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R$PORT OU THE WATER SUPPLY FUR!liSHED BY THE CARROLL RESERVOIR. 

THE COIISTRUCT I OlT OF A D.lil~ AT THE SITE PROPOSED FOR SAID RESERVOIR. 

THE COJSTRUCTI OU OF A 1rAIU CAUAL TO A SUPPLID£EIITAHY RE EI~VO IP 

FOR DISTHIBUTIOlT PURPO"'ES OH TilE S.AH DIEGUITO RA!TCH , 

end 

THE l.:AIH/JISTRIBUTARIE-=> FRO - ~AID vUPPLE!.:EUTARY llEJlli1VOIR TO THE 
. . 

LAIID~ TIIAT CAH BE IHRI GATED BY SAID 'lATER J U.?PLY UP011 THE ~.All 

DIEGUI~O RAUCH, LOCKWOOD ~SA 12nD OTHER LA.IIDS RE ~UL~IITG I -- IJ..:~~IOll. 

lat. 

2nd. 

3rd. 

4th. 

-------0------
HOW l!UCII \'lATER IS AVAILaBLE FO.-.. SALE l~::D U~E. 

H0\1 L11CH LAHD CAU BE I RRIGATED BY ~.rl.ID 1'/l:.TE-~ , A1Jl 

DETAILED AllOUliT RE UIRED FOR EACH DI~~!l!CT r:~IGATED . 

WHAT WILL BE THE COST OF THE co:.STRUCTI OP OF SAID 

WATER SYSTELr . 

THE COST OF THE WATER WHICH SHALL :EJCLUDE THE CO~T PE-~ 

MillERS !ITCH AHD THE COST PER ACRE A:.D THE VALUE OF THE 

LAUD I II ITS PRESEUT STATE AHD IT VALUE t'ITH A 

This report is addressed to .w. E. Hodges, ·Vice ?resident 

of the AtChison, Topeka and Santa Fe P~il\vay System, ~d uill -ive 

the conclusions under each heading from the ~acts wr~ch h~ve been 

obtainable from the different sources fron which the:r oo uld be se-

oured, and the reasons for said conclusions undor the different 

headings rdll be elab~rately set fort1 1 1 the forcr of au Appendi-

to these reports and Exhibits r1hich a1~o indexed i n regu1o.r order 

from A to H and will acoompD.Ily tho several divisions of said 

report. 
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WATER SUPPLY. 

The Water Supply is primarily the water shed of the San 

Dieguito River, which is deSi/""nated on aocount of the differ-

ent basins throu3h which it passes, as the San Diegtti to at the 
an Dieguito Ranch and the Bernardo in 11Carroll Reservoir 

~peter had", and the Santa Isabel on 1 ta upper reaches above 

the :Pamo Dam, Vlhioh is the dividing faotor batweon tho Bernardo 
Basin a :ud the Pamo Reservoir, and the water supply of the Carroll 
Reservoir is assumed to be the 196 square miles of water s·hed trib-
utary to it :lnd the Bernardo Basin plus whatever Ytater may be el-

loued to -oe ss over the crest o:f the Pamo Dam. -
1:he average rainfall on this water shed is 1.1 1 in depth per 

anntml. By estimting this in acre :feet per second and ass,1rning 
the government statistics to be correct for the percentage, this 

Wuuld·£urnish an average of 27,600 acre feet per annum. Checking 

this by comparison with To.ble #3 of the ~ter supply, whioh is 

compiled ~or a period of years extending from 1905-06 to 1914-15, 

an average period o:f ten years, we get 26,570 aore feet, whioh 

is a very close aheok, being about one-half of what I term a 

complete cycle o:f seasons £or Southern California; therefore, I 
have concluded that it is safe to assume that the average supply 

:for storage is that amount with the surplus from Pamo Dam added 
which Table }3 allows to be about 50p of the above quantity for 

one-hal£ the period of ten years. This Tiould be a very valuable 

adii tio n trith a. hi Jher dam which would conserve a bout so% of 

this increment £rot1 the waste over the Pamo Dam. 

For a more elaborate discussion o~ examination into this 
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aubjeot you are referred to Table #2 of run·-off at Bernardo 

Bridge at Carroll dam, and Table #3 shoWing the water supply 

in aore feet, and Table #4 of the use and waste at the Carroll 
Reservoir; and for a more extensive study you are referred to 
Appendtx A of this report. 

Another faoture vrhioh adda an additional supply to the 
Oll1•roll Reservoir is the 6600 core feet, whioh by mutuel agree-
ment 1 s to be delivered :from the Pamo Reservoir to the San 

Pasqual irrigators. This water is to be delivered in two irri-
gatlng ditches irrigating about 1200 eores of land • 

. 
of this water :percolates into the Carroll Reservoir adding 2460 
acre feet to its storage as a permanent addition. 

If in the ear~ier part o£ the season additional v~tera were 

used upon these lands it would have a tendency to further increase 
. 

the storage supply into the Carroll Reservoir in the d~ier periods. 
Additional water can also be developed by pumping water 

from the gravel beds around the upper rim of the Bernardo Basin 

near the flood line of the reservoir. This increment can be made 

to give a permanent additional vater supply for the drier periods 
for what is known as the dry seasons, of at least 300". 

For detailed study of this situation you are referred to 
Appendix A, ond the Tabloa hereinbefore mentioned as it is from 

all of tueso investigations that I have concluded that the avail-
able water supply aftor deducting :for seepage and evsporoti on at 

. 
the <lBm woul.d be 2000" for a period of 200 days. This uouJcl be 
dependable with tho additions of the \Vaters which could be pumped 
from the gravels heretofore referred to oxceptin0 for a possibil -• 

ty which has ooourrod durin0 the last sevon ~rears of the 'tlienty-



,. 

one year cyoJ.e re£erred to 1n Appe.ndix A when all irrigating sys-

tems af ;:;outhern CaJ.ifornia were compelled to reduoe their supply 

from one to three years dm.•:ing this oyole. In figuring the avail-

able water supply it will be necessary to figure on a deduction 

for evaporation and seepage in the oanals and a loss in the dis-

tribution. ~ia has been :found by actual experience to be from 

6 to 12:; in the oo.nal systems, and from 15 to 25% in deliveries; 

therefore, I would consider that the sai"e available supply for 

sale aiid use would be 1400 I.Iiners Inches, to whloh might be 

added the amount of nater that oan be pumped from the wells in 

the basin oft~~ San Dieguito on the San Dieguito Ranch, which 

can be safely estims.ted at 250" in addition to the reservations 
• 

made by the Sen Dieguito Ranoh for their bottom lands, making a 

total When fully developed, of 1650" of water, for whioh water 

ri.:;hta could be s_o_l_d_. __________ _ 

D U T Y 0 F W A T E R. 

A careful study of this Whole qnestion has been made, as 

set forth as A~pendix B, accompanying this report. 

-~ter considering all of the data at hand and the arguments 

presented by different authorities, and ina:Ludmg my personal. 

observations, I have conCluded that 1" to 7 acres for all of. the 

lands which I ha.va classed as u'=l, in comparison with all of the 

lends i n the several tracts under a gravity system, is the safest 

estimn.te o:f the quantity required, and the system of works bas 

been planned to fumish a suf:ficiont capacity for all of the 
. 

lands that ce.n be irrigated by gravity water. If in the develop-
• 

Ill.&nt of the several tracts of land it is found desirable to trri-

the same amount of water, the -

I 

· opport11n:i.ty aan at onoe be furnished for doing eo by pumping 

water upon the lands which adjoin and lie above the main trunk 
linea or distributaries. 

------~---------------

S Y S T E U 0 F W 0 R K S • 

let. DAli FOR CAUROLL RESERVOIR 

This has been ccrefully treated under Divisions A, D and c 
of Appendix C, to \Yhich you are referred for a consideration of the 

different divisions of the subject. 

Two types of dam have been taken under considoration . 

One is the LIULT IJ?LE LltOH Type Design, by 1Jr. J. S. EaatvTood, 

and the other the nlGLE ARCH design by 1~. L. Jorgensen. 

Both of thase plans have been care£ully considered together 

with a study of the Dam Site · with reference to the advantages 

that might be obtained by the construction of either class of dam. 

A structure vbioh woul.d be entirely satisfactory can be 

made vtith either plan as the condi tiona are favorable for both. 

The min things to be considered are both carefully made 

in the design of either dam, v11lich is as £ollowa: 

lat. A careful uniting of the structure of the underlyin.$ bed rook. 

2nd. A large and elaborate Spillway sufficient to pass in safety 

the maximum floods. 

3rd. A proper oonatruotion of lnrge sluice ways for Clearing the 

reservoir. 

The estima. tea of cost in my opinion provide a sufficient 

sum to meat these apeoial requirements. In my judsment, one 

of the most important features is the provisl. on for elaborate 
I 

sluiceways of the proper dimensions to remove tho immense amount 
, 
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of debris which aocumnlataa in torrential floods in streams 
' of this cluu·aoter. This 'feature has be on sadly overlooked 

i n the oonstr~otion of all the modern reservoirs in Southern 

California, as has also a proper provision for passing the 

:flood waters over the dam. 

Both of these designs speoifioally provide for an 

adequate spillway, and I would recommend that careful. provision 

be na de :for the sluice ways. 

The additional items of cost under this heqding in the 

Jor~ensen Dam provide ~10,000.00 for t~se outlet sluices. This 

is inden endent o£ the cost :for the canal in take. -
L!r. Enst;-;ood1 s type of dam is peculiarly adapted for the 

economical construction of a sluiceway, end this can be con-

structed for the sum he b3s set aside 'for that 'purpose. 

· In the single Arch type dam suggested by l.Ir. Jorgensen 

it rTould be necessary to enl.e:rge the cross section of the dam 

to provide fo1· 9.!'"1 llloree.se in llhight, I have decided that an 

increase in height o:f at least 201 sl!oul.d be provided :ror and 

have there£ore enlarged the section of his dam so that it oan be 

raised the e.dd.i tionel 20' without any addition to the etru.oture 

as built. This wiJ 1 increase the coat o:f construction up to the 

3501 contour, ..j44 ,000.00, and would make the oost of his dam 

~315,, 000.00. 

In the Eastwood t~e of dam it will only be neoeesary to 

increase the depth o:f the irdera on the exterior slope of the 

dam to raise the dam 201 above the 315 1 contour, and as I have 

stated in the appendix c, thia can be done at the tim~ it is 

proposed to raiae the dam, at a cost of about y30,000.00, and 
; ~-

. . 

f 

the interest on the :230,000.00 of investment can be saved until 

the time has arrived to raise the dam. Thia VTiJ.l make the 

present cost of the Eastwood type of dam, $280,000.00 • 

I 'NOuld recommend the.t in tha providing of the funds 

nooessary for reservoir oonatruotion, ~315,000.00 be set 

aside for that purpose. 

For a further discussion of the subject, see Appendix c 

o:f thi a report :1nd the tables showing oa:paoi ty of reservoir and 

Summary of oost, and for the location o:f the reservoir, see 

1mp ~1ibit A; and for location and elevation of Dam Sites aee • 
~1ibi ta B and C, which are contour maps of the Dam Site and 

Spillvmy; end EXhibit D whioh is n Profile of Dam Sit e C· and 
' 

for a general idea of the comparative elevations of the water 

level at :reservoir, the intake of the canal and t ho relative e·le-

vati on of the high .and low water levels in San Diegui to Reservoir 

and outlot of San Dieguito Reoervoir, see Exhibit E. 

Also EXhibit A, Jones Report showinG the relative capacities 

for each 10' in heisht of Carroll Res9rvoir. 
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(Exbi.bit A ) 
(Jones Report) 

CARROLL RESERVOIR. 
Survey October 1916 
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.&\rea 

.l 

3.7 

10.5 

56.1 

~15.0 

350.9 

535.5 

75l.m 
: l, 029.2 
• • 
: 1,317.1 
• • 
• • 

• • 
: ____________ c_a~p~a~o_i~~~-----------
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Aore Feet 

.a 
20 

91 

271 

679 

3,279 

6,202 

10,634 

17,066 
. --

25 '967 

37,699 

: 1illion Gallons 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
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0 

6.5 

29.7 

88.3 

221.3 

500.2 

1,068.5 
• 

2,020.9 . . 
3,465.1 

• 

5,561.0 

8,461.4 

12,284.3 

=========================================~~;=====~==============c==== 

D.fu.:SI:CE .~.'.. is 1200 feot u:p ·tream :from DAJ.~ITE C. · 
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MAIN OAltAL 

This extends £rom the Carroll Reservoir to the San Dieguito 

Rsnah, a distance of 26,1001 , and has a srade of .5 per 1000•. 

Exhibit E, graphically illustrates the grade line of this cane.l 

and it a relation to the two reservoirs. 

Tho Canal will run along- the Uortherly aide of tho an 

Dia ·~ito Hiver and will run for a considerable portion along 

a steep aide hill, vmioh in plncoa has a slope of only about 
• 

one-half to one. It is proposed to out a bench into the solid 

formation and make a flat bottom conduit; that is, a concrete 

pipe rein£oroad e.t the bottom with addi tiona.! oo1mrete so a a to 

fom a flat surface on the bottom a. little more than the width 

of the pipe • This will fom a solid atruoture. The benching 

on the upper aide w:!ll be su:ffiaient eo that the slope of the .· 

hill vall extend over the top o:f the pipe. ~lJ!iH conc1•ete pipe 

will be 48" in diameter and a.oroas the ravines or draws where 
it is not pl•actioal to follo\v the contour of the hill, reiu-

forced concrete pipe will be used. On the seoti on mere the 

onnel reaches the Mesa lands it will be an open canal lined 
with conorete, excepting for a section of 18001 rmere it will be 
necessary to put in an inverted syphon. This will be 52!1 in 

diameter and 1800 1 in 1ensth. ~he lined secrti. on of o&nal will. 

have an avera5e Vlidth of 4 1 and a dapth of 5 1 • 

The .AppendiX D .for the llain Canal toge·~hel' rri t1l .~G.ale Tables 

and St1mmary attaohad theroto give tho details and oo st o:f said 

caml, the total oonatruotion coat baing 
A Overhead and Administration Expense 18~ · 

At9.king the to l cost of tha Cano.l 

-9.-

.- 79,786.00 

14,361.00 

94,147.00 
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Exhibits F al1d G show the a1.ignment and Profile of the 

lla L1 Canal. 

S A If D I E G U I T 0 RESERVOIR 

This ~eservoir serves the purpo sa of an equalizer of the 

flow of the rein distribut~tlnhea ancl also has some storage oapaai ty. 

A copy of Exhibit B, Jones Report hereto attached Sho\~ the 

dc:pth, elevation, erea and ca.paci ty in acre :root of this reservoir. 

I have ulannod to build this dam o~ earth as described in the .. 
Snl'DJ!'O.ry o:f Coot hereto attached, the cost o:r construotlon 

beir~ .:14,698.20. 

Exhibit li ~hows the plan o£ the Reservoir and F~bit 

.,. shoYro the .?rofile o:f the Dam site . 

• • • "'r 1 r·· J!l .. ... DISTRIBUTA R IES. 

These aro i~dicated as £ollo~: 

UPPE..~ PO~I01l O!f T!!E SAl! DIEGUITO RA.!·.CH, Exhibit L 

LOWF&P. !'CRTI0;J 1 
Ex:hibi t M 

co:;TOU~ !.i~P' Bhovrlr!s the lower Portion Exhibit 1~ 

C01"TOUR :,.:fi.P, showing llain Lines end Dia-
iriots in Irrigation System, EXhibit 0 

which is a plat showing the main linea anl districts irri-

gated. This map made on e small soale shows the location 

of the canals and their numbers; also the portion of th~ 

districts in which the water is to be used, and the number 

of acres in each district. The aoreegea which are marked 

~lth only the ntunber of acres are the lands irrigated b.1 

r avi ty end the scree es v;hich are marked with a P appended, 

thereto, indicate the lands that are above the gravity line 

to whicil \'ater oould have to be pumped. 
, -10--

. .. 

The additional lands irrigated are on dietributing lines 

running from an Diegui to Heservoir to the lands irrigated. 

The Canals are ·n~bered !, 2, 3 and 4. -- .... ..... --
The dosignat ion and oa:peoi ty of line and the number of 

acres dopendont upon them are indicated l:..lphabetically as 

follows: 

'.Pho summary shovling thst 1382 Hiners Inches of water 

• 

• 
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(Exhibit B ) 
(Jones Report) 

UPPER SAN DIEGUITO RESERVOIR 1Llll1A 

AJD 

CAPACITY TABLE 

============:========~=====;=============~======~============c=a==c= 
• • • • 0 • • • • Capaoitl I • • • • • • • • • De;eth • Contour • .Area • .Acre Feet :llillion Galla • • • 

• • • • • • 0 

0 • 200 • 0 • 0 • 0 • • • • • • • • • • • • 5 • 205 • .2 • .5 • 0.2 • • • • • 0 • • • • • • 10 • 210 • 1.6 • s.o • 1.6 • • • • • • • • • • • • 15 • 21.5 • 4.3 • 20.0 • 6.5 • • • • • • • • • • • • 20 • 220 • 8.2 • 51.0 • 16.6 • • • • • • • • • • • • 25 • 225 • 14.1 • 107.0 • 34.9 • • • • • • • • • • • • 30 • 230 • 24.1 • 202.5 • 66.0 • • • • 
• • • • • • • • !55 • 235 • 38.2 • 358.5 • 116.8 • • • • • • • • • • • • 40 • 240 • 53.2 • 587.0 • 191.3 • • • • 

• • • • • • • • • 45 • 245 • 72.2 • 900.5 • 293.4 • • • • • • • • • • • • 50 • 250 • 90.0 • 1,306.0 • 425.6 • • • • • • • • • • • • 
=-~==================================:====~;=======~~~============== 

Volcan L3.11d !; 'la tar Compo.ny. 

Acco~pnnyin Bap 652 A-T 2 
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DAM FOR BAll DIEGUITO RESERVOIR 

The estimate for this Dam is for an Earth Dnm vdth a Cere 
wall running dovm to bed roOk in the center. 

This Core Wall up to a height of 26 1 to be of concreto 4' in 

thickness, end tha fuddle T1•enoh will be 6' in thiableaa. 
An Outlet Pipe vdll be plaoed on eaah side of the Dam and is 

inoluued in the estimate, end a &pillway will be plc.oed on the 
north aide of the Dam 101 in width a.nd lined with con crate • 

The follow ins estimata includes all. tilese i tema • 

~~-~--~~~~~~-~-------~-----~--~-~~~----~---------~---~--~-~---~--~~-

CORE WALL (Excavation for Concrete 87 .4 Yds.) ••••••• 
(Concrete ) ••••.•• 

:-. 43.00 ;; 
1904.00 

?UDDLE TRENCH • • • • • • • • • • • • • • • • • • • • Exoavetion •••••• 100.00 
n in ·• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • J.lS .oo 

MAIN FILL • •••••••••••••••• 39,930 yda at 25~ ••• 9982.00 

2 OUT~ PIPES, N. SIDE & S. SIDE ••.••••••••••••••• 1143.70 

WEIR BOX & COll.U~CTIOUS •••••••••••••••• • ••••••••••• • 3'18.00 

WTI~DLASS & FLAP VALVES ••••••••••••••••••••••••• • • • • 780.00 

SPI!JLWAY (excavation 198 yda = $ 49.30 
( Conol·ete Lining 508 cu. . ........• 

Ft. c 203.20 
252.50 

Total ••••••••••• 14698.20 

11-b 



will be required .on gravity lands and for domestic water, is 

indicated in the above Teblea. 

~he follo~ing Tables dive tha number of the }miNS , GRaDE, 
CAPJ\.C!2Y, LEU<ml, ~IZE OF ?IPE. KillD OF PIPE, and the TOTAL COST 

of each Line . 

In the discussion under Appendix G for the "Classifi oat ion 
o:f Lands'', I hs.va decided not to recommend Line fl4 descl·i bed as ----
Green Valley L~es . 

~he follor.·ing Table o:f Cor..s:pal·isou o:f Diatribut4»:1lea shows that 

the la.ad:.l il! Dl~tl'ict -,r6 can be supplied. with \'.Uter ror ~55,389.00 

lass tile:: thc:r c",,, d by tho oonstruot ion o:e ·tae vreen Valley Line, 
and if in the future tlle deve~opment of tho wator a~ratem Ol' the 
desire of' ·t,i1.e o\·t;·,~rs t>:f the lc.;J.d.s on the Green Valley Lin.e mnke 

• 

it an lniucement lio co.!Hitl·u.o L dtlcil liae.,. 1 t c?·,, 'Uen bo taken np, 

as in that event tne additlonnl water provided for in Line ffi3 

oould b a utilized by :pumping to highar elevation&; thereforo, 

I ha.ve racommencied the construct iO!l of Lines i~l. -u~2 and -/f3 and 
tne addition to ~ of tne necaaaary lines to irrigate District t~. 

12 

. . 

No. l - A 

No. 2 - B 

uo. 2 - c 
Uo. 2 - D 
l~o. 2 - F 

No. 2 - G 

no . 2 - E 

no . 3 - B 

llo. 3 - c 

no. 3 - D 

No. 3 - E 

note 

I 

-1-

is capacity of Line and Aore§ge dependent on it. 
is ditto from Junction to Aznna Division. 

is ditto from Azunn Division to w. Line s .D.Ranoh 
W Line s . D. Ranch to Del L~r Reservoir. 

is d1 tto Del Mar Heservoir to Junction with 

Coast Division. 

is Junction with Coast Division to Junction with 

Line No . 3. 

is Del l!ar Reservoir to Del I.7ar . 

from JWlction of Line no . 2 & 3 \7ith 1 to West 
Line of San Diegutto Ranch . 

from West Line s. D. Ro to Junction et Coast with 
Line no . 2. 

from Junction of Lines 2 & 3 along Coast Line to 

n. Line of Jones District no . 6. 

-2-

From N. Line of Jones District Ilo . 6 to P line 

of Jones District No .7 (Batiquitoa Lagoon). 

"!fain a" refer to the rna in distributing lines 
through the several tracts. The lateral lines 

for the delivery of water is not estimated or 
described. 
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3 (a) 

HOT- UHDER :PRIIICIPlili J.:A IH • 

San Dioguito Rancho - Walnut Orchard 
II " 

District llo . 12 

n San Elijo 

Olivenheim 

Assign 250 I .. • I. to 

• 

SUMMARY 
Provided on .Principal Liaina 

District Ilo . 8 

Outside of Erincipal mains 

To tal of Gra·vi. ty Water 
Domestic water for lends along cosst 

Total water used 

• 

12-o 
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590 acres 

330 " 

792 " 

1712 n 

667 l!. I. 

366 Ir. I. 

250 1.· .I. 

1283 ll.I . 

100 .r.r. 
lS82 l:.I 



GRADE EXCAVATIOU KI IID COGT 00~3!1.' COGT UO.OF PEH CO BT PJ.~R OF OF OL' OF l.IAill 10001 CAPACITY LEl!GTll J I ZE :h'OOT I)I PE PIPE LAYIHG GATE~ 

1 -.1.\. 1~2 1003" 7;200 40 11 48).- sl. Cement P. 01.35. 20~ • 01¢. 0 2.06 014830.00 1-.A. 1.2 If 2,000 40" 4a{~¥ Reinf . C • .P • . 1.90 1.00 .01~ 3.41 6820.00 
21650.00 

2-B 0.8 244 11 l,95o 24 11 26$ Cement 13• .70¥ .20 .02 · 1.18 2350.00 f.fi~~~~~~-:r1 

2-0 
2-0 

2-D 
2-D 
2-D 

2-E 

2-F 
2-F 
2-G 

o.a o.a 

o.s 
" n 

1.0 

o.a 
" 
tt 

GRADE 
UO . OF PER 
trAIU 

3-B 
3-B 
3-B 

3-0 
3·C 

3-D 
3-D 

3-E 
3-E 

3-F 

10001 

1.2 
1~2 
1.2 

1~2 
1.2 

1.0 
1.0 

1.0 
1.0 

1.2 

. 

District llo . 8 • . 

3-G 1.2 

3-H 1.2 

3-X 1.2 

23011 

23011 

184" 
II 

" 

50" 

99" 
" 

64' .. 

12 350 22'' • 24~ 
24~ l 500 22" ' 

12;600 
1;000 
1,400 

10,000 

9,600 
1,400 

2,200 

• 

20" 2li 
20" 21~ 
20" 2.50 

12" .14 

18" .19 
.19 

14" .1~ 

Cement P. .60~ .20¢. .03 
Reinf .O.P, 1.26 70~ .03 

Cement P. 
Reinf.Con. 
T11nnel 

Steel Pipe 

Cement P. 
Reinf.C.P. 

Cement P . 

.so 

.90 

.90 

1.3tY~· 

.40 

.54 

.25 

15 rJ. .02 
30;( .02 
80~ 

lOr/ .03 

15~ .03 
24~ .03 

lOr/ .03 

EXOA VAT! 011 KIIID COST COST COST 

CAPACITY LEnGTH . SIZE . 
789" 10,300 36" . 400 " 1,900 32" 

704" 9 ·800 34" ' 1 900 32" , 

684" 4,000 32" 
14,500 34" 

527" 1;300 32" 
16,000 32" 

366" 4,000 24" 

366" 10,300 24" 
• 

!l.50" 1,800 18" . 
125" 4,900 18" 

COST PER 
FOOT 

• 42 
.42 
.36 

.39 

.36 

.39 
• 39 

.36 
• 36 

.30 

.26 

• 19 

.19 

OF OF 
PIPE PIPE 

Cement P • 1;15 
Reinf .C.P. 1.60 
Steel Pi:pe 3.23 

Cement P. 1.05 
Steal Pipe 3.23 

Steel Pipo 3 .23 
Cement P • 1.20 

(or casing) 

Reinf .c.P. 1.38 
CenBnt P • 1.10 

Steel P. 2.52 

C. P. .65 

Steel P • 1.95 

C. P. .40 

OF OF 
LAYIUG GATES 

. 20~ .03 
1.00 .03 

.20 .03 

.20 .02 

.25 . • 02 

.20 .03 

.20 .o3 

1.00 .03 
.20 .03 

.20 

.15 .03 

.15 .03 

.15 .03 

Total of Diatriot uo . 8 

1.07 
2.23 

.sa 
1.43 
4.20 

1.57~· 

.77 
1.oo 

.53 

TOTAL 
· COST 
PER FOOT 

1.80 
3.05 
3.80 

1 .66 
3 .96 

3.85 
1.82 

2.77 
1.69 

3.02 

1.09 

2.32 

.87 

13210.00 
3345.00 

11090.00 
1430.00 
5875.00 

15750.00 

'; 7390.00 
J 
~. 1400.00 
t 

l 1165 .oo 
63005.00 
\~\§l 

' 

TOTAL 
COST 

18550.00 
1220.00 
7225.00 

16250.00 
7525.00 

15400.00 
26434.00 

3600.00 
27120.00 

12080.00 
1S54oo.oo 

11230.00 

4175.00 

4260.00 

l96G5.00 



IJO.OF 
trAIN · 

4-B 
n 

If 

n 

4:..0 

n 

n 

NO.OF 
MAIN 

1-A 
l.-A 

3-B 
3-B 
3-B 

3-0 
3..0 

3-D 
3-D 

3-E 
3-E 

3-F 

GRE:&N VALLNY LINE GOO u CAPA6ITY 

• • • • • • • • • Gn A T\"t' • • • 
• • • • 
:EXCAVATION: 

• • : : :. ~OTAL : 
• ~.1.:1 • • • 

• PER • • • • • • • :: ·10001 - ; :CAPACITY: LENGTH ·: SIZE 
:COST PER : 
: FOOT : 

KIUD 
OF 
PIPE 

: COST 
:OF 
: PIPE 

: COST :COST : COSf 
: OF : OF : PER 
:LAYIIIG: GATES: UFOOT 

: . . :1.0 
• • • • • • 
• • 
• • 
• • 
• • 
• • 
• •• • 
• • 
• • 

1.0 
n 

n 

" 

: ·J..o 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

tf 

n 

• • 
• • 
• • • • 
• • • • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

600" 

500" 
11 

tf 

n 

366" 

tf 

tf 

• • 
• • 
• • .. 
• 

9050 

: 12900 
• • 
: · 3300 
• • 
: 3600 
• • 
• • 
• • 
• • 

400 

: . 9300 
• • 
• • 
• .. 

600 

: 13900 
• • 
• • 
• • 

• • • • ·: . 32" : . . 
• • .. . 
• • • • 
: " 30" : 
• • • • ' ' IT • • • • • • 
• • • • 
: 28" : 
• • 
• • 
• • 
• • .. • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • n • • 
• • .. • 

26" :. 
n 

• • 
• • 
• • .02: 
• • 
• • 
• • 

.35 

n 

If 

n 

2.50 

• • : O.F • 
• • 
• • : c.r. • • • • 

: ' • 90 : . . - . 
• • f' • 

:Reif.P. ·: ·- 1.26 : 
• • • 
• • 1 • 

:Steel P.: 2.85 . : 

• • .15" : 
• • 

~ ~99 : .. • 
• 20 -=· 

A -

• • 
.Ol.: . 

• 
• • 
.01: 

• • .01: 
• • • • . ". . · ~ . • • •• • 
: !l!'DD'De 1 
• • 
• • • 

• • 
• • 
• • 

90. :.' •.. ·•· 80 . •·' .006 • . . . .. . •. . 
r , '• l. 25 • • • • • • • • • 

• • • • • • .30 :0. P. • • .'11 : .1.6 ' : .o3: · 1.az : 
" 
n 

• • I' I . • 
• • I • • 

:Reint.P.: \1.20 : o.ao : 
• • • . . .. 
:Steel P.: 2.52 : 
• • 
• • 
• • 

• • 
• • 
• • 

• • 
• • 
• • 

• • .20 : 
• • . . . 
• • 
• • 

• • ;o3: 
• • .03: 
• • 
• • 
• • 

2.33 

LlilES l. & 3 FIGURED WITHOUT 366" M. I. FOR DISTRICT HO. 

GRADE 
PER 
lOOOi 

1~2 
1.2 

. . . 
1.2 · n 

" 
• 

1.2 
n 

EXCAVATION 
cos~ PER 

OOS!l! oo·ST ·: .. COST 
OF· 01· OF 

CAP ACHY LEli C1.m SIZE FO 00! 

XIBD 
.OF 
PIPE PIPE LAYING GATES 

63'1" 
" 

423" 
" . 
" . 

338" 

7;200 
2,QOO 

10,300' 
•400 

1,900 

9~800 
1,900 

30" 
30" 

28" 
28" 
26" , 

. 35.1 
35~ 

30~ 
" " . 

24"' ;· n 
24" " 

0 ~.P· -. .. 0~90 
Re1nf'.O.Pe 1..26 

. .. 
o.P. 

Reirtf.C .P. 
Steel P. 

• • . 

.. 
;66 

1.20 
2.66 

• 

o.P. · ·· · ~65 
,stool P. 2.52 

.15 

.99 

.15 

.98 

.20 

~15 
.20 

•ol 
.01 

.02 

.02 

.02 

.02 

.02 

': 

1~12 
3.04 

!J!O!AL 
COS! 

8597 

1 .0 
1.0 

318" 
318" 

4,000 24" 
14 500 26" ' 

If 
n 

steel P. 2.52 
o.P. .. .75 

.20 

.15 
.02 
.02 

3.04 ' 12160. 
1.22 l'1Vo0 

1.0 
1.0 

1.2 

141" 
" 

100" 

• 

J: 300 18" , 
16 000 18" ' 

251 
u 

4 000 15 11 

' 26rJ 

Rein£.o.P. o.P. 
.54 
.40 

clteel P. 1.43 

.24 
• 16 

.16 

• 02 
.02 

1.05 1866 • 
82' 13110 • 

1.83 
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A. Recommended Construction. Distributaries. 
LiDe No J. 

n No. 2 
u No. 3 

capacity 1003" " 21,650.00 

Dia triot lio. 8 

n al4" to G'" .63,005.00 
n 789" to 366" 135,404.00 
n 366" to 125" 19,666.00 $A !iML I 5 I I .-.-

I . 

oom.P~i son ~ Distributaries 
Lines 1 & 3 with District Uo. 8 

• 

no. l Cellaoity 1003n 
" 3 - n l'/89" to 366° 

to Junot ion with Ho. 4 
line 

Lines J. c!: 3 without District No. 8. 

No. 1. capacity 637" 
No . 3 n 423" to 100" 

•• • 

21,650.00 

15,370.00 

239 • 724..00 . 

15'1,054.00 

to Junotion with No. 4 
line 87,055.00 102,425.00 

Extra Cc:s t to sene Dist~ot. 
no . a by means of lines 1 and 3 

Line no . 4. Green ValJ.ay Line. 
Fran San Di egu.i to Reser voir to Junctt on with Line llo . 3. 110,018.00 

Bxtra cost to aerve District no . a by linea no . l and 3 

Exoesa of Green Velley Line 

\ 12-h 

54,629.00 

54,629.00 

65,389.00 

. 
• 

. . 

( ) 
~· 

. . 
•. 

• 
Summary of Coat. 

Carroll Dam Crest Elevation . . 
315 above sea. SpillVIay elev. 
310 above sea. 
With Eastwood Dam . . ' , . 
With .Jorgensen Dom built wi~ 
seotion raising to 335 above sea 

• • •• . . 
J • I • 

Mairi oanal oapaoi ty 1550 
Minera ' inohee 5 miles long 

• 

San Die~i to ReaerV,oir . 
YAin Distributaries • 

No. 1 
No. 2 
No. 3 

Line in District No. 8 
Total 

Anx1111ary Reservoirs 

Total all Structures, excepting 
carroll Dam 

Recommended Capital Provisions. 

' I 
'• 

I 

I 

• 

Carroll Dam 
All other Structures 

Total 

• Canst. Oost.: • • • • • • • • • • • • • • • • • • • • • • 270,000 • • • • • • • • • • • • • 288,000 • • • 
•• • • • • 

. • 
• • • • • 'l9 t 786. • • • • • •• • . • 14,698 . • • •• 
• • •• • . • • • • • • • . • • 21,650 • • • • _83,005 • • • • 135,404 • • •• 
• • • • • 19.665 • • • • • • • • • • • • • • • • • • • • Con st • coat • • • • • • • • • • • • 9,200 • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . • • • • • • • • • • • • • • • • • 
• • • • 
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overhead 
expense 

. 
". 10,000 

I 2'1,000 

• 14,361 

2,205 

• 

4;330 
12,601 
27,080 

3.933 

Over~ead 
15,o 

1,580 

• • 
• • 
• • • • • • • • 
• • 
• • 
• • 
• • • • • 

• • •• 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

Total 

280,000 

315,000 

94,147 

16,903 

25,989 
75,606 

162,484 

23,598 

398,718 

TQta1 

10,580 

411,335 

315,000 

4tll,335 

726,335 



( 

• 

The above Summary o:f ·coat includes everything but the 
• I 

Pumping Flants and Force .Yina tQ pump the 250" of water into · 
• ' 1 - . 

the system of VA>rka! • 

• • 
I have not made any revision of my former estimates, . 

• 

but as they were carefully made .at the. time I investigated the 
f I • Ill ' ,. 

underg.J;otmd waters of the san Diega.ito Ranoh end the oonaitl.ons . . 
I ' • 

t ' ._ • 

o£ water supply o.are~ studied, 1 think it is, safe t9 DBke the . . 
• 

samo reaomm~dlit~ons :for tho development of the water ~t I ~b · 
• .. I 

a .t that time, lvhich in a:ff,eo.t is that a p1ant be ·lnilt about 9000 -
• • • • • ' 't ~ • 

:feet abave the present pl.ant and a p~pe line ~ built dom to the 
1 " I • ,. , 

• - t .. south-west aoruer of the AOU118 pJ.aaa wh~e t'lle water fro!p. .,tw-"'o _ 

pl.ants could become interchangeable, and ·a booster plant' ·be put ·: 
* • ,.( • l • • - . . 

in at that plac.e to elevate the wa-ter ·required by the lla.tual ·water . . .. .. . """ 
0 ~ • • • • ' •• 

Company to their system o:f works. and tha.t thiQ joint system be - . . . 
piii for by 1he santa Fe· R. R. Company and the llutual water Company; 

that is, the portion in which they are both equally interested, 
• . 

the imj?rovement o:f the ol.d p;t.s'!lt and the new plant and c~~ecting 

pipe J.ine be paid :for jointly, and the necessary boo·sterr plan~ 

be paid for by the Mlltual Water Company. 

The £allowing is the estimate of cost for the mrk oom-

p1etad as a whol.e a~tar deduoting the amount to be paid by the 
. 

Santa Fe Banch for their part o:f the constructlon ana. 1nolud:1ng 
' ' 

the booster pJ.,ant and force main is, . . 
'l'he oonst:ruotion of a separate &3'Stem. ~ 

' equally as much ana ould .not prove as aatia.faotOrJ'. 
1. th this adcH. tl. on the total cost of . the qatelll of wo~a 

• 

as contemplat 4 by the tiA1 aompa.Jt7 w111 bt, '· 746000•00 
--14 . 

COST OF WATER FOR SYSTEM OF WORKS AS I.AJD OUT • 
• Per Miners inch .. . 

Eatimatilig the wat,er at the rate of 1 inch to 'I acres, 
The water t W0~1d coat 70.00 

• • • 

Eat1ma.ted value of the land \Vi thout water 
• • • • Total 

\ .. 
~he ao at mere the water has to be pumped 
above the gravity line, would be 

f • 

' . . ' \ 
: 

30.00 

• 

• .TABLE Ol!, ELEMENTAL VALUES PER AcRE. .. 
Class o:f 
land.· 

. ' . 
Cast of We.te3: 

10 , I o • per aore 
• .. 

$520.00 

100.00 

. . 
. . 

150.00 per A. 

Reuarks 

, 

ooaat !Snds 

1st olaas · 
lands 

$7o.oa· 

Land . . Land · Value of 
·w:l:-tho.ut· wi ~ water right 
water water p_er sore 
~5o.oo .tJasc;.oo i2Bo.oo To IS-Y iiifireBt on 

adciiU. onal oost and 

2nd olass 
lands 

I 

Coast Lands 
lst Class 
2nd Ola'ss 

Total 

70.00 30.00 

. . 
'10.00 30.00 200.00 

150 00 • • 

100.00 

· msintenanoe p1llllpad 
water w1l.l. cost 
$70.00 per· acre 
more. 

TOTAL VALUES OF WATER TO JWID. 

• 

. 
f • 

4,000 

3,000 

3,200 

. 

'$92o,ooo.oo · 
450,000.00 

320,000.00 

·1,690,000.00 After deducting cost af 1and 

and system of works. 

The abo,ve values I consider oonservative as they are based on 
' 

comparative values in ,Jnimproved terri tory. !Eho class of procla.rots that 
. . 

may be grown. upon thGwe lands sholiid pay a good income upon the 
' 1nvestmont. · 

. 15. . . - -. . • 



I believe this report covers all the points WhiCh have been 
under discussion. 

This last subject is one upon which many of you are oonl-
parativoly well ~osted. 

In aonolusib, will say that in the discussion o~ any 
o:t the di:ffcrent points on divisions of the :teport, 1 refer· 
you to the appendices for more elaborate discussion. 

In regard to the looation in detail of tho Distributaries 
. . 

-t:1.ey rm:y have to ba modified in detail. a a they· are not lo oat ad · 
. 

~om actual surveys upon the ground and the eetimatee for the 
I I 0 

same do not include the smaller J.eterals :for delivering ' the W':'ter 
upon the different aubdi visions of the lend. 

RespectfullY submitt~d, 
H. Olay R:ollogg 

Civi~ and Hydraul_io Engineer. 
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INDEX TO EXRIBITS. 
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o. 
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Digest of Mr. Post's Report to w. E. Hodges, Oat. 13,1916, 

as to the available water supply of carroll Reservoir. 

I have checked up the computation of the water shed from the 
contour mapa and Government report. From my computations on the contour 

mapa and Government reports, I make the area. 186 aq. miles, but nr. Post' a 
more detailed information will possibly add tho other ten miles which he 

estimates. making the water sheds 196 aq. miles for the Carroll Reservoir, 
independent of any surface flow from the Pamo Dam. 

In regard to the oycle of years between high and low periods o£ water 
supply, will t~e that up under a separate head, for the purpose of 

determining by comparison the ratio between the same. 

ESCONDIDO CREEK: This oreek is in itself a local water shed, reaching 
about to rim of the San Luis Rey River, a diatanoe of about 14 miles above 

Escondido. and the San Luis Rey River runs in behind said oreek. In 

addition to this the water sh:ed is aut off by the Escondido Reservoir, which 

is more than ample to store the waters from the water shed above the dam 

during ordinary periods of rainfall., therefore, I do not consider the 

residue of the mter shed which Mr. Post estimates at 48 sq. miles, will 

justify the construction of the reservoir. 

On the future increase o:f heights of Carroll Dam, to the heights of 
140 ft. This is an economic feature that should be considered as a re-

inforcement to fU.tnre requirements when the lands are developed • 
In regard to the development · of water from pumping in the gravel beds 

of the Bernnrdo basin. I took up the inveutigation of this basin very 

thoroughly, in my report of the underground waters of the San Diegu.i to 

river, I fo~ed the oonolusion at that ttme that there are no subterranean 

waters passing through the bed of the river between the Eernardo basin and 

. t 
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the san Diegu.ito ba~in and this opinion is verified by the· investigations 

for the dam site of the carroll Reservoir, therefore·. 1 t is safe . to assume . 

that the stored waters in the gravels of the Bernardo basin which VtOu1d be 
\ 

available :for pumping.- The San Pasqual valley lies in the uppe_r end of the 
• 

Bernardo basin, where a settlement has appropriated the aurfo.oe . flow of ~118 
• 

stream, and irrigate about twelve hundred sores by two d1 tchea running alon .. 
each side o:f the valley. The Government rep9rts indicate that the water is 

• 
' 

running all the year around in the canyon above this valley and it is atip-

u1ated by the parties interested, that in oaae the Pamo Dam iB constructed, 
' ' . . 

the amount delivered to the San Pas qual irrigators shall be 6600 a ore ft. 
. 

during irrigatin5 season . This would be more of an advantage to Carroll: 
• 

Reservoir than a detriment, because 4o% wpuld be returned to the reservoir . 
basin as percolating water, adding 2460 aore~ ft. to the storage in the . . . 

reservoir, as a per.manen~ddition. If additional water is used 1n these 

ditches, it will have a beneficial effect in times of low water, by 3oining . 

the waters af the reservoir at the lower ·levels or increasing the pumping 

supply. 

01 true orchards are being planted in portions of the Escondido 

their vster supply being taken from the water shed of the San Luis Rey River·. 

and the return water will be into the Carroll Reservoir. This is variously 

estimated at from 2'1% to 35% of the water used in aoil.s of this class. 

In time tl.is will prove a valuable increment and wlll re:Jnforoe the low 
• 

water supply in dry periods when it is moat required. 
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In seasons like 1912·13 the river is dry for two or three months in. the 

snmmer, this is led to the boring . ~f wells and th~ construction of pumping 

plents at several points in the valley. These wells show that at the upper 
. 

end the debris cone has a depth of 96 feet to bed rook and at the lower end 

of the valley they are from 40 feet t _o 25 feet to bed rook~ :fmme~ tely 

above the h~gh water line. In l9l3 they were probably pumping all together 

200 miners inches of water, the so developments indicate that there 1 6 

quite 8 large area of gravel basin round the upper border of the ca_~roll 

~eservoir and the indications are that this debris cone has been deposited 

by the river and side canyons upon the original floor of the basin .• and I 
• 

believe that a flow of ·300 inChes of water could be developed qy a system 

of wells around the upper edge of the reservoir, these wells could be 1ocateq. 

near enough to the high water line to be above the aanger o£ :flooding and 

the water could be economically piped down through the reservoir ·to the 

oanaJ. intake at the dam. In my opinion this should be considered as an 

em~rgenoy supply for the low oyole of years. Which has been mentioned by 

Mr. Post. It is a well known faot by those who have been familiar with the 

conditions here in Southern California :for a period of more than twenty 

years that there times when the mter supply osnnot be maintained at the 

ordinary stanclard fixed for the mean supply. AJ J of the water systems have 

felt this deficiency. During the last oyole of low water, pumping plants 

were plaoed in the bed of the Bea~ Valley reservoir, Which is recognized as 

the most dependable supply in Southern California, and Redlands, lVhioh re-

oei ves water from this system, had to build pumping plants in the Yucaipa val. 
. . 

ley to sustain the orchards during this periods. A number of illustrations 

could be gi'"n' but this illustrates the point that all poasibl~ care must 

taken to carry 1he system over this period and it also illustrates the 
I 
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') .. 

faot that 1fi th 'the best syPtam a sho~tage oan be expected ·by the irrigators 

at this time. 

CYCLE OF YEARS. The beat historical record that I oan obtain shows 

the complete oyole to be from 21 to 22 years, the best natural barometer 

determining the cycle is Lake Elsinore.; In 1883 I surveyed out the town 

and colony of Elsinore. At the time the lake was praotioeJ.ly ~. there 

being only about 1200 acres of land oovered .with water, out of the 6000 
. . . 

a ores the maximmn depth being 3-9/10 feet. J'uan l!aohedo; a Spaniard over 

60 years old whose family originally owned the lake had lived there all hie . 

li:f'e and j nformed me that in 1839-40 the lake \·.es dry and a lao in ' 1859~61 

it was dry and grass \78S growing over the ·najor portion of it, and that it. 

was :filled by a flood in 1841 and 1862, it was also :filled by the fiood: of. 

1.884. Following up the study more closely of this cycle, from my individual·· 

observation dating from 1868, I find the lake alao ovar:-flows a .second ti~ · · . . . 
about ae-v:en years after the first over-:flow· and al.so by keeping. a reoara. o~ 

• ' I 

the seasons by the growth of orops, the rainfall and the shortage o~ wat~r .·· 

in irrigation system, I find that each 2l. ye~s is appronmatel7 divided . 
into three divisions and that these divisions ran about as follows, taking 

• 
• 

the nomenclature of the :farmer, the first seven years rnn two years above 

the normal. and one about normal., with the seventh year below no:rmal. The . 
second seven years about one above nor:rral and · one below, the 1bird seven . ·. ·; ... 

years one above normaJ and two below with the last two years dry. · Ovt~ to 

disturbing elements, namely the irrigation of 'the Perris valley and Hemet · . 

system and the construction of the Hemet reservoir, the last oyole. in: Lake 

El.sinore has been disturbed so that the low water mark was two feat higher 

than in 1883 am the high water mark, namely the over.:.flow; was not qnitb 

reached in 1905-6. Aleo the second over-flow in the oyole ehou1d have been 
• 

reached in 1914-15 instead of 1915-16 as ocaurred. The unifarm1t7 o:t . these 

, ·"' . ..-
I 
, . • ... • 

( .. . , · 

f. t • • t 

oondi tiona are not absolutely exact, but they are suffi oiently aocurt~te to 
. . 

form a guide and thoy prove that there ie only one dangerous period of 
I 

draught and that ia in the last e~ven years of the oyole. The other dry 

periods are so short that they do not produce any bad effects excepting on 

temporor~ crops. / 

By carefully1huabanding 1;his ~~ra supply and the underground water 
, 

of the San Diegu.ltcb basin, the irrigators under this system of works can be 

oarriecl: over ·this })eriod. 
I 

San Dieguito 'basin and underground vater supply. It is not neoeseary 

for me to go into details in regard to the water tha.t maybe secured :from 

this basin, suffice it to say that I :regard the 250 inches of v.e.ter to be 

obtained from this source as dependable and that the stib ject is exbaustively 

' treated in my report .of 1913. As intimated by llr. Jones the oonstruction ·of 

the carroll Re.eervoir has cut off the most of the avails ble water for stor-

ing the gravels of this basin, but the amount of water on the 29 sq. miles 

of water shed tributary to the basin and the ancient river cmnnel re:ferred 

to in my report will fumish the water. There is no way of absol'Ot ely 

determiJ?ing the velooity of the vJSter in this old ancient oha~el, but there 

would be a possibility of an over.-draught if the pumping was continued over 

too l.ong· a period of time. However, I sti 11 maintain tbat the storage basin 

outlined in my fomer report, will be necessary for the maintenance of the 

quantity of water ·required for the irrigation of the bottom lands and to 

£urnisb. the 250 inches to the Carroll system. 

Regarding the bottom lands in the San Dieguito river bottom, between 

San Dieguito Ranch and the ocean, I seriously doubt whetm r they ill ever 

require any considerable amount of wator, but as they are directly rlpar n 

throa.gh the s.tream they ~11 have to be considered, by this I mean that tmy-

oan demand the -.ater they require at;~~e eatno rate as 'that char d to 
\ 
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• • 
:tual ater Company, however, I do not consiaar it neooaaa·ry to lr. ovide . . 

pipe l.ine and system of works for these lands, sa such pipe linea oan be 

more aoonomioally buil. t in conjuna tion with the pipe system for 11lb.e ·san 

Dieguito. Ranch on the bottom lands and if :l.t was required the water aould be . 

turned into the said system of works from the upper SJBt&m by the construction 
of a short pipe :line near the Aeuna. 'Plaoe or immediately above' the ranoli line., 

• . ' . 

. . 
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TAWE NO • 2, 

RUNOFF AT BERI~ARDO BRIDGE !mAR OA.IL~OLL D!lM 

U~ S. GEOLOGICAL SURVEY MEASUREMEttTS 

Ill 
t • 00-0PERATIO!~ VIITH V .L.& \V .oo. IN ACRE FEET. 

• • • • • • • • • • 
MONTH : 1911.-12 : 1912-13 : 1913-14 : 1914.-15 : 1916'-16 : 

Oot. 
nov. 
Dec. 
Jan. 

Feb. 

• • 
• • • • 
• • • • 
• • 
• • 
• • 
• • 
•• • 
• • 

• • 
·• • 

0 : 
• • 0 : 
• • 0 : 
• • 

0 : 
• • 

0 : 
• • • • 

Mar. :(a)l,400 : 
• • • • Apl. :{a)4,400 : 

June 

.July 

Aug. 

• • 
• • 
• • 
• • 
• • 
• • • • 
• • 
• • 

Sept. : 
• • 
• • 
• • 

!rota~ : 
• • 

• • 1,990 : 
• • 

33 : 
• • 

6 : 
• • 

0 : 
• • 

0 : 
• • 
• • 
• ·• ?,830 : 
: 

• • 
• • 0 : 
• • 12 : 
• • 

12 : 
• • 

12 : 

• • 
• • 

0 : 
• • 

0 : 
• • 

2 : 
• • 

4,390 : 
. . 

• • 
• • 

0 ·• • 
• • 

0 ·• ... 
·• • 0 : 
• • 

• • • • 
0 : 

• • 0 : 
• • 

334 : 
• • 

6,270 : 2517,513 : 
• • • • • • • • • • 

310 : 12,700 : 25,000 : 25,527 : 
• • 

1,390 : 
• • 

320 : 
• • 

8 : 
• • 

3 : 
• • 

0 : 
• • 

0 : 
• • 

0 : 
• • 
• • 
• • 

• • • 2,400 : 
• • • 

1,210 : 
• ., 

696 : ., ., 
24: 

•• • 
0 : 

• • 
0 : 

• • 
0 : 

• • 
• • 
• • 

• • • • 
9,410 : 16,207 : .. . • • 
8' 270 : 6 ' 801 : 

• • 19,800 : . - • • 
!1.,760 : 

• • 
54 : 

• • 
53 : 

• • 0 : 
• • 
• • 
• • 

• • • • 
3, 3·70 : 

• • 1,332 : 
• • 

252 : 
• •• 

0 : 
• • 

2 : 
• • 
• • 
• • 

2,070 : 21,420 : 70,620 : 311,340 : 
• • • • • • 

:.·•• •••••••• aaaca l:l::'l:l'::a:raa:=mz:a:aacz:z:= ===:c t: c c == ==ccc= c cz::::: ccac•-=== a c:::z: cc cc:cc;:; 

{a) Estimated • 

•. _,._ 
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TABLE UO. 4 -
OOUPUTATION OF USE MTD WASTES 

CARROLL RESERVOIR Ilf ACRE l!'EET 

) 

••••••=~~======~=a==~===aa=~~=~a=:sa=============~~~========~•==========a SEASON : Rtrn'OFF . : WAsTED : RESERVOIR : (a) IRRIGATION : RESERVOIR (OCT. 1 : (SUPPLY) : OVER : CONTEHTS : WATER USED : CONTENTS 
TO : :MOSTLY : CARROLL: APR .let : ( b} PLUS EVAPO- : llOV. 1 -OOT. 1) : ROD.DETWEEU: DAU : ( EIID OF : RATION LOSS : END OP DRY 

: IfOV.l & : DURlliG ! RAINY : DURING EllSU- : PERIOD. 
: .APR.. l : RAINY : PERIOD. ) : IUG Stn.mER • : 
: : PERIOD. : : : • • 

1905.-06 : 
• , . 

1906,..0P1 : 
• • 

190'1.-08 : 
• • 1908 . .09 : 
• • 

1909.-10 : 
• • 1910.-11 : 
• • 1911-12 : 
• • 1912-13 : 
• • 1913-14 : 
• • 1914.-15 : 

- . • 

49,660 

38,920 

6 ,3J.O 

53,960 

36,340 

12,980 

5,560 

2,0'70 

10,840 

50,060 

1915.-16 : 306,090 
• • 
• • 
• • AcREAGE : 

EXOLUDI-UG 
- 1915-16 : 

26 ,5'/0 

• • 
• • 
• • • • • • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • • • 
• • 
• • 

• • 12,660: 
• • 23,320: 
• • 

0: 
• • 28,0'10: 
• • 20,740: 
• • 0: 
• • 0: 
• • 

0: 
• • 

0: 
• • • 14,320: 

• • • • 
: 290,490: 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 9, 910:' 
• • 

37,000 

37,000 

26,710 
. 

37,000 

37,000 

34,380 

24,350 

14,420 

13,260 

37,000 

37,000 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
" • 
• • 
• • 
• • 
• • 
• • 
: (a.) 
• • 
: (a) 
• • 
: (a) 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

15,600 

15,500 

15,600 
·-

15,600 

15,600 

15,600 
• 

12,000 
• 

12,000 
• 

12.000 

15,600 
·- -

15,600 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

21,400 

21,400 

11,110 

21,400 

21,400 

18, '/80 

12, s;o 

2,420 

1,260 

21,400 

21,400 

(a) 
(b) 
(o) 

Irrigation Water used taken at 12,200 Acre Feet per year Evaporation from Reservoir Surface at 3,400 Acre Feet per year. Evaporation Loss of the Reservoir is anall during this period. (because of lessened m·ea and so-called "make up" or aeep1ge f:rom bSJ',.te during a lowering reservoir) • and would not ant)unt to over 1000 Acre feet per year • . Pumping fran gravels 1000 i ore eet per yea.r _,uld therefore compensate this, and ve a uniform 
annual Irrigation uee of 12,000 Acre Feet. 

To pump 10,000 Aore Feet requires pumping 250 inere Inohes for 100 daY'S in the year. 



D'D'!Y OF WATER • . 

This becomes a very important question 1n _ai1 oases where the land 

is to be irrigated exceeds the •ter· supply and that is the condition whioh . . 

confronts us here • and the l.ands to be irrigated oan be oonaideraa: from . . . 
eeveral different angl.es, suoh as the oharaoter of poii, adyantage th . . . 
location and cost of deli ver"ing the water. In ~v study of the situatl. on 

. 
I have endeavored to consider these different points without considering 

. . 
the ownership of land. And to show the scope over which my investigatians 

• 

heve been made, I will under this head introduce some investigations that 

have beon made by other parties, at the same time taking i~to aooount·: 

thai~~ :point of view and in' this connaotion I wUl. introduoe the·:following 
• 

quotations~ made :from my report to w. E. Hodges on the ...a~;~r suppl-y of 

the San Diegni to Ranah. • • f J 

. 
T"'!le variation in the smotmt of \Vater used in · differen~ localities is 

~used by the character o£ soil, the eoonom.y of -aeliveey, and the coat 

cf uat9r. 

!!1 the msjo:rl ty- of casas the quantity of water actually used is far 

lass than estimated. In those looa~ities whera all the aoonomioal 

conditions have beon studied, and tha best resal.ta obtaimd, 2 acre feet, 

equal. to 24" depth on the land, has l»roduoed the most sa:tis.::fhotory 

results. ·7ith a complete aystem of piping on the hil.l lands, .1" to '1 

acres eqt18l. to 2.06 acre feot will ba sufficient, as the runs will 
. 

necesaerily be tihort, and deliveries made at close interval~. At 

Corona and Hi0 hgrove, 311 in depth is considered the best for eaoh 

i n·lga'tl on . I nave thore:foro flgu::ad at 2.08 sore £eot aa a baais to be 

a dopted :for tJle 11111 lands on tM.a tract, divided ao f'ollowe,-

7 irr · a tiona o£ .26 each, extending ovar a '!/ moD; hs period tertnecl the 

irrigatin season, sub ct of oondi tlona of "'"'"" "'"~ 

I 

l 

. ) 

seasons, and one irrigation thro~ the winter months. l!ore water can be 
• 

used i~ required, by increasing the length of the period of irrigation, 

without. inareaaing the oapao1 ty of the plant. 
. 

, , · The system of furrow irrigation is the only available method for 

plaoing the water u~on these lands, which are very irregttlar, being on the 

. ~idea of the hills. In the plantin:g of the trees it will be found of 

gr~at advantage to· plnoe tJlem upon grade contours, the rows following the 

contour 9f the hill, with a grade that \Vill permit the water to move 

slowly along "Ple furrows~ Thic grsde has, by thoso ·moat experienced 

with conditions similar to those existing on this tract, been found to be 

S:bout ona inch an~ . a hal:r to each tree, - that is, if 1the trees are set 

at distances o:f 201 or 25 1 , each tree will ba li" lower than the laat one, 

along tho direction in \~ioh the \~ter is to flow. 

The water on these alopaa will necessru:•ily hava 'to be dalivered in 

~mall· quantities. A 25" at~eam will be £ound tho moat eoonomical and 

satisfactory upon thio Slope. 

EQUATION OF WATER FOR IRRIGATION. 

3-1/an depth at each i~igation =- .26 % 7/8 a: 1.82 sec• ft. to 

be used in 7 ttontha. The remainder to be used in the w~er months. 

25" .•t sao. ft.= 30 au. ft. per minuto = 1800 au. ft. per hour. 

e26 X 43560 
1900 -= 6.3 hours to irrigate one/tore • 



, 

\ 

The San Fernando Valley system to be irrigated by the Lo~ AngeleQ · ·. 
. . . 

• 'I • 

aqueduct can be considered in a measure as similar·· to the San · Dieguito · 

territory and lfr. Mulholland on the duty of water estiuates this quantity 

reouired as. 1 lbloh constant flow to 7i sores. This 1a oonciurred in b1: the -
boa:ra. appointed to investigate the report. . . . 

The Govermnent selected Gage Canal System as being about. the ·beat 
• 

exampJ.e of the eoonomio use of water and the f'oliowin~ is f~~:nn · thGir ~port, H 
. . " . . , , 

The Government Report Irrigation Investigation :Bulletin ·;ug., 19n, 

gives the results of tbree year.a' .observation on the duty of wa.:ter ill t~s 
. ' " ' - . . .. 

district, and a table g1vuig the data in oonoiao ·farm is ·inolucled h~rewith:. 

District 
and 
year. 

District Ho . 1 

1898-1899 
1899-1900 
1900-1901 

Di.strict lio. 2 
1898-1999 
1899-1900 
l900-190J. 

Distri ot ITo . 3 
1898.-1899 
1.899-1900 
1900-190~ 

Canal as a whol.e. 
1898"-1899 
1899-1900 
19·00-1901 

• • 
:nuty of Vlater Under Gage Canal. 1898-1901. ·· 

Vlator 
Area used 

Acres Acre-£eet. 
• 

5,595 8,330.46. 
3,-614 8,779.64 
3,614 7,478.78. 

2j,87J. 6,407.80 
3,237.84 6.855.71 
3, 237.84 6,584.44 

530 
650 
·650 

943.55 
1.059.89 

904.31. 

·6, 996 15 ,.681.84 
7.501.84 16,695.24 
7,501.84 14:967.53 

• 

-Denth of -Irrigati.,.!?n 

Feet 

2.32 
2.43 
2.07 

2.23 
2.12 
2.03 

. 
Depth of 

' , 

irrigation 
& rainfall. 

~ Feet. · 

2; "19 4 

2.8'1 
2.74 

. ' . 
2.26 
2~07 

·2.06 

• 

Making the e.verage 'for the three years :tn the 

• 

• ' 

. 

• 

The following is taken from the C~oa Water· Comptny, vmich . . 
' parallels the San Di~guito territory to some extent. 

O:co;p 

Olives 

Deoid:uous 
Grape a 

• • 

Total . ' • 

I 

Dom st"' . e 1.0 

Vegetablos 

Alfel:fe 

~otal 

. 
GRAIIDTOTAL 

. . . .._ 

CUYAMACA WAT}~R COL!PANY. 

Ob.araote:: of 
Irrigat·ion 

Periodical Irrigation 
11 

n · " . 
•• n 

Continuous irrigation dur-
ing irrigation season 

" 
n 

n n 

u n 

Area Irrigated in Aorea. 
Rtgh Low 
Service Service Flume Tota1 

198.5 3.2 152.7 354.40 

55.62 21.73 l58.0 215.35 
. . 

0.'18 0 605.7 604.48 

254.90 24.95 894.4 '1174.23 

20.96 ' 20.25 37.9 '19.11 

926.03 195.85 1091.9 2213.78 

81.69 52.20 'll..l. 2~.99 

12.4 0.20 40.0 52.60 

104~.08 268.50 1240.9 2550.48 

1295.98 293.43 2135.3 3734.71 

Total atlOtult of water de1ivered in 
ful.l service year - t 'hous&ncl cu.j;t. 

49,203.8 1.2,244.2 78,532.6 139,980.5 
• 

• Depth o:r water applied -
ac. ft. ·per acre. 

0.87 0.96 o.ss 0.86 .. 

.:J. 1r•-Note: ;r = .Equivalent to 1 ~ ... ere Inch to l.2.G acres ~or 9 
months Irrigation Season • 

··-4-



sweetwater System coast soil or aore ft. per aore . 
. 

or M • . r. per aora 1 to 11 aoras. 
' 

The following table shows use o:f water for a number . o:f years. 

- SWEE'lWATER WATER COMPANY ·- . 
. 

SUlmARY 0~ MOIITHLY USE OF WATER - ACRE FEET • . 

• 
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APPEHDIX non - SECTION "A" 
DETAILS OF CARROLL DAM. 

December 7th, 1916 
. 

I have made a carefUl examination of the Dam Site as . 
located at Dam Site "0 11 , and have made a careful. observation of 

the comparative merits of ·Dam Site "0" and Dam Site "A"; also a 

study of the Profile and Contour Survey of the looatl.ona made 

by Mr. Post. 

This personal examination was made on the 25th and 26th of 

November, 1916. A reoonnoissanoe was also nede of the same site 

in 1913 and during tile dry period when the oondi ti. ons of under-

now an~ seepage coul.d be observed above and below the dam site. 

MY report made at that time on the San Dieguito Ranch indi- . 

cates my £avorable impression of the dam site. I refer to that 
. 

study of the situation as to how these conclusions wore arrived 

at at that time. 

The heavy floods have displaced most o:f the loose materials 

above the bed rock so that it appears upon the su.rfS:oe almost en-

tire1y aorosa the oroaa aeotion. The pita excavated np the aides 

o:f the mountain on either aide show that this bed rook is almost ... 

at the surface and all the examinations and investigations made 

establish the faot of a perfeot bed rook entirely aoroas the dam 

site. 

The location survey made for the line of an aroh dam across 

the oanon intersects the bed of the at:ream at r~hat I oonBider the 

best point to build a aem. In estimating a right line throu 

the arts of tbe clam my judgment l11d be to ·bring the end o~ h 

-1-
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dam on the Southerly aide of the stream a few feot fUrther up 

stream, but this is more of a matter of opinion than of necess- · 

ity. In my judgment all of the conditione are exceptionably 
• 

good for the construction of a permanent ·dam at this . point re-

gardless of the type of aam used. If properly constructed it 

cannot be other than suooessful. .. 
In the atady of the types of dam ~uggested I Shall refer to 

them as 11EASTWOOD MULTIPLE ARCH DAJP and the "JORGENSEN SINGLE . . . . 
ARCH DAM". 

Both plans have been .submitted together w1 th speo~ioations 

and estimates of cost and will. consider the two separately and . . 

introduce the plana and estimates as furnished rra/Js a part of :these 
\ 

Appendices. 

1st. "THE EASTWOOD MULTIPLE ARCH DAM". 

There are many features of this Dam that appeal. to me; the 

principal :feature being that for this particular place :Hi a 
• 

economy of material and construction together with the :tact 
• 

that tba rook is rather bard for the purposes of qa.arrying,it 

looks like it. Should be the most eoonomdoal structure. There 

are several other advantages in this form of structure, one of 

which is that it at all times :famishes an opportnni ty for the 

inspection of the interior of the dam. It aJAo furnishes at a . . 

moderate expense an ideal. opportunity of building a large sluice 
• 

at the base of the dam at a very moderate oost, 

times be inBl&oted throughout ita length e%oept cUreotly at the . . 
gateVJSy which . only ocoupies a srml.l alation at the :toe o~ the ..... ·_,. ~-..-· 

dam. It al.so affords advantages in the oonatruOtion of a 

-2-

way as by the construction of a concrete deck or curtain wall 

the mter oan be passed over the crest of the dam and down the 
• 

bact slope on ~ curtain wall over Which the water will pass 

smoothly without creating any jar upon the dam and this cur-

tain wall w1 thout 1ncroaail'l8' the initial cost to any great 

extent boo~mea ~n additional brace for the stabil.i ty of the 

dam and the expense for the construction of ex,pensive spill-

ways on the aides of the dam can be in a great measure Obviat-

ed. In the preliminary plan which Mr. llastwood has submitted 

he suggests a spillway the entire length af the dam, which 

I think is correct inasmuch as the extreme :floods ~s shown 

by the gauginga demand ~ very wide spillway, an& as I have 

already shown it does not requ1 re any large additional ex-

pense. However, I do no~ consider that it is necessary. to 
. 

build an additional. waste my on both sides of tho clam. The 

natural configuration o:t the ground mkes it very simple end 

eoonomiCVll to construct a spillway on the 1 orth side o:f the 

dam while the South side presents a lllliform section of rocl: 

:formation on the wall which wou1d require considerable exoense . ~ 

in constructing a waste way, therefore I would make the south 

end of the dam l7ith a stone pier at the end without any waste 

way and construct a waato way on the north end; have esti.Im ted 

the cost· of such a waste way 50' in Width to be ~4660.00. ::>ee 

eatima te of a·pillway in the Appendix of this report. 

As this cost :for spillway will not exceed the cost Of spi 11-

ways on the plan fumishe;a, by l.Ir. Eastwood 1 t ill not be con-

sidered ns an additional oost in the oonatruotion o the dam. 

The question o:t the raising of the dam which baa b en o-
-s-



• 

• 

commended both by myeel:e and Mr. Post is one that has to be oon-
. 

sidered in connection w1 th the construction of the dam. . . 

The buttresses which ~orm the main stay of the dam in tha 

Eastwood ty:pe are planned to be 36 1 apart from oenter to oenter. 

\1hen it is considered necessary to r.aise the dWm additional struts 

or beams could be bu.il.t on the edge of t-hese buttresses on their 
. 

outer slope of the necessary width or thickness to sustain the 

additional stress on the dam and it ~auld be done with V&ry 

slight additional. ex.pense over what would be the cost to · bUild· 

them at the present time,. as the .on1y expense .would be the 

scabblino- off of the :face o:f' the wall and roughen:Jng it ao as 0 . 

. to secure nni t or bond w1 th the oonorete in place. I ha:ve JIB de. 
. 

no estimate of the cost o~ this extra oonstruo:tion for raising 

the -dam 1n an additionaJ. height of 201 , but it is safe to say 

that it wonld not exoaad 30.ooo.oo 
The effect of the a am after it was raised is that there 

wou1d be ribbon walls on the baok slope of the dan, whioh I 

consider v.ouJ.d be an advantage sa it would divide up the water · 

curtain into divisions. I find that Mr. Eastwood inclines to 

the opinion that there is an advantage in a continuous ribbon -
oi' vater. JJy experience is that in wide sheets of wat~r the 

action of the wind would have a tendency to ·uneqlllllly .dietri·-

butethe stream which would be prevented by this d1 vided rib-

bons which I have put in on oden crests where they ware af 

considerable vddth. However. the qo.estl. on is not :V&ry vi tal 
• 

in this case as the width of the wier am the cleptb. a~ the 
I 

water do not make auah provisions a n~esid.t7.• 
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I hereto attach the plans, speoifioations and estimates 
• 

of co at Whioh Mr. Eastwood has sent me. 

2nd. "THE JORGE1JSEUi SINGLE ARCH DA1r.n 

·I believe that this would bo an ent~ely safe structure 

and it ia an economical type of construction for this si1ie and 

would no doubt give aatiafaction • 

In hia construction he designs a epillvmy on either side 

of the dam of sufficient dimensions to take care of the flood 

waters, therefore a continuous overfiow of the dam would not be 

required. Lir • . Jorgensen has :furnished a plan. and complete 

speoi£ioations :for the conat:ruction of his dam up to the height 

at Jr a sent required • 

As I believe that provisions should be made £or the raising 

of the dam to at least 20' higher I have made an estimate of the 

addi tionaJ. cost for ma.ldng the structure su:ffi ciently strong 

in its orose section eo that it oan be easily raised to an ad-

ditional height above the crest of 20'. This will add 

$44,ooo.oo to the construction of the dam at this time, but as 

1 t wou1d oost a great deal more to add the additional. 

thickness necessary at a later date I would consider it 

advisable to provide foe this raise in the beginning. 

The only advantage that I can see in the construction of 
• 

~a Eastwood type of aam :from an economic standpcint ould be tho· 

aaving of the interest on the money necessary for rnising 1 t to the 

additional height at soma time in the future . 

An estima. te of the coat of the Jorgensen Dam a also the 

additional ~ount neoeaoary to provide for the raising 0 t ad-

ditional 20' is attaohecl to and foms a part of this ap}lendti:. 
..0.-
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OArrOLL DAM SPILLWAY. 

Av. end. 
Station End ~ea Area.. 

lxOO 

2XOO 

3x00 

4x00 

450 

437 

425 

425 

425 

392 

360 

280 

200 

133 

66 

Excavation Solid RoOk 

4660 Cu. Yda. at .85 

Concrete Wall - 5 1 x 1 x 400' 
• • 

2000 cu. ft. at .35 
Total Construction cost 
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Length 

1001 

501 

501 

100' 

1001 

• 

. cu. ft~ .. 

43.700 

21.250 

19.600 . / 

28.000 J • 

13~300 

125.850 

~3961~ . 

• . ) 

NOTE-~e following Specifications ~ofer to preliminary Estjmate 

Dam Bite non to 306 Elevation. The revised Estimate. For 

elevation 315, contour is $270900 as shown by the following 

telegram: "Copy". 

San Franoieoo, Calif Deo 5 1916 

H. Olay Kellogg 

Spurgeon Bld Santa Ana Calif 

Quantities in mu1tiple arched dam up to crest elevation three hundred 

fifteen is eighteen thousand and sixty cubic yards concrete at fifteen 

dollars per cubic yard or two hundred and seventy thousand nine hundred 

dollars 

john s eastwood 

745p 

• 

DESCRIP.riOU AIID OUTLDfE SPECIFICA~ ONS 

of the 

CAR..ltOLL RESERVOIR OVE..'qFLOW DAlJ, 

being the 

DECKED TYPE OF EA.STWOOD h1JLTIPLE-ARCHED DA!! . 

December 2nd. 1916. 

-1-
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LOCATION. 

' 

GENERAL SPEOIFICATIONS. 

. 
The structure is to be ~ooatei on th8 proflle site for 

Carroll Dam known as the s1 te no~ as provided by Mr • \V• ·s. 
Post llov. 25th, l9lo. I 

• 

GEUERAL 
:DESCRIP:I! IO~t 
OF DA:li!. 

The dam is to be a atruotural clam of a type knov.n as the 

3s.stwood lfultiple-arahed Dam, to ~e decked to IrOviCie a oon·-

tinuous apill.way for the discharge without diatllrbanoe or in-

jury of at least so.ooo otibio ~eet of water per second, to be 

ell in comp~eaaion, and to have a minimum safety factor of · 

ten in comprecsion '!lllder full service, the factors of safety 

in al1 other essentials exceeding ten. It is to have a oreat 

lenGth for s:pillv;ay o:f 504 :feet in the clear, the croun of 

the c:c'est roll way to be at elevation 306, making- a structure 

having a maxinmm hei{#lt of ll2 feet at the middJ e. 

It is to consist of 14 buttresses, spaced 36 feet from 

center to center, these to be joined by arches on both the 

water :faoe a.Ttd the dovm.stream deck, as shown on the drawings. 

A rollway o:f heavy section is provided as a crest over 

which the water is to be carried on the long sweeping ourve 

so that it will Bl.ide dom the deok in a smooth and unrufiled 

sheet to the curved toe and there discharged into the stream-

bed in a horizontal direction. As the rear decic is also e.rohed 

the ahead of water will :fol.low down over the buttresses in 

the shallow trough thus created and will relieve the load 

on the arched deck. The arched deck will also 'be a at:l.fi 

atr.at-tie for the downstream edges of the buttresses. 
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A strut-tie foot walk is to run through the middle of 

the buttresses and aerve aa a Coot walk and inspection · gallery-

as well~ and al.ao as a bridge through which to cross 11nder 

any :flood at any stage. ~is foot walk will also connect 

with tho platform for operating the outlet gates and al.uioe 

waya. Aroheci openings a.ro to be left in eJ]. ba.ttresees of 

a hoight lese · tbnn the foot walk, lee.d1.ng to y:ot acted open-

ings in the wings at the ends. This arrangement will enable 

the attendants to reach any part of the structure at any 

atege of wa tar. · 
EXCAVATIONS 
FOR FOUNDA- Greet care ie to l>e eY.ertrl.sed in the prepe.1•ation of the 
TIONS. 

COl~ORmE. 

badrook :for the foundations. The rock is to be prepared for 

the buttress fottndations by cleaning off al1 soft or decom-

posed portions, leveling it up across the pits and leav~ 

it with jagged aaw tooth shapes as shown on 1he drat"lings. 

The cutoff wall at the toes of the water face e.rches ·is 

to be carefully excavated to smmd nnseamed or tight :ock 

the shoo·iiing to be done by means of light shots, and sll 

loose apa.lla of any k:tnd are to be remved fro~ the £0'lU1dn-

t1ona and the rook thoroughly scrubbed with water under 

good proaoure and again when concrete i a to be laid. 

The concrete to be used in this structure is to the 

best oonarete the materials obtainable at the site will fur-

nish, that for the buttress 11alla to be the equ!valent of 

1-21/2-5, mix, an~ that for the arobed deoka and beams to be 

of l.-2-4 mix, the exact proportions to be determined by trials 

in the field as to that mix will give tho best and densest 
and snongest concrete of apprQxins tel.y tm se mixtures 

-5-
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I:f the aggregate available at the site will not nek~ 

a good and f:ir at class aonorete without eoreening and waall"l" 

ing it must ba screened, o:~ a oreened and 'washed as the 

rray be as dete1·.mined by tho ongineer . on the ground. 

All cement use~ shall J)ass the apeoifiostlona of the 

Amrioan Society for Testing M9.teria;ts; shall be tested at 

the mil.l and onl.y suah oement us passes ~eee ·requirementa 

are to be nll.owed to be usod in this work. . . • 
Fie1d tests of the cement furriished and of the oonora~~ 

made from it tu:"e to be made from time to time as me qui red ·by 

the eniineor in o:barge :for the aompany. 

REIDFO RC W TF.fi"T. 
AJJ parts of the structure are to be reinforced as ia . . 

shown on the detai1 sheet for reinfcroement, the reinforo~~ 
· ment to consist of deformed bars and Clim on Electric lleldod .. 
mesh, all properly tied in place. 

The Estimate of cost ia·aa fo11o~:~ 

Total concrete structure Vli.~1 be 14510 au. yds .• 

This I :have estimated at our overal.l coat <?f i lS.OQ 

par cu.yds. or $217650.00 £or the· concrete outlet 

vro:rlcs for the sa.me plaoed $2750.00 

Total coet or Dam complete $220400~00 

• • 

The copy of S))eoifioations for Mnltiple A~h Reinforoe4 
' Concrete Dam Type III are tYPical of Spaoi£1oatlms £or th-., 

ork, but ar~ not complete, ina~uoh as thq a.o not ~ontain 
. 

any special features. that refer to Dam site "0 1' af OIU'roll 

Reservoir. 

, 

S P E C I F I 0 A T I . 0 H S • 
FOR 

MULTIPLE~ARCH REINFORCED COUCRETE DAl1. 
• 

TYPE III 

.. 

SECTION 17. . This dam is to be a otru.otural dam of the GEHERAL 
DESCRIP-

tY.Po .known· as the Eastwo~d l!ultiple·-arob:ed T~-pe ., in, mich TIOil Of 
THE 

design, erdhes arc 'tlSed for the v.s.ter :faoe deok and buttresses STRUCTURE. · 
• 

are used for the m.pport of the same, designed eapecia~~Y to meet 
• 

the oo.nditiona prevailing at this site, and eo designed as to be completed 

to an eventfttl. height of 150 feet, or 40 :feet above 1 ts present crest 
-

line, to . contour elevation of 5530. This base for the :f iml dam is to 

be built to e. crest line at contour elevation 5490, practically a 110 

foot base for a 150 ft. dam When completed. It will consist of 11 arches 

supported by 11 buttresses. The structure is to be founded on a solld rock 

. . 

.. 
:foundation, the cut·-off wall at the front edges o:f the arch-ring :fOWldations 

to be cut into sound rook for ~ tight cut-off end tm buttress foundetions 

to be SOtUld rock, roughened and notched. The spillway, o:f emple section 

is to be located on the right hand end, as shown on the ~lnns, the outlet 

gates to be located as near the present 'lreek ahannel as possi bJe, and at 

the elevation shown £or the so1id arched dam. 

2. ·The general dimensions of the proposed 110 foot base far GENERAL 
DIHEIJ-

the 150 foot clam. are sa follows: SIONS 

Slope of crown line o:f arohes, l to 1, 45 degrees 
Slope of . back edges o:e buttresses, i to l, ate~ped for 
the extension. 
S!>inD, 35 feet ~om oonter to center of buttl.~essea. 
Aro of o:tradoa, &Dgle o:f ~oh. 133 degrees to 34' 
Ratli~B of intradoa of. arohea,. varied witl1 thickness. 
Arch rlnga are three-hinged, the hinges being located 
at the B»1•ius linea and at the orown line o£ tbe ,aro.'ls e • 

~-
• 

--
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5. The buttresses are supported and tied togetber by the use STRUT-TIE 
MEMBERS 

o£ roin£oroed strut-tie beams, built aa part of the buttress tbe 
reinforcement beil"..g continuous :from end to end and ran into the bed 

· rook at the ends. 

4. The spillway as shown on the draws is located at the SPILLWAY 

ri$ht hand. end and is provided with a paved or oonoreted apron 

or :noor, the crest being at elevation 5486 :for partial height and 

5526 :for :fnll height, the channel of the spillway to be extended to a point 

:far 

s. 
are 

enough to pass the waste water to the rear o:f the butt~~ss walls. 
The excavation of the overburden to reaoh the founclations EXOAVA-

!IOBS FOR 
to be so made as to enabl.e good sotmd supporting bedrook to FOUNDA-

TIONS 
be reached for the buttress foundations and to permit the out 

to be nade 'for the aut-off walls of the aroh ri~ wal.le into ao1md and 

bedrock. _In rock excavation for the foundations. only small and light shots 

sba ll be used where blasting is m oessary, the shots being so placed as 

to disturb as little as possible the surrounding ground. The bed rook 

must be cleaned of all spaJls or loose fragments before placing concrete. 

The erch rin8 foundations can be excavated as a trench in all parts 

\7here the trench does not exceed about 8 or 10 feet, and as an open cut 

having the general outline of the ellptic plan o'f the arch rings where 

deeper than this, giving the cut such slopes as the materials will lay 

on as an angle of repose. The excavations for the buttresses aae best 

nade as t~enches for all depths, open out for shallow outs and timbered 

:for the deeper outs, - the outs being wide enough to parmi t erecting . 

:follns inside of them. 

G. As tbe structure is somewhat mmsml in its shapes, the 
~o:rma are sidigned 88 8 ISrt of the dam to giTe the ooJtraotor 
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FORYS FOR 
OONCBWJ'E 

' 

' '] 
./ 
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the advantage of past exiSrienoe in their construction, and to remove 

all uncertainty as to the beet forms to adopt. The forms are of wood, 

those for the buttresses being of panels made to resot and use over and over 
all so designed as to fit in any part as well as of su.cb. sizes aa to give a 

complete cover for the wall in the handi~st units and shapes. The forms 

for the undersides of the arch rings are made up as a frame work of liners, 

giVing the emot shape for the arch, these being unde into e. frame upon 

whioh is bent to shape lapped t.x:G inch boards, maldng a :fbundation :from 

whioh to epaoe the panels used for · the outside forma of the arches. The 

use of these forme is not arbitrary but they are the resu.l ts of aotual. 

experience in building and Will, i:f used, nake the form work as simple 
as for a straight ·wall. 

7. It is the purpose of these general speoifioations "ttso cover in a. · 

general wall all suoh matters relating to the construction of II~EllTIOH 
OF GlmERAL 

' 

the stru.c~e as will lead to greater economy nnd better SPECIFI T_. .... 

work in the etruature, but there is no intent to make them 

rigid or arbitrary. The detail specifications to :follow will contain 

. the requirements for the . wo:rk to be done. Ful.l sa.pplementary instruction 

and field draWings of details and methods to advance the work to the 

best advantage wi.ll be furnished, as well as plans for plant layout 
and methods of procedure. 

B. The outlet gates are shown to consist of a pair af 24" 

valve gates, set in front of a pair of 24" butterfly gate , 

OUTLNr 
WORKS 

oonm oted to a short pie oe of l!p-w elded tubing, prori.ded :it h a 

flange' to which to bolt the b~terfly gates, the valve gates being 

bolted to the flange of the butterfly gates, and a Ehort length of 

Ohoker pipe, flanged to be bolted to the valve gate, all· of atanlard 

make. All of these to be of a standard nake for the requi d · ssure, 



and built in place in the dam. The pipes through the aam .can be set 

time the arch £ace is built and concreted in,. the gates set after the 

dam is completed and t he by-pass closure is to be olQsed. 

9. The umvatering o:f the site and the by-passing o:f tho. ·· UNWATER-
ING. 

natural :flow of the stream is to be provided in general by a · · · 

low coffer dam u~stream from the site, ·supplemented by a simSiar coffer 

aam at the downstream side, eaoh. far enough removed to not interfere With 

the work of excavation, the water being passed in a flume over the workings, . 

the seepage being pumped into the fllDDe. When the walls are up to ·the leve1 

of the stream bed a fiap gate · is to be · put into one of the ' arohea to olose 

an opening to be left to pass the ·water temporarily, this flap gate being 

so arranged as to slm.t off the water. when 1 t oan be passed thm ugh the 

permanent gates till the spaoe behind the flap gate is . f' J J.ed with concrete·, . 

me..ki ng the peruenent oloBllre. 

SECTION 18. In the designs of this dam the following UNIT 
STRESSES 

nnit stresses have been considered as the mximam allowable and IN THE 
STRUCTURE 

all parts are so designed and constructed tbat these l'J m1t a cannot 

be exceeded \'lhen the structure is :finally completed to the con tour at 

elevation 5530, and is full vater to that level. The stresses 

in the base structure are al.l proportionately less· than the above amoun'f! 

in proportion to the depths of water stored. 
• 

Loading on foundations, less than 12 tons per squaro foot - · 

Buttresses in compression, 3001 per sq. inCh. 
Arched deck in direct com~eesiozr, 300# per sq. inoh.( 
Fo1lndation bases in direct shear, lOOf/: per sq. :tnoh. 
Steel. reinforcement, 14,000 per sq. inoh. 
There is no bencling, no beam shear, or tension in the structure 

anl no:ae of the steel is stre sed at all under normal oanditlona 
o:f tEillperature, the steel being needed :fOr temperature · C»laDge 
stresses onl.7. . 

I ' 

-8.-

.. "'. 

• 

.... 

IUl of the above named stresses are the ·maximam 1n the final completed 

structure. . 

2. In all buttresses steel ia insertad ·to connect the unfinished base 

with the addi t i~na~ .wall needed to OOin.Plete this structure, also tllr ou~ the 

c~rbels at the upstream ends of the buttresses, ~leo to distribute the stres 

sea that may be set up by ·the strut-tie beams. This steel and its dimensio.-..u. 
.L.o 

is shown on the Reinforced Sheet. . e . 
Steel for re'Jnforcement shall be in shape and sizes called £ar in the 

speci:ioations and Shall be of deformed bars, preferably corrugated bars. 

The reinforcement for the arch ribs is to be o£ Clinton electric 
' . 

~elded . mesh or the equivalent, as shown on the Rein£oroement Sheet. At 
• • • 

t~ bases of the arches there shoul.d be inserted steel bars to join the 
. . . 

arch rings to the aut-off walls and also to reinforce the front in a 
. . 

longitudinal line at this poi.D.t. 

The steel shall · show the following physical and chemical proportions _ 
• 

UJ. tima te tensile strength not leas than 80, 000 1 be. per sq. inch. 
Yie~.d point ' n n n 50 000 n n n n 

Elongation in 8 inahea " " " 10' per cent 
Phosphorous n more n o.o& n n 
Sul.phur ·' n n n 0 0 " " 
'~ .6 
mQnganeae " less n 0.04 n n 

· · All bars must be free from seams :flaws and cracks and beve a 

wor~anlike :finish, and before being used in concrete it shall be 

cleaned :free :from all scale, dirt, paint and oil • 

41 1. secondary reinforcement suoh as netting, wire or ties ahe:Ll 

be of the best ~ality obtainable. 

REcrl~ORCED CONCRETE 

SEO~ION 19. · In all buttresses and floors a oonoreta 

ha v.l.ng a m1 x of l: 3:6 Olaaa 110" BhaJ 1 be used.. · 

2. In the arc~ rings anc\ all atrut-.tie beams and the gat 
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• 

settings a ~:2:4 Class "A" mix shall be used. • 

5. Before beginning work of placing concrete, volumetric · 
• 

· VOLtnaETRIO 
lJEASUREMENTS . measurements shall be made to determine the exact proportions 

·required of esoh to meet these resul. ts and from time to time should 
thare be any change in the quality o:t the aggregation • volumetric . 
~ea.sureoents shou1d be nade to meet the ohanges necessary to keep . 
the qua~ity of the . co~orete to the required standar~. 

I 

• • 

. 4. . In gener~ tbase mixtures sball be substantially - . based on gravel with 4<>% of voids an_~ a barrel of 3.8 ou. ft. 

· QUANTITIES 
OF 
MATERIALS 

• 

sand and stone shall be measured when packed not more closely tban 
by throwing it in the usual way into boxes. 
5. The 

shall be 

concrete shall be mixed in n:aoh1ne mixers and !fiXING machines 
so arranged that the materials,_ including the water, can be 

precisely _and regularly proportioned in batches, which will produce a 
concrete o:f nni£orm consistency and color with the stom sand water 
thoroughly mixed and incprporated with the mortar~ 
6. The cement, sand and stone bal.1aat, all ~eing perfectly clean 

.. 

shall be placed in :the machine in the specified proportions, and ~a 
t h oroughly mixed. Clean water shal.l then be added and the mixJ ng continued 
untll the mass is llnifo:rm throughout. All materials must be aoourately 
weighed or measured and the quanti ti as used in each_ batch aare:ru.:Lly obeoked 
tnroughout the entire progress of the work. 

• 7. The resttl. t1ng concrete mi c Lure aball be of ~ah oonaistenoy as . move :freely and be a1oppy e.n4 soft hen deposited. It mall he lli every 
~ -10-• 

• 
/ 

I 

-
I ) 

• • • 

' instande what is gen~rally knorm aa "wet con orate". However, care must 
be exercised to not add an excess of water and thereby cause separation 
of cement from the aggregate.· Each batch must bo deposited in place aa ' . . , . • 

quickly as poasi ble aft or mixing ana. the entire naas must have :primary 
set within twenty-four hours. Concrete which has commenced to set • • • , t 

• before being depoai ted will not be permitted to remain in th"e work. . . 
. 

e. ~~ concrete shall be deposited wet and sloppy and shal.l be 
• 

thorQughly spaded and puddled to remove air and until all the interstices ' . . ' 

between the atones are thoroughly ~illed with mortar. \Y.hen deficiency of 
moisture is indi oa ted it shall be supplied by aprinkl in g. Each batch must • r • ,. 

be puda:J.ed and properly in plaoe before anotJ:ler batoh is deposited in the • • . 
forms. All exposed surfaces ~f finished and unfjn1shedwork shall be 
kept moist by sprinkling with water under pressure at short interval.a. ·no . 
walking or hand11ng of materials on concrete is to be permitted until it 
he. a thoroughly am completely hardened, and all f:ini shed work shall. be 

• pr'oteoted as may be necessary by oanvaa or plank. Layers shall be formed 
with square ends and not sloped or tapered. 
9. · The concrete aha11 be placed by skillod worlonen and all stones . FIUISH!lt ~ shall be Worked well back from the face of :form by spading so sa 

. 
to · pro~uoe a smooth sur~aoe so that no atone shall approach the f uce 
of the work. 
10. When new work is joined to o1d work or to co ncrete GROUTII G 

• already set, the joints shall be scarifi ad and all loose mat erial 
on the surface flushed out of the fonns with \\'Star under pressure, 
the surface then slushed with grout of neat cement. or if still t 
fiom ~he washing witli neat oeme'nt dusted on the et aa.rface. The surface 
must not b·e grouted or dusted 'UnJ ese oonorete is to be immedi taly laid on 

-1~-



it. tbe grouting in al.l. oases to immediate1y pra~ede .tlle laying o~ oonorete. 
ll. Concrete shall be laid continuously in eo far as pose~ble and • LAYING each layer incorporated ~th the one previously laid. Wherever it . ' l . becomes necessary to place fresh oonorete upon o~d oonorete surfaoe, . tba 
old m1rfaoe shall be ole~ned of al1 dirt, sou• end laitanoe and thoroughly 
wetted and flushed before depositin~ the grout an4 fresh concreto. • 

12. The construction must be nearly monolithic - JOINTS 
es possible, but if it is necessary to plaoe .the concrete in sections, key · 
blocks in the fonn of an inverted truncated pyramid £or eaoh of remo'V8l . 

• without disturbing the surrounding comrete, of proper size and arran~ment .· .. 
• shall be s:tbedded in the concrete \mere the work is stopped so that tbe • 

joining work may later be properly co~ected to it. Vertieal ~otnta s~All 
not be parmi tted in buttress walls ~r aroh ring. wa.J.~s except as shown on· 
the plans. The . vertical joints in the buttreesea where they are to be 
later joined to the new work for the completed structure shall be prol!dad 
with the joining raj nforoement as sham on the pl.ans and shall also be 
provided with key blocks :fastened to the vertical ~o:rms and embedded in tlB 
horlzorrta1 portions of the steps to key the parts of the wal.ls together. 
13. The buttresses and aJ.l walls are tapered unfformly CONSTRUC-TION OF 
1rom top to bottom to give the required thiokneaa, ana.: the :BUTTRESSES 
wall is to be ~rried up with auoh lifts as are convenient, 
but :in aJ.1 cases lliU.Bt be 1e:ft when ceasing work on a buttress wall 
so th.a. t the rear or downstream end o£ the wall is hi @l.er than tho i%ont by 
means o~ temporary boards placed across the forms to create steps ·or keys, 
each rising higher as the rear o£ the buttress is approached. : 
14. The buttresses and their hinge joints sba.ll. be built . 
firs1i or kept at least a good distanoa ahead of the arch ring 

-12-
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.ARCH RING . 
COBS~RUC- · 
'ION 

braced to the inside forms. 
Bhollld be put in phoe "before erecting the outside panels where the walls 

• • t. • are thin. The outside panel forme must be properly spaoed from the 
~aide forms to give the :required thi·oknees of arch walls at the van ous 
levels. All of these dim~na:i.ons .will be given 1n f'ield drawings • 
15 • Forms a ball not be remove<¢efore the concrete is 
SUFFICIENTLY SET. Forms shaJJ in no case be removed wbil e 

• 
the concrete is taking its set, and in not less than 24 hours . . . 

REk'OVAL 
OF FORMS 

a:fter placing for buttress fo~a, not +esa than. 12 hours for outside 
panel forms of arches and not lese than 7 days for inside arah :forms. 

' Reinforcing bars or net must not be jarred or moved while the 
concrete is taking its set. 
16. · '.AJ.l concrete nasonry shall be built in placie in . FO!MS 
wooden forma of sll£:ficient strength, properly tied and braced 

• 
together so as to be praotioall.y unyielding. The forma must have 
olose 3oi:nts and for outside walla o:f l.umber dressed on the aide . 
exposed to the oonarete so as to. produce a smooth aa.rface on all aho ing 
faoes. !l!he forma shall be ooated ith a heavy oil before using, and 
l'lhere used over, as in the oaae of panels, must be cleaned o adhering 
oon.~ete before re-nee. Al 1 ~orma shall be thoroughly t be:rar 8 placing 
oon:orete against than.. All. oonor· te is to be danoe and have a smooth 

-13- -· 
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exterior su::-face and any c-racks or spalling shall be repaired. 

1'1. A11 exposed surfaces of concrete in the superstructure 0 =!:s 
or that portion above the natural s m-fsoa ~£ the ground and expos ea. 

0 • 

to view shall be givon speoiil attention in laying in order to produoe , 
smooth surfaces in true plena nn')form in structure anl appearance. 

. ' 

The corners of all. :finished edges as that o~ the strut-tie beams are to 

be clipped by inserting a fill.et in the corners. ~fall. form ~~r suoh parts 

o:f the work. 
trudi ~ the EXPOflED lB. AJ.l. expo sed reinforcement, left pro ng om REINJ!QROE-

buttress mlls must be coated with a groa.t of. oement a£ter tm mlNT 

v:o:rk is aoiil!lleted and be£ore l.eaving the work, to prevent rusting by 

exposure to tile eJ.ements. 
COHSTRUCTION. · 

::,~cTIOlf' 19. Im.ttreases are to be bail t of l.: 3: 6 BUTTRESSES 

concrete rejnforced lotioc-i tudinally with ~" aqnare deformed rods as 

shown on the ple:1s, all lepa to be 30n; and foor the partial height the 

ends o:f rods will. be left projecting 24 inches at the ends o:f tm 

buttresaes. Thoy shall be built with such li£ts as are most convenient but 

at the termine:tion o:f the pouring :for any day the rear cr duunstream 

enit is to be 1eft higher than the front and proper keys provided in tm 
vre.ll at the point of cassation of rork. The ~o'Dllaationa slla11 be :prepared 

by removing ell spalls, :fragments, ahips, sbavings or any £oreign matter 

o£ any kind from the bedrook, washing it oJ.ean with a hose under pressure, 

duatino the tmrface w1 th dry cement or sludling 1 t w1 th oement 'grout as 

TJS.y be diraoted, and pJ.aoing the concrete immediately on t}4 s prepared 

su..~ace. The :forms for the buttress bases at the foundation shoW:d be of 

a frame rk of studs nailed 1D a plate to bring the top to a level to · 
-14-
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begin tho uae of the :panol buttress :forms, leaving tbe boards ' of the :fonns 

off at the bottom to parmi t the spread of the concrete to form the proper . 
~ooting £or the buttresses. At the end of each pouring beveled wooden 

blocks of convenient aize are to be imbedded in the fresh oonorete by 

preeai~ down into it untU they ere fluah with the top, which aro to be 

reinovad before beginning work on the surface, the sur.faoe rouBllened and all 

looae material of any kind washed out of the forms, till the au.rfaoe is 

olean, then grouted or dustod end pouring imm dia teJ.y commenced. HoJ.es in . 
the rear fonna for making the steps ·must be provided and the reinforcement 

plaoed as the oonoreteoia laid, care b6ins taken not to disturb the 

reinforcement after it is onoe in place. The steel roda .use~ £or reinforc-

ing th9 corbel are to be wired to the corbel forms before the co11crete is 

placed. The strut-tie beam :forma sba.ll ue bui1t at tll.e aarm time as t he 

/ .· buttress fozma,and all steel shown on the detail drawings wii"ed in place 

in thEill before pouring them. These forms must be braced firmly to the 

buttress forms to prevent sagging. 
. 

2. The deck of \'.Ster-fa.ce of tho dam shall be built of 1:2:4 concrete 

very wet and very carefully placed. The out-off wa1J. is to be pl.aoed 

carefully in a trench of such depth s.s will. plaoa ell of it in soun.d rook 

that . ia free from seams. ihe trench 'being perfectly ol.ean before concrete 

is J.s.id 1n it and the reinforcing bars shown on tbe reinforcement sheet, 

placed in it, bent to an angle to :fit the slope of the arch ring wal.l at the 

point placed. The concrete in the out-off wall is to be cont inue4 up 

and oonstitute the base of the aroh ring and is a part of it. The 

arOh rings shall bo oaat in longl:l;udinal. lifts of about 6 feet, 

alt ernatel.y .on eac!h side of tho orom hinge :form, the all being so 

provided with key blooks as to be continuous and have no longitudinal joint a 

• I • 
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The inside :forms are to be sup:Ported on liners out to the required 

radius for the :point plaoed, all of whioh are g1 ven in the fi:eld drawings• ~ 

these liners rest.ing on the projecting ledge of the buttress. · These liners 
I 

are spaced 71 ll" apert to make use of even length etude of 16 . foet out to -
:f'it between the liners, makill8 a frame of studs upon whioh tha i"%6" b,oarda 

are bent and nailed. Collar braces to sti£fen the liners are put ' o~ at the 
. 

time of erect ion, t!la line;rs being a~aemb1ed to fit the required radius ·. on · 

a pl!lt :form in the carpenter yard. The Clinton mesh or other l.--einforoement. 

a cce':lteble to the engineer. is placed ~on the inside fo:rma and spparat~d from - . . 
' 

it by means of b:dquettes of mortar o:f suoh di..mensions as to spaoe it . . 
_properly from the fo:rms am in the proper p;Laoe in the walls.. This 

• 

rein-forcement will ba. cut just Ehort o:f the length of the balf aroh. 
. . 

4. The outside forms are to con~at of panels sa. aho~ on the detail; · · · 

sheet showing ·arch :forms and details. These panels are to be held in plaoe 
. 

by means o:f dowel pins and over all a cable of light weight provided with · 
• 

turnbuck1as and hooks at the ends to hold the row of panels in place; the 

of the cable :fastening to wire loops placed in the filler of the buttress 

when the buttresses are poured. This arrangement ci> viE:1.taa the ~ying af' · 

tlie outside :form to the inside by means o:f wires lei't in the mll, whioh . . 
are objectionable. as thoy cause weeping leaks where th.a water :J;~llowa ~em. 

5. AJJ strut-tie beams including tho one us.ed :for a foot . STRUT-TIE 
BEAJ.m Aim 

V18lk are to be continuous from end to end of the etructuro FOOT W.AJ;.K 

till they terminate in the bed.roak at the ends into which the 

reinforcing rods are to be run and concreted in pl.aoe. • 

6. ~he strut-tie beams are to be reinforced. with rods. running 

con1;inuonsly throagh the buttrese valls~ from end to end and all of 

these are to be tied to 1:he cross rein:f'oroemont plaoca. in. the butt:reaaea 
-16-
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at the jtinotion forming ro ota to distribute the stresses in the buttr~asea. 

Tho beams are eo apaoad as to givo tho structure absol.ute rig1d1 ty, and 

owing to the hinge oonstruotioil, one is plaaad at the spring line of tm 
arches • . The strut beams aro to be built at tho aama time and as a part 
·of the buttreasoa. 

· 7. Field joints in the arch rings shall ba thorou.-3hly 
• 

roughened by piokJ:ng and the· feather edges of the top and 

?IELD 
JOINTS 

bottom of the w~ll.s broken avray and cleaned out before continuing tho 
' 

oonoretiD.g. Great o&'e must be teken to seo~e · a tight joint between 
. 

. both inside and outside forma and old oonorete at the top o:f ~ifts in 

order that no leakage of cement rNJ.y take place at thAs joint, ae it is · 

essent iaJ. ·t:bst sl.l an1~eaes, both inai,de and outside bo a a nearly pe~eot 

as 1 t is possible to ll8ke them. 
. a. 13efore pouring the arch rings the surfaces of the h:lnge . 

joints, which are oasb with :forms rolled truo to make the hinge 
. . 

HIUGE 
JOiilTS 

socket in ~.:he bu.ttresSDr head or oorbel, she.l.J. be trued up and male smooth 

and all pits filled even with cement mortar end troweled smooth with the 

remaining mr:faoe, and whon dry, the sur£ace coated wi1h an aspmltum of 
. . 

low melt:l::ngjloint, and ironed off smooth by Jjeana of a hot hand roller t i11 

the surface is true and smooth with a thin and even surface of a@h.altum. 

The orown hinge so aket is treated 1n a similar manner t the different halves 

of the arch ring being built up alternately so that the hiilge linea are 

.kept straight and. are not parmi tted to become unbalanced. ~he metal part 

of ·the fol1Ils used on tlle corbel hinge so oketo are again used for the or. · n 

h:ln.gea, being aligned by a line indicating the ::srown p1aoed on the ineide 

forma. The spring ·line ~ingea begin at the top ,of the out-off 1 ile 

.that at the orown line begins at a point no:ntal on the arch to it .• 



• 

• 

9. A metal strip of ~~got iron galvanized is to be f.astened to the 
under side of the h"Jnge· eo~et ~oxms, bent at 90 degrees ao that the free 
edgo can be bent out, coated with asphaltum and oast in the opposite side 
of the hinge, forming a flexible :film to out off any aeppage passing 
through the hinge joints. These sheets are to be of li~t weight metal, 
bent and dipped before placing in the concrete, the strips to butt and 

, be joined by me~ns of a fold at the ena.a. 

• 

1.0. A21 surfaces in the interior of the dam, such as ~to under . 
side, del:.'m, sides o:f buttresses sbal.l be made as amJoth as . 

FIIiiSHING 
SURFACES 

possib~e by the use of close, \Vall made forms, bu.t no SIB oial. fini&bing 
is reauired a:fte:r- £arms are r amoved except that any rongh or porouf~ spots -
shall. be thoroughly cleaned and fil J ed with a mortar to Wl toh ·the concrete 
in oo1or and texture and ba floated over with a wooden floa:t tor esemb1e 
the remai naer o£ the wa1ls. The outside surface of the deak shall be 
cleaned and painted wi 1th neat cement wash as soon as possible after the 
outside forms are removed. 
11. A mought iron pipe raUing is to be set in the foot 
wa1k provided ay the widening of one of the strut-tie beams, one 

FOCYr VIALX 
RAILING 

aide to hsve poats set in the top of the walk SI?-d on the other :a•a~ the 
rai1 to be set into the side o:f the beam and run through the edge of the 
buttresses. Tho railing is to be painted to the satiafeotion of the 
enginae:r. 
12. T".ae outleiforka are to consist of a trash screen 
rrade o:f litht railroad ralls set into the b1ook of concrete 
constituting t:to bal1 mouth of the outl.et pipes set on the arch in 
the !"oservoir, the reck being vertical to make it self-ol.earing. The 
outl.ot pipes are to be of 24 inoh lap-welded tjbing. peaned at the U];)atr~am 

~1.8.- _:_:_:.~.;Lu:::~~~~~~~~~~~~~ 
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,end and ·flanged to fit a atanlard butterfiy gate on the downatreem end • . 
These pipes should be d~pped in aapbal tum, and repainted when in place in 

· the struoture. The butterfly gatee to be of standard make for the 
required pressure, to have bronze vanes and flange )!~rea bored to fit the 
flange on outlot pipe, ·tho other ai.de to bo bored to f'i t tho standard 24" • 

valve gate to be placed in front of it. The 7ttlve ea.te to be trovidedwith 8 
· short piece of pipe bent l!o form n choker, unlo3s the pipe is c~nnooted to 

a main, in w:P.ich ossa it' ia not needed. Tr.c type of valve shell. oon:form 
to Section 6 of tl:la salt Lake City Wa.te~rre.in S:r;e cifications • 
13. After the work is finished, ell materiaJ.s, rnbbiah CL~A1~lG 

and deb:tia shall be remved :from the site, end the site cleaned 
up sati afactory to the engineer. 
14. :lield drawings of al.l .:parts of tile works in suoh 
detail as to nnke e.J.l parts of the wolit pl.a.in, as well aa 
instructions as to best e.nd moat eoonomioal methods will be 
furnished tha oontraotor aa required. 

• 
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APPROXI~E QU.ANTITIE3 OF REINFORCEMENT & 'FORM LUMBER. 

PA IAL REI GHT 
Steel Reinforcement; • 

For arch ring reinforcement, 78,155 aq~ ft. Clinton JJeah 7J!S/J8 X 2" X 8" black longitudinal. wires. 
28J.62 :ft. of 3 lA 11 deformed b~s, 25;95 tons. 

1 ~ • 3.·sr.t n 8290 n o:f e" n ·' ~ 
31200 " o:f l." " 11 53.00 " 

:Bu.ttress forms, about 16800 ~. B. ll. arch :forms 63500 q B. 1!. 
~trut-tie beam ~orms 3600 11 B. u. 
Sca£fo~ding & sundry 16100 n B. tr. 

To~ ~20000 :ft. B. M. 

Reinforcing atee~: 
Arched deck., l600QO square ft. Clinton L!esh or the 

equivalent, 1J:3/:fe - 2" x 18" black wire. 
58 aoo £t. o£ ~~~ defo:nned bars - 100.0 tona S14 n defonned cars. - . . 
St~~ beams, 55,000 ft. S/4~ bars, ·34' lengths. Strut junctions, · 2;GOO ft. 3ft:" bars, 10' lengths. 
Co~e~ on arChes ,5,600 ~ " " odd lengths. 1-rCh r:i.l:4; bases, 4, 200 n n n 101 lengths • .. 

• 

~ota~ 3/4" bars, 65400' = 49.25 tons. 
Corbol roinforcing 20500 1 """" defo:rmed bars Cope ., n 2000 ln n tt 

Tot.e.l. ~n bars 22500 !n " n 7.5 tone 
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PRELIMIUARY REPORT OU THE CARROLL DAU POSSIBILITY 
BY L. JORGEUSEN I JUliE 3, 1916 

TIIE COHSTAUT AHGLE ARCH AT SITE "C". 
On dravting C-55 aro shown the detaUs of the proposed dam. It 

is seen that the arch starts out from tangents et both abutments •. This 
cheapens both the arch and tho spillway. Tho normal r.ster lovol is 
taken at elevation 316. Tho dam crest is at elevation 320. The 
bottom is at elevation 196 and the spillway floor at elevation 310. 

The arch i tsel:f is do signed for overfioVI to the extent of 5 :feet 
passing over the crest. This is with the water at elevation 325. The 
discharge corresponding to a 325 ft. water level oou1.d in this :case 
be 96,000 seoond feet. About 78,000 seo. ft. passing 1hro115h the two 
spillways and about la.ooo sao. ft. passing over the crest of the main 
dam. This is a monolithic structure and is easily capable of wlth-
stand:lng auoh an overflow. With the water standing at the crest 
of the dam (elevation 320) the spillways will d:fs charge 42.000 

seoond feet af water. 
The stresses given in a ool,,mn on drawing 0-55 are those due 

to the nmd.mwn water load with water at elevation 325 and 5 ft. o:f 
water flowing over the crest. They are seen to be oonservn tive, 
the max. atreaa being 25.5 tons per square foot. 

In this connection it may be of interest to note that the 
maximum aroh stress in the ,.UPPER OTAY11 dam is Gl tons per sq. ft. 
with v.ater at the crest of the dam. This dam hns reoontly 1i thstood 
about 3 ft. of overflow. 



SPILLWAY 

• 
• • 

Both "horns" of the arch are adapted for spil1ways, the 
• 

left looking upstream (in this report oal.led the south abutment) 
is 1ile best, and a spillway length of 250 ft. oe.n be constructed 

here :f'or the greater part aonsisting .of the grf.}vi ty tall8'ents 

a~inst uhich the aroh bu.tts. At the right abutment a spillv.sy 

length of 150 ft. can be economicallY. constructed makirg a total 
spillnay le11o~h o~ 400 :ft. The spillway crest is as already men-
tioned chosen at elevation 310 • . Wi tb. 8 ft. flashboards or auto-

matic gates, (not included in the estimate as they are not abso- · 
. 

luteJ.y necessary), the nornel water level is fixed at elevation. 

316. 

ESTil~E OF COST. 

:~:he estimate given below is contractors prioe and does not 

include engineering or overbead charges, neither does it include 

out:Let tower or any pipes or valves connected with it. It is 

assumed that a yard o:f concrete requires l.. 25 barrels of cement 

at ~3.00 per barrel at the ai te. 
30,000 Yards of concrete, at ~s.oo ............•.•• $240,000 

acevation and concreting for spillway (additional.) 10,000 . 
5,000 

5,000 

260,000 

I:f the d!lra is built dtzring the hot season contraction joints 

Rxcafation for arch • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
ple star in~ upstream :face rri th cement gun • • • • • • • • • • 

. .. 

will be noc9ssary or in their place some steel. This 11 add about 
4 5000 to the co~ 

I , 

I atrongl.y recommend to construct as much as possible at the 
arch during cool. esther. -2-

. .· 

, 

• 

Eatimte ~ Constant Angle Dr.!! Carroll. 

Orest IDev. 316 Spillwaz elevation 310 • 

Jorgensen's Estimate with revised yardage and prices. 
Complete for Dam, gates · and Sp111way, but not for flash boards. 
29,000 au. yds. at 6.50 

. 
Exoa1at1on & oonorete Spillway (additional) 
Exoavntion for aroh 

Plastering Upe~ream :faoe cement gun 

Steel or expansion joints 

Construction Cost 

To complete the Works require. 

Outlet Water Tower with gates 

4 sluice gates. at various levels 
for regulation 

Oonsult~g Engineers fee to 

Jorgensen i~ "constant angle n 

dam adopted 4% 

Construction coat with Engineering 

gates included 

Genernl overhead % 10 
Total including overhead 
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188.500 

10,000 

5,000 . 
5,000 

5,000 

213,500 

6,000 

15,000 

10,000 
Sl,OOO 

I 

244,500 

24,450 

268,950 

• 



Estim t e of Yardage • 
Uai.n Canal.. 

These estimates are based on Mapa #553 , Profi1e #554.- map #606A. 
and special. cross sections te.k:en between stations 46x50 and 85%76. 

Grade .5 per 1009; 
Between Station 0 to 85x'15 the line is figured as a pipe line 

48" dismeter, and the remainder as cement lined oana1. OUtJ.at Elevation 

Grade carroll Canal is 254 :ft. Inlet to San Diegu.ito il 241 :f!eet. 
Length of ~in Canal is 26100 feet. 

-1-
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lfew 
station Length 

Cut on upper 
side 8 r bench 

OxOO 

2x05 
Trestle 45 1 

2:3:60 

4x00 

7x50 
Trestle 90' 

8x40 

l6x00 
~restle 801 

16x80 

22x90 
Trestle 301 

23%20 

23x80 
Trestle 201 

24x00 

25xl.O 
Treat1e 901 

26x00 

3lx00 
Trestle 1201 

32X20 

39x50 
Trestle 1001 

4l:x50 

46:xfi0 

Rook 
Earth 
Total. 

205 

150 

450 

760 

610 

60 

110 

500 

730 

800 

4.3 
3.6 

4.0 . 
4.0 

4.5 
4.5 
5.0 

4.5 

4.5 

s.o 
5.0 

5.0 

6.0 

4.6 
s.o 

• 

4.5 

5.5 

s.o 

1215 ou.yds. 
1813 " 
3o28 n 
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. 
End Average 
Section end 
Sq.Ft. section cu.:et. 

17 

14 
16 

16 
18 

18 

20 

18 

18 

20 

20 

20 

18 

20 

18 

18 

22 

20 

Total 

16 

16 

1'1 

19 

18 

20 

22 

19 

18 

21 

5'75 1in.ft. 

3280 

2400 

7650 

14440 

10980 

1200 

2420 

9500 

13140 

16800 

81730 



llean out JJ.ean end Carroll 
Dist. for 8 ft . Ares sq. pipe line 

Station in feet . bench End Area . ft. cu. ft. .cu. yds. Moan out 1iean em carrol.l 
• Diat • . for 8 ft. Area sq • pipe line 

46:x50 2.0 16.0 station in feet bench End Area ft. Cu. ft. CU.yda. . 
120. 0 18.0 2160 eo.o 

47x70 2.5 20.0 62X76 . 2.0 16.0 
43.0 22.0 946 360 

48xl3 3.0 24.0 Trestle 40 
105.0 22.0 2310 86.6 . . 

63xl6 2.6 20.0 
49xl8 2.5 • 20.0 92 • 26. 2392 88.6 

62.0 20 .• 0 1240 45.9 64%08 4.0 32D 
49%80 2.5 20.0 106 26. 2756 102.1 

66xl.4 2.5 20.0 
Trestle 251 Trestle 162 26. 4212 156.0 

66x76 4.0 32.0 
50x05 2.5 20.0 122 26. 3172 117.5 

123. 16.0 1968 '12.9 67x98 2.5 20.0 
51x28 1.5 12.0 .. . 

75. 16.0 1020 37.8 Trestle '12 
52x03 1.5 12.0 

68x70 5 . 0 40.0 
Trestle 27. Trestle 137 28 3836 142. 1. • • 70x07 2.0 16.0 
52X30 4.5 36.0 83 16 1328 49.2 

83 . • 28.0 2324. 86.1 70x90 2. 0 16.0 
53xl~ 2. 5 20.0 

75. . . J.s.o 1350 50.0 Trestle 22 
53x88 2. 0 16.0 • 

88 • • 15.0 1320 48.9 7Jx12 2. 0 16.0 
13.6 • 62 28 1736 64.2 54x76 1.7 

'10 . 12.0 840 31.1 71x74 5.0 40.0 
55x46 1 . 3 1.0.4 

Trestle 63 
Trestl.e 50 Trestle around cliff 

55X96 1 .3 10.4 72x37 4 . 0 32.0 
197.0 17.2 3388 125.4 166 32 5312 196.7 

57x93 3.0 24.0 74%03 4.0 32.0 

Trestle 27 Trestle 19528 
58%20 3 . 0 24.0 • 

166 20.0 3360 1M.4 
59%88 2. 0 16.0 

145 20.0 2900 10'7.4 
61%33 3. 0 24.0 

143 20.0 2860 105.9 

-4-
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Carroll Pipe Line Continued. 

Mean aut . Yean end OarroU · 
.Dist. :for 8 ~ • Area sq. pipe line 

Station in :feet benoh End Area ft. cu.:rt. ou.yls. · 

74x03 4.0 52.0 
Forvtard ------- 1952~8 • 

120.0 32.0 3840 142.2 
75%25 4.0 32.0 

l6E . 24.0 3888 144.0 
76x85 2.0 16.0 

198 16.0 3168 117.3 
78x83 2.0 16.0 

ll7 • . 14.0 1658 60.6 
80x00 

80 ... ' 
1.5 12.0 

aoxao 1.0 • • 
ri 
~ 

• .. . . . 
Trestle for 70 s= • 

sY,phon 0 

! 8lx50 - ell 
65 I • 

I 
82x15 1.5 12.0 

83 • • •• 16.0 1328 49.1 
82x98 2.5 20.0 

90 18.0 1620 60.0 
83X88 £.0 16.0 

50 • 16.0 800 29.6 
84x38 2.0 16.0 • 

137 10.8 3996 "148.0 
85x75 0.7 5.6 

Total 2703.6 ou-
Roak-1324 .1 ou.yds. 

Earth-1379.5 n 

llota. I 

ta 46x50 of Projected line - Approx. 60x00 of Original. Survey. 
n 85x75 " " " - n 89200 " " n 

-5-
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Trest loa £or ~arroll Pipe Line. 

Station· Longth llaxiJDum 
:ft. Height.ft. 

49xBO . .. • 

to 
60x05 

25.0 PI.O 

62x03 
to 27.0 s.o 

522(30 

55x46 
to 50.0 5.0 

55X96 

'57x93 
to 27.0 s.o 

58X20 

62x76 • 

- to- 40.0 s.o 
63xl6 

67x98 • 

- to 72.0 6.0 
68x70 

70x90 • 

to 22.0 s.o 
71x1 2 

7J.:x74r 
to 

'12x37 
63.0 20.0 

eoxeo 
to 70.0 35.0 To support yphon 

81"!50 

•=aaa•=•~•=•a••~=aRca•••••===•aac~====~•===•===•==•=•==~=======cctc 

Station 

80%00 
to 

82xl6 

SYPHON 
-........... 
Length :et. 

-
-6-

Head ft. 

30.0 



• 

CANAL S E C T I 0 N. 
AVERAGE AVERAGE ST~ION 

• STATION LEl~GI2R END SECTIOn CU .FEEll! 
LEliG'l!H EUD SEOTIOH OU.FEET 

TRESTLE 30~ 
142400 • 

86 + 00 30 36 1080 I 
I ;1.50 + 80 

J 

86 + 30 I 
I 

TRESTLE 401 
I 190 + 00 482Q 22 106040 

I 

I 
M 

86 + 60 I 
0 

88 + 50 190 5700 
I 205 + 00 400 26 

0 

30 . & 
10400 ~ 

l 
I 208 + 00 

-~ 

' 300 22 6600 8 
~ 
I TRESTLE 301 I 

88 + 80 I 

~0 + 00 120 30 3600 • 222 + 00 1400 30 42000 
I 

I 
I 

I 
I 

I 
TRESTLE 401 I SYPHON 1350' 

90 + 40 
I 
I 235 + 50 

9~ + 80 1.40 32 4480 I 
I 247 + 00 1250 

I 

I 24 50000 {i 

TRESTLE 501 
& 
I 255 + 00 

. 0 

92 + 30 
700 160 105000 p:: 

~ 
95 + 70 34:0 33 11220 -

0 261 + 50 s 
0 550 150 82500 
~ • 

n .. 
T3ESTLE 501 

I 

96 + 20 lS 524940 
99 + 40 320 40 12800 lQ 

I 
I SOLID ROCK 4440 cu.yds. 

TRGSTLE 301 I 

99 + 70 • I EARTH 
101 + 30 160 37 5920 I 15000 n 

I 
I 
I TOTAL 19440 n 

~RESTLE 401 I 
I 1.01 + 70 

~05 + 10 340 30 10200 I 
I 
I TRE::iTLES 450 Lin.:ft. 
I 

TREb'TLE 701 I 

105 + 80 
I SYPliOli 1350 rt 
I 

111 + 80 600 39 23400 I . 
• 

I 
TRESTTiR '101 I 

112 + 50 '150 42 3lSOO I . I 
I 120 + 00 
~ TRESTLE 1001 0 

12J. + 00 tl:C 

1.26 + 00 500 44 22000 5-
1 TRESTLE 1.001 I 

127 + 00 I 

150 + 50 350 30 10500 I 
I . 

142'00 • 

-s-
-7-



5w"'"'!7 :Milin Canal. 

Sol.id 
Length · Rook 

eotion Lin.ft . o.Ya.s. 
-Oto46x50 . 4650 1215 . 

46x50to85x75 3925 1.324 

S5x75to26lx00 17525 4440 

--. 
26,100 6.9'19 

" o~id Roak 

&9-rth 

48" Concrete Pi.po 

48 " Rein:foroed Concrete 

pipe 

52" Rein£orcod Comrete 

Lining canal Section 

48" Oloaed 
Conduit Lined · 

Earth 
cu.Yda. 

in Trench Canal · 
L:J.n .:et • Lin. ft • 

1813 

1380 

15000 

18.193 

4075 

3384" 

7459 

. . 

Estimate. 
....,;;;;;;;;~;;;,;;;;,o,---

6979 eu. yds. at 

18193 Cu. yda. at 

16.725 

15.726 

.85 

.35 

7459 11n.ft. at $4.50 

1116 

1800 

15725 

" 
ff 

n 

-
at 5.50 

at 6.00 

at l.OB 

Total Construction Cost · 

Overhead & ADministration 19.% 

Total. Cost iboluding overhead 

-9-
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48"Re1nf. 
Cement 
Pipe 
Lin.:rt. , 

52" Reinf. 
cement 
pipe 

.L't. 

• 

lll6 

. 
• 

1800 

l.BOO 

5932 

6368 

33565 

6138 

10800 

16983 

79786 

14361 

94,147 
. . 

, 
I 

• 

. . 
I 1 • I 

Appencll.x G. 

01assifioation of Lands. 

Mr. Jones has olassHied the land and go.vo a 11at of a area \tlioh I 

· :find to be qn1 te noourate, as far as the Heneaaw or Lockwood Mesa and 

~he San Dieguito ranch are oonoerne4, the gravity land and the lands 1Do 
• 

which water can pumped which a.re· arable and waste land check up with 
• 

the previous olaaaification \ihioh I have made. There may be mme 
• 

differenoea in · ~egara to the land £nrther down, but it is immaterial, es 

there is more than enough land for the water supply. In addition to 

this olses1ficatio11, I think they shou1~ be claasi:fiad with the reference 

to the character of the soil and their relative 1oca1iion, ao far aa their 

water supply and value ia concerned. 
• 

The lands known as Walnut Canyon on th& San Dieguito Ranch are m~re 

valuable tban the other land on the said ranch, also a ome portions af the 

Lockwood Mesa are more val.uable on account o~ the character o£ the soil 

than other portions of the land beoauae they oon tain lese clay and are · 

more al.uvial in their nature. I al.ao consider the l~ds along mar the 

ooaat more valm ble by reason of their location, bu. t they are al. ao more 

val"Wl bl.e because they ere more even and smooth and the soil. contains 

more decomposed material and is more eluvial in obaraoter. There fare, 
. 

a higher value ahoul.d be attached to than than the lands further inland. 

AJ.ao the lands to which water my be pumped are much more valmble near 

the ooaat as thQir eoil is deeper and it contains a much smaller per cent-

age or indurated clay. lJr. Jones hns outlined the lends that can be 

reached by this ayatem of oorks. in Distriots No. l to 12, a copy ar \'h1ch 

I shall inolucle in this roport, as it olearl.y ropresonts tm poasibilit i.e s 

of the system and the Districts as outlined will aid me in my alssai:fioa-

~-



.. 

tion of the lands and the location of the water upon the same. On aooount 

of the aJ.a asifios.tion of soil on the basis I have outlined, I would for 

the present leave out District No. 1, District No. 2, all the pump lands 

on the san Diegui to ranch, vilioh is designated sa Distri at No • ~3 and 

also all that part of the Ssn 'Dieguito ranoh on the southeast of the 

San Diegu.i to river. Some o:f this soil, M1 vm.at is known as Dutoh fiat, 

is comparatively good., bn.t the area is not su.fiicient to justify oar:eying 

a pipe line c.oross the san Dieguito river. I do not consider the 

character of the ooll a.lon.g wll1lt is terl'led canal l~o. 4, or Green Valley 

line is good or a.s well adapted to irrieation as other lands that are mare 

accessible . I have there:fare, omitted them :from the ~esent c onaideration 

o:f bhe lands to be supplied with v.ater, excepting th~ . lands under the 

gravity ~ine in District Ilo . 12 knom as the Olivenhaim Valley mioh is 

a choice section already ,mder cul ti vat ion. The bottom la.nl s below the 

~an Diegui to ranah designated Distriat Jlo. 4, are very close to the 

tide level and it is doubtful. 1hetm r ·they wi.1l oare to irrigate the 

same. They are onl.y wl:nable £or grOWing beans ana sugar beets, however, 

as they are direotl.y ripa.rien to the at~eam they are in a position to 

dem nd mter, but in case that they do :!:'equire water, the land can be 

easil.y reaahed by wpplementing pipe linea under the maine as laid out. 

400 acres o:f land in District no. 3, which incl.. td es Del. lJar have been 

included. About 150 acres o:f this is very desirable land and the other 

.250 a cres, which inollldes the Del l:IB.r town site, will likely require 

the v2ter as the territory is already more or less developed. I 

believe that the territory under ~ain distributaries vhiah I have 

outlined wUl be sttf:ficient to use all the water available, esx:eoially 

-2-

as there are 1000 sores of B"Ood land w whiah water may be pumped 
. 

at snall expense inunediataly above these principal lines, and there is 

also a possibility that the bottom lands o:f District 4 nay require 

some water, for this reason I also leavo out lJiatriot no. g and all the 

lands on the G!Jeen Valley line, exceptin~ the Olivenheim Distriot down 

to the jll.tll tion of a aid line w1 th line Ho. s. 

-3-



ADDEllDAP 

Revised estim~tea from both Mr. Jorgensen end J,fr . 

Eastwood wero ~esen ted after my report came in, and there 

were one or two other matters which I will include in order 

to bring my report down to aato. 
. 

Jo:rgensen Sine;l;e Arch Dam "Constant Angle" 

Revised estimate o~ ooat $221,200.00 

Fee to Jorgensen 10,000.00 
. 

1~~ for supervision 22,120.00 

Total of revised estimate 253,320.00 

. 
Eastwood :MoJtipl.e Arah Dam 

Revised estimete of ·cost, Cont1·aot :price $226 ;soo.oo 
being $44,300.00 l.ess than :fO&.~mer estimate. 

For.mo~ esti~te $260,000 .00 

Ded~cting 44,300.00 

Leaving total of revised esti-
mate 255,700.00 

Tho above £i~es IDtow that at least ~61,680.00 may be 

deducted :from my £ormer eatinate of coat of <1Dm, and tbe se.me 

amoll!lt :from the system of w:xrks under the Carroll Dam, making 

the revised total 664,665.00 

STEEL PIPE. 

There is a strong probability that 1 t will be at least 

· ten years before more tban one-hal~ of 1he iUll mter a~ply 

ll be required upon Line .13, which 11Upplies 1he Nortlarly 

-1-
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districts along the coest. and I find that there ie 11,800 

feet of steel pipe in thf;) inverted syphona in thiS line, and 

it ie not J.ikt'ly tnat nt the end of this :!;leriod. tlnt steel pipe 

will bo as high aa at 1:he present time owing to the war can-

d,itiona and. the J)OBaibili ty. of revised and addi tl. onal develop-

manta of tJ1a ateal nanufaoturing industry, therefcre, it might 

prove to be a good plan and economy to redlloe the size of the 

pipe to one -he.lf .their maximum ca.pa.ci ty. By doing eo, at 

least $20,000.00 coul.d be taken from the eatinated cost; aleo 

the Del Liar. Line which ia n:arked "2-E" in the table of Distrib-

uting Lines (See Tablo 9-e) is e. aide line inc1ppandont of the 
. 

main system and they have just put in a small steel piJ)e line 

that will eup~l.y their j mmediate wants which w Ul be good for at 

ldast four years, th~refore the cost o£ this line, WhiCh is 
. 

9lS, 750.00 ruay be el1.m1nated from the present cost o:f construction, 

making a further deduction fi-om tho total estimated coat of 

$35,750.00. 

There are other factors upon which a present economy miBht 

be effected without in any way ef:feoting the ar iginal plan as 

theoe pipow can be repl.aoed at the end of ten ar 'ttJwelve years 

by ne\V pipe linea o:f the oaloul a ted capaoit y for a completed ~ tem 

which would seem to be justified by the interest on tile money 

at present deducted. However, thia mul.d not apply to any of the 

oomrete pipe aa the difference between the large pipe and n sn:all 

pipe is not very great, and a small steel pipe would cost as muCh 

money as the larger concrete pipe. 
• 



.. 

PROPERTY RI GRTS. 

The property and wu.tar rights to be inoludeil: in this 

system a~a not .inolud3d ill tlle repcr t . This smurrli D to 

9500,000.00. 

I elao learn that the oash wnount to ba invested waa 

to be ~600,000.00, whioh vould make the outlay agreed upon, 

$1,100,000.00 

I .have also been requested to give my e stimate of a 

oons&rvati. ve ·commercial value of the l.ancls and system of 

works when oompl.eted. 
~ 

1J:y tabl.e of elemental values does not ino1ude any factors 

rel.e.tive to the oommeroial. value of this territory due to its 

J.oce.tion and environment. These include Railroad faoilitie.s, 

Highways and the desirability by reason of climate and scenic 

conditions for homes. These values I coul.d only establim by 

comparison and vrould neC;esssrily be oonserva ti ve. 

JJ:y opinion is that taking the· classifioat·ion o.s g1v en 

in elemental -values and adding the increment nne to the above 

conditions tllllt the following uould be a conservative estimate 

o:f the commercial value. 

COAST LANDS. 

4000 acres .. - - - - - - - at $650.00 19r sore = 2.600,000.00 

Tn1and lat Cb sa Lands 
3000 acres - - - - - - - - at $400.00 ,, 11 • 1,200,000.00 

Inland 2nd olaas lsnda 
3200 acres - - .- - - -

- -- - at ~300.00 " " 
Total - - - - - - -

Less amount set aside for water rights and works 

. 960 , 000.00 

4;760;000. 00 
J. , lOO, OOO. OO 

Leaves a net profit of - - - - - - - - - - - - - 3,660,000.00 

:a- • 

.... 

• .. . 

The inoreasG ~ll the value due to the development 

should be more than: aufficiant to pay the interest on the 

money invoatod and the water rights. 

Respectfully submitted, 

H. Clay Kellogg 

Civil & Hydraulic Engineer. 
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Santa Ana, Cal. December 11, 1916 

1:r. E. o. Faulkner, 1ruoor ., 
Tie & Timber Department, 
Loa An les, California. 

Dear ;:>ir:-
. . 

I am ~orwarding Addenda to Report, made naoessary by the 

~aot of the revised estimates o~ both Jorgensen and Eastwood • . whioh 

should arrive this afternoon. 

I am not tald.ng any apao!al p..ctina on the revision :for the 

reason tbat I believe there 'Will be other revisions made before the 

£inel letting o£ the contract. 

These revisions do not a:pply to :form of construction but 

to the cost. From the prioss gi van by urr. Eastwood, I am confident tilat 

they are still sueoaptible to reduction, but thero are a ome elements of 

cost which do not 9~pear in the estimate. 

After agsin carefuJ.ly going over m. d. studying the matter, of 

the ale mental values gi. ven in my report, I e.m better satisfied. than ever 

uiththe conclusions given: and I find by referring to my notes that the 

di~ferent factors ware carefully considered. 

The definition of elementary is "the :first or primary prinoi-

p~es OI rudiments"; that is, this would be the rudiment of ooat·and 

value end not the commercial value, whioh oould be arrived at, a a mown 
in the following t ble: 

:C08T VALUE • COST : CO!slliiEROIAL: TOTAL • • • 
• ~lm :tATER RI~: VALUE • VALUE • • • • 
• ..o.1CnE • ?EH ACRE • PEH AoRE • PER ACRE • • • • • • 

Coast Lands • Jt2o.oo • $23o.oo • f30o.bo • ~6oo.ou • • • • • • 
?irst Class • 100.00 • 150.00 • 160.00 • 400.00 • • • • • • 
Second Class • 100.00 • 100.00 • 100.00 • 300.00 • • • • • • 

The above table woulci give the following: 

COAST LANDS 
let Class ) 

Inland ) 

2nd Class ) 
Inland ) 

.. 
.. 

4;000 aorss 
a ·,OOO " 

3,200 aorea 

at ~650.00 
at 400.00 

at 9300.00 

Water rights & works -

Uet 2rof1t aa a whole -

--
-

Total 

g 2,600;000.00 
1,200,000.00 

960,000.00 
4,'160,000.00 
1,100,000.00 

{/3 ' .660' 000.00 

The increase in value due to the development Should be more 

than auffioient to pay intereet on the money invested. 

In my report I will not include t he tabla JJ.s tllbleo dv no".; seem 

to be clear to llr . HenShaw or Dr . Fletcher. 

I include a bill of expense and my O\tt.n time tt!J to Deco..;. bar 1st. 

Yours tr1.1~y, 

(Sgd) F . Clay Kellog~, 

Hyd . & Civil Engineer. 
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Memorandum 
(By Hodges - Deo. 20. 1916) 

llr. l&ellogg in hie report pages 3 and 4 states, that 1h e avail-

able water supply after deducting for seepage and evaporati. on from the 

dam \7111 be , 000 inches for a period of 200 :!.rrigatl. on days and then 

""' goes 0 1 to deduot 3Cfp for loss betv:aen the dam and the delivery of the 

water to irrigators. He has sinoe stated that this 30;0 deduction ia 

in erl"'or end stated that at least 200 inohea aould be addecl ·tot he esti-. 

mate ~~kins total of 2600 inahos available at the dam and then in addi-

tion 250 inches ~om the Sa!! Diaguito botto~ lauds, mcldng total of 

1850 inches ~vai!able . Got ~ to oonflr.m this or oorroot his state-

mont in writing. • 

----------
The ql4estion v,"B.e rais~d os to the a~ount of water to be sold per 

acre; whether the basis ba 7 a c2"es to tho inch. ol· ten ncros to the inah. 

It was though~ pr~bsble ~1at ta~s matter should be laft to the purchaser 

o£ water, with. tha unde:rstandincr that he purchase juet vha.t he believes 

he •rill noed and it is up to the pm·chasar as to whether he \rl 11. in the 

future require more. 
_______ __ ... __ _ 

In r.;r . Kel logg's report ?sse 6, he recommends 1fuat either t~e af 

dam be so constructed as to enable the r sising thereof to an additional 

20 £t. ~he expense of this, approximately $30,000.00. Ur . Post insists 

that this can be alimine-''.;~Q. end tbat the aa:rne rosu:Lt obtained by much 

oheape~ .. oonstrtletion. This is a point to be considered in the oonatruoti 

!UES~·IOli : Can the .rnt1ml Wator Company inarsaee ita atock suffi- · 

ciently to take care C·:f thie oonatruction? Get Legal opinion and in-

ccr-pc~te in By-t.ev;s if n~ oeoaa.ry. 
-l- . 

.. ;, . 

. 
.J 

• . ... 

On Page 8 

core at a ooat 
I1r • Kellogg reoammends an earth dam wi tb. concrete 

of something over $14,000.00. A complete concrete dam 

oould be built for approxtmatni•7 ~20.000 . 00. 
v ., • , It 1 s the opi.nion that 

the oonorete dam should be built. 

-----------
Incorporate in the two ~greemonta e coopleto general apeoifioation 

of the work to be completed in the "'Onorol sahemo -~' t" o ~ v o"'" ·J1e .~utua l Water 

Company , that is, 

lst - ~he Car:roll Dam and ita neservcd. r. 

·ana - ~'he mein canal :from the carroll Dam to the J2n ~le~~to 

Reservoir. 

3d - The San Diegu.ito Dam ~ d n i . ""n ... Lesarvo r. 

4th - The canal and '!"\ipo. line f .... -om t-z........ ..... 
~ v ~ .")an JJi sgui to ~\e~el"voir 

to the junction witi1 r~ines no. 2 and lio . 3, spoci:fied 

in Kellogg' s repox-t as line uo . 1 

5th - Line no . 2. Connnonce c.t the ond of lino llo. 1 alon'-"' the 

south side o:f the Ban Diegu.ito Ranch to r~ockwood ~sa and 

Del Mar, known as line llo . 2. 

Gth 

7th 

8th 

- The cana.J. and pipe 1 t.rLo from ·the Junction o:f lil1ea 1~o . 1 

and no. 2 along the north side of' the san !liosui to =-~mlch 

to Lacosta, known us Line ro . 3. 

- From Leooatq_ to Carl, ahovm. in Kelloss' s roport t:s Dia-

triot No. 8. 

- The nece:Jeary :pumping plant, booster, ca.nnl &n d :pipe lines 

to develop the 250 miuer1 a inchoa of wst~r fron, ths ~ 

Diegu.i ~o bottoms• sands to the ~1 Dieg11ito · eservoir. 

9th - The :proposed deV'olopmant o! Escondido Creek, t .ol'ading the 



m e e 0 t e d neoe a y di tr stem 

ov· e - t l eme ta t houl t oan 

i to .~ut 1 \at 0 o the oomple 0 
• 

o ... nn. "0 on o l e o_l .. yt o1 0 

1 b r e B y 0 

us~ r t r Como ny a nt at sto - fo by - -
o n 0 00 0 oh v 0 0 h e 

• 
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