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CAM Moy 7th, 1919

Hon., ¥, %, Woodman, Mayor, and
Nembern of the 0ity Couneil,
Los Angeles, Califoraia
Gentlemen:

Flesse be adviasd that at the regular
meeting of the Stase Board of Health, held om
May 3rd, a resolution was regularly and duly
mpto'd; copy of which is enclesed herewi th,
granting to the City of los Argeles a pormit o
continne to farnish and Aupply to ita olitigens
and others, through its aquesduct system, nﬁr
from Owens Biver, 1ts Sributaries amd other
SOUX 008 .

Pernit ia doing forwarded to you under
geparate coOver. .

Very truly yours,

¥. H. Xellogg, K.D.,
Searetary.
$36
o/ G
RE

.5 Nathews, Attorney,
¥, Nuldolland, Onief Engineer,



WHEREAS, the Oaliformis State Hoerd of Health has
made a thorough investigation of the existing works, syetes,
plant, water eupply and all other materisl oircumestances and
conditions of the Owens Biver Water Bupply of the Oity of loe
ingeles, Gounty of leos Angeles, Siate of Unlifornia, commonly
onlled the los Angeles Aqueduct, snd

WHEREAS, from sald investigation the State Board of
Bealth has deternined and does now determine as o fact that the
wvater belng furnished and supplied by add 9&5& of Log Angeles
to 1tu oltizens and cthers from the Owene River, its tritutaries,
and other sourees, through suid Los Angeles Aqueduot syetem,

o V'h.mof, wholegome and potable and does not anﬁamr the lives:
‘or health of hunan bsings, and, |

. WHEERAS, the Director of the Mcﬁbnf Sanj tary
Englneering bas heretofore filed with said Board hig recommenda-
tien in writing that a permit be grented to said Oity,

BE IT RESOLVED that a permit W granted o sald City
of los Augeles to continue %o furnish sad supply te Lte olitisens
gnd othere, through its eaid sgqueduct system, water from

Cwens River, its tributaries and other sources.
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Raport No. 38
to.
Salifornte State Board of Health
en the
QIESTION OF GRAXTING A PREMIY 70 THR
CITY OF 108 ANGELES 10 SUPFLY WATER
FROM OWENS RIVER.

L4

Ralph Hilscher, Bouthern Division Bngineer.
15th Ogtober, 1918. |
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As a basls for a report by this Burean on the sanitsry quality
of Owens River water and on the possibility of the Btate Board of Health
greating to the Oity of Los Angeles a permit to continue mipplying hat
Iﬁ‘.‘-_ﬁ? inspections and water examimations, covering a period of & year,
have been varried on, 4 trip was made 40 Owens Rhor‘ Yalley in September
1917 at which time inepections were meds of Haiwee reservoir and of .m
river at nuperous poinis from the int,ke to the headwater, On thu_ pams
trip Fairmont reservoir waw visited. On saveral occasions ia .reem:t monthe |
inspections have besn nade of the San Pernande and Franklin Qanyon reservoire.
Chatsworth rewervoir was vislted on Auguet 28, 1918, and Dry Canyon
rmvou-. on Mst 29, Toirsyesiz samples, collected from various points,
bave been axsmined im the Buresn laboratoriss.

Aoconpanying this report is 6 map which shows the general



loeation of the main features of this system. By reference ts this map
and to the following rough outline, a fairly comprehensive idea may be had
concerning the origin and mode of delivery of this water.

1; Intake works on Owene Biver, about 200 milnla north of los
Mngeles and about 45 miles up sitremm from the river!y ocutlet into Owens
lake, The drainage srea t.ri‘aﬁtary to the river at this point is estimated
at 2740 sgyuare miles. By far the greatest portion of water resching this
stream flows down from the eastern slopes of ths Sierrs Naovada mountaing
and anhrl the river on the west side, Oertain trihnta.rles gather water
 from large springs., Maay of the mnﬁtﬂn ﬁcakl to the west enupply water
from melting enow throughout the summer, "he sastern side of the watershed
consisty mainly of arid and barren hills, ,

3. A line of open aqueduct about 61 miles in length, extending
from the intake to the north end of Haiwee reservoir., The northerly
portion, comprising about 2¢ ‘nuu, in unlined ditch and the remainder is
lined with conerete. This entire strstoh of aquednot 1s enclosed by &
substantial Barbed wive fence, as are also all &idgc erosslings.

3, HBaiwee Reservoir with = length of about 7.25 miles, a water
surface area of nearly 3.3 square miles and a Rixisum mﬁaetty of
approximately 31 billion gallons, This reserveir was formed by building
%wo damg, one at the north and 28 ft, high to highvtahr level, and one
at the south end 64 ft, high. It consists virtually of = string -of.- three
slongatéd basins connected by narrow straits. I¥s natural watershed is small
and arid lmd prastioally rainless. Almost no waler enters the ressrvolr
exoept from the aquedact at the north end, and nﬁr is withdrawn only at
the south end. The ratves of inflow and outflow ere doth under contrel,
symparatively uniform and tovo low to have any general &pmung offect on
the reservoir. The Ih;pd of the reservoir, the maaner of flow and the
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almost total absence of watérshed rumoff give this basin the meximom of

value ag an agent for purifying the water by storage.

| 4. About 136 miles of agueduct from the south ond of Halwee
resarvoir to Feirmont reserveir, ﬁtuaui at the north énd of Loy Angeles
ccunty, The first tro miles of this consiste of eﬁon concrete-lined di tch.
Tie remaindar consists of conarete-rlined and covered agueduct, concrede~
lined tunnels and steel pips.

5 Fairmont reservoir with a gapacity of approximately 3 Mlliem
gallons and a digtance of 0.4 mile from ialet to ouslets lis watershed
1s emall llfﬂ unoccupied and has been fenced to exclude stock.

6+ About 1746 miles of covered conerets mguedunet, congrese
maiu and steel pipe .‘exs-unidlnc from Fairamont reserveir to Dry Csnyon
resarvoir,

7« Dry Oanyon reservolr with a capasity of 430 million gallons
snd a distance of 9;? mile from inlet to outlet. Thip reservoir is at
prosent being fenced to oxclude stock. The watershed is snall and unocgupied
sxcept for a forest rgnger’s cabin mear the uppor ond of the wetershed.

8. Mbout 11.5 siles of coversd u@tﬂacﬁ; tunnels and atesl pipes
from Dry Csnyon reservoir to the Casoades st the north sud of Sas Fernando
Valley, and then about 1.6 milee of oped conorete-lined canal to m
Yernando reserveir Ho., 2. The open mm is 't}&:kntly‘ fenged wish barbded
wire, as are also all bridge crossingss - o

9 San Tnmdn"vrnmou ¥Ho. 3 has & capacity of 7.5 htiiion
gallony and was created by a 4ak Built in the. foa\thﬂla #% the merth end
of San Fornando Vallsys The watershed area iu 16 square miles, consisting
hra»iy of rocky, umooeupied mountalhs sides. Fossidly one third of the
watershed is valley land om which ere three 6f four yameh houses and one

'mbls.s nm,. Praotically all of this valley land is owmed by the eity
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asund in the near future much of it will be flooded, as it ie planned to
build another dam above the present regervoir and thiie create Sen Fernande
Regervoir Ko, 1 with s capacity of sbout 4.9 dillien gallons.
10. 8tsel pipe line a&'ou San Pernando valley and conerete
tannel through hi‘ao Santa Monioca wountains, & total distanes of about 12,8
niles !reﬁ San Yernando Reservoir No. 2 to Upper ?ra,ﬁklin Canyon Keserveir.
11. Upper Franklin Reservoir with a caphcity of 42 million gallons
and & length of O.26 mile from inlﬂ 0 outlets Lower ﬁanklin reservoir
is & mile forther down he canyon with @ length of 0.63 mile and a capacity
of 360 million gallons. HWeter from the upper reservoir is carried down to
the lower reservoir in a steel pipe line, wh:.eh cantimes on the bottom 61’
the lower reservelir .na&u t0 the dam a% the lower end with a number of
cutletas for admiseion of water to this lower reserveir. This inlet
aryeagement at the lower reserveir was provided to keep the water in motiea,
reduce algae growths and prevent staznation which would tend o reduoe

 diesolved oxygen in the water. Franklin Canyon and adjoining hillsides are

heavily wotded. & public roud lesds up the canyon to beyond the upper
reservoir. There are two ranch houses ia the genyon above the lower reservoiy,
vne of which is adove the upper reservoir. On thc dse of eacgh reservolr
s & oaretaker's howme, ‘

13. los Angeles city proper is supplied with Owems Kiver water
frow iower Franklin reservoir. The San ?«m valley is supplied wisth
irrigation and domestic water threugh' & pipe distritution syetem, partly
fron San r.inm reservoir Fo. 2 and partly mﬁ Shotaworth ressrvelr, .
Eae latter, situated ab the wast end of the valley, is supplisd Abreugh s

‘pipe 1ime from the - aqueduct Just above the inles to San Fermando ressrveir.
 Ghatsworth resarvoir is mew enly partially completed. It is being created
By eonstruetien of four dams and will flood shout 840 agres. I capaglity
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will be about 8 billion gallome. The watershed consiste of rocky, barren

mountain sides and a very amsll area of valley land, This valley land is

‘prastically all owned by the citys

It is the oconesiisus of opinion smong semitarians thet human water-
horne éi@sam’u have their origin only in human beirgs. In other words, the
lower asimals are not susceptible to the Mamen water-borne diseasea wuch,

for instance, as Typhoid Pever, Dysentery, and Asiatic Cholera, The intestinal

' dismtu of persons afflicted with water<borne diseases contain thé germs

. of their wueula.i' disonses and the ﬁ;’munie proteation of a iﬁte;- supply

involves solely the prevention of acecess to the water of husan fagal matter,
Trom sn sesthotic standpeint it is, of course, also desirable to excluds

fevsl satter of lower anismals, but this is not alwaye femsidle, nor frem a

_bealth standpoint is it necesstry. This s the practionl concluauien supported

by the history of all disesge gases knowa to have resulted from water infactiony
Theory, in s mannsr, supports ths proposition tﬁﬁ gortala di;dun tfj:ieal of
lower a-ns.nl; may be transmitted to humang throﬁgh the mediunw of a water sapply.
A common case in point io Anthrax, a disease nelt‘cewnénw found in cattle.

But, s far as known, there has newer besn a single well-authaatieaﬁcd cage

of water~borne human anthrax. This point is made here for the reason that

gertaln persons opposed to the Los Angeles sgqueduct project have contended that

$he health of the water users was sndangersd by anthrax-infefted cattle in
Ovens Valley. Even though anthrax be sdmitted to be a -atorwor#o digease, the
fame influence of lang storage in-reservoirs, which protects the waber users
sgeinsh posible bumsn contamination in Oweis Valley, would protest them also

llliu! ohtile contsmination.

e waterehsd of Owene River above the iatake, with an area of about
20 nquare miles, has residing on 1% spyroximately 4000 people, sn average of
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lese than 1.5 per sq. milye. which ig far legs than thg vopalation denslty on
wgny drainage areas of warface water gupplies of recongnized good quality.

g, G. Hyde bad, for instance, computed the average popnlaudn on 77 Massachugetts

\vatur‘s’h'sdn as 132 per sq. mile. Thers are no umasual or particularly difficalt

problems of watershed sanitation in Owens V,lley and tributary mountain sides.

The enormity of sach problems is practically proportional to the density of

- population and, if on more thiokly wettled watorsheds the pollution emn be

satisfactorily tomtrolled, ss is done in many cases, the safeguarding of Los

Angeles againet, dangors of contamination on the Owens River watershed is
. entirely fesasible by the exergise of watﬁhfnlnois and the proper use of turifying

" agents now provided.

The population sove the Owens Biver intake is grouped, in & general
wa¥, in three digtricts, namely: Big Pine, Bishop and Round Vylley, Big Fine,

with a populatien of about 300 and the cemter of » small sgricultural district,

© is situated about 26 miles up streas from the intske. Bishop, the only

ingorporated olty in the entire Owens River country, has about 1500 people and
is the center of another mgricultural Aisteiet. I§ is abmatlsﬁ miles above the
intaks, Round Vglley, 'about 45 miles from the intake, is 1ittle more than &
sparesely settled fm}.rig section devoted principally to stock raising, Outeide
of these three distriots the country drained by Qwens River congists almoet
entirely of desert, mountain, end foreeted areas.

The city of Bishop hus a sewerage syétem which ie used by about
ho-thirds. of the population. The eewage is vassed through 2 septic tank and

ts dieposed of, during the greatsr part of the yesr, by irrigstion of 80 meres

- of clty-owned land, and aleo Privately-owned land nearby. At times a portioa

¢f the sewage effluent escapes toward the southesast to s slough slong which

4% say pass, reaching euhn; Owens River or Big Pine Canals If 1t enters

. Mg Pius Canal, s is umaally the osse, 1% eventually disappeers entirely

by seepage and does not reagh the river,



Agide from those using the Biahop sewers, the pcop].:c on Owens Mvar‘
watérshed are dependent slmost entirely upon privies for toile$ conveniences.
Of these privies, estimated to bDe about 760 in mumber above the intake, i% 1s
#sid that inepection a few years agn showed but ome discharging its contents
into any stream and that at least 95 per cent of them were at substantial
distances from waterocourses. BEven these unasually good conditions have been
improved upon through efforte of Los Angeles publio-servigs and health
suthori ties.

¥hile 1% mmﬁ .bo seid that Owens River is entirely free from Imman
contamination, it appears that the contamination is slighte There is little
reasom 0 beliave that the contamination will incresse with time, as sanitary
remedial measures uaﬁoubﬁdly aan keep pace with the relatively zlow development
of the Owens River ¥allay.

The aquedvet sysbem, -_n haretofore outlined, 1n§1ndu about 240 miles
of oondult and seven lmpounding reserwoirs, The greater part of the conduit
gonsints of'&negweu~11ned and govered ditck or flume, concrete-lined
tuvinels snd steel pipe. About 82 miles is opsn ditch, partly lined and partly
uslined, The open ditoh is all tightly fenced with barbed wire and all Wtridge
erowsings ars similarly inglosed. The water appears to be¢ amply protected
sgainst sontamination alomg the line of those oundui tss The entire lemgth
h‘f- patrolled every dey by city employees, ench ;;-ntroltan having & length of
shoat 13 miles to inspecte

fhe watersheds of the yaricus reservoirs appear to present very
1i%t1e that ia objsctionalle from a sanitary standpoint. These watersheda are
a1} wmall and ave comparatively easy to contrel, particularly Haiwes, Pairmont

, ml Dry Canyon, which are so far resoved from genters of population as to make
el Vivs rare, | |
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At Haiwes a caretaker ig Asmnonod at sach end of the lake, It is
planned eventually to fence the lake to keep out atocks So far as humean
~ chntamination ie concerned t.ho danger isg neeli.gibio»
Pairmont reservoir has been fenced and a cardtaker is stationed
there permansntly, The watershed is uaococupied and remote from geneﬁl travel,
Dry Canyon reserveir is now being an«d,. The watershed is accessidle
enly over a city-pwned road, The only dwelling on it is that of a forest ranger.
A caretsker lives &t the dem,
‘ San Pernande Reservoir No, 2 drains about 15 aqe miles of adjoining
mz.s;ﬁrﬂtarr uld. the oity employs two men to patrol this area, One spends hihc
time principally arcund the lowar end of the lake, while the other patrols
& area of perhaps three or four square miles of tritutary valley léxnd around
the upper ond. The greater part of the watershed conaists of unogcupied
. mounvains to the north, The valley land is nearly all owned by the city and
will ovnnmily be flooded by San l‘cr,néndo Begervoir No, 14 In the meantime
M is being leased for farming purposes and oa 1% are three or four housess
These p?min- 4o not appear %o be sources of likely danger to the water in the
Nv“kuﬁmin The patrolmen should be abdble to prevent-offechnlly all dangercus
"“apl_luina.ﬁun. At this reservoir, however, was observed the only sericusly
pﬁj;ﬁtiqnahio condition seen at any of the reservoirs, This i the practice
‘ nf permitiing nuﬁromvmylé o fish from the Mkt around the upper end,
Bome of these people are eald to wade cut into the water and doubtlese do when
| not prevented, Trespass by the pudlic on lands immediately surrounding any
of the reserveirs should be jarqmmua ag far as peuibla;
The watershed of Franklin Canyon reservoir is accessible along s
. Mi c voad passing up the canyon slong one nido of eaoh reservoir. This road
' 'hnlmtn at the upper end of the ganyon. 3ither Mcm'm.h slacet sntirely
vum. tto- 1ts dan and &% ueh dem 13 tm:lls the Milnu ei’ u care taker



and patrolmans There sre two other dwellings in the canyom, one above the

upper regervolir sbout 1/4 mile and ome about the same distance above the

lont___rﬂs;pﬁﬁﬁr. These premises sppear to be well kept and are so »itusted

8 % *praem 1# tile, if any, mw to the water supply,. !hqrs is perhaps

& small amount of p_,imioking in the canyon, bub good pienic apots are ot
sasily found, £é the bodbem of the canyom is very Barrow and heavily growa over
with rush, exgept whire cleared and graded for the roadway.

o Ohatovorih ralp:}eu‘. when completed, will flood mearly the anurnb
vatershed except precipdtous rocky hills to the west, Around the upper end,
hhqaﬁ the reservoir and thi"mus, will be & eén.siaorghlo agreage of ier‘y
Mtﬂeun valley land gi-om over with uve-om; where special recavtions
%ill probabdly be nwuni'y to prevent picnicking but this, as well as all
other nyarby land surrounding the reservolr, is owned by the city sad trespass
ean be effectually prevented by proper patrel. Two dwellings are w1t on the
vatepshed, both oa éitmmml land; one of these must be removed, as the
1asd on which 1% stands will be flooded, the other is back probably 1/4 mile
from the lake snd, 1f not demolished, oan be maintelned in a mamner to prevent
o geriowns mensqe. .

On the whole the starage snd conveyance of watsr from Owens Biver to
the conguwerw in los Angeles i attended with extremely 14itile danger of
objectionable esntaminstion. The important thing in operation from & sanitary
standpoint 1w %o mainteln vigilmt patrol around the various reservoirs, o
Xeop clean the few dwelling sites on the watersheds, and to prevent undesirable
trespassing, f;shmg. boating, bathing, eto.

‘ The sffiolency of & storage reservoir an & vater purifier depende
- BoAR the mintwum time that any portion of the water remsines in that reservolr.
The organims of water-borns dissases, when placed in the unfavorable
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environment of a reservoir, where thny are exposed to the influence of
ssdimencation. sunlight, mecnutomed temperaturss, osmoels and 'mmtublo
food wapply, _‘rarnly sarvive for more than two weeks amd can, wi t'h pregtical
ecer tainty, be depended upon to die out within a month. If a i-uar#@ir can
be depended upon to retain every portion of a stream of water for s peried of
at leaat thirty days, it may be conservatively classed amongz the mest
efficient of purifiers, _ |

The six reservoirs of the agueduct system located in Los Angeles
Gounty (not including Haiwee) may be depended upon to a limited extent as
removers of objectionable bacteria. Some of these reservoirs are too small
compared to the rptes of 1nﬂor and outﬂow, and in others the 1nlets are toe
pear the outlets, te eliminate poasible short currents and to insure long
storage for all the water. However, their beneficial effect is by no means
negligible, Fater supplied to Los Angeles city proper nusﬂ.:t-. in addition to
Baiwes reservoir, pass through Tairaont, Pry Canyon, Ssn hrm&o nﬁd Franklin
Ganyon reservoirs, which have a combined capacity of over 10 billion gallons,
spproximately 37 times the maximum daily flow throuzbh the system: This
spparent retention of 37 daye ie not fully reslized, dus to the above mentioned
conditions as well ae the fact that the reservoirs at times are only partially
full, but it probdably i reasonable to assume that they afford at least wo
weoks retention. Besides, as alresdy expluned','. the opportunities for
"mt;animtlon along the aqueduct and reservoirs is practically negligidle and
purification facilities for such contamination are not a vital necesei tye
_ Haiwee roservolr is tho unit in which greatest dopendenoe is plac-d
for removal of any objectioaable dacteria that mey enter Owens River and i¢s
tritasaries, and this basin 1s remarkably well formed and eitusted for the
parpose. 1t was created by huild.ing e dam at oach ond of s gorge, tma

making & laké over seven miles long with an sversge width of about half a mile.
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It consists actually of three elongated basins conneeted by narrow straits.
%he maximum depth is about 64 feet and the average depth is estimated as

% fests The banks are generally stoe‘p-and rocky and areas of shallow water .
#re smalﬂlg The aqueduct from Owens Valley empties inte this resserveir a.t one
and asd all water drewn off u taken from the opposits end, . ‘!Iao mull lmnd

-\

area trilutary to the reservoir ie practieslly rainless and m bo mnl&deroﬁ

L entirely without ua.gnifiqamo, 8o far as disturbanes oy dansemus

‘u’esntamznation of the reservolir i ooneornod. In a basin sueh a8 thiu wh.tah
iAe mpea rwre or less as a desp chamnel abowt fifteen times as 1011; s ite

.ﬂmrm width in whiah thu ﬂaw in antiraly from one ond. to ‘hhe other, and in

'ueh the mﬂew and ontﬂaw Ara ahsolutoly undw wntml, tmo is 1tvt\le

left to be desired msafar as uniformity of storage 1s concerned. Itsis,

. doubtful if any other large resarvoir existe in which the ideal condi tions for

water purification by storage are s0 mearly approached,

The capacity of Balwee reserveir, wheam full, ipbapproximatoly ?1
bllton gallons, Water camct pass through it at a higher rate than the
e mum oﬁpaeity of the outlet, which is 272 million gallons per day. |
If 1t is asmm-‘;d that the reservoir may be only half full when this maxisue
draft ocoure, the reservoir will provide 38 days storage. 4Ae s matter of fact,
1% will be many yevan before the maximum eﬁpaeity of the eystem will be even

approached end the atorage period consequently fér e long time will bde much

greater than sbove indicated. ¥laborate studies, extending over & long

geries of years, have demonstrated that the minimum flow in Owens River and

trivataries, together with ground water which cas and is to be developed

in Cwens Vg lley, will be smple to maintein Haiwee reservoir at least half

fall under all conditions of consugption.

The maintenance of guards or patrelmen at all of the reservoirs

and along tbe varicus conduits %o enforcs proper sanitation, as well as %
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locate and report any other undesirable conditione, had alreédy been
mentioned, The reservoir patrolmem are on duty at all timsa, The entire
length of the aquedu;:t ie inepected sveryday by a nwaber of mes, each of whom
bhag a length of about twelve miles to cover.

Bani tary control is placed malnly ‘aﬁ&nr the supervieion of the
department's bac__zteriolemn, Dy, Carl Wilson, wlic in person visits ths
. reservoirs in the immediate vicimity of Los Angeles twe or thres times & wesk,
ﬂe takes a ﬁrtp to Owens Valley and Eaiwee reesTvoir on an average of mw; s
. months Dr, Wileon has been deputized by the Btate Board of Hsalth.

Every departuent smplayee, who in any way comes i contact with the
water, is required to meet certain health requirements, BHefsre ewch a men
is engaged a careful inquiry is made into his pagt to determine whether he has
ever had typhoid smd, if i¢ ‘app.atu sdvisable, a Dlood test is made, Ny this
means the employment of typhoid carriers is avoided, This is an umusual
pregaution, but unguestionadly a good one in view of the necessity of employing
80 many persons to operate thig vori exteneive system, o
8inge 1914 the departaent hag maintained a welle-squipped water
' laboratory of which Dr. Wilson has charge. Determinations of bacteria and
algae in the supply are regularly aads. Bagterial samples are collected
“a% Franklin reservoir three times a week and at San Fernands twioce a week.
Fap samples at the 1a'boratarj, eoﬁsiwing of énixture of aqueduot and loe
Angeles river gellery water, are sxaminad daily. ,

A careful study of algse growths in the reservoirs is under way at
all times and treatment with ‘copper sulphate is applied whenever neceasarye
8an Pernanso, Ohatsworsh and Franklin Cauyonm reservoirs are the only ones which
4% has besn considered negousary te so treat, The basins réceive from one to
Phree general treatments each season, the duse ranging from about one 0 one

nnd a half parte per nﬂueu, ‘based on the volume of waver vepreasnted by
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the maximum depth at which objectionable organisms are found. The size of

dose ;dq_pands upon the kind and number of omgan_isma to be dastr@yed? In

addi tion to gsnera@l. treatuents occasional partial 'or marginal treatments ave

appl ied, The cascade &t the north end of San Fernando valley, wbere the water

plunges down s mountain side in open agueduct, prbdﬁoea‘wry. _tho‘_r-ouéh‘

agration, which is aenaidaredghi.shly effactive -h‘i x*'emoviﬁg tastes or odors due

‘ te any'gmfwtha of algae in the reserveirs above, Oq.qunally,it: is hecessary

to introduce copper sulphate at the top of the cascade to keep down certain

growtbs in the channel belowa This practieally amounts aiem to treatment of

Sen Fernando reservoir, as water at the cascade reaches fh-ls"r_eu:"vair within

& fow minutes. ‘ |

| Dr. ¥ilson ie endeavoring to determine the permiasible maximum:

| nﬁnbor éf various orgmisms aé a guide for future &0 pper traatment._ He has | (
Tﬂxad for the pmuent an arbitrary limit of 200 diatoms per e.c. The plan

h to place the limit low at first and then gradually inoreses ity if posallbles
'%hta faseny ch work should 1n time be of great value to tha deparhant. bt as
rellable data can be obtained only by repested trial on the reservoire thu«-
;mg-;:w; the desired information will probably be acquired only after: several

: wgﬁg cbgervations

During the past year samples have been collected é.-t, iatervals from
'-vﬁfﬁns points and exemined in the laborstiries of this Burean, The

sampling points were as follows:

Inlet to Dry Oan, D DEBErVOlr = = = - - - -« = = 1 sample
OQuiiet from Dry T .
Inlet to 8an Fernando reseryoif « « « « « « = = 3 "
Ban Yersande rewervoir at dam o - « w w . .. 3
Inlet to Upper Frapklin reservoir « « « - -« <« 6
lowsr Franklin reserveir at dam -~ - R T
Tap, 517 H. 8¢. Andrews Flace, lLos Angelag -=18 ®

Qom--."- 37 Bamples.
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Following is & sumpary of the results of these examinations:

8umber ghowing no By, Coll in 30 Ce¢s = = ~ « = « w = = 16

# BGonenlyiaaﬁc.c.--------5
L] “ # "lOc-e.-----—--fS
- W " ® % 4n less than 10 guey = - - - = 10

g@tal"""-;--‘,— 37
Of each semple two portions esch of 10 c.¢., 1.0 c.c. and 0.1 c.e. were

axainined for B, Coli, thus making a total of 74 examinations for each sized

poriion.
Of the 10 e.0. portions = = - - - -ce - F,or B0 %
P 81,0 gac. . e ... .- 13, or 17.6%
“'0-16:0-_ # Ll A 8, or 8.7

Gonsidering all of the sgnplea as a 3ingle composlite and computing the number
of B, Coli by the theory of probabdilities from NeCrady's tgblbs, a result
of 9 B, Coli per 100 e.c. 30 az"r.ilvod ate

‘ The total number of bacterial grown on agar averaged 450 per c.e.
for the 37 samples, The maximum was 6000 and the minimum 6, Over three
fmihs of the samples had lesse thas 300 bacterial per a.c.

The results of analyses from all ssmpling points were nnilar. ar

at lenet there was not sufficient differencs to indicate any changes in
quality of waser attributeble to particular influences. The resalts 4o not
indiecate serious contamination. There is prodably more or less access to the
water along the agqueduct by wild o.niinln and a 11 $tle by domestic animalse
whﬁm 1s not of hyglenio significance. Qhe. fow findings of B. Coli in ihe
sanples may as readily be attributed to these as to human contamination. The
soures of greatest possible tmmnn contemination along the agueduct is probably
the water depariment employees who, an stated, are acoepied only after an
mmw aa.a'bm made in%o the possibility of their baing sources of infection
m thone gonsidered dangerouns have been elinisated.
B The routine procedure followed in the labaratery of the olty water
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department includee plating on ager to determine totsl bacterial and the
determination of B, Coli dy the technique presoribed by the standard mﬁchoda

of the American Publipg Health Agsociation. In determining B. Coli five 10 ec.c.
portions of ench sample are incubated. Generally abou$ siz samples of aquedunot
water from Freaklin, San Fernando and Chatsworth reserveirs are examined each
week,

Br, Wilson reports that the average total Mceeriai count on these hag
teen about 90, lamediately follewing coprper sulphaté treatment he finde the
haoterial counte run very high, due, a0 do bi, to the decsying ef microorganisms
k‘i‘ned.by the treatment. Re reports that 3, Cols dotermnat&.bns shaw on an
average about one positive tube out of fivei Such results as thess would
indionte a satisfactory water, ae they would come within the United States
Treasury sisndard which is generally considered rather severas,
| While it has always deen argued that Haiwee regerveir was a very
gfnchat water purifier due ‘in the long and unifore storage that 1% affords,
po mifu}. bacterial study had ever been made to prove this contention until
_ﬁhﬁ present month, This study x\vew= made by Dr, H_;spn and following s his
report ia PRYY L ‘

"October 17th, 1916,

“#11liem Mulbolland, €. E.,
Ohief Bnglussr,
Dapatfiiegt of-Bublic Bervice,
ha Angeles, Jalifornis.
- M Birs

| In seoordance with the reguest of the Mu;hard of Health,
and vnder appreval of yoursslf, the writer undsrtook a spécial bacteriologieal
study of Haiwes regervoir, ¥he object being to demonstrate, if possible, the
saturel purification processes which take place in wateras stored there.
A field ladoratory was set up at Oartage, the point nearest to the ressrveir

" whayw sleotrio qurrent for the operatiom of the imcudsfors conld be obtaineds
- Samples ware talen st five different stations iz the lake on each of five

| m«mn days, from October 8th 1o 12th, beth inclusive, with resulis

as shown on the shest attached hereste.
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In connection with thepe results it ie interesting %o note that
for a week prior to October 8th there had been hesvy rains in the mountains,
and the creeks snd river feeding the aqueduct wereevollen with flood runwoff
‘fellowing extremely low water. The influent stream was very smddy and the
- effect was plainly visible in the turbid water which extended down the nerth
bautn of the reservoir almost to the Mcheod cut. On Qctober Bth there was
a bigh wind blewing from the north, kicking up good~sized waves and whiteeapa
on all skree basing, while op October 12th a gtrong wind fraom the scuth coused
equally rough water, (n the other three dye the lake was c¢alm, vhile on the
9th, there was &bedlutely no wind, and the surface of the water was a perfect
mirror. Taking everything into consideration, the condlitions were sbout as
wafavgrable for a bacterial ahowing as are likely te ccecur; & flood wash
“WPiEging in the soourings of the greek beds after a summer of low water,
agcompanied by winds dlowing from the imlet towards the cutlet. Yet im spite
of this, with sun average baotsrial count at the inlet of 1450 per euble
oenbtimeter for the five days, the average count at the outiet was only
126 par oabdlo eentimeter. Colon bBacillus was positive im 211 but ome of the
one @ihie centimeter tubes at the inlet, while at the outlet it was found
in Bt twe of the twenty-five tem cubie cemtimeter m‘baa which wera
inogilated,

PThe technique followed was that prescribed by the Standerd Methods
of the American Fublic Health Aesociation, edition of 1917, sxcept that for
the purpsse of this investigation the production gas in the standard laciose
broth has been taken as sufficient proof of the presences of the colon bacillus,
and n0 confirmation of the diagnosis has besn attempted, owing to the
limi tations impeded by the field lalwrstory. However, this simply means thet
we have placed the worst possibdle interpratation wpon osnr findings, and if
any error hae been made it merely causes the water to mppear worse than 1t
7“11, Lo

Yours faithfully,

{B8igned) Gurl #{1leon,
: Bacteriologiete
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Total Count on Agay.

Btation" Oct, 8 Octs 9 Qcts 10 © Ogt. 11 Qet. 12
1 2000 1200 1800 1200 1300
2 1000 1200 1000 800 1500
3 300 B30 428 H00 B0
4 300 100 180 118 230
8 186 70 82 80 200

Colon Bacillus, Number of Positive Tubes.
$tation® Cct. 8 Ogte & Oty 10 Octe 11 Octs 13

o bR M
o 0 A O
OO

*Btation 1 was in the influent stream at the north dam,

Station 3 was At bhe lower end of the north basin.

Btation 3 was at the genter of the middle basin.

Station 4 was at the north enmd of the south basinm, off the Meadows.
Staticn 6 was at the effluent tower at the lower end of the south basin.

She resluts of Dr. Wilson's study show surprising uniformity,

Summariezing them in another way ve obtain the following:
_ Average No, B, Ooldl
Average per 100 c.on for &
Total Baoteria  days, computed uy
—d0r. b d0xs..  Wolredy's. tablesa ..

Station 1: Inlet to reservoir 1440 - 33

Seation 2: 2 miles from 1nlot 1120 ) 26
Btation 3: d=1/2 % *° 420 9.4
Stasion 4: & " # ® 186 1.2

Statdon B: 7 " v 122 0.8
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3 While the water entering the resgervolr At this time was of
inferior sanitery quality, that at the last two sampling stetions, at leest,
1 " wag entirely sstisfactory. The results of thess examinations afford very

H uovm.’mcing proof that Haiwee reservolr is a highly efficient purifying agent.
In discussing the sanitery aspecis of the Owens River water supply

4% in of intergst to consider the prevalence of typhoid fever im Las Angeles,
in view of the fact that thie is the most important water-borne disease to
guard againsts, The following table contelns the typhoid death rate for the

past twenty-three yeara:

Yeur ending Typhoid deaths Year ending Typhoid deaths
June per 100000 June \ per 100,000
18—'?5“-"' ----- 48 1906‘--*-—&*-‘* 22

L i T -1 4 07 » « & = a v =« - 33

97 = = = = e - > =~ BB 08B = =« v = ww= 21

98 = ==~ =~ - = - = = 43 0  m = = w o = = 20

§9 = == w - = =~ = 40 1910 = = = = - = - - = 13
1900 = = = = = = = = = 48 1l = mmw == 14
B B R 12+ 0- - - - 12

VF = = == = 2 = = = 43 13c--o-a- -- 1

0B = = == = == == 44 Y R L 1

Of = = == = = ==« 40 _ 16 v == =» = v w == 6.8

06 # = = = == = == 30 16 @ « - = == == o 2u8

_ 17 memmwm == 8,9

The general unﬁaney has been a gradual deecrease in typhoid
throughout this periopd and for the past sefaral yoarg the rate has been
reparkably low, Owens river water wae firet delivered to los Angeles in the L
yeéar 1913 and has been used in increasing quantity ever simce. The typlioid \
recerd obviously does not reflect any deleterious effect from the intro-

~ dustion of this supply.

The loe Angeles Aqusduct aupply is derived from Owens River and
mthOu, fed by springs and mountain streams draining the easterm slopes

: -9f the Blerra Neveds mountains. The watereshed has residing om it an average
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population ¢f less than 1.5 per square pile. The stream probably is slightly
contaminated above the intake, but the 1ik01ihood of hawan contamination of a
dangerous chavacter is small compared with many other streems used for domestic
supply. There is & very remote j:eaaihilliﬁy of sewsge from Bishop in am aged

and relatively harmlees condition reaching the river in flood meason.

The water, after being tekes into the agueduct system, is eubject to
possibility of further dengerous contamination so szall as %o be negligidle,

The consumers of this water have a very effiolent safe-gnard againgt
contemination in the form of purification by long stornge in reservoirs betwaen
Owang Valley and Los Angeless Haiwes reservolr, in partioular, is of greaf
value in this respscts It provides sterage of seversl mnth; at the present
" reve of consumption and, even with consumption at the ultimate maximam
aﬁmw of the system, actusl :tau;o of all water for at least & month will
“be provided.

Trom the standpoint of design and construction and genﬁral UL
roundings the aystem appesrs % present no seriously odjectionable eanitary
xa;mu? In other words, the successful #limination of eny poesidle dsnger
' }uu been made entirely feasidle. The success of ‘meh‘tunimuon depends
snﬁiraly apon the care and watchfulness exercised {n the cperation of the aystem.

m;par operation from b agnuary standpuim vill include
_ma&uienﬂous patrol of the watersheds of sll repervoirs and of all open
m'ndnﬂ.s to prevent access of human beings or human offsl te the water. It
wﬂi'qvlinirm%s. as far as possible, all trespass by Mmman beings on lande
1uediat-ely mrmuudins the rn'eaarveirn and will forbvid all use of the
r%’dmnn for fishing, bathing snd béeﬁ&ng.

o 1% is recomsended that, upon receipt of application fron the Ci47
‘ ’q: Lu Angeles, a pergpit be granted by the Ssate Board of Health to continme

wpcraﬂan of its amu&at system, cupplying water from Owens Biver and
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tridutaries, with the provision that the system be operated with dus care
to prevent contamination, asz above outlined,

Respectfully satmt tted,

(81gned) Ralph Hilscher

Sputhern Division Engineer,

Approved:

Directors





