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h onst ucti of' ' 
at.. otruotur 

a ood ype ieguito R 918 This 

hei t or llu f e d •1 r. to ge 

0 p city of 37., 700 aor e t 

Appro 1 0 e ' 
1 g co truo iotJ • 

a 

o exe o a d by th~e 1 e • oCl a St to E ginee o Ca ifo ni 

During Apri d ' 1928, 11 de.n.s c u ed i 

impoundi :Jystem o t e City of Sa.n D ego m,g zm.da by· Board oonoioting of 
• 

A J. ley. L C Hill, C R 0 ber , Consulti g ngineer~, and C Tol.m&.n, . 

Gaologiot . hi~ ·nventig tion was tr. de in accorda ce ~ith roao ution of the 

Cammo Counci ated Ap -il 16 1 1928 a lim ted 0 deter~ tion or sa oty 
.. 

of theoe • mD. From p g 49 or their r port 
' 

y 2 , 1928, It 

been • poaoi e to choc t e do ign or the d (La e Hodgos Dam) in h short time 

ilable lo and ighly invo ved tle ies of oomp t tiona is equired The 
• 

condit ona foun , rever e impe ve th~t someo e e p c a y qu ified 

n the dec· o mul i o an Hodges 

and ke structure hi~ houl be done 

ithout delay 1 The ocommend t on or this Bc.ar \ rela i ve to Lake Hodges a ... 

outlined o p 

• h II 
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50 of the report and a 

comp ot 

:1p o al 

oll s~ 

of llodg a m be 

in the bu ro aes 
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engineer or 
that 

J ly 2 , 1 38 recommend 

l. of orb. 

lu.b loge or by 
h oub-aoi u er 

I the dote ned 30 on p r quare 
foot, provide 3, ah dit onal fo _dnt on area will e 
neodad fo ed ot on or rock re aura at point of imum. 
o.nd deaign thooe 'th due oga d · prese t w dth or crack 
a d , e g ~ or buttresc, · so that the o ig.ina lnne o arch 
groins a ees liohod;· . 

• - I 4 Co so date co o 
on lower upatroa 

g crackc in archea over p s:Jnge-. y 

5. E te.bliali a ys amatio pc iodic ir-speotion of th dam for · 
. t purpose of tchi dev opment of rooent and n crack • 

eoet ga go po n 1 ls so ao o oad horizontal a&d 
vartic~l oompo ent of rolati e displaceme~t t crack. 

6. eep c e 1 r ccorda oi' h.avior of prese t craoko a ong ith 
tempor ure readings at upot orum an d otream edge of 

reso and in addition est~bliah aekly rendinga of teffiperaturo, 
tmo3 her and or wator t sur ac and at bottom of eservoir 11 

astion v ng been ra 
tructuro a Board consisting o 

to t o sa.f'oty of a oh impo tan 
• B. A. Etch ~orry C.Herrmann I:. 

A, Ke p y Cone ting Engine 

exn ne the odges or t rue 

ture. To i:Jt 1.n their hemse ves o ho 

nervices of • D e 

DO · tnnt 0 
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0 Bu ldi , 
c c 

yo v exami a ion a d n e gat o o 

...,_,.. D1 Co ty,. an ubmi he ro ing repo t. 

t on or e s ·ucture as de on Dec and 

at 928 u ts o the a rue re e 

close y d 

a e e ccompani by th 

a d o he o he nterea s concerned 

ngin e or a 01 y of san Di go 

th Lake odges 

g1 en eve o po tun o e epo 

c 1 the th, d p aciation o hei 

... ""' ...... ty coop r on 

co 8 ·0 
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h p 0 

• 



2 

3 
. 

ted July 8 h 

ce o Hydra ic Dep of the Ci y ot 

n D ego hie include: .. -

• e suramen s o,f challge in he cracks 1 the buttres 

~ Octobe , 1922 to september, 1928 

ods 

Stora c e and api wa)" discharge curve o Lake Hodge 

reservoir. 

ddi t on to , e above, oth da a ere obtained rem the San 

Francisco of ce of the Uni ,e States Geolo c SUrvey, and am the EDgin-

eer of the SaD ego County Wa er Company 

gineer ng De 
• 

p our · equest 

comp t 
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e tresses are un-
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e 0 

ay ate v bo 

ecembe B ' 921, en 8 ot h 

on cem e 2 0 r th 

ecembe 121 0 0 923 

0 b en y oe the besinning o th ea 

sum ad 

ious oadings 

h b e gamed h the ea vo to he c a o the 
' . 

ch condi on 11 occu only in im of ma.n...~o .......... 

secon ee h ch 

ch at ce i 

. 
es a e y ~ccur. on e n 500 o 000 years, and 

a 

s comp 

~~~he ght o 

3 /2 eat belo c e 

the 

• 

s a 1 h ood o 927 e h a er ood i th our e o the 

c as to bo hour 

d t e ge t ood o 1916 occurred ince he ~ as camp eted, 

the te ould a e too a h crest o 

the d ' OUld 00 . t he c bou we ve 

ou 1 h he ro ed ate 1 eport the 

e e 

c es , an elv hour • 

tha 



i e o 

o t on b 

abo 00 

ound tio ck 

one o 

oug he 

bo e an 

o n contac 
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Thee 

e granitic ole cs • 

t ct he ava 

th tho younge n s o grani o 

robab y ot mino aul t ng c s 

o th right o thtl dam. is zone o wo as , 

houev , baby doo ot s r o b.e dam structu • 

ound ion is c by ery· nen zone o shear, and 

tho b oc d j c to y actio 

o a th ro ore assent • 

In h o ion roc may co si ~ o ac o y. 

Tha o th ismo ogic ocie y o ric ho ·eit g o 

ogic i this o C ornia, ho nonG o tham a n close 

roximit to 

c ea y that very c&ro-

d OS 

h 0 k. h od rom to a 

• 



qu oat Q thom sh a lo 

oly 5 ound po qua ho oxo 8 1 

c & n t b 0 o a 

th I t 

ou • 
00 hie he toun 

spaction .o e 00 0 he b ten years 

0 e ce he rock .a he dema1 that the ound tion 

amply tro to suppor 

St:resses in the 
• 

t ass ls a.r h gh and s ·en er, unreinforced and 

ed ogethe y e y ae 1 thou p ope bracing 
• 

the smi be au jeo o e cess ve e lee on. Tha he struts h ve 

been e ec ve 1 pre e exces ve de leotion is ed y he . ac 

nat the t c ha d bo t e e s, d ring hie 
• 

· e it ns o ce ubj cted to xi ....... """ oading. 
.. 

the b t res e hen cons dered as ls 

t ea e ch e no ce 1 
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bje to s ump ey 
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eases 

Crac h b tr sa . po 0 0 d p o to 

s go or ,., to:- 0 

ho chan o n t u 1 ths o h c c h o bo n t on s nc Oc obar, 922, 

on o h~ dam 

Tho ck a e o pp nd own on agrams inc udod 

n • ~po cal c ac shonn on Plata 2 ot our roport 

o cr cks uno nd up\4nr tho roo or tha ga ory archway to-

-nard c arch in ct on about at ight angles to 

d fro th t oo or tho .... ~ .. ~u y :ro ~ot alk about urt cally tcmard tho 

cracks a a maxfmnm i th at tho 11 ry ey g~dually 

dacruas~ i w dth .. n · roction. from tho ga '"'. y, and on bofore each 

ing tho arch r·ngs a t e uppur and and th oundatian at ha lowor ond, ·ith 

o exceptio of ono c ac.. h'l upp o d o hie xto ds for short dis-

ce i nto ho arch ng 

'!110 .. 

cracks, (Platas 3 o 7), 

tundoncy to u:ff c th3 chan 

n th-J b tt ass san t 0 

r t 0 pa 

po · t iz d 0 

e gr phs tho micrometo maasuromen a or 

and o tic campo onts or t nidth of the 

V1o.&. ......... od tho f c ors which mi ht avo a 

os, nc d1 ho cord or ompura ro 0 

ri ons n .":ia or 1 in the os rvoir 

0 t . crac a h vo pr.Jparod a com-

tho ho zontnl end ort ca c pon3nt showi 

h.:J nvr boha. 0 or tho c c du ... n h\J pori 0 a \mlOn s. 

( a 8 d ) 

Tho phs 0 bo c o toi tho mnximum ui 



nter There is 

inc e 1 the rom en com-. 

pa to o the -
cr ase n the ve tic 1 hor o tho a cksi 

e ch a: ... nro .. i t y ono one .. , .. __ inch. 

Ia nd th te preaaur e on the have 

0 1 t1 o the tudy 

s resses in t e tre sea ahem no eases v pro-

due the c ac s e condlude . hat the cr cks t OS S as the 

a iatio in the dt s are due to the expans on and con raction · esult 

aeae occurring the period o ha ening or the co crete ~e pe manent 

incrense th s due o t long ime con inued ri age o concrete n 

the p oc 3 o harde __ .. n, and tha a ter p assure t ansmi tted o the portion 
. 

·of e t ess ly:ln bove he · crac as th pressure nvors th widening 

or t e c c - rin t per od of: cont c on the cone ete·and esists 

rr ing o the crac the subsequent pe od o expan ion of the con .. . 
. 

ere • In ad tion c osure o the cracks y be mechanic ly restricted by . . 
or sma.... ar ic es of oreign tte 

The resence o the c cks in the u e es doe o af ect 

to a -

nd p a d 

ot .. th dam, 



ossible 

oul asult or zan o1 sect ons o tha but at diffaren 

a tio 0 ch y In 

one case ha a sumas tha he c ac, ox on upw 

barre doWil rd to he o • n h o ho case h ssume hat 
. 

the arch ba o at a e. ension ot ho asist a tension ot 
• 

a p oxi t 50 poun s pe aqua e inch Ho obt 1 

or t o prope t a and sse on th horizontal sGct on at Elo tion 200 1 

end stresses or a horizontal section at the 

base o 

suming t 8 c c en hrough he c arre s and to th 

to dation: 
• 

(a est o th crac • 

acto a a1nst ov - 1.48 

Coetfic _ n 0 s1d1 582 
• 

mum oundat onp assure ee 27.6 on p sq. t 

(b) 0 o po on o the t of e or ck• 

ety·f c 0 aga ns 3.22 • 

Co t c en 0 slidin 822 

0 da 18'1 c p t 



2 e th t t a c. b 

0 c . s &50 a oh en ·ion. 

( ) or the 0 t 0 th es 0 c c • • 

1 • 
• 

c Q 0 = 522 

aura t h 2 tons per sq. 

(b) 0 h rti 0 8 s 0 the c ak: 

ty a 0 o erturning 2 ? 

ot Uding 863 

tic re sur a c c 2l to sq • 
,. 

e o e lues be comp red th the ollo ;ng 

ne 0 h b ea c ing B 0 c c s: 

ety 0 0 3. 22 

Coe cien 0 1 ng 0 

ess heel 9. ons pe q 

th a diss o .. Dewe , ho hat 

e e . st o the o b changed the maxi-
. 

herei'rom o d no b e ·c s1 ve. 



tr. ·a z c refu de ile an ys s o h ' 
. tr s s n he c. s ver t on nd hi re-

t cor c , exce t h t tz ob in d oomp es iv 

e cone 0 

b se on h h o c ng 

co 1 no t a ten 11 tresses. De ell f nde tha he stee is 

do u a d h ncl 

ere e ia 9 0 pounds c and onsile s re 1 the ta is 

ess than 4000 oun nc • 

o bove ncoude h additio 1 st e a , ue to a 1 

0 1 hou .. 
y 00 p ds pe i c 

e on 205 a bou 5 e bo e the 

e ot ho c t po n o the Th ddi t onal a foo 

ep o tar ger st s fo th o est arc ng 

he ilav o t co ec ion o tb~ base o the 

C OS ec ad ed ct an in a ch s rasses ·duo 

o this cant ev r act on b 

a 0 205 

0 0 

he e ec o a 1 c co ere e, h c . 
en o ck ot d 

a o.t1o do no 

t 



c ora prod c 

o e o c ~ o~ t a e chos a 
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e t 

1 te s y n on e as no damaged h reby 

• • 1 • ta 0 

jor e 

ind ce in 

ing t Lake o ge 

tiva rather th ns cssessing 

• a di eo 

i up an do· n tream, ght c ck e arch barrels, 

The r a p 

t a e 1 the h gh 
( 

the c ckedj hey m1 be expec e 

to il, ue o c o 1 0 

· hoc of ensity, di c ion erpendi cul·'lr 

o ho or p ralle to the ace o t e ~ 

0 1 ' 1 o i on, . e mo damage· ch hoc 

o d c u e o b to, 

e y spac es e ngh ts• 



th t to majo 1ntena 

tream by ie mad 

c a e o es s i ben one o 

• PP y to 

0 he 0 s seve ely hilken in 18 2 d 

i 85'1 The on 0 b 1 v th h 0 D 

C!O ess be bjec ed tim , i the tuture o e mao 

te s a. ref or 0 ld e, P tden o re nfo, h dam agai 
. 

s eh cont1 enc b horo b c n ot the b ttresaes n manne simile 

to ha sumest by r De al • 

rovemen s 

191'1 

92'1. i ,s as 

jor flood and as o e th ee imas he 1922 ood, the ne arges since 

17 
The ydro~ 0 e 927 00 epa E G een gi e th 

disc ge 0 t Die oRi e Ho 0 Sp way at n e 

vas • n t e period eb ary h 0 l'lth 1927. itfn..JLl c e t 
• 

. 
ch g hro he p ll ay as 3 0 second t e 

0 c a e h fl.o t 9 6, hie s e 
• 

0 eco c ocomp te t e e ary, 1927, ood aw 

1 w d av b e he t n e ton I res ow pro 

dl ce to ge. a one b 

he - t he 
0 th o e oi 

• 
Gree • 

10) e 

d y 





corded f ood lo 1 6. In o 

ma on and d or ha loo on thi an o he ams n Sou er Cal orn1 

a n n e p y 2 0 Unit y 0 

So he Cal o ni 0 916 

a o se r 1 

c 0 e os 12, 00 econ o~ anuary 

27 h betwe :00 d 3•00 p m a tli e lt o 

ion on he en 300 q are les ot ate s od d r ng 

and 27 h, ollo i par o o very 1 ge p oi tation ram Jan ary 4 h to 

h 20 , hie 1 se c es disch ge on 1~uary 8th ot 37,600 

econ at. r 

e es ch rge o ~ ua 27th 1 giv n as 

72 100 second eet o ou t somewha n ould a e occ r ed 

had no eon 0 e load crea e by h lease o . lood wa ers held 

t e ppro ch em.bankme 0 th Be rdo bridge, tbro gh the ·a ng 

ay o t s b e 

e di char t ur ng he flood th the ean low 

or t he e ·o e i s s ob ne an 1 the U St tea 

o o ical ay orr a re n o umns 2an 3 or b e a 



__ Dieguito Rlver _ r ,... r 

~~----~------~--------~~---------·--------"-~
~--~~----

Discharge unregulated Dy 
in second feet 

O:OQ ~.m. , · 2,700 ~ . . . 116.8 - . 2.'100 116.8 
.. • 350 I 

,-.,, 

:OO -~a.m. 6,000 ·n '1.o · 3.300 _ 117.0 3'.300 . 

29,200 .. 
400'' 122.1c ~o.~o 122.1 22,000 

50 .. 
l:oo -p.m. - 70 500 ' ~ . 124.1 28.000 7 123.9 .- 31~200 . ' J ~ 

0,500 
3:00 p.m. - · . 70,500 ~ 

. 127.1 .. ·, 41,000 Cc 126~55 45.800 

8,000 
5~00 ·. p.m. 65,500 

~ .. . . 128.9 50.000 128.0 . 54.000 

50,600 
12:00 .p.m. ~.700 

. . . 129.95 50.400 127.4 - ' 50.400 . . . 
2~,'700 0 

.00 a.m. 1'1,700 - . ' 125.4 33,600 ' 124.2 ~. 32.000 



ho gh th 

hat 0 t 0 

0 sth o bo h oo 8 

d by ha 

Da 

bru 5, 192'1, 6 19 6, 850 

Fab 6, Q27, an ary 27, 9 6 '13 800 

e ruar.y ?, 927, 1 ,?06 916, 29,770 

eb a a, 1917, 2,7'17 J uary 29, 216, 9420 

To or ays 

Tha ollor.ing c st tlovr on tho r.o main t butaria a 

th · flow or h mains am t Hodges ho that ver,y argo t of n of 
. 

i7as obta ned m ull per a o tha tarshod both in 1916 

• 



a or ppl:r p · o. 26 of Un ce a , on 

12, g v s th deily 1 e ara rga 0 t io B n h 

Dia 0 c. a J n h\l s 0 hich prod c 0 19 lood. 'l'JlostJ t~ 

a;: that h raor n!l y pr · cip t ti l uni ormly at but d ov"r 

tho o ti a 300 ' 0 0 t 0 .. t od, , c. t a t!i~St, 

t o l!lr rota ot run-o per ot t d. 

PP '1 n 

,;h t ood o 

~nrch yod 



n a o 

g1 n on ge 35 

0 c t G 

j oods 0 c e th D 

0 0 - gn 862 62 • 89 , 27 n 1995 

lood t c lo 0 927 or abo t 50,000 secon 

eet, ba nee n ocd 1 h a 

c lo 0 h t 0 9 0 a ou ?0,000 econd eet, has a req ncy o 

bou o ce in one hundre .. ye r • 

m a cons dera on ot he abo e data, o ood quency curves 

· ed connec ian li e e igo.t on o e Reso ces o Ca 

by be St t De ent o 1 

d 0 tloo r 0 ie e tha floods n exces o tha 
" 

• 
• ot 9 6 1 cur n e a, 

tel 90,000 second ee occur ith 8 o ce 1 ve 

dr one t o an ye r • 

0 nau a pre er e e o y gain t a dam eing o e 
• 

0 e he r1 ay h b oved to ge ha ot:rl r a flood 

0 tude. 



,280 6 

1 7. 2 3, 0 3 a 

1 8 e ~3 3 2 

g 06 26 

20 5 2500 320 
• 

2l 6 16,,000 . 3 1 1 

22 7 19,SBO 3 05 

23 8 23,560 2 99 • 

24 9 27, 20 2 93 

25 0 3 J 5 288 

126 36,150 2.84 

127 2 40,4 0 2 '78 

128 3 45,200 2.76 

129 1 51,000 2.·76 

130 5 - ,000 2.75 

The above re a ndia to for gauga h~ights 1 o cuss o . 
e cond ions to maximum d1 chargo 

tJ s 1 al ~ vo b . a Tli. h · nc n gaugd u gh • This s 

go to oo co dit o ot o ha 

b imp 0 

c nt o in .30. 



a n s p 

oi e lo d 

o · o bo OD80 8 en b 2. The 

ow the 

o , o p sent lo s educe· by 

storuge a x1mum outflon ot 50,400 second aet, 

with · a · ge height or 128.95 teet, or a w ter ·evel 

1 05 e t e o. e op o the d • 

2. or the mproved api 1 ·e.y the c t f Ol .. is red ce ' 0 
.. 

Jt 

54,000 econd eet, 

or ater lave 2 -0 eet below ~he top ot the dam 

Crest InfloN ot 90,000 Socond Feet 

9 u. ut Ui the qu ties fo• the par cds or time during I e 

t ood ncreased 1 t e pro ortion o 90,000 to 70,500 . Tho re lt 

fij)il rray a · · e b e , and ah · · that tha in o;r ere 

ad ced tram 90,000 econ eet to · '1 500 ·second t a , th corrosponding 

ot 05 t e • ich 
• 

0 0 



tic b s 0 ay Di 350) 

Jan 2'1 0:00 .m. 3 "400 117 
5 500 

6:00 7,'100 '1.6 4,800 
57,300 

2:00 • 67 000 30,500 
'18 500 

:CO p m ,coo 125 55 39,800 
0,000 

3:00 p. 0,00 28.7 59,000 
86,800 

5:00 .m. 63,600. 30.05 67,500 

12:00 5,600 129 8 66,100 
34, 00 

28 5:00 n. • 22,600 2 52, '150 



Th uoco ity or p 

continued wi h bro d cro t bou 3 o t 85 t..>o onsth, 

ed on a b nch ~ -c ~atud i ·o h a be no- h on o 

Tha ppr c · o th - orthc:tr y 0 of tho -hor ond of t o 

broad cr·st spill e' a tially obstruct\ld by b and or ebutm~nt -,all; 

so thet th ot of1c~tivo 3 t of tho ~illw y crost is about ~50 t~~ 

Tho, con 1 ons wh ch a \J unfavorable o maximum disoha ge ove 

·ay aro: 
• • ocky pur u st aam tr a tha orth ~nd of tho spill r/8 

p j ct o t nto tho osorvo1 tonaru tha spillway 
• an -am ao as to v..,ry mat~ ia y contract tho channa 

ch tot? th· spi lw y. (Soe P ·a · o l) 

2 a c t 1 l1 0 onsion c~ssi oly u do and 

oas 0 ha a ooth sloping floor . -- pprc:a~ing t 0 .. 
e . st. 

3. Th S.P 11 y c ann dcr.rnstro · i'.rom the north r y 3nd or 
a sp1 lT.ay y not how ~ t~r to oscap3 ~~o y _ 

only topo 

It is not ~1 ~n y 

ic . 

od or comp ocity in datai 

or a e ap 

:Jcos o.ry -o incr as th o ho 

• 
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1 0 
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2 Sh p h 0 

st d woir, to ~latively 

smoo h sur ce on . s ope o abou o 1 · rounding of 

3 emov ob t c ion n t a opar port t a downstr am · 

r ha o~a 10 '-n nor ha ba dona, h pi . 

to h\3 tho o po tuni it 0 iblo o do o • . 
e ie a · t~.a i bt. e blo t ·o incroasa s ca cit 0 089 

• 
t us~d h - to abova. c p 0 OQ 

n d t 0 to t e oc ssa to nc eas th spi lnay 

it , t s naco s ~ct th do~nst o c a of t e pi l ay 

awn or ho oo o or tracturad rock 

o:r:ning tb b d of h illrmy 

ock o c nb sp acod d ca r1 Con 1 o b' o o-

ro oc 8 t 8 

o o ro c 0 0 

0 

1 & 



uch ooda shou 

. 
0 e t 0 th therl nd 

h co d a 0 b at o 0 

0 l con oted, pro b e hat t e to rage 

0 e c of be loo cr s t e·Hodges 

en 0 he c 0 c lyb y de a 1 comp nt o s 

·o 1 p o ab te i s in cotod b he ac ha e c as 

of te Y: be c e et tha th and s t on January 27, 9 6, 

cone! e ' o. ppro t~ly 30 pe cent o he ota c es dis-

ke He a 



ode 0 0 s 1 

c 0 h p 1-

y v 0 to ping 

2 0 t d 8 2 

8 7 0 0 0 t 

1 as bo 

uch \38 he 

t oro c ng o e 

b tt e 

e ... suf·ic ent to d charge a • t)~ 8 y 
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