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iriay 25 , L949

}/1EI{0RANDUIT! RE
IviATILIJA DAM VENTURA COUNTY

Undon dato of October" 23, l-948 , a pl'ellml'nat y report
1i'ras subnritted co.,rer"lng the results of my studies ir.p to. tha!.,

tirie negarciing the acieqi-iacy of tkie Llatillja Dam and the

remodial measures wirich mip;ht be deslr"able to assure 1ts

safoty. F\.irther investigeLtion iias accompllsned subsequ.ent-

ly but, ir coordlnntion rrrith tire geolog;ists studylng ilre

f oundation, conclusions l-',ave l:ceir d eferr"ecl in ex1:e.;iarlon

that. nunoff of tkre .:F,4A-4g season would pnovicle enough sior-
age so that rire beha.vior" of iire daln unden load coukl be ob-

se::ved carefull;', Sj.nce lt, is nor,v evident tlat .such oilpon-

tunlty vri1l noi be avelllable bofore next t,rinLen, the r"esults

of mi, stuoies ar"e sirnrnarizecl aird presented 1:.erer,;j-th.

As lndicated by tiie pr"ell-rninary repo:nt of Octobor 23 ,

1948, the panamouirt questlon of the capabillty of tl're founcia-

tion to suppor:t the structune whlch has beon bul}t upon 1t

ts belng detorxrined by the emLnont geologtsts employed by

the County, and theroforo my analysls has

largely to two secondany features; flnst,
been nest:lcted

tire arch stnucturo to wlthstand the. water" load

imposed upon lt and second, the sufflclency of

for passlnp; large flood flovus wlth safety.

tirat wllt be

prorrlslons

ll
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2. ADEQ.U/ICY OF ARCI{ STRUCTURE:

ltilth the lmpnovernent of the technique of maklng high
' strength concnete ln necent years, the tendency tres

tovrand the allowance of gneater stress lirnits 1n the desl'gn'

of arch dams. fn the deslgn of the lvlatillja anch.:.full advani
,u. ' ..-:i, ',11 , -,..

tago l,lvas taken of thls tendency and tho r.esulting ;,str"ucti.jlFo.i "

. l:s 
a.

,,.r has luore slenden proportlons than usual, A genenal chec{ of-
.. .'-:. . . :.: :

the arch gtresses shows r.atl":"er hlgh values ovor lerge sectons

but tlrey ean irardl]t be ratecl ss dangerousl;v h1rth for" pSood

qualtty conctCIto. Plate I her:errvith shovrs the *ro"ssos to

be exi:ected under: full rvater load. It lrriLl be observeci that
the crown stnesses at ihe extr"acios rB.ngo sllgh.tly a.bor,'e 8OO

p.s.i, up io elevation 1O?O artd tnor"e than 9OO p.s.1. ilnay

oevelop at the lntnados of the abutiner:ts. In current con-

ser"vative practice a maxlmun vrorklng stress of 8OO p.s.i.

ts cu.stomary. On t]:e oiirer hand, the record of the Smlth

'lti'rel") Labona.tory tests of iho concreie placed ln th.e arch

lndicates averaiie 28 dery compr.essive strengtir of eri:proxf-

niately 4500 .p.s.1. this is bet.ter quality than usual and

:' .i serves to compensate for the hlgh unlt vrorking stress'ofl'the

des,ign. The facton of safety of 4 to 5 rvhlch. 1s provided,ls,
: . !.,

abogt the mangln consldered necessa].y to allo-vu 'for"' indeteri .

i: ::...

.ti

Eii:ate lntennal str"esses anlslng from other foncgt.,tnut,,the 
,

wat6n load. One featuro not to be over"looked 1s the addod','r'
.:.,;., .,.-- ,,,.i ,';.

load wirlch rnay be placed on the anch by the accumula.tton of

s1lt in the resorvoln. It ls known that the tnlbrrtany viaten-

ton'i,..,;lNo lnvo stlgations J:rave
' ,:!. r .- '

:

q,, but' condlti-ons LI'e slrtrllan

.i: r .i, 
.

.i:

shed nates hlgh in

been mado ln this

s11t product

sLs;oeclfic ba
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to ttre upper. Santa"Ynez basin of 218 squs.re rnJ-les ilur-ledia.tely

to the north vrher.e rel1ab1e sl]t accumulailon flgures are avail-

able. "+orest Servlce studies sholrr- tha-t <iurin,q the peniod 192q
: :, '.lt':

to 1948 the silt volume accumulated tn Glbr.altan reservolnr,tg'-.
.j: 

. 
'l

'

gether vrlth the Callente, i{ono and Juncal debnis stonage baslns

abOVe; lmourited to 8565 acre feet. Thus the aver"age was 5O0 ,1

acro foet a year on 1.37 acre feet per souare n:ile. .hpplica-

'tion of thls ra.te to the 55 squal?e railes of lvlatiIlja. ba.sln ln-

rilcates annusl e.verage of ?5'55 acne feet. Ily the enfl of 20

years therofor"o, it is possible that s1lt deposltion agalnst

tire clam vri-ll reacli elevatlon 1O60. (See capaciilr cu-rvo

plgte 2). fecirnical investigaiions have deterr:lned tira.t to

r.esi-st tire acide cl loa.d of sr:ch deoositions, debnis clans shoulrl

be designed vritlt a. ho:rizontal pnessure cofiloonr;ot of gO# per

Square foot instead of 6F .5i for the water" load afone. ?his

increase of 44;o in load up to tiie sl}t lovel coul<i result in

di::ect stnesses e.t tlie abutments of i;ne arcil in excess of 1IO0

ic.s.i. at the lovrer olevations lvith silt accumulation to el.

1060. Fractlce of erosLon control on the lvaienshed and slulc-

lng

rrate

at tlre dam may be effective in postponing and reduclng the

of s1It deposltlon. ' ':

'.'..'' To summanl,za my opinion seganding the adequacy of the 
,

:.

ar.ch'1t may be stated that while consorvatlve pnacttce would

'

nequlne a structure of more atnple proporttonsr p?rtlcular"|f, ln

vlew of iho pr.ecarlous founclatlon and tlle pnoposal to pass,.: r-''

lerge flood flows blr free ove:rfa1l, the excellen'L characten of

tire concrote construction componsates for tire slfunness of the
{"

'tt

cross section in sucir degree ttrat' 1s sa.f e a.ga i-nst com-
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I ILLVJAY FACILITIES:
',:';i' ' '-,,1',flre ploJect plan contemplates the passago of floods up to

a maxlmurn Of 6OTOOO sec. ft. oven the crest of the clam. hdmit-

tedLy a flood of such slzo wou.ld be very rare and of short dure.-

tlon. Runoff measurements of i'iatilija Creelc have been me.iniain-

od only frotn 0ci;ober, I?27. TIre ernatic che.racier of tkre dis-
!

clrarge is plcturod by tfue condensed sumnal"y of the rocord pro-

vided by Plate 3 herewlth; Tire annual yleld ranges from the

lorv of 55BO A.li'. in 1929 to !?,5r9OO;'".t". in 1941. The zo-igear

u€an is only 261500 A.l'. (tr5.5 s. f . ) . I{ost of tire tlrne rhe

strearn is nearly dry but occaslonally thre heavY "oreclpltatlot:
of vlolent wlnter stonms produces suciden i-arge flood flows'

Tlvice yltlin twenty years the peaits of such floods have rea-ched

Lb,OOO sec. ft. Tire brief ciuratlon of sn.cll irigh clischarge is

evldenced by the fact tirat the mea.n daily dischange of lfanch

2, .Ig38 flood, vrhlch peaked at 15r9OO s.f., was only 4B5O 
",,f,.

and,:the mean daily of the Jan. 22, Lg43 flood, cresting at'

othor hand the large :

15;OOO s.f., was onlY 3320 s.f. 0n tho

volurne of flow in !-ebruary,gn6 l,farch, 1941, which',yJ-elded 
,::

74:r23O A.F.l peakod at only 42gO s.f . By high vraten marks and

bY E. E. Svenett of :

ot,her indlcatlons tt has been estilnated

ventura tirat the flood of }'ebruar"y 20, 1914 pealceci at 22r9OO s.f'

From this evidence it is faln to c.o-nclude tha't a 15,OOO
' 'rl

s.f . flood peak may be ex.oected:'vrlth'avenage frequency of once

4

Irresslon fa.ilure. This is on the asstrnptlon, of

the abutment and foundation rock as novr fortlfied

1ng operatlons proves to ire tlght and unylelding.

tlon 1s 1n the hands of ttre geologlsts.

course, that

through grout-

That oues-.. :.. '' :
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in ten years. The frequency of lar.E;er i'loocls 1s mer.e conjec-

tune, but obviously over'a loo-;vear penlod one or nore floods

of the tnagnltude of ?5'OOO or 5O'OO0 s.f . are or"obable. The
:, ' ,;' .

6orooo s. f., flood adopted as the me.xlmum by the designens 6r'
theibani appears to be wlthln tho range qf posslbt'Ilties from'

thls.watershed. It ls llkely that such an extrao"Oir*ny flood
ir. 

:1, 
. 

: .. 
- 

... 
,j: .:. i ..1.

would. take the f or"m of a shar"p momentar.y peak mU 
, 

that the ',

.duration of clischarge in excess of 15rO0O s.f . i;'ould hardly

be nore tlran a fevr hours. liydrognaph of the liiarch 2, 1958

flood is oresented by Plate 4 herevritlr. The orecedlng Lrionth

of Febr.uary produced ru.noff of 16r260 L.ii'., a.nc-1 vlith the ]neser-

voir openated on a cyc11c be.sis, irri:nar.i1y for vls.ten consetar"fa,-

iion rattrer than f1coc1 cont:"ol, at is pr6bable ttre.t lrit1e or

no cepacity lvould irerve been evaitable io slter th.e dlrnensions

of the fLood peak

Tiie duration of tlle flow at ciiffr.;r€nt stages l'/a.s as

fo11o\r/s;

Over

. rA socondary flood

zq. llOat)
2lr

followed on llarch 12th and 15th and

stneamflow was malntalned at moro than lOO s.f . unt11 "A.pr1"-1
:

tzth.' Thls is portLnent to'the matten of nepalr of pos

flood damage at the toe of the dam vrhlch vrlII be'discus

1OOO s
2000
5000
4000
5000

10000
12000

f 96 lrns.
50 tr

15 ri

Atl

7'l

Ia.ter.

Tne dimenstons ancl elevations of

the crest of tlre.clart are shown

sP111wa;' ba.Ys on

, vrhich is a clevelop-

'ti

ed i:rof11o of tile dam along the showing the
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sp111way discharge vrit,tr tire r,eser'"'ol:" water surface a.t dif-
ferent levels ls glven by Plate G. rt rryll.r be seen t.hat fon
the maxlmum discnarge of 60rOO0 s.f . the reservoln leve1 ,would

be at elovatlon 1157 or 12 ft. above the crest of t6e slx maln- - :'
-splllway bays at the center of tli.e dam. ftre majon part of the

spl}lvra]1 discha-rge, fall-q directly to the st1111ng'poo1 at the,.

toe of tile de.m, but the pontlon pas,sed by the fhre soillvray
. ...: :.._'

ba.ys between stsr. O and sta.2+y/ falls to the lncllrred chan-

nel fornred by the concr.ete pavinp; and tralning vrall along tiie
left abutmer:t. A;oproximately ?oic of the total splll v,ioulcl be

c-'l.isehs.r'ged to tire stilLing pool by tl.re incl-inec1 chanrieL vritbr

flc,orls ranging fnon 15r0C0 to 6OTOOO sec. ft. Tiie effect of
ii:.i",c htgh veloclt.y 1aier"a.l. lncrerneni coiapllcates cal culetion
of flie effect of tite pool in ire.rtiall.y clissipat.i-niq the ener.gli

cf tire fr.ee o.rerfalJ,

In order to po::t*y the lrnob)-erri re1a.i1ni4 tc f_l-cod cii.schr:r.g;e

a series of dlagra.tns l:ave becn cr'epe."r"eci. Detaiis of tl:e riraxi-

riltrn o\Ierpoun at the crest are shov,rn by Pla.te 7, rvkiile pl-cite B

cna::ts the theor.etlea-I posltlons of the uolr er arid tower sun-

faces of il:e fal11ng water sheet clornin to eI. 1O4O. plete,g

presents a cross sectlcn of the dam in combina.tlon r,vlth the:'

na$O;, and stl1l1ng poo1. Plato 1O shovrs the compuled proflles

of varlous flood dlscharges in the half mlle of stneam cliannel

hnmediately below thet dam based on tlle d.etall-ed topograph.lc,

survoy oxecutod by tlre County Englneersr office 1n Octoben,Ig4B.

The naln question 1s vrhethen the stlI11ng pool a.t tj::.e be.se

of tlee dam provldes adequate pro

ti::e dam at the downstreanl toe."

tlon' agalnst undermlnlng of
.-:' :- '

onbi$e slab 6 ft. thlctrc

.1:

t,.

't_;
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has been ]aid on the bottoru of th.e pool a.rrea i,o r.esist the

enosive povter of the f-l-ood dlscirar.ge. To apprecia.te tfue rarni-
, .:',', flcatlons of the problem lt is i:ecessar.y to cleanly vlsua|-i;g,e

'

'' " ,,,,, the- enormous physical forces exented by the fa11lng- waten,'gi,-,,,,

a l,aqge flooa. Wlih the flee verNlcal fall of some*,15o feet
tfre,nfioclty at the polnt'of lmpact on the pool wf!,I'tre ap;..:.'.:

proxlma.tely 9O ft. pen ,second. The dlscharge of ltSrOOO soc.'
1 r:ft. represents a falllng mass of 2BTOOO tons per rnlnute. In

terms of energy gerierated by the ]5O ft. faII thls is ec;ulrre.-

leni to over 7 bill1on foot-pou.nds pen nlnute, or appr:oxln'rate-

Ly 225'OOO honie povrer. Tire quantitles would be four times s.s

nruch for the 60'OCO s.f . flooo.

Obviously a portion of this great volume of enet"gy vrll"l

be dis sipe.ted in tire tumultuous churning of the stllltng pool

e.nd ln some cincumstances a fur.thor r:ortion r,zoulcj be used up

1n forrning the wel-l knov'rn phonornena terned iho h;'c1r"e.u11c jump.

rn this case, ho'ru-evsp, due to the depth of stl11in61 pool,and
ar.dto tiie dopth.vBloclty of outpoun fr.om tlre pool,the hydn€'.u]lc'^

jump tondency w111 be submor.ged and char"acterlzed mer.ely by

a standing wave ora.serios of waves bejl6w the fall. l'iany e!:
:

tempts have been mado by mathematlcal tr.eatment and model,,eN-
.

pelrlments to denive gene:ral laws vrhlch may alrply:,to, stll}lng . 't:

'_ tpoet behavlon, but they have cont::1bu-r,ed but llttle'that 'cap',,.
' . i...'''.

be:applled to dlffer.ent sltuatlonsr Thie pr"esent case 1s com.:

pllcated also by the lateral dlscharge from tho lncllned chein-

nel fnom the Left abutrnent and the unstable character" of the

sp6ll bank downstnean from the,,,p.g,?l:,,.. Irolr stu.dy of the hy-
' ..' . ''., 

. .j

d.::aul1cs of the channel dlscirange,.bei6rr';;tfre pool lt appears

" t-ii. ..1. .i
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reasonable to assume tirat not mor.e than t/+ttt of tho

will bo consumed in proi/ldlng velocity' head a.nd that
energy

z/+tus
must be dlsslpated 1n the pool. As shovrn by Plate g dhd, ''-:

,,:

fal.Llng vrator sheet w111 implngo near the downstream
- . 4 tl, I ,,

of 'ithe concrote apron and maxlmum velocities at the botton
i,1: :i;.:; ' :. . :;

o.f' .'the ,pool would occur at that po.1nt. Rellable,,,guantltatlve.
t,,. 

iir

ettirnate" of such velocltles are not practlcabler''n"t,g+er, ''
':.'; ._.:-..

with. a 4A ft. pool depth I am convincod ti:ey,,vould be suffl-
cient to possess great e::osivo porver, The tsoancl of Geologlsts

state tirat the concrete apron rests upon crushed and l.eached

sandstone that rryllL eroce eas1Ly. ca.sual fleld lnspection

readily dlscloses such vreak nraterj.al in tbe exposed forrna-

tlon at the dor,,,rnstream edge of the apron. The st11Ilng pool

afforcls enough d.epth to mlnlmlze the rrrosj.ve effect of moderat.e

s;oill, but rqilth the raging agltation accompanylng the impact

of large flood overpour 1t is pnactically certain that under-

cutting of tire e.pron vrill begln at the dolvnstr:ear:r edge anci

cause progressive failune whlch might vrell neach ancl irncler-

mlne tbe danr ltself.

s,lngle

to Ub'made in
: -': 'J' 't

qo,.uId have to

It has been suggested ttrat danrago of thls klnd,f,nom.,a

flood v/ould not bo 'so extenslvo as to prevdnt nepalrS,,..''''

cessivo floodsof February and

lvould have been afforded for:

nepaln

, 0o opportunlty

nd repair of <!.aniage

l:.eavy splll.
wa1t until tho dlscharge frorn the d

.. I 'ed to
.- .:"

hereto
'.,.. .., "..:.."'j-,r,,fore stroamflovr v/as sustained above 1OO s€c. ft.' for''6

vreeks aften the L958 flood, and in connectton l,iith the sr-lc-

q_ta:rcb,i.l.,p|$.r

_ -1 rr.ii: -,' :..,::i...r'11,'::..j

tnspectlo'n,,a
.' !:!,'i..;:.':;,r',
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uniil J\iay. It is evrdent, tirerefore, that i:rornpt retlak of

dar"nage ca.nnot be 'r"el1ed u-pon, ar:d moreover, t.r,.ere can J:e no
L,. ...'a'ssurance th.at the extent of apron failuL:e from a singl6''flo'Od'

jeopar"dize the safety of the dam. .. ..:

:r.

Attentlon should also be dlrected to posslblo

on

substltute for the

':,: ,'

...
de.mage ,

fr.om tlre relief holes' rt i$ noi certtr'ln l"''iletler d'r'e'lnage

fer.cilities unoer ihe apron are sufficient anci tir.e situation

sl:oi"t.Ld be vratehed careful]y to rilake sure thai irydrostatlc

upL1ft arising f rom hlgher reserrroir" levels is adecu-ate1y

rel1eved.

4, Ii','l?R.Ovll1rli;l,j'IS 1'.l,trEDED:

Varlous al-terr-iatives have bee'n consi-dered fon e1inl-

natlng tire rlsk of fallure of 'Lire dam thou6lh flood erosion,

Flrst ihought naturally tur.ned io extending the apr.on antl

thickly pavlng tbe stnoar:i channel dorvnsiream far enoirgir to

effect a cutoff waIl connection to B. sound rock fonmatlon.

?ho dlfflculty of thls course is to flnd such a fornaiion
.- ' ,1.;y,+i;:' :':, .. 

,;: *..- ,. r--t I ,' uoftf-rfn a reasonable depth and dlstance. The geologlcal ln- '
. irr

vedtigatlons fal1 to lndlcate pnomise of foundatigr,.It aterta1 '

:!{: :.::'lnt.tlie downstneam ;channel any betten than that novr ln evldoncer''i:: ii

at{tfie edge of the apron. Also conslclenlng the lange arnount
-' ,t : i_: :

iiil,';;",;jji.,,r,:J::,.of 'excavatlon dnd concreto tirat riray be found'necossary,,to.-=;:i;:..^..

accompllsh such an unciertaklng ln a satlsfactory nanner, !t

1s evident that the constnuctl

A vrholly independent s

flooct dlschange over the ciani vr

bo substantial,dvrou]tS

ti

lnurnerous advanta.ges .
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The capacity vould iiave to be large enough to take all ondl-

nery flood vrator" in onder- iirat spill over the crest of the dam
' :..{..-, .r':ir.. ':r?.', .,vlould occur only for a bnlef lnterval durlng extreme floodo,':+rt

'!: i.":

.. - -.(.I1 :::-

-.-',.-:ri ,.$i ,,

"-$:" 
il*

e
' ,, #t ;;.li! ,' .,i,'1.; ?. ,. , :.. .. r , , . ,;i* ..,,

', w?s.i#+,r-s,t,eonsldened that such a spll}vray mlght br9'.$"Stt

' '' .-'' 'l- .':\!J.
'r '''' ' " 

"i;ii ?: '

|:a tunneL through the na.rnow rldge seps"ratlng tiie ne

from the ltiorth For.k at a polnt one-fourth mlle north of the

dam. Sur.vey' of thls area hy the County iiingineer 1n itlovenrber,

I94B disclosod th.at tii.e avall-ablo drop 1s lnsufflcient. Three

concreto 11ned tunnels oach 15 .ft. in dlameter" e.nd 600 ft.
long would be needed to provlde the reorrlred cap€,city.

Further study denronstrated that the nost favora.bl-e

prosilect for a sepanate splllv'ray cornpnlses a tunneL around

the r'lght abutment of the dam. A prelilnlna.ry plan is pre-

s€nted by Plate 11 herewl-r,h. Plete LZ shoi^rs tire deslpEn in
profile. The concr"ete entr.ance vreln, with cr"est at elevation
1115 would conslst of thnee bays, each 45 ft. wide and dls-
charglng to stoep incllned tunneLs of 10 ft. dlaniete:r. At

ttom of the 45o slope the thr.ee tunnels wouLd bq ,mgrrged,-;r

;"i:' , tidi{, br lth Mat1llJa .Cneok Just above the Spr lngs. , Tf1th rese
ii-,:

fol.F lyaten leveL at elevatlon 1125 thls sp111way,.would dts-,
ge about 16'000 soc. ft. In the oplnlon of the Dl s &t/ r"1ctfs

geologlsts the sandstone lodge formatlons, thnough vrhich the
tunnel vsould penetrate at ri entlncly suttable
for this type of constnuctlon. The i.of constnuctlon is
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(

estirnated at

iive capaclt

In the event
1:

storage capa

Map data upo
'1! 

'ir''

and 'r:el1ab1e

around the r'lght abutmont of

detalled plans and estlmateei.

$6?0TOOO without crest gate control. The effec-
y of the nesenvoin vroulcl be reduced 12OO acro feet.
cnest gates vrere added to avold thls loss of' : ,,"r: ' .:l

i.
clty, the cost would be incroasod about $60'OOO.

n w,hlch tho plan:was based 1s subject to, questlon 
,

surveys aro needed befono detalled layout, ouantlty
calculatlons and cost estimates may be underta.ken. This 1s par-

ticular-ly true at the site of the vieb.

5. RllC0lril,{81'{DAIIO}IS :

In harrirony with the foiregolng dlscusslon and as the

flnst step toward €arIy lmprovement of the splllway facllltles
of 'blie dam, it is necommended that

(a) fnvesttgetion by cor"e drllJ-ing and otirer appro-

pria.te means tre r.r.nrJertaken to determlne sultabillty of the r"ock

foi:matlon of the stream channel (fon a dlstance of 500 ft. beloy,r

the ciarn) to support a competent concnete llned flood cha-nnel;

(b) lopographlc survey and geological lnvestlgatlon
bo mado of the area lnvolved ln the su{Igos'bed tu.nnel spll}vray

the dam to
a?

s a basls for"

.

Fi,

Englneen
F.' E. Bonne
Consultlng
San Fnanclsco, Ca'l1fonnta ,

rve
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