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Report to the
City of San Diego, Celifornie

on the

Proposed BARRETT and LOWEL OTALY DAMS

M.

by
Il O'SHAUGHNZSSY, Hydreulie Zngineer
e

Letter of treansmittel.

Details of Cost =stimate, BARRETT DAM.
Details of Cost =Zstimate, LO"E: OTAY DAN,
Specifications, Barrett Dam |

Specificetions, Lower Otay Dam,



M. M., O'SEAUGHNESSY
City Engineer
San Francisco.

July 10, 1916.

To the Honorable
MAYOR and Common Council,

of the City of San Diego, California.

Gentlemen:-

In sccordance with your hesolution No 21436 and Ordinapce
Hoe. 6596 of your Body, I herewith submit the following plans and

specifications of dams for your approval:ie

Sites Available and Advisable.

An adeguate water supply is essential to the solid growth
of any community and it will therefore be desirable and necessary
for the needs of the future Greater City of San Diego to ultimately
build dams end to conserve the waters on every watershed in San
Diego Countyes The City of San Diego should therefore direct its
development policy with thic end kept constantly in mind. At
present the City owns in fee simple tWao excellent dam sites, avail-
able for iomediate occupetion and use, nemely, Barrett and Lower Otay,
and I recommend that workx on thece sites be immediately underteken,

A reservoir at Barrett, with seven billiom (7,000,000,000)
gellons capacity, will more than conserve seven million (7,000,000)
gallons deily average waste now taking place at that point from
lack of azdeguete storsge and is the chegpest stored water that can
be added to San Disgo's supply. The dam at Lower Otay, besides
collecting water from ite adjacent watershed, can 2lso be used to
hold such overflow from Cottonwood Creek as may be diverted by the
Dulzura Conduit, and conserve the seme in a balancing reservoir within

20 miles of San Diego.

2e

There has been a substantial smount of preliminafy work
finishoed for the two'above named sites, such as roads, whioch meke
the work readily accessible; diversion tunnel; partial foundetion
explorations; the Dulzura Conduit from Barrett; and the pipe line
and distributing.branchea from the Lower Otay. Shoﬁld the City of
San Diego attempt to initially utilize some of the other svaileble
sltes, of which there are several in the County, practically all
of the above mentioned work or its eguivalent would have to be
duplicated; water rights and rights of way would have to be
obtained either by direcet purchase or condemnation proceedings, with
the consequent legal entanglements, etec.,; 8ll of whieh would entail
unnecessary expense gnd delay at fhis tine, |

The City should therefore reslize the importance of im-
medistely beginning end diligently prosecuting the work on the
Barrett and Lower Otay Dams in order to meet the needs of the
repidly increesing population.

The most desirable program of consiruction would'be to
carry on both dams simultaneoudy. However, should the City
decide to build only one dam imnediately, I recomnend that Barrett
dam be given preference,

The Barrett reservoir would act not only as a balsncing
unit for the Lower btay reservoir, but would also meke full use
of the completed Dulzure conduit and bring into immediate service the
water now wasting st Cottonwood, thus supplying a very desirable
link in the ultimate plan of development.

It 1s clearly evident from the location and physicel
characteristics of these two watersheds, and from measurements hore=-

tofore made, that the runoff from Barrett is, in normal years, much
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more then that from the Lower Otay shed, while exactly the reverse

js true of the available economic storage at the two dam sites -
fifteen billion (15,000,000,000) gallons at Lower Otay and seven
billion (7,000,000,000) gallons at Barrett. This condition demands
that the excess waters of Barrett reservoir be transmitted by means
of the Dulzura Conduit snd stored in the Lower Otay. This in turn
will make svailsble more storsge spece for waters from the Cottonwood
shed.

With these two dams built a much more complete utilization
of the waters from the two sheds now in City ownership will be
possible, and ths svailable City supply will be increased in average
years by aﬁproximately ten million (10,000,000).gallons per daye.

If Barrett dam alone be built st prcsent, the stored water
from the seme cen be pessed down to the Upper Otay and the lower
snaller City reservoirs near Sen Diego and preetically directly into
City distributing system by the difect connection to the Dulzuras
conduite.

Types of Daus.

With the recent flocd experiences in San Diego from un-
precedented runoffs which czused a train of destruction along each
streambed in the County, it is only wise to anticipate any future
recurrence of such conditions by now buildin; dems of such strength
and magnitude as to resist floods of even greater volume than any
heretofore encountersd.

You will note from the sccompanying plans that the greatest
cere hes besn taken in development of designs which, if properly
ezacuted, will render the comnunity immune for ell time from any future
disgsters. To accomplish this object it has been necessary to make

Some whet more exzpensive worke then preliminerily estimated but I am
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firmly convinced that no chegpening of type will be justifieble
when the vital purpose for which these structures have to serve in
the 1ife of the comnmunity is conridered.

The type of dasm proposed for both the Barrett andi Lower
Otay sheds 1s the "Arched Gravity, Cyclopean Conecrete.” Frevious
exploration work at the two sheds (for the original dam in the cease
of Lower Otay) has proven thet the foundetions are amply able to
withstand all the pressures and thrusts vhich may develop. These
pressures will not exceed 10 or 11 tons per sguare foot for either
structure.

For both dams there is & central portion mede lover than
the rem&inder in order to pass the flood waters. This portion of
fhe dams will be of the "overflow type".

BARRETT DAM

Height of overflow section, 140 feet sbove stresmbed.
Height of non-overflow section, 152 feet ebove stresmbed.
Availeble storage et 140 foot %Epgp, 6.75 billion gallons

(This can be increased b§/7 billion gellons by
means of low flash boords if desireble.)

Length of crest, 640 feet.

Length of effective spillway crest, 242 feet.
Width of crest and roszdway, 15 feet.

Outlet tower reiﬁforoed concrete, dry.

Depth of overflow, 12 feet.

Cepacity of spillway with 12 foot overflow, sbout 30,000
cu. ft. per second.

Volume of Dam approximately 89,000 cu. yds.
Cost, approximately $£690,400.
LOVEE OTAY DAM

Height of overflow section, 137.5 feet ebove stresmbed
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Height of non-overflow section, 145 feet above streambed.
Available storage 137.5 foot depth, 15 billion gallons

(This cen be increased to 16.56 billion gallons by
means of low flash boards if desirable.)

Length of erest, 750 feet.

Length of effective spillway crest, 212 feet.
wWidtnh of crest, sna roadway, 16 feet.

OQutlet tower reinforced concrete, drye.

Depty of overflow, 7% feet.

Capacity of Spillway with 74 foot overflow, about 13,000
cu, ft. per second. There is also en additional
spillwey provided which discherges into the present
spillwey,enlsrged et upper end. This will also have
& cegpacity of approximately 13,000 cubic feet per
second, bringing the total gvailable combined spill-
way capacity up to 26,000 cubic feet per second.

DETAILS OF COST ESTIMATE

For

Volune of Dam, epproximately 86,000 cu. yds. BARRETT DAM

Cost, spproximately $682,200.

General Flens snd Specifications, showing the type, heights

of dams et Sarrett and Otay, sre enclosed under separate cover,
together with their cost estimstes.

Tine Zeguired for Construction.

The probsble time vhich will be required for constructing
these dems will be sgbout 15 to 18 months if the construction of
both is carried on simultaneouslye If the dems are built in sequence
the tine 0f construction will be from 30 to 36 months.
espectfully submitted,
ii.,M O'Shaughnessy,

Hdydreulic EngineeTe




COST ESTIMATE - BARRETT DAM,

34,700 cu. yds. of 1:2%4:5 concrete at £6.30 per cu. yd.,

30,000 cu. yis. of 1:3%:7 concrete at $6.00 " " ¥
115 cu. yds. of 1: 2:4 concrete &t $7.,30 " " "

(above concrete costs are exclusive of
cuarrying rock for erushing for concrete)

21,600 cu. ydse. of rock plums at 32.25 per cu. yd.

34,600 cu. yds. of rock for erushing for concrete
at $1.75 per cu. yd.

13,000 cu. yds. of stripping (mostly rock) at £2.70
per cu. yd.

Say 4,200 lin. ft. of holes for grouting foundation
(this will depend upon the nature of the
foundation when stripped)
at $1.35 per lin. ft. grouted

380 cu., yds. of 1:2%:6 concrete in outlet tower,
2t 310.25 per cu. yd.

200 cu. yds. of rock for crushing for concrete
at £l.75 per cu. yd.

15 tons of steel reinforcement for tower and roasdway,
et 3100, per ton,

10 tone of steel pipe,laddiers,screens,valve stems,
gratings, etec., at §140. ver ton,

45 feet of 15.5 feet dismeter sneft for outlet tower,
et $65.75 per foot,

3 velves, 24 inch and 30 inch

400 1lin., £t. 12" x 1/16" copper wvater stops et $1.25 per ft.

rainting 18,000 scusre feet of expension joint with
at 6003 per Sq. fto

Yo & 3. 0. 2 mixture,
Camps, buildings, sheds, water supply,severcge, etce.
Camp meintenance gnd repeirs,

Plent (allowing 40% sslvege vezlue

FPlant meintensnce and repairs

6e

$218,600.
150 » 000 -

8b0,

48,600.

60,5660,

35,100 L

5,700 .
3,900,

350 .
1,500,
1,400,

2,500,

1,360.

500.

250,
7,500,
1.400.

30,000,

4,000,

Engineering and Superintendence st 4%

Contraectors' profit 123% of above (except 4%
engineering and superintendence)

Interest during construction at 4% on one-half

the sbove amount for 17 months

TOTAL

(5

¢ 22,950,

71,800,

21,300,

£690,400,



DETAILS OF COST EZSTIMATE

for

LOGIL OTAY DAM

37,000 ou, yds. of 1:2%4:5 concrete (this includes
spillway changes, at $6.560 per cu,yd.
30,800 cu. yds. of 1:3%:7 concrete at $4.46 per cu.yd.
167 ou. yds. of 1:2:4 concrete at 56.35 per cu.Yd
(above concrete costs ere exclusive of
quarrying rock for erushing for concrets)
22,400 cu. yds. of rock plums at 72.20 per cu. yd.
36,000 cu. yds. of rock for crushing for concrete,
at $1.75 per cu. yd.
11,000 cu. yds. of rock (with some earth), stripping
and excavating et £2.70 per cu. yd
6,250 cu. yds excavation for spillwey alterations,
at $2.50 per cu. yd.
Say 7,500 lin. ft. of hole for grouting foundstion,
(this will depend on the neture of foundstion
when gtripped) et $1.25 per lin. ft.
grouted
440 cu. yds. of 1:2%:5 concrete Por tower end conneciion
to tunnel at $9.50 per cu.yd.
270 cu. yids. of 1:2%:6 concrete for lining tunnel,
at $12.00 per cubic yd.
400 cu. yds. of roek for crushing for conerete,
at 71.75 per cu. yd.
18 tons of gteel reinforcement of tower and rondway
at £95.00 per ton
Wrecking old tower end enlerging tunnel entronce
foad chenge owing to new spillway, say
9,500 £t. B.ils in bhridge over spillway,at 347.30 per ii.,
including 211 bolts, ete.
194 tons of steel pipe, ladders, screcns, valve stems,
gratings, etc. at $133.00 per ton
9 velves, 24 inch and 30 inch
500 1lin. ft. of 12" x 1/16" copper water ctops at
£l.20 per ft.

COST LSTIMATE - LOVER OTAY DAM

Torwvarded

$203,500,
137,000,

1,000.

50,400.
63,000,
29,700.

15,625,

2,600,

L4400,

6254

$628,3560
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Brought Forward $5628,200,

Painting 302,000 sq. ft. of expsnsion joints,
at § .03 per sqg.ft. 900,
Camp buildings, sheds, water supply, sewercge, etce 6,000,
Camp meintenance and repairs 1,200,
Plent (allowing 40% selvege value) 27,500,
Plent maintencnce and repairs 2,600,
-nginesering and superintendence at 4% 22,700.,.
Contractor's profit 123% of sbove (except 4% engineering
and superintendence 71,000,
Inferest during construction gt 415 on one-half
the gbove smount for 17 months 21,080,
y PLANS AND S ZCIFIC-ATIONS
TOTAL. $682,200. - - -

for

BATTETT DAM
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l. GZFERAL DISCRIPTION:

The werk to be done under these specificqti?ns is tngh
conciruction of a storaze dam snd its eppurtensnt features at e
Barrctt Dam Site, Sen Diego County, California.

This dam will form & reservoir having.a capacity of Seven
Billion Gellons (6.75 billion gallons usable) of water. Thetgam
will ba of the grevity type, orched in plen, the Sentral poz:i onb
being used as a scillwey for dischorging flood welers. It will be
built of concrete irn which will be imbedded large rough stones of
vericus eizes uo to sabout four (4) cubiec yosrds esch.

(2) The section of the dam will be ir scecordance with
avrine N

i L.O(.Tb) The top of the overflow portion of the dem will be :
one hundred end forty (140) feet above the streambed, the top of the
non-overflow portion being twelve (12) feet higher, thet is, at ele-
vation one hundred snd Fifty-two (162) feet. It will be sbout six
cupdred forty (640) feet in length with & roadway slong the top.
fne width of crest will be fifteen (15) feet. : st

(e} The feces of the dem below “he copingvwill be of con-
erete built in plcee with the use 0f cectional formse.

=0C0E EXCLVATION »O- FOULDATION:

o
-

Zxcevetion shell be made to s sufficient depth to secure
- - ‘.
a foundati®R onsound ledge rock, free from open seams or other
ozcjectionavle defectise

It is the intention to build the cyclopeen conerete masonry

ggairnst the gide of this rock excsvetion. T0 preserve the rock
outside the lince of the cxecvetion in the soundest possible con-
dition and to obtain over the vwhole foundetion & rock surfece, free
Irom open seems or cracks, unusual preceution wi}l be reguired in
excevaling. 3lesting ney be done to the externt directed by the
“ngineer in chorge with explosives of such modercte power end in
ich positions &s will neither ersck nor dsmege the rock outside

ch

bl

€ prescribed limite of excavetion, snd whenever, in the opinion
of the Ingineers, further blesting ie liable to injure the rock
upon or sgainst vhich the mesonry is to be built, the use of ex-
Elosives shell be discontinued gnd the execevetion of @he rock con-
ténued by wedging end barring or other spproved methods.

11.
(a) A cutoff trench will be required netr the heel of the
dam, practiecally for its entiie length. This cutoff trench will
have neerly verticel sides and be of dimensions showm on planeg,

e PREPARATION OF ROCK FOUNDATION :

The surfaces of the rock foundetion shell be left ecuf-
ficlently rough to bond vell with the masonry and choll be cut to
rough benches or steps unless neturally co stepped. Cere must be
token not to open or breuk the ledge roek unnceessarily.

Before laying the masonry on or ggninet the ledge rock
the latter shall be scrupulously free from all dirt, grevel, scele,
loose fragments, and other objectioneble substences. Stresms of
water, sir, or stesm under sufi{icient preceure, etiff broom,haumeres,
and other effective meens shall be used to accomplish this eclesn-
ing. Skould any springs be encountered they shell be piped end
grouted or cerried outside the dame After cleening end before
concrete is laid on or sguinst the foundation, the vwuter shall be
removed from gll depressions so that the surfece csn be inspected
to determine whether seems or other defects existe.

(a) Small sesms end cevities showing on the base or the
face of excevation vhere mesonry is to be pleced, shell be ecre-
fully scraped and cleaned out end filled with rieh concrete or
mortar rammed in under prescure.

(b) All holes that may be drilled in riverbed st the time
vhen borings ghell be made shell be thoroughly grouted under pressure.

(¢) In the center of the cutoff trench & row of holes
shell be drilled es shown on the drewing, which holes shell be
grouted after the concrete sbove sheall have been cerricd up to a
convenient elevation, not leses than twenty (20) feet sbove the base
of the dem. There may be three (3) or more lines of sueh holes re-
quired, depepding upon the nature of the foundetion.

(i) Along the bottom of the cutoff trench there shell be
leid & porous sub-drein composed of porous concrete blocks or tile,
and connected a2t intervels by riger golleries to the mein inspection
and dreinege gallery, as shovn upon the plens. In building up the
riser care shall be teken to plece lerge rocks imbedded in the

concrete betveen them in order to prevent the formetion of any line
of weekness.

(e) VWhenever in exeavating the foundstion or cbutments,
thick strate of esrth or other meteriel, which is 1licble to decom-
pose from exposure to the air, sre encountered, drif'ts generelly
parellel to the axis of the dem shsell be driven along these seums or
strata until a safe distence from pointe of poesible exposurc is
reached. These drifts shall be &t once thoroughly washed and cleaned
and immedietely refilled with concrete. Grout should be pumped in,
especielly around the top, so as to eniirely f£ill the opening.
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4. CEMEINT :

All cement shall be first guelity Portland cement of 2 brund
wnich has been in continuous end successful use in the State of
Celifornie for three (3) yeers.

(a) It shall be furnished in originsl packuges, bearing
the origingl lebels.

(b) The ceunent shell have & specific gravity of not less
then three and one-tenth (3.1) nor more then thrre and twenty-five
hundiredths (3.25), after being thorou hly dr}cq ¢t a temperature of
two hundred and tvwelve (212) degrees Fsh-reunheit.

(¢) 1Its color shall be uniform bluish-gray, free from
yellow or brown particles.

(d) ALt lesst ninety-two (92) per cent of the cement by
weight shell pess through a sieve of ten thouscnd (10,000) meshes to
the scuare inch snd &t leest seventy-seven (77) per cent shell pass
through a sieve of forty thousend (40,000) meshes to the scuare inch.

(e) Brickettes mede from neat cement, =fter being kept one
(1) day in moist eir end the remesinder of the tiae in water must
develop & tensile strength per scuere inch es follows:-
After seven (7) deys five hundred (500) pounds
LPter Twenty-eight (28) deys six hunired (600) pounds.

(£) Brickettes mede with one (1) pert of cement and three

(3) parts of sand ond exposed in the seme way as above must develop
e tensile strength per scuere inch es follows:=-

Lfter sever (7) days two nhundred (200) pounds.

LPter Twenty eight (28) deys three hundred (300) pounds.

The soznd used in this test shell be clean sherp quertz
sénd end must pase & tweniy (20) mesh and be rejected by & thirty
(30) mesn sieve.

(g) Cement feiling to meet the seven (7) dey recuirements
be held eweiting the results of the twenty-eight (28) day
ore finel rejection.

(h) Zets of nest cement sbout three (3) inches in dismeter
and one-hzlf (%) ineh in thickness at center, tspering to e thin edge
being ¥ept in moist e2ir at & normel temuersture for twenty-four
(24) hours ond then placed irn water snd reised to e temperature of
two hundred and twelve (212) degrees Fshrenheit in one (1) hour,
end meinteined at euch temperzture for five (5) hours; and other pats
rept, one in open eir end one in wster, at a temperzture of sbout
eizxty-five (65) degrees Tahremheit, for twenty-eight (28) days, shall
show no sigme of distortion, blotching, erecking, or disintegration.

13.

(1) The cement shell not contoin more than one end
seventy-five hundredths (1.76) per cent of enhydrous sulphuric aecid
(S03), nor more than four (4) per cent of megnesia (Mgo).

(J) In determining the proportion of cement to be used in
concrete and mortar ninety-four (94) pounds of cement will be
congidered a cubic foot.

5. SAND :

(e) The sand must be cleun river or be ach sand and the
greins shell be composed of hard, siliceous materisl. It shell not
show more than three (3) per cent by volume of fine meteriel, such

es silt, mica, cley, or other injurious materiel after being sheken
in water and sallowed to settle.

(b) The mesh composition of all sznd shall be such than ten
(10) per cent shall be reteined on & 0.20 mesh screen e&nd soventy
(70) per cent shell be retsined on e o.50 mesh sereen.

6e CRUSHED ROCK:

The crushed rock snall be a good cuality of eltered
sandstone, limestone, baselt, grenite, quertzite, or porphyry, close
grained end sound. It shall be clesn gnd free from loam, cleay,
80oil, or other inferior meteriel. All erushed rock must be capeble
of passing through & two end one-helf (2%) ineh ring.

7e CONCRETE IN BODY OF DAM:

Concrete shall consist of an intimete mixture of sand,
run of cerusher rock, and cement.

(2) The interior or hesrt portion of the dem shell be

constructed of concrete approzimetely of e 1:3%:7 mixture.

(b) The outside or skin eight (8) or tem (10) feet thick
on the upstream face and about four (4) feet thick on the dovmstreem
fece, shell be constructed of concrste approximetely of & 1:22:5,
mixture. Care shall be taken to meke thic skin mixture asc dense and
impermeeble ss possible.

(o) Concrete composing the slebs of the roedviay over the
spillwey portion of the dam shell be constructed of a 1:2:4 mixture.

(d) The sbove proportions may be chenged slightly from
time to time as determined by frequent mechanical sralyses of the

ingredients availeble and by experiments and tests on samples t sken
from lerge betches.

(e) All classes of concrete and morter shall be machine
mixed in batch mixer. Hand mixing will not be permitted except
for special reasons and then only in small quantitiese.
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8. STONES FOZ HASONRY:

Stones for imbedding in concrete shall be §ound,tf{gg from
seams and cracks, clean, harq. of.irregulagosgﬁgeiér;gzgoghich gun o
thin projections, and of various s zeg gp b i Bl S e
economicelly querried, transported and hen 3 Lepprexian s

rds). They shall be thoroughly c eane' e
éigugggigngg thg dam bg‘washing‘witgliager gndgzdnggugigéogrizytﬁge
use of brusnecs or otherwise, and &h e clesa € -
Sers be usgsed il necessary to
ncrete. Hammers or other tools shell & ) y

ggmove objectionsble meteriel adhering to any stone. Stones shall
be wet at the time of plseing in the concrete.

p PLACIIG OF 1IASOURY:

W oncrete in sufficient quentitiecs shell be deposited
in low placgg gn the work end lergze stones shall be 1oweredt§nto it
iediately as close together ss desireble, but not closer . :3 ¥
six (6) inches, leaving room to thoroughly fill the spaces ek ee
them with concrete. This concrete shall be carried to the wor 12 .
bottom-dumpirg tuckets or by other approved applianceg. ae dir:c e
by the Zngineer. The stones, sfter being plaped in the concrete,
shell be jostled with 2 bar so as to settle tngm well into thef
mass, and the concrete shall be worked with suitaeble tools to force
the £illing with concrete of 211 spaces around the large stoges.

In placing lerge stones cers shsll be tezen t0 secure as goo "
bording both horizontel end verlical, as is prsecticeble with this
class of mecsonry. ‘‘henever convenient smeller stgpes shall be im-
bedded in the concret- between the lerge stonss. The objgct is

L0 obtein & monolithic mess of stone end concrete conteining as

lerge a proportion of stone as is economical ( probsbly 20 to 25
per cent.) 3

wnen ever the concrete surisce must be left long enough
to permit the concrete to set this surface must be left as rough

&8 possible by mesns of large rockes psrtially imbedded in the
concrete.

Jlo meterial shall be placed in the dam exeept in the
precencs o0f an esuthorized imspector. '

10. JCINIEG IZ. TQ OLD liASONRY:

3efore laying mesonry of any cless the masonry previously

12id shell be wire brushed gnd thorouzhly cleaned by & jet of
water or other spproved methods.
1l. ZX2:IS1053 JOINTS:

£t such intervels a2nd depths ac shown on the drewings or

directed, expension joints normel to the exis of the dem shall be
formed of mesonry built egeinst forms.

15.

Fach such fsce shell be bx costed with an acceptable meteriel to pre-
vent adhesion to the mesonry on the other side of the joints.
Copper waoter stops shall be placed acrose the expsnsion Jointse
upstream from the line of dreinagze gelleries se gshown on the plens,
The eoxpsnsion joints will divide the dom into sections end as the

work progresses alternate sections shall be carried shead of the
intervening ones.

Derricks or other hoicting and conveying upparatue may,
when the masonry is of acepteble strength, be pleced on sueh nigher
gections for use in pPlacing masonry in the lower cectione. One or

more of these sections may be mainteined at g2 lovier elevstion then
the adjacent ones, as

12. RACKING: '

The top of the masonry under conctruetion shall be kept at
all times approximetely level between expansion joints or such other
limits as requireg éxcept that the dovnstream side shell be
generelly higher thanthe upsircam side,

Pinnscles for lending pletforms end sim:ler purposes shall
not be built unless they be made of individusl first class concrete
piers with pletforms on top, these piers to be built in and become
a8 part of the mesonry of the main deme Where racking is permitted

the slope shall not be steeper than one to one and the face shell
be as irregulaer as possible.

Smell spall dams shall be built to prevent the conecrete
from running dowvn the face of the rack. The trowel work on the

spall dems is the only trowel work which will be recuired or ex-
pected in conneetion with the cyclopesn part of tue mesSonry. ihen

trowel work is necessary it chall be done with morter of such con-
sisteney as to give & tight joint.

13. VORK Il FREEZING L CATHER @

should it become necessery to le
weether, prccaution shall be token for removing ice =nd frost from
all materisls, for protecting the newly laid masonry from freezing,
and for heating the materisls when necessary to prevent freezing.
The water, stone, sand and grevel, shell be hegted to & sufl!icient
temperature to insure its being deposited in the Porus at a temper-

ature not lower then seventy-five (75) degrees ‘ghrenheit. The
cement shall not be heated,

¥ macgonry during freezing

Covering for the newly laid mesonry and cuch additionsl
eéppliances and maeteriels gs mey be reguired therefor, ineluding

steam pipes for keeping the sir warm bencath the eovering, chell be
provided,

an additionel sefe; uerd tgainst demage by floods.
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14, PROTTCTION OF MASONRY.

the
Until a sufieient time has elapsqd forkthg sgzﬁéﬁg of
conerete it will not be permitted to eraeect ue::%g guiﬁd o ertng
mechiner: ucon the surfsces of the masonry p?r e icts. tatiao
oa ?or; : nor to land or storc stones or Otguf euwgbed 29 1&01&
Nk ol C sho exercis ¢
1 5 ' £ sare sholl be
wallk or work on such surfacese. :
di;Eurbing stones in any wey after they hcove been sete.

15. DEFZCTIVE MASONRY:

[+ "
lasonry dsmaged by frasezing or alternntghiggo;ﬁg%lu%g
thewins, or from any other cause, Or 3y masog;y uof N, s
%oﬁni dcleetive at seny time before the comple ion : - i%u e do
ba v;~k;;d and rebuilt. ‘henever a stone has been sel an S
broken, it shell be teken u; and resete

16 PROTECTING ZX20S5D FACES:

N J -y 1.'1.-.-'his',
The facing of the dam and all other masonry hic

- e

- - ] - 1F Oﬁ
17, IASOIRY T 3E K=Ep? %K0IST:

-

] S keg B for at least
Conerete or other masonry shall bpe kept meist ior
two (2) weeks or until covered

MITING AYD USINS GROUT:
18. — c--L ST e

Appsratus Por mixing snd placing grout shall qi_of a tygg 3
thet has basn suceessfully used snd shall be equel in efficiency

ing for i i irtig er in vhéch the
machine naving for ites scsential part sn airtight chamb

ni is £ y air
grount is mscnanicalily stirred and from wnich it is forced by a
pracsure into the holes and voids,

+henever it is known in sdvence that grout is to be used

in sny place, pipes through which the grout mey be forced Ehaﬁilge
cet as the work prozresces. In other cases, spitable.holeu S =
E;Ji;illnd dolsz L0 tect the efficieney of the £illing shell be
mede if necessarye

If it is discovered thaet any voids have not been thorough%y
£i11ed with the first zpplication of the grout, the process shall be
repectsd until sctisfactory results are obtezined.

19. SP=ZCIAL 3UZFaACES 07 TOZLiS:

In orier to secure the smoothsst practicable finished
s wherever the concrzte ic a part of & waterwey end els§¥here
ired, the centering, if not entirscly of metal construe ogith
foced with sheet stecl not lighter then No. 23 gaugetor
table materiel. In case shecet steel 1is ugsed the pla gzhout
srefully selectasd, ond should be put on the forms w

QM

wrinklese

i I ‘eeti v protected from injury
X t sw sihall be effectively pro ¢
pernenently exposed to vie : bilect2 B ires
or disfigursment by the fslling oﬁ.etgﬂ_;, tools, mot
objeets until the complstion of this worz.

17.

The surfance of the forms againet which conerete is to be
deposited shall bo clesned ond cocted with soap, minerz1 oil or
other suitable substance to prevent aUhgnﬂion 0of the concrete. . here
the forms are built of separate panels £nd sheet metz2l ip used the
metal shall be carried over all straight edges heving been bent to a
sharp corner over a straoight steel edge. Suitable and effective
devices shall be used to hold adjecent edges or cnds b+ panels or
other forms tight togother and in accurata £lignment .

lietal covering nced not be uced on any ocpecial {forme which
are to be used but once. The surfaces of a1l such specisl forms,
hovever, shall be tight and smooth, end if used on any portion of the
weterway, shall meke a surface egual to thet made upon metel forms,

20. SUPPORPS FOR FORMS:

Small rods to hold the forms in rlace will be allowed in
the structure, provided proper means be used to take out 2 portion
0f each of the rods neerest the surface at least 6 inches in length.
All holes left after the removal of such rods shell be filled

immediiately and completely with cement mortar end the surface left
smooth end in good condition,

Haad

2le WETTING AND PLACING FORMS:

looden forms shall be w

concrete so as to prevent injurio

etted throughly just before plaeing
conerete byla@éorption.

us drying of the surface of the
“here forms are placed in succescive units
for continuous surfaces, care shall be exercised to 7it the forms
tightly over completed surfsces so as to prevent lesksge from the
concrete.

22. REMOVING FORHS:

Forms shall not be removed or disturved for at least
eeven (7) deys and when removed grzat care shall be exercised
S0 a8 to avoid any injury to the concrete.

23¢ METAL REINFORCZMZIT:

Portions of the concrete and other m:
wherever shown on the drawings, end in other p
be strenghtened by imbedding in them piecces of
the number, sizes and shapes directed,

20Ny shall,
laces if required,
steel or iron of

@4e BUILDING IMETAL INTO ''ASONRY.

There shall be built into or set in or
masonry wherever directed, the sluice gates, valves, pipes, stop
grooves, frames and manhole covers, bolts, metol strips, bronze
supports, or other metal objeets shown on the drawings, or else
recesses, holes or projections necesscry therefor shall be left or
made in the masonry. All necessary precautions shsll be taken to
prevent this metal work from being displaced, brolken or deformed
Rich concrete or mortar shall b

¢ packed tightly around pipes end
other metal work so as %o prevent leakage and secure perfect
adhemsion,

attached to the



PLANS AND SPECIFICATIONS

for

LOVER OTAY DAM

()

()

()

le GENERAL DESCRIPTION:

' The work to be done under these specificetions is the con-
struction of a storage dam and its appurtenant features at the Lower
Otay Damsite, San Diego County, Californie.

This dam will form & reservoir having & capacity of Fifteen
Billion Gallons (15,billion gallons useble) of water. The dam will
be of the gravity type, arched in plan, the central portion being
used as a spillway for discharging flood weters. It will be built
0f conerete in which will be imbedded large rough stones in various
8izes up to sbout four (4) cubic yards each.

(8) The sectioh of the dem will be in gccordance with
drawing No.

(b) The top of the overflow portion of the dam will be
one hundred end thirty-seven and five tenths (137.5) feet eabove the
Streambed, the top of the non-overflow portion being seven and one-
half (74) feet higher, that is, at elevation one hundred forty-five
(145) feet. It will be sbout seven hundred and £ifty (7560) feet in
length with a roedway along the top. The width of erest will be
Pifteen (15) feet.

() The faces of the dam below the coping will be of con-
crete built in plece with the use of sectional forms.

@e ROCK EXCAVATION FOR FOUNDATION:

Excavation shall be msde to s sufficient depth to seeure 2o
foundation on sound ledge rock, free from open seams or other
objectionable defects.

It is the intention to build the cyclopean concrete masonry
ageinst the side of this rock execavaetion. To preserve the rock
outside the lines of the excavetion in the soundest possible condition
and to obtain over the whole foundation a rock surfece, free from
open seams or cracks, unusual precsution will be required in
excavating. Blasting may be done to the extent directed by the
Engineer in charge with explosives of such moderate power snd in
such positions as will neither orsek nor damage the rock outside the
prescribed limits of excevation, and whenever, in the opinion of the
Engineer, further blasting is lisble to injure the rock upon or sgainst
which the masonry is to be built, the use of expdosives shall be
discontinued and the excavation of the rock continued by wedging
and barring or other approved methods.
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(a) A ocutoff trench will be required near the heel of
the dam, practically for its entire length. This outoff trenoch will
have nearly vertical sides and be of dimensions shown on plans, '

'8« PREPARATION OF ROCK FOUNDATION:

The surfeces of the rock foundation shall be left suffi=-
ciently rough to bond well with the masonry and shall be cut to rough
benches or steps unless naturaslly so stepped. Care must be taken
not to open or break the ledge rock unnecessarily.

Before laying the masonry on or sgeinst the ledge roock.
the latter shell be serupulpusly free from all dirt, gravel, scale,
loose fragments, and other ‘oPjectioneble svbstances. Streams of
water, air, or steam under sufficient pressure, stiff broom, hammers,
and other effective means shall be used to accomplish this cleaning.
should any springs be encountered they shall be piped and grouted
or carried outside the dam. After clesning and before concrete is
laid on or against the foundetion, the water shall be removed from

2ll deprescions so that the surface cen be inspeoted to determine
whether seams or other defects existe.

(a) Small seams end cavities showing on thé base or the
faece of excaviion where masonry is to be placed, shall be carefully

scraped and cleaned out and filled with rich concrete or mortar
ramnsed in under pressure.

(b) All holes that may be drilled in riverbed at the time
when borings shell be made shall be thoroughly grouted under pressure.

(¢) In the center of the cutoff trench a row of holes
shall be drilled as shown on the drawing, which holes shell be grouted
after the concrete zbove shall have been cerried up to a convenient
elevation, not less then twenty(20) feet sbove the base o0f the dam.

There may be three (3) or more lines of such holes required. dependi
upQn the nature of the foundation, : : P e

(d) Along the bottom of the cutoff trench there shall be
leid & porous sub-drein composed of porous concrete blocks or tile,
and connected et intervals by riser galleries to the main inspection
and drainage gallery, as shown upon the plans. In building up the
risers care shall be taken to place large rocks imbedded in the aon-

crete between them in order to prevent the formation o
- e P . f any line of

WE R (e) Thenever in excevating the foundation or ebutment,
thick strata of earth or other material, which is liable to decompose
from exposure to the air, are encountered, drifts generally parallel
to the axis of the dam shall be driven along these seams or strata

until a safe distance from points of possible exposure is FesGhed . .

These drifts shall be at once thoroughly washed and clesned snd
immedietely refilled with concrete. Grout should be pumped in,
especially around the top, so as to entirely £ill the opening,

()

O
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4o Q_____MM‘:

| All cement shall be first guelity Portland cement of & brend
ich has been in continuous and sucoessful use in the State of
elifornia for three (3) yoers.

(a) It shall be furnished in originel packages, bearing
the original labels.

(b) The cement shall have & specific gravity of not less
then three and one-tenth (3.l) nor more then three and Twenty-five
hundredths (B.26), after being thoroughly dried et a temperature of
two hundred and twelve (212) degrees Fahrenheit.

(o) Its color shall be wniform Pluish-gray, free from
yellow or brown particles.

() At least ninety-two (92) per cent of the cement by
weight shall pass through a sieve of ten thousend (10,000) meshes to
the square inch, and st leest seventy-seven(77) per cent shall pass
through & sieve of forty thousand (40,000) meshes to the scuare inch.

(e) Brickettes made from neet cement, after being kept
one (1) dey in moist eir and the remainder of the time in water must
develop a tensile strength per sguare inch as follows:

APter seven (7) days five Hundred (500) pounds
After twenty-eight (28) days six hundred (600) pounds.

(£) Brickettes made with one (1) part of cement and three
(3) parts of sand and exposed in the same way &8s above must develop
a tensile strength per square inch es follows:-

After seven (7) deys two hundred (200) pounds
After twenty-eight (28) days three hundred (300) pounds.

The send used in this test shall be c¢lean sharp quartz
sand and must pass & twenty (20) mesh and be rejected by a
thirty (30) mesh sieve.

. (g) Cement failing to meet the seven (7) dey requirements
mey be held awaiting the results of the twenty-eight (28) dey tests
before finsl rejection.

(h) Pats of neat ecement about three (3) inches in
dismeter and one-helf (4) inch in thickness at center, tapering to
& thin edge, being kept in moist gir at a normal temperature for
twenty-four (24) hours and then placed in water and raised to a
temperature of two hundred and twelve (212) degrees Fahrenheit in
one (1) hour, end maintained at such temperature for five (b) hours;
and other pats kept, one in-open air and one in weater, at a temper-

‘ature of about sixty-five (66) degrees Fahrenheit, for twenty-eight

(28) days, shall show no signs of distortion, blotehing, cracking,
or disintegration.
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' ' a
i) The cement gshall not contain more than one an
seventy-fige)hundredths (.75) per cent of anhydrous aulfhurio acid
(S03), nor more than four (4) per cent of maegnesia (1g0).

t to be used
(J) In determining the proportion of cemen

in conoretejand mortar ninety-four (94) pounds of cement will be
consider a dubic foot.

5. SAND:

d and the
(a) The send must be cleen river or beach san
It shall
ains shall be composed of hard, siliceous material.
%gtIShow more then three (3) per cent by volume of fine material
such as silt, mice, cley or other injurious material after being

shaten in water and gllowed to settlee.

h that
(b) The mesh composition of a2ll ssnd shall be suc

ten (10) per cent shall be retained on & To. 20 mesh screen and
seventy (70) per cent shell be retained on a o 50 mesh screen.

Ge CRUSHZD Z0CK:

“he crushed rock shall be a good quality of altered ssné-
stone, limestone, basalt, grenite, quartzite, or porphyry, close
greined end sound. It shall be clean and free from loem, clay,
soil, or other inferior materigl. All crushed rock must be capable
of passing through a two and one-half (2%) ineh ring.

7. CONCRETE IN BODY OF DAM:

Concrete shell consist of an intimate mixture of sand run
0f erusner roeck and cement.

(a) The interior or hesrt portion of the dsm shall be
constructed of conerete spoproximately of 2 1:3%:7 mixzture.

- (b) The outside or skin eight (8) or ten (10) feet

thick on the upstream face and sbout four (4) feet thick on the
downstreem Tace, shall be constructed of conecrete approximate;y
of & 1:2%:5 mixture. Care shsll be taken to make this skin mixture
2s dense and impermeable as possible.

(¢) Concrete composing the slabs of the rozdway over the
spillwey portion of the dam shall be constructed of a 1:2:4 mixture.

(d) The sbove proportions may be changed slightly from time

to time as determined by frequent mechenicsl enslyses of the ingredients

evailable and by experiments and tests on semples teken from large
batches.

. (e) All classes of conerete and mort=sr shall be mechine
mixed in betch mizer, Hand mixing will not bvex permitted except for
speciel reasons and then only in small quantitiese.

()

Lo
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8. STONES FOR MASONRY:

Stones for imbedding in conerete shall be sound, free from
seams and craocks, clean, hard, of irreguler shapes, without long
thinl: projections, end of various 8izes up to the lergegvhich can
be economioelly quarried, transported ond handled (epproximetely
four (4) oubio yerds). They shall be thoroughly clesned before being
brought onto the dam by wvashing with water under preceure, or by the
use of brushes or otherwise, and shell be cleened end pleced in the
concrete. Hamners or other tools shall be used if necessary to remove
objeétionable materisal adhering to eny stone. Stones ghall bo wet at
the time of plecing in the concrete.

9.  BLACING OF MASONRY:

Vet concrete in sufficient quentitiees shell be deposited
in low places in the work end lerge stones shall be lowered into it
immediately ss close together as desireble, but not closer than gix
(6) inches, leaving room to thoroughly fill the spscec between them
with concrete. This conerete shell be carried to the work in
bottom-dumping buckets or by other approved eppliesnces, as directed
by the Ingineer. The stonesz, efter being vlaced in the concrete, shell
be jostled with a bar so as to settle them well into the mess, and
the concrete shall be worked with suitsble tools to force the filling
with conerete of 211 spaces around the large gtones. 1In plecing
lerge stones care shall be taken to secure ec £004 bonding both
horizontal end vertical as is precticeble with this class of masonry
“henever convenient smaller stones shall be imbedded in the concrete
betveen the large stones. The objeet is to obtain = monolithic mass
of stone and conerete conteining as large e proportion of stone s&s
is economicel ( probably 20 to 25 per cent)

Whenever the concrete surface must be left long enough to
permit the concrete to set this surfece must be left es rough as

PosSgible by means of large rocks rertidly imbedded in the concrete,

No materigl shell be pleced in the dem except in the presence
of an authorized inspector,

10. JOINING NEW T0 OLD MASONRY:

1l. EXPANSION JOINTS:

At such intervals ang depths as shown on the drawings or

directed, expansion Joints normal to the axis of the dam ghall be

formed of mesonry built egéinst forms. Each such fece shall be

coated with an acceptable material to prevent adhepsion to the masonry
on the other side of the Joints. Copper weter stops shall be plsced
across the expension joints upstream from the line of dreineges,
galleries as shown on the Plens. The expsnsion Joints will divide

- the dam into sections end &s the work progresses alternate sections

Bhall be carried shead of the intervening ones.
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Derrick or other hoisting and conveying apparatus mey, when
; the masonry is of acceptable strength, be placed on such higher
U sections for use in placing masonry in the lower sections. One
or more of these seotions may be maintained at & lower elevation
then the adjacent ones, as an additional safeguard against damage
by floodse. -

12. RAOKING:

The top of the masonry under construction shell be kept at
21l times approximately level between expansion joints or such other
limits as required, except that the downstreem side shall be generelly
higher than the upstream side.

Pinnacles for landing platforms and similer purposes shall
not be built unless they be made of ‘individusl first cless conorete
plers with platforms on top, these piers to be built in and become
a part ¢of the masonry of the main dem. VWhere racking is permitted
the slope shall not be steeper than one to one and the fsce shall be
88 irregular as possible.

Small spall dems shall be built to prevent the concrete
from running down the face of the reck. The trowel work on the spall
dam is the only trowel work which will be reguired or expected in
connection with cyclopean part of the masonry. VWhen trowel work is
necessary it shell be done with morter of such consistency as to give
a tight joint.

13. WORE IN FREEZING VEATHER:

Should it become necessery to lay mesonry during freezing
weather, precautions shall be teken for removing ice end frost from
ell meterials, for protecting the newly laid mesonry from freezing,
end for heeting the materiels when necessery to prevent freezing.
The water, gstone, sand and gravel shall be heeted to a sufficient
temperature to insure its being deposited in the forms at a temper-

eture not lower than seventy-five (75) degrees Fahrenheit. The
cement shall not be hezted, .

Covering for the newly leid masonry and such additional
appliences and maetexibls 28 may be required therefor, including steam

pipes for keeping the air werm beneeth the covering, shall be
provided.

14, PROTECTION OF 1ASONRY:

Until a sufficient time has elapsed for the setting of the
concrete it will not be permitted to erect derricks or other machinery
 upon the sufface of the masonry nor to build centering or forms,
.~ mor to land or store stones or other heavy objects, nd to walk or
work on such surfeces. Care shall be exercised to avoid disturbing
'§ 8tones in any way after they have been sete
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15. DEFECTIVE MASONRY:

Masonry damaged by freezing or aslternaete freezing and
thawing, or from any other osuse, or any masonry which shall be
found defective at any time before the completion of the dem, shall
be removed snd rebuilt., Whenever a stone has been set and its bond
broken, it shall be tsken up and reset.

16. PROTECTING EXPOSED FACES:

The facing of the dam and e£ll other masonry which
is permanently exposed to view shall be effectively protected
from injury or disfigurement by the falling of stones, tools,
morter or other objects until the completion of the work,

17. MASONRY TQ BE KEPT MOIST:

Concrete or other masonry shall be kept moist for at least
two (2) weeks or until coverede |

18. MIXING AND USING GROUT:

Apparstus for mixing and plecing grout shall be of a type
that has been sucessefully used snd shall be equal in effdicensy .-
to a mechine having for its essential part an airtight champer in @ |
which the grout is mechenically stirred end from which it is forced
by air pressure into the holes and voids.

Whenever it is known in advance that grout is to be used
in any plsce, pipes through which the grout may be forced shall be
gset as the work progresses. In other cases, suitable holes shell be
drilled. Holes to test the efficiency of the filling shall be made -
if necessary. '

If it is discovered that®ny voide have not been thoroughly
filled with the first application of the grout the proceses shall be
repeated until satisfaetory results eare obtained. :

19. SPECIAL SURFACES OF FORS:

In order to secure the smoothest practiceble finished surface
wherever the concrete is a part of a waterway and elsewhere if re=-
quired, the centering, if not entirely of metal construction shall
be faced with sheet steel not lighter than No.23 gauge or with
other suitable material. In case sheet steel is used the plates

should be carefully selected, and shculd be put on the forms without
wrinkles. \ :

The surface of the forms sgeinst which concrete is to be
dasposited shell be cleaned and coated with soap, mineral oil or
other suiteble substence to prevent adhesion of the conorcte. Where
the forms are built of separate psnels and sheet metal is used the
metal shall be cerried over all straight edges having been bent
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to a sharp corner over a straight steel edge. Suitable and effective
devices shall be used to hold adjacent edges or ends of penels or
other forms tight together and in aoou:ate alignment.

lietal covering need not be used on any special forms vhich
are to be used bpt once. The surfeces of all such special forms
however, shall be tight and smooth, and if used on any portion of

the waterway, shall make a surface equal to that mede upon metel forms,

20. SUPPORTS FOR RORMS:
Small rods to hold the forme in place will be ellowed in

-the structure, provided proper means be used to take out a portion

of esach of the rods noarest the surface at leesst 6 inchees in length.
All holes left after the removal of such rods shall be filled
imnedistely and completely with cement morter end the surface left
smooth and in good condition. .

2l. WETTING AUD PLACING FORMS:

Wooden forms shell be wetted thoroughly Just before
placing concrete so as to prevent injurious drying of the surface of
the concrete by absorption. Where forms are placed in successive
units for continuous surfaces, care shall be exercised to fit the

-forms tightly over completed surfeces s0 as to prevent leskage from

the concrete.

22, REMOVING FORMS:

Forms shall not be removed or dieturbed for et leest seven
(7) days and when removed greet care shall be exercised so as to
avoid eny injury to the concretee.

23, METAL REINFORCEMENT :

e et et et~ R ——

Portions of the concrete and other maesonry shall,
wherever shown on the drawings, and in other places if required, be
strengthened by imbedding in them pieces of steel or iron of the
number, sizes and shapes diredted. :

24. BUILDING METAL INTO MASONRY:

There shall be built into or set in or attached to the
masonry wherever directed, the sluice gates, velves, pipes, stop
grooves, fremes and manhole covers, bolts, metal strips, bronze
supports, or other metal objects shown on the drawings, or else
recesses holes or projections necessery therefor shall be left or
made in the masonry. All necessary precautions shall be teken to
prevent this metal work from being displaced, broken or deformed.
Rich concrete or mortar shall be packed tightly around pipes and

other metel work so 28 to prevent leakage and secure perfect
adhesion,
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