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AU!I!HORI~Y 

fbis report is made by instraotion of William G. 

Henshaw, President of the Voloan Lend & Water Company, in 

order to ascertain the total smotmt of money whioh would be 

required under tbe terms of tbe offer to the City of San 

Diego, under date of MaY 22nd, 1914, and letter date lfe.y 16th. 

OUTLiliE 

~is proposal :1noluaes the buUding of Warner Dam 

to e. height of 85 feet, with a water level at 80 feet and with 

a ~xf.mum oa.pa.oity of 27 billion gall one; the buildi~ of e. 

oontlni t from Warners Dam t~ough the d1 vide between tbe San 

Luis Rey Ri var and the Sante. Ysabel Rive with a maximum 

OB.l>ao1 ty of 35 million gallons dally; the oonstruotion of the 

Carroll Dam on the Lower Santa Ysabel R1 ver, 90 feet high 

:th e. ter level of 90 feet a!ld e. maximum oapaoity of 'li 
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billion gallons; the erection of a pumping plant to lift the 

water from the CArroll Reservoir to an elevation of 616 feet 

above sea level; the construction of a conduit and· pipe line 

from the Carroll Reservoir to University Heights Reservoir 

with a capacity of 10 million gallons daUy. 

EIG INEERING DfFOR1i£ATI ON 

.All the el maente of this pro j eot ed system have been 

completely surveyed. Warner Dam baa been completely croes-

aeotioned and its bed rock determined during the 1netaJ.lat1on . 
of a aut-off wall and further by extenai ve core drilling. 

!llle arner Comuit has been completely surveyed and oroes-

seotioned. The Carroll Dam bas been arose-sectioned and a 

core drill has completely determined the bed rook on this site. 

!Che pumping plant site, pipe line and conduit to. University 

Heights Reservoir has been located. The maps accompSllYing 

this report give the results of these locations. 

The prices used in this estimate have been drawn as 

far as po ssi bl e from the tu1i t co at of tbe work aofmall.y executed 

in the same region, by the Voloan Land & Water Company, or from 

oontraot prices in 1914 on similar work of the City of San Diego 

on the Cottonwood Systsn. The prices of steel have been taken 

from the bids presented to the City of san Diego for the llonit 

Pipe Line in . September-1914, whioh is a similar oonatruotion to 

tbe Carroll-University pipe line. !l'he prioe of cement has bean 

taken at $2.00 per barrel F.O.B. San Diego. In the pendix, 

there are shown reoent bids on pipe and oonorete whioh oonfixm 

the prioea used in this report. Engineering and at1min1str tion 
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is taken to coat 10% and contingencies are talmn at 16% of the 

coat of the work. Interest on oost of oonatruotion is taken 

at ~. !Che question of haul bas been thoroughly gone into and 

the mean baul of pipe. cement, eta., has been oal.cule.ted. 

Type of e tracturea chosen for this system have be en 

that of permanent construction throughout. ~h  dsma are of 
• 

earth and masonry and may be considered to have a life of S>O 

years. !l'he cement portion of the conduit may be considered 

to have a life of' 100 yean. The steal. flume e. life of 40 

years and the lock bar pipe line from Carroll to University, 

a life of 26 years. 

DETAILS OF STRUCTURE lliCLUDED IN !I!IiiS S~ .tAT  

WAIDiER RESERVO m The type of dam chosen for this 

site is an earth dam. ~h  top width will be W feet and the 

slope to be 2i- rt. horizontal to 1 ft. vertical on the down-

stream :face, and 3 i't. horiGontal to 1 ft. vertical on the up-

stream faoe. It is proposed to make the up-stroam t110-thirds 

of the orosseotion of the dam of specially selected cl91s and 

gravels lying !mediately above the damaite. ~  cla;v:s were 

le.id down under water in terraces in the old geological lake of 

the amer 1/alley and are ideal material for the water proof 

section of the a.sm. ~  clays will however be mixed with 

sand end gravel from the stream bed beoe.use as they now exist, 

they are deficient in gravel. !I!he plan of operation would 

include the use of one or two steam shovels in the olay beds 

and the!% delivery by dlllDp osrs upon the aides of the dam. 

Here tbe usual aluioes of ~ bydranlio fill would be used into 

ich elevators would add the reqa.ired proportion of gravel from 
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the stream bed. Or the clay end gravel would be alternat aly 

dumpecl on the edge of the dam and the settlement and 

segregation of material aooompliehed by means of a oent:tifngel 

pump mounted on a barge midway between the two dykes. · ~  

latter method of segregation was originated and ueed by llr. 

Mulholland on a. Loa Angeles Aqueduct reservo 1r e.nd is a very 

au.ooessful and economic method of securing all the adventa.gea 

of the hydraulic f:1J.l dam without extensive sluioing. ~h  

down-stream third of the dam is proposed to be of pervious 

material. mioh will drain thorougbly and will be filled by 

steam shovel or from qu.erries on either side of the dsm and by 

drag buoketa on the river bed itself. The average excavation 

required to olear the bed rock tW»ul.d be about 00 feet depth. 

For that portion below tile existing out-off wall, no pump will 
• be required and is oomparati vel.y a simple matter. Some exca-

vation will have to be done above the out-off wall to secure 

a perfect seal of the selected material, but ainee the out-

let tunnel has been completed, it presents no difficulties, 

although some seepage we. ter will bave to be pa.mped. l'he out-

let tower will be a oirauJ.ar concrete tower immediately in front 

of the outlet t,,nnel vmioh baa been construoted. It will be 

arranged with fiv& jnlet valves and screens to dra water from 

different levels of the reservoir. 

WARNER COll UI~. ~  Warner Oondnit will be conetru.oted 

along the south bank of the San Luis Rey River ana is proposed 

to be oonatruoted partl7 as an open oenmnt lined oenel and partly 

of ~ i. ol oul  steel fllmle, espeoial.J¥ on trestles and wher 

speoial· conditions require it. !ale oondu.it then pierces th 
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divide to the Santa Ysabel River by means of the Lu.eardi Tunnel. 

!l!his will be 6, 260 feet long and ie to be 5 ft. x 7 ft. in size. 

lf.A~UR.A  W~ R WAY. From the mouth of this tunnel the 

water flows down the natural stream bed of Temesoel Creek or Pamo 

Oreek to a junction with the main Santa Ysabel River; thenoe it 

wUl fl. ow through the Sen Pas qual Vel ley, oombined with the waters 

of the Santa Ysabel River to the Carroll Reservoir. 

C~~  R ~lR OIR. Tho Carroll DamBite is located on 

a voloenic eyke, a. :ock of axae:ptionel hardness and lasting 

~u liti s. ~  average depth of the over-burden is about 10 

feet. !&."be e::m ellent qual.i.ty of the fotmda.tion indicates the 

use of' t ho I!luJ. tiple a.roh type of concrete dam vwhioh has been 

suooeasfu.l ly designed by 1fr. J. c. Eaatoood of San .h'ranoisoo, 

fol' a munber of dems in California.. ~h  advantage of' the 

mnlti:,?le type is a saving of about one-third in the amount of 

concrete requ.ired over e. straight n:asonry J!am of the so-called 

gra.vi ty type. . It also shows a. saving over the single arched 

type with a long radius such ea used at the Sweetwater Dam. 

PID.lPDrG :PLANT. The pllllping at at ion will be located 

some 600 feet below the dan and the suction pipe will be directly 

connected t o the dam gates so that it will gain the baok pressure 

of whatever stage the water ~I Y be in the reservoir. The station 

is planned to be a steam turbine plant with centrifugal pumps 

operated with fuel oil. !ibis type of installation will fum~h 

a low cost o:f pumping and while it m18ht be modified into an 

electrically operated or even a gas engine station, it is 

oonsidered to be typical for purposes of an estinnte of oonst. 
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!l!ho discharge line will fo roe the water to an elevation of 616 

feot, the ave£age pumping lift being 250 foot. 

C.ARHOLL-UNIVERSI!I!Y CONDUIT AND PIPE LINE. ~  first 

a,ooo feet of this line will be cement lined conduit on the 

hydraulic trade. ~ rell8inder to the University Heiglits 

Reservoir will be pipe line. The first few miles traverse a 

number of canyons at right angles to the line until the Los 

Penasqt1itos canyon is crossed, when the pipe line for ? or 8 

miles is very near the hydraulic grade in ita course eoross. the 

Linda Vista Mesa. !i.'he two miles crossing the San Diego River 

require the heaviest pressure, a maximum of 480 feet. Look 

bar ~i  has been selected for this estimate es being approved 

by good praotioe. 

• 
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S~I AT  OOST Oi' WABNIR DAll 

Height 85 feet; Top Elevation 2'105 feet; Depth of water 80 feet. 

October 8, 1914. 

Excavation: 
10350 ou yd at .70 -------------------- $ '1,246.00 
45500 au yd at .25 -------------------- 11,376.00 $ 18,620.00 

6,000.00 as. soo.oo 
PUIJqling ~ ~ .. ---------,_ .. _____ .. _______ ~

Embankment 205,000 cu yd at .30 ----------------------
Facing of concrete slabs 4" thick 16, 900 eq yds at 
~. O ~ ~~~~ ~ ~~~ ~ ~ ~~ ~

Cut off wall ~~ ~ ~ ~~ ~ ~
Com rete gu. tter 600 lin ft at ~. 00 -----------------
6" Drain tile 2600 lin ft at .15 ---------------------
outlet t~ l 1020 lin ft at $18.00 ------------------
OUtlet basin, weir, eta. -----------------------------
outlet tower ~ ~~~ ~~ ~~ ~~ ~ ~~~~
Foot . bridge to tower ---------------------------------
S ill~ on south side 200 ft. vdae: 

482 ou yd concrete at $8.00 ------------ 3,856.00 
226 ou yd o~ tio  at • ro ------------ 112.00 
Flashboard arrangement ----------------- 500.00 Spillws.y on north side 100 ft. wide: __ _.;...,;.........,-.... 
65000 au yd e:mavation at .30 ---------- $ 19,500.00 

25,350.00 
30,000.00 

600.00 
3'/6.00 

18,360.00 
3,000.00 

15,000.00 1,ooo.oo 

4,468.00 

3!' concrete li i~ 5900 aq yds at $J.. -- 6, 900.00 
Flashboards and £bundations ------------ 1,000.00 26,400.00 

BuiJ dicga end ;;e.tar supply to buildings ------.-------- 7,000.00 
Equipment and tools ---------------------------------- 4,000.00 
lmpro7ement of grounds, fencing, etc. ~ ~ 2,000.00 .... . ---.::...;..;;..;.;-=..;:;. 

Total. oost nithcut overhead ------------------------ $'" 246,673.00 

Deduct expenditures to Sept. 1, 1914: 
out off wall ~ ~~~ ~~ ~~ ~~ ~~

Outlet tunnel --------------------------BUUaings and water supply to buildings-
Equipment and tools --------------------
Improvement of grounds -----------------

Ad.d 25% for engineering and contillgenoies 

$ oo,ooo.oo 
9,060.00 
'I ,ooo.oo 4,ooo.oo 
2,000.00 

... __ ... _____ ., __ 

Intereat during oonstTUOtion: 
S% for 4 months Ct period) -------------------------

. 
\ 

52,060.00 

$ 194,623.00 
48,656.00 

243,2'19.00 

6 ,48'1.00 

STIYA~ ~OTA  COST ~  OOI.~ ~  ------------------- $ 249,,66.00 aa••••••••a• 
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R'3Tll·JATED OOST OF WARDER COUDUIT 

!l!o South and of Lusardi !.(!11unGl - designed to oe:r:ry 54.2 second ft. 

octo·bor 8, 1914. 

44 ft. bo~ flume --------------- at ·3.74 -------
19245 f'fi. of lined conduit -------- at 2.45 -------

800 ft. steel flt!lle on treotles - at 5.76 -------
2961 ft. steel flume on benoh ---- at 3.86 -------
6430 ·ft. lined tunnel ------------ at ao.oo -------
36'/0 ft. lined t11nnel ------------ at 16.60 ------

33200 lin. ft. ~ ~ ~~ ~~~~~ ~~ ~ ~

$ 

$ 

164.00 
4'1,103.00 
4,887.00 

11,427.00 
128,600.00 
60,566.00 

252,736.00 

892 ft. culverts ---------------- at .16 ------- ~ 
24. 26 a.cr es .l ~i g and G-Tub bing - at ~ . -------

142.00· . 
6,060.00 
4,000.00 
2,000.00 Construction roads ---------------------------------

Ootmty road obenges --------------------------------

Deduot Ex:peaditures to September 1, 1914: 

Conduit oleflring and grubbing -------
C~~ excavetion --------------------
Culverts ~ ~ ~

$ 636.37 
2,601.88 

20.60 
Construction roads ------------------ 2,263.08 
County road ohangea ~ 308.58 __ .;..,;_;;....;...;;;--

Add ~ for engineering and oontinganoiea ---------

IIItereat during oonstruation: 
B% fbr 6 months Cit period) ---------------------

TO!l!AL COS~ TO COJdPLETE -------------------------

-a-

$ 264,938.00 . 

. 5,731.00 

.$ 259 t 007 .oo 
64,802.00 

324,009.00 

l2,96o.oq 
336,969.00 
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ESTIMA.TED COST OF CARROLL DAM 

Height 90 feet; Depth of water 90 feet; ~  .taultiple .Aroh Concrete. 

october a. 1914. 

1iimavation 17,000 au yd o.t sp..oo ------------------- $ 17 • 000 .oo 
co:oo:rete 9846 eu yd at ;to.oo ---------- $ 98,450.00 

6?70 ouyd at' ~.oo ---------- 47,390.00 ooo cu yd at ~~.oo --------- . 4, soo.oo 
(rll'Glet pipes, gates, sore ens, eto., ----------------

QutlGt basin, weir, etc., --------------------------
Clearing and grubbing floweee eree ~  ecres at $25-

~ildi gs. water supply, etc., · ---------------------

Improving grotmds, fencing, eto., ~

Equipmant, tools, etc., ~~ ~~ ~ ~~ ~ ~~ ~
IJ 

Cbs.nging county road ------------------,-------------, 

Add 25% for engineering and eoutingenoies 
____ .., ____ _ 

Interest during conat"iuotion: a,;, fo,r 6 months (i poriod) ~ ~ ~ ~~~

ESTIIIATED TOT,Al, COST --------------·--------------

160,350.00 

5,500.00 

2,600.00 

10,000.00 

6,000.00 

1,000.00 

1, soo.oo 
10,000.00 

203,860.00 

. 60,963.00 

$ 264,813.00 

10,193.00 

$ 265,006.00 
•=•a•aaaaaaaa 

• 

• • 
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EB!fDfA!'ED ~ OF CARROLL PUMPING AN~ 

October 8, 1914 

Pump 1ng Plant -
Disobarge • 10 million gE,llons per day • 

31.0 ft. net head. 

15. 6 second feet ,. 

860 H.P.steam ~u bi  with direct connected 
3 stage Centrifugal pa.mp a.t $14.50 H.P. -------- $ 12,325.00 

Condenaing appaaatus ------------------------------
1200 H.p, Steam boilers at $12.00 -----------------

ot~.o  ......... ---- .. ~ ... --------..... ~ ..... - .... --............ _ .. __ ... 

Haul:illg ttachinor; ---,---,---------------------------

Exoavati on for pump house -------------------------

Builajnge for pump house --------------------------

Pipe f.rom Reservoir to pump: 
600 ft. 00 11 - 5/16" thick at $5.1'1 laid --------

Pipe from ~ to Canal: 
300 l1n.ft.30" Look bar :pipe 
3/16" nt f3.66 laid ----------------$ l, 242.00 

.100 lin.ft. 3:> 11 Look :Bar pipe 
: 1/ 4" at $4. 38 laid -------------- 667.00 500 1 in. ft • ~ ... ... ... .. . 

Extra cost of trench and refill - due to 
difficult aide hill ----------------------------- . 

Anohors for i~  ~

5,600 • .00 

l4,400.00 

4,000.00 

250.00 

1,soo.oo 
2,300.00 

3,102.00 

1,899.00 

400.00 

2'15.00 

Receiving basin into oenal ----------------------- 500.00 __ ....... ... ... . .. ~ 

Total. ~ .. --.. --... .,..-, .. --.. . ~ .. ----MI---... -----.. 
Add ~ for GnBineering e.nd contingencies ---------

Interest during conatruat,.on: 
~ for 3 months (j- period) ---------------------

~ .. OnL 0099! ~ .... ---,.-- .. .a--.. ------··-----..... _._ 
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46,861.00 

'll,Vl3.00 

68,664.00 

1,1'11.00 

69,, '156.00 ........... 
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• 
~TT AT  COST OF CARROLL-UHIVE2SITY HEIGHTS PIPE LINE 

ootobe r 8, 1914. 

Clearing right of W8i - 32 acres - at 50.00 -------
~ Csnel - 8000 ft. at ~ .  --------------------------

:Basm at end of canal ------------------------------
Lock Bar Pipe: 

57,000 Lin.ft. 34" diem. 3/16n thick et 90# · 
6,130,000# 

"' 4,053 lin.ft. un dinm. 1/4n 
thiok at 116# ------------ 467 ,800# 

38,454 lin. ft. 30" diam. 3/16" 
thick at SO# ------------

1,316 lin.:.:t. 30" diem. 1/ 4" 
thick at 104# ------------565 lin.i't. fA)r: diara. ~ · 
thick at 1274 ------------..t ,lOO 1in.i't. ~o  diaru. t;'{ 81' 

thick at 151# ---------------

3, 0'16 t 320# 

619,100;¥: 

1,600.00 
16,080.00 s,ooo.oo 

105,468 lin. ft. ----------------- 2,601,870# 
at .oz par lb. ----------$ 285,066.00 

(318 :tt. extra, due to slope distance 
is ino ludod in E. bovo ) 

40 - 4" air vaJ.vea 
20 - 12" blow offs 
10 - 8 11 l'lor. o ffs 
Speciale, bends, etc. 

at $60.00 ---------$ 2,400.00 
" 37.60 --------- 750.00 
n 20.50 --------- 205.00 
~ ~ ~ ~ ~~ 5,ooo.oo 

!I!renoh excavetion end refill, 
44,000 au. yds at h.a5 ~

Pipe l ~ - ~ of pipe coat ---------------------
Pipe leading - 4736 tons at 1.00 ---... --------------
Pipe hauling - 23,800 ton miles at OOp ------------ . 
san Diegp River crossing ---------------------------
Right of way- 70 aores at 60. ------- 3,600.00 

8. 355.00 

81,400.00 
42,'160.00 
4, 736.00 
4,'160.00 
3,000.00 

CoatEJ csf e.cqu.iring permits a.l.ong 
aounty roads - 10 milea at $100. ---- 1,000.00 ____ 4_,_60_._o_._o_o 

~ot l ~ ~ ~ ~ ~~ ~ ~ ~~ ~~ ~ ~ 466,237.00 

Add 25% for engineering and oont ingenoies ~ ~ .. - 113,809.00 

569,046.00 
Interest t~i g oonatruotion: 

S% for 9 months Ct period) ------------------------ 34,142.00 

TQIAL OOST --------------------------------------- 603,188.00 ............. 

-11 .. 
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SU1il5.A.RY OF COST - ~... ...

Warnor Dam ------------------------------------ $ 249,766.00 

W x~x C~ duit --------------------------------
C ~oll Dam ~ ~ ~ ~ ~ ~ ~~ ~~ ~ ~

um~i ~ Plant ~ ~ ~ ~~ ~~~ ~~ ~ 

C~ xoll U i it  i~  Line ------------------

336,969.00 

265,006.00 

59,735.00 

603,188.00 

RAb~ TO~A  ~~ ~ ~ ~ ~ ~ ~~ ~  614 664 00 . '" . -· •-=======•a== 
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OPERA!I!ING OOSTS 

Pumping Plant to deliver 10 million gallons daily. 

Cost par d§y: 

Ftlel at 1 lb oil per H.P. per hour and oil 
at .90 par bbl delivered ------------------ 62.60 

Labor - 6 men at &3.00 ------------------------ 18 00 'ii' • 

"'!taste end packing, supplies, inoidentals ------ 10.00 
Depreciation ana repairs 5% on $69·,735 -------- 8.00 
Interest B% ----------------------------------- 13.10 
!!!axes at $2.60 per $100 Ci- value) ------------ __ :;;:;.;:2.:..;;;;0..:;:;.4 

PER DAY ---------- $ 113.84 

PER YEAR --------- $4:1.651.00 

Cost par year: 

arner Dam and . Carroll Dam: 

Interest on $514,772.00 at 8% ------
Depreciation! of l~ ---------------
Taxes 2.50 per $100 at t value ----
1a1ntenenaa ~ ~~ ~~ ~

a:rner Conduit: 

Int ereat on 336,969 at B% ---------
Depreciation ~ on 21,000 --------

1% on 31.6, 969 -------
!axes 2. 00 per $100 ct value) -----
}.{aint erenoe -----------------------

Carroll-Uldver sity Heiglrlis Pipe Line: 

41,182.00 
2,5'14.00 
6,432.00 4,ooo.oo 54,1ea.oo 

26,967.00 
626.00 

3,160.00 
4,212.00 

10,000.00 44,864.00 

Interest on ~  at B% --------- 48,255.00 
Depreciation ~ -------------------- 24,127.00 

axes 2.50 per 00 ct value) ----- 7,640.00 
Maintenance ------------------------ 20,000.00 99,922.oq 

!O!AL ~ PER YEAR ---------------------f240,515.00 

W.s 
-········· 

11 d liver 10 million gallons per daJ 
at . ~ per 1,000 gallons • 

. 
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ALTERNA!L'IVE CONSIDERATIONS 

The preceding estimates ba.ve followed exactly the 

1 ines of the proposal of the Voloan Company to the City of 

San Diego of May 22, 1914, but it should be clearly under-

stood that this constru.otion brings more tban 10 million 

gallons daily as fer as the Carroll Dam. If on farther 

consideration it were fo1md that only 6 millions or st 
millions daily was the total. amount required for the next 

few years, the above eetimte should be materially reduced. 

In order to llllke this clear, the safe yield of the santa 

Ysabel River as regulated by the dam 90 feet high at 

Carroll, has been computed, and is found to be 6 .a million 

gallons daily. In order to seaur e this amount it will not 

be neoessary to build the warner Dam and Warner Conduit e.nd 

the following is the oorresponding estimate of cost for this 

requirement, whioh will be oelled nAlternative Proposition 

No. 2." 
ESTIMATE OF ALTERNATJ!E RO OSI~ION liO. 2. 

Carroll D8m ------------------------------------- 265,006.00 

Oarroll Pumping Plant --------------------------- 69,756.00 
Oarroll-University Heights .Pipe Line ------------ 603,188.00 

927.9 29 .oo 
-••••••a••• 
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!I!his re:port baa the personal basis of familiarity 

with the particular region of one of the writers dating from 

1906, and observation end experience of transport at ion oosta. 

the use of Mexican labor in an hydrenlio work 1n San Diego 

County ~ exact duplication of the one here projected. Ob-

servation has been made since 1912 by both of the writers of 

the uncertain elen:enta of conatruotion, such as weather, 

flood periods and their intensity and effect on future con-

struction. !Ihere is t herefore incorporated in these esti-

ma tea the net reauJ. ts of e. local experience w1 th the condi-

tions of some years • including the consideration and fre-

quently the rejection of various types of construction. It 

my be observed there is no "hard frost n or "ioe" action in 

this region, end ce?tain features of aond·Ltit construction :for 

inate.no e on this pro j eot are much simplified 1n cons equeno e. 

lio attempt has been made to ex_pand the detdl basis 

of the following conslua!ons, but attention should be drawn 

that tbe constant IJ011cy of the OOwJ?any has bean to thoroughly 

investi gate and eliminate all uncertainties both in water supply 

and propos eel oonstruotions end the writers have been supported 

heartily in thsir inqa.iey by JJr. Hemba • 
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OONOLUBIOllS 

l. !ale offer to the City, of 11ay 22, 1914 virtually 

provides for 13.6 million gallons delivered from Y/arnera to the 

Carroll Dam, while the Santa Ysabel River itself will furnish 

6.8 millions. !rhe prOIJOSal is virtually then one for 20.3 mUlion 

gallons delivered to Carroll and 10 millions delivered to 

University Heights Reservoir. 

~is v.ould cost $]., 614,664.00. 

2. By dnplicating the pipe 1 ine end pumping plant. the 

amount which could be delivered, would beoome 16 to 20 million 

gallons, dependi·ng somewhat on the rate of use by the City, at 

a total ooat of $2,169,606.00. 

3. A modified pxopoaition is strongly recommended, 

guaranteeing only st million gallons daily, at a oost· of 

$92'1, 929 .oo as shown in Proposition No. 2. 

4. !I.'.he oost per 1,000 gallons would be as follows: 

Cost per 
1, 000. gale. 

On the bnais of offer ----------- 6.6p 

On baa is of 16 mill ions daily to 
City ------------------------- 6.lp 

On ba4ia of 6 millions daily -- 6. ~ 
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.APPEliDIX - MISCELLANEOUS lfa!m:l 

Bids submitted to City of San Diego in Septcmber-1914 for 28" Pipe 

Thick-
ness 

Head 
Ft. Q.nantity 

Western Pipe l ll~ 
& Steel Oo. East Jersey Iron Works 
Steel pipe i~ Oo. Riveted 
rivotod "LO Bar" Steel 

l/411 300 to 440 30500 lin.ft. $2.3ft . 2.70 

3/16" 100 to 300 10000 n $1.89 

Safe .. Heads of Pipe Lines Used 1n Thea e Eatimat es. 

Thickness ~ i  oon Pipe 

3/16" 180 230 X4" 280 523 
5 16" 365 416 
3/8" 445 508 

Based on factor of safety of 5. 

PRICES 

Excavation: 

~  prices for conduit · excavation ware an ave:raae of 

tbe contract :prio es on the conduit work of the Oi ty of San Diego, 

on the upper Cottomood. Creek, as follows: 

Earth 
Solid Rook 
Used 

t .40 per ou 1d 
1. 24 n 11 " 

~ .89 per au ;,d 

Our o.s9muption is made that a unit ]:')rioe of .89 oan 

be bid without clasai:fioation, or if olaasified tha materiel 

will be 50% earth and 60% solid rook, vilioh is a vary liberal 

assumption. 

Exoavntion: 
Prices for excavation at dsn were determined after 

consultation with w.per:lnt endents and oontraotors, oons1 daring 

the use of large a.ras buokata._1 __ ~~ 

) 

) 

(Appenaix) 

Embenkman t: • 

Prices for warner Dam resulted from a study 

by a oonstruotion au.perintendent end eteem shovel expert. 

Pi;ee: 

Prices taken £rom recent bids shown above. 

ste e1 Flume : 

Prices from 1913 construction of Cuye.rJJS.ca Flume 

11ndar diriotion of w. s. Post. 

Trench Excavation: --
i?rioea from 8 mile piJ?El line of Onynmca. Water Co. 

in 1914, under direction of \7. s. Post. 

2 
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