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To the Honorable 

14. M. 0' SHAUGHN!i!SSY 
City Engineer· 
San Francisco. 

!JAYOR and Common Council, 

of the City of San Diego , California. 

Gentlemen:-

July 10, 1916. 

In accordance with your Resolution No 21436 and Ordinance 

no. 6596 of your Body, I herewith submit the following plans and 

specifications of dams for your approval:-

Sites Available and Advisable. 

An adequate water supply is essential tq the solid growth 

of any co~ity and it will therefore be desirable and necessary 

for the needs of the future Greater City of San ~iego to ultimately 

build dame end to conserve the waters on every watershed in San 

Diego County. The City of San Diego Shouli therefore direct its 

development policy with thi~ end kept constantly in mind. At 

present the City owns in fee si~ple t~Q. excellent dam sites, avail-

sble for i t~ediate occupation and use, namely, Barrett and Lower Otay, 

and I reco~end that work on these sites be immediately undertaken. 

A reservoir at Barrett, with seven billion (7.ooo,ooo.ooo) 
gallons capacity, will more than conserve seven million (7,000,000) 

gallons daily average waste now taking place at that point from 

lack of adequate storage and is the cheapest stored water that can 

be added to San Diego's su~ply. The dam at Lower Otay, besides 

collecting rrater from its adjacent watershed , can also be used to 

hold such overflow from Cottonwood Creek as may be diverted by the 

Dulzura Conduit, and conserve the same in a balancing reservoir w1 thin 

20 miles o£ San Diego . 

J 

2. 

There has been a substantial amount of preliminary uork 

finiahod for the two above named sites, such ae roads, whioh make 

the work readily aooeeeible; diversion tunnel; partial foundation 

explorations; the Dulzura Conduit from .Barrett; and the pipe line 
• 

and distributing bronohea from the Lower Otay . Should the City of 
' San Diego attempt to initially utilize some of the other available 

sites, of which there ere several in the County, practically all 

of the above mentioned work or its equivalent would have to be 

duplicated; water rights and rights of ~ay would have to be 

obtained either by direct purchase or condemnation proceedings. with 

the consequent legal entanglements, etc.,; all of which would entail 

llnneoeesary expense and delay at this ti:ne. 

The City should therefore realize the importance of im-

mediately beginning end diligently prosecuting the ~ork on the 

Barrett and Lower Otay Dams in order to meet the needs of the 
rapidly increasing population . 

The most desirable program of construction would be to 
carry on both dnms simultaneouiy. However. should the City 

decide to build only one dam im:nediately, I reco!IWlend that .Berrett 
dam be given preference . 

The Barrett reservoir would act not only as a bnlF~cing 

unit for the Lower Otay Reservoir, but would also m~~e full use 

of the completed Dulzurn conduit and bring into ia~edinte service the 

water now wasting at Cotton~ood, thus supplying a very desirable . 
link in the ultimate plan of development . 

It is clearly evident from the location and physical 

oharacteristioa of these two watersheds, and from measurements here-

tofore made, thnt the runoff from Barratt is, in nor~nl years, much 
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more than that from the Lower Otay shed, while e~aotly the reverse 

is 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 a.t .Barrett. This condition demands 

that the excess waters of Barrett reservoir be transmi t ted by means 

of the Dulzura Conduit end stored in the Lower Otay. This in turn 

will make available more storage space for waters from the Cottonwood 

shed. 

With these two dB.!D.S built a muoh more complete utilization 

of the waters from the two sheds now in City ownership will be 

possible, and the available City supply will be increased in average 

years by approximately ten million { 10,000,000} g·allons per day. 

If Barrett d~~ alone be built at present, the stored water 

fro~ the seme can be passed down to the Upper Otay and the lower 

smaller City reservoirs near Sen Diego and practically directly into 

City distributing system by the direct connection to the Dulzura 

conduit. 

Tl_Ee s .2_! Dams • 

With the recent flood experiences in San Diego from un-

precedented runoffs which caused a train of destruction along each 

streambed in the County, it is only -;;ise to anticipate any future 

recurrence of such conditions by no~ buildin0 dams of such strength 

and magnitude as to resist floods of even greater volume than any 

heretofore encountered. 

You will note from the accompanying plans that the greatest 

cere hea been taken in development of designs whic~, if properly 

ezacuted, ~ill render the com~unity immune for all time from any future 

diseste~a . To accomplish this object it has been necessary to make 

~~me nhet more expenaiva works then preliminarily estimated but I am 
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firmly convinced that no cheapening of tTpe will be justifiable 

when the vi t al purpoAe for vlhich these structures have to servo in 

tho life of tho oom·nunity is conr·idercd. 

The type of dam propoaed for both the Barrett and Lower 

Otay shodo is tho ''Arch~d Gravity, Cycloponn Concro to." Previous 

exploration v1ork a.t tho two shoda (for t ho orieinal drun in tho cane 

of Lower Otay} hns pr oven thet the foundations are amply nble to 

withstand all the pressures and thrusts ~h ich may develop. ~hese 

pressures will not exceed 10 or 11 tons per square foot for either 

structure. 

For both dams there is a. central portion made lo\·;er than 

the remainder in order to pass the flood wate rs . This portion of 

Phe dams will be of the "overflow type". 

BARRETT DAM 

Height of overflow section, 140 feet above streambed. 

Height of non-overflow section. 152 feet above streambed. 

Available storage a.t 140 foot ~~~h. 6.75 billion gallons 

(This can be increased b{ 7 billion gallons by 
means of low flash bocrds if desirable.} 

Length of crest, 640 feet. 

Length of effective spillway crest. 242 feet. 

~idth of crest and ro2dway. 15 feet. 

Outlet tower reinforced concrete, dry. 

Depth of overflow, 12 feet. 

Capacity of spillway with 12 foot overflo~. about 30 ,000 
cu. ft. per second. 

Vo~ume of Dam approximutely 89,000 cu. yds. 

Coat, approximately ~690,400. 

LOWEF. OTAY DAM 

Height of overflow section, 137.6 feet above streambed 



Height of non-overflow section, 145 feet above streruubed. 

Available storage 137.5 foot depth, 15 billion gallons 

(This can be increased to 16.6 billion gallons by 
means of lo~ flesh boards if desirable.) 

Length of crest, 750 feet. 

Length of effective spillway crest, 212 feet • 

. iidth of crest, anci rondway, lb feet. 

Outlet to,·er reinforced concrete, dry. 

Depty of overflow, 7t feet. 

Capacity of s ·oillway \-:ith 7! foot overflow, about 13,000 
cu. ft. gar second. There is also en additional 
spillway provided which disch~rges into the present 
spillwey,enlsrged at upper end. This ~ill also have 
a capacity of approximately 13,000 cubic feet per 
second, bringing the total available ·combined spill-
way capacity up to 26,000 cubic feet per second. 

Volume of Dam, approximately 86,000 cu. yda. 

Cost, approxi~ately §682,200. 

General Plens end Specifications, shoving the type, heights 

of d~s et Barrett and Otay, are enclosed under separate cover, 

together with their cost esti~etes . 

Tioe : eguired for Construction. 

The probnble time ··.hich will be required for constructing 

these dans will be about 15 to 18 months if the construction of. 

both is carried on simultaneously• If the dams are built in sequence 

the ti~s of construction will be from 30 to 36 months. 

i~espectfully submitted, 

ll.M. O'Shaughnessy, 

Hydraulic Engineer. 

DETAILS Orl' COC)T ~STI...!AT:t -
For 

BAPJlliTT DAM 
l 

( 



COST ESTIMATE - B~~RETT DAMe 

34,700 

30.000 

115 

cu. 

cu. 

cu. 

yds. of 1:2t:5 concrete at ?6 .30 per cu. yd., 

yds. of 1:~~:7 concrete at ~6 .00 

yds. of 1: 2:4 concrete at ~7.30 
" " 

n 

" 
t1 

{above concrete costs are exclusive of 
_uarrying rock for crushine for concreto) 

21,600 cu. yds. of rock plums at ~2.25 per cu. yd. 
34,600 cu. yds. of rock for crushing for concrete 

at ~1.75 per cu. yd . 

13,000 cu. yds. of stripping (mostly rook) at ~2 .70 
per cu. yd. 

Say 

380 

200 

15 

10 

45 

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 

cu. a ·f concrete in outlet tower , yds. 1:2} :6 
at $10.25 per cu. yd . 

cu.. yds. of rock for crushing _·or concrete 
at ~ 1. 75 p~r cu. yd. 

tons of steel reinforcement for t m·,·er and roadway, 
at ~100. per ton, 

tonE of steel pipe,lauders,screens ,valve stems, 
g~atings, etc., at ~140. per ton, 

feet of 15.5 feet diameter sheft for outlet tower, 
at ~55.75 per foot, 

Val~es, 24 inch and 30 inch 

6. 

~218, 600 . 

160 ,000. 

860. 

48 t 600. 

35,100. 

5, 700. 

3,900 . 

350. 

1,500 . 

1,400. 

2,500 . , 

1,350. 

400 lin. ft. 1211 x 1/16'' copper v:ater stops et ~1 .25 per ft. 600. 

?ainting 18,000 scuare feet of expansion joint with P. & 3. 3o. 2 ,n;xture , at e .03 pAr sq. ft. 550 . 

(}a.ops, bu: liings, sheds, water supply, s e':Terege, etc. 7,500. 

Camp ~eintenance and repairs, 1,400 . 

?la.nt (all ;-;ing 40% s elvege v a lue 30,000. 

Plant maintenance and repairs 4,000 • 

• 

( l 

} 

• 

Engineering end Superintendence at 4% 
Contractors' pr~fit 12l~:, of above (except 4% 

engineering and auporintendenoe) 
Intorest during construction at 4t% on one-half 

the vbove amount for 1·7 months 

TOT.b.L 

7 • 

!S 22.950 . 

71,800 . 

21 , 300. 

$690 ,400. 
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DETb.ILS OF CuS:' :... • .J TILIATE -
for 

( 

COST ~S'l IM.A'l'~ - LO ·;ER OTAY DAM 

37,000 ou. yda. of 1:2t:5 concre~e ( thie includes 
spillway changes, at ~6 .50 per cu.yd. 

30,800 ou. yds. of 1 :3t: 7 conorote at $4.46 per cu.yd. 

157 ou. yds. of 1:2:4 concrete at ~6 . 35 per cu.Yd 
(above concrete coste arc exclusive of 
quarrying rook for crushing for concrete) 

22,400 ou. yda. of rook plums nt ~·2 .25 per cu. yd. 

36,000 cu. yds. of rook for crushin~ for concrete, 
at $1 .75 per cu. yd. 

11,000 cu. yds. of rock (with some earth), strippjng and excavating et ~2 .70 p~r cu. yd 

6,250 cu. yds excuva.tion for spill\7a.y alterations, 
at ~2 .50 per cu. yd. 

Say 7,500 lin. ft. of hole for grouting foundation, 
(this will depend on the nature of foundation 

440 cu. 

270 cu. 

yds. 

when stripped} at ~ 1.25 per lin. ft. 
grouted 

of 1:2~-:5 conc-r·ete for tower and connection 
to tunnel at $9 .50 per cu.yd. 

0 

yds. of 1:2t:5 concrete for lining tunnel, 
at ~12 .oo per cubic yd. 

400 cu. yds. of rock for cntehing for concrete, 
at ~ 1.75 por cu. yd. 

18 tons of steel reinforcer.~ent of t O\','er and rondway 
at $.95.00 per ton 

ITrecking old tower end enler-ging tunnel entrance 
r\oad cheng e o\~;ing to ne '.\ spillt a-;, se.y 

9,500 ft. B.ll . in bridge ovor spillway,at $47.30 per -~ ., 
including ull bolts, etc. 

tons of steel pipe, ladders, screens, valve stems, gratings, etc. at ~133.00 per ton 

9 valves, 24 inch and 30· inch 
500 lin. ft. of 12" x 1/16" copper wcter e tops nt 

e:1.25 per ft. 

8 

$203 ,500. 

137 ,000. 

1,000. 

50,400. 

63,000. 

29,700 . 

15,625. 

9,375. 

4,175. 

3,250 . 

700. 

1,700. 

750 . 

2,000. 

450. 

2,600. 

2 ,40 • 

625. 
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Brought ~on;ard ~528 , 250 . 

Painting 38,000 sq. ft . of expansion joints , 
at . 03 per sq . ft . 

Cam. bujlding~. ~heds, water supply, se~er .go , etc . 

Uamp maintenance and repairs 

Plant (allo~ing 40% selvage value) 

Plant maint encnc e a.nd repni rs 

:ngineering and superintendence at 4% 

Contractor's profit 12{% of above (except 4% engineering 
end superintendence 

In-terest during con!;t:ruction at 4-M~ on one-half 
the above amount for 17 months 

TOT.A.L . 

900 . 

G,ooo . 
1 , 200 . 

27 ,500 . 

3 ,600 . 

22,700 •• 

71,000 . 

21.050 . 

~682 , 200 . 
PLAl'TS J.lTD s_·=:CI !?I C_'_TIONS 

for 

:BA::-.F.ETT DA1.1 --

} 
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1. 
The v;o:rk to be done under thaso spccii'icati?n~ i~ tho cone .. .; ruction of u stora· e dom and it("" s. IJUrt .n~nt f "'uros ut the Eer_c~t ~ru ~i~e . ~~n ~iego County, California . 
This d.run will form a reservoir having s. capacity of .-,even Tiilli n Gallons (6.75 billion £a.llonco usoble) of watel' • The ~am will b~ o= the gravity t~~e, nrchad in pl~n. the ;antral port~on bein .. U£e0 as a spill.e.:r for dirchf'::-ging: !'lood t.·a..,ers • .. It will be built of concrete in v.hich r-ill be jm~edded lar~e rou~n stones o~ vericus sizes uo to about four (4) cubic yords evch . -
(a) The section of the dAm will be in ecoordnnce with 

dratiin~ J.:ro . (.b) The top of' the over::low portion of the da1n v:ill be one hundred P-nd forty (140) feet aboYe the s~:eambed , the. top of the non-ove r flo .... : portion being t\· elve ( 12) feet n~gher, the.t 1 s, at ~le­.. ,_tion one hundred en Z:.fty-two (152) feet . .. It v;ill be about s~Y. 1-undreO.. :arty { 640) feet in length rd. th a ro n"t. ay alent; the to .P • ... he t:id.th of ere ·t ;-.ill be fifteen { 15) .feet • . (c) The :r eces o:' the c"".. r:.m belo» th~ C.<?~-l·Jt_gv.-ill be of con-c~e ... ~ but 1 t in ;lc.ce -::i •1!. ths u~ e of z ect ional forms • 

3xce~etion sh~ll be made to a sufficien~ depth to secure s found~tiO~ .onsound ledge rock , fres from open seruns or other objqctionnole defects. 
It is the intention to build the c~clopoan concrete ·maspnry ~gvinst the si~e of th:s TOck exc~vPtion. ~o preser\e the rock cut ~ j~e the lince of the c~c~vation in the soundest possible con-di tic and to obtain 0'7er the r:hole foundetion a rock surf~ce! ~ree ~ro~ open seems or cracks, unusual precaution will be requ1re~ ~n ezc~vatiLg. 3l~sting cay be done to the extent directed by the :::ngine cr in chorgo -.:i th e ... ._plosi ves of such modero.te power nnd in such oositions as ~11 neitne1 cr~ck nor damage the rock outside the pi-escribsd. l..::nitc of excavr.tion, ani!. ;-:henever , in the opinion o~ the 2Lgineers, further bl£sting i liable to injure the rock u:pon or egninst 1 hich the mesonr~r is to be built, the use of ez-~Josi7es shall be discoutinued and the excevution of the rock oon-tdnued by ~edging and barring or other approved methods . 

' 

( 

11. 
(a) A cutoff trench will be requir~d neur th~ heel of the dnm, practically for its enti1:1 length. ThiE cutoff trench Vlill hnve nearly vertical oiues and be of dimensions sho\m on plans . 

3 . _P.-.;R.;;;;E;;:.FA~TIA~'I.;;.I~ON;;.;. OF l"'OCK FOU!TDATI01T : - ---
Tho surfnoea oi" the rock foundation ehelJ lJe left euf-fioiently rough to bond v.oll with tho mueonry ond chnll bo cut to rough benches o1· ~1.epo unlc sa naturully co stepped . C re muet be token not to open or brook ·tho ledGe rock unnccca~arjly . 

Before lo.y1ne the maeonry on or D()1).inct the ledgr~ 1·ock the latter shell be scrupulously free from all dirt, travel , scale . loose fragments, ann other objoctionable subst •ncea . Streams of water, eir, or steam under sufficient :pre ·e:ure, eti i'f broom ,hammer£ , and other effective means shall be used to accomplish this clean-ing . Should any BIJrings be encountered they shell be ploped and grouted or cerri6d outside the dam. After oleening end before concrete is laid on or aguinst the foundation, thP. v,Jtel· sholl be removed from all dApressions so that the surfece can be inspected to determine whether seams or other defects exist . 
(a) Small seems and cavities shov.inG on the bnse or the fa.ce of exceT'nti on '\'lhe1·e masonry is to be ple.ced, shall be c~re­fully scraped ~nd cleaned out ~nd filled with rich concrete or mortar rammed in under pressure . 

(b) All holes that may be drilled in riverbed at the time when borings shall be made shell be thoroughly brouted unde~ pressure • 
(c) In the center of the cutoff trench e. row of holes shell be drilled es shown on the drawing, »hich holes shell be grouted after the concrete above shell have been ca~·ricd up _-co a convenient elevetion, not le ss than twenty (20) feet above the base of the dam . There may be three (3) or more lines of such holes re-quired, depending upon the nature of the found~tion . 
' I 

{u ~long the bottom of the cutoff trench there shnll be leid e porous Eub-drcin composed of porous concrete blocks or tile , and connected at intervels b~ riser galleries to the main inspection and drainage gallery, as sho~n upon the pl£ns . In bujloinb up the riser oe..re shall be teken to ple.ce lerge rocks imbedded in the concrete between them in order to provent tbo formation of any line of week-ness . 

(e) ~~enever in excavating the found~tion or abutments . thick strata of ee.rth or othor materiel, 'Wnich iR lj ble to decom-pose from exposure to the air, are encountol"ed, dri i"ts generclly parallel to the axis of" the dc.m shall be driven along these sea'Il or strata until a snfe distance from points of possible expos~rc iE reached. These drifts shall be at once thoroughly \':usheu end cleoned and immedietely refillod · vti th concrete . Grout should be ... umpcd in, especially around the top, so o.s to en~ irely fill the o ening. 
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4. CE!mlTT: 

All cement shall be first quality I>ortland cement of a brnnd -.nich hos been in continuous end succec·sful use in the Stote of Celifornie for three (3) yeers. 
(a) It shall be furnished in original pnck:. go~, bourius 

the oritinal labels. 
(b) The cement shall have e specific grnvi ty of not .le oa than three and one-tenth (3.1) nor more than.thr o a.nc1 twenty-five hundredths ( 3.25) , after being thorou ·hlJ ,1 tl' d ,,t '" t em_perature of t ·wo hundred and t ·;.elve ( 212) degrees :!'· ~Jt-:r~ tl'loi t • 

(c) Its color· shnll be uniform bluish-gray, free from yeller. or oro~~ particles. 

(d) At le ... st ninety-two ( 92) per cent of the cement by weight shell pess through a sieve .of ten thouscnd (10,000 ) meshes to the s cuare inch and et leest seventy-seven (77) per cent shall pass t hrough a sieve of forty thousand (40,000) meshes to the s~uare inch. 
(e) 3rickettes m~de from neat cement, cfter beins kept one ( 1) day in mo:i st eir and the remainder of tile ti .Je in water must develoP a tensi le strength per squere inch es follows:-After seven (7) deys ~ive hundred {50J) pounds l'.fter :r-.enty-eight ( 28} days six hun .. red ( 600 } pounds • 
{f) Brickettes mede v.ith one (1) pert of cement and three (3) part~ of sand and exposed in the s~s ~ay as above must develop e tensile strength per s~uere inch es·follows:-

After S€Ven (7) da~~ two cundred {200) pounds • .;:.fter ~. t enty oight ( 28) de.ys three hundred ( 300) pounds. 
Th~ s£nd used in this test shell be olean sharp quartz saLd end must pa~s a tweLty (20) mesh and be rejected by a thirty 

(30) me8h sieve. 

{g) Cement failing to meet the seven (7) dey requirements T..e.y be held ~:::ei ting the results of the t71enty-eight ( 28) day · tests be~ore final rejection. 
(h) ?t?ts of nea t ce-rlent about three ( 3) inches in di s.meter and one-hal~ (il inch in thickne ~s at center, tapering to e thin edge bein& r-ept in moist air at a normal tem~ereture for twenty-four (24) hour~ and then ?laced in water and reised to e temperature of two hundred and t~elve (212) degrees Fahrenheit in one (1) hour, end ~aint~ined at euch tem~ereture for five (5) hours; and other pate 1rept , o~e in open eir end one in water, at a temperature of about Eixty-file (65) degreos ?ahrenheit, for twenty-eight (28) days, shall shor· no signs of distort ion, blotching, cracking, or disintegration. 

13. 

(i) Tho cement shell not oontoin more than one and seventy-five hundredths (1.76) per cent of anhydrous sulphuric acid (S03), nor more then four ( 4). per cent of magnes ia (MgO). 

(j) In deterrninine the proportion of oee1ent to be used in oonorete end mortar ninety-four (94) pounds of coment will be considered a cul,io foot. 

6. SAND: 

(a) The sand must be cleon river or be ach sand and the groiils shell be oompoaed of hsrd. siliceous material . It Dhell not show more than three {3) por cent by volume of fine r~terial, euoh as silt., mio~, clay, or other injurious material after being shaken in wa.t er and nllov:ed to settle. 

( 10) 
{ 70) 

6. 

(b) The mesh composition of all sand shall be such than ten per cent shall be retained on a ilo .20 mesh screen and eoventy per cent shall be retained on a No .50 mesh screen . 
CRUSHED HOCK: 

The crushed rock enall be a good quality of eltered sandstone. limestone, basalt, grenite, quartzite, or porphyry, close .· grained end sound. It shall be clean and free from loam, cley. soil, or other inferior m9teriel. All crushed rock must be capeble of passing through a two end one-half (2t) inch ring. 
7. CONCRETE IN BODY OF DAM: 

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

(a) The interior or heart portion of the dam shell be constructed of cone rete appro7.·imetely of e. 1 :3!: 7 mixture. 
(b) The outside or skin eight (8) or ten {10) feet thick on the upstream face and about four (4) feet thick on the do~nstream face, shall be constructed of concrete approximetely of a 1:2t:5. mixture. Ua.ra shall be taken to make this skin mixture as dense and impermeable as possible. 

( o) Concrete comJ.)osing the slabs of t he ro edv,ay over the spillway portion of thP. dam· shall be constrr cted of a 1:2:4 mixture . 
(d) The above proportions may be cbanbed slj htly from time to time as determined by frequent mechanical 2r alyses of the in.kredients available and b~r experiments and tests on somples t ~ken from large batches. 

(e) All cl~sses of concrete and mort~r shall be machine mixed in batch mixer. Hand mixing ~111 not be pc1~itted except for special reasons and then only in smnll quantities . 



14. 

a. 
Stones for imbedding in concrete shall be sound, freo from 

seams and creeks, clean, hard, of irregular shapes, ~itho~t long 
thin projections, and of various sizes up to the largest lmich oan be 
·economically quarried, transported and handled ( Sl;)proximately four 
( 4) cubic yards). They shnll be thoroughly cleaned beforf boing t 
brou ·ht onto the dam by washing \lith water under proonurc, or by he 
use of orushos or othen;ise, and shall be cleaned and placed in tho 
concrete. EammerQ or other tools shell be used if neo~ssnry to 
remove objectionable material adhering to any stone. stones shall 
be ~et at the time of placing in the concrete. 

9. PLACilTG 0? ::.ASO'NRY: ------- \ 

Jet conc1ete in sufficient quantities shell be deposited 
in low places in the \iork and large stones shall be lowet·ed into 1 t 
1 -,edi ~t ely as close together as desirable, but not closer than 
six (6) inches, leaving room to thoroushly fill the spaces betw~en 
tbem with concrete. This concrete shall be carried to the work 1n 
botto-a-dumpiLg buckets or b;,r other approved appliances, as directed 
by the .::ngineer. The stones, after being placed in the concrete . 
shell be jostled ~ith a bar so as to se ~ tle them well into the 
mess. end the concrete shall be "orked with suitable tools to force 
the filling r.ith concrete of ell spaces around the large stones. 
In pl!!cing .large stones ce~~ ..,L E11 e tt?.ken to secure as 9ood 
bonding both horizonts l en( ·.r er~. i c al, as is p"!"~cticeble r;1.th this 
class o-P me<"~onry. ·: .. nenever co .. venient smaller stones shall be im-
bedded in the concret r bet._1een tbe large stones . The obj ect is 
to obts.in a :nonolitb.i~ mess of stone and concrete containing as 
lerge a ~ro~ortion o~· s •one as is economical ( probably 20 to 25 
:per cent.) • 

unen ever the concrete surf ce must be left long enough 
to permit the concrete to set t~ is sul·face must be left as rough 
as possiole b~ mesns of large rocks partially imbedded in the 
concrete. 

_Jo me.terial shall be placed in th o dam except in the 
p~erence of an authorized i QSpector. 

10. J~Ilfi!:G ... ,.::;.. TO OLD :l;..S Oli~Y : 

3efore laying meron17 of any cle~s the masonry previously 
l~id ~hall ~ e rtire br~shed end thoroughly cleaned by a jet of 
~ater or oth_r appro7cd methous . 

11. 

At such intervals end depths as shown on the drawings or 
directed, expension joints normal to the exia of the dam shall be 
formed of .nasonry built ag~inst ~orms. 

15 . 

Eaoh such f ca shell bo ~ coeted v;ith e.n occeptnble material to pre-
vent ndhosion to the muson1·y on the oth ·r c- j c1e of the joints. 
Copper \'lnteJ· stops shall be ple.oed aorO'"te the expension joints 
U!)Stream i'rorn tho line oi' dreinH[:, g •llaries ee ehov.n on tho 1)le.ns . 
Tho oxpvnoion joints Will divide t he dom into sectione and a.s the 
work procrossea al1.ernate sections eho.ll btJ c&rried uhead of the 
1ntervoning enos . 

Derr:i cks or other· hoisting l.lild convoyin opg~ a.ratue may, 
when tho mosonry io of ocepteble strength, be plecod on such hit;her 
sections for use in placing maoonry in tho lo~er sections. One or 
more of those sections may be maintained at a lov,er elev ~.:.tion than 
the adjacent onos , as an additional sufeLuard against demage by floods. 
12 . I 

The top of the masonry under construction shall be kept at 
all times nppro:r.i me.tely level between expansion jo:ints or such other 
limits as require4- except that t he downstream side shall be 
generally higher thanthe upst1· a side . 

_Pinnacles for landing platforms and sim~lsr purposes shall 
not be bu1lt unless they be made of individual first class concrete 
piers wi t h platforms on top, these piers to be built in and become 
a part of the masonry of the main dam. Where racking is permitted 
the slope shall not be steeper than one to one and the face shell 
be as irregular as possible . 

Small spall druns shall be built to prevent the concrete 
from runnin~ daVin the face of the rack. 'l'he trov:el work on the 
spall dBms 1s the only trowel \',rork which will be requjred or ex-
pected in co~nection with the cyclopean part of t he m ... sonry.. ~men 
trowel work l.S necessary it shall be done with mortar of such con-
sistency as to give c tight joint . 

13 . ~lO?.K IIIJ !r:R_:!.:ZI .NG :. I!:.l':.TIIDR : ---------
Should it become nocessery to lay ma~onry during freezing 

waather , pre caution shall be t cken for removinf. ic:e and frost f'rom 
all materials , for protecting the newly lnjd mnsonry from freezing 
and for heating the materials ,.,hen necesc:-t:.ry to prevent freszing. • 
The Viater, stone , sand and grt:ve 1, shall be heated to a su_·~ ·i ci cnt 
temperature to insure its bein<:.'l deposi ted in the for:ns at a temper-
s.tuxe not lower than seventy-five C 75) dec rees .. cllrenhei t. The 
cement Shall not be heoted. 

Covering for the newly ~aid mnsonry and such additional 
applian~es ~d mater~als es may be required thAl efor, including 
steam p~peo .LOr keep~ng the air \";arm benGath the covcrin ,.,. ~hG11 be provided . b• u 
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16. 
.. 

14. ~-·.;;.OT~=--~· C;.,.;._I_O_N .Q! MASONRY. 
u t"l a ~ur~icient time has elapsed for the set:ing of the . ~ itn~~ll n~t be percitted to eroct dol'l·icks or otneT cone eve • h nor to build oonte in rnachiner:; U~Jon the su· fsces of t e m .sonry t· heavy objoots uor to o- for~s nor to land or store stones oro nar . ~· id ··::..1.lk 0~ ~:ork ou such surfnces. '~are~ shall be o~erol.secl to ,lVO disturbino stones in any w~y after tney have bcon sot . 

15. D~?~C ~I •13 • u·.so~!RY: 
_:asonry d.E-!:1aged by freezing or nltern:tto !rao~~l llc und ""h ..,-i 1 - 0 ,.. ·r .r :1 a · y o""he 1.. ce.use, or any masonry \",'hloh shall bo .f0~1~d1 ~;:'c;•i7e a'ti any titne before the completion of the ~·t~t .. s~al~ be ~5 ___ yed. und rebui 1 t. ·.:a.enever a stone hus been s t un on b.:. okan, it sha.ll bo token u"' and reset • 

16. :PROT3Cr:'I ,"G ---:-:?os;..D F.:\CES: 
::he feeing o£ tho do:n end a l1 otil~r :unsonry \·:h ioh i.a ' . . ucr:nenen .. ly e::.;:_posed to vie·:. shn.ll be e:"fectl vel:r rotected fl?l!l J.nJury 0; disfigurement by th~ r~llin:; of' .~t : .. ' tools, ~otar or otner ~bj cts until the compl9t1.on o! th~s \;Ork . 

17. - • ' C" .""1" •--.:>•'{ ~ 0 ?. · -;r '!0 ~~ ., ,. 0 I e-m • ..~ uv\.J_!_. • .;...~_. .. ... .....,...c.!. -·• UJ.. • . -
Concrete or other =nasonry shall be ke t moist for at least t~o (2) ~eeks or until co7ered} 

18. 
Apparatus for miY.ing and placing grout shall be_o~ a type tilet has b~en successfully used and shall ~e ~q~el in eff1.~1ency ~o a ~chine havin6 for its e£sential part sn ~~rt1.9nt_ch~ber 1n ~hdcn the grount is !.;..;.6Chanica.lly sti!·:red re1d from ·wnJ.ch 1.t J.S .1.orced by air prscsure into tn~ holes a~d voids . 
"henever it is kno.,;n in eclvance that grout is to be used in an;; place, pipes through t':il.ic:O. the grout may be forced shall be set e.s tile -:;ork pro;resqes . In other cases, s~itable_holes sh~ll bs drilled . ;I ole s to t e C't the e~f·.:. ci enoy of tne fi ll~ng shell be mcde if necessary. 
If it is discovered t~at any voids have not been thoroughly f'i lled 7:i th ths ~irst a1J:plication of the grout , the .Process shall be rspe~tsd until srtisfactory results ere ooteined • 

19. Q ...... -ci - ... r~n · c...,"" aJ .r ~ .A.L ~ u ;-, l.t :- '"';:> 
• 0-:;'1 ?o~· 's · ... - - ... . 

In orner to secu_e the smooth~st practicable finished su:;:-fcces 71he 1·ev~r the concrete is e. part of a. waterway and elsewhere if revuired, tne cantering. if not entirely of metal construction , shall-oe f eced ~itn sheet zteol not light~r tnan No. 23 gauge or with oth r ~uitable materiel. In ceso shoat steel is used the plat~a should. r P. c.1r~fully selectl.3d, D.lld should be .PUt on the forms w1thout 
-::rin~:le s. 

( 
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'rhe surface of the ·forms agoinet wh:i ch conc:rete is to be deposited shull bo cleaned ond cocted ~ith soup , miner~ l oil or other aui toble subatunce to provent a\1hen-31 on oi' the concrete. .:here tho forms nre built Of Separate panola and AhP.et nAt~l lC used the mo t,al ehull bo ourriod over nll stra1 ght edges having been bent to a. shurp corner over n straight ... teol oclge. •)u1table o.ncl 13f.f'ectiva devices shall be used to hold odj aeon t edges or ondu tJ :f' .Panels or otb er ·forma tight together ond in uccuruto elignrnont . 
I.iotal covering need not bo ueed on any cpocinl i'or!!lE which are to be used but once . The surfaces of ell such special forms, ho\'lever, shall be tight an<l stnooth. end if used on any portion of the wet erway, shall make o. surface equal to that made upon me tnl forms . 

20 . SUPPORTS FOR FOP~S: 
Small rods to hold the forms in place will be allowed in the structure, provided proper means be used to take out e portion of each of the rods nearest the surface at least 6 inches in length. All J:?les left sfter the removal of such rods shell be filled immeuJ.a.tely and completely with ceillent mortar and the surface left smooth end in good condition. 

21. 7mTTING ~ID PLACING FORllS : 
Wooden forms shall be wetted throughly just before placing concrete so ~s ~o prevent injurious drying of the surface of the concrete. by l~@sorption. '·here forms ere placed in succes~i ve units f~r cont1nuous surfaces, care shall be eT.ercised to f i the .Porms tl.ghtly over comvleted surfaces so as to prevent leakage fro; the concrete . 

22 . ~EMOVING FOili:S: 

Forms shall not be removed or disturoed for at least seven (7) days and when removed great care shall be exercised so as to avoid any injury to the concrete. 
23 . i1ETAL ?.EI1'F0:2C~1E~!T: 

~ortiona of the concrete and other moson17 shall wherever snov:n on tho drawings, end in other places ii' reo~ired be strenghtened by imbedding in them pieces of steel or iron of' the number , sizes and shapes directed . 
24 . BUILDL.!G i',.~T.A.L INTO n ... SONRY. 

There shall oe built into or set in or attached .to the masonry w~erave.r directed, the sluio? gnt~s. valves, pipe , stop grooves • frarnes and manhole covers, oolts, met ""'l strip~, bronze SUlJports, or other metal objects shown on the drawings, or else· recesses, holes or projections necessary therefor shall be left or made in the masonry . All necessary precautions shall be taken to prevent this metnl work from being displaced, brolcen or defor;ned Rich oonorete or mortar shall be packed tightly round pipes end other metal wor~ so as to prevent l~aka~e ant ecure perfect adhe,aion . 
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p~~S AND SP3CIFICA~IOHS 

for 
LOt.'ER OTAY DA!i 

( 

la 

S P E 0 I F I 0 A T I 0 N S -------------- ...... -
1. GENERAL DESCRIPTION: 

. 
~he work to be done under these specifio~tione is the con-struction of a storage dam and its appurtenant features at the Lower Otay Damaite, San Diego County, California. 
This dam will form a reservoir having a capacity of Fifteen Billion Gallons (16,billion gallons usable) of water. The dam will be of the gravity type, arched in plan, the central portion being used as a spillway for discharging flood waters. It will be built of concrete in which will be imbedded large rough stones in various sizes up to about four (4) cubic yards each. 
(a) The seotioh of the dam will be in accordance with drawing No. 
(b) The top of the overflow portion of the dam will be · one hundred and thirty-seven and five tenths ( 137 .5} feet above the Streambed, the top of the non-overflow portion being seven and one-half (?t) feet higher, that is, at elevation one hundred forty-five (145) feet. It will be about seven hundred and fifty (750) feet in length W1 th a roadway along the top. The width of crest will be fifteen (15) feet. 
(o) The faces of t he dam below the coping ~ill be of con-crete built in place With the use of sectional forms. 

2 . ROCK EXCAVATION FOR FOUNDATION: 
Excavation shall be made to a sufficient depth to secure a foundation on sound ledge rock. free from open se ams or other objectionable defects. 
It is the intention to build the cyclopean concr ete masonry against the side of this rock excavation. To preserve the roek outside the lines of the excavation in the soundest possible condition and to obtain over the w.nole foundation a rock surface, free from open seams or cracks, unusual precaution will be required in excavating. Blasting may be done to the extent di r ected by the Engineer in charge with explosives of such moderate power and in suoh positions as will neither crack nor damage the rock outside the prescribed limits of excavation, ~d whenever, in the opinion of the Engineer, further blasting is liable to injure the roCk upon or against which the masonry is to be built, the use of explosives shall be discontinued and the exoav~tion of the rook continued b y wedging and barring or other approved methods. 
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(a} A cutoff trench will be required near the heel of 
the dam, practically for ita entire length. This cutoff trenoh will 
have nearly vertical aides and be of dimensions shown on plana • 

• PP~ARATION OF ROOK FOUNDATION: 
The surfaces of the rook foundation shall be lett suffi-

ciently rough to bond well with the masonry end shall be out to rough 
benches or steps unless naturally so stepped. Care must be taken 
not to open or break the ledge rook unnecessarily. 

Before laying the masonry on or against the ledge roOk 
the latter Shall be scrupu~usly free from all dirt, gravel, scale, 
loose ~ragments, and other o~jeotionable substances. Streams of ' 
ater, air, or steam under sufficient pressure, stiff broom, hammers, 

and other effective means shall be used to accomplish this cleaning. 
Should a:n.y springs be encountered they shall be piped and grouted 
or carried outside the dam. After cleaning and before concrete is 
laid on or against the foundation. the water shall be removed from ·. 
all depres sions so that the aurtaoe can be inspected to deter.mina . 
whether seams or other defects exist. 

(a.) Small seams and cavities showing on the base or the 
face of exca~ion where masonry is to be placed, shall be carefully 
scraped and cleaned out and filled with rich concrete or mortar 
rammed in tinder pressure. 

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

(c) In the center of the cutoff trench a row of holes . 
shall be drill~d as shown on the drawing, which holes Shall be _grouted 
after the concrete ebove shall have been carried up to a convenient 
elevation, not leas then twenty(20) feet above the base of the dam. 
There may be three (3) or more linea of such holes required, depending upQn the nature of the foundation. 

(d) Along the bottom of the cutoff trench there shall be 
laid a porous sub-drain composed of pprous concrete blocks or tile, 
and connected at intervals b y riser galleries to the main inspection 
and drainage gallery, as shown upon the plana. In building up the 
risers care shall be taken to place large rooks imbedded in the con-
crete be~ween them in order to prevent the formation of any line of weakness. 

{e) T.henever in excavating the foundation or abutment, 
thick s t rata 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 poaQible exposure is '~~ 
These drif ts shall be at once thoroughly washed and cleaned and . 
immediately refilled with concrete. Grout should be pumped in, 
especially around the top, so as to entir~ly fill the opening. 

20. 

All cement shall be first quality Portland cement of a brend 
~ioh has been in continuous end suooeesful use in the State of 
9alifornia for three (3) yoara. 

(a) It shall be furnished in original packages, bearing 
original labels. 
. (b) The cement shall have a specific gravity of not lese 

then three and one-tenth {3.1) nor more than three and Twenty-five 
hundredths (3.26), after being thoroughly dried at a temperature of 
two hundred and twelve (212) degrees Fahrenheit. 

. 

··c 0 ) Ita color shall be uniform Sluiah-gray, free from 
or brown particles. 

(d) At least ninety-two (92) per cent of the cement by 
weight Shall pass through a sieve of ten thousand (10,000) meshes to 
the 8 uare inoh and at least seventy-seven(77) per cent shall pass 
tbrouih a sieve' of forty thousand (40,000) meshes to the square inch. 

··one ( 1) 
(e) Briokettes made ~rom neat cement, after beiDg kept 

day in moist air and the ~e~ainder of the time in water must 
a tensile strength per square inch as follows: develop 

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

(f) Brickettes made with one (1) part of cement and three 
(3) parts of sand and exposed in the same way as above must develop 
a tensile strength per square inch as followa:-
After seven (7) days two hundred (200) pounds 
After twenty-eight (28) days three hundred (300) pounds. · 
• 

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

• 

. (g) Cement failing to meet the seven (7) day requirements 
may be held awaiting the results of the twenty-eight (28) day tests 
before final rejeotion. 

(h) Pats of neat cement about three ' (3) inches in 
diameter and one-half (t) inoh in thickness at center, tapering to 
a thi~ edge being kept in moist air at a normal temperature for 
twenty-four (24) hours and then plaoed in water end raised to a 
temperature of two hundred and twelve ( 212) degrees j[ahrenheit in 
one (1) hour, end maintained at such temperature for five (6) hours; 
and other pats kept, one in · o~en air and one in wate r , at .a temper-
ature of about .sixty-five (66) degrees Fahrenheit, for twenty-eight 
(28) days, shall show no signs of distortion, blotching, oraoki~g. 
or disintegration. 
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( i) The cement shall not contain more than one and 
seventy-five htindredths (.75) per cent of anhydrous eulp)~uric aoid 
(S03}, nor more than four (4) per oent of magnesia (MgO • 

(j) In determin~ng the proportion of cement to be used 
in oonorete end mortar ninety-four (94) pounds of cement will be 
consider a bubic foot. 

5 • SAi."'D : 

(a) The sand must be clean river or beach sand end the 
gr~ins Shall be composed of hard, siliceous material. It shall 
not show more then three ( 3) per oent by volume of fine material 
suoh as silt, mice, cley or other injurious material after being 
sha;cen in water and allowed to settle • 

(b) The mesh composition of all send shall be such that 
ten (10) ner cent shall be retained on a rro . 20 mesh screen and 
seventy (70) per cent shall be retained on a Iro 50 lll9Bh screen. 
6. c?.u ~ g:n 30aK: 

~he crushed rock shall be a good quality of altered sana-
stone, limestone, basalt, grenite, quartzite, or porphyry, close 
grained and sound. It shall be cleen and free from lo~, clay, 
soil or other inferior material. All crushed rock must be capable 
of p~ssing through a two and one-half (2tJ inch ring. 
7. COHC?~TE IN :BODY OF DAM: 

~;;;;;;.;;.~.;;;..;;;. -
Concrete shall consist of an intimate mixture of sand run 

of crusher rock and cement. 
{a) The interior or heart portion of the dam shall be 

constructed of concrete· approximately of a 1:31f:7 mixture. 
(b) The outside or s~in eight (8) or ten (10) feet 

thick on the unstream face and about four (4) feet thick on the 
downstream face, shall be constructed of concrete approximate~y 
o~ a 1:2t:5 mixture. Care shall be taken to make this skin m~xture 
as dense and impermeable as possible. 

(c) Concrete composing the slabs of the roadway over the 
epillr.e.y :portion of the dam shall b~ constructed of a 1:2:4 mixture • 

{d) The above proportions may be changed slightly from time 
to time es determined by frequent ~echenical analyses of the ingredients 
available and by experiments and tests on semples taken from large b + .,. a .- cne s. 

{e) All classes of concrete and :aort !"l r shall be machine 
mixed in b c.tch mizer. Hand mixing r:ill not bel permitted ~xcept for 
specie.l r9asons and then only in small quantities. 

22. 

STONES FO !I'IASOliRY: 

Stones for imbedding in oonorete shall be sound, free from 
seame end cracks, olean, hard, of irregular ehapco, without long 

""thit4· ,Projections, and of vorious eizeo up to the la:rgefjfw.hich can 
be eoonomi co.lly quarriod, transported ond hano.led ( ap,Proxime.tely 
four (4) oubio yards). They ehall be thoroughly cleaned before being 
brought onto the dam by washing r;i th water undor preccure, or by the 
use of brushes or otherwise, and shall be oleened and placed in the 
concrete. H~era or other tools ehall be used if necesenry to remove 
objectionable material adhering to any atone. Stones shall bo wet ut the time of pleoing in the concrete. 
9. PLACI!JG OF 11ASOURY: - ---..-..-

ITet concrete in sufficient quantities shall be deposited 
in low places in the work end large stones shall be lo~ered into it 
immediately .as close together as desirable, but not closer than six 
(6} inches, leaving room to thoroughly fill the spaces betwsen them 
with concrete. This concrete she~l be carried to the nork in 
bottom-dumping buckets or by other approved appliances, as directed 
by the Engineer. The stones, efter being placed in the concrete, shell 
be jostled with a bar so as to settle .them well into the mess, and 
the concrete shall be worked uith suitable tools to force the f.illing 
with concrete of all spaces around the large stones. In placing 
lerge stones care shall be taken to secure as good bonding both 
horizontal and vertical as is practica!le with this class of masonry 
Whenever convenient smaller stones shall be imbedded in the concrete 
between the large stones. The object is to obtain a monolithic mass 
of stone and concrete containing as large a proportion of stone es is economical ( probably 20 to 25 per cent) 

Whenever the concrete surface must be left long enough to 
per~t the concrete to set this surface must be left es rough ~s 

poss~ble by means of lm·ge rocks part:ia.ly imbedded in the concrete. 

No material shall be placed in the dam except in the presence of an authorized inspector. 
. 
10. JOINING lTE\'/ TO OLD MASOlffiY: -

Befor~ laying masonry of any class the masonry previously laid shall be w1red brushed and 'thoroughly cleaned by a jet of water or other approved mBthod. 

11. EXPANSIOl JOINTS: 

At such intervale end depths as sho~~ on the drawings or 
directed, expansion joints normal to the axis of the dam shall be 
formed of masonry built against forms. Ench such face shall be 
coated with an acceptable material to prevent adhe~Eion to the masonry 
on the other side o·f the joints. Copper water stope shall be placed 
acrose the expansion joints upstream from the line of drainage · 
galleries aa shown on the plane. The expansion joints will divide 
the dam into sections end as the work progresses alternate sections shall be carried ahead of the intervening ones. 
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