo/ts. 2 —
C- =zl =Tz
! =
| T = = —
| | =
(74
Q n =
CEEEE" = TN
= Z

i /.
%> m

=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
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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)
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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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