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WATER SUPPLY FOR PROBABLE FUTURE DEVELOPMENTS
IN THE SAN DIEGO COUNTY WATER AUTHORITY

SCOPE

The following statement presents a review of a
report submitted to the Board of Directors of the
San Diego County Water Authority under date of
June, 1955, by Richard 5. Holmgren, General Man-
ager and Chief Enpineer. and entitled “Report on
the Probable Extent of Authority Area, the Amount
and Source of Additional Water Supply Required,
and the System Required to Efficiently Deliver Au-
thority Water to the Agencies Comprising that
Area.” In addition, a summary iz given of investiza-
tons and studies carried on by the undersigned
Board of Engineers relative to providing a water sup-
ply for the probable future developments in the San
Dicgo County Water Authority. The work by this
Board was authorized by the General Manager and
Chief Engincer of the Authority in letter dated
March 21, 1955,

The Board of Engincers had available for its use,
preliminary drafts of the Report prepared by the
Authority Staff, covering in general the various items
under consideration. These have been reviewed and
discussed In some detail with Messrs. Holmgren and
Sloan, as have also numerous other phases of the
many problems involved Additional studies have
been carried on and data has been assembled by the
Authority Staff as requested, to assist the Board of
Engineers in arriving at its conclusions.

Although all members of this Board have been
familiar with, and more or less closely associated with
the water supply situation in San Diego County over
a period of many years, supplemental field trips were
also made as required to become more familiar with
actual present-day conditions,

On July 14, 1935, the Board of Engineers met
with the General Manzger and the members of the
Engineering and Operations Committee of the Au-
thority Board of Directors. At this mecting, many
of the major problems confronting the Authority in
the water supply field were discussed. The Com-
mittee evidenced special intersst in regard to the
policy to be followed by the Authority in connection
with the construction and operation of branch lines
and related facilities. In view of this interest, the
Board of Engineers submitted to the General Man-
ager, at his request, under date of July 19, 1955, a
suggested policy regarding the construction of
branch lines.

During the past vezr, the Authority Staff has
been engaged upon a review of the many problems
invelved -regarding -futere water requirements in
the Aunthority and in this work has accumulated .a
great deal of valuable and pertinent information:
The General Manager's report, as submitted to the
Beard of Dircctors, summanzes the results of thess
studies and investigations and presents the con-

clusions of the General Manager and his Staff re-
garding the many phases of the problems. The Re-
port properly brings to the attention of the Board
of Directors, the importance of the water supply
situation in San Diego County, as well as the need
for continued study with appropriate action by the
Authority Board of Directors,

The Board of Enginecrs concurs with the Author-
ity Staff as to the general problems invelved, but it
i3 not in agreement as to a number of the important
basic premises,

Accordingly, the following statement will review
the principal items involved and discuss the effect
of the differences. It will also outline what further
investigations and analyses should be made by the
Authority Staff in order to develop material for ar-
riving at appropriate conclusions and final action.
The theraf Manager's Report will be discussed
under the hecadings as listed in the summary and
conclusions, with such addidonal comments as are
deemed necessary.

ESTIMATED INCREASE IN AREA
WITHIN THE AUTHORITY

Areas

As of Jume 30, 1835, the San Diego County
Water Authority was compozed of 16 public
agencics having a total arez of 351,697 acres. In
addition, six arcas are now considering annexation
to the Authority and. if annexed, will increase the
arez by 138,540 acres, to a total of 490,037 acres.

Tahi:: I gives details regarding the names of the
various agencies and areas making up the Authority
and proposed for annexation, together with the
dztes of annexation and the acreages involved.

It will be noted that the area annexed or pro-
posed for annexation in 1934 and 1955 is 327,040
acres as compared with a total in the Authority at
the close of 1953 of 162,997 acres. The causes of
this major anncxation program are discussed in
subsequent paragraphs. e

Feather River Project

In 1951, the State Water Resources Board pub-
lished a Report entdtled *Feasibility of Feather
River Project and Sacramento-San Joaquin Delta
Division Projects Proposed as Features of: the Cali-
fornia Watér Plan” This Report, amomg other
things, proposed a conduit which would carry water
from the Sacramento-San Joaguin Delta -near
Tracy, zslong the Westerly side of the San Joaguin

_ Valley to the Tehachapi Mountains, then over and

through the Tehachapi Mountains at about eleva-
tion 3,300 “and around the Easterly side of the
South Coastal Basin to Horze Thief Canyon in Sam
Diego County, from which point: the water would
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flow some seven miles to Barrstt Reservoir. In this
plan, the State proposed to deliver for use in
Southern California about 1,800,000 acre feer an-
nually, of which two-thirds would be made avail-
able to the South Coastal Basin.

The State proposal to bring approximately
1,200,000 acre feet of Feather River Water into the
South Coastal Basin as a supplement to the local
supplies and those imperted from Owens Valley
and the Colorado River created a great deal of in-
terest among Southern California water users and
water utilities,

Action of Metropolitan Water District

Subsequently, the Metropolitan Water District
teck the position that, with its far-flung distribution
facilities, the MWD would provide any required
supplemental water within its service area, A policy
statement to that effect was issued by the Board of
Directors of the MWD under date of December 18,
1933, and is quoted hercin:

“The Metropolitan Water District of Southern

California is prepared, with its existing govern-

mental powers and its present and projected dis-
tribution facilities, to provide its service area with
adequate supplies of water to meet expanding
and increasing needs in the years ahead. The
District now is providing its service arcas with a
supplemental water supply from the Colorado
River, When and as additional water resources
are required to meet increasing needs for domes-
tic, industrial, and municipal water, the Metro-
{::oiitau Water District of Southern California will
e prepared to deliver such supplies,
“Taxpayers and water wsers residing within the
Metropolitan Water District of Southern Cali-
fornia alrcady have obligated themselves for the
construction of an agueduct supply and distribu-
tion system involving a cost in excess of $350.-
000,000. This system has been designed and con-
structed in a manner that permits orderly and
economic extensions and enlargements to deliver
the District's full share of Colorado River water
as well as water from other sources as required
in the years ahead. Establishment of overlapping

TABLE 1

SAN DIEGO COUNTY WATER AUTHORITY MEMBER AGENCIES
AND AREAS CONSIDERING ANNEXATION
(As of June 30, 1933)

Agencies Annexed
Date of Hc.m.'l:ner:hip Total Area
Prior to Subsequent Prior to Subsequent
12-18-53 to 12-18-33 12-18.53 to 12.158-53
Agency or Areza Dats Date Acres Acres
Escondida 10/ 8/30 1,840
Fallbrook Public Utility District 6/ 024 8,192
Lakeside Irrigation District 6/ 9/44 1,860
La Mesa, Lemon Grove & Spring
Valley Trrigation District B/ 0/44 30,450
National City B/ 9/44 4,680
Oceanside 6/ 0/44 8,095
San Diego 6/ 0/44 78,175
San Dieguito Irrigation District 12/13/48 4,009
Santa Fe Irrigation District 12/15/48 10,106
South Bay Irrigation District 11/ 3/32 15,400
Bueno Colorado 6/11 /54 47,400
Carlshad 6/16/54 20,900
Rio San Diego (1) 18,760(1}
Poway 4/21 /54 10,800
Rainbow +/10/54 33,500
Rincon B/14/54 22 400
Valley Center 5/ 9/55 53,300
Ramona {1} 20,600(1)
Rancho El Cajon (1} 12,800(1)
Cray (1) EG,UUDE 1)
Iraprrial (1) 13,9000 1)
Pauma Valley (1} 12,280(1)
‘Total Annexed Area (351.6597) 162997 188,700
Total Area Considering Annexation 138,340
Total For All Areas (420,057) 162,597 327,040

(1) Annexation under consideration only.




and paralleling governmental authorities and
water distribution facilities to service Southern
California areas would place a wasteful and un-
necessary financial burden vpon all of the people
of California and. particularly the residents of
Southern Californiz.

Following this statement by MWD, together
with the continuation of the dry cycle, numerous
requests were made by various areas in San Diego
County for annexation to the Authority, Since De-
cember, 1953, six public agencies have been annex-
ed to the Authority, as shown in Tahle 1, with a
total arca of 1BB.700 acres, or more than the area
making up the Authority wo that date. These an-
nexations have been requested and made, notwith-
standing the fact that it was well known that there
will not be available from the Colorado River sup-
ply, plus the local sources, sufficient water to take
care of such proposed developments and notwith-
standing the specific mention in the MWD policy
statement that water would only be supplied “to
meet increasing needs for domestic, industdal and
municipal water.” No provision was made for fur-
nishing irrigation water. The action has apparently
been taken on the assumption that additiona] water
will be made available from other sources.

In view of this continusd demand for annexztion
with its resulting increase in water supply require-
ments, the Authority has wndertaken a survey to
determine the probable ultimste area to he served
by the Authority,

In doing this, the Auvthorty Staff has considered
only that part of the County lving West of the
Mountaing and which areas all drain to the Pacific.
An elevation of approximately 1,600 feet above sea
Ievel was taken as the upper limit economically
feasible for irrigation and urban development.

The results of the Staffs land classification siur-
vey are given in Table | of the General Manager's
Report and may, in general, be summarized as fol-
lows:

Gross ultimate Authority area 821,021 zcres
Probable area to be served._......527,222 acres
Area gserved in 1954l 164,185 acres

The Board of Engineers has reviewed the land
classification made by the Authority Staff, by study
of topographic maps and by general field examina-
tion of most of the zgencies 2nd arcas. The Board
believes that the classification, although somewhat
on the: optimistic side as to future development, is
consistent with the zccuracy of the information
available and can be used as the basis for a pre-
liminary estimate of future water requirements.

Attention should, however, be called: to 2 number
of items which might materially change the resnits:
1. No detailed field surveys and corresponding

land classification and utilization investigations
were made. Accordingly, it may eventually develop
that the areas designated suitable for use will be
changed on the basis of later and more complete in-
formation,

2. Much of the land at the higher elevations and
back from the Coastal Areas iz guite rough and will
be difficult to develop.

3. Development will, for the most part, take place
adjacent to San Diego and along the Coastal Plain
The interior lands will develop slowly due to rough
topography, high cost of water, and distance from
metropolitan - areas.

4. No consideration has been given to the prob-
able ability of the land owners to pay for water.
This will be an important factor in the rougher and
more isolated sections,

5. Should the T. 5, Government relinquish all or
part of its lands now reserved for military installa-
tions, the area suitable for ultimate development
may be substantially Increased.

FROBAELE WATER
REQUIREMENTS OF AREA

The Staff estimate of ultimate water consumption
for the area under consideration is given in- Table 1
of the General Manager’s Report, as 788,100 acre
feet per annum. This would be applied to 527,222
acres as the cstimate ultimate “probable areas to be
served.” It corresponds to an average of about 1.50
acre feet per acre.

The Board of Engineers has made an independent
study of the probable ultimate water requirements.
In doing this, each agency or area hai been con-
sidered. Population studies have been made for the
City of San Diego, using an assumed area of 77,000
acres; as shown in Table 1 of the Staff Repori.
Water requirements for the other agencies and areas
have been based larsely on an assumed ultimate vse
in the amount of 1.3 acre feet per acre; with some
adjustments for specizl conditions. This fipure has
been based on data collected by the Authority on
the La Mesa, Fallbrook and Vista Districts, as givtn
in Table 2 herein.

The results of the Board studies show an esti-
mated ultimate consumption for the net area, as
listed in Table 1 of the General Manager’s Report,
of about 1165 less than determined by the Staff,
This is considered to be 2 reasonable check on the
Staff= estimate as to ultimate consumption in view
af the uncertainties involved.

Attention is, however, called to the fact that the
preferential right of the Authority in the MWD
Colorado: River supply is 112,000 acre feet per an-
num, asstming full development and availability of
the full MWD right in the Colorado, Under these
conditions, the supply now in sight to meet the ult-
mate requirements of the Authority is as follows:
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Ultimate: Auvthority re-
quirements — Esti-
mated by Staff

Authority Preferential
Right in Colorade
River supply

Estimated Safe Yield of
local sources { Table
1 — General Man-
ager’s Report)

788,100 AF. per Annum

112,000 AF.

106,600 AF.
218,600 A:F. per Annum

369,500 A.F. per Annum

Deficiency

In other words, for the full development of the
estimated ultimate area within the Authority, it will
be necessary to import about 562,500 acre {cct per
gonum over and above the maximum possible sup-
ply from local sources plus that to be obtained
through the MWD from the Colorado River.

Probable use of water, during the next 45 vyears,
as estimated by the Authority Staff, iz shown in
Table 1 and Plate 2 of the General Manager's Re-
port. The actual use of water within the Authority
during the period 1943 to 1935, together with the
estimated uze from 1935 to 1990, [rom the General
Manager’s Report, are presented by Plate A herein.
It will be noted that the Staff estimate of use shows
a very rapid increase. This apparently has becn de-
veloped on the assumption that the anncxation of
additional arcas will continue and that the use of
water in those areas will advance at a substantial
rate far in excess of the trend during the peried
1949-1954. Such a trend is shown on Plate A.

In view of the topographic conditions throughout
a large portion of the Authority arca, uncertainties
as to available water supply and relatively high
cost of water, it iz difficult to understand how such

a high rate of increase can be expected to develop.
It should also be noted from Plate A that during the
periad 1946-1350, following World War I, the use
of water remained praciically stationary. Similar
conditions may occur in the future,

Asmiming, however, that the estimated future use
of water, as shown by the Staff Report, is represen-
tative of conditions that may be expected, then it
will be observed from Plate A herein that the entire
supply to the Authority, with present facilities, will
be exhausted by 1358, This is based on the assump-
tion that the full capacity of the present Aqueduct
can be utilized plus the local safe yield. Should the
supply available through the Aqueduct be limited to
the Authority’s Preferential Right, pluz local safe
yicld, then the supply would be exhausted by 1957.
The total supplics aveilable under these conditions
are:

Agueduct Preferential
Supply Capacity Right
[Quantitics in acre fcet per annum)
Agueduct 141,600 112,000
Sf.'fc yield of local
supplies 106,600 106,600
Total 227,600 218,600

The Tioard of Enginecrs is in agrecment with the
General Manager's Report, as regards the statement
that any addifional water to be obtained in the near
future, over and sbove that supplied through the
Agueduct and the local sources, must he obtained
from the MWD through additional aqueducr facil-
ities. Since the existuing Agueduct is of ample size w
more than supply the preferential right of the Au-
thority in the Colorade River supply of the MWD,
then any additional water obtained from the MWD
through the Colorado River Aqueduct must be sur-

TABLE 3

WATER REQUIREMENTS AND AVAILABLE SUFPPLIES IN
MWD ULTIMATE SERVICE AREA EXCLUDING
SAN DIEGO COUNTY WATER AUTHORITY

Requirements

Ultimate water requirements—Los Angeles, Orange, Riverside and

San Bernardine Counties

Ultimate area to be served

Average use of water per acre served
Available Supplies

MWD from Colorade River—No curtzilment (1)
Owens Valley Aqueduct

Safe yield of local sources in Los Angeles, Orange, Riverside and

San Bernardino Counties

Total Available Supplies

{1) From Bulletin #2—Allowance of 56 made for transmission losses and outages,

3.902.000 A. F, per anmum
1,762,500 Acres
2.21 AcreFeet

1,150,000 A_F. per annum
319,000 A, F. per annum

791,700 A. F. per annum
2,260,700 A, F_jer annum

S




plus water over and sbove that needed by other
agencies in the MWD,

MWD Surplus

The Authority S5:aff has made an estimate of the
surplus water that may be available from the MWD,
This is shown in the General Manager's Repore on
Plate 3, which indicates that a surplus will exdst in
the MWD Aqueduoct until some time past 1970.

In view of the importance of determining, within
reasonable limits, how long such surplus water may
be available to the Authority from MWD, an inde-
pendent study has been made by this Board.

Information and data for making such a study
have been obtained from the published reports of the
MWD and from Bulletin No. 2 recently published
by the State Water Resources Board and entitled
“Water Utilization and Reguirements of California.”
Chapter 6 of the Bulletin deals with the South
Coastal Area and presents data on the probable fu-
ture ultimate water demands in that area, together
with available supplies and related data.

From Bulletin No. 2, the ultimate water require-
ments for the area estimated to be served ultimately
by the MWD in Los Angeles, Orange, Riverside and
San Bernardino Counties have heen determined, to-
gether with the estimated safe yicld of the local sup-
plies within such a scrvice area and the water avail-
able by importation, through the Owens Valley and
Colorado River Agueducts.

In developing this data from Bulletin No. 2, it has
been necessary to make some adjustments so that it
will apply to the probable ultimate MWD semvice
area including the four Countics mentioned in the
previous paragraph, but excluding San Thego Coun-
ty. This has been requircd, duc to the fact that the
data in Bulletin No. 2 was developed for hvdro-
graphic units which do not conform to the MWD
service arca.

The basic data, so obtained from Bulletin No, 2
are given in Table 3.

Information on past use of water within the MWD
is given in the reports of that District. Plate B herein
shows the annual use of water within the District
for the years 1935 to 1934, inclusive. During 19534,
a large amount of water was delivered to Orange
County for recharging of the underground basin.
The amount supplied by the MWD was as shown in
the 1954 Report, about 30,000 acre feet, It has been
assumed that this is a temporary use only and ac-
cordingly the 1954 consumption was reduced by
that amount. To this adjusted 1954 water produc-
tion for the present MWD service area, there has
been added 330,000 acre feet which represents the
estimated amount of water used in 1954 by the ar=as
within the ulfimate MWD service arca, other than
San Dicgo County, but not yet annexed to the
MWD, This ghves a totzl adjusted use during 1934
within the ultimate MWD service area, including
San Diego County, of 1,637,000 acre feet.

To determine the probable use of water within
the MWD service area; excluding San Diego Coun-

ty, during the period 1954 to 1980; it has been first
assumed that such use will increase at the same rate
estimated for the Authority area, as shown on Plate
2 of the General Manager’s Report and also pre-
sented on Plate: A herein. To make this determina-
tion; the estimated use of water in the Authority for
representative years beyond 1954 has been expressad
as & percentage of the ultimate use. These percent-
ages have then been applied to the balance of the
MWD, excluding San Diego County, The use in the
MWD has been assumed to Increase at the same
rate the Authority use is cstimated to increase be-
yond the point where the present use in the MWD,
except San Diepo County, is the Same percentage of
the ultimate as in the Authority.

It was found thar the 1954 use in the MWD,
other than San Diego County, was the same per-
centage of ultimate, namely 38%, as estimated to
occur in  the Authority for 1963. Accordingly, the
estimated rate of water use increase in the Anthority
beyond 1963 was applied to the balance of the MWD
beyond 1934

The cstimated annual uses of water in the Au-
thority during the period 1954-1980, as shown in the
General Manager's Report, were then added to those
obtained for the balance of the MWD ultimate
service area. The total estimated uses for the en-
tire MWID ultimate service area were thus obtained.
The results ar= shown as the upper curve on Plate B.

To determine the supoly available for this entire
ultimate ‘tervice =rea under the MWD, the amount
of safe vield, as estimated for the Authority znd
shown in Table 1 of the General Manager’s Report,
namely, 106,600 acre feet per annum, has been
added to the supply estimated in Bulletin No. 2 of
the State: Water Resources Board as available in Los
Anmeles;, Oranege, Riverside cand San Bernardino
Countics and referreed fo in previous paragraphs.
Then we have the following total available supply
for the entire MWD ultimate service area:

Estimated ultimate water supply
giailable for Lot Angeles,
Orange, Riverside and San
Bernarding Counties

Estimated safe yield of local
supplies in San Diego County :
Water Authority 106600 A.F. perannum

Total 2,367,300 A.F. per annum

2,260,700 AF. per annum

The total estimated available supply for the five
County area to be served by the MWD is shown as
the horizontal line on Plate B,

Under these assumed conditions, it will be ob-
served that the entire water supply available for the
five County MWD service area, would be reguired
by the year 1960. In other words, by the time that
the water supply presently available to the San
Diego County Water Authority iz exhausted, as
estimated by the Authority and shown in Table 1 of
the General Manazer's Report, the water supply
svailalle in the cntire serviee area of the MWD,
including: the five Counties, Loz Angeles, Orange,
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Riverside, San Bernardino and San Diego, will alzo
b exhausted. This indicates that no surplus water
will be available to the San Diego County Water
Authority, under the assumed conditions, after 1560,

The assumption that the other areas within the
ultimate MWD service area. will increase their use
of water as rapidly as that assumed for San DHego
County; is believed to be reasonable, In fact, the in-
crease in use of water within the area served by the
MWD outside of S8an Diegp County, has been even
more rapid during the past 20 years than has been
the increase in San Diego County. There is no rea-
son to believe that this dmation will not continue

If, on the other hand, we assume that the rate of
ingrease in water consumption within the Authority
will be more in line with the general trend over the
past 15 years than the presently estimated future
consumption, and lLie in between the trend for the
period 1549 to 1954, and the requirements as esti-
mated by the Authority Staff. then we would obtain
a foture vse somewhat as shown by the middle curve
on Plate A, This would indicate that the presendy
available supply from the Colerado River Aqueduct
and local sources would meet the demands in the
Authority until about the year 19635.

Assuming that this trend of growth would obtain
in San Diego County and also in the balance of the
service arca of the MWD, then, following the same
procedures as used in developing the upper curve on
Flate B, we obtain the future consumption for the
entire MWD in the fve Counties, as is shown by the
middle curve on Plate B. Under this assumption, it
will be ohserved that surplus water would be avail-
able in the MWD Colorade River Aqueduct until
about the vear 1986,

A third study has been similarly made on the basis
of an estimated use of water in the Authority be-
yond 1954, following the 1949-1954 trend a: shown
in the lower curve on Plate A This curve indicates
that the present sources available to the Authority
would meet requirements until about 1972,

If this trend of increase is applied to the balance
of the MWD ultimate area outside of San Diego
County, as dene in the two previous cases, then the
total requirements for the ultimate MWD including
the SDOCWA, would be as shown by the lower curve
on Plate B. With these conditions;, surplus water
would be available in the Colorade River Agueduct
of the MWD until about 1974

The relationship between the total water produc-
tion in the Authority and that for the entire MWD
for the years 1943 to 1554, is shown on Plate C.
Production in the Authority area dropped from
ahout 2365 of that in the entire MWD in 1843 to
109 in: 1954,

Under ultimate conditions, the relationship is esti-
mated to be as follows:

Estimated ultimate annual consumption in
Autharity 788,100 Ac. Fu

Estimnated ultiniate annual consumption in

MWD (excluding San Diege County} 5,902,000 Ac. Fr.

Total ultimate anoual MWD consumption 4,690,100 Ac. Ft.

i Autherity Consumption :
Relation: =1
e Total MWD Consumption %ipd

In other words, for zssumed ultimate conditions,
the use of water in the Authority is estimated to be
17¢% of that in the entire ultimate MWD, including
San Diego County Water Authority,

During the period 1954-1980, the relationship be-
tween Authority and total MWD use has been de-
termined for each of the three conditions illustrated
on Plates A and B, namely:

1. Using same rate of consumption growth in
MWD other than SDCWA, as shown for
SDCWA in Table 1 of the General Man-
ager's Report.

2. Using same rate of consumption’ growth in
MWD other than SDCWA, as shown for
SDCWA on Plate A and designated “Inter-
mediate Growth.”

3. Using same rate of consumption growth ia
MWD other than SDCWA as shown for
SDCWA on Plate A and designated “1949-
54 Trend.™

The relationships so determined are shown on Plate
C

Plate O brings out clearly the fact that, although
the water consumption in the Authority has been
increasing steadily, the percentage of consumption
in the Authority as related to that in the total
MWD including the SDCWA, has been decreasing
and in 1954 was below that which it is assumed will
exist ultimately, This means that the balance of the
MWD, other than the SDCWA, has had a faster
rate of growth than in the Authority.

The probable relationship for the period 18534-
1080, as shown by the curves on Plate C, indicates
that the growth cstimated in Table 1 of the General
Manager’s Report is too rapid, as the 1954-1980
position i not in general agreement with the actual
records for 1943-1954. It scems probable thar the
future use will be somewhere between the upper and
lower curves.

A further anlavsis of actual a2nd estimated water
consumption is presented on Plate D. This Plate
shows the relationship between the use of Colorado
River Water in the Authority and in the entire
MWD, including the SDCWA. Between 1948 and
1954, the percentage of Colorado River Water used
in the Authority has gradually lowered from 45%
to 2795, Assuming that it will be possible to eventu-
ally divert the full claim of the MWD to Celorado

I e



River water, namely, 1,212,000 acre feet per annum,
it i3 expected that the Authority will have the prel-
erential right to abour 109 of that amount.

In the years 1954 to 1980, the relationship for
such use has been determined on the same basiz-as
for Plate G, and the resulting curves are shown on
Plate I,

Here again, it is indicated that the growth in the
entire MWD ha: been faster in the entire MWD
than in the SDCWA. Also, the Plate shows that the
assumptions for a2 more moderate increase in Au-
thority water use, than used in Table 1 of the Gen-
eral Manager's Report, agrees more closely with the
actual conditions existing during the period of rec-
ord, 1943-1954.

The conclusion to be drawn from the data pre-
sented and discussed in the previous paragraphs, is
that if we assume the same rate of increase in futurs
water consumption for the ultimate MWD service
area outside of San Diego County as is assumed to
take place within the Authority, then by the time
that the presently available supply in the San Diego
County Water Authority from the Colorade River
Agqueduct and local sources is exhausted, it is guite
probable that there will be no surplus water avail-
able to the Authonity from the MWD through the
Colorado River Agqueduct.

In wiew of these condirions, it is recommended
that the Authority, in cooperation with the MWD
and the Statc Engineer’s Offics, make a compleic
study of the probable ultimate requirements within
the estimated ultimate service area of the MWD,
and also of the probable trend in the increase of
water requiremente during the next 25 vears The
information used by this Board eelative te the witi-
mate water requirements in the MWD and the fu-
ture trend of development, has been obtained from
Bulletin No. 2 recently issusd by the State Watar
Resources Board. Some adjustment of the data con-
tained therein has been necessary in view of the fact
that the hydrographic units for which the data has
been prepared do not agree exactly with the area to
be served ultimately by the MWD, A careful analy-
sis, in cooperation with the MWD, might show
somewhat different results. This is of such impor-
tance to the San Diego County Water Authority
that no time should be lost in undertaking such a
study,

SOURCES OF WATER AVAILABLE
TO AUTHORITY

Metropolitan Water District of Southern California

The possibilities of obtaining surplus water from
the Colorado River Aqueduct of the MWD have
been discussed in some detail in the previous sec-
tions. Pending the results of the suggested coopera-
tive study with the MWD Staff as to what surpius
water, if any, may be available for the Aunthority, it
will be advisable to hold in sbeyance any conclu-
sions as to the ability of the Authority to obtain ad-
ditional water from the MWD, It should be stated,
however, that the MWD, through itz Colorado
River Aqueduct, offers the only possibility of ob-

taining additional water in any amount, within any
reasonable period of years. If such surplus can not
be made available, then the plans of the Authority
must be adjusted to the full utilization of the pres-
ently available supply from the Colorade River
Agqueduct and from the local sources.

Colorado River Problems

A further complication as regard the future water
supply for the San Diego County Water Authority
from MWD is presented in the water right sitzation
onthe Colorade Biver itzelf. This sitnation will be
reviewed briefly in the following paragraphs.

Legislation 1= now pending for the . 5. Congress
which would authorize the construction of the Glenn
Canyon - and other dams on the Colorado River and
itz tributaries, together with related irrigation works.
The construction of these faeilities in the Upper
Bazin, that is ahove Tee Ferry, if the present plane
of the Federal Gowernment are carried out, may
seriously reduce the amount of water available to
the Lower Basin, decrease the amount of water for
diversion for use in California and conse tly pre-
vent the annual diversion of 1,212,000 acre feet per
annum by the MWD,

This situation has been outlined in a paper pre-
sented by Raymond A. Hill, 2 member of this Board,
before a meeting of the Sacramento Section, Amer-
ican Society of Civil Engineers, in Sacramento, De-
cember 7, 1954 and entitled “Colorado River Defi-
cits.”? Bome of the data contained in that paper will
be set forth in the following paragraphs.

The Colorado River Compact, among other things,
provides that “the States of the upper division will
not cause the fow of the River at Lec Ferry to-be
depleted below an agzregate of 75 million acre feet
for any peried of ten consecutive years, reckoned in
continuing progressive scries beginning with the first
day of QOctober next succeeding ratification of this
contract.” Accordingly, regardless of what water may
be available in the Upper Basin, and it now appears
that it will be less than was anticipated at the time
of the Compact, the Lower Basin can not count
definitely on more than an average of 7,500,000 acre
feet per annumn, or 73,000,000 in each ten consecu-
tive ycars at Lee Ferry.

Tt now appears, however, there is a possibility that
the releascs past Lee Ferry may be increased by an
amount egual to the following items:

14 of required Tresty
delivery to Mexico = % X 1,500,000 = 750,000 Ac. Ft.

per
ENmurm

T4 of estimated operating wastez past the Inter-
national Boundary = % 3 200,000 — 100,080 Ac Ft

Tatal 850,000 Ac. Fr.
per
anmum

If such an increase is agreed upon, the average an-
nual flow passing Les Ferry after construction of
the upper Colorado River storage project and re-
lated works would become 7,500,000 + 830,000 =

o




8,350,000 acre feet per annum. This may be taken
as the probable maximum fumre fow past Lee Ferrv.

The “Historical Depletions of Colorade River” for
the period 1944-45 to 1953-5% are shown in Table
4 herein. From this Table and related data, a 'sum-
mary of conditions on the River for a year similar
to 1953-54, with full development of the upper Colo-
rado Storage Project, may be determined:

Flow past Lee Ferry £,350,000 Ac, Fr.

Depletion—Lee Ferry
to International

ndary 6,000,000 Ac. Ft.
Required Treaty delivery
to Mexico

1,500,000 Ac. Ft.
Operating waste past In-
ternatipnal Boundary 200,000 Ac Ft, 7,700,000 Ac. Ft.

Maximum increass in
diversions—Lee Ferry to

referred to in Table 4, compliance with the Mexican
Treaty and with allowanes for reasonable waste past
the International Boundary which, from a practical
operating standpoint, can not be avoided, it will be
possible to divert only 630,000 acre feet per annum
from the River between Lee Ferry and the Inter-
rational Boundary in addition to that actually used
during 1953-34.

If it i5 assumecd that of the 630,000 acre feet of
maximum possible increase in depletions; the MWD
may be able to obtain 324,000 acre feet, or zbout
one-half, and this is an optmistic’ viewpoint, then
under full development of the Upper Colorado Riv-
er Storage Project, the MWD would be able to di-
vert only 570,000 acre feer per annum, or about
43% of the MWD Aqueduct capacity, as shown
below:

International Boundary 650,000 Ac. Fr.
MWD diversion from Colorado River—
1953-54 246,000 Acre Feet
The data presented in Table 4 and in the previous Maximum possible ultimate anoual
paragraphs clearly shows that when the Upper Colo- o 324.000 Acre Feet
rado River Storage Project is constructed and the Maximum MWD—TUltimate Annoal
flows at Lee Ferry are regulated to comnply with the Diversion 570,000 Acre Feet
Colorade River Compact, with possible additions as
TABLE 4

HISTORICAL DEPLETIONS OF COLORADO RIVER
{Quantities in Millions of Acre Feet}

Flow Drepletion
E&tﬁg a?%:e chi.:gc bﬁm-ci!:;ﬁmlagi I#TFE:!T}' Dcplﬂinn Maximum
Sept. 30 Ferry Storage Boundzry Boundary In Year Increase
a. b. . d. &, (1)

104445 [1.5% =125 8.69 4.08 2:57
15943-46 8.74 —2:62 6.72 4.84 2.01
1946-47 13.51 +2.62 6.28 461 2.04
194748 13.69 +-0.37 8.19 513 1.52.
1948-49 1436 +0.81 8.73 482 1.83
1949.50 11.06 — 197 7.63 340 1.25
1950-51 9.83 -+0.54 3.52 5.97 0.68
1951-52 17.98 +3.65 8.30 3.83 0.82
1952-53 8.82 —4.46 7.33 5.95 0.70
1953-54 6.15 —4.29 Loz 6.00 0.65
:Ei;‘:;g; 11.57 —0.68 7.00 5.24 1.41
i?;aﬁg‘gr. 10.77 =—1.35 6.29 5.83 0.82

(1} Maximum possible incresse in depletion between Lec Ferry and International Boundary based on Upper Clolorado River

Storage Project in service and deliveries at Lee Ferry cgual : ch
unc-hEl:’ of J(de:!ivcriu to Mexico, such deliverics equalling 1,:1[."!],!]{]0 a.f, per vear treaty mizisum plus 200,0

year operating wasl:ﬂ}

w 75,000,000 acre feet in cach consecutive 10 ngr:_ phu
af. per
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Under such conditions, the maximum supply
available within  the MWD including SDCWA,
would be:

MWD—From Colorado River—
55% of 370,000=

Safe yield of local sonrces in Los
Angeles, Orange, Riverside

542,000 Ae. Ft. per Annum

and San Bernarding Counties 791,700 Ac. Fi. per Annum

Safe vield of local sources in
SDCWA 106,600 Ae. Ft. per Anoum
Total 1,759,300 Ac. Fi. per Anpom

It is, of course, uncertain as to when the Upper
Colorado Storage Project will be constructed, but if
it is assumed to be complete and in operation in
about 15 years, or by 1970, then following that vear
the total supply available for the MWD would be
1,739,000 acre feet per amnum, as shown in the
previous paragraphs.

By plotting this available supply on Plate B, it
will be noted that such 2 reduction in supply would
result in a very sedous situation throughout the
MWD, as it would cause z large curtailment in the
amount of water available under any of the various
assumed conditions of future use,

Under these conditions, it follows that, unless ar-
rangements can be worked out by the MWD for ob-
taining water from some other source; the construc-
tion of the Upper Colorado River Storage Project
and related works will reduce the amount of water
available for diversion from the Colorado River to
such an extent that the total consumption within the
MWD, including San Dicgo County Water Author-

-

ity, can not be increascd appreciably over that now
used,

The importance of this situation to the San Diego
County Water Authority can not be too strongly
emphasized. Plate B shows that very little surplus
water from the Colorade River Aqueduct of MWD
will be available to the Authority under the assumed
condition providing for diversion from the Colorado
of the MWD claimed right of 1,212,000 acre feet
per annum, The reduction of thiz annual diversion
following construction of the Upper Colorado River
Storage Project means that, when this occurs, and
possibly by 1970, it will not be possible for the
SDCWA to obtain more than about one-half of its
preferential right of 112,000 acre fest per annum.
This is less than was Imported through the San
Diego Agueduct in 1954-35.

It is urged that the Colorado River situation be
thoroughly reviewed with the MWD and that defi-
nite steps be taken by the SDCWA toward resolv-
ing the problems involved. This should be done be-
fore any action is started toward providing addi-
tonal aqueduct capacity.

It should also be understood that there is mow
Emding Before the T. & Supreme Court, a suit
rought by the State of Arizona against the State of
California, involving the use of waters from the
Colorado and Gila Rivers. If this suit should be de-
cided in favor of Arizona, the amount of water avail-

able for use in California, from the Clolorado River,
may be reduced below that claimed by California.
This could still further affect the diversions of the
MWD at Parker Dam.

A further item to be considered in connection
with the use of Colorado River water is the matter
of quality. The opinion has been cxpressed by some
that as developments take place in the Upper Basin
of the Colorado and the flow past Lee Ferry is re-
duced, the mineral content of the water will be in-
creased and the supply may ultmately become
somewhat undesirable for municipal and irrigation
use. It is estimated by some that the chloride con-
tent of the water under such conditions will be sub-
stantially increased and may be a serious hazard to
downstream users. It is suggested that this matter be
z:[x{iewed by the Authority in cooperation with the

Feather River Project

Reference was made on Page | to the 1951 Report
on the so-called Feather River Project as released
by the State Water Resources Board, A second re-
port dated February, 1935, has now been prepared
entitled “Program for Financing and Constructing
the Feather River Project as the Initial Unit of the
California Water Plan” The 1955 report presents
the project in more detail than covered in 1951 and
incorporates the results of studies and investigations
which have been carried on during the four year
imberim,

Five general plans and financial analyses are
presented in the Report covering the following
principal features:

1. Oroville Dam on Feather River near Oro-
ville, together with an after-bay dam and
power plants,

2. A channel across Sacramento-San Joaquin
Delta to a pumping plant west of Tracy.

3. An adequet along the westerly side of San
Joaquin Valley, extending by alternative
routes to Southern California,

An agueduct to service areas in Alameda,
Santa Clara, and San Benito Counties.

Table 5 herein summarizes the five plans pre-
sented in the 1935 Report, gives data regarding the
amount of water proposed for delivery, the total es-
timated cost for each plan of the project, and the
suggested charge per acre foot for water at point of
delivery. It should be understood that the charges
for water are merely the opinion of the Division of
Water Resources, 2s to how much the consumers in
the different arcas can afford to pay for water. The
amount of money to be repaid for sale of water will
only take care of a portion of the cost of the project.
The Report proposes that the balance of the cost be
assumed by the State as a whole, and be financed
through a State-wide bond issue. In other words, the
suggested charges for water at point of delivery, as
shown in Table 5, represent only a portion of the
cost of the water to the individual agencies,

Plan No. 1 involves the high line route, delivering

o

== | e



N e T ToeeD L e

_ - stoatasay] Ye9In oreIsen) 01 yinojg uerelf uo 14 jued Burduund weag ,

(a8pry J0EIyAL 01 uoisuspe Supnpun jou) J0AIY Y2010 J1RISED 0F Yino[g uelEl] uo T quwpd Burduwmd ororg
NoAIRSIY] H991) dfeIsen) 01 ydno[g ueielf uo |4 jued Auidwme woag ,

(-u1oday] daany] 1omiva] ‘g1 #fwg) oupaeussg ueg o) Yino[g uEEl] Uo T4 juw(d Surdund oy

‘uoAurn JUiy ], 25101 01 1dnols uBlE] U0 T4 el Surdond worg ,

ADINDEDY] ATV JO UOIIAIC] TG de) poaedarg gog] Saenagag PR «

sayirg] uoiapdue

9461 14961 ht61 GGl

000 1hETLBE | O0°sE  000%Ee’ 00°0%  0DO'0F2 006 00096 0og  0D0'0GY' u EFE MOALISIY HIED) DIEISED O0F Aul]
[puuny Suo] via pue Y2017 BLONR]
3 BO(] WOIJ ;N Jul] YE]

€3

TOATSEIY HIWD) DTRISE 03 a0l
[EisEoD Bl pue 9EpL Ia(aay Al
01 SUOISIEIKS PUR uag] s

03 B3ja(] Woij ;anoa aul] ydig

000 8866F6 T 00°ck 00092 T 00°0E  000°DFE 00’6 00096 008  Q000GKT  «DBF

000'g28"G6E" | 00'GE - 0000081 06°41  000°0¥E 008 0000SE O0°L  O00'06H'1T  »ERG  NIOAKISIY JPRID) JIHERD OF WA |
wol] Mnod sup) ydipg g

(]

Q00" L1 1681 DO'SE 000008 DO°0%  O00'0RE 0B 000°DSE 00l 00006 o HGT ouIpIILISE UES 03 TIR(] A
WLIGI] T S udr vz

D00'BO6 Z65° 1 00°6H  000°008°T 068 LOO'0YE 006 000°0SE 008 0000641 =68 11019533 NATAEE OF BIR(]

. o) aynod ouly YSIH 1

$ ] Y 4 Y § -0 g AV bty
- G PARML - | PARC] i 2 P Y PP 1anpanby
10y xad BEHET EED AL Al TapEay aad EEHLRTY o
(i LT | WOy [Unany 0Ty unooyy ] [emiuy JROy [y sy woidiEay
||__5¢,.—__.: ) MG T BERunosy ey R Agjpu g wmbuof Anpea E:.EE_—”- ¥
[EET LTS uuy e e uig yinog (LTS RN

W CEpaIEy
LSOD ANV SHIMHALTHA HHLY M

ALNOOD O9IIA NVS ANV VINHOAI'IVD NYMIHLNOS
OL YALVM 40 AMAAITIA 04 SNV'Id dLVNYILTV 40 AIVININGS
¢ LMOdTT I0A[0Md HHAY YAHLYIL G561

G HTHEV.L



witder: Lhrough to Barrett Reserveir in San Diego
Ciounty, and is much the same as presented in the
origingd 1951 Report. Table 5 shows that it is pro-
postd - to deliver 1,800,000 acre feet annuzlly to
Southeirn California. Of this, the Report indicates
that 600,000 would be delivered for irrigation in
Antelope Valley, and 1,200,000 acre feet for use in
the South Coastzl Basin, including parts of Santa
Barbara, Ventura, Loz Aneseles, Orange, Riverside,
San Bernardino and San Diego Counties.

As far as the San Diego County Water Authoriny
is concerned, Plan No. | is not a feasible or practical
project. As shown in Table 6, 95% of the estimated
ultimate water requirements for irdgation and ue-
ban development in the San Diego County Water
Authority will be used on lands which lie below ele-
vation L000, and 809 would be supplied to lands
below elevation 730, whereas the high line route—
Plan No. I—would cross the San Jacinto Tunnel
with a hydraulic gradient elevation of 3,020, deliver
water to Lake Henshaw at elevation 2,750, and to
Horse Thiel Canyon at elevation 2,600, The hy-
draulic gradient of the MWD Colorade River Aque-
duct at the West Portal of the San Jacinto Tunnel
15 at about elevaton 1,550,

The capital expenditures involved in comstructing
a high line conduit from San Bernardino to Herse
Thicf Canyon would be excessively high due to the
very rugged terrain and the large amount of tunnel
work involved, The power which could be developed
by dropping the water down to the service area
would in no manner offset the increased cost of
construction.

Distribution facilities for the Authority have been
based on the present Agqueduct and plans are under
consideration for a second aqueduct heading at the
West Portal of the San Jacinte Tunnel.

To provide for distribution from the high line
conduit wolld require expendive additional disirib-
uting works and would serve very little more azea.

It is our opinion that it will be far more econom-
ical for the Authority to distribute from Agueduct
No,. 1 and a line such a= proposed Aqueduct No. 2,
taking water from a point in the vicinity of the
West Portal of the MWD San Jacinto Tunnel,

Plan No. 2 of the Feather River Project, as shown
on Table 5, fits in most satisfactory of any of the
plans presented by the State Divizion of Water Re-
sources. In meeting the requirements of the Author-
ity, water could readily be transported from San
Bernardino 1o the West Portal of the San Jacmio
Tunnel, and there diverted 1o the Authority through
the existing Agueduct znd any proposed fuiure
aqueduct.

Details reparding the development of the Feather
River Project are, of courss, very indefinite, but are
of great concern to the San Diego County Water
Authority and other Agencies in Southern Csk-
fornia. ‘A3 previonsly demonstrated herein, ‘and 25
pointed out in the General 3anager’s Report o the
Board of Directors of the Auwchority, there is urzent
demand for addisonal water to meet the ultimats
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TABLE &

SAN DIEGO COUNTY WATER AUTHORITY
ESTIMATED ULTIMATE WATER
REQUIREMENTS BELOW
VARIOUS ELEVATIONS

Water Requirements

Elevation For Land: Below
Assumed Elevations
Acre Feet o of
Feet Per Annum %n:al
0

10 85,000 121
200 190,000 241
ang 280,000 355
400 370,000 470
500 453,000 57.7
£00 535,000 67.9
700 610,000 ilT4
800 675,000 83.7
900 715,000 90.7
1,000 720,000 93.9
1,100 735,000 958
1,200 765,000 97.1
1,500 775,000 08.3
1,400 780,000 ga.0
1,500 785,000 995
L 600 788,000 100.0

requiremients of the Anthority area, The Feather
River Project offerz a plan for at least taldns care
of part of these requirements. At the present time, it
appears to be the most favorable one. Tt is our belief
that the Authority, in cooperation with the MWD,
and other agencies in Southern Clalifornia, should
do everything possible to continue the investigations
of the Feather River Project, in an effort to work
out a satisfactory solution.

PBeclamation of Sewage

Under date of September, 1952, a Board of En-
gineers conployved by San Dicgo County, submitted =
“Report on the Collzction, Treatment and Disposal
of the Sewage of San Diego County, California.”
Three chapters of the Report are devoted to the
subject of reclarmation of water for sewage and a
complete Teview is given of reclamation possibilities
in San Diego Bay =zrea, and also in the North
Coastal area. Estimates were prepared of the capital
cost for installing the necessary reclamation works
and also the annual cost, including both plant opera-
tion and diztribution to the area of use, The Report
indicates that the greatest quantities of reclaimed
zawage cowld be wsed in the areas where thers is a
considerable amount of frrigation. This applies 10
the Chula Vista, Spring Valley, El Cajon and Mis-




<sinn Valley areas, It was estimated that the cost of
reclaimed water would vary from $20 to $50 per
arre foot. The areas, however, where such water
vould be used are rapidly changing from agricul-
jural to urban, and it will apparently be only a rela-
uvely short time until the water requirements will
w: largely urbam in nature. Under such conditions,
there would be no market for reclaimed sewage.

In Balboa Park there is an opportunity to reclaim
wwage and use the water for park irrigation. This
practice is followed in Golden Gate Park, San Fran-
visco. However, the price for Balboa Park is high—
-‘\"‘Iﬂ:’rﬁ per acre foot—or about 17c per thousand
pallons.

In any event, the amount of water involved in
wwage reclamation, as planned, = comparatively
small, and whether or not any reclamation is prac-
ticed, the over-all water problem of the Authority
would not be seriously affected.

it is believed, however, that this subject of ‘sewage
reclamation should continue to receive the attention
of the other local public agencies, in an effort to
work out some plan whereby advantage can be

tuken of the comparatively large flows now being

wasted into the Ocean. Tt iz entirely possible, per-
hnps at some time in the future, it may become ab-
solutely essential that this water be reclaimed and
itilized.

lmperial Valley

The General Manager’s Report has discussed at
wnne length the possibility of reclaiming and im-
porting water from Imperial Valley.

The plan presented involves the wutilization of
water now wasted into the Salton Sea through the
Alamo and New Rivers, The Report states that such
water hzs a chloride content of zbout 2,200 parts
per million, and that with processes now being de-
vrloped, there is a possibility that such water could
be conditioned to reduce the chloride content to
ahout 500 parts per million, =t 2 cost of about $13
per acre foot,

It is proposed that such demineralized water be
delivered to the Imperial Irrigation District, at suit-
able locations and, in exchange, the Authority would
take water from the Imperial Irrigation District
Canal System at the West side of the Valley, and
from that location transport the water through con-
duits with pumping facilities adequate to lift the
water zpproximately 3,000 feet in order to pass
through the mountains in tunnels to its service area
nn the West side.

This is 2 most interesting proposal, and is one
which should be kept in mind as presenting a possi-
hility for a future supply. There are, however, un-
cerizinties as to the effectivencss and cost of demin-
rralization, arrangements with the Imperial Irriga-
tion District, and the high cost of pumping and
transporting the water to the service area. The esti-
mates presented indicate that the cost per acre foot
would be too high for favorable consideration at this
vime. Should power be made available at lower
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figures than those at which it can now be purchased,
then this project may deserve serious consideration
at some future time,

Conversion of Sea Water to Fresh Water

Intensive investigations are mow being carried
on by the Departmént of the Interior and others
throughout the country, in an effort to develop a
process whereby sea water can be economically con-
verted to fresh water. Progress 1s being made alon
that line, but thus far the cosis are stll far too higg
to justify any hope that a favorable process may be
mads available within the near future.

The status of the invéstizatons along thiz line are
outlined in the General Mapager’s Report, and we
are in agreement with his conclusion that “continued
close contact with advances being made by this
pre-search program is indicated”

SYSTEM EXPANSION
Agqueduct

Under the heading “Probable Water Require-
ments of the Area,” as discussed on Page 3 and sub-
sequent paﬁes, it has been shown that there is serigus
doubt at the present time as to how much surplus
water may be available for the Authority from the
Colorado River. Agqueduct. Further investigations,
however, in cooperation with the MWD, may show
that some surplus will exist and that it can be de-
pended upon for a reasonable number of years.

Assuming that such a surplus will exist, the pro-
posal in the General Manager's Report to construct
a second agueduct line from the Wese Portal of the
San Jacinto Tunnel, paralleling the existing ague-
duct as far as the San Luis Rey River, and then
swinging to a new location further to the West, and
terminating at Lower Otay Reservoir, is believed to
be =zound planning.

The location is, of course, preliminary and further
feld investigations may result in changes to improve
service or reduce costs. In general, however, the lo-
cation appears to be well chosen. It passes through
the heart of the service area, thershy reducing the
cost of the lateral system, provides connection with
existing storage facilitics, has inter-¢connections with
Agqueduct No. 1, and terminates at Lower Otay
Reservoir, from which adjacent areas may be served.

A second aqueduct in the proposed location is de-
sirable from another standpoint, namely, that it will
£t in with the utilization of a supply from the
Fezther River Project should such a project be con-
structed. If water is made available from the Feather
River Project at San Bernardino, or in that general
Acinity, no problems would be involved, as the con-
struction of a conduit from the San Bernardine
Power Plant, as referred to in Plan No. 2 of the
Feather River Projcct, would be entirely feasible.
In case the Feather River conduit should be con-
sinued as far South as the Colorade River Aqueduct
of MWD, water could be made available for the
San Disoo Aqueduct at the West Portal of the San
Jzcinto Tunnel.

Further, it should be mentioned that the proposed
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location of Aqueduct MNo. 2, heading at the West
Potil of the San Jacinto Tunnel, ties in with the
unly possible source of additional water supply un-
diy- eistine conditions,

'The General Manager's Report proposes a sccond
San Dicgo Aqueduct with a capacity of about 500
cubic Teet per second, at the upper end and dimin-
ishing at certain definite points, as it passes to the
South and as the reguirements decresse. Based on
data presented in previous sections regarding the
probable future requirements, availability of surplus
water from the MWD and the Colorade River prob-
lerns, it is our opinien that the capacity of a second
aqueduct should be materially smaller than 3500
efs It would appear that under these conditions,
the capacity should not be more than 200 cis. or
about the same as the existing Aqueduct. Determina-
tion of the proper capacity, however, can not be

made until after the amount of water available has

been ascertained.

Regardless of what size of aqueduct may be con-
structed, it will be highly desirable to utilize terminal
storage [acilities at Lower Otay Reserveir, and to
make deliveries of water to Lake Hodges, Murray
Reservoir and Sweoowater Reservoir. Accordingly,
the matter of storage at Lower Otay should be care-
fully reviewed with the proper representatives of the
Gity of San Diego, in an cfort to work out a plan
satisfactory to all concerned, Similarly, a program
should be developed, covering the deliveries of water
at Lake Hodges, Murray Beservoir and Sweetwater
Reservoir, with the agencies invelved,

Attention should alse he given to the need for
storage near the West Portal of the San Jacinto
Tunnel for the purpose of providing o roscrve sup-
ply fér the Authority, in casc the MWD Agueduct
should Be out of service. In addition, the require-
ments for reoulating storoge along the Aqueduct
route should be reviewed.

It the design of the second agueduct, special at-
tention should be given to maintaining 2 hydraulic
gradient clostly in parallel with that of Agqueduct
No. 1 so that water may be transferred from either
one to the other through interconnections. This will
require careful study as to the location and size of
all inter-connections. It will also require that careful
operational studies be made for representative years
under assumed future water reguirement conditions,
in order to determine the proper size of Agueduct
No. 2, interconnections: with Aqueduct No. 1. stor-
age reservoirs and related facilities, gl}d to provide
the most satisfactory operating condifions.

In this connection, consideration should also be

given to the provision of facilities whereby Authority
storage in San Vicente Retervoir can be made avail-
able to the Agencies near the lower end of Aqueduct
No. | during periods when the entire supply of
Aqueduct No. 1 may be used up in making deliveries
to the upstream zeencies. It will also be advicable to
study the possible use of El Capitan Reservoir for
additional Aqueduct storage. This will reguirs fur-
ther cooperation with the Qity of San Diego.

The General Manager's Report has assumed that

the frst section of Aqueduct No. 2 from rhe Waest
Portal of the San Jacinto Tunnel to the San Luis
Bey River, a distance of 36.3 miles, would be con-
structed, owned and operated by the MWD. The
balance of the agueduct onto Lower Otay Reservoir,
a distance of 53.7 miles, is to be constructed, owned
and operated by the Authority. This was the ar-
rangemnent followed in connedtion with the construc-
tion of Agqueduct No. 1.

Aqueduct capacity has been provided in Agueduct
No. | for zupplying to the San Diego County Water
Authority itz entire preferential right in the Colo-
rado River Aqueduct supply, In view of this condi-
tion and uncertainties regarding the amount of sur-
plus water, and the length of time that it may be
available from the MWD, together with the uncer-
tainties as to the availability of the full supply to the
MWD from the Colorado River, it i= important that
a definite understanding should be developed be-
tween the Authority and the MWD as to the
construction of the first 365 miles of the No. 2
Aqueduct from the San Jacinto Tunnel to the San
Luis Rey River. The construction of this section of
Aqueduct Neo. 2 will invalve a substantial zum of
money, and early determination will be required as
to the method of financing this section.

No discussion need be given herein regarding the
estimated cost of the proposed Aqueduct No. 2, due
to the fact that its capacity should be substaniially
smaller than plannned and since other changes may

be necessary which will affect ultimate costs,
Branch Lines

The General Menager's Report gives full consid-
eration to, and discussion of the branch lines re-
guired for serving the various agencics making up
the Autherity, in line with the expansion program
which has been under way during the past few years.

When the first barrel of the San Diego Agueduct
was constructed, Aqueduct extensions and branches
were installed by and at the expensc of the Au-
thority to provide water for agencics which could
niot be served directly from the Aqueduct, or from
storage facilities owned by the Apgencies to which
water could be supplied from the Agueduet. The
lines so installed were:

1. Fallbrook-Oceanside Branch, to szerve the
Fallbrook Fublic Tltility District and the
City of Oceanside;

2. La Mesa-Sweetwater extension, to serve the
La Mesa, Lemon Grove and Spring Valley
Irrigation District, ‘the Dakeside Irrigation
District, National City, and the South Bay
Irrigation District.

In 1948, after the original construction was com-
pleted, the Authority Board adopted a policy to the
effect thar all future anncxed agencics must provide
and operate, at their own expense, any laterals re-
quired to bring water from the Aqueduct o their
respective areas,

O July 14, 1935, this Roard: of Engineers met
with the Authority’s Enginecring and Operations
Committee and the General Manager, for = gencral
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discussion of water supply problems. During the
vourse of this meeting, considerable attention was
piven to the establishment of a policy regarding the
romstruction and operation of branch lines, The
Woard of Enginesrs has reviewed the subject, and
under date of July 19, 1955, forwarded a letter to
the General Manager of the Authority recornmend-
ing Timited participation by the Authority in the
comstructon of Branch Lines.

Since that time the Board of Dircctors of the
Authority has, onder date of August 18, 1955, taken
the following action:

*, .+ that the Board of Directors reafirm the
present policy of the Water Authonty to the
rffect that any lines necessary to sarve member
agencies shall be constructed at the expense of
such agencies, provided that if the arencies elect
to take delivery at a location other than the
Acqueduct, they shall fnance the construction
of & line from such point of delivery to the
Agqueduct, according to the specifications of the
Authority, and upon completion tum over such
line to the Authority for operation and mainte-
nance.”

COST ESTIMATES

Estimates of cost have been set forth in the Gen-
vral Manager’s Report for all of the various features
mvolved in providing an additional water supply
under the assumed conditions.

The Board of Engineers has reviewed the estimate
with particular attention to the unit costs. These
linve been found, in general, somewhat above the
present trend. The works proposed could undoubt-
villy be constructed safely within the estimates.

Since further studies will be required to develop
complets informaticn on the amount of surplus water
that may be available to the Anthority from the
MWD Colorado River supply, and since the size of
any second aqueduct and 1ts related facilities will be
changed, no detail discussion will be presented herein
rrgarding the cost estimates.

CONCLUSIONS

In line with the discussions presented in the
previous sections, the following general conclusions
are presented:

Arcas

. The gross ultimate arca of the Authority—
121,021 acres, as shown inm Table 1 of the General
Manager's Report—is belicved to be all that should
be inchrded, It should be further reviewed by the
Authority Staff, having in mind the possible elimi-
nation of some of the higher and rougher lands,

2. Disposition by the Federal Government of all
or part of the lands in Camp Pendleton and other
military bases may tend to increase the area of the
Aunthority service.

5. The General Manager's Report estimates the
“I'robzble Area to be Scrved” as 327,222 acres. This
i« as high as can be expected and may be eventually

redueed in the higher and more mgged sections.
Much of the adrea back from San Diggo and the
Coastal Area will be very slow in developing, It is
possible, however, that the area may bc incréased
at some time in the fature by relinguishment of
federally-owned lands.

4. The Authority estimate of ultimate water re-
quirements for the suggested service area appears to
be reasonable, but it should be understood that the
availability of the supply is very uncertain at this
Hme.

5. Water requircments as estimated by the Au-
therity for the period 1955-1980 are definiteily high-
er than can be cxpected, based on past cxpericnce,
and should be adjusted.

6. If the same rate of water requirement in-
crease, as developed by the Authority for the period
1955-1980, is applied to the balance of the prob-
zhle ultimate service area of MWD in Los Angeles,
Orange, Riverside and San Bemarding Counties,
then no surplus Colorado River water will be avail-
able to the Authority after about 1960,

7. If the estimated Authority future water re-

guirements are modified to provide for a more con-
servative increase with Agueduct No. 1 meeting all
demands until about 1965, then assuming that the
balance of the MWD scrvice area develops at the
same rate, surplus water in the MWD Agueduct
will be available to the Authority until about 1966.

8. If the trend of water use in the Authority for
the peried 1949-1954 should continue in the future
and should this same rate of comsumption increase
apply also to the entie MWD other than the
SDOWA, then a surplus of Colorado PRiver water
would exist znd be available to the Authority until
about 1974, providing the Upper Colorado River
Storage Project is not constructed in the meantime.

9, Coneclusions 6, 7 and 8 are based on data pre-
sented in Bulletin No. 2 of the State Water Re-
sources Board. Data contaiped therein relative to
MWD service area water supply and water require-
ments should be reviewed by the MWD and the
State Engineer’s Office.

i0. If data on which Conclusions 6, 7 and 8 are
based is correct, there will be little surplus water
available in MWD Colorado River Aqueduct for the
Authority, regardless of the rate at which future use
will increase.

11. Under these conditions, the present San Di-
ego Agueduct, plus the local sources, must furnish
practically all the water supply for the San Diego
County Water Authority until some other major
source can be developed.

12. To avoid future water shortages, under con-
ditions as set forth in Conclusions 6 to 11, inclusive,
no further annexations should be made to the Au-
thority pending a more thorough and complete anal-
ysis of water supply problems. In addition, to the
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extent legally possible, the actual service arez of the
Authority should be limited to the better lands.

Sources of Supply

13, Plan No. 2 of the Feather River Project,
extended to deliver water at the West Portal of
San Jacinto Tunnel, is the most desirable for the
Authority.

14. Plan No. ! high line route to Barreit Reser-
voir is not practcal.

15. The Authority should cooperate fully with
the MWD and other agencies in working out a solu-
‘tion of the Feather River Project.

16, When the Upper Colorado River Storage
Project is constructed and in operation, there will
niot be a sufficient flow in the River below Lee Ferry
to supply the full right of the MWD, namely, 1,-
912,000 acre feet per annum. It is guite probable
that the fow will not take care of more than about
ane half of the full right,

17. In order to obtain its full right in the Calo-
rado of 1,212,000 acre feet per annum, it will be
necessary for the MWD to make other arrange-
ments to replace the deficiency resulting from the
construction of the Upper Colorado River Storage
Project.

18. Anv reduction in the Colorado River Aque-

duct diversions will mean a proportionate decrease
in the amount of water available to the SDCWA
through the existing Aqueduct. Its effect on the
Authority would be disastrous. Accordingly, early
action should be taken by the Authority in coop-
eration with the MWD and other agencies toward
working out 2 solution,

System Expansion

19. The proposed location of Aqueduct No. 2 is
well chosen,

20. Cost estimates and financial program can not
be considered at this fme, pending revision of plans,

21. Pending further study of the water supply
situation, the Authority should proceed with the
preparation of preliminary plans for a second aque-
duct and related facilities along the proposed route
with a capacity of 200 c.fs.

The Board of Engineers 15 appreciative of the op-
portunity to review the water supply problems in
the San Dicgo County Water Authority and will be
glad to discuss its conclusions at any time.

Respectiully submitted,

BOARD OF ENGINEERS
Raymond A. Hill

John.S. Longwell
Carl B. Rankin
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LETTER OF TRANSMITTAL

June 16, 1955

Board of Directors
San Diego County Water Authority
Offices

SUBJECT: REPORT ON THE PROBABLE EXTENT OF AUTHORITY AREA, THE
AMOUNT AND SOURCE OF ADDITIONAL WATER SUPPLY REQUIRED,
AND THE SYSTEM REQUIRED TO EFFICIENTLY DELIVER AUTHORITY
WATER TO THE AGENCIES COMPRISING THAT AREA,

Gentlemen:

There is transmitted herewith a report on the engineering study made by the Authority staff
in compliznce with the Board's instruction of QOctober 14, 1954 to determinc the probable ultimate
extent of the Authority arca, the water requirements ol such an enlarged area, and the available
sources of additional water to meet the growing needs of the Authority, together with the develop-
ment of a general plan of a system including aqueducts, branch lines and reservoirs to economi-
cally deliver water to each of the present and potential Authonity member agencies,

The study was initiated as the result of requests by some member agencies that the Board
reconsider its policy pertaining to Autohrity participation in the construction of branch lines. Final
action was deferred until the informatien from the study was available and the Board could better
consider the problem of branch lines in the light of the probable extent and timing of future
Authority commitments necessary to provide ample water to the Authority area. A brief state-
ment of the conclusion reached in the study is as follows:

(1) The Authority will probably uldmately include an arcz of about 820,000 acres extending
from the coast inland for about a distance of 30 miles to about elevation 1600, and ex-
tending fremm Riverside County on the north to the Mexican Border on the south.

(2) The water required to he delivered from the Authority system to meet: the demand of
its mwmber agencivs is estimated at 152,000 acre feer mn 1960, 329,000 acre fect in 1970,
and 682000 acre feet in the year 2000,

(%) It is csthmiared that the Colorade River supply of the Metropolitan Water District,
totaling 1,212,000 acrc feet per year, is sufficient to meet all of the water needs of the
District, including the Water Authority until the year 1873, at which time it is esti-
mated that the Authority will require slightly in excess of 400,000 acre feet annuaily to
supply the needs of its member agencies. After 1975 the quantity of Colorado River water
available to the Authority will gradually decrease; and the most probable source of water
to make up the decrease and provide for further increased demand appears to be the
Feather River Project of the State Water Plan,

{4) If the demand for Authority water continues to increase as estmated, the present ague-
duct will not be able to supply the necessary water after about 1960. By that time a
second agueduct must be in operation if the needs of the area are to be met and growth
of the area is to continue. A second agueduct, in general lying westerly of the present
aqueduct, with a capacity of 500 cfs. at the county line, has been adopted in this re-
port. This aqueduct, together with the present aqueduct will deliver, if running continu-
ously at full capacity, a total quantity of water slightly in excess of 500,000 acre feet
annually, estimated as sufficient to mect the need of the Authority in the year 1985.
For the purpose of this study, the cost of the second agueduct, south of the Metropolitan
Water District’s delivery point at San Luis Rey, is esumated at $3ﬂ,?[}D,QDD and has been
based on a single pipeline. However, the construction program of Metropolitan Water
District, and a more detailed financial and enginecring study of the agueduct, might indi-
cate a two-barrel construction of the agueduct with pipes of one-half capacity. If such
2 program were found to be economically preferable, it would result in a somewhat
higher overall cost, but payment would extend over 2 longer period with smaller anmzal
requirements,

(5) The study shows four urgently needed branch lines. each ol which could serve more than
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one agency, and, therefore, could be operated as joint lines. These are: (2) San Marcos-
Carlsbad Branch, which could deliver water to Bueno Colorado Distrct, Carlsbad, San
Dieguito, and Santa Fe Districts, and the City of Oceanside, assumed as having an ulti-
mate capacity of 129 c.fs., and estimated to cost $1,620,000; (b} El Monzwe Branch, which
could serve the La Mesa and the proposcd Rio and El Cajon Valley Districts, assumed
az having an ultmate capacity of 112 cfs., and estimated to cost $1,960,000; (c) Rain-
bow-Valley Center Branch, which could serve the southerly Rainbow and Valley Center
Districts, assumed a= having an ultimate capacity of 42 cfis, at an estimaced cost of
$590,000; and (d) Fallbrook-Rainbow Branch, serving Fallbrook and Rainbow Districts,
assumed as having an ultimate capacity of 73 cis., and estimated to cost $680.000.

(6) Studies and preliminary estimates of costs were made of 45 reservoir sites, from which
seven were chosen as sites which appeared to be economically feasible for the stering of
agueduct water, sufficient to ultimately meet the scasonal fluctuations of demand within
the Authority. The so-called San Marcos Reservoir, located on San Marcos Creek, con-
taining 16,000 zcres of usable storage and costing about $1,475,000, appears the mest
urgent, but construction of the second agueduct, with its surplus capacity in the near
future and a continued use of storage capacity Im San Vicente Reservoir would permit
delay in the construction of this reservoir undi after 1970,

[7) Consideration was given to pumping plants required to elevate the water to serve some
of the arcas. Six stations were selected 25 needed to provide for delivery of water to
agencics of the Authority located sbove the agueduct hydravlic gradient. The estimated
cost of these six <tations iz $2,400,000.

The construction of the second aqueduct, branch lines, pumping stations, znd the San Mar-
cos Reservoir, as outlined, would represent a totz]l expenditure of $42,905,000. which would
require about §1,895,000 annually'to meet bond intcrest and retirement of bonds, assuming a
40-year issue at 3% interest. This annual requirement would be equivalent to a 24¢/5100 tax
rate on the $800.000,000 assessed valuation of texable property estimated within the Authority for
the fiscal year 1955-56. The construction of the agueduct alone, if made in ope step. would re-
quire & 830,700,000 bond issue with a veatly bond service charge of about $1,330.000, equivalent to
2 17¢/§100 tax rate on the estimated 1955-56 asseseed waluation of the Authorty. It has been
assumed that revenues from water sales would be sufficient to at least carry the operation and
maintenance charges of the present Authority system as well as any future ‘additions.

Mo recommendation is made to the Board as to the extent to which the Authonty should
participate in any of the work enumerated zbove. It iz hoped that the information made avail-
able by this study will be sufficient for the Board to review its policy on branch lines and come
to a final decision. When 2 policy is fixed by the Board, the conclusions reached In this report
will be reviewed in the light of such policy.

Credit is acknowledged to all persons and agencies which have furnished information used as
a basis for this study. Special credit is due Mr. W. G. Sloan, Consulting Engineer, for his pains-
taking work in analyzing this mass of data and in personally directing the detailed studies which
have brought forth the program outlined in this report. Excellent cooperation has been received
from Messrs. Raymond A. Hill, John 8. Longwell, and Carl R. Rankin, comprising the Engi-
neering Board of Review, engaged by the Board of Directors to review the results given in this
report. They will within the near future submit an independent report to you, commenting on
the results obtained from cur study.

Respectfully submitted,

S

General Manager and Chief Engineer

.,
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REPORT ON ENGINEERING STUDY TO DEVELOP PROBABLE EXTENT OF

AUTHORITY AREA, THE AMOUNT AND SCURCE OF ADDITIONAL WATER

SUPPLY REQUIRED, AND THE SYSTEM REQUIRED TO EFFICIENTLY DELIVER
AUTHORITY WATER TO THE AGENCIES COMPRISING THAT AREA.

SCOPE OF REPORT

The following are excerpts from minutes of meet-
i of Board of Directors of the San Diego County
Warer Authority of QOctober 14, 1954, cutlining the
work to be covered in the Study:

“The Chairman requested the Secretary pro tcm
to read the report of the Engineering and Cpera-
tions Committee dated October 14, 1954, before
considering the next item on the agenda presented
liv the General Manager, sinee his recommendations
i this connection were based on said report. The
report covers a meeting of the Committee held on
September 22, 1954 attended by all members of the
{ommittee with the exception of Director Brooks,
and resulted in the adoption by the Committee of
th following recommmendations to the Board:

‘1) That the General Manaser and Chief En-
gineer be instructed to proceed with an engi-
neering study for the purpese of developing the
probable ultimate extent of the Auwthority area,
and a general plan of an Authority system, in-
luding agueducts, branch lines, and reservoirs
nreded to efficiently supply supplemental water
to that area, including a time table of probable
construction requirements; also that funds he
appropriated sufficient to permit employment
of additional staff and the retaining of a con-
sulting engineer to assist in the study as it de-
velops? ¥
+# * +*

“Then read was letter addressed to the Board by
Richard S. Holmgren, General Manager and Chief
Engineer, dated October 14, 1934, subject, proposcd
study to determine future Authority ares and system.

With reference to the recommendation of the En-
gincering and Operations Commitice set forth in
parapraph numbered (1) above, the General Man-
accr's letter presents a brief outline of the recom-
mended scope of the proposed study and report,
as follows:

‘1) Determine the probable ultimate extent of
area to be included within the Authority,
and estimate the probable requirement of
this area for water,

Investigate briefly the probable sources
ava::lab%: to the Aunthority for obtaining
additional water supply when needed,

1) Prepare a preliminary layout and design of
2 basic water system consisting of (2) ad-
ditional aqueduct or agueducts needed to
bring additional water to the Authority,
and (b)] branch lines which would econom-
ically deliver Authority water to cach of
the present and potential member agencies
of the Authority.

4) Study the need for storage reservoir capac-
ity tequired to balance the seasonal varia-
tion in demand for Authority water, with

. the ultimate requirement for maximum de-
Lvery to the Authority when the Agqueduct
must be operated continuously at full ca-
pacity. All present and proposed storage
reservoirs within the County are to be con-
sidered and studied as to their capabilitics
of providing the necessary storage capacity.

5) Prepare preliminary estimates of costs of
the recommended agueducts, branch lines
and reservoirs.

) Prepare economic studies of the benefits
accruing to each agency from the recom-
mended branch lines and reservoirs” ™

SUMMARY AND CONCLUSIONS

(1} Estimated Increase in Area Within Authority:
The Authority area, as of June 1, 1955, includes 16
member agencies, having a total area of 540,060
acres. There are § additional areas organzed or
seriously considering organization with a tota] area
of 120040 acres which may be anmexed within the
near future.

Upeon the annexation of thése units, practically all
developed areas within the county coastal plain arca
lying generally below elevation 1600 will be included
within the Authority. It is doubtful whether any
land lying generally easterly thereof at the higher
clevations will find it profitable to annex to the Au-
thority. The intervening areas now existing between
member agencies within the coastal plain area will,
probzbly within the near fumure, be annexed to
existing agencies. When such annexations are com-
pleted, it is estimated that the probable area of the
Authority will be about 820000 acres, including
1. &. CGovernment installations at Linda Vista and
Camp Pendleton. The area included is shown on
Plate 1, appended hereto.

(2} Probable Water Requirement of Area: It is
estimated that about 630,000 acres of the 820,000
arres expected to be within the Authority will be
served with water by the vear 2000. The guantity of
water probably required to serve this area has been
determined on a per capita basis within the Cities of
San Diego, Oceanside, and Fzcondido, and on an
average per acre basis for the remainder of the area.
The most conservative of forecasts of future popula-
tion within the City of San Dicgo predict that the
City will have an ultimate population of 1,000,000
bv the vear 2000, with a total water requirement of
900,000 acre feet per year. The estimated safe yield
of developed local supplies of the City is 46,000 acre
fect, leaving 154,000 acre feet required to be oh-
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tained from Authority sources. To provide room for
this increased population, the area of the City would
pralulily be expanded in the course of future years
10 aliout double its present 79,100 acres or to 160,004
acres in the year 2000. It is estimated that the Gities
nf Crceanside and Escondido with a combined area
of 15,000 acres will require 22,000 acre feet of Colo-
rado River water In that year,

The water requirement of the remaining 455,000
acres, probably served with water by the vear 2000,
has been estimated on the basis of an average need
of the several areas using from 1.2 to 1.4 acre, fect
per acre of gross area served—(See Table 1). On
this basis; the areas outside the Cities of San Dicgo,
Oceanside, and Escondido will require a total of
about 584,000 acre fect of water, with local sources
estimated to safely yield about 56,800 acre fect. The
total estimated water supply of the Authority, re-
quired to meet the demands of its agencies for sup-
plemental water in the year 2000, is estimated at
682,000 acre feet—(See Plate 2). The annual rear
future requirements are estimated at 132,000 acre
feet in 1960 and 329,000 acre feet in 1970.

(3) Sources of Water Available to Authority: The
Authority’s basic preferental right in the Metro-
politan Water District water supply from the Colo-
rado River, if and when the time comes that each
member agency of the District is demanding its basic
right, is estimated at about 120,000 acre feet an-
nually. Tt is estimated that upon completion, by the
District, of the Colorado River Agueduct, and as-
suming no reduction in the District’s present right
in Colorado River warer of 1,212,000 acre fert an-
nually, that all water needs of the District member
agencics, inchuding the Authority, will he mrt wmntil
the vear 1975, at which time the Authority’s needs
are cstimated at 420,000 acre feet anmually. How-
ever, in order for the Authority area to make use of
this water, a sccond San Diego Aqueduct must be
eomstructed to bring the water from the Colorado
River Aqueduct to the Authority area. The esti-
mated water needs during the years in the immedi-
ate future show that the full capacity of the present
San Diego Agueduct will be utilized continuously in
1959 and that additional capacity must be available
at that time if growth is to continue.

The second most hopeful source of additonal wa-
ter is the Feather River Project, outlined by the
State Engineer in a report submitted to the Legisla-
ture in February, 1955, Under this Project, it is pro-
posed to deliver 1,800,000 acrc feet of water an-
nually from the Feather River and the Sacramento-
San Joaguin Delta to Southern California, south of
Tehachapi Mountains, of which 600,000 acre feet
annually is expected to be used in the Antelope and
Mohave Valleys and the remaining 1,200,000 acre
feet in the area south of the San Bernardine Range.
The amount proposed to be delivered to San Diezo
County arcas through a pipeline at about elevation
2750 lying east of Lake Henshaw, Sutherland, El
Capitan and Loveland Reservoirs and terminating
in Barrett Reservoir, iz 270,800 acre feet annually.
The report also includes a possible alternate route
in which the water could be dropped through a

power recovery hydro-station ‘after passing by a
tunnel through the San Bernardinog Mountaing and
delivered to the Colorado River Agueduct of the
Metropolitan Water District at the west portal of
San Jacinto Tunnel. If this alternate route were
adopted the water for San Diego County could then
be carried through the proposed Second Aqueduct,
which until that dme wnufd be used for bringing
surplus water in the Colorado River Agueduct to
San Diego.

Another alternzte route is suggested, in which
Feather River Proiect water for Southern Czlifornia
would be delivered to the Metropolitan Water Dis-
trict near San Fernzndo Valley and be distributed
by the District. This would increase the overall water
sapply of the District to 2,400,000 acre feet annu-
ally, sufficient to meet the probable District’s needs,
including the Authority, until about the year 2000
Tn this case, the lowest priced water to the agencies
of the District, not considering rclative water quali-
ties of Feather River and Oolorado River, would
probably result from using Feather River water in
the westerly and northerly part of the District and
Colorado River water in the easterly and southerly
part of the District, including the Authority area.
However, in this cass, additional pipelines should be
built to make Feather River water available in San
Dicgo County by a pipeline extending southerly into
San Diego County along the coast or easterly to the
head of the San Diego Aqueducts to maintain suit-
able quality of water to the Authority.

The presently scheduled construction program of
the Feather River Project would make the first proj-
et water available to Southern California in 1975

Additional sources of water to San Diego County
which might be developed, after full utilization of
thi Colorade River and Feather River Projects, in-
clutde additional dovelopment of local water re-
spurces: reclamation of sewage water; reclamation
and importation of watcr from Imperial Valley; and
possible conversion of sea water.

{4) System Expansion—Aqueduct: The studies in-
dicate that an addidonal quantity of water above
the 140.000 acre feet, which can be brought in an-
nually through the present San Dicgo Aqueduct
will be meeded by 1860, The only major source of
additional water available at that time appears to
be excess water in the Colorado River Agueduct,
available to the Authority from the Metropolitan
Water District as a constituent member of the
District.

A sccond San Diszo Aqueduct is proposed, closely
approximating the location of the present Aqueduct,
north of the San Luiz Rey River and located some-
what westerly of the prescnt line south of the river.
This agueduct would pass just westerly of the pres-
ent Hodges Reservoir Dam and terminate at Otay
Beservoir, if found agreeable to the City of Sam
Diego. It is assumed that the Metropolitan Water
District will construct and operate the northerly
portion of the Aqueduct to the point of present Dis-
trict water deliverics to the Authority—just north of
San Luis Rey River, and that the Authority will
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construct the portion of the Aqueduct southerly
from that point. The capacity of the Aqueduct at
the County line is designed for 500 cfs.; and re-
duced at intervals as service cutiets are provided
for delivering water to agencies. The Aqueduct will
be capable of delivering about 330,000 acre feet an-
muzlly to the Authority area, and will meet the esti-
mated peak loads of the Authority to 1970, deferring
construction of any storage reservoirs to that date
The Autherity’s portion of the Aqueduct is csti-
mated to cost §30.,700,000. A schematic dipgram,
showing the general layout of the Aqueduct and the
design capacity and pipe sizes, is included as Plate 7.

{3} System—Expansion Branch Lines: To supply
certain areas recently annexed to the Authority and
lying some distance from the Agueduct, will re-
quire the construction of branch lines. In many cases
such branch lines should be combined into jeint
Lnes to serve several agencies, resulting in minimum
distribution costs,

The branch lines: [alling within thic category and
most urgently needed are listed below: (Sec Plate 4)

{2} San Marcos Branch Line with the Carlshad-
Oceanside Sub-Branch, and the San Dicguito-Santa
Fe Sub-Branch: This branch would have 2 capacity
of 129 cfs., and would extend westerly from the
Agqueduct to the Carlsbad zrea and would deliver
water by gravity directly into the cxisting and pro-
posed systems in the area lving in the coastal plain
extending from Santa Fe Trrigation Distrirct to the
City of Oceanside. The estimated cost of this branch
is 34,950.000.

{b) El Montc Branch Line: Would have a capac-
ity of 112 c.f.s, and extend from the Agueduct at
Slaughterhouse Canyon to a point westerly of the
present La Mesa District’s El Monte Pumping Sta-
tion. It is proposed to meet the imcreased demands
af the La Mesa District, and to supply the proposed
Rio San Diego and Rancho El Cajon Districts when
annexed. The estimated cost of this branch line is
$1,060.000.

(¢) Rainbow-Valley Center Branch: Would cx-
tend westerly from the Aqueduct near Lilac to the
boundary of the Rainhow District and deliver water
by gravity to the proposed svstem of the Valley Cen-
ter and Rainbow Municipal Water Districts. The
design capacity of the branch where it leaves the
Agueduct is 42 cfs., and its estimated cost is
$590,000.

[d) Fallbrook-Rainbow Branch: Would parallel
the present Fallbrook-Oceanside Branch to the vi-
cinity of the Red Mountain Ranger Station at the
boundary of the Fallbrook District, with a desien
capacity where it leaves the Aqueduct of 73 cfs
The estimated cost of the branch is $680.000,

[6) Svstem Expansion—Reservoirs: Reservoirs for
storing water during the low-demand period will be
needed whenever the peak demand on the Authority
sysitm exceeds the capacity of the system to deliver.
At present the Authority has an agreement with the
City of San Diego to store up 1o 20,000 acre feet of
water in the San Vicente Rescovoir. In order to de-
termine the avallability of sites for additional stor-
age reservoirs, topographic maps of the County

were carefully studied and 43 possible reservoir sites
were investigated.

Scven new reservoir sites were chosen, which, with
the use of San Vicente Reservoir, Lower Qtay, and
Sweetwatetr Reservoir, would furnish sufficient ca-
pacity to permit ultimate full and continugus opera-
tion of the Aqueduct when required, The Second
Aqueduct, if constructed to the 500 cfs, proposed,
would provide ample capacity for fuctuation in de-
mand in the immediate future, and would permit
delay in the construction of reservoirs until after
1970; when the first reservoir, designated as San
Marcos Feservoir, containing [6.000 acre feat usable
storage and costing $1.475.000, would be required.
All other reservoirs could be delayed until a later
date.

(7) System Expansion — Pumping Stations: At
present all Authority water iz delivered by gravity to
member agencies, With the expansion of the system,
there will be arcas which cannot be served by grav-
iry—notably Valley Center and the proposed Ra-
mona and Rancho El Cajon Districts. These areas
will require the pumping of practically all of the
water used by them. Later, when the San Marcos
Reservoir is constructed, pumping will be required
at this reservoir to lift stored water into the supply
lines of the several agencies which will be zerved by
this reservoir. The supplemental supplies ohtained
by the La Mesa District, through the proposed El
Nonte Branch, will require pomping.

The estimated cost of pumping stations and force
main, required in conjunction with the proposed
gystem of branch lines, is as follows:

Valley Center Pumping Station & 240,000
Ramona Pumping Station 630,000
Carlsbad-Oceanside Pumping Station 360,000
San Dieguito-Santa’ Fe Pumping Station 340,000
La Mesa Pumping Station 470,000
Rancho El Cajon Pumping Station 360,000
Total 2,400,000

(B) Tentative Construction Program: The follow-
ing schedule of construction will provide the facil-
ities to meet the estimated demand of member agen-
cies for water from the Authority up to the year
1970. Included is- the estimated cost of work re-
guired for each project:

{a) Capital Cost:

Estimated
Year Facility Capital Cost
1936 Sen Marcos Branch $ 1,920,000
El Monte Branch 1,960,000
Rambhow-Valley Center Branch 550,000
Valley Center Purnping Facilities 240,000
1957 Oceanside-Carlshad Branch 1,450,000
Santz Fe-San Dicguilo Branch 1,600,000
1858 La Mesa Pumping Station znd Pipe 470,000
Bancho El Cajon Pumping Sta. and Pipe 360,000
Fallbrool-Rainbow Branch 0,000
1959 Hamona Branch and Purmping Plant FE0,000
1960 Construction of Second Agueduct 30,700,000
15973 Construction of San Marces Reservoir 1,475,000
Construction of San Marcos-Santa Fe
Pomps and Connections 540,000
Construction of Carlsbad Pump and
Force Main 360,000
Total £42,005,000
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(h1 Annual Cost: The annual cost of the construe-
fwm program outlined above, assuming a 40-year
Lol issue with interest at 395, would require about
41895000 to meer bond interest and retirement of
bonds—plus cperation, maintenance, and replace-
1 rlsy CECL, of about $L;21G,DDD.

(¢) Pumping Cost: The actual cost of pumping
will vary from year to year, depending on the need
[or water and the cost of power. Assuming an esti-
mated power cost of nine mills per kilowatt hour,
the annual cost of power will vary from about
340,000 on the ecarly vears to about $145,000 when
pumping the 1970 requirement.

(9) Authority Participation in Cost of Program:
At present the Autherity system consists of the San
Diego Aqueduct and two branch lines—the Fall-
trook-Oceanside Branch and the La Mesa-Sweet-
water Branch. The cost of these facilides is being
met from taxes levied uniformly on all taxable prop-
erty within the Autherity. The two branches wers
built during the original construction period 2nd at
Authority expense, at a combined cost of about
£2.500,000, to deliver water to each of the then
member agencies at the most economical point of
delivery for the Authority, In general, the capac-
ity provided was about 1.5 times the agencies’ pref-
erential rights in the capacity of the completed
Agueduct,

In 1948 the Board adopted a policy that a single
service outler from the Aqueduct would be provided
at Authority expense for cach new member agency,
but that the construction of additional outlets and
any branch lines from such outlets to the agency’s

systern would be the obligation of the ascocy. This
policy was later expanded (o pernit amencics o
baild: joint branch lnes, whieh, il conlorminge with

Authority standards, would he accepled by the Au-
thority as part of the Authority system for aperation
and maintenance, without reimbursement from the
Authetity for the cost of such lines.

It would appear that the cost of the propased
Second Aqueduct should be paid for from taxes lev-
ied over Lll-u: entire area and from revenues if avail-
able, since benefits from the construction of this
additional facility would be Authority-wide, How-
ever, there appears to be some difference of opinion
ag to the extent to which the Autherity should go in
the construction of branch lines, reservoirs, and
pumping stations. There are three possible policies
which the Authority might adopt, briefly stated as
follows:

(a) The Authority will construct, maintain and
operate a new Second Aqueduct from Sta-
tion North 1920 + 00 {junction of Metro-
politan Water District and San Diego
County Water Authority) to Otay Reser-
voir, and such cross connections betwsen
the Second and First Aqueducts as the Au-
thority may find desirable.

The Authority will construct, maintain and
operate & system which will deliver water
to each agency in the guantities reguired
to mest the ultimate demand of the agency

on = uniform flow basis, or as facilities and
supplies will permit—such delivery to be
made 2t a location as near the boundary of
cach agency as can be reached by gravity
How from an Authority Agqueduct.

() The Authority will construct, maintain and
operate a systemn which will deliver water
to cach agency in the guantities required
to meet the ultimate demand of the agency
on & uniform flow basiz, or as facilities and
supplies will permit—such delivery to be
made at 3 location at or near the boundary
of each agency to which the water can be
conveniently transported by the Authority
and advantageously used by the agency,
incleding pumping if necessary,

The estimated capital, expenditures, and yearly

debt zequirement for bond retirement and interest
only under cach of these plans are as follows:

Total Cost Annual Bond Tax Rate on

Service 1955-56 Assessed
Valuation
Plan 1 £30,700,000 51,330,000 17c/5100
Plan 2 40,355,000 1,790,000 Pe/5100
Plan 3 432_905,000 1,595,000 245100

(10) Financing: If Plan 1 i3 adopted, the general
Authority-wide benefits would indicate that funds
for the project should be obtained through a bond
issue, which would be repaid through tax levies on
the entire Authority area,

If Plan 2 or Plan 3 is adopted, funds could be
raised by general obligation bonds for the entire
praject, same a= Plan 1. In view of the special bene-
fits to cortain areas from the branch lines and
pumping stations, the expenditures for these facili-
tics could be partially or entirely repaid through
soine [orin of repayment contracts, entered into by
the Authority and the arcas benefited. The extent
of Authority participation depends entrely on the
policy which the Board adopts in respect to serving
water to the areas remote [rom the agueduct.

The combined annual cost to the Authority for
service charges on outstanding indebtedness, and the
annual cost for debt service i% Plan 2 were adoptad,
is thown on Plate 10.

PROBABLE EXTENT OF SERVICE AREA
IN SAN DIEGO COUNTY

San Diego County has a gross arca of 2,727,100
acres, Much of it is mountainous and rugged, or
desert area unfit for cultivation, The jurisdiction of
the Water Authority iz county-wide; but its scrvice
area is confined by statute to those citics and quasi-
municipal organizations which have qualified for
membership in the Authority. As a member of the
Water Authority, sach agency is automatically quali-
Fied for certain restricted rights to obtain water for
domestic, municipal, and irrigation purposes. The
Authority itself i= = qualified member agency of the
overriding Metropolitan Water Districe of Southern
Clalifornia, which furnishes water imported from the
Coloractn River for distribution to its agencies in Los
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Anpeles, Riverside, San Bernarding, Orange, and San
Hipo Counties in Southern California

As of June 30, 1954, the Authority comprised 15
member agencies with a gross area of 284,190 acres.
Six other divisions with a gross arez of 218,341 acres
fave taken initial steps to qualify for membership, or
v anncx to existing agences. All of these areas hie
west of the central mountain range which divides the
sounty from north to south, and most of the area in

these agencies is below elevation 1600 feet above sea

el

Antweipating that most of the remaining area will
rventually become member agencies of the Autherity,
the unorganized area west of the mountains and
below elevation 1600 has been arbitrarily divided
intn 7 divisions which comprise a total of 147,770
ares. U, 5. Government reservations, military and
otherwise, comprise a total zrea of 170,720 acres.
Vhe overall gross area, considered for water require-
wients, is 821,021 acres—summarized as follows:

firganized or in process of organization 502,531 acres
linneganized areas 1471??031‘:::
11, 5. Government 170,720 acres
F'spal 821,021 acres

While there are several thousand acres of land
lving above elevation 1600 on the west slope now
partially irrigated and while there may be several
jwissibilities for increasing this acreage if water could
lw made available, the present and foresecable costs
vl furnishing water to such areas is far beyond their
rapacity to produce values in support of the costs.
For that reason, such areas have not been considersd
in this stody.

East of the mountains in the desert area, lying on
the- west side of Imperial Valley, there are probably
wveral hundred thousand acres of land which could
pioduce valuable agriceltural crops with water. In
Barrege Valley and its ‘neighboring smaller valleys
about 3,000 acres are mow irrigated from ground-
water wells. The supply is probably limited, and
prspects for any large development are most cer-
tainly dependent upon imported water supplies, Maost
of the valley lies between elevations 500 and 1000
alwwe sea level. The area has already enjoyed eon-
sulerable development as a winter resort and would
1 doubt equal or exceed the Palm Springs area in
popmlarity if sufficient water could be made avail-
able.  Within the last four vears the Division of
Water Resources of California has made a recon-
narssance land classification of that part of the
vonnty, and it has found that a gross area of 48,000
armes 0 scattered developments can be classed as
nrigable. It would require at least 144,000 acre feet
ol water to supply these areas. This area and ifs Te-
uined ameount of water has not been included in the
future requirements provided in the plans herein, for
tli- reason that a definite plan cannot be foreseen at
ihe present time,

'LOBABLE UNIT WATER REQUIREMENTS

IMaving determined the prohable.service area in
the western part of the county, the next step is to
determine how mueh of the area will eventually re-

quire water service and in what quantities, Numer-
ous reports on this subject have been made in the
past, all of which are on file in this office, They have
been studied and briefed as part of this study. The
area naturally is divided into two classes—namely,
urban and rural, The extent of rural development is
to 2 major extent dependent upon soil capabilities.
As time goes on and as the pressure of population
incréases, many of the rural arezz will become so
blended with urban development that they will
become scmi-urban and will finally be completely
urbanized. Fortunately, past experience has amply
demonsirated that the chanze-over from rural to
urban communities involves only slight changes in
the all-over water requirements of an area, except
when population densities in the urban arca become
guite high. Beyond a certain point, urhan require-
ments per acre beécome greater than in the rural
areas, and in contrast during early stages of rural
development the water requirements are greater per
acre than in later stages when the population density
per acre increases.

After studying the past water use and population
statistics in all of the cities within the Metropolitan
Water District area, it was concluded that there has
been for zometime a trend toward increased anmual
use from 0.14 acre foot per capita to approximately
0.20 zcre foot per capita. In this study, a figure of
0.20 acre foot per capita annually has been adopted
for three of the incorporated cities of San Diego
County—San Diego, Escondido, and Oceanside, In
1832 & report was prepared by a Board of Engineers
for the county on sewage requircments, which pre-
sented forecasts of future population, based upon
several different methods. The most conservative of
these methods has been accepted for forecasting the
population of the three citice mentioned above as
follows:

Population  Water Reguirements at 0.20 ac. f+.
Place Y. 2000 Per Capitz Annually
zc fr./vr.
Szn Diego 1,000,000 200,000
Escondido 28,000 5,600
Oeeanside 100,000 20,000

All other citiez have been included in the water
organization surrounding them, and the estimates of
their water requirements are based upon the acreape
to be served in each organization,

A study of past records of the La Mesa, Lemon
Grove and Spring Valley Trrigstion District, the
Vistz Irrigation District, and the Fallbrook Public
Utility District show average annual requirements of
from 1.2 to 1.4 acre feet per gross acre served. These
districts are representative of the north, central, and
south portions of the county. Computations within
the limits given above have besn applied to each of
the areas, as delineated on Plate 1.

ACTUAL ACREAGE TO BE SERVED AND
AMOUNTS OF WATER REQUIRED
A scientific estimate, based on soil surveys of the

actual acreage in each division which may ultimately
require water, has appeared to be an impractical
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undertaking within the limired time and resources
available for making this report. Furthermore, such
a study could not have a practical value, for the
reason that development and settlement in the past
have been made with disrcgard of the soil informa-
tion then available, The prevailing rapid change-
over from dry land o semi-urban settlement has
been no respecter of soil capabilities. Location, to-
pography, land values; and availability of water have
been factors which have overriden proper considera-
tion of the ability of the soil to produce, Available
soil studies have failad to restrict growth in accord-
ance with soil characteristics. Therefore, although
frequent reference has been made to the soil studies
in past reports, forecasts herein of future areas to be
developed have been based upon judgment and the
considered opinions of many local water officials.

In general, it has been recognized that scttlement
with its concomitant water needs will be more rapid
and complete in the area within a few miles of the
coast than further inland. In the higher areas cast
of the coastal areas, growth pressure has been so
great that many attempts are now being made to
develop small avocado groves in areas with pitifully
déficient water supplies; thus pyramiding the de-
mand for additional water supply. So many inade-
quate forecasts have been made in the past that
there is now a tendency on the part of many devel-
opers to overestimate the rate of development.
After consulting with many of the water officials
intimately acquainted with conditions in their local
arcas, and in an attempt to be conservative in esti-
mating the vltimate acreage to be developed, the
estimates appearing in the third eohimn of Table 1
have been made. A summation of these acreages
gives a total of 527222 acrcy which will ultimately
require water. Thiz rvepresents about 6355 of the
gross ared being considered.

In contrast to this total, Column 4 of Table 1
shows the areas actually served with water in 1954,
which totals 164,135 acres or only 309 of the fore-
casted total area which will need to be zerved.

Applving ficures given above, as to the unit re-
quiremnents of water for both rural and urban arcas,
the individual ultimate requirements for each of the
areas shown on Plate 1 have been computed and
appcar in Table 1 under Column 6. The total ulti-
mate requirement is thus computed at 788.100 acre
feet annually, Excluding estimates of the safe vield
of local water sources now available to each of the
individual divisions, totaling 106,600 acre feet, a
total ultimate requirement for additional water of
681,500 acre feet per year iz shown.

The safe annual producton by each of the divi-
sions has been determined after consulting numer-
ous reperts on local water supplies which have been
written in the past by able engineers and from 2
study of the past records for each of the disiricts in
which statistics are available. In thiz study of local
water sources, much use has been made of the in-
formation in Bulletin No. 55 of the Division of
Water Resources, Department of Public Works of
California, which was published in 1949, Additions
and revisions of those studies have bren made from

time to time since that publication; both by the
Division of Water Resources and by the consulting
engineers employed by the various districts. These
studies have indicated that the maximum zafe yield
of local water resources when fully developed will
be approximately 150,000 acre feet annuaily, of
which, as listed in Column 5 of Table 1, 106,600
acre féet have already been developed. This leaves
only about 42,000 zcre feet of additional annual in-
creasc in local possible supplies when fully devel-
oped. The difference between the ultimate reguire-
ments, as shown in Column 6 of Table | and the
present local safe yield of loral resgurces, as shown
in Column 5, represents the amount of additional
water which eventually must be available for use
in San Diego County. This ultimate amount, listed
by individual areas, totals 681,500 acre feet, as
shown in Column 16 of Table 1. The word “ulti-
mate'” is used advisedly but with hesitation, for it
takes much temerity to forecast the ultimate nesds
of the county. Actuzlly, the ultimate needs shown
herein are the probable needs in about the year
2000,

In summary, the fJ:r‘Juwing forecast of Imported
water for San Diego County’s needs is as {ollows:

Year Amount in Acre Feet
1860 152,300
1970 S20.600
1280 446,900
2000 BE1,500

AVAITARLE WATER SUPPLIES

Az shown azbove, the sale yield of the combined
local tources in the individual divisions amounts to
106,600 acre feet. With completion of the First San
Diego Aqueduct, there iz a capacity to import ap-
proximately 137,600 zcre fect annually of Colorzdo
River water from the Metropolitan Agqueduct. Ac-
tually, this 137,600 acre feet is about 20,000 acre
feet in excess of the estimated probable basic pref-
ercntial right of the Authority to water from the
Metropolitan svstem so that the County Water
Authority has already built capacity in excess of its
minimum rights to Colorado River water. Any re-
quirement over this minimum right is beinz deliv-
ered to the Authority by the Metropolitan system
only because the full minimum rights of other mem-
bers of the Metropolitan system have not been and
are not likely to'be used for sometime to come.

a) Minimum Enfitlement: Sec. 5 (11) of the
County Water Anthority Act, (Chapter 543, Stat-
utes of 1943, page 2080, as amended) defines the
preferential nights of cach member agency of the
Authority; this section may be summarized as fol-
lows: *Each public agency, the areas of which shall
he a part of the Authority shall have a preferential
right to purchase from the Authority for distribu-
tion by such public agency . . . a portion of the
water served by the Authority, which shall from
time to time bear the same ratio to all of the water
supply of the Authority as the total accumula-
tion of amounts paid by such public agency 1o the
Authority on tax asscssments and otherwise, except-
ing purchase of water toward the capital cost and
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uperating expense of the Authorty's works shall
bear to the total payments received by the Author-
iy on account of tax ascesments and otherwise,
excepting  purchase of water, toward such capital
cial and operating expense.”

This minimum entitlement or right varies from
time o time, as payments are made to the Author-
uy, and cannot be reduced or taken away cxcept as
the water supply of the Authority fails or is inter-
mipted for zome rezson bevond the Anthority’s
ahility to prevent such an event.

b} Maximum Entitlement: I any of the mem-
ber agencies of the Authority, at any time, do not
nredl or do mot call for their minimim entitlement,
iheir uncalled for water can be redistributed by the
Authority in accordance with the meeds of other
mrnber agencies of the Authomity. As the total
available supply of such surplus becomes restricted,
the amount of surplus over and above the minimum
eutitlement of each agency also becomes restricted,
andd such surplus will at such times be limited to
rach agency in the same proportion as their mini-
i entitlement  bears to the whole

Any member agency's full entitlement is then
made up of two parts; viz, their minimum entitle-
ment plus their proportionats share of any surplus
m the agueduct.

Likewise, the Authority’s minimum entitlement
i the Metropolitan Aqueduct is proportiened in
ihr same manner as the minimum entitlements of
thir Authority’s agencies, and their full or maximum
rntitlement is determined in the same manner.

(In page 126 of the Fiftecnth Annual Report of
the Metropolitan Water District there appears the
{olliwing statement of annexation policy:

“On December 18, 1953 the Board of Directors
atlopted the following annexation policy:

“I'he Metropolitan Water District of Southern
Culifornia is prepared, with its exisfing govern-
wiental powers and its present and projected dp-
tribution facilities, to provide its service area with
adequate supplies of water to meet expanding and
incrrasing needs in the years ahead. The District
now is providing its service area with a supplemen-
tal water supply from the Colorado River. When
antl as additional water resources are rt:qu_urtd to
wiret increasing needs for domestic, industrial, and
mmnicipal water, the Metropolitan Water District
! Southern California will be prepared to deliver
such supplies.

“Taxpayers and water users residing within the
Metrapolitan Water District of Southern California
already have obligated themselves for the construc-
tion of an aqueduct supply and distribution system
involving a cost in excess of $350,000,000. This
systen has been designed and constructed in a
manner that permits orderly and economic exien-
sinns and enlargements to deliver the District’s full
share of Colorade River water, as well as water
from other sources, as reguired in the years ahead.
Fatablishment of overlapping and paralleling gov-
ernmental authorities and water distribution facili-

ties to service Southern California areas would
place a wasttful and unmecessary financial burden
upon all of the people of California, and particu-
larly the rezidents of Southern California’”

Complete reliance on this “declared policy™ of
the Metropolitan Water District is the major basis
which the San Diego County Water Authority has
for using water or expecting water to be delivered
to the county beyond its present minimum right of
about 120,000 acre feer annually in the Metropaoli-
tan Water District supplv. Any future expansion of
water facilities in the county rests upon such a
policy. For that reason and because of the large
amount of water which will be required to fill San
Diego County’s needs in the future, a study has
been made as to the probable future date when use
of water in the remainder of the Metropolitan
Water District will have reached the point where
San Diego County can no longer expect to receive
surplus water from the Metropolitan Aqueduct un-
less the District’s present supply is augmented.
From this study, it was concluded that total de-
mands in the Metropolitan District will equal or
exceed Its ultirmate total capacity in or about the
year 1975,

Independent estimates of this forecast have been
made, both by the Metropolitan Water District and
by the Department of Water and Power for the
City of Los Angeles: Metropolitan’s figures chech
the date of 1975, while the Department of Water
and Power of the Gity of Los Angeles has predicted
that-as carly as 1966 the full capacity of the Met-
ropolitan Aqueduct mav be required to meet the
combined needs of the District’s area.

FORECASTS OF SAN DIEGO COUNTY
ANNUAL WATER REQUIREMENTS

The Eighth Annual Report of the San Diezo

County Water Authority shows the amount of
Colorado River water uwsed by the Authority in
cach vyear since the construction of the First Barrel
of the Aqueduct. In the fiscal year 1853-54 the
total sales amounted to 69,630 acre feer; Within
the last few months, the individual members of the
Water Authority have presented to the General
Manager their own estimates of their Colorado
River water requirements for 1933, 1956, and 1957,
assuming a continuztion of drought conditions.

The figures given in Columns 9, 10 and 1l of
Tsble 1 represent estimates made for this repoert,
based upon the estimates given by the various agen-
cies. In each case the azency estimates have been
modified to some extent to conform with what
judgment shows to be more realistic figures.

The estimated water requirements for the years
1058, 1959, 1960, and 1970, based upon judgment
only as to the needs for those years and the trends
as indicated by past performance, are shown in
Colurmnns 12, 1%, 14, and 15 of Table 1. These fore-
casts indicate that by the vear 1960 the demand in
San Diego County alone will have reached a total
of 152,300 acre feet; which is slightly in excess of
the full capacity of the two barrels of the aqueduct
now in operation. By that time, some means must
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litve leen found to obtain additional water for the
voutnly. Tt must be emphasized that these estimates
are lmsed upon the assumption that there will be 2
comtinued use of the safe vield of each agency, as
listed in Column 5 of Table 1. In years of excep-
tionally low runoff when safe yields do not become
available the needs will exceed these estimates. Tt
was amply illustrated in 1952 that with increased
local runolf the demand for Colorade River water
will materially decrease. In that year only 27,010
acre fect of Colorado River water was delivered by
the Authority. It was a year of above normal rain-
fall, and 2 mnoff considerably in excess of any in
the last six years. Such a happy incident of rainfall
and runoff may occur again; it is long overdue, but
prudent engineering wounld dictate that little cog-
nizance should be given to such occurrence in pro-
viding for ample supplies for the future. In the
past, deliveries of Colorado River water to the City
of San Dicgo bave made up the largest proportion
of deliveries from the aqueduct, In the future, by
the inclusion of so many new arcas with their large
acreages, the deliveries to the City of San Diego
will, although increasing in themsclves, proportion-
ately decrease in relarion to the total water used;
and since many of the new areas have excesdingly
limited local supplics, their use of water will he
almost entirely dependent upon imported water re-
gardless of the extent of rainfall and local ronoff.

In Plate 2, past deliverics of Colerado River
water have been shown from completion of the
First Barrel in 1947 up to February 1955, together
with forecast: of annwal estimated demsnds for
tmported water for cach year from 1955 up to 1960,
and for the year 1970, In the insert on the diagram
the same information is shown on a smaller scale,
with the ultimate demands for approximarcly the
year 2000 added. For the purpose of illustrating
the comments proviously made abouts the proper-
tion of total importations used by the City of San
Diepo, the monthly and annual use of that City
have also been shown on the diagram. It should be
noted: that immediately upon completion of the
First Barrel, almost Full use was made of it= capac-
ity from Jannsry 1948 up to the time the Second
Barrel was put into service with the exception of
ten months in the year 1932, which has been com-
mented upon previously. The conclusion that can
be drawn from the diagram iz that immediately
upon making 2z new water supply available, it has
become completely used and it appears from pres-
ent indications that history will be repeated, for it
is now guite evident that in the vear 1933 full ca-
pacity of beth barrels of the agueduct will be r=-
quired—at least for 2 porton of the year. However,
the forecasts on the diagram clearly show that by
1960 the demsnd for increased importation of
water will be in sbout the same positdon zs it was
in January 1948 —when the First Barrel was put
into operation. '

FUTURE WATER SOURCES

The Authority’s minimum right to Colorado
River water has already been excesded. The “ulti-
mate” requirements for additional water, as fore-

cast hercin, exceed the county’s right in Colorado
River water by 5743500 acre feet. Consideration
must, therefore, be given to the sources from which
future importations can be obtained. These pos-
sible sources may be listed under the following gen-
eral headings: (The listing is not necessarily in the
order in which they may be developed.)

a) Feather River Project.

b) Development of additional local water re-
sources—{surface and undeveloped).

¢) Reclamation of sewage waters.

d) Reclamation and importation of water [rom
the Imperial Valley.

¢) Conversion of salt water to fresh water,

(a) Feather River Project: In the latest report of
the State Engineer to the Legislature, it is propesed
that 1,800,000 acre feet of water be imported into
Southern California through the Feather River
Project for use by the five southern counties of the
state, Of this amount, it is proposed thac 600,000
acre feet be used in the Antelope Valley, north of
Los Angeles, and the remaining 1,200,000 acre feet
be distributed in the remaining area. The report
proposes delivery of 362,000 acre feet to San Diego
County either by a high line to Barrett Reservoir
(lying east of Lake Henshaw and El Capitan Res-
ervoir], or at San Jacinto wherc the present San
Diego Aqueduct begins,

The report estimates that thiswater can be deliv-
ered to San Diego County by the high line route for
approximately 345 per acre foot, or at San Jacinto
for $35 per acre foot. The Feather River Project is
still in the planning stage and is not advanced to the
point where sn zuthoritative statement can be made
asz to when and how the water may be delivered to
San Dirgo County, The amount sugzested for deliv-
cry i3 far below the ultimatc requirements for the
county,

The Metropolitan Water District has made it
known that it is their intention to accept delivery of
this water on behalf of the five southern counties and
to be responsible for its redistribution. As 2 member
of the Metropolitan Water District, San Diego
County Water Aunthority would legally be entitled to
a minmum of 109 of the total amount made zvail-
able to the Metropolitan District, or 120,000 acre
feet—an amount just equivalent to its present mini-
mumn rights in the Colorado River and inadequate
to supply the needs of the county. Again, the county
would be placed in the position of depending upon
its share in the unused water in the Metropolitan
District system, and sooner or later would agzin face
the possibility of having its deliveries cut down when-
ever the total needs of the agencies of the Metro-
politan Water District reached the total amount im-
ported from the Colorado and Feather Rivers. In
anticipation of that time, it is imperative that other
sources of water be considered for future develop-
ment in addition to the Feather River. At this date
it appears that the Feather River Project offers the
most immediate and probably the least costly source
of additional water (2lthough inadequate) of any of
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the sources that can now be considered. The Feather
River water could not possibly be considered az being
available before 1975 at the earliest, and then only
if authorizations and appropriations arc speedily
forthcoming; and legal guestions, negotiations, and
other numerous problems are resclved with a mini-
mum of delay.

Surely, it is incumbent upon the Authority to con-
sider a future course in respect to the Feather River
Project with full appreciztion that the water pro-
vided by that Project offers the most obvious source
of increasing our supplies. Encrgetic continuous con-
tact with all responsible parties having anything to
do with the Project is indicated.

{t) Development of Local Resources: Sec. 5, (11)
of the County Water Authority Act specifically ex-
cludes the Water Authority from developing local
resources. The act in enumerating the powers of the
Authority is worded as follows: “To acquire water
and water rights within or without the State but not
within the County in which the Authority is organ-
ized and/or located; . . .» Nevertheless, in order to
present a complete picture of future water resources
the following comments on development of all local
resources are presented:

In the past, practically all engineering studics of
the water problem in San Diego County have been
directed toward developing the total available water
of the San Diego, San Dieguito, and the San Luis
Reyv Rivers; which are the principal streams draining
the western slope. An extensive report has been made
by the Bureau of Reclamation on the conservation of
the water of the Santa Margarita River for the sole
use of the Marinc Corps Base at Camp Pendleton
and the Fallbrook Public 1itility District. To a minor
extent the waters of the Tia Juana River, an inter-
national stream, have been studied. Further use of
the Tia Juana River involves imternational agree-
menss znd complications which make difficult its
consideration at this time or in the near future. The
City of San Diego haz been considering increasing
the height of Barrett Reservoir, which is on a tribu-
tary of the Tia Juana River, but wholly within the
United States. That project would increase the safe
vield of the city reserveirs by approximately 3,000
acre feet per vear. No estimates of cost are presently
available,

The San Diego River watershed has been devel-
oped to the greatest extent of any of the watersheds
of the county, and the City of San Diego has no
immediate plan for any further development of the
resources of that stream nor does any further devel-
opment appear to be economically advisable at this
time. On the San Dieguito River, the City of San
Diego has for a long time considered the construc-
tion of what is called the Super Hodges Dam, as well
as the construction of the Pamo Reservoir on a tribu-
tary of that stream. Extensive studies have been
made of the possibilities of increasing the developed
supply from that watershed, and the City of San
Diego has even acquired rights of way for both of
the above-mentioned reservoirs. In Bulletin 55 of the
Depertment of Water Resources extensive srudies
are set forth, together with cstimates of cost of va-

rious size reservoirs at Lake Hodges and at Pamo as
of April 1947, In that bulletin it is estimated that
the capital cost, as of 1947, for providing additional
storage capacity at Lake Hodges would run from
$707 1o $922 per acre foot per year for additional
virlds of from 8,800 to 18,000 zcre feet per year, and
that the annual cost per acre foot of water would
vary from 335 to $46.95 for the additional safe an-
nual vield. On a 1955 price base, these fizures would
be at lease 4090 greatter than the 1947 prices; thus
putting the cost of such water well above the cost of
importing additional water from the Feather River
or other sources. Furthermore, the amount of water
that could be made available is 3o small it would
have only a minor effect on 2 program to provide
thie' total needs of the county.

Likewise, an additional reservoir at Pamo was
found to involve a capital cost, hesed on 1947 prices,
of from $826 to %933 per acre foot of annual sale
vield, or an annual cost of from 333 to $39 per acre
foot. On the San Luis Rey River frequent proposals
have been made to comstruct 3 combination flood
control and conservation reservoir at Bonsall. Many
studies have been made of this possible development,
which indicate an additional safe vield not to exceed
20,000 acre fect could be obtained by the largest
reservoir proposed. Its annual cost would likewise be
considerzbly in excess of the annual cost of any other
water resources.

The proposal to develop the Santa Margarita
River hos not yet reccived congressional approval.
1f such a project were to be underiaken, it would be
built by the Burtau of Reclamation and would be
used primarily on a military reservation at Camp
Pendleton. The Fallbrook Public Utility District, al-
though designated as possible co-user in this preject,
is at present considering the construction of another
dam located upstream for its sole benefit.

After reviewing all the possibilities for increasing
local water sources, it is concluded that further at-
temots to increase the water supply from these
sources should not be made untl the Feather River
resources have been exhausted. By that time water
may have become so valuzble as to justify further
developments. The Autherity Act would need an
amendnient to permit such development by the Au-
thorty.

{c) Reclamation of Sewage Water: Many sugges-
fions have been made that the outflow from sewage
systemns in the county could be treated and purified
i the extent that they would hecome usable, at least
for irrigation and to some extent for recreation uses
in the county, This possibility was given considerable
attention in the 1952 report by a Board of Consult-
ing Engineers to the County Supervisors on the
“Treatment and Disposal of Sewage of San Diego
County.” An entire chapter of the report was de-
voted to this subject. Six areas were selected for a
comprehensive analysis to determine the feasibility
and cost of various plans for water reclamation. The
areas are the Lower Tia Juana River Valley, Otay
Mesz, Chula Vista, Spring Valley, El Cajon, and the
San Diego metropolitan arcas. In summarizing the
resultz of these studies, it was found that in the
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Lowey Fia juanz River Valley some 6,500 acse feet
of water could be reclaimed for use wpon irrigation
land within the lower valley adjacent to the internz-
tional border for an averape annual cost of $27.20
per acre foot. The plan was not recommendsd as
the major portion of flow in the sewage system comes
from Mexico ané the flow ar anvtime could be cur-
tailed by use in thet country. The zame amount of
water could be reclaimed and ‘used for irrigating
portions of Otay Mesa at an average unit cost of $31
per acre [oot, but the same objections were made to
that proposal.

In the vicinity of Chula Vista two proposals were
made: (1) to reclaim 1,500 acre feet of water for 940
acres of agricultural land and 160 acres of goif
course, at an average annual cost of $25.40 per acre
foot; (2) to reclaim 3000 acre feet of water for use
on 2,200 acres of sgricultural land and 160 acres of
golf course; at an average annual cost of 320 per acre
foot.

In the Spring Valley area it was proposed that
some 2,800 acre feet a vear be reclaimed for agricul-
tural use, at a cost of $23.20 per acre foot.

In the El Cajon Valley it was sugpested that pos-
sibly 1400 zere feet of water could be reclaimed for
agricultural use, 2t an average annual cost of $35.50
per acre foot,

Certain portions of the sewage disposal from the
San Dicgo mewopolitan area, totaling some 3,530
acre foet per year, could be reclaimed for use in sev-
eral localities as follows:

City of Coronado—3800 acre feet at an average
annusz! cost of $37.30 per acre foot.

Balboa Park—2.200 acre fect at an average an-
nual eost of 35540 per acre foot

Mount Hope, Grecnwoed, -and Ioly Cross
Cemeteries — 730 acre feet at an average
annual cost of $46.70 per acre foot.

It was also proposed that some 3,500 acre feet of
water could be reclaimed for use on the Mission Bay
Park, at an average cost of $46.90 per acre foot, and
in Mission Valley 3,500 acre feet could be reclaimed
at $39.90 per acre foot. North of San Diego, on the
Azua Hedionda, it was proposed to reclaim 3,500
acre feet at a cost of 526 per acre foot annuzlly. In
the San Elijo and Escondido Valleys a total of 2,400
acre feet could be mzde available at an average cost
of about 245 per acre foot annually.

It should be noted that all of these proposals for
the reclamation of sewage wateér involve small areas
and separate svstems of irrigation for each propozal.
While the costz appear to be within economical
lirnits, the water could not be used in 3 combinztion
system which delivers both municipal 2nd irrigaton
water, Therefore, the propesal to develop these
sources and the zdministrative difficulties arising
from such separate systems make it appear to be an
impracticable underizking for the County Water
Authoritv. Such development is specifically prohib-
ited by the present Authority Act. If and when the
cost of Authority water exceeds the cost of reclama-
tion, or an agency needs additional local supplies to

augment its preferential right in Authority water, the
individual agencies may well consider this source to
increase their supply individually, The aggregate
total thus made available From local sources 1s about
27,000 acre feet.

(d) Reclamaton and Importation of Water from
Imperial Valley: At the time consideration was being
given to constructon of the San Diego Aqueduct a2
contract was made with the Bureau of Reclamation
to study the feasibility of transporting water from
the Imperial Valley through the Laguna Mountains
into the west coastzl area of San Diego.

The City and/or County of San Diego had ac-
quired a right to 112,000 acre feet of Colorado River
water, and the city had arranged for carrying capac-
ity in the All-Amercan Canal for itz transportation
to San Diego County. After the decision was made
to bring Colorade River water down from the Colo-
rado River Agueduct, through anncxation to the
Metropolitan Water District, the water rights of the
City and/or County of 8an Diego were merged with
those of the Metropolitan Water District, but the
gt}’ retained its carrying right in the All-American

anal,

The report of the Bureau of Reclamation found
that 60,000 acre feet of water could be transported
to San Dicgo County through a series of pipe lines
from a lateral of the Imperial Irrigation Distrct and
& seven-mile tunnel in the vicity of Julian to a point
on the San Diego River above El Capitan Reservoir
for a capital investment of 314,000,000 and an aver-
apge annual cost per acre foot of $27.02,

The present study has found that it is guite un-
likely that sufficient water can be cbtained from the
Colorado River or the Feather River o supply the
ultimate water needs of San Diegs County. Conse-
quently, a re-examination of the Bureau study has
heen made to determine whether the Imperiz] Valley
should be reconsidersd as a source of water for fu-
ture importations.

Conditions have changed materially since the
original report of the Bureau of Reclamation, San
Diego County has no further rights to Colorado
River water, sufficient power is not in sight to pump
the water over the Divide, and the needs have in-
creased from zm annual ameunt of 60,000 acre feet
to approximately 530,000 acre feet.

Tt cannot be determined definitely ar thiz tdme
whether the seemingly insurmountable difficultes
presented by the changes stated above can be re-
solved, but studies have indicated that there are pos-
sibilities into which further inquiry should be made
and 'stc%:s initiated to prove or disprove the practica-
bility of obtaining water from the Tmperial Valley.

In the past fifty years the irrigated area of the
Imperial Irrigation District, which is served by the
All-American Canal has inereased from a few thou-
sand zcres to well over 300,000 acres. In 1900 the
Salton Sea, as we know it, was non-exdstent, In I150H
the Colorado River broke its confiming levees just
across the international border, and the entire fow
of the river, for about a year, flowed into the Salton
Sea. In so doing, it cut twe wide erosion channels
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Irom the border to the sca, which have since then
heen called the Alamo and New Rivers. For the past
trn years, the average annual flow of these bwo
streams into the Salton Sea has totaled more than
1,300,000 acre feet of water per vear. This large
runoff is composed of waste resulting from the opera-
tions of the Imperial Valley canals, surface waste
from the individual farming areas, and drainage
water from the thousand miles of drains which have
liren built in the valley. Owver the past thirty years
the average annual runoff to the Salton Sea has been
about 329 of the water diverted by the Imperial
Irrigation District for agricultural nses. This inflow
mto the Salton Sea has caused a rise in its water
surface from a minimum in 1925 of 251 feet below
wa level to an elevation of 235 feet below sea level
m 1954 This rise has been caused principally by an
inflow greater than the evaporztion from the sur-
facce of the Salton Sea. A much more rapid increase
in inflow to the sea has cecurred within the lasy fve
vrars; possibly due to a sudden increase in the acre-
age of cotton under cultivation, which requires more
water per acre than the crops which had heretofore

bwen grown in the area.

Censiderable concern has been experienced in this
rontinued rise of the Salton Sea, but it is exceedingly
unlikely that it will ever rise to a point which would
rreate  catastrophic conditione. Nevertheless, any
proposal which would prevent any further rise, if
rmeasonable, would meet with general approval of the
irsidents of the Imperial Valley, It is, therefore, sug-
wsted that further studies may show that much of
ihis water now wasting in the Salon Sea can be re-
¢laimed and brought over to San Diego County in
il necessary quantitics and of a necessary quality at
+ cost approximating the cost of importing Feather
River water.

Several conditions must be fulfilled before such a
statexnent can be made with confidence. First, qual-
ity of water: All water now being diverted into the
Imperial Valley carries approximately 550 to 600
parts per million of total salts. In order fo maintain
what is known as a salt balance in the soil of the
valley as much salt must be removed by drainage
rhannels 23 is placed on the land each year, Since
the discharge into the Salton Sea is slightly less than
1 /3 of the amount of water used in the area, it fol-
lows that the salt content of this water iz at least
three times the salt content of the water used for
irrigation. Such is actually the case. Analyses of the
waste waters by the Water Pollution Control Board
of the State of Califérnia have shown that the salt
rontent of the water fowing into the Salton Sea
averages about 2,200 parts per million, or slightly
over three times the amount of salt in the irrigation
water. The water is too heavily charged with salt
foir the uses to which San Diego would wish to put
ihar water. Therefore, its utilizadon depends upon
ahility to reduce the mineralization in the water
ahout one-third to the equivalent or less of Colorado
River water.

In the present studies two propositions have been
ronsidered: One is to demineralize the water and
thrn transport it to San Diego, and the other iz to

demineralize it and use it on lower lands in the
Imperial Valley and trade such water for water
from the All-American Canal at its terminus; thus
accomplishing the same purpose but in different
ways. The latter would be more advantageous for
San Diego, since the initial point of diversion of
the water would be some 75 feet hizher in elevation
than the ‘area where reclaimed water itself would
need to be used.

For many years, the Impenal Imigation District
has contemplated the irrgadon of some 150,000
acres of land of what is known as ihe West Mesa
on the western side of the Imperal Valley. Detailed
soil surveys of the avea have indicaced that the total
irrigable area is about 100,000 acres. Any proposal
to bring water across the range to San Diego County
should include the development of this additional
100,000 acres as it is advantageous for San Diego
to construce the first thirty miles of the conduit in
conjunciion with the irdsation of the West Mesa.

The problem of demineralizing the water flowing
into the Salton Sea is @s yet in experimental stages.
For the last three years, the Department of Interior
has had an annual appropoation for the purpose of
contracting for research work on the subject of con-
version of sea water to fresh water. In the course
of these research studies, one methoed of deminerali-
zation has been found to have consziderable merit
and to produce fresh water within reasonable cost.
Tonics, Inc., of Cambridge, Mass., has developed an
ionic membrane process for reducing the sale con-
tent of water, and has prepared estimates of costs
for large scale reduction of szlt content of brackish
waters containing 700 parts per million, 4,400 parts
per million, ‘and 9,700 parts per million to a final
content of 330 parts per million. Estimated costs
per acre foot for reducing a water to 330 parts per
million on the scale of approximately 250,000 acre
feet per year are as Tollows:

For reducing:

700 paris to 350 parts—§4.00/ac It /yr.

4,400 parts to 350 parts=—3520.00/ac.ft. /yr.
9,700 parts to 350 parts 3000 /acit fyr.

No estimate was made for reducing sea water of
34,000 parts per million to a desirable salt content.
Tt= cost was entirely too high for use of this method.
As pointed out above, the water entering the Salton
Sea is about 2,200 parts per million while a water
containing 500 parts per million may be acceptable
for use in San Diego County. In the course of their
research the JTonics, Ime., found that the cost of
treatment varied in a straight line relation hetween
2 low salt content and a high salt content. There-
fore, by interpolation, it would appear that the
prohable cost of reducing the waters of the Alamo
and the New Rivers to a2 satisfactory quality would
be about 311 per acre foot, which would bring this
water within a usable range of cost, and indicates
that serious consideration should be gziven to this
nlan as an additional source of future water for
San Diego County. Again, it should be emphasized
that the process is still in the experimental stage.
It cannot be sald with confidence at this time that
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it is an answer to the problem, but with another
vear or two of research more authoritative answers
may be reached. Water treated by this process must
be a clear water. Therefore, it may be necessary to
add to the above costs an additional cost for pre-
filtration,

It would, of course, be essential to initiate nego-
tations with the Tmperial Irrigation District before
proceeding much further with the investigation into
this possibility.

Another one of the difficulties to be solved is the
source of power required to pump the water over
the mountain. It is probable that the combined
needs for pumping and for demineralizing would
require more. than 200,000 kilowatts of electric
power. This amount might be too large a quantity
to obtain from any of the local power companies,
and it is improbable that such an amount can be
obtained from existing hydro-plants on the Colorado
River. There iz only a remote possibility that such
a block of power can be obtained from proposed,
but unautherized power plants, above Hoover Dam
on the Colorado River. There remains for con-
sideration the construction of = power plant for the
specific purpose of furnishing this power (possibly
atomic fuel) for which the location and purposes of
the plant seem to be ideally suited. This proposal
to consider power from atomic fuel may not be as
visionary as it may appear at frst thought, Within
recent weeks the Consolidated Edison Company of
New York has made application to the Atomic
Energy Commission for permission to build a 200,000
kilowatt plant in the immediate vicinity of New
York City, wsing nuclear fuel. It has ‘also been
announced in the newspapers that England has
proposed the construction of eight nuclear power
plants, aggregating 2,000,000 kilowatts at an esti-
mated cost of $440 per installed Lilowatt,

The Imperial line to San Diegn may not be
needed until sometime after 1973, It is not ar all
improbable that by that time nuclear power will
bave been developed to the point where its cost will
be comparable to hydro-electric power now being
used. Elsewhere in this report is an estimate of cost
for bringing 350,000 acre fect of water from an
Imperial source and distributing it in San Diego.
A summary of estimated cost for importation of
Imperial Valley water folloves:

Annnal Cost per Acre Foot of Water With
Power at—

2.5 mills per KW Hooooooo.o.e. $40.00
5.0 mills per KWH.___ ... $51.00
9.0 mills per KW.H oo $69.00

The plans which have been suggested for Imperial
Valley importation and which are shown on Plate &
would hring this water into the county at Elevation
2,650 above sea level, which is high enough to serve
all of the areas in the county which now requirc
pumping. This means that if this water were
brought in a distribution svstem such as is shown on
the map, it would provide all the water necessary
for the two Pauma areas, all of Valley Center, all
of the Rincon, Bueno Colorade, Escondido and

Rameona areas, as well as the. additional supplies
needed for Rio San Diego, Rancho EJ Cajon, La
Mesa, Imperial, and Otay Districts,

The plan provides for = branch line to be taken
off the main aqueduct at a point about thres miles
below the outlet of the tunnel through the moun-
tains, which would be built to what is called the
Ballena Reservoir which has 2 capacity sufficient
to serve the entire Ramona arca without pumping:
thence in the northeastsrly direction to what is
called the Guejito Reservoir, which will have 2
capacity of 30,000 acre feet sufficient to supply the
storage needs of the two Pauma areas, Valley Cen-
ter, Bueno Colorado, Rincon del Diablo, and the
City of Escondido. One line will be taken out from
the Guejito Rescrvoir then divided, with one branch
leading to Lake Wohlford, which is now in existence,
and the other leading to the highest point of the
divide between Lake Wohlford and the Valley Cen-
ter area. From that point every acre in the Valley
Center and Palma areas can be served by gravity.

At the point on the main agueduct where the
north branch line begins, another line is planned
southwesterly to the Upper Otay Bezervoir. Enroute
it would cross the San Diega River at El Capitan
Dam where supplies would be dropped out for the
City of San Diego. Immediately below, the line
crosses the San Dicgo River, which crossing water
would be taken out for the La Mesa District and
the line carried through the Rancho El Cajon Dis-
trict at an ‘approximate elevation of 1,600 fect;

On this line, four hydro-power plant: are pro-
posed. The first one at the upper end of San
Vicente Valley with a power drop of 300 fect; the
second one at El Capitan Reservoir with another
powrr head of 500 feer; the third one in the samé
location with a power head of 1,250 feet; and the
fourth one just above Upper Otay Lake with a
power head of 350 fect. By means of these powsr
plants a total of 25,000 kilowatts can be gencrated
with an output sufficient to 8ll 15% of the require-
menis for pumping from Imperial Valley to the east
portal of the Julian Tunnel, at the summit of the
mountains,; when the agueduct is used to full
capacity.

Beginning at the most westerly point of the west
side Iateral of the Imperial Trrigation: District, the
line to San Diepo would be an open ditch for the
first mile or so, where the water would be delivered
into a pipeline and a Hft to elevation 150 feet;
thence the water will Bow through an open con-
crete-lined canal for a distance of about thirty-five
miles to the second pumping lift; thence through
a system of four pumping hits about evenly dis-
persed through about ffteen miles of sither open
concrete-lined canal or covered rectangular bench
Aume. The water will be conveyved to Grapevine
Canvon, where it will be lifted through a short
tunnel and pipeline to the last pumping Kft just
below Banner Grade on Highway 78. Thence the
water will flow through 2 6.8 mile tunnel to the
upper reaches of the San Diego River, -"L togal Nift
of 3,100 feet is involved and seven pumping plants
required.  Boroute: from the west side canal, the
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San Dicgo Aqueduct will traverss what is known as
the West Mesa in the Imperial Valley, 100,000 acres
of which have been proposed for irrigation by the
Imperial Trrigation District. In the estimates here-
after given, no provision has been made for carrying
this water for the West Mesa. If and when further
studies are made of the route for that project, the
water for the West Mesz can be combined with the
San Diego water at less cost than was provided for
in this estimate,

One of the chief advantages of such an importa-
tion of water is that it will give San Diego County
a source of water which is independent of the
present agueduct; thus fornishing about one-half
of the ultimate needs of the county from an inde-
pendent source. Tt is prudent engineering to provide
this extra source. In case of a national emergency
or war if one source is cut off znother source could
serve the main needs of the county, but if all needs
of San Diego County were imported from the north,
any loss of that single agueduct would be catas-
trophic,

(e} Conversion of Sea Water to Fresh Water:

For more than three years an annual appro-
priztion for research work on this problem has been
made by Congress to the Department of the Interior,
and work under that program has been encrretically
uncertaken through cooperation and consultation
with most of the leading sciendsts, universities, and
institutions—known as leaders in this particular field.

Summing up the results of all research to date,
there are quoted below excerpis from a letter dated
December 30, 1954, from Mr. David 5. Jenkins who
is the director of the saline water conversion pro-
gram for the Department of the Interior,

“The cost of demineralizing sea water at the
time this program was initiated was estimated
at about $300 an acre foot, using compression
distillation. Other processes were more &xpen-
sive. At present, we have under development at
Badger Manufacturing Company in Cambridge,
Mass., a radical modification of the vapor
compression system, which ‘we believe may he
able to produce water at about one-half that
cost in the near future. It appears entirely pos-
sible that in three or four years the cost may
be reduced dgain by one-half. Still Further re-
ductions may be possible over & period of years.

It should be emphasized that the process at
present is not approaching the commercial stage,
and that with adequate research and develop-
ment we have every reason to believe that
usable water may be produced at around $100
an acre foot, or somewhat less.

Another process under development at Nu-
clear Development Associates. making use of the
phenomenon in which water reaches a super-
critical state, gives promisc of producing water
at perhaps as %GW as £73 to 8130 an acre foot.
However, two serious problems must be solved.
These are scale formation and corrosion at high
temperaturcs and pressures. Within perhaps a
vear, we should know whether either or both of

these problems can be solved. If so, we have
a potentially excellent process, costwise. Sum-
marizing, and with some speculation based on
about five years of association with this subject,
it is my considered guess that if given time, per-
haps three to ten vears, we will definitely have
processes capable of producing fresh water fram
sea water at sea level at costs considered
feasible for any municipal and industrial uses
znd limited irrigation of specialized crops, This
means from $50 to $100 an acre font™

The zhove comments summarize the status of
proposals for conversion of sea water to fresh water
in 2s concise wording and with as much authority
2s is justified at this time. Continued close contact
with advances being made by this research program
is indicated, ‘

FUTURE PLANS

Tt has heretofore been shown that by 1960 the
Authority Agencies will be putting to full use all
imported ‘water that can he brought in with the
presently constructed sgueduct. This will necessi-
tate the construction of a Second Aqueduct in the
immediate future. Some of the agencies have not
been able to wse the zvailable water to the desired
extent because of the financizl burden involved in
constructing long supply lines, 2= much as thirteen
to fiftern miles, to tap the present aqueduct. As a
result, there is an urgent demand at present for
branch lines to bring aqueduct water to these more
remotely located agencies.

) A Becond Aqueduct: Tt is obvious that if an
adeguate water supply is to be furnished Authority
agencies after 1960, a second agqueduct must be
completed by that date. Having by that time
already exceeded the Authority’s minimum preferen-
tiz] right to Celorado River water, the additional
needs must be supplied from surplus water available
in the Metropolitan Water District system. The
diagram in Plate 3 shows that there will be surplus
water available, above the rcouirements of the Ths-
trict including the Authority, in decreasing amounts
up untl about the vear 1975, By that time, Feather
River water should be available for use in Southern
California.

f the present policy of the Metropolitan Water
Districe is not changed, that District assumes the
responsibility of supplying 2! its member agencies,
including the Authority, with water in quantities
sufficient to meet their needs.. The most practical
method of supplyving the increased needs of the
Authority appears to be by the construction of a
Second Aqueduct, entering the connty in the vicinity
of the First Aqueduct and delivering water to the
Authority at or ncar the point of water delivery
from the First Aqueduct. The Authority would then
continue construction of the agueduct southerly to
the Otay Reservoir. Tt is advantageous to locate the
line as far westward of the present line as appears

ractical, ot only for the sake of safety but also to
Eri;:lg supplies closer to the areas located at.a dis-
tance from the present line. Such a line has been
laid out, wsing available U. & G. 5. topographical
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maps, after detailed studics of several alternate lines.
No field surveys were made, but proposed locations
were inspected on the ground. The proposed line
is shown on Plate 4.

It has been assumed that the Metropolitan Water
District will finance and construct the agueduct, as
part of its system, to the vicinity of the San Luis
Rey River—the point at which the District’s line
in the county now terminates, and that the Author-
ity will construct the agueduct from that point
south, The line has been designed for a capacity of
500 second feer at the county line, which will be
capahle of delivering an annual amount of 360,000
acre fect. Thiz closely approzimates the quantity
of water set forth in the Feather River report as the
quanitity of water required from that project in
San Diego County, Estimated cost of the second
aqueduct s §30,645,000.

b) Branch Lines & Pumping Plants: In addition
to a second agucduct for brnging supplemental
water into the area, there will be required certain
branch lines which should be used jointly to deliver
Authority water economically to present and poten-
tal member sgencies of the Authority.

Any conception of what constitutes a basic branch
line system to supply water to cach agency requires
certain assumptions as to capacity and location of
points of delivery. In general, topography and cen-
ters of habitation dictate the proper points at which
water will be delivered to an agency, and final
determination of such delivery points cannot be
made without some knowledge of the layout of the
existing or proposcd distribution system within an
agency. Such layouts have not been made for the
area within several of the agencies. Some are in the
planning stage and others are substantially, or in
part completed. The capacity of a branch line de-
pends on the topography of the area and its need
for water. Systems with capacity sufficient to supply
the immediate needs, consisting of temporary or
semi-permanent works, are often planned and built
to the extent permissible within the limited financizl
ability of the partally developed areas.

The branch lines which have been planned herein
are based on information received from the present
operating agencies and from the limited information
of the distribution plans of the member agencies.
Consequently, these lines may required revision at
a later time to fit the actual needs of such an area.

In general, the basic assumption adopted in this
study in developing the branch line systems, was
that water would be delivered to each agency in
quanities required to meet the ultimate demands
of each agency as faciliies and supplies will permit;
such delivery to be made at a location or locations
at or near the boundary of cach agency at which
the water can be conveniently transported by the
Authority and advantagrously used by the ageney—
including pumping if necessary. The assumption
implies that water would be delivered to each agency
not only at points geographically desirable, but also
at an elevation advantageous to the agency in sup-
plving its area,

With these assumprions in mind, the following
branch lines were studied and are proposed as those
which would fall into a basic branch line system.
They are shown on Plate No. 4

1) Fallbrook-Rainbow Branch: Three lines now
serve these two agencies: (1) the original Fallbrook-
Oceanside line with a capacity ‘of about 11 c.fs,
built by and at the expense of the Authority and
at present serving Fallbrook, Oceanside, and Carls-
bad; (2) a 24-inch Lne built and owncd by the
Fallbrook Districe =t its own expense; with a ca-
pacity of 22 cfs., (3) a 10-inch line with a caparcity
of 6 c.fs., built and owned by the Canonita Mutual
Water Company, a unit within the Rainbow District.

The combined capacity of these lines s inade-
quate to meet the ultimate needs of the arca. The
proposed Fallbrook-Rainbow Branch line would ex-
tend from the agueduct, paralleling the present
Fallbrook-Oceanside Branch, to the Red Mounmain
Guard Station—a total distance of about 17.500
feet. This line would serve the Fallbrock District
and the Rainbow District north of the San Luis Rey
River by gravity from that point. The northern
two-thirds of the Raisbow District will ultimately
require a total of 20400 acre feet. Combined with
the needs of the Fallbrock area, the new branch line
has been designed for a capacity of 73 c.ls., which
would result in a 39-inch dismeter pipeline sufficient
to supply the ultimate needs of the two areas when
combined with present facilides. Estimated cost of
the Falbrook-Rainbow branch is $678,100.

2) Valley Center-Rainbow Branch: The south
one-third of the Rainhow District is separated from
the northerly two-thirds by the San Luis Rey River
and can be more economically served bv a second
branch line from: the agueduct. To reach the Rain-
bow District, the branch line must cross a portion
of the Valley Center District, and should deliver
water at some point along the line to that agency.
In fact, it will serve the only large area in that
district to which water can be delivered by gravity.
All of the remainder of Valley Center is at an
elevation above the hydraulic grade of the agueduct,
and its. water supply must be pumped. The pro-
posed branch line would consist of a pipe line vary-
ing from 53 inches to 21 inches in diameter. The
capacity vares from 42 to 16 cfs., with a total
length of 27,800 feet. Its estimated cost is $588,000.
If and when the sccond agueduct is completed, a
new connection should be made to this branch where
it crosses the secomd agueduct, and thereafter most
of the area will be served From the second aqueduct.

3} San Marcos Branch & Sub-Branch: This sys-
tem iz designed to deliver water to the agencies
serving the following areas: Oceanside, Carlsbad,
San Dieguito, Santa Fe, and the unorganized arcas
designated MNos. 24 and 25 on Plate L

It now appears probable that the Bueno Colorado
District may temporarily demand water from this
line before the second agueduct can be completed,
in order to serve the San Marcos arca lying adja-
cent to the proposed branch. Temporarily, the area
can be served from thiz branch, but after the com-
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pletion of the second agueduct all deliveries to the
Bueno Celoradn District will he made {rom the
main outlet on the second agueduct, near where it
crosses Deer Creek. Plans for a distribution sysrern
in the San Marcos area should be made so as to
later receive its supply from the main Bueno Colo-
rado service connection on the second aqueduct.
The total ultimate area to be served by the San
Marcos Branch System is large, comprising some
63,000 acres, and will require sub-branches to sepve
the individual areas—bu: each sub-branch, as plan-
ned, serves portions of more than one area.

The City of Oceanside iz now being served hy the
existing Fallbrook-Oceanside Branch. The capacity
of the branch is limited and the needs of the city
will outgrow this capacity in a few years. When
the San Marcos System iz completed, Oceanside
should then be taken off the Fallbrook-Oceanside
Branch and transferred to the San Marcos System.
Fortunately, the remaining capacity in the Fall-
brook-Oceanside Branch will then be sufficient to
serve the ultimate needs of Area No. 27, as shown
on Plate 1, which is now unorganized and no addi-
tional branches will be needed to serve that area.
The estimated cost of the proposed pipelines in the
San Marcos System, exclusive of the reservoir and
its accessory pumping plants and force mains, is
84,668,200,

The capacitics and sizes on the systemn and its
sub-branches are shown on Plate 5. The system has
been designed to serve the needs of the entire area
by gravity only until approximately 1970. Shortly
after that date, the San Marcos Reservoir would be
needed, together with pumping plants and force
mains from the reservoir inte the sub-branches serv-
ing Carlsbad and Oceanside and the southerly
branch serving the San Dieguito and Santa Fe areas.

4) Valley Center: Most of that portion of the
Valley Center area which can be scrved by gravity
has been included in the Valley Center-Rainbow
Branch, previously described. The much larger
remaining area of the Valley Center area lies at
clevations of from 1,300 to 1,500 feet above sea level
The hydraulic gradient of both the First and Second
Agqueducts approximates elevation 1,150 throughout
the area even though both lines traverse the area.
It will, therefore, require pump lifts of same 300
to 600 feet to deliver water at pointe from which it
tan be distributed to the area. A study of the
topography of the area indiczies that it would be
advantageous and most economical to tap the First
Aqueduct at three or [our locations; also the Second
Aqueduct in at least one point.

No one plan of distribution for the whole area has
yet been worked out, nor has any attempt been
made in this study to definitely locate the probable
points of diversion. However. in order to cover the
cost of such diversions, there has been included as
2 branch line an estimate of $2435.000 which weould
be the cost of pumping plants of sufficient capacity
to lift the required amount of water to adequate
elevations for service to the area

3) Ramona Branch: All of the Ramona area lies
at or just below clevation 1.600, while the hy-

draulic gradient of the First Aqueduct nearest to
the area iz at elevadon 915, It will, therefore,
require a pump lift of approximately 600 fee; 1o
serve the area and to reach a strategic location near
the boundary of the area will require a branch line
13,000 feet long. The first 3,700 feet has been de.
signed with a capacity of 72 cfs. in anticipation
that such a capacity will be required to serve a
proposed Woodson Reservoir along the route which
may eventually be required to furnish storage ca-
pacity for the Poway District and unorganized
areas, designated as Areas 28 and 29 on Dlate |.
From the reservoir site to the Poway District is a
distance of 15,100 feet. The line would have a 4
cLs. capacity and a 24-inch diameter. Including
two pump plants, each with lifts of 375 feet, the
total cost of the Ramona Branch Line is cstimated
at $780.000, of which $372.000 is the cost of the
pumping plants, '

6) El Monte Branch Line: The existing La Mesa-
Sweetwater Branch Line is now of inadequate ca-
pacity for the ultimate needs of the area which it
was desipned to serve. In addition, two proposed
districts, the Rio San Dieso and the Rancho El
Cajon, are actively considerine hecoming member
azeacies nf the Authoritv. A branch line will,
therelore, bir necded from the First Adqueduct near
the diversion point for the present La Mesa-Sweet-
water Tranch and [oflow up the San Dicea River
to a point near Bl Monte Park, which is the nearest
and most advantageous point w lift the water te the
high elevation of the Rancho B! Cajon ares. some
portions of which are as high as 1,800 foot in clevas
tion. Three pumping lines have heon provided on
this branch line: one near the El Monte Pumping
Station of the La Mesa District, which will serve
that district; two at the terminus of the line, one
of which will lift water to elevation 1,000 feet in the
proposed Ranche Fl Cajon area; and the other 1,600
feet elevation in that arca, The total length of the
El Monte Branch is 57400 feet and will require a
capacity ranging from 112 cfs. to 14 cfs., and
pipe sizes from 54 to 24 inches in diameter. The
estimated cost of the El Monte Branch is $1,955,000.
The three pumping plants and force mains required
to complete this system will cost an additional
230,000,

The total cost of the branch line, cutlined herein,
together with the cost of pumping plants and force
tnains, is summarized on page 40.

c} Reservoirs: The past operation of the First
Barrel of the aqueduct has cmphasized the need for
storage capacity to provide for fluctuating monthly
demands for water throughout the wear. The pro-
portional variations in demand for water from
month to month are not uniform in all asencies.
They are much higher in an area where agriculture
predominates than they are in the populated urban
arcas. Past experience of the irrigation districts
in the county has demonstrated that the monthly
peak demand in the middle of the summer is about
twice the average annual demand, whereas in a city
like San Diego the peak average monthly demand is
about 1.25 times the yearly average.
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If the assumption is made that aqueducts and
branch lines are to carry flows equal to the average
flow throughout the vear, it is obvious that, with
the fluctuating demand, storagze would be needed
to equalize these flows. For the purpose of deter-
mining the extent of storage required (with this
assumption), Plate No. 6 has been prepared, on
which the average monthly demands in percentage
of the average yearly demand have been plotted for
the La Mesa, Lemon Grove and Spring Valley
Irrigation District, the Vista Irrigation Distrct, the
Fallbrook Public Utility District, and the City of
San Diego,

These particular areas wers selected as being
representative areas within the Authority, and the
diagram demonstrates that if water is delivered to
the agencies at a uniform flow throughout the year,
approximately 23% of the total water must be
placed in reservoirs during low-use periods to meet
the high summer peaks. In actual practice; how-
ever, if adequate capacity is provided in the ague-
duct and branch lines, there will be omly short
periods of time when such storage is needed.

Whenever capacity in the agueduct is inadequate
to take care of the fluctuations in monthly demand,
storage becomes essential, but 2z soon as new and
enlarged capacities have been constructed to meet
future needs well beyond the immediate need, there
will be available in this larger capacity sufficient
room to provide for monthly variations in demands.
Whenever peak monthly demands approach the
capacity of the aqueduct, storage is needed; but in
view of the rapid increase in demand for water,
additional faciliies. should also be made available

at about that time-—thus eliminating the need for
SIOTZTE TEServoirs,

The First Barrel has been inadequate to meet
the peak monthly demands since it was completed
in 1947 with the exception of ten months in 1952,
when abundant rainfall provided local sources soffi-
clent to meet most demands. However, hy using
reservoir capacity in San Vicente Reservoir, through
an agreement with the City of San Dicgo, surplus
water available during low-use periods has been
stored to meet summer demands, and all water needs
of the area have been met.

When the Second Barrel was completed in Oeto-
ber, 1954, it was anticipated that there would be
ample capacity to meet the peak monthly demands
on the Authority for several years to come. Low
rainfall during the past winter months and very
little runoff into local reservoirs have resulted in ail
local water supplies being practically depleted. This
depletion, accompanied by a large increase in the
area of the Authority requiring water service has
already created peak demands beyond the capacity
of both barrels of the present agueduct, and has
indicated the apparent necessity for immediate con-
struction of a second agueduct. Use of storage in
San Vicente Reservoir will be required to meet peak
demands until the second agueduct is provided.

With the second agueduct completed sometime in
1960, having a capacity two and onc-half times as
great ag the First Aqueduct, there will again ensue
a peried of years. probably undgl 1970, beforc any
large quantities of storage capacity will be needesd.
The Metropolitan Water District iz in the process
of increasing the capacity of the Colorado River

SUMMARY OF ALL BRANCH LINES & PUMPING PLANTS

BRANCH LINES:

1. Fallbrook-Rainbow

2. Valley Cernter-Rainhow

3. San Marcos System
Main Branch
Carlsbad-Oceanside
San Dieguito-Santa Fe

4. Valley Center Pumps
3. Ramona

Sub-Branch Line
Pumping Plants
6. El Monte

Main Branch
La Mesa Sub-Branch and Pumping Plant

Rancho El Cajon Sub-Branch and Pumping Plants

Sub-Total
7. Contingent and Unforesren Lines

Over-all Total

ESTIMATED COST

§ 678,100
588,000
4,668,000
$1,822,000
1,356,000
1,490,000
243,000
777,400
405,600
371,800
2,783,100
1,955,000
470,600
357,500
$ 9,737,600
1,000,000
$10,737,600
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Agueduct to 1,000 c.fs., which work should be com-
pleted by June of 1956, After that time, the Metro-
politan will have capacity to tzke care of the Au-
thority’s fluctuating demands for several years just
as the second aqueduct will have capacity to take
care of the fluctuating demznds of the Authority
member agencies. The District is also contemplating
completion of the agueduct to its full capacity of
1,630 c.fs., and increasing storage capacity in Lake
Mathews by 1960, which should make possible ample
capacity to meet the needs of the Authority without
the conmstruction of additional reservoirs until after

1870.

A study of demands within the Metropolitan Dis-
trict shows that the Colorado River Aqueduct, when
completed, will have ample caparity for all needs of
all agencies until abour the year 1975, In the period
from 1970 to 1980, storage facilities will be needed

ithin the Authority system if no new agueduct
capacity becomes availahle.

The present arrangement with the City of San
Diego permits the use of San Vicente Resérvoir for
storage of water by the Authority for itz members,
and- this aimcmem will take care of storage needs
of the Authority until the second agueduct js built,
providing ample water is available for storage, A
critical situation may exist from about 1970 unril
Fezther River water, or other water, is made avail-
able to Southern California. The carlicst date now
given for delivery of Feather River water is about
1376. Anticipating that the sccond agueduce will he
built and in use by the vear 1960, Operating Tahle
No. 2 has been prepared, based upon the menthly
and annual demands in 1970, which have been fore-
cast for each of the areas scrved by the Authority
in order to demonstrate that practically no storage
will be necessary, The table shows that in 1970, with
the s=cond aqueduct in operation, the maximum
monthly demands of all of the agencies can be
supplied by the First and Second Aqueducts, and
within the capacity of the Metropolitan Aqueduct
to serve the Authority, and that only 8,000 acre feet
of storage water would be required for that year.
From that time on the need for storage will increase
umless additional aqueduct capacity is provided, The
probléem of when and where to build such storage
facilitiee does not become pressing therefore until
after 1970.

A thorough search was made throughout the
county for reservoir sites which would be suitable
and economical for incorporation into the agueduct
system. Some forty-five sites have been selected from
topographical maps and have been inspected on the
ground. Many of these were climinated upon visual
inspection, Area-capacity curves and preliminary
estimates of cests of construction were made for
more mors than thirty of the sites. By a process of
cliimination, because of high costs or other limiting
factors, the choice of sites was narrowed to seven
locations which appear to be strategic sites and hold
promise of furnishing economical storage capacity.
Data concerning each of thesc sites are given on
Table 3.

The desirability of utilizing existing or enlarged

facilities, owned by the City of San Diege and the
California Water and Telephone Company; namely.
San Vicente, Lower Otay, and Sweetwater Reser.
voirs, was studied,

The City of San Diego already has ample storage
capacity in San Vicente, El Capitan, and Otav
Reservoirs to re-regulate its requirement for Author-
ity water. Likewise, Sweetwater Reservoir has ca-
pacity which could be used without too much danger
of spillage to re-regulate Authority water for the
South Bay Irrigation District, and National City and
Imperial areas. Following completion of the first
construction on the present agueduct, arrangements
were made by the Authority with the City of San
Diego to utilize up to 20,000 acre feet of unused
storage in San Vicente Reservolr to provide storage
facilities for its member agencics. During the past
five years of operation of the First Barrel, the
availability of San Vicente sworage has permitted
virtually uniform maximum flow in the First Barrel,
excepting for ten months in 1852, and the supplying
of the varying demands of the agencies for water.
The maximum amount of water in storage at any-
time during this peried required to do this has been
zhout 10,000 acre feet. The present agreement with
the city for storage in San Vicente up to 20,000 acre
fcet, if renewed when present asreement expires in
1838, should be ample to supply all storage needs
of the Authority outside of San Diego City, until
about 197).

As for the other reservoir sites, locations. were
sought which would require the shortest practicable
distances from cxisting or proposed agueducts, and
2t the same time would be at elevations such that
the reservoir could be filled by gravity from the
agueduets ‘and emptied at elevations sufficient to
furnish the necessary pressure heads in cach of the
districts. The ideal conditions were exceedingly diffi-
cult to fulfill, but the selecton of the reservoirs,
shown on Table 3, was finally made after many trial
studies.

All of these possible reservoir sites should be re-
studied as the time approaches when they will
ultimately be ended. Aside from the continued use
of the facilities available at San Vicente Reservoir,
it iz probahle that the first reservoir that should be
constructed is the S8an Marcos Reservoir on the San
Marcos System.

d)} Future Plans Bevond 1970: If the demands
forecast for imported wawer in San Diego County
prove correct, steps must be taken (at least by 1970)
to provide a third aqueduct for the county. It has
been pointed out that the Feather River Project
probably offers the preatest possibility for obtaining
the additional water reguired. Further study has,
therefore, been piven to this possibility for the pur-
pose of determining how and wherc such water
should be brought into the county. All of the coastal
areas; from Oceanside to the Santa Fe District, will
have been provided with capacity sufficient to serve
thar ultimate requirements, but areas lying east of
znd zhove the proposed =aqueducts; such as the
Pauma zreas, Valley Center District, Ramona area,
and large portions of the areas south and east of
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the City of San Diego, will be in need of more ca-
pacity by 1970 to meet their requirements for water.

The latest report of the State Engineer on the
Feather River Project indicates that if the High
Line route is adopted, it would cross the Metre-
politan Aqueduct above the San Jacinto Tunpmel,
about =ix miles zouth and one-half mile east of
Beaumont, in Riverside County, The hydraulic
gradient of the High Line at the crossing is at
elevation 3,000, while the hydraulic gradient at the
outlet of the San Jacinto Tunnel on the Metropoli-
tan Agueduct is at approximately clevation 1,490;

thus being 1,510 fert below the High Line

The Feather River Beport sugeests, but does not
propose, that water could be delivered to the Metro-
politan Aqueduct from the High Line by tapping
the latter zbout one mile west of the agueduct
crossing. - At this point, water would be released
into Potrero Creek, which Hows westward to the
San Jacinto River. The report also suggests that
z reservoir could be provided on Potrero Creek by
building a 240-foot high dam to a water surlace
elevation of 2,000 feet, and with a capacity of 49.000
acre feet. From this reservoir, a pipeline 2.75 miles
long would deliver water into the Metropolitan
Aqueduct at its present clevation.

Should the High Line in San Diego County be
built, the desirability of the above-described connec-
tion between the two agucducts with the accom-
panying storage should be given further study. Its
purpose would then be to serve as an emergency
connection, ‘and to afford insurance storage Inm a
strategic location for the protection of both the
Metropolitan District and the San Diego County
Water Authority. Proceeding south from the inter-
section of the High Line and the Metropolitan Agque-
duet, the High Line iz carried to Henshaw Reser-
voir, on the San Luis Rey River, where the hydraulic
gradient would be at elevadon 2,750, The route
then follows southerly across the San Diege River
and into a tribultary flowing into the Barrett
Reservoir in the southern end of San Diego County.
The route of this High Line as far as the San Disgo
River, appears to be in the proper location to best
serve the needs of San Diego County. South of the
San Diego River and for 2 few miles above it, the
entire line iz in tunnel and is very expensive con-
struction. An alternate location for this southern
portion is, therefore, suggested—terminating in Otay
Reservoir rather than in Barrett Reservoir,

In connection with the studies herein reported
upon for diversion of Imperial Valley water into San
Diego County, a line has been estimated from the
intersection of the propossd Feather River High
Line route with the Imperial Valley line; thence to
Otay Reservoir, which appears to be much more
economical and so located ac to serve the needs of
the county in a2 much mere satisfactory manner
than the tunnel route to Barrett Reservoir. With
this suggested change in the routing, the High Line
route would have many advaniages for the county.

A study has been made as to how the needs of the
county could be best flled if such a Hizh Line =

built. Water could be released into Lake IMenshaw
as a re-regulating reservoir; thence down the San
Luis Bey River to a diversion at about the present
Iocation of the Escondido Canal, now scrving the
Vista Irrigation District and areas around Escondido.
Sufficient water can be released throush Lake Hen-
shaw and the mver to serve by pgravity all of the
ultimate needs of the Upper and Lower Pzuma
Valleys, the entire Valley Center area and the re-
maining necds of the Bueno Colorade, Rincon and
Escondido arcas without additional pumping and
without additional storage. The main delivery line
to these arezs would follow the general route of the
Escondido Oanal: thence through Lake Wahliord
to a connection, not only with the First Agueduct
but to the San Marcos Branch, from the First and
Second Agueducts. No additional pumping will be
reguired along the line to serve any of these areas.

In the vicinity of Witch Creek, about thres miles
north of the San Dicgo River intersection, the High
Line could be tapped to put water in Sutherland
Reservoir-and to serve the entire Ramona arca. No
additional pumping would be required to serve the
latter area. Enrouts from the San Diepoa River
intersection on the suggested new route for the High
Line, outlets could be provided to feed San Vicente
Reservoir, Bl Capitan Reservoir, and ‘all of the ulti-
mate needs for the Rio San Diego, Rancho El Cajon,
and Otay areas. There are three possible locations
for power plants which would have drops of from
500 to 1,060 feet, having power possibilities which
should be fully considered at the time. The only
required additional pumping of water delivered from
this line would be to supply a small area in the
vicimity ‘of the Crest Public Utility District. The
proposed High Line could well serve as a third
aqueduct, but cannot be considered as a substitute
for the proposed second agueduct.

Further study has been given to the amounts of
water which would be required periodically up to
the year 2025, The total demands on the Metro-
politan System were found by the year 2025 to be
about 2,500,000 acre feet within the entire Meteo-
politan area, including the Authority, This forecast
provides for annual increases in demand of from
47.000 zcre fect in the year 15569, decreasing to
annual increases of 25.000 acre feer per year in 1981,
and maintaining that increase up until the vear
2025, Assuming that the full rights of the Metroe-
palitan to 1,200,000 acre feet of water will he un-
impaired during this period, indications arc that
requirements from the Feather River Delta Project
will increase to 1,300,000 acre feet by the year 2023.
This is slightly more than the amount indicated in
the report as being available to Southern California.
If thiz forecast should prove to be valid, the project
water will be exhausted 2t that time and additional
supplies will be required.

At the present time, there appears to be some
uncertainty as to the ability of California to main-
tain its full rights in the Colorade River water
because of the pending Californin-Arizona water st
in the Supreme Court of the United States. The
possible depletion of Colorado River water, due to




construction of Upper Colorade River reservoirs and
trans-mountain diversions, may also operate to de-
preciate the full right.

In anticipation of & most unfavorable outcome of
the: California-Arizona st and the effect of up-
stream development, another study has been made
a5 to how long Feather River water can be expected
to supply needs within the Metropolitan area in the
event the Colorado River right is impaired by the
arnount of 500,000 acre feet by the vear 1980. Cn
such an assumption, the Feather River supply would
need to be called upon as early as 1970, and would
be completely exhausted by the year 2000,

Other routes for bringing in Feather River water
have been considered in the State Engineer’s Report.
One such route would deliver water into the Metro-
politan -area at Devil's Canvon, a few miles above
San Bernardino, Another would deliver it inio
Castsic Creck, above the San Fernando Valley,
north of Los Angeles, and there was also proposed
that it be delivered into the Metropolitan area via
a coastal route, terminating in the same vicinity of
Castaic Creek. MNopc of thesc alternates contem-
plate any lines being built into San Diego County,
probably on the zssumption that the Metropolitan
Diistrict would take over the Feather River water
at the terminus of these alternate routes and redis-
tribute it to the member agencies of the District.

The State Engineer’s Report proposes to charge
$43 per acre foot for water delivered from the High
Line route in San Diego County, $35 per acrc foot
if delivered at Devil's Canyon, 2nd 325 per acre foot
at the terminus of the other alternatc High Line
routes. The cost of delivering this water into San
Diego County in routes other than by the High
Line has not been detcrmined, but whatever it may
he, the increase in cost to deliver the cheaper water
to where it can be used in the county would con-
siderably narraw the margin between the higher cost
of water from the High Line as against the cheaper
water delivered at an alternate terminus.

e} Quality of Water: Much concern has been ex-
pressed regarding the future quality of both Colo-
rado River and Feather River waters. Records of
the guality of Colorado River water, which have
been kept singe the Metropolitan Aqueduct was put
into operation, have shown that as runoff in the
Colorado River decreases and the storage level of
Lake Mead i lowered, the quality of Colorado River
water deterlorates to some extent. When high run-
offs occur and Lake Mead approaches ite full ca-
pacity, the quality of water somewhat improves
again. Many California people fear that upstream
development on the Colorado River will continue to
deterinrate the quality of Colorade River water. Ti
is probable that in the far Asure some steps wonld
need to be taken to trear and filter the water to
make it acceptable Tor sale use in the county.

On the other hand, Feathier River water, at least
at the beginning of its devclopment, will be of far
better gquality than Colomdo River water, but there
is alko a possibility that in time its quality will also
deteriorate due to the greater development of irriza-
tion in the San Joaguin and Sacramento River

Walleys, and industrial pollution. On page 89 of the
State Engineer’s Report on the Feather River Project
iz the following statemnent:

“Provisional findings indicste that the follow-
ing range of quality characteristics is likely to
prevail in the Delta under conditons of physical
and economical development forecast for the
year 2010, providing a salt-water barrier would
be constructed:

Total Dissolved Solids, ppm-...... 100300
Chilorides, ppeal oo ooy 10-100
Total Hardiness, ppm ... 50-240%

The upper limits given in the above table approach
the present quality of Coelorado River water., Un-
doubtedly, Feather River water will have a higher
quality for several years after ite first use than that
of the Colorads River water, and it would, there-
fore, be advantageous to provide for its use in San
Diego County if cconomic considerations will permit.

Delay in obtaining Feather River water for only
a few years beyond the proposed completion date of
1978 will create a critical condition in San Diego
County, provided the estimated growth continues.
Other possible water resources, which have been
heretofore referred to in this report, should not be
forgotten. The Authority chould continue to inves-
tigate all of these other sources as insurance, should
the Feather River supply become unavailable,

COST ESTIMATES

The estimates appended hereto are necessarily of
a very preliminary nature. The entire study has been
based upon existing topographic maps, which are
adegquate only for such a preliminary study. Mo field
work of any kind has been carried on except visual
inspection of portions of the various routes, the
dam sites and the reservoir sites. The main trans-
portation lines and branch lines have betn first
iocated on the map, and profiles have been plotted
from the topography, gradc lines established, and
required classes of pipe have been determined by
listing the lengths of pipe required for varying heads,
az indicated by the grade lines and profiles of gronnd
surface. Estimates of guantities required for earth-
filled dams at the variows dam s‘tre;;rc based 1f:pcm
enlareed portions of the topopraphic maps from
v.-hichgﬁpm]}ﬁcs of the dams werc picked off. Dam
embhankment estirates are based upon overall side
slopes of 7 to | and top widths of 25 fect. A free-
hoard of 10 feet has bern allowed above the maxi-
mum required capacity of the reservoir. No test pits,
drill holes, or excavations have been made of any of
the dam sites. Much of the data for the San Marcos
dam sitc was obtained from an engineering report
prepared by Mr. Kenneth Volk, consulting engineer
for the Santa Fe Trrigation District.

The cost of pipclines was based upon unit prices
quoted by the American Pipe and Construction
Company of Los Angeles, for sizes up to 66 inches in
diameter. For larger sizes, unit prices were fixed
after consulting recent bids received by the Metro-
nolitan Water District. No attempt hag been made
to scparate excavation costs from pipelines and to

R |-




estimate them individually, In all cases, quoted
prices for furnishing and laying the various sizes of
pipe have been doubled to provide for right-of-way
costs, excavation, and backfll, and miscellaneous
structure costs. Examination of the actual costs of
the First and Second Aqueducts has shown that the
final cost of the lines has amounted to approxi-
mately twice the unit cost of the pipe sizes. For the
dams, a unit cost of $2.50 per cubic vard of em-
bankment has been used for the overall cost of the
dam. This overall price is a preliminary figure, based
upon similar computations made on some 15 or 20
earth-filled dams which have been constructed in
recent years, By using this factor, costs of rights of
way, concrete, riprap, siructures, and other miscel-
laneous costs have been provided for. In general,
methods of preparing preliminary estimates have
closely followed the manual of instructions now in
use by the Bureau of Reclamation, with cost indices
brought up to the first of January, 1955, in accord-
ance with indices which are revised quarterly by
the Bureau.

An overall 2595 has been added to each feature
cost to provide for engineering, administration, and
contingencies. It is believed that the estimates herein

are adequate to serve the purpose of aiding the
Board of Directors in determining the financial im-
plications of any policy which they might adopt. A
great deal of field work and additional detailed
study must be done before proceeding with the ac-
tual authorization of any of the projects listed. The
estimates cover the components of a system which
will distribute incoming water to cach of the arcas
shown on Plate No. £ at locations and elevations
which will permit delivery of water at points ad-
vantageous to each agency.

ANNUAL COST

There has been prepared and included in this re-
port (as Plate 10) a chart showing the annual re-
quirements for meeting the existing outstanding in-
debtedness of the Authority, to which hag been
added the increased cost which would result were
the Authority to adopt a plan whereby the Author-
ity would construct and finance the second aqueduct
and the branch lines outlined in this report. Due to
the uncertainty as to the extent to which the Au-
thority will participate in the construction of branch
lines, no charts have been prepared at this time on
other possible conditions.
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