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The plan proposed for · the District is· one by 

• • .. t ,. ~ 

• J 

aoquira oertain ·reaervoir i ~  water _rights 
4 

":., • J • • .. 

' ~ I 

along san·Luia Rey _River from their ~ ~  Voloan 
~ I • .. • W • ,.1 •• . ,. . . 

·; .. · ·:, · Land ·and \Vater Company. 
... • , 11 • 

' I Thio Company proposes, i ~ i i  
: ... -

~ r of 1 t a lands s.nd wnter righto. to reserve the 'righ't t 'o generate . 
. • .. . .... ' . ~ ·' ,. . 

• • f 
• 

• • • 

hydro-eleotrio power at two power dr.ope on .tne main conduit . . 
• • . . . 

in reserving this ~  it relieveR .the Distiiot of the . . 
• • 

of oonatruoting forebaya and power houaea ~ l  ateel 
. . . . 

._ • ./. I • . • .,. 

~  penstocks, ~~i i  expensive sections of. the Diatriot'a 

. . . . 
~  has ~ ~  .a inoe your Department is ~  

• 



. . . 
of making estimates under i i ~  • . 

Prioea for ·.both materiala o.nd labor are now higher than ever . 
The period oi these i~  prioes ia indefinite, but _it 

·. _ wtll .probably i i~  during tbe ~ i ~ period of oonstruo-

worka. It is probable, however, 'that . 
the more a'table prioee of pre-war times will not again be 

reached ~  long period. ~ ia thus evident that an estimate 

of cost of oonstruoting the Uistriot'a works oannot be made 

·with · aoouraoy beoause prioea i ~ will be e.ffeotive hen the 
. 

aotually oontraoted or performed oannot be foretold. 

!resent prioes, as utilized, are .a safe basis ~  a report to 

govern the approval of .the District by State authorities who 

are oonoerned with the aeourity of a bond issue auffioiont to 

supply f:unds· fo.r oompleting the system. It is hoped that inter-

ested lend owners will appreoiate the possibility ~ ~

ing the eystem; .by the time the organization of the ~i i  
.. 

.. . . 
baa been oompleted, ·for a somewhat reduoed cost.. · 

I recommend that the·wor£2 of the District b 
. . . 



the oonatruction of the diatribu-

safe jield of the water 

aidered oonaervative s inoe it ia ~ upon the nine ~ 

outivo yoars of drought whioh produoed the moat oritioal period 

. ever, recorded in .southern California. Ordinarily a yiel d far . 

in exoees of that whioh I have determined to be a not 

available. 

Very truly, 

~ 
CIVIL ~H l  • 

• 
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- General liap ~  J.,uia Rey Irrigation D1atr1ot. 

Plo.to l(a). - Fig. 1. A View in PF.tn ~  
San Marooa Valley. Fig. a • 

2. - Fig. l. Warner Reservoir ~  te where prinoipe.l 
Storage 'Reaervoir for Diatriat 1a to 
be oonatruoted. 
A.n. oroba.rd Hear Viata. 

· 2 (a). -

Fig. 2. 

.Fig. 1. Graz.ing land in V/arner Hanoh compris-
ing portion of Warner Reservoir Site. 
One of the many lakes in Warner Ranah. · . . 

Plate 3 • 

Plate 4. 

Plate 5. 

Plate 6. 
• 

Plate 7 • 

Plate 

Fig. 2 • 

- Capeoi ty and Area. Curves Warner Reservoir •. 

- Diagram showing ooneerved evaporation from 
swamp lands - Warner Reservoir 3ite. 

- ·Maaa Diagram for Warner Reservoir. 

l'abulation of Duty o:f Water for Crops in san 
Diego County • 
Fig. 1. Progress View of conatruotion of 

Cut-off Wall, arner Dam site. 
Fig.· 2. Stream Gaging Stgtion, Warner Dam 

Site • 
. 

- Fig. 1. Upper Portal of outlet Tunnel. 
War.ner Dam Site • 

Fig. 2. Settling llaain e.t L.ower Rnd .of Out-
let Tunnel. Warner Dam Site. 

. . . 
~  B(a). -Figs. Conorete Lined Canal completed 

by Voloa.n Land and \Vater Com-
pany, part of .arner Hellhole · 
Conduit Line. · 

Fig. 1. Merriam Dam Site from the Reservoir 
Site. 

Pig. 2.. A Street in Vista. 
- . Map of 'Merriam Reservoir Site. 

Dam. 
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.Metal Flume Seotio.n. Escondido Mutual 
Water Compan7' s Supply Oondui t. 
Hellhole Power Drop, Proposed Conduit 
of san Luis Boy Irrigation District • 

• 

Eaaondido Mutual Water Company's 
Supply Di tab. . . 
storage Dam, Esoondido Mutue.l .Water 
Company's Bear Valley Reservoir. 

12. erose seotion.s of ID.lin supply Canal. 

Plate 13. of Conorete Pipe i l ~  

14. - Fig. l. 

Fig. 2. 

Concrete Trestle on San Dieguito Mutual 
Water Company' s Syatem. 
42" Oonorete Siphon on s an Diegui to .. 
Mutual Water Company' s System. 
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san Luis Rey Irrigation District is located 

in the ~  portion of San Diego C ~  California, 

·from two to twelve miles inland from the Paoifio Ooean and 
. 

• 

immediately south of the San Luis Rey River. It extends most 

Eaoondido. - The towns of 

Vista, Buena, sail Marooa ~  Richland are included within its 

Atoheson Topeka and Santa Fe Railroad 

Company's branoh line from Ooeanaide to Rsoondida extends 

almost through the oenter of the Diatriot. (See Plate ·l for 
. 

general map.) . 

entire is rolling land - moat of · 

for growing orchards. Citrus oroharda thrive exoept 

in the area nearest .tho ooaet. The bottom lands ot some of . . .. 
.. 
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WALTER LEROY HUBER 
CIVIL ENGINEER 

A reoord. of preo1pitat1on has been kept at 

F.aoondido, just above the Diatriot, ainoe 1894 and, although 

there nre some breaks in this reoord, it is praotianlly 

oompleto sinoe July. 1897. This record shows a normal rain-

fall of 14.66 inohoa up to and including the oelendar year 

1917. A record of eiBht years is available at Ooeanaide, 

just below the l>iatriot and on the ooe.st. This reoord is 

hardly long enough to very definitely establish the normal 

precipitation but, by comparing it with the record of 
. 

Escondido for eaoh year of reoord, it ia found that the 

precipitation at Oceanside averages 74% of that for 

Eaoondido. It ia probable that the nveraee precipitation 

throughout the Diatriot is approximately 13 inohes. Many 

oropo are produced without irrigation, but farming in this 

manner is not at all certain and offers, on the whole, a 

very uncertain remuneration. 

Temperature: 

At Eaoondido a record of twenty-four years 

givos the annual mean temperature as 60.5°, the maximum 

temperatures ever obtained are about 113°, and, while a 

reoord of the Weather Bureau over a long period of time 

shows that a temperature as low as 13° has been recorded, 

suoh low temperatures are quite unusual. The olimato is 

in general quite uniform . and well suited to the growth of 

orohards or truck gardens. 

Seasons: · 

While it ia true that most of th. annual 
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WALTER LEROY HUBER 
CIVIL ENGINEER 

preoipito.tion is rooorded from Uovember to Ma.rob, the ali-

mate ia ohnraotorized by a total abaenoo of distinct seasons. 

With irrigation, oropa oan be grown almost oontinuoualy 

throughout the year • 

CROPS . 

The ability of the lands within the proposed 

District to ·suooesatully produoe good crops is already well 

demonatratod. Instances are the excellent oitrus oroharda 

about Vista, grown with even an inadequate water supply, 

and the prosperous farms in the San Marcos region. 

All of the tillable lands are oapable of 

intensive farming and will, when thus farmed, produoe the 

moat valuable orops. A large peroentaBe of the Diatriot 

will finally be planted to oitrua orchards. Other lands, 

some of whioh are now producing bean oropa without irri-

gation, will with irrigation produce truok garden oropa 

throughout the year. A portion of the District 1a also 

well suited to growing olives. 

SOILS. 

Within the boundaries of nn Luis Rey Irri-

gation D1atr1ot there ia .a considerable variation of soils. 

Muoh of the land is rolling. Hilly land is often gravelly 

and ia generally well drained. ith ver, fe exoeptions, 

-3-
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WALTER LEROY HUBER 
CIVIL ENQINEER 

these hilly lando have a li Oil ~ i l  of ample dopth and 

o.re well suited for orohard oulture • 

Many of the uwale s are po.rtie.lly filled with 

alluvial dopoaits. Theao land s are better suited for garden-

ing or other no·n-orohard oropa. Their a oils are rich and, in 

many plaoes, sufficiently ~ i  to grow crops with more or 

leaa sucooas without irriBation. Vlith general irrigation of 

the District, s ome of thoae land s will pro·bably ooon show 

i ~ of water-logging and will then need drainage. 

The Bureau of Soils of the u. s. Department of 

Agrioul.turc bns ala.ssified the soils within the i~ i  (Field 

Operations ·Of the Bureau of Soils . 1915) as being prinoi.pally 

of the following five olaoae s : :nontezuma adobe, Sie.rra sandy 

loam, Placentia loama, Olympic adobe soils and Las Flores and 

Kimball loama. 

These several olaas es are described as follows: 

M·ontezuma Adobe: 

"The Montezuma ol .a.y adobe consists of a dark-gray 
to blaok olay with typioal adobe atruoture. In drying 
the soil aheoka BDd ornaks i· the larger oraoks, roughly 
d.ividing the aurfaoe into bloaks a foot or more aorosa, 
may extend to the subsoil. Smaller oraoks, both vertioal 
o.nd horizontal, further break up the soil mass . The 
soil is untillable when wet or dry, but oan be pulver-
ized fairly well if aultivated when in an intermediate 
stage of moisture. When au:ltivated the exoeasive ore.ok-
ing is prevented and both the surfaoe soil. and aubeoil 
store !Uld retain a large supply of moisture. In plaoes 
the dark-oolored soil extonds to a depth of 4 or 6 feet 
w1 thout ohe.nge, but u.aually a. ·lisht-bro n, yellowish .. 
brown, or grayish-brown subsoil, similar in texture to 
or lighter than the surfaoe soil, i .e developed at M7 
depth from 12 to 35 inahea. The subsoil layers are sub- . 
,ject to considerable variation in struoturo, but usually 
the7 are quito oompaot and i nolude ooaasional somi-
aemented layers. A gro.yiah stratum o.tton underlies the 
aurfaoe soil. Both aurfaoe ~ il and subsoil S:ro appar-
ently oalonreous. 1'he· doeper underlying material of 

• 
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WALTER LEROY HUBER 
CIVIL ENGINEER 

tho type often aonaiata or eray, clayey beds with a peouliar bleached appearance. 
"The Montozuma. alny loam adobe conaiats of a dark-gray to black clay loam nhioh upon drying assumes a little less pronounoed adobe structure than . the olay adobe. but is otherwise quite similar." 

Sierra Sandy Loama: 
"Tha Sierra sandy loam oonaista of a friable, mioaoeoua, light-red or pronounced reddish brown sandy loarn, varying greatly in depth. The soil is rather free from atone fragments even in the midst of rook outcrop, owing to the rather thorough di3in-tegration of the parent rock. Rook outcrop is in plaoea abundant, and in few instances are tbore large areas without some exposures. Bowlders ooour ooaas-ionally, but it is not usually necessary to remove many stones to put the land in condition for culti-vation, as areas that are suito.ble for tillage in respect to soil depth and topograpby are usually alao rather atone free. In plaoea the red sandy loam surface soil grades rather sharply at any depth from 10 to 36 inohes into a redder subsoil which is typically much heavier in texture, practically a alay loam. The subsoil becomes hard and fiinty when dry and oraoks upon exposure. Below the ~ il the material becomes a little more friable in structure and passes through zonas of diaintegrating granite into the parent rook, which ia usually encountered. within 6 feet of the surfaoe. A variation in the type ooouro where the surface sandy loam extends to the underlying rook with little ohango except that the material is usually somewhat lighter aolored near the bedrook. and varying thicknesses of rotten granite nre encountered before the unaltered rook is reaohed. The parent rook here is euoountered at any depth below n few inohee, itB average depth parhapa being about 3 or 4 feet. 

'· -"' .4 J1 
•• 1i" .. 

"Topography and drainage. - The Sierra sandy loDJils oooupy the smoother, rather rook free, nnd more deeply weathered parts of the exoeaaivoly rough and mountninoua areas in whioh thoy ooour. The surfnoe ia rolling or hilly. !learly all the lond is tilled or tillable, and the inoluded unarable bodies are usually nonagricultural by reason of their atone oon-tont rather than on aooount of steep aurfaoo. Drain-age over these soils is typically excellent• the run-oft ia not often too rapid or damaging, owing to the eaao with whioh the rainfall is absorbed. 
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WALTER LEROY HUBER 
CIVIl.. ENGINEER 

"Utilization. .:.. The Sierra sandy loams are the 
principal agricultural oils in the oentral part of 
the San iego urea from the northcentral part south-
eastward to the southorrJ boundary. They are reoognized 
as valuable aoila for a ~i  range of fruit and other 
intensive aropa, but they oan be fully utilized along 
these linea only in oxooptional oases, owing to a · 
general laak of water for irrigation. As a aonse-
quenoe. their principal uae ia for growing grain and 
grain hay. !n some places, where the soil is deep 
and moister than uuual, tho land is utilized without 
irrigation for producing fruits, i ncluding grepes. 
Very good ·ret&Ul ts have been obtained, careful cul ti-
vation aas iuting to overcome tho i~  due to 
the norma.lly low ro.infa.ll. Irrigation has been sup-
plied !or some of the aoils of this group around 
Escondido and elsewhere, and where the local olimatio 
conditions are favorable some oitruu orohards and 
many deoiduoua orohardu are in bearing, with more 
extensive plantings under way. Olives are a promin-
ent aron in some loonlities. There are many home 
orohardi, vineynrdo, and gardens on these s oils.'' 

Plaoentia. IJo ama: 
"The Placentia lo !.W"! typically aonsists o:C a 

reddish-brown or red. light to modium textured loam, 
nearly always free from eravel or rook fragments, 
underlain at 10 to 18 inches by a more oornpaot red or 
reddish olny loam subsoil, whioh usually continues. to 
a depth of 72 inohes or more. Under the most favor-
able oonditiono the subsoil is only fairly oompact 
and is permeable to both roots and water, but in 
places it is hard and semicemonted. Normally there 
is no distinct hardpan, but lenses or intermittent 
layers are developed loaally, in whiob case the soil 
prorile very olouely resembles that of the san Joa-
quin serieB, oxtensi vely mapped in other part·:1 of the 
State . The denao subsoils are in plaaes almost as 
unfavorable to plant ~  as a truo hardpan • 

"Topography and drainage. - The group oaou-
piea loping or very gently rolling areas. with sur-
£aoo features fairly i~ i  from those of the 
reoent-al!uvial soils and from the higher lying ro -
idual aoile. ~ ah of the area ~ San Maroo3 baa a 
hummoaky aurfaoe. In general the topography favors 
good drainage, but the donso aubooil retards under-
drainage, and looally the ~ i  between the 
mounds retain muah water during or hortly after the 
rainy aeaaon. Theae ooila in the F.aoondido ond l-
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WALTER LEROY HUBER 

ClVIL ENGINEER 

oajon Valleys havo a srnoothor surfooe and a somewhat 
higher agricultural value than over moat or their 
oxtent. 

"Utilization. - In tho better areaa in the 
Escondido end Elcajon Valleys the Placentia loams are 
valuable aoila, utilized for the produation o! oitrus 
fruita, grapea, and other intensive oropa. Irrigation 
is ~  for some of the oropa, ~  aormervation of 
moisture by thorough tillage is relied upon for others. 
The greater part of the area near ~  U.araos is used 
either as pasture land or for the production of dry-
fanned grain hay." 

Olympio Adobe 3oil: 

"The Olympia olay a.dob e oons is ts of a b ro n or 
dark-brown olay with markod adobe atruoture. The soil 
is refreotory, boing atiaky when wet a nd hard when dry, 
but it io fairly ensy to till w1der aertain moisture 
oonditions. It is l~ rather free from stone, but 
rook outoropa are numerous. The soil material may 
extend to the parent rook with little oha.nge, but usu-
ally it baoomes li8hter oolored at a depth of 8 to 14 
inches and grades below this depth through layers of 
partially disintegrated rook of considerable thickness 
before the lower limit of root penetration is reaohod • 
The ~ il ia ~ i  slightly reddish in oolor, 
and it is typically more ~ i l  than the aur!aae soil. 
The dopth or tho soil material is in plaoos G feet, 
but it usually is much less, e.veraging probably ab.out 
3 feot. 

~ !1. ,. .. ! J1 •• t;" 

"Utilization. - About 50 per cent or tho land is 
used for tho production of dry-farmed grain and hay. 
Tho soil is capable of storing large supplies of mois-
ture, ana good y1olda are obtained. Over part or the 
group, however, the soil ia shallow. The heavy texture, 
whioh hindero cultivation, will probably limit tho use 
of those soilu to tho production of tho preuont crops. 
As ia true of the other residual· types, tho Olympia 
adobe noila oa.n not be ne widely usod .for intensive 
oropa under t11o normal ro.in:t'nll as oan the c1 eepor, 
moioter, reoGnt-alluvial aoilo." 

Le.s FloreH a.nd Kimbo.J.l Loarns (undifferentiated): 

"The Lea ~'l  sandy loam con· ista of a light-
gray or light browniah grey, nonmioaoeous sandy loa , 
whioh ie nearly everywhere free from Rravel or rook 
fragments. Typioo.llY. an xoeadingly oompnot bro"l'n, 
grnyiah-brown, or reddish-brown olay l ~ or olay, sub-
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aoil is developed at depths of 10 to 24 inohea and 
continue a without n1uch variation to a depth of 6 
feet or more. The oubaoil booomes hard and flinty 
wbon dry a.nd aruako upon expooure. !t iu uoually 
unfavorable for root ~ ~l  and rather impor-
vioua. Diotinat hardpan layers or gravelly ~
strata o.re normully la.aking.- Tho aoil iu friable 
when moist, but hard and oompaot when dr.y. 

.. rr ./J. 11. ./!. 
IT J[ ,, · 11. •• 

"The Kimball aandy loam typically oonaiata 
of a reddish-brown or brown, nonmioaoeous aandy 
loam. It is usually free from gravel and is aaaily 
tilled when moist, but like the othor types or the 
group bocomos very hard wbo.a dry, .\t any depth 
from 12 to 36 inohos, the aurfaoe grades sharply 
into a oompo.ot. heavy-textured oubaoil whiah normal-
ly extendo to a depth of 6 feet or more. The sub-
soil beoomes fiinty and oraoked when dry, nnd is too 
oompaot to bo easily permeated by water or ponotrated 
by roota. It ~ in oolor from brown to reddish 
brown or oven red in a few plaoea, and quite oommonly 
is mottled. •• 

'r Afi"R SUPPLY. 

General Conditions: 

san Luis Ray Irrigation Diatriot will reaeive 

1 t3 wator aupply from the San T.uis Rey River, almost entirely 

from atorago afforded by Warner Reservoir. Thio rcaarvoir 

io some 25 milon east of tho Distriot upon the ell known 

Warner Ranoh (Plate 2, Fig. 1). ·At the lowor end of this 

broad level ranoh, the s an Luis hey River enters a gorge and 

drops more rapidly. At the head of. this gorge an earth fill 

dam will impound the storage upon which the Di triot will 

dopand largely for its wata·r supply. 

The ultimate storage oapaoity oontomplntod for 
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Warner Re s ervoir i s 200,000 nora. feet which will have a flood 

line 101 feet above the s tream bed at the dam site. tt is 

proposed that the first ~ i  be auoh as to raise the 

flood line to only 100 feet above the stream bed, thus stor-

ing 164,000 aoro foet. s tudios of Vlater supplY' will, ot 
oourse, ba baaed upon the ultimate storage i~  

In addition to the reservoir aite, ita present 

ownera also onn approximately 98% of all rioarian rights on 

san Luia Bey- River from the dam site to the Puaifio Ooean. 

Unfortunately for tho District. allowance must bo mnde for 

the rights by appropriation of 1-:ocond ido Mutua.l Water Com-

pany. In roleasing suffioicnt flow from r.'arner Dam to satis-

fy the rights of Escondido Mutual \',to."ter Company a.t the intake 

of its ditoh, a cons iderable quantity of water is .wasted by 

peroolation into the ·sands of the ~  Luis Rey River between 

\\'arner Dam Si ta and the Rsoondido intake, n distn110e of 

approximately nine miles. Certain rights of tho Indians • 
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short dietanoe above ~  Luis Rey Uisoion and the Diatriot is, 

indeed, fortunate in having here a reserve supply• available 

only by pumping, but, nevertheless, available even during 

auoooeaive yoara of drought when moat nocded. A heavy draft 

upon this supply may, if necessary, be made by San Luia Rey 

Irrigation District without depleting the reserve supply of 

Cardiff Irrigation District, whioh is now aoquiring the system 

of Ooeanside Mutual Water Company including its pumping plant 

located a short diatanoe below. 

Run-Off: 

To determine the atream flow available from 

Warner Reservoir for ... an Luis Soy District, reference is 

made to the existing recorda of stream flow for stations on 

San Luis Rey River (See Table 1). It will be noted that none 

of these rooords extend baok of the year 1903. Periods of 

drought mora severe than any during the period of reoord 

have oaourred in the past und it is reasonable to assume 

will again ooour. The period from 1897 to 1904 is that of 

the greatest drought authentically recorded for this region. 

but for even this poriod there are no complete reoords of 

the flow of the san Luia Rey River. It is, therefore, neces-

sary to eatimate the flows whioh would have been available 

during these years. This is bent aooompliahod by determining 

a relation between the flow of San Luis Ray River and other 

streams of southern California with somewhat 1m1lar water-

sheds and for which records were made during the period of 

drought. "uoh relation oan be determined tor yoara hen aim-
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ultaneoue recorda exist and.with thiu relation approximate ea-

timatea of the flow of 0an Luis Rey River can be made for 

years for which records of tho other s tream aro available. In 

making suoh eatimatea it ia found that many complex conditiona 

have an offoot. Naturally, a eoason of heavy prec1pitation 

following a liko season will supply a far greater seasonal run-

off than one following a season of drousht. The distribution 

of preoipitation throughout the season alao has a marked 

effect upon the total seasonal run-off. 

An estimate of the net safe yield of Warner 

Reservoir was ~  in February, 1917, by a board of engin-

eers consisting of J. B. Lippinoott, H. Hawgood, Franaia L. 

Sellew and William s. Pos t. This estimate i s based upon an 

estimato by r. H. Hawgood of the annual run-off .for the 

years preceding those for whiah stream flow reaoras are 

available as far as 1888-89. In preparing this es timate .• Mr • 

Hawgood has platted and has utilized relations between the 

flow of ~  Luis Ray River and sweetwater River, 3an Diego 

River, cuyamaoa Reservoir, Hemet and Jan Gabriel River, 

respeatively. In utilizing the relations thus es tabli shed, 

Mr. Hawgood has weighod the values obtained in proportion to 

the similarity of stream ~ i  and aaouracy of records. 

After oritioally reviewing Mr. Hnwgood's ~ i  I ill 

utilize hia results. In doing so I wish to point out that, 

while they are the best results obtainable, they are approx-

imate estimates. rrora nro undoubtedly inoluded beoause of 

the questionable aoouraoy of aome of the reoords utilized and 
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beoauae of the laok of a fixed relation between the atreama 
th t di the ·inolusion of s ome inaoouraoiee, oompared. Notwi H an ng 

tho results are olose enough to justify their use in this 
report nnd a n the basis for the formation of the DiBtriot as 

ou.tlined. 
The estimated annual di sohargea for those 

seasons preoeding 1903-04 are: 

Season Aorc feet 

1887-88 23,000 
·oe-89 27,950 
89-90 48,000 

1890-91 51,000 
91-92 21,400 
92-93 32,600 
93-94 12,910 
94-95 98,000 

1895-96 7,270 
96-97 23,100 
97-98 3,950 
98-99 2,910 
99-00 1,960 

1900-01 13,920 
01-02 8,840 
02-03 16,020 

A study of the monthly reaords of run-off for 
l ~ · those years for whioh reoords are available shows that 

r-nJ , - ~  

• ·- "'! 0 c 0 :.. 0 

, 

1 :)"( 

0 .o 

approximately 70% of the total annual run-of f ooours bet een 
oatober 1 and ?4o.roh 31, and ~f during tho remainder of the 
season (See Table no. 2). Making thi s all owanoo for those 
yeara for whioh monthly reoords of run-off are not il ~l  

and making a minor oorrootion for a subterranean flo whioh 
was not brought to the surfaoe and inoluded in measurements 
until the oonatruotion of Warnor out-off wall. Table 3 has 

-12-
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been oompiled to show the run-off for the winter and summer 

periods of eaoh season. 

Evaporation: 

Fortunately the Volaan Land and Water Company 

·has for aevcral yoare and at considerable exponse securod 

quite aoourate reoorda of evaporation, not only for Warner 

Reservoir, but for several other points in ~  Diego County. 

These records nre given in Table 4. 

The report of the board of consulting engineors 

upon the oafe yield from Ttarner Reservoir. previously mentioned, 

utilizes a fi gure for ~  evaporation which was derived by 

ur. Hawgood. In derivinR this fieure, .tr. Hawgood utilizes 

a diagram of relation between elevation, temperatura and evap-

oration, whioh diagram is an amplification of a .similar dia-
gram by rur. Post, and with thia diagram computes the evapora-

tion at Warner Reservoir. His computation begins with a 

figure by Mr. Post for so called "Actual Net Evaporation" at 

Cuyamaoa Reservoir. The accuracy of Mr. Post's figure for 

actual net evaporation, in which an endoavor is made to aooount 

for ao oa.lled "make-up" from reservoir and other conditions, 

is subject to some question. From this figure, by means of a 

theoretical diagram, Mr. Hawgood derives hia figure for Warner 
Reservoir. Comparison or this figure with the meaaured evap-

oration shows a ratio or 76% of the measured or pan evaporation. 

Mr. Hawgood points out that thia ratio ia on the safe side as 

compared with figures of 5·8.8% to 64.6% by Grunsky, and 62',Z 

to 67.6% by Duryea for other lakee. However, the rolation of 

-13- I 
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floating pan observations to aotual evaporation is a muoh 

dioputed point among engineers. Personally I am inolined to 

agree with Mr. Chaa. II. IJeo that "for all praotiaal engineer-

ing purposes, floating pan ~ i  give the true depth 

'or evaporation from a large body or water." ( Transaationa 

Amerioan .. ~ i  of Civil Engineers, Vol. LXXX, page 1925) • 

Consequently I ~  unwilling to subordinate the resultu of 

pans plaoed to measure evaporation directly at Warner Reser-

voir to theoretical determinations based firat, on S'o oalled 

aatual determinations elsewhere and, s eaondly, on oorreotions 

for elevation and temperature. I will utilize the reoorda 

obtained for the pan in v/a.tor at Warner Dam ( uee Table 4) be-

~  r believe this record more nearly represents the oondi-

i ~ whiah will obtain on the proposed reservoir than does 

the reoord for Big Lake • 

Unfortunately, reoords for only four years, 

1913 to 1916, inclus ive. are available for Warner Dam Site. 

However. even this rooord, taken direatly at the s ite, is a 

bettor one than uoually exists for suoh s tudies. Probably 

the mean of theae four yoars is s lightly different from the 

result whioh would be obtainod for a very long period of 

years, but this difference ia ·not important and I will util-

ize the available reoord. The mean of the four years of 

record is as f ll ~  

January 
February 
Maroh 
t\pril 

I no boa 

2.59 
3.33 
4.38 
4.81 

-14-

Per oent • 

4.76 
6.14 a.oa 
8.85 
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Inohes 

6.05 
6.06 
7.32 
6.84 
5.11 
3.94 
2.77 
2.13 

54.33 

tbe total yearly 

Per oent. 

9.30 
11.15 
13.45 
12.60 

9.40 
7.25 
5 .10 
3 .92 

100.00 

evaporation (average 

19.14 inobes) oooura between Ootober 1 and ~  31, and 66% 

(average 36.19 inahea) between April 1 and September 30 • 

The losses by evaporation are partially, often 

entirely, compensated by direct rainfall upon the aurfaoe of 

the reservoir, henoe this effect must be studied. There are 

~  years of recorded rainfall for five stations near Warner 

Reservoir, three of whioh are within the flooded e.rea. Tabla 

lro . 5 $bows the reoord for these stations divided into winter 

and summer seasons . The observed total average annual rain- · 

fall for these five s tations is 23.73 inohes, ~ of whioh 

ooours in the winter ~  and ~ in the summer ~  I 

have utilized a ratio of ~  - ~ in my oaloulations. The 

board of consulting engineers, previously mer tioned, in- report-

ing upon the safe yield of ~'  Reservoir. have utilized this 

reoord and have, by utilizing the averege per oent rainfall 

years for nine base stations in San Diego County, extending 

over a period of 44 years, estimated tho rainfall upon the water 

aurfaoe of the proposed ~ i  (See Table 6). It io assumed 

that 10% of the diroot rainfall upon the surfaoe or the reser-
• 

voir io already aooounted for in stream flow, and. that but ~ 
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oan be oonoidered as ~ i  the offeat of evaporation. 
In oompiling Table 6 I have utilized the estimated values for 

rainfall computed by the board or aonoulting engineers and 
havo oimply added the ~  valuee for the years 1916-17 
and 1917-18 without modifying the ~ i  values, a. modifi-

aation whioh would add nothing to the aoouraoy of tho final 

rel;)ort. A oombination of the evaporation losses and gains 

from rainfall givoo the not additions or deductions from the 

stored supply (See Tnble 7) • 

Priorities: 
~  previously noted, the Voloan Land and Water 

Company has acquired ~ i ll  all of the riparian rights 

on the 3an Luis Ray River from Warner ~ ) ito to the Paoifio 
Ooean. Tho only priorities on the stream which need consider-
ation are those of the Pala Indians, the Rincon Indians and 

• 
the Escondido Mutual Water Company. The City of Oceanside, at 

the mouth of the San Luis Rey River, haa at various times pro-
tested B8ainst the oonstruotion of a !11m at ':'e.rner Da.I!l Ei teo, 

but I will not make any allowance for its olaims beoauae, from 

n1y knowledge of the stream, it is inconceivable to me that the 
City of Ooeanai.de should suffer any damaso by the oonstruotion 

of auoh dam. The Palo. Indians olaim a perennial flow of 6 

seoond feet. Their diversion is juat bolow the Pala gage. 
Above thts diversion a largo porous gravel area ~  as a reg-

ulating reservoir, storing a portion or tho winter flood 

waters and yieldirJg a quite oonetant flow. Pauma Creek, 0 with 

a drainage area of twelve square miles, is a peronnial stream 0 

-16-
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WALTER LEROY HUSER 
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whioh joins the main river ~  the Pals. i ~ i  This 

oreek and the tributary drainage below the Escondido diver-

sion will, without ques tion, provide the divoruion of the 

Pnla Indiana. Their l~i  therefore, doea not require apeo-

ial consideration in studying the safe yield from Warner 

Reservoir • 

The United States Tndian 3erv1oe has a con-

tract with the 'F!soond ido 1lutual l''a.te1· Company to supply a 

stipulated ~  of water to tho Rincon Indian Reservation. 

The prc.otioe in the paot has beon for the ' ~ i  Mutual 

Water Company to atop its diversion in the aummor time and 

for the Indians to take the ent:i ra auntme1· flovt of the " an 

Luis Rey River, which ordinarily amounts to about lt second 

feet. Warner Dam i s about nine miles above the Esoondido 

diversion. Tho ~ goes dry during the 3Umoer months 

about three milos below the dam site and it 1.s not probable 

tho.t the wator paan ing Warner Dam Site i ~ the sun1mer is 

tho water diverted by the Indians during the summer season 

i ~  this surnmor flow goos down stream ns an underflow and 

probably Yrould not tru.vel to the point of diversion in two 

or three montho. l") everal perennial streams flowing from Pa.la 

Mountain probably auatain.the flow of the river at the !soon-

dido diversion point. I do not believe that in future oper-

ation it will be neoeaaary to release any at r from arner 

Reservoir to provide for tho Rinoon Indian Reservation and I 

have made my safe yield study aooordingly. 

The Voloan Lsnd and Wator Company entered into 
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WALTER LEROY HUBER 
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a oon trao t v11 th tb c Eo oond ide;> Mutual \''ater Company under 

date of June 21, 1912. Thi o oontraot provides that the Fs-

oondido Mutual Vater Company is entitled to an annual diver-

sion of 4,140 aare feet, .that the water may bo diverted be-

'twecn ~  1 and July 1, that the maximum ro.te of diver-

sion shall be 40 aeoond feet and that whenever thi a amount 

of water is available at the river between the do.tGa mention-

ed, it ahall be oonc idered as contributed to the requirements 

of the Escondido ~ l !'ater Company irrespective of whether 

it is actually diverted by that oompany or not. rt i s also 

provided that if at any time botwecn "'fovembar 1 and July 1 

after the firs t of July, 1917, the water flowing in the 

river shall not exoeed 100 mincrJ i nohes (2 s eao nd feet) plus 

the amount required by the Ir1d ians. the n t he said 100 miners 

inohes shall not be oonsidered as inoluded in making up the 

total diversion to whioh the Escondido ~ l v·eter Company 

is entitled. It i s als o provided that the Fsoondido ~ l 

Water Compru1y shall not be entitled to more water in any year 

than the aotual run-off of the river st the aompany's point 

of divers ion during ~  year or, in other words, to more 

water than would bo available for i ~ i  by the company if 

Warner Dam ~  not oonstruotod. 

There are 33 square miles of drainage area 

above the F.aoondido diversion point no t tributary to .. arner 

Reservoir. In preparing i~ report of .1ay 8, 1915, to the 
. 

City Counoil .of nan Diego upon tho Voloan Land and ater Com-

pany' a proj eot, eears. !. • • .• o' Shaughness y and J. 'B. Lippin- · 
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WALTER LEROY HUBER 
CIVIL ENGINEER 

oott made a aaroful study of .the run-off from this area 

tributary to the Faoondido divoraion point and not to the 

Warnor Reuorvoir. In making thi s study, a record of the 

flow of the Woat Fork of .tho . ., a.r1 r .. uia Rey River at a point 

where it haa a tributary area of 24.4 oquare miles waa util-

ized. A study of the rainfall rcoorda led ~  ' ~

aesay and Lippincott to oonolude that tho rate of runoff per 

square mile from the area under oons ideration i s approxi-

mately equal to that froru tl1o West Fork. Thuo an estimate 

was made of tho run-off from the area tributary to the Esaon-

dido divers ion and not to 7.aruer Reservoir :., ite. 
• 

rdessrs . 0 I Shaughnessy and Lippinoott then 

made a further study to determine the amount of water whioh 

oould have been <1 i verted ea.oh ~  by tho 'Ti"s oondido di toh 

from the San Luia Roy River without reBulation, also the 

amount whioh aould have been diverted caoh ~  from the 

run-off from the 33 nquare miles below • arner DarJ ?ita and 
• 

above the r:aoondido diversion point. Tthon this latter (!Uan-

tity is not equal to 49140 aore feet, it i s ~  under 

the provis ions of the oontraot, to releat:ie from Warner Reser-

voir a i ~ auffioient to bring the Eaoondido divers ion 

up to thia amount or to the amount ~ i  aould havo been 

diverted if tho dam had not boon cons tructed. Table Ho. 8 

shows the quantities whioh it. ia neoeusary to release from 
• 

Warner Reservoir eaoh s eaaon to meot this roquirement. It 

will be noted that it iu nooatisary to r elease the greatest 

quw1ti ties during yuars of drought hon tho run-off !or 
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WALTER LEROY HUBER 
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Warner Reservoir is least. 

Draft: 
Irrigation service on the Cuyarnaaa Water 

· Company' s c1ystem .for the years 1915 ooa 1916 was ea 

followa: 

1915 1916 
Per Cent. • Per Cent. Acre Acre 

Month Feet of Total Feet of Total 

January 107.3 3.4 84.5 2.5 
February 97.9 3.1 53.1 1.6 
l'rta.rch 143.6 4 .6 116.2 3.6 
April 271.3 8.7 270.0 a.o 
May 241.1 7.7 362.4 10.8 
June 362.4 11.6 369.3 11.0 
July 393.9 12.6 466.1 13.9 
August 372.7 11.8 401.9 12.0 
Septombor 349.2 11.1 359.5 10.7 
October 358.2 11.4 278.5 8.3 
Uovembor 262.6 8.4 323.1 9.6 
Deoember 177.3 5.7 271.7 8.1 

For tho year 1915, ~ of the irrigation 

supply wae delivered between April 1 and September 30, and 

~ durin8 the remaining or winter months . For 1916 
these peroentngeo were 66.4 and 33.6, respectively. The 

requirements for the area to bo included in the ,an Luis 
Rey District will ~ l  be quite similAr. I will, 

therefore, ~  in my l l i ~ of safe yield, that 
two thirds or the dolivery must be made between April 1 
and September 30, and one third· during the inter months. 

-20-
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Conserved Evaporation: 
A total area or 1740 oores of swampy land lies 

within ','arner Reservoir Site. il.oet of this lsnd beoomea 

oharged with wator during . the rainy season and tho water thus 
. 
retnrded ovf!poratoo to a dopth of proba.bly six feet during 

the dry season. Tho \later which is now lost from these lands 

by ovaporation will bo conserved when the area ia submerged. 
Mesora. O'Shauuhnoeay and Lippincott have estimated that the 

evaporation losses ooourring on theoe lands are equal to a 
depth of water o.f 19 inohea })Cr annum over the moist area. 

On this basis Pl at e 4 hna been prepared to show the quantity 
of vro.tar oonserved for any given amount of water impounded 

in the reservoir. It will be noted that the filling of the 
upper portion of tho roscrvoir adds nothing to ~ quantity 

conserved • 

Store.ga Study: 

In studying the draft which could have been 

supplied from Warner Reservoir, the board of consulting engin-

eers, previously mentioned, made an estimate of the water 

supply whioh would have been available for some twenty-eight 
years previous to tho date of their report, then assumed that 

the usa of thia aupply for irrigation as beginning nt the 

beginning of the estimated reoord of run-off. The board 
further assumed that but one tenth of the irrigation draft 
would exist the first year and that an additional 10 of the 
total draft would be added each yoar until the total draft 

was finally roquirod. I oannot agree with these assumptions. 
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We are oonoerned only with the future. Records 

of the past arc utilized simply to prediot the conditions of 

atroam flow whioh may '~i  oocur - probably will e.gain ooour. 

Having a reaord of the fl ~ of San Luis Rey River for thirty 

years past, it is reasonable to assume that n period or thirty 

years will again oaour during whioh the stream floVI will be 

quite similar and that auoh future period of thirty years will 

oaaur after tho full irriffation demand has been developed. There 

is, therefore, no justifiaation for r.Jaking a study for leas than 

the oomplete demand during the first ten years. 

It is problematical whether such thirty year 

period will be begun with tho reservoir full. Yoars of low flow 

reour in ayolea. It ia, thereforo, probable that the years of 

low flow in the nineties wcro preoeded by years of ~  abun-

dant run-off. I have, therefore, assumed the reservoir ninety 

per aent filled on Ootober 1, 1888. 

~ study of conditions as they would have occurred 

from Ootober 1, 1888 to September 30, 1918 if ·arncr Reservoir 

bad been oporated to supply, when available, 28 ,000 nore feet 

por annum - 9300 aore foet baing drawn between October 1 and 

Ua.roh 31, and 18,700 acre feet between April 1 nnd September 

30 - is shown in Table 9. The results of this study arc also 

graphically shown by tho mass diaBram of Plate 5 • 

It will be noted that during the seasons 1902-03 

and 1903-04 rather serious defioienoies ooourred. During oertain 

other seasons (1901-02, 1912-13 and 1913-14) lesser defioienoiea 

ooourred, but during nll or these tho partial supply whioh na 
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available would havo inaurod partial oropa and would have 

protooted all oroharda, eto., tha ava1lable supplies amount-

ing to eo%. 59% nnd 73%, reapeotively. of full seasonal sup-

plies. 

The more serious defioienoy of 1902-03 and 

1903-04 is the only serious dofioienoy whioh ooourred in a 

period of thirty years nnd was oooasioned by the unprecedented 

auooession of years of drought from 1897 to 1904. Fortunately, 

san Luis Roy Irrigation District has insurance against oven 

such adverse conditions of stream flow by having available a 

pumping roserve on San Luis Rey River. The plans of the 

Diatriot include the acquisition of certain lands at the 

western corner of tho Guajome grant, whioh lands are tmderlain 
. 

by one of the most rolia.ble underground reservoirs along San 

Luia Rey Rivor. and the installation at this point of an ade-

quate pumping plant. During suoh infrequent oaoaaiona a.a the · 

single period. of drought under consideration, 1 t is believed 

that provision noed not be made for more than a 5CYt supply. 
. 

To furnish this supply it would have been neoessary to pump 

approximately 3,000 aore foet during the summer of 1903 and 

approximately 14,000 aoro feet ~ i  the summer of 1904. This 

quantity is available from the Distriot•s pumping aito •dthout 

injur,y to the pumping rights of the proposed Cardiff !rriga-

tion Distriot or the City of Ooearlaide looatod at lo er points 

along the San Luis Rey River. The irrigation of approximately 

7,000 aorea of the western portion of the Diatriot by pumping 

oan be aooomplished quite eoonomioally. To irrigat the 
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WALTER LEROY HUBER 
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hiBher areas will requtro the i ~  of booster pumps and 

some additional expenao. ! n ,.otual operation 1 t is improbable 

that these will ever be required beonuae, by oporating tho 

reserve pump syotem, the lower lands oould be supplied during 

tho earlier years of a ~ i  of years of drought, thus 

leaving sufficient water from the gravity supply for the higher 

lands. 

DUTY. 

Reoords of the duty of water for quite similar 

irrigated areas in San Diego County are available. 

tit my request Mr. F. :t. Faude has prepared a 

statement of the duty for the area irrigated by Cuyamaoa 

Water Company, this being an area similar to that vrhich will 

be inoluded in San Luis Rey Irrigation District and one 

whiah is planted in mixed orops similar to those which will 

be grown in the proposed Diatriot. The following is quoted 

from Mr. fnude's statement: 

"On tho Cuya.maoa Water System the areas irrigated 
and various oropa raised were determined by aotual field 
surveys in 1913 and 19i4. This survey oovored several · 
months and ooat the Company ~ l  $5,000 for surveys, 
computations and platting. The net areas irriF.atod and 
orops raised were as follows: ~ 

Orop 

Olives -------------Deoiduoua Fruita ~
Grapes -------------Oitrus Fruits ------
Alfalfa ------------

3· 
22 
0 

196 
0 

Area i~  in Aorea 

198 
56 

1 
926 
12 

163 
138 
604 

1092 
40 · 

354 
216 
606 

2214 
62 
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Vegetables --------- 52 82 71 206 Ornamental, eta. --- 20 21 38 79 
~~ ~

Total -------------- 293 1296 2136 3726 

The Low Servioe Area inaludos lando lying between the 
limits of the City of ,an·niego and Old La Uesa. The two 
Mansur 5 aore traata are on tho easterly edge of the Low 
Serviae Area. 

The High Service Area includes lands lying between 
Old La Mesa and Eucalyptus Reservoir. The La Mesa, Lemon 
Grove and Spring Valley districts ~ included within the 
High Service Area. 

The Flume Service Area includes all lands east of 
the Eucalyptus Reservoir and are all sorved direat from 
the Company' a flume. 

While the surveys referred to above were made in 
1913-1914 conditions have changed but little ainoe that 
time and the total areas irrigated will not be materially 
affected. The areas in oitrua fruita, deciduous fruita, 
olives and grapes are praatiaally the aame and praotioa1-
ly the only changes will be found in the other crops 
whose total areas are small • 

. 
Owing to the mixed character of oropa on lands under 

irrigation under the aystem, it will be impossible to 
give dutiea of water for ru1y particular crop, such as 
oranges, lemons, olives, eta., exoept in isolated oases. 
The duty of water for the system will therefore have to 
be worked out aa an average one oovering all crops. 

The duty of water for 1915 was as follows: 

Water delivered 

Low 
Service 

aore feet ------- 260 
Aares Irrigated --- 293 
Depth of Water 

applied sore feet 
per aore -------- 0.89 

A full aupply of water was 

The duty of nter for 

Lo 
Service 

ater delivered 
~ feet ------- 277 

Aorea Irrigated --- 293 

High 
Servioo 

1235 
1296 

0.95 

furnishod in 

1916 wna aa 

High 
. ervioe 

1297 
1296 

Flumo 
3ervioe 

1642 
2136 

0.77 

1915. 

follows: 

Flume 
ervioe 

1782 
2136 

Total 

313'1 
3725 

0.84 

Total 

3356 
3726 
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per aore -------- 0.95 1.0 0.83 0.90 

A full aupply of water was furnished in 1916 exoept for 
a short interruption after the floods of January ~  
This interruption was, however, for so ohort a period and 
oeme at a time when the ground was so saturated that the 
total supply for the year wau not appreciably affected. 

From an inopeotion of the ~ ~ i  for duty of 
water in 1915 and in 1916, it is seen that the use on the 
flume line is lese per aore than on either the high or low 
servioe areas. This is explained by the faat that some 
of tbe flume line oonaumers have pumping plant s whiah are 
operated oooasiona.lly. Suoh operation in 1916 wo.u almost 
nogligible. No definite figures are available to show the 
aotual quantities pumped as the ownera of the plants keep 
no reliable reaords. 

Tho duty on the high servioe area in 1916 was 0.18 
aore feet more than on the flume ~ i  area and in 1916 
was 0.17 aore feet lesa. 

If 0.18 sore feet is added to the flume service uao 
to compensate for pumped water from private plants, the 
1916 figures become: · 

Low Servioo Area 
_._. ____ .. _._._ 

1.00 sere feet per aore. 
High , " 

.._ ___________ 
0.95 " " " n 

Flume " " 
...... _ .. ______ 

1.01 " , n If 

Average for entire system - 1.00 tr " tt " 

• 

On April 1st, 1917, a new schedule of rates went into 
effeo ·• Under the old ratoa the irrigator paid at the 
rate of $65 por year per miner•o inoh (630,720 cubio feet) 
for water delivered on the flume and $70 per year per 
miner's inoh for water delivered on the low and high service 
distriota. Eaoh oonaumer had a oertain allowance eaoh 
month whiah he could use but not exoeed and for wbioh he 
paid hether he used the water or not. Under the new rates 
the irrigator paya ~ 00 tor the first 2,000 aubio feet and 
for all additional water used, 2-1/2 aenta per 100 oubio 
feet with no reatriotiona as to minimum or maximum use • 

The result hae been that uoo haa deoreaaed 27% for 
tho first eight months of operation under the ne rates 
aa aompared with tho corresponding months of the previous 
year. The table bolow shows the comparative rooords: 

. -26-
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Month 

Uae Under Old 
Rates 

Year 1916 
IrriBation use in 
Thousand Cu. Ft. 

Use Under New 
Rate a 

Year 1917 
Irrigation uae in 
Thouannd cu. Ft. 

Percent 
of 

Deorease 

April 
May 
June 

59 
58 
20 
12 
12 
17 

July 
August 
September 
ootober 
November 

16,649 
17,896 
16,087 
20,304 
17,507 
16,669 
12,133 
14,076 

6,883 
7,386 

12,806 
17,969 
15,380 
12,930 
12,945 

8,356 
ff 7 

41 
130,310 94,656 27 

# = Inarease 

The decrease shown above is in spite of the faot that 
the year 1917 has been one of oonsiderably leas rainfall 
than 1916. It is expeoted by the Company offioials that 
the winter uue under the new rates will be oonsiderably 
less than in 1916. 

It io unquestionably true that the new rates will 
operate to deoroase the use or water for irrigation and 
thnt the average oompenaated uao for 1916 of 1 ~  foot 
per irriBated aore over the entire system will in 1917 
show a substantial deorease, whioh will undoubtedly 
amount to at least 20%, siving an average annual use of 
water on the entire system of approximately o.ao aore 
feet per irrigated aore." 

Mr. Faude's statement inoludea the net irrigated area and does 

not, therefore, inolude rough, broken or waste lands or dedi-

oated streets or roads. 

In reporting upon the probable duty of water 

for Cardiff Irrigation Distriot Mr. Frank Adams reoently 

stated: 

"The F.soondido Mutual Water Company, in the i ~
gation oenaua of 1909, reported a gross proJect duty 
of 0.99 aore foot per aore. Mr. J. F.. Boal, manager 
of the Sweetwater Water Company, stated to both Mr. 
Tait and Mr. Veihmeyer, tha.t hitJ oompany has round 
360,000 gallons par aore (1.07 sore feet) sufficient 
for oitrue oroharda, although the amount used by the 
different irrigators varies uomewhs.t from the ~ l 
o.veragoa." 

-27-
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The data so far enumerated applies to areao 

or mixed ~ located nome diotanoe baok from the ooaHt 

and oornparable to the larger ~  of ~  Luis Roy Irriga-

tion i~ i  However. an aroa of approximately 5.500 

aores near the coast and in the val!eya ia more nearly com-

parable to tho lando within the Cardiff District. For 

these lands quite complete investigations were made, includ-

ing an investigation and report by Mr. Frank Adams of the 

u. s. Department of Agriculture, Irrigation Investigations. 

from whioh investigations it waa finally deoided to assume 

a duty for net irrigated area of o.a acre foot per aore. 

The data aolleoted by Mr. Faude and shown on Plate 6 is of 
interest in this oonnoation. · For these 5,500 aorea near 

the aoast and in the valleys, I oonsider 0.8 aore foot per 

aore sufficient, but for the remainder of the Distriot, I 

am of the opinion that 1.0 aore foot per aore per annum, 

net area, is ~  to produoe the beat results. 

AREA AND BOUNDARIES. 

As previously shown, an annual supply of 

water amounting to 28,000 aore feet will ordinarily be 

available for San Lui Rey Irrigation Distriot, defioien-

oiea being ao infrequent and or suoh nature that a Die-

triot baaed upon thia annual supply a perfeotly safe. 
This supply io, however, available at 

Warner Dam, moro than 26 milea from the nearest portion of 
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the Distriot. The oonotruotion proposed for the conduit 

which will oonduot the water throughout this distance is o! 

an axoellent type and should roduoe all losses to a minimum, 

but, with the long diatanoe of transmiss ion, even with the 

best type of oonstruotion, I am of the opinion that the 

losses will amount to 10f, of the available supply, leaving 

25,200 aoro feet per armum available for actual irrigation. 

The net ~ whioh oan be supplied within : an Luis Ray Irri-

gation District is then as fo llows: 

5,500 aorea ~ 0.8 aoro foot 
20,800 aores ~ 1.0 acre foot 

----------------- 4,400 nore feet. 
20,800 acre feet. 

Total ------------------------------ 25,200 aore feet. 

A tentative boundary has been drawn to inolude 

the lands bes t suited for inclusion within the District {Eoe 

Plate 1). This boundary, which i s shown on Plate 7, i s sub-

jeot to minor modifiontions to suit the ~i  of individual 

property owners. It inoludes a gross area of approximately 

43,000 aores. but a net area of only 25,200 uoros is to be 
I 

irrigated in any one year, derived ns follows: 

Gross area ~ 43,000 aoroa. 

Deduotions: 

(1) For County Roada nnd 
Public treats, 0'~ --- 4.300 

(2) For land too rough or 
rooky to be irrigated 
(determined by inapca-
tion and land olaas-
ifioation) , 161 ................. 6,880 . 

(3) For landa whioh in any 
year, ovon under oom-
plete development, will 
not be irrigated, 16.4% 6,620 
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Total Deduotions --------------------- 17,800 aoros. 
Maximum irrigated area ----------- - --:- 25,200 aorea • 

Tho ratio of net area to be irrigated in any 

one year to the gross area (601. ), oompare favorably ith 
that for other ;an Diego County irrigated areas and, in faot, 
it is not higher for even some of the Distriatn in the San 
Joaquin Valley where ·only level unl>roken valley landa are 
inoluded. 

Tho tentative boundaries o! the Diatriot, 
together with main lines of the distribution system and 
supply line, are shown on Plate 1. 

WATER RIGHTS. 

!t ia proposed to seouro from Voloan tand 
and Water Company the rarnor Reservoir ~i  and all of the 

'~ water rights on ~  Luis Rey River. This oom-
pany posted notiaoa of appropriation of the we.ters of .,an 
Luis Ray River at Warner Dam ~i  before the enaotment of 
the law requiring the initiation of suoh rights by applioa-
tion to the State Water Commission. It hoe sinae that time 
proceeded with development, not only by aotual oonstruotion, 
but by the aoquioitiori, at groat ~  of lower riparian 
rights along San Luis Roy River. While no formal prooeed-
ing haa boen brought before tho tate Water Commission, th 
Commission hao informally roviewed the diligenoo of the 
oompany in prooeeding with development and han offored no 
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complaint. Tho right by appropriation of the company ie un-

questioned and is believed to bo fully established to date • 

In addition to its right by appropriation, 

the company has a.Gquired prnotioally all of the riparian 

righta along ~  Luis Rey River. rt is now willinB to 

assume the reHponsibility of aaquiring the remnininB rights 

in order to tranafer to the Distriat ,ul riparian riehta 

aomplote. To aaquire these rights the company hns found it 

nooeauary to l>uy botwecn three hundred and four hundred dif-

ferent properties nnd to sell some of them reservi ng ripar-

ian right • Included in the properties whioh have been thus 

purohaoed are 'Dauma Ra.nah of 13,000 eares, ' l ~  Rench 

of ovor 5,000 aoree and other ranohoa ~i  in si2e up to 

1,000 acres. )orne of these properties are aaid to have oost 

as muoh as 250 per acre. 

Tho rights which tho Distriot will aoquire 

from Voloan Land and ·:ater Company are secondary to oertain 

prioriticG which must bo reoognized - tho right u of tho City 

of Ooeanside, the Indian Reservations and the ~ i  

Mutual !ater Company. 

From my kno ledge of the '' an Luie Rey River 
and the underground reservoirs olong itu course, have no 

heaitanoy in pronouncing any claim or damage by tho City of 
Ooennaide na not well founded and as deserving no further 

oonsiderntion. 

Damage to Pals Indian Resorvs ion is similarly 

gui te impoa.aible. ll~  Indian Reservation is tnore us-

-31-
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aeptible to influcnoe, but, as pointed out in the previous 

~ i  on Water ~ l  the ~i ili  of its suffering 

damage is very 1·emote. An agreement in behalf of this reaor-

vation has been entered into between the u. s. Indian Servioe 

and the Esco ndido Mutual rra.ter Company and the poReible olaims 

of the reservation are included in the allowe.noe for Esoondido 

Mutual Water Company in this report. 

Esoond"ldo Mutual Water Company and Voloan Land 

and Water Company have entered into en agreement vthicb was 

described in the provioua section on Water Supply. !n estim-

ating the wate:r supply available for .Jrul T .. uis Rey Irrigation. 

District, a.n allowanoe was made for the priority ·of Escondido 

Mutual Wat er Company a.s defined by this agreement. 

There is no question as to the ability of san 

Luis Rey Irrigation Distriot to aeoure a right to the use of 

the quantity of Vlater estimated in this report as neoesaary 

for its auaoesaful irrigation. 

DP..A IlT AGE . 

The· lands within the Dintriot aTe generally 

rolling. Rather reatrioted areas in aome or the principal 

vlll.loy!l, particularly near an l'raroos. will, when the entire 

Diatriot ia under irrigation, naod drainage. In faot. at 

the pro ... -ent timo, nnd with praotioally no irrigation, these 

la.nda aro moist and will prod.uoe orops which in outhcrn 

California generally raquire irrigation. However, physical 

-32-
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oondi tions 1ne.ka ~ drainage vrhioh will bo neaossary for the 

relief or thcao restricted arena very simple and ~l  

It is a minor problom which needs no further oonsideration 

in this report. 

On Plate 1 the location of the ~ i i l 

features of. tho . ystem whioh 1.s to irrigate t!an T..u13 Rey 

Irrigation Distriot is shown. 

Warner Reservoir: 

~  Reservoir will have it u rn&Ximum flood 

line 107 feet nbove the stream bed at the dam site, will 

have e oapao1ty of 200,000 nora feet and will flood G,050 

aores. Ita oapa.oi. ty and area ourves are , .. hown on Plate 3. 

The reservoir ita is well shown in Figure 1, Plate 2. The 

~~ site is well suited for the oonstruotion of a11 earth 

£111 dam, and Voloan Land and Water Company ~ had pl na 

for a darn of this type nrepared and has completed some aon-

atruotion work. Figure 1, Plnte 7, is a pro reos view of 

the oonatruotion of a out-off wall whioh h s beon completed 

aoross the dem site . Fi.gurn 1 or Plat{' 8 shows th. uortal 

of tho ~ l  tunr1el, pproximately 1,000 foet long, hioh 

has been driven through the hillside at the ,outh abutme·nt 

of the dam site, and Figure 2 of Plate 8 shows the settling 

bnain whiob baa been oon truoted at the lo er end o this 

tunnol. ork hsa been temporarily discontinued on th dsm 

-33-
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and in the interim some diaauasion ~ ensued sa to the ex-

sot desis-n o£ the .final gtruoture. Thio ia a secondary matter 

whioh may be determined at any time before aotual oonatruo-

tion. For ·the basis of eatimatos wh ioh ·foll ow. I have util-

ized the design shown on Plate 9. While this design may be 

modified, no material ohange in the total yardage wil l be 

possible. It will be deairable to aarry the oonatruotion to 

only a _portion of the total ultimate height until the Diatriat 

approaohes complete development, thus avoiding an eaonomio 

waste oooasioned by placing the greatly i ~ yardage 

long before it i s neoessary. 

Some dis cussion of the poatlibili ty of construc-

ting a. masonry dam. probably ·Of the multiple-aroh type, at a 

site some dista.noe below has been ocoaaioned but there are at 

present no indioations of a foundation suitable ~  suah dam 

and I will not oonsider 1 t in this repor't-. 

Conduit: 

From Warner Dam it is proposed to run a oonduit 
. 

along the south s ide of san ~ i  Rey River. with only suffi-

oient slope to insure an eoonomio seotion, to a point some 

twelve mileo below ~  the point o.f a hill is reaobed and 

where a powor drop of 924 feet oan be utilized at what 1a 

known at Hellhole power drop (See PJ.ate 10, Figure 2). From 

tho lower end of this power drop. the oonduit will continue 

fo·r approximately twelve miles to a point where a power drop 

of 473. 77 feet is available and where the ·on tire no can be 

-34-
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Fig • 2. 

Plate 10. 

Metal Flume Seotion, Escondido Mutual Water Company's Supply Conduit. 

Hellhole Power Drop. Proposed Conduit San Luis Rey Irrigation District. 



Plate 11. 

Fig. 1. Escondido ~ l Water Company•s Supply Ditoh. 

' Storage Escondido ~ l Water Company 1 s Bear 
Valley Reservoir. 
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• 

disaharged into Merr1.am Reservoir whioh ia very advantageous-
ly loantod directly above tho Diatriot with outlet at eleva-

tion 860.0 teet. 

The l ~ i  of this oonduit haa been one of 
the moat diffioult problems in connection with the prepara-
tion of the pl9.ns for ·'a.n Luio Ray Irrigation District. Uot 

only tho aurvey of the line, but ita aotual advantases over· 
nlternete ~ have been studied. 

A projeot which hsu l ~ been contemplated by 

Voloa.n Land and -ra.ter Corop,..l.ny included aonduoting the line 
alonp,- the nouth side of .:!an r;uic Bay River for only a ~  

miles .' then into a tributary canyon from which a single tunnel 
reaohed a tributary of the 3anta Ysabel River and where a 
single power drop of 1,500 feet is available before i~ ~

ing into the proposed Pamo Reservoir. This projoot also 
oonternplated storage of wators from Santa Ysabel Creek at 
sutherland Reservoir, its divers ion to Pnmo Reservoir ~  

e.ddi tione.l storaa-e in the latter. Voloan r .. and and 'Tater Com-

pany ha. a aoquired many of the lo.nds controlling the noooa :iary 

reservoir aite • I have investigated the po aibility 
of utilizing that part of the projeot here ~ i  and the 

di vera ion of both ~  a Y abel and .J n Lui::1 Rey Ri. ver wa ters 
to San Luis Ray Irrigation Distriot but have found that the 
oost of oonstruoting a oonduit frorn this point makes the 

• 
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projoot 1mpraatioal - furthermore, the District would. be 
reaohed at auoh a low elevation that muoh pumping would be 

~  hioh would make the project still more impraoti-
aal economioally. 

Another alternate route whioh at first appear-
ed to have some eoonomia merit wa one to utilize tho exist-
ing ditoh of "Psoondido Mutual Water Company after enlarging 
and reoonstruoting it. Careful study of this proposal uhowed 
many diaadvantages. It would neoecla i t ate releasing water from 
Warner Dam Site and recapturing it at the Escondido intake 
aome nine miles below. Beoause of the sandy nature of this 
part of the bed of an Luis Rey River, the losses would be 
entirely unreasonable. To oonstruot n flow line along the 
hillside with power drop to the -r.saondido intake would pre-
vent these loaaes, but to plaoe a power drop hero would not 
parmi t the ut llization of o. htghor head whioh may be obtained 
by continuing tho line as it was finally surveyed to Hellhole 
power drop. The line as aotually aurveyed from a point above 
Escondido intake to Hellhole power drop is shorter than the 
.Eaoondido ditoh on the hillside below and pa3aes through muoh 
more auitnblo ground. In f D.ct, the reoonstruotion of Rsoon-
dido ditob presents some quite aoatly problema. Thus it is 
seen that there are no eoonomio advantages in utilizing this 
portion of the Faoondido ditoh. It . waa alae propoaed that 
San Luis Rey Irrigation Uistriot oombino with Escondido Mutual 
Water Company in the enlargement of tho latter's Bear Valley 
storage Reeorvoir or that it oonatruat a ~  reservoir 
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immediatoly above. The enlargement of Bear Valley Dam, 

wbioh iu uhown on Plate 11. Figure 2, would involve a 

large expenditure aa tho present dam is a very cheaply 

oonstruoted rook fill dam whioh, in order t .o parmi t 

raioing to greater height, muot have nomo very uubstantial 

additions. Another dam aite was considered immediately 

above Bear Valley Reservoir. Although surveys are not 

available, it was at onoe apparent that a dnm at this point 

would involve a large ex1>endi ture for a comparatively · 

small storage capacity. A further and very important 

faotor iu that any storage at this s ite is not well looated 

for serving San i~ Rey Irrigation District. The diffi-

oultiea so far enumerated in combining the works of ~  

tuis Rey Irrigation District with those of ~ i  Mutual 

Water Company are only thoue of coonomioH. In addition, 

many aonfliota would continue to arise in tho operation of 

auoh joint works. rt has. therefore, been deaided to make 

tho works of San Luis Ray Irrigation Distriot i ~ in-

dependent of those of Esoondido Mutual Y'ator Company. 

The sections proposed for the oonduit of San 

Luis Rey Irrigation District aro shown on Plate 12 • . 1-

though uome tunnol aeotions and 3ome siphons are inoluded, 

the seotiona shown are used throughout most of the longth. 

Merrinm Reservoir: 

Merriam Reservoir is looated below both 

power drops in the main oonduit. It will have auffio1ent 

·oapaotty (approximately 6,600 aore feet) to regulate the 
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WALTER LEROY HUBER 
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flow to irrigation noedu after it bas been uaed for power 

development. Tho location of ~ i  Reaervoir ia unique. 

It ia looated in· a saddle where water oan oasily be made to 

flow down any one of three watersheds. Thus, in addition 

to the main dam on -tho ~  it is neoeusary to ~  

earth dikes of l ~  height on both the north and south. 

The main dam will be of masonry, probably of the multiple-

arch type • 

Distribution Linen: 

From ~ i  Reservoir a system of pipo lines. 

as indicated on Plate 1, will serve as the main distribution 

system. In addition to these, a number of smaller lines will 

finally bo ~  to reach individual parcels of land. 

The main linea of the distribution tlystem are the Vista Line, 

with Guaj omc branoh; the Buena Line, VIi th J o.n Maro oa branoh • 

and the Riohland Lino, with Cerro branch. The system has 

been designed of reinforced concrete pipe ranging in size 

from 44 inches in diametor to 6 inohes in diameter, with oom-

pnratively short lengths of steel pipe substituted where aome 

of the heaviest pressures are imposed on siphons • 

The system as a whole is WAll located and is 

suited to the purposes for which it was doaigned. Great 

oare must be exeroisod in aonstruotin8 reinforced concrete 

pipe to withstand pressures such as are hare to be impo ed 

in order to aeoure aatisfaotory joints. ~~il  this ~ not 

impossible, there is not an abundance of precedent for auoh 

oonstruotion. The policy of oonatruoting the laterals of 

lesser importanoo as the Diatriot develops is a ~  one eoon-

omioally and one whioh will lead to the best dosign. 
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V. LUR OF IF.R!GATIO.N ;'YSTFM • 

Before giving any oetimates of oont, I wish to 

very olearly t:Jhow the difficulty of making catimutea under 

present abnormal conditione. ?riood for both meterial1 and 

labor aro now higher thon ever bofore. The period of these 

high prioeo is indefinite but it will probably not oontinue 

during the entire period of construction of . an i~ Ray Irri-

6Stion Diatriot. However, it is probable that the more dtable 

prioes of pre-war times will not again be renohed for a long 

period. Thu3 it is evident that an estimate of coat of aon truot-

ing the worka of ·'an Luis Rey Irrigation istriot cannot be made 

at the present time with even a.n approaah to aoouraoy beeauae 

prices whioh will be affective when the work is actually con-

tracted or performed oannot be foretold. Present i ~ nre, 

however, a sare basis for the oompilation of a report to the 

Irrigation District Bond Commission, which irJ oonoerned with the 

security of a bond issue by the Distriot sufficient to supply 

funds for oomploting ito system. On the other hond, laok of 

agreement between unit prioes here used and those which hnvo been 

uaed for aimilnr estimates in previous roporta should be under-

stood. tt is also hoped that interested land owners will appre-

ciate present conditione and the possibility of constructing the 

system, by the time the orf!anization of the Diatriot .has been 

aompleted, for a somewhat reduaed aoat • 
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WALTER LEROY HUBER 
CIVIL ENQINEEA 

~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~~~~ ~~~~ ~~~~ 

Item No. Structure Cost 
~ ~ ~~ ~~ ~ ~~ ~~ ~~~~~~~ ~ ~ ~ ~ ~ 

1. Land$ ••••••·•••!•••••••••••·•••••••• ~ 972,576 

2 . ~  Re aervoir • • • • • • • • • • • • • • • • • • • • 614' '/62 

3. Hellhole Conduit . . . . . . . . . . . . ' . . . . . . . 637,160 

4. >erriam Conduit •••.•..••••••• . •...•• 469,771 

b . ~ i an• Reservoir •• ; •••.•••.•••••••• 214,715 

6. Distribution Syfltem ••.•••.....•...•. 1,310, 46 

7. Water Rights • • • • • • • • • • • • • • • • • • • • • • • • 1,075,000 

$5 ,294,529 

The followinB explanation of the several items 

inaluded in this apprai sal is offered • 

I tern 1. r,ands: 

~  of the lands which it is ~  to pur-

abase in order to aomplete and operate the proposed irrigation 

ayatore or ~  Luis Rey Irrigation District are within the ~  

Rosorvoir Site and within the well-known Warner Ranoh which aom-

prisea the Spanish grants Valle de van Jose and ~  Jose de 

Valle. This resorvoi r site ia very well-known nnd has long been 

recognized as the key to any storage development for either water 

power development or irrigation on the ~  Luis Rey River. Many 

years ago it was puroahood by i ~ planning to utilize it for 

reservoir purposes and it has 3inae ohangod hands always ith 

this name potentiality· in mind. The entire Varner Ranoh ina udos 
. 

some 49,000 sores and the reaorvoir, with the maximum flood line 

-40-



3SUH VOA3J R3T JAW 
l 'll~l 'l~ ~ 

t 

- - - ~ ·- - ~ - ·-- --- -- --- ----------
_ .... ~ ~ ~

. - . . . . . . . . . . . . . . . . ~ . . . . . . . J 

.. . . ' . ' . . • • • •• 

... • u .. ''"" ' .... , .... I rf I ... o I • • 

. " . .. . . • • t -. IIi t II - • • vl ~ 

.. , ,.,. ... . . ... . . '"'" 
.. . . .. . ... .. .. .. . . .. . . . • 

. . .. ··" · · · ·· ... . .. , ... . ~ t·. ... \' 

L . . ...(1 

n.trl 

r . .. ... . ,.. 0 . .. 

I• r • 

.. e. c . r 1 

• ll v 
.... , 

' : . ... · . n o \Ji . ,. jj, o rl ~ _ b o l n ;,: o o e 'I 

-- f'~ - ::1o ' 
• .... • • .... /.. i.. :J -

• .On r ~ I n l 1r I ! J n ... 1 o ... al:rl'\t 

0 lo 'I UA ~ moa 

WALTER LEROY HUBER 
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oontemplated will flood but 6, 050 a.orea. W.hi.le the reservoir 

site hau alwaya been considered one of the prinoipnl elements 

of value of tho rar,oh, 1 t ia truo that the lands out aide of the 

reservoir ai te are vnlunble for f arm1nJ5. nnd graziJ1ff purposes 

and on this aooount n l ~  aeveranoe value should not be allowed 

for theBe lands fHl i r the a a Be o.f' land a made inacoeoaiblc or 

praotioally usele·s a by the utilization of other lands of the same 

holding for reservoir purposes • 

The landa within ~  Reservoir vi te are valua.-

ble for both agrioultural and grazing purpo ses. They have not 

been developed for farming purposes to the extent that aertain 

other parts ~ the Warner Ranoh have been and partly for the 

reason that expenditures for irrigation or i ~  would be ill 

advised for an area whiah it ~ always been believed would soon 
. 

be flooded. The a gricultural value of these lands is thus hard 

to fix but I am of the opinion that it do es not exoeed $100 per 

aore. As previously noted, thi s re servoir s ite has long been 

reoognized as the key to water stora6e on San Luis Rey River and 

it must be borne in mind that land valuable for reservoir pur-

poses must be valued for that pa.rtiaular purpos e. not neoeus,arily 

for aome other lees important ~  Thia principle was eataolished 

as early o.a 1879 by a deoision of the lJ. ~  ~~  Court in the 

aaso of Boom Company va. Patterson, (98 u. s. 403). This was a 

oo.tJe in eminent domain for the aondemna.tion of oertain small 

islands in the rP. i saisaippi River peculiarly adapted for the oon-

atruotion of a boom. The jury rendered a. P"eneral verdict aoaesa-

ing the value of· the lana at 09,358,33, but aooompanied it with 
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WALTER LEROY HUBER 
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a apooia.l verdict asoeBeing 1 te value aside from any oonaidera-· 

tion of ita vnlue for boom purpoAeo at $300, and, in view of its 

adaptability !or this purpooa, a further and .. additional value 

Tho oourt reduoed the verdiot to ~ 00  Tb.e 

~ i iff brought the osao · on writ of error to the ~  Court 

of the Un1 ted Sto.tea whero the judgment waa affirmed .. The follow-
. 

ing i s quoted from the deoioion of the United ~  ~  Court: 

"In determinillB the value of land appronriated for 
public purposes, the .arne oonsiderationa a.re ... to be re-
garded aa in a sale of property between private parties. 

.The inquiry in such asses must be what i s the property 
worth in the market, viewed not merely with reference to 
the usee to whioh it is at the time applied, but with 
referenae to the uses to which it is plainly adapted; 
that ia to say, what is it worth from its availability 
for valuable Ut;tes? Property is not to be deemed worth-
less because the ov.-ner llllowt.i it to go to ~ or to 
be regarded as valueless be,cause he i d unable to put 1 t 
to any use. Others may be able to u se it, and make it 
eubserve the neoensities or oonveni enoea of life. rta 
capability of being made thun available gives it a market 
value whiah oan be readily estimated • 

"So many and varied are the oiroumstances to be 
taken into nooount in determining the ve.lue of property 
condemned for publio purposes, that it is, perhaps, im-
possible to formulate a rule to govern its appraisement 
in all oases. 'Rxoeptional oiroumstanoes will modify the 
moat oa.refully guarded rule• but. as a general thinB, we 
should say that the compensation to the owner i s to be 
estimated by reforenoe to the uees tor which the property 
is ~ i table, havin regard to the existing business and 
wants of the oommunity, or suoh as rna.y be reasonably 
expected in the immediate future .. ·n 

There are numerous l ~  deaiaions of the oourta whioh uphold all 

of the prinaiples of law stated in this leading oaae C innesota 

Rate Caooa, 232 u. s. 352. eta.). With the principal therein en-

umerated in mind, afte r aarafully oonaidaring the value of the 

lands in. Warner Reservoir Site for other tban reservo.ir purposes 

and after oonaidering the offeot upon the 'remainder of the arner 
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WALTER LEHOY HUBER 
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Ranoh inoluding oertein minor areas of ~i  hill lando not 

oas1ly ~ i l  after tho ooriatruation of the ~ i  r 

have decided that n fair appraisal for ~  l8ndo notually with-

in the flooded area, and whioh are to be owned in fee by the 

District, i~ ~ 0  00 per Jere. So far aa I have be on apprised·, 

it is the intention of the ~  ownero to sell and of the 

Distriot to purohl.lHe the entire fl ooded area - 6,050 aares or 

thereabouts. 

A study of Table 9 shows that if the reservoir 

hnd been operated by 2an Luis Roy Dis t rict durinff the pa·t thirty 

years, during nineteen of thoaa years areas not in exoess of 

5,000 aorea would have boen flooded, or, in other words, during 

ninetoen years the remai ning nroa of 1,050 miaht have been used 

for other purpose a provid inff tho purity of the water supply be 

not thua jeopardized or bo tlot a neoessary consideration. 

Possibly under the!de oonditionB an nrra.nKement t o seoure .floodage 

rights only for thiu area of 1,050 uores, and to sooure these at 

a roduoed oost, i ~  ~ ~  This ia merely offered as a 

Suggestion, and, oinae it is not i ncluded in the plans of the 

Diatriot as outlined to ~ sud c; inae it i~  be objectionable 

for sanitary reasons t I have not give n it further oo j sideration 

in estimating the value of lrudn to be naquired. 

In addition to the land s included in ~  

Reservoir ,. 1 te, certain other rights of way will bo r eoo .. sary, 

particularly for the main oupply conduit f rom ~ ~  Redorvoir 

to Merriam Reservoir. ~'  thin oo rului t a ri :lht of way nppr_ox-

imately fifty feet in width will be ~  and tor that p rt 

of the oonduit from Warner Reservoir down to Hellhole po er drop . . 
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WALTER LEROY HUBER 
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approximately eighty-oight aoreo will be utilized. Muoh of 

this right of way liaH on vo.oa.nt publio !"and, and for it only 

the expense inoidental to seouring o.n ~  inoluding the 

preparation of neoen :1 ry fi.linFJ rnnps. etc., need be i r;ourred • 

This expanse will be moderate, but, where pate nted landH are 

orot:Jsed, n grouter oxponso will be inourred. r have used a 

i~  of v25.00 per ~  as an avereBe oos t for the riBht of 

way for the main nupply oondui t aaro ... la ·ooth private and public-

ly owned londH between Warner Reservoir and Merriam Reservoir. 

The larger peroentage of privately owned lands will be crossed 

by that aeotion of the conduit between Hellhole power plant 

and Merriam Reservoir. This seotion of tho conduit below 

Hellhole, exoluding Me rriam forebay, pens tock and power plant, 

will oooupy ninety-three aores, for which again r have uacd a 

value of ~ 00 per ua re. 

Merriam Reservoir will flood the greater portion 

of a productive farm now being auaoessfully cultivated by dry 

farming methods. It will also flood the farm buildings , in-

l i ~ an attrnotive Htone reoidenoe. This land, like ·r·arner 

Reservoir Site, Ghould bo oonsidered • . in addition to its value 

for farming purposao, as a rooervoir site. For this purpose it 

han a particular vnlue to .. sn Luio Rey I.rrigation District be-

oauae of itu unique location and proximity to that i ~  

However, it does not, like ~  Reearvoir Site, oonstitute the 

koy to ntorage development - it i~ made f vorab e ns a reser-

voir only by a very long oonduit whioh brings ita water uupply • 
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Approximately 200 aoroa aro involved i u thia reservoir Hite, azd, 

after oonsiderin'3' all f aotorH involved, I hBve rondo an al l owarioe 

of ~ 00 per aore for the site. 

A pump in!) a i t o on ."' an Lui u Ray River ~ to be ao-

quired and for it I havo al l owed a value, exoluoive of ito ·value 

for pmaping ~  of v35,550 (177.75 eores r $200) • 

Final y, oertain rights of way will bo neoeaaary 

for the distribution Hystern, but, ao mo s t of thoHe li o within the 

District itself and a.o praotianlly the e1tire dis tribution ayatem 
oonsieta of p1pe 3 buried in the ground and not particularly ob-

jeationnble, I bolieve moat of t he ri '5ht s of \Yuy will be donated 

by the land owners. Probably s ome expenue will be inourred in 

aeouring all of the neoo tsary rights of ~  but to estimate this 

expense with aoaurnoy ·is at presont i mpossible. I have s imply 

made a total allowanoa of $5 , 000. • 

Item 1 i s , ther efore, made up as follows: 

Warner Reservoir Site, 6,050 aores ~ ~ 0 -------------- ~ 0 00 
t,f. 

Hellhole oonduit , w aluding forebey and power hous e 
s ite, 88 aores $25 -- - ----------------------------- 2,200 

. 
Merriam .oonduit, 93 ~ <25 ~ ~~~ ~ ~ ~~ ~ .i ... 

Marri&r. Re s ervoir .. >i te, 200 acrea ~  $100 ---------- - ----

Pumping site oa .. an Luis Rey River ------------------- - -

Bights of way for diotribution system -------- - --- - -----

2 , 3 25 

20 , {JOO 

5, 0 00 

Total ~~~~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ $972,515 

Item 2. Warner Reservoi r : 

Cora drillin5 and exploration oxonvations ----------- ·-- ~ 5,000 

Stripping: 

40,000 ou. yd a . earth 10,000 
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WALTER LEROY HUBER 
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~  Q Jl d Loos e Rook, 15,000 yds . 

Disintegrntod granite and rook 
15,000 yds. r. 2. 00 --- - - - --- ----

Reinforoed oonoreto, 2,230 ou. 
yda. 15.00 - ------------------

Pumping and shoring - - ------------
Flood Control Conduit: 

4,225 ou. yds. reinforoed oonarete. 
inaluding necessary excavation and 

30,000 

33,450 
4,500 

shoring, ~ 20.00 ----------------------------------
Outlot Tunnel: 

Exoavation at eaat and west portals -
Rxasvat ion in tunnel ------- - -- - -----
Lining ~ ~ ~~ ~ ~
Drain pipe ~ ~ ~~~~ 

Gate tower and 

.:1( 2 t 200 
6, 130 

12,620 
520 

Settling Basin 

F.arth Fill: 

~~~ ~ ~ ~ ~~ ~ ~~ ~~~ ~ ~

738,000 ou. yds. 0 30 ~~~ ~~ ~~~ • 
Rip rap: 

34, 500 au. yd '1 . @ 1. 7 5 

Spillway excavation ~~  lining: 

Earth, 2,000 ou. yda. 0.26 -------- ~ 
Disintegrated rook, 5, 000 ou. yds. 

0 1.60 ~ ~~ ~ ~ ~ ~~ 

500 

7,500 
Conorete lining, 100,000 s q. ft. · 

o.so ~ ~ ~~ ~~~~ 10,000 
Engineering and Inoidentsls (nppro imately 15,: ) --------

. 

-., .10,000 

75,450 

84.500 

21.470 

10,000 

~ 0 

221,400 

60 ,375 

18,000 

78.777 

Total Coat of Warner Dam ~ .. 603,962 
Keeper's houa·e and buildings - --------- - --------------- -• 

· Clearing reservoir ... -............ ---~ .... -... .-. -.., --~ ~  .. -~ .-, ................. . .. 
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Fenoing renervoir (approximately) 24 mile3 ~ 00 ----- i 4,800 

Total Coat of Warner Reservoir, exalusive of land , --- 0614,762 

Itom 3. Conduit larner am to Hellhole Forebay: 

Deaoription: 

Conarete Conduit (open) ------ v6,510 feet 
C ~  Conduit (coverod) --- 5,300 feet 

Total Conorete Conduit ------------------------- 61,810 feot 

Tunnels ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~~~ ~ 2,990 ,, 
Ciphone· ........... ___ .., _____ -- -- ---------------- ... --- .... ......... --,.. 4, 900 " 
Metal Flume on Conorate Trestle ------ - --------- 6,800 ,, 

Total Length ----------------------------------- 76,500 feet 
Clearing: 

Total longth 76,500 feet; a: eume n oleared 
width of 20 feet; clenred area 35 acres. 
Heavy brush, therefore an allowanae of 
e3o per aare ~~~~~~ ~ ~~~~ ~ ~ ~ ~ ~

Exoavation: 

To station 220+00 = 24,700 au. ~  

14,820 ou. ydo. }arth 
4,940 ou. yda. tooae Rook 
4,940 ou. yda. ~ li  Rook 

From Station 220+00 to Stat ion 525+00 = 29,900 ou. yds. 

From Station 625i00 to . tntion 60G+OO = 9,100 ou. yds. 

5,005 ou. yda. Earth 
2,730 au. yds. Loose Rook 
1,366 ou. yda. olid Rook 

From Station 606+00 to Btation End - 14,800 ou. yds. -
7,400 ou. yds. Earth 
6,180 ou. yds. Looue Rook 
2,220 ou. yds. Solid Rook 
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Total Excavation (exoept aiphona and tunnels): 

46,165 ou. yda. Earth ~0 0 --------
20,326 ou. yda. Loose Rook ~ ~ 00 ---
13,010 ou. yds. Solid Rook ~ ~ 00 ---

22,582 
40,650 
62,040 ~  

Tunnels: 

Size or tunnels 5 feet by 7 feet. Aaaume all tunnels 
in hard rook. At the present time men skilled in 
hard rook work are uoaroe ond the oost of both 
labor ru1d powder is high. It is, therefore, be-
lieved that tunnels oannot be driven on this con-
duit for less than $22. 00 per lin. ft. To this 
must be added the aost or lining to a heiBht of four 
feet on tho walls. A six inch lining on floor and 
lower f~  foet of walls will require 0.36 cu. yda. 
per lin. ft. whioh at $20 per cu. yd. will amount 
to $7 . 00 per lin. ft. or a total oo,t of tunnel 
seotion, lined ns required, of t 29.00 per lin. ft. 

List of Tunnels: 

Tunnel No. 1 ~~~ ~~~~~~ ~ ~ ~~ 
Tu.nn.el 1Jo . 2 ---------- .. --_ ... _____ ,.. _____ .. 300 feet long 

140 " " Tunn,el 1Io. 3 - ~ .. - .. _ ..... _ ... _____ ...... _.__,... ___ __ 320 " " 
Tunnel No . 4 ~ ~~~ ~ ~~~ ~~ ~ 2,230 .. " 
Total length ------------------------- 2,990 feet 

2990 feet $29.00 ---------------------------- ~ 86,710 

Lining for Ditoh eotion: 

61,810 lin. ft. lined with gunite and wire mesh 
(3" thiokneae) u ~0  per sq. rt. or e2.43 por 
lin. ft. of aonduit ------------------------------- bl50,000 

Conorete Covor Slab: 

5,300 lin. ft.; width inside 6' 0"& width of slub 
7' O"a depth of ala.b 4 inohea. At $0.32 per sq. 
ft. of slab- ~  per lin. ft., 5,300 lin. ft. 
@ 2.25 ~ ~ ~ ~ ~ ~ ~ ~~~~~ ~~~ ~ ~ ~ ~ ~~ ~~ 11,925 

Culverts: 

Total number, 101·. 

Estimate of cost of ~i l  culvert: 

Exoavation, 10 ou. yda. 1.00 -----
Bnokfill, 6 au. ydo. 
Dry rook wall, 9 au. yda. ~ 00 -- -
#16 gage steel pipe 12" diameter, 

28 feet 1.60 -------------------

10.00 
3.00 

45.00 

100.00 eaoh 
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101 culverts '1(100. 00 - ··-- - - - ----------------------- ~ 0 00 

Siphons: 

Siphon llo. 1: 

Horizontal Lon8th 210 1 - Slope Leneth ~ 0'  

-Maximum Hesd 100 feet • 

46 inoh diameter wood stave pipe. 

Capo.oi ty 50 aeoond feet ( n = • 014 ). 

90 1 c 30 1 head $3.53 ereoted ~ ~ ~ ~
42' " 40' " If 3.81 n ------------ ... -..-----. 
34 1 tt 50' " " ~ 0 n 

~ .. -- ... ----------
29 1 ,, 60' tt " 4.34 -' ' ---------......... _.__ ... _ 
24' " 70 1 " If 4.64 n ..... ._, .. _.., ____ ....... _ ...... ____ 
25' " 80' " n 4.93 " ~ ~~ ~ ~ ~
26 1 II 90' ... " 5.26 " ..... ..... ~ .. ~  

11' " 100 1 " ,, 5.69 n 
~~~ ~~ ~~ ~ ~~

. 
Total Cost of pipe created except haul to job 

and trenohing ~ ~~~ ~~~ ~~~~ ~~~~~ ~ ~~

Leveling and Benching 100 ou. yds. C ~ 00 -------

Haul and distribution from Esoondido to job -
36 miles - 12 tons @ $0 .20 ton mile ~

Inlet struoture with sand trap -------------------

Outlet 5truature ~~~~~ ~ ~ ~~~~ ~ ~

Blow-of! Valve and Toe ---------------------------

Conorete Anohor ------ - ---------------------------

$ 317.70 
160.02 
129.40 
125.86 
111.36 
123.25 
131.50 

61.49 

100.00 

86.40 

725.00 

275.00 

160.00 

150.00 

Total Cost of Siphon ~ ~  

Oost per foot of Horizontal Length --------------- y 
Siphon No. 2: 

Horizontal Length 910' - Slope Length 960' • 

Maximum Head 140 feet. 

46 inoh diameter wood stave pipo. 

Capaoity 60 aeoond foet Cn = .014). 
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182' 0 30' 
91' n 40 1 

74' tt 60' 
76' " 60' 
73' " 70' 
71' " 80' 
67' " 90' 
71' " 100 1 

67 1 " 110' 
. 66' II 120' 

73' 11 130' 
50' It 140 1 

Total Cost 

head 
It 

n 

" 
" 
" 
" 
1f 

If 

" " tt 

WALTER LEROY HUBER 
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'V'3 .53 erected 
" 3.81 n 
tt 4.!0 If 

II 4.34 " 
" 4.64 tt 

" 4.93 II 

" 5.26 " 
tt 5.59 II 

u .92 It 

" 6.26 " " 6.58 ,. 
" 6.91 11 

of pipe ereoted except 

... ~ ~ ~ ~ ~ ~ 642.46 

................. --------.. - 346.71 
~ .. ------- 303.40 ----·-.. ---.-------- 325.60 

........... ~ .. ---- .. ~ .. 338.72 ___ ..... _ ......... -------- 350.03 _______ .. __ ,... _____ .. 
352.42 

~~ ....... -----.. ----- 396.89 -----· ..... -- ......... _..,. ___ 396.64 
~ ... -------........ _._ .... 412.50 
~ .... --- ... -... ______ 480.34 

------------------. 346.50 

he.ul to job 
and trenohing ~~~ ~~~~~ ~~ ~~ ~ ~~~ $4 ,691 .11 

Be nohing and Leveling 400 ou. yda ~ 00 ~ .. ----
Haul from Eaoondldo to job, 36 rniles , 39 tone 
~ $0.20 ton mile ------------------------------

Inlet Structure with ~  trap ------------------

Outlet Struoture --------------------------------

Blow-off Valve and Tee --------------------------

400.00 

273.00 

726.00 

2'15.00 
100.00 

150.00 

200.00 

Total Coat of ~i  ---------- - ----------------- ~  

Cost per fo ot of Hori zontal Length -------------- ~ 

Siphon .No. 3; 

7.48 

Horizontal Length 1230 foot. Slope Length 1340 feet • 

Maximum Read 200 feet. 

46 inah diameter wood atave pipe. . . 

Ca.paoity 50 seaond feet (n = • 014) • 

190' @ 30' head @ $3.53 ereated .. --- .............. ~ .... ~ ... $ 670.70 
70' n 40' " " 3.81 " 

_____ ._ ...... .- -.,..., __ ... - 266.70 
66' " 50' " It 4.10 II 

_____ ,_ ________ ~

266.60 
70' " 60' " n 4.34 n 

~ 303.80 
65' " 70' " 1f 4.64 ·" --------.. --.... -- 301.60 
70' n 80 1 " " 4.93 " ~ ............ -.... 345.10 
65' If 90' " " 5.26 " 

. 541.90 .. _ ....... ~ .. --- .. ~. 
70' " 100' " " 5.59 " 

___ ._,.. ..... ______ .. ea._ 

391.30 
66' " 110' ,. ,, 5.92 ,, ________ ..., .. _______ ..., 

384.80 
70' .. 120' " n 6.26 " ............. _______ ..... ~ ... 437.60 
66 1 .. 130' " " 6.68 " 

_______________ .. _ .... 
427.70 
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70 1 0 140' head 
65 1 " 150' " 70' " 160' " 
65' .. 170' 1t 

70' " 180' " 66 1 " 190 I ' n 

70' tt 200 1 It 

WALTER LEROY HUBER 
CIVIL ENGINEER 

~~~~ $6.91 erooted .. 7.24 T1 

u 7.57 ,, 
" 7.90 " 1t 8.23 ,, 
n 8.56 " 
" 8.89 " 

._. _____ ._ ______ .. ___ 
~~ __ _____ ._ ______ ..,..,.., 

~ ~ .... -.. .... ... __ .................. ~ ... -
... ~ .............. 
~

Total Coot of pipe i n place exoept ·trenohing 

$ 483.70 
4 '10. 60 
529.90 
513.60 
576.10 
556.40 
622.30 

and haul -------- - ----------- - --------------- " 7,890.10 
. 

Leveling a.nd Be nching, 500 ou. yd s '" 1.00 ----

Haul from ~ i  34 m1. lea - 54 tons 
eo.2o ton mile -----------------------------

Inlet Structure with oand trap ---------- - -----

Outlet : truature -- - ---------------------------

Blow-off Valve and Tee -------------------- - ---

Manhole ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~~ ~~~~~~ 

Concrete Anohor ----- - ------------- ------------
. 

6 00 .00 

367.20 

725.00 

276.00 

150.00 

100.00 

200 . 00 

Total Coat of Si phon - - ------- - ---------------- ~ 0 0 0 

Cost per foot of Horizontal JJ eng t h ------- - ---- ·e 

Siphon llo. 4: 

Horizontal ~  240 feot • 

Maximum Head 50 feet. 

· 46 inolt wood stave pipe. 

Sl ope Length 252 feet. 

Capnoity 50 3eoond feet (n = .014). 

146' 
71' 
36' 

30' 
" 40' 
" 60' 

hand 
" 
" 

ft $3. 53 
" 3.81 
,, 4.10 

erected 
" ------ .. ~ .......... 
" ~  ... _ ... __ .,._.._ .... 

Total Cost of pipe in plaoo exoept haul nnd 

8.31 

511.85 
270.51 
147.60 

trenohing --------------------------------- -- - ~ 929.96 

Leveling and Benohing 100 ou. yd s . 1.00 -----

Haul from Escondido to job, 33 miles, 11 tone 
@ ~0 0 ton mile ~~

Inlot Struoture with sand trap 
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Outlet s tructure -------------------- - ----------- ~ 275.00 

Blow-off Valve nnd Tee --------------------------

Concrete Anohor ~

150.00 

150.00 

Total Cost of Siphon ---------------------------- $2,402.56 

Cost per foot of horizontal length --------------

Siphon No." 5: 

Horizontal Leng th 1580 feet. Sl ope Length 1 '175 feet. 

Maximum Head 380 feet. 

46 inch wood atave and steel pipe. 

Capacity 50 seoond foet. 

10.01 

'15' 
36' 
35 1 

35 1 

30' 
35' 
30 1 

35' 
25' 
35' 
30' 
40' 
40' 
40' 
40' 
40 1 

60 1 

50' 

Wood Stave Pipe ~ 30' head ~ $ 3. 53 
3.81 
4.10 
4.34 
4.64 
4.93 
5.26 
5.59 
5.92 
6.25 
6.58 
6.91 
7.24 
7.67 
7.90 
8.23 
8.56 
8.89 

erected '¥ 264.75 
133.36 
143.50 
161.90 
139.20 
172.56 
167.80 
196.65 
148.00 
218.76 
197.40 
276.40 
289.60 
302.80 
316.00 
329.20 
428.00 
444.50 

250 1 

386' 
440' 

" It If " 40' 
.. " " " 50' 
n It " " 60' 
n u u n 70 r 
rr " " n eo• 
" 11 " tf 90 ' 
ft II II n 100 1 

;, n .u n 110 r 
ct " n " 120' 
" " n " 130' 
" ,, ,, It 140 ' 
" " " " 150 1 

" " " " 160' 
" " It " 170' 
ff 11 tt tf 180 I 
" " .. ,, 190 t 
" " " " 200' 

Steel Pipe " 250' 
" .. " 315' 
" " " 380' 

n tt 

" " " " 
n " 
n n 

tt " 
" 11 

" tt 

" " 
n 11 

n " 
n n 

n 1f 

" fl 

tt " 
, , ft 

n " ,, " 
n u 

" n 

26.60 
34.20 
41.80 

Total Cost of Pipe in plnoe exaept trenohing 

" 
rt 

" 
" 
" .. 
" 
tt 

" 
" 
" fl 

" 
" 
" 
" 
" 
" 
" 

6,650.00 
13,167.00 
18,392.00 

and haul -------------------------------------- ~  

Haul from Faoondido to job, 30 miles, 131 tons 
C $0.20 ton mile ------------------------------

Leveling and Benohing, 700 au. yds @ ~ 00 ------

Inlet struoture with sand trap ------------ - -----

Outlet s truoture ----- - ---- - ------------------- - -

706 •. 00 

700. 00 

725.00 

276.00 
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WALTER LEROY HUBER 
CIVIL ENGINEER 

Blow-off Valve and Tee --- - ---------------------- $ 

Manhole ~~ ~~~~ ~ ~~~ ~ ~~~ ~ ~ ~~ ~~~ 

Conorote Anohora ~ ~~ ~ ~~ ~~~ ~ ~ ~ . 

Special Fittings (anohor .strapa, eta.) -----------

160,00 

100.00 

1.750.00 

750.00 

Total Co t of Siphon ~ 47.754.35 

Coat per foot of horizontal length ~ 

Siphon No. 6& 

Horizontal Length 750 feet. Slope Length 855 feet • 

Maximum Head 220 feet. 

46 inoh wood stave pipe. 

Capaoity 50 aeoond feet (n • .014). 

90' 
40' 
45 •. 
40' 
46' 
40' 
46' 
40 1 

46' 
45' 
30' 
30' 
30 1 

30' 
85' 
36' 
56' 
35' 
35' 
35' 

pipe at 
It n 

11 " 

" " " " 
" " 
'' n 

" " 
" tl 

" " 
" If 

" " 
n " 

" " " .. 
" " n 1t 

" " 
11 " 

" " 

30' 
40 1 

50' 
60 1 

70 1 

ao• 
90' 

100 1 

110' 
120' 
130 1 

140' 
150' 
160' 
170' 
180 1 

190' 
200' 
210 1 

220 1 

head at " ,, 
" n 
" " 
" " ,, " 
" " 
" 1f ,, " 
" " If , 

" " rt tt 

tt ,, 

" " 
tf " 

" " 
n " 

'' n 

" " 

~  
3.81 
4.10 
4.;14 
4.64 
4.93 
5.26 
5 .59 
6 .92 
6.25 
6.58 
6.91 
7.24 
7.57 
7.90 
8.23 
8.56 
8.89 
9.22 
9.55 

erected 
" 
If 

II 

n 
II 

" ., 
" n 
tt 

n 

' 
" 
" 
" 
" 
It 

" 

-.... ~ ~

~ ..... ~ ...... ~--- .. ~ ~
~ ... ,... ...... ___ _ 

_ ....... __ .,...,_ .. ..,_ 

~ ... ~

------.---------- .... ~~ ......... _ ----.- ... ~ ... -... _-
~~

~ ... -... 
... ---- ..... ~ .. -... ~ _ ................. ..,. ___ _ 
--- .. -- .. ~ ......... ~-- ... .- .... -.... -..... 
~-- .... -- ...... -.-. ..... -

.. .a_,.. ______ ,..,__ 

30.22 

317.70 
152.40 
184.50 
173.60 
208.80 
197.20 
236.70 
223.60 
266.40 
281.25 
197.40 
207 .30 
217.20 
227.10 
671.50 
288.05 
299.60 
311.15 
322.70 
334.26 

Total Coat of Pipe in plaoe exoapt trenohing 
and haul ----------------- - ---------------------- 5,318.40 

Haul from Eaoondido, 29 niles, 3G tons ' · $0.20 
ton mile ----------- - ------------------ ------- - -

Trenohing, 400 au. yds. 1 .00 ~

Inlet Struoture -- ---------------------------------

Outlet Struoture ----------·-----------------------

-63-
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WALTER LEROY HUBER 
CIVIL ENGINEER 

Blow-off Valve and Toe ---------------------------- ~ 160.00 

Manhole ~ ~ ~ ~ ~~ ~~ ~~~ ~ ~~ 110.0') 

Concrete Anohor - - ------------------------- · ------- 200.00 

Total Coat of Siphon ------------------------------ $6,927.20 

Coat per foot or horizontal length ~~~ ~~ ~ ~~ ~ 9 lt 9.48 

ummary of ~ ~ i  Lengths and Coots: 

Siphon No. ~  Size Cost 

1 210' 46" fj 2,646.98 
2 910 1 46" 6,814.11 
3 1,230' 46" 10,207.30 
4 240 1 46" 2,402.56 
5 1,5ao• 46" 47,764.35 
6 730 1 46" 6,927.20 

Totals 4,900' $76,752.50 
.. 

Average Coat por foot of horizontal length ------- ~ 

Flumes: 

Quantities baaed upon ~  Dieguito Mutual Water 
Company's Standard Plan of Trestles, increased 
50% for larger flumo and oha.ngea in plans. Theao 
quantities were ~  applied to Trestle !lo. 6 on 
Hellhole Conduit, length 190 .feet, as follows: 

Excavation, 10 ou. yda. · · $2.00 ------------------ t} 
Reinforoed oonorete, 25 ou. yds. g ~ 0 00 -------- · 
Plain concrete, 9 ou. yds. ·. ~ 0 00 --------------
Metal flume in plaoe, 190 lin. ft. ~ 00 -------

15.66 

20.00 
760.00 
180.00 
760.00 

Total oost --------------------------------------- el,710.00 

Coat per foot ------------------------------------

A prioe of $9.00 per lin. ft. was then applied to 
all trestle supported flumes. It is believed that 
thia is a safe basis for purposes of aHtimatoa, 
but in aotually axeauting the work it is ver.y 
probable that a different design from that used by 
San i ~i  Mutual • ater Company ould be used. 

As there is o. total length of 6,800 foot of flume on 
Hellhole Conduit, the total ~  will be 61,200.00. 

i ll~  total ooat of Hellhole Conduit from arner Dam to 
Hellhole Forebay ia: 

-54-
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WALTER LEROY HUBER 
CIVIL ENGINEER 

Clearing ~~~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~  

Exoavation ~~ ~~~ ~ ~ ~ ~~~~~~

Tunnels ~ ~ ~ ~~~ ~ ~ ~~ ~~ ~

1,050 

115,272 

86,710 

Lining for Ditoh Section --------------------------- 150,000 

Concreto Cover Slab ~ 11 .• 926 

Siphons ~ ~ ~ ~ ~~~ ~ ~ ~~~~~~ ~ ~~ ~ ~ 76,752 

Flumes ~ ~ ~~ ~ ~ ~~ ~ ~ ~ ~~~ 61,200 

Road for oonst ruotion and maintenance, 80,000 lin. 
ft. ~ $0.50 -------------------------------------- 40,000 

Engineering and oontingenoiea ---------------------- 82,951 

12 bridges 0 $100 eaoh ----------------------------- 1, 200 

Tqtal Cost ~ 0 

Item 4. Conduit from Hellhole to Merriam Forebey: 

Deaoription: 

Concrete Conduit (open) ----------- 57,690 feet 
Concrete CondUit (oovered ) -------- 1,500 " 

Total Concrete Conduit -------------------------- 59,190 feet 

Tunnels . ............. _ ...... ___ .., ... --- .. - .... ~ ~ ,__._.._ ..... ___ .._ ..... 300 " 
Siphons ~ ~ ~~ ~ ~~ ~ ~~ ~~ ~ ~ 17,760 " 
Metal Flume on Conorote Trestle -----------------

Total length 

Clearing: 
. 

... ~ -- ,._ .__ --- ~ ............ ,..., .......... -- .... -

Total length 80,890 feet• asaume average cleared 
width of 20 feeta olearod area 37 sores. 37 

11 3,640 

80,890 feat 

nores ~ 0 per aore ---------------------------- 1.110 

Exaavation: 

To Station 108-00 .• 7,260 cu. yds • 

5,810 ou. yda. Earth 
0 ou. ydo. Loose Rook 

1,450 au. ~  ~ li  Rook 
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WALTER LEROY HUBER 
CIVIL ENGINEER 

From Station 0 ~00 to ~ i  170tOO = 8,350 ou. yda. 

'/,930 au. yda. Earth 
0 au. yda. t oone Rook 

420 ou. yda. Solid Rook 

From Station 170+00 to Station 360tOO = 18,280 au. yds. 

l0,970 ou. ydl:l. r."arth 
3,660 ou. yda. toose. Rook 
3,650 ou. yda. Solid Rook 

l!1rom station 360f00 .to End = 31,000 cu. yda. 

23,260 cu. yds. Earth 
4,660 ou. yds. Loose Rook 
3,100 ou. yda. Solid Rook 

Total Excavation Cexoept siphons and tunnels): 

47,960 ou. yda. Earth @ $0.50 -------------- $23,980 
8,310 au. yda. Loose Rook @ A2.00 --------- 16,620 
8,620 au. yda. Solid Rook ® i4.00 --------- . 34,480 $75,080 

Tunnels: 

One tunnel 300 feet long; 5 feet by 7 .feet, 
assume hard rook. As explained in detail for 
Warner-Hellhole Conduit (page 48) price to be 

·$29.00 per lineal foot. 300 lin. ft. @ $29.00 

Lining for Ditoh s eotion: 

__ ........ _ ... _ 
~ 00 

59,190 lin • .ft. lined with gunite and wire mesh 
{3" thioknesa) @ $0.18 per sq. ft. or $1.95 
per lin. ft. of oonduit ---------------------------- $115,000 

Co,norete Cover Slab: 

1,500 lin. ft; width insid'e 5.42 feet, width of 
slab 6.4 feet; ·depth ot alab 4 inohes. "'t 
$0.32 por sq. ft. of slab, ~ 00 per lin. ft., 

... ..... , 

1,600 lin. ft. @ $2.00 ~, $3,000 

Culverts: 
94 oulverta 0 $100 eaoh aa explained in detail 

for Warner-Hellhole Conduit (page 48) ------ ... ·-------- $9,400 

' Siphons: 

Siphon !Jo. 1: • 

Horizontal longth 1570 foet. Slope longth ~ feet. 
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WALTER LEROY HUBER 
CIVIL ENGINEER 

Maximum Hoad 230 feet. 
46 inah diamet er wood stave pipe • 

Cspaoity 60 aeoond feet (n = .014) • 

140 1 pipe 30 1 

70 1 " 11 40' 
70' " " 60' 
90 1 " 11 60' 
86' If .. 70' 
86 1 " " 80' 
95 1 " n 90 1 

55' ,, 
1t 100 1 

65' II n 110' 
50' " " 120 1 

50' n " 130' 
66' " " 140' 

~ ' tt 160 I 
65' n tl 160 1 

66 1 " " 170' 
66 1 " " 180' 
90' II " 190' 
80' " " 200 1 

96' 11 " 210' 
85' " " 220' 

125' " " 230' 

head 
It " 
It tt 

" " tt II 

n " 
n " n 11 

1f 

" 1t 
tt n 

" 
" 

It 

" ,, " 
n 
n 

n 

" 
n 

" " 
" n 

" " 
" " 

~  ereoted 
3.81 n 

4.10 1f 

4.34 " 
4.64 " 4.93 n 

5.26 " 5.59 11 

5.92 " 6.26 " 
6.58 " 6.91 ,, 
7. 24 11 

7.57 n 

7.90 n 

8.23 tt 

O.fi6 " 8.89 " 
9.22 " 9.55 n 

9.88 " 

......... ________ 
494.20 

......... --.. ------ 266.70 
~ 287.00 ..,,.... _________ ... 

390.60 ....... ~ 394.40 ........... --.. ---- 419.05 
~ 499.'10 __ ,__ ... ,_ _______ 

307.45 _____ .. ____ ... __ 
384.80 

----------- ... - 312.60 __ __. ...... _ .. _._. .... 329.00 
,....._ .. ._. ....... --.-- ........... 449.15 
---------------- 470.60 ______ _....,_. ..... ~ 492.05 

~ .. ----- 513.50 ----.-.-- .. -- .. 534.95 ,... ___ ..... _ ............ . 770.40 __ .., .. __ .. __ .. _ 
711.20 ------- ... ---- 875.90 --------- ... ~ ... - 811.76 ______ ..,.._ __ .__ 

1,235.00 

Total Cost of pipe ereoted except haul and 
trenching ------------------------------------- $10,949.90 

Leveling and benohing, 700 ou. yds. c ~ ~00 -----

Inlet Structure ---------------------------------
outlet ~  ~

. 
Hnul from Esoondido to job, 22 miles, 75 tons . · ~  20 ton mile --------------------- ---------

Blow-off Valve and Tee ------------ -------------

Conorete Anohor ~

700.00 

275.00 

276.00 

330.00 
. 

150.00 

100.00 

200.00 

Total Cost of iphon ---------------------------- . 12,979.90 
Coat por foot of Horizontal Len th ---- - - - -------

Siphon Ho. 2: 
Horizontal Length 460 feet. Slope Longth 510 feet • 
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WALTER LEROY HUSER 
CIVIL eNGINEER 

Maximum Head 95 feet • 

46 inoh diameter wood atave pipe. 

Capaoity 60 aeoond feet (n • .014). 

226' 
50' 

115' 
30' 
30' 
25 1 

26' 
10' 

pipe 
1t 

" " 
tf 

n 

" II 

30 1 head 
" 40' . , 
tt 50 I n 

" 60' " 
"· 70' " 
n 80' 11 

,, 90' " 
n lQQ I tf 

t. ._.3. 53 
" 3.81 
tl 4.10 
" 4.34 
" 4.64 
" 4.93 
,, 5. 26 
" 5.59 

ereoted 
" 
" 
" n 

" " 
If 

._ .. __________ __ ~ 

..._ .. _ -.. - ..... .-_ ..... _______ .. __ _ 
- ... ~ ~ .. ~----........ _ ... ___ ...,._ -- ... -......... ___ _ 

~ ......... ~ ... 
----.----------

794.26 
190.60 
471.60 
130.20 
139.20 
123.25 . 
131.50 

55.90 

Total C ~  of pipe erected except haul to job 
and trenching ---------------------------------- ~ 0 0 

Haul from Esoondido to job, 20 miles, 16 tons 
Q ~0 0 ton mile ------------------------------- 64.00 

Leveling and Benohing, 200 ou. ydd. ,. $1.00 ------

Inlet 9truoture with sand trap -------------------

Outlet Struoture -------------- - - - ----------------

2 Blow-off Valves and Teea ~ 

Conorete Anohor --------- - ------------------------

Air Valve ~ ~ ~~~ ~~ ~ ~~~ ~~ ~~~~~ ~~~ 

200.00 

725.00 

275.00 

300.00 · 

200.00 • 

200.00 

76.00 

Total Coat of iphon ----------------------------- ~ 0 0 

Cost per foot of horizontal length --------------- ; 9.05 

Siphon llo. 3: 

Horizontal Length 1210 feet. Slope Length 1275 feet • 

Maximum Head 50 feet. 

46 inoh diameter wood stnve pipe. 

Capacity 50 second feet (n = .014). 

276 1 

375. 
626' 

pipe 
" 
" 

(t 30 1 

n 40' 
n 50 1 

head 
" 
" " " 

~  
3.81 
4.10 

ereoted .. , 
n 

..... ~ .... --,... 
~_._. .... ._ _______ ~ .. 

Total Coot of pipe oreoten exoept haul to Job 
and trenohing ---------------------------------

970.75 
1,428.76 
2,562.50 



c . 

.,. . ..... .. 

• 

0 '. .. ' ' 

• ' 

..... ... ______ __ .,._ 

___ ...,. __ ... - ... 
-- - ·-- ----..., __ ,..._ _____ ~ ... 

...,_ ....... _ 
.... --- --- __ ,.. ... _ 
·-----... - ----

.. { 

r p J • _,.._ __ ..,.. _____ _ ...,__ .... __ ~ 

' 

.. 

' 

fl 

R3BUH YOR3.J R3TJAW 
ii ~  ~ 

• 

v boo 'I • 

:to . n oo ( .. . . 

H I QO! t 

-- -- ............ _____ ........... ..... ~

do 

1 

--- .. - ,. ... ·- . ,:: ·.- u ... I .., ..,. 'lrr 
, Ln J ~ i  Iev 

~
r! . .t ;: 

~ ~~ ~ ~~ ~~~~ ~ 

---- - -- ~ ~ 
_ _______ ,.. ___ __. _. c J-

... ---- -- ~ ~~ ~ ~~ ~~~ ~

...,. ____ .,.... __ ...... ___ -
.,. _ ..,...,.._ ___ .,._ 

- - ---- ----- --- --- ---- -- --- - ntdo" 

~ ~ lllilli...,. .. __ ..,.._ ~~ ol Ie · ) .l· orl o ~  ~  ~  

.. . 
.... <llliiii# .. ,.. __ ._.. ....... ..... 

.. --

• 

: c. or! . 

In ao ... l-roH 

• 

lcr 
.... . 

WALTER LEROY HUBER 
C:IVIL ENQINE.EA 

Haul from Escondido, 19 miles, 40 tons 
$0.20 ton mile ~ $ 152.00 

Leveling and Benohing, 600 ou. ydB • $1.00 ------

Inlet Struature ----------------------------------
Outlet 3truoture ---------------------------------. 

Blow-off Valve and Tee ---------------------------

Manhole ------------------------------------------
Conorete Anobor ----------------------------------

500.00 

275.00 

.276.00 

150.00 

100.00 

200.00 

Total Ootit of Siphon ----------------------------- $6,614.00 

Coat per 1oot of horizontal length --------------- $ 

Siphon llo. 4: 

5.48 

Horizontal r ... ength 1600 feet. 

~ i  Head 135 feet. 

Slope Length 1645 feot. 

46 inoh diameter wood sta.ve pipe. 

Capnoity 50 aeoond feot (n a .014). 

525' pipo @ 30' bead © ~  63 ereoted ~ ....... -. .................. 
86' " " '0' It n 3.81 If ... ~ ~

66' " " so• 11 " 4.10 ,. ..... ,_. _._-- ... ,_ ---
80' " " 60' n n 4.34 u ..... -. ...... -....... ~ ........ 
65' tt jt 70 1 n " 4.64 " ................. -............ _ ...... 

76' n " 80' " ,, 4.93 n .... ~  ... ---- ........ 
eo• n n 90' " n 5.26 II ... ~ ..... -............. ._ , .... 

110' " fl 100' " " ti.59 n ... .. .... -........ _.., ____ 
120' n fl 110' " " 5.92 n 

______ _. ________ 

136' 1f n 120' n " 6.26 " ~ ~ ... ----·-.... 
155' rt " 130' .. It 6.58 1t -.. -........................... 

150 1 " n 140' .. 11 6.91 .. .... ....... - ....... -- .. --
Total Coat of pipe in plnoe exoept haul to job· 

and tronohing ----------------------------------
Haul from Eaoondido to Job,, 15 miles, GO tons 

$0.20 ton mile ~ 
Leveling and Benohing, 700 ou. yda. G $1.00 ------

Inlet Struoture with eand trap 

outlet struoture ----------- - ---------------------

-59· 

$1,863.26 
323.85 
266.50 
347.20 
301.60 
369.75 
420.80 
614.90 
710.40 
843.76 

1,019.90 
1,036.60 

$8.108.40 

180.00 

700.00 

725.00 

275.00 
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WALTER LEROY HUBER 
CIVIL ltNGINitER 

Blow-off Valve and Tee ------------------- - ------ $ 

Manhole ~~ ~ ~~ ~ ~ ~~~~ ~~~~ 

Oonorete Anohor ---------------------------------

150.00 

100.00 

200.00 

Total Coat of Siphon ---------------------------- $10,438.40 

Cost per foot of i~ l length -------------- $ 
Siphon llo. 5: 

Horizontal Length 420 foet. 3lope Length 430 feet. 

Maximum Head 45 feet. 

46 inoh diameter wood stave pipe • 

Capaoity 60 s eaond foet {n = .014) • 

230' pipe ~ 30' head U $3. 63 ereoted 
100 1 " " 40 1 ,. " 3 . 81 ' 
100 1 " " 50' " " 4. 10 " 

------------- $ ...... _ ... ..., ...... __ ___ __ 
... ~ ... ---a. ......... _ ... _ 

6.52 

811.90 
381.00 
4lo·.oo 

Total Cos t of pipe in plaoe exoept haul and 
trenohing -------------------------- ------------ $1,602.90 

Haul from Esoondido. 14 miles, 14 tons $0.20 
ton mile ~ ~ ~~ ~~ ~~ ~~~~ ~~ ~~ ~ 

Leveling and Benohing, 200 au. yd s . ~ 00 ------

Inlet s tructure with sand trap -------------------

Outlet 3truoture ~

Blow-off Vnlve and Tee -------- - ------------------

Conoroto Anohor ------------- -------- - ------------

39.20 

200.00 

725. 00 

0~ 

150. 00 

100.00 

150.00 

Total Coat of Siphon---------------- ------------- e3 , 242.10 

Coat per foot of hori zontal lens t h ------ ------ - - - ~ 

Siphon Uo. G: 
Horizontal Length 640 feet. ~l  Length ~  feet. 

l4ax1mum Hand 60 feet. 

46 inoh i~  wood stave pipe. 

-60-
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· capacity 50 oeoond foet (n = .014 ) • 

215 1 pipe 30' bead (J e3.53 ereoted 
145 1 If n 40' " " 3.01 n 

155' .. " 60' .. n 4.10 " 140 1 " tf 60 1 " " 4.34 " 

__ .,.. ____ .. _______ _._ 

~  
~~

~

Total Coat of pipe in plnae exaopt trenching 

$ 768.96 
552.45 
635.50 
607.60 

and heul ~ ~ fi 0 
Haul from F.aoondido, 13 miles. G2 tons ~ ~0 0 

ton mile ~~ ~~ ~ ~~ ~ ~~~ ~ ~ ~~ ~~ ~ ~ 61.20 

Leveling and Benohing, 300 au • . yds. ~ ~ 00 -------

Inlet Struoture ~~~ ~~ ~ ~~~ ~ ~~~~ ~~ ~ ~ 

Outlet Struoture ----------------------------------
Blow-off Valve and i ee -- - --------- ------ - ---------

Co norete "AnJhor ---------- - ----------------------- -

300. 00 

275.0J 

275.00 

150.00 

100.00 

150.00 

Total Cost of Siphon - - -------------------------- - - ~ 0 

Cost per foot of horizontal length 

Siphon no. 7: 

~ ~ ~~~~~~ ~ . . . 

Horizont al ~  530 feet. Slopo Length 535 feet. 

Maximum Road 30 f eet. 

46 inoh niameter wood stave pipe. 

Capaoity 50 Reoo nd feet (n = .014) • 

6.04 

535' pipo @ 30 1 bend ~ ~ erected ----- - -------- ~  

Raul from Rsaondido to Job, 16 miles, l ti tons 
~0 0 ton milo ~~~ ~~ ~~~~~~ ~ ~~~ ~ ~~ 

Levoling und Benohing, 250 ou. yds. · ' 1.00 -------

Inlot ~  with sand trap ____ ..., ____ ... ._ _____ ........... ~  

Outlot Structure ----------------------------------

l ~ f Valve and Tee ~
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61.20 

250.00 

725.00 

275.00 

150.00 

100.00 
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WALTER l.EAOY HUBER 
CIVIL ENGINEER 

----------------------------------- " ., 150.00 

Total Coat of Siphon ------------------------------ e3,589.76 

Coat por foot of horizont al length ---------------- -

Siphon Jlo. 8: 

6.77 

Horizontal Length 2000 feet. 

Maximum Head 110 feat. 

Slope Length 2055 foot. 

46 inoh diameter wood stave pipe. 

Capaoi ty 60 second feet ( n = • 014). 

210 1 ~ 30' head I ~  erected ._._ .... .-. ....... ~ ~ ---- ~ ... _.,.._ .. 
85' II 40' 11 " s .,ol " ...,_ ...., ... ..,_.._. ............. ~ .. -............ 

215 1 n 50 1 " r1 4.10 .. ~  ____ ..... _ ... ~ ~ 

460 1 n Go• " " 4.34 rt ~ .... _ ..... _ _. _____ ,.._.., ___ 
. 

600' " 70 I " " 4.64 II ....... .. ~ ----------- .,.,_, 

220' " 80 I u n 4.93 " ~~ ~ ~ ~ ~ ... ._ .......... _._ 

90' It 90' " " 5.26 .. ---.... --.-.- ......... ._ ................... _ 
155 1 tl 100' " " 5.59 II 

___________ .., _______ ,... ___ 

ZO' " 110 1 " " 5 .92 n ..-.--- ... ~~ .... ~ ................ 

Total Coat of pipe in place exoept trenol'ling 

0 

1 

741.30 
323.85 
881.50 

1,953.00 
2,784.00 

,084.60 
473.40 
866.45 
177.60 

a.n.d haul, ..... -----------.---- ... ~~ ....... -.-. ~  285.70 

Haul !rom 'Eaoondido to job, 16 miles, 5o tons 
C ~0 0 ton mile --------------------------------

Levelinoo ar1d Benching, 900 cu. yds. ~ ~ 00 -------

Inlet Struoture ~

Outlet Structure ----------------------------------

5 'Blow-off Valves and Tees ------------------------

2 Conorete· Anahors --------------------------------

179.20 

900 .00 

275.00 

275.00 

750.00 

30l' . 00 

400.0.) 

4 Air Valves -------------------------------------- 0~ .oo ------
Total Coat of Sipbon ~ ... ---- ~ 0 

Coat por foot of horizontal len th --------------- ,. 6.33 

Siphon No. 9: 

Horizontal Length 820 feet. Slope Length 845· roet. 
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Maximum Road 110 foot • 

46 inoh diameter wood stave pipe. 

Capaoity 50 aoaond foet (n = .014). 

240' pipe 
60 1 " 
60' . " . 
65' " 
85 I n 

105 I '' 

12Q I " 
90 I tt 

20' " 

~ 30' 
'' 40' 
" 50' 
" 60' 
" 70' " so• 
" 90' 
n 100 1 

,, 110 

tf " 

u " 
rt IT 

" " .. ,, 

" " 
" tt 

$3 . 53 
3 .81 
4 . 10 
4.34 
4 .64 
4.93 
5.26 
5.59 
5.92 

oreoted 
" 
" 
ft 

II 

II 

" " .. 

~~ ----- ... ~ .. ~ 

~ .. ~ ~ 

-- -- ... ~  ....... _ --...--- .......... ___ _ 
~

Total Cost of p ne in place axoept trenching 

847.20 
226.60 
246.00 
282.10 
394 .40 
517.6u 
631 . 20 
503.10 
118.40 

tlnd hau] ~~ ~~ ~ ~~ ~ ~~~~ ~ ~~~~ ~ . . . 3,768.65 
___ ..... _ 

Haul from Rsoondido to Job, l G miles, 29 tons ~ 
eo.20 ton mile ---------------------------------

Leveling and Bonohin • 400 au. yda. ~ $1.00 ~

Inlet Struoture ~ ----

Outlet struature ~• 

Blow-off valve and Tee ~

Conorete Anohor ~

92.80 

400.00 

275.00 

275.00 

150.00 

100.00 

200.00 

Total Cost ·or Siphon------------ - ---:---- - -------- 5,261.45 
• 

Cost per foot of horizontal length --------------- ¢ 

Siphon ~~  10: 

H i ~ l Length 3890 feet. Slope Length 3945 feet. 

Maximum Head 110 foet. 
• 

38 inoh diamoter wood ~  pipe. 

Capnoity 50 seoond feet (n = .014). 

1100' 
256' 
795' 
950 1 

416' 
176' 

pipe c 
" " 
" " n n 

" " " ,, 

30' 
40' 
50' 
60 1 

70 I 
00' 

hee.d 
" 
" 
" ,, 
" 

n 
f1 

n 

" 
" 

~ 00 
3.10 
3.30 
3.55 
2.83 
4.10 

-63- • 

ercoted 
" n 

" .. 
n 

~ .. -. ........... __ ,. 
. -- .. -.-.- ...... -. .... 

~  ....... 
------------- ......... 
~

 __ .,.._..__ .. ._ 

6.42 

3,300.00 
790.50 

2, 623 50 
3,372.50 

,689. 5 
717.50 

• 
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WALTER LEROY HUBER 
CIVIL ENGINEER 

head ~ $4.38 e1•eoted 
" n 4.65 " 
" " 4.93 n 

_,...._...,_ -·-___ ._ ... $ 691.30 _ ... _._...., __ ... _ .. __ 348.75 ______ .., ____ ....,_..,._ 
221.85 

Total Cost of pipe in plaoe exoopt trenching 
and haul -------------------------------------- el3,655.S5 

Haul from Esoondido, 10 milos, 110 tone © 
'$0.20 ton mjle ~

Leveling and Benahing, 1100 au. yda. C $1.00 ----. 
Inlot Structure ---------------------------------

. Q.utlet. Structure --------------------------------

2 Blow-off Va.lvea and Teea -- - -·-- -- - - ------------

3 Manholes ~~~~~~~ ~ ~ ~~ ~ ~ ~~~~~ ~

Air Valve ---------------------------------------
Conorote 1\nohors ---- - ---- - - - - ---- - - ·--- -- -------

220.00 

3,360.00 

275.00 

275.00 

300.00 

300.00 

75.00 

400.00 

~ l Cost of Siphon --------- - ----- ··------------ el8,760.00 

Coat par foot of horizontal length -------------- ~ 

Siphon No. ll: 

4.82 

• 

Horizontal Length 500 foot. 

Maximum H ~ 60 feet. 

Slope Length 515 feet • 

46 inoh diameter wood stave pipe • 

Oapaai ty· 50 aooond feet (n • .014). 
. 

210 1 pipe at 30 1 head {t ~  ereated ---·-- . ..-.-.-- ........ b y 
85 1 " " 40 1 ,, " 3.81 " 

_____ .... __ _____ 

90' tr " 50' " " 4.10 n ----·-- ... -- -----
130' " If 60' n " 4.34 " ..., _ .... ..., . .__,..._.,.,.. ... 

741.30 
323.85 
369.00 
564.20 

Total Coat of pipe in pl.aae axoept trenohing 
and haul ------------------------------- -- ... ~ ~  

Hnul from Eaaondido, 11 miles, 16 tons $0.20 
ton mile --------------------------------------

Trenohing, 200 ou. yds. @ $1.00 ~

Inlet and ou.tlet struaturo ----------------------

Blow-off Valve and Toe ----------------- - -- -------
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35.20 

200.00 

560.00 

150.00 
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WALTER LEROY HUBER 
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Manhole ------------------------------------------ $ 100.00 
Oonorete Anohor ~ 150.00 

Total Coat of Siphon ----------------------------- $3,183.55 
Coat per foot of horizontal longth --------------- .;, 

Siphon -No. 12: 

Horizontal Length 3860 feet. Slope Length 4095 feet. 

Maximum Head 160 feet. 

46 inoh diameter wood stave pipe • 

Capaoity 50 aeoond feat (n = .014 ) . 

125 1 pipe 30 1 head . $3.53 ereoted ~ ............. .., ...... 
50 1 " " 40' " n 3.81 It 

______ ,.. ______ .... 
40' " " 60 1 " n 4.10 " ......... - ..... -------
50' " " 60' ,, ,, 4.34 " -- ~ ............... -

285' n " 70 I " " 4.64 " ........... ~ ...... .-------
346 1 " " 80' " " 4.93 " ______ ._. ... ~ ... ~ 

630' " If 90' " 1t 5.26 t1 ____ .. 
~ ~

660' tt u 100' " .. 5.59 .. ______ ...... _ .. ___ ... 
560' n " 110 1 n n 5.92 11 

_..., __ .. ____ .. ~ 
510' " " 120 1 " 1f 6.25 " 

_ ___ ...,...._ ____ ....... 
S30' " " 130 1 " n 6.58 11 ..... -............ -.... .--
125' " " 140' " " u.91 ,, 

~ ......... -
280' " " 150' " " 7.24 " ~~ ~
205' ,, " 160 1 " " '1.57 tt .. ~ ~

Total Coat of in plo.oe exoept trenohine; 

$ 441.25 
190.50 
164.00 
217.00 

1,322.40 
1, '100. 85 
2,787.80 
3,689.40 
3.315.20 
3,187.50 
2,171.40 

863.75 
2,027.20 
1,551.85 

pi.pe 
and haul _ _..._,... ___ ..,.., __________ ~ ~ ....... . 23,630.10 

Haul from Faoondido, 10 miles, 118 tons · 
0.20 ton mile ~~ ~ ~~ ~ ~ ~ ~ 

Leyeling and Benching, 1700 cu. yda. Q. 01.00 -----

Inlet and Outlot Struoturoo ----------------------
6 Dlow-off Valves and Tees -----------------------

. 3 Mar1holoa .... ~ _._ ........... -- .. -._ ... --- ~ ... ~ ------ _ ... .. -------

Conorete !nohora ---------------------------------
6 Air Valves ----------- .. ~ ... ~ .. ~ ~ ... --- ... --:-,_. ...... _ ... _ 

236.00 

1,700.00 

!>50.00 

900.00 

~0 .oo 
600.00 

450.00 

Total Cost of Siphon ~ ~ 0 0 

Coat por foot of horizontal length --------------- ... 
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WALTER LEROY HUBER 
CIVIL ~  

Horizontal Length 270 feet. ~l  Length 275 feet. 

~ i  Head ~0 feet • 

46 inah dia1not er wood stave pipe. 

Capacity 50 second feet {n = .014). 

27b' pipe 30 1 head C ~  ereoted 

Haal from ~ i  8 miles, 9 tons ~ $0.20 
ton mile ~ ~~~~ ~~~ ~ ~~ ~~~ ~~ ~ ~ 

970.75 

·Levelins and Benching, 120 cu. yds. ~ $1 .00 ------- · 

14.40 

120.00 

Inlet and Outlet Struatures ---- - ---------- - ------- 650.00 

Blow-off Valve and Tee -------------------- - -- - ---- 150.00 

Conorete ~  --- - ---------------------------- --- 100.00 

~ l Cost of ~i  ------ - ----------- - ----------- ~ 0  

OtJ Bt per foot of horizontel l ~  ~ ~ ~ 7.05 \1 

Summary of ~i  Lengths and Costs: 

Siphon No. Aength Size Cost 
-· l I 'liZ-· 

1 1,5'10 46" ~ 0 
2 450 46 19 4,075.30 
3 1,210 46" 6,614.00 
4 1,600 46'' 10,4:58.40 
5 420 46" 3,242.10 
6 640 46't 3,865.70 
7 530 4 .. It -b 3,589.75 
a 2,000 46" 12,664.90 
9 820 46" 5,261.45 

10 3,890 38" 18,760.35 
11 500 46 11 3,183.55 
12 5,860 46" 28,366.10 
13 270 46" 1,905.15 

Totals :J.-7,760 ~  

Average Coat per foot of horizontal length ------ ~ 

Flumes: 

As ~ i l  explained (pa e 54) quantities re 
baaed upon San Dieguito utual Vater Company's 
Standard Plan of Trestles, inoreased 50% for 
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WALTER LEROY HUBER 
CIVJL IENQINEI:R 

larger flume and changes in plan, from whioh, 
by applioation to Troatle No. 6 on Warner-
Hellhole Conduit, an average ooat of ~ 00 per 
lin. ft. was derived • 

As the total longth of flume on trestle is 
3,640 ltn. ft. in Morriam Conduit, the total 
oost will be 3,640 ~ 00 ~ ~ ~ 0 

Finally the total ooat of oonduit f ~ Hellhole to Merriam 
Forebay will be: · 

Clearing ---------------------------- - -------------- $ 1,110 

Tunnels ~~~ ~ ~~~~~~~~ ~ ~~ ~ ~~~ ~ ~ ~ ~ 6,700 

Linine for Ditch Section ------ ------------- -------- 115,000 

Concrete Covor Slab --·------------------------------

Culverts ~~ ~~~~ ~ ~~~ ~ ~ ~~~ ~~~~ ~ ~ ~~~ 

3,000 

9,400 

Siphons ~ ~ ~ ~ ~ ~ ~~~ ~ ~~ ~~~ ~ ~ 114,947 

Flumee --.------ .... ~ ..... ~~ ..... --------- ... ----- ... ~ ..... _ ... _ 32,760 

Road for oonstruotion and maintenanoe, 83,000 
lin. rt. ~ ~0  --------------------------------- 41.500 

~ i  10 mi les · of conduit on both sideu ~ 
¢200 par mile of fe nae ~ 4,000 

30 Bridges ncroaa Canal ~ ClOO ouch ---- - ------- - -- - 3,000 
. 

Engineerine and ContinBenoies -------- - ------- ---- - 61.274 
"'\ 

~ Total Cost --------------- ---- - --- -- - ------- - - ------ ~  

Itom 5. erriam Reservoir: 

Morriam Do.m: 

The aito of tho· prinoipal dam of ~ i  Reservoir 
is well suited for the oonstruotion of a rein-
foroed oonorete multiplo-aroh dam. Tho extreme 
height of thia dnm,from stream b od to maximum flood 
line .will be i ~ l  120 feet • . Its length 
at mnximum flood line ill be 60 feet. No 
exploration e oavatione have been made, but sur-
faoe 1nd1ontione load to tho as umption that bed 
rook will bo reaahed ithout ooatly xoavation. 
t am informed thnt in February, 1918, ·r. John s. · 
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WALTER LEROY HUBER 
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~  estimated ~ ooat of a dam at this aite 
complete to be $137,000. Mr. F. K. Faude on 
August 19th used a fiBure of 175.000. With-
out oomplete plana, and the preparation of them 
is beyond tho eoopo of this report, it is not 
pooaible to moke an oxaot estimate, but, from my 
Qtudy of tho site and i~  estimates, I 
~  dooided to adopt Mr. Faude 1 a figure. This 

is for the dam oomplote inolijding exploration 
excavation, valves, fittings. engineering, eta. ---- $175 ,000 

Uorth Dike: 

~ width 20 feet; slopes 2:1 and lv:l1 riprap 
both sides 12 inahea thick; crest elevation 
1060 feet. 

Clearing 1 aore ------------------------
Cut-off wall 1 x 6 x 900 • 200 cu. yds. 

$15 --------------------------------Earth embankment, 46,500 ou. yds. e 
$.30 ---------------------------------

Riprap, 74,000 sq. ft. .: .• oa ----------
ngineoring and oontingenoies ----------

South Dike: 

Clearing t aore ------------------------
Cut-off wall l x 4 x 400 = 60 ou. yds. 

c 15 ~ ~~ ~ ~~~ ~~ ~ ~ ~ ~
Earth embankment, 3.500 ou. yda. 

$.30 ~
Engineering and oontingenoiea ---------
Riprap, 10,000 sq. ft. · 0.08 ---------

Clearing Reservoir Site: · 

30 

3 ,000 

13,950. 
~ 0 

3,435 

~ 15 

900 

1,050 
416 
800 

About 40 aa res to bo cleared · $30 -------------------

Moving County Road: 

9,000. feet of 11ew County roed to be 
oonatruoted 1.00 ------------------------ --------
• 

26,335 

3,180 

1,200 

9,000 

Total Cost of Merriam Reservoir ------------------------- 214 716 . ' 

Item 6. Distribution System: 

In i ~ the sizes of pipes to bo used as a 

basis for i i ~ tho oost of oonstruoti the distribut on 

system, the duty of water ovor the entire District as assumo sa 
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one a.ore foot per aore por annurr; . It wus also assumed that the 

uae during the drieat month would be ''~ of the total yearly use 

or .15 aore root per aoro - .00252 seaond foot per sore of irri-

gable area, or, as the irrigable o.rea is 64l(J of the groaa area, 

.00161 aeoond foot flow for eaoh aore of ~  area. The 

addition of lO,o for safety gives a flow of .0018 second foot 

for eaoh aore of gross area. 

Under normal conditions I would hesitate to use 

oonorete pipe for withstanding pre osureu as great ns those 

imposed upon the distribution system of th1 a Dis trict, but at 

the present time it is praotioslly i ~i l  to obtain steel 

pipe and where obtainable it i s at prohibitive prices. Under 

these unusual conditions I believe the use of heavily rein-

forced concrete pipe with speoinl reinforced collars at joints 

is warranted • . The estimates whioh follow aro based upon this 

olaae of construction, except as noted. The eotimated ooat at 

yard of oonorete pipe of various diameters is given in Table 

9(a). The estimated average oost for trenching is given in 

Tnble 10, the estimated ooat of hauling and distributing in 

Table 11, and the total estimated oost of the pipe in plaae in 

Table 12. From the figures of Table 12, the i ~  of Plate 

13 has been oonatruated arid it has boen utilized a a basis of 

the oatimatoa which follow. Thoae figures are believed to be 

high enough to include engineorine and aontin enoies. 

Coat of Vista Pipo Line (Horizontal length 81,500 ft.): 

44 inch Conorete Pipe: 

-69-
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WALTER LEROY HUBER 
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~  
______ .... ___ 

e.ao -----------
9.20 ----------
9.70 ----------

Inoh Conorete Pipe: 

50 1 - 60 1 bead ~ 8.45 
_ .... _ .. _____ 

50' - 60' If " 8.95 ~ .... ~ 

60' - 70' " n 9.30 ... -.. -- .. --.-
30' - 80' " " 9.70 

__ .., __ ..,. __ ... _ 
30 1 - 90 1 " " 10.16 ~ .. -----
Inob Conarete Pipe: 

940' - 30' head $7.25 
______ _. ...... 

1940' - 40' n " 7.65 __ .............. -
3160' - 50' " " 8.05 ____ _. .... _,.. 

790 1 - 60' It " u.so _ ... _____ ... 
700' - 70' " If 0.90 ~ .. ~ ... -........ 
100' - 80' .. If 9.30 ... .............. --

Inoh Conorete Pipe: 
. 

660 1 - 20 1 head ~ '11'4. '10 __ ... .- .. --
1020' - 30' " " 4.95 --------
1990 1 - 40' " 

,, 5.20 ~ ...... _ _._ 

2600 1 - 50 1 " " 5.50 __ .._ ......... -
1480' - 60' If " 6.76 -- ... ..-----

870' - 70' " " 6.00 
______ ..... 

870 1 - 80' tt n 6.25 ... -..------
250' - 90' " II 6.50 ......... ----
50' - 100 1 If ,, 6.75 

_______ .... __ 

Inoh Conoreto Pipe: 

460' - 40 1 head (I; ,.. ..t4.G5 ----------
1530' - 50' ,, " 4.90 

_______ ._'llllllt_ 

60' - 60' u " 6.10 --------

Inoh Conorete Pipe: 

110' - 50 1 head c . 4.30 
____ ........... 

110' - 60' " " 4.60 ~ ..... -- ...... 
110' - 70 1 " " 4.65 

____ .. ______ 

220 1 - 80' " " 4.85 
___ ......... _ .. 

330' - 90' " " 5.05 ---- .. ~ ... 

610' - 100' t1 n 6.20 ~

770' - 110' " " 6.40 
_______ ._ ...... 

170' - 120' n " 5.60 -------- ...... 

270' - 130' " 
,, 5.80 ..... ~

110' - 140 1 " It 5.95 ~ ~

220 1 - 150' " " 6.15 --------.. ,., 
280' - 160' rt ,, G.Z5 

__________ .. 

''II 2,588.00 
15,224.00 
22,540.00 
8,924.00 $49,276.00 

$ 422.50 
447.50 
465.00 
291.00 
304.50 1,930.50 

~ 6,816.00 'ft 
14,841.00 

'25,438.00 
6. '115. 00 

090.00 
930.00 5&,629.00 

• 3,102.00 
5,049.00 

10,348.00 
14,300.00 
8,510.00 
5,220.00 
6,437.50 
1,625.00 

337.50 53,929.00 

6 2,139.00 'r( 

7,497.00 
255.00 9,891.00 

~ 473.00 
4.95.00 
511.50 

l,OGr/.00 
1,666.60 
3,172.00 
4,168.00 . 952.00 
1,666.00 

654.50 
~ 00 

1,778.00 17,846.50 
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WALTER LEROY HUBER 
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24 Inch Conorete Pipe: 

720' - 40' 
330' - no• 
330' - 60' 
270 1 - 70' 
770' - OO' 
880' - 90' 
220 1 - 100 1 

head $3.56 

50' - 110' 
280' - 120 1 

270 1 - 130' 
220' - 140 1 

390' - 150' 

If II 3t 70 
" " 3.05 
" " 4.06 
n " 4.20 
If " 4. 35 
" It 4.60 
tt t1 4.65 
., " 4.80 
" ,, 4. 95 
" , 5.10 
" " 5.26 

22 Inob Conorete Pipe: 

320 1 -

270' -
430' -
370' -
860' -
700' -
670' . -

1040' -
640' -

1700 1 -

430 1 -

320' -
370' -
160 1 -

20' 
30 1 

40' 
50 1 

60' 
70. 
SQ I . 

90 ' 
100' 
110' 
120' 
130' 
140' 
150' 

~ 
II It 

tt ,. 

n " 
" " 
" " U II 

" " n n 

1f " 

" " 
" n 
" tl 

n " 

20 Inoh Conorete Pipe: 

$2.90 
3.05 
3.20 
3 .30 
3.45 
3.60 
3.70 
3.85 
4.00 
4.10 
4.25 
4.40 
4.50 
4.65 

220 1 - 20 1 head ~ $2.55 
220 t - 30 I " It 2 • {)5 
270' - 40' " " 2.80 
200 I - 60 I U 11 2e 90 
220 1 - 60 1 " It 3.00 
220 1 - 70 1 " n 3 .15 
160 • ao • " " 3. 25 
220 I - 90 I n 11 3 • 40 
170' - 100' " " ~ 0 

60 ' - 110 • " " 3. 6 0 
60 1 - 120 1 " " ~  

160' - 130 1 ,, " 3.86 
170' - 140' " " 3. 95 
220 1 - 160' ,, " 4.10 
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--------- ~ 00 
--------- 1, 221.00 
--------- 1,270.60 
--------- 1,093.50 
--------- 3,234.00 
--------- 3,828.00 

~ 990.00 
--------- 232.50 
--------- 1,344.00 
--------- 1,336.50 
--------- 1,122.00 
--------- 2,047.50 

-------- ~ 928.00 
- ------- 823.50 
-------- 1,376.00 
-------- 1,221.00 
-------- 2,967.00 
-------- 2,520.00 
-------- 2,479.00 
-------- 4,004.00 
-------- 2,560.00 
-------- 6,970.00 
-------- 1,027.50 
-------- 1,408.00 
-------- 1,665.00 
-------- 744.00 

_____ ._ ___ _._ 

--------------... -------
-----------__ ................. .. 
~

~__ ..... ~~______ ... __ __ 

-- .... ~ .. -
... ....... ---.-------.. -.---____ ........ --
................ ~ .. -

561.00 
583.00 
756.00 
812.00 
660.00 
693.00 
520.00 
748.00 
596.00 
180.00 
226.00 
616.00 
671.60 
902.00 

$20,275.50 

31,493.00 

. a. 22.so 
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WALTER LEROY HUBER 
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18 Inoh Oonoreto Pipe: 

160' -
110' -
100' -
110' -
400' -
270' -
320 1 -
540' -
270' -
110 1 -

160' -
170' -
210 1 -
170' -

20' 
30' 
40' 
50' 
60' 
70 I 
80' 
90' 

100' 
110' 
120 1 

130' 
140' 
150 1 

head @ 
" " 
" n 
n n 

" tt 

" " ,, tt 

,, n 

" " 
" " 
" " 
" " 
" " n n 

14 Inoh Conorete Pipe: 

440' - 40' 
600 1 - 60' 
440' - 60' 
160' - 70' 
500' - 80' 

1150' - 90 1 

1160' - 100' 
880' - 110' 
550' - 120' 
660' - 130' 
270 1 - 140' 
280' - 160' 
270 1 - 160' 

head @ 
tt " 
n " 

" " 
" " 
" n 
" ft 
II n 

If 'I 

" " tt ,, 

n " 
" rt 

12 Inoh Conorete Pipe: 

• 

60' - 100' 
110' - 110' 
710' - 120' 

1600 1 - 130 1 

1650 1 - 140' 
1100' - 160' 

660' - 160' 
0~ - 170' 

220' - 180' 

head @ 

" " 
" " 
" " 
" " 
" " 
1t " 

" n 
" tt 

10 Inoh Oonorete Pipe: 

170 1 - 40' 
110' - 50' 
160 1 - 60' 
220' - 70' 
280' - · 80' 
330' ... 90' 

1100' - 100' 
1060 1 - 110' 

head 
1t 

" II · 

" 
" 
" 
" 

" 
" " 
It 

11 

" 
" 

y2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.95 
~  
5.10 
3.20 
3.30 
3.40 
3.50 

$1 .60 
l. 70 
1.75 
1.80 
1.85 
1.95 
2.00 
2.05 
2.10 
2.20 
2.26 
2.30 
2.40 

--------- $ 352.00 
--------- 253.00 
--------- 240.00 
--------- 275.00 
--------- 1,248.00 
--------- 729.00 
--------- 896.00 
--------- 1,693.00 
--------- 810.00 
--------- 341.00 
--------- 512.00 
--------- 561.00 
--------- 714.00 
--------- 595.00 

-------- $ 704.00 
- ------- 850.00 
-------- 770.00 
-------- 288.00 
-------- 925.00 
-------- 2 ,242.50 
-------- 2,320.00 
-------- 1,804.00 
-------- 1,156.00 
-------- 1,452.00 
-------- 607 .50 
-------- 644.00 
-------- 648.00 

$1 .50 ------- $ 90.00 
1.55 ------- 170.50 
1.60 ------- 1,136.00 
1.65 ------- 2,640.00 
1.70 ------- 2,806.00 
1.75 ------- 1,925.00 
1.80 ------- 1,188.00 

. 1.85 ------- 407.00 
1.90 ------- 418.00 

1.05 -------- ~ 178.60 
1.10 -------- 121.00 
1.16 -------- 104.00 
1.20 --- ---- 264.00 
1.20 -------- 336.00 
1.25 -------- 412.60 
1.30 -------- 1,430.00 
1.35 -------- 1,417.50 

$ 9,119.00 
• 

14,410.00 

10,779.50 
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WALTER LEROY HUBER 
CIVIL ENQINEI:R 

990 1 - 120' head t31 .40 ---------
1320 1 - 130 1 " " 1.45 ~

0 Inoh Conorete Pipe: 

60' - 90' bead ' $1.10 
60 1 - 100 1 tf " 1.10 
50 1 - 110' " " 1.10 
60' - 120' " .. 1.15 

l '1 0 I - 130 t . '' 11 1. 15 
220 I - 140 I n It 1. 20 
660' - lGO' " " 1.20 
600' - 160' " 1t 1.25 

1490 1 - 1'10' " " 1.30 
490 I - 180 I " ff 1. 35 
220 1 ·- 190' " " 1.40 

6 Inoh Conorete Pipe: 

_____ .. __ ...... 
______ ._._ .. _ 
______ .. __ .., 
__ .. ______ _ 
-----------..... --------__ ....... -..... -

~ ...... --___..__ ............ _ _ ___ .,.__ ... __ 
--.---------

~ 00 
1,914.00 

•• 56.00 
66.00 

6.00 
69.00 

19o.60 
2ti4.00 
660.00 
760.00 

,937.00 
661.60 zoa.oo 

220' - 40' 
110 1 ·50 1 

head ~0  ---------- ~ 165.00 
68.00 
40.00 

230.00 
136.00 
153.00 
144.00 
104.50 
110.00 
110.00 
115.50 
178.50 
242.00 

50' - 60 1 

280' - 70' 
160 1 - 60' 
1 '10' - 90 t 
160' - 100 1 

110' - 110 1 

110' - 120' 
110' - 130 1 

110 1 - 140' 
170' - 150' 
220 1 - 160 1 

tf " 

" n 
n n 
" ,, 
n " 
" It 

" n 
If tf 

" " ,, " 
n " 

" " 
42 Inoh Steel ~i  

o.ao ~~ .... ~~o.ao ......... ___ _. ..... _ 
0.85 ----- - ----
0.86 ---- ... ~ 
0.90 - ... ~ ............ ~ .. 0.90 ______ ........ .. 
0.96 ----------1.00 .. _ .. ______ _ ... 
1.00 .... _________ _ 
1.05 ----.- ............ ._, 
1.05 ----.-..------
1. 10 _ _._.,... _____ ..... __ 

• 

150' - Stoel Pipe 10 gauge - ~~ i  
per foot '12 lba. ' ~ 0 0 per foot 
in plaoe (For heads up to 110 f eet) $1,612.50 

100' - Steel Pipe 3/16" Plate 
Woight per foot 103 lbs. @ ~ 0 
per foot in plaae (For 120' to 
140' heads) ----------------------- 1,480.00 

390' - Steel Pipe ·2-" Plate - Woie-ht 
per foot 141 lba. ~ $19.60 por foot 
in plaoe (For 150 1 to 190' beads) -

2930' - Steel Pipe 5/16" Plato -
Weight por foot 175 lba. 0 ~ 0 

~ ~ f~~ l~~~ ~~~ ~~~~~ ~~

-73-

71,'186.00 

. '1' 643.60 

5,021.00 

1,824.50 

- .. 

82,599.60 
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26 Inoh Steel Pipe: 

WALTER LEROY HUBER 
CIVIL ENQINUR 

1890' - Stool ?ipo 10 gnuge - Weight 
per foot 42 lb&@ 6.16 per foot in 
plaoe (For heads up to 170 feet) ----- tll,623.50 

. 
1730' - Steel Pipo 3/lG" Plate -
Weight per foot 66 lbs, u $9.36 per 
foot in plaoe (For h&ads from 180' 
to 200') ----------------------------- 16,176.50 

24 Inch Steel Pipe: 

360 1 - Steel Pipe 10 gaUBB - Weight 
per foot 40 lbs. @ $5.80 per foot in 
plaoe (For heads up to 190') --------- $ 2,088.00 
1480' - Steel Pipe 3/lG" Plate -
Weight per foot 62 lba.· Qr $8.70 per 
foot in plaoe ~'  heads from 200' 
to 250 1 ) ----------------------------- 12,876.00 

22 Inoh Steel Pipe: 

2910' - Steel Pipe 10 ~  - Weight 
per foot 35 lbs. $5.10 per foot in 
plaoe (For heads up to 2.00 feet) -----

20 Inoh Steel Pipe: 

1930' - Steel Pipe 10 gauge - Weight 
per foot 32 lba. 0 ~  per foot in 
plaoe (For beads up to 220 foet) -----

12 Inoh Rteel Pipe: 

820' - Steel Pipe 
per foot 16 lbs. 
pleoe (For hoada 

10 eauge - Weight 
$2.40 per foot in 

up to 210 feet) -----

$14,841.00 

8,974.50 

1,668.00 

Speoiala and Angles for steel Pipe -------------------
1 - 44 
l - 40 
l - 26 
3 - 24 
1 - 16 
l - 14 
1 - 12 
l - 10 
1 - 0 

Inoh Gate Valvo in plaoe 
" " " n " n 

" n 

" n 

" 
" 

" It 

" 11 

n 

" 
" 

,, 
" 
" 
" If 

u 

" 

,, 
" n 

" 
" ,, 
.. 

" " 
" 
" 
" 
t1 ,, 

~ ~ ~ ~ ~ ~ ~ 

~~~ ~ ~ ~ ~ ~

430.00 ------------
~ ~ ~~~~ ~~ ~ ~ 

----------------------. 
~~ ~ ~~~ ~~~ ~ ~ ~ 

1 - 44 Inoh Stnndpipo with Float Valve Control -------
1 - 42 " " " " " " -------

-74-

1::27,799.00 

14,964.00 

14,841.00 

8,974.50 

1,668.00 

4,500.00 

2,600.00 
2,400.00 

670.00 
1,290.00 

260.00 
170.00 
136.00 
100.00 

85.00 

6,000.00 
5,600.00 
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3 - 24 tt 

1 - 18 " 1 - 26 fl 

1 - 14 " 1 - 12 " 1 - 10 " 1 - 8 .. 

WALTER LEROY HUBER 
CIVIL CNQINCCR 

:Jtandpipe with Float Valve 
" ,, .. " 
If " ,, " " " ., It 

" " " ft 

" " " " 
" " " " n ,, fl 

Control ___ _. .. .-
" 3300-
" ... _ ... _,_..., 
It ......... -.... 

" 
_____ ,_ ..... 

" 
_. ____ ,_ .. 

" 
____ ._. __ 

11 ____ ,_,_ ... 

70 - 6 Inoh Gate Vnlvea in plaoe ~ r 75.00 -----.- .. ~ ......... 
3,000 Lin. H. Conorota Trestle ~ ~ 00 --------------

60 - 2 !noh Ai r Valves in plaoe @ ry75 .00 ------------

930 Lin. H. Tunnel @ ~ 0 00 ~

Miaaellanaoua Items Not Inoluded Above --------------

$ 5,000.00 
9,900.00 
2,000.00 
4,500.00 
1,100.00 
1,060.00 
1,000.00 

900.00 

5,250.00 

15,000.00 

4,500.00 

18,600.00 

10,000.00 

Total Cost of Vista Pipe Line ----------------------- $550,847.00 

Average Cost per foot ------------------------------- * 
Coat of San ~  Pipe Line (Horizontul length 18,000 ft.): 

32 Inah Concrete Pipe: 

360 1 - 10 1 head c ~ 0  
_____ _..._. ___ 

$ 1,746.00 
1630' - 20' " " 5.15 ---- ... ---...-- 8,394.50 
1090' - 30' It " 5.50 ~ ~ ... 10,395.00 

620 1 - 40' " tt 5.75 ---- ....... ~ .. ---- 4,715.00 
360 1 - 50 1 " " 6.05 

... ..,. ... ________ 
2,178.00 

360 1 60' " fl 6.35 ... _ ............ ~ ... --- 2 ,268.00 
460' - 70' " .. 6.65 ,_. .... -.--.-.--- 3,059.00 
160 1 - ao• tf " 6.95 

____ .. ___ .. _ 
1,112.00 

100 1 - 90 1 " If 7.25 ---------- 725.00 
100' 100 ' " " 7.65 ~ ... - 755.00 
100 1 - 110' ~' n 7.85 --------- 785.00 
100' 120 1 tt " 8.16 --- .. ~ ..... - 815.00 

6.77 

100' - 130' n " 8.46 -----... --- 845 .00 $37,810.50 

16 Inoh Conorete Pipe: 

100 1 - 30' head @ $1 .90 
_______ .,. ______ 

,? 190.00 
970 1 - 40 1 .. " 2.00 ~ 1,940.00 
560 1 - 60' " " 2.10 --------.-- .. 1,176.00 
410 1 60' " 1t 2.20 ---------- .. 902.00 4,208.00 

14 Inoh Conorete Pipe: 

260 1 - 40' head 1.60 ----------- 416.00 
1630' - 50' " n 1.70 ------------ 2,771.00 
1380 1 - 60' 11 " 1.75 ~ 2,416.00 
1070' - 70 I n " 1.80 .. -. .. --.- ....... 1,926.00 
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WALTER LEROY HUBER 
CIVIL ENQINEER 

200' - 80' 
200' - 90' 
150 1 - 100' 
100' - 110' 

head 
" 
" ,, 

" " ,. 
~ 0  
1.95 
2.00 
2.06 

12 Inah Conarete Pipe: 

660' - 60' 
110 ,, - 70' 
110 1 - 80' 
220 1 - 90' 
170 I - 100 I 
280' - 110' 

head 

" 
" 
11 

" 

,, 
" ,, 
" n 

~ 0 . 
1.35 
1.40 
1 .45 
1.50 
1.56 

8 tnoh Conorotc Pipo: 

110' - 40' 
GO' - 50' 
6Q I - 60 t 
50' - 70' 

110 I - 8Q I 
110' - 90' 
110' - 100' 
110' - 110 1 

60' - 120' 
50' - 130' 

110 1 - 140' 
330' - 150' 
330' - 160 1 

220' - 170' 
390 1 - 180' 
770' - 190 1 

hea.d 
" 
II ,, 
" 
" 
" 
" u ,, 

n 

" 
rt 

" 
32 Inah Steel Pipe: 

~ ~0 0 
1t 0.95 
" 0.95 
,, 1. 00 
It 1.06 
" 1.10 
11 1.10 
" 
" 
If 

" 
" 
" " It 

" 

1.15 
1.20 
1.20 
1.25 
1.30 
1.30 
1.35 
1.40 
1.45 

.. _________ ...,_ 
'rl ..... -------. -., 

~  ------- ......... 

... ~ ... ------- ~ :.( 
,__. .......... -........ ....... __ .... _ .... __ 
.. ..... - ........... .--_ .............. -._, .. _ 

~

370.00 
390.00 
300.00 
205 . 00 

858 . 00 
140.50 

~00 
319.00 
255.00 
434.00 

---------- $ 99.00 
---------- 57.00 
---------- 57.00 
---------- 50.00 
---------- 115.60 
---------- 121.00 
---------- 1 21.00 
---------- 126.50 
--- - ------ 72.00 
---------- 60.00 
---------- 137.50 
---------- 429.00 
---------- 429.00 
---- - ----- 297.00 
---------- 546.00 
---------- 1,116.50 

$ 8,793.00 

2,168.50 

610 lin. ft. - Steel Pipe 'o. 9 Bnuge -
Weight per foot 55 lba. t · $8.15 per fo ot 
in p1noe (For 140' and 150' heads) -------------- 4,971.50 

Specials and Angles for Stoel Pipe 

1 -
1 -
1 -

32 
16 
12 

Inah Gate Valve in plaoe ... . -_._.- .. ~ ........... ~

n 

" 
l - 8 

" 
" 
" 

,, " 
" " " . ,, " 

" 
1 - 32 Inoh standpipe with Float Valvo Control 
1 - a tl " " " " n 

------_ ___ .. 
·7k·· • 4J _ ................ ~ ....... . . 

260.00 

2,100.00 
260.00 
135.00 

86.00 

6,000.00 
900.00 

1,350.00 18 - 6 Inah Gnte V lves in plnoe 
1500 Lin. H. Conorete Trestloc G.OO --------- - --- 7,600.00 

24 - 2 tnah ~i  Vnlvea c ~ 00 -------------------- l,aoo.oo 

t -76-
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WALTER LEROY HUBER 
CIVIL INOINEER 

Misoellaneous Items not inoludod abovo ------------ $ 1,500.00 
Total Coat of an ~  Pipe Line ---------------- $92,665.50 

Average Cost per foot ~ $ 
Cost of Buena Pipe Line (Horizontal length 54.600 f~  

30 Inoh Conorete Pipe: 
60 I - 30 I 

1380' - 40' 
380' - 50' 
390' - 60 1 

380' - 70' 
170' - BO' 
220 1 - 9Q I 

head 
" " 
" " n n 
" .. 
" " 
It " 
tl IT 

,, " 
" " 

~  ---------
5.20 ---------
5.50 _.__ .... _ ..... _ 
5- .75 ~
6.00 ---------
6.25 ---------6.50 ... .-. .. ~ ..... -----
6.75 _ .... ~ .. ------
7.00 ~ ... --- .... 
7.30 ---------

4.59 

270 1 - 100' 
280' - 110' 
220' - 120 1 

220' - 130' .. .. 7.50 ---------

$) 297.00 
7,176.00 
2,090.00 
2,242.00 
2,280.00 
1.062.50 
1,430.00 
1,822.50 
1,960.00 
1,506.00 
1,650.00 ., 23,616.50 

26 Inch Conorete Dipe: 

440 1 - 30' 
330' - 40' 
170' - 60' 
610' - 60 1 

270 1 - 70 1 

830 1 - 80' 
550' - 90' 
440' - 10 I 

660' - 110 1 

550 I - ·120 1 

'110' - 130' 
990' - 140' 

hond 
" 
" 
" 
" 
11 .. 
" 
" If 

n 

- ~ 0 ----------
11 4.10 ----- .. _____ _ 
" 4.30 ----------
,, 4. 50 ----------
.• 4. 65 ~
" 4.05 ----------

..... ~ ~ ---" 5. oi) ... 
,, 5.20 .. ._ .. ~ ....... -- .... --
" 5.40 

,..._ ... _____ ..... ... 
'' 6. 60 --- .... ~ ._ ......... _. 
" 5.80 ----------
" 6.00 ----------

22 Inoh Concrete Pipe: 

110' - 20 1 

GO' - 30' 
110' - 40' 

60' - 60. 
490 1 - 60' 
330 1 - 70 1 

330 I - 8() I 
560 1 - 90' 
440' - 100' 

1210 1 - 110 1 

440 1 - 120' soo• - ~  
110' - 140' 
110' - ltiO' 

head G $2.90 .. 
" 
" .. ,, 
" 
" 
" 1t 

•• 
" 
" 
" 

" 
tt 

n 

" ,, 
n 

" " 
" .. 
" 

5.05 
3.20 
3.30 
~  

3.60 
3.70 
3.85 
4.00 
4.10 
4.25 
4.40 
4.50 
4.65 

-77-

-------------- ........ __ .. 
~ 

.... - ..... ~  ......... __ .._ ........ --- .. ----- ... ~ ~ 
,.,..,_._...,. ........ __ ___ _. ____ .,.,_, 

---.--------____ ...... ____ _ 
---.. ............. .. _ ...... -.... ~  

$1,716.00 
1,353.00 

731.00 
2,745.00 
1,2bb.50 
0 ~ 0 

2,777.50 
2288.00 
3,564.00 
3,080.00 
4,110.00 
5,940.00 

0. 319.00 
183.00 
352.00 
198.00 

1,690.50 
1,180.00 
1, 221.00 
2,117. 50 
1,760.00 
4,961.00 
1,070.00 
2,200.00 

495.00 
"11. 50 

33,593.50 

19,066.50 
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WALTER LEROY HUBER 
CIVIL ENGINEER 

20 ~  Conorete Pipe: 

sao• - 130' head ~ ~  ___ ... $3,388.00 
1,303.50 

451.00 
330 1 - 14Q I II " 

_______ ........ 
110 1 - 150 1 .. n 

_ _. ______ ~ 

18 Inoh Conoreta Pipe: 

550' -
330 1 -
220' 
170' -
710' 
660 1 

440 1 

390' 
330' 
280' -
550' 

20' 
30' 
40' 
60' 
GO' 
70 I 
80 1 

90' 
100' 
110' 
120 1 

1270 1 

820' 
550' 

130' 
- 140' - 1no• 

head Co 
n " 
If " 

" It 

u " 
.. tf 

" " 
" ft 
If 11 

II II 

"11 n 
n 11 

" " 
n " 

$2.20 
2.30 
2.40 
2.50 
2 .60 
2.70 
2.00 
2.95 
3.00 
3 .10 
3 .20 
3.30 
3 .40 
3.50 

.-.---- ... ~ 

~ --------__ ___ .,. ___ _ 
.._ .. _.__ .. _ 
____ .. __ _ 
---------.. ~ ....... ... _______ _ 
....... _ ... _...._ ... ~ 
.. ...... -.. -. .. -
.... ~-.. ~

$1,210.00 
759.00 
528.00 
425 .00 

1, 846.00 
1,782.00 
1' ' ~ 00 
1,150. 50 

990.00 
868.00 

1,760.00 
4,191.00 
2 ,788.00 
1,925.00 

16 Inoh Conorete Pipe: 

110 1 -

110' -
110 1 

110' -
170' -

50' 
60' -
50' -
60' 

40 1 

50' 
60 1 

70' 
80' 
90 1 

100' 
110' 
120 1 

head @ ,., 2. 00 
" 

11 2.10 
1' 1t 2. 20 

" 
H 

" 
II ,, 

" 2.25 
" 2. 30 
" 2.40 
" 2. 50 
" 2 . 60 
n 2.65 

d· ..._ ..... _ .. ___ ..., 'ti .. _ _,_ .. ___ _ 
._. _ .... ~ 

---------
._ ...... ~..... _ .. ~ ..... _ ... _______ _ 
__ ... .., .... ~ .. ~ .. 
... ~ ........ _ ... __ 

220.00 
231. 00 
242.00 
24 '7. !jQ 
591.00 
120 . 00 . 
150.00 
1 30.00 
159.00 

16 Inoh Conarete Pipe: 

50' 
60 1 

50' 
60' 
50' 

- 130 1 

- 140' 
- 150' 
- lGO' 
- 1'/0 I 

head 
" 
" 
" 
" 

" n 
ft ,, 

$ 2.'15 
2.80 
2.90 
3.00 
3.10 

-------.----.- .. ll •rt 

-------------------.. ~ ....... 
~

.__, .. - .. ---.---

137.50 
168.00 
146.00 
180.00 
1 55 .00 

14 Inoh Conorete Pipe: 

600' 
390' 

1060' 
500' 

380 1 

220' 
110' 
170' 
220' 
• 

- 30' 
- 40' 
- 50 1 

- 60 1 

- 70 1 

- 80 ·' 
- 90' 
- 100' 
- 110 1 

head ,, 
" 
" ,, 
n 

" 

" " 
" 
" " 

$1.50 
1.60 
1.70 
1.75 

" · 1.80 
1.86 
1.95 
2.00 
2.06 

rt • n 
n " 

-------- $ 900. 00 
-------- 624. 00 
------- - 1 ,785 .00 
-------- 875.00 
-------- 664.00' 
-------- 407.00 
-------- 21 4.50 
- - ------ 340.00 
-------- 451.00 

~ 5,142.50 

21,454.50 

l, 890. 5.0 

785.50 

. 6, 280.60 
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WALTER LEROY HUBER 
CIVIL ENGINEER 

12 Inoh Conoreto Pipe: 

330' 
160 1 

170' 
160' 

1430' 
830' 

- 70 1 

- ao• 
- 90 1 

- 100' 
- 110' 
- 120' 

head 
II 

" 
" 
" n 

" ,, 
If 

" " 

l 'J.5 •jf • ~ 

1.40 
1.45 
1 .50 
1.55 
1.60 

10 !nob Concirete i ~ 

330 1 - 50 1 

330' - 60' 
440' - 10' 

50 1 - 00 1 

60' - 90 1 

50' - 100' 
60' - 110' 

660' - 120' 
600' - 130' 
110 1 140 1 

170 1 - 160' 
Z·30 I - 160 f 

head f!: $1.10 
" " 1.15 
It 

" 
" 
" It 

n ,, 
11 

tt 

" 
11 ,, 
II 

II 

" n 

" 
n 
n 

1.20 
1. 20 
1.25 
1.30 
1 .35 
1.40 
1.45 
1 .50 
1.60 
1.56 

8 Inoh Concrete Pipe: 

160 1 30' 
220' - 40' 

fiQ I - 50 I 
50 I 6Q f 

110 1 - 70 1 

60' - so • 
60 1 - 90' 

110 1 - 100' 
170' - 110' 

he1.!.d 

11 

" 
" 
,, 
n 
n 

~ $0 .85 
" 0. ~0 
n 0.95 
" 0.95 
" 1.00 
" 1.05 
11 1.10 
II 1.10 
,, 1.15 

6 Inoh Concrete Pipe: 

220 I - 10 I 
.220' 20' 
160' - 30 1 

330 1 - 40' 
170' - 50' 
330' - GO' 
22Q I - 7Q t 

380' - 80' 
500 1 - 90 1 

220' - 100 1 

270' - ilO ' 
330 1 - 120 1 

270' - ~0' 
. 280 I - 140 t 

270 1 - 150 1 

390' 160' 
330' - 1•1o' 

head 
11 .. 
" n , 
n 
If 

" ,, 
" 
,, 
" 
" 

~ eo.65 
It 0 .70 
n O. 70 
n 0.75 
" o.so 
n 0.80 
n 0.85 
" 0.85 
n 0.90 
" 0.90 
1t 0.95 
,, 1. 00 
•• 1. 00 ,, 
" 1t 

" 

1.05 
1.05 
1.10 
1.10 

-79-

~ e 445.5o 
-------- 224.00 
-------- 246.60 
-------- 240.00 
-------- 2,216.50 
-------- 1,328.00 

_____ ._. ... ._ ... 

......... -_, .... ____ _ 
~  .. .......... ---
,.._,__ .... ___ ,,_, 

-.... ~ ________ ........ 

_____ ........... 
___ ............ ~

--------- ~ 
~ .... - .......... .......... _ .,. ________ _ 

~ ................ __._. .... ___ ........ -
~ ... ~ ..... 

......... ~ 

.,....., ___ ....,..,. __ _ 
--- ...... ~ ..... 
------ .. ----·--
.... ._.-- ... -- ....... ____ ..___..,. _ .,.. 

~ ....... --
~ .... .... _....,_ 

___ ...... - ... ~ .. 
_...,_._. ... __ .......... 
..... ~

,...._ ____ ._._. ...... 
~ ... ------

363.00 
379 .50 
b28.00 
60.00 
75.00 
o5 .. oo 
81.00 

924.00 
870.00 
165.00 
255.00 
511.50 

136.00 
198.00 

5'1 .00 
47.50 

110.00 
63.00 .,z .oo 

121. 00 
195.50 

143.00 
154.00 
112.00 
247 . 50 
136. 00 
2G4 .00 
1''7 .oo 
323 .00 
450.00 
198 . 00 
2;)6 .50 
330.00 
270 . 00 
294.00 
r.. tl3 . 50 
42.9 . 00 
:.?63.00 

~ 4,700.50 

4,277.00 

963.00 
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WALTER LEROY HUBER 
CIVIL ENGINEER 

220' - 180' head @ $1 .16 
1 70 I - 19 Q I U U 1. 20 

_ ....... _ ..... ____ 0 
·w 

~ ......... ___ _ 
30 Inoh Steel Pipe: 

• 

253.00 
204.00 

440' • Steol Pipe 10 gauge - Weight 
per foot 50 lba. Q $7.40 per foot in 
plaoe (For 140' and 150' heads) ·---------------

• 
28 Inoh Steel Pipo: 

3800' - Steel Pipe 10 gauge -
Weight per foot 45 lbs. ~ 0 
per foot in vlaoe (For heads from 
150 1 to 190') -------------------- $25 ,460.00 

.1920' - Steel Pipe 3/16" Plate -
Weight per foot 71 l ~  @ $10 .!5 
per foot in rlaoe (For heads from 
200' to 220 1 -------------------- 19,408.00 
820' - Steel Pipe t" Plate -
Weight per foot 98 lbe. @ $13.80 
par foot in plaoe (For ~  of 
230' and 240') ------------------- 11 ,316.00 

22 Inoh Steel Pipe: 

2310' - , teel Pipe 10 gauge -
Weight per foot 36 1ba. · ~ 0 
per foot in plaoe (For heads from 
160' to 200') ~ ~ 00 

550' - Steel Pipe 3/16" .Plate -
~i  per foot 57 lbs . $8 .06 

per foot in plaoe (For hends of 
210', 220' and . 230') ------------- 4,427.50 

20 Inah Steel Pipe: 

3460' - $teel Pipe 10 gauge -
-Weight per foot 33 lba. ~  90 
per foot in place (For heads from 
160 1 to 220') -------------------- ~ 00 

2690' - Steel Pipe ~  Plate -
Weight per foot 52 lba. ~ 0 
par foot in plaoe (For heads from 
230' to 290') · -------------------- 20.l7o.oo 
2300'- . teal Pipet" Plate-
Weight per foot 73 lbo. · $10.30 
per foot in plaoe (For 290', 300' 
and 310' hoads) ------------------ 23,690.00 

$ 4, 897 .60 

•• 

56,264.00 

60.819.00 
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WALTER LEROY HUBER 
CIVIL ENGINEER 

Speaials and Angles for s teel Pipe ~~ ......... -
1 - 30 tnoh Gate Valve in plo.oe ~~~ ~ ~~~ ~~ 

l - 26 II II " " " ~ ~ ~~ ~~ ~ ~~

l - 22 11 " It " " ~~ ~ ~ ~ ~ ~ 

3 - 18 " ,, " " It @ ~ 0 
.__.__ .. _____ .. 

1 - 16 " " " n " ~ ~~~~~ ~~~~ 

1 12 " " It " •• 
~ ~~~~ ~ ~ ~ - . 1 - 10 " " 11 n .. 
~~~ ~~ ~

3 - 18 InGh Standpipeo with Float Valve Control 
v2000 

1 - 16 f1 .. " n 1t It 

l - 14 If " u " n 11 

1 - 8 n 11 ,. " ,, " 
2 - 6 " If " n ,, " @ \(750 

60 - 6 Inoh Gate Valves in place $75.00 ~ .......... __ 
' 

1200 Lin. H. Conorete Treotlea .. $5.00 ~

30 - 2 Inah Air Valves ~ 00 ~ ~ ~~111 

Miaoollnneous Items not inoluded above ~

",/ 5,000.00 

2,000.00 
5'10.00 
500.00 
750.00 
210.00 
135.00 
100.00 

6,000.00 
1,600.00 
1,100.00 

900.00 
1,500.00 

3,750.00 

6,000.00 

2,250.00 

5,000.00 

Total Coot of Buena Pine Line -------------------- $300,962.50 . . • . . 
Average Cost per foot -----------------------.--- - - 5.50 

Cost of Riohland Pipe Line (Horizontal length 45,000 ft.): 

26 Inah Conorete Pipe: 

2140 1 - 10' head ·:r·3· 55 ~ ~ ... - ·.; 7,597.00 
2040' - 20' It " ~  70 

......... ______ 
7,548.00 

1530 1 - 30' " " 3.90 ------ ..... -- 5,467.00 
2250' - 40' n " 4.10 

... _______ ... 
9,225.00 

970' - 50' " " 4.30 ~ 3,977.00 
1680 1 - 60' " " .4.50 ~ 7,560.00 
3060 1 - 70' ,. If 4.65 ~ ... - 14,229.00 
1940' - so• " tt 4.85 ---. .. ~ 9,409.00 

610' - 90' " · n 5.05 ----------- 3,080.60 
~0' - 100' " " 5.20 --- ..... ---. 2,132.00 

210' - 110' " It 5.40 -.... -. ......... _ 1,134.00 71,358.50 

24 Inoh Conorete Pipe: 

50' - 20' hea.d 3.25 ~
. 162.50 

60' - 30 1 " " 5.40 .. ...... - ... - ... ._ ... 204.00 
50 1 - 40' " " 3.55 ~ .. -.. _. .. _ 177.60 
60' - 60' " " 5.70 ~  .... _ ... 222.00 

280 1 - 60' " tt 3.86 -..--------- 1,070.00 
390' - 70' " " 4.06 

___ .... ______ 
1,579.50 

330 1 - eo• " " 4.20 .... -. .. .-. ......... -. 1",386.00 
330' - 90' " tt 4.36 ~ ~ ..... ~~ .. 1,436.50 
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220' 
220' 
220' 
330 1 

330' 
330' 
130 1 

- 100' 
- 110' 
- 120' 
- 130' 
- 140' 
- 150' 
- 160' 

head 
" " ,, " ,, ,, 
" ,, 
" " 
11 " 

WALTER LEROY HUBER 
CIVIL EHOUUI:fl 

e4.so ---------
4.65 -----------
4.80 ---------4.95 --- .. ------
5.10 ---------
·f,· • 21:. .., iJ ..... - ........ _ ........ 

•:.. 40 u --.----- ..... 

18 ~  Conorete Eipe: 

g: 990.00 
1,023.00 
1,056.00 
1,633.50 
1,683.00 
1,'132.60 

702.00 

220' 
220' 
170' 
170' 
220' 

- 110 1 head Q: $3.10 
3.20 
3.30 
3.40 
3.50 

--------- $ 682.00 
704.00 
561.00 
578.00 
770.00 

- 120 1 .. tl 

- 130' " " - 140' " " 
- 150' It " 

16 Inoh Conorete Pipe: 

110' - 150' head 
940 I - 18Q I It " 

14 Inoh Concrete Pipe: 

1100' - 20' 
880' - 30' 
650' - 40' 
110' - 70' 
110 1 - 80 r 
110' - 90' 

60' - 100' 
60' 110' 
50' - 120' 
60' - 130 1 

110' - 140' 
110 1 - 150' 
110' - 160' 
330 1 - 170' 

1100' - 180' 

head ~ 
" n 
n n 

" " " .. 
" " 
" " n n 

n " 
t1 u 

1f " 

" " 
" " 
" " 
" 11 

12 Inoh Conorete Pipe: 

...... _._.,.. ....... _ .... . 
~-.. --- ... ------_ ... ,.._ ... ~  ... 

$2.90 ---------
3.00 ---------

~  
1.60 
1.60 
1.80 
1.85 
1.95 
2.00 
2.05 
2.10 
2.20 
2.25 
2.30 
2.40 
2.45 
2.50 

____ ...., __ _ 
------------
__ _. .. _..__.,. 

------- .... --
~ .. -

~ ... __ _._,_.__.,. 

__ .._. ... _._ .. -. 
_...., _______ _ 
... -... -----
._ ___ ..,. __ _ 
-.... -... ~

1430' 
880' 
550' 
660 1 

660' 
440 1 

- 40' hesd ~ 0 ---------
- 50' 
- 60' 
- 70 I 
- 80' 
- 90' 

" 
" 
n 

" 

tt 

" ,, 
n 
n 

10 Inoh Conorete Pipe: 

·990' - 50' 
1430' - 60' 

220 I - 70 1 

530' - ao• 
330' - 90 1 

hand 
" 
" II 

" 

n 
n 
n 

" 

1.25 -..-----------
1.30 ----- ----
1.35 -- -... ~ ~

1.40 ---------
1.45 ---------

(t1.10 ---------1.15 --. .... - ..... -. .. 
1.20 ----------
1.20 ~
1.25 ---------

q 319.00 
2,820.00 

$1 ,595.00 
1,320.00 

880.00 
198.00 
203.50 
214.50 
100.00 
123.00 
105.00 
132.00 
247.50 
253.00 
264.00 
808.50 

2,750.00 

~ 00 
1,100.00 

7lo.OO 
091.00 
704.00 
638.00 

·1 ,009. 00 
1,644.60 

484 •. 00 
396.00 
412.60 

~ 0 00 

3,295.00 

3,139.00 

9,194.00 

5,764.00 

4,026.00 
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Inah Conarate 

550' - "30' 
330' - 40' 
660 1 - 50' 
660' - 60' 

1100' - 70' 
220' - 00' 
390 1 .- 90 1 

50' - 100' 
50' - 110' 
60 1 - 120' 
60 1 - 140' 

110' - 150' 
110' - 160' 
170' - 170 t 
330' - 180 1 

Inch Concrete 

550 1 - 70' 
440 1 - 80' 
220 1 - 90 1 

550' - 100 1 

WALTER LEROY HUBER 
CIVIL ENGINEER 

Pipe: 

head ~ $0.05 --- ... ~ ~

f1 " 0.90 ~ .. ---.-.-
" ,, 0.95 --------
t1 " 0.95 ---------
" " 1.00 

______ .. _. __ 
tt " 1.05 --------
" .. 1 .10 

_ .. _,_, _____ 
11 " 1.10 -.. -............... 
" It 1.10 --------
" 11 1.16 ................. ~ 
" If 1.20 .. _. ..... _._., .. 
" " 1. 20 

_____ ..., ___ 

tl It :1.25 ~

" n 1.30 --------
n " 1.35 ~

Pipe: 

head .-J eo.85 ----------" " 0.85 
,_, ____________ 

" .. 0.90 
__ .. ______ ... 

u n 0.90 _ ...... ~
Inoh Steel Pipe: 

800 1 - s teel Pipe 10 gauge -
Weight per foot 42 lbs. ~  

I!> 467.50 
~ 
. 

297.00 
627.00 
627.00 

1,100.00 
231.00 
429.00 

55.00 
55 .00 
69.00 
72. 00 

132.00 
137.60 
221.00 
445.50 

~'if 467.50 
374.00 
198.00 
495.00 

in place ~~ ~ ~ ~ ~~ ~~~~~ ~ ~ ~ ~ ~~ ~~ ~ 

24 Inoh Steel Pipe: 

660' - ~ l Pipe 10 gauge -
WeiBht per foot 40 lba. c $6.10 
in plaae ------------------------- $ 4,0.26.00 

2420' - ~ l Pipe 9 gauge -
~ i  por foot 47 lbs. .6. 95 
in place ------------------------- 16,019.00 

18 Inoh Steel Pipe: 

660 '-Steel Pipe 10 auge - ~ i  
foot 30 lbs. 4.10 in plaoe -----------------

16 Inoh Steel Pipe: 

2150 1 - nteel Pipe 10 gauge - ~ i ~  
par foot 28 lbs. 4.40 in plaae ~

Angles and Speoiala for Rteel Pipe ---------------
2 - 26 Inoh Gate Valves in plaoe 570.00 -------

-83-

4,965.50 

·1, 534.50 

5,160.00 

20,845.00 

3,102.00 

9,460.00 

1,0 o.oo 
1,140.00 
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WALTER LEROY HUBER 
CIVIL CNQINI:IR 

1 -
1 -
1 -
1 -

24 
14 
10 

Inoh Gate Valve in place ------------------ $ 430.00 
170.00 
100.00 

6 

1 - 26 
1 - 24 
1 - 14 
1 - 0 

" " " " " ,, 
" 

tf ,, tt 
u 

1t 

It 

·u 

" 

____ .. ____ ~  ..... _,_,..,,__ 

~ ~

~ ~ ~

Inoh Standpipe with Float Valve Control ---
II n n II II U 

" " 
,, 
" 

" 
" 

,. 
" 

" ,, .. 
1f 

---------
45 - 6 Inoh Gate Val vee, with Saddles 't $76.00 ---

2000 Lin. H. Concrete Trestle ~ v5.00 _ __ .. ____ ... ........ -

50 - 2 Inoh Air Valves in plaoe ~ $75.00 ---------

Misoellaneous Itema not included above -----------

Total Coat of Richland ~i  Line ,_ .. _..._ ......... _ ... __ ... ____ .... _ 

66.00 

4,500.00 
3.300.00 
1,100.00 

900.00 

3,375.00 

10,000.00 

3,750.00 

5,000.00 

$191,738.50 

Average Cost per foot ----------------------- - ---- ~ 

Cost of Guajome Pipe Line (Horizontal length ~0 00 ft.): 

4.26 

20 Inoh Concrete Pipe: 

1620 1 - 10' 
1730' - 20' 
2340' 30' 
840' - 40' 

1020 1 - 50' 
1020 1 - 60 1 

1020' - 70' 
820 1 - 80' 

1730 1 - 90' 
700' - 100' 
810' - 110' 
830' - 120' 
950' - 130' 
570' - 140' 
610' - 150' 
170 1 - 160' 

head 
It .. 
tt 

" 
n 
n 

" 
" 
" 
" 
" 
" " 
" 

.. $2.45 
,, 2. 55 
" 2.65 
" 2.80 
" 2.90 
" 3.00 
" 3.15 
u 

,, ,, .. 
" 
" 
If 

II 

3.25 
3.40 
3.50 
3.60 
3.75 
3.85 
3.95 
4.10 
4.20 

--------.-- ... 

.. ........ -- .. -- ... ____ .__ .. ~ ....... 
---- .. .-..-.-- .. _____ ._. __ _ 
------------...... ~ ... ~ ...... ... 
------------- .. 
---------------- ........ -.... ------ .. -- .. ~ --- ......... ---. .......... ___ .,._ __ ... ______ _ 
.. .. -------

14 Inoh Conorete Pipe: 

170' - 10 1 

80 1 - 20' 
250' - 30' 
300' - 40' 
310' - 60' 
360' - 60' 
360' - 70' 
720' - 80' 
630' - 90' 
620' - 100' 

head 
It " 

" " 
" " ,, " 
,, " 
" " ,, If 

,, " 
n " 

. 1.40 ~  1.46 ....... _ _._.., __ .. 
1.50 _. ............. ___ ,.. 
1.60 __ .,. ____ ...... .-
1.70 .... _ ...... _ .. __ .. 
1.76 _____ .. _ .... __ _ 
1.eo ----- .. ------
1.86 ~ ~ ... -----
1.95 ~ ............ _ ... 
2 00 . ... _ .............. __ _ 

• 

~ 00 
4,411.50 
6,201.00 
2,352.00 
2,950.00 
3,060.00 
3,213.00 
2,665.00 
5,882.00 
2,450.00 
2,916.00 
3 ,112.50 
~ 0 
2,251.50 
2 ,501.00 

714.00 

~ 238.00 
116.00 
375.00 
480.00 
527.00 
630.00 
648.00 

1,332.00 
1,228.50 
1,040.00 

$ 52,314.00 
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r -- ---- - ~ ~ 0 • --- -- ..,. __ .... ,....._ ., - - - .- -·- --·- .... _ .. --:.. ---- ,... __ __ _ ....., .... .. - ... 

. -- " 
• 

: ---

- ____ ..,. __ .... "l . 

• - -- ---- - • 
---- __ ..,. __ 

~

--- - ____ .... -
-- --- .. , "' -- -- - ... ---- -

• I -• • oJ 

------
- - ------- .... ----
- .. - - -- ,. 

r ' _ ..... _- ,.., _..,.._ 

-- . - _ ... -..---- _.,. __ 
-- -

..,. ..,. _. _..,. --
-..- -----

- -.. --- - -
_ _. _ - --

------
----- ..---...... _ ...... 

--- --- ---
~ ..... - -..--
.,._...,.._ -----.... ----- -___ .... _ 

I 

I ' 

' 

• .. 

,. 

•• ,, 

,, 

-

- :.[ 
.( 

01 - .[ -
-
- 1 --

- d 

000 

~  ... 

0 \J .oo 

440' 
570 1 

630 1 

490' 
690' 
390 1 

- 110' 
- 120' 
- 130' 
- 140' 
- 150' 
- 160 1 

head 
" ,, 
" n 

" 

WALTER LEROY HUBER 
CIVIl. ENGINEER 

It 

tt 

" 
" .. 

e-2.05 
2.10 
2.20 
2.26 
2.30 
2.40 

~ .. -- ... -
------------------------......... .-.- .. -- .... 
_...., ........ .-- .... --________ ... _,.. 

$ 902.00 
1,197.00 
1,386.00 
1,102.50 
1,587.00 

936.00 

12 Inoh Conorete Pipe: 

220' - 60' 
80' - 70' 
60' - 00' 
80' - 90' 
90' - 100' 
80' - 110' 

170' - 120' 
990' - 130' 

head ,, 
II 

n 
n 

1t 

" 

*'· ~ 0 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 

.. 
" 
" ,, 
" 
' 

---------- $ 286.00 
---------- 108.00 
---------- 84.00 
------- - -- 116.00 
---------- 135.00 
---------- 124.00 
---------- 272.00 
---------- ~ 0 

10 Inoh Conorete Pipe: 

60' - 10' 
170' - 20' 
140' - 30 1 

90' - 40' 
130' - 50' 
120' - 60 1 

130' - 70' 
160' - 80' 
160 1 - 90 1 

180 1 - 100' 
210' - 110' 
170' - 120' 
220' - 130' 
280 1 - 140' 
340' - 150' 
360 1 - 160' 
170' - 170' 

70' - 180. 

bead 
" .. ,. 
" 
" 
" 
" 
" " II .. 
" 
" 
" 
" 
" 
" 

@ $0.90 
" 0.95 
" 1.00 
" 1.05 
.. 1.10 
' 1 1.15 
" 1.20 
,, 1. 20 
u 1.25 
" 1.30 
" 1.35 
., 1.40 
" 1.45 
II 1.50 
" 1.50 
II 1.55 
" 1.60 
11 1.65 

------------- ~ ,... 
_...,._ ..... _ .... .. ..... 

~ ~ .. -..,_ ..... _______ _ 
_.,._ ....... ~ ...... --

~ .. -...... -_. ........ __ _ 
-- ... ~__ ... ._ ......... ~ ... ......... ____ __ ...,_ 
.., ______ ~ .. --
-----------.--. 

~ .. --
----------.-

~ ..... ~ 
~ ... ----____ ... _ ............. 

___ ........... _. .... 

54.00 
161.50 
140.00 

94.50 
143.00 
138 .00 
156.00 
180.00 
107.50 
234.00 
203.50 
238.00 
319.00 
420.00 
510.00 
558.00 
272.00 
115.50 

8 Inoh Conorote Pipe: 

170' - 60' 
390 1 - 60' 
170 1 - 70' 
990 1 - 80 1 

610 1 - 90' 
110 1 - 100' 

60 1 - 110' 
80' - 120' 

140' - 130' 
250' - 140' 
300 1 - 150' 
280 1 - 160' 

head 
n " 
II II 

" ,, 
" " 
" " 
" " 
tt " 
II II 

" " " " 
" " 

0.96 ---------- s 161.50 
0.96 --------- - 370.50 
1.00 ---------- 170.00 . 
1.06 ---------- 1,039.50 
1.10 ---------- 671.00 
1.10 ----- ----- 121.00 
1.15 ---------- 69.00 
1.20 ---------- 96.00 
1.20 - - -------- 168.00 
1.26 ---------- 312.50 
1.30 ---------- 390.00 
1.35 ---------- 378.00 

2,758.50 

4,204.50 
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WALTER LEROY HUBER 
CIVIL ENGINEER 

10 Inoh Stoe1 Pipe: 

1620 lin. ft. - 10 gauge oteel pipe -
Weight per foot 17 lba. ~  per 
foot in plaoe --------------------------------- e 4,465.00 

Anglea and Speciale for ~ l Pipe ---------------

2 -
1 ·-

20 
14 
10 

Inoh Gate Valves in plaoe ~ 00 00 -------

1 -
1 - 8 

" " " n " u 

" " " 
" 
" 

It 

" 
tt 

" 
~ ~ ~ ~ ~ ~ 

~~ ~~~

2 - 20 rnoh Standpipes with Float Valve Control 

1 - 14 
2 .. 10 " n " 

" " 
" S2150 

" If II ,, " II 

@ $1000 

16 - 6 Inoh Gate Valves with Saddles in plaoe 
~  -

500 Lin. H. Conarete Treatla $5 .00 -------------

24 - 2 Inoh Air Valves in plaoe $75.00 - - -------

Misoel1aneoua Items not inoluded above -----------

400.00 

6.00.00 
170.00 
100.00 

80.00 

4,300.00 
1,100.00 

2,000.00 

1,200.00 

2,500.00 

1, 800. 00 

2,500.00 

Total Cost of Guajomo Pipe Line ------------------ ·$98,154.00 

Average Coa t par foot ~ ~ ~ ~ ~ ~ ~~ 6 'I( 

Coat of Oerro Pipe Line (Horizontal length 35 , 500 ft. ) : 

18 Inoh Conorete Pipe: 

70 1 - 90' 
80 1 - 100 1 

570' - 110' 
190 1 120' 
190' - 130' 
180' - 140 1 

170' - 150' 

h ead 
II , 
" n 
II 

" 

~  ~  95 
3.00 
3.10 
3.20 
3 .30 
3.40 

" II 

n 

" 
" 
" 5 .50 

__ ._. .... ... .. --
----------______ ,.. __ 
--- .-. ---------------.., ______ ...... ____ __ __ ,... __ 

16 Inoh Conore t e Pipe: 

210' -
210' -
980' -

1580' -
1640 1 -
1890' -

960 r - · 
960' -
960' -

10' 
20' 
30' 
40' 
50' 
60' 
70' 
80 1 

90 1 

head 
" 
" 
" n· 

" n 

" 

@ $1.76 --------
" 1 • . ao --------
" 1.90 - -- - ----
,, 2. 00 --------
rl 2.10 ----------
" 2.20 --------
" 2.26 ---- ----
.. 2. '".(0 u -- ........ ----" 2.40 __ .. ______ _ 

-86-

206.50 
240. 00 

1,'167.00 
608.00 
627.00 
612.00 
5 95 . 00 

$ 367.60 
378.00 

1,862.00 
3,160.00 
3,444.00 
4,158.00 
2,137.50 
2,186.00 
2,280.00 

3.21 
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I < 
" 

, 
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---------................... --- n 

l l" 

·) 

" ,, --------- ........ __ ..._ .. - ...,_ 
_..,. ______ _ 

tl ____ ..,. ___ __ 
,.. _._ .. ____ _ cc . 

: a i .. 

----- ------ _..,. __ ... 
_ .., __ ..,.. __ __ 
..... .... ------
------- -

~ .... -- .... 
.... _ ...... _ .......... 
___ .... ____ ... _ 

. Iln 

" ,, 

" 
t 

• JJ001 

" v , Q 

0! 

- ,, w 
i - .[ 

- I 

' 

u - a.r 

00 

IIeoa.r .. 

! itoT 

O'I"' 0 

rlo 

-
I c 

' Of·· '0 I 
roo! - ~  

8! 

doni a.r 

630 1 

350 1 

360' 
110' 
520' 
590' 
180 1 

- 100' 
- 110 1 

- 120' 
- 130' 
- 140' 
- 150' 
- 160' 

head 
" tt 

" " 
" 
" 

WALTER LEROY HUBER 
CIVIL CNQINECR 

\ $2.50 ----------
" 2.60 ----------•• 2. 66 ----------
" 2.76 --- -------,, 2. eo - ..... _ .. ___ .. ---
'' 2. 90 ___ .. __ ~

" 3.00 - - --------

1,575.00 
910.00 
954.00 
302.50 

1,456. 00 
1,711.00 

540.00 

14 Inoh Conorete ~i  · 

660 1 - 10' 
1670 1 - 20' 

730 I - 30 I 

head - $1.40 
" " 1.45 

_ ..... _ ... ___ _.. __ _ ....... ,_ ____ _ ~ 924.00 
2,276.50 
1, 095.00 
2,672.00 1670' - 40 1 

570' - 50' 
1120' - 60 1 

1360 1 - 70 ' 
470' - 80 1 

II ,, 
" 
tt 

" " 

" II 

" 
f t 

" 
" 

12 Inoh Conorete Pipe: 

1820 1 - 40 1 

1090 1 - 50' 
920' - 60' 
410' - 70' 
410 1 - 80 1 

410' - go• 
110 1 - 100' 
110' - 110 1 

110' - 120 1 

head 

" 
" n 

" 
" " 
n 

,, 
" 
" 
" 
" " 
" tt 

10 Inoh Concrete o1pe: 

40 1 - 10' 
730 I - 20 1 

220 1 - 30' 
110 1 - 40' 
550' - 50' 

1270 1 - 60' 
830' - 70' 
340' - 80' 
350 1 - 90' 
140 1 - 100' 
120' - 110' 
160' - 120' 
390' - 130' 
140' - 140' 
110' - 150' 

70 1 - 160' 
70 1 - 170' 
70' - 180' 

head ~ 
II " 

" n 

" " n n 

" 1t 

'' n 

" " 
" " 
It " 
11 n 

" " n n .. " 
tt II 

" t1 
" n 

" n 

8 Inoh Conorete Pipe: 

660' - 30' head 

1.50 
1.60 
1. 70 
1.75 
1.80 
1.85 

~ 0 
1.25 
1. 30 
1.36 
1.40 
1.45 
1.50 
1.55 
1.60 

.. __ .. ___ ...., .... 
~ .. ... -------
~ .. ......... ~ _ ...... -- .. --... -

~ .. ~

~ ..... ._ .. _ .. _ 

_______ ............ 
............ ------

~
~~ ... .._, ___ _ 
.. ~-- ... ~ ..... -------- ... ~ -. .... ._ _____ _ 

969.00 
1,960.00 
2.448.00 

069.50 

~ 00 
1, 362.50 
1,196.00 

553.50 
574.00 
694. 50 
165. 00 
170.50 
176.00 

~0 0 --------- $ 36.00 
0.95 --- - ----- 693.50 
1.00 --------- 220.00 
1.05 --------- 115.50 
1.10 --------- 605.00 
1.16 --------- 1, 460.50 
1.20 --------- 996.00 
1.20 ------- - - 408.00 
1.25 --------- 437.50 
1.30 --------- 182. 00 
1. 35 --- - ----- 162.00 
1.40 --------- 224.00 
1.46 --------- 665.50 
1.50 -------- - 210.00 
1.50 - - - ------ 165.00 
1.55 --------- 108.50 
1.60 ------ --- 112.00 
1.65 --------- 115.50 

0.05 ....... -. .. _ .. ___ _ 561.00 

$27,420.50 

13 ,214.00 

6,976.00 
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' Od - •o 
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'001 - ' Oli. 
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' 0 
•oe\" 

- •oss 
toi .•orr 
•oa .ro a ·, o • O\ sr 
t 0\' - ' 0 
1 Q - I 0 ... • 
1 0 - ~C 
' I - ' ~  
' Oli - 'OS! 
'0.2.( r oa:c 
'Ocr - •oe:\"' •or- ~  
'0 I ~ I Il 
t 0 ' ov 
1 Q I 0~ 

I Q - r I Q\" 

OI 

:eql: 

' 

230 1 40' 
460' - 50' 
400 1 - 60r 
390 1 - 70 1 

40' - so• 
50' - 90 1 

50' -100 1 

80 ,. -110 '· 
410' -120' 
280' -130 1 

330' .. 140 1 

280' -150 1 

660 1 -160' 

head 
" 
It 

" 
II 

" 
" 
" 1t 

" tt 

18 Inoh Steel Pipe: 
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~0 0 ----------- $ 
0.95 ~ ~ ~ ~ 
0.95 --------- - -
1.00 -----------1.05 ___ , _______ _ 

1.10 -----------
1.10 ~ ~ ~ 1.16 ____ ,.._ ... ~
1.20 - -- --------1.20 .. - .... - ............. .-.-
1. 25 _ ... ... .-. ..... - .... ~ ........ 
l ,. 30 .-.. ..... - _,__ ___ ._ ... 
1 •. '1.5 u - .... ~ ~

990 lin. ft. - 10 gauge steel pipe -
Weight per foot SO lbs. ~ $4.70 per 

207.00 
427.50 
380.00 

0 0~ 
42.00 
55 .00 
55.00 
92.00 

492.00 
336.00 
412.50 
364.00 
891 .00 

foot in plaae ~ ~~~~~ ~ ~ ~ ~ ~ ~~~~~ ~ ~ ~ ~~ 

10 Inoh steel Pipe: 

' 1020 lin. ft.- 10 gauge s teel pipe-
Weight por foot 17 lbs . • · $2.75 per 
foot in place ------------------ --------- - --------

Angles and Specials for s teel Pipe - ------ --------- --

1 -
1 -
1 -
1 -
1 -
1 -

18 
16 
14 
12 
10 

8 

Inab Gate Valve in pleoe 
" 1t n 11 u 
n 

" n ,, 
" 
tT 

tt 

" 

,, 
n ,, 
" 

,, 

" 

11 

" n 

n 

---------------------
-- -- - .... --.. -- ........ ~  ... ......... ... .._.. _ ... 

~

1 - lB Inoh Standpipe with Float Valve Control ------
1 - 14 " n " P " n - -----
1 - 10 ,, " " ,, " " ~ .......... 

20 - 6 Inoh Gate Valves with 3addles , i n place $75-

500 Lin. H. Conorete Tres tle ~ 6.00 --- --- ----- - - - --

40 - 2 Inoh Air Vo.lvea in pl aoo $ 75 . 00 - -----------

J4isoellaneous Items not inoluded above - ------ -------

Total Coat ot Cerro Pipe Line ---- ------ - - - --- -------

~  Cost per foot - - - -- - --- ------- -·----- -- - --- -

e 4,7o5.oo 

4,653.00 

2,805.00 

400.00· 

250.00 
210.00 
170.00 
125.00 
100.00 ao.oo 

2, 000.00 
1,100.00 
1,000.00 

1,500.00 

2,500.00 

3 , 000. 00 

2,500.00 

86,180.00 

The distribution system oovor ed by this estimate and 

shown on Plate 1 wi.ll make water easily av ilable for all psrte of 
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the Diatriot. However, t e l~  inoluded within the Distriot 

are rolling and, to roaoh all of the variouR knolls which will 

be oultivstod, an additional 3ost of approximately ~ 0 per 

aore will be neoeeenry for amsll pipe laterals. Whether this 

oost 'be borno by the D13triat as n whole and under its regular 

organization, or whether it be borne by individual land owners 

direatly conoerned is a matter of future poliay to be determined 

later by the Board of. Diraators. It is an expenditure which will 

not be neoesHary for aome time and one whioh I will omit from the 

general estimates of this roport with this explanation. 

Summary of Cost of Distribution System: 

Vista ?ipe Line ----------------------- $ 550,847.00 

San Maroos Pipe Line ------------------ 82,665.00 

Buena Line ~~ ~~ ~ ~~ ~~ ~~~~ ~ 

Riohland Line -------------------------

Guajome Line --------------------------

300,962.00 

191.738.00 

98,154.00 

86,180.00 

Total Coat---------------------------- ~ 0 00 

FUTURF ~  

When .' an Lui a Rey Irrigation District, as no pro-

posed, is fully irri satcd, it will be a 1 e precaution to have 

inoluded .in its works s reoerve pumping plant on tho pumping sit 

whioh ia boing aoquired by the Distriot adjoining ~  Lui Rey 

River some two miles above . nn .,uis Rey • 1 tJion. 

diagram, Plate 5, it is ov1dent that thia ·purnpin plant ned no 
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be oallod into uae ofter1er than perhaps onoe in thirty years, 

but ita addition i.s nn insuranae agains t drought whioh is very 

desirable if not entirely noooaanry. ria this oon3trnot1on ia 

absolutely unwarranted until some time far in the future, an 

eotima.te of its ooet at this time when prioea are vary much un-

settled ie quite impossible, o.nd, sinoe 1 t s oo.ustruotion should 

be deferred until far in the future, I will not inolude it in 

the estimates of my preoent report although I have made some. 

approximate figures whiah lead me to believe that its cost with 

adequate ateel mains for reaohing the Distriot would, under 

present prioes, ~  to approximately ~ 0 000 00  

Item 7. 

~ ' l  o.nd conflicting theories ~  been advanoed 
. . 

for deterl!lining the value of wa.ter rights. 
. -.. 

The ~  Court of - . 

tho United States has deoided that a va.lue must be allowed for 

such rights, but no rule haa been defined for deter ining. the 

value, and in praotioally every eaae, a.!l ir: this o.nc, value a have 

been fixed by mora or lean arbitrary methods as diotated by judg-

ment after woighing available and relevant cvidenoe. 

The valuo as fixed by sales of W.f.l ter rights o.f 

like oha.ra.oter i s relevant. Unfortunately evidence of suoh sales 

is in this case meager. _ .r. Chas. R. ~  Ci vi.l a.nd Hydraulio 

Engineer, of tos Angelea, baa made a oareful oompilation of water 

right values o.B determined by · ale prioes of stoak in mutual 

water ~ i  of .;outbern Cal ifornia. . a..a the e stooka include 

an obligstion ·upon tho psrt of the oompo.ny to deliver water to 

the owner' a la.nd,s, ur. Lee has, frotn the gross sale value of the 

-90-
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otook, compiled what he termo tho grosa water right volue. By 

deducting from the groas wnter right vs.lue tho oost of works 

necessary to deliver water to tho lpJ,da, Mr. 1eo ha3 deduced a 

net wntor right value. Ho has further divided the e rights into 

three olaaaoa; (l) oxaluaively aitrue1 (2) oitrua &nd diversified 
arops' (3) diversified crops, no citrus. For comparison, San 

Luis Rey i ~ i  Diatriat should be rated in the seoond alaaa. 

The following data woe introduoed by Mr. Lee as 

Appendix B. in hin teotirnoz1y in tho matter of ... pring V9.lley 

'Pater COI!lpeny vs. City and County of San ? ra.noiuao, heard before 
the Master in Chanoer,y, H. ~  Wright, ~ il 6, 1916. 

Listing the aompanioa of eaah alass in order of 

grosa T.ater right value, the following i s ob t ained: 

1. Rxolueively Citrue. per .l. r. 
Lugonia Water Co. --------- - --- - -- ~ 00 

San ~ i  r.ater Co. ------------ 1,950 

Canyon Water Co. ----------------- 1,500 

Del ~  Irrigation Co. --------- 1,360 

Temeaaal Water Co. --------------- 1, 250 

Gr. ge Canal Co. 1, 250 

Redlands i\'ater Co.--------------- 1,050 

San Dimas Irrigation Co. ~ B75 

~ v ere.g-e ---- ---------- -- $1 , 41 7 

2. Citrus and l>ivers1.fiod Cropa. · 

Alta Mutual ~  Co. ------------ ~ 000 

Thermal Belt Water Co. - -- -------- 1,000 

Esoondido r utual ~  Co. ------- 950 

-91-

per ~  

~ 000 

151,000 

116,000 

105,000 

96,600 

96,600 

81,300 

67,700 

, 109,600 

77.400 

77,400' 

73,500 
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per r.1 . I. 

Riverside Water Co. ' --- .... --- ... ~ .... (. 

Santa Ana Valley Irri ation Co. --

California Domoatio Water co. ----
South Side Improvement Co. -------

Los Nietos Ditoh Co. ----- - -------

Irrigation Co. of Pomona ---------

Average 

. .. 750 

750 

500 

210 

209 

208 

620 

58,000 

58,000 

38,700 

16,200 

16,200 

16,100 

$47' 900 

3 . Diversified Crops, llo Ci trua. per p r ..:. . . per rn . :;.d. 

Banning water Co. ------ ------- - --

~  ~  Co. - - ---------------

Stout Ditch Co. - - ----------------

MoKenzie Ditoh Co. ------ - ---- ---

Arroyo Ditoh Co. -----------------
Imperial Water Co. llo. 5 - - -------

Puente t a.nd & ' . a.ter Co. ----------

Imperial 1'eter Co. no. 1 ----- - ---

tittle Lake Irrigation Co. -------

Averege ----------------

c}. 
"'I 612 

350 

175 

175 

80 

72 

45 

43 

25 

175 

$47,400 

27,100 

13,500 

•13,500 

6,200 

5.570 

3,480 

3 , 330 

1,930 

._..13,600 

Goneralizinff the data at hand, gross water right 

values in oitrus oulture in Southern Qiifornia range from 676 

to $2.100 per miner's inoh, averaging 1,417. 

For aitrus oulture oombined with diver ified crops, 

values range from 210 to $1,000, and ~  ci20 per miner's 

ina h • 

For diversified oropa i ~ no i ~  the values 
ran e from 26 to ~ 0 per miner' s inoh, and avera 175. 

From tho data at hand, it ould ·appo\r, therefor 

-92-
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that gross wa:ter ri rrht value a.; i n : outhern Cal i fornia are highes t 

in oitrus oulture Blld lowest in i ~ l ifi  orop farming, i n-

cluding alfalfa, dooiduoua fruits. grain and vegetables. Value 

!or the 09mbino.tion of the two lie between the extremes. 

Fxpres aed as ratios, the avernge for citrus 

oulture ia 2 .3 time R that for oitrus culture oombined with d_iver-

sified oropa, and 8 i ~ thot for divers ified arops G uaive of 

aitrus. 

A similar analysis of net water right values 

results na follows: 

1. l ~i l  Citrus. por :.1 . I. 
Lugonin , ater Co. ---------------- $1,995 

San Antonio ~  Co. --------- --- 1,845 

Do l L:onte Irrigation Co. --------- 1,17S 

Temesoa.l -·ater Co. ---------------

G9ge Canal co. -------------------

Redlands Water Co. ---------------
Ban Dimas Irrigation Co. ---------

900 

950 

677 

665 

Average -------------------------- e1,172 

2. Citrus and Diversified Crops. 

Santa Ana Irrigation Co. ---------

Alta Mutual Water Co. ---- - - ---- --

Thermal Belt Water Co. -----------

Riverside Water Co. --·-----------
Los Nietos Ditoh Co. ------ - --- - --

South ide Improvement Co. ---- - --

California Domeatio .. ater Co. ----

Irrigation Co. of Pomona ---------
Average (oxoluaive last 2) -------

563 

550 

560 

190 

171 

37 

!legative 

ttesative 

per ~  

"$154,000 

142,800 

90,900 

69,600 

73.500 

52,400 

51,500 

90,700 

43,500 

42,500 

42,500 

14,'100 

1' '200 

2,660 

Negative 

osative 
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Following are ~ l  values, or value_a whioh have 

boen aatunlly nwarded, in s outhern California, in moat inatanaea 

for domeatio ~  

u. 3,500 per miner's inah fixed by Judge Conrey 
for Sierra Madre where water waa takon from the 

· Baldwin Ranoh for tho use of the City. 

$2,500 per miner's inoh selling priae at 
MaClay Ranoho in 1902. 

$2,800 per miner's inoh ~ lli  prioe from 
West Loa ngeles 'Yater Company. 

$2,000 per miner• s inoh value fixed by Cal-
ifornia Railroad Comrnisaion in the matter of the 
petition of the City of Glendule to have valuations 
made of aertain water systems within the oity • 

The City of Los ! ngeleo has oonatructed ita 
aqueduct from Owens Valley and has thus brought in 
a water supply at an aotual cost in exoess of 
$2,000 per miner's inoh." 

Most of the values here dioOUH Sed are for the 
region of Lo B Angeles, River ide and ."" an Bernardino Counties. 

In the vicinity of '~  Luia Ray Irrigation Di s triot the water 

supply is, perhe.pa, aven more limited. Here tho development of 

agrioultural land is limited by the ultimate available water 

supply. Many aoroa of otherwise valuable land muat, so far as we 

know ~  remain unirrigated and, therefore, of ~ ll value, 

beaause no water supply will be available for them. Under these 

airoumutanoes, ooneider the oaoe of one man owning lands without 

~  and a aooond owning water i~  The application of water 

to the lands will ~  once ereatly enhanoe tho value of the lands. 

Naturally. the owner of tho water ri?,hta ann to a considerable . 
extent command this onhanoed value sinoe hia rights are in demand, 

in faot, aotual oompetition for them exists. It will roquire an 
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oxpenditure for works to deliver this water to the lands, but 

seldom an expenditure ~l to the crhanoed value of the lands 

- doos not tho difference equal the value of the water rights 

to San Luia Rey Irrigation Distriot, a value whioh the land 

owner will willingly moat, in addition to the cost of hydraulic 

works, in order to develop i~ lands? 

Within San Luis Rey IrriP,"a.tion Distriot the a.ppli-

oation of wa.ter to la.nds for whiah no water rights are now held 

will probably oauae an average incroa ·c in value of at leas t ~ 00 

per aore throughout the entire Distriot. I am not unmindful of 

the faot that many peroell of land will be much more increased in 

value, but does thi s added value not o.riHe from other oauaea suoh 

as environment, adaptability for dwelling plaoea, ·etc., qualities 

whioh would not have exiHted to the same degree, if at all, with-

out the applioation of water, but which arc not due solely to 

its application? 

Roughly, the bydrg,ulia works whioh ~  TJnis Rey 

Irrigation i~ i  proposes to oonstruot or aoquiro will coat 

approximately ~ 0 per sore. !-,rom an enhanoed vnluo of $125 

~ aore there is, therefore, n remainder of approximately ·25 

per oore as an allowance for water ri ; ht value, or, more 

properly, the maximum prioe whioh the i ~ i  oan afford to pay 

for water riehta, in addition to i ~ the ooat of neoosoary 

works for storins and oonduoting wator from r.srner Reservoir to 

its lands. It should be diatinatly understood that a valuation 

of Vola an r4and and ·r-ater Company' a Vlater ri e-h ta e. a aomputed rrom 

their .onpnbility for onhanoin the value of the Landa within ,an 

•• 
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ating aome other l ~ which will have a greater or lesser 

appreciation in value due to their application, or one for which 

the ~ ~  hydra.ulia works will ooat more or leas. <; inoe 

this baai a of value is dependent only upon the use of the water 

for irrigation, i ~ incidental usc for power development - a 
use which the Voloan tand and Water Company will reucrve does 

not detrnct from the value thus determined. In thio aonneotion 
it should be remembered th. t the uae for power development is 

wholly uubordinato to irri Jntion ~  that the power projeots on 
the supply oa.no.l o.re not projects as ;1oll uui ted to power devel-

opment as are other po . nible projects utilizing the .-Hli!lC water. 

Fi ually, after aonsiderinr the above nnd other 

relevant f :1ota, I am or the opinion that ~ 0 000 ~  n fair 
value for the uale of Vola an T,and and :,'ater Company' o wn.tor 
rights to ~  r,uis Rey Irrigation Di dtriot for the i i~ i  

of the partioular lands within that i~ i  ~i  ~  right to 

devolop power ~  by Volonn Land and ~  Company - the 
draft to be re =JUlated to irrigation UBe uhould any conflivt arise 
- this value to i nalnde pumping ri ·!hts from n paroel of lund 

adjoininB' a.n Luia Rey River directly north of the Distriot as 
well tht tho i ~  of otorage and diversion from n-:nrner ite.::ervoir. 

An previou ly mentioned. thoro are two powor drops 
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WALTER LE ROY HUS ER 
CIVIL ENGINHR 

nlong the msin supply oannl of ~  Luis Rey i ~ i  DiaLriot 

- Hellholo and Merriam Power drops. Fatimates of the aoat of 

oonstruating the n eo e ::u.Hlry forebays. 

houeea, with all neae eary i ~  
. 

have not been inoluded in thia re ort 

penztooka and power 

for· these power drops 

~  th 0 proposal 

ronde by l~  ~  and Wntar Company to . en Luis Ray Irriga-

tion Diatriot, whioh ~~ the nubjeot of this report, does not 

inolude the oonstruotion of these works by the Diatriat. In-

stead, the oompany proposeu to reaerve the water power devel-

opments at the He two s i tea and to ins ta.ll them at 1 t s own 

expense, thus relieving the District of this item of aost and 

particularly of the steel pipe 1 i.nea neaefJsery for oonducting 

water down the hillsides under pres,ure. 

VALUE OF -r.A:. D • 

To acquire tho system which '·an T,uia Bey Irri-

~ i  Distriot nor. seeka to acquire or constrnat and to still 

meet the requirements of the Statute (Statutes 1913, page 778) 

to the effeot that tho total bonded indebtedne s mu·t not 

exoeed 6 · of the aggregnte value of the. land , •ater, water 

· r ights and irrigation works to bo n.oquired or aonstruated, it 
is neoessary thnt tho total va.lno of the lqnds inoluded ith-

in the Distriat be, i no llo ~~  is mnde or bond di oount, 

3,629,686. t havo not porJonql y inve tig tod the value of 

these lands av it w111 be the ubjeot of ~  inve i~ i  of 

another Dopartment o the ~  Gov rn ent. 
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My i i ~ i  lend mo to the following con-

oluaions in re flrd to .ion Lui s Ray Irrig·ntion Distriot as 

propo_aed: 

(n) The supply of water nvailable for irrigation for the 
projeot i a auffioient to irrigute the a rea of· 43,000 
aorea inoluded within the Di3triot, of which area not 
more than 25,200 nareo will be available for irriga-
tion during any one year. The District 111 be able 

(b ) 

(o) 

(d) 

(f) 

· to ao gLire the ri ht to the use of the wnter neoesAqry 
for ita projaot. 

The ~ il i s fertile and ~ i l  of irrigation. 
The probable amount of water needed for its irriga-
tion v1i 11 i.n moat aaees be an aver aBe of 1. 0 e.ore 
foot per aore per annum, although a l i mited area oan 
be ~ l  irrigated with o.a aore foot per aore 
per annum. ~  studiea of the upply or water 
required have been made on this ba ·i s . I:o s erious 
problems of drainage will nri oe i n the Dis trict as 
now proposed. 

The Distriot 1 J irrigation sys tem, ua ~  is . 
feas ible. 

The valne of the water, ws.ter i ~  canals, res er-
voirs, reservoir. oites and irrigation-works owned by 
the District or to be immodistely acquired by it will 
have a value of ~  

In order that the bonded indebtedne .. s of the District 
shall not exoeed 0 ~ of the ~l value of the lands 
inoluded, wo..ter, water rights and irri 'ltion works·, 
the land vuluo should be equal t o or ~  than 
$3,529,686 (discount on bonds not taken into u\laount ) • 

The approval of tho Distriot and of ito propo ed bond 
isuue tor i ~ or oquiring its c omplete 
system of i i ~H i  works i \-t·nrranted o f r r ns 
problems or wo. tar supply &nd on?:ineerinB over n ;.,uah 
approval. 

Respeo·tfully oubmi tted, 
I 

1'1 t I 1 . ~ rAJ . . I \ vU'VL_ 
Civil Engineer. 

San Fr anoiaoo. Col. 
November 4, 1918. 
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M30UH YOA J R3TJAW 
l ~  JlVI:) TABLE N O. I. 

Obaerved Straam ~  - From 1903-l918a 

Compiled from g.£. ~ ~~ ~ l and Other souraeu, 
With Interpollntiona ~ William _. Post. 

SAlt LUIS RFY WATFRSHF.D 

Quantities in Acre-Feet. 

S o. n L u i s R e y R i v e r 
~ ~ ~~~ ~ ~ ~~ ~ ~ ~~ ~~ ~~~ ~~~ ~~ ~ ~ 

Month 

1903-4 
oat. 
Nov. 
Deo. 
Jan. 
Feb. 
Maroh 
April 
May 
June 
July 
Aug. 
Sept. 
Total 

• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 

rlear 
Mesa. Grande 

(i"arnere Dam) 

• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 

Near 
Po.la. 

50 
83 
74 
92 

115 
2,558 
2,595 

996 
643 
234 
123 
119 

7,680 

• • 
. . • 

• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 

At 
Bonsall 

• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 

noar 
Oceanside 

~ ~ ~ ~ ~ ~ ~~~~ ~~~~ ~ ~

1904-5 • • • • • • • • oot. • • 154 • • • I • • 
Nov. • • 143 • • • • • • 
Deo. • • 227 • • • • • • 
Jan. • • 1,174 • • • • • • Feb. • • 8,386 • • • • • • 
Maroh • • 20,660 • • • • • • 
April • • 3,862 • • • • • • 
Jjfay • • 6,417 • • • • • • • 
June • • 1,369 • • • • • • 
July- • • 252 • • • • • • 
Aug. • • 184 • ~ • • • • 
Sept. • • 166 • • • • • • -
Total • • 41,980 • • • • • • 
~~ ~ ~ ~ ~~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ 
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0 . • 
• • 
• • 

.\toO 
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do 
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'\1' lt r 
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onut 
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• • 
• 
• • 
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. : • 70 . 
: . op(T 
: .nf::lt 
: • d'} 
: i ~ 
: Ll'I 
• • 
' • • 
• • 
• • 

TAl3LE If 0. I. (continued) 
s a n L u 1 s R e y R 1 v e r 

--------------------------------------------------------------. . 
Month 

• • 
• • 
• • 1905-6 : 

~ 
Nov. 
Doo. 
Jan. 
Feb. 
Ma.roh 
April 
May 
June 
July 
Aug. 
sott. 
Toal 

: 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

liear • • 
Mesa Grande 

(Warners Dam) . 
,, 
• 
• • 

lfeo.r 
Pal a. 

• • 
131# : 197 
750b : 1,059 
446b : 1,125 
778b : 1,320 

2,5llb : 1,590 
47,012b : 68,900 
10,343b : 17,900 

2,92lb : 9,720 
1,670b : 3,900 

780!/ : 1,170 
42211. : 633 
147f! : 220 

67,910 : 107,730 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • .. • 
• • 

At 
Bonsall 

• • 

. . 
• 
• • 
• • 
• • 
• • 
I • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

If ear 
Ooeanaide 

--------------------------------------------------------------
1906-7 : 
Oat • 
Nov. 
Deo. 
Jan. 
Feb. 
Mar • 
April 
May 
June 
July 
Aug. 
Sett. To sl 

• ·• 
• • • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

184 
494 

4,880 
33,300 

8,550 
20,000 
9,940 
3,840 
1,360 

201 
87 

132 
82,970 

• • 
• • 
• • 
• • 
• • 
• ,, 
• • 
• • 
• • 
• • 
• • 
• • 

• • 

• • 
• • 
• • 
• • 
0 • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

~ ~

1907-8 : 
Oat. 
nov. 
Doo. 
Jon. 
Feb. 
Maroh 
April 
Ua.y 
June 
July 
Aug. 

~  
To iii 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• .. 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• ' 

' • 
• • 
• • 

1,730 
1,560 

818 
3,850 

10,.100 
3,760 
1,270 

812 
440 
184 
209 
119 

24,940 

• • 
• • 
• • 
• • 
• • 
• • 
t • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • .. . 
• 
•· • 
• • 
• • 
• • 
• • 

,__,,.. __ 

,... _______ ,_,_ __ ,.. __ ------ _ .......... ~ ~ ____ ..,...., ... ._ _____ ....... __ ._, ... -..- .......... -.. ~ ........ _,_..., 



• . 
~ ~~~~ ~ ~~~~~~ ~ ~ ~~~~ ~~~ ~ ~~~~~~~ 

. . 
• 

• • 
• . 
• • 
• • 

. . . . 
• • . . 

------ _______ ..... _ 

. . 
• • . • . . . 
• 

. . 

. . . . 

• • 
• • . 
• 
• • . 
• 

• . . 
• 
• • . 
• 

• . . 
• • 

• • 

________ _. ............ -... ~

. 
• 
• 

• • 
• . . 
• . . . 
• . 
• . 
• 

. 
• . . 
• 

• • 

. 
• 
• • . 
• . . 
• • . . 
. 
• 
• • 

• . 
• 

__ ... _.. 

____ ..,.,.. ____ _ - ~ ~ ~ ~ ~ ~ ~~

. 
• 
• . 
• . 
• 

. 
• . . 
.. . 
• . 
• 

. .. 

• • 

• • • • 

.. 
• 
• • . • 
• • . 
• 
• • 

.. 
• 
• • 
• 
• • 
• • 

... ___ .. ....... _ ... __ ... _ ....... . . • 

• • 
• 
• 

Ifj' 0 

• • 

~ ... _. .......... ~ ...... --,.. 

_________ ...... _ ... _ ........ _ 

------------- ----- -------------- --- ----- -- ... -- ... ---- .. -- .... -....... -

T A B L ~ H o. r . (continued) 

s an L u 1 a R 1 v e r R e y . 
~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~ ~ ~~ ~ 

Month 

1908-9 
Oot. 
11ov. 
Deo. 
Jan. 
~  

Mnroh 
pril 

May 
June 
July 
Aug. 
Sept. 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

llea.r 
Moaa Grande 

( arnera Dam} 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

!fear 
Pala. 

215 
363 
529 

12,200 
18,400 

8,420 
5,410 
1,700 

371 
329 
315 
298 

48,550 

• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

At 
Bonsall 

• • 
• • 
• • 

• • 
• 
' • • 
• • 
• • 
I • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

!lear 
Oceanside 

~ ~ ~ ~~ ~ ~ ~ ~~ ~ ~ ~~

1909-10: 
Oat. 
Nov. 
De a. 
Jan. 
Feb. 
Maroh 
April 
May 
June 
July 
Aug. 
~  To al 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

1910-11: 
Oat. 
1Tov. 
Deo. 
Jan. 
Feb. 
laroh 
April 
May 
June 
July 
Aug. 
Sett. 
To al 

• ' • • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

ll~f 
~ 

170u 
2,180:1 
6,870t 
7,'/00f/: 
3,100#. 

512t 
124 
108 

72 
101 

21,160 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

30'1 
7:38 

6,580 
26,500 
3,700 
4,340 
3,040 

614 
325 
2QO!! 
15011: 
150# 

46,640 

00~ 
240.,-
300#= 

3,080 
10,700 
11,500 

4,640 
696 
402 
2409 
160# 
220, 

32,380 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• .. 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • . . • 
• • 
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• • 

. . 
• . . 
• . 
• 

• . 
• • 
• • 

. . 

j' .. 

• . . ., 
• • . . 
. . 
• .. . 
• 
• . . • 
• . . 
• 
• • . 
• . 
• . . 
4 

• 
• • 
• • 

• • 
• • 
• • • • 

: e-eoer 
: • • d" DO 

• • 
• • 
• .. . • 
• 0 

0 • 
• • 
• • 
• • 
• • 
• • 

• v o1 • . oo 
.n t 
.d '1: 

.do'I n .: 
L l "'qi' 

~  ~ 
en.tf(,. 
"'C[;!.Ut 
• . IJA .. 

.J'oeP 

~ ~ ~ ~ ~~ ~ ~ - ... ~ ............. - --

-- -------

• . . 
• 
• . . 
• . 
• 

. . 
• • . 
• 
• • 

. • . 

• . 
, . 
• 
• . . 
• 
• • 

. 
• . 
• 
• 
• . . . . 
• . . 

. • 
• 
• • 

.. . 
• 
• 
• • 
• • . 
• 
• • 
• . . 

:o.r-eoer 
: • d' ob 
: .von 
: . oecr 
: .n.st 
: , cfe'"d: 
: rlo:tnM.. 
: l,l ...r qA 
• • 
• • 
• • 
• • . . 
• • 

, . v; h 

orwt 
v;.rut 

~ f  
• ~C  

• • • 
~ ~ ~ ~~ ~ ~ ~ ~ ~ ~~ ~~~~~~ ~~ ~ ~ ~ ~~~~~ ~ ~ ~ 

. 
• .. . 
• . . 
• 

• • . 
• . . . • 
• • . • 
• . . .. 

. 
• 
. ·•. 00~ • • 
• . 
. 
• 

• . . • 
• . . 
• • • . 
• 
• • 
• • 

• • 
• • 

. . 
• • 
• • 
• • 
• • 

• • 
• • 

• • 

~ Ol i 
~  

"'l 
'OBI , "' 
~  ,, 0 0 '( 

:'1 t 

oo.r, ; 
\ l . 

_s.r 
eo 
S\' ror 

: I.r ... o.re.r 
• . d oO • • : .von 
: . ooa 
: .. r1 t . : -. .o o'd 
• .cro·.s:a .. . •• 
: l ,l"Iql 

• • 

' ~ ' 
an.ut 
v;.! . Jt 
.au A .ttfoc.. 

J.s o 

T A B L E • U 0. I. (continued) 

S a n L u 1 a R e 1 R 1 v e r ----------------- ____ ........... .- _ ......... ___ .. ___ ~  ....... ._ ... _, ______________ ._. ............... , ........... _ 

Month 
• • 
• • 

Near • • • • • • Moss Grande : Uaar : At : Boar 
: (Warners Dam) : Pala : Bonsall : Ooear1side 

~ ~ ~~~~~~~~ ~~~~~~~~~~~~~~~~

1911-12: 
Oot. : 
Nov. : 
Deo. : 
Jan. : 
Feb. : 
Maroh : 
April : 
May : 
June : 
.Tuly : 
Aug. : 
'Sett. : 
~  ai : 

111 
100 
168 
290 
212 

4,640 
4, 730 
1,300 

204 
100 

81 
90 

~ 0 

• • 
• • 
• • 
• • 
• • 
• 
' • • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
220/! : 
200# : 
3401} : 
470# : 
3401 : 
00~ : 

5,470 • • 
• • 2 ,, 070 

385f. : 
22lt : 
19lf. : 
203f : 

• • 

• • 

gf_ ~ 
~ : 

OA 
O# 

7,000{ 
6,B30;r 
2,070 

36 
0 
0 
0 

14,940 

• • 
• • 
• • 
• • 
, . 
• 
• • 

• • 
• • 
• • 

O# 
~ 
& 0,, o& 

000~ 
7 ,380; 
1,640 

0 
0 
0 
0 

15,020 
--------------------------------------------------------------
1912-13: 
oot. : 
Nov. : 
Deo. : 
Jan. : 
Feb. : 
March : 
April : 
May : 
June : 
July : 
Aug. : 
Sept. : 
Total : 

229 
120 
137 
498 

1,870 
1,·810 

672 
254 
83 
52 

134 
54 

6,910 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
246/ : 
209 
529 

• • 
• • 1,140 

1,090 
1,290 

583 
344 
232 
17'8 
184 
143 

6.170 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

0 
0 

117 
1,220 
2i280 
2,220 

607 
1'1 

5 
0 
0 
0 

6,479 

• • 
• • 
• • 
• • .. • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

. . of. 
of. 
o'f 

18 
1,830 
1, 290 

110 
0 
0 
0 
0 
0 

3,250 
~

1913-14: 
Oat. : 
Nov. : 
Deo. : 
Jan. : 
Fob. : 
Maroh : 
April : 
May : 
June 
July 
Aug. 
Sept. 
Tot8l 

69 
120 
194 

4.840 
12,800 

2,210 
1,290 

701 
195 

87 
79 
49 

~ 0 

• • 
• • 
• • 
• • 
• • .. • .. • 
• • 
• • 
• •· 
• • 
• • 
• • 
• • 

172 
238 
387 

6,120 
15,400 
3,390 
2,460 

972 
298 
262 
117 

89 
29,900 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

0 
0 

246 
6,2'10 

10,700 
5,380 
1,970 
1,160 

77 
131. 2t 

0 
25,820 

• • 
• • 
• •· 
• • 
• • 
• • 
• • 
0 • 
• • 
• • 
• • 
• • 
• • 

0 
0 
0 

5,130 
21.000 
3,720 
1,860 

578 
0 
0 
0 
0 

32,290 
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TABLE lf O. I. (continued) 

S a n J, u 1 8 Rey River 
~

Month 
• • 
• • 
• • 

1914-15: 
Oot. : 
Nov. : 
Deo. : 
Jan. : 
Feb. : 
Msroh : 
April : 
May : 
June : 
July : 
Aug. : 
Sept. : 
Total : 

Uear 
~  Grande 

(Warners Dam) 

69 

• • 
• • 
• • 

• • . . • 
78 . : 

341 
6,940 

21,200 
9,650 
4, 670 

15,600 

• • 
• • 
• • 
• • 
• • 
• .. 

2,240 
458 
100 

89 

• • 
• • 
• • 
• • 60,440 .. : 

• • • • 
Near : At : Near 
nala · Bonsall : Oaeanaide 
~ ~ ~ ~~ ~~~

267 
314 
616 

6,950 
32,000 
16,000 

8,570 
24,400 
4,020 

508 
432 
387 

94,430 

• • 
• • 
• • 
• • 
• • 
• • .. • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

0 
32 

385 
16,300 
52,100 
18,900 

7,910 
25,800 
4,480 

300 
13 

0 
126,220 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

~~~ ~~ ~~ ~~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~~ ~ ~~~

1915-16: 
Oot. : 
Nov. : 
Deo. : 
Jan. : 
Feb. : 
Maroh : 
April : 
May : 
June : 
July : 
Aug. : 
~  : 

To a1 : 

1916-17: 
Oot. : 
Hov. : 
Deo. : 
Jan. : 
Feb. : 
Maroh : 
April : 
May : 
June : 
July : 
Aug. : 
Se¥t. : 
To al : 

• • 
1241. : 
2781: : 
784f. : 

146,0471. : 
21,160f. : 

9,4811. : 
4,3261. : 
2,087'1: : 

683f. : 
245t : 
338t : 
136jl : 

185,690 

853 
712 

3,086 
4,627 
7,626 
3,920 
4,525 
2,013 

610 
112 
129 
198 

28,411 

• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
0 • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

930 
5 75 
591 

2,252 
1,820 
3,510 
8,965 

14,830 
6,975 
4,430 
3, G85 
1,176 

27 
0 
0 

47,670 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • . • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

of. 
of. 

992"1: 
270,5701. 
39,710f. 
24,4201. 
o,aoof. 
2, 506f. 

8141. 
314/. ot. or 

348,130 

2,.025 
1, 692 
4,285 

10,140 
16,040 

6,950 
4,490 
2,860 

698 
0 
0 

· 0 
49,180 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~
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TABLE N 0. I. (oontinued) 

s a n L u i B R e y R 1 v e r 
~Near • • • • • • • • 

Month • Meso. Grande • Near .. At • Uear • • • • 
'" (Wa.rnera Darn} • Pal a • Bonsall • Oaea.nside • • • • 

1917-18: • • • • • • Oot. 183 119 • .0 • .. • • • • • 
Nov • 300 , . 684 • 0 • • • • • • 
Deo • 418 966 337 • • • • • • • " 894 1:,607 1,383 Jan • • • • • • • • • 
:h,eb • 1',082 • 1,447 • 1,403 • • • • Maroh 17,230 • 27,B60 • 30.450 • .. ,, ,. 
April li452 1,292 1,234 ,, • • • • • 
l.iay 853 746 • 421 • • • • • 
,June 433 310 • 71 ' • • • • 
July 151 56 • 0 • • • • • Aug. 136 0 • 0 • ., • • . , • • 
Sept. 148 0 • 0 • • • • • • • 

. 
Total. • 23,280 • • 35,086 • 35,299 • • • • --------------------------------------------------------------

b• Reoorda of Paoifio Light &: .Power Co • 
f.• Volca.n Land & .rater Company Recorda • 
#•· Interpolated values • 

All other values from u.s. l ~ i l Survey • 



Table No. 2. 

MEASURED RUNOFF OF SAN LUIS REY AT WARNER'S 

SHOWING ~  FROM OCTOBER TO MARCH INCLUSIVE & FROM APRIL TO SEPTEMBER IllCLUSIVE 

: Toto.l soaaonar--:- --- - : Runoff Oat. To Mar. Inol--;-:-RunO?f!\prfl-To Sept. Inol. 
• Runoff : Peroent : • Percent • • Peraent • • • • 
• l..ore : Runoff • Acre • Total • A ore • Total • • • • • Soaaon : Feat • Year • Feet • Seasonal . Faot • seasonal. • • • • • --

1905-06 : 67,910 • 214 • 51,628 • 76 • 16,282 • 24 • • • • • 

1910-11 : 21,160 • 67 • 17,150 • 81 • 4,017 • 19 • • • • • 
11-12 : 12,030 • 38 • 5,521 • 46 • 69505 • 64 • • • • • 
12-13 : 5,910 • 19 • 4,664 • 79 • 1,249 • 21 • • • • • 13-14 : 22,630 71 20,239 89 2,401 . 11 • • • • • • • • • • 14-15 : 60,440 • 191 • 37 t 278 • 62 • 23,157 • 38 • • • • • 

1915-16 : 182,068 • 586 • 174,642 • 96 • 7,526 • 4 • • • • • 16-1 '1 : 28,411 . • 90 • 20,824 • 73 • 7,587 • 27 • • • • • 17-18 : 23,280 . • 74 • 20,107 • 86 • 3,173 • 14 • • • • • 

liminatiD8 the year 1915-16 as extraordinary and averaging the other seasons there results: 

~ of total seasonal runoff ooours from Oot. to Maroh i l ~i  

26d " 

Aaoume 

,, 

7 
3 

" " " " 
from Ootober to Mnroh 
from April to Soptombor. 

Apri.l to ~  " 



--(. 
•• •• • . . . . . . . . . .. • • ... •••• 

~ 

• ::1 ,. f • 
OJ , 

~ 

""':-
(\: " .. ' .. .. • hnott Oot. 

~ ()J 
~ · to • 

h ,. 
• • • 

• br. 81 Co) • • • • • ... ,... ,_. 1888-:81 : 17,150 8,460 860 8,800 
• • • 81•90 -: . 48,000 . 14,400 ao 14.7.60 .. . .. . .. • • • •• . ..., ~ - r • - .. - 9Q-il ~ 61,000 86,700 ~ 0 0 15,300 • 360 16,650 • 

11•92 . - 21,400 1&,000 15,860 6,400 . 350 ·6,750 • • 
12•93 • 32,600 21,700 23,060 9,soo • 850 10.150 • • 

• 93_,, 11,810 8,180 ~ ~ ~ 0 350 4.180 • ...... • 

...... 
,,_98 98,000 68,600 68,9&0 29 .. 400 350 29,750 

~  ')J .... • . ., --'1 . .. 95-96 l 7,270 5,080 s,ao 2,190 a60 2,540 - • n:, 96-17 • 23,100 . 16.200 16,660 6,900 860 '1.250 • H 97-98 1 3,9150 2,770 . 8,120 • 1,180 810 ~ ~ 

~ 
98-lt 2.910 2,040 . a,ato .:· 870 8&0 1,220 

• 9i•OO 1,960 1,360 • 1.710 : 5i0 860 940 • 
j • - ~ 

... 
• • • • • • • • • .. 19D0-01 13,160 9,760 • 10,UO : 4,190 350 ,,5-CO • • -. . . . 

• • • 
~ ..... ~ 01-02 8,840 6,180 • 6,5!0' : 2,660 uo . . 3.010 - I• • • 

(.J ' 02-03 16,020 . ll.200. • l.l,SDO 4,820 ~ 0 . 5. 170 
l.'J • • 

OZI•Ot 5,784fb) : ,,050 • 4,.00 1,784 ~ 0 ~ 2,084 • • 
04•05 87,400 b) 11,200 19,560 . 8,200 2550 • 8,550 • • 

• .. .. .. . . .. .. 0 
~ 

~  : 67,910I•J • 47.860 
t!:'l • c ·- 41,&00 • 20,410 a&o • 20,760 - ...-: • . 

<: 06·07 : · 52,168Cb • 36,600 36,960 • 16,558 350 • 15,9()3 • • • 
, (0 01•08 • 17, 784fb) : 12,400 l8,1ti0 : 5,za.& • !'560 5 , 684 • • .. • .l h 0 ~  • 32,924 b) .. : u.ooo 225,!560 ': . 9,tu 350 10. 274 

0 0. • 
0 ~ 0 30,89t(b) 21,600 21.eso , 9,Ztt 350 9. 649 

4- . . "'. . . . . •• •• • • • • •• Cl 
0 . . . . . ,. •• 8 I ..... 

~~ 10•U 21,1601•1 1?,160 17,&00 4.010 4.360 • 
~ 

• 
• ·' r.' ... ll-11 12,010(a 5,521 ~  0~ 6,859 

~~ 'It :7 ,....,., 12•13 5,910(a) 4,664 5.014 1.246 r .sgs 
~ f-: ~  13-14 22,630(aJ 20,2S! . 20,233 2,8§)7 ~  ,. ....t 14-16 z 60,440(a) 37.278 37.278 23,162 23.162 . .. • ... , 

0 I • . - • q .. ... 7.816 ... :.;, J 
I 

}-: • . • • • • 
I • f • • • • • • • • • • • • • • • • '.. . . 
' 

7,587 
• 3,173 • ... 

~l . 
. , h b} .. o r 

, 
C ~  troa Pala. Col · aunott from Oot. 1 to larch !'51, 1no1ua1••• •at1-

~ mated 7 . or total eeaaODal when aotual re,orda 
h. ·not &Ya1lab1e. . 

0 
..... ?00 acre teet• per aDDU. allowed prior .to 1912·18 tor subterranean atreaa ~ and stopped wt th 

Cor ... , .. .. ball4112g ot 1farner Dan out-ott wall. 
~ '  c= tiJ ~ 

Kat1aate4 ~ ot total 'aeaaonal where aotual Teoorda not aYailable • 
"t- ~ . . 

t' .. - h - 0 , - ...... 
(.J.. 

tv-
..-::l 

~ ...,. •• • • • • • • • • • • • • • • •• •• • • •• •• 

).j • , t.. 1-, 
h ,.... 

~ I • I • • • 
:1 Ji7 ~ (J l""\ 0 .,. ....,.-,.....,t-, 0 
h 10 t".J ...., ...... 
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Table No. 6. 

OBSERVED RAI UF ALL WARNER ' S RESER VOIR 

• • • • • • • • 
• 1911-12 • 1912-13 • 1913-14 • 1914-15 • • • • 

s t a t 1 o n a : Oat. April : Oot. April : 6ot. April : Oat. April 
.-.,,..,..._,...__ ......... ~ to to to to to to to to . • • • • • • • • 

Uo. Namo : Mar. 3cEt• : 1to.r. SeEt• : Mar. SOEt· : Mar • 3ept. 
• • • • • • • • 

1. Warner's Dnm Site : 18.84 7.04 : 17.38 2.87 : 27.43 4.94 : 31.63 10.52 
• • • • • • • • 

2. Damrons : 18.83 7.01 : 21.26 5.7'1 : 27.73 3.81 : 33.86 13.37 
• • • • • • • • 

3. Monkey Rill • 7.14 4.54 : 8.27 2.90 : 12.96 1.71 : 17.84 4.44 • 
• • • • • • • • 

Warner•s ~  Road • 
4. • 9.98 6.35 : 10.42 2.39 : 15.96 2.40 : 20.79 6.48 • 

• • • • • • • • 
5. Puerts la Cruz • 9.30 4.90 : 10.19 2.49 : 15.22 2.98 : 20.88 7.26 • 

• • • • • • • • --• • • • • • • • 
i!EAN : 12.82 5.77 : 13.50 3.28 : 19.86 3.18 : 25.00 8.42 

• • • • • • • • 
TOTAL SF.t\30HAL : 18.69 : 16.78 : 23.04 : 33.42 

• • . • • • • • • --

.. 
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Table .No. 5 • 

• • • • 

(continued) 

• • : ~  : Oot. April 
: 1916-17 : 1917-18 : A v e r a g e : Oct. April : Oat. April : dot. April ~ i : to to : to to : to to Seas-: Mar. Sept. : ~ ~ Sept. : Mar. Sept. ona1 

.,; t a t i o n s _._ ____ ~ ...... ---
: to to 

No. llama : !dar. Sept. 
1. Warner's Dam Gite 
2. Damrons 

3. onkey Hill 

4. Warner's Summer Road 
5. Puerta la. Cruz 

• • - • • : 42.85 1.23 : 19.64 
• • • • 
: 48.45 0.84 : 22.56 

• • • • 6.79 : 22.33 2.18 : 26.71 
• • • • 7.45 : 23.65 3.03 : 28.03 

• • • • • • • • : ( 22.40) (0.56): (9.47) (3.30): (10.56) (1.40): 12.66 
• • • • • • • • : 32.29 0.57 : 11.09 4.21 : 13.34 2.19 : 16.27 • • • • • • • • : 29.62 1.05 : 10.86 (3.28):(12.90)(1.80): 16.67 • • • • • • • • ·-----------.. ~ 

~

"ME Ali 

TOT !t!, Sf A::'O HAL • 

• • • • : 36.12 0.85 : 14.70 
• • 
: 35.97 

• • 
: 19.71 

• • • • 5.01 : 16.63 2.12 : 19.65 
• • 
: 18.65 

• • 
• • • • • • 

5.08 30.79 

5.90 33.93 

2.69 16.35 

3.35 19.62 

3.39 18.96 

4.08 23.73 

. . . ~~ ~ ... _.---------... ~  .............. 
Station #3 abandoned July 1, 1915. Values here inserted nre ~ i  

t3 tntion ,¥5 abandoned July 1, 1917 .· Value a in pnrenthoaea are eBtimated. 
Observed total avorego annual rainfall 23.73. 
~ oaourring from Oot. to Mar. nnd 17% from April to 3ept. 

For purpoaoo of report aoaume this relation 80% - 2Q%. 
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Table Do . 6. 
ESTIMATED RAINFALL UPON WATER SURFACE 

WARNER'S RF.SF.RVOIR 

: Average : 
: Poroent : 
• • 
• • 
• • 

yeara : 
tor 9 : 
base : 

. : stations: 

• • • 
• • 

• • 
• • 

• • 
• • 

• • 
• • 

• • • • : Winter : 
• • : Es timat- : : Rain 

: od Rain- : 9o% of : Oot.to : 
: fall on : Eatimat- : Mar. • • : Reaer- : ed Rain- : inol. • • 

Summer 
Rain 

Sept. to . 
Apr • 

inol. : s .n.oo. : 
: 44 year : 
: Eeriod : 

Adjusted 
Percent-
age for 
28 year 
period 

• • voir : fall : Inohes : Inohea 
SEASON 

1888-89 : 
89-90 : 

90-91 : 
91-92 : 
92-93 : 
93-94 : 
94-95 : . 
95-96 : 
96-97 : 
97-98 : 
98-99 : 
99-00 : 

1900-01 : 
01-02 : 
02-03 : 
03-04 : 
04-06 : 

05-06 : 
06-07 : 
07-08 : 
08-09 : 
09-10 : 

. 10-11 : 
11-12 : 
12-13 : 
13-14 : 
14-16 : 

16-16 : 
(16-1'/): 

·(1'1-18): 

Total 
ean 

Period 

• • 
• • 
• • 

127 : 
155 : 

142 : 
95 : 

103 : 
71 : 

129 : 

60 : 
111 : 

60 : 
54 : 
73 : 

94 : 
76 : 

110 : 
51 : 

145 : 

160 : 
116 : 

85 : 
112 : 

94 : 

101 : 
91 : 
63 : 

109 : 
151 : 

156 : 
• • 
• • 

2,883 : 
103 : 
103 : 

: Inoheo : Inohes : (1) • • 

123 : 
161 : 

138 : 
92 : 

100 : 
&9 : 

126 : 

58 : 
108 : 

58 : 
52 : 
71 : 

91 : 
74 : 

107 : 
50 : 

141 : 

146 : 
113 : 

82 : 
109 : 

91 : 

98 : 
88 : 
61 : 

106 : 
147 : . 

151 : 
• • 
• • 

2,800 : 
100 : 
100 : 

28.2 : 
34.6 : 

31.7 :· 
21.1 : 
23.0 : 
15.8 : 
28.7 : 

13.5 : 
24.8 : 
13.3 : 
11.9 : 
16.3 : 

20.9 : 
17.0 : 
24.6 : 
11.5 : 
32.4 : 

33.5 : 
25.9 : 
18.8 : 
25.0 : 
20.9 : 

22.5 : 
fJ 18.59: 
fl= 16.78: f 23.04: I 33.42: 

IF :;s.97: 
fC19.7l) 
11(18.66) 

• • 
• • 
• • 

25.4 : 
31.1 : 

28.5 : 
19.0 ! · 
20.7 : 
14.2 : 
25.8 : 

12.0 : 
22.3 : 
12.0 : 
10.7 : 
14.7 : 
I 
18.8 : 
15.3 : 
22.1 : 
10.4 : 
29.2 : 

30.2 : 
23.3 : 
16.9 : 
22.5 : 
18.8 : 

20.3 : 
26.0 : 

22.8 : 
15.2 : 
16.6 : 
11.4 : 
20.6 : 

9.6 : 
17.8 : 

9.6 : a.a : 
11.8 : 

16.0 : 
12.2 : 
17.7 : 

8.3 : 
23.3 : 

24.2 : 
18.6 : 
13.5 : 
18.0 : 
16.0 : 

20.3 : 16.2 : 
~ 16.7 : ~ 11.5 : 
T. 15.1 : T. 12.2 : 
~ 20.7 : ~ 17.9 : 
T 30.1 : T 22.5 : 

~ 32.3 :.· ~ 
T. 17.8 r. t 16.8 : t 

• • 
• • 
• • 

31.6 : 
13.2 : 
14.9 : 

• • 
• • 
• • 

( 2) 

5.1 
6.2 

5.7 
3.8 
4.1 
2.8 
5.2 

2.4 
4.5 
2.4 
2.1 
2.9 

3.8 
3.1 
4.4 
2.·1 
5.8 

6.0 
4.7 
3 .4 
4.5 
3.8 

4.1 
~ 5.2 
r. 3.0 
~ 2.9 
T 7.6 

~ t 
0.8 
4.5 
1.9 
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: aar 
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: O!I 
: .ra 
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0 eor 
: ra.r 
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: aar 
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OI 
~0  
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• • ea-aaar 
: oe-ea 
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e -sa 
e-ce : ~  

• • 

• • 

e-
~  : ~  

: ee-ae oo-ee 

• • 
• 
' 

• • 

• • .ro-ooer 
: SO-LO 
. c:o-so 
: ~  

~  • • 

()0- 0 
:. VC-80 

80-'\'0 
eo-ao 

: or-eo 

• • 

• • 
• • 

: II-01 
: SI-ii 
: ~ I 
: -*'l-B! : ar- r 
: ar-a.r : ~ r-ar) : ( ar-v .r) 
• • 
• • 
• • 

(1) -

(2) = 
# • 

f • 

aq% of total seasonal. 
20% It It " 
Average of observed rainfall at 5 stations near 
reservoir 3 of whioh are in the flooded area • 
Oboerved • 

• 
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Table No. 7. 

IffiT EVAPORATION 

• 

.. -

0 h .. ,. 

-
"" 0 

0 
CD 

- · -- - ..., 
•• 
~ 

~ ~~ ~ ~~~~ ~ ~ ~ ~ ll li~ ~ fnolusive-- ~ ~~  ~ l i~l~l to se12tember 30, inolusive 
: Gross Rainf811 Net Evaporation & ·: Grose Rainfall Net" Evaporation &: 

SEASON : Evap. Rainfall : Evap. Rainfall 

1888-89 
89-90 

90-91 
91-92 
92-93 
93-94 
94-95 

95-96 
96-97 
97-98 
98-99 
99-00 

1900-0J. 
01-02 
02-03 
03-04 
04-05 

05-06 
06-07 
07-08 
08-09 
09-10 

1910-11 
11-12 
12-13 
13-14 
14-15 

: Inches Inohes Inohes Feet : Inohes Inahea Inohes Feet 

• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

20.3 
25.0 

22.8 
16.2 
16.6 
11.4 
20.6 

9.6 
17.8 

9.6 
8.8 

11.8 

15.0 
12.2 
17.7 
8.3 

23.3 

24.2 
18.6 
13.5 
18.0 
15.0 

16.2 
11.5 
12.2 
17.9 
22.5 

• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

!!: 1.3 
~ 6.0 

~ 3.8 
- 3.8 
- 2.4 
- 7.6 .,. 1.6 

- 9.4 
- 1.2 
- 9.4 
- 10.2 
- 7.2 

- 4.0 
- 6.8 
- 1.3 
- 10.7 
# 4.3 

I 5.2 
- 0.4 
- 5.5 
- 1.0 
- 4.0 

- 2.8 
- 7.5 
- 6.8 
- 1.1 

3.5 

• • 
• • 

• • 
• • 
• .. 
• • 
• • 

.. • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

t 0.11 
tr 0.60 

# 0.32 
- 0.32 
- 0.20 
- 0.63 
f! 0.13 

- 0.78 
- 0.10 
- 0.78 
- 0.85 
- 0.60 

- 0.33 
- 0.57 
- 0.11 
- 0.90 
.. . 0.36 

If 0.43 
- 0.03 
- 0.46 - o.oa 
- 0.33 

- 0.23 
- 0.62 
- 0.57 
- 0.09 # 0.29 

• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

35 
35 

35 
55 
35 
35 
35 

35 
35 
35 
36 
35 

35 
36 
35 
35 
35 

35 
35 
35 
35 
36 

35 
35 
35 
35 
36 

• • 
• • 

• • 
• • 
• • 

-: 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

5.1 
6.2 

5.7 
3.8 
4.1 
2.8 
5.2 

2.4 
4.5 
2.4 
2.1 
2.9 

3.8 
3.1 
4.4 
2.1 
5.8 

6.0 
4.7 
3.4 
4.5 
3.8 

4.1 
5.2 
3.0 
2.9 
7.6 

• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

- 29.9 
- 28.8 

- 29.5 
- 31.2 
- 30.9 
- 32.2 
- 29.8 

- 32.6 
- 30.5 
- 32.6 
- 32.9 
- 32.1 

- 31.2 
- 31.9 
- 30.6 
- 32.9 
- 29.2 

.- 29.0 
- 30.3 
- 31.6 
- 30.5 
- 31.2 

- 30.9 
- 29.8 
- 32.0 
- 32.1 
- 27.4 

• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• .. 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

- 2.60 
- 2.40 

- 2.44 
- 2.61 
- 2.58 
- 2.68 
- 2.48 

- 2.71 
- 2.54 
- 2.72 
- 2.'14 
- 2.68 

- 2.60 
- 2.66 
- 2.55 
- 2.74 
- 2.43 

- 2.41 
- 2.52 
- 2.63 
- 2.54 
- 2.60 

- 2.67 
- 2.48 
- 2.6'1 
- 2.67 
- 2.28 

• 
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Table flo. 7. (continued) 

: Ootober 1 to Miirah 51. inoluaivo : April 1 to s eptember 30. inclusive 
~ - - •• • - • • - - -- • - - - -- ... -- j : Het ~ i  & • • 

• • 
• • 

• • 
• • 
• • 

Gross 
'f.vap. 
Inches 

19 
19· 
19 

• • 
• • 
• • 

Rain:ta.LJ. 

Inohea 

31.6 
13.2 
14.9 

• • 
• • 
• • 

Net Evaporation & 
Rainfall 

Inohea ~  

i 12.6 
- 5.8 
- 4.1 

: # 1.05 
: - 0.48 
: - 0.34 

• • 
• • 
• • 

• • 
• • 
• • 

Gross 
Evap • 
Inches 

36 
36 
36 

• • 
• • 
• • 

Rainfall 

Inohes 

o.a 
4.5 
1.9 

• • 
• • 
• • 

-Rainfall 
Inohea Feet 

- 34.2 
- 30.6 
- 33.1 

• • 
• • 
• .. 

- 2.85 
- 2.64 
- 2.76 

Indioates tbe rainfall exoeeda - the evaporation and there is a net inarease in the lake. 

- Indiaatos the evaporation oxoaeds the rainfnll and the lake is lowered. 
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" Table No. 10. 

COST OF PIPE TRF.UCHES. 

·size 
of 

Pipe 

• • 
• • 
• • 

6" . : 
8" • • 

10" • • 
12" • • 
14" • • 
16" • • 
18" • • 
20" • • 
22" • • 
24" • • 
26" • • 
28" .. • 
30" • • 
32" • • 
34" • • 36" • . • 
38" • • 
40" • • 
42" .. • 
44" • • 

Outside 
Diameter 

10" 
12" 
14" 
16" 
19" 
21" 
23" 
25" 
27" 
30" 
33" 
36" 
37" 
39" 
41" 
44" 
46" 
40" 
50" 
62" 

• • 
• • 
• • 

Size 
of 

Trenoh 

• • 
• • 
• • 

: 22"x 34" : 
: 24"x 36" : 
: 26"x 38'' : 
: 28"x 40" : 
: 31"x 43" : 
: 33"x 46" : 
: 35''x 47" : 
: 37"x 49" : 
: 39''x 51" : 
: 42"x 54u : 
: 45"x 57'' : 
: 47"x 59" : 
: 49"x 61" : 
: 61"x 63" : 
: 53 "x 65" : 
: 56"x 68" : 
: 58"x 70" : 
· 60"x 72" • • • • 
: 62"x 74" : 
: 64"x 76" : 

12" oover auaumed on all pipe. 

Cu. Yda. 
per 
Foot 

.193 

.222 

.264 

.289 

.340 

.380 

.426 

.466 

.512 

.683 

.660 

.711 
• 770 
.827 
.900 
.942 

1.06 
1.11 
1.18 
1.26 

• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• •• 
• • 
• • 
• • .. • 
• • 
• • . . 
• • 
• • 
• • 
• • 
• • 
• • 

Cost Per 
Cu. Yd. 

Excavation 

0.95 
0.96 
0.96 
0.96 
0.95 
0.95 
0.95 
0.96 
0.96 
0.95 
1.02 
1.02 
1.02 . 
1.02 
1.02 
1.02 
1.07 
1.07 
1.07 
1.07 

• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

Up to 24" Pipo, Anaurnod 76% F,arth and ~ Rook and Loose Rook. 
24 tt to 36 n " " ?cil?.. " " 301? 11 ,, 0 

" ,, 

36" to 44" " " 66% " " 34it " ,, n " 

Rarth figured at 0.60 por au. yd. Other nt 2.00 por au. yd. 

Co-st Per 
Cu. Yd. 
Backfill 

0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 

, 

• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• 

Total Coat 
per 
Foot 

0.24 
0.28 
0.32 
0.37 
0.43 
0.49 
0.53 
0.61 
0.64 
0.73 
0.87 
0.94 
1.02 
1.09 
1.19 
1.24 
1.44 
1.52 
1.62 
1.73 

• 

• 

• 

\ 

~ . 
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Table l~  11. 

CO T OF HAUJ., !JIG. AllD DISTRIBUTI.NG COUCR'f ... TF. PIPE. 

• • Size : Weight 
of : Per Foot : 

Pipe : in 
Inohes : Pounds 

6 • 30 • 
8 • 36 • 

10 • 42 • 
12 • 48 • 
14 • 87 • 
16 • 126 • 
18 • 166 • 
20 204 • r 

22 • 243 • 
24 • 282 • 
26 • 328 • 
28 • 374 • 
30 • 421 • 
32 • 46'7 • 
34 • 513 • 
36 • 660 • 
38 • 583 • 
40 • 606 • 
42 • 630 • 
44 • 654 • 

• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • VI eight 
Per Foot : 

• • 

Coat Per : Cost Per 
Ton : Foot 

Haul and : Haul and in 
Tone : Distribution : Distribution 

.016 • 3.00 • 0.05 • • 

.018 • 3.00 • 0.06 • • 

.021 • 3.00 • 0.07 • • 

.024 • 3.00 • 0.09 • • 

.044 • 3.00 • 0.14 • • 

.063 • 3.00 • 0.19 .. • 

.083 • 3.00 • 0.25 • • 

.102 • 3.00 • 0.31 • • 

.122 • 3.00 • 0.37 • • 

.141 • 3.00 • 0.43 • • 

.164 • 3.00 • 0.49 • • 
• 187 • 3.00 • 0.57 • • 
.211 • 3.00 • 0.64 • • 
.234 • 3.00 • 0.71 • • 
.267 • 3.00 • 0.77 • • 
.280 • 3. 00 • 0.84 • • 
.292 • 3.00 • o.aa • • 
.303 • 3.00 • 0.91 • • 
.316 • 3.00 • 0.95 • • 
.Z27 • 3.00 • 0.99 • • 

Raul assumed as an average of 3 rnilo s • 
Coat of haul and distribution as sumed as $1.00 ton mile • 
Weights of pipe ara nvarngos for all heads. 

' 
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Table No. 12. · 

TOTAt COST OF CONCRETE PIPE IN PLACE. 

: Coat Per • • • . . • • 
Size • • Foot • • 

Haul and 
Distri-
bution 

• • 
Trenoh 

and 
Baokfill : 

• • Laying 
: At Ya.rd 

6" • 0.30 • 
6" • 0.70 • 

12" • 0.60 • 
12" • 1.23 • 

• • 

• • 
• • 
• • 
• • 

0.06 
0.05 
0.09 
0.09 

• • 

• • 
• • 
• • 
• • 

0.24 
0.24 
0.37 
0.37 

• 0.05 • 
• 0.06 • 
• 0.07 • 
• 0.07 • 

• . . 
: Head 
• • 

• • 
• • 
• • 
• • 

10 
150 

10 
150 

24" 1.68 0.43 . . ,. . 0.73 o. 24 . : . 10 • • • • • • • • 
24" • 3.84 • 0.43 • 0.73 • 0.24 • 150 • • • • • 
36" • 3.23 • 0.84 • 1.24 • 0.42 • 10 • • • • • 
36" • 7.56 • 0.84 • 1.24 • 0.42 • 120 • • • • • 
42" • 3. 70 • 0.95 • 1.62 • 0.50 • 10 • • • • • 
42" • 7.48 • 0.95 • 1 .62 • 0.60 • 100 • • • • • 
44" • 3.86 • 0.99 • 1.73 • 0.60 • 10 • • • • • 
44" • 7.90 • 0.99 • 1.73 • 0.50 • 100 • • • • • 

• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

Total 

0.64 
1.04 
1.03 
1.76 
3.08 
5.24 
5.'73 

10.05 
6.77 

10.55 . 
6.97 

11.02 
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