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J.G.WHITE & COMPANY

INCORPORATED
SORREDISRSERTS ! ENGINEERS CONTRACTORS e
J.6.WHITE & COMPANY, Linivee 43-48 EXCHANGE PLACE,
® CLOAR LANE,LONDON,.E.C. NEW YORK,N.Y. WHITEMOTH,NEW YORNK
coDEs UeED
WARING & WHITE (100e) LiniveaD

WUEBERS AD.C.41PED'N
SEDPORD MENEILL. AL,
WEBTERN UNIDN

1A.COCUBPUR BT, LONDON ENGLAND

SAN PRANMGCISCT OFPPICE

ALABXA COMMERCIAL BLDG

\ 8an Yrenoisco, 0.1.. n’ ' 1911,

Mr. W Go Honahaw,
Mills Bldge,

San Franoiseo, Cal,.
Deayr Sir;-~ |

The following report embodiss our conslusions
arrilvod at after sn investigeation of tho site of the pro-
posed Warners Rench development and the comsideration of
such ds%a as are availadble for the determinstion of rainfall
snd rumoff,

Vo hevo not lunvestigetod the ownershilp of
water, lands, or necossary rights of way, mnderstanding that
theso and all other legal mattors are in other hends.

We aro of the opiniom thet the data 30llected
in our investigution are roliable and that the estimates and
dednstions dased thereom are sound and conservative and thad
under normal and praper conditions these conslusions will be
substeaatisteds -
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I LOCATION

This projeoct, Warnors Ranch, i1s locatod im
Szm Diego Oounty, Califormia (Seo Appendix #1) and contem-
plates the impounding of wator fiom spproximately 210
square miles drainage area of the San Luls Rey River st
the outlet of Vallo de Jan Jose® or Warners nlneh. which
lies 45 miles BHNortheast from the 0ity of San Diego, Oal.
4t this point the San Luis Roy River flows through & nar-
row gorge, the foundstion of which is such tha$ 1t cmn
resdily be closed by a dam 100 foet high with a orest
length of about 600 feet, and thms creating a storage
reservoir having an area of 4,700 acros and & capasity of
adout 150,000 aore fest. The vaters from this reservoir
osn be 104 along the south side of the river canymm and
diverted into tho adjoining Somta Ysadel watershed Yy means
of a oondnit of opan cut ond turmel seotions totaling 9-5/4
miles in lengths The divorsion is accomplished by a turmel
6,000 feot long, opening into the head of Temesocal Omnyom,
from vhence the opem cut section continmmos on the west
liuﬂmuﬁmto a point oppoqito the hoad of Pamo
Valley wWere a regulating roservoir of 20 asre fost oapasity
esn de tuilt snd a fall of spproximately 1,500 fee$ obtained
through & pipe 1line 5,750 foet longe
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A Power House locatod on the floor of Pamo Val-
ley would discharge 1ts tail wator diresct into the Tomosocal
" Branch of the Santa Ysabel River and this tail wator can again
be impounded at the lowor end of Pomo Valley where o dam 148
feet high and 1,000 feot long will store 35,000 acre foot in
a resorvoir of 005 aores areas This fcaomir will also re-
eeive the waters from 11l square miles drainage areus of the
Santa Ysabel inoluding the Southwost slopes of the Vuloan
and Hesa Oremde Mountainse Tho water from this Pamo Reser-
voir will be available {03 Srrigation or other pmposes.

II TOPOGRAPHY,.

San Diego Comnty has a general rising slope
in a northecsterly direction from the cosst to & range of
mountains, vhoso sumits reach an elevation of abous 6,000
foet, parelleling the coast and 40 %o 50 miles distente
These mvuntaing border on the desert of the Immarial Valley
lying to the Eas$ and define the area of comparatively
heavy rainfell of the ocastal alapog !!n coastal slope in
detall is nnhbfomupbylwmﬁunrﬁw in irregular
groupings which surround many besutiful level valleys of oon=
siderable u:humlo & droad mesn bdordoxs the ocean oxt'cna.-
ing dback five to t-: miloge

The general effect as seen from the coast is

thnofauﬂoz-u-mavpruchmuuuhwmtt-
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mits dlend into 2 level sky line forming a barrier betwoen
the ocoastal slope and the desort,

The watershed of Warners Ranch Resorvoir lies
in a basin or ht;tlo-ehspod formation entirely surrounded by
the mountains of the main range. Its 210 miles of area in-
clude 67 square miles of valley.or flat bottom land covered
with natural mau affording feed the year around. The '
north and west portions of the valley oontain several small
lahu-m water throughout the yoar: and many spring fed
marsh aresas which retain their moisture through the dry
seasone In the northwest edge of the valley are hot springs
(Aguas GCaliemte), indicating that water sinks to a consid-
orable depth and that thore possidly exist: emormous sudb-
terrsnesn passages. The soil of the valley is a deep alluv-
ial silt of black loam and disintegrated granite which forms
a sponge of gread sbsorptive capacity and from which the
evaporation mmst be considerable. .

The bdalance of the watershed area lies on the
mountain slopes and sumits. The sumits generally are cove-
ered with pine growth,while the lower slopes at tho west
side of the basin are im osk or chapparal growth , and those
of the eastern sidé are bare and precipitous and partake of
the charaoteristios of the desert, while the noil is almost
wiformly a disintegrated granite. I% is apparent from our
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investigations that this watershed has a olimatio oonditiom
botwedn that of the coastal slope and the desert.

The Soxpta Ysabel watershed of the Pamo Reser-
voir lies entirely upon the coastal slope and contains uver-‘
al wvalleys of siall extemt. Its slopes are aovered with
gresaewood and chapparal, the sumeits bdeing in pine with
numercus groves of oak, and its soil iz generally dlainteg-
rated granite. We believe this area enjoys the favorable
precipitation conditions of the coastal slope and a normal
condition of runoff,

III 'WATER SUPPLY.

T™he Warnoer Regervoir and the Pamo Roservoir
watersheds zre distinotly sepsratod, the Warner watershed
being drained by the San Luis Rey Rivor, while the Pemo
watershed sunplies ths hoadwaters of the Santa Ysabel Rivor,
a tridutery to the Sm Diegnito River,

RATNFALL,

The gagings of the runoff of the rivers of
this vioinity are, with the oxoeptiom of those reforred to
below, not entirely relisdle. Owing to their very limited
soope snd questionable ascuracy, they do not furnish suffio-
ien% or relisble guidanse to detormime the astual water sup-
ply from the drainege areas mentiomed. It hns, therafors,
deen necessary ¢o maks a careful *lnvnu.gntm of rainfall
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snd runoff based on rainfall records and lmown peorformances
of similar drainoge aroas, and then compare the calculated
runoffs with thous astually measured, under equal or similar
conditions. There is avallabdle consideradle reliablo rain-
fall data pertaining to this territory, compiled by the U.S.
Weather Bureaa sud by private engineesrs.

These rocords have bdbeemn tsbulated in table
of "Rainfall Data" hereto attachsd. From this tabdble, curves
were plotted showing the relatiom between rainfall and ele-
vation above sea level of a given looalitys

The three distinctive rainfall sones of the
Paocific Goast are clearly ropr'oeantod in Southern California.
In the first zone, from the Gosst to tho first mountain
range, tho’ snmmal precipitation inoresses with the altitude.
As the warm humid air is foroed into highor, sooler stratas,
the moisture carried is condensed, snd bgins to fall in the
form of abundant rain. |

Tho second somé extends from the first mount-
ain spurs, over ﬂu mountain valleys, aud to tho last ridges
bordering cn the desert. The precipitation that has com-
mensed contimues to fall 2s the olouds pess on ovor the
mountains and gradually cool offe The reinfall in this sone
is therofore not -\6"o1nr1y dependent cn the individual al-
titade of cach station. It has a general relation to the al-

situde but it decreases in amomnt from the coss$ ranmge inmlend,
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The third some is that of the arid lands dack
of the coaatal mountain rangese Here the rainfall is inter—
nittent, torrential snd frequently ssarces

In plotting the reinfall curves, it wos fownd
that for the stations loocated between the cosst 1ino smd the
£irst mowntains, designated as first sone, 8 very smooth
gurve could be drawm taking in the voints given. For stations
located in the seocond zomne the points would not lie as close
t0o the curve of afar:;gec. but in a general way the precipi-
tation for these stations shows satisfaciory coincidemce with
the curve of averagose.

¥he Warner Reservoir area is loocated in the
seoond mi. mﬁ:rtmtoly most of the rainfall records for
lo0oslitios in this zomne, at this particular site, are meagre
snd cover short periods onlys but they are the best &ta
availsble sud give a fair degree of ascuracy.

fhe Psmo Reservoir is located within the firm¢
gome. Tor this partiocnlar ares numerous relisble records
exist, snd the aonolusions drewn have boea well suprorted by
actusl runoff figures, es bolow set forth.

RONO¥Vo |

The lsws of runoff as referred $o0 rainfall are
fairly well established for Southera Californias. Tho records
Xept by some of the Water Companies in that vioinity, and in-



J.O.WHITE & COMPANY
INGORPORATED

vestigatione of the hydrographers of the U. C. Goological
Survey have astabliched the relation that may be expectod,
when the gemoral cheragtoristiscs of the territory are imown.

It must be borne in mind that individual yoars
are sabjedt to ;reat ﬂuofnatiom. 4 year of light rain-
fall following a year of heavy rainfall will produsce a run-
off in oxocess of what normally counld be expocted for that
yeare A year of hoav; rainfall following & very light year
will show less ranoff than normale In view of theso comdi-
tions, runoff records of individual yeers must be ccwmpared
with each othsyr, and with goneral rainfall conditions, that
truo conclusions moy be dorived.

Hoving theso conditions in mind, the total
yearly runoffs for the Viarmer watorshed and the Pamo water-
shod have bsen caloulated, and tho yield ¢f thono watersheds
determinoed in relation to the rainfall that might oscocur,
whother it be a year of normal ratni;z'll, or smy percentage,
high or low, of noraal rainfaile The rosults were them
compared with such messured flow from tho sreas, os wore
svailabdle.

TJor the Warner Reservoir reeord of meassured
runoff for only one year exists. 7The discharge chincides
with the caloulated rumoff for a year of similar precipi-
tation, But 1% is sudject to reservation, as deing only
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a single instanae.

For the Pamo Resorvoir reliablo records for
five vears have bdoen Jepts, Thsse roocoxrds confirm the oal-
culations for the Pamo runoff,

EVAPORATION.

The Evaporation losses have beem determined
on & basis of 48 inches suymal loss for the exposed water
area of Warner Reservoir, amd 54 inoches ammmal loss for . -
exposoed water aree of the Pamo Reservoir.

The rosults of the above calculation follows
WARNER RESERVOIR,

Tho watershed of the Warner Regervoir, in years
of normal rainfall, will yield snmuslly approximately 25,000
aore fees - squivalent to 34 seoond feet (cubic feet per sec-
ond) or 1,700 miners inches (4 ineh prossure.)

In years of light rainfall, the runoff will de
greatly reduced, amd in years of heavy rainfall, correspond-
ingly inoreased. :

The oonstruoction of a Dam with 98 feet effoct-
ive heicht will inato a regerroir having storage capacity of
150,000 sore foste '

I£_the floods be stored and carried over from
year to year, an oqualised flow from Warner Reservoir osn de
sxpected, of net ammually, 20,000 acre feet, or 27.4 second
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feet, or 1,370 miners inshes.

A yearly record has beem caloulated showing
what performance could ,hvy been expestsd of Warmer Reservoir,
with a rainfal]l such as has oscocurred during the past thirty-

four years. .
This record shows delivery
during 31 years et asss00s0205000 ACeFt. snzmally.
" 1 year (1899~1900) e.sec.css 17,000 ® * "
"1 " (1901«1902) ..eev.... 10,000 * "
" _ 3 " (1903=1908) eeerecee. 75500 ® .
34 yeaxs.

During this timo, the resorvoir wonld have
been emmtied In the ssason of
1899 - 1900
1901 - 1902
1903 « 1904
POWER AVAILABLE,.

@0 Powor output fram 20,000 aore foet smmual-
1y, soting under 1,500 feet offective hoad, at 75f plent of-
ficiency, will amownt %o

7,000 H.Ps Power house output (12 hr. load)
B'zzz!.w ° ” 11 L n n &

Onrrupmding power available for wholesale

delivery within a reasonadle radius of transmission
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6,300 HoP» (12 hre lo2d)

4,700 KoV L “

Anmal delivery 20,586,000 kilowatt hours
PAMO RESERVOIR. | |

!h‘o watershed of the Pamo Reservoir, in years
of nomal rainfall, will j»ld annually, approximately
28,000 aore feet - equivalent to 38 second foet (cubic feet
per second) or 1,900 miners inches (4 inch pressure)

In years of light reinfell, the rumoff will
be greatly reduced; in ysars of heavy rainfall, greatly in-
oroeased.

The construction of a dsm with 140 foet eof-
fective height will oreate a resorvoir having storage capaoi-
ty of 35,000 aore feet.

If the regulated runoff from Warner Reservoir,
during winter, and the floods of the Pamo watershed, be
stored and carried over in the Pamo Reservoir from year to
year, sn equalized flow from Pamo Reservoir can be expected,
of net ammally, 22,000 acre feet.

A yearly record has been ocaloulated showing
what performansce sould HEve been expected of Pamo Rosorvoir
with & rainfall sush as has ocowrred in the past thirty-five
years. This record shows delivery
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during 30 years cceee:0229000 aore foet annually
" 1 year (1893=1894) «.cc0.421,600 -* " "
® 1 % (1876=1877) eees-0020,000 * M ®
- 1 " (1899=1900) eceeeceelb,500 ™ " ”
" 1 " [1905=1904) eceees.e14,760 “« m "
1 " (1898=1899) eeeceeeldy000 " " M
During this time the Reservoir would have been
emptied in the season of
| 1876 - 1877
1882 = 18683
1893 - 18%4
1898 - 1899
1899 - 1900
1903 « 1904
| In addition to the above, tho Pamo Reservoir
would normmslly receive from the Warner Reservoir during the
six sumor months 10,000 acre feet,

The total quantity of water that could dbe ex-
pected ammually during irrigation season, from Pamo Reservoir
under mormal conditions, would them bes

Prom storsge in Pamo «e..32,000 sore feet
From Yarnor AW 3T flow. .m " " |
20tal eceee-e32,000 " " per irrigation sesson
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Por an irrigation season of 200 days, corres=
ponding flow is
During the season desisieiie. OB second feet, or
. " " eecccecedy000 miners inches (4 inch pressure)

\

IV  STRUOTURES

Wo recommand the following struotures to ao-
camplish the purposcs of this projest mntil furthor dotailed
investigations ahoi that safaty or sconomy dmng ohanges.
VARNERS RANCH INPROVEMRNT

| It will be necessary to relosate rosds now in
the Reservoir Areca. These roods now conuacting B:-mta Ysabel
with Nellie and Pala dy the Valloy of ths San Luis Rey River
should be carried from the dam slong the scuth side of the
Reservoir.

In order to impyove the rmoff conditions of
this watershed, it is advisable to construct a system of
ditohes along each edge of the valley to imtoroept and fao-
il1tate tho runoff from the slopes and to plok up the prin-
eipal water courses through the Vmoy. In nddition smaller
latersl ditohes should be run out into the valley floor to
drain the shallow. g.nhl snd marshes, thus saving consider-
able vator from cvnpbnuon.
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WARNERS RANCH DAM.

The dam site proposed is loocated in a narrow
gorge leading out of the valley and presemts a very favorsble
opportunity for an economioal storage of waters From the
surface indiecat l‘unl the foundatiom mcross the stream bed and
the north bank is of disintegrated granite, amd the south
bank & oliff of seamy snd broken granites |

Alﬂmngh the hillsldes are strewn with granite
boulders and nodules, thore seems to be no suitable quarry of
hard rock close at hand, Monkey Hill in the rosorvoir site
might develop a good quarry snd a cliff of rock lies severzl
hundred foet above the site on Mosa Grazande Mowntainsy. but
both of these sourses of supply aro somewhat innccessible,

Wo thorefore propose am earth £i11 type of dam having a 30
foot top width, 3 on 1 slopes upstreom and 2% on 1 slopes down
stream. The downstroam toe should be bduilt of & oonaiderabdle
rook Pill to pormit drainnge vithont-ulondung. The earth
£fi11 can be produred from the floae of the valley and con-
sists of Mliok loam, olsy and disintegrated granite, which
should be spreod in 6 inch lsyers rolled amd wst. A concrete
catoff wall should be bullt from emd to end of the dam,
founded on s impervious strata and extending up intp the
earth fill a distance of 10 feet. The upstresm slope should
be paved 3 feet thiok with heavy stone, the downstream slope
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i:rovidod with paved drainage guttors end the balmmoe sseded
to tough grussos.

Beyond. tho north and of the dem is a dip in
the profile whore a spillway should be provided. This dip
shonld be excavated to a level eight feet below the crest
of the dom and bde provided with a conorste sill, apron and
side walls forming abutmonts for a bridge carrying the road
from Smith Mountaine Provisions should be mude for flash
boards permitting & 4 foot comtrol of the spillwag.

OUTLET COSTROL. .

| A reinforoed conorete gate tower should be
orestad above the upstream toe of the dsm ocloase to the
south bank of the gorge. This tower should contain ump
gates at differeat slevations and outlet gates at the
bottom lsading into a conorete lined tummel driven through
the south bank to a flat area below the dam vwhere the opemn
lined conduit would begin. Access to the tower would de
had over a foot bdridge from the shore.
CONDUYT, _

The conduit should be "mﬂ.t with a gradient
of cne foot in 1000 feot as thus the loss of hesd will de
leas and the tmo:l.l shorter than were a steeper gradient
sdopteds The tummels should be lined to dimensions of B

- -
O T o Bl Ry e U e e i | S ol o i e B A L
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M horisontal and 6 feot vertical with semlcircular tope
The lining should be 6 inches thick smd all spaces bsck of |
lining f1lled with handstonee The ditohes shomld te in ex-
ocavation and 1ined with 4 inches of lightly reinforced aon~
srete to dimemsions of 3 foobt bottom with 1 cm 1 slopes,
and capable of carrying 3 foot depth of watere Thoe flumes
should be of 6 Hot dlametar semicircular section riveted
stesl supported by timbsxr trostles.
REGULAPING RESSRVOIR.

in excellent looation is available whem a
regulating reservolr having a cupacity of about 20 sore feot
may be formed by an earth dsm acroses a smail hillside canyone
A suitable overflow and waste channasl to;ether with head-
works including gaites, racks amd acreons should be provided.
PRES3UR: PIPAE,.

Wo would recommand a single pipe line of riv-
oted and lap welded steal having am avorage dismeter of 30"
laid in tremch and covered andl provided with suitadlo an-
chorcges.
POVER HOUSE, :

fhe bullding for housing the hydro-slectric
spparatus should.be fire-proof, duilt of steol and conorete
sand including in sddition to the vrincipsl opereting room
suitable compartments for Srrmsformers, space for auxili-
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aries and switohdboard and the high tansion switohing eppar-
atus.
BQUIPAZXNT,

The power house aquipmeat should oonsist pre-
feradly of J-~ 2,500 keved. gondrators, sach oapadls of deo-
11voring 2,000 kewe 8t 80f posor fastor end dirsct coznected
to iLmpalss wator whsels of 3,800 hepe

Auxiliary spparatus chould inoclule duplicate
exsiter equimmemt,both water whsel and motor drivem, step up
transformors, switohboard ond oil switohos, lightning arrest-
ers, ot 6., ot Ge
TRANSAISIION,.

Assuming for tne purpose of this report the
delivery of the powai' geasratod to San Diego the trsnsmis-
sica 1ine would be spproximately 46 milos in length. We
have estimated on & wocdoa pole line, supporting one three
phan' cirsuit, with ocopper of aaple oroass sestiocn and in-
sulated for 56,000 voltse
3UB-8ZATIONS.

dgain sasmaing the delivery of all power
genorated at the low temsion side of the step dom trens-
formers, thore would be roquired ono sub-statiom of fire-
proof construction housing the necessary trmmsformers,
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switohing and control apparatus.
STEAM AUXILIARY.

On acoomnt of perfect regulation of the water
afforded dy tho\ storage at Warners Ranch reservoir, the com-
paratively inexpensive foredbay or regulating resorvoir and
the relatively lcorge tunnel sestion made nogessary for con-
struotion reasons the proposed hydro-eleotric plant will be
as flexidble in operation for all practical purposes as a
stean plant of similar capacity and size of units. Under
the circumstances, it does not appear nogcessary or advisadle
to go to the expense of mn suxiliary steam plent, as its
greatest valus would be for protection to service during
poriods of interruption which if it doocame necessary sould
be prootically eliminated by the duplication of the trens-
mission liho. assuming always its careful construotion and
skilled operation. \ |

As an alternative, howover, to ovem the dn-
plication of the transmission line for the relatively small
eapasity involved, it #ould be possible to market the output
of the plant to comsumers who would be reasonadly lenient in
the matter of imterruptions or who have suffioient steam oa~
pacity already installed to enadle them to maintain their
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PAXD DAM.

The site of the Pamo dam is in o canyom just
below Pamo Valley. 350114 rook foundation shows on the north
bsuk adjacent to the strosm snd indications of ledge are "\
evidont on ths pouth bank; but it eppecrs thas this rook
may 1ie deoply covered on the highor slopes.  Based upon
the informption now avallable, we recosmend that an earth
£111 type dam bo adopted for this site similar to that pro-
poses for Verners Ramchs A much larger dut similar spill-
wey should Ye vrovided, also vutlet control works 08 before.
A thorough investigation should be made of this site to de-
Sernine tho extamt of the rook foundaticm; amd it may devel-
op thet a rook £1i11 dam wonld be moro suitable shd could de
dails bizher to the denafit of the project,

The foregoing suggestions and estimates on
structures which follow are not to be considered as final
but are the result of our preliminary investigation and a
review of such surveys and data as your engineers have
been able to present.
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V  ESTI#ATES OF COST.

RESERVOIR--Reconstrustisn of Roads.3 2,000.
Draining aund Ditehing... 25,000. 27,000.

DAd, SPILLVAY, OUTLEY CONTROUeec.os 147,340.

CONDUIT. :
Ditches 59,500 foot G § 300540 ¢$120,475
Tommels 11,486 " 2 16.00... 193,944.
Flomos 500 * @ 106006ee 65000

Rosds 20 miles® 600400... Mo 332,419,
POREBAY & PIPE LINBeoccccccoccosse 110,000,
Totsl Ryiranlio ... 616,759.00
2LNOPRICAL.

S = 2,00 kews "o generators
water wheels, transformers,
exolters, switchboard, et a.

— g 19000.0 c&lO’B.OOO.
mm ‘t’mr Hm‘tcoooao 40.0mo
Transnission 1ine 45 mi.

- WOOOQQQ' 90.0000
Sudb-station building and
epparatus,San DiegOcecccsocecee 36.000.

Total Eleodriceeeces ' 274.000.00

Engineering & Oontingencies;15% 135,614400

Intorest during construation; 384663.00

Organisation and m tassccae M
Zotal Power Development #1,085,226400

IRRIGATION .

Paxo Dem, Spillway, Uutlet Control 456,900,00

Enginering & Omtingenoiess 69,588.00

Interest during sonstrustion: _18,880,00

Total Irrigation Development £ B42,635.00
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VI  HARER?.

We have not investigated the marxots for either
wator or electricity, bus e merely perfunctory oxaminstion of
conditions at San Diego snd vicinity leads ws to bolieve that
they should find a resdy merket at prices which would yield
& fair return on the investment.

, |
S VI1  EARNTNGS.

~ ELBROTRIC.

Assuming -a wholesale market at San Diego for
the entire eloctrical cutput delivered at the low temsiom
side of the sub-station transformers sud a rate of 1¢ per
KeWohe, Witk & load fastor of 50f, the finsncial results of
that part of the project shounld be about as followss

These results are promised upom normsal con-
ditions and skillod and commatemt managemont.

Gross income from sale of .
20'5“.000 k'w.h. 8 1¢ R T REEEY 0'3205’860'm

- Cperating expenses inoluding
taxos, mintencnce and

POPRLIBecccccoccccssnsscsascncons 3 000
Het after Upeution 800680000 cssnery > «00

Interest charges, 72 on
S - e p - -
The adove intercst oht;rau do not include allowance for
cost of water or water rights, lands, rights of way, or
franchises, nor, as before stated, doos our estimate in-
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clude the cost of a distriduting system in San Diego. /

YIIT CONGLUSION. s

In our inv‘utigntion of the Warners Ranch Pro-
Jeot, we have bocn\ hampered by the limitod amount of dasa a-
vailable, which is reliable, and vhich bhears &irootly upon ‘
the prodlem. XNumerons rainfall reocords have bsen compiled
for that seoction of tho state but only one statiom, that at
Agua Galiente, liss within tho drainage arer of the Wnrmer
Reservoire By reeson of the psonliar topographic losation,
1t beoonos necessary to nse extrams oauticm in drawing con-
clusims from records compilod from sdjacemt areas.

Ihere oan be no doudbt thot & larpe wmount of
watexr iz precipitated in the aroz tributary, Lt how zmch of
this may b2 aviiladle in »moff saud how mach i3 absorbed and
later evaporated is lerzely a matter of expart opinion sad
can only de determined camotly by astunl geugings at the dam
site. Govermment gsmgings have been maintained at Pula un
the San Luis Ny River some 20 miloo bolowy the dmm sité and
these .rooordl, 7hich for a numbor of oxsollemt reasons are
‘not considered acourate for the purpose of thic redord, are
the cnly availsble records of runoff for tho siream,which
cover a period longer than cme year,

The ditches for which we have mads provision
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in our estimates are for the divorsion of water fram the
mountain slopes more directly into the reservoire. Thase
would doubtless have bemeficial influence on the runoff and
should de mt*cularly valusble in years of low rainfell,
as the storsge of water from wot to dry years is heavily
taxed by evaporettone 7The improvement by this or other
means of this dry year runoff would make possidle a larger
equalised flow from the resorvoir,

The importanse of this is self evident and we
would recommend that a detailed study bde made of the reser-
voir site for the purpose of determining what woric may de
profitadbly carried out to benefit of the rumoff,

We wounld also recommand that a gsuging station
de established at the dam site, that at least fivo rainfall
stations be losated in the drainage area and that prior to
actusl construstion there should be avallable records from
thess for at least one full year. It is needless to say
that these statioms should be under the direction of some
competent observere

Elsewhere in cur report we have recommended
sgainst the constructicn of a steam resorve or suxiliary
plant. It will be-moted in the statement of rmmoff for the

Warner Reservoir that during the thirty-four years of record
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the eleotric development would either have to be operated
at rodnced canadty or enbtirely shut down during a part of
threo ysars, or ane year in eleven, tho maximmm rednction
during tho entire period being to epproximately 3154 of
normal,

It thorefore appears that the necessity of
a stoam resorve is measured entirely by the 1niuranoo un
continuous service which it mey be necessary to osrry in
order to profitably market the output of the hydro—electric
plante. .

Yours vory truly,

19 Coutette

Seorvtary.

Manager
an Francisco 0ffico.

’
d.
.
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DESCRIPTION OF THE TOPOGRAP]%

The United States Geological Survey is making
a topographic map of the United States. This
work has been in progress since 1882, and about
three-tenths of the area of the country, excluding
outlying possessions, has been mapped.- The map-
ped areas are widely scattered, nearly every State
being represented, as shown on the progress map
accompanying each annual report of the Director.

This great map is being published in atlas sheets
of convenient size, which are bounded by parallels
and meridians. / The four-cornered division of
land corresporiding to an atlas sheet is called a
quadrangle. The sheets are of approximately the
same size: the paper dimensions are 20 by 162
inches; the map occupies about 17% inches of
height and 11# to 16 inches of width, the latter
varving with latitude. Three scales, however, are
employed. The largest scale is 1:62500, or very
nearly one mile to one inch; i. e., one linear mile
on the ground is represented by one linear inch on
the map. This scale is used for the thickly settled
or industrially important parts of the counfry.
For the greater part of the country an intermediate
scale of 1:125000, or about two miles to one inch,
is employed. A third and still smaller scale of
1:250000, or about four miles to one inch, has
been used in the desert regions of the far West.
A few special maps on larger scales are made of
limited areas in mining districts. The sheets on
the largest scale cover 15" of latitude by 15 of
longitude; those on the intermediate scale, 30’ of
latitude by 30" of longitude; and those on the
smallest scale, 1° of latitude by 1° of longitude. .

The features shown on this map may, for con-
venience, be classed in three groups: (1) water,
mcludmg seas, Iakes, ponds, rivers and other
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times, are shown, not by f } a5
dots and dashes. Ponds' -u;- 3=
part of the year are sh ;
lines. Salt-water marshet -+
ruling interspersed mthl-?---*f‘
water marshes and me._-.,-....
broken horizontal lines. "I
Relief 15' shown by b
Each cont/fur passes th fai
the same altitude.” One v _ :_
the grou/nd will go nelth gl
but on a level. By the n::% "
are the shapes of the pla--*= G B
shown, but also the elev:
seacoast itself is a. contou}
of elevation being meanf'r-"r:f
line at, say, 20 feet above, :
would be the seacoast if
land to sink 20 feet. SL ‘
the valleys and forward & """""
and spurs. On a gentle s
far from the present-coaf:
slope it is near it. Thus ==
tour lines far apart on th: =
slope; if close together, & g s
contours run together in i
vertically under the one-'p- 3
cliff. In many partsof tl:= =
or hollows with no outlets. s
surround these, just as thr= ik
small hollows known as si:i:
by hachures, or short das _';
curve. The contour int
tance in feet between one
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