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HISTORICAL SUMMARY AND FOREWORD

The construction of Lake Hodgés Lam, a multiple arch struoture of the
Eastwood Type, was completed on the San Dieguito River in 1918, This dam has
a height of 115 feet from streambod to oplllwwy oreat loval arxd a storage
capacity of 37,700 aore feet.

Approval of the plans, together with irspectiorn during corstruction,
was- exeroised by the late W, F, MoClure, at that time Stato Ergineer of Califorrin,

During April ard Liay, 1928, en investigation of all dems ircluded ir the
impounding system of the 01ty of San Diego was made by = Board consisting of -
A, J. Wiley, L. C. Hill, C. R. Olberg, Consulting Engineera, ard C. F. Tolman,.
Geologist. This investigation was made in accordarnce with a resolution of the
Common Courcil dated Aﬁril: 16, 1928 end was limited to & determination of safety
of thece various dams. From p‘égo 49 of -their report dated May 21, 1928, "It has
been impossible to chock the design of the dam (Lake Hodges Dam) in the short time
available ag a long and highly involved series of computations is required. The
condit.ions found, however, make it imperative that someone especially qualified
in the design of multiple arch dams mekoe an aralysis of all strecses in Hodges dax
and make a complete examinatior of the entire structure. This should be done
without delay." The recommendations of this Beard relative to Lake Hodges Dam ar.

outlined on page 50 of the report and are'as follows:
"), That a complete examination of lodges Dam be made immediately

with especial referenco to the cracks in the buttrosses.

2. That a complete amalysis of all stresses in the dam be made

immediately by someone espocially qualifiod.

3. That immediately subsequent to the next large flood the dam and

spillway be protected complotely and pormanently against erosion
and that the spillway approach channel be improved."

A roport on Hodges Dam was later prepared under the direction of the



hydraulic engineer of the San Diego Water Department by Mr, J, H, A, Brahty of

that department. Tkis "Report and Recommerdation Lake Hodgas Dem" cubmitted

July 24, 1938 recommended es follows:

"l.

24

Se

4,

6.

Provide additioral datorsl irkterbrucing im mrom of orucks of
Buttress Wall No, 10 to 21 inclusive, '

®
Determino safe load on rook eithor from avuiluble logsc or by
new teat borings, and oxamine ospecially tho sub-soil urder
and adjucert-to Buttress No. 19.

If the determined safe load is less than 30 tons per square
foot, provide such additional fourdation area as will be |
necded for reduction of rock pressure at points of maximum,
end design thece with due rogard to present width of orack
and height of buttresc, so that the original plane of arch
groins is reestablished, ™

Consolidate cororote alorg cracks in arches over °passa.ge-_way
on lower upstream strut,

Establish a systematic periodical irnspection of the dam for _
the purpose of wntching development of proesent and new cracks.
Reget gauge points in walls so as to road hLorizontal ard
vertical components of rclative displacemert at crack.

Keep careful records of behavior of present cracks along with
temporature readings at upstream and downstream edge of

buttress and in addition establish weekly readirgs of temperaturo,
of atmosphere and of wator at surface ard at bottom of reservoir."

Question having been rdised as to the safety of such an important

structure a Board oconsisting of Prof. B. A, Ebcho.vorry, F.C.Herrmann arsi

A. Kempkey, Consulting Engineers, was retalned by State Engimeer Edward Hyatt to

examine the Hodges Dam and report on the technical considerations of the struc-

ture. To assist in their 1nv.eatigation the Board availed themselves of the

services of Mr, H. 3. Davell, Consulting Engineer of Ser Franoisco. These

consultants exhaustively and comprochensively reviewed the safoty features of

this structure aad their report in full follows.



Report to State Engineer

on Leke Hodges Dem

by

F. C. Hormann, Consulting Engineer.

B. A, Etcheverry, Consulting Engineer.

A. Kempkey, Consulting Enginee=.

March 11, 1929.

. [ ] [ ™ )
bk mod Wt

F. C..Hermmann
Consulting Civil Engineer
1104 Merchants Exchange Building

f San Francisco



Specialties: 1104 Merchants Exchange Building
Water Supply Telephone Kearny 1208
Sanitation
Irrigation
Valuation F. C. HERRMANN

Consulting Civil Engineer

San Francisco, March 11, 1929,

Mr. Edw. Hyatt, State Engineer,
Forum Building,
Sacramento, Californis.
Dear Sir:

At your request we have made an examination and investigation of
the Lake Hodges Dam in S&n Diego County, and submit the following report.

Fiocld examination of the stiucture was made on December 6th and
8th, 1928, during which time all camponent parts of the structure were
closely examined.

" We were accompanioed by the enginaers of the City of San Diego
and of the other interests concerned with Lake Hodges reservoir, and were
given every opportunity by these ongineers to examine all data and reports
in connection therewith, and we wish to axprass our appreciation for ‘their
hearty cooperation.

| In addition the full racords of the State Ingineor were made
available, smong which were plans and specifications of the dam, and monthly
progress diagrams of construction and numerous reports of inspection during
the progress of th_e work. I |

' Tho special reports aveileblo are .the following:

1. Report and Racanhendations; Lake Hodgos Dam, made to

H.N.Savage by HsA.Brahtz, dated July 24th, 1928,

3 -1-



2. Report on the Examination of the Dams of the Water Supply
System of the City of San Diego to the Muyor and Gommon
Council of the City of San Diogo, by Louis C. Hill,
C.R.Ohlberg, A.J.Wiley and C.F,Tolman, dated May, 1928.

3. Report on Lake Hodges Dam to J.B.Lippincott, by
Charles Derleth, Jr., dated July 18th, 1922,

Records in the office of the Hydraulic Department of the City of-
San Diego which include:
1. Measurements of changes in the wi;lths of oracks in the buttress-

es from October, 1922 to September, 1928.

2. Hydrogrephiic data relating to floods.

3. Storage curve and spillwaj discharge curve of Lake Hodges

resexrvoire.

In addition to the above, other data were obtained fram the San
Francisco office of the United States Geological Survey, and from the Engin-
eer of the San Diego County Water Compeny.

Mr.%W.A.Perkins, Associate Engineer of the State Engineering De-
partment, at our request made studies of stresses in the various elem::mts of
| the structure under assumptions as to external loadings.

'Mr.H.D.Dewell, Consulting Structural Engineer of San Francisco,
at our request has carefully reviewed the structural phases of all the avail-
able reports and computations, and has made 1n_dependent analyses of various
stresses in the structure with certain assumptions as to behavior under ex-

ternal loads. Mr.Dewell is o momber of the Comnmittes of the American Society

5_4‘- _.l .-‘-| & ak
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of Civil Engineers which, after investigations over the past four or five
years, recently reported on the effocts of earthquakes on engineering
structures. He has given consideration to possible effects of earthquakes

on Lake Hodges Dem, appreciating that the science of determining stresses

due to earthquakes is yet in its infanoy.

Description of Lake Hodges Dem (Plate 1)
’ Loke Hodges Dem is & concrete multiple arch dam of the Eastwood

type. It is located on the San Dieguito River about thirty miles .from Sen
Diego. The dam consists of the main non-overflow portion, with a crest :
length of 390 feet, the ogee rollway portion 175 feet in length, and the
broad crest spillway exténé:itm cut in the side hill 185 feet in length. The
maximm height of the dam is about 130 feet above the streambed: The top of
the dam is 15 feet above the crest of the spillwey. The buttiresses are un-
reinforced, except where arches, strut beams and foot walks are tied in.
They are spaced 24 feet on centers. Thelir thickness is 18 inches for the top
47 feet, ond increases to 4 feet at the base for the highest buttress. The
northerly seven buttresses are covered with_ a reinforced concrete deck roll-
way forming the ogee portion of the spillway. Reinforced concrete struts
placed at invervals of about 35 feet both verticelly and horizontally give
the buttresses some lateral bracing. 'n_xe arches are reinforced and have a
minimm thickness of 12 inches for the first 50 feet below the crest. Below
the 50 foot point the thickness increases to 2 feet and 7-1/2 inches at the
bottom of the dam. The slope of the crown of the arches is 45°.

The dam was completed in 1918, On account of the small run-off
for the 1918-1919 season, less than 3000 acre rth was held in storage in

1919. In 1920 the maximum emount held in storage was 15,500 acre feet, with



the water level in the reservoir about 23 feet below the crest of the spill-
way. Water remained at about this level in the reservoir until about
December lst, 1921, when if began to°'rise, and reached the orest of the spill-
way on December 26th of that year. Surplus water flowed through the spillway
from December, 1921, to June, 1922, end from Jamuary, 1923, to May, 1923.

The reservoir has been fairly well filled since the beginning of the year 1922.\

Assumed Loadings

In all the computations of stresses in the various loadings it
has been assumed that the reservoir was full to the crest of the dam.

Such condition will occur only in tims of maximum flood of .90,000
second feet, ‘whiéh we eséin-)ate may occur 6nce in 500 to 1000 years, and in
such instance will last but a few hours. The maximum height of water in the
reservoir since it was completed was about 3-1/2 feet below crest of dam.
This was in the flood of 1927 when the water stood within four feet of the
crest for about four hours.

Had the large flood of 1916 occurred since the dam was completed,
the water would have stood at a maximum height of 1 foot from the crest of
the dam, and would have stood within 4 feet of the crest for about twelve
hours. With the spillway improved, as didcussed later in this report, the
maximum height of water for a 1916 flood wouid have been 2 feet below the
crest, and would have stood within 4 feet of the crest for about twelve hours.

Except in times of large flood, the water stands at least 15 feet
below the crest. It is therefore socon that the maximum stresses mentioned in
this report may occur but rarely, and if they ococur are sustained but for a
short time. During all but these short periods of times, the strosses are

- considerably less than those discussed in this report.



Foundations

The geology of the demsite, as descridbed by Dr. Tolman, geologist
of Stanford University, is as follows: I

"Tho foundation consists of a varisety of volcanic rock includ-
ing layers of rhyolite, basalt and of andositic agglomorate. These
formations belong to tha group clessified as 'pre-granitic volcanics®,
At about 100 yards above- and to the right of the structurs, the lava
foundation rocks are in contact with the younger intrusive granito.

A zone of intenso shoaring and probabdly of minor raul-1:1ng cuts
through the spillway to tho right of the dam. This zone of woakneaé,
however, probably-doos not seriously affact thf dem structure.

The foundation rock is cut by very praminent zones of sheer, and
tho surface rock is blocky and subjoct to ravolling by actiol:} of
overflow waters. Spillway protactn;n is therofore ocssential™.

In ggneral the foundation rock may be considercd satisfactory.

The map of the Seismological Society of Amorica shows a few goo-

logical faults in this part of California, though nome of thom are in close
proximity to tho dam.

Tho records of tho State Enginc;or show clearly that very caro-

ful scrutiny was gi'?'en tho 'toundation for sach buttross during tho progress d
the work. In tho bottam of the stream foundations wore scrriod from 4 to 8
feet into bodrock and on the sidewalls of tho canyon oxcavation was carried

to dopthp of fram 8 to 21 foet in order to securo good foundations.

Foundation Pressuros

The maximum foundation pressuro is approximatoly 20 tons per



square foot, and tho maximum shoar along tho baso 1is estimated at approxi-
mately 145 pounds per squarc inch., Thege arc; not oxcossive. Should the
cracks in the buttresses rofaerrod to 1ate'r.' extond so as to pass thyough
the arch rings and the base, a difterent::diqtribution of the toundaﬁon
pressure would result, with & maximum pressure of about 28 tons per aquéré
foot, which the foundation would safely stand.

Inspection of the footings of the butiresses after ten years
of service, and of the exposed rock at the damsite, show that the foundation

is amply strong to support the structui'e.

Buttresses

Stresses in the Buttresses.

The buttress walls are high and slender, unreinforced and .
tied together by widely separated concrete struts. Without proper bracing
th.e walls might be subject to excessive deflection. That the struts have
been effective in preventing excessive deflection is indicated by the fact .
that the stmctﬁre has served successfully for about ten years, during which
time it was once subjected to maximum loading.

Analyses of the buttresses when considéied as walls show unit
stresses which are not exceéalve.

If considered as colurms the determination of additional bend-
ing stresses is subject to essumption and gonjedture. They would, however,
tend to increase the direct stresses. Modern practice would require that
the .buttresaea be adequately reinforced and braced. We believe, however,
thdt the buttresses will continue to carry the loads, provided the structure
15 not subjected to the shock incident to an earthquake of major intensity or

that resulting from overtopping.



Cracks in tha Buttresses

Cracks in the buttrossas are roported to have occurred prior to
storago of water in the resorvoir, amnd froquent micromator measurements of
the changos in the widths of the cracks havo boon takon since Octobor, 1922,
up to the time of our oxamination of the dam.

Tho crecks have boon mappod and are shown on diagrams includod
in Mr. Brahtz's roport. A typical crack is shown Ion Platc 2 of our reoport.
The cracks gonorelly oxtund upuard from tho roof of the gallory archway to-
ward the arch rings in a dircction about at right anglos.to tham, and down-
gard from the floor of the gallory foot walk about vortically toward the
foundation. Tho cracks lia-ve a maximmm width at tho gallary. They g;'adually
docrcase in width in eithcr dircction frém tho gallery, and ond before reach-
ing the arch rings at the uppor ond and tho foundation at tho lowor ond, with
the oxcsption of one crack tha uppor ond of vhich extunds for a short dis-
tance into tho arch ring,

Yo havo plotted on scparate graphs the micrometor measurcments of
the changes in the horizontal end vortical compononts of the width of the
cracks, (Plates 3 to 7), and have studiad the factors which might havec a
tondoncy to offect tha changos, 1nc1uding-tho rocords of tomporaturcs takon
in tha buttressos and tho variations in wator levol in the rosarvolir,

From the soparato graphs of tho c.zracks wo havo propared & com-
posite gencralized graph for tho horizontal end vortical camponants, showing
the genoral bohavior of tho cracks during thu poriod of measuramonts.

(Platos 8 and 9).

Tho graphs show that tho orecks obtain thoir maximum widths



during the winter and their minimum widths during the late summer. There is
a'gradual small increase in the width of the cracks from one season as com~
pared to that of the preceding season. The average annual permanent in-
crease in the vertical and horizoﬁtal components of the ;1dth of cracks is
each anproximately ono= one-hundredth of an inch.

Ve £find that the variations in water pressures on the damn have
no relation to the variations in the width of the cracks, and the study of
stresses in the buttresses shows no loading stresses which could have pro-
duced the cracks. We condlude that the cracks thomselvos as well as the
variations in their widfhs are due to the expansion and contraction result-
ing from changes in tanpez:a;:\xre and moist\_xre conditions together with shrink-
age occurring during the period of hardening of the concrete. Tie permanent
increase in width is due to the long time continued shrinkage of concrete in
the process of hardening, and the water pressure transmitted to the portion
of the buttress lying above the crack as this pressure favors the widening
of the crack during the period of contraction in the conecrete and resists
narrowing of the grack during the subsequent period of expansion of the con-
crete. In addition closure of the cracks may be mechanically restricted by
the lodgment of dust or small particles of foreign matter.

The presence of the cracks in the buttresses does not affect
their stability. Should theso orﬁcks in the future be so enlarged as to ex-
tend upward and completely through the arch rings and downwerd to the founda-
tions so as to completely separate the uppar portion from the lower portion

of. the dam, we would have the condition assumed by Mr. Brahtz in his vory

thorough analysis.



Possible Effect of Cracks on Buttress Stresses

Mr. Brahtz hes made & comprahansive study of the stresses which
would result on sevoral horizontal sections of the buttresses at different
clevations for two possiblo conditions which may result from the cracks. In
one case ho assumos that the ocracka oxtend upward clear through the arch
barrel and downward to the foundation. In the other case he assumes that
the arch barrol at tha ezgtension of the cr'acks would resist a tension of
approximately 50 pounds per sguare inch. Ho obtains the following results
for the propertics and stresses on tho horizontal soection at Elevation 200,

at the basc of the tallest buttress:

Propertiss and stresses for a htorizontal section at the

base of tallest buttress

1. Assuming that the cracks extend through the arch barrels and to the
foundation:

(a) For the pertion of the dem west of the crack:
Safety factor against overturning = 1,485
Coefficient of sliding ‘ = L,582
Maximm foundation pressure at heel = 27.6 tons per sq. Tte

(b) For the portion of the dem east of the crack:
Safety factor against overturning = 3,22
Coefficient of sliding = ,822

Maximum foundation pressure at crack = 18,7 tons per s(;. Tt.



-

' 5. Assuming that the concrete of the arch barrel at the extension of the
‘ cracks resists 50 pounds per square inch tension:
(a) 1I;‘or the portion of the dam west of the crack:
Safety factor against overturning = 1,542
Coefficient of sliding w588
Maximm rqunde.tiom pressure at hejl = 24 tons per 8q. Tt.
(b) For the portion of the dam east of the crack:
Safety factor against overturning = 2.71
Coeffieient of sliding = 863 ‘

Maximmm roundation pressure at crack = 21 tons per sq. ft.

The above values may be compared W th the following values ob=
tained for the buftreas actiﬁg as a whole- with no cracks:
Safety factor against overturning = J.22
Coefficient of sliding = ,710

Maximum foundation pressure at heel = 19,5 tons per sq. ft.

This analysis, together with the studiss of Mr. Dewell, show that
while the distribution of the foundation pressures would be changed, the maxi-

~

mm pressures resulting therefrom would not be excessive.

=)=



Arches

Mr. Brahtz has also nade a careful detailed analysis of the '
stresses in the arch rings at soveral elevations. Mr, Dewell finds his re-
sults correct, except that Mr. Brahtz obtained a maximum total compressive
stress in the concrets bto.r the arch ring at Elevation 205 of 1203 pounds per
square inch, apparently based on the assumption that the steel reinforoeing
could not take the temsile stresses. Mr. Dewell finds that the steel 1is
adogquata and that, including its effact, the maximum compression in the con-
crete is 910 pounds per square inch and tho teonsile stress in the stesl is
less than 14000 pounds per square inch. .

Tho above strasses incoude the additional stress due to a fall
in temperaturc of 15°. Without this the maximum compressive stress in the
concrete is approximately 600 pounés per squ;are inch. o

The arch ring soction at Elevation 205 is about 5 feet above the
base of tho arch at the lowest point of the dem. The additional five foot
depth of water would give slightly larger stresses for the lowest arch ring,
if the cantilaver action resulting from the comnnection of the base of the
archcs with tho foundation is naglected. The reduction in arch stresses duo
to this cantilever aétiqn warrants tha conclusion that the maximum stressos
are those obtained for the arch ring at Elevation 205.

In the émputétion of these strosses no allowance was made for

the effect of the increaessc of moisture_content in the concrate,. which would
tend to offsot the stresses due to a fall in temperaturo., Lack of data re-
garding the distribution in moisture content and its expanaive action do not
Jjustify detailed computation of strosses rasulting thorefrom, but it is known

that they ara of considerable magnitude and probakly more than offsot the

stresses duo to fall in temporature,

“11- -



A considoration of all factors producing the strosses leads us

to the conclusioa that tho archos are safe.

Effect of Possible :.-‘s‘arthguaka oa Dan .

The structure was subjeot to an earthquake shock of moderate

intensity in 1918 soon after its completion, and was not demaoged thereby:

Mr. H. D. Dewell, after considering the posaible effects of a

mejor earthquake, states as follows:

nComputations of actual stresses likely to be induced in
the various structural units comprising the Lake }fodges Dam
should be regarded as quaiitativa rather than as pcaaeséing any
quantitative accuracye.

An earthqueke shock of destructive intensity, with a direc-
ticn up and down streem, might c.fack the ar.ch barrels, but would
probably not destroy them. The principal danger would be in the
additional stresses induced in the high unreinforced buttress walls.
These would qndmbted.ly be further cracked; they might be expected
to fail, due to lack of reinrorcing amnd proper bracing.

A shock of major intexisity, with a direction perpendicular
to the line of the stream bed, or parallel to the face of the dam
would, in my opinion, be .likely té cause more damage. Such a shock
would cause the buttress to vibrate, and tear out the light and
'widely spaced dbracing. These butiresses aré of varying heights;
consequently they will vibrate with different periods, and differ-
ential motion must result, unless the bracing is of such strength as
to cause them to act together. The existing bracing has no such

strength, and in my opinion would probably be torn out,”




Ha rocommnends that to ‘resist an earthquake of a major intensity,
she buttressas should be braced crosswise of the stream by ties made
capable of resisting bending atreséea. The tindings end recommendations of
Mr. Dewell apply to major earthquaiou.

The records show that San Diego was severely shaken in 1812 and
again in 1857. There is reason to believe that the Lake Hodges Dem will
doubtless be subjected at same time in the future to earthquakes of major
intensities. Therefore it would be prudent to reinforce the dam egainst
such a contingency by thorough bracing of the buttresses in a manner similer

to that sugzested by Mr. Dewell.

Flnod Flows, Spillway Capaci and Spillway Improvements

Maxizum Ficod Since Campletion of Dam in 1917
The maximum flood since 1917 is that of February, 1927. This was

a major flood and was over three times the 1922 flood, the next largest since

1917. :
The hydrograph of the 1927 flood prepared by F. E. Green gives the

discharge of the San Dieguito River, at the Lake Hodges Spillway, at inter-
vels during the period from February l4th to 17th, 1927. The meximm crest
discharge through the spillway was 36,000 second feet.

To compare this ﬁooql with that of Jenuary, 1916, which is the
maximum on record, it is necessary to compute the February, 1927, flood flow
es it would have been without the regulating effect on the crest flow pro=
duced by stcrege. This was done by computing the inflow {into the reservoir frac
the outi = at the spillway, using the storage capacity curve of the reservoir
and the spillway discharge curve, prepared by I,F. Judy, from F.E. Green data.
(Plate 10). The results are given in Table 1. ‘mis table shows & crest flow,
unregulated by storage of 50,000 second feet.

| " =]l3e




Teble No. 1

Flocd Tlow vissharge of San Dioguito River at Lake Hodges

M

jn Fehruaivy 1027 without ena with cf@oct of storage

Outflow mean Computed inflow
utflox. dischargo in clscharge
Dischargo Roserve sec.ft. for without storage
in Gaugo moan time for mean time
Date Time soc. ft, Hoight of period of poriod
Fab.1l5 noon 5.200 117.55
5,250 6,500
2 p.aa. 5,300 117.80
5,700 8,100
3 6,100 117.85
6,800 20,000
4 7,500 118.35
8,250 16,700
S 9,000 118.80 :
9,500 19,000
S 10,000 119.20
12,200 35,000
7 14,400 120.60
fos L 14,600 17,000
8 14,800 120.70
15,000 17,400
9 15,200 120.80
15,400 16,500
1n 15,600 120.90
15,750 35,000
10:45 15,900 121.00
, : 16,100 26,500
11 16,300 121.10
17,400 19,800
12 18,500 121.65 A
19,800 35,500
1 a.n. 21,100 122.35
21,800 17,000
1:70 22,500 122,75 -
: 22,750 36,500
) 23,000 122.85
23,750 33,500
4 24,500 133.20
: 25,650 33,000
5 26,800 123,80 :
27,800 41,200
6 28,800 124.30
29,700 37,000
7 30,600 124.75
31,8C0 47,500
8 33,000 125,30
o 34,700 125.70 e e
e 1 e 33,350 50,000
: 3 0
b e 35,500 32,500
11 35,000 125.80 35500 40.000
12130 36,000 S ’



The moximum recorded flood flow is that of January, 1916. Infor-
mation and data for the flood on this and other streams in Southern California
are given in Water Supply Paper 4268 of the United States Geological Survey on
S&ﬁt‘nem California Floods of January, 1916.

This 1916 Flood was most severe in San Diego County. The maximum
crest discharge on the San Dieguito River wes 72,100 second feet on January
27th between 1:00 anéd 3:00 p.m. It- was the result of extraordinary precipi-
tation on the entire 300 square miles of watersiod during January 25th, 28th
end 27th, following a period of very large precipitation from .Tanﬁary 14th to
the 20th, which itself caused a crest discharge on January 18th of 37,600
second fest.

While the maximum crest discharge on January 27th is given as
72,100 second feet, this was no doubt somewhat larger than would have occurred
had it not been for the flood wave created by the release of flood waters held
back by the espproach embankments of the Bernardo bridge, through the washing
away of this bridge.’

The discharge at stated times during the flood wi th the mean flow
for the period between these times as obtained from data in the United States

Geological Survey office are given in Colums 2 and 3 of Table 2.



Table No. 2

Flood Flow Discharge of San Dieguito River at Lake Hodges, Jenuary, 1916.

Discharge unregulated by
storage, in ¢ second feet.

Discharge if regulated by storage

-9T-

For time Meen for With present spillway With improved spillway
pate . Time given _period Gauge Ht. Discharge Gauge Ht. Discharge
Jan.27 0:00 a.m. 2,700 - 116.8 2,700 116.8 2,700
4,350

6:00 8.0le 6.000 11700 3,300 117.0 3,300
29,200

12:00 a.m. 52,400 122.1 20,000 122.1 22,000
61,450

1:00 pem. 70,500 124.1 28,000 123,.9 31,200
70,500

3:00 pe.m. . 70,500 127.1 41,000 126.55 45,800
68,000

5:00 p.me 65,500 128.9 50,000 128.0 54,000
50,600

. 12:00 p.m. 35,700 128.95 50,400 127.4 0,400

26,700 |
Jan.28 6:00 a.m. 17,700 125.4 33,600 124.2 32,000




Comparison of 1916 and 1927 ¥loods

Although the 1916 flood produced & crest flow very much in excess
of that of the 1927 flood, tho deily discharge for the day of maximum flow

as well as tho eggrogate flood flow for both floods were nearly the samo, &8

indicated by tha following datas

Daily Discharge of §an Diogui to Rivor at Hodges in Acro Feet

Fobruary 15, 1987, 18,486 January 26, 1916, 5,850
February 16, 1927, 73,529 January 27, 1916, 73,800
Februery 17, 1927, 11,708 Jenuary 28, 1918, 29,770
February 18, 1917, _ 2,777 January 29, 1916, 9,420
Total for ¢ days 106,498 118,840

Ths following crost flow data on the two main trivutarics, and
tho flow of ths main stream at Hodges show that a very large rate of run-off

was obtained from sll pcrts of tha watershed, both in 1916 and 1927.

)7=




Jonuory 27, 1916

Santa Ysabel

Santa Ysabel Santa Maria and San Disguito

nooar Ranona Creck Senta Maria at Hodgos
Crost flow in
gsacond foet 28,400 7,140 35, 540 72,100
Area of Watershod
in squars miles 110 57.3 167.3 300
Crost flow in
socond foet par
square milo 258 124 212 240

Fobrusry 16, 1927

Crast flow in
second foet 19,401 6,318 25,719 50,000

Area of Watershed _
in squere miles 110 573 167.3 : 300

Crest flow in

socond feot .
por squarc mile 176 110 149 167

Wator Supply Pupor No. 426 of United Stetos Goologicezl Survey, on
Pego 12, gives the deily reinfell for a lcrge number of stations in the Scn
Dieguito bcsin, during the storm which produced tho 1916 flood. Theso doth
show that tho oxtrzordinary procipitstion wes quits uniformly distributad ovor
tha ontire 300 squere milos of tho wetorshed, and oxplecin, in pcrt at lecst,

tha largo rote of run-off from cll ports of tho watorshod.

Othor Mnjor Floods

Wetor Supply Paper No. 426, on Pogo 35, status: "To dotormino
theth.r tho flood of 1916 ves mors or loss suvoro than provious floods in

‘Southorn Cclifornic, o ssearch wes mads of the acrly rocords ¢nd many old



residents of the County were interviewed." The results of this investigation
are given on Poges 35 to 40 of the Paper, and while they are necessarily
based on data and statements, which ere not and cannot be substantiated by
measurements of flcw, they are the best obtainable. Fram this information
major floods occurred on the San Dieguito River, probably in the following
order of megnitude: 1916, 1862, 1825, 1833, 1884, 1891, 1927 and 1895,

A flood with a crest flow of that of 1927 or about 50,000 second
feet, has a freguency of about once in fifteen years; and a flood with &
crest £low of that of 1916 or about 70,000 second feet, has & frequency of
about once in one hundreé years.

From 8 consideration of the above data, of flood frequency curves
derived in connection with the Investigation of Wster Resources of Californig,
by the State Depertment of Public Works, Division of Engineering and Irrigation.
and of Tlood flow data and equations, we believe that floods in excess of that
of 1916 will occur at rare intervels, and that a flood having a crest of ai:-
proximately 90,000 second feet may occur with a Lrequency of once in five
hundred to one thousand yéars.

To insure a proper degree of security against thc dem being over-
topped, the spillway should be improved to discharge the outflow fram a flood

of this magni tude.

acity of Spillwa
The best information on the present capacity of the spillway 1is
the Bpillway Rating Curve drawn by I.F. Iud;, which is reported by J.W.Williams
of the Buresu of Water Supply of the City of San Diego, to be based upon ob-

servations and camputations by F.E. Green. From this curve the rates of dis-

=]Q=




he weir fornula Q = CLH

3/2

56,000

rge for diffarent gauge hoights, and tha corresponding values of C in

» for a value of L = 350, are as follows:

Gauge Elav, Hoight llcad Dischargs in Corresponding Value

of on Spill- cubic fooat of C in mﬂ

Vater Surface  way Crest por secand e=
118 1l 1,280 3.68
117. 2 3,640 3.68
118 © o 6,838 3.62
119 4 9,061 3.28
120 5 12,500 3.20
121 6 16,000 3.11

| 122 7 19,880 2.06

123 8 23,560 2.99
124 9 27,620 2.93
125 10 31,845 2.88
126 11 36,150 2.64
127 12 40,490 2,78
128 13 45,200 2.76
129 14 51,000 2.76
130 15 é."!S

The above results indicate that for gauge haights in oxcoss of

3 feet on the crest of the spillway, the conditions for maximum di schargo

become progrossively unfavorable with an incrssso in gauge hoight. This is

due largely to tha vary poor condition of ths channel of approach to tha

spillway.

a coafficisnt of C in tho woir formles squal to 3.30.

It is our opinion that the spillway can be improvod so as to give



Crest Flow at Spillway for 1916 Flood

The outflow or flow at the spillway has been computed for the
spillway in its present condition, and also for .the spillway improved to
give a coefficient of C in the weir formula equel to 3.30. The inflow and
the outflow for both conditions of spillway are given in Table 2. .The
results show the following:

l. PFor the present spillway the orest fiow is reduced by
storuge to a maximum outflow of 50,400 second feet,
with & gauge height of 128.95 feet, or a water level
1.05 feet below the top of the dam.

2. For the improved spillwaey the crest flow is reduced to
54,000 second feet, with & gaugs height of 128.0 feet

of a water lavel 2.0 feet below the top of the dam.

Crest Flow of Spillway for a Crest Inflow of 90,000 Second Feet

Camputations were made for & flood of the same characteristics
as that of 1918, but with the quantities for the periods of time during the
flood increased in the proportion of 90,000 to 70,500.  The results for the
improved spillway are given in Table 3, snd show that ths inflow crest is
roduced from 90,000 second feet to 67,500 second feet, with a corresponding
gauge hoight of 130.05 feet, which brings the maximum water level practic-

ally to the top of the dam.



Table No.3

Flood Flow Discharge of San DMeguito River at lake Hodges

for a flood crest of 90,000 second feet with seme

characteristics as that of the 1916 flood

3/2

From camputations based on Spillway Discharge Q = 3.30 L H (L = 350)
Discharge uh- Discharge
regulated by * rogulated
storage in sec.ft. by _

For tima Mean for storago, in sec. ft.

Date _ Time given period Gauge Ht. Discharge

Jan.2?7 0:00 a.m. 3,400 : 117.1 3,400

- 5,500 '

6:00 a.me 7,700 . 117.6 4,800
37,300

12:00 a.m. 67,000 123.8 30, 500
78,500

1:00 p.n. 90,000 125.55 39,800
90,000

3:00 p.m. 90,000 128.7 59,000
86,800

5:00 p.m. 83,600 130.05 67,500
' 64,600

12:00 p.m. 45,600 129.8 66,700
34,100

Jen.28 6:00 a.m. 22,600 125.6 52,750



Spillway Improvemsnts

The nocessity for spillwcy improvament has beon roferred to

abova.

Tho spillway crost consists of 175 feet of ogee rollvey crost
continuod with a broad creat about 35 foet wido und 185 foet in longth,
constructed on & bonch axcavatod into tho sido hill at the north .and of
the dam. Tho approach to the northorly 10 fuot of tho shoro ond of tho
broed crast spillway is o:scntially obstructud by ths ond or ebutmont wall;
so that tho total offective langth of tho spillway crost is about 350 foot.

The conditions which ars unfavorable to maximum discharge over -
the spillway ara:

1. A rocky spur ﬁpstraam from the north ond of the spillway
projccts out into tho rosorvoir toward tho spillway
and dam so0 as to v.ry maturia'lly contract tho channol
approach toward the spillway. (See Platc 1ll).

2. Thoe flat crost spillway oxteonsion is oxcussivoly wide and
does not hava a smooth sloping floor approachipg tho
crost.

3. Tho spillway channol downstroam from the northerly and of

tho spillvay may not allow tho watur to oscapo fraoly.

The only topographic mep of the spillwey a rca is shown by Plate
2. It is not sufficiontly dotailed or comprehonsive to spocify in detail
tho work which should bo donc to form an adoquate spillway.,

In gonural tho work nacossary to incroasoe tho o.apacity of the

spillway includes tho following:



l. Romove tho rocky spur and oxcavate enough matorial to form a
straight, unobstructed channal of approuch of sufficiont
dopth and width, gradually docroaaing' in croass section
from the body of tho réservoir to tho spillway, with no
projocting points. |

2. Shapas tha floor of this upstroam channol whgro’ it j‘oins tho
upstream odgoe of the broad crested weir, to a rolatively
smooth surfacs on a slope of about 1 to 1; rounding off
tho connection betwzuan the two.

J. Removo any obstruction in tha upper portion of the downstrsam
spillvay channol, which may pravent a froe gotaway of the

flood waters dischargod over the spillway.

After thas abovoe improvemont work has boon dona, the spillway
should be ratod whon the opportunities will make it possiblo to do so.

W beiieve-that it will b2 feasiblo to incroass its capacity to at loast
that usad in the camputations m;’ori-od to above,

In addition to the work nocassary to incresaso tho spillway
capacity, it is nocossary to protact tho downstream channal of the spillway
against the displaccmont and washing away of. tho loose or fractured rocks
forming tha bad of tho spillway. Tho 1927 flood demonstratad that relativaely
largs blocks of rocks c.an bo displacod and carriad away. cOnsi'dorablo ro-
pair und protoction work was dono following this flood.

This channal is now apparently ablo to rosist‘ tho action of re-
latively large floods. No doubt floods of.aqual or largor magnitude will

cause tho washing eway of somo additional matorial. This action should bo




tched, and follcwing such floods, holos and crecks should be fillod with

conerota until a stable condition 1s rotchad.

act of Sutherland Reservoir on Flood Flows at Lake Hodges
Because of the uncertainty of the completion of the Sutherland

., we have not considered the pogsidble effeoct of the storage of this re-

servoir. Should this dem be constructed, it is probable that the storage

e extent of the reduction can only be determined by detailed computations..
That it would probably be material is indicated by the fact that the crest
discharge of Sente Ysabel Creek 2t the Sutherland site on January 27, 1916,

as 21,000 second feet, or approximately 30 per cent of the total crest dis-

charge at Lake Hodgas.
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Conclusions

1. ILoke Hodges dom is safa to carry the loads, excepting in
the case of a major earthqueke, provided that the spill-
way is improved tu prevent overtopping.

2. Eorthquakes of major intensity occurred in 1812 and again
in 1857. There is reason to believe thut Lake Hodges
dam will at scme future tine doubtless bo subjected to
similar esarthquakes. To resist such sarthquakes the
dam must be reinforced by thorough bracing of the
buttresses.

3. The spillway capacity is barely éufricient to discharge a
flood of the magnitude of thet of 1916. Vhile this
flood is the maximum since t;e time stream flow measure-
ments heve been made, snd floods of this magnitude would
probably not recur with a frequency greater than about

once in one hundred years, floods of greater intensities

will occur.

We recomnend that in ordor to adequately and safely discharge

flood flows of the magnitude of that of 1916, and to pre-

vent overtopping of the dam by larger floods, the spill-

way be improved in the gencral mannar suggested by us.

Respectfully submitted,

(Signed) F. C. Horrmann

(Stgned) B. A. Btchevarry

( Signcd) Ao wke! |
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liorch 11, 1929

fessrs. 3. A. Btcheverxy, ' |
F. C. Hermann, Consulting Engineers
A. Xempliey ' e

Subject:: Lake Hodges Dan

Sirs: _
I report herewith the results of my investigations on the
tructural features of the Lake Hddges"Dam. This 1nvestigation was made

t your recucst. In deteil, I was aakad‘ to review the strength of the
Jem to resist (1) nowmal water loads and. (2): such earthquakes as might
sasonably be expected in this vicinity. My attention vas particularly
alled to certain cracks in the duttresses and I was asked to determine,
T possible, the cause of these cracks.
To assist me in this work, I was given a set of plans of the f:'-
m; & copy of a report on.'tha strength'qr the dam prepared by J. H. A.
rahtz for the Bureau of Water Development of the City of San Diego, Cali-
ornis, under date of July 4, 1988'.'&11& also.e copy of a report on the dam
Protossor Chas. Derleth » Dean oi' the Department of Civil Engineering
f the University of California to iir. J. B. Lippincott, under date of
I 18, 1922. The copy o.f.‘ Proresaor Derleth'a report given me is incoame. | ‘
Hete to the extent that some ot tho material of the ‘appendices 13 misaing : - :

have also had the rasults of a stress: annlyaia of the arches of the dam
8 made under the direotion or Mr. W. A. Parld.ne Asaoc. Hydraulic
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' Tho s..rensth or the dam ag,ainat tha nomal r.ater 1oada involves
| the investigation of ths atmngth or the. arches; the strenath of the

| buttresses; the strensth of tha atmmtura, oonsidered as a un:l.t. aga:l.nst
' sliding and overturnina, and, r:lnally the toundation preaaures. In

' conTerence with you gentlomen, 11; vas agreed that my 1nvest1gation of

| this featurs of the subjeot ehould be rathar a rev:law of tho reporta and
studies that have been made by Proressor Derleth, nr. Brahtz and Hr.
Perkins, rather than making additional_ _ietgile& oqlculations of the parts
exemizied by them. Tais proéaam'e, I have followed. 3

Strength of Arches

The subject of the stresses :m arched deams, both of the single
and multiple types, has received a great deal of study on the part of .
engineers in recent'yea.'rs. The reports. of these studies have appeared in
technical publications, particularly. the '*Proéqedinés" .and nPransactions”
of the Lmerican Society of Civil Engineers.- Of especial mporfance in
this respect is the work of Professer Williem Cain, dealing with the
subject of thick concre_te circular arches under _nomal loads, in which
ac;:ount is taken of the effect of shear. ‘Mention of Professor Cain's
studies should be accanpa.p.ie_d by i'eréfénce to the work of l_.!r. Frederick
H. Fowler, K.Am.Soc.C .E.,- who has preaehted'in the "Transactions™ of the
| American Socisty of civil Engineers, ‘!fol. 92, 1928, grafhical charts fdr
| quickly finding the stresaes in circular archea under normal load, by | Y
means of the formulas of Protessor ca:ln s _ 2 AT :
I have analyzod, by a graphical nethod, tha atreases in the o _
arch rings at Elsvation 205 reet, ta.ld.ns 1nto acoount (1) the nomal water 3_
| loed, (2) the component of tha we:lsht ot -bha arch ring perpendioular to | :rfﬁ




o 2T 'l—-(,
g s ft

the inclined tece of the dem. (3) the eﬁ.‘eot or ri.b-ahortenins end (4)

a rise and fall of temperature o:l.‘ '!.5° Fa.hrenha t (a total range of 30°
Fahrenheli t) . This annlyaia did NO'I‘ take 1nto aocount the effect of shear.
_ Table I below, shows the'_ un;.t 'amss_es found, in pounds per
square inch. The plus sign ( + ) mﬁibgt_es cqnpreséion, and the minus

( - ) sign indicates tension.

Table X

Approximate Unit Stresses in Arch Ring at Elevation 205 Feet.

(Effect of Shear. hoj_: Included)

Crown Haunch

° . Introdos Extrados Intrados  Extrados

Without Temperature + 142 + 396 + 652 - 72

. Fiith Temperature - 20 + 504 ‘ + B892 - 338
. Temperature Stresses ,

Direct + 27 . - 27 + 13 13

Bending 541188 + 135 + 253 '+ 253

Moximm (-15°) - 162 + 108 + 240 - 266

Maximem ( 15°) +162 - 108 - 240 + 266

Investigation of Arches by Fowler's Disgrems

I have also used Fowler's diagrmns to £ind the approximate
stresses due to dead weight 'and‘-xioxﬁal water ioad. To these have been .
edded tho temperature stresses shown in Table'I. The results of this
study ere shown in Table II, boloﬁ. Again atreases of compression are
indicated by the plus sign ( + ) m tenaile atreaeea are shown by tho
minus sign ( - ). A1l atreaaoe c.ro in poxmdn per squnre {nch. |

LRGeS et ey <,__r..1__,__.n_.' “4eq Uhike »
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Anproximate Unit Stre Stresses 1n Arch R;.E at Blevation 205 Feet.

Stresses of Doad Load and hater by Fowler'a D:lagrama

‘Crowm | ngndh
Intrados ' Extrados Intrados  Extrados

1thout Temperature e+ 1s v 402 + 634 -8

Temperature Stresses - 163 + 108 4 240 -266

Maximum Stresses |
Including Temperature - § + 510 + 874 -272
(<15 ) :

>

Arch Stresse_s found by Brahtz

The unit stresses as found by lir. Brahtz are given in Table III,
belO'o .
Table III

Unit Stresses in Arch Hiqgat Llevations 205 and 280
By.J. H. A. Brahtz
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