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P e Warnox-Pemo Vaber System. i3 l -
: | cf:the-?‘cicen .Lend & ‘ﬂe‘lﬁer- Coes . !
| |  sam Ddego LR T R G | i
by W. S. Pcet. : - -

e | W R Ner. 16, 1912. 4y
| '* ’?:i!'?*"-eumcmn ATD PURPOSE,

| This re-:cr'!: in pre*cerec‘t in accordance with tl.e ine'l:ruc- o
o tions of I.-Ir'.' Wm. G Henehew,' in order to ee"a'c"r.c*:-m ana arren‘g_e

the resulis of eccumu‘l eted surveye and . es‘a:x.metes' ‘o '*ilve 'a'_'

com'alete final cost estimate of the ’Tarner-Pamc "Iater cys uem,

end furuner %o state alternative prcaects=cr cnengee euggeeted A
AINE _.'_j'. oy new d.e'l:e enc. ehc'v uhe ﬂBbluB and crecli g of eucn cha.zges,
Gy as effecting the fotal cu_tley involved. s el

WARHER 1%&MO SYSE‘EM
Ou'bline.

Werner Prc 1ect .

’7arner 1:teeer'e’ci:r prcvidee for uhe etcrege cf the

San. Lu;e Rey R ver a't: "Iarner;e 'Dam with a. 90 P dama end 08-

S | _pac-z ty of 105,000 ecre feet..:’ Thevoutlet diechargee in'Lc 5 -_,.:
R Werner COnﬁui'&. '.I!h_e condui'b pierces the divice
_ , : '.intc I'amc d.ra_inase at 6»6 mile‘e.: which 1ie euf’ics.en‘b f°1' ir-
- " -_ .. ri gation pur}}_)ceke o Ifl;ie ‘contiﬁjr'e?a "bc 9 .4 milee ] c reech the:. :

. 2> ‘.." 2 <L) e __.\ I“ ' 10 ‘-' X A :,'."_.'-.‘:

e pcwer i’crebe a: 'd itpé‘line S
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Tha maan flow in the oondui'b ( :for tho nurpose oi’ “

this raport) ia takeﬁ at 40 ou. £t, por sea. or 2000 Miner's
Inohes, but the mnx_im_mn oappoity _ia designed for 60 seo. _fb. | ‘*

in order to provide for long' peaks or emorgency service in the

power station, 'and voriatione of irrigation demand. i | "é“'*_-i_"f-’.
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Pint Mb. Foreba :z Is 'bhe regulating basin for the Power

-;'-ih R

House, and contains 32 acre feet, cepable of carrying the

plant without 'bhe conduit for 8 hours, or carrying 100,: overload.
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with normal flow in the conduit for the seme period.
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Pressure 1’ ipe Line :ls 6800 . long, of which 4600. ft.
is under less 'bhan 500 £t. head, and 2200 ft. between 500 and

.
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1500 ft. head.

Tne Po":er House may be designed to suit the preoading.

hydraulic oonditions, as follows, using for convenience the sin‘"

gle.unit "not kilowatts on switch board at San Diego" assuming

4 Wa

voﬁ'combined,hyaraulio and electrical efficiency.
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Het on Swi'!:chboard < % ) PRI
 Daily ‘Peak.’
X.W. E.W. Hours MG.A K W.

(a),con‘ai_nuous ou_tput . ..3600 186,400 _3600#. f

(b) Continuous ou'b'pu'b s R T T . 57,600 600()?";‘3 5
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8 hrs. Paak add't'l'_.'_ S 3600 28,800
ot B R T R R 86,400 .
( c) Cuntinuous outpu'b 1200‘-_-. : _28,_800 N

8 hrs. Yeak (So%ﬁex'bra | ; Rty J!_ o
Water) addltional gt 3600_ 28,800 8400
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(et 3600‘-;;-;1":-}L 7 ge800. i B

%
: Lo . 3 i X
: AN L o TEN 1y ] 2 el o e
’ f " l'l. ,. i N A L .8 _'u. % 4101 " e L N T, ,\._ o el s 3 - L LA TSI ! " |y f".‘
v gk TP ' i : T By ‘ . -.-". .--.‘r m PG S g ‘.-.k'l-r.'. » AR WA : L h ity RS .
. " . . - e el ol » . . Pl = A - Y i e . . v % g b s % L s i ¥ .
¥ SNl el ol g g L A I i it Y M, Y el o ; ’ L A LA s a'e
o T e T ) { bt T T T Ao A s ] Sy T Tl T i e W S oL e : £ g e B 1A
w1 0 = oG s "."..'\"l'.." vy o S U Ce A, e £ T R i R -l arb . i e [ - X = Th g “ Ak ) P iy
. . A e ok >, i Lo LT b T . M sl B & J s TR - N L
X 1Y TR TR N e L S L S o e Sy » ’ L e ol e ete e h T ’ i orey =T,
Nz . L . ¥ i b &l e Y & . _,‘ = ™, - o - Y - \ =N T v p oo b . - 4 ';‘9-.’
>
\ 4 oy
& e
-
.
-
)
X




Pamo Projeo 5 X e

Pamo Ronervoir. The ﬁil waters. cf the Powor

plant flow direotly into the Pamo Reservoir. This also

- gathers the watershed of the 3anta Ygabol Creol, ‘”:
The max@mumrheiéht of dam conpsidored feasible is

150 feot, whioh impoﬁnds 39,000 aore feet. It is  here esti-

mated aa an hydraulic £ill, simply because it is the cheapest

structure. -If is hot_recomﬁended for thie height.

It will be'noted.that Pamo Resorvoir has a dual func-';i

tion, to store the Santa Ysébel winter'flood'waters and to act
as a receiving reservoir fbr Warner power'water sent down in
the non~irrigaﬁing season. This last . will amocunt to 15 000
aore feot, leaiing'oniy 24,000 aore feet astorage for Senta Yse-
bel £loods. -Ih’réa;ity o put reserve or over year storage
onfha'séme.bas;a.as Warner's (capaclty 3 times normel draft)
there is reguired 66,000 aore fest plus’155000 acro feet reg-
wlation or Blgdoo acré feot ;n_ail; This is.fhé main problem
of the system;-and a solution is found in the suppleﬁentary
"Ramona Projeéf“ whidh'iS'diéduéséd ’1&ﬁér.

‘The present outline neglects this and confines
itself tc ﬁhe 39,000 acre feet plus 14,000 acre feet lower

dovn, it being'unaerstood.that the Warner winter power would

L # 4
% v %
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Pamo Conduit. For the purpose of this report the

we an fléw due to tho Santa'Yaabol is talken at 3C eoecond Poot
or 1600 M.I. Adding thio to tho 40 second foot from Sen Luie
Rey, we have 70 geoond Pfeot continuous flow for which provibion'
must be made. Reduce this to 60 second feot for conduit '
locses, . Skl

As this is for irrigation use the rate of delivery
will bo greatly in exoess in the summer period. This will
be ﬁrue 8180 of domestic servioce.

It is probable that from

17ay 1 to TWov. 1 - the rate would De 90 to 105 sec. ft.
Tov. 1 %o llay 1 - the rate would be 30 to 156 " "
ean flow . 80 %o 60 :

An important regulating storage existing in San 01ementa L.
‘géservoir of 14,000 acre feet capaoity. This allowing for |
partial evaporation'will.éct as a "give and take" to the extent
of 25 sec. £t. '

out table then beéﬁmes
naylnto Tov. 1 the rate'ﬁill;be 1. | 90 to 106 sec.‘ft.

subtract wauef'sup;lied from
Sen Clemente Reservoir . s - 25 2b

Summer floW'reaulrement in.ramo Conduit 65 to 80 sec. Tt.

Tov. 1 to May 1 the rate i1l be - 80 to 16 sec. ft.
434 water reqn1red to fill San ".:, R

Clemente Reaervoir ks _g.g&}"g,; 30 30 '
71nter flow in Pamo Oonduit Aenroie o160 tq._45_seca,fta |




is nof'over 100 to 250 feet'beIOW'the general elevation of

TR A ?’Ji"é‘;ﬁwﬁ 15

5.

On the whole a oonﬁuit seotion of 75 sec. ft. or
37560 MQI. ia conuidorod amplo for Pamo Conduit, and is oo
uged in this rovort. |

The longth of this conduit is 24,8 miloz, on & grade
of 5,28 ft. per mile. The initiel elevation is 890 fect ebove
the sea and the temminal elevation 730 feet.

Three miles of conduit consists of steel syphons, 5
miles is in tuﬁnels, and with minor exceptions the balance
on steep disintegrated granite slopes; |

The last 5 miles is over and along the coastal gravei

mesas. These are eroded into many valleys, whosé elevetion

the mesas. In the writer's opinion, it will be cheaper
to'travérsé fhis:afea in a nearly straight line consisting
of pipe lines and tunnels, and this plan has been followed
in this estimate, u51nﬂ compﬁled topographic data. This
conclusion wes reached after a study of the recent location’
survey,*which,cbnf&fﬁedHQIGSQ;y toithé winding contour of-
tnemesas.{ Sl 2 _ |

At the 8 h.mile the oonduit orosses the Senta liaria’
CreeAJ wnich in thls plan 1s conneOued by a short feeder.l

San Clemente Reservoir has a capacity oL 14,000 acre

- feet with a dam 110 f%. high and will aou as a. regulating

and distzibution reaervoir.-
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BSTIMATE NO. %K.

WARNER PAMO SYSTEM -~ IRRIGATION ONLY.

Yarner Ranrvoir-nydnuno £111 type.
Dan - Olploifi 106,000 aore feet.
Stream bed Exoavation ( 16 £t)
87,000 ou yds. at $.60
Stripping sides (4 £5.)
10,000 ou. yds. at .60
Hydraulio £111
selected olays, 1500 ft. haul .
ot Lot o iy
water ,
320,000 ou. yds. at .27
Riprepping 18 inches thick
| 25,000 sq. yds. at $1.00
Gate shaft and Gates
Levee on South side (earth f:l.ll)
Spillway ( Rxoavation put in
Eydrsulic £i1l or riprap.)
" Spillway Conorete - B_O_p dn;_yda. at 310
Cut-off wall - extended up sides
50O ou.yds. at 310 --

A B

' g 48 Tie a Pt SRR w s _."1_~ oy __n,l
L s T M L A T 4 1) l;.'-“".eﬁ‘ o f
AT o g e iJ ol ﬁ:ﬁn -v; % "l
CroEINT _-"-,‘_.-_:__.;(".I‘i" i‘f&l ;- ¥

90 f£¢.

6,200

6,000

86,400
26,000
65600
15,000
2,000

___b,000 $183,200.
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Warner Oonduit - 6.6 miles Dam to Temesoal Or.
Lined Ditoh Olass "A™ 3120 1lin.ft. at $2.00 $6,240

" . " sgmo700 * " 2.60 26,750

" . ™ wg® 3990 ¥ = 4.00 7,960

A W wpm ggo W W 6.00 2,100

Flume on Bench BEOO Iin.ft, at 4,60 24,750

" % mreatle 1430 * " 7,00 10,010
Tunnels 11,600 lin.ft.  * 18,00 209,880 $ 287,690.

Pamo Reservolr Site "B" 150 £¢t. high.
Lands not owned 600 acres at $25. 16,000

Dam earth fill.
Stream exscavation 90,000 ou.yds at $.60 54,000

Stripping 40,000 " - .50 20,000
Fi11 1,000,000 * ¥ .26 250,000
Outlet Tumnel 800 lin.ft. - .18 - 14,400
Gates and shaft 7 5,000 360,400

Pamo Conduit 24.8 miles.

Iined Ditch
Class A 11,605 lin.tt. at $2.00 23,210
" ®pw 19,824 2.60 49’560'
" wg® 14,656 " r- 4.00 58,620
m. WDY. 1,847 T W 6.00 11,080
Flumes : :
On bench 37,080 " ™ at $6.00 185,400
on Trestle 6,576 * ¥ 7.00 46,030
Tunnels e |
Hard Rook 16,216 ®= " 18.00 291,890
Gravel 8,170 * % 12.00 98,0840
Syphons | A
Low head 8,737 % ™ 6,00 62,420
High head 5,990 - .. 8.00 47,920
Sante Maria .Fqéde'r‘
Flume 4770 lin. ft. 4.00 19,100 888,270

afpks e IF ‘,s n.e‘h. 3 oy m"m‘.‘u”i&&eﬁ*‘"'ﬁ .f“'ﬁ | &8 '%.ﬁ'}i'-"--l s«..f“ R REAA S A N S AL ST 8 ool S0 sl g A vt NG Y e L T



,- 8.

San Olomonto Resorvoir -- 110 £t. high.
Hydraulio fill, parfly moved

in with steam shovel and

Placed by water

1,373,000 ou. yds. at .20 $274,600
Outlet pipe and water tower

500 1in. ft. at $6.00 3,000

Tower 65,000
Gates. 65,000
Gost of lande in eite 200 acres at 50. _ 10,000  $297,600
Supply Roads - 30 miles at $1000 30,000
Bnginearing | 50 ,000
Bstimate No. 1 Warner-Pamo System §2,092,160

a8 an irrigation project only.

Analysis Werner-Pamo 3ystem Irrigation only.

Oost per acre Cost per Minexr'k
foot stored. continuous flow:

Warner Reservoir $2.

Pamo Reservoir : 9.

San Clemente Reservoir 21.

Jarner Conduit - 7 miles - $144
Pamo Conduit 26 ‘ : 294
All Reservoirs 5.69 290,
Total conduit 33 miles . | 407,

The System _ 697,

" ' é s oy o A . ol ] iy P . LT S
3 et e A e b e T S L P B Y N R iy TPl LT st L N S I N e s LA T T o o . S



9.

Results. This system delivers at ILinde Vista
44,000 aore feot
1,360,000 thousands of gallons.

or

60 seo. ft. continuous flow

3000 miner's inches ™ ¥

9ith 26% temporary increases.

P 3 " : S .
Seeterdis 13 NS TR A0 It D VAR e e it A el e e 't T e T LR
e L S ey Y L o T AN T T AL e e S e 3 A i R e T Y 1T S s TS e R B AP i A |
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- ggggtn l!g 1 !ll - ;&
w Irrigation, long route. i
vin H!dhlnnd Yalley.
Boyond Bunt‘ llr:lu Oreqk, an alternative 1ine
exists through Euhllnd Velley. This eliminates 14,806 root
including 9?80 1in. ft. of tmo‘.l and adda 33,196 feet ot~
oonduit. T'hil_l_;gl an gdnntlgo in resching a nearer po:lnt for
sloqndido,- bnt introduces 2 miles of‘unut_iataototy_bmfté » and
loaaa 23 roet :ln grl.dﬂ. -
crod:lt Bot'«n nilu 10 and 13, sligmment from |
station 494184 to station 689446 18 14,606 ££. \
lunnql 9730 l:ln. ft. at 018.00 3_175:,140 7 e "_'N-"P*"}{-;"%';-';!/i

numo 4 -
. on_bengh 8278 lin.ft. at $8. ' 16,390

mnod diteh _ . |
Olgas “0® 1498 . | " 04 5,990 0197,520.

Dabit Alternativo line connecting above stationa

wia Highﬁ?&lley'e 33.09527'1
Lined utoh' _

Olaaa wAw 5516 lzln.ﬁ:. at $§2 11,082

"Bw. 3991 ‘" ® 2,50 9,978
*0% 4286 * " = 4.00 17,540

Flmno“— S e
- On bench 9656 * b.00 48,275
On treana 3908 *

. 9,00 27,366

TR Y
" l ‘.

mpnnol 2831 * 18.00 68,968
_31phonn ] 1910, - - 6.00 10,860 0194,000.
5 Sl R ‘

Ohansea on rema:lmlor ot l:lno

s oA



B A Ry rEdd o L Talii ot (ar ity Vo ToARR el e 0 T 40
_,'b?‘ b= mhd‘; y o 1I-'9 2 ar s :,. Pty R o 2‘ A
g DA S i Dl WL s . : Al . Ve
aH - o B e ] Wt & phy | e o JRF

. r

OhQnng on iuiindoi of line due to

lonrinc nada 88 £s.

Id.n.d Olnll Ollll ¥ 1000 £t. at $6, Q 6,000

!moll 560 nn. 2. at $18. | 10,800
Loss of power at San Olemente
due to lowering g}m za £t.
76 KN, at tnoo {Onpitalind value )_ 15,000
| Totel Debits Qazs,aoo.

L !}otal.drodita ! 197,_520.

L ( _ i : i '}V ‘,,h . ""34

_Differenos in favor of ’ 26 ,te
' ﬂliqrti-onto & |
Add nstmto Ho.. 1 2.092,160,
Bat:lmatq no. 1 (s). | | $2,120,440.
llarner-ramo via High Yalloy) '

/,/ S
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B 7
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BRI e ~"““,: h n . X AR RN G A s AL
' e lntinato Xo, 1 (b).
Igz_x ;-_gm Mnﬁon and Pour System.
To introduce narnor power development requires only
the oonstruction of S n:llu additional of Warner condui‘b. &
forsday, pipe line and pawor honoo as follows:

nrgo_? - génd’ni t-extended .

Lined cansl, | _
Olass "A" 510 lin.f%. at $2. $1020.
'™ Wpw 33100 “ 2.80 7760
' ‘egw 8040 = ! 4. 32160
- !n-__aoo . w 6. 3000
Flume KAt
. On bench 1840 " ¥ 5. 9200 '
: on trestle 1870 * ¥ 7. 9690 $62,720.
FOIQbﬂy ; : | i A | 3 f A
3 | R
Barth dam - '
485000 ou. yis. at $.50 3 14400 3
Outlet Culvert 400 tt. at $6. 2000 - i
Wuto Hpo -400 " ® B 2000 18,400
Pipe mno _ ‘ T >
Stcel}pipl; 1,615,000 1bs at .07 106050
Trench 6500 ft. st §2.00 13000

oonoreto,agghorage 500 ou yds st §10. __ 5000 124,050

Power Statfon, Eleotrioal and
‘Hydraulic machinery and power
house installed, to produce
7200 K.N. net, delivered at

. Sam Diego, at $43. per net K.W' 809,600
I.and and other bu.:lld:lhgs - 10,000 819 ,600'

!otal
de Es‘l::lmato Ho. 1

Bstimats Ho. 1 (b) ( cmbinod 1:1-1331:1011 and povor) ”g‘ifguﬁ
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Tk 13.
Results.

The use of power in normal years will not interfere
with irrigatton. The receiving capaocity of Pamo and San
Clemente Reservoirs totals 63,000 more-feet. ' Warner Powex
plant will delivexr 15,000 aore~feet in the non irrigating
season, leaving 38,000 aore feet for Santa Ysabel £100ds.
Allowing one third of this 38,000 for evaporation, we still
have 25,000 aore-feet net sufficient to seoure the 30 ocu.ft.
net which we have taken as due from the Santa Ysabel; How-
ever ih wet years Santc Ysabel will over ﬁow and be wasted,
and dry years will deorease this 30 sec.ft. Warner's Dam if
called on to make up the deficienoy, may be forced to ;"'fr;‘ﬁf]' A
fer water, not usefully used in the wheels, snd to that extent
impair its earning power end its future average oonstant flow.
This does not seem desirable, and it were better to adjust
Yarner flow as a oonstant, supported by its reservoir and
allow the Santa Ysabel tq .vary with the v:loiseitudes of the
86asons. To pn‘b it on/:bhe same basis of constancy which we
give Warner' 8 viz: a ra'bio of capacity 3 times the draft, we
would allow Santa Yeabel’s 39,000 aore feet, a draft of 13,000
acre f;et or bnly 16 seo.ft. This reduces our total deliv-
ory at San Clemente to 45 seo.ft. instead of 60 sec.ft.

-

We have thon ag deﬁnito reeulta.

.Powor_. K.‘. Oont:lnuoua 3600
Da:lly K.l. hours
~ output 86400

Irr:lgation - 36,000 aore feet

0,800,000 thousand of gallons
e 83 B’soo: £t. ocontinuous 510'

or 22060 ll:ln_or'a Inches.,



G

. "..f"yt-'.f-. [ et

q_ggg_nns-.on power the entire cost of Warner Pro-
jeot we have:- M
Werner Power Projeot - 3600 K.N.
‘Totel Gost) $ 1,028,660, '
- Gost per met K.¥. §288. i
Pamo Project - 2260 H.I. _
~ Total cost, 4 1,681,270, ;
- Cost per Hiner's Inch $708. s e
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R_lt;lmit( No: 1 (o) | ' : B
The odnditiona of Estimate No. 1 (b) mey be improved
greatly by adding suthorhnd Reservoir. |
m wr:l.tor is not informed on the estimates of this
danm. A_uun:lns however, that a storage of 40,000 aore foot
oan be had then for $150,000, we have
Batimate No. 1 (o) 3 A
Warner-2emo Sya'bom ﬂth ‘Sutherland Reservoir.
_ Total ~ § 2,776,920. |

S PR BOLRTEAR T ¢
This gives us | R

Irrigation 3000 NM.I. |
A Total cost 1,731,270

Oost per M.I. {566'.
Power 3600 K.f" e
7 _
wal QOBt 1,035,650.
Cost per I',. v. | $288.
R
S :
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.Supnlomontt_gz Systenms.

There is no laok of storage on the S_’.nta Ysabel
Creek. Sites exist on Sants Yssbel Ranoh, Ballens vValley,
Hatfield o_:.u:. Snthorhﬁd Yalley, Rmmona Valley, and the
Santa Maria Reservoir.

Pamo Reservoir is more important for its position
on the line of the llmcr-?qo System, than for :I.ta'_"inhoront
value. It is low in altitude and requires s long ocondunit
for ita outlet. No power is extracted by its oonetfﬁotion,

To utilize the Santa Ysabel for power, and inorease
its storage, and to :lnolude the drainage area of the Sant‘a““ A
Naria Creelk, survey has been made of a diversion into
Ramona falley. This snpplgmontary sysfun will be termed the
"Remone Project.”

. | ' | The Remona Projeoct.

Black Canyon Roservoir. --The diversion is at the jnnotion of

Black Canyon and the ﬁanta Ysabel. It secures 74 sq. miles
of drainage area, or 66% of the Pamo Reservoir watershed. The
montinuous flow is teken in this -réporb as 20 sec. ft. T_hd
elovation of outlet is 1625 feet.

The fosorvdir with a 60 ft. dam stores 384 aore feet
and would be deeigned aimply to oqnalizo flood rushes and oarry
them away rapid].y :ln a oonduit oi' 100 gec. £%. ospacity of
6000 ll.I. Its reaorve- dnring 2l typ:loal threo daya storm would
reproaent 2500 I.I¢ -held back :for S daya, and then sent dm
the oonduit after 'E‘ho atorm. Thia howovor would not be suf-

ficient for. the_ gr_eat_ st.o_rma . &k ; !
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Black q._nxgn Oonduit is 8 miles long in;:luding 1 mile of
tunnel, and didohtrsoa into the

lnona Reservoir. !ho ocapacity is 6000 sore feet, with a

50 ft. dam. This alaso receives the waters of the 28 sq.
miles of Hatfield Qruk and adjoining watersheds. The overs.
flow is by the natural ochannel of the Santa Maria Oreek into
Santa Maria Reservoir. 1
Irrigation of g-.ou Ylnoz; The Ramona Reservoir would de
the diatributioﬁ reservoir for %he 1rrigaﬂon of Remona Valley
where 4000 aoiba obnld. be placed under ditoh. This woulci Pl
quire 400 liner?'a inohes or 8 sec.ft. The éeepage or rettu:n-.
waters :‘:'rom this irrigation as usnally estimated would bo,pi;q-.-..;_,‘
third or 3 sec.ft. Judging from the “hard pan' rormation:
it may amonnt to one-half or 4 seoc. ﬁ:.
Santa e gqaervoir.

| A oai'e::ml suﬁoy of this site was made by Alverson in
18956, for a dam 80 ft,.»f:tn ndkimum height, storing 8700 aore

A
feet. The dam euo :ls in excellent roock and should be ocond

structed of conorete, inm the arched form. L4, maaonry it oan
be carried to 150 £t. Survéys are now being made to ohtein
the increased capacity, which will be given in & supplementary
report, but it can be atated at once that the stortgo can be
made to equal the water snpply. In othor words f‘urther Sur-
vey is expeoted to ahow 8 storage capacity of say 50 »000 aoro
feet for a h:lghar dsm, say of 130 foet height. i

Santa Haria Power Btation.
Santn ﬁana Boservoir has an olovation of about 1340

feet. mho I'lno oonduit mmeuato‘.l.y balov 1t has m elevation
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7.

840 feet, produocing a fall of 500 feet. The distance
for a pressure pipe is not over 6000 £t. The reservoiy
forme an ideal forebay and the peak load oepacity is limited
only by the oloo‘tfgioal 1natallaﬁon. by the oapacity of the
Pamo Oonduit to take away the waters discharged, and by the
receiving oapao:ltg of San Clemente Reservoir.

The design of tho‘ “ower Boixao’ méy cover the following

conditions:- nit on ni:;hbonrd at 8.D.
- r. -
K. W, max.K.W.  Daily K.W.Hours
( u) Continuous output 800 800 19 ,200' :
| or
R e RS 7, ¢
(b) 6 hrs. peak and . , ! '
" shut down 18 hrs. : 3200 19,200
PSR | |
(o) zﬂhrs peak, shut
- down 22 hrs. - 9600 19,200

(Limit of Pamo Conduit
‘receiving capacity)

Addit:lonal !orex 111 exist between Bmona Reaorvoir

.r,r‘l’

and Santa Maria Roaorvoir. This eould bde ntilizod in conneo-

tion v:lth the valloy's :lrrigation distribution oanal, in the
non-irrigating soaaon, amounting to about 80 KM, Overflow
water would thus be transferred without waste, from Remone
Reservoir to Saﬁta Haria B?aorvoir'. This additional poweir

is not estimated or mof.mde_d’ in this report.
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- 18.
Bstimate No. 2 (Preliminary)
: Rlnonn Projeot -- I:risation oniy;

Black Oanyon Dam, €0 £%. high &

Conorete 6,000 ou.yds. at $6, 30,000
Gates and outlet 3,000 $33,000

Black Canyon Oon&uit.
Lined Conduit,

Class "A" 11,620 11n.tt. at 32. 23,240
- »"B® 10,740 2.50 26,850
8. g% 11,060 . ? 4. 44,240
Flume '
"On Bemeh 1,000 * *® . 4.b0 4,500
" Trostlo 2,660 * % 7. 18,620
Tunnol B -
5720 lin.ft. at $18. 102,960 230,400
Ramona Roaorvoir.'ﬁo £t. high - 6000 acre feet. SR UL A iR Y |
E‘rth ﬁll’ 1”0)000 ouoydao a‘b 325. 4’2 )500
Paddle wall 10,000
Outlet and gates 5,000
I..na- 4oo acres at tas. 10,000 67,500
Stnta Earia Boaorvoir.
3 - 50,000 acre ft.
Conorete 45,000 ouf yds at §5. 226,000.
Gates 5,000
Lands 1000~corea at $16. __ 15,000 245,000
nngineering,?,_ . 30,000
Total Estimate Ho. 2, $ 696,900,
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‘Regults,

The delivery into Pamo Oondnuit at the 8th mile of
26 seo. £t. or 1250 M.I. as demsnded. Or the irrigation of
4000 aores requiring at least 400 M.I., and the delivery of
1000 M.I. to Pama Conduit,

Anslyeis: . Cost per
_ Cost per H.I. continuous
aore foot flow

Blaock Canyon Reservoir $86 |

Ramona Reservoilr $12 e s A
Santa Maria Reservoir . #. 5

All Reservoirs R . §6

Black Canyon Conduit $231.

The System - deliver:lns
at 8th mile of
Pamo Condult | $477.
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Batimate lo., 2 (a) - (Preliminary)

Pressure Fipe.

2000 lin.ft. at $6 12,000
1600 * * 10 16,000

Bleotrical & Hydraulioc Machinery '

to produsce at net delivery of
3200 KE.W. at S.D. at $43
Ad3d Estimate No. 2
Total Estilate Fo. 2 (a)

8,’ ’000 0

137,600

(Ramona System - Ii-rigation & Power)

Changing one-half of smount to power, we

have $119 peak K.¥. of $4¥6 per continuous K.W.

$164,600
596,900
$760,500._

.J bp ey '."_:h'!‘



COMBINRD,

Warner - Pamo snd Remona Systems.
Irrigation and FPower.

The jo:lning 0f the two systems give the follow:lng
fesults:-

(a) The storage of the Santa Ysabel is dbrought up
to the Warner Standard of capacity equals 3 times draft.

(b) The Pamo Dam may be reduced from s capacity of:
39,000 aore feet to 22,000acre feot, lowering the dam to
130 feet. : 7

(o) The water delivered at Linda Vista would be

65 sec. £t. or 3260 N.I.
() Power would. not interfere with irrigation as the

reooiung storage 13_ _.am_glqo_- The total power would be
| Daily

Hax.peak

Continuous K.¥. K.¥. Hours x.'. 9
Warner Plant 3600 ' 86,400 7200
Santa Haria Plant _.800 19,200 5200

Total 4400 106,600 10,400
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Batimate No. 8.

Combined Warnar-Pemo and Rmmona Systems.

(Irxigation & Power)

8atimate No. 1 (o)

(Varner-Pamo System Irrig. & Power) $ 2,616,980,
Estimate No. 2 (a) |

(Remona Irrig.-Power) | 760,600
| : | $ 3,377,420.
Subatract reduction in Qost Pamo |

Reservoir, 160 £t. dam to 130 127,000
Bastimate No. 4, -
Combined Systems. $ &,260,430.

Analysig- :
Assessing Warner Project and one half of Remona

System to f:ower, we have for 'cdm‘bined, Systems™ ;2
Power : '
- Total Cost, $ 1,435,910
Cost per net K.W. . $382,

Irrigation, ' -
COBt_ t 1’854’520

Coat per continuous M.X. y $623.
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| Witch Oreek - Bﬂﬁold Project.

Highex on the drainage of Santa Yasabel, is & very
similar situation to the Ramona Project." A diversion
above the junotion of Witoh-Oreek into the Ballena Valley and
from there into Haffield Creek (or the uppaf Santa lﬁria); is
feasidle. Storage would then be obtained in the exoellent
Hatfield reservoir.

From the irrigation and storage standpoint, both are
not necessary. Of the two, Ramona project is preferred
beceuse it is on a larger aoéle and aooomlﬁliahoa the most.

As a small fower plant, Hatfield may have mexit, . dm.. '
which case the ooét. of diversion woiks should be assessed to
ites power. Iﬁ_ ocould be made to equalige the winter ahorﬁgo
in power indiocated in Reamona plants -- due to leck of receiv-
ing capacity in the Pamo oonduit and below.

We have f:lguzen ‘guffiolent :verage irrigation stor-
age for the Jente Ysabel end Santa Haria or Hatfield Crdek
without the Ha_tfield reservoir. Probably it has a very low
cost per aore foot and it should be retained if for nothing
else, for reaervoir over year storage which will beoome increas=
ingly important in Southern California, as water becomes more
valuable, and is s0ld in oubid quhntitios rather than the nnor'u

-

Inch per year.
A survey of Hatfield Reservoir has bYeen made &nd re-

sults -w:lllfba anbmigte;l in a eupplamontary report.
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Sutherland - Hatfield Project. |

Ageain, even more similar to the 'Rmona°3yetem,' is
the Snthoriund-nntﬁold" System. If the Bltoi Canyon ;
Resexrvoir and the Remona Reservoir are oono-eived. to be raised
200 feet in altitude, the arrangement and the probable costs
would correspond very closely.

Bn favor of it, 1is the direct use of the iargo Suther-
land roseﬁoir_ for equalizing flood rushes, the direot use of
Hatfield Reservoir also for Santa Ysabel flood water. Hg"gf;.l:ld ¥
3s a better reservoir than Remona. Hatfield Reservoir is high
enough to reach the pass at the head of Mussey Grade, 4 miles
South West from Ramona, end covers a feasible routing of water
through ¢ his' pass.

Against it, tou.;d -appear poas:lble excessive price for
Sutherland Boaervoir, and the need of prouding a connection
with B'.Lac]: Canyon to divert its flood water into Sutherland

Reservoir, a distance of about 2 m:}loa.
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26.
WARNER-RAMONA SYSTEM.

In the preceeding study there arises the question,
'Invyno Reservoir and the first 9 miles of Pamo Conduit
hooua.aryt' |

'it is necessary as long as Warner waters are de-
livered at ‘he head of Temescal oreek. The problem then
goes back to Ia:ner'a'. ‘Two solutions will be suggested
on this pi-oblun. |

One proposaa. the joint use of Esoondido Ditoh for
Warner vatez; as is given later under the title, "Beoondidoo
Remona System." I'b {nvolves oconsiderable waste of mmlimm powerI. :

!he other here desoribed under the title "Warner-
Remona syatem preserves the pdwer. It proposes & 4% mile
tunnel dire'o'b from Warner's Reservoir to Black Canyon, &
power drop of 1000 faet to Black Ganyon Reservoir, snd thence
conveying Warner va'bera through t+he "Remona System™ to Santa
Maria Reservoir and thence by the Pamo Conduit as snrveyod
from the 9th to 26th mile or a modified higher route if
cheaper. The cost would be { gspproximately as follows:

-A
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BRatimate No. 6.

Yarner-Ramona System - Power & Irrigation.

Warner's Dam,
aé boforo given,
Warner-Black Canyon tunnel,
4.26 miles -at $26. per ft.
Remona System, .
Estimate No. 2 (al |
Pamo Conduit, S
9th to 26th Mile
San Clemente Reservoir,
as before given,'
Black Canyon Power House snd Pipe I.:;ne 5
4800 E.W.
Santa Mgria* ‘P‘owor House inoreased from
3200 K.W. to 8300 KN,
Roads e 4

BEngineering

v,

183,200
561,000
760,600
627,000
égv,soo
246,400
219,300

20,000

50,000
$2,966,000.
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Lna].ya:u:'r - I:risltion only. 3400 X,I.

Omitting from estimate No. 6 the oharges for

machinery ete. for Powar Houses, we have:

Ratinate No. B, $ 2,966,000.
Deduct Power House eto. gz 660,300.
Betimate No. 5, (a) $ 2,304,700.

Irrigation Analysis:

Cost per
Cost per ocontinuous
aore foot XK.I.

Warner Reservoir, - $2.

Warner-Black Canyon,

tunnel conduit, $280.
Black Canyon Reservoir 86.
Black CI;lyon Conduit ; 281 .
Remona Ro_servoiiz' | 12.
Santa Maria Bgaervoir b.
Pamo Conduit 9th to 2b6th 209,
San Clemente Ro_servoir 21, _
A11 Reservoirs, ' 6.40 328,
A1l Conduits, . 360.

TR R
SRt B DO

.::‘,’*
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Analysis: Irrigation and Power.

Asgeasing all of Warner's Dam and tunnel, and

one-hal? of"Ramona Syastem®to power, we have:

Eowor 4480 X.¥.
T :

TQt‘l Cost, $1,630,150.

cost poer net K.W. .868

=k A

Irrigation 3400 M.I. _ :

Total Cost, $1,344,860.

Cost per continuous H.I. $392.
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Results:
a) The adandomment of Pamo Reservoir and the watex-

ohed below Blaok Canyon involves the a‘ba'ndonmont of 10 sec.ft.
or 500 M.I. This is partly or wholly required to settle San
Pasqual riparian rights. ZThe totel delivery et Linda Viste
anply supported by reservoirs is
44,000 sore ft.
or 14,400,000 thousands of Gallons
or 60 sec. ft. continuous noi
or 3000 M,I, v " #
To which should be added the Ramona Vallofr :lrriga*éion of |
400 K.I. -oontinnona flow.
b) The s torgge on the system totals 176,000 aore feléét'i;"":"';"‘
It is 80 distributed as to take sare of continuous output of
power. As the lowest receiving basin, San Clemente, is comp-
aratively snhll, this means that in winter the Black Canyon
plant must carry the I?Jn_lquf the overloads, the water being held
in transit in Santa Kari; The estimates oover this feature.
c) The tota‘;power would be

Continuous Daily HMax.Peak
_net X.¥W. K.W.hrs _ K.¥W.

Blaock Canyon Plent 2400 57,600 4800
Santa Maria Plant 2080 49,700 ° 8300

4480 107,300 13,100
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3.

BSCONDIDO RAMORA SYSTEM,

The other solution to dy-pass Warner water
around the fuo site, propoees ocontinuing Warner Conduit
to the head of the Eseondido Ditoh, utilize the fall of
about 1000 feet, doli.ver the #ail waters into the
Esoondido ditch which then would become a joint carrier
to the EBscondido i!iai Yalley Dam.

From Bear Valléy dem a pipe line would be re-
quired prodabdly 12 miles long, and 30" dieameter, costing
$16,000. per mile.

Estimating this roughly we have M
WARNER DAM = . $188,000.
Power Plant 2400 K.¥X..

Oonduit, _Pressuz;e Pipe,

Maohinory‘ . 565,000,
Escondido DPitoh ~

1/2 Interest and Improvement 170,000,
Pipe ILine

12 Hiles at $16,000 180,000.
Ramona sjatom |

Bstimate Ho. 2 (a) 760,000.
Pamo Conduit |

10th to 26th mile 627,000.
San Clemente Reservoir G £98,000.
Engr and Roads 80,000,

Ratimate No 6. $ 2,748,000.



CORCLUSIONS

1. The Warner-Pamo system if adopted should in-
clude Sutherland Reservoir.

2. The preceding ocomparative financial statement
indiocates the lunlrfmyatom will give the maximum
amount of water and of power, at the lowest cost per unit.

In other ways it has merits, It provides water
for San Pasqual riparien nses. All the dems will be
conservative engineering structures. The location of
conduits is on satisfaotory ground and of low meinte-
nance cost.

The zone of irrigation has 1300 feet above sea
as its upper limit. -

To review and slightly modify the main points
of this plan, it is believed the following should con-
stitute the afrstcm.

l. Warners Dam

2. Long Tunnel %o 'Biack Canyon.

3. Black Ca;yon Power Plant.

4. Sutherland Reservoir.

6. A ‘oondu:lt to Ramona Valley.

6. Hatfield Reservoir.

7. A small power plant below Hatfield Reservoir.

8. Santa Naria Reservoir.

9. A conduit parsllel to and above the Pamo con-

duit between the 8th and 10th miles, on about

2 1.
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&,
the 1300 foot ocontour above sea.

10. A Power Plant at tne of this oonduit, delivering
water at the .101zh mile of Pamo Conduit.

11. The Pamo Conduit 10th to 26th miles.

12. San Olemente Reservoir.

In this outline the equivalent reservoirs-
Sutherland - Hatfield are substituted for Black Oanyon-

Ramona, whioch were used in the preceding estimate. It

does not change the conclusion drawn from the estimates.

Los Angelea, California.
Harch 16, 1912.
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Classification of Ditoh B

PANO COEDUIT THE

VOLCAN LAND AND WATER COMPANY

Accompanying Report of W.S.Post.
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Estimate BANO CONDUIZ.

Feb. 1912. W. S. Post Engr
Lined Ditch Flume Syphon
_4A B 0 D DBench Trestle Tumnel H 150' - H 1604

1st mile 687' 204Y'1898" 167" 484°®

gnd * - 4987 - 323"

Srd * 640" 637' 286R"' 8070' 148° 860" 493" 160’

4th ¥ 1099' . 628° 219! 278L' 331° 287° :

Bth * 345' 916" 649' 61" 1826' b576' 706° :

6th * . 3440 430" 1410°

7th * 2686t 908" 897" 3b3" 438!

gth * 324'1859"* - 18356 - 3%0' -+ 778} (Short Mile)

9th °® - 1816 277" 2093 124" 400’ 670"
l0th ¥ - 1374 - | 3906" : _
11th " - - 5280°
12th * 1498" 2628! 1154°
13th * ' 5173? 107°®
14th * 330' 753" 1968' - 169" 1246' - 814’
15th ¥ 1887' 439' 975’ - 435" 339! 955" 300°
16th * 5080’ 260"
17¢h * 1625' 1515' 726' 700’ 714! Tun-
18th * 982" 1446' 677' 308' 487' 1380° nel .
19th * 2435'1227" 270° in 1048° 300°
goth *® 1465' 835" Gra- 900" - 2080’
21st °* 3090° vel 400" 1790 " ¥
22nd * 2060' 200! 1980 1060° .
28rd * 2700" - 1370' 810! 400"
24th * 2560° 740' 1680° 400°?
Fr'l " - 4080°
Total 11605 19824 14655 1847 37080 6576 24386 8737 5990
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Rstimate No. 1 (a_)
PAMO CONDUIT YIA HIGH VALLREY.

Lengths in ft,

Lined Ditoh Flume Syphon
Miles A B O D Bench Trestle Tummel E 160 - E 150
Fr'l 10th 2676 791
11th | 4080 1200
12th 1360 3000 500 420
13th 2685 1600 600 3956
14th 367 2600 662 1661
15th 1471 1824 485 240 1760 U
'1 16th 700 700 - 120 T T

Total 5516 3991 4385 9650 3908 3831 1810

FD 1 '.'.u . i - Y P
B T e e e e e VIS e N i o 1Y %



APPREDIX “B"

Method of determining quantities and prices.
L 2 1 308} TN )

The method adopted in these estimates has boén
to use "the linear foot"™ of various types of conduit as the
only unit. The oxoava'tic.m is almost entirely in the gran-
ite, so uniformly found in San Diego County or its disin-
tegrate@ produot. Rock mesas lie strewn above the deeply
disintegrated material, imbedded but not as a rule consti-
tuting sold rock excavation. It was considered that if
a type of conduit was adopted which would serve either in
disintegrated granite or in solid rook, the estimates would
best represent the conditions after the work was opened up.
Further the flume i:ropoaed is taken at about the same cost
as beaviest excavation in rock, and either lined condunit or
flume may be used, as detail looatlon requires. Flume is
used in this estimaté vherever the slopes were considered
unsafe from a maintenance afandpoint owing to the steepness
and depth of overburden.

In the prices assigned to the three classes of
excavation a uniform price of $1.50 per lineer foot was &=
dopted for conorete lin:lng-mid an excavation price of 50¢ s
£1.00 and $2.50 per foot adoptéd for various classes. ’
This is roughly 25¢ per ocu. yd for all material; and oprres-
pond closely with i'oad riﬁ:ing costs in the 9_ounty which 18
very similar and to other conduits. '
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22 !ho prioo for hard rook tunnol was taken at
$14. per 200t lining at $6, per foot, or $20, totsl. A\a
it 18 not antiocipated that lining will be necessary throﬁgh-
out $18. was adopted as an average prioce.

The two types of flume presented are regarded
as permanent oconstruotions, whioh alone would be feaasibdle
where power ias involved.

The prices used are considered to be for firat-
oclass construotion tlroughout, and includes superintendence
of construction oha:geé. It is probable that in places the
full expense need not be met at once, and economies may be
introduced in others. The same values have been used in
the comparative estimates, and the point is made that a
modification of style of conatruotion or of prices would
not change the relative.costs of the various s&stems dis-
ousged.

The instructions did not inoclude aas;gning
prices to eleotrical and hydraulio installations, but some
figure was found necessary to bring out the unit costs of
the various systems.. . T

The figure adopted for this purpose was the
aotual cost (including all items, buildinga, eto-.)_ of the
Cottonwood plant of the Los Angelee Aqnaduot. This was

$30. yer "ld.lmtt 1nsta113d‘ 6r reduoing to the unit used in

this report "not kilowattis on ggétohboard at San Diego, aAB-
suming 70% efﬁ.oienoy we have 70 x §30 or $43 per "net

dlowatt™ which 1s_uaed in this report.

f
= it
- 2
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APPENDIX "C®

Capacities of Reservoirs.
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Capaocity

WARNER RESERVOQIR.

From final surveys by Volean Land & Water Cos,

¥ .3.2oat Engr.
( Revised final figures inserted Nov. 1912 )

BLEVATION of Depth Aoxes flooded Capadity in
High Water .. Aore Teet.
Surface

2620 0 o . 0
2630 10 17 - : 58
2640 20 58 381
26560 30 260 1870
2660 40 875 76560
2670 . 50 -10287%7 17166
2680 60 1822 31400
2690 70 2300 52010
2800 80 2960 - 78310
2710 90 4055 - -113390

2720 100 5740 162360




Blevation of
High Water
Surface

860
860
870
880
890
900
910
920
930
940
950
960
970
980
990

CAPACITY

PAMO RESERVOIR DAM SITB"B"

Depth
0

10
20
30
40
50
60
70
80
90
100
110
120
130
140

Acres

0.15
Se

2l.

63.
103.
147.
184.
245.
303.
362,

539.
662.
806.

Capacit
Aore feet.

15.
72.
219.
635,
1463.
2709.
4364.
6508.
9248.
12628.
16654.
21564.
27571.
34905,

aocre feet

w

32’ 3 2



Capaocity.

SANTA MARIA RESERVOIR.
Compiled from Alverson's Report.

Blevation of Depth Adres flooded Capacity
high water Aore feet.

surface

1260 0 ' 0 0
1270 10 1 1
1280 20 8 45
1290 30 23 100
1300 40 41 522
1310 50 80 1108
1320 60 154 2305
1330 70 286 4500
1340 80 561 8736

1400 140 approx 5000




3 Capacity.
BLCK CANYON RESERVOIR.

on Santa Ysabel Cr.

Rlevation of Depth Aores flooded Capaocity

high wader Aore feat.
surface ‘ :
1620 0 0 0
1635 5 0.5 0.6
1635 15 1.2 7
1645 25 6 . 36
16566 356 10 108
1665 45 13 224
1675 66 19 384
1685 65 22 589
16956 75 27 836
1705 85 33 1138
1715 95 40 1501

1725 106 47 1933
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.Oapacity.
Upper Ssn Olemente 811_zq in
¥.B. $ of Segtion 10,

. Contour Depth Aores flooded Capacity
- - Acre feot.
600 10 8 - 2
610 20 23 . 16
620 30 . 60 431
630 40 - 79 1086
640 . b0 . 93 1943
650 _ 60 . 129 3064
660 70 166 4530
670 80 _ 201 ; 6370
680 90 > - 238 8670
690 100 . 277 11140

700 110 317 “ 14110




. CamaciTy of Resamvorn
P ———

Capecit

: ‘ o
) /.8 |

23585 JO'| 69 6.2
2595 40'| 160| 17.3 |

Add 4 Wl of Do Excavation /4.9
Total Vol. when compleled 32.2

~ Pressure Flpe* VOLCAN LAND& WATER CO.
v Power Houvse WARNER CONDUIT !
Pine MoUNTAIN FOREBAY
SCALE: "= 100
Mar. 1912 147-60




VOLCAN LAND & WATER CO.

RAMONA CONDUIT
BrLack CaNon Reservoir

 SCALE: 1400

Mar. 1912

192 - |

3

33
40

35| /0

5

S5 | /3

65| 22

7?5 | 27

a5

55
/105 | &7

CArPACITY of ITESERVOIR

/1655
/7665
/675
/ 685
/1635
/708
27/S5
/1725




Section Cross Sections

tclass a° CONCRETE LINED DITCH
: Typical of Closses ik CLASS A’
Cround Shgpe O°/o/8%n earth Avg. £xce.0.75 % P

CLASS -:n.

Ground Sigpe [5™1025 % sarth Avg. Exca. 1] "%
“« & OIS rock < <~ 09 =

_CLASS C”
. Grpund S51goe £5 10 IS i eorth Avg.Exca. /5 ""‘/’Zg
- o MORELE gk o v Y

Alternaltive Seclion
CLASS C°

CLASS D"
Specio/ Coses where* the cutor rock

work is heovy

HrYo. PRoP
5 = o009 U YDS. Concrete lins er lin. B of ditel - 0867°™
- - ;,;_z HYDRAULIC PROPERTIES

= 0/
Z - /06 S* .0009 A= /56594
A = 162se . b CEN 3 vV = 3.9 Jec.
Vv = .18;_{-“- n=.0/5 Q + 60.8*“ee.
Q -61.6%% c /108

e

GALVANIZED OTEEL [FLUME  (mro)

3 A Ao b AAdAAANAJSAAA S

|
-

VOLCAN LAND & WATER CO.

Detas DitcH & FLumE

o - NV&VW Mar. 1912

W-S.POS" Engr.
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Warner-Pamo _Water,
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of the
Volecan lLand & VWVater Co..
by William S.. Pest.

Mar.16,. 1912..
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Beport on
Varsex-Pemo Wator System,
of The Yoloan Lond & Water 0o.,
San Diego 00., Oale
by %. 8. Poat,
Mar. 16,1912,

Zhis report is pxoparéa in aoeoxaanoo"w:lth the tho-
tions of Hre. Um. G. Henshsw, in order to seot am snd nrrmgn
tho rssultis of aoomla_tad surveys and ostimates; to give a
cosplete final aost estimmte of the wamohéapo Water Bystem,

snd further to stete altenstive projects or changee suggested

by new 4nta and wow the dsbits and oredits of such olumgeo,
ap affecting tho total outlay involved.

RARBEI-PAND sxam;.
Outléine.

Yarner 23’0 te

¥amex jemervoir provides for the storage of the .
Ssn Luis Rey River st Warner's Dau with a 90 ﬁ. du. nni oq-
pasity of 105,000 aare eot, Tho. onmt d!.anhargu into
w mu oonduit phnn m ahuo
into Eno draimso at 8.6 -nu. lhioh il ntﬂoum fu' 1t-
rigation pnrpm. 1t 1s mtimoa to 944 mn to mnh tho

ponr forom uﬁ pmxm.
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' “.‘ LSS A PR .','1..“: SRl s B RS e AT v b="..-. W e o e TN A T e e

s
Rty 1



e

The mean flow in the conduit (for the puxpose of
this report) 4s taken at 40 ou. ft. per seo, or 2000 Miner's
Inohes, but the maximum oapaoity is doaigﬁod-ror 60 seo, ft,
in order to provide for long peaks or emergenoy ooxvioce in the
power station, and variations of irrigation demand,

Pine Mt, Forebay ds the regulating bssin for the Power
House, and contains 32 aore feet, oapable of oarrying the
plant without the conduit for 8 hours, or oarrying 100% overload
with normal flow in the conduit for the same period,

2ressure Pipe Line 48 6800 ft. long, of whioh 4600 ft.
is under leas thon BO0 f£t, hoad. and 2200 ft, bdbetween 600 and
1600 ft. hoad,

The Rowor House may be designed to euit the preceding
hydraulic oonditions, as follows, using for convenience the sin-
gle unit "net kilowatts on switoh bhonrd at San Diego” adhtming
70% combined hydrsulic and eleotrical effiolency.

Het on Switohboard E.D.

- Dally Foak
L KoWo KV oHours Hox.K.% e
(a) Continuous output 3600 86,400 3600
or .
(b) Continuous output 2400 57 ;600 6000
8 hrs, Pesk add't'l 3600 | 28,800 -
' 86,400
or . : |
(6) Oontinmous output 1200 %L 28,800
8 hrs. Posk (50% oxtra
water) additional. - 8600 £8,800 8400
8 hro. Pook 80 boZore | - 3600 20,800

86,400



P eot,

Pamo Repoxvoir. The tail watorxs of the Power
plant flow direotly into the Pamo Reservoir. This also
gathers the watershed of the Santa Y¥sabol Oreok.

The maximum height of dsm considered fossible is
150 foot, which impounds 39,000 aore foot, It is here esti-
mated as an hydraunlic £ill, aimply hecanse it is the oheapest
struoture. It 48 not recommended for this height.

It will be notoed that Pamo Heseorvoir has a Guel funce
tion, to store the Santa Ysabel wintexr flood wators and to aot

es a roceiving roservoir for Warner powor water sent down in
the non-irrigating senson. This laat will amount to 15,000
acre feot, leaving only 24,000 acresfeet storage for Santa Ysa-
bel floods, In roality to put resorv;o or over yeesr storage
on the same basism as Warner's (copacity 3 times nomel draft)
thoro is required 66..000 aore feot plus 16,000 acre feot rog-
ulation or 81,000 aore feet in all, This is the main problenm
of the system, and a solution is found@ in the supplementary
"Bamona Projoot" which is disoussed later. : o

The_prasdnt outline negleots this and confines _
itsolf to the 39,000 sore feot plus 14,000 acro foet lower
dowmn, it boing understood that the Warmer winter power would
thus be somevhat ocurtailed, mut irrigastion requirements would
be largely attendod to,
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Pamo Conduit., For the purpose of thio report the
moen flow due to the Santa Ysabel 4s taken ant 30 necond feet
or 1800 U.Je Adding this to the 40 second feot from fean Luis
Rey, we have 70 seooond feet contimuous flow for which provision
zust be mndo. Boduoo this to 60 second feet for oconduit
108808,

As this is for irrigation use tho rate of do.livery _
will be greatly in excess in the summer period. Thie vdll
be true also of domeatic servioce,

It is prodbadle that from

ay 1 to love 1= the rate wounld de 90 to 106 soo. Zt.
Hove 1 to Hay 1~ the rate would de 20 to 16 " »
doan flow 60 to 60

An important regulating storage existing in San Clemente
Beaorvoi;' of 14,000 acro foot capecity. This a.uowi,ng for
partisl evaporation will _aot ap 8 "give and take" to the extent
of 26 soc, ft.

Our table then hecomes i
May 1 to love 1 thé rate wﬂi be 90 to 10§ Baoc, ft,

o

Subtraot wator suppuod trom f

San Olemente Buorvoir e * 88 g'

Summer flow roquirement in Pamo Conduit 66 to 680 meoc. ft,-

Nove 1 to May 1 the rate willbe 20 to 16 meo. ft.
Ada water roquired to f1l1 Sen .
Clemente Roservoir " 2 50

Tinter now in Pamo conanit 60 to 456 sec, ft.
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On the whole a oonduit veotion of 78 seo, £t or
3960 H.I. 10 oonsidered omple for Pamo Conduit, and 4o oo
used in this report.

The 1ength of this oonduit is 24,8 miles, on a graode
of B.20 ,1;:53- nile. The initial elevation is 890 feet above X
the sea and the terminal elevation 730 feet.

Three mileo of oonduit connists of steol syphons, 6
niles i in tumnels, and with minor exceptions the balance
on steep aiointemfoﬁ granite slopes,

The last 6 miloo 4s oveor and slong the coastal sravol' ‘
mesas. These are orolded into many valleys, whosoe elevntion
i8 not over 100 to 260 foot below .tho general elovation of
the nesas. In the writor's opinion, it will be chesper
to traversoe this area in o nearly straight 1line consisting
of pipe lines and tunnels, and this plan has beon followed
in this ostimate, ucing compiled topographio dnta. This
conolucion we reachod aftor a stuldy of the rocent loocation
survey, vhioh conformed olesoly to tho winding ocontour of
the me8nde.

At the 0th mile the oconduit orosses the Santa Uanria g
Oreek, vhich in this plan 4o conneated by a chort foeder.

San Gemonte ZResorvoir has a capaoity of 14,000a0r6 X
foet with a Gum 110 £t, high and will aot ap a reguloting
and distridvution recervoir,
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- ESTINATE RO, 1,

VARNER PAUO HYSTEH « IRRIGATIORN OBLY,.

Warnor Sesorvoix- Hydraulio f£111 type. 90 f£t.
Dam - Capacity 105,000 aore feat,
Stream bded Kxoavation (15 ft)
87,000 ou. yds. at 2.60 52,200,
Stripping sides (4 f£t.)
10,000 ou. yds, at 50 5,000,
Hydraulioc Fil}

Seleoted Clsys, 1500 ft.hhnl of
Steum shovoel work.nupplcmant&l
by short flume and pumped B

wator- §6 400
SZ0,0000n.yda. at .27 86,000,

Ripr%;)pins 18 Inchas thiock |
2684000 8qe 8. .at $£1,00 2?:83?.

Gate fhaft and Gatos : T 74000,
Levee on South side (earth f£111) 1,000,
Spillway (Exoavation put 4n

HEydreulio f111 or riprap.)
Spillway Conorete -~ 200 on';yda.' atflQ 2,000,
Cut-0ff wall- oﬂonaod np nides

800 ou.yds. st §10, 8,000, 8183,200,
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Warnor Conduit -« 6.6 miles Dam to Temescal Cr,
Linod Ditoh Class "A™ 3120 lin.ft.598,00 96,240,

" . n #R"1P700 " " 8,50 26,760,
" " “ mgmn 1900 ™ ¢ 4.00 7,960,
Y " ) "p" 3BO0 " " 5;00 2,100,
Flume on Bench 88600 lin.ft, 2 4,60 24,780,
n " Yroptlo M4830 " " 7.00 10,010,
Tunnele 11,8660 lin,ft, . 18,00 209,880, $ 207,690,
Pamo Heservoir Site "B" 160 ft, high. 2
-

Lands not owned 600 soxes & 325. 15,000,

Tam Zarth L1411,
Strenm exoavation 90,0000m.yds. 2 §.60 54,000,

Stripping 40,000 "™ " 80  20,000. 3*\’\' :

11 1,000,000 " " " o256 260,000,

Outlot tunnol_GOO lin.ft. = 18 14,400,

Gates & Shaft ' 7,000, $ 960,400, i
v

Pamo Conduit 24,8 miles.
L e - . ,
Linod INitoh : : \ ';\

Class "A" 11,600 lin.ft. <4 82,00 28,8104
‘uBe 19826 " % 3 2,60 49,860,

- G vdy % (») :
noomgn 146667 " O 4400 BB,620. s5,¢°
"m wpe 1,847 " " 3 6,00 11,080,
rFlumes
On bemoh 37,080 " " 2 500  186,400. ,
On trestle 6,676 " " 2 7,00 46,020, S{
Tunnels .
Hard Fook 16,816 " " @ 18,00 291,890, Y
Gravel 8,170 * “ 2 12,00 98,040,
Syphons :
Low head . 8,787 3 6,00 82,420,

Senta Maria Foeder F O s s’
Flume, A2701in ft, 6 400 _ 15,400, ‘ees,20,\ |

2 ¢35
» - i=, 1
o o A - o :-1"_
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San Olemente Resefvoir -- 110 ft, High 4\
R e Al

Rydrauliec £1ll, party moved
in with atean shovel und
rlaced by water

1,375,000 one FAB.O o20 8894, 6004
Outlet pipe and watnr towor ' | ' \

90 1in. f8e @  §6400 33 0904 i

Towray 5,000, 3{‘
Gaten | ‘ 5.000;
Coat of lands in site 8-:’;0 aores 504 10,000 & 2974600,
Supply Roads- 50 miles o 31000, 30,000,
Engineering | 60,000,

tatimteo Ho. 1 “arner-Pamo Syatem £ 8,092,160,
as an irrigat:lon projocot only. |

Analyo g Yarner-ramo SEtGﬂ Irrigntion only.

goat per acre OCoot per iinox'e
foot stored. oontinuous flov.

Terner Revorvolir $2e
Pamo Reservoir | e
San (pmente Recervolr P14
Tarncy Conduit- 7 miles £144,
Pemo Conduit 26 £94
A1l Reservoirs 5e69 290,
Total Confluit 33 niles 407

The Syotem - e ' 697,



Results., This aystem delivers at Linda Vianta
44,000 acro feot
1,350,000 thousands of gallons,

or

60 B0O.2t., continuouns flow
3000 minex's inohes " 3
with 85% temporary inoreases,
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Ratimate Ko, 1 (&)

Rarnor-Pnmo System Irrigetion, I.ons' kouto
via Highland Valley.

Baoyond Janta Maria Creek, an alternative line
exists through iHighland Valley. Thie almgggg mnm
ggo% 1in, ft. of tunnel and addas 334196 feet of oonduit, This
has an advantage in rxreaching a nearer point for Escondido,
but introducos £ miles of unsatisfactory bluffs, and loses

23 feet in grade,

ya
Crodit Betweon iii1los 10 =nd 13, alighment from X
atution 49434 to station 639+46 = 14,806 £t.
Tunnel 2730 1lin ft. 2 $18.,00 175,140,

Fiurme
on bench 3278 linft. > §6. 16,390,

Lined Ditoh _
Claas "C"1498 " " 7 $4. 64,990, 197,620,

Debit Altornative line aonneoting ahove stations
via iHigh Valley = 33,096 fto
Lined ritoh =
Class "A" 5616 lin.ft. & sa.u.oaz..
"B 3991 " "IRB0 9,978,
". "0" 4386 " "24.00 17,840,
Flume
On Benoh 9688 " " 25,00 48,275,
On ZxoustlaB908 " " e 3703533
Tunnel 3681 " " 718 68,968,
Syphone =~ 1810 " " G@ 10,660, 194,000,

_chmn ou ranniahr or nno

*‘-;": hi{f‘i = 2 R e dd
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Changes on romainder of line dne to

lowering grade R3 ft.

Lined “anal Closa "D" 1000 f£t, 2 $6. 86,000,

Tunneln 560 lin. ft. & d18, 10,800,
Losa of power at San Clemonto

due to lowoering grade 23 f£t.

76 KJ¥e,
3 $200 (Capitalized value) _ 16,000,
Total Dedits §226,800,
Total Credits 197,620,
Differonce in favor of 3 28;280,
Short LKoute, 3
Add Eotimate No. 1 2,092,160,
rstimate No. 1 (a) 824,120,440,

(Varner-Pago via iigh Valley)



A
Estimate No. 1 (b),
Warner-Pumo Irrigstion and Powor System.

To introduoe ¥Warner power developmont requires dnly
the construcotion of 3 miles additionnl of Warner Conduit, a
foredbay, pipe line and power house as follows:

Rarner Conduit-extended,

Lined ocansl,
Class "A" 510 1lin,ft. & 82, $1020.
" " 500 " " 2,60 7960.
" ®Qg" go40 " ¢ 4. 32160,
Ny e ohi 6. 3000.
Nune
On Bench 1840 " " 0O §b, 9200,
On Trostle 1370 " " 7 95690. 862,720,
Forebay
Barth Dam
48,000 on,yds, ° sow 1“000
ontlﬂt Culvert 400 f£t, 2 36. 2000.
Yaate pip. 400 " be 2000, 18,400,
Pipe line
Steel pipe,l,615,000 1lbs.¥ ,07 106,080,
Trenoch 6500 f£t. 2 32.00 13,000,
Conorete anohoraso 500 ocun.yds, i
QIOO ___1_3_'_99_0_0 124,050.

Power Station, Eleoctriocal and
Hydrsulic machinery and power
house installed, to produce
7200 K.%. net, delivoxred at
San Diego, 2 $43. per not K.¥W. 309,600,

Land and other buildings 10,000, 319,600,
Total, 524,770,
Add Estimate llo. 1 2,092,160,

Zetimate Ko. 1 (ﬁ) (Combined irrigatiom
"and power) $2,616,930,
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Hesults,

The use of power in noxmal years will not intorfore
with irrigation, The receiving capaocity of Pamo and San
Clezente Lesorvoirs totals 53,000 acro-~feet. Warner Power
plant will deliver 10,000 aoxro-faot in the non irrigating
ceason, leaving 38,000 aore feet for Santa .Ysabélnood:a. X
Allowing ona third of this 38,000 for eveporstion, we still
have 28,000 acro-feot net sufficient to seocure the 30 on.ft.
net whivh we have taken as due from the Santa Yesbel; How-
ever in weat yaars Santa Xsabel will over flow and he v}'na;féd. X
and dry years will deoroase this 30 seoc.ft. Worror's Dam if
oallod on to mnke up the dofiociency, mey bto forood to transe
for water, not nsefully used in the whedls, and to that extent
imrair its earning power and 1ts future avorage oonstant _f'low.'
This doss not neom desirmdbl:, and 4t wero bottcz.- 0 adjust
Tarner flow aa' a conntant, supportod by its resorvoir and
&llow the Santa Yaabel to vary with the vicisszitudos of the
sessons. To pnt 4t on the szme baois of conotansy whioh we
give Varnor's viz: a ratib of capnoity 3 times tho &raft, we
would allow Santa Ysabel's 39,000 aore feot, a arnt of 13,000
aore feet ox only 18 8ec.ft. This reduces our total delive
ory at Uan Clermante to 45 sec,.ft. inastond of 60 neoc.ft,.

¥o have then ngs doefinite rosulte:

Poror K.¥. continuous . 3800
ABX, | K.We Poak 7200
Daily K.%, houre output 86400
Irrigation-~85,000 aore foet °
or 10,800,000 thonaands of zallons
or 45 seo, ft., continuwous fluw
or 2250 Minar's Inches.
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Assoseing on power the entire cost of Warner Pro-

Jeot wo havel=-

Tarnexr Powey Project = 3600 K.V
Total Cost, | 8 1,006,660,
Cost por net K.V, 2 288,

Pamo Projeot - 22850 M.I.
Cost per diner's Inoh g 703,



Fetimate Ho, 1 (o)

The oonditions of Eetimnte Nos 1 (b) mey be improved
greatly by sdding Sunderland Reservoir,
The writer is not informed on the estimates of this

dam, Assuming however, that a storsge of 40,000 aore foot
oan be had then for $160,000, we have

Eotimate Bos 1 (o)

Viarner-Pamo Syetem with Sunderland Reservoir.
Total $2,776,930,
his giveo us

thm 80001l 1o

Total Cost 1,731,870
Gont per el $ 666
Power 8600 K¢ Ve
| Total Oost 1,086,660

Cost per K¢ We 268,
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Suppleaentary Systems.

There is no lavk 6! stoxrage on the Santa Ymabol
Creek. Sitos exiot on Santa Ysabel Kanch, Rellena Valley,
listfield Creek, Sunderland Valloy, Reamona Valloy, ond the
Sante dnria Hesorvoir. |

Pemo Rosoxvoir 18 more important for its position
on tho line of the Varnexr-Pamo system, then for iis irheront
velune. It 48 low in altitude and requires & long confuit
for ite outlet, Mo powax is sxtiracted hy its oconetruction,

0 utilize the Santa Yaabel for power, and inorense
its otorage, and to inolude tho drainage arse of the Santa
¥aria Crook.' survey has boen zade of a diversion into
Rkngona Valley. This supplenontary syotom will) bo termed the
“"Hamona Project”,

The Ramona Pirojact.
3leock Conyon Reservoir, Tho diversion ig at the junotion of

Black Canyon and %the fisnta Ysnhal. It securos 74 aq. miles
of druinuge srea, or 635 of the Pamo Reservoir watorshed. The
continuous flow 4s taken 4n this roport ns 20 pass.fte The
elavation of outlet is 1628 feot.

The resarvolr with a 60 ft, dam storas #84 aocre feot
and would be desaigned éinply to equelirs flood rushes and oarry
them awny repidly in a conduit of 100 sea, £, ¢ epnoity of
6000 H.XIe It resoxve Quring a typiéﬁl throe days storm would
reprosent 2500 U.I. held bdaok for Z 4ays, and then somht down
the conltuit after the ptorm. chis howevor would not be ouf-
ficient for the great stormn, | | |
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Black Canyon Conduit 4e 6 miles long inaluding 1 mile of
tunnel, end dimoharges into the '

liamonn Reservoir. The oapaocity is 6000 acre feet, with a
60 ft. dame This also receivos the wateras of the £8 aq.
eilos of Hatfield Creek and adjoining watersheds, The over-
flow is by the natursl ohannel of the Santa laria Creek into
Santa ¥aria Reservoir, |
Irrigation of Ramona Valley. The Ramona Reservoir wonld be
the distribution reservoir for the irrigation of Ramone Valley
where 4000 aores oconld be placed under ditoh, This would re-
quire 400 ¥iner's Inches or 8 sec.ft. The seepage or return
waters from this irrigation as usunally estimnted irould be one-
thixd or 3 sec, ft. Judging from the "hard pan" formation,
it cay amount to one-half or 4 sec.fi.

A careful survay of this site was nande by Alverson in
1896, for a dam 80 ft, in maximinm haight, storing 8700 acre
feote 7The ¢am site 18 in excellent rook and should bo. oon-
struocted of conoreto, in the _arohod forms, In maoonry it ocan
be ocerried to 180 ft, Surveys are now being made to obtain
the inorecsed onpnroity, which will be given in a supnlemontary
ropott, hut i1t can be stataed  at once that tho. sitorago can be
nade to equal the wa;ter supplye In other words furthor sure
vey is expeoted to show & storage oapnoity of say 650,000 more
feat for a highor dam, say of 130 .fooi height.
Sante Haria Power Station.

Santa Haria Resarvoir has an elevation of abhdut 1340
feot, The Pamo Conduit hmadiatoly below it has an elevation

i
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840 feet, produnoing a Lnll of 500 feot, The d4stanoce
for & preasure pipe 1o not over 8000 fTt. The rosorvoir
forme an ideanl foreday and the peak load oapaocity 4s limited
only by the eleotricsl inatallation, by the capacity of the
Pamo Conduit to take away the waters discharged, and by the
receiving oapsoity of San Clemente Reservoir.,

The design of the Power Honse may ocovor the following

oonditiocngi-
Het on ewitohdoard st S.D,
EeVe & e Daily K.¥. Hreg: -
(a) Contizmmous output 800 8OO - 19,200
or
{b) 6 hras. peak and
shut down 18 hrs,. 3200 19,200,
or
(o) 2 hrs, pesk, st
down 22hre, 9600 19,200,

(Linit of Pamo Conéuit
receiving ocapacity.)

Additional Power will exist between Hemonmn Resexrvoir
and Sante Maria Reservoir. This could be utilized in conneoc=
tion with the valley's irrigation distridution ocansl, in the
non-irrigating ssason, amounting to ahout 80 X.W. Overflow
water would thus be transferred without waste, from Ramona

Roservoir to Santa Maris Reservoir.,  This additionel power
is not ostimated or inoluded in this zoport. '
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Ratimate Ho, 2 (Preliminary)
Remona Projeoct -- Irrigation only,.

Black Canyon Dam, 60 £t. high

Conorete 6,000 ou,yis. 2 §8. 30,000,
Gates and Outlet 3,000. 838,000,

Black Canyon Jonduit,
Lined Conduit, :
Olase "A" 11,620 lin.ft.> §2. 83,240,
" "B" 10,740 " " 2,80 26,850,

» #o® 11,060 " " 4., 44,240,
Flums
On Bensh 1000 " " 34,60 4,500,
“ Trestle 2660 e 7« 18,620,
Tunnel .
6720 1in £¢, & 818, 102,960, 230,400,

hamona Reserxvoir. 60 f£t, high - 6000 scre feet.
IBarth.Fillg 1703000 Ou.ydﬂoaehgs 48.600.

Poddle Veall 10,000,
Outlet & Gatos 4 5,000,
Lande 400 soros O 826, 10,000, 67,600,

santo Morda Resorvoir. .
130 £t, high - 00,000 acre f£t,

Conorete 45,000 ou.yds, @ 86, 226,000,

GCoten 5,000,
Lande, 1000 aores 2 1b. ‘16,000, - 245,000,
Engineering, 20,000,

Zotal Estimate Ho. 2, | $696,900.
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Resulta,

The delivary into Pamo Conduit at the 6th mile of

26 sec, It, or 1880 H.I. as demanded,

Or the irrigation of

4000 aores roquiring at least 400 N.l., and the delivery of

1000 MeIe to Pamo Conduit,

Analyeis:

Black Canyon Reservoir
Lamona Reservoir
Sante Haria Reservoir
All Reservoirs

Blaock Canyon Conduit

The System - delivering
at 6th mile of
Pamo OCondddt.

Coast perx

acre foot
86

812

$5

8 6

Cost per
Hele contimmous
£low,

$ 477,



Rstimate No, 8 (a) «(Preliminary)

Prossure Pip@®.
8000 1lin.ft. 2 6 12,000
"

1800 " 10 16,000 87,000,
Eleotrical & Hydraulio Machinery
to produoce at net delivery of

3200 Ko¥e at 547, 3-343. LS?.GOO. 9164.600.

Add Setimate llo, £ 596.9000

Total Zstimate No. 2 (a) ' $760,800,
(Romona System - Irrigation & Power)

Changing one-half of amount ¢oc power, we
have §119 per Peak K,¥. -0of 3476 per continuous K.W.
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~Sembiped,

Varner-Pome and Iamora Jystens.
Irrigetion and Power.

The joining of the two systems give the following
rosultsie~

(a) The atorsge of the Samte Yeshel 1o bdrought up
to the ¥arnor Standard of Ospacity oqusls 8 times arafs.’ ¢

(b} %he Tamo Zem may de roaumm 8 gapacity o <
89,000 sove feet to 28,000 sors feet, lowering the dem to
180 fest.

(o} The water delivered at Linds Vistn would de

65 seo. £, or 3260 R.l. -

&) Zower womid not intorfers with unsation ag the

receiving atornge is smples She total power would be

: | Datly
Continuous E.¥, K.V, Bours mx euk
Ve
Tarner Zlant 3600 86,400 Y200
Senta jiaria Plant 800 198,200 -

ZTotal 4400 108,00 10404



Betimate No, 8,

Combined Worner-Pamo and Ramona Systemao.
(Irrigation & Power)

Ratimate No, 1 (o)
(Yarnor-Pamo Systen Irrig. & Power) $§8,816,930,

3stimate No. 8 (&)

(Bomona Irrig.- Fowor) 760,500,
$8,377,480,

Sudstreot reduction in Cost Pamo
Keservoir, 180 f£t, 4am to 130 127,000,
Zstimato Ho. 4, 83.250.4300

combined Systens,

~Analyeis-
ABgessing Farner Project and one half of Romona
System to power, we have for "Combined fiystems":-

2omeyx
Total Cost, $1,415,910
Cost per net K.V, $ 822,
tion
Total Uoat $1,824 ,820

Cost per contimuous N.X. § 628,
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Ei%0h Oreek ~ Hatfield Preject.

Highor on the drainsge of Santa Ysabel, is a voyy
sinilar situation to the "Esmona Projeot”, A Siversion
ebove the junetion of Witeh-Creek into the Ballena Valley snd
from thero into Hatfiold Creek (or ths upper Santa iHsyia), 4s
fessible, Storage wounld thon de obdtaingd in the excellent
Hatfiold resaxvoir, '

Prom the irrigation and etorage standpoint, both are.
not nacessary, Of the two, Zamone projooct is pu:meﬁ
beocuse it is on 8 larger eonle and accompliches the '-n_o'ct.

As a gnell po7or plant, Hstfield may have merit, in
vhich cacas the cost of diversion works should he assessel to
its pover. 1t could de =ade t0 equalize the wintor shortage
in power indicsted im Hamons plants -- due 0 laok of resoive
ing onproity in the Ffaxmo Conduit snd below, .

#eo tave figured sufficlent sversze 1rzigstion stor-
age for the tanta Ysabel ond frnta Karies or detfield Creck .
without tha Hatflold Zeservoir, Prodably 1t has s very low
oost por eare oot and it should de rotoined if for nothing
else, for rassrve over yoar storege which will bm {noroag~
ingly dmportent in Southern cniixornia,' 83 water baconos nore
valuable, nud 45 20id in cubio quantities rother than the NHiner's
Inoh per year,

A survey of Hatfield Eesorvoir has boen meale and ro-
sults will o submitted in & supplemantary report.
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sunforlond - Hatfield Projest,

Agein, sven more similar 0 the "Zamons Systea’, 18
the "Sunderland-iintfisld" System. If the Black Canyom

Beservolir and the Ramona Resezvoir are conceived to be reisod
200 foet in altitude, the arrangement snd the nrobable soote

would anrrespond very olosaly. .
In favor of it, is the diresct use of the large Junder-

land reservoir f£oy cqualiring fiood mhml. tho dirxeot use of
ZatPiald Sescorvoir clso for Senta Yarbel f£loo0d water. Hatfield

48 a better resorvoir then Hamona. Hetfield Zoeervolr is high

enough to reach the pass at the head of hnsq Grade, 4 miles
South Test froa hasmona, and covers & fsasible routing of water

hyough this rasds
: Azainast 1t, weuld appoir possidle exasessive prics for
f Surderlspd Zescrvolr, emd the need of providing a oonnsotionm

with Bleck “enpon to ddvert its floodwater into Zunderland

Eeservoir, £ distence of shout 2 ‘.11..0




E6.

WIiLLIAM 8, POST

CIVIL ENGINEBER *
"...' “.“9 AN, .'.‘ .. X.

1217 Misananian Buoe.
LOS ANOELES, CALIPORNIA

WARNERBAMOBA SYSTIM, W arfears -

In the predgecding otndy there srises the question,
"les Pomo Noservolr and the first 9 milen of Pamo Conduit
nagesnnyy?”

It 18 necest ry as long 08 Warner wators are Jdew-
livered at the hesd of Temesocl “reek. ZThe problem then
goos bduck to Tdrner's, - ‘2=0 solutions will »e sug-
geatad on this »rodlen, :

Une proposes tbke Joint uso of Eocond'ico Ditoh for
Yamer watler.uy 1@ given latar undexr the title, "2acondido-
Lamong System.,™ It involwes considerablo waste of pover.

The otker here described under the title "Warner-
ssmons Lyetem” preserves the powere It proposes & 4% mile
tunnol d1reot irom Yarmer's Zeservoir t0 ilack Canyoh, a
poser 4rop of 1000 feot to 3lack Canyom Fepervoiyr, and thanae
~conveying Former waters through the “iamons Systea” to Sente
derie Zeservair and themoe by the Pemo Conduit as surveyed
from the 9th to 25th mils or & modified higher route if %
chenper. The cost wonld he approximatoly as followo:
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mi‘“ Ho. ..

Farner-Ramona System -~ Powex & Irxrrigation.

Warner's lan,
as before givon,
Tarnar-2lack Canyon tunnel,
4.25 miles 2 8856, per ft,.
samong Syoiem
Ratimate Xo. 2 (a)
Famo “onduilt,
9th to 25th mils
Sun Clemente Reserveoir
as before given
Black Canyon Fower House and Pipe Line,
4800 X,¥,
Senta darias Power llousd inoreasced from
S200 X.Ve t0 8300 K.Te

Loadn

Sngineering,

183,200,
561,000,
760,500
627,000,
297,600,
246,400,

219 .3000
20,000.

50,000,

3 2,966,000,



Anslysisg -~ Irrigation Only. 3400 M.I.

Oomitting from ostimate o, B tho charges for
maochinery eto, for Powar Houses, we haves

Ratimate No. b, $ 2,965,000,
Deduot Power House eto. 860,300,
¥stizate Ko. & (a) 8 2,804,700,

Irrigation Anslysis:

Coast pex Cost per
sorxe foot Continuous

Male
Teyner Hegervoir, d 2
Tarner-ilack Carnyon,
Tunnel Jonduit, | 3 280,
3lack Canyon Reservoir 86,
Black Canyon Conduit 231.
Zapona Reservoir _ 18,
Senta ¥aris Hoservoir Be
Pamo Conduit 9th to 26th £09,
Ssn Clemente Reservoir ' 2l.
All Reservoirs, 8,40 328,
AllL Conduits . 360,

The Syatem 878,



Analysis: Irrigantion and Power,

Assesaing all of Famer's Dam amd tunnel, and
one-half of "Ramona System"™ t0 power, we have: .

rower 4480 E.7,

Total “Yost, $ 1,680,160,
Cost per net K.F. 8 362,

Izrrigation S400 4.1,

Total Cosnt, s 1.544.8500 ‘
Coat pexr contirmous R.X. 3 398.



Besuits:
a) The abandonment of Pamo Resexrvoir and the water-
shed below Blaok Canyon involves the adandomment of 10 seo, 2t.

or 500 M.l. %his 18 partly oxr wholly reoquired to sottle San

2asqual riparian rights, The total delivery at Linda Viaste
auply supported by reservolrs is

44,000 aore f£t,

or 14,400,000 thousands of Gallons

oxr 60 seo. £t., continmous fl.ow

or 3000 M.I. " "
To which should be added the Ramona Valley irrigation of

400 4.I, oontinuous flow,

b) Zho storage ontgag system totalse 175.600 acre fest, “

It ic so distributed am to0/oare of contimuous output 0f powors <
Ags the lowast reooivins baesin, San Clemente, 418 wvomparatively
anall, this moans that in wintox th'o”Blao]: Canyon plsnt must
carry the bulk of the overloads, the watoxr heing held in transit
in Santa Maria. The ostinates sover this teaturo.

e) The total power would de
' Continuous Daily MNMasx.Pesk

| net K.We. KeWo Ko¥e
Slack Yanyon Plent 2400 67,600 4800
canta Maris Plant ; 2080 49,700 8300

4480 107,300 13,100,
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The other solution t0 by-pass Varner water
around the Pamo Site, proposces ocntinuing Varner Condudt
0 ths head of the EFsoondido ditoh, utilise the £all of
about 1,000 feos, deliver the tail waters into the
Bsocondido ditch which then would bYegoms & joint cerrier
to the lsoondifo Bear ¥alley Dam.

Prom Beoy Valley dam a pipe line would be re-
quired prodebdly 12 miles long, and 30" diamoter, cosoting
-";515.000; per mile,

Eotimting this roughly we have

m ?2 -';‘183.000.

sover Plon® 2400 K. ¥e
Conduit, Pressure Pipe,

Hackinery 566,000,
fseondido Diteh

1/2 Interest & Improvement 170,000,
Pipe Line

12 miles @ $16,000 180,000,
Pemona Systemn

Zetimate No. 2 {a) | 760,0004
Pamo Conduit | _

10tk to 256%h mils 627,000,
San Olemente Reservoir £98,000.
Enge & Roads 80,000,

Estimate Ho.6s $ 2,743,000,



_BUMARY
cont perx
Total Oost Continuous H,I.
satimato NOoel. or Ko Ve
varner-pamo System
Irrigation- 3000 MeTe $ 2,002,160 8 697 M.l
Rotimate Noe 1 (D)
same
Brevs gREn AR ¢ IR Rn
Pover oo o'e
8"¥ 516,930
retimate Nos 1 (0)
Seme - with Sunderland Recervoir
Irrisation 3000 MNele 1.751.870 e 566 i X,
Povey . o800 Hele - 1,036,660 R2OB Kol
$ 2,766,930
Zotimate Hoe 26 i
Ramona-Syetem
Irrigation 400 #,I, Rasona §
1000 H.I.at 9th mile Pamo 596,900 8 477 M.l.
zatinate Fo. £ (a)
Same
Irrigation, eame & 595,900 & 477 .1,
Power, added, 800 K.Ve 164,600 206 K.'
netimate 1103
Combined Tsrmer-Pamo and Ramona systeme
Anolysis (a) |
Irrigation 3260 ;x!.I- ' & %.ggggg?ig 8 gﬁg iele
roxery 4400 e'® o e e
& “BIEB0,450
Anglyeis (b) using same pover
Cost &8 in Z8%. ROl (b)g%a-
Irrigation 3260 Hele S 1,997,280 3] 614 . .
Povie? 4400 X Ve 8 ' 1,267.800 888 XKaVe
Tetimate No. 5 (a) ST
Varnor-Ramons syctem.
Irrigotion 3400 K.1. . & 2,304,700 & 678 u.l.
> Eﬁtimﬂ.tﬂ Boe b«
Same (a)
Analgeis (a
Irrigation 3400 Hel . & 1,884,860 $§ 392 Wl.le
Power 4480 K. e 1,6_30.160 368 Koo
N ]

Analysis (o) using same power
Coet ap in o Box.‘sl (0)3268,
Irrigation 3400 Me.l. $ 1,674,780 £ 4986 4,1,

Pomory 4480 Ko7e . 1,290,240 288 KVe
7,960,000

Eatimnto Hoe 64

Fooondido-Ramona Sysfem | ,
Irzdgntion 3000 Mele 8 1,681,400 g 607 1.1,
Power (an above) 3200 X.Ve g 921,600 288 K,T,



gONCLUS I08S

1. The Varner-Pamo eyston. i adopted should ine-
olude Sunderland Resexrvoir.

2, She preceding couparative finanolal o.tntamont
4ndicatos the Warnr¥-Ramona system. will give the maximum
amount of water and of power, at the loviest coot per unit,

In other waye it has merits, It provided wator
for San Pasqual riparian wsos. All tho dans will be
asonoervatige engineering struotures. Tho loocation of
conduite is on satisfeotory sromid end of low mainte-
nance cost.

The sone of irrigation has 1300 feot nbove sea
gs ity upper 1imit |

70 review and slightly modify the main points
of this plan, it is boliovéd the following should ocon-
stitute tho system.

1, Yarnors Tan

2. Long Tunnel to Black Canyom.

3. 3Black Canyor Power Plant.

4. Sunderlond Revervoir.

5. A conduit to Rwona Valley.

6« Hatfleld Resorvoir.

7. A sumall) powoer plant below Hatfield Resorvoir.

(e« Sonta larin Reservoir.

9. A conduit parallel to and above the Pamo con-
duit betveen the 6th end 10th miles, on ebout

de




the 1300 foot contour above &6a.
10, A Power Plant at end of this conduit, delivering

wator at the 10th miletof Pamo Oonduit,
11¢ The Pamo Conduit 10th to 26th miles.

12, San Clemente Reosexvoir.

th this outline the equivalent revervoire-
Sundoriand- Hatﬁol_d are subetituted for Bleck Canyon-
Romona, whioh were used in the preceding estimote. I%
does not change the conolusion Adravm from the esctimntes.

los ingelos, Celifornia.
Harch 16, 1912,
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CamaciTy of Resamvoin

£lev. Capec
wider ﬂ' Depth oce | 2%
z2ss ol o P)

e T

20"
2585 Jo | 69| 62
2595 40'| 60| 17.3

Add % Wl ot Bom Excovotion /4.3

~ Pressore Fipe' . |VOLCAN LAND& WATER CO.
t Power Hovse WARNER CONOUIT

Pine MOUNTAIN FOREBAY
SCALE: =100 :
Mar. 1912 |

147-60




VOLCAN LAND & WATER CO.|
RAMONA conourT |
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CArPACITY of ITESERVOIR
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‘ctass A’
Typical of Class es B84 C.

w oty

/ternalive Seclion

Cross Sections
" CONCRETE LINEO OITCH
'CLASS A
Ground Sgoe 0°/o/6%n earth Avg. £xce.0.75 % # |

CiLAss B° . :

Crouitt Sgpe 1510 25in sarth Avg. Exca. I/ ©*
e 2 O/ ok « 09 #

cLAass ¢c”
Grpwnd .

oo 25 IS i awth Avg.Exca, .5 Cu%
- w2 ek - LG T

CLASS D”

CLASS c’ Specia/ Coses where® e cvtor rock
work is hesvy
oPr

? HYDRAULIC PROPERTIES
;5 S* .0009 A /5. 6508
6.2 5o A= IS . vV = 3.9 Jrec.
3.8 Hoc n=.015 Q- 60.8"%e
,. 6 ov. c T / o 8 - -
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GALVANIZED OTEEL FLuUME (mro)
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VOLCAN LAND & WATER CO.

| Devans DitcH e FLUME

Mer. 1912
W-SOPO“ !ﬂ r.
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WiLLIAM S, POST

CIVIL ENGINEER
ABSOC. MENM, AM. 800. 8. 8.

1297 Miassarnan Bube.
LOB ANODELES, CALIFORNIA

-

Classifioation of Ditoh ’

P ARO 0 08 DUZI ?
the

VOLCAD %iBD &p8 VATER COMPABY

.Accompanying Report of W.,S.Post.




Retimate PANO CONDUIT,. 5

be1913 W.5.P0nt Engr,
Lined Diteh Flume Syphon
L . @ D 3Benoh Trestle R 180'- H 1350+
¢ &
139 168 200 48
B39
o83 24
8+16
86 50 26
Q77
: 128 57
11+628
? 274 167 ) §
% 16+94
274 all 79
23+68
123 1268 109
38+88

1306 66 50 -
stiifle 8387 2047 1690 167 484°
137 20
54+37 |
15633 96
70+66
_ 1308 207
86+78 |
1982
1 Mle 4987 323"
3656 492 66 40
5+22 230
360 20
9+02
98 23
D+23
74 648 - éb 860
5470
_ 2756 108 562
015
0+62 -
145 498 150
1 Mle 640 637" 282' 2070 1468° B860' 493 160
928 6822 111 1487 77 287
D3+22 _
108 609 76
D1+18 |
686 S0
08+31 -
171 1168

24dle 1099 622° 219 =2722' 8L 287 A



Setimate FAMO OOHNDUIT

Lined Ditoh
A 3 O D
248

8L

172 638
501

S48

211

3456* 918°' 849' 61°

743
834
177
938
2686° 908"
324 629

962

278

908

324" 18869 °*
263
484
969
1816’

277

277’

Flume
Benoch Trestle

839
2880
1037

1826°
1284
' 386
064
418
892
8440°
671
226

897’

762
1886"

1686
807

Syphon
Tunnel

H 180t H 1860+
' 88
40
145
147

164 706°

§78° 706°
69

132 v
93 1410

- 86

430' 1410’

436

73

883’

76

98
18%

436°'

778

390" 972' (Short Nile)

870
570"

Ee 3

v ‘00'



#ile

dile

176
1296

#ile 1837°
1776
21256
1130
iile 5030*

39
30

Fatimate FAMO CONDUIZ

Dined Ditch
B 0
1498°
763
330
330' 763'
166 602
274 373
439*' 978
509
294
432
1006

Hile 1625° 1518' 726' 700’

Flume 3yphon
Benoh Trostle . E 180'- H 180's
458 540
919 8366
1374° 2906"
5260"
2628" 1164°
5173" 107"
781 61 686 614
821 108
396 b6
1068° 169" 1246' B814°
100 339
67 966 800
160
108
435' 339" 965' 800"
64
166
20
m'
267
82
112 '
288

714° / 3



retimanto PARO CONDUIT

Lined Ditoh Flume Syphon
. Tunnol
A B 0 D Bench Treontle Gr::v‘ol K 160 K 180
104 67
447 116 428
134 192 70
306 168
412 266 144 218
184 208 - 88
182 108
86 487 80
633 166
082 1446 677 508 487 1380
9656 779 | 47 1048 300
776 448 223
704
2435 1927 270 1048 300
641 346 |
824 489 900 2080
1466 836 | 900 2080
5090 400 1790

2060 200 1980 1060

2700 1370 810 400
1380 | 400
1160 740 1680

2660 740 1680 400

4080




PARO COEIUIY *
Lengths in Feet
Lined Ditoh Flume Syphon
_ funne}
A B G D Bench Treotle B 160- 1 160-
687 2047 1896 167 484
4967 323
640 637 PR8e £070 148 860 493 160
1009 622 219 2782 331 267
345 918 6849 61 1826 678 %706
3440 430 1410
2606 908 897 863 436
8th 324 1859 1635 890 772
1816 &%7 2093 124 400 570
1374 3906
6280
1498 2628 1164
6173 107
330 753 1968 169 1246 614
2037 439 976 436 399 956 300
5050 260
1626 1616 726 700 714
082 1446 677 508 - 487 1360
2436 1287 270 1048 300
1466 836 900 2080
3090 400 1790
2060 200 1980 1080
£700 1570 810 400
2660 740 1680 400
11606 19824 146565 1847 39080 6676 ggggﬂ 8737 6990
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PAMO CONDUIT - Via Bigh Valley
Additionsl M"“Q..

Lined Cenal Tiume  Tumnel - Hyphon
oA R iy Tx§fse
8

60
+33

1040 800
L
By

2878 991
1876 200

R

1600 600 26
Mls 2686 1600 600 398

1700 . 168
£00 ) &

387

367 2600 . ses 1681
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Lined Cannl Flume Tannel
A B 0 D Denoh Trostle ik H 180- H 180+

PAMO OONDUIT - Vis High v%
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911
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Estimate Nos 1 (o)

PAKO CONDUIT via Righ Volley
Lengthe in Peet
Syphon

Lined pitch Plume

Tumel

Benoh Trestle

B @ D H 180= 3160-_

1600
367
1324
700

3991

600
£600
488
700

2876
4080
2000

9688

9
1200
600

- 998

662
240

4120

3900

420

16561
1760

1810

3831 1810
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~ATPENDIX °R"

Kothod of determining gquantities and prices.

e Ll L LA L

The method adopted in these estimates has bdeen
%o use "the linesr foot" of virious types of confnit es the
only unit. The excavation s almost entirely in the gran-
ite, so unifomly found 4in San Diego County or its disine-
tegrated rroducts Rock mpeses lie strewn above the deeply
disintegrated materinl, inmbedded Dut not a8 & rud oconsti-
tuting 0old rock excavation, It wae coneidered that if
e type of oconduit wao afopted which would serve either in
disintegrated granite ar in solid rock, the estimates would
best reprosent ths eqnutiau after the work was opemed upe
Purthor the £lume proposed is teken et about the same oost
ea hoavicst excavation in rook, and either lined oonduit or
flune may be used, as detail location roguires, Plume is
uced in trio estimate wherover tho slopes wero oonsidered
unsafe from a maintencnoe standpoint owing to the stoepness
and depth of overburden. |

In tho;priges asoigned to tho three elssses of
excavetion a uniforn pﬂu of §1.50 por linear foot wus a-
¢opted for concrets 1ining end en exoavetios priocs of 507,
§1400 end 22450 por foot adopted for yorious olsssen, '

This is roughly 254 per cue yd. for 211 material; and oomo-_.. :

pmﬂolmlyviﬁuﬂmoomintho cmtys‘hiohh
mnmmwmmu.

1



The price for hard rook tunnel was taken at
814, per foot, lining at $6. per foot, or §20, totals A®
it 18 not antioipated that lining will de necessary through-
out 316, was adopted as an average nrioe.

The two typeo of flume presented,are regarded
2o pormancent conotruotions, which alone would be feasible
vhere povwer is involved.

The prices used are considered to be for first-
olags construotion throwghout, enmd includes suporintendence
of construction chorgose It 48 probable that in places the
full exponse need not dbe moet at once, and eoonomies mey do
introducod in othorses The same velues have deen used in
the comparative estirntes, and the point is made that a
modification of style of oconstruction or of prices would
not change the roiativo costs of tho varicus systems dis-
cussed, ke

The instruotions A48 mot inolude sssigning
prices to eolectricel and hydrsulie installations, bdut some
figure wac found necessary to btring cut tho unit costs of
the varions systems. '

The figure adopted for this purpose was the
actusl cost (including ell items, builldings, etas) of tho
 Cottamwood plant of the Tos ingeles Aqueduot. This was
230« por "kilowatt inetalled" or redusing to the unit used in
this report "net kilowatts on switchboard ot San Diego, ns-

~ suning 705 officlency" we bave 3y x 830 or $43 por "net
kilovatt” vhich 45 used in this repoxt.
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APPENDIX O,
Oapacities of Leservoirs,

VAIJIZR'S RRSZERVOIR CAPACITY,

Zlevation of Tepth Aore Aoros Capaoity in

High Wator Aore feet.
surface
2618 o 0 0

. 2630 18 20 110
2640 : 2 61 460
2648 S0 100 1060
2660 82 111 1870
2658 40 1098 7300
2668 50 1298 19760
2678 60 1840 36960
2688 70 2466 87470
2698 80 3498 87210
2708 90 4310 126260
2718 100 5042 . 173040

Computed botween Elsvation 2618 to 86!_50 from
Survey by We S. Post, Pebruary 1911, and extended for
hig;_har olevation from oont_mr map of early susrveyn.
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GAPACITY

PAMO RESERVOIR DAM SITE "B"

2levation of Depth Aoron Capaoity
High Water : Aoxe foot,
Surface :
880 0 0.16
860 10 Se 16. Aoro Feet
870 20 94 B
880 30 21. 219, " e
830 40 63. . 686 " 2
200 80 10S. 1463, " -
910 60 147, 2708, " o
920 70 184, 4364 " o
930 80 245, 6608, “ "
940 90 303, . 9848, " -
950 100 362, 12628, " "
960 110 443, 16684, " "
970 120 639, 21664, " "
980 120 662, 27891, " "
990 140 808. 84906, " "

Rt
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8

SANTA HARIA HESERVOIR.

Compiled from Alvorson's Report,.

AOXos,

228 3LR .

Capaocity Aore
foot,

1
46
100
522
1,108
2,306
4,600

8,786
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CAPAQITY

I - amew s

_BLACK CANYON ERSERVOIR

On Santn Ysabel Creek

Llevation of Tepth, surface Capaoity
Water Surfance. Acryes, Acre~feet,

1620 0.0 0.0
11626 045 0.6
1636 1.2 740
1645 6o 36,
1666 20, 108,
1665 13, 224,
1676 19, 364,
1686 22, B89,
. 1695 75 27, 836,
1706 - 8B 33, 2138,
1716 96 40, 1601,
1726 106 47, 1933,
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Contour
600
610
620

660
660
670
660
690
700

N PP G e e s s oa” e e gt Ty T | L0

APPENDIX
Capaoity

Pepth Area in Acres

10
20
30
&
60
60
70
80
90
100
210

ngw

Uopor San Olemente Site in
e Be 1/4 of Soosion 10,

8
23
60
7
98
129
166
201

R77
319y

Oapaci
Aore Foe

) {
k|
5064
4830
6370
8670
11140
14110

E88gr



O Do

WARHER'S RESERVOIR SITE

from tho Dem Site. The high water 1line
extende to Monkey Ei1l in the right baok

mﬂo

KCe 8.

VARNZR'S DAM SITE during

Construction.
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Ed Fletcher Papers
1870-1955
MSS.81
Box: 40 Folder: 8

Business Records - Reports - Post, W.S -
"Report on Warner-Pamo Water System
of the Volcan Land and Water Co."
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