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J. J3 . LIPPillCOTT 
1100-1101 Central Building 

Los An8eleu, California 

Jonunry 5th , 1921. 

To the Directors of the 
La Mesa, Lomongrovo and Sprinu 1/olley 
Irrigation District . 

Gentlemen:-

I have been requoatod by you to preoent an ostimate 

of the available water supply and ooat of obotining water from 

the San Diego river at or near the old Hission dam for your ir-

rigation District. This report is Jmde accordingly. 

DRAillAGE BASIH 

For the purpose of estiltlating the water crop, the trib-

utary drainage area is divided into four parts: 

Above the diverting dam of the flume 
Between this diverting dam and the river 
gauging station at Lakeside 
Foothills below the Lakeside gauge 
Flat Cajon Volley lands 

Total - - - -

l.04 sq • 

104 II 

135 n 

33 " 
376 tf 

The character of these sections of the basin varies, 

not only physically, but nlso in rainfall and run-off. The por-
tion above the divertincr dam being the highest and most ru ~  

hes the greatest precipitation and vrator c:t:op, estimnted below 

at 156 acre feet per ~~u r  mile. An acre foot is an amount of 

water thot will cover ono nero one foot deep, or 325,850 gallons . 

This supply is affected by the Cuyamaca flume diversions. Below 
• 

the diversion dam and above the Lakeside ri ~ gauge , the bus in 

is mountainous, but with markedly less elevation. 

The river gauge is locntod above the mouth of the ~ n 

mi. 
If 

n 

" " 

Vicente Creek. T 1is 104 sq. miles hos un ~ti nt  run-off of 76 acre 



feet per sqUD. re mile. The foothill area includes San Vicente 

Creek, and the remainino low hills surrounding Cajon Valley, with 

~ low rainfall and wl th on ostimatod yield of but ·39 acre feet 

por s quare mile . Tho flat floor of the Cajon Valley, while re-

calving a precipitation of from 10 to 12 inohos annually, con-

tributes little to tho river , and. is disregarded in the Qatimo.tos 

of water supply . 

The elov-_. tions of the entire basin vary from 6515 feet 

on Cuyama ca ~ to 350 feet in Cajon Vall·ey. 

RAilJFALL 

Prom previous studies I have found that broadly apeak-

in~ the amount of seasonal precipitation increases at the rate 

of 0.6 inch per 100 feet rise in elevation above sea on the ooean 

side of t .he slope in ~ n Diego County, as compared t .o a base ata-
.. 

tion at sea level. From this it might be observed that elevation 

has g1·eut influence on the supply of water available from any 

given localit y . A 64 year mean r ~n  has been measured at 

._. u J.no es near sen eve , and. a ulien, 4500 feet San i ~o O ~ ~  · h 1 1 t J 
• 

above sea level, a 26 year mean shows 27.68 inches. These l&ng 

est · blisaed ~tut ion  are typical of the wide ~ n  in precipita-

tion· i n t h is dr a inage bas in. While the character of the storm, 

whether gentle sh ouers or violent rains . gre·atly o.ffects the 

stream :i1.0TI"s , mP J:ins- it difficult to compare :from the rainfall 
water 

r or ~  on~ yo-... r':2_/orop \'lith another , yet 3enerally there is 

litt le tr o ~ fl ot; r u tin~ from rain u11til the annual precipi-

t a t l on e.zceed .... t en inches, and thereafter the ratio rapidly in-

r ~  honeo , i n 6 reotor part we find the largest yield from 

h i gh elov.:J1; lons . 
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In regions of scant rain, such as San Diego County, 

when there are year a of lov1 rainfall the relative, 
• 

effeot on the streams is muoh greater than in other localities 

of oopious preoipi.tation. ~  effect on the streams of San 

Diego Co1mty for the seven dry yeara .from 1897-6 to 1903-4 is 

well knovm to you all. During this t Lae the rain at San Diego 

averaged 7 inohea per u~on  or. 73.5% of the mean. 

This old record shows that during the eight years from 
7.29 inches or 

1855-6 to 1863-4 the seasonal avel"'age wa!_/76% of the mean, and the 

i ~t year period from 1869-'10 to 1876-7 was '1.6 inches, or eo-% 
of the mean. The period ~  -8 to 1903-4 v1as tlie dryest in the 

64 years of observation, yat the record clearly shows that other 

dry groups of years are to be expected, say at intervals of ten . · 

to fifteen years • 

ST?.EAU GAUGillGS 

You are fortunate in having an unusual amount of data 

available, of st1·eam :fl<?W, and this is a more certain guide than 

the deductions to be ronde from the rainfall observations, in de-

termining the amount of water available for storage . -On the san 
at the Diversion Dam 

Diego river a record has been maintaine,g./, as shown in the reports 

to the State Railroad Commission, from 1898-9 to 1911-12 inclusive. 

This ia given in ~ b  #2. At Lakeside the Geological S1u·voy has 

maintained a valuable record from January 1906, the results o:f 

whioh are available to and inoludin8 the season of 1911-12. These 

measurements are all shown in Table #1 . A short r ·ecord has been 

kept at the J.iission Dam by tha Cuyama on Flume Co., which 

~ 

~
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ported to the Geolocical Survey. It shows 2894 acre feet in May 

1912 nltd 1920 acre feet for the season 1912-13, the and June, , u 

year b in~ divided July 1st. The run-off from the 12 square miles 

tributnrjr to the Cutamnca reservoir lm s been observed by the Flume 

onro~n  since 1893-4 • This is n small, i~  basin of unusually 

lar .e nrecipitation , ond is apt 
~ - to be i in~ if a direct oom-

pari son s ma e .; ... i d '·.hth other basins on the basis of area alone, as 

it yields 354.5 acre feet per square mile on an average year. If, 

however, the ratios of each year of observation to the average is 

determined, and t his ratio is used in conjWlotion with other old 

stream raoords of tlrls looality for purposes of extending baok 

the estimated flows on the station of shorter reoord on the San 

Diego river it becomes good evidence of our available water orop. 

This is explained f urther below, and the analysis is given in 

Table II. 

The Sweet\·;ater river has been measured at the reservoir 

without interruption sinoe the seuson·l887-8, and is of great 

value; ~n  record 

r atio to the mean . 

is given in Table I, together Vlith the percentage 

This record is in marked contrast to that at 

the Cuyonaca !'eservoir. Its basin adjoins that of the San Diego 

river , has 186 square mile s in area , and its lower reaches _have 

i~ r ~ni  an ~ ht · "' 11 a lono"' n ~i channels much resembling the condi-

tions on the looer ~ n Diego river. The 26 year mean on the 

Sweetwater shows n i~~ r  of 61 . 9 acre feet per square mile of 

basin. The manner of comparing the discharge at the Diversion 

Dam with these t wo recorda is shovm in Table II. 
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· The Ouyamaoa. flume diverts water, as it is available, . 

from the San Diego river at the Diversion Dam. Of the 104 aqua.re 
miles above . this point the Cuyamaca reservoir regulates the run-

off from 12, and delivera it to the flume. The amounts so di-
verted have been measured slnoe 1898 (see Toble II). The amounts 

that probably would have boan diverted are estimated from a diagr am 

for prior years in the table , nnd the net amount (wa ste} that 

would not have been, or were not diverted, and which wore available 

for the lower valley, are shown in the l a st oolwne of Table II • 

UI~ O  OF S.AlJ DIEGO RIVER AT THE DIVERi:>IOU DAM • .....;..,;,____ - -
For the period 1898-9 to 1911-12 inclusive, urin~ which 

reoorda of flows were kept at the Diversion Dam, there was a mean 

flow, inoluding the flume diversions, of 14,116 acre feet from the 

104 square miles, or 135.7 acre feet per square mile. As compared 

to the ~1 t r and Cuyamaoa reservoir records, as given in T b ~ 

II, this was an 87% group of years in yield of water crop. Ex-

panded to a lOo% basis, this yield for an average year would have 
been 16,225 aore feet, From the yearly percentage of yield at 

Sweetwater and Cuyamaca, an estimate is deducted of the yield 

eaoh year from the time the older records began, a s shotm in Table 

II. These quantities are used in Table V t o obtain the aggregates 

for the proposed 1!ission reservoir. 

RUN-DFF OF SAU DIEGO RIVER AT LAKESIDE. 
~ -

The stream records \'/ere begun at Lnkeside in 1905-6, 
. and are available to 1911-12. During this 11eriod the total mean 

annual flow at this point was 33,177 nero feet from 208 square 

miles, including flume diversions, or 160 nora feet per square 



mile. The Sweetwater records for this period were 129% of the 

mean, which indicates 25,720 acre feet, or l24 .aore feet per 

square mile for a lOo% year at Lakeside. In a similar manner the 

Cuyamaon record indicates this period of Lakeside observation 

was 147% of the mean, and by deduction, we have on this basis 

22,570 acre feet, or 109 aore feet per square mile for the Lak.e-

side station. From the two independent computations we find 

that 

Based on dweetwater 25,720 a.f . or 124 a.f. per aq. mi. 
" n Cuyamaca 22 570 IT If 109 n " n II 

I Averaging the two 24 145 - n n 116u.5 1f " " II 

There has previously been estimated that the run-off 

for an average year above the Diversion Dam waa 16,225 acre feet, 

and by subtraction it is determined that there entera below the 

flume, nnd above the Lakeside gauge 7920 sore feet from the 104 

square miles, or 76 uore feet p er square mile. 

With the Sweetwater ond Cuyamaca annual percentages, 

and this estimated mean yield of 7920 acre feet, Table III is 

constructed, and its results transferred to Table V, ool11mn 3. 

As a rough check on the above computations, an estimate 

based on rainfall is here made. The precipitation above JJakeside 

varies from 12.5 inches annual, at the river gauge, to 30 inohee 

alon:,. the crest, or a mean of 21 inches for the basin. According 

to my previous studies, s.s givan in California Hydrography, this 

indicates u run-off of 120 nora feet par· square mile, which is 

in fair harmony ¥dth the previous computation of 116.5. 
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FOOT-HILL RUN-OFF 
The rainfall in the basin of San Vicente Creek, and on 

similar neighboring foothills varies from 12.5 inohca to 16.5 

inches annually, or a moon of 14.5 inches. From the run-off 

aurve in i orni~ Hydrography this indicates a. discharge of 

40 acre feet per square mile. From personal observation of the 

ground, and basod upon judgment, it is estimated that it should 

be abot1.t one-third of the l"ate of the basin above Lolceside ner -
square mile, or 39 acre :feet. This UPlllie d to the 135 square 

mil:e s ln question, gives 5265 acre feat for an average year. 

As this portion of the basin more nearly resembles that of the 

Sweetwnter than o:f the Cuyrunaoa basin above that reservoir 
' 

the Sweetwa.ter annUIJl percentages only are used in expanding 

the mean as given in Table IV, and transferred to column 4 in 

Table v. 
\'le therefore, l1ave as a conclusion for the total annual 

yield above the J..Iission Dam inclusive of flume diversions and t 

for the present disregarding evaporatiou and pumping losses for 

average years 

From above Lakeside 
From Lower foothills 

Total 

24,145 
5;265 

29,410 

IR.."q!GATIOH II~ CAJOU A ~  - -

acre feet 
11 n 

" u 

Acoording to evidence presontod to the State Ruilroad 

Commission concerning the San Diego rivor, which evidence was col-

lected by lir. Alverson, there VIas being irrigated by :pum in~ in 

1912 between the 1.tission Dam and El lJonte, water for the following 

area a. 



( 

Uonte Valley 

Lakeside Valley 

Cajon Valley 

Snn Vicente Valley 

Los Cocho.s 
Total area 

70 aores 

708 

255 

207 

·115 
1,355 

" 
II 

II 

" 
If 

The amount of water actually pumped on to the above lund 

according to estimates by Mr. Charles Lee, made to the Railroad 

Commission for the yeor 1912, was 5138 acre feet, 6n 1033 aorea 

in Monte, Lakeside and Cajon Valleys. liaking additions for an es-

timated amount pumped in the San Vicente and Las Coohas Valley, we 

would have a total amount of water pumped of 5850 aore feet, or a 

depth of 4.35 feot on eaoh aore of lnnd irrigated. This is an 

excessive amount of uater, greater than can be congrumed by the 

plants, even alfalfa. With the porous soils whioh predominate 

along the river bottoms, the excess water that is pumped probably 

returns again quickly to the un~ r roun  supply. The total area 

o:i.' irrigable lands along the bottoms of the river above the Ilia-

sion Dam, including san Vicente and Las Oochas creeks, is eatimat-

ed in round numbers to be 5,000 acres. If your Irrigation District 

purchases the necessary lands o~ the J.risaion reservoir, this irri-

gable area uould be reduced by 1,000 aores, leaving a ·net.area above 

your reservoir of 4,000 acres, which ultimately may be supplied by 

pumping. 2he rights of these lands to a supply after you have built 

a dam is r ~ legal question , and it is not ·presumed r~ to 

express an opinion on this subject, but for the purpose of this 
• 

estimate u1 determining the water supply for the future, it is as-

-8- . 

sumed that 4,000 acres will be irrigated to a depth of approxi-

mately 3 feet eaoh year, the staple orop being largely alfal:fa. 

Of this amount one-half is assumed to be lost by evaporation, 

either from the soil or from the plants, whioh would indicate an 

average annual loss of ot ~ in the Cajon Vullcy ultimately of 

6,000 aore feet por annum. This water la oonsidered ·as first 

being \rlthdra\vn from the volley before any will be available for 

storage in the !.fission reservoir, and this deduction is made in 

column 6 of Table v. and the general results shown in Table VI. 

It is possible that after tna neu railroad to Imperial 

Valley is oocpleted that this district will not be able to com-

pete in growing alfalfa with the Imperial Valley, but if vegetables 

are substituted for forage plants. approximately ~ equal amount 

of water will be consumed.. 

Below the proposed lliasion !>am, ill Ylhat ia oal.led 

l:Iission Valley, there is an area of 3,460 ocres in which some 

pumping is now going on for the crrowing of alfalfa. It is 

recommended that these nreas be determined, und that estimates 

be made on the amount of water now being consumed here. rfuother 

water will have to be supplied from your reservoir for the bene-

fit of this Mission Valley land, is a legal question vJ1ioh I do 

not presume to answer, but it is of importance that you should 

obtain a competent opinion on this subject. 

Of the ·3,460 nares in tho !.!is::Jion Valley, probably 

3,000 aores may be olossed us possible fnrm lands, ~n  the re-

maindor river channel • In the ~ro t  of alfalfa the duty of 

water may be fairly taken as 3.0 acre ft. per annum, of which 
' . 

one-hnlf is lost by evaporation and plant growth and the remain-

-9-
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ir.:; half or 1.5 nero ft . ··retu1·ns to tlte water plane.. If 

this 3,000 acros is ~11 considered as ultimately to be irrigated 

\1i th Dn nnnual loss of 1.5 ft. in depth, thia would require 

4,500 uore ft. ~  water per annum. 

During ~  last 26 years, according to the esti-

mate ~ n in Table VI, thera wotud have been wasted past the 

lilssion Dam, o o~~in  in wet yeurs, an average of 9,078 aore 

feet, or more than enough to aup).)ly the l:U.ssion Valley. .During 

the dry period beginning with 1895-6 it is estimated that there 

would aave been 10 years Vlhen there would have been no wasta 

passing your re servoir, if it we1·e built to 34,000 a ore ft. 

capaoi ty. 

On t.hia assumption it wou1d have be en ne oe asary 

for the lrri3ators in Uission Valley to have lowered their 

water levels b;r pumping about 50 ft. be:f·ora the recharging of 

the gravels by wet years again began. However, there are 56.4 

sq . miles of drain a ~  area tri.butary to tho river below the 

proposed dam, ·dnich it is est inn. ted v.ould hove contributed to 

the iTi ssion Vo.lley about 1,000 acre ft .• on average years. .A:ny 

amount o-f r:nter that you VTOuld have liberated for the J,fission 

Valley, would have directly effected the supply available for 

your district, during 17 out of the 26 years covered by the 

hydrographic study given in this report, on the theory of the· 

full development of the river . If it is neoe.saary to supply 

Luasion Valley with 4,500 acre ft. annually from the proposed 

Cajon re :Jervoir, in addition to the pumping diversions estimated 

for Cajon Valley, then the supply remaining would not have been 

adequate for your dia.trict on the ·aasumptions used in this report. 

9-a. 

Probably this oould be remedied by the construction 
• 

of a higher dam, or by some ratiqnal agreement with the land 

owners in Cajon -valley, if your legal advisor deems it best. 

In table VI, column 7, iu given an estimate of the 

a!Jlount of wator which will pass the jf.isslon reoarvoir if it is 

built for a 34,000 aore foot capacity. The figures that are 

shown with the minus sign indicate the tlafioiency in t:1e annual 

wnter crop. 
EVAPORATIOlf -

Evaporation ~ooor  have been kept on the Sweetwater 

reservoir,, which has much the aame elevation mtd oxpoaure as 

~  pro.9oaed llisaion reservoir. There aro available eight com-

plete years of l"ecord , between the season 1889-90 and 189,8-99 

inoluaive. For the period the average evaporation loss wae 56.04 

inches per annum. ~  record was obtained by noting the avapora- . 

tion from a pan floating in the water up to 1Iu:y, 1893. There 

are four complete yeEu'a in which this pan record was kept, ·which 

show an evaporation loss of 58.95 inches per nnnum. Su.bsaonent -
to this pan record obnerva.tious wore icept with a Piche ova:porating 

device, which is not considered as reliable os the pan. 

4.8 feet, or 57.6 inches per annum is considered a rea-

sonable evaporation loss to assume for ~ our proposed ne\·t reservoir, 

and this amount has been deducted in ·i;he ·6th column of Table VI. 

The 4.8 feet is loss from the surface area of the reservoir, and 

represents a large· amount of water, e2yecially if the water is 

held over in the aurfaoe reservoir for two or more yenra. These 

evaporation losses from surface reservoirs in San Diego County 

often amount to from 30 to 4o% of the total water orop. 

In estimating the evaporation loss, the average stage of 

the water in the reservoir for the season in ques.tiort ia estimated 

-10-



upon and the depth of 4.8 feat applied thereto. As long as 

any surface ~ t r ooours in your rosorvoir, this evaporation 

loss will have to l; e deducted before your supply is delivered. 

ill'lDERGROUllD ImSERVOIR. 

F..xtending from Monte to the l!iaoion uaro the 3an Diego 
• 

river hs.s broad, shallow ohunnela of e.bsorbnnt, sandy materials, 

into which tho water vdll percolate rapidly. Vilion a substantial 

flood ocours and c stream flow is eatobliahou t rou ~out the 

lensth of this vulley, thare will be a poroolntlon by a vertical 

movement o:f tJ1e \'JD. ter from tho surface stream to the underground 

water pl!lne . i7hen thio plane is reached, a slow, lateral movement 

will be ~t~b i  toward the exterior portion of tha underground 

reservoir. .A omull :flood probably will be absorbed tb i ~ r 

before it reaches the Lrission dum, and a la:t-ge flood may pass 

in 3renter ~ rt  \'lithout oom:plataly saturatill5 this underground 

reservoir. It is impoosiblo to estimate abaolutgly tho amount 

of, ~  manner in whioh theoa floods \nll enter into these 

gravels, but for the purpose o~ this ti t~ it is ~ u  that 

tha lmnarground r ~~ or o r must be full before the :Jurfaoo reser-

voir bogins to flll. l1s fnr n.s the lo\7or part of the Cajon Valley 

below Riverview is concerned, it would b~ impossible to impound 

surface water until all of the underground gravels vr9re filled . 

A number of estimates have bo9n made of the extent of this under-

ground reservoir. ilr. Culbertson, I believe, has plnoed it at 
• , 

45,000 :lc:.'e feet; ltr . r.eo at 50,000 aero feet, and I have previous -

ly cctimntod it as a total of 50,000 acre feet for the ontire 

~ r e1Jo7e the l'!inuion dam. The capacity of the undarground 

rooervoir is considered in this report to be 31,100 acre feet 

-11-
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above Riverview and 13,900 acro feet between Riverview and the 

Misoion drun available for your district below elevation 337 .G 

ft. Table VII is a study of the supply avulluhle f1·om these 

two underground distr lots. ~ito well l'ocorda in tile lo -.. JO.t'" valley 

that oan be obtained uro very few and uns1ltisfoctol'"Y and these 

conclusions mny have to be modified . Tho area of the grovels 

which muy bo pumped below Jivorviow is ubout 1 226 aoros of , ' 
wllioh about 760 uc1•os a2·a in tho reservoir site md 465 sores 

above it and balow Riverview. The sands and gravels are e::stimatcd 

ns aggregating 50 ft. in thiclrness. vn1ile this fi r::ure may be pos-

ib ~ too large, the urea ls conservatively taken. It must bo 

remembered that the underflow down the valley towardn the dam, 

while small, \'Jill be of some assistance to the district. When 

the dam ls b~i  t, ell :flood wotcrs will be otoppetl 2nd hGld over . · 

the reo.>ervoil· g:t.•avels, V!hioh must be filled befOl'"e surface storage 

occurs, especially in years of low flovt. Ag&iiL, \'ln. on t he hydro-

graphic tables were prepared they vrere based mostly on the records 

of the Sweetwater river D.Jt.i the SVIeetv a tel' dew, belov! long stretches 

of absorbent channel, where similar losses occur to those on the 

San Diego river. r~ i  Table Uo. VII may be qrbitrery,· it is 

believed to be a fair analysis. 

In tho discuosion of the total available \··atcr ~p!  

from the San Diego river, the stream io considered as beins regu-

lated, not only by the ·aurfnce rosorvoir, bnt oleo by this large 

underground l'eso:cvoir. It is my opinion tha t uurfnoc rctier,:o-oirs 

in San Diego County cannot alone l)c roliecl upon to tide ovor nuch 

dry years as occur in yom· neishborhood on uccot:.nt o:f the greot 

evaporation looses, nnd the lons continuance of tho drouth. T_e 
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underground resol·voir hl.4s the advantage of eli.mir1ating a large 

po~tion of the ~por tiou o ~  

SURFACE ~ OI  • 
The lower end of the Cajon Yalley offors enormous op-

! Ortunitiee for t he i ~oun in  of surface waters . The dam site 

ls iJOOu, o d the V'llley i., broad and wlth n flat grade . The 

height to \vhloh tho dam may be built ia largely u finanoial 

~u tion  In t.ili:J discasoion it is asoumod that it will be 

built suftlciontly i1lgh to regulate all of the ~ur no  run-off 

on ~ o t ir  of tho years, whloh is of 34,000 acre ft. oapaci ty. 
There \7111, howcvc1·, bo years oi o~ substantial WHsto. o ~ 

lnctance, in the ~o~oon o:i! 1394-5, p1·ooeding your f;Jeven years 

of rout~  t i ~ ~  r;ould hove been a \"/USte beyond this ro uOl'VOir 

of 97,097 o ~  f oc"'ti of t;!atur, rthlch would h.avo . boon of groat 

ti ~  to ._;J"..l. , o .:..· to t"he !.!lssion Valley. It is not feasible 

o ~ i~  t 0 build storUJ C reser7oirs to catch the last drop 

diagraln 5 iving the o pilei tJ of tlle reaor-

. . ~  . 1 t tl . t . o ~1  ~  t u ~ .. e.. o ·1:1.8 re"Oor • -
DESOHIPTIO!l OF TJ"'UJLES . -

~ i  s·tudl· of this avallnble water supply is unusually 

oo ~  ~  n? claim is mnde as to its absolute aocuraoy. 

The flt1mo <Uv:J··olons, .:?UI!l) ing extractions, togather wlth the 

unce1•ta i .t1ties oi the annu3l water orop make · this a probletnatioal 

·iiscussion. ~  ffiatter- hos beeu given most careful snd e:x-

tensl-ve ~ o r tion on my part, booauoo I believe it to be 

a n ost o ~ ti  :fent':lro o:f thls ro .)Ol't , . 

It io assumed that the oehavior of the river during 

t ae l a , t 26 .;rears ia the best index of vrhat we may expect in 
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the future. Tables I, II, III and IV ure self ~ n tor  

Table V shows the amount t.J of \·1oter that may be obtained from 

the diffe r ent I>ortionu of the cll·ainHee basin, and colunm 7 

showa tho net amoun-t uvailahle for storaS'a, elthor aurface 

or tmder[;round, after i.rr.i.gu1;ion uses of Co,jon Valley have 

boon <loductod. \'I hen 'til ( J Jninua :Ciguroa are given it me ana 

that lrr ~otion .di o1 ~ion  in "'c;ho Ca,j on ,/olloy hnvo oncroached 

ur,on tho under_, 1•ounu ou_r>pJ.y to ouoh on ~t nt thut 1ihcre will 

be c doficiauoy thoroin t ~t r t ~  annual water orop hos b~ n 

l)roj e otod .into thls U11clergrouncl basin. 

m. ho f:t" ::.:tl ... ' "•"' ..... '.-.' 1 • ~ 11 0 p u~ "'• )· . ....,.,_... C"> '10 \'l t.l e - 1 11 ~  _. v • .... o :,u. o l "1 ;.:;u r p UG fl V.::l . -

able for ntorn .jc. T:-lble VT, colum.11 2, i ;1dicntes the condi-

tion of the ro r n ~ in the Fall, nfte r t ho pr ou~ ~ non  

uso. .'/hera the minu.!J sign is ~i von i 1; ~n n  t ~ t 1f1e surfa ce 

rc .... orvoir ht!s been uo11lcted, and ~  undcrz round .ro serYoir 

drnwn upon to the extent in io ~to  b;f the flgu1·os, 4!3,000 

acre foct boing the limit to which v1i thdruwala fro w the under-

ground reservoi:c can l1e made . Qol·..unn 3 ind.too1;e.3 the net 

ninter inflow, :.1s takon f1·om column 7, ~  blo V, und column 4 

shows the supply in the reservoir in the ~ rinn at the he-

gtnning of the irrlgntion aooson, t ~ minus fi 6 ures inuioating 

the extent to 'Ihich the underground reservoir h:ls been de-

pleted. ColUJr:11 5 indi outea the amount or r1ator which msv c. 

be wl thdrawn by the Irrigation JJistrict from the t;)tu•f 1oe 

reservoil', a11d column G that to be obtnined from 1;ile grav«:'ls. 

It is D ssumcd thnt when water is n1rnilnblc in the ourfaoe 

reservoir, 12,000 nero feet will bo oxtrnctcdt but when uni!er-

-14-



( 

l"'Ound wo.te.r is to be drawn upon you will reduce your supply 

to a one-half norronl, or 6,000 uore feet. Where the use is 

india ted o~ laos thnn 6,000 acre feet, it shows· that the full 

6 ,.000 is not available, and indiootes by the figures the amount 

that is available. F1•om thi·s oolumn it will be noted that 

d1u·in._, 18 out o:f 26 ; cnrs , or say 2/3 of the time, the full 

sup_DlY \'iOuld have boon available, nnd that the 1/2 supply 

durin ~ r .... Ython they \Jere pumpina: from the gravels , \·1ould 

h ve boon av.Jilahlo in ull but five years, there being one 

sa:! on , 1903-4, ·!hen no water would have been available for 

:;-our District, either ~o  the surface or underground reaer-

voir . 

o ~un 8 indicates the waste past the Miauion dam 

if built to a o4 ,000 acre foot oapucity, exoopt that the minus 

figru•e.s in i ~to the extent to which the annual water orop 

is lUle.ble to 1eet the demands o:f the undor0 rOund reservoir, 

DUTY OF A~  -
~n  gross area of the Irrigation District, as 

determined from subdivision ma:ps , is 14, 794 .. a.ol·es. A oon-

~i  .. able portion of this a roo is not irl·igable land, and 

··rill not re ct:ire a normal amount of water. A number of 

prominent lrrigotora \lere intorvlovzed relative to the amount 

of vrater -o ·:uired in your District , nnd there seemed to be 

oui te an o. .roe .. ent to the effect that i:f a supply of one 

inch for ten ~  on a brood averaJe for the District is 

av:l ilable, the1.·e ·1ill be r.: satisf.'J ctory service . During 

the four r: i ntor months, i n or in~r  ;rears,. little water is 

re quired , e .. :co t for domestic uses. This is equivalent to 
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a depth o:f one foot on your i ~ri nt  land, and it is .os-

sumed in this study that there will not be over 12,000 acres 

o:f land whioh w 111 rec1uire vmter in any one season. A great 

deal of the aoil in your District ia of suoh character that 

lurge amounts of wa1jer cunnot be put upon it \"lith safety. 

It ia realized by the writer that a more abundant 

:.::1upply of water would be dcoirnble if it were available, but 

the situation in San Diego County is 0 0verned by the runount 
of water whioh may be depended upon, rather than the amount 
whioh may be an ideal quantity. Deficiencies in the su!lply 

con be largely mitigated by u most economical distribution 

of the wa ter nnd cnl t i votion of the land. 

We have here an aren blessed with the most delight-

ful climatic conditions in the United States , if not in the 

world; highly prized for fine residential use, in the im-

mediate :proximity of :1 l arge city, that has been built up 

to a very high stuto of development in many portions of your 

District, there being 1,200 ocres not! under irrigation, and 

with a water supply at present which i~ inadequate.. The 

situation positively demands more water, and the effort is 

to make the best pos sible solution of a difficulty. Vi i th 

a full comprehension of what the available supply actually 

is, it ia n matter for the voter of ~rour District to decide 

whether ·they wish to proceed in the matter . 

all the water 1ossible, which is now being wasted into the 

Paoifio Ooean, should be saved, and \·!hilo tho cost n ill be 

high, the neoeositiea of the cose demand tho outl:1y. 

SUJ?PLEMEUT.AL O ~  

It is l"espeotfully rooommended thnt your resident 

.,.. -16-
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engineer collect all post.ible dato with reference to the 

lous of wells in the Cajon Valley, together with their out-

put , and that the cho.ruater and extent of the area from which 

you oan pump un r ro~  water wl thin your reservoir site, 

be defined by boring \'li th hand augers. At prel:Jent the 't"ooord 

o:f stream flo\: ut the 1Jiaslon dam is being maintainod by the 

Cuyamaaa Water Co.,. nnd reported upon to t he Geological :.>ur-

ve y . This record is of the greatest impo1·tanoe to your Dis-

trict, and ;rou should co-operata in t his work in suoh a man-

ner as to be certain, not only of its continuance, but of 

the availability of the records for your use. 

QUALITY OF WATER. 

Table VIII shows a large number of analyses of water 

tha t \'Je n de from v1ells alOl'l 00 the Son Diego 1·i ver ·for the San 

Die .:- O .... hnnbcr of commerce. It will be no~t  that the quality 

of the \.'Ut e_· in tile flume is of n hio-h order. Starting in the 

Lonte Yalley t he well water ~  good, containing about ~  times 

a s much ni ne rul ~n t a.s is found in your flume water , or 

24 . 5 gr u i n::J .vor gallon . The water gradually beoomes leas sat-

isfactory us you prooeed toward the sea. A well at the Scripps 

ranch, on the north slde of the river, ahowa 45.4 grains per 

gallon , tJh ioh is within the limits of reosonable quali:ty . The 

analysis from the lagoon on the Scripps ranch is probably mia-

leadin:j , us it was surface water in which the .alkali had been 

somewhat concentrated . In the 1.!isslon Valley the quality of 

the water is not so good . One or t\lo of the wells shows a 

surprisln v-ly lo\V salt contents, and others a surprisingly 
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high salt aontenta. 

The flood waters that are i mpounded in the reser-

voir will be of better qual! ty t han the \'Jell waters, the large 

floods probabl y bei.ng the :.nuror. I believe the flood waters 
• 

will be entirely notisf1 ctor.r for irrigo tlnrr and domestic uses , 

and thnt the well \'later from the Ucrip:ps ra nch Vlill not be :found 

seriously objectiona?le . 

l'HE DAJ.'t . 

Two dam sites have been considered. The first is 

situated about GOO ft. below the Old liission dam at the lower 

end of Cajon Valley. At this point the elevation of the stream 

·bed is 260 ft. above sea or 16 ft. higher than the lower site. 

1'he bed rook is oonslderod aB stripped to ~ tion 255. The 

bed of the stream at this point is 350 ft. wide and the length 

of the dam on top would be nearly 700 ft. The flow line of the 

reservoil'" is considered as 337.5 and the height of dam above 

the flow line is planned to be 10 ft. so that the maximum height 

of this dam would be 92 . 5 ft. Because of the \·ridth of the 

canyon, this site ia not suitable to an nrch type o:f dam and 

therefore a gruvity dam has been eotimatod unon. That is c 

dam \'lhich relies on its woight alone for its st:.1bili ty. The 

total yarda ·1:e of concrete in the dan would be 51,200,or ...1bout 

8,000 cubic yurds more than would be .required in a dam ut the 

lower site for a sli 3'htly g-reater reservoir capAcity . The abut-

ments are not so good at the Ul)POl' dom site uu ot tho lower one . 

For these reasons the lower dom site is ~ti t  upon i n this 

report. 

At the lower dam site bed rock shows in the bed of 
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the ..;tream for a l ar ·..,.e portion of 1 ta 260 :ft • . of v/ldth. In 

11~1n  the ti ~t  the cnnyon bed is considered aa .... tripped 

to ~ level 5 ft. l)elow the lone at bed roolc visible. A trench 

excav: .tion aerobe the conyon has been made in part, which as 

:far .:1 s developed t;hows the bed rook to be within the f:Je limit a • 

Just below the dum si to the .. ,.rade of the stream drops over some 

small falls , 10 ft., whloh confirms what o~r be noted on the 

ground, to-wit, thut there is a ledge of very hard igneous rook 

which traverses t he conyon at this point . Test pits have been 

sunk on the tr1o .... ide:;) o:f the canyon at the line of the abut-

ments whioh indicate that rook may be obtained within 10 ft. of 

t he surface, which is the limit used in t hi s estimate. llo 

diamond borin~~ nave been made . Due to the existence of very 

l arge boulders in tho canyon, they would be ap t to be mislead-

ing in their evidence. The only certain method of determining 

the bed 1 o ~ is to trench a croas ~  onnyon and this work 1 s 
-, o · -.,.ro J:'o ,_. C" 1· ·1' · .L • 'J _.. 0 ""' J .. _., • ~ tor the abutments t ~  stripped ~n  a care-

ful ins·)cct ion of ·iihem is tpade, it rnay be necessory to increase 

the cross-..;ection of the dam if the rock: is not l)erfectly sound. 

2he ~n on at this lower dam site has a width at its 

oo::.e of 270 ..2t . · nd at t he to _ of the dam felev. 347.5) of 

575 ft • 'xne bed l·o ck po~o  i n the bed of the canyon is an 

exceed inolY u~  masBive crystaline rook with numerous frac-

tur ~ ! o ~1in  in sides of the canyon where it has been exposed 

to the neuther and not eroded. Concrete made of this material 

would u t~ in unusually heavy o ~  The maximum height of 

t 11is d 1m u bo ve the eXposed bed rook nould be 103.6 ft. rlhioh 

VIOuld ullorJ a crest elevation of 10 ft . above the flow line 
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of the full reservoir t hus fv.rnishing an entry he" d for the 

spillways which have boen proj ected around the ends of the 

dam. The mnterinl from tho spillways may be used for the 

bulldlnff of the dam. · They moy be made of sufficient ~pn it  

to avoid over-toppinB of the drm with floods. 

This dam would bo of the arch type , ao diotinct 

from a ,.rovlt .. - dam . 
' , I 

Its load will be ronveyed to the abut -

menta in the form of pre ssure us is the case of the Jweet-

water and the upper Otuy. The radius of the dam would be 

350 ft. and the pressure on the abutments 20 tons per sq . ft. 

A special committee ox the American Society of Civil n~in r  

re >orting on the strength of concretes finds tlmt uith mixtures 

of 1-3-6, with aggregate s composed of granite or trap rook, 

the ultimate safe strength is 100 tons per sq. ft. and that 

a faotor of safety of ~ should be allowed giving a safe 

bearing load of 32.5 t ons per sq. ft. ( Proceedings Feby. 1913 

pg. 155) .Among the notable concrete dams with thin sections 

and high louds on their abutments are the fo1lo\rlng:-

Bear Valley. Co.lif. - Granite Concrete 53 . 5 tons· per sq. ft. 
Pathfinder u. s. R. s. n 1f 16.0 " " ,, 
Shoshone u. s. R. s .(326 ft. hiooh " 17.0 rr " " (.) 

Barren Jaok Australia ,, 19.0 n If rr 

Crags, Calif. trap " 16.0 n n 1f 

Cajon San Diego Proposed Granite " 20.0 n ff tt 

The sccpeted specifications for the crushing strength 

of concrete made of n mixture of l cement to 6 of a . ~r ~ut  ..:t.O U I 

at the end of 28 da.ys, is 144 tons per sq . ft . 

The load in oompresBion on the arches of the Oceanside 

Concrete arch bridse is equivalent to over 40 tons par sq. ft. 

of oonorete. 
• 
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As the volume of oonorota in an arch type of dam 

is d·irootly proyortlonol to the alloweblc 11reasure por sq. ft. 

on the nbutmento, this is nn i port~nt feature to determine in 

de ~ironin  this t ~  of dom. :No arched type o:f concrete dam 

h.J s ever :foiled . If sound ro cl: is found in the ubu.tments the 

lo2d of 20 tons ls belj.eved to be safe . 

THE RE SE3VOIR. 

The resel'"Voir as here planned \·rill extend from eleva-. 
ti on 244 nt the dam to 337.5 in Cuj on Valley and have· a .oapa oi ty 

of 34,000 acre feet. This will cover an area of 1675 aorea. 

Little capaoity ( 2000 a. f •. ) is gained until a depth of 47 ft. 

is reaohed. The upper 13.5 ft. contains one half the oapacity. 

Increasing the height of the dam 5.0 ft. would add. about 8000 

acre ft. to its capacity. The upper portions of the reservoir 

\·Jould be broad and shallow causing large evaporation t:hich baa 

been allo\·Jed for in the ro~rnp io studies. The upper portion 

of the reservoir has a snnuy boil which would absorb water and 

from ~1 i  it is :groposed to pllLlp water when the surface reser-

voir is ur . .r cs described above. .7hile thare may be small leakage 

t rou~  the secn!ls in the roc:: around tho abutments of the dam 

t~1 r  v;ill be none t rou~  the mountain range :from the Cajon 

~ ~ hns bean su ~ t  

'ihe \Jri ter does not hold himself ~ u i i  to furnish 

the '"veut erldence concerning the value of lands for rights of 

wuy either fol" the reservoir or pipe linea. The board of directors 

of the district are qualified and have furnished this portion of 

the estimute.. 
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MAIN :PUl.flJIUG STATIOU. 

The pumping system requiai te is complex. During 18 out 

of the 26 years given in the hydrographic study ~ b  VI-) water 

will be taken from- the mnin reservoir at an elevation of 245 ft. 

and delivered through a pipe to the main pump 4300 ft. down the 

canyon ut an elevotion of 240 ft. When tho ret;ervoir is just 

empty there will be no pressure on the intake of the p1ll!Ip but 

on two-thirds of the time this pressure wlll be over 50 ft. and 

when the resorvolr is full it \''fill be 92.5 ft. To this extent 

the lift will be bolanced. The flow line of the main distribu-

tion reservoir will be at elevation 580 ft. and the lift will 
. 

therefore be 340 ft. plus an estimated friction loss in the force 

main of 22 ft. nmking a total lift of S62'exce:pt as noted above. 

There are 3000 acres (about 20 pel'" oent.) of the district t~ t will 

be above this low level service and bel0\7 a proposed high level 

service that will start nt Elev. '700 ft. It is also desired to 

supply the town of La Mesa (Elev. 539) from the high level ser-

vice so as to furnish a domestic pressure. To meet these require-

menta a small high level reservoir of 2,000,000· gallon capacity 

at elevation 700 is provided at the upper end of the force mains . . 

near the larger 30,000,000 gallon (92 uore ft.) reservoir of 

580 ft, elevation. This estimate provides for 2-18 inoh force 
• 

mains 10,300 ft. in le11gth eao11, with o. oapa.oi ty of 250 in r~ s 

inohes (5 second _:ft .) each, extending from the main :pumps to the 

distribution reservoirs, 13y on arrangement of volvos either 

pipe may be dischnrged into eitl1er reoervoir. There is proposed 

two high duty steam orank and fly wheel piston pumps of the 

Corliss type, each with a capacity of 250 miner's inches with 
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water tuba boilers. One of these pumps will pump to the low 

level r r o11~ ull the time exoept on an emergency v1hen it may 

be mude to lift to the high level. An effioien.oy of over 90 

poroent. may be otbained. ~  ~on  pump vtill operate two-fifths 

of its time to the hi"'h service and three-fifths to the low ser-. 0 

vice. In this manner u higher efficiency and lower coats may 

be obtained than by constructing a small plant at the 580 ft. 
r ~ r oir and pumping to the 700 ft. reservoir • and the mn.ohlnery 

and attendance r1ill be und.er one roof. 

The plant should be installed il1 such o manner that it 

mo.:f be consistently increased to its full capaoi ty of 1000 miner ' s 

inches. The estima ted cost of the steam plant is $63 , 000. Withou:b 

the bui in~ for a 500 mi . in. capacity. For one-half of this 

ca_a clty the cost would be about $40,000. 

The 0 reatest efficiency and rellnbility may be obtained 

a t t h is nmin pumping station \'Jl th a high duty steam plant . It 

will call for an installation involving approximately 550 H.P. 

with oil at ~1  per b ~r  the total cost per Kilowatt hour 

for continuous operation. including all charges, would be 1 ~  

\7ith an operation of ten hours per day it would amount to 1.4¢ 

per Kilowatt hour. This is os fJumlng a steady load. The load 

in the winter t ime would probably not be over one-half of the 

S1lmiDer load, and the average cost of operation would be somewhere 

betTieen 1.4 and 1.09 par Xil . hour, or any 1 ~ per Kilowatt 

hour. 

If these figures are compared r1 i th commercio.l prices 

f 'or electrical energy, then allowance must bo made fo1· lower ef-

:ficiencies i n the lluntus and motors and aloo for fixed charges tl1ereon. 
. - ~ 
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The Fairbonks 1.ioruo Company have been exceedingly 

l::ind in giving .estimnteo on ·the cost of furnishing porter wlth 

their Internal Combustion 011 Burning Engines . Th ese erLjines 

ore of a vory sntis:factor;r t ype !n units up to, say 100 H.P. 

The,y have some plontn established in California of 200 H • .r . 
capacity but in thetJe hi3h powered unitll, I do not know that 

their rellablli ty hacl lJecn sufficiently established to base a 

watel"" aervi oe upon for towns and highly developed oonmnmi tie a. 

Considering all charges for opera"'tilon , interest and de 1rooiation, 

they estimate that it will coat ~ per thousand gullons to 

pump 500 inches, or 45 , 000 gallons to a total olevotion of 385 

ft. This is on a basis of continuous operation with a full load 

and the figures would have to be materially modified when ·the 

plant is operating on lesu than full duty, as indicated for the. · 

steam plant above . This plant VIOuld be clireo·h connected with 

15n x 18 1' 175 lb. presoure Duplex center paol::od plunser pUDps 

o.f the Fairbanka-liorsa type . Tho p n ~o would be in t\"lo units 

and the total cost erected, excluding the building, would be 

c''61 ..,26 \:) . , ~ .. t ~1i  is almost as greot as a steam ~ nt  

I have recently been intel,outed in purchasing a pump -

ing plant for a . ~utun  'r'later Com puny, in Ylhich I am one of the 

holders, nnd we ~  bought this t~  of equipment, but a s stated 

u bove, I would heal tate to install such large uni ta here. '/11ile 

the Bas engine has greetly imp1·oved during the lo:.1t fow years 

and is now u strong competitor of steam, its reliability :for 

aontinued service thrOUf)h a long term of :y-cnrs in auoh high 1mits 

is yet to be thoroughly established. Copies of. the eotimatcs of 

the irbon ~ior~  Company whioh nro oon.;Jervati voly rnnda are 
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e:.1closed. 

.From the :fiom·es quoted on eleatl"lu power to 

!rector Grable , the use of eleotria energy furnished commer-

cially for the ouin >umplng plant in the aanyon is not reoom-

J!lended . 

I ~  IN CAJON VALLEY. ______ .......__ 

This ~ti ut  is based on the developnwnt and de-

livc.y .from nells of 500 miner 1 :.1 inohea of wator to the Die-

trict, but the units con be in3talled in auoh a manner us to 

deliver but one-half of this amount, if desired. The full 

or.1onnt of tlO. tor to iJo used in the District is to be ultimately 

1 , 000 inches, ~ ut \·::hen the surface reservoir is exhausted and 

:nm.: in~ fror1 · .. 11~ is re3ortod to. then the SU!>l>ly is con-

wide red · ::; rot!.i.:ced one-half uo that it ~ r bo continued through 

·:.. lon ~ r a rout! ·e r iod. 

I"G i..) dcciraole to in ~ 10 wells in the upper portion 

of the i ~  ui to in the t:Iost y orous soils, theae Ylells to 

be lG inches j n diameter with u totul deiJth of 100 feet. The 

level of ·t;·_c ! ~ t r in t ~o r:ollB \"Jill range from zero to 60 :ft. 

If tho dl 1: is built and the r ~ r oir flooded, the gravola will 

be o p t~  satu1·ated so th_ t ... ··hen the reservoir is Gmpty and 

the !)um_ping is begun the water wlll be standing · at the surface. 

The total de.Jth to whioh the v;ntor will fall is indefinite but 

in t h is re 0ort this is on~i r  as being 60 ft. vn1en the under-

ground ~r  nre exhausted. There should be Dn underflow into 

: our under round reuarvoir from the upper valleys of possibly 

100 miner•s inches ,under normal conditions, but at the end of n 

cycle of dry years uhen pumpin6 haa been goins on extensively 
• 

above you during that pel"iod, this underflow \'till be reduced 

and in the hydrograpltic otudy it is not consiaored. T ~  

wells will have to be so ono ~ iru to  unt1 o11erated that when the · 

reservoir is flooded the ·VJoll and tho oquipruont r1ill not su.ffer 

injury. This may be aoaom1Jliahed in either of two waya ~ Fi::-st, 

the plant may be oporntod by oomproauod air which is delivered 

from a plant loooi;ad ontsicle of the flow line of tho rou-ervoir. 

~ i  has been oonaidercd in t\lo vtays. First , the establishment 

of air compressors s.t the rnn~n 1nunpins otBtion in the oonyon 

and the piping of the air a distance of some fiie miles to the 

wells. Vl.hen 500 inches are being pumped , at a total extreme 

lift Of 60 ft., the VOllune o:f air required Vlill be BO great that 

the friction losses will overbalance the ~ rit of operating the 

compressors at a central station, or the main air line will be 

so lurge ns to be excesGively ~ n i  

.An estimate Las also boen prepared of the cost of in-
. 

stalling a Fairbanks-L:orse Oil 13u.rning Engine at Santee \mich 

will operate compreosors and deliver water from the wells. Tile 

estim.<: tes vf the FUil·bnuks-J.rorse :people OI!. the cost of ~ oru

plishing this are transmittecl with the re Jort . The estimated 

cost, based on a 500 inch output of 60 ft. for the nsximum head 

is $60,000., lnolnding the piping to the wells, but not the 

cost of the wells or the compressor house. It will involve pur-

chasing 2-200 H. P. engin.e s and 2-22 by 14 by 18 11 Sttlli vun 

Duplex two stage air compressors with complete fittings. The 

diffioul. ty with the air ~pr  snins type of well pump is the 

very low effioienoy that is obtained. If the plant is in gocd 
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:z:-unning order for the no lo\7 heads , this would not amount to 
. 

ovor 25;.;,. 

Another method of pumping from these wells is by 

mes.ns of o ntri u~  pumps of the Layne & Bowler type, whioh 

practically amounts to a centrifugal pump sunk in the oasing of 

the 16 inah wells and oporated from an eleotrio motor plaood on 

to l1 of the gro1md. If this device is used, the motor woul.d have 

to be so attached ·to the pump that it oould be removed when the 

reservoir starto to fill. This can be aocompliehad so that the 

motors need not suffer injury from flooding and the wells oan 

be capped so ~ to prevent their silting up. The nt ~  of 

this tyye of pump over the air oompreaeor is that an efficiency 

of ~~ should be oitained instead of 25 for air lifts, thus 

~ in~ for lees ouer . 

Estinntcs have been WJde of the cost of generating this 

por~ r at t!u~ :n i n p1llllping plant wilere high duty boilers would 

be av ilable. ~  only costs for operating this service would 

be for ~U ~ i  and fixed charges. It must be constantly kept 

in mind that the cost of running these plants is largely dependent 

on the o~tir uit  of the service. In our case the water load \v.ill 

vary with the different months of the year, as well. as between 

wet and dry sea sons. 

',"Ji th 150 H.P . continuous service of condensing engines 

and VJater tube boilers, steady load, with oil at $1 . we could 

expect to deliver power by steam at our main station for about 

1 ~ ner kilowatt hour, and with a ~~ service fadtor, this 

woud be 1 ~  It would be necessary on this plan to build 
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seven miles of power line 'lhioh would cost in the neighborhood 

·of !)8,000., and there wo1tld bo losses in trunomiasion and trans-

forming that have been 1rovided for in tho above rates. 

A quotation on tho coat of :pov1er delivered by the San 

Diego Go s & Elect!Oio Company at San toe \"las :;,ivan to l:'Lr. Grable 

at 1 ~  This iG understood to be per kilowatt hour, vri th a 

minimum oharge per annrun of ~  If this power is pur ~  

it will obviute the necessity of immediately in to in~ the genera-

tor or compressing machinery. 

If arrangements are made for entering into contracts, 

say on the 1st of April o~ the follovdng twelve months, the 

reservoir condition for the following summer will be known, and 

if it is unnecessary to do any pumping for that season, the 

linea may be disconnected and the minimum charge avoided . This 

is largely a business matter which your directors should be oble 

to arrange in a satisfactory manner rdth the ~o~ r company. 

On the basis of high duty steam 11umpins en ; ines, with 

water tube boilers, nnd on the assumption that electrionl energy 

will be generated E!t the main :pu.mpin3' station and transmitted 

to electrically opoi"a ted pumps at the Santee \"/ells, the cost 

per 1000 o;nllons of water delivered to the dist.t'ibution reser-

voirs will be ~  This assumes a 100 per cent . lond f actor 

and 500 miner's inches of output. It allows for all operatin3 

expenses, interest and depreoiation, the fixed charges being 

about one-half of this expense. When there is fifty feet of 

water in the reservoir whioh will oocur over two-thirds of the 

time, the cost of delivering water to tho distributin8 reser-

. voirs \rlll be bout~~~ per thousand gallons for operation und 
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fixed char0 es on the I)WUping plant based on the same load 

factor and · out .1ut us above. These eatimatos do not include 

i t~t 1 o t charc-os on tho dam in Cajon Gorgo or on tho cost of the 

re vorvoir lands. 

The c0nsidorat!on of this ontire pumping system, is 

so vi tal to tho nro~p ri ty of your dl ~tri t thut 1 t should be 

~i n a 6rcot deal o£ thought. Every deuler ln equipment is 

p::trticularlj l:ecn n:nd effocti ve in mol:ing argumonto in fnvor of 

his ovm cl tiS of soods, und while -'tiheir t tomenta are made in 

-ood fai t l: , t :1ere ~r  so many ILOdifying conditions, such as 

r i bi it~r of uervice, variability of cost \'lith intermittent 

loads, etc., t:i1!1t i ·G is difficult to rea ch a final conclusion 

L"'l a short ~tu  such as necessarily has had to be given to the 

prepuration of this r por ~  ~  effort has been made to use 

i~ t t are reliable and safo, but if fUl·ther in ti tion~ 

indicate that it would be wise to alter the judgment, thla should 

be done ~it out embarr assment . 

DISTitiBOTIOli ~ U  

..:D.:L pipe considered in ~  diutri'bution system in ·this 

estinate is rivetted steel. ~  force mains to have a factor of 

4. 2 net, ;Jnti. to consist of 2-18" pipes ranging from 3/16 to no. 
10 gouge steel . :::n the general distribution system the heaviest 

plate nill • • 00 ~ 0. 9 gauge on a 24" line nnd the li_,htcst con-

siuereC. lc l!o . 12 gauge or.. the an latorals, which ere the smallest 

sizes uccd . T!1e distr lbution s:istem is for the hnndling of 500 

in ~ -~ ·. '1 ter to the difierent portionu of the dis·tric-'.;, as 

inti icc -!Jeu on the map. This is on the basis of prn ctically an 

inci:.:. to SO a cres. The ul tim.a.te supply of wa·ter to be furnished 
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is to be 1000 inchea and this can be accomplished by subse-

quently developing the distribution ayatehl much na a munici-

pality develops a domestic ~ to  by laying additional mains 

in ou.tlying portions of the· diat.riot. It is quite poasi ble 

that a good deal of concrete pipe may be used in thio dis-

tribution system, which is desirable on aocolUlt of the shorter 

life of the steel pipe. Tho ooncre 1;a pipe will be less ex·-

pena1 ve than the steel pipe. In this p rollminary e stirnate 

about 10,600 ft. of covered concrete conduit of full capacity 

is included and also 6!30 feet of tunnel north of Lo :,rosa. 

The Board of Directors of the Irrigotion District 

trho al"o }>nrticularly familiar with the requirements o.nd condi-

tions of ~  District , hove gone ovor the ground in the field 

with yo1.u· consul tins engineer and have defined the extent of 

torri to.ry to \7hich the pipe lines shall be laid 3t present , the 

idos beillff thut extensions shall be made as the reqnirema:rts de-

velop. The map will indicate just whore the pipes are to be 

lald and the .extent of territory to be covered. It vrill be 

noted that there al'O certain hill aroas thst are above the 

high level s:rstcm. 

The Direotors state that the owners of these lands 

will pnt in their own pumping plant to raise the wate1" to highor 

elevations as they see fit. There arc a number of local dis-

tribution system at La IIesa , Lemongrove and S:pring Vallei,r , 

with which the mains will connoct and which extend 

territory. 

PRESNHT DEVELOPHEllT. 

to additional 

Table no. 9·is a statement compiled by the Directors 
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of the dlstl"ict, showing the :pre::Jent development or thia area. 
. This irrigut ion Cii ..1t:;..• let is distinctly different from lllllny 

tJ1'"lt 11'"'1 Ve been vl'Ct.. ted in the StO te, in that it _alrea dy has 

been extensi ~  tlovoloped, thoro boin0 a t pro sent 2 , 040 in-

L biJliant , ~n  .. t:1c l1 .. osont ~1  value s have boen estima tad 

st ~  rilth 65 , 000 citrus trees and 9,000 deciduous 

t-'-·eeo. 1ho i~t ~ no\·1 ~  \'lUter :t.•ighta to the extent of 138 

mir:or ' s inche.;, :Jhich is usod when available. The area is prac -

ticnlly u w'11.bu1·o o:f the city of ~ un Liego clnd is largoly occupied 

by beautiful ubirb~n homes ~ t  olimntio oondltionH of most 

uttractive ~ t r  Good roods , transportation and pleasant 

social on ition~ r.ll tend to gre t1 tly enhance the attractiveness 

o:f the surroi.:ndin:_;s. Probably thero is no oti1er irri ,,.ation dis-

trict tilL t ll:!.J eve r been oreated in t~1~ stato that would justify 

so he.nvy an ex_)cnse per acre for obtainins an adequnte water sup-

ply. ~rt  v1luc of the l unds, irrespective of the investment in 

t:1..:: IJrOS)octi -vc ~ r  v;ould nmply p1·otect the 1:Jond issua, pro-

vided t;le \7n'!ic:- Sl.tJ:>_ply is reasonably secured . It is very diffi-

c·u.l t :fo1· ~1o ri!O hno li vod i n the northerly uortlona of California 

to o ~~ r t  .:.,he great n ~  .... l t J f or wuter nnd its high value 
].• -- ! ~1 ; ... y ., __ ._;) I ~ is not a c1uestion of com:Plying \"lith ideal 

CJnd_1_ti:):-;s oi -: ..... ~ r supul; :- , but the J.)l'oblom is to do the best 

.on c :1: -:lt:i! ~ 1  limited nc;4ter ~ our  that aro available. .. 

-31-

• 

• 

Estimate of the 
Cost of obtaining and diutributing water for the 
La Uesa, Lemongrove and Spring Valley Irrigation 
District from the ~un Diego River, b~~  u~on an 
immediate supply of 500 miner' a inohea (10 a.f.) 
and an u1 tima te supply of 1000 miner' s ina he a. 

Oajon Dam for a :flow line . elevation of 337.5 ft., 
a orest elevation of 347.5 ft. und a reservoir 
oupaol ty of 34, 000 ao1•e ft. 

43,273 o.y. of oonoreto at 1 bbl. cement per c.y. 
and 15% of large stone at $5 . per o.y. $ 216,365. 

• .. 
10,000 o.y. of tri~pin  nt 91.00 

4,000 c.y. exoavntion of spillways . The stone to go 
into the dam ns !liUCh as possible and is eati-
~t  for in the concrete at ~ 

800 c. y. of concreto lining in spi11rJays reinforced 
r1 ith steel b.:!rs at :/7. 00 

• 
Outlet of ~ ~ r oir 

Road changes 1{· miles 

Clea ring reservoir 

Equipment for construction 

Lumber for camps and various work 
Total 

Engineering and adminiatra tion 5% 

Contingencies 1 ~ 
Total Construction Cost 

Eatima·te of re se1•voir lllllds made for the 
Board of Directors by H. ·Parks to Elev. 
3301 - ~  for 1220 aoras,and for 
e1ev. 337.6 for 167q, a. $354,200 • 

Note no allowance made for legal expenaoo • 
If work is lot by contract odd 15 per oent. 
to construction oost. 

Total 

(Coat per nero ft. of storu;c - (? 21 .50) 
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10,000. 

• 2, 000 • 

5,600. 

10,000. 

10,000. 

2,500. 

50,000. 

10,000. 
(pS16 ,465. 

16,823. 

47;470. 
$379.758. 

354,200. 

~  958. 



Estimated ooat of Santee Wells 
for 500" Copooi ty. 

10-16n dou.ble cased \"lolls, enoh 1001 deep 
~t ~  

75001 Collection ·nino - 12" diam. tc J.Iain 
at ~ - coi1ci·ete ~  375 . 

35001 
• ;,rain 1811 diaru. concrete at ;,. 1 . 28 4,480. 

240001 11ai;r:t 24" 
ut \.' 2 .70 

!r steel and ooncrete 
64 , 800. 

10 DD €,!l · nell tul.' bln e lYWnps and 
motors erected complete at ~1  

Tr n i ~ ion line anU. 1irans-
formers for ~1 t1~i bution to 
wells 

Total for tlells and pumps 

On basis of eleotric generating 
plnnt ut naiu :fll.UUl1 sto.tlon 

Additional cost for 2-75 K. W. 
gener ator s , 2 engines oomplate 

3oiler capacity provided in main 
plqnt. 7 lnilos o:r tr n ni ~ on li11cs 
end transformers 

Engineorins and aupv. ~~ 

CoPtin .i encios Oi~ 

l!c t c : ro oh2rge 'for housing necesoary 
!Jm'Jor line built along hi ghrtay. 

~ tt oon. ~  \. ' . 

75,655. 

15,000. 

5,ooo. , 
c:, . 56 ;?99 ,6 • 

• 
a,ooo. 

6,000. 
I 

$115 ,655. 
• 

5,782. 

11 ·565. 1' • 

2. 

.. 

Main Pumping 1->J.ant Force Maine 
and Summit Tunnel. 

----
• 

Hi gh cluty, oro sa oompotmd, orank and fly wheel, 
Corliss pumping engines of £5C" oapaoi ty each 
una 
.Vatel· tube boilers ·ona 

1~11 n o o ~  fi ttinr;o ~n  conneoti ons, 
foundations ana boiler settings , exoapt 
house 

l'ipo c o·1l'l0c"'.;ionc QUd v:.: l1"es 

2-l£Pr 1~i veted steel force mains aggregating 
20,600 lin. ft . 

12001 of tnnnel at ~  

6001 of portel cuts at f; 4. 

Engineering and supervision ~~ 

Contingencies 1 ~ 

Total on t1~ tion cost 

Rights of wajr estimated by the boa1·d 
To tal OOS.atj 

1,000. 

6,000. 
, 

36,000. 

2,400 • . 

:!:150 400 tt ' . • 

7 , 51!0. 
, 

$ 172,960. 

l;COO. 
175,960. 



( 

Dis i:ri buti on ~ t  

Lou service distribution reservoir 30 ~  
cal>aci t y . eal·then r~u o fill type 
21,000 c.y. at ~ 

Hi ~ r io  domc3tio reservoir ~ earth dam 
co:torate lino d - 7100 c . y . ~ t  2 mil . gal. . 
capacity 

10,6001 of oo·:.rc::red oonorete condui t of 
1000 lJliner's inch aapacity at $4 . 65 

G50r ot t ~o  lined at ~  

D..i..b t i'i bat ion i:>ystem: 
Steal pipo tronching at 59 per o.f. 
Bstimatas on }li:pe f1•om manufacturers . 
On basis of distribution of 500 mi . 
in. :t!iniLT\llil aize 8 inohe s in diam. 

En8ineering S; duncrvision ~ 

C ti • r71ft, on ngenc1.es 

i 1 ~  of r1a ~ ~ t  lly t11Et lloar<l 
Pa r reaervoil'S 
Hi.;h level pipe :;.ina 
Lovr level pi]!e line 

Total 
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$J.8, ooo . 

10, 340 . 

49,290 . 

1G , 250 . 

• 

1 ~ 

15 , 115 . 

2;300 . 
1;020. 

I ,l , 5:i.O • .. . . 
•• 
~~  ,670 . 

u ~r  

Dem nncl re servoir 

Mnin l'n .. rn·•) inB Plant 

Snntea wells , pwnpa and :power linea 
anu pipe linea 

Dls tribution system and tvto dis-
tribution rc uervoirs 

Gr~ !  tot ~  

-36-

$ 733,958. 

17Z, 960. 

133 , 002. 

' 
246 , 670. 

• • 

~1 f 287 ' 59 0 . 
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On ·t£1e basis of tho a ovo eatima te, the oo at por a ore 

f Jl· ·this \7ater oup)ly to yonr diatl·iot would be ~~  .03. rJanda 

:fvr 1 ~1 cul tiD·e i n Sonthor.tl u ~orn  wl ti1out wnte:- h'lve 
• 

; .Lt1 "' ~  -., o .. - ll _... ... """- \. • 

t .. _ 
i i r ~ on O i~r ;'oO. OO per aero . 'With \'h1ter they mojr bP. made to 

~ u!! tiJn of ·:;aoo if, A B in the .c n:3o o:r ~rou~ district, 

u_;on ::".:.1 ·::.::. (:i tr:•.; .::i',)Va ~ h \ ve m'1 tured, if f nrni zhed wl t il n ~ r  

.. 
rtrc ,_,. ort:1 :r.:ro8 :)l , 000 to ;;,2, 000 per o era, .n nd l:f theii" water sup-

.pl.-.. .- ~ .... n11~ ~ ... ~ A 11 ·-·11 ~ 1 ·u s · 1 d d ~ ..... __ ~  :.. - .,-:; , l.u .. ~ ~~ L.s ~  0 · a.c•e ~or ou  on angere • 

vcluos s r c ~ti  h!ghs1·, a:i.ld the ~1 oo it  of Welter is grea·ter. 

~ 1  conc1u ... ic11 is , 1:h3refore, S!J:pa.;r.·ent that you should i)rOoded 

r;ith ;;our ef:t'orts to oon r ~ the wasta of flood vrate.!' .:>f thd 

~ n Die3o ri~ ~r tlw.t is n~  goin3 to the sea . There is no more 

rni~1  o ~ i t;i in the stc.te of o~ i 11  than the one em-

broccd by y.::nlr boundaries . 

{3ignod) J. B. Liypinoott. · 
~o .... n UI~t~ n~ ~ ~n ~i n r
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TABLE I 

RAillFALL AIID HUH -O.b,F DATA. 

Rain 
iear clan Diego 

Inohea % 

87-88 
88-89 
89-90 
90-91 
91-92 
92-3 
93-94 
94-95 

95-96 
96-97 
97-98 
98-99 
99-1900 

00-l 
1-2 
2-3 
S-4 
4-5 

5-6 
6-7 
7-8 
B-9 
9-10 

10-11 
11-12 
12-13 

9.82 
11.02 
15.02 
10.47 

8.70 
9.26 
4.97 

11.90 

6.21 
11.78 
4.99 
5.24 
5.97 

10.45 
6 .lr/ 

ll.76 
4.40 

14.32 

14.68 
10.62 

8.55 
10.23 

9.79 

11.99 
10.'15 

5.97 

Period 64 years 
~ n 9.62 

Area _Iler 
Av. run-of!/sq. mi. 

102 
115 
156 
109 

90 
96 
52 

124 

65 
123 

52 
54 
62 

109 
64 

122 
46 

149 

158 
111 

89 
107 
102 

125 
112 

62 

+ Jany. to Sept. ino. 

Rain 
Julian 
In.ohea ~~ 

22.25 80 
25.10 91 
41.30 149 
31.70 114 

12.00 43 
22.40 81 
13.50 49 
10.75 39 
20.25 73 

24.75 89 
24.45 88 
30.75 111 
15.25 55 
40.70 147 

45.50 164 
32.50 117 
24.50 89 
27.80 100 
23.85 86 

28.35 1P2 
26.70 97 
17.26 62 

22 years 
27.68 

• 

Runoff 
Sweetwater Ouyamaoa 

at Darn At Darn 
f cf f of a. • 1o a. . , 10 

7048 
25253 
20632 
21565 

6198 
16260 

1338 
73412 

1321 
6892 

4 
245 

0 

828 
0 
0 
0 

13760 

35000 
30000 

578'1 
16126 

8775 

61 
219 
178 
18'/ 

54 
141 

12 
637 

11 
60 

0 
2 
0 

7 
0 
0 
0 

120 

304 
261 

50 
140 

76 

2563 60 
11279 266 

2152 51 
4216 99 

834 20 
472 11 
260 6 

3031 72 
2351 55 
2516 59 
492 12 

6831 160 

12780 301 
9259 218 
3201 75 
7172 169 
5134 121 

clan Diego 
Lakeside 

f a' a . • 1o 

• 

731Q.+ 
48880 
13720 
43200 
23000 

3363 
4463 
1077 

29 
39 
9 

2765 65 15500 
3520 83 14800 
4255 100 

26 years 
11510 

• lSG sq. mi. 
61.9 

20 years 
4254 
12.0 sq. 
354.5 

7 years 
33177 

mi. 208 
160.0 

s q .nu. 
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TA ~ II 

Estimated Run-Off Abovo Cuyamaoa Diversion Dam, 

104 sq. mi. in acre feet. 16225 a.f. 

Sweetwater . Cuyn-
maca 

87-8 
8-9 
9-90 

90-1 
1-2 
2-3 
3-4 
4-5 

95-6 
6-7 
7-8 
8-9 
9-1900 

1900-l 
1-2 
2-3 
3-4 
4-5 

5-6 
6-7 
7-8 
B-9 
9-10 

1910-11 
11-12 
12-13 

61 
219 
178 

187 
54 

141 
12 

637 

ll 
60 

0 
2 
0 

7 
0 
0 
0 

120 

304 
261 
50 

140 
76 

29 
39 

9 

60 
266 

51 
99 
20 
ll 

6 

72 
55 
59 
12 

160 

301 
218 

75 
169 
121 

65 
83 

100 

x per at 
estimated 

lleon l!ensurcd Flume 

Gl 
219 
178 

187 
54 

141 
36 

452 

31 
80 
10 

7 
3 

40 
27 
30 

6 
140 

302 
240 

62 
154 

99 

47 
61 
55 

9897 
35533 
28880 

30340 
8762 

22872 
5841 

73337 

5030 
12980 

1622 
1135 

486 

6490 
4381 
4867 
9730 

22715 

48999 
38940 
10060· 
24987 
16063 

7626 
9897 
8923 

Diversion 
5000 
7000 
GOOO 

1218 
665 

4513 
5456 
9304 
1672 

22081 

36275 
34313 
14124 
22592 • 
16963 

12124 
17412 

9467 

6800 
4300 
6500 
3500 
7000 

3200 
5500 
1500 
1218 

666 

2584 
2964 
3854 
1334 
2808 

6141 
5,605 
6920 
5822 
5812 

6228 
3544 
4800 

Dischare e of ~  D. river at flume 1898-9 to 1911-13 inc. 
14116 a .f. :for an 87% period, or moan 16225 a.f. 
Dischar5e ·' . D. river at Lakeside 1905-6 to 1911-12 inc. 
33180 a • .: . for an 138% :period, 1~ 24145 a.:f. mean. 

liet Waste 

4897 
28533 
22080 

23540 
4462 

16377 
2'341 

66337 

1830 
'7480 
121 

0 
0 

1929 
2492 
5450 

338 
19273 

30134 
28708 
7204 

16770 
11151 

5896 
138GB 

4667 

TABLE III 

Eatirm ted Hun Off Between Dive1 .. sion Dam 
and G. S. Gaging Station. % Mean of 
Sweetwater and Cuyamaaa, 104 Sq. Lliles. 

Season 

8·7-8 
8-0 
9-90 

90-l 
1-2 
2-3 
3-4 
4-5 

95-6 
6-7 
7-8 
8-9 
9-00 

• 

1900-01 
l-2 
2-3 
3-4 
4-5 

1905-6 
6;..7 : 
7-8 
8-9 
9-10 

1910-11 
11-12 
12-13 

l laan % 
61 

219 
178 

187 
54 

141 
36 

452 

31 
80 
10 

7 
3 

40 
27 
30 

6 
140 

302 
240 
62 

154 
99 

47 
61 
55 

Mean Run Off 7920 A. F. 

Estimated 
Run-off 
aore feet 

4831 
17282 
14098 

14810 
4277 

11167 
2851 

35798 

2455 
6336 

792 
554 
238 

3168 
2138 
2376 
475 

11088 

23918 
19008 

4910 
12196 

7841 

3722 
4831 
4356 
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TABLE V. 
TABLE IV. 

Study of the net Amo,unta of \'later of the 

Rtm off From Foothills Between G. s. G ~in  
San Diego River above Mission Dam Available 

Station and Mission Dam 135 aq. miles. 
for Storage .either surface or Underground 

mean diaoharge 5265 aore feet. -
after Deducting for Flume· Divoroiona and 
Losses due to Irrigation in Cajon Valley. 
All in aore feot. 

Estimated 

Year 
Run-o:tf 

~ ~ t r aore feet ( 1) ( 2) .( 3) {4) ,( 5) (6) (7) 
fO Sea.aon Het Above ]'rom Flume l!'rom Total above Irrigation Uet 

1887-8 61 3212 
Flume Div. to Lakeside Foothills l.tisaion Uses in Amount 

8-9 219 11530 
Dam Cajon Val. + or -

9-90 1'18 9372 
• for storage 

1887-8 4897 4831 3212 12;940 6000 + 6040 

90-1 187 9846 
88-9 28533 17282 11630 57,345 6000 + 51345 

1-2 54 2843 
89-90 22080 14098 9372 45,550 6000 + 39550 

2-3 141 7424 
3 -4 12 632 1890-1. 23540 14810 9846 48;1.96 6000 + 42196 

4-5 637 33538 
91-2 . 4462 4277 2843 11;582 6000 + 5582 
92-3 16377 11167 7424 34;958 6000 + 28968 

95-6 11 579 93-4 2341 2851 632 5;824 6000 - 176 

6-7 60 3159 94-5 66337 35798 33538 135,673 6000 + 1.29673 
• 

7-8 0 0 
8-9 2 105 ·1895-6 1850 2455 579 4,864 6000 - :1136 

9-1900 0 0 96-7 7480 6336 3159 16,975 6000 + 109'15 
97-8 122 792 0 914 6000 - 5086 

1900-1 7 369 98-9 0 554 105 659 6000 - 5341 

1-2 0 0 99-00 0 238 0 238 6000 - 5762 

2-3 0 0 
3-4 0 0 1900-1 1929 3168 369 3 ,466 6000 - . 534 

4-5 120 6318 1-2 2492 2138 0 4,630 6000 - 1370 
2-3 5450 2376 0 7,826 6000 + 1826 

5-6 304 16006 
3-4 338 475 0 ·813 6000 
4-5 19273 11088 6318 S9 ,679 6000 + 30679 

6-7 261 13742 
7-8 50 2633 
8-9 140 7371 

1905-6 30134 23918 16006 70,058 6000 + 64058 

9 -10 76 4001 
6-7 28708 19008 13742 61,458 6000 + 55458 
7-8 7204 4910 2633 14,747 6000 + 8747 

1910-11 29 1527 
8-9 16770 12196 7371 36,337 6000 + 30337 
9-10 11151 7841 4001 22,995 6000 + 16993 

11-12 39 2053 
12-13 9 474 1910-11 5896 3722 1527 11,145 6000 + 51.45 

Mean 5265 
11-12 13868 4831 2053 20;752 6000 + 14752 
12-13 4667 4356 474 9,497 6000 + 349'1 

33 s cr . mi . deducted for Cajon Valle ;r Fl st Lands . -
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j! : BIJ! VI. 

·;:>tucly of Available Jupply for La Hesa Above l.rission Dam 
Aftar u tin~ for Flume Diversions and 6000 a .f. Annual 
Loss from I_·riJation in Cajon Valley. Capacity of Sur-
face ~ r oir 34,000 a.f. a.nd River Gravels from 1Ionte to 
llission Dam 45 , 000 a. f. Estimalied onpaci ty of crravola 
for District 13,000 a.f. All qua.ntitie b in aore feet: 
- indicates deficiency. 

2 3 4 5 6 7 8 
Surfaae Reservoir Su:epl;I Uae Use l1Vprat1on Waste 

From Sur- From 
faoe Reser Gravels 

Season Fall(3) Winter Spring voir. Below Mia 
Inflow sion Dum -

1887-8 34000 6940 34000 12000 6000 6940 
88-89 16000 51345 34000 12000 6000 33345 
89-90 16000 39550 34000 12000 GOOO 21550 

1890-l 16000 42196 34000 12000 6000 24196 
91-2 16000 5582 21582 12000 3600 0 
92-3 5982 28968 34000 12000 6000 950 
93-4 16000 -176 16000 12000 2400 ( 1) -1'16 
94-5 1600 +129673 34000 12000 6000 97097 

1895-6 16000 -1136 16000 12000 2400 (1) 1136 
96-7 1600 + 10975 11439 10239 (4) 1200 0 
97-8 0 - 5086 -5086 0 6000 0 (1) -5086 
98-9 -11086 - 5341 -16427 0 6000 0 (1) -5341 
99-00 -22427 - 5762 -28189 0 2900 0 (1) -5762 

(1! 1900-1 -30089 - 534 -30623 0 2733 0 -534 
1-2 - 33356 - 1370 -34726 0 2315 0 (1 -1370 
? 3 _,- -37041 + 1826 -35215 0 3913 0 0 
~  -391B8 - 5187 ·11315 0 0 0 ( 2) ( 1 ) -5187 
4-5 -44315 + 30679 -13676 0 6000 0 0 

1905 -6 -19636 64058 +34000 12000 6000 9737 
6-7 +16000 55458 34000 12000 6000 37458 
7-8 16000 8747 24747 12000 "4320 0 
8-9 8427 30337 34000 12000 6000 4764 
9-10 16000 16993 32993 12000 5750 0 

1910-11 15243 5145 20388 12000 3360 0 
11-12 5028 14752 19780 12000 3360 0 
12-13 4420 3497 7917 12000 0 0 

-4083 
(1) Deficiency in gravels above 
( 2) Gravels depleted - Ho extractions possible in year 19 03-4 
( 3) After deducting pumping from all gravels 
(4) -10239 a .f. all water used from surfaoe re servoir - no Pumping. 

• 

Season 

1895-6 
96-7 
97 -8 
98-9 

TABLE VII 

Conditlon of Cajon Valley Underground .eservoirs, 
for the group of dryost years (1895-6 to 1904-5) 
based upon the .asaumption of 13900 aore feot 
stora,;e available for Ln lfeaa. below Riverview and 
31900 aero foet available for Cajon Valley Irri-
>o toru, a total of 45,000 acre feet. 

LA ME S ll CAJOll 
Totul Wutor Use Gravois Use Gravels 

Crop Depletion Depletion 
Fall Fall 

4864 
16975 0 6000 0 

914 6000 -6ooo· 6000 - 5086 
659 6000 -12000 6000 -10427 

Total 
Del)letion ... 
Fall 

0 
-11086 
-22427 

99-1900 . 238 1900 -13900 6000 -16189 -30089 . 
1900-1 5466 2733 -13900 6000 -19456 -33356 

1-2 4630 2315 -13900 GOOO -23141 -37041 
2-3 7826 3913 -13900 6000 -25228 ~ 1  
3-4 813 0 -13900 6000 -30415 -44315 
1.1-5 36679 6000 - 6000 6000 -13636 -19636 

Years dischar_, in:_) less than 1000 acre feet are considered 
as supplyincr ffrove1s above Ri vcrview, and the ~ r r  1900-l 
to 1902-3 inclusive are divided equally between the upper 
and louer grovels. 
The yeal" 1904-5 is considered as in~ the lower "'ravels J t the surplus ~oin  into the upper t;ravels. 

. • 
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T 1nr~ VIII 
: naiysis of Wqter 

Location Authority 
Grains 
Per Gal . 

City pipes (mountain watex:) Whitney 
Upper San Diego river above 
flume in pool 

19.0 

Sun Diego flume at JUo,nte 
Well at :Uonte Ranoh 
Well from Lower JJonte Valley 
Well 1/2 mile north of Santee 
Scripps House water , said to 
oome from well on north aide 
of bottom in Cajon Valley 
From lagoon on Scripps Ranoh 
\'Tell Yiasion Valley, near 
Gravilla , Mission Valley 
Well at mouth of MUrphy Canon 
liission Valley ~ · 
Well bel,ow mouth of l.fu.rphy 
Canon, Mise! on Valley 
Hoff well near olty boundary 
Johnson well, 1/2 mi. above 
Hurray Canon, I.rissi on Valley 
Glenn· well at mouth of Hurray 
Canon, Mission Valley ~ 
Bates rJell 1/2 mi. · east of · 
Harrington's store , from 720. 

Smith-Emery 17.7 
II 10.1 
" 24.5 ,, 28 .o 
" 27.8 

11 

" 
u 

" 
n 
If 

" 

45.4 
90.0 

85.4 

70.0 

51.5 
28.0 

48.0 

116.5 

ft . level, vrell 900 ft. deep 11 76.5 
Same Ylell Un . of Cal. 77 .o 
Balboa oil well, 2410 ft . deep 
1 mi, above city pumping 
plant from 700 ft . level Smith-Emery 69.0 
Stebbin uell. (shallow) near 
:Balboa well, 3/4 :rni . above 
old city pumping plant 
City well at pumping station 
near center of valley 
\:find mill well opposite old 
city pumping station . 

Average of wells in !fission 
Valley 
Santa Ynez river, source for 
Santa Barbara 
Venture river, source for 
Ventura 
Sa.n Gabriel river, source for 

·Azusa 
Santa Ana river , source for 
Redlands 

- -

11 141.5 
1T 19.4 

" 58 .6 

61 .8 

u.s .G.s • . 42.0 
n 39.0 

" 12.0 

" 9 .0 

I 

• 

T ~  IX. 

Present Development of Irrigation Distriot . 

Preoinot Population 

J. 750 

2 700 
• 

3 500 

4 70 

5 20 
2040 

Land Values Woter U,sad ~r  Grain 

$1,172,000 
• 

731 , 600 
• • 

1 ,186 ,000 

715 ,000 
• 

·450 ·000 
· :Ji! •. 254 :5oo-

Ui .• In. Citrus Deciduous Acres 

27.3 9027 

30 .0 9500 

46 . 2 43100 

35 . 0 3000 

o.o 24 
138.5 I &4651 

2085 

3100 

1000 

3000 

36 
922! 

1500 

750 

700 

2000 
4950 

Comp iled by the Directors of the District. 
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F.AI Rlli ~ . , t:OR3E & CO. 

423-429 East ~ ir  St. 

• • • 

Loa Angeles, Oal. 12/17/13 

~  J. B. i~pin ott  
~11  Central Dldg ., 
c i t y. 
Dear Slr: -

We beg to submit to you estimate a s to ooat of a 
pumping , lant fo1· the La 1lesa Irrigation District at Santee 
Calif. This pu ~in  plant to have a oapaoity of 600 minerfs 
inches, or 4500 :allons of water· per minute to a total eleva-
tion of 385 ft. \Ti. th provision for pumping- 140 11 to a to tal. 
elevation of 490 ft. These elevations include pipe friction. 
~u tion is to b ~ practically from notning to 100 ft. pressure. 

For this proposition we would recommend three 
separate units of 200 H.P. each. For this we would recommend 
and pro~o  to install the o o in~ machinery: 

3 -200 H. P. Fnirbanks-t!orse Type "BE" Interna:J. Combua-
.:ton Vertical 1Iulti-Cylinder Oil-Burning Engines, 

complete with batteries, magnetos, fuel tanks, 
pipe and fittings, exhaust pipe and fittings, water 
p ipe and ittin~  circulating pumps, pulleys and 
belts, foundation bolts . These engines are to be 
c Q.lli pped with -

3 - 42" Fairbanks l.orse Eclipse F. c. Couplings, 
for uirect connection to countershaft of 
power :pumps . 

2 - 15 11 x 1sn 175 lb. pressure Duplex Center-
Packed , Plgr. Pat. Fairbanks-lJorse .Power 
Pumps. 

1 - 13" x 18" 225 lb. pressure Duplex Center-
Packed Plgr. Pat. Fairbanks-Mcrae Power 
Pump. All necessary foundation bolts. 
All necessary suction lines, valves and 
fittings to extend to outside of building. 
All necessary relief valve linea nnd fit-· 
tinge. 

1 - 6 H.P. Fairbanks-llorao Spoo. Eleo. Vert. · 
Engine, complete with fuel tank, battery, 
water tank and fittings. 

J.B,L, #2 12/17/13 

.1 - 4" x 6" Fairbanks-Uorae Vert. Air Compressor, 
for ~ir t rtin  engines. 

6 - 20" x 60" Air Pressure Tonks. 
l - Belt. 

All necesuary air pipe, valves and fittings. 
3 - Vacuum Gouffes , 
3 - rreasure Gnu~  
1 - ~ u O l?nnel \'ri th nipo and fi ttinooo 
3 - Oil Fil tors rli th pipe and fi ttinga: 
2 - 13, 000-.Jal, Oil Stora ,e Tanks . 
1 - Oil Pump with pipe and fi ttin~  

All necessary bolts, ~ t  
Ueoes:.::;ery cement for concrete foundations . 

" gravel ., " n 
" lumber " rr n 

Freight to Santee, Cal. 
Hauling from Santee to point of erection (6 miles) 
llechanics to erect the above machinery. 
Board and lodging. 
Hailroad faro. 
Livery. 

The oosii of the above machinery, installed as above 
speoifiod, would be $61 ,226.20. Approximate shipping weight · 
425,000 lbs. ' 

as follows: 
The operating and fuel expense of this plantwould be 

$ .0275 oost of #2 Tops per gal . Los Angeles carload. 
.0128 freiBht per gal. to Santee, Cal. 

___ o 1~ u in  to plant. 
~ ~ ~ ~ ~ tot  oo ot of one gallon at plant . 

14472 gallons per hour for 600 H.P. load at .12 ~u  per H •• H. 
0 " for 20 hours run per day. 

~ 75;31 fuel cost per dny of 20 hours. 
2259.30 fuel cost 30 days of 20 hours &aoh. 

280.00 lubricating oil for 30 days of 20 hours eoch. 
400.00 four engineers per month. 

2939.30 total operating expense of 30 days of 20 hours ench. 

97,978 II n. . 1f fOr 20 hOUrS. 
4 e 89 8 fJ H n If 1 If 

• 0816 " " n 11 1 · t 500 ~nu e, or ", or 
4500 gallons, or 10 sec. ft. to a total elevation of 
385 .ft. . 

.0081 cost one second ft. per minute 1 ~ per 1000 gal . JBL.) 

For ~  pumped to an elevation of 490 ft. 4 hrs. per doy, 
the :fuel cost would be ns follows: 
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, 
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200 H • .P. oonamning 96 gala . per 4 hours, or 2880 gals . 
for 30 days of 4 hra. each: 

$150.62 fuel cost 
2.16 lubricat·ing oil 

100.00 engineer 
~  total cost por month. 

8. 426 per day of 4 hrs . 
2.106 per hour 

.0351 per minute, or 140", .or 1260 gals . or 2.8 sec. ft. to a 
· total elevation of 490 ft. 

.0126 cost one sec . ft. per minute . 

Interest and depreciation on ~  valuation of 
pUllljling lant ~ 1 Qdd the followin g cost to the oporat ing 
e}..--pense : 

~  ~r i tion  
4900 .00 7;; interest 

,_j 119 00. 00 
· 991.00 nor month 

:1. . 3773 per hour 
• 0229 ner minute 
.0229 Intere:;t and Depreciation 1 minute 
.0816 Oneration 
.1045 toto! cost to pump 500", or 4500 gals. or 10 sec . ft. 

to a total elevation of 305 ft. 
• 0104 cost one sec. ft . per minute to 385 ft. total head 
• 0229 2.3fj per 1000 gal . 
.0351 
.058 total cost to pump 140", or 1260 gals. to a total 

elevation of 490 ft. 
.0206 cost one sea . ft. per minute . 

VIe have gone over this proposi t~on quite thoroughly, and 
we feel sure we have covered every item of expense that would be 
rnet in installing a pumping plant of this size and oapa,ci ty, ex-
cept the cost of pump-house, suction line and discharge p~p  line. 

Je have an installation vary similar to this at the 
i'le:.>tern \'lat er Co., Bakersfield , baing three 250 H. P . engines 
direct-connected to Fairbanks-lJorse duplex O.P.o.c. power pumps. 
Our estimate is _figured only for estimating purposes , and every-
thing is :figured for that purpode , with the understanding that 
:.rou could use the se figures with the assurance that they are 
iiberelly high enough for your estimate, ~ i  you propose to 
submit to your parties. 

Honing we nay have the pleasure of · go in~ into details 
of this :proposition further uith you, we are , 

Yours very truly, . 
FAIHBAUKS , O ~ & CO. 
by ·uies 

2 .PIT j";rrr 

\ 

( 0 0 p y ) 

FAIRBAHKS, JJOffi,'E & 00 • 
• 

423-429 East Third Street, 

• 
Mr . J. B. Lippincott, 
,11100 Contro.l ~  
0 1 t y. 

Dear Sir:-

Loa Angeles, Cal. 12/22/13 

\Ve beg to submit the followin3 proposition as an 
addition to our former proposition on the pumpin:j system for the 
La .. ~I o  Irrigation District. This proposition is to consist of 
a pwn_ping plant for purrrping water by compressed i ~  and to· have 
a. capaoi ty of 4500 gallons of water po.r minute pumping a ,1ainat a 
total head of 60 ft. For this proposi tlon v1e would recommend the 
o ~o in  machinery: 

Plant looa:bed uear wells . 

2- 200 ii. P. 
bustion, 
Engines, 
tion. 

Fairbanks-Morse Type "RE" Internal Com-
Vertical, Uulti -Cylinder, Oil-Burning 
all complete same as in our former proposi-

2- 50" x 28" l'riation Clutoh Pulleys • 
200- :ft. 28" Dbl. Leather .Belt . 

2- 22" x 14'' x 18" Sullivan Duplex Two-Stage 
o pr o ~  Type "WJ 11 

2- 42" x 100 11 Air Re ce 1 ve rs and f1 tting e • 
5000- ft. 7n Std. Pipe • 
5000- ft. 6t' ,, " 
5000- ft. 5" " " 

25000- ft. 4" Tf 1f 

1500- ft. 2" " If 

1500- ft. 7rr O.D. Casing 
necessary fittings for above pipe . 
Laying above pipe. 
Cement. 
Gl""avel . 
Freisht . 
Haul ins . 
Fochunics for erecting machinery. 
Board and lodging. 

~  Fare. 
Livery. 

Air 
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The app1•oximote oost o£ the above machinery o~  be 
~  Approxirnnte ~ ippin weight, «J40.000 lbs. 

los 
cost 

The operatin.· c:coense of this plant would 
3:u. proportl on than our former pro·,osi tion. 
n·t. santee .. :' 0 .0403 ne!' gallon . 

50 gals. per J1 our. 

be soma\·1ha t 
The oil woulrl 

9. 2.015 cost of fuel oil, par hour. ~ 
.,: 1.18 interest and depreciation on :1 60,000. per hour. 

• 55 per hour for engineer • 
• 35 " n :r lubricating oil. 

~ o  total per hour. . . 
~ .06825 oost to raise 4500 gals . per minute, or 

.01517 per 1,000 gala. 

This plant ~ou  bo :J_ocated as near as po ssible to the 
wel1s to be :pumped, Ylhioh we understand are to 1Je lt miles from 
~ nt  and which ore 25 ft. lower than Santee. This \\Ould make 
a very easy pro 11oai tion to run the fuel oil from Santee to this 
p ower pl-nt by gravity, Vlhere it could be stored in n tank, ond 
then pump the oil from this tank to the upper pumping ·station by 
means of a force pump .. For this proposition v1e v10uld recommend 
the follor.·1ing: 

l - 5 H. J? . irb n ~ ~or  Type rruBrr Oil Engine, 
complete wi.th all standard appliances. 

40 - :ft. 3" Sg. Leather Delt . 
1 - ~ x 4 Duplex Po\·1er Pump. 

37000 - ft. 2" Blk . :Pine • ... 
8000 - ft. 411 n n 

necessary £ittings. 
All installed complete. 

This !)ro:posi tion would cost apr·roxit;a t .ely $13,500. oo . 
Approximate shipping weight would be 235,000 lbs. 

. ~ i  pu ~in  station ~ou  haven capacity of 6,000 gals . 
~n 10 nours, onu nould only have to bo operated one day in three . 
to nu~ p  tho necessary oil for tr.e upper pumping station. 

(. The .. o£era"'tiing e:A."Pense of this plant would 1Je approxima. tely 
Y 7 • 91 per n~  and would oost to :pump 6, 000 gala. onoe every 
three dqys }0.00396 pel' gallon . ::his would be practically about 
one-third tha cost to haulthis oil to the u11per pumping station 
a nd rop.gh fisur lng would make o. saving of cost on the fuel oil ~  
about ~  per hour. 

We hope the data -'!iha t we have gi van you on our Oil Engine 
~  meet with your favorable approval, to the ~ t nt that you 
~  feel confident enough in our machinery to recommend to your 

parties to consider bids on this type of machinery, for vre feel 

• 

• 

I 
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that we con submit n proposi tion to your party that Yiill com-
pore favorobly with ony other methods or means of pumping water , 
both as to fir1.:1t oo st and to opern.ting expense, as well ~ to 
durobillty and high alnus of machinery. 

Hopln:'l' \'le may have tho ploa!:lure of trueing t h i s up 
v1i th you further, we are , 

Yours very truly, 

( :3ir;ned) FAIRDAIIKS , 1. OR:;E & CO • 

FPll /YIN 
By Hies ----------------------
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T ~ t  i Gi ~! i G & llACHIHE3Y CO. 

PO .'f.EH ~UtT 8: 1IACHIIlE SHOP ~ r U! ~UT 

126-128 Jouth Los An~  St. 

~o  An~  Cal. 
0 ' 

December 27, 1913. 

~  J. B. Lippincott, 
1100 Central BuildinJ, 
it ~ 

Dear a:>ir:-
ComplJ ing with your request for preliminary 

estimste of a pumping 1lant to be located near La I.!eso, 
Cul., \le take pleasure in aubmi ttinz the follo·:rlng estimate: 

DUTY It is ·estimated that the muin pumping units will be re-
quired to raise 4,500 gallons per minute to an elevation of 
385 ft. wi til 1/2 of the quantity ele ted 105 :ft. higher • . 
The aost of operation hereafter stated, is based on one un~t 
ocin:S '!."U!l continunlly against a head of 490ft. and one . unlt 
u~ in t o head of 385 ft. There may also be iucluded in the 
:power ~ ont  o tri~  generating units to supply currant for 
nut Ioin~ .. a ~i  of wells situated o.pr>roximately 7 miles from 
the .. o~ r ~ rt ti 1n  and i rin~ the vrater from wells, pump-· 
in~ the same aoun to a maximum cler>th of 50 ft. 

The J?Urn-o in.:; machinery in the p0\7er house is to consist 
o.Z t\TO cross oom;1 omui Corliss n in ~  crank and fly wheel 
pu pin~ eni3noo, -cach having a capacity of delivering0 2250 
:,)allons per Lli.nute against a..pumping head of 385 or 4 ... 0 ft. Two 
or three boile1·s to be suppl1ed, the size and number depending 
on the final deciaion ac to the head the water is to be diD-
charged against , or the electrical inutallation installed. In 
the pouer-plant will be all the n ~ r  ~p r t r  reheat-
in~ receivers, condensers, boilor feed pp 1 n~  piping1 ~  
and fl ttill3B for the proper erection of a pump1.ng plant o .... th1s. 
character. 

OO~T 

Our ~ti t  of the coat of this plant, complete with 
foundations but not building, and without the electrical equip-
ment , would' be approximately SIXTY THREE TROUSAliD {$63,000 .• 00) 
Dollars. If the electrical equinment was added, consisting of 
-roo 75 Kilowatt engine driven generators, diract oonneoted to 
tandem aoJJoound four valve engine, with proper exoi tars, av1i tch 
bourd punels, etc., would be approximately EIGHT THOUSAUD 
( yB, 000.00) DOLLARS, or a total cost of SEVEltTY OltE THOUSAIID 
($,.i 7l,OOO.OO) DOLLARS for the maohinory in the power station. 

1 

·sheet it2 lfr. J. B. Lippincott 12/27/13 

The cost of seven ( 7l miles of transmission, to.,ether 
with transformers, would be approximately EIGJ T TT0UvAIID 
($8,000.00) O T~  

TU!1BI ITE Effi.il) d AT \"/ELLS 

The cost for a bored ~  turbine pump of the highest 
efficiency pat tern, together with the necessary motor, belt-
ing, erected complete, and u n~ a capacity of fifty (50) 
inches of \'later at a tnnximurn depth of GO ft. will be I ~ II 
HUUDHED ~1  DOLLARU per well, or a total coat of FIFTEEU 
~ OU A  ~1  DOLLAJt> for ten wells having a capacity 
of 500 inches. 

COST OF PU!.fl.JIU G WATER 
• 

Assuming that tho eleotriool equipment is installed in 
the poner house, and the current supplied for raising 500 
inches of water 60 ft. from the vrells, and that tho power ilouae 
elevates this water 1/2 by pumping constantly to 385 ft. and 
1/2 to 490 ft., the cost of operation would be approximately as 
follows: 

Oil required, 122 gallons per hour, , cost at }Jl .OO :per 
barrel $2.9? por hour. ~tr  engineers nt ~  per day , ~  
ond one nt *)5 .00, equals 609 per ~our  Oil and \"raste, lOr$, 
total cost ·per hour's operation, ~  Quantity of wnter 
pmm?ed 270,000 gallons. Cost per thousnnd ~ on  .0138. 

The above fisuros are preliminary, but nrc sufficient, 
we beli9ve to cover any requirements for machinery you may 
find necessary to put in. If there is any addi tionul informn-
tion you may desire, ~in  advise, and \'le r1ill tnke pleasure 
in i in~ you same. .A\'Jaiting your further favors, we are 

Yours truly, 

1~  !GII I~ r & J.L\CirY . CO. 

1 T~  By T . ,J • Smith . 
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(Copy) 

KROGH !\lA.IJUb'ACTURIUG C01IP.AliY 

l!anufacturers of 

PUZf.!:IliG l!AOH!liERY. 

En3inoers and Contractors,. 

• 

• 

Los Angeles, Cnllfornio, Deo .29, 1913 , 

J. B. Lippincott, 
1100 Central I t ~  

Oit~r  

Unlesl{ otherwise specified deliveries are F.O.B. onr factory , Our prioes 
nre subject to ohnn3e ni"thout notice,nnd are made for prompt aooeptanoe . 
~11 or ~ a re accepted subjoot to delays oo ~ on  by aooidenta, strikes, 
fire or causes beyond our control, and with the understandin.;j that while 
goods p roving defective will be replaced F.O.B. our factory, lfO claims for 
damages or labozo "."Jill be allowed unless previously authorized in writing. . 

Dear Sir:-
As per you.r request for p1unping machinery to go into 16 11 

well, 1;11 th n total head of 60 fe·et, we oubmit the following:-

1 - 1311 o. D. Krogh automatic water balanced deep-well Turbine 
:pumn, direct ,oorneoted to a 15 H.P. 1200 ~  3-phase 
vertical motor, installed on concrete foundations. Pumps 
to be 70-:ft. from the surface and deliver Vlatar 10 ft. 
:fro;:::t p~unp  on tho surface . 

Theoo pnrrrps \T1ouJ.d deliver 50 miners inches of water at 

17 or 18 o nt~ per hour; at li;r/ per kilowatt hour. 

Par t he above service y;e name you a price o:f $1398 . 00 eaoh, 

t h is cstimete bein3 for p~  ir.sta1led in your wells not more than 

3 mjles from " antee, Sen Diego Co., Cal. This price includes :pumps 

installed complete vri th r.totor, but d.oes not inclu.ae ele ~trio \'Tiring 

In order to on.,,ble ua to make the )_)rice abOVE) quoted, it \'lould be 

n r~  t ~t 1:1e receive orders for at least 5 pumps to be in-

s t alled at one time. 

Truoting this estimate will meet with your approval and 

that vre t ~i have the opportunity of submitting bids in the future, 

we remain ' 

VFJ./L 

Yours very. t .ruly, 
{signed) lu:·ogh Mfg. Oo. 

By F. L. Emerson 

0 HAS. C. 1I 0 0 R E & c o. E N G I N E E R S. 
___ ... _______ .. ___ __ 

Los. Angoles, aanuary 5th, 1914 

1~  J; B. Llppinoott, 

Central Building, 

Los An5eles, California . 

Dear Sir:-

He hand you herewith specifica tions covering ooraplete 

pum in!) plant for La 17esn , Californ ia. This plant to have a 

p~ i t  of 500 miner inches pumfl ine; a {jainst a toiinl he ad of 

477 1 • 1'/e have made UJ! on estimate covering the cost of this 

pumping station and find that it will be alJproximotely ;;74, 000 . 

This priae does ::1ot include bui in~  machinery foundations, 

:fuel oil storage tanks, pipe lines outside of building walls or 

air lift equipment: the oost of the air 11ft machinery will be 

given independently in this letter. 

I 

• 

As we lUlderstand the operating oondi tiona of t llis plant, 

the main pumping rmi ts ttill be required to :pump three-fifths of 

the total amount against a ho.ad of 357', and two-fifths of the 

amount against a hood of 477 1 • We have designed n 1'lont with triO ..... -
pumping engines. ooch having n oauaci ty of 2r 0 miners l11ohes pump -

ing against a total J10od of 477 1 • When it is required to pump 

into the low lovel re servoir the steam pressure will be lowered 

so that one or both pumps can be Ol)ernted with the best economy 

while pu pi~  at its maximum capacity. In onse it is desired to 

• 



l)\U!T·) into bqth res ~ o ira 3t the same time the lower steam . . 
preuGure Y!ill be used, one :puup handling 250" into the low level 

r ~ r oir und the othor :;oon into the hi ...,'h lovel l"esorvoir, and 

when the low lovel r ~ r oir is cut out both pumps can be owitohed 

to tne hi0 h level rooervolr , the steam pressure raised and then 

each will handle thelr muxii:IUIIl capaoity of 250n against the 477 1 

head . 
~~ r in  tho amount o:f fuel reqnlred, advise thn t _the 

total quantity of oil per year requil'ed by the plant when the i~  

lii·ti pumping engine is pumping 200" aga..lns t 477 1 and the low lift 

en ;ina is lHlJUp ing 250tt against 357 1 , 24 o1u~ s per dny, 365 days 

o ~~ ·oe 14,176 barr'llS of otl p'lr yoor , This is the !1 C"£ ~r u r  -

maximm1 aml>unt of oil r ui~  1mder 9-TIY condition of operation, 

~in  if botr.. pum·. lnr< ~nit  ,:!C:re operotin; on the low 1 i.ft head at 

full c apacity of 

less fuel. The 

250", it ~  require le£s boiler horse:po\1er 

nortion o:: this oil chur(!3.ble to the separate 

and 

units 

1.!.:.-"lder thi fJ concli ti on of on oro. tiori· would be 7340 barrels pe 1~ yeo.r to 

the nigh lift pump when delivering' 200 11 and 6856 barrels per year 

to the lo\7 lift ptuup vrilen delivering 25o=r , and with oil at ~1  00 

1)er burrel, rould mean '-'' itl: the high lift pump .the cost of 1 ~ 

per inch day, nud the low lift pump t~ per inch day. 

Assume that we add ~  for bu.ilding, ~n  ~  for 

machinery founda·tions, the total first cost v10uld be approximately 

~  

Fized charges 
S-c.pplies 
Lsbor 
Fuel 

of 1 ~ of ~  000. equals $ 10, '/90.00 
' 600.00 

9;000.00 
14,176.00 

Total cost per year - ~ 31,666 . 00 

I 

, 
This is equal to approximately 11 ~ per inch day, 

whilo pumping in proporti-ona os given above. 

The size of the buildincr required for the main pu.rnping 

plant will be approxirn.r.1tel.r 47 1 wide by 021 long by 20 1 hig-h 

underneath trusoes. ·I:f the plant was extended for double this 

ca:pccity it would double the size of the ouilding. ~~ r  \'till be 

required for foundations for all of the machinery in the main 

pwnpino plant upproximntcly 5300 au. ft. of concrete. 

In regard to raisin the water to auction line we would 

suggest that qn air compressor plant be erected near the wells. 

For this plant there will be required two motor driven air 

compreLsors, each sufficient to take care of the total capacity of . 

tho main prunp ing plant: euoh of the compressors -r1ill requ.ire 

about 150 H. P . motor to drive same, motor to be belted to the 

compressor. · The cost of this compresuor station will be 

approximately ~1  exclusive of building nnd fotmdations. 

Building required will be about 35' wide by 70 1 lon8' • · Knowing 

the cost of lJOWar at this point you can estinnte the cos:t of 

gettin 1 the \'/Oter to .. tihe moin pumping units. 

Trust ins this will give you all inform:2 tion ;y-ou require 

e t this time, r1e nl"e 

Yours very truly, 

Cho s. C. L:oore & Co. , ;.!ngi ne ers 

Dy W. \V. Smith . 
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