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Mrs. Marion Cravens, Manager

Rancho Murieta Community Services District
P.0. Bax 1050

Rancho Murieta, CA 95&83

Re: Ramcho Murieta Water Supply:
Planning for Future Droughts.

Dear Marion:

We are pleased to submit this report on the ability of the
community ' s water supply system to meet projected municipal and
industrial water demands during future drought periods.

As you know, droughts in California are a fact of life. No
one can predict when they will begin or how long they will last.
But everyone knows they can and probably will recur.

In the event of a drought, the capacity of the District's
existing water supply system will be severely tested. In arder to
meet this challenge, the District will be required to carefully
manage its water resources and reduce the overall water demands of
the community utilizing strict conservation measures. This report
concludes that augmentation of the District’'s water supply will hbe
required in order to meet the ultimate demands of the community
during severe droughts.

We would like to thank the District Staff for their assistance
in the preparation of this report. While the computer analysis of

residential use rates was tedious waork, the results were very
helpful and greatly appreciated.

We have enjoyed working on this challenging assignment. The

next step is to begin implementation. We are available to assist
the District in that task.

Sincgrely,
%EFEDH
District Engineer

KG/dep

Enclosure

11246 Gold Express Drive, Suite 101, Gold River, CA 95670 (916) 638-4060 FAX (916) 638-4506
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CHAPTER 1

EXECUTIVE SUMMARY

"My friends in Mexico City ask, "Why
don't vou seed the clouds?’ "I savy
‘Great, that's a finmne idea, but
where are we going to buy the
clouds?" "

A. INTRODUCTION

In April, 1989, the Rancho Murieta Community Services
District Board of Directors expressed concern regarding the
reliability of the District’'s water supply system to serve the
needs of the community during future droughts. Previous
studies had projected wvarying degrees of water supply
shortages during the recurrence of a 1974-77 drought, the

worst drought of record in California.

Realizing the potential for significant economic loss
during future droughts, the Board authorized further studies
to determine the magnitude of the problem and recommendation
of steps to be taken to minimize the potential for customer

hardship and economic loss during future droughts.



Droughts in California are a fact of life. MNo one can
predict when they will begin or how long they will last. But
everyone knows they can and probably will recur. Currently,
California 1s experiencing a state-wide drought that is
entering its forth wyear. Managers of urban water supplies
cannot prevent these droughts. But they can plan ahead and

lessen the adverse impacts.

The purpose of this report is to provide the District
Board with sufficient information on which to base future
water supply and drought response decisions. The report will
also provide District Staff with water supply and drought
response information to enable them to implement the Board's

decision in an efficient and timely fashion.

B. CONCLUSTIONS

The following conclusions are based on the data and
analyses presented in this report. - These conclusions are
grouped into several categories (i.e., Impacts, Water Supply,

Supply Augmentation, and Drought Contingency Plan).



IMPACTS

Droughts can have a significant adverse impact on urban
areas. Fortunately, Rancho Murieta was only partially
developed during the 1%974-77 drought, and impacts to the
District’'s customers were minimal. When a severe drought
occurs in the future, the District’'s customers will suffer
significamt adverse impacts unless additional water supplies

are developed.

Studies have indicated that customers are responsive to
requests for voluntary conservation in the magnitude of 20% -
253% during a drought. Studies have also found that customer
hardship is not wusually incurred until conservation rates
exceed 25% and that customer hardship increases dramatically

above 35% conservation rates.

Conservation rates in the range of 3S0% - &0% were
recorded during the 1977 drought in several severely impacted
water agencies. While significant customer hardship and
economic losses occurred, customers seemed to adapt and

survive the crisis.



WATER SUPPLY

The annual vield of the Cosumnes River varies

significantly from year to year. The river basin is subject
to fregquent and prolonged drought - occasiognally severe in
nature. The river is the sole source of water for the

District’'s municipal and industrial (M & I) demands.

The District's existing water supply system has the
capacity to serve the ultimate development of Rancho Murieta
(5,948 EDU) during the recurrence of a 25-year drought similar
to the 1924 drought without conservation efforts. With
development of an additionmal 1,900 acre feet of water
supplies, the District’'s enhanced water supply system will
have the capacity to serve the ultimate development of the
community during a 100-year drought with a 25% conserwvation

rate without significant customer hardship.

During a very severe 2Z200-year drought, similar to the
1977 drought, the District’'s enhanced water supply system will
have the capacity to serve the ultimate demands of the
community with a 350% conservation rate. Customer hardship

will be unavoidable during such an event.



These

projected supply deficits are summarized as
follows:

PROJECTED
DROUGHT LEVEL OF LEVEL OF SUPPLY
EVENT COMSERVATION DEVELOPMENT DEFICIT
29-YEAR MOME 5,968 EDU MNONE
100-YEAR 29% 2,968 EDU 1,700 AF
200-YEAR S0% 5,9&8 EDU 2,300 AF

Prior to the enhancement of the District’'s water supply

system,

the following municipal and industrial demands:

DROUGHT EVENT-

the existing system has the capacity to safsly meet

DESCRIPTIOMN 29-YEAR 100-YEAR 200=YEAR

Level of
Conservation NMOME 29% SO
Level of Maximum
Development:

Residential 5,189 DU Z,800 DU 3,900 DU

Commercial/

Industrial 779 EDU 451 EDU 451 EDU
Total 5,768 EDU 4,251 EDU 3,951 EDU

The District will

water resources during future droughts.

be required to carefully manage its

Maximizing river



diversions, minimizing reservoir losses, and reducing customer
water demands are the keys to successfully balancing the water

supply and demand equation.

SUPPLY AUGMENTATION

Development activities are increasing within Rancho
Murieta. At the projected rate of development, the capacity
of the water supply system will be exceeded within 3-4 years.
Accordingly, the District’'s planning horizon for augmentation

of its water supply 1is 3 - 4 years.

In order to meet the ultimate M & 1 demands during future
droughts, the District must develop additional water supplies.
Three alternatives have been identified that have the
potential to provide the additional 2,500 acre feet of water
within the District's 3 - 4 year planning horizon. These

alternatives are summarized as follows:

ALTERNATIVE ESTIMATED
NUMBER DESCRIPTION cOosT

1 On—site well system $2.5=-3.0 Million
($800/EDU)

2 Off-site well system %$5.5-6.0 Million
($1,500/EDU)

3 On-site storage

Reservoir $13.5-14.5 Million

(%3,F00/EDU)



While altermative No. 1 is the least expensive of the
three alternatives, 1t has a limited potential to vyield a
proven groundwater supply. Alternative No. 2 appears to have
excellent potential to become a reliable groundwater water
supply. The cost of this altermative does not appear to be
unreasonable at approximately $1,&00/EDU for all future
customers. Alternative No. 3 is the most expensive of the
three alternatives. [t's development would reguire amendment
to the District’'s principal water right (Application 23414) -

a time consuming and sometimes risky process.

A financing plan will need to be developed to fund the

needed water supply improvements. Several fimancing
alternatives were evaluated. Each financing alternative
investigated appeared to have a potential pitfall. The first

action the District should take is to adopt a Water Supply
Afugmentation fee. 0Once in place, the fee could be capitalized
in some fashion to generate the large sum of money reguired to
construct the project within the next 3 - 4 years. Solution
of the funding problem will be critical to the success of the

supply augmentation project.

If a long term water supply is developed sometime in the

future, then the potential for severe customer hardships could



be minimized in even the most severe drought events., A& multi-
purpose rAuburn Dam could provide this long term supply. The
development of this project is actively being pursued by many

public and private organizations.

Obtaining water entitlements from Auburn Dam at this time
appears to be feasible. Once obtained, these entitlements
could be exercised upon the completion of Auburn Dam. The
Sacramento Area Water Authority, a proposed joint powers
authority of ten local water purvevyors, is currently in the
formation stage. The mission of the Authority is to assure

that a multi-purpose Auburn Dam is built.

DROUGHT CONTINGENCY PLAN

The adoption of a drought contingency plan will allow the
District to be prepared to respond guickly and decisively to
a Tuture drought. Customer acceptance of demand reduction
requests will be enhanced by a well designed and properly
implemented drought contingency plan. Lastly, District
responsiveness to changing drought conditions will be greatly

enhanced by the adoption of such a plan.



C. RECOMMENDAT IONS

The following recommendations are based on the finding
and conclusions contained in this report. It is recommended

that the Rancho Murieta CS5D immediately begin implementation

of the following recommendations:

L Adopt the following water supply reliability

standard:

The District’'s water supply system shall be designed

to @

A, Provide normal annual water demands
during a Z5—-vyear drought without

conservation.

B. Provide annual water demands with a
maximum conservation rate of 25%W during a

100=-year drought.

C. Provide annual water demands with a
maximum conservation rate of 30%W during a

200-year drought.



Finance and develop a 2,500 acre-foot per annum
conjunctive use ground water supply system, including the

adoption of a Water Supply Augmentation Fee.

Prepare and adopt a Drought Contingency Plan.

Actively pursue the procurement of water entitlements
from and the development of future 1long term water

supplies, including a multi-purpose Auburn Dam.

Undertake all actions necessary to become an active

member of the Sacramento Area Water Authority.

Allow development within the District to progress to a
maximum of 3,751 EDU (composed of approximately 3,500
residential DU and 451 EDU of related commercial and
industrial wuses) until the District’'s water supply 1is

augmented to support additional growth.

10



CHAPTER 2

INTRODUCT ION

A. DROUGHT IMPACTS ON URBAN AREAS

Droughts in California are a fact of life. MNo one can
predict when they will begin or how long they will last. But
everyone knows they can and probably will recur. Droughts do
not recur in precise historical sequence or in equal severity.
The occurrence of frequent, prolonged and severe droughts in

California are well documented.

Managers of urban water supplies cannot prevent these
droughts. But they can plan ahead and lessen the adverse
impacts. Managers of wurban water systems need to perform
drought tmnfingency planning for their water supply system.
The goal is to put into place, in advance, the paper wark

necessary to implement a drought contingency plan.
The California Department of Water Resources (DWR)

recommends that managers of urban water supply systems should

draw upon the lessons learned from the 1974-77 drought in

11



anticipating the possible severity and adverse impacts of the

next prolonged and/or severe drought.

The DWR reports that &0 percent of Califormia’'s annual

water supply is derived from surface water sources. The

remaining 40 percent is derived from ground water sources. In
the absence of surface water supplies, greater dependence is
placed on ground water sources. This greater dependency can
result in unsafe depletion of ground water sources 1f the

drought is prolonged.

The DWR reports significant reductions in the water
supply of most California water purvevyors during the 1974-77
drought. Particularly hard hit were urban water purvevyors
with water supply systems which are entirely, or nearly so,

dependent upon surface water supplies - like Rancho Murieta.

Following is a DWR list of several large urban water
purveyors throughout California and their respective
reductions in demands needed to balance water supplies with

water demands during the 197&6-77 drought:

12



REDUCTION IMN DEMAMDS

WATER FPURVEYOR (AS A ¥ OF NORMAL)

Marin Municipal Water District 574 %

East Bay Municipal Utility District 3I5%

Contra Costa County Water District S0%

San Francisco Water Department 25%

Sunnyvale Water Department 23%

Santa Clara Valley Water District 25%

Los Angeles Department of Water & Power 10%
AVERAGE J0%

¥ BSevere customer hardship experienced

Locally, DWR 1lists the following water purveyors and
their respective reductions in demands needed to balance the

supply and demand eguation during the 197&6-77 drought:

REDUCTION IMN DEMANDS

WATER PURVEYOR (AS A % OF NORMAL)
El Dorado Irrigation District : S7L %
Placer County Water Agency SOL X
City of Sonora 35%
Calaveras County Water Agency 25%
City of Plymouth 20% %
City of Jackson 25%
City of lone 29%
City of Angels Camp 234
Sacramento Area Water Purvevors 28%
AVERAGE 9%

¥ Severe customer hardship experienced

Prior to the 1977 drought, many of the foothill water

purveyors had water supply systems with questionable

13



reliability and relatively small reserve capacities. In
comparison, many larger urban water purveyors had water supply
systems with relatively good reliability and adegquate reserve
capacities. This would support the higher percentage of
reduction in demands required to balance the supply and demand
equation for smaller systems as compared to larger urban water

systems.

Based on the experiences of the 19746-77 drought, DWR
reports that wvoluntary reductions in water usage can reduce
urban water demands up to 20-25%. Reductions in excess of
this amount typically required mandatory rationing and active
enforcement. DWR also reports that consumer hardship begins
to occur above 25% conservation lewvels - severely above 35%
conservation levels. Conservation rates in the wvicimity of
0% can create significant economic loss on the part of

customers.

In addition to reducing demands, many California water
purveyors augmented their water supplies during the 197&4-77
drought. The augmentation methods most utilized included

trucking in water and laying emergency pipelines.

Obviously, these augmentation methods were time

consuming, costly, and, in most cases, yielded relatively

14



small guantities of additional water. Typically, little
flexibility is possible to augment a community’ s water supply

during times of low surface water availability.

Apart from creating water shortages, droughts also

degrade water gquality. MNot only is there less water, but the
water that i1is available is less suitable for its intended
uses. Most drought related water guality problems result from
lack of dilution and increased temperatures in the water
sgurce. In addition, minor taste, odor and turbidity problems
are experienced in water storage reservoirs due to their

depleted levels during a drought.

fAs a result of limited surface water sources during the
19746-77 drought, urban water purveyors across the state have
been dewveloping additional dual ground and surface water
SoOuUrces. These permanent supplies will help to lessen the

impacts of future water shortages.

During the 1?76-77 drought, most Californians carried on
nearly all domestic activities, with little more than a minor
crimp in lifestyles, with a rather substantial reduction in
water consumption. Few people really suffered from water

shortages, changing habits to waste less water. Customers of

15



severely impacted water purveyors experienced significant

hardships.

A large part of the water wused by residents is used
outdoors, mostly to maintain landscaping. Heavy loss of
shrubs, lawns and ground cover were experienced during the
197&6=77 drought, since they are generally not drought tolerant
and are more easily replaced than trees. Some losses of major
landscaping plants and trees were experienced, most notably

in the East Bay Area.

Made more apparent during the 1976-77 drought was the
fact that water is a price elastic commodity. Reduction in
water use was observed when its price was increased. Several
variables have significant effects on price elasticity. Large
water users were found to be more price sensitive thanm smaller
volume customers. Also, the income level of residential
customers 1is an importanmt wvariable. The higher the income

level, the lower the price elasticity.

Several California water purveyors suffered financial
difficulties during and after the 197&6-77 drought. The
customers of some water purveyors were so frugal with their
use of water that water revenues fell short of operational

expenses during the drought. In some cases, the post-drought

16



water consumption rates were lower than those that existed
prior to the drought. fgain, water revenues were less than
expected, requiring water purveyors to change their rate

structures accordingly.

Droughts have shown again and again the finite nature of
California's water resources and man‘s limited ability to
control nature. There is no assurance that the next drought
is npot just beyond the horizon. We can be assured that
drought will return, and, considering the greater needs of
that future time, its impact, unless prepared for, will be

much greater than the impacts of past droughts.

C. DROUGHT SURVEY

A survey of Northern California water purveyors regafdinq
water use and drought contingency planning was performed in
conjunction with the preparation of this report. The results
of this survey are included in Appendix "A" along with a copy

of the surwvey questionnaire.

The results of this survey indicate that many of the
agencies responding have established drought contingency plans
in anticipation of another drought. The survey results also

indicates that many of the agencies have a backup water supply

17



to draw upon in the event of a drought or water shortage.

Several of the agencies responding furnished copies of
there drought contingency plans, ordinances and water supply
reliability standards. O0f particular importance in the
preparation of this report was the level of reliability that

a responsible agency sets for its water supply.

Further telephone conversations with several of these
agencies regarding the reliability of their water supplies

revealed the following:

l. El Dorado Irrigation District - EID adopted water
reliability standard in July 1989 - after the 1977
drought. This standard formalized a longstanding
unofficial standard that reguires that the
District’'s water supply shall be capable of
supplying normal service 1in 954 of all vyears
without conservation. In the remaining 5% of all
YEArS, shortages of varying degrees will be

encountered.

Since 1977, EID has pursued the development of

several water supply projects to augment their

18



existing water supply. BSeveral projects have been

completed.

2, Calaveras County Water District - CCWD strives for
a 100% reliability in all vyears. They have been
successful in developing several water projects in

the last decade.

5 Santa Clara Valley Water District - SCVWD has a
water reliability policy on the books. Their
existing stanrndard is currently being rewritten to
incorporate a reliability standard that requires
their supply to be capable of supplying normal
service in 934 of all vyears. SCWWD has a
successful ground water recharge program to augment

their surface water supplies.

In addition, DWR reports that Marin Municipal Water
District, a surface water dependent water district in greater
Marin County, also adopted a water supply reliability standard
atter the 1977 drought. Their standard requires that their
water supply shall be capable of serving normal demands in 95%
of all years without conservation. In the remaining 5% of all
vears their water supply shall be capable of serving demands

with a maximum conservation rate of 15% in the first year and

13



I09% in the second year (an average of 29% for both years).

DWR also reports that Marin Municipal Water District has
increased their storage reservolr capacity by &0W since 1977.
They have also contracted for an additional 4,300 AF of water

from the SDnorngcunty Water Agency.
Zynirt

C. RANCHO MURIETA'S HYDROLOGIC SETTING

Rancho Murieta is located on the east side of the
Sacramento VYalley at the general area where the foothills of
the Sierra Nevada mountain range begin and approximately 24
miles southeast of the City of Sacramento. This region is

naturally semi-arid.

The boundaries of the Rancho Murieta Community Services
District (District) are identical to the boundaries of the
Ramncho Murieta Master Plan. approved by Sacramento County on
June 13, 1984. All urban land use shown on Figure No. 1 are
planned to be served by the District’'s water supply system.
Figure MNMo. 2 shows the major hydrologic features within the
community, including the Cosumnes River and the District’'s
three water storage reservolirs (Calero, Chesbro and

Clementia).

20
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The mean seasonal precipitatiom at Rancho Murists i=s
approximately 21 inches (MNolte 19&1). In compariscn, the mean
seasonal precipitation in the City of Sacramento is 17.88
inches {(MNWS 198%). While there 1is a difference in mean
seasonal precipitation between these two locations, there is
a direct relationship between the total precipitation in each

of the locations in any given vyear.

The Cosumnes River is a wvirtual wild river in that only
about 4% of the river’'s 534 square mile watershed upstream of
FRancho Murieta is controlled by dams or reservoirs. As a
result, the vast majority of the watershed’'s 38 inches of mean
seasonal precipitation flows through Rancho Murieta

uncontrolled (Molte 19461).

The Cosumnes River basin extends easterly of Rancho
Murieta into the lower Sierra Nevada Mountains. The annual
vield of the Cosumnes River is highly wariable and
significantly influenced by the amount of winter snow pack

within the river basin. Due to its low elevation, the basin |

does not receive a heavy snow pack as do the higher mnuntainsj

further to the east. Spring snow melt runoff accounts for thég
|

majority of the Cosumnes River’'s annual yield. i 1
)
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The U.5.G.5. stream gage at Michigan Bar has recorded the
annual vyield of the Cosumnes River since the early 1700 s.
This gaging station is located one mile upstream of Rancho
Murieta. The annual yield for Bl years of record (1908-17B88)
is shown in Table No. 1. The minimum amnual yvield recorded to
date occurred during the 1977 water vyear when the Cosumnes
River's vyield was 15,7480 acre-feet (AF). The maximum annual
yield occurred during the 1783 water year when the Cosumnes
River's vyield was 1,221,000 AF. The mean vyield of the
Cosumnes River, based on the 81 years of record, is 274,400
AaF . The Cosumnes River typically dries up to a trickle or

less during the late summer and early fall of each vear.

The 1977 water year, the lowest water year of record, is
considered by most water supply experts to be a catastrophic
event. During that year the Cosumnes River's vyield amounted
to only &4 of mean annual vyield. In comparison, during the
1924 water year, the second lowest water year of record, the
Cosumnes River's vyield amounted to approximately 13% of mean
annual yield. The 11 lowest water years of record, including
the catastrophic 1977 water vyear, are shown below in

descending order of magnitude:
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TABLE No.l

ANNUAL YIELD OF THE COSUNNES RIVER IN ACRE-FEET
(AS MEASURED AT MICHIGAN BAR)

..............................................................................................................

-----------

------------------------------------------------------------------------------------------------

462,100 170,800 185,100 501,800 331,400 150,200 448,600 565,400
875,000 405,800 45,820 401,800 762,400 54,910 332,000 117,900
138,700 426,500 314,300 510,200 781,900 210,300 182,400 955,200
127,400 438,400 113,200 560,100 264,400 453,900 441,900 1,221,000
546,200 40,350 122,400 187,900 229,100 143,200 544,900 597,300
408,700 380,600 369,300 355,600 178,500 656,000 364,500 143,000
571,500 147,300 522,400 390,300 447,400 167,900 54,870 704,400
415,700 452,400 399,500 144,800 238,200 401,200 15,750 72,880
144,100 224,200 315,600 483,200 269,000 855,100 169,700 453,000 52,810
§95,400 299,300 115,300 92,220 237,400 114,800 479,900 309,500
TH,T00 3,999,900 2,804,350 2,827,600 3,659,700 4,225,200 3,287,810 3,147,730 4,450,390
MEAN YIELD (81 YEARS) 274,400 ACRE-FEET
AVERAGE YIELD (81 YEARS) = 360,700 ACRE-FEET

MAXIMUM YIELD {1783) = 1,221,000 ACRE-FEET
RININUN YIELD (1577) L 15,760 ACRE-FEET

SOURCE: U.5. GEOLOGICAL SURVEY (DECEMBER 178%)
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ORDER OF WATER AMNMNUAL PERCENT

MAGNITUDE YEAR YIELD, AF OF_MEAN

1 1977 15,760 &%

2 1924 40,350 15%

3 1931 45,820 17%

4 1988 52,610 19%

5 1976 54,870 20%

& 19461 S4,910 20%

7 1987 72,880 27%

8 1939 92,220 347,

] 1933 113,200 417

10 1929 115,300 427,

11 1959 116,800 43%

AVERAGE (INCLUDING 1977) 70,400 26%
AVERAGE (EXCLUDING 1977) 75,900 28%

It is apparent that the Cosumnes River is subject to
relatively frequent droughts. During these periods, the
annual yvield of the river is not sufficient to support all the
demands along the river. It is this natural phenomenon that
can cause significant water supply shortages to Rancho

Murieta.

D. RANCHO MURIETA'S WATER SUPPLY

The Cosumnes River 1is the sole source of water for the
Rancho Murieta community. During periods of high river flows
in the river, surface water is diverted from Granlees Dam into
the District’'s water storage reservoirs for use during the

summer when river flows are non-existent. The raw water 1is
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delivered from the reservoirs to the District’'s water
treatment plant at the base of Lake Chesbro as the community

needs water throughout the year.

The principal domestic water right held by the District
is Application 23416, Permit 1&6762. A copy of Application
23416 is included in Appendix "B". This water right allows
for diversions from the Cosumnes Riwver from MNovember lst

through May 31st under the following conditions:

A No water can be diverted when river flows are
less than 70 cubic feet per second (cfs) at Michigan Bar
and the ewvidence of wvisible flow at McConnell Gage
located near Highway 99 ({approximately 21 miles
downstream). For river flows between 70 cfs and 175 cfs,
a maximum diversion of & cfs is allowed provided this
diversion does not reduce the downstream flow below 70

cfs.

B. When river flows exceed 1753 cfs, a diversion of

6 cfs is allowed for direct use plus an additional 3,900

AF to storage as follows:

27



p S 1,250 AF to Chesbro Reserwvolir.

2. 2,810 AF to Calero Reservoir.

S B350 AF to Clementia Reserwvolr.

q, 40 AF to South Course Lake 10,

The combined amount of B (2), (3) and (4) above
cannot exceed 2,850 AF. The maximum allowable rate of
diversion to storage is 4& cfs. The total amount of

water to be taken cannot exceed &,388 acre fest per year.

It should be noted that the District is under contractual
obligation to reasonably prosecute any application(s) to add
to the place of use of Application 23414 to provide water
service to additional acreage in the wvicimity of Rancho
Murieta. Section 4 (d) of the December 7, 1987 Water Rights
Transfer Agreement, between the District and Rancho Murieta
Properties, Inc. (RMFl), reguires the District to reasonably
prosecute the extension of water serwvice to additional lands
to serve up to a total of 5,1B9 residential dwelling units
(DU . It is for this reason that the District’'s planning
horizon includes provision of service to the entirety of
Rancho Murieta Master Plan entitlements even though the
housing wyield within the current District boundary may be

lower than 5,18% DU.
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E. PREVIOUS STUDIES

Several studies of Rancho Murieta’'s water supply have
been made since the community’'s inception in 19&9. Those

previous studies are referenced in the Bibliography.

The ability of the District's water supply system to
support the full build out of the community has been debated
extensively since the 1977 drought. Previous studies hawve, of
necessity, been based upon estimates of future water
consumption patterns and the ultimate level of development

with the community.

The Rancho Murieta Master Plan (Figure MNo. 1) envisions
a community of 5,968 equivalent dwelling units (EDU) ,
consisting of not more than 5,18% DU and approximately 779

EDU of related commercial and industrial uses.

Ecstimates of water consumption utilized in the previous
studies hawve wvaried considerably. Understandably, the
resulting projections of the capacity of the District’'s water

supply system have wvaried significantly.

These previous studies provide a good foundationm upon

which to base this report. Since the District now has several
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years of water consumption records from meter readings,
projections of future water consumption patterns can be based
on actual consumption data in lieu of estimates of future use
based on industry averages. Accordingly, this report will
rely upon this database to project future water demands and
the ability of the District’'s water supply system to meet

these water demands during a drought event.
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CHAPTER 3

WATER SUPPLY

A. COSUMNES RIVER ANNUAL YIELD

The Cosumnes River is the sole source of water for the

Rancho Murieta Community. The annual vyield of the river for
the B81 vyears of record, as shown in Table No. 1, 1is
graphically represented in Figure No. 3. It is readily

apparent from Figure No. 3 that the annual yield of the river

varies drastically from year to year.

The annual yield of the Cosumnes River was analyzed for
the 81 vyears of record utilizing standard hydrological
frequency analysis techniques. The aobjective of this
frequency analysis was to relate the magnitude of the periodic
low annual yields of the river (i.e. drought events) to their
frequency of occurrence through the use of probability
distributions. The magnitude of a drought event is inversely
related to its freguency of occurrence, very severe droughts

occcurring less frequently than more moderate events.

The fregquency analysis technigue wutilized in this

analysis was the Log-Pearson Type III Distribution. Appendix
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"C" inmcludes the complete drought frequency amalysis of the
Cosumnes River for the 81 years of record. This particular
statistical distribution is widely wused for evaluation of
extreme hydrological events, such as droughts and floods. The
results of this analysis indicate that the wvariations in the
annual vield of the Cosumnes River fit the Log-Pearson Type
III Distribution with very favorable statistical significance.
A summary of this drought frequency analysis is shown in Table

MNo. 2.

Evaluation of the data contained in Table No. 1 indicates
that the average recurrence interval of annual yields equal to
or less than 73,900 AF (the average of the 10 lowest years of
record — excluding 1977) is approximately 10.7 vyears. This
agrees very closely with the results of the Log-FPearson Type
ITI Distribution where the recurrence interwval of the average

dry wyear was estimated to be 11 vyears.

The data in Table MNo. 1 indicates that two consecutive
dry years have occurred fﬁur times in the last 81 years (1912-
13, 1933-34, 1974-77 and 1987-88). The worst of these two
yvear droughts was in 1974-77 when the total annual yield of

the Cosumnes River was only 80,5630 AF for the two year period.

Further review of the data presented in Table No. 1

indicates that there have been three periods wherein the
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TABLE Ho. 2

SUMMARY OF
COSUNNES RIVER DROUGHT FREQGUENCY AMALYSIS
UTILIZING LOG-PEARSON TYPE III DISTRIBUTION

APPROXIMATE
AMNUAL YIELD PROBABILITY OF PROBABILITY OF RECURRENCE
WATER YEAR ACRE FEET EXCEEDENCE RECURRENCE INTERVAL

----------------------------------------------------------------------

1977 15,760 §9.51 0.51 200 YEARS
K/A 23,000 (EST.) §9.01 L0k 100 YEARS
N/A 31,000 (EST.) 78,01 2.02 50 YEARS
1924 40,350 76,01 4,01 25 YEARS
AVERAGE DRY
YEAR (1) 75,900 71.21 8.82 11 YEARS
N/A 84,000 (EST.) 90.0% 10,02 10 YEARS
HEAN ANNUAL
YIELD 274,380 36,01 44,01 2 YEARS
FODTHOTES:

------------

(1) AVERAGE OF THE 10 LOWEST YEARS OF RECORD (EXCLUDING 1%77)
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annual yield of the Cosumnes River was below the mean anmnual
yield for three or more consecutive water years (1718-20,
1929-34 (& wears) and 1959-62 (4 years)). The 1229-34 and
1959-462 periods include five of the 11 lowest water years of

record.

an evaluation of the eleven lowest water years of record
indicates that there were five years in which the annual yield
of the Cosumnes River was between 41,000 AF and 55,000 AF
(1924, 1931, 1941, 1974 and 198B8B). It is interesting to note
that any one of these years could have been as bad or worse
than the 17924 water year if the total annual runoff within the
Cosumnes River basin had been reduced by as little as one—half
inch. One—half inch of runoff from the basin is eguivalent to
approximately 14,300 AF. It is apparent that the annual yield
of the Cosumnes River 1is wvery sénsitive to minor changes in

precipitation during dry years.

It is guite uhviﬁus from this analysis that there is a
strong likelihood of the recurrence of severe and prolonged
droughts inm the "Cosumnes Riwver basin. Accordingly, it is
prudent to evaluate the impact that a drought induced water
shortages will have on Rancho Murieta’s water supply system
and its ability to meet the future water demands nf_ Fhe

community.
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B. COSUMNES RIVER DIVERSIONS

The late winter and spring flow of the Cosumnes River
provide the bulk of all water that is divertable under the
District's principal water right (Application 23418). In
addition to the conditions of this permit outlined in Chapter

1, the permit includes two different diversion schedules.

The overall availability of divertable flow in the river
during the diversion season 1s the principal factor that
determines which schedule is utilized. The intent of the two
schedules is to allow for more aggressive diversions 1in dry

water years.

The District’'s diversion facilities were aoriginally
designed to maximize the diversion of water from the river in
dry water years. Theoretically, careful monitoring of the
river flows and maximum wtilization of the diversion
facilities should result in maximum diversions wunder the
extreme conditions present during dry water years. 0Of course,
there are always practical limitations on the effectiveness of
the operation of diversion facilities due to actual pumping

configurations, etc.
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For this reason an analysis of the theoretical and
practical diversions of the 11 lowest water years of record
was performed. The mean daily flow of the Cosumnes River far
these 11 lowest years of record is included in Appendix "D".
This data was evaluated to determine the theoretical maximum

diversions allowed under Application 23414 and the practical
maximum diversions allowed by the actual pumping configuration
of the diversion facilities. The theoretical and practical
diversion were then compared to determine the efficiency of

the diversion facilities.

To a certain degree, this analysis is somewhat academic
in nature. The District’'s principal water right, Application
234146, contains several restrictions pertaining to maximum
annual diversions, maximum storage wvolumes and downstream
visible flow. For the purposes of this analysis, the maximum
diversion and storage reguirements are assumed to be non-
existent and it was assumed that downstream flow was visible
as required by the water right. The intent of this analysis
is to determine the magnitude of theoretical and practical
diversions that are possible while respecting the other
provisions of the water right pertaining to protection of

fisheries and downstream agricultural interests.
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The results of this analysis is shown in Table Nos. 2, 4
& S. The efficiency of the diversion facilities range from
F2-F45% during these dry vears. It appears from this analysis
that the practical diversions from the diversion facilities
will closely approximate the theoretical diversions allowed
under Application 23414 during drought events. Again, 1t
should be noted that the theoretical and practical diversion
allowed under Application 23416 may not always be realized due
to the limitations in the permit pertaining to maximum annual

diversions and maximum storage volumes.

It may be possible to increase the overall efficiency of
the diversion facilities with the installation of a variable
speed pump in the diversion pump station. This modification
does not appear to be warranted at this time due to the
marginal increase in water diversions that would result as

compared with the significant cost of the pumping egquipment.

The results of this diversion analysis were compared with
the annual wield records of the Cosumnes River for the six
lowest years of record utilizing regression analysis. The
intent of this analysis was to develop a statistical model to
estimate the probable magnitude of practical diversions that
can be expected during the 50 and 100-year droughts. The

results of this regression analysis is shown in Table No. &
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TABLE Ho.3

...........

THEORETICAL DIVERSIONS FROM THE COSUMNES RIVER (UNDER APPLICATION 23414)
IN ACRE FEET

WATER

TEAR NOVEMBER  DECEMBER  JANUARY  FEBRUARY HARCH APRIL HAY TOTAL
| 4 0 24 256 0 0 18 1 302
1724 0 38 200 2184 192 2508 258 1 5,482
1931 | b4 0 3 107% 2818 1743 339 1 bybdb
1988 | 0 115 1029 45 2648 1980 1732 | 7,049
1976 349 KLL] 153 337 2828 ay 1436 & 8,220
1761 52 215 22 1484 1837 an 2745 | 7,119
1387 1 0 14 232 1870 2ab 105% 1a2 | 6,039
193¢ | 105 180 70 F44 2828 2737 2257 | 9,521
1933 0 12 462 430 797 a3 2828+ 9,268
ty2e | 28 286 54% 1047 2814 a7 2828 1 10,249
1959 | 12 kL 1252 1841 2828 2737 815 | 7,521

-----------------------------------------------------------------------------------------------------

AVE.DRY YEAR  41.00 124,50 475.40 1,158.50 2,425.20 2,381.20 1,564.40  §,192.20
(EXCLUDING "77)

TABLE Mo.4

------------

PRACTICAL DIVERSIONS FROW THE COSUMNES RIVER (UNDER APPLICATION 23414)
IN ACRE FEET

WATER

YEAR WOVEMBER  DECEMBER  JAWUARY  FEBRUARY HARCH APRIL HAY TOTAL
1977 4 ] 24 231 0 0 18 § a7
1724 | 0 i4 iz 2084 192 2333 174 1 5,23
1931 | 34 0 372 1068 2646 2281 458 1 5,887
1988 0 115 704 345 2404 1817 1589 1 7,174
1976 1 J4% 354 153 260 2828 737 1390 | 8,083
196t 1! 52 218 - 22 1372 1784 737 2748 | 8,733
1987 1@ 0 14 228 1784 2511 858 182 | 3,577
193y | 105 180 470 443 2828 FTkN 2164+ 9,367
1713 | 0 12 447 341 2768 a7 2828 | #,133
172y | 28 254 330 1035 ay a3 20 9,47
1957 1 0 36 1237 1841 2828 FEN 764 1 7,443

-----------------------------------------------------------------------------------------------------

AVE.DRY YEAR  58.80 122.10 455.70 1,101.10 2,352,460 2,393.30 1,468.70  7,932.30
(EXCLUDING °77)

NOTE: THE PUMPING CONFIGURATION OF THE EXISTING DIVERSION FACILITIES IS AS FOLLOWS:
A+ 3 EACH, 500 H.P. PUMPS (15.3 C.F.5. PER PUNP)

B+ 2 EACH, 125 H.P. PURPS (4.0 C.F.5. PER PUNP}
C. 125 H.P., PUMPS ARE LOCKED OUT WHEN 500 H.P. PUMPS OPERATE AND VICE VERSA.
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TABLE No.3

COMPARISON OF THEORETICAL % PRACTICAL DIVERSIONS
FROM THE COSUMNES RIVER (UNDER APPLICATION 23414)
IN ACRE FEET

A 1977 WATER YEAR (200-YEAR DROUGHT)

.......................................

THEORETICAL  PRACTICAL  PERCENT OF
HONTH DIVERSIONS  DIVERSIONS THEORETICAL

---------------------------------------------------

NOVENBER 4 4 100.0
DECEMBER 0 0 0.0
JARUARY 24 24 100.0
FEBRUARY 254 21 0.2
HARCH ) 0 0.0
APRIL 0 0 0.0
HAY 18 13 100.0
TOTAL oz 277 1.7

---------------------------------------

THEORETICAL  PRACTICAL  PERCENT OF
HONTH DIVERSIONS  DIVERSIONS THEORETICAL

----------------------------------------------------

NOVEMBER 0 0 0.0
DECEMBER Ja 14 36.8
JARUARY 200 192 76,0
FEBRUARY 2185 2084 #3.3
MARCH 192 172 100.90
APRIL 2508 2555 78.0
HAY 238 174 752
TOTAL 5482 5231 734

---------------------------------------

THEORETICAL  PRACTICAL  PERCENT OF
HOKTH DIVERSIONS  DIVERSIONS THEORETICAL

NOVENBER 81,0 58.8 96,4
DECENBER 124,5 122.1 98.1
JARUARY 4754 455.7 95.9
FEBRUARY 1,158.5 1,101.1 95.0
NARCH 2,425.2 2,352.6 97.0
APRIL 2,456.4 2,393.3 97.4
MAY 1,566.4 1,468.7 9.4
TOTAL 8,267.6 7,952.3 96,2
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and Figure No. 4. The result of this diversion analysis is

summarized as follows:

DROUGHT ANNUAL ESTIMATED
EVENT YIELD, AF PRACTICAL DIVERSIONS, AaF
29 Year 40,350 9,234
90 Year 31,000 (Est) 3,400
100 Year 23,000 (Est) 1,800
200 Year 15,780 277

It should be noted that no two water years are exactly
alike. While the total annual vield of the river for two
years may be similar, it is highly unlikely that the flows in
the river in each of those years will follow the same patterns
of timing, intensity and duration. It is for this reason that
statistical analysis technigues are wutilized to predict
probable patterns of timing, intensity and duration of river

flows during a particular design drought event.

Regression analysis of the annual yield of the Cosumnes
River wvs. seasonal precipitation in the City of Sacramento
(through January 31 st) and DWR snow pack water content
readings (early February) was performed. The intent of this
analysis was to determine if a significant correlation existed
between the mid-winter precipitation and snow pack readings
and the annual vyield of the river. While the results of this
regression analysis were encouraging, no strong correlation

was Tound.
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TABLE Ho.é

___________

REGRESSION ANALYSIS OF PRACTICAL DIVERSIONS
VS, ANNUAL YIELDS

A+ REGRESSION AMALYSIS

................................

WATER ANNUAL YIELD PRACTICAL DIVERSIONS

YEAR (ACRE FEET) {ACRE FEET)

1924 40,350 5,234

1931 45,820 4,887

1941 54,710 8,953 +4

1974 54,870 8,083

1977 15,740 77 £

1988 52,610 7,176

Regression Output:

Constant 14998.08
Std Err of ¥ Est 2526.412
R Squared 0.977307
Ho. of Observations 4
Degrees of Freedom 4
X Coefficient(s) 4,761855
§td Err of Coef. 0.352805

B. PROJECTION OF 50 & 100 YEAR DIVERSIONS

ESTINATED PRACTICAL DIVERSION (A.F.) =
0.205 (ESTIMATED ARNUAL YIELD, A.F.) - 2940 A.F.

ESTIMATED ESTIMATED
DROUGHT ANNUAL YIELD PRACTICAL DIVERSIOHS
EVERT {ACRE FEET) (ACRE FEET)
50 YEAR 3,000 3,400
100 YEAR 23,000 1,800
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Further regression analysis may discover a combination of
independent variables (precipitation, snow pack water content,
ete.) that can accurately predict the annual yvield of the
river each year. Estimates of spring diversions could then be
made to assist the District in estimating the water supply

picture in future vears.

The results of the diversion analyses presented in this
Chapter are reflected in the water budgets presented in

Chapter 3.

C. DIRECT RAINFALL & RUNOFF

One additional factor that must be considered in
evaluating the net yield of the District ' s water supply system
is direct rainfall and runoff. Direct rainfall & runoff
effectively increase the volume of diverted river flows while
they are held in storage in the District's water storage

FESErvolrs.

Lakes Calero and Chesbro have watersheds that are
negligible in size. In comparison, Lake Clementia has a
relatively large watershed. The characteristics of these

three storage reservoirs are shown below:
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CHARAC- LAKE LAKE LAKE

TERISTICS CALERDO CHESERO CLEMENTIA
Storage VYolume

Usable 2,322 AF 1,094 AF B57 AF

Dead 300 AF 30 AF 30 AF

Total 2,422 AF 1,144 aAF FO7 aF
Surface Area 118 AC 44 AC 70 AC
Watershed Area 125 AC 20 ACcC 1,150 AC
Spillway Elevation 278 ft. 2561 ft. I1BS Tt
Maximum Depth 5S4 ft. 53 ft. il By

The actual volume of direct rainfall and runoff from the
watershed of each lake varies from year to vyear, depending
upon the amount of precipitation received during each vyear.
An analysis of annual precipitation was made to determine the
total amount of direct rainfall and runoff that would enter

each of the lakes for the wvarious dry years under study.

The Mational Weather Service (NWS) precipitation records
were reviewed for the 11 lowest years of record under study.
Utilizing the relationship between the mean annual
precipitation at Rancho Murieta (21 inches) and the mean
annual precipitation in the City of Sacramento (17.88 inches),
estimates of the total precipitation at Rancho Murieta were
made for the 11 years under study. The results of this

analysis are as follows:
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WATER YEAR CITY OF SACRAMENTO RAMCHDO MURIETS

L1277 T T B89
1924 g.89" 10.45"
AvGE. DRY YEAR 2 10.58" 12.43"

1. Average of 10 lowest years of record excluding 1977.

Monthly distribution of each dry year = estimated annual
precipitation at Rancho Murieta was performed based on the
actual distribution of monthly precipitation for the same
years as recorded by the NWS5 in the City of Sacramento.
Estimates of the direct rainfall and runoff guantities that
would enter into each of the storage reservoirs were then
performed. The results of this analysis are reflected in the

water budgets presented in Chapter 3.
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CHAPTER 4

WATER DEMANDS

A. FACTORS AFFECTING THE USE OF WATER

Many factors affect the demand of municipal and
industrial water in urban areas. Fast records and estimated
future average water consumption rates indicate a wide range
in walues across the United States. Some of the factors which

are responsible for the non—-uniformity are discussed below.

CLIMATIC CONDITIONS

Lawn—-sprinkling, gardening, bathing, and air-conditioning
demands are usually greater in warm, dry regions than in humid
areas. Regions subject to extreme cold often report
significant demands to prevent freezing of water lines.
Definite correlations between climatic factors such as
temperature and rainfall have been reported. Data published
by the American Water Works Assocliation 1indicates that
precipitation is the climatic factor having the greatest

influence on per capita residential consumption.
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ECONOMIC CONDITIONS

It has been demonstrated that water use is a function of
the economic status or living standard of the consumer. High-
priced residential dwelling units, for example, will normally
show rates which are significanmtly greater than those for

medium and low—-priced units (Clark, VYiessman & Hammer L1%71).

COMPOSITION OF THE COMMUNITY OR REGION

The type and magnitude of residential, commercial, and
industrial development in an area will have a pronounced
effect on local water—-use rates. Industrial reguirements
often are exceedingly large. The per capita requirements of
a region endowed with large-scale industrial development might
therefore be strikingly affected, providing industrial water

is supplied by the municipality.

WATER PRESSURE

Rates of water use rise with increases in pressure. This
result is due partly to distribution system leakage and partly
to the increased volumes of flow through water fixtures per

unit of time.
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COST OF WATER

There is a tendency towards conservation when costs are
high. While it has been reported that domestic demands are
relatively inelastic with respect to price, studies also show
that lawn sprinkling demands are somewhat elastic with respect

to price {(Clark, Viessman & Hammer 1971).

NON-CONSUMPTIVE LOSSES

Certain water losses, though not "consumptive" 1n nature,
have the effect of reducing the available water supply of a
community. Sources of these losses include reservoir seepage
and evaporation, distribution system leakage, fire flows, etc.
The growth and water-use patterns of communmities should be
reviewed periodically for trends if water supply systems are

to keep abreast of continually increasing demands.

Distribution system leakage is not anticipated to be
major since the District’'s system is relatively new. The
District’'s system was constructed with modern methods and

materials that are less subject to leakage.

Evidence in recent years indicates that the average per

capita consumption, the peak daily consumption, and the peak
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hourly consumption are all on the increase. Each of these
demands is of special interest to the designer. The first,
average consumption, 1s wused 1in estimating total water
requirements and 1in designing water supply and storage

facilities.

B. WATER USE AT RANCHO MURIETA

The County approved Rancho Murieta Master Plan authorizes
at total of 5,189 residential dwelling units (DU) amnd of
related commercial and industrial uses (estimated to be
approximately 777 equivalent dwelling units (EDU)). The total
development authorized by the County approved Master Flan
therefore is estimated to be 5,968 EDU {including residential,

commercial and industrial).

All residential water customers at Rancho Murieta are
metered. In recent years the District has installed meters on
nearly all commercial and industrial customers. The District
had 1,200 residential and 54 commercial water customers as of
January 1, 1990. Permanent records of all meter readings have

been maintained since the District’'s operations began in 1983.

While the overall development rate of Rancho Murieta has

beern sluggish in the last few years, there is significant
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development activity currently. This higher level of
development activity is projected to continue for the next

several vyears.

Current development activities on the residential lands

lying south of the Cosumnes River suggest that this 1,300 lot
project could be completed within 2Z-3 years. Interest in
developing the remaining residential lands north of the river
has been increasing lately. Development of the commercial and
industrial lands south of Jackson Road is proJjected to closely
follow the dramatic population increases that will occur upon
development of the residential lands north and south of the

Fiver.

Major landowners within the District submitted build-out
projections to the District on January 10, 19%0. These
projections were evaluated and modified somewhat for this
report. For the purposes of this report, the build-out

projections shown in Table Mo. 7 have been assumed.

C. RESIDENTIAL USE RATES

The District’'s meter reading database was utilized to

obtain accurate estimates of the residential water consumption

patterns and trends within the District. Specifically, the
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TABLE Na.7

ASSUMED BUILDOUT PROJECTIONS
(EQUIVALENT DWELLING UNITS)

AREA 1970 1991 1992 1993 1994 1995 1994 TOTAL

---------------------------------------------------------------------------------------------

A+ RESIDENTIAL

1. RANCHO MURIETA-SOUTH 350 525 373 30 1,300
2, RANCHO MURIETA-NORTH 30 223 300 373 37y 300 300 1,925

SUB-TOTAL 400 730 873 425 73 300 300 3,225

by COMMERCIAL & INDUSTRIAL

1+ OFFICE PARKS 10 15 23
2, HOTEL 100 100 200
3+ COMMERCIAL BLDGS. 70 il 3 145
4. INDUSTRIAL BLDGS. 30 a0 al
5. SCHOOLS 20 29 20 40
swp-rotL R R R Y
;;;;E::::::::::::::::=::::::::::;;::::::;:;::::::;;;::::::;;;!:=:::;;;::::::;;;::::::;;;:::;:;;;z
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residential water use patterns of all residential customers
were studied for the period of January 1, 1984 through
December 31, 1788 - a period of five years. The study period
included the wet year of 1984, the dry year of 1988 and a

significant rate structure change that occurred in August of

1987.

The residential water use records of the database were
accessed utilizing the dBase IV database management program.
The residential customer data was then sorted by class of
residential customer (cottage lot, estate lot, townhouse lot,
circle lot and mobile home lot) and by recorded subdivision
number. Annual average consumption rates for sach residential
customer for each of the study vyears were then calculated.
These consumption rates were inspected and abnormally low and
high annual average rates were eliminated from further

consideration.

Since the water meters are set at the time water servicse
is first reguested, it is not uncommon for the customer *to
take several months to construct the house and install
landscaping. Clearly, a lag in time exists between the time
the meter is set and the time the customer occupies the home
and initiates normal domestic consumption and landscape

irrigation. This was reflected as very low usage in the
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TABLE Ho.é

....................................................................................................................................

i 1984 ! 1985 i 1986 ! 1987 i 1988 i3-YEAR WEIGHTED
CUSTONER CLASS {iCPD/LOT LOT COUNTIGPD/LOT LOT COUNTIGPD/LOT LOT COUNT IGPO/LOT LOT COUNT !CPD/LOT LOT COUNT !AVE., GPD/LOT
UNIT Mol " i i i | H
COTTAGE (1) 1) i 103 § 491 17 | 199 118 & 479 136 & 504 141 4 497
ESTATE i B39 by i b4l L 839 b0 i LEL) by @ 823 94 3 89é
TOWKHOUSE (1) 11 24 i 245 ni 23% b4 i 269 96 1 248 i 250
URIT Ho.2 tH i i i ' :
--------- " i i i i i
ESTATE i T 431 171 Lh 733 36 i 800 i n7 L 743
CIRCLE H 572 i 383 5 1 354 58 4 607 b9 3 330 LER 57
TOWRHOUSE &% 356 40 3 351 10 i 339 i d87 431 Kk L 39
UHIT- Ho.3 (2) W i i i i i
ESTATE n 330 2] | 336 2 | 801 10 i b2 56 4 686 mi b2t
CIRCLE i s 12 1 534 16 i 450 11 480 49 | 493 b7 i 474
TOWHHOUSE i} ] 0 ] i 0 i ] 0 0 0 0
i ] i i i i
UNIT Ho.4 HH H ! i H l
ESTATE i 0 0! 0 i 35l 3 (11 131 762 2 i Ja2
CIRCLE i ] b1 613 i 451 fi 556 143 it a0 i 348
TOWKHOUSE 11 0 ] 0 i 1] 0l 0 0 ] 0 0
i i i i i i
NURTETA VILLAGE i1 i i i i ]
NOBILE HOME i1 0 01 174 1% i 213 3 218 i1 227 40 ] 213

FOOTHOTES:

(1) SOME COTTAGE LOTS & ALL TOWNHOUSES ARE IRRIGATED Y RAMCHD MURTETA ASSOCIATION IRRIGATION SYSTEM - WOT DONESTIC
{2) INCLUDES UKIT Ho.Jh & 3B



annual average consumption rates when in fact the customer was
not utilizing water service in the normal sense of the word.
Also, there are a few customers who use inordinately high
amounts of water. Including these low and high end
consumption rates into the annual averages tends to distort

the normal average consumption rates of each customer class.

The remaining annual average consumption rates for esach
customer in each customer class were averaged for each year.
Finally, S—-year weighted awverage rates were calculated for
gach class of customer. The reswults of this analysis are

presented in Table No. 8.

Some cottage lots and all townhouse lots in Unit MNo. 1
are irrigated by the Rancho Murieta Association ({RM&a)
irrigation system. The reported consumption rates for these
customer classes don't include the irrigation demands

reflected in the other customer classes.

The consumption rates for the three circle lot customer
classes were further evaluated. The S—-year weighted average
consumption rates for all three classes were consolidated into
a single consumption rate for the 3-year period utilizing the
method of weighted averages. The 5S-year weighted awverage

annual consumption rate for all circle lot classes was 538
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gallons per day per lot.

The four estate lot classes were also subjected to
further analysis. Since the predominant land use lotting

pattern of all future subdivisions within Rancho Murieta 1s

projected to be estate lots, estate lots will make up the vast
majority of the ultimate residential water demands within the
District. Also, the consumption rates for Unit No. 1 estate
lots appeared to be significantly greater than that of the
other three estate lot classes. For these reasons, careful

analvsis of estate lot consumption rates was important.

The anmnual average consumption rate for all estate lot
classes is shown in Figure No. 3. A welighted average annual
rate of all four estate lot classes is also shown on Figure
No. 5. The overall 5-year weighted average rate for all
estate lots during the five year period is 7465 gallons per davy

per lot.

The future estate lots north of the Cosumnes River are
projected to be predominately large sguare footage estate lots
(10,000-20,000 sf). These lots are anticipated to be similar
in size and have consumption rates similar to the estate lots
in Unit MNos. 1-4 which have an awverage lot size of

approximately 14,000 s.f.
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The future estate lotse s=outh of the Cosumnes RHiver are
projected to be predominately smaller square footage estate
lots (&,000-10,000 st). These lots are anticipated to have

lower consumption rates than estate lots north of the river.

While the actual consumption rate of the future smaller
ectate lots south of the Cosumnes River is not known exactly,
projections aof the usage rate were made by comparing lot size
and usage for the estate lots in Unit MNo. 2. Unit MNo. 2 was
chosen because the homes on these leots were constructed under
building code imposed water conservation measures and because
of the larger number of lots and longer usage records than anvy

other estate lot customer class.

The results of this analysis indicate that estate lots of
12,000 s.f. and less had an average consumption of &41 gallaons
per day per lot. The average size of the smaller estate lots
studied was approximately 10,000 square feet. Compared to the
overall weighted average rate for estate lots (745 gpd/s/lot),

the smaller estate lot usage (&41 gpd/lot) appears logical.

These estate lot consumption rates were then compared to
the results of a recent study of several Sacramento area water
purveyors (Boyle, 198%9). This comparison indicates that the

existing estate lot consumption rates within Rancho Murieta

58



are slightly higher than those observed by Sacramentoc ares
Qater pUrvEeYOrs. This 1s probably a reflection of higher
housing walues at Rancho Murieta than 1n most suburban
Sacramento communities. As mentioned earlier, higher housing

values typically have water consumption rates that are higher

than those of medium and low-priced units.

Accordingly, the consumption rates determined from this
analysis appear to be reasonable. The consumption rates
determined from this analysis, and the corresponding design

consumption rates to be used in this report, are summarized as

follows:

RESIDENTIAL 1984-88 DESIGN RATE
CUSTOMER CLASS USAGE, GPD/LOT GPD/LOT
Cottage 497 300
Townhouse 347 350
Circle 238 950
Estate (MNorth)} 745 750
Estate (South) 641 {(Est) &850
Mobile Home 213 200

D. COMMERCIAL & INDUSTRIAL USE RATES

In most cases, the District’'s meter reading database does
not include sufficient records for all commercial and
industrial customer classes due to the relatively short period

of time that meters have been in place. Accordingly, previous
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estimates of water consumption rates (Raymond “ail &
Associates 1987) were reviewed and adjusted as deemed
appropriate. These estimated consumption rates were then
used to predict the ultimate water demands for these customer

classes.

E. GOLF COURSE IRRIGATION

The two existing golf courses at Rancho Murieta are
currently irrigated with a combination of raw water and
reclaimed wastewater. The North Course raw water comes from
appropriative and riparian water rights that are independent
of Application 2341&. The South Course raw water comes from
an independent appropriative water right and from reclaimed
wastewater. During drought periods, both courses can obtain

water from Clementia Reservoir.

Overtime, the wastewater flows from the community are
anticipated to meet the annual irrigation needs of both golf
courses. At that time, golf course dependency upon water from
Clementia Reservoir during a drought would be eliminated.
This phased process 1s not anticipated to provide any
constraints on the ability of water from Clementia Reservoir
to be delivered into the community to help meet municipal and

industrial demands during a drought.
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F. TOTAL MUNICIPAL AND INDUSTRIAL DEMANDS

The total estimated municipal and industrial (M & I)
water demands for the ultimate development of the County

approved Master Plan (5,948 EDU) are shown 1in Table No. 9.

these total estimated M & I demands are reflected in the water

budgets presented in Chapter 5.

5. SEASONALLY VARIABLE AND NON-VARIABLE USES

Municipal and industrial water demands can be classified
as either seasonally wvariable or seasonally non-variable.
Seasonally wvariable wuses are those that wvary in rate
throughout the year in relationship to the changing seasons.
Customers who have heawvy irrigation requirements areg

classified as seasonally wvariable customers.

On the other hand, seasonally non-variable uses do not
vary significantly with the season of the year. Customers who
do not have heavy irrigation requirements are classified as

seasonally non—-wvariable.

Because of these basic differences, two types of

customers are treated differently 1in the water budgets

presented Chapter 3. Seasonally non-variable customers use
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TABLE No.?

ESTIMATED TOTAL WUMICIFAL & INDUSTRIAL DEMAMDS
(5,748 EDUY

A SEASONALLY VARIABLE DEMANDS PAGE 1 OF 2

NUMBER OF COMSUWPTION TOTAL ANNUAL TOTAL ANNUAL
TYPE OF USE LoTs {GPD/DUY USE (GPD) USE {AC.FT.}

....................................................................................

L. RESIDENTIAL

ESTATE LOTS-HORTH {(F): 2,123 750 1,393,750
ESTATE LOTS-NORTH (E): 474 750 370,500
ESTATE LOTS-SOUTH (F): 1,300 830 845,000
COTTAGE LOTS (ED: 197 500 78,300 p
CIRCLE LOTS (E): 457 35 251,350 -Jf}
TOWNHOUSE LOTS (E)z 189 350 134,150 g
MOBILE HOME LOTS (E): 189 200 37,800 "
2, COMMERCIAL/IHDUSTRIAL
HOTEL: LI 49,000 (1)
AIRPORT: N/A 10,000
FIRE DEPT: NSA 410
RMPT FACILITY: N/ A 3,235
R.M. VILLAGE (CLUBHOUSE): L 1,223
ReM: VILLAGE (IRRIGATION): N/A 15,000
R.f. LODGE: H/A 153,000
AUXILIARY GOLF COURSE: N/ A 1,173
RA# FACILITIES: Wk 2,000
PLAZA IRRIGATION (EST.): N4 35,000
SUB-TOTAL: 134,065 150.2
3. PARXS
80 ACRES (EST.) N/A 247,931 (2)
SUB-TOTAL: 249,931 280,90
ESTIMATED TOTAL SEASONALLY VARIABLE DEMANDS: 3,717,086 4,163,

62



B+ SEASONALLY NON-VARIABLE DEMANDS: PAGE 2 OF 2

-----------------------------------

HUNBER OF CONSUMPTION TOTAL ANNUAL TOTAL ANNUAL
TYPE OF USE LoTS (GPD/IU) USE (GPD) USE (AC.FT.)

--------------------------------------------------------------------------------------

1. COMMERCIAL/INDUSTRIAL

LIEHT INDUSTRY: H/A 22,000 (3

RETAIL SHOPPIMG: H/A 74,086 (4)

OFFICES: M/A 32,930 (5)

CLUBHOUSE FACILITIES (E)

(INCLUDES 38 LODGE UNITS): 38 LI 25,200

SUB-TOTAL: 38 154,226 172.8
2, SCHOOLS

SCHOOLS W/0 SHOMERS (EST.): N/ 37,500 (&)

SCHOOLS W/ SHOMERS (EST.): H/A 24,057 (&)

SUB-TOTAL: 61,357 51.7

ESTIMATED TOTAL SEASOMALLY

HOH-VARIABELE DEMAMDS: 213,783 224.5

ESTIMATED SUB-TOTAL MUNICIPAL

§ IMDUSTRIAL DEMAMDS: 3,932,849 4,308.7

+ 10T SYSTEM LOSS 393,285 438.%

TrEEEEEEEIIEZEIEEEEEIZEZEEfdSSS oSS IoECI SIS oIICEZSsIEISEZEEEIITETSSTSEISSSSsIsossz

ESTIMATED TOTAL MUKICIPAL &

INDUSTRIAL DEMANDS 3189 4,326,134 4,827 %

FOOTHOTES:
(1) HOTEL BASED ON 200 ROOMS B 330 GFD/ROOM AND 70X OCCUPANCY FACTOR e
{2) PARK IRRIGATION ASSUNED TO BE 3.5 FEET PER YEAR
{3} TINDUSTRIAL BASED OM 1,100 EMPLOYEES 8 20 GPD/EMPLOYEE
{4) SHOPPING BASED ON 30X FLOOR AREA RATIO YIELDING 411,442 5.F. 8 0,18 GPD/S.F.
{3) OFFICE BASED ON 30X FLDOR AREA RATIO YIELDING 411,642 5.F. @ 0.08 GPD/S.F,
{4) SCHOOLS ARE ASSUMED TO BE IN SESSION 9 MONTHS PER YEAR WITH:

A, SCHOOLS W/0 SHOWERS ASSUMED TO BE 1200 STUDENTS @ 15 GPD/STUDENT

B. SCHOOLS W/ SHOWERS ASSUMED TO BE 2000 STUDEWTS @ 20 GPD/STUDENT
{(7) ALL DEMANDS ARE BASED ON METER READING DATABASE EXCEPT AS NOTED OTHERWISE
(8) DEVELOPMENT MIX OF COMMERCIAL LANDS ASSUMED TO BE 50X RETAIL AMD 50X OFFICE
(7} (E} = EXISTING
{10) (F) = FUTURE
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rates are handled as a constant demand =ach meonth throughout
the vear. GSeasonally wvariable customer use rates are adjusted
gach month to correspond to the changing irrigation

reguirements throughout the vyear.

The District’'s water treatment plant records were
reviewed for the period of 1984-1987 to determine the monthly
fluctuation in seasonally wvariable demands. The results of

this review are shown below:

MOMTH PERCENT OF ANNUAL PRODUCTIOM
JANUARY 4.0%
FEBRUARY 5 B0 o 4
MARCH 4.9%
AFRIL 7.4%
MAY 10.5%
JUMNE 12. 2%
JULY 13.6%
AUGUST 13.2%
SEFTEMEER 10.6%
OCTOBER ?.2%
MOVEMBER 5.B%
DECEMBER 4.8%

100, 0%

H. NON CONSUMPTIVE USES

Two non—-consumptive water uses have been estimated for

Rancho Murieta. They are evaporation and seepage from the

reservoirs.
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EVAPORATION

Uncovered reservoirs are subject to evaporation losses
all year long. The rate of evaporation wvaries directly with

the ambient temperature. The higher the ambient temperature,

the higher the rate of evaporation, and wvice versa.

The California Department of Water Resources (DWR)
reports that the closest and most reliable evaporation station
in the proximity of Rancho Murieta is at Dawvis, California.
The DWR monitors and reports evaporation of water from an

evaporation pan at this station.

The DWR advises that this data cam be reliably used to
predict lake evaporation at Rancho Murieta if the pan
evaporation data is reduced by 20-30% to account for the

differences between pan and lake evaporation conditions,.

Estimates of ewvaporation losses from each of the
District's storage reservoirs were made for each month of the
year by reducing the DWR pan evaporation data by 25%. The
results of this analysis are reflected in the water budgets
presented in Chapter 5. The monthly pan and lake evaporation

rates are as follows:
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DWR "DAVIS" FAM STORAGE RESERVOIR

MOMNTH EVAPORATION RATE EVAPORATION RATE (735%]
JANUARY 1.3 INCHES 1.0 INCHES
FEBRUARY 2.8 INCHES 2.0 INCHES
MARCH 4.7 INCHES 3.5 INCHES
AFRIL &.5 INCHES 4.9 INCHES
MAY 8.4 INCHES &.3 INCHES
JUNE 10.2 INCHES 7.4 INCHES
JULY 10.5 INCHES 7.9 INCHES
AUGUST 7.2 INCHES &.%9 INCHES
SEFTEMEER 7.1 IMNCHES 3.3 INCHES
OCTOEER 5.4 IMCHES 4.0 INCHES
NOVEMBER 2.6 INCHES 2.0 INCHES
DECEMBER 1.4 IMNCHES 1.0 INCHES
TOTAL &9.%9 INCHES 52.4 IMNCHES
SEEPAGE

Earthen lined reservoirs are subject to seepage losses
all vear long. The rate of seepage is directly related to the
permeability of the soils in the floor of the reservoir.
Seepage occurs at a more or less constant rate throughout the

yeEar.

While specific permeability rates for the soils under
each of the District’'s storage reservoirs 1s unavallable,
previous studies have estimated the seepage rate to be two and
one—half feet per year (Raymond VYail & Associates, 1987). The
seepage rate is equivalent to approximately 0.000002 cm/sec.

This estimated rate appears to be reasonable.
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Estimates of seepage laosses from =ach of the District' s
storage reservoirs were made for each month of the wear by
utilizing the estimated annual rate of 2-1/2 feet per vear.
This rate of seepage is deemed acceptable in light of the
extremely high cost to drain amnd line the floors of all
storage reservoirs. The results of this analysis are

reflected in the water budgets presented in Chapter 5.

I. CONSERVATION RATES

Annual average water use rates cannot be used to predict
total water consumption during periods of drought. During
droughts, use rates tend to decrease temporarily in response
to an owverall water shortage. After a drought, water usaage

rates will return to pre-drought levels.

The beneficial results of conservation need to be
accounted for in the water budgets for drought events. Table
No. 10 & Figure MNo. & depict the assumed changes in monthly
water consumption that are projected to occur during periods
of normal, Z25% conservation and 50% conserwvation usage rates.
Actual monthly conservation rates will wary according to
weather conditions. While the actual monthly conservation
rates may differ from the assumed monthly rates, no

significant change in the overall annual conservation rate is
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TABLE Ho. 10

HOWTHLY WATER CONSUMPTION
UNDER VARYING LEVELS OF CONSERVATION
(EXPRESSED AS A PERCENTAGE OF NORMAL ANHUAL USAGE}

--------------------------------------------------------------------

JANUARY
FEBRUARY
HARCH
APRIL
HAY

JUNE
JULY
AUGUST
SEPTEMBER
OCTOBER
HOVEHBER
DECEMBER

TOTAL

i
L
L]
L
I
¥
1
L]
L}
]
¥
¥
]
¥
r
1
1
1

...................................................

HONTHLY - HONTHLY
0z 251 REDUCTION X 50  REDUCTION %
Tt w1 0z 401 00
3.7 3.7 a0 17 0.0
4.9 ¥ 00 4.0 184
7:4 547 2340 4.1 44,4
10,3 740 33.3 4,1 3.0
12,2 8.1 336 4.4 839
13,4 740 33.8 4.3 8647
13.3 L 7.1 4,4 86,9
104 7+ 330 4,3 394
9.2 5.8 2541 4,2 34,3
3.8 3.4 0.0 41 2943
4,8 4.8 040 440 16,7

...................................................

100,0 T 75.0 % 25.0 1 0.0 1
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MONTHLY WATER CONSUMPTION
(EYPPESSED AS A % OF NORMAL ANNUAL USAGE)

FIGURE No.6
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anticipated. These monthly consumption rates will be included

in the water budgets presented in Chapter 5.
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CHAPTER 3

SYSTEM CAPACITY

A. THE WATER BUDGET

In theory, accounting for the water resources of a
cammunity is relatively simple. The basic procedure involwves
the separate evaluation of each factor in the water budget so
that a gquantitative comparison of the awvailable water
resources with the known or anticipated water requirements of
the area can be made. In practice, howewver, the evaluation of
the water budget is often quite complex, and extensive and

time-consuming investigations are generally reguired.

Both matural and artificial gains and losses in the water
supply must be considered. The primary natural gains to
surface bodies are those which result from direct rainfall and
runoff caused by precipitation. Evaporation and seepage are
the major natural losses. Diversions out of the water supply

will decrease the quantity of water available.

After the gross dependable water supply has been

estimated, the net dependable supply may be determined at any

point of interest by subtracting the quantity used, detained,
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or lost as a result of man's activities, from the gross

supply.

A water supply may be considered adequate for present
rneeds but inadeguate to provide for future reguirements. In
many cases 1t is therefore necessary to predict future needs
based on estimated changes in population, industrial
development, agricultural practices, and on changes in water
policy and technology which will affect the supply and use of

water.

Water budgets were prepared for the District’'s water
supply system for the 25-year, 1l00-year and Z200-year droughts.
These water budgets utilize the water supply data presented in.
Chapter 3 and the water demand data presented in Chapter 4.
The water budgets prepared for this report alsoc respect all
provisions of the District’'s water right (Application 2341&).
Water budgets for the Ffollowing combinations of drought
events, conservation rates and development levels are

presented in this Chapter:

DROUGHT LEVEL OF LEVEL OF
EVENT CONSERVATIDON DEVELOFMEMT
25-YEAR MOME FULL

Z00-YEAR MONE FULL

200-YEAR 25% FULL

200-YEAR S0% FULL
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DROUGHT LEVEL OF LEVEL OF

EVENT COMNSERVATION DEVEL OFPMEMT
200-YEAR MNOME FARTIAL
200-YEAR 29% FARTIAL
Z200=-YEAR 20w FARTIAL
100-YEAR 25% FULL
100-YEAR 22% FARTIAL

B. 25-YEAR DROUGHT & FULL DEVELOPMENT

The water supply resulting from the Z25-year drought {1924
Water Year) and the total estimated municipal and industrial

(M & I} water demands for the ultimate development of the

community ({5,958 EDU) Wer e analyzed assuming normal
consumption rates (no conservation]. The results of this
analysis, presented in Appendix E, indicates that the

District’'s existing water supply will safely satisfy the total
estimated M & 1 water demands of the ultimate development of

Rancho Murieta during a 25 year drought.

In fact, the water budget indicates that the minimum
amount of usable water remaining in the District’'s reservoirs
during this event will be approximately 347 AF. Reservoir
storage levels will fluctuate greatly during this event as
stown in Figure No. 7. While Calero & Chesbro Reservoirs will
be depleted during such an event, the storage volume Clementia

FEeservoir would be nearly 404 full.
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BESERVOIR STOKAGE, ACFE FEET

FIGURE No. 7
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It 1is recommended that Clementia Reservoir not be
depended upon during normal conditions, including a Z59-vear
drought. Due to water quality problems in Clementia Reservoir
and the need to reserve some storage, Clementia Reservoir

should be depended upon to meet M & I demands only in a severe

&~
drought. In order to satisfy this recommendation, an
additional 5310 AF of water would be required. This techmnical

deficiency could be eliminated with a minor amount aof
conservation during a 253-year drought. Therefore, this
technical deficiency can be considered not to be am actual

deficiency.

C. 200-YEAR DROUGHT & FULL DEVELOPMENT

The water supply resulting from the 200-year drought
(1977) and the total estimated M & 1 water demands for the
ultimate development of the community (3,968 EDU) were
analyzed assuming normal (no conservation), 253% conservation
and 30% conservation reduced consumption rates followed by an
average dry year. The results of these analvses, presented in
Appendix F, indicate that the District’' s existing water supply
will not satisfy the total estimated M & I water demands of
the ultimate development during a 200-year drought even though

conservation rates up to 504 were achieved. Reservoir storage
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levels will fluctuate greatly during this event as shown on

Figure No. 8.

All reservoirs would be depleted early during such
events. The M & I demand for the remaining duration of the
drought would not be met. The cumulative shortfall in the
water budgets represent net deficit wvolumes. That 1is,
reservolr evaporation and seepage losses associated with these
unmet demands are not included in the deficit volumes shown in

the water budgets.

Annual reservoir losses were estimated at 25W for the
District’'s reservoir’'s. Accordingly, projected gross supply
deficits are estimated to be 33% larger than the projected net

deficits reflected in the water budgets for these esvents,

The specific results of gach of these analyses are shown

below:

LEVEL OF FROJECTED SUPPLY FROJECTED SUPPLY
CONSUMFTION DEFICIT (MET) DEFICIT (GROSS)
Mormal (Mo Conserwv.) 3,830 AF 4,900 AF

25% Conservation 2,980 AF 4,000 AF

20% Conservation 1,870 AF 2,300 AF
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D. Z200-¥YEAR DROUGHT & PARTIAL DEVELOPMENT

IT the total development of the community (5,948 EDY)
could not be served during a 200-year drought, what level of
development could be safely supported during such an event?
The answer to this gQuestion requires that the limited water
supply resulting from a 200-year drought be carefully balanced
with the total estimated M & I water demands for a given level

of development and an assumed level of conservation.

This analysis requires assumptions regarding the mix of
residential anmd commercial Wuses within the community at
various levels of development. Also, the amount of commercial
and industrial uses, park and open space landscaping, etc.,
that would be needed to support a residential community of a
given size need to be estimated. Once these mixes have been
assumed, water demands can be estimated. Then the supply and
demand of water can be balanced such that water supply
deficits will be avoided by limiting the total build out of
the community to the capacity of the system under the various

design constraints.

The water supply resulting from a 200-year drought (1977)

and the total estimated M & 1 water demands for wvarious levels

of development of the community followed by an average dry
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year were then analvyzed. Utilizing an iteration process, a
level of development was determined that evenly balanced the
supply and demand for each of the levels of consumption (iL.e.,
Q%, 254 & 504 Conserwvation). Reservoir storage levels will
fluctuate greatly during this event as is also shown on Figure

No. B.

The results of these analyses, presented in Appendix G,

are summarized below:

LEVEL OF DEYELOPMENT

LEVEL OF COMSUMPTIOM RES. COMMER ./ INDUS . TOTAL M&I
MNormal (Mo Conserwvation) 2600 DU 451 EDU 2,051 EDU
25% Conservation 3100 DU 451 EDU 3,551 EDU
50% Conservation 3300 DU 431 EDU 3,951 EDU

The levels of development shown above can be safely
served by the District’s existing water supply system during
a 200=-yvear drought. All reservoirs would be nearly depleted
during the end of such events but all demands would have been

met and no supply deficits would result.
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E. 100-YEAR DROUGHT & FULL DEVELOPMENT

Previous sections of this chapter contain analyses of the
service capacity of the District’'s water supply system during
two design droughts (25-year and 200-year droughts) assuming
full development and levels of demand reduction resulting from
conservation efforts during these drought events. The results
of these analyses, in conjunction with the estimated levels of
river diversions that are projected during a 100-year drought
presented in Chapter 3, can be used to estimate water supply
deficits that may occur at full development of the District

during a 1l00-year drought.

The water supply resulting from the 100-year drought and
the total estimated M & I water demands for the ultimate
development of the community (5,948 EDU) were analvzed
assuming 29% conservation reduced consumption rates followed
by an awverage dry vyear. The results of these analysis,
presented in Appendix "H", indicate that the District’'s
existing water supply will not satisfy the total estimated ™M
& 1 water demands of the ultimate development during a 100-
year drought even though conservation rates of 25% were
achieved. Reservoir storage levels will fluctuate greatly

during this event as shown on Figure No. 7.
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All reservoirs would be depleted early during such an
event. The M & I demand for the remaining duration of the
drought would not be met. The cumulative shortfall in the
water budget FEpfesents net deficit wvolumes. That is,

reservolr evaporation and seepage losses associated with these

unmet demands are not included.

The results of this analysis indicate that the District's
total water supply deficit for a fully developed community
during a 100-vyear drought with 29% conservation is
approximately 1,900 AF. It is interesting to note that this
deficit is of the same magnitude as the projected total water

supply the 200-year drought with 50% conservation (2,500 AF).

This indicates that augmentation of the District’'s
existing water supply by approximately 2,500 AF will provide
adequate reserves for both the 100-year, and 2Z200-year
droughts. This amount of additional water supply would
provide the District with a great deal of flexibility in
responding to droughts of varying severity with corresponding

changes in conservation rates.
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F. 100-YEAR DROUGHT PARTIAL DEVELOPMENT

The estimated water supply resulting from the 100-vear
drought, 2Z3% conservation rates and the total estimated M & I
water demands for wvarious levels of development of the
community followed by an average dry year were analyzed.
Utilizing the iteration process described earlier, a level of
development was determined that evenly balanced the supply and

demand esguation.

The results of this analysis, presented in Appendix "I",
indicates that approximately 4,251 EDU (3,B00 residential DU
and 451 EDU of related commercial anmd industrial uses) could
be safely served by the District’'s existing water supply
system. All reservoirs would be nearly depleted during the
end of this event but all demands would be met anmd no supplw
deficit would result. Reservoir storage levels will fluctuate

greatly during this event as is also shown in Figure MNo. 2.

G. SUMMARY OF FINDINGS

The results of the various water budgets presented above

are summarized as follows:
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FROJECTED

DROUGHT  DEVELOPMENT LEVEL OF SUPPLY
EVENT LEVEL, EDU CONSERVAT ION DEFICIT (GROSS)
25-YEAR 5,968 NONE NONE
Z00-YEAR 5,948 NONE 4,900 AF
200-YEAR 5,968 25% 4,000 AF
200-YEAR 5,948 50% 2,500 AF
200-YEAR 3,051 NONE NOMNE
200-YEAR 3,551 25% NONE
200-YEAR 3,951 SO% NONE
100-YEAR 5,948 25 1,900 AF
100-YEAR 34,215 25% NONE

bl

It is interesting to note that the supply deficit that is
projected to result from the 200-year drought with 50%
conservation (2,300 AF) is of the same magnitude as the supply
deficit that is projected to result from the 100-year drought
with 253% conservation (1,700 AF). Of these two design events,
the 200-year event creates the largest projected supply
deficit (2,300 AF) and the smallest level of development
(3,951) EDU) given the capacity of the District's existing

water supply system.

H. WATER RIGHTS MODIFICATIONS

During the preparation of this report it was obserwved

that the maximum diversion entitlement of Application 2341&

(6,368 AF) will not be fully utilized due to limitations of
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the existing storage capacity of the reservoirs and the
maximum storage limitation of Application 23416 (3,900 AF).
If the District had additional storage capacity, then
approximately 1,000 AF of additional water could be diverted
to storage during an average dry year. Amendment of
Application 234146 to increase the maximum storage limitation
is warranted only i1f the District’'s reservoir capacity 1is

increased to hold the additional diversions.

Any other possible change to the water right does not
appear to be warranted at this time. ANy other paossible
changes have either nominal potential or tend to lower the
existing level of protection of fisheries and downstream

agricultural interests.

I. WATER SUPPLY RELIABILITY STANDARD

Designing water supplies to meet M & I demands during a
drought is as much an art as it is a science. The designer is
required to apply technical knowledge and professional
judgment in the designing of water supply systems to survive

a drought induced water shortage.

In the absence of specific design standards, the

designers must evaluate the adequacy of similar water supply
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systems to determine levels of protection utilized Sy other

il

designer on comparable systems. The results o

this
comparison provide the designer with generally accepted

engineering practices that cam be utilized inm a2 similar

situation.

ldeally, an urban water supply system should meet the
anticipated water demands to mimimize inconveniences and the
economic losses that could result from a water shortage.
These two objectives are rnot mutually achievable without
extremely high cost for facility capacity that is rarely used.
The need is obvious - to strike a realistic balance between
elimination of inconvenience and protection against economic
losses. The goal is to establish a water supply reliability
standard that balances the need for an adequate level of
protection and elimination of inconvenience with reasonable
total costs. This dilemma has been addressed many times

before by other communities.

One design standard that needs to be considered relates
to the severity of the drought event itself. Evaluation of
the data presented in Chapter 3 indicates that several other
surface water dependent water purveyors have adopted a design
standard that states that normal demands should be met in 95%

of all years (a Z20-year drought), and demands should be met
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during the remaining 34 of all vyears with some level of

conservation efforts.

The District Board has expressed a desire to have the
District's water supply system designed with the ability to

survive another 1977 drought. The water budgets presented
gearlier indicate that, if the water supply was expanded by
2,500 AF, then the District could survive a 1977 type drought
{200-year drought) with a conservation rate of 30%. Although
significant customer hardship would result, all customers

would have sufficient water to survive the drought.

Another design standard that needs +to be considered
relates to the level of conservation to be utilized during a
drought. Evaluation of data presented in Chapter 3 indicates
that many reliable urban water supply svystems are fypically
designed to survive minor and moderate droughts without
utilizing conservation efforts. These water systems are
typically designed to supply M & I demands during major

droughts by achieving 25% conserwvation levels.

The water supply reliability standard envisioned for

Rancho Murieta's water supply system is as follows:
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ﬁrnvide normal annual water demands during a 25-
yvear drought.

Frovide annual water demands with a maximum
conservation rate of 25% during a 100-vear drought.
Provide annual water demands with a maximum

conservation rate of 5S0% during a 200-year drought.
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CHAPTER &

SUFPPLY AUGMENTATION

A. SUPPLY AUGMENTATION

The development of additional water supplies to
supplement existing water supplies is cammonly referred to as
supply augmentation. There are many supply augmentation
methods that could be used to eliminate the 2,500 acre-foot
supply deficit that is projected to occur during a 200-year

drought utilizing 50% comnservation efforts.

Augmentation of the District’'s water supply needs to be
completed within a relatively short period of time in order to
meet the community’'s projected gﬁnwth. At projected growth
rates, the District’'s water supply could be exceseded in as

short a period as 3—-4 vyears.

All supply augmentation methods fall into five general

categories:

Methods to increase existing supplies
Drawing from reserve supplies

Methods to increase supply efficiency
Modifications to operations

Cooperative efforts with other agencies

LU = S O
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Examples of supply augmentation techmigues in these five

general categories are shown in Table No. 11.

A review of Table MNo. 11 reveals that the District is

currently utilizing sewveral of these technigues. Many other

of the examples listed are not consistent with the District =

water supply system or they may wvield only nominal benefits.

An assessment of the District’'s particular situaticon
indicates that there are two primary methods of significarmtly
augmenting the District’'s water supply. The two methads are

as follows:

L. Surface water diversion
e Ground water extraction

B. SURFACE WATER DIVERSION

Additional surface water diversions and storage

facilities could be developed to offset the projected 2,500

acre foot supply deficit. The difficulty with this
alternative is an increased dependency on surface water - a
relatively unreliable water source. Significant reserve

capacity would have to be developed in order to be assured

that the storage facilities would vield an adegquate volume of
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TABLE Ho.ll

SUPPLY AUGMENTATION METHODS

SUPPLY AUGNENTATION CATEGORY

----------------------------

METHODS TO INCREASE
EXISTING SUPPLIES

DRAWING FROM RESERVE SUPPLIES

METHODS TO INCREASE EFFICIENCY

NODIFICATIONS TO OPERATIONS

CODPERATE EFFORTS WITH
OTHER AGEHCIES

-

L
2
3
4

L
2
kP

EXANPLES

------------------------

INCREASE USE OF RECLAIMED WATER

INCREASE USE OF WONPOTABLE WATER FOR WONPOTABLE USES
BUILD EMERGENCY DAMS

REACTIVATE ABANDONED DAHS

USE RESERVOIR DEAD STORAGE

ADD WELLS

DEEPEN WELLS

REACTIVATE ABANDONED WELLS

REHABILITATE OPERATING WELLS

REWEGOTIATE CONTRACTUALLY CONTROLLED SUPPLIES

SUPPRESS RESERVOIR EVAPORATION

REDUCE DAM LEAKAGE

NININIZE RESERVOIR SPILLS

REDUCE DISTRIBUTION SYSTEM PRESSURE

CONDUCT DISTRIBUTION SYSTEM WATER AUDIT

CONDUCT DISTRIBUTION SYSTEM LEAK DETECTION & REPAIR
SURCE & CLEAN WELLS

RECIRCULATE WASH WATER

BLEND PRIMARY WATER SUPPLY WITH WATER OF LESSER QUALITY
TRANSFER SURPLUS WATER TO AREAS OF DEFICIT

CHANGE PATTERN OF WATER STORAGE AND RELEASE OPERATIONS

EXCHANGES
TRANSFERS OR INTERCONHECTIONS

HUTUAL AID AGREEMENTS
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water to meet projected demands during a drought.

The following is a list of several surface water options

that the District may want to consider and an assessment of

their potential given the 3-4 year planmning horizon:

INCREASE DIVERSION FACILITY EFFICIENCY: Install
variable speed pump in existing diversion pump
station - nominal potential due to small additional

yvield that would be realized.

INCREASE ON-SITE STORAGE: Modify Application 23414
to increase the maximum storage entitlement and
construct an additional on-site storage reserwvolr

at a near by site - good potential.

RIPARIAN WATER RIGHTS: Maximize the use of
riparian water rights held by lands within the
District - nominal potential due to lack of

riparian flows during droughts,

COSUMNES RIVER STORAGE: Develop one of the off-

stream storage reservolrs that was proposed as a

part of the Cosumnes River Project — nominal
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potential due to legal and environmental issues and

long lead time.

COUNTY LINE RESERVOIR: Develop the County Line
Reservoir component of the .5 Bureau of
Reclamations Central Valley Froject on Dry Creek
and obtain water entitlements from Folsom Dam -
nominal potential due to legal and environmental

issues and long lead time.

FOLSOM SOUTH CaNAL: Obtain entitlement to divert
water from Folsom Spouth Canal and construct
transmission facilities - mominal potential due to
legal issues relating to lower American River flows

arnd long lead time.

AUBURN DAM: Obtain water entitlements from and
participate in the financing and development of a
multi-purpose Auburn Dam. Water could then be
transferred to Folsom South Camal wia Folsom Dam
for eventual tranmsmission to Rancho Murieta -
nominal potential due to legal amnd environmental

issues and long lead time.
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It appears that the only wviable surface water option is
to increase on-site storage and modify the existing direct
diversion and maximum storage entitlements. A1l other options
are not wviable or will require long time frames before they

could provide service.

C. GROUND WATER EXTRACTION

Over one-half of the water purveyors surveyed by the
California DWR in 19BB indicated that they had, or were
intending to, increase ground water pumping or development in
order to augment their water supplies to cope with another
drought. This finding was consistent with the actions of
water purveyors during the 197&-77 drought when many of them
turned to groundwater sources during a shortage of surface

water supplies.

Many water purveyors have dual ground and surface water
supplies. The DWR predicts that Califormia water purveyors
will look to ground water to play a larger role in combating
droughts in the future when surface water sources are

significantly reduced.

A conjunctive (combined surface and groundwater] wuse

operation provides the water purveyor with great flexibility

94



in coping with drought conditiomns. During periods of
diminished surface water supply, a water purveyor with a
conjunctive use operation can draw groundwater at safe yield
rates to meet projected demands. When surface water supplies

are ample, the water purwveyor can rely on surface water while

allowing the groundwater basin to recharge itself.

Groundwater extraction is not without potential problems.

These potential problems include:

. Ground Water Overdraft
Increasing Pumping Costs
Subsidence

Water Quality Decline
fguifer Depletion

L0 I =T Y

Proper management of groundwater supplies can minimize or
gliminate the probability that these potential problems will

DCCUW .

The following is a list of several groundwater options
that the District may want to consider and an assessment of

their potential given the 3-4 year planning horizon:

1. ON-SITE WELL SYSTEM: Development of one or more
wells in the southwest portion of the District and
develop transmission facilities to deliver the

water to Chesbro Reservoir — limited potential
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according to previous groundwater studies funded by

the District.

2. OFF-SITE WELL SYSTEM (SLOUGHHOUSE): Development of

a well in the alluvial deposits between the

Cosumnes Riwver and Deer Creek southwesterly of
Sloughhouse and develop transmission facilities to
deliver the water to Chesbro Reservoir - good to

excellent potential.

3. OFF-SITE WELL SYSTEM (SUNRISE BLWYD. AND DOUGLAS
BLVD. )= Development of a well in buried stream
channels in the wicinity of Sunrise Blwd. and
Douglas Blwd. and develop transmission facilities
to deliver the water to Chesbro Reserwvoir = fair to
good potential but there is a potential threat of
groundwater contamination from the nearby fAerociet &

McDonnell-Douglas sites.

It appears that the most viable groundwater option is the
development of a well in the alluvial deposits between the
Cosumnes River and Deer Creek southwest of Sloughbouse. The
on-site well option warrants further testing prior to being

eliminated from further consideration. If a ground water
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source in this location was proven, significant cost savings
could be realized over the Sloughhouse option because of
shorter transmission distances. Due to the extremely high
capital costs of the Sunrise/Douglas option, resulting from
the wvery long transmission distances, this option should be
considered only after the other two groundwater options are

proven not to be wviable.

As mentioned earlier, the level of the District’'s storage
reservoirs will begin to fluctuate greatly each year as the
community 1s developed. If a groundwater source is developed
to augment the District’'s water supply system, public pressure
to keep the lakes filled may result. Use of the goundwater
source for aesthetic purposes may Jjeopardize the reliability
of the groundwater supply to meet M & [ demands during a
drought. Careful evaluation of the conseguences of such

action is advised.

D. SHORT TERM ALTERNATIVES

Review of the surface water diversion and groundwater
extraction alternatives presented above indicates that there
are three wviable supply augmentation alternatives that should
be given serious consideration. These alternatives all have

the potential to meet the District’'s water supply needs within
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a 3-4 year planning horizon. The location of these short term

alternatives are shown on Figure No. 10.

Appendix "J" includes a December 20, 1789 report on Water
Supply Alternatives prepared by Harvey J. Dunlop that
supplements this discussion. A more detailed explanation of
each of these alternatives, their relative merits and

preliminary cost estimates follows:

1 ON-SITE WELL SYSTEM: Previous groundwater studies
authorized by the District indicate that there is a
limited potential for groundwater in the alluwvial
deposits along the Cosumnes Riwver i1in the southwest
portion of the District (Luhdorff & Scalamini 1988).
Test boring logs indicate the existence of a minor
groundwater strata at a depth of approximately 250-300
feet. Yield estimates are in the range of 3JI00-500

gallons per minute.

If this ground water source is proven, then a field
of wells 4-8 wells would be constructed along the
southwestern perimeter of the District. This well field
would be connected to a transmission pipeline that would
generally be routed northerly to Jackson Road, esasterly

to Sloughouse Road, northerly to the northern perimeter
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of the District, and then easterly to a point of
discharge in Chesbro Reservoir a distance of

approximately 3 1/2 miles.

During periods of surface water shortages, the well

field would be activated to meet the M & I demands of the
District. In addition, it may be possible to provide a
interconnection between the transmission pipeline and the
proposed commercial area irrigation system. This inter-
tie could act as a backup supply for irrigation during
yvears when the well field was not needed to meet M & I

demands .

Assuming that the 2,500 acre-foot supply deficit
will occur in over am 9 month period, the total
continuous flow from the well field would need to be
approximately 2,000 gpm. If each well produced 400 gpm,
then a total of 3 wells would be reguired. Preliminary
engineering costs for this alternative has been estimated
to be in the range of $2.5 - 3.0 million (Appendix "K").
The cost per future customer is estimatéd to be %800 per

EDLU.
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OFF-SITE WELL SYSTEM (SLOUBGHHOUSE)}: The California DWR
records indicate that the alluvial deposits located
between the Cosumnes Riwver and Deer Creek southwest of
Sloughhouse have a very good chance of yielding reliable
groundwater. The U.5.6.5. QOuad map for this area
indicates the existence aof many agricultural wells in

this wvicinity.

Below this area, at depths of 300-3500 feet, there
exists Mehrten Formation. Mehrten Formation is the
principal aguifer in the greater Sacramento area.
Domestic wells tapping this aquifer often vyield 2,000-
3,000 gpm. The actual yield in this locale will probable
be somewhat less than these amounts due to the smaller
aguifer thickness of the Mehrten Formation that exists in

the sast county area.

If an acceptable groundwater source 1s proven 1in
this area, then one or two large wells would be
constructed. These wells would be connected to a
transmission pipeline that would generally be routed
northwesterly to Jackson Road, easterly along Jackson
Road to Sloughhouse Road and then northerly and easterly
along the route described earlier to a point of discharge

in Chesbro Reservoir a distance of approximately B8 miles.
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The pre—-engineering costs for this alternative has been
estimated to be in the range of $5.5 - &.0 milliom
(Appendix "K"). The cost per future customer is

estimated to be %1,&00/EDU.

The selection of this alternative would result in
the construction of a transmission pipeline that could be
utilized to transport Folsom South Canal flows to Rancho
Murieta. The transmission pipeline route would come
within 2-3 miles of the Folsom South Canal. & pump
station and a pipeline inter-tie could be constructed at
a future date to transport flows from the Folsom South

Canal to Chesbro Reservoir.

o, ON-SITE STORAGE : The results presented in Chapter
5 indicate that the maximum diversion entitlement of
Application 234146 (6,348 AF) will not be fully utilized
in future years. The water budgets presented in Chapter
5 indicate that this entitlement will be under utilized
by approximately 1,000 acre fTeet during anmn average dry

vear.

An increase in on—-site storage capacity would allow

for the full utilization of the maximum diversion

entitlement. Modification of the maximum storage
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entitlement (3,700 AF) would allow for full utilization
of the maximum diversion entitlement (4,368 AF) and allow
for diversion of the projected 2,500 acre-foot supply

deficit over a periocd of several non-drought vears.

While it is not economically feasible to increase
the storage wvolume of the District's existing storage
reservoirs, there is a reservolr site to the northeast of
Clementia Reservoir, Jjust beyond the District boundaries
- a distance of approximately 1/2 mile. A second
possible reservoir site is located north of Clementia
Reserwvoir. River flows could be diverted through the
District’'s existing diversion facilities to Clementia
Reservoir. The water could then be pumped to the newly

constructed reservoir.

Assuming that the maximum diversion entitlement is
not ifmcreased, river diversions over several years could
fill the new reservoir. The water stored in the new
reservoir would be held in reserve for use during a
drought event. In the event of a drought, water would be
released from the new reservoir by gravity to Clementia

Reservoir for subsequent consumption.
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After initial filling, only the annual evaporation
and seepage losses of the new reservoir would have to be
diverted from the river 1n subseguent vyears. After a
drought, the depleted volume of the new reservoir would
need to be replenished. The pre-engineering cost
estimate for the alternative has been estimated to be in
the range of %13.5 - 14.5 million (Appendix "K'"]}. The

cost per future customer is estimated to be %3,F00/EDU.

The estimated costs of the short term supply

augmentation alternatives is summarized as follows:

ALTERNATIVE
MNUMBER DESCRIPTION ESTIMATED COST
1. OMN-S5ITE WELL $Z2.3 - 3.0 MILLIOM
SYSTEM {$8500/EDU)
2. OFF-SITE WELL $3.09 = &.0 MILLIOM
SYSTEM (SLOUGHHOUSE) ($1,5600/EDU)
3. ﬁN—SITE STORAGE $13.5 - 14.5 MILLION

($3,900/EDU)

If the on-site groundwater supply can be praven,
Alternative MNo, 1 (On-S5ite Well System) is the most
economical of all alternatives. If the on—-site
groundwater source 1is proven to be inadequate, the
Alternative No 2 (0ff-Site Well System - Sloughhouse)

should be investigated for feasibility. Lastly, 1f
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groundwater sources are not available, Alternative Mo. 3
{On=-5ite GStorage) should be investigated due to 1its

extraordinarily high cost.

E. LONG TERM ALTERNATIVES

Several of the long range alternatives have encouraging
future potential - but they can not be developed within the 3-
4 wyear planning horizon. Most notable of these long range
alternatives is the construction of a multi-purpose Auburn
Dam. This project has received significant attention in the
Sacramento area recently due to its potential to control
devastating floods and provide a much needed water supply. If
this facility was developed, water could be delivered to
Rancho Murieta either through the Folsom South Canal aor

through the County Line Reserwvoir.

The potential exists to develop a joint powers agreement
(JPA) with neighboring water purvevors to jointly develop one
or more of the long term alternatives. Ten local water
purveyors are currently in the process of creating a JPA, the
Sacramento Area Water Authority, for this very purpose. The
District could become a charter member of this JPA and
participate in the development of one or more of these

projects.
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The City of Folsom is currently looking at developing
additional water supplies. Ferhaps a JPA with the City of
Folsom could lead to the development of the County Line

Feservolir Project.

Similar opportunities may exist with Samn Joaguin County,
East Bay Munmicipal Utilities District, Sacramento County, EIL
Dorado County and Amador County. The Diétrict should begin to
actively pursue the development of a JPA or other interagency
agreement that could lead to a permanent and reliable long

term water supply.
F. FINANCING ALTERNATIVES

A finmnancing plan for the selected alternative will need
to be developed. While several alternatives are possible, the
simplest would be the establishment of a development fee to
finance the construction of the preferred alternative. The
difficulty with this financing mechanism 1is that it is a "pay
as you go" fimamcing method. That is, only after development
has occurred and customer demands realized will sufficient

funds be available to develop the water supply.

An alternative to this method is to utilize a public

benefit assessment district to fund the needed water supply
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without the needed water improvements and the improvement
could rnot be financed wuntil land walues increased from

development activities - the classic "Catch-22".

The first action the District should take is to adopt a

Water Supply Augmentation Fee (a development fee) to fund the
needed water supply improvements. Once in place, the fee
could be capitalized in some fashion to generate the large sum
of money regquired to construct the project within the next 3 -

4 years. Solution of the funding problem will be critical to

the success of the supply augmentation project.

Obviously, the fiﬁancing of the needed water supply
improvements will need to be carefully studied. Once a
financing plan is adopted, the improvements could be developed
in a timely fashion to meet the projected water needs of the

community.

108



CHAPTER 7

DROUGHT CONTINGENCY PLAN

A. BASIC CONCEPTS

The essential role that a reliable water supply plays in
supporting our society highlights +the need for advance
preparation in the event of a drought. Also, such contingency
planning allows selection of an appropriate response
consistent with the sewverity of the drought. The actions
taken should be adeguate to deal with the circumstances but no
more severe than are warranted. This chapter will describe,
in concept, a planning process designed to guide Rancho

Murieta's actions during pre-drought and drought stages.

Many of these concepts can be put in place before a
drought begins. For instance, an ordinance authorizing a
staged water use reduction program can be enacted and "on the

books," ready for such am eventuality. This can =smooth the

transition to drought response.

Gaining public acceptance of the drought contingency plan

may be the hardest obstacle faced by the District during a

drought. A key to successfully obtaining public acceptance
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lies in well organized public information and education
programs. Actively snli:itiné public involvement in the
preparation of the drought response plan can greatly increase
its chance of success. The establishment of an "ad-hoc" task
force representing all segments of the community can be useful

in tying together the public involvement effort.
B. LEGAL AUTHORITY

Chapter 3 of the 5S5tate Water Code provides that, during
a drought, local governments may establish and enforce water
conservation measures. Examples are restricting car washing,
landscape irrigation, and pool refilling; installing water
meters; and establishing maximum allowable daily use of water
per person or connection. Penalties provided under drought
emergency ordinances can include such actions as civil fines,

installing flow restrictors, or terminating water service.

Local water agencies also hawve the authority to declare
a water shortage emergency when they determine that the
ordinary demands of water users cannot be met without
depleting the water supply to a level insufficient to supply
human consumption needs. The local agency has the authority
to adopt regulations and restrictions to conserve water for

domestic, sanitation, and fire protection use.



The District Water Code, Section 10, "Conservation," sets
forth the specific water conservation reguirements of the
District. In conjunction with Chapter 3 of the EState Water
Code, the District has the legal authority to establish and

enforce a drought contingency plan.

C. DROUGHT CONTINGENCY PLANNING

While the development of a drought contingency plan for
Rancho Murieta is beyond the scope of this report, it is
important to review the basic concepts that should be included
in Rancho Murieta’'s Drought Contingency Flan. There are six
steps that need to be takem in the preparation of a drought

contingency plan.

It is important to note that these steps are part of a

dynamic process which is constantly evolwving as new

information becomes awvailable. The Califarnia DWR "Urban
Drought Guidebook” includes an excellent model for drought
contingency planning. The majority of drought contingency

concepts discussed in this chapter were modeled after DWR

recommendations. These six steps are as follows:



STEF DESCRIPTION

FORECAST SUPPLY IN RELATION TO DEMAND
ASSESS DROUGHT MITIGATION OPTIONS
ESTABLISH TRIGGERIMG LEWVELS

DEVELOFP DEMAND REDUCTION PROGRAM
ADOPT THE DROUGHT PLAN

MONITOR RESULTS -AND ADJUST DROUGHT
STATUS

[ R P S

1. FORECAST SUPFPLY IN RELATION TO DEMAND

The process is initiated in Step 1 where supply and
demand data are collected. This activity is needed as a basis
for planning and estimating how much water of acceptable
guality will be available under wvarious crisis conditions.
Physical constraints, such as pumping capacity and operational
limitations, are considered as well as basic supply and demand
information. The best time to initiate the planning process
is before a drought takes place. Step 1 is the subject of

this report.

2. ASSESS DROUGHT MITIGATION MEASURES

During this step, supply augmentation and demand
reduction options are investigated and evaluated, including
any problems or constraints resulting from the use of such

options. The ability to temporarily augment supply or reduce



water demand is subject to varying degrees of effectiveness.
The effective elements of drought contingency plans which
have a proven track record establish a firm foundation for

effective future drought management.

SUPPLY AUGMENTATION

Methods of supply augmentation cam be classified into
five groups: (1) methods to increase existing supplies; (2]
drawing from reserve supplies; {(3) methods to increase
efficiency; (4) modifications to operations; and, (9)
cooperative efforts with other agencies. Implementation of
supply augmentation is often difficult because few of these
actions can be undertaken quickly. Also, many of these
methods involve balancing environmental and jurisdictional
considerations. Finally, if reserves are used these resources

must eventually be replenished.

Despite the inherent difficulties with wusing supply
augmentation options, even minimal supply augmentation
programs hawve been helpful in drought situations for several
reasons. Developing extra supply will increase the District’'s
credibility with customers by demonstrating that the utility
is maximizing its efforts to deal with the drought. Also,

supply augmentation reduces the amount of demand reduction
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golf course and open space irrigation.

Two additional methods of demand reduction exist which
are generally imposed to affect all customer classes -

rationing and price restructuring.

RATIONING

Consumer response to rationing programs is mare
predictable than to other measures, and these are generally
the most effective programs to achieve significant demand
reduction. In nearly every instance where mandatory rationing
Was implemented during the 1976-77 drought, CONSUumers

responded by reducing water use further tham was requested.

During the 197&6-77 drought, in fact, one of the inherent
problems with a rationing system is in accurately designing
the program to achieve the desired demand reduction level
without greatly exceeding this amount. Although mid-course
corrections can be made to lessen the impact of a program
praoving to be too severe, such adjustments are risky and most
managers are reluctant to make them. Water agency officials
feel that changing programs once they are in place sends a
message to the customers that the utility lacks resoclve.

Therefore, necessary rationing program corrections, needed to



expressed as:

elasticity = Percent change in guantity consumed
Fercent change in price

The DWR reports that published studies show elasticities
in the demand for urban water supply to wvary from -1.2 to -
0.5. For a community with an elasticity of -0.5, a 10 percent
price increase will result in a 5 percent decrease in usage

(DWR 1988).

Several wvariables have significant effects on price
elasticity. For example, elasticity waries with type of
customer. Single family residences using a large amount of
water for outside irrigation or industries involwved in wet
processes generally are more price sensitive than smaller
volume customers. Also, the income level of residential users

i1s an important wvariable.

Therefore, although it is clear that consumption will be
reduced to some extent if prices are increased by an amount
significantly greater than that needed to compensate for
inflation, it is not easy to predict the magnitude of the
reduction. The District needs to develop its own data showing

how customer consumption is affected by price changes.



Analyzing existing data from a nearby community of similar
composition may also wvwield workable predictions. Values

quoted in the literature should be used with caution.

Significant water conservation is unlikely to be achieved
through the use of normal rate increases. However, there are
several pricing structures suitable to enhance the effects of

a drought manmagement plan:

Seasonal rates
Excess use charges
Fenalty charges
Drought surcharge

£olAd R
i

Under a seasonal rate schedule a higher unit price is
imposed during peak usage months. An excess use charge (or
inclining block rate structure) applies a higher unit price to
the volume consumed above a set limit. Penalty charges are
similar to excess-use charges except that the same unit price
is charged for the entire wvolume consumed and a flat fee is
assessed 1f total usage exceeds a set ceiling. With either of
these pricing structures, care must be taken in defining what
is excess consumption on the part of various customer classes.
A drought surcharge may also cause reduction in water use.
Since this is primarily a revenue generation measure, it is
normally included with revenue issues in  the program

formalization step (Step 5).



Whenever price structure changes are contemplated for use
as part of a drought mamagement plan, a realistic assessment
of the time and effort to complete the approval process must
be made. 0Often, the water rate setting process takes several
months. Also, 1t may be inappropriate to expect the
conservation benefits of price changes to make an immediate
impact if billing cycles are staggered or are on a bimonthly

basis.

ENFORCEMENT

During extreme shortages, a call for voluntary
conservation may not bring sufficient reduction of water use,
especially where water consumption is to be reduced by more
than 20 tao 25 percent. In such cases it may be necessary to
institute mandatory conservation measures (such as rationing),
enforceable under the authority of special ordinances or
revised rate schedules. Penalties can vary from warnings, to
fines to flow restrictions. The most severe wviolations may

call for discontinuance of service.

Mamy utility managers have noted that the simple fact
that enforcement mechanisms are awvailable 1is the most
important feature, and that application of enforcement

procedures is rare. Nevertheless, it is important that
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customers know that those few who choose not to cooperate will
be dealt with firmly. In this way, the consumer receives
added assurance that the program is uniformly applied and fair
to all. District policy makers must be certain to communicate

their resolve in this regard at the very start of the program.

Monitoring customers for compliance with mandatory
measures that are not strictly comsumption related 1is a
complex issue. Most utilities rely heavily on peer group
pressure and observation by water agency field emplovees
during their regular work schedule. Also, District emplovees,
whose daily routine work reguires them to be moving about the
tnmenity, can be empowered to issue citations. This is an
effective method of covering the service area at minimum
expense and with little interruption of the employee’ s regular
duties. Police are not widely used unless there is a problem

with a specific customer.
EVALUATING DROUGHT MITIGATION MEASURES

Once drought mitigation measure are identified, certain
information must be generated to provide the District decision

makers with a rational basis to review and select appropriate

measures that will be used in the plan. Basic considerations
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include:

1. Yield/water savings

2. Quality of supply

mg Adeguacy of treatment facilities to utilize
supplemental source

4. Technical and/or environment impacts of developing
supplemental source

i Lead time reguired to activate measure

& Direct and indirect costs

7 Legal or procedural requirements for implementation

Supply augmentation methods must be scrutinized against
all of these items. Only items 1, 5, &, and 7 would apply to

demand reduction options.

Step 2 is finalized by eliminating measures which are
infeasible and arranging the remaining feasible measures in
logical groups. Identifying the specific application of a
drought management measure {mandatory wversus wvoluntary,
residential versus nonresidential) will serve as a basis for
the plan formulation activity in Steps 3 (setting triggering

levels) and 4 (the demand reduction program).

This report includes a preliminary evaluation of supply
augmentation methods in Chapter &, but only a cursory review
of demand reduction methods, primarily in the form of overall
reductions as a percentage of normal use that can be utilized
at Rancho Murieta. Additional evaluation of these options and

their eventual implementation will be required to complete a
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drought contingency plan for Rancho Murieta.

3. ESTABLISH TRIGGERING LEVELS

Knowledge of the supply deficit situation generated in
Step 1 must be refined in this step. The specific data used
to "trigger" sequential drought plan phases must be
identified. Then, with deficit reduction goals quantified,
the appropriate water-sawving measures can be subsegquently

selected for the demand reduction program in Step 4.

Comparison of forecasted supply and demand provides the
basis for initiating or upgrading a drought emergency. The
extent of supply sources and the complexity of their
allocation determine how elaborate a drought stage trigger
mechanism should be. A& relatively simple scheme, measurement
of the water lewvel of the impoundment reservoir (expressed as
a percent of normal seasonal capacity)] gives sufficient
indication of drought status in a community primarily
dependent on a single supply source such as is the case at

Rancho Murieta.
A more complex supply situation may require monitoring of

several parameters and the preparation of multiple sets of

trigger mechanisms to reflect the seasonal relationship of
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supply wversus demand. The dewvelopment of multiple sets of
trigge+r mechanisms 1is probably not required for Rancho

Murieta.

Whatever parameters are used for trigger mechanisms, they
must be ones that can be assessed on a freguent basis, The
analysis of such information must also be made readily
avallable to District decision makers in a timely manner.
Using such a guantified system, advancement through drought

=tages generally will be automatic.

Typically, trigger levels are determined for a number of
varying drought alert stages - usually three to five stages,.
The rnumber of stages is determined by balancing the need to be
responsive to wvarying severity of droughts and the need to
keep the drought response plan simple to implement and manage.
The careful balancing of these needs can have a great deal of
influence on gaining customer support for the plan and

achieving programmed goals.

Drought stage triggering levels for Rancho Murieta should
be based on objective criteria that can be assessed on a
frequent basis. Cosumnes Riwver flows and actual diversions
are one of the criteria that could be used. Other criteria

include levels of reservoir storage, DWR winter and spring
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river flow forecasts and NWS long range weather forecasts.

Some consideration has been giwven to the number and form
of drought stages that could be adopted for Rancho Murieta.
This staging sequence.is based upon a phasing model suggested
by the California DWR. The suggested drought stages for

Rancho Murieta are shown in Table Mo. 12.

The number of successive levels of drought staging should
be correlated with a series of realistic deficit reduction
goals. Deficit reduction objectives for each drought state
are commonly expressed as a percentage of average demand

levels or as a guantity (volume or rate) of water saved.

Setting of realistic goals includes avoiding instituting
demand reduction efforts that are overly conservative in light
of the drought situation at hamd, even if they are technically
achievable. It must be recognized that curtailment of water
use results in economic impacts, on the District as well as
the customer, at relatively low levels of restriction,
Establishing appropriate levels of deficit reduction is also
important in terms of sustaining consumer support of voluntary

and mandatory measures.
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TABLE Mo.l2

-----------

FROPOSED DROUGHT STAGE PROGRAM

DROUGHT STACE No.I:  DROUGHT ALERT (MINOR SHORTAGE POTENTIAL - FEBRUARY 1)

---------------------------------------------------------------------------

{1) NID WINTER STREAN FLOW AWD SHOWMELT FORECASTS INDICATE THAT RIVER FLONS AND
DIVERSIONS WOULD BE INADEQUATE TO FILL STORAGE FACILITIES PRIOR TO JUNE 1

(2) BELOW MORMAL PRECIPITATION
(3) WEATHER FORECASTS PREDICT A COMTINUING TREND OF WARMER, DRIER THAN NORMAL COMDITIONS

DROUGHT STAGE No.II: DROUGHT WATCH (WODERATE-HAJOR SHORTAGE POTENTIAL - APRIL 1)

------------------------------------------------------------------------------------

{1) RIVER FLOWS AND DIVERSIONS CONTINUE TD BE LOW

{2) STORAGE RESERVOIR LEVELS BELOW NORMAL

(3) MID SPRING STREAM FLOW AWD SNOWMELT FORECASTS INDICATE THAT RIVER FLOWS AND
DIVERSIONS WOULD BE INADEQUATE TO FILL STORAGE FACILITIES PRIOR TO JUNE 1

(4) BELOW MORMWAL PRECIPITATION
{5) WEATHER FORECASTS PREDICT & CONTIHUING TREND OF WARMER, DRIER THAN HORMAL CONDITIONS

DROUGHT STAGE Mo,III: MINOR DROUGHT (NINOR SHORTAGE - JUNE 1)

(1) TOTAL SYSTEM STORAGE IS NOT FILLED TO CAPACITY AS OF JUNE !

{2) TOTAL SYSTEM STORAGE IS BELOM THE LEVEL REQUIRED TO MEET EXPECTED DEMANDS

DURING A 1 IN 10 YEAR DROUGHT
{3) WEATHER FORECASTS PREDICT A CONWTIHUING TREWD OF WARMER, DRIER THAN WORMAL CONDITIONS

DROUGHT STAGE Mo.IV: MODERATE DROUGHT (MODERATE SHORTAGE - JUME 1)

-------------------------------------------------------------------

{1) TOTAL SYSTEM STORAGE IS NOT FILLED TO CAPACITY AS OF JUNE 1

{2) TOTAL SYSTEM STORAGE IS BELOW THE LEVEL REGUIRED TO MEET EXPECTED DEMANDS
DURING A 1 IN 25 YEAR DROUGHT
{3) WEATHER FORECASTS PREDICT A CONTIHUING TREND OF WARMER, DRIER THAN NORMAL CONDITIONS

DROUGHT STAGE Mo.V:  MAJOR DROUGHT (NAJOR SHORTAGE - JUNE 1)

------------------------------------------------------------

{1) TOTAL SYSTEM STORAGE IS WOT FILLED TO CAPACITY AS OF JUHE 1

{2) TOTAL SYSTEM STORAGE IS BELOW THE LEVEL REQUIRED TO MEET EXPECTED DEMANDS

DURING A | IN 100 YEAR DROUGHT
{3) WEATHER FORECASTS PREDICT A CONTINUING TREND OF WARMER, DRIER THAN NORMAL CONDITIONS

DROUGHT STAGE Mo.VI: CRITICAL EMERGENCY

{1) CUSTONER DEMAWDS AND SYSTEM PRESSURE REOUIREMENTS CANNOT BE MWET
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4, DEVELOF DEMAND REDUCTION PROGRAM

In this step, the actual contingency plan is developed.
The types of customers served and the statutory authority of
the District are some of the considerations that need to be
taken into account in this step. Specific supply augmentation
and demand reduction options generated during Step 2 are
matched with the drought triggering stages developed in Step
3 to achieve the deficit reduction objectives established. A4
good public information program is extremely important at this
stage. Deciding which measures should be used at a given
level of shortage will, to a large extent, determine how well

the public accepts the program.

The best approach to managing water demand during a
drought is to use a phased approach, with increasing levels of
savings in each successive phase.  The California DWR has
developed a model phasing program as a guide to water

pUFvEYOrS.

Early phases rely primarily upon voluntary action by the
water consumers. These actions are taken in anticipation of
a future drought creating a modest water shortage. Subseguent
phases are in response to increasingly severe drought

conditions. Later stages utilize some mandatory measures and
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involve water rationing. The last phase would be inmitiated
only in rare circumstances and is typically set at the maximum
level of water savings that could be achieved in a community

without severe hardship.

The typical demand reduction goals for phased plans
normally range from 3 to 10 percent in the first stage to as
much as 35 percent in the last stage. The final phase of the
model program could achieve more than 353 percent sawvings by
reducing the water allotment contained in the water rationing
program. However, community hardship increases dramatically
above 35 percent. For example, in most communities a SO
percent cutback would necessitate that most turf and
landscaping dies and later it would need to be replaced at

great expense.

Phases are designed to be somewhat flexible and it is not
intended that the District would move through each phase in
every cCcircumstance. It is more likely that a wvoluntary
program would be tried at the first sign of a drought and
then, if the drought worsened, a more stringent phase would be
entered. Deciding which phase is in effect at any time during

a drought would be the responsibility of the District.
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The water saved by the wvarious phases will wvary from
month to month. Many measures included in the various phases
emphasize outside water use reduction. Therefore, their
effectiveness will be higher in the warmer months. MNot only

will the percentage of total demand saved be higher, but also

the total quantity of water saved because of the higher demand
level during those months. For example, if a water rationing
plan is expected to save 25 percent of the total demand-nn an
annual average basis, savings may be as much as 35 percent in
the summer months. There would be a correspondingly lower

rate of savings, perhaps 15 percent, during the winter.

Exactly how much water savings can be achieved 1in any
given month is difficult to predict. A service area where
most of the water use i1s residential with a large proportion
used for landscape irrigation can expect high summer savings
relative to the annual average; whereas a serwvice area with
low summer irrigation demand would experience much less
variation from the predicted annual average savings. 0One way
to account for this wvariation is to assume that the sawvings

can be scaled to the normal year demand curve.
This report utilizes these demand reduction assumptions

in the water budgets presented in Chapter 5. These

calculations inmclude, during periods of water conserwvation,
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greater reduction in seasonally variable demands than compared

to the seasonally non-variable demands.

Some consideration was given to the levels of demand
reduction that should correspond to the suggested drought
stages for Rancho Murieta presented in Table MNo. 12. The
suggested levels of demand reduction for Ramncho Murieta are

shown in Table Mo. 13.

Customer reaction to a well planned drought response plan
is generally wvery good. In fact, it is not uncommon for
customers to exceed the demand reduction objectives. These
additional reductions in demands will reduce the amount of
supply depletion. This reduction in supply depletion then
acts as added reserve capacity so that it can be available in

the latter stages of the drought.

8 ADOPT THE DROUGHT PLAN

Once it is decided that a drought plan is needed, the
District should move quickly to adopt a plan. The process can
usually be completed within 1 to 3 months. I¥ drought
conditions are imminent, the District will need to treat the

situation as an emergency with the necessary people mobilized
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TABLE No.13

-----------

PROPOSED LEVELS OF DEMAND REDUCTION

DROUGHT DEMAND REDUCTION VOLUNTARY OR
STAGE DESCRIPTION ORJECTIVE MANDATORY
I~ DROUGHT ALERT - FEBRUARY 1 10% VOLUNTARY

(MINOR SHORTAGE POTENTIAL)

il DROUGHT WATCH - APRIL ! 13% VOLUNTARY
(MODERATE-MAJOR SHORTAGE POTENTIAL)

ITT  MINOR DROUGHT - JUNE 1 13% VOLUNTARY
(MIHOR SHORTAGE)

I¥  MODERATE DROUGHT - JUNE ! 204 YOLUNTARY
(MODERATE SHORTAGE)

Y MAJOR DROUGHT - JUNE 1 23% MANDATORY
(MAJOR SHORTAGE)

VI CRITICAL EMERGENCY AS REQUIRED HANDATORY
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to develop and implement the procedures to carry out whichever

drought phase may be needed.

Completing a drought plan requires identification of the
budget and staffing resources necessary to maintain the
program during pre-drought and drought phases. The requisite
authority to initiéte any actions or enforce planm compliance
ﬁust also be provided before the plan can be considered

complete.

When all issues and procedures are defined as much as
possible, the plan should undergo a formal public review
process and the finalized document adopted. The basic
elements that should be part of the drought plan are ocutlined

below.
PREPARE A REVENUE PROGRAM

A reduction in water use will mean a revenue shortfall
for most utilities. This is especially true when the
additional costs of dealing with a drought are added in.
There are two common ways of balancing the budget: (1]
raising water rates and (2) imposing a drought surcharge. Two
additional ways that may be available are to use the financial

reserves Ln the general or water revenue fund, and to draw
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from a designated drought emergency account. Various
combinations of these methods cam be used to create a

comprehensive revenue program.

Raising water rates can include an excess charge for esach
unit of water over the customer’'s allotment when rationing is
in effect. This helps to reinforce adherence to the allotted
amounts. If the District simply wants to recover all or part
of its extraordinary drought-related expenses and lost
revenues necessary to meet fixed costs, a drought surcharge
method is easier to administer and enables accurate prediction
of the additional revenue that will be generated. This method
is also easier for the customers to understand as a one-time,
drought related charge and not a disguise for a rate increase

which may not be lifted after the drought is over.

The District could consider the financial feasibility of
funding part of the revenue shortfall from emergency reserves.
It may be practical to cover a significant portion of the

extraordinary expenses and lost revenue from such funds.

Regardless of the method selected, it is necessary to

include the following actions as part of the revenue program:
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1. Estimate the amount of water use reduction that
will be achieved and the associated lost revenue.

2. Design a rate adjustment or drought surcharge that
will cover the anticipated revenue deficit.

3. Monitor actual revenue and compare with forecasted
revenue and adjust drought surcharges as needed -

but not too often.

State and federal agencies offered financial assistance
to communities affected by drought in the 197&6-77 drought.
Many of these programs are still in effect. Programs which
have been discontinued serve as examples of assistance that
might be made available during a future drought. Use of such
external sources of finmnancial assistance may reduce the

District's revenue shortfall.

DEVELOP AN ADMINISTRATION PROGRAM

Administration of the drought plan combines the skills
needed to undertake a comprehensive public information program
with the judgment reguired to deal with the equity issues
arising from a mandatory program and enforcement of the
program. The District should establish a Drought Management

Team to deal with the drought, implement the conservation
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plan, the public information plan, the revenue program and the

monitoring program.

DEVELOF INTERAGENCY AGREEMENT AND ORDINANCES

Ordinances should be draftted that will be adopted and "on
the books" for future droughts. They may contain wvarious
levels of mandatory restrictions and provisions that will go
into effect when a state of emergency is declared by the

District.

Joint utility planning in anticipation of a drought can
provide a common approach to drought management among adjacent
utilities, identification of emergency supplies, and possibly
provide for emergency interconnections or other Jjoint
activities. Interagency agreements confirmed in advance will
speed response to an emergency and help to avoid hurried

decisions on matters such as price and eguity.

REVIEW AND FINALIZE PLAM

The drought plan should undergo a formal public review

pProcess. This will help minimize future objections when

mandatory provisions are needed. The drought plan elements

and the need for them should be described in clear, concise
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presentations by staff to the policy makers and the public.

A public hearing of the more controversial aspects of the
plan should be held following sufficient notice. Opposition
to the plan should be anticipated from those involwved with
potentially affected business activities. The ‘"green®
industry, i.e., landscape contractors, nurseries, 2tc., will
probably suffer economic harm during a water shortage and can
be expected to have concerns about certain elements of the
plan. Contacting industry representatives ahead of time and
meeting with them while the plan is being developed may help
them understand the reasons for plan reguirements. The plan
should be communicated to the public so that the wvoluntary
phases have a better chance of being effective. The message
should be "if we voluntarily reduce water use now, we may not

have to ration water later."”

b. MONITOR RESULTS AND ADJUST DROUGHT STATUS

Implementation of a drought management plan includes
ongoing monitoring of the effectiveness of the individual
conservation measures included in the present phase,
monitoring supply availability, and monitoring actual water

use. The following procedure, is suggested:
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I Overlay actual water supply and demand on a graph.
A V-day average can be used to smooth out daily
fluctuations. Frequent updating of this graph is

essential.

Za. Compare actual demand and supply with projected
supply and demand to determine if phase adjustments
may be needed. Prior to altering the demand
reduction phase, the District should consider other
program adjustments, such as raising the level of
expenditure on public information and/or increasing
enforcement efforts. [If this does not achieve the
required stabilization, then further adjustment is

required.

Using these technigues, the District can stay on top of

the situation and make informed decisions throughout the

duration of the drought.
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CHAPTER B

CONCLUSIONS & RECOMMENDATIONS

A. CONCLUSIONS

The following conclusions are based on the data and
analyses presented in this report. These conclusions are
grouped into several categories (i.e., Impacts, Water Supply,

Supply Augmentation, and Drought Contingency Plan).

IMPACTS

Droughts can have a significant adverse impact on urban
areas. Fortunately, Rancho Murieta was only partially
developed during the 1974-77 drought, and impacts +to the
District’'s customers were minimal. When a severe drought
occurs in the future, the District’'s customers will suffer
significant adverse impacts unless additional water supplies

are developed.

Studies have indicated that customers are responsive to
requests for wvoluntary conserwvation in the magnitude of 204 -
25% during a drought. Studies hawve also found that customer

hardship is nmot usually incurred until conservation rates
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exceed 25% and that customer hardship increases dramatically

above 35% conservation rates.

Conservation rates in the range of 504 - &0% were
recorded during the 1977 drought in several severely impacted
water agencies. While significant customer hardship and
economic losses occurred, customers seemed to adapt and

survive the crisis.

WATER SUPPLY

The annual yield of the Cosumnes River varies
significantly from year to year. The river basin is subject
to freguent and prolomged drought - occasionally severe in
nature. The river is the sole source of water for the

District’'s municipal and industrial (M & [) demands.

The District's existing water supply system has the
capacity to serve the ultimate development of Rancho Murieta
{5,968 EDU) during the recurrence of a 25—-year drought similar
to the 1724 drought without conservation efforts. With
development of an additional 1,900 acre feet of water
supplies, the District’'s enhanced water supply system will
have the capacity to serve the ultimate development of the

community during a 100-year drought with a 29% conservation
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rate without significant customer hardship.

During a wvery severe 200-year drought, similar to the
1977 drought, the District’'s enhanced water supply system will

have the capacity to serve the wultimate demands of the

community with a 50% conservation rate. Customer hardship

will be unavoidable during such an event.

These projected supply deficits are summarized as

follows:

PROJECTED
CROUGHT LEVEL OF LEVEL OF SUFPPLY
EVENT CONSERVATION DEVELOPMENT DEFICIT
25-YEAR NMOME 5,968 EDU MOMNE
100-YEAR 20% 2,768 EDU 1,200 AF
Z200-YEAR S0 3,948 EDU 2,300 AF

Prior to the enhancement of the District’'s water supply
system, the existing system has the capacity to safely meet

the following municipal and industrial demands:
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DROUGHT EWVENT

DESCRIPTION Z23—-YEAR 100-YEAR Z00-YEAR
Level of
Conservation NOME 25% S0%

Level of Maximum
Development:

FResidential 5,189 DU 3,800 DU 2,200 DU

Commercial/

Industrial 779 EDU 451 EDU 451 EDU
Total 5,948 EDU 4,251 EDU S 701EDU

The District will be required to carefully manage its
water resources during future droughts. Maximizing river
diversions, minimizing reservoir losses, and reducing customer
water demands are the keys to successfully balancing the water

supply and demand esgquation.

SUPPLY AUGMENTATION

Development activities are increasing within Rancho
Murieta. At the projected rate of development, the capacity
of the water supply system will be exceeded within 3-4 years.
Accordingly, the District’'s planning horizon for augmentation

of its water supply is 3 - 4 years.
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In order to meet the ultimate M & I demands during future
droughts, the District must develop additional water supplies.
Three alternatives have been identified that have the
potential to provide the additional 2,500 acre feet of water
within the District’'s 3 - 4 year planning horizon. These

alternatives are summarized as follows:

ALTERNATIVE . ESTIMATED
NUMEBER DESCRIPTION COST
1 On-site well system $2.9-3.0 Million
($BOO/EDU)
2 fo-;ite well system $9.9-46.0 Million
($1,500/EDU)
3 On—-site storage

Reservoir $13.5-14.5 Million
($3,900/EDU)

While alternative No. 1 is the least expensive of the
three alternatives, 1t has a limited potential to yield a
proven groundwater supply. Alternative MNo. 2 appears to have
excellent potential to become a reliable groundwater water
supply. The cost of this alternative does not appear to be
unreasonable at approximately %1,600/EDU for all future
customers. Alternative MNo. 3 1is the most expensive of the
three alternatives. [t s development would reguire amendment
to the District’'s principal water right (Application 234146) -

a time consuming and sometimes risky process.
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A fimancing plan will need to be developed to fund the
needed water supply improvements. Several financing
alternatives were evaluated. Each finmancing alternative
investigated appeared to have a potential pitfall. The first
action the District should take is to adopt a Water Supply
Augmentation fee. Once in place, the fee could be capitalized
in some fashion to generate the large sum of money reguired to
construct the project within the next 3 - 4 years. Solution
of the funding problem will be critical to the success of the

supply augmentation project.

If a long term water supply is developed sometime in the
future, then the potential for severe customer hardships could
be minimized in even the most severe drought events. A multi-
purpose Auburn Dam could provide this long term supply. The
development of this project is actively being pursued by many

public and private organizations.

Obtaining water entitlements from Auburn Dam at this time
appears to be feasible. Once obtained, these entitlements
could be exercised upon the completion of Auburn Dam. The
Sacramento Area Water Authority, a proposed joint powers
authority of ten local water purveyors, is currently in the
formation stage. The mission of the Authority is to assure

that a multi-purpose Auburn Dam is built.
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DROUGHT CONTINGENCY PLAN

The adoption of a drought contingency plan will allow the
District to be prepared to respond quickly and decisively to
a future drought. Customer acceptance of demand reduction
requests will be enhanmced by a well designed and properly
implemented drought contingency plan. Lastly, District
responsiveness to changing drought conditions will be greatly

enhanced by the adoption of such a plan.
B. RECOMMENDAT IONS

The following recommendations are based on the finding
and conclusions contained in this report. [t is recommended
that the Rancho Murieta CS5D immediately begin implementaticon

of the following recommendations:

b i Adopt the following water supply reliability
standard:

The District s water supply system shall be design=d

[ Provide normal amnnual water demands
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during a Z23=year drought without

conservation.

B Provide annual water demands with a
maximum conservation rate of 25% during a
100-year drought.

S Frovide annual water demands with a

maximum conservation rate of 50% during a

200-vear drought.

Finance and develop a 2,300 acre-foot per annum

conjunctive use ground water supply system, including the

adoption of a Water Supply Augmentation Fee.

Frepare and adopt a Drought Contingency Plan.

Actively pursue the procurement of water entitlements

from and the dewvelopment of future long term water

supplies, including a multi-purpose Auburn Dam.

Undertake all actions necessary to become an actiwve

member of the Sacramento Area Water Authority.
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Allow development within the District to progress to a
maximum of 3,951 EDU.Ecnmpnsed of approximately 3,300
residential DU and 451 EDU of related commercial and
industrial uses) until the District’'s water supply is

augmented to support additional growth.
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APPENDIX "A"

WATER USE SURVEY
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DATE:
AGENCY :
CONTACT :
TITLE:

PHONE NO. :

RANCHO MURIETA C.S5.D.
WATER USE OQUESTIONMNAIRE

Aporoximately how many residential customers on your water
distribution system? .

What percentage of vour residential customers are
metered?

On an annual average basis, aproximately how much water is
used by each residential customer each day? .

rate for each residential

What is vyour design consumption
customer?

What is the design standard for your water supply?

What is the source of yowr domestic water?

How did you handle the 197&-77 drought?

What percent reduction did you achieve from your conserwvation

and rationing effarts in 1L97&=-77:

a) [In peak water demands? .
b) In average annual demands? :
c) In overall consumption? =
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10.

1l..

14,

13.

What measures did you use to curtail demands in 197&6-777 (i.e2.

education, rationing, pricLng, etc).

What provisions have vyou made in anticipation af another

prolonged drought?

-

Do you have a backup water supplv Ln the event of a drought or
water shortage? Explain briefly

Ta what 2xtent do you plan to use rationing to curtail demands
during a prolonged drought in the future?

What part does drought planning play in vour decision toc make
commitment to serve new development?

If you have a written water policy, could you provide us a

capy? CR

Additional Comments:
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APPENDIX "B"

RANCHO MURIETA'S PRINCIPAL WATER RIGHT
(APPLICATION 23414, PERMIT 147562)
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ITATE OF CALIFOERLE
THE RESOUECTE AGIbCT
TATE WaTDR FEIOUECES CONTIOL 83410

DIVISION OF WATER RIGHTS

PERMIT FOR DIVERSION AND USE OF WATER

aMENDED PERMIT 16762

: Bank of America, M.T.35.A. as Corporate Custodfan of
Appliation 23416 of the Pension Trust
_c/o Daniel F. Gallery, Attorney, 926 J 2uilding, Sicramento, California 95814

fled on.. Jecpmher 19 1969 haz been approved by the Stats Water Resources Contral
Board SUBJECT TO VESTED RIGHTS and to the limitations and eonditions of this Permit

Permittes is bereby autborized o divert and use wster 21 follows:

L. Source: Tribatary ta:
(1) Cosuwmnes River Mokelumne River
[2-8) Unnamed Streams . Cosumnes Aiver
(9) Unnamed Stream Crevis Creek thence

Oeer Creek thence

Cosumnes River

2. Location of poiat of diversion: ot ek ey e | T e |
e — | Mariaen
Ses Supplement Page 2
County of___SacTamento
3. Puabes of v 4. Place of uwse: O v | 0y ol
il
Municipal
Recreational
. [ndustrial 3,500 acres in Sections 2, 3
= and 4, T7N, REBE, MDBAM; and !
Sections 26, 27, 28, 33, 34 E
and 15, TAN, RAE, “DBLM i J |
Irrigation 500 acres net within gross f | |
- area of the 1 800 acres i ' |
1 | T
The place of use is thown oa map Gled with the State Warer Resources Coneml Bowrd,
- s

wRDE I 4 san-Fas

: R T T T e e T T ey N T e e e e e e e e e, s e T Y e, - AT
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APPLICATION 23416

PERMIT 16762

FSl

(SUPPLEMENT)
40-acre subdivision Base
2. Location and Point of diversion: of public land survey Town- and
or projection thereof Section ship " Range Meridian
(1) Cosumnes River - by California Coordinates,
zone 2, X = 2,267,670 and Y=303,970 : SWi of SE% 35 8N 8E MD
Diversign and Rediversion
(2) Chesbro Reservoir - by California Coordinates :
zone 2, X=2,265,570 and Y=308,460 NWy of HWYy 35 BN 8E MD
Rediversion:
(3) Laguna Joaquin Reservoir - By California Co- :
ordinates, zone 2, X=2,258,230 and Y=304,130 SEY% of SEY 33 8N 8E MD
(4) Peralta Reservoir - by California coordinates,
zone 2, %=2,258,400 and Y=307,200 SEY of NE4 33 BN 8E MD
(5) Clementia Reservoir - by California Coordi-
nates, Zone 2, X=2,267,230 and Y=305,440 NE% of SWYy 35 BN BE MD
[6) Bass Reservoir - North 1,750 feet and East
1,260 feet from SW corner of Section 35 __NWy of SWy 35 BN BE MD
(7] Black Bass Reservoir - North 3,900 feet and T
East 3,170 feet from SW corner of Section 35 SW% of NEY 35 8N 8E MD
[8) Calero Reservoir - South 1,200 feet and = T T
West 2,500 feet from NE Corner of Section 27 NW's of NEY 27 BN BE MD




APPLICATION _ 23416 PERMIT 16752

5. The water appropriated shall be 1{mited to the quantity which can be
beneficially used and shall not exceed (a) & cubic feet per second by direct
diversion from the Cosumnes River to == giverted from Yovember | of each year to
May 11 of the succeeding year, and (b; 3,050 scre-feet per annum by storage to be
collected from Hovember 1 of sach year to May 31 of the succeeding year as
follows:

A. 3,700 acre-feet per annum from the Cosumnes River to be stored as
fallows:

(1) 1,250 acre-fest per annum in Chesbro Reservoir,
(2) 2,610 acre-feet per annum in Calern Reservoir,
(3) 850 acre-feet per annum in Clementia Reservoir, and
(#) 40 acre=feet per annum in Fairway No. 10 Lower Lake,

The combined amount under (2}, (3) and (4) shall not excesd a total of 2,550
acre-feet,

- 8. 50 acre=feet per annum from an unnamed stream to be stored in I:ihuhm
Reservair. -

C. 100 acre-feet per annum from an unnaeed stream to be stored fn Calero
Resarvair.

The maxfmum rate of diversfon from the Cosumnes River to offstream storage
shall not exceed 46 cubic feet per second. The equivalent of the continuous flow
allowance by direct diversion for any 7-day period may be diverted in a shorter
time {f there is no interference with vested rights. The total amount of water
to be taken from the source shall not exceed 6,368 acre-feet per water year of
Octobar 1 to September 30.

This permit does not authorize collectfon of water to storage outside of
the specified season to offset evaporation and seepage losses or for any other

purpose.

§. The amount authorized for appropriation may be reduced in the license {f
{nvestigation warrants.

7. Said construction work shall be completed on or before December 1, 1988/ 772

8. Complets -ippli:ltiun of the water to the proposed yse shall be made on or
before December 1, 1898, 7 ooo

9. Progress reports shall be subaitted promptly by permittes when requested -
by the State Water Resourées Control Board unti]l license 1s {ssued.

10. Pursuant to California Water Code Sections 100 and 275, all rights and
privileges under this permit and under any license {ssued pursuant therets,
including method of diversion, method of use, and quantity of water diverted, are
subject to the continuing authority of the State Water Resources Control Board in
accordance with Taw and in the interest of the public welfare to prevent waste,
unreasonable use, unreasonable method of use, or unreasonable method of diversion
of zaid water.

The continuing authority of the Board may be exercised by {mposing specific
requirements over and above those contained in this permit with a view to minimiz-
ing waste of water and to meeting the reasonable water requirements of permittee
without unreascnable draft on the source. Permittee may be required to implement
such programs as (1) reusing or reclaiming the water allocated; (2) using water
reclaimed by another entity fnstead of all or part of the water allocated; (3]
restricting diversions so as to elimipate agricultural tailwater or to reduce
return flow: (4) suppressing evaporation losses from water surfaces; (5) control-
11ng phreatophytic growth; and (6) installing, maintaining, and operating efficient
water measuring devices to assure compliance with the quantity limitations af
this parmit and to determine accurately water use as against reasonable water
requirements for the authorized project. Mo action will be taken pursuant to
this paragraph unless the 3oard determines, after notice to affected parties and
opportunity for hearing, that such specific requirements are physically and
financially feasible and are appropriate to the particular situation.
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11. Permittes shall allow repreasentatives of the State Water Resources Contral
Board, employees of Omochumne-Hartnell Water Ofstrict, and other parties as may
be authorized from time to time by sald board, reasonable access to project works
to detrmine compliance with the terms of this permit.

12. The quantity of water diverted under this permit and under any 1fcense
issued pursuant thereto is subject to modiffcation by the State Water Re-
sources Control Board if, after notice to the permittee and an opportunity
for hearing, the Board finds that such modificatfon is necessary to meet water
quality objectives in water quality control plans which have been or hereafter
may be established or modified pursuant to Division 7 of the Water Code. Mo
action will be taken pursuant to this paragraph unless the Board finds that
(1) adequate waste discharge requirements have been prescribed and are in
effect with respect to all waste discharges which have any substantial effect
upan water quality in the area involved, and (2] the watsr quality objectives
cannot be achieved solely through the control of waste discharges.

13. Mo water shall be appropriated under this permit until a public district
or some other organi:ation capable, to the satisfaction of the Board, of supplying
the place of use on 4 contimuous permanent basis, has been established. )

14. Permittee shall install and maintain outlet pipes of adequate capa-
city in his dams as near as practicable to the bottom of the natural stream
channels, or provide other means satisfactory to the State Water Resources
Control Board, in order that water entering the reservoirs which 1s not autho-
rized for appropriation ugder this perwit may be released.

15. In accordance with the requiremsnts of Water Code Section 1393, per-
mittee shall clear the site of the proposed reservoirs of all structures, trees
and other vegetation which would interfere with the use of the reservoirs for

water storage and recreational purposes.

- - e . e s w - . ] e -
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(3) If on April 1, the total amount that could have been diverted
under the foregoing schedule 15 less than 4,400 acre-feet, then
permi ttee may, during the remainder of the diversion seasan [April
1 to May 11), divert the flows in excess of 70 cubic feet per
second up to a maximum of 46 cubic feet per second.

0. For the purpose of providing maximum continuous dewnstream fish
mwigration flows as early as possible in the spring months during years
when ane of the schedules as set forth fn paragraphs C(1)}, C(2), or
C{3) above 1s commenced, the permittee shall continue such diversion
schedule (set forth under C(1), C(2). or C{3) respectively) in order to
complete the diversion to storage under the permit as soon as possibile,
and shall not revert to the diversion schedule under 8 and C above,
except for direct diversion to supply its direct diversion requirements
during the remainder of the diversion season not to exceed & cubic
feet per second. The total seasonal diversion shall not exceed 65,358
acre=feet.

‘EX A1l mmasuremsnts of flows shall be determined at the U.5. Geological
survey gaging stationm “Cosumnes River at Michigan Bar."”

-

19. The Board retains jurisdict’on over this permit for the purpose of modifying
the winioum fisheries flow requiresents to conform to future Board determinations
and fisheries flow requirements of permits 1ssued pursuant to Applications 56458,
5546, 5647A, 19266, and 21835,

20. Perwittee shall, upon authorization by the U.5. Congress of the Hashwille
Unit of the Cosumnes River Division of the Federal Central Yalley Project, repart
annually to the Board on the statys of negotfations for a firm water supply for
the place of use under this permit, to the extent such supply is not available
under prior vested rights of perwittcoe,

2l. Permittee shall divert no water during the period November 1 to June I of
each season except during such time as there is a continuous visible surface flaow
in the bed of Cosumnes River froa permittee's point of diversion to the gaging
station at Highway 99 known as “Cosumnes River at McConnell.®

22. Perwittee shall install and maintain measuring devices acceptable to the
State Water Resources Contral Board to measure accurately the guantity of water
diverted from Cosumnes River,

23. Mo water shall be used under this permit until the permittee has, through
grant of easement or dedicatfon or other means satisfactory to the County af
Sacramento, provided for access by the general public to Cosummes River through
" the proposed place of use.” Such access shall be minimum of 50 feet wide on each
bank of the River, or such width as may be in conformity with the parkway plan
of the County of Sacramento; provided, however, that reasonable public access
along the river 1s maintained.

24. No water shall be used under this permit until the parmittee has filed a
report of waste discharge with the California Regional Water Quality Control
Board, Central Yalley Region, pursuant to Water Code Section 13260, and the
Regional Board or State Water Resources Control Board has prescribed waste
discharge requirements or has indicated that waste discharge requirements are
not required. Thereafter, water may be diverted only during such times as all
requi rements prescribed by the fegional Board or State Board are being met. MNo
discharges of waste to surface water shall be made unless waste discharge
requirements are fssued by a Regional Board or the State Board. A discharge to
groundwater without issuance of a waste discharge requirement may be allowed
if after filing the report pursuant to Section 13260:

(1) The Regiaonal Board issues a waiver pursuant ta Section 13269, or
{2) The Regional Board fails to act within 120 days of the f{ling of
the report. :

Mo report of waste discharge pursuant to Section 13260 of the Water Code
shall be required for percolation to the groundwater of water resulting from the
irrigation of crops.
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25. In order to prevent degradation of the guality of water during and after
construction of the project, prior to commencement of construction permittee
shall file a report pursuant to Water Code Section 13260 and shall comply with
any waste discharge requirements imposed by the Californifa Regional Water Quality
Centrol Board, Central Valley Aegion, or by the State Water Resources Control

Board.

26. When the flow of treated wastewater reaches 424 acre-feet per annum,
permi ttee shall implement the use of such wastewater for irrigation purposes in
11eu of water from other sources as provided in Sections 15550 and 15551 of the
Water Code. Such use shall be reported on the annual progress reports filed with
the Board.

27. This permit s subject to the agreement dated March 26, 1979 bewteen
permittee and Omochumne-Hartnell Water District, to-the extent such agreement
covers matters within the Board's jurisdiction.

28. Suitable metering and recordfng devices shall be {nstalled, operated and
maintained in good working order by Rancho Murieta at the following locations:

A. On the discharge 1ine of each pumping station located within the
forebay of the CIA diversion Canal headworks and which divert water to offstream
storage pursuant to Permit 16762. A suitable recording device shall also be
installed which will provide a continuous record on a strip or circular chart of
rates and time of diversion for each pump.

B. At the headworks of the CIA canal a continuous stage recorder to
record diversions fnto the canal. ODirect measuremants to be made at least
bimonthly to provide an sccurate stage-discharge relationship. The recorder may
be removed during periods of high water.

C. On any other pumping facilities which divert water from the Cosumnes
River including but not 1imited to those facilities commonly referred to as the:

(1) Bass Lake Pump
{2) 01d 8ridge Pusp
(3] Rock Plant Pump

Totalizing meters will be deemed adequats for the foregoing and for
{0} and (E}.

0. A mstsr shall be installed in the Cosumnes [rrigation Association
Canal downstream from the Laguna Joaquin Reservoir,

E. At all points where water {5 withdrawn from storage for beneficfal
use, except from Fairway No. 10 Upper Lake. Water withdrawn for transfer
to another reservoir will also be measured except for transfers among Calero,
Clementia and Chesbro or from those reservoirs to the Treatment Plant.

F. For purposes of the measurements described above, hour meters of KWH
consumption shall not be considered adequate unless otherwise agreed to.

G. At Calero, Chesbro and Clementia Reservoirs changes in storage will be
meazured at least monthly, and this {nformation, plus any additiomal measuremesnts
actually made regarding changes of storage, furnished to the Board upon request.

29. Permittee shall devise a method or plan satisfactory to the State Water
Resources Control Board to obtain current stream flow data at the U. 5. Geologfcal
Survey gaging station at Michigan 8ar. 3Such plan shall be submitted to the Chief
af the Oivision of Water Rights within 60 days.
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Application

0. Permittes shall make all reasonable effort to collect local runoff to
storage to the extent local runoff is available in lieu of diverting water from

the Cosumnes River.
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ITATE OF CALIFORMIA
THE RESOURCES AGENCY
STATE WATER RESOURCES COMTROL BOARD

DIVISION OF WATER RIGHTS

ORDER
arrucation_ 234186 PeRMT 16762 LcBeL__
ORCER APPROVING A NEW CEVELCPMENT SCHEDULE
AND AMENDING THE FERMIT
WHEREAS :

1. A petition for extension of time within which to develcp the project and
apoly the water to the proposed use has been filed with the State Water
Rescurces Control Board.

2. The permittee has proceeded with diligence and gocod cause has been shown
for extension of time.

MCW, THEREFORE, IT IS ORCERED THAT:

l. Paragragh 7 of the permit is amended to read as follows:

CONSTRUCTICON WORK SHALL BE
CCMPLETED ON OR EEFURE Decearber 1, 1990

2. Paragrarh 8 of the permit is amended to read as follows:

QCMPIETE APPLICATION OF THE
WATER. TO THE PROPOSED USE
SHALT BE MADE CN OR BEFURE Decatber 1, 2000

3. Paragraph 31 is added to this permit as follcws:

The State Water Rescurces Control Beard, under its authority to conserve
the public interest, retains continuing authority over this permit to
require permittee to develop and implement a water conservaticn prograr,
after notice and opportunity for hearing. The raquirements for this cerm
may be satisfied by permittee's campliance with any camprehensive warer
conservation program, approved by the State Water Rescurces Contiool Board,
which may be imposed by a public agency.

Dateds SEPTEMBER | 4 1932

A i
\ . :,'JQZ,
! 160
nd Walsh, Chief

Division of Water Rights



APPENDIX "C*

COSUMNES RIVER DROUGHT FREQUENCY ANALYSIS
UTILIZING
LOG-PEARSON TYPE III DISTRIBUTION
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ORDER YEAR
1 1708
2 1909
3 1M
4 11
I b ¥4
& 1713
71914
§ 13
¥oo1914

1917
i1 1718
12 191%
13 1920
14 1921
15 1922
fs 1923
ir 1924
18 1723
1y 1924
a0 1y
21 192e
2 19
&3 1930
24 1931
25 1932
26 1¥33
27 194
28 1933
2¢ 1934
o 1937
a1
32 1939
33 1740
34 1941
3B 1942
36 1743
71544
34 1745
37 1748
4 1747
41 1948
42 1949
43 195

44 1931
45 1952

LOG-FEARSON TYPE TIT DISTRIBUTION

COSUMNES RIVER ANMUAL YIELD
(A5 MEASURED AT MICHIGAN BAR)

ANNUAL YIELD
AC-ET, ¥

144,100
594,400
462,100
875,000
138,700
127,400
546,200
408,700
571,400
415,700
224,200
259,300
170,400
404,800
424,500
438,400
40,350
380, 400
147,800
452,400
315,600
115,300
165,100
45,820
314,300
113,200
122,400
369,300
522,500
399,500
483,200
92,220
501,800
401,600
510,200
860,100
187,900
154, 600
390,300
144,800
249,000
237,400
331,400
762,400
781,900

LOG X

J.1386640
5.7756832
5s 6447340
5.7425041
5.1420755
5.10515%4
5. 7373517
5.8114044
5.7570922
36187800
5,3504354
3.4138023
5.2319790
3.6093809
50299190
305418703
4,6050433
5.5804488
T 156%a744
316335226
J.4991370
5. 06148293
5.2177471
406410551
To4973444
50530444
J.0877814
545873773
5.7181694
546015158
5.834547%
§ 75648231
37005307
36037737
37077405
T 8194057
32739258
5.5521413
5.5713784
F. 1807684
5,4297523
5.3734807
5.5203525
5.8821827
3.8731512

2

007822458
0.11379098
0.05124874
0.254146724
0.08778043
d.11101202
0. 08939957
0.027945647
0. 10157400
003255352
0.00757453
0. 00050278
0. 04259067
002925017
0403669713
0.04141895
049307382
0.02017459
0.07218874
0.04714214
0.00367434
014177091
0. 048646744
0.560419374
0 00347785
0. 14734414
0.12290120
001664751
0.07829641
0.026562204
015696950
0.22422769
0, 048734653
0.02737027
0,07256701
0,14535587
0,02703634
0.01275644
0.02342241
0.07705373
0. 400073799
0.00395304
0400472374
0,17598400
0. 20684042

162

-0, 02187517
0,038338301
0.01160179
0.12813842
-0, 025007348
=0, 036547350

0,02673024

1.00518226
0,032381868
0.00547350
-0, 00067473
-0.,00001480
=0, Q8727435
0,00500257
0.00702588
0.00842744
-0, 57499124
0.00287023
-0, 019395465
0,01024214
0.00022457
-0, 053348024
-0, 01073638
-0, 44943917
0,00020528
=0, 03484797
-0, 04308580
0.00214795
0.0219085%
0.00434373
0.06217034
-0, 104817925
D.01802111
0,00452313
0.017349190
0.03541774
-0, 00444551
0,00147482
0.00358470
-0, 02138900
-0, 00000044
-0, 00024454
0,00053134
0.08742717
009407043

PAGE 1 OF 7
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ORDER YEAR

46 1953
47 1954
4 1933
49 1954
-1 ST
il 1938
g 1959
3310
34 196l
35 1942
36 1943
57 1954
38 1945
59 1964
a0 1967
61 1948
82 1947
63 1970
a4 171
65 1972
b6 1973
a7 1974
58 1975
89 1974
n 17
1197
7E 1979
73 1980
74 191
75 1982
76 1743
77T 1984
78 1985
7% 1984
30 1987
81 1788

ANNUAL YIELD

AC-FT, X

244,400
229,100
178,500
547,400
238,200
455,100
116,300
150,200

54,910
210,900
453,900
143,200
$35,000
167,900
501,200
149,700
579,900
448,400
332,000
182,400
441,900
544,900
364,500

54,370

15,760
453,000
309,400
545,400
117,900
955,200

1,221,000

597,800
163,000
704,400
72,380
52,610

----------------------------------------------------

29,263,420

HEAN OF LOG (X}
STANDARD DEVIATION OF LOG (X) =
SKEW COEFFICIENT

Lo ¥

304222615

33600231
3.2515382
38243862
5.3769418
3.8L43074
T.0674420
5. 175669%
4,7396314
5.3240764
Fo45694602
3.1559430
3.8169038
32250507
57770170
5.2294818
3,8324450
344514593
J.3211381
3.2615008
5.4453240

+7363148
3.341897%
4,7393350
4.1975542
T+ 6560782
3.4708010
347523538
5.0715138
37800943
5. 08467157
3.7756553¢
32121875
5.8477424
4,8626084
4,7210683

440,3066813

3

{LOE 1 - LOG X)

uuuuu

1.00025897
0.00613543
0.03436282
0, 14902079
0,00377147
0.14284886
0,13757515
0, 06847860
9,48818539
0,01305935
0.04778852
1,07975801
3.14329991
0.04549834
2.11405254
0.04354411
0.15530748
0,04558446
2,00685319
0.03127710
5,04283854
0,08878178
2,91521380
0.48862774
1.53957937
0,04741250
0.00275047
0,09859708
0.13457179
0,29348247
0,42037273
0.11438047
9.05115128
0.16776278
0,33148314
0, 51449890

10, 49545224
5.4383541

v 36220740
=3, 87185441

163

{LOG ¥ - LOG ¥}

...................................................................

-0, 00000417
-0, 00045058
0. 00550944
0.05752481
=0.00023152
0,05399023
-0 35102817
-0 01791974
-0, 34107542
-0, 00145239
0.01044588
-0, 02252394
0.05424515
=0 00970493
0.03953503
-0, 00908445
0.08120535
0.00%73252
0.00054733
-0.005531 44
9, 008846388
0, 02445344
0. 00187550
-G, 34156014
-1 91030481
3.,0103237%
000014425
2.03095745
-0. 04934636
0, 15899124
0.27235353
3,03858358
=0, 011564870
0.06871371
-0, 19083000
-0, 35704275

-3 23264851
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CALCULATION OF ANNUAL YIELD VS, PERCENT CHANCE OF RECURRENCE:

PERCENT  RECURRENCE (1) (2 (30
CHANCE  INTERVAL, YR K LOG (X}  ANMUAL YIELD
...................................................................... :
bh 10101 - -2.9381 4,37414564 23,522 :’
20 1.2500 -0.7721 3.13869221 144,109 ;
0 2,0000 0.1435 5.49033114 309,265 E
20 3.0000 0.8544 3.74789825 359,524 %
10 10,0000 1,1523 3.85372799 717,345 ;
4 25,0000 1.4185 3.95214813 495,670 E

2 30,0000 1,565 A.00521181 1,012,073 E

1 100,000 1,680% 6,04719188 1,114,787 E
0+3 200,000 17748 4.08120334 1,205,600 ;

FOOTHOTES:

(1)  VALUES OF X FROW LOG-PEARSON TYPE III DISTRIBUTION TABLE (CHOW, MAIDNENT
E MAYS (1988) AND LINSLEY, KOHLER & PAULHUS {(1973)).
(2) LOG X = (MEAN OF LOG (X)) + (STANDARD DEVIATION OF LOG (X) * K).
{3)  AMNUAL YIELD (ACRE-FEET) = [INVERSE (LOG(X)).
(4)  HMEAM ANNUAL YIELD OF COSUMNES RIVER = IMVERSE (MEAM LOG (X)) = 274,381 ACRE-FEET.
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CHI-5QUARE TEST FOR GOODNESS OF FIT
OF LOG-PEARSON TYPE IIT DISTRIBUTION
FOR COSUMNES RIVER AMNUAL YIELD

L i e T R T L T PO

i : : i d ! 2 i
i ANNUAL | OBSERVED | PROBABILITY ! EXPECTED | i 2 {(Fo-Fe) /
i YIELD i FREQ., Fo ! OF OCCURENCE ! FRED., Fe ! (Fo-Fe) ! (Fo-Fe) | Fe i
promeemmen-n prvevesanes | otttk b et ek e prassasoson preeravssenn prmmeeeseeas .
o 8 0,113 1 $.153 ¢ 1,153 4 1.329 | 0,145
1100 - 200 | 20 1 0,187 © 15,147 1 4,833 1 23.5%2 | 1,335 4
1 200 - 300 : 8. 0,175 | 14,175 1 -6.075 1 384131} 2,690 |
i 300 - 400 | 11 1 0,150 ¢+ 12.150 0 1,150 1.323 | 04109 ¢
i 400 - 300 | 12§ 0.120 1 §o720 1 2,280 1 30198 1 0,335
300 - 500 | i 0.088 ! 7128 4 1.872 1 3.504 § 0,452 |}
1 600 - 700 0 71 De081 ! 4.941 | 2.05% | 4,239 | 0.858 |
LI L | LN D106 1 8,584 2,588 | 54687 | 0.77% |
prasancacaas premracaraas pramssassanas e $rmmmmmmaeas Jeasuainaani gmm=emveen poemancnanan +
i TOTAL ! 81 L000 & 81,000 | CHI-SOUARE = 7162 |
e e e e L L L L et TS
FOOTHOTES:

1, ANNUAL YIELD IN THOUSANDS OF ACRE-FEET AS WEASURED AT WICHIGAN BAR.
2,  PROBABILITY OF OCCURENCE IS FROM LOG-PEARSON TYPE III DISTRIBUTION.
3, CHI-SQUARE FOR 93% CONFIDENCE INTERVAL AND S5 DEGREES OF FREEDOM IS 11,070 (CLARK % SCHEKADE 1979).

THEREFORE, DO NOT REJECT THE NULL HYPOTHESIS, THE OBSERVED DISTRIBUTION IS DRAWN
FROM A PARENT POPULATION THAT IS LOG-PEARSON TYPE III DISTRIBUTED.

165



No. OF YEARS

20

/5

e

FREQUENCY DISTRIBUTION oF
ANNUAL YIELD OF COSUMNES EIVER
45 MEASURED AT MICHIGAN BAkR

s NUMBER OF YEARS OF ANNUAL YIELD (T9PICAL)

PROJECTED NUMBER OF O0CCURENCES
FROM L06-PEARSON TYFE I
DISTRIBUTION

' 2 3 4 5 6 7 8 901 2B M

COSUMNES FPIVER ANNUAL YIELD
ACFF FEET % 107
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YANK ! MATER YEAR

+
] ]
]
i
]

s b
. A 1983
P2 1782
I I 1911
N 1752
H 71 1751
- B [784
L A 1938
o8 1959
H 4 1934
I L 1943
i 11 1945
I 1938
i 13 1987
i 4 1984
i 151 1997
I £ 1914
I 1740
& B 1914
S & A R &
vo20 1935
S B 1742
i ' 1940

mNMN
o Lad
—
T
e |
o

I 1927
i 25 1970
L7 1973
. 1923
- 1910
P30 1922
| B R &
P32 1915
P.o 330 192
- L 1945
ool 1737
HI - 1744
7 1E
. I 1935
HI | 1975
HE [/ 1943
N P 1371
I F 1950
L et T

4=

S mm oms ss se S Ss =S =s ES Ss Ss m= == oam == =w == =m =w o wa ==

# mm omm omm orm omm owe omm omm

COSUMNES RIVER ANWUAL YIELD RANKED IN
DESCENDING ORDER OF MAGMITUDE AMD

PLOTTING POSITION

e T L presssccsana
{ PLOTTING i :
FLOW, AF POSITION @@ RANK [UATER YEAR
------------- gummmmmmmmmppesssaspessssansana
1,221,000 | 0.0122 1 43! 1928
955,200 | 0,024 1 441 1932
875,000 | 0,033 i 351 197
781,900 | 0.0488 i 46 1 1948
752,400 © 2.0810 i 471 1993
704,600 1 0.0732 i1 48 1919
583,200 ! 0.0a54 I 49 1997
479,900 10,0975 11 50 ! 1949
567,400 10,1098 i 511 1954
860,100 | C.1220 11 521 1918
556,000 1 0,134 11 530 1962
555,100 ©  0.1463 i 541 1944
501,200 ©  9.1585 i 551 1972
597,800 ! 0.1707 i1 561 1955
595,600 ! 0.1329 ! 371 1920
71,400 1 0951 1 580 1948
S65,400 1 0.2073 i 590 1944
545,200 ! 0,2195 i 40 1 1930
544,900 | 0.2317 i} &L 1945
522,500 ! 0.2439 i $2 % 1940
510,200 | 0.256 i 831 1925
501,800 | 0.2683 i A4 1 1947
153,900 ¢ 0,2805 ! 851 1908
453,000 ¢ 0.2927 i 4h 1 1984
452,400 ! 0.3049 i 471 1912
448,600 10,3174 11 s8 ! 1913
441,300 10,3293 i1 491 1934
438,400 ©  0.3415 i1 70! 1981
432,100 ! 0,357 !t 7L 1959
426,500 1 0.3659 I 72} 1929-
415,700 ¢ 0.3780 I 73 1933
408,700 | 0.3902 11 T4 1939
106,800 ! 1.4024 1 73 1997
401,600 | 0.4146 11 71 1961-
379,500 ! 0.9268 1 77! 1973
390,300 ¢ 0.4390 ! 78 1988
0,600 ! 0.4512 1 7P 1931
369,300 1 3.4534 1 80 1924
254,500 ¢ 0.4756 ' a1 1977
354,400 ¢ 0.4878 I ;
332,000 | 0.5000 !
131,400 0,952 1! ;
*

PLOTTING PROBABILITY = RANE/(H+l)

- mm

...........

--------- == -

(CHOW, MAIDMENT % MAYS 1948)

167

se wa mm mE e e o R S e e we

mm mE e e e m= =

315,600
314,300
309,400
269,000
264,400
259,300
238,200
237,400
229,100
224,200
210,900
187,900
142,500
178,500
170,500
149,700
157,900
165,100
163,000
150,226
147,800
144,800
144,100
143,200
138,700
127,400
122,400
117,900
116,300
115,300
113,200

92,220

72,880

54,910

<4,879

52,510

13,820

15,352

19,750

- g == s

W e
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"""""" +
PLOTTING
POSITION

0.4341
0.ad83
0.4383
0.4707
0.4829
J.4%50
1.7073
37195 0
0.7317
S.7437
0.7561
0.7583 |
0.7805

.7927
2.804%
0.8171
0.8293
9.3415 |
0.8537
0.355%
0.8780
0.9902 |
0.9024
D.9145
0.9248
0,7390 .
p.9512 ¢
0.7424
0.9754
0, 7878



ANNUAL YIELD, ACRE FEET x 02

LOG-PEARSON TYPE [ DISTRIBUTION
ANNUAL YIELD OF (OSUMNES RIVER
A3 MEASURED AT MICHIGAN BAR

(D 1977 ANNUAL YIELD = 15,760 AF (= 200 Y& DROUSHT)
1924 ANNUAL YIELD = 40,350 AF (= 25 YE. DPOYGHT)
3

4

AVERAGE ORY YEAR ANNUAL YIELD (V5. 0F 10 LOW YEARS)=759004F (* Il Vi DROUGHT)
MEAN ANNUAL YIELD = 274,380 A.F (= Z ¥R DROUGHT,

4,200 ' //
/ /
800 //
i
ANNUAL IELD R \/
600 /,,;
400 ™ | =7
/~ Eog
—
200 —
,/®,/® /D -
— " =T
i |
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APFPENDIX "D"

COSUMNES RIVER FLOW DATA
AS MEASURED AT MICHIGAN BAR
FOR
THE ELEVEN LOWEST WATER YEARS OF RECORD
(1924,1929,1931,1939,1959,1961,1976,1977,1987, & 1988)

SOURCE: U.S5. GEOLOGICAL SURVEY (198%)
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UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY PROCESS DATE IS 12-01-89

STATION WUMBER 11335000 COSUMMES RIVER AT MICHIGAM BAR CALIF STREAM SOURCE AGEMCY USGS
LATITUDE 383001 LONGITUDE 1210239 DRAIMAGE AREA 536.00 DATUM 168.09 STATE 06 COUNTY 067

DISCHARGE, IM CUBIC FEET PER SECOMD, WATER YEAR OCTOBER 1923 TO SEPTEMBER 1924

MEAN VALUES

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 31 31 33 68 105 8s 116 95 8.0 1.0 .00 .00

2 26 33 52 57 105 8s 110 95 8.0 .50 .00 .00

3 22 33 42 42 128 as 105 89 8.0 .50 .00 .00

4 22 31 40 128 105 85 162 95 7.0 .50 .00 .00

5 24 31 31 101. 95 85 168 8s 5.5 .20 .00 .00

6 42 31 33 85 a9 8s 131 8s 5.5 .00 .00 00

7 52 31 48 68 345 82 128 76 5.5 .50 .00 .00

8 85 31 76 68 910 75 172 68 5.0 .20 .00 .00

9 68 36 &1 85. 600 68 188" 68 5.5 .00 .00 .00

10 52 42 54 76. 400 68 188 68 5.5 .00 .00 .00
11 42 42 40 68 320 68 188- &1 5.5 .00 .00 .00
12 42 42 42 54 248 68 188 &1 5.5 .00 .00 .00
13 42 42 44 54 225 71 181 &5 5.5 .00 .00 .00
14 36 40 54 54 188 &7 172 54 5.5 .00 .00 .00
15 31 36 95 54 172 &5 168 54 5.5 .00 .00 .00
16 31 38 68 54 155 61 155. 52 5.5 .00 .00 .00
17 31 3 54 54 139 55 128 42 4.8 .00 .00 .00
18 31 31 54 48 128 54 128. 42 4.2 .00 .00 .00
19 31 31 57 42 128 54 128 33 3.5 .00 .00 .00
20 31 31 48 42 128 54 128. 31 3.0 .00 .00 .00
21 31 31 42 52 128 54 128 30 3.0 .00 .00 .00
22 31 31 42 54 123 68 128 26 3.0 .00 .00 .00
23 3 31 42 48 105 71 128- 22 3.0 .00 .00 .00
24 31 31 42 54 105 as 142 22 2.2 .00 .00 00
2 31 31 48 44 103 101 133 19 2.1 .00 .00 00
2 31 31 &1 61 95 142 123 20 1.5 .00 .00 .00
27 31 31 82 128 8s 155 105 17 1.5 .00 .00 .00
28 31 31 68 248 8s 133 105 16 1.5 .00 .00 .00
29 31 31 48 188 a3 128 103 1% 1.5 .00 .00 .00
30 31 40 68 155 128 103 12 1.2 .00 .00 .00
31 31 71 123- .- 16 12 .00 .00
TOTAL 113 1013 1640 2457 5625 2601 4230 1529 132.5 3.80 .00 .00
MEAN 35.9 33.8 52.9 79.3 194 83.9 141 49.3 4.42 .12 .000 .000
MAX 85 52 95 248 910 155 188 95 8.0 1.0 .00 .00
MIN 22 31 31 42 83 54 103 12 1.2 .00 .00 .00
AC-FT 2210 2010 3250 4870 11160 5160 8390 3030 263 7.5 .00 .00

CAL YR 1923 TOTAL 165671.40 MEAN 454 MAX 5470 MIN 2.6 AC-FT 328500
WTR YR 1924 TOTAL 20344.30 MEAN 55.6 MAX 910 MIN .00 AC-FT 40350
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STATION NUMBER
LATITUDE 383001

UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY

11335000
LONGI TUDE

COSUMNES RIVER AT MICHIGAM BAR CALIF

1210239

DRAINAGE AREA

536.00

DATUM

PROCESS DATE IS5 12-01-89

STREAM SOURCE AGENCY USGS
168.09 STATE 06 COUNTY 067

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1928 TO SEPTEMBER 1929

MEAN VALUES
DAY ocT oV DEC JAN FEB MAR APR MAY
1 7.0 13 29 98 120 111 325 504
2 7.0 13 29 98 470 115 320 525
3 7.0 15 3 132 815 115 320 325
& 7.0 15 35 228 2800 126 345 490
3 7.3 16 38 132 1010 136 720 490
-] 8.5 22 38 28 &40 136 525 450
T 8.5 22 38 98 430 134 460 460
-] 2.5 29 31 B4 320 141 LY 460
9 2.5 28 29 78 250 136 &80 460
10 2.0 22 34 &3 210 1240 460 430
1" 8.5 22 54 &3 192 850 430 370
12 T3 22 Q8 &3 17T 540 442 370
13 8.0 33 B4 &3 7T 460 370 370
14 8.5 109 &3 &3 157 370 370 370
15 9.5 160 &0 &3 135 320 400 345
15 9.5 Te 56 102 136 320 442 370
17 9.5 &3 50 T 132 320 490 370
18 10 50 50 &3 132 320 490 320
19 10 38 b 322 132 320 &00 320
20 10 3a 3& 295 19 315 7&5 295
21 10 36 38 200 115 281 &40 271
22 10 34 38 160 115 271 &40 2n
23 10 34 &4 132 115 320 &00 237
24 10 29 50 132 115 430 560 229
25 10 29 120 109 113 320 560 210
26 10 29 248 98 m 320 504 192
27 10 29 145 98 106 296 490 142
28 10 29 145 8 106 325 525 136
29 10 29 228 8 e 350 490 134
0 10 29 160 98 g 370 490 134
3 10 me- 132 120 . « 370 =me 19
TOTAL 281.5 1118 2280 3819 451 10290 14895 10432
HEAN 9.08 3.3 73.5 1r 338 332 497 337
MAX 10 160 248 322 2800 1240 V&5 525
MIN 7.0 13 2% &3 10& m 320 119
AC-FT 558 2220 4520 7180 18750 20410 29540 20650
CAL YR 1928 TOTAL 151227.00 MEAN 413 MAX 17400 MIN 2.0 AC-FT 300000
WTR YR 1929 TOTAL 58146.70 MEAN 159 MAX 2B00 MIN .80 AC-FT 115300
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JUN

132
136
115
115
115

115
100
111
136
199

157
136
115
111
106

511
460
320
291

192
149
115
115

100

dIBR

4957
165
N

-]

Y830

JuL

&1
31
51
31
31

NEBEE BY¥494856

AUG SEP
5.5 B0
5.0 -80
5.0 .80
5.0 -80
4.0 .50
3.8 .90
2.5 .90
2.5 .90
2.5 1.0
2.2 1.0
2.2 1.0
2.2 1.0
1.8 1.0
1.8 L0
1.0 .50
1.0 .80
1.0 .80
1.0 .50

.80 .0

.80 .30

.80 .50

.80 .90

.80 .70

.80 .50

.80 .70

.80 1.0

.80 1.0

B0 1.0

B0 1.0

.80 1.0

.80

&0.40 27.30
1.95 .M

5.5 1.0

.80 .80
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UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY PROCESS DATE IS 12-01-89

STATION NUMBER 11335000 COSUMNES RIVER AT MICHIGAM BAR CALIF STREAM SOURCE AGENCY USGS
LATITUDE 383001 LONGITUDE 1210239 DRAINAGE AREA 536.00 DATUM 168.09 STATE 04 COUNTY 067

DISCHARGE, IN CUBIC FEET PER SECOMD, WATER YEAR OCTOBER 1930 TO SEPTEMBER 1931

MEAN VALUES

DAY ocT NOV DEC JAN FEB MAR APR MAY Ju JuL ALG SEP
1 &.0 8.5 35 42 78 134 141 123 19 7.0 .00 .00

2 7.0 8.5 32 162 a5 130 139 119 17 5.5 .00 .00

3 10 9.0 30 230 80 126 136 11 15 4.8 .00 .00

4 10 9.0 30 126 76 126 134 m 14 3.6 .00 .00

5 10 9.0 29 119 80 126 132 106 13 2.8 .00 .00

& 10 9.5 28 141 100 121 128 98 12 2.8 .00 .00
7 8.5 9.5 rd 106 21 109 123 91 12 2.1 .00 .00
8 7.5 9.5 26 a2 az 106 121 a7 13 2.1 .00 .00
9 7.0 10 26 72 76 100 121 76 14 2.1 .00 .00
10 7.0 10 26 5% 78 98 117 &8 13 1.8 .00 .00
11 7.0 10 25 54 82 150 15 63 13 ) .00 .00
12 B.5 10 s 51 111 400 128 58 12 1.3 .00 .00
13 10 15 26 50 139, 280 113 54 10 154 .00 .00
14 10 22 28 49 234 212 113 55 9.5 1.0 .00 .00
15 1 40 32 46 602 184 107 59 10 .90 .00 .00
16 1 42 32 45 310 168 102 &0 12 .70 .00 .00
17 10 198 28 50 230 165 100 50 48 .50 .00 .00
18 10 178 26 60 256 272 100 43 96 .40 .00 .00
19 9.5 98 24 50 879 490 102 38 58 .30 .00 .00
20 9.0 62 22 45 450 345 1064 3% 39 .20 .00 .00
21 8.5 49 24 45 290 300 104 30 30 .20 .00 .00
22 8.5 43 22 44 230 275 100 26 24 .10 .00 .00
3 8.5 37 17 116 197 250 1 24 20 00 .00 .00
24 8.5 34 18 320 174~ 226 139 25 16 .00 .00 .00
25 8.5 32 18 193 157 238 139 30 14 .00 .00 .00
26 8.5 30 19 139 144 212 121 48 12 .00 .00 .00
7 8.0 2 20 117 159 187 132 51 10 .00 .00 .00
28 8.0 29 22 100 154 174 152 51 8.5 .00 .00 .00
29 8.5 3 22 a9 162 139 39 8.0 .00 .00 .00
30 8.5 35 22 a3 149 132 26 7.0 .00 .00 .00
| 8.5 3 78 e Wb 2 .00 .00
TOTAL  271.5  1114.5 784 2963 5626 6161 3645 1876  619.0  43.00 .00 .00
MEAN 8.76 37.2 25.3 95.6 201 199 122 0.5 20.6 1.39 .000 .000
MAX 1 198 35 320 879 490 152 123 96 7.0 .00 .00
MIN 6.0 a.5 17 42 76 98 100 22 7.0 .00 .00 .00
AC-FT 539 2210 1560 5880 11180 12220 7230 3720 1230 85 .00 .00

CAL YR 1930 TOTAL 82158.20 MEAN 225 MAX 4360 MIN 1.0 AC-FT 163000
WTR YR 1931 TOTAL 23101.00 MEAN 63.3 MAX 879 MIN .00 AC-FT 45820
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UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY PROCESS DATE IS 12-01-89

STATION MUMBER 11335000 COSUMNES RIVER AT MICHIGAN BAR CALIF STREAM SOURCE AGENCY USGS
LATITUDE 383001 LONGITURE 1210239 DRAINAGE AREA 5356.00 DATUM 188.09 STATE 0& COUNTY 067

DISCHARGE, IM CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1932 TO SEPTEMBER 1933

MEAN VALUES
DAY acT HOV DEC JAN FEB MAR APR MAY JUM JuL AUG SEP
1 2.7 7.0 22 26 126 105 380 416 T0& &3 T.5 .10
2 2.8 7.5 9 26 107 m 416 482 626 Té 7.0 .10
3 2.9 F.5 33 29 93 nr 464 446 563 72 7.0 10
& 2.4 T.3 26 32 a3 138 528 416 507 &8 7.5 .10
3 2.4 2.5 22 35 a1 143 549 434 458 &0 8.0 .10
& 2.6 12 19 36 7B 138 535 G446 470 5& 8.5 .10
7 3.7 13 1a 32 76 149 521 494 500 33 6.5 .10
8 3.5 12 16 30 &9 165 482 633 482 50 5.5 .10
9 3.5 12 15 28 &9 = 434 514 470 48 5.5 .10
10 7.5 12 15 28 &9 201 380 542 464 &4 4.2 L20
11 8.0 1 16 27 &8 205 345 482 440 42 3.2 .30
12 5.5 11 14 25 177 260 335 464 428 38 2.6 .30
13 4.9 1 14 24 295 iz 340 458 416 33 2.0 40
14 4.5 11 13 27 194 458 340 458 392 30 1.4 .30
15 4.5 11 14 28 143, 335 392 500 365 28 1.1 .30
16 4.5 11 18 27 165 416 422 554 330 26 1.0 40
17 4.5 1 21 27 201 738 39 584 290 25 -80 40
18 4.5 10 24 0 178 488 350 584 248 24 .70 40
19 4.5 10 40 31 138 380 310 563 226 21 .70 40
20 4.5 10 54 a3 13 340 276 556 197 19 .50 40
21 4.9 10 81 66 105 350 266 570 171 16 .50 40
22 5.5 10 &2 T2 101 345 266 &12 154 15 .50 L40
23 5.5 10 &9 110 o7 35 315 549 144 15 .50 .50
24 5.3 10 56 118 99 280 392 542 133 13 40 «30
25 5.3 10 53 205 95 264 428 =T 126 13 .30 .50
26 5.5 10 L1 122 20 262 416 633 m " .20 .40
27 6.0 10 35 210 92 240 370 656 105 10 .30 60
28 6.5 10 32 302 99 354 392 96 103 2.0 .30 .70
29 7.0 " 3 329 ana ETi 446 747 103 8.5 .30 1.0
30 7.0 14 26 326 =a L) 482 TE3 92 &.0 .30 2.0
31 7.0 e 26 185 === . 380 o= T4 et 7.3 .20 s
TOTAL 149.8 312.0 45 2692 3E0m 9563 11984 iral-n 9816 1022.0 85.00 11.70
MEAN 4.83 10.4 30.5 B&6.8 1a 308 399 354 327 33.0 2.74 .39
MAX 8.0 14 81 329 295 7ia 549 783 704 az 8.5 2.0
MIN 2.4 7.0 13 24 &8 105 266 416 92 F.5 .20 .10
AC-FT 297 419 1870 3340 4550 18970 23770 34050 19470 2030 169 23

CAL YR 1932 TOTAL 142920.560 MEAM 390 MAX 7340 MIN 1.1 AC-FT 283500
WTR YR 1933 TOTAL 57048.50 MEAM 156 MAX 783 MIN .10 AC-FT 113200
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STATION WUMBER

LATITUDE 3&3001

UNITED STATES DEPARTMENT OF INTERIOR

11335000 COSUMNES RIVER AT MICHIGAM BAR C
LONGI TUDE 12102]9; DRAIMAGE AREA

- GEOLOGICAL SURVEY

ALIF

536.00 DATUM 1

PROCESS DATE 15 12-01-89

STREAM SOURCE AGENCY USGS
&8.09  STATE D& COUNTY 0&7

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1938 TO SEPTEMBER 1939

MEAN VALUES
DAY QcT HOW DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 27 112 T &2 151 159 487 201 80 12 B0 .00
2 25 135 "N &2 112 143 550 191 2 10 .70 .00
3 34 117 " &3 162 144 G668 182 &6 10 .70 .00
4 58 ar 126 &6 230. 143 b44 172 &2 10 «70 .00
5 42 80 121 144 71 133 420 163 a0 10 .70 .00
& 38 a2 98 325 209 133 592 155 59 10 &0 .00
T 39 75 a9 17T S 14& 578 150 36 10 .50 .00
B 34 &9 &2 135 613 226 571 141 54 10 .30 .00
9 7 62 Li's 17 282 1500 550 129 48 10 .10 0o
10 39 &3 w 104 235 1060 515 134 45 2.0 .10 .00
1 37 ar 72 97 222 536 487 158 40 7.5 .10 .00
12 35 a2 &9 73 200 382 474 155 34 7.0 .10 .00
13 33 i) L1 a7 200 330 438 131 34 6.0 .10 .00
14 35 &y &8 Bé 133 320 404 124 3n 4.8 .10 .00
15 7o &3 &9 a0 165 284 360 118 32 4.2 .10 .00
16 102 &3 &9 &0 177 27y 345 105 37 3.8 .00 .00
7 L] &0 &8 ™ 148 306 330 97 &6 3.5 .00 .00
18 58 57 -1 75 162 350 325 a8 41 2.5 .00 .00
19 52 57 & Fe 168 404 320 a2 9 2.1 .00 .00
20 45 57 80 T 174 456 315 a0 35 2.1 .00 .00
21 i ET4 108 B4 177 48T 310 93 3 1.9 .00 .00
22 43 57 93 3 168 522 302 201 29 1.8 .00 oo
23 43 56 &z 84 168 536 288 254 26 1.3 .00 .00
26 42 53 75 [{4 7 543 270 185 21 1.4 .00 .00
25 41 53 7o T4 180 71 244 155 19 1.3 .00 .00
26 40 54 &9 T4 174 636 238 147 7 1.2 00 00
27 39 54 &6 g2 162 754 226 131 14 1.0 .00 .00
28 38 53 L1 108 156 660 223 127 15 1.0 .00 .00
29 38 56 & 115 = 564 214 109 14 .90 .00 1n
30 bdy iy &3 158 gax 508 208 9 12 .20 .00 13
3 ag i &3 222 o 480 o a9 = B0 .00 ety
TOTAL 1413 2099 2441 3257 5784 13697 12100 4346 11771 158.20 3.70 24.00
MEAN 45.6 70.0 TB.7 105 207 b 403 140 39.0 5.10 .18 .80
MAX 102 135 126 325 413 1500 G668 254 &0 12 B0 13
MIN 25 53 &3 &2 112 133 208 80 12 .80 0o .ao
AC-FT 2B00 4160 4840 480 11470 27170 24000 85620 2320 314 1" 48
CAL YR 1938 TOTAL 333017.00 MEAN 912 MAX 15500 MIN 14 AC-FT 440500
WTR YR 1939 TOTAL 46495.90 MEAN 127 MAX 1500 MIN .00 AC-FT 92220
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UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY PROCESS DATE IS 12-01-89

STATION MUMBER 11335000 COSUMMES RIVER AT MICHIGAM BAR CALIF STREAM SOURCE AGEMCY USGS
LATITUDE 383001 LONGITUDE 1210239 DRAINAGE AREA 535.00 DATUM 16B8.09 STATE 06 COUNTY 0&7

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1958 TO SEPTEMBER 1959

MEAN VALUES

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP

1 26 34 42 55 144 387 413 261 66 18 26 3.8

2 26 33 42 54 131 409 445 263 63 18 25 3.3

3 24 33 42 51 123 427 466 250 &1 7 2% 3.3

4 25 33 42 49 121 440 466 234 59 15 26 3.0

5 25 33 43 49 117 445 480 218 57 3 25 2.2

& 25 33 43 123 113 431 466 202 54 15 25 1.9

7 25 34 43 176 109 427 466 192 53 35 2% 2.4

8 27 33 43 109 107 418 418 170 56 3 20 2.2

9 29 34 b 157 109 405 382 164 54 38 19 1.9

10 29 36 43 1100 264 382 360 167 51 38 19 2.5

1 30 39 43 676 1200 369 342 160 49 3% 33 2.5

12 31 44 43 610 613 360 342 154 &7 35 33 1.9

13 30 44 43 550 364 356 329 144 42 3% 34 1.8

14 30 &4 43 320 280 360 315 141 36 35 34 2.5

15 29 4 43 231 260 342 293 133 33 /s 33 2.5

16 29 &5 42 189 1960 329 275 121 32 36 33 2.2

17 29 &2 42 160 2590 315 263 115 31 33 35 3.3
18 30 53 40 %1 2320 307 254 15 30 32 35 12
19 31 49 41 129 2210 302 237 113 30 31 2% 43
20 33 53 42 121 1200 293 225 109 29 29 100
21 35 53 4 113 1010 284 225 105 28 29 20 62
22 36 49 47 107 753 284 215 98 26 29 19 40
23 36 57 48 103 613 293 205 98 24 29 19 29
24 36 47 54 237 508 369 208 98 22 29 2 2
25 36 44 53 347 445 320 208 103 20 27 2
26 36 4 54 387 409 320 457 109 19 2 N 18
27 36 44 7 257 396 360 445 100 19 22 7.4 7
28 36 43 121 234 391 338 307 88 20 21 s.8 17
29 37 43 87 208 . 320 260 82 20 20 45 16
30 36 43 66 176 aee 329 244 g 19 20 40 15

31 36 59 160 s 445 72 3 3.8

TOTAL o59 1330 1559 7379 18860 11175 10011 ] 1150 a52 491.5 458.2

MEAN 30.9  44.3  50.3 238 674 360 334 143 38.3 275 2.3 15.3

MAX 37 a5 121 1100 2590 445 480 263 &6 38 35 100

MIN 24 33 40 49 107 284 205 72 19 13 3.8 1.8

AC-FT 1900 2640 3090 14640 37410 22170 19860 8800 2280 1690 1370 909

CAL YR 1958 TOTAL 327851.0 MEAN B98 MAX 20100 MIN 22 AC-FT 450300
WIR YR 1959 TOTAL SBB&D.7 MEAN 167 MAX 2590 MIN 1.3 AC-FT 116800
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UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY PROCESS DATE IS 12-01-89

STATION NUMBER 11335000 COSUMNES RIVER AT MICHIGAM BAR CALIF STREAM SOURCE AGENCY USGS
LATITUDE 383001 LONGITUDE 1210239 DRAINAGE AREA 536.00 DATUM 1&8.09 STATE 06 COUNTY D47

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1960 TO SEPTEMBER 1941

MEAN VALUES

DAY ocT NV DEC JAN - FEB MAR APR MAY JUN JUL AUG SEP

1 4.2 13 50 40 P4 45 228 187 103 7 27 20

2 4.2 13 230 38 149 45 232 204 99 16 27 18

3 4.0 14 252 34 153 ] 242 180 o7 29 21 17

& 3.0 14 134 32 142 7o 242 170 92 LT4 14 17

3 4.3 14 94 ETy 106 7 256 164 a2 36 13 12

& 4.5 15 76 38 Ba T4 242 141 Té 37 1 10

T 4.5 16 &2 ET) B0 a3 221 197 0 LTy 9.6 11

] 5.0 15 56 39 Té a2 204 184 &5 35 1 1
9 15 19 52 39 B0 a0 180 174 &4 35 14 9.0
10 16 22 52 38 Ba 103 170 174 &0 37 16 T.4
1 15 21 53 37 123 94 181 246 52 39 17 6.2
12 15 21 3 37 260 a8 156 249 52 41 16 5.0
13 14 34 48 LTy 174 87 187 232 49 &b 1 4.0
14 14 103 45 ETS 130 82 156 218 41 43 2.0 4.0
15 13 &7 46 35 125 231 153 210 37 42 8.6 3.8
16 14 58 45 37 150 27s 139 197 34 T 8.6 2.5
17 13 43 45 36 132 322 139 190 27 41 12 2.5
18 13 39 e 34 114 294 137 180 38 38 13 5.2
19 13 45 45 36 103 221 137 177 45 35 1 2.8
20 12 58 46 35 94 221 128 174 45 3 1 2.0
21 12 45 45 35 Q0 238 121 174 42 30 13 2.2
22 12 37 43 35 a5 221 150 164 &1 29 13 3.2
23 12 32 43 35 &3 242 228 156 a0 23 11 4.2
24 1 29 43 36 78 285 228 145 46 21 1 4.5
25 1 29 42 36 7& 405 164 134 40 28 11 5.0
26 11 T2 42 LL] 72 338 159 130 37 25 1 5.0
27 1 161 42 &0 T 306 153 121 34 26 1 4.5
28 12 aa 42 Th &8 330 156 112 25 26 1 3.8
29 13 &1 % | i 270 167 106 19 24 14 4.2
30 13 48 LT &2 S 238 177 101 19 19 18 4.0
3 13 et LTy 106 i . 228 i 95 .- 23 19 ===
TOTAL 331.9 1268 1982 1332 3084 5773 5413 5306 1581 79 423.8 209.0
HEAN 10.7 42.3 63.9 43.0 110 186 180 171 2.7 31.5 13.7 6.97
HAX 16 161 252 106 260 405 256 249 103 44 27 20
HIN 3.0 13 3 32 68 &5 121 95 19 16 8.6 2.0
AC-FT 658 2520 3930 2640 6120 11450 10740 10520 3140 1940 841 415

CAL YR 1960 TOTAL 77V7/76.8 MEAN 213 MAX 4300 MIN 2.0 AC-FT 154300
WTR YR 1961 TOTAL 27684.7 MEAN 75.8 MAX 405 MIN 2.0 AC-FT 54910
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UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY PROCESS DATE IS 12-01-89

STATION NUMBER 11335000 COSUMNES RIVER AT MICHIGAM BAR CALIF STREAM SOURCE AGENCY USGS
LATITUDE 323001 LONGITUDE 1210239 DRAINAGE AREA 536.00 DATUM 168.09 STATE 0& COUNTY 067

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1973 TO SEPTEMBER 1974

MEAN VALLUES

DAY ocT Ll DEC JAN FEB MAR APR MAY JUN JUL ALG SEP

1 21 157 -3 a0 58 253 127 144 46 7.2 2.4 8.8

2 21 116 85 &8 &0 27 126 151 45 7.0 3 7.1

3 21 or o 54 &0 236 126 151 42 6.2 3.3 7.1

4 21 a7 92 B2 &0 200 120 144 39 5.8 2.6 6.3

5 20 a2 a9 oF &8 176 120 144 v 6.7 3.9 6.0

-] 21 i 84 B& T4 159 121 143 39 7.1 b 6.1

T 22 T4 85 82 T 149 121 143 42 5.5 b4 5.9

8 35 T4 &3 ({4 1 145 132 132 T 7.1 4.8 5.3

9 52 93 80 78 Th 141 168 129 3T 7.6 6.2 4.2

10 &1 97 B2 20 a1 140 152 137 38 6.3 8.3 4.9

mn 134 119 85 BB &r 134 170 147 39 5.9 4.9 8.1

12 219 105 a7 &2 - 135 177 127 33 Tl b4 B.8
13 117 o2 96 &0 i 131 164 "7 28 6.3 4.8 LTy
14 &7 ar 101 73 108 129 158 109 25 4.8 4.9 3
15 T4 86 Q0 75 168 130 159 101 23 4.8 7.5 24
16 && 114 76 3 137 130 178 95 20 3.9 42 19
7 &0 130 &3 72 126 133 161 BB 18 5.2 85 18
18 59 128 82 T2 128 140 154 81 18 4.5 &7 16
19 57 105 e 70 140 169 157 7e 15 3.9 33 13
20 36 92 76 &7 226 168 161 &9 14 4.0 7 13
21 59 93 Th &5 169 152 167 B4 14 3.3 23 13
22 50 0 B4 &5 147 151 173 &3 14 3.9 27 13
23 &7 8s 132 45 130 149 174 &3 13 4.3 26 11
26 48 &3 125 &5 19 145 17 &0 12 3.2 24 n
25 52 a1 103 &4 109 148 172 57 1 2.8 20 n
26 &5 80 97 &3 103 135 173 53 2.5 3.3 17 1"
27 266 82 92 &0 100 145 164 55 a.9 2.9 17 1
28 224 20 &9 &b 98 134 155 31 8.8 1.7 15 1
29 141 104 ar &b 106 128 147 30 7.8 2.4 12 11
30 137 20 a4 &2 = 123 143 48 7.0 2.9 10 10

3 197 ans 84 &2 see L 124 =5 48 ik 2.0 9.1 ===

TOTAL 2510 2B 27481 2257 3034 4823 437 3036 T43.0 151.4 502.0 362.6

MEAN B1.0 96.4 9.1 72.8 105 156 153 7.9 26.8 4.89 16.2 12.1

MAX 266 157 132 9 226 271 178 151 46 7.6 85 Ty

MIN 20 Té Th &0 58 123 120 48 7.0 1.7 2.4 4.2

AC-FT 4980 5730 5480 4480 &020 9570 #110 4020 1470 301 996 Te

CAL YR 1975 TOTAL 185989.0 MEAN 510 MAX TOOO MIN 20 AC-FT 368900
WTR YR 1976 TOTAL 27662.2 MEAN 75.6 MAX 271 MIN 1.7 AC-FT 54870
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UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY PROCESS DATE IS 12-01-89

STATION MUMBER 11335000 COSUMMES RIVER AT MICHIGAM BAR CALIF STREAM SOURCE AGENMCY USGS
LATITUDE 383001 LONGITUDE 121023% DRAIMAGE AREA 536.00 DATUM 168.09 STATE 06 COUNTY 0&67

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1976 TO SEPTEMBER 1977

MEAN VALUES

DAY QcT HOV DEC JAN FEB MAR APR MAY JUM JuL AUG SEP
1 " 13 20 19 23 b » 29 32 1.1 .00 .00

2 12 12 20 24 25 45 34 54 3 .60 .00 .00

3 14 1" 20 47 24 41 3 &8 27 09 .00 .00

& 20 10 21 122 22 36 33 &7 22 40 .00 .00

5 26 9.3 19 5] 22 36 32 k1) 20 .38 oo .00

& 20 9.8 20 52 23 3 30 35 19 .30 .00 .00

7 7 9.8 20 39 24 3 3 34 19 .1 .00 .00
-] 15 8.7 20 30 24 32 38 37 18 .00 .00 .00

e 156 1 19 26 27 33 - 42 43 16 .00 .00 .00
10 15 1 18 24 32 40 51 48 13 .00 .00 .00
n 13 8.9 19 24 36 56 32 &6 12 .00 00 .00
12 13 12 19 27 0 LT 43 73 1 .00 .00 .00
13 12 12 19 26 28 59 38 T 14 .00 .00 .00
14 1 18 18 26 &7 &7 36 &3 15 .00 .00 .00
15 11 32 18 25 26 57 36 54 1& .00 .00 .00
15 10 72 18 26 56 36 32 12 00 .00 .00
7 9.3 48 18 23 26 52 36 53 1 .00 .00 .00
18 9.4 ) 17 26 &7 35 56 B.6 .00 .00 .00
19 1 28 18 22 42 36 51 8.1 .00 .00 .00
20 1 24 17 24 38 35 46 6.6 .00 .00 0o
21 12 22 17 25 28 Ir 34 40 6.5 .00 .00 00
22 12 21 7 27 98 kT 28 40 5.4 .00 .00 .00
23 12 21 17 30 134 37 24 &1 4.0 .00 .00 .00
24 13 20 17 i3 Q8 39 23 &b 4.3 0o .00 .00
25 13 20 18 3 79 52 28 48 3.8 .00 .00 .00
26 12 20 18 30 58 51 26 52 2.3 .00 .00 .00
27 13 20 16 aa 48 43 27 49 2.0 .00 00 00
28 7 19 16 27 45 &0 28 &6 2.4 -00 .00 .00
29 18 19 16 26 pnted &0 25 45 1.7 .00 .00 .0n
30 19 22 18 25 ver 39 27 40 -] .00 .00 .00
n 16 - 18 24 - -~ 39 m=—— i e .00 .00 e
TOTAL 431.9 399.5 566 1019 1104 1348 1012 1502 3&2.3&6 2.98 .00 .00
MEAN 13.9 20.0 18.3 32.9 3.4 43.5 35.7 48.5 12.1 096 .000 .000
MAX 24 72 21 122 134 a7 52 75 32 1.1 .00 .00
HIN P.4 a.9 16 19 22 3 23 29 N .00 .00 .00
AC-FT asy 1190 1120 2020 2190 2670 2010 2980 79 5.9 .00 .00

CAL YR 1976 TOTAL 21097.60 MEAN 57.6 MAX 271 MIN 1.7 AC-FT 41850
WTR YR 1977 TOTAL 7947.74 MEAN 21.8 MAX 134 MIN .00 AC-FT
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STATION NUMBER
LATITUDE 383001

11335000
LONGI TUDE

UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY

COSUMNES RIVER AT MICHIGAN BAR CALIF

1210239 DRAINAGE AREA 536.00 DATUM

PROCESS DATE IS 12-01-&9

STREAM SOURCE AGEMCY USGS
168.0%9

STATE 06 COUNTY 0&7

DISCHARGE, IN CUBIC FEET PER SECOMD, WATER YEAR OCTOBER 1986 TD SEPTEMBER 1987

MEAN VALUES
DAY ocT NOV DEC JAN FEB MAR APR MAY JuN
1 &2 3B 52 48 82 o7 227 180 45
2 54 k) 50 51 84 96 221 169 43
3 49 38 &7 v 135 94 220 144 g
4 46 I 45 231 144 93 237 130 36
5 43 36 43 186 110 545 219 121 34
& &2 36 &9 12 0 1450 203 114 i3
T % 35 52 &8 a0 &34 195 109 3z
8 % 34 52 Té T4 395 194 102 30
e ki 35 50 &8 7 327 194 100 2B
10 38 36 48 &2 - 282 195 104 27
1" 38 34 45 58 80 263 200 e 25
12 38 36 45 T 4 15% 287 203 122 22
13 38 36 &b 56 1040 1380 201 102 22
14 38 34 45 5é 1160 1030 190 92 22
15 38 E 45 55 &68 1150 187 79 21
14 38 g 45 50 584 8B40 184 72 21
17 38 k1) 45 & 348 591 178- &6 2
18 39 37 45 41 250 4T3 177 43 26
19 kL 37 44 53 201 463 176 &0 2
20 40 38 56 59 17 412 162 - i 21
21 40 40 75 54 151 375 151 57 20
22 40 43 72 51 141 381 145 &7 20
23 39 &7 & 51 135 415 146 7o 19
24 3% 47 &2 54 127 485 145 &3 19
25 39 bi &0 &0 120 388 142 57 18
24 9 &2 55 84 113 333 141 54 17
a7 39 &1 52 v 103 297 142- 53 15
28 38 40 50 -rg 100 279 154- 32 13
29 38 42 50 143 siw 257 135. 51 12
30 38 45 48 123 e 241 140- 50 12
3 38 == 48 95 .- -~ 232 S &7 e
TOTAL 1262 1160 1585 2407 &590 14585 5386 2704 37
MEAN 40.7 38.7 31.1 7.6 235 470 180 ar.2 26.46
MAX &2 &7 5 231 1160 1450 237 180 45
MIN 38 34 & 41 &9 93 134 Ly 12
AC-FT 2500 2300 3140 4770 13070 28930 10630 53860 1440
CAL YR 1986 TOTAL 345531.00 MEAN 947 MAX 34400 MIN 18 AC-FT 485400
WTR YR 1987 TOTAL 36742.48 MEAM 101 MAX 1450 MIN .10 AC-FT 72820
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ﬂﬁ:ﬁﬁ‘ﬂ
=0 e -

AUG SEP
4.6 .98
4.3 1.0
3.8 .59
3.5 45
3.5 .38
3.3 10
2.8 15
2.4 53
2.0 .55
1.6 24
1.7 PG
1.7 1.3
1.4 1.5
1.2 2.1
1.2 2.6
1.0 2.8

.92 2.1
1.1 2.4
1.3 2.3
1.1 2.8

[
.
[ === |

1.6 2.5
1.1 2.0
1.2 2.1
1.2 2.2
1.0 2.1
.85 ==
56.77 49.81
1.83 1.66
4.6 2.9
.85 .10
113 99



UNITED STATES DEPARTMENT OF INMTERIOR - GEOLOGICAL SURVEY PROCESE DATE IS 12-01-89

STATION MUMBER 11335000 COSUMNES RIVER AT MICHIGAN BAR CALIF STREAM SOURCE AGENCY USGS
LATITUDE 383001 LONGITUDE 1210239 DRAINAGE AREA 334,00 DATUM  158.09 STATE 046 COUNTY 067

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1987 TO SEPTEMBER 1988

PROVISIONAL DATA MEAN VALUES

DAY ocT WO DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 -84 32 2% & 148 219 99 1568 e 13 -00 0o

2 1.6 26 EY 58 136 416 95 160 &5 1 -04 .00

3 1.4 23 Ty 1 129 245 92 149 s8 " .0 .00

& Th 21 42 153 118 210 72 140 52 10 -01 .00

5 1.2 22 38 2641 112 190 " 135 46 9.1 -00 .00

& 1.8 22 3T 292 . 106 184 88 128 44 a.1 .00 .00

T 1.7 22 38 203 107 178 as 134 45 7. .00 .00

a 1.0 21 103 168 103 172 8s 137 &7 7.7 .00 .00

9 1.7 22 ar 165 101 165 ar 139 52 6.9 .00 .00
10 1.9 22 71 155 10 163 85 131 51 6.3 .00 .00
n 1.5 21 a9 - 193 103 157 as 122 45 6.5 .00 .00
12 1.9 21 a3 270 104 147 a3 15 40 6.0 .00 .00
13 3.6 24 &7 184 108 139 as 112 38 5.5 .00 .00
14 4.1 30 54 152 110 132 5 107 35 4.5 .00 .00
15 3.9 36 42 182 110 127 144 103 32 3.1 .00 00
16 5.9 42 &b 538 110 123 133 10 29 4.9 .00 .00
w7 4.0 36 49 953 110 119 118 100 28 4.2 .00 .00
18 8.5 34 &9 559 o7 113~ m 109 26 4.3 .00 .00
19 12 32 43 281 106 109 144 104 25 3.9 .00 .00
20 8.4 34 41 202 101 108 F44 5 23 3.4 .00 .00
21 8.4 38 42 172 98 108 343 8é& 23 2.7 .00 .00
22 8.5 51 43 153 o7 108 224 79 22 31 .00 .00
23 9.8 47 83 142 9 108 251 T4 21 1.9 .00 .00
24 11 38 106 133 P 107 224 7o 22 1.4 .00 .00
25 24 33 &4 129 9 114 197 & 19 2.1 o0 .00
26 32 30 48 128 100 112 187 a3 18 1.7 .00 .00
2r 25 29 49 129- 102 113 186 35 18 1.1 .00 .00
28 22 29 3 129 - 109 114 189 53 17 +25 .00 .00
29 20 27 192 129 134 m 183 55 16 .38 .00 .00
30 29 27 144 145 = 106 174 7h 14 .09 .00 .00
3 42 se= 103 . 166 - == . 102 ] 8& Lol .01 .00 ==
TOTAL 301.38 a2 2023 a671 &7 4519 4401 3252 1043 153.53 .06 .00
HEAN 9.72 29.7 &5.3 215 109 149 147 105 34.8 4.95 002 Ml
MAX 42 31 192 933 148 416 Fhb 168 T2 13 .04 .00
MIN T4 21 29 58 T 102 83 33 14 .01 .00 .00
AC-FT 598 1770 4010 13230 4280 9160 a730 &450 2070 305 «1 00

CAL YR 1987 TOTAL 35951.86 MEAN 98.5 MAX 1450 MIN .10 AC-FT 71310
WIR YR 1988 TOTAL 28522.97 MEAN 72.5 MAX 953 MIN .00 AC-FT 52610
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APPENDIX "E"

WATER BUDGET
FOR
25-YEAR DROUGHT AND FULL DEVELOPMENT
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NORMAL ANHUAL CONSUMPTIOH
FOR
25-YEAR DROUGHT AND FULL DEVELOPMENT
(5,968 EDU TOTAL)

SEASONALLY VARIABLE

ESTATE LOTS-NORTH (F): 2,125 LOTS @ 750 GPD =

ESTATE LOTS-NORTH (E): 434 LOTS @ 750 GPD

ESTATE LOTS-SOUTH (F): 1,300 LOTS @ 650 GPD

COTTAGE LOTS (E): 197 LOTS @ 500 GFD =
CIRCLE LOTS (E): 457 LOTS @ 550 GPD -
TOWNHOUSE LOTS (E): 387 LOTS @ 330 GPD -
MOBIL WOME LOTS (E): 189 LOTS @ 200 GPD -

OTHER SEASONAL:

PARKS: B0 ACRES =

1,593,750.0
370,500.0
845,000.0
98,5000
251,350.0
136,150.0
37,800.0
134,055,0

249,951.0

GPD
GPD
EPD
EPD
GPD

GFD

SUB-TOTAL SEASOMALLY VARIABLE

SEASONALLY NOM-VARIABLE

SCHOOLS:

COMMERCIAL-INDUSTRIAL (INCLUDES 38 LODGE UNITS):

3,717,086.,0
4,153.9

GPD
A.F./TEAR

AP /YERR

A.F./YEAR

---------------------------------------------------------------------------

SUB-TOTAL SEASOMALLY HON-VARIABLE

SUB-TOTAL
+10% SYSTEM LOSS

AF. /YEAR

A.F./TEAR
A+F o /YEAR

TOTAL B & I

(1} TOTAL RESIDENTIAL DMELLING URITS = 514% DU
(2) (F) = FUTURE

(3} (E) = EXISTING

182
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EXPLANATION OF WATER BUDGET WORKSHEETS

COLUMN 1
Domestic water requirements for the level of development

being analyzed as explained in Chapter 4 and shown in the

water budget calculations.

COLUMN 2
Miscellaneous irrigation is water required to make up

seepage and evaporation from Lake Guadalupe.

COLUMNS 3, 4 AND S

Seepage is that water lost from a lake or reservoir due
to percolation as explained in Chapter 4. The figures shown

are for the average surface area during the month.

COLUMNS &, 7 AND B

This is the evaporation from the surface of a lake or
reservolr as explained in Chapter 4. The figures shown are

for the average surface area during the manth.
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COLUMN Z

This is the total water demands for esach month {(Columns
1 through 7 except Column 3). Clementia Reservoir seepage and
evaporation losses are not made up from water stored in Calero

and Chesbro Beservolrs.

COLUMN 10

The cumulative total of the monthly demands.

COLUMNS 11, 12 AND 13

The amount of water diverted from the Cosumnes River

during each month as explained in Chapter 3.

COLUMNMNS 14, 15 AND 1&

This represents the rainfall occcurring on an area egual
to the area of the giwven lake or reservoir at 1ts spillway

water surface area as explained in Chapter 3.

COLUMM 17
The expected runoff from approximately 1,150 acre of land
above Clementia Lake for the rainfall as explained in Chapter

3 (runoff coefficient = 0.30).
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coLumMM 18

The total raw water supply from all sources for the manth
except columns 1& and 17. Clementia Reserwvoir direct rainfall
and runoff are counted only in the end of month balafmce for

that reservoir.

COLUMN 1%

The cumulative total of all monthly water supplies.

COLUMNS 20, 21 AND 22

The total amount of water in storage for each major

reservoir at the end of the month in Acre Feet.

COLUMN 23
The total cumulative shortfall in unmet raw water demands
- a net deficit. These values do not imclude allowances for

seepage and evaporation losses of the unmet demand.

NMOTES (1) Analvsis indicates that Clementia Reserwvoir
will fill during an average dry vyear by mid-
spring from natural runoff, that is, river
diversions are not normally required to fill
the reservoir. UOnce filled by natural runoff,
seepage and evaporation losses begin to reduce

the reservoir level below its maximum level of
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(2}

(3)

(4)

FOT  AF. Analysis indicated that Clementia
Reservoir storage will be BS58.7 A4F on June
1st of an average dry year. Accordingly, all
water budgets assume that the volume of water

in Clementia Reservoir on June lst is B858.7

AF.

Valves shown in parenthesis {( ) indicates that
the reservair wvolume is below the minimum
(dead) pool elevation and that the reservoir
is put of the storage system. While the
actual wvolume in storage may exceed the dead
pool wvolume by a nominal amount, Jjudgment
indicates that the reservoir wvolume is not
sufficient to classify the reservoir as "in-
use". These positive walves are not ifncluded

in totals for the maonth.

Lomestic demands include a 10% allowance for

system losses (leakage, fireflow, etc. ).

Water budgets for the 100-year and 200-year
droughts assume that normal water consumption
occurs until February lst of the first water

YEAF . After that time the water consumption
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rate is reduced to correspond with the
appropriate level of conservation being

studied.
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APPENDIX "F"

WATER BUDGETS
FOR
Z200-YEAR DROUGHT AND FULL DEVELOPMENT
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HORMAL AWNUAL CONSUMPTION
FOR
200-YEAR DROUGHT AND FULL DEVELOPMENT
{5,748 EDU TOTAL)

SEASONALLY VARIABLE

-----------------------

L

ESTATE LOTS-NORTH (F): 2,125 LOTS @ 730 GPD 1,593,750.0 GPD

ESTATE LOTS-HORTH (E): 494 LOTS @ 750 GPD = 370,500,0 CGPD

ESTATE LOTS-SOUTH (F): 1,300 LOTS @ 450 GPD 845,000.0 GPD

COTTAGE LOTS (E): 197 LOTS @ 500 GFD = 78,500.0 GPD
CIRCLE LOTS (E): 437 LOTS @ 530 GPD = 251,350,0 GPD
TOWNHOUSE LOTS (E): 387 LOTS @ 350 GPD = 136,150.0 GPD

MOBIL HONE LOTS (E): 189 LOTS @ 200 GPD 37,800.0 CGFD

OTHER SEASOMAL: 134,055.0 GPD
PARES: 80 ACRES - 249,951.0 GPD

SUB-TOTAL SEASOWALLY VARIABLE ' 3,717,066,0 GPD
: 4,163.7 AF./YEAR

SEASONALLY NON-VARIABLE

----------------------------

SCHOOLS: 31,7 AJF./YEAR
COMMERCIAL-INDUSTRIAL (INCLUDES 38 LODGE UNITS): 172.8 AJF./YEAR
SUE';H;;E-;;;;a;;Ei;-;a;:UﬁEIﬁBLE 224,35 AJF./YEAR
SUB-TOTAL 4,388,4 A.F./YEAR
#10Z SYSTEM LOSS 438.8 AJF./YEAR
T 19273 AEITERR

{1) TOTAL RESIDENTIAL DWELLING UNITS = 5189 DU
{2} (F) = FUTURE

{3) (E} = EXISTING
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APPENDIX "G"

WATER BUDGETS
FOR
200-YEAR DROUGHT AND PARTIAL DEVELOFPMENT
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HORMAL ANHUAL COWSUMPTION
. FOR
200-YEAR DROUGHT AMD PARTIAL DEVELOFAME
{3,051 EDU TOTAL)

SEASONALLY VARIABLE

ESTATE LOTS-NORTH (F): 110 LOTS @ 730 GPD =
ESTATE LOTS-NORTH (E): 494 LOTS @ 750 GPD =
ESTATE LOTS-SOUTH (F}: 734 LOTS @ 450 GPD -
COTTAGE LOTS (E): 197 LOTS @ 500 GPD =
CIRCLE LOTS (E): 457 LOTS B 550 GPD -
TOWNHOUSE LOTS (E): J8? LOTS @ 350 GFD =
HOBIL HOME LOTS {E): 1a¢ LOTS @ 200 GPD =

OTHER SEASONAL:

PARKS: 40 ACRES =

NT

82,500,0
370,500, 0
477,100,0

78,5000
251,350, 0
135,150.0

37,800,0

85,0670

124,974,0

GPD
GFD
GPD

GFD

5UB-TOTAL SEASONALLY VARIABLE

SEASONALLY NON-VARTABLE

SCHOOLS:

COMRERCIAL-INDUSTRIAL (INCLUDES 38 LODGE UNITS):

1,863,741.0
1,864.0

GFD
AT /YEAR

#F . /YEAR

A+F . /YEAR

SUB-TOTAL SEASONALLY NON-VARIABLE

SUB-TOTAL
#10% SYSTEM LOSS

TOTAL M & I

{1) TOTAL RESIDENTIAL DWELLING UNWITS = 2600 DU
{2} (F) = FUTURE

(3} (E} = EXISTING
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HORMAL ANNUAL CONSUMPTION

FOR

200-YEAR DROUGHT AND PARTIAL DEVELOPMEWT
{3,551 EDU TOTAL}

SEASONALLY VARIABLE

4]
)]
GFD
GPD

GFD

GPD
A«F./YEAR

#.F. /TEAR
A Fu A YEAR

A FL/TERR

ESTATE LOTS-MORTH (F}: 336 LOTS & 730 GPD = 252,000,0
ESTATE LOTS-NORTH (E): 494 LOTS B 750 GPD = 370,500,0
ESTATE LOTS-SOUTH (F): 1,400 LOTS @ 450 GPD = 910,000.0
COTTAGE LOTS (E): 197 LOTS @ 500 GPD = 98,500.0
CIRCLE LOTS (E): 457 LOTS @ 550 GPD - 251,350.0
TOWHHOUSE LOTS (E): J4¢ LOTS A 350 GFD = 136,150.0
MOBIL HOME LOTS {E): 189 LOTS @ 200 GPD : 37,800,0
OTHER SEASONAL: 85,067.0
PARKS 40 ACRES - 124,974.,0
SUB-TOTAL SEASNALLY VARIMBLE - 2,266,410 G
: 2,538.8
SEASOMALLY NON-VARIABLE
SCHOOLS: .5
COMMERCIAL- INDUSTRIAL (INCLUDES 38 LODGE UNITS): 112.8
GUB-TOTAL SEASOMALLY HON-WRIARLE 1443 F./TER
5UB-TOTAL 2,583.1

+10% SYSTEM LOSS 26843

TOTAL W & I 2;951.4

{1} TOTAL RESIDENTIAL DWELLING UNITS = 3100 DU

(2) (F) = FUTURE

(3} {E} = EXISTING
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NORMAL ANNUAL CONSUMPTION
FOR

200-YEAR DROUGHT AMD PARTIAL DEVELOFHENT

SEASONALLY VARTABLE

ESTATE LOTS-NORTH (F):
ESTATE LOTS-NORTH (E):

ESTATE LOTS-50UTH (F):

COTTAGE LOTS {EJ:
CIRCLE LOTS (E):
TOWNHOUSE LOTS (E)z
MOBIL HOME LOTS (E}:

OTHER SEASONAL:

{3,751 EDU TOTAL}

J36 LOTS @ 730 GFD =
494 LOTS & 730 GPD -
1,400 LOTS @ 650 GPD -
197 1OTS @ 500 &FD -
457 LOTS B 550 GPD =
J87 LOTS & 330 GPD =

187 LOTS & 200 GPD =

40 ACRES =

252,000.0
370,500.0
910,000.0
98,500.0
251,350.,0
135,150,0
37,800.0
85,0670

124,974.0

EPD
GPID
GPD
GPD
GPD

GPD

SUB-TOTAL SEASOMALLY VARIABLE o

SEASONALLY NOH-VARIABLE

----------------------------

SCHOOLS:

COMMERCIAL-INDUSTRIAL (IWCLUDES 38 LODGE URWITS):

---------------------------------------------------------------------------

SUB-TOTAL SEASOMALLY NON-VARIABLE

SUB-TOTAL

+101 SYSTEM LOSS

2,245,341,
2y334.48

GPD
A+ /TEAR

#.F./YEAR

A F/YEAR

TOTAL W & I

{1) TOTAL RESIDENTIAL DWELLING UMITS = 3500 DU

{2} {F) = FUTURE

(3) (E) = EXISTING
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APPENDIX "H"

WATER BUDGET
FOR
100-YEAR DROUGHT AND FULL DEVELOPMENT
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NORMAL ANHUAL CUHEUﬂPT[EH

FOR

100-7EAR DROUGHT AND FULL DEVELOPHENT
{5,768 EDU TOTAL

SEASONALLY VARIABLE

ESTATE LOTS-NORTH (F):
ESTATE LOTS-MORTH (E):
ESTATE LOTS-S0UTH (F):
COTTAGE LOTS (E):
CIRCLE LOTS (E):
TOWNHOUSE LOTS (E):
MOBIL HOME 0TS (E):

OTHER SEASONAL:

2,125

494 LOTS @ 750 GPD

1,300
197
457
389

1ay

2]

LOTS @ 750 GFD

LOTS 8 430 GPD =

LOTS # 500 GPD -

LOTS 8 550 GPD

LOTS @ 350 GPD

LOTS @ 200 GPD =

80 ACRES =

1,592,750,0
370,500.0
345,000.0
98,300, 0
251,350.9
135,150.0
37,800.0
134,047,0

249,951.,0

GPD
EPD
GPD
GFD
]
GPD
GPD

GFD

-------------------------------------------------------------------------

SUB-TOTAL SEASONALLY VARIABLE

SEASONALLY NON-YARIABLE

----------------------------

SCHOOLS:

COMMERCIAL-INDUSTRIAL (INCLUDES 38 LODGE UNITS):

----------------------------------------------------------------------------

SUB-TOTAL SEASONALLY NOW-VARIABLE

SUB-TOTAL
+10% SYSTEM LOSS

3,?1?;";65-0
4,153.9

GPD
A F./YEAR

AF./YEAR

AF./IEAR

A.F./TEAR

A+F. /YEAR
A+F o /TEAR

--------------------------------------

TOTAL # & I

(1) TOTAL RESIDENTIAL DWELLING UNITS = 5189 DU

{2) (F) = FUTURE

{3) {E) = EXISTING
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APPENDIX "I"

WATER BUDGET
FOR
100—-YEAR DROUGHT AND PARTIAL DEVELOPMENT
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NORMAL ANNUAL CONSUMPTION

FOR

100-YEAR DROUGHT AND PARTIAL DEVELOPMENT

{4,251 EDU TOTAL)

SEASOWALLY VARIABLE

ESTATE LOTS-MORTH (F): 734 LOTS @ 750 GPD =
ESTATE LOTS-NORTH (E): 494 1OTS & 750 GPD =

ESTATE LOTS-SOUTH (F): 1,300 LOTS B 430 GFD =

COTTAGE LOTS (E): 197 LOTS & 500 GPD =
CIRCLE LOTS (E): 457 LOTS @ 530 GPD =
TOWHHOUSE LOTS (E): 389 LOTS @ 330 GPOD -
HOBIL HOME LOTS (E): 18% LOTS @ 200 GPD =

OTHER SEASONAL (EXCLUBING HOTEL):

40 ACRES =

552,000,0
370,500.0
845,000,9
98,5000
251,350,0
135,150,0
37,8000
85,0670

124,974.0

GPD
GPD
GPD

M|

GPD

SUB-TOTAL SEASOWALLY YARIABLE

SEASONALLY NON-VARIABLE

SCHOOLS:

COMMERCIAL-IMDUSTRIAL (INCLUDES 38 LODGE UNITS):

2,501, 3410
2,802.1

H ]
AF./YEAR

A+Fo /TEAR

A Fo/TEAR

SUB-TOTAL SEASONALLY NOM-VARIABLE

{1) TOTAL RESIDEWTIAL DWELLING UNITS = 3800 DU
{2) (F) = FUTURE

{3} (E} = EXISTING

SUB-TOTAL
+10% SYSTEM LOSS

A+F./TEAR

#+F./YEAR
AF./TEAR

_____________________________________

TOTAL # & I
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APPENDIX "J"

REFORT ON WATER SUPPLY ALTERMATIVES
BY
HARRY J. DUNLOFP
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4284 Missouri Flat Road
Placerville, CA %5607

December 20, 1589

Mr. Ken Giberson

Giberson & Associates

11246 Gold Express Drive, Suite 101
Gold Riwver, CA 95670

Dear Mr. Giberson:

In our discussions on December 11, 1989, we reviewed the
adequacy of the water supply for full development of lands at
Rancho Murieta under the Planned Development Ordinance. We
concluded that there appears to be a need for about 2,000 acre feet
more water over the next five vyears to accommodate full
development. You recquested that I report on the current status of
potential additional water supplies from: 1) The Folsom South
Canal, 2) County Line Reservoir, 3) The Cosumnes River and off
stream storage, and 4) Ground Water.

From a review of these items as described below, it is
recommended that Rancho Murieta Community Services District (RMCSD)
take the following actions:

1. Pursue the avallability of off site ground water at the
earliest opportunity by identifying potential sources.

2. Continue to pursue additional on or off site storage
projects for the sole benefit of Rancho Murieta as well as other
off site storage projects in conjunction with other parties
interested in such off site storage projects.

3. Review present raw water system operations to determine
how these operations may be modified to maximize the use of
riparian water rights in meeting the total water supply needs under
full development at Rancho Murieta.

4. Write letters to:
a. The Sacramento County Water Agency placing the Agency

on notice that RMCSD is interested in a water supply directly from
the Folsom South Canal or as a part of the Sunrise East Service
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b. The Cosumnes River Water and Power Authority placing
that authority on notice that RMCSD is interested in a water supply
from the Cosumnes River.

(3% The City of Folsom advising the City of RMCSD's
interest in exploring the potentials of water service to the area
west of the Sacramento - Eldorado County line from Folsem southerly
to Rancho Murieta.

Discussions:

Following are pertinent comments on the status of potential
additiocnal water supplies:

1} Folsom South Canal:

The U.S. Bureau of Reclamation (USBR) owns and operates
the Folsom South Canal, a unit of the Central Valley Project. The
USBR's position is that water service from the canal to areas in
Sacramento County must be thru contracts with the Sacramento County
Water Agency. The USBER will not contract directly with users like
Rancho Murieta. The long standing contract with SMUD is the
exception, not the rule.

From discussions with Mr. Jim Dixon, Chief of the Water
Resources Division, Sacramento County Department of Public Works,
it is understood that Rancho Murieta is within the proposed Sunrise
East service area - an area bounded by Sunrise on the west, Highway
50 on the north, Sacramento County line on the east, and Jackson
Road on the south. The Water Agency does not have any immediate
plans for water service to this area. Indeed, Sacramentoc County
is a bit uncertain of the potential for any service from Folsom
South Canal in light of the recent court decision on the lower
American River (East Bay Municipal Utility District case). The
Agency doces sell some water from the canal to individual
agricultural users, but such sales are for non-firm water on a year
to year basis.

Sacramento Municipal Utility District (SMUD) has a contract
for 75,000 acre feet of water for industrial use at Rancho Seco.
With the generating station presently shut down, SMUD has received
a number of inquiries concerning the availability of that water,
or portions thereof, for use by other customers. San Joagquin
County made such an inquiry and was advised that SMUD will not
relinquish any of that water at this time. (see attached letter
from David Boggs to Evelyn L. Costa dated July 10, 1989). USEBR
advises that they will not favor any direct subcontracting of any
of that water by SMUD. Any relinquishment of water by SMUD would
return the unused amount to USBR for disposition by that Agency.
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It does not appear that any substantial amount of water 1is
immediately awvailable to Rancho Murieta from the Folsom South
Canal. However, in the interest of keeping options open on long
term solutions, RMCSD should direct a letter to Sacramento County
Water Agency with a copy to USBER expressing an interest in water
service from the Folsom South Canal and urging the Water Agency to
resolve any impediments to service at an early date.

2) County Line Reservoir:

County Line Reservoir is a feature of the Federally
authorized Auburn-Folsom South Unit of the Central Valley Project.
The USBR has no present plans to construct the feature. It has
been reported that any Federal legislation which would reauthorized
the Auburn-Folsom South Unit would most likely deauthorize the
County Line Reservoir. Construction of a reservoir at the County
Line site is not dependent on its being a feature of a Federal or
State project. Any agency could build a reservoir at this
efficient site. . An B0 foot high, 650 foot long dam would impound
40,000 acre feet of water with an active capacity of 25,000 acre
feet at a high water elevation of 445 feet. Most of the area
between U.S. Highway 50 and south to Rancho Murieta could be served
by gravity. The reservoir could impound the waters of Deer Creek
supplemented by water from Folsom Reservoir thru two pumping plants
and a 10.8 mile pipe 1line. Costs for these facilities were
estimated by the USBR in 1963 to be about %12 million.

But there are a number of items which detract from this site.
A regional waste water treatment plant (sewer treatment plant) is
now located upstream with an established discharge to Deer Creek.
The Cameron Park development lies within the upstream drainage
area. The natural runcff from streets and other urban development
is tributary to the site presenting a water quality problem. It
may be possible to mitigate these difficulties by bypassing Deer
Creed around the reservoir and using only water imported from
Folsom Reserveoir as the water supply. This would increase
operating costs by some amount, but most likely not be prohibitive.

If adequate financing can be obtained, County Line Reservoir
continues to be an attractive site for 25,000 acre feet of water
to serve the area west of the Sacramento County line between U.S.
Highway 50 and Rancho Murieta. It will most likely take some time
to obtain the financing and as such, it may be beyond the time
constraints of meeting the present needs.

3. Cosumnes River and Off Stream Storage:

The four county Joint Powers Agency {Eldorado, Amador,
San Joaquin, and Sacramento) has disbanded. The Cosumnes River
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Water and Power Authority is still in existence with Eldorado
County Water Agency and Eldorade County as members of the
Authority. The Authority is currently seeking an extension of its
permit from the Federal Energy Regulatory Commission (FERC) to
build a multipurpose project on the Cosumnes River. Substantial
time will be required to complete any such project. In the
interest of preserving long term options for additional water
supplies, RMCSD should advise the Authority in writing of its
interest in a water supply from the Cosumnes River.

The potential exists for an independent project sponsored by
RMCSD. However, the District should be prepared for a long and
relatively expensive (estimated at over %1 million) effort if it
chooses to pursue this course.

4 further approach suggests some additional off stream storage
either on site or in close proximity to Rancho Murieta. Another
reservoir of about the size of Caleroc would provide the 2,000 acre
feet of supplemental water desired for full development. Current
water rights for water from the Cosumnes River as further modified
by State Water Resources Control Board Orders 79-13 and 79-23
specify: "The water appropriated shall be limited to the guantity
which can be beneficially used and shall not exceed (a) 6 cubic
feet per second by direct diversion from the Cosumnes River to be
diverted from November 1 of each year to May 31 of the succeeding
year, and (b) 4,050 acre-feet per annum by storage to be collected
from November 1 of each year to May 31 of the succeeding year as
fellows:

1. 3,900 acre-feet per annum from the Cosumnes River to be
stored as follows: '

(A) 1,250 acre-feet per annum in Chesbro Reservoir,
(B) 2,610 acre-feet per annum in Calero Reservoir,
(C) 850 acre-feet per annum in Clementia Reservoir, and
(D) 40 acre-feet per annum in Fairway No. 10 Lower Lake.

The combined amount under B, C and D shall not exceed a total
of 2,650 acre-feet.

2. 50 acre-feet per annum from an unnamed stream to be
stored in Chesbro Reservoir.

3. 100 acre—-feet per annum from an unnamed stream to be
stored in Calero Reservoir.

The maximum rate of diversion from the Cosumnes River to
offstream storage shall not exceed 46 cubic feet per second. The
equivalent of the continuous flow allowance by direct diversion for
any 7-day period may be diverted in a shorter time if there is no
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interference with vested rights. The Total amount of water to be
taken from the source shall not exceed 6,368 acre-feet per water
year of Cctober 1 to September 30.

This permit does not authorize collection of water to storage
outside of the specified season to offset evaporation and seepage
losses or for any other purpose.™

This provision suggests a right for direct diversion of 2,468
acre feet (6,368-3,900 = 2,468) during the year. With additional
offstream storage it is possible to convert this direct diversion
right to a storage right. It would then be possible to more nearly
meet water demands without exceeding the total amount of authorized
diversions. (see page 5 of Decision No. D940 attached, for a
policy statement on converting direct diversion to storage.) Such
a change does require filing a Petition for change in distribution
of storage and such other documents as the State Water Resources
Control Board may require.

4, Ground Water:

Information of a general nature on ground water is
contained in Bulletin No. 118 of the California Department of Water
Resources and the USBR report on the Auburn-Folsom South Unit,

Central Valley Project, dated March 1963. More site specific
information is contained in a report to RMCSD by Luhdorff &
Scalmanini dated January 1988. Information available tends to

indicate that there may be limited amounts of ground water at
Rancho Murieta but the area is generally east of and uphill from
any significant ground water agquifers. The can be verified further
by discussions with landowners who have existing wells. About
2,000 acre feet per year of additional water is needed for full
development at Rancho Murieta which could be met from wells
producing about 1,500 gpm continuously over a 10 month peried. It
is essential in selecting well sites to be certain that the under
ground aquifers are large enough to permit sustained pumping of
these amounts over long periods so as not to develop a false sense
of security in a water supply that may not be there. A survey of
the production rates of wells located further downstream on the
Cosumnes River should provide the necessary information on
acceptable locations for wells.

Based on institutional constraints and very preliminary cost
estimates, it appears that a ground water source of supplemental
water provides the most easily doable, and least costly source of
supplemental water for Rancho Murieta. An under ground source will
always be a useful supply, particularly in dry years when surface
waters are least available. From these considerations, RMCSD
should identify the location of potential wunderground water
supplies at the earliest opportunity.
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It has been my privilege to be of assistance to you and Rancho
Murieta Community Services District in this matter.

Vary truly yours,

)

ar unlop

HID:s
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SACRAMENTO MUNICIPAL UTILITY DISTRICT O P. O. Box 15830, Sacramento CA 95852-1830, (316) 452-3211
AN ELECTRIC SYSTEM SERVING THE HEART OF CALIFCRMNIA

GM B9-524

July 10, 1589

Manmmmaiﬂg.

JUL 171989 e

Evelyn L. Costa, Chairman

San Joaquin County Board of Supervisors - S
222 East Weber Avenue, Room 701 > LE
Stockton, CA. 95202 12 24 36 p

Dear Chairman Costa:

We have reviewed your June 20, 1989 letter regarding sources of
additional water for municipal use in your county.

Our contractual entitlement to water from the Folsom South Canal
fulfills a basic requirement for cooling, dilution and plant
water at the Rancho Seco Nuclear Generation Station. 1In fact,
the 75,000 acre foot entitlement was cbtained to support the
development of several plants.

Although Rancho Seco is currently shut down, at some time in the
future it is likely that some type of thermal generation will be
operated at the site to meet our growing customer demands.
Accordingly, SMUD must retain the long term contractual
entitlements we now hold to Central Valley Project (CVP) water.
It is our understanding that the Bureau of Reclamation is making
progress in resolving some of the Folsom South Unit litigation
and is also pursuing the marketing of additional CVP water. You
may want to pursue this issue with the Bureau directly.

Please contact Dan Whitney, Manager, Power Planning, at (916)
732-5351 with any further gquestions you may have on this matter.

Sincerely,

David A. Baggs?rj

General Manager

cc: Regional Director, Attn: MP 440
U.S. Bureau of Reclamation
2800 Cottage Way
Sacramento, CA. 95825

James Dixon, Chief, Water Resources Division
Sacramento County Public Works Department
827 7th Street, Room 301

Sacramento, CA. 95814

Baafd Members
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STATE OF CALIFCRNIA
STATE WATER RIGHTS BOARD

PR
= % %

In the Matter of Application 16849
bty Glenn R. Baker to approprlate

from Crooks Creek and an unnamed

)

)

g Decision No. D 94O

; ADOPTED NOV 1259

stream 1in Madera County

Substance ¢of tke Avplication

The application filed Janmuary 29, 1956, is for a permit
to aprropriate a total of 10.5 acre-feet per annum by storage
(7.0 acre-fest from Crooks Creek and 3.5 acre-feet from an unnamed
stream) to be collected between November 1 and Msy 31 of each
season for irrigation and stockwatering purposes. Storage is to
te effected by means of two earthfill dams lccated within the SEZ
of Section 23, Té6S, R20E, MDB&M. Both dams are constructed.
According to the application the dam on Croocks Creek is 21 fast
high, 198 feet long, and creates a reservoir of 7,0 acre-faet
capacity. The dam on the unnamed stream is 20 feet high, 175 fset
long and creates a reszervoir of 3,5 acre-feet capacity. Some 17

aecres of land are to be irrigated.

Frotests and Hearineg

Application 16349 was ccmpleted ard advertised in ac-
cordance with the crovisions of the Water Code and avoplicable
rules and regﬁlaticns, protests were recaived from Leland J. ard

Lorothy i{. Davias and from Madera Irrigation District. A publie
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kearing was held on August ll, 1959, in Madera, California, before
KEent Silverthorne, Chairman, and Ralph J. McGill, Member, of the
State Water Rights Board. The applicant, protestants and other in-
terested parties were duly notified of the hearing. The applicant
apreared on behalf of himself, protestants Davis were represented
by Attorney William H, Haupt, and Madera Irrigation District was
represented by Attorney Denver C. Peckinpah. The protest of Madera
Irrigation Dlatrict was withdrawn at the commencement of the hsar-
ing (RT p. 9). ;

The application was heard under a common receord with
Applications 17208, 17425, and 18273, These latter applicaticns

will be considered by separate decisions and orders,
Sources

The sources are the two forks which form the main stem
of Crooks Creek and each storage dam receives the runeff from about
1.25 sgquare mlles of drainage area, Crooks Creek 1s a tributary
from the north and Jjoins Fresno Rliver in Section 2, T7S, R20E,
MDB&M, at a polnt about three miles downstream from the applicant'a
points of diversion., Protestants Davia'! property (Ahwahnee
Meadow Ranch) is located on Crooks Creek extending from the north.
line of the S% of 3% of Section 26, T63, R20E, to the south line
of the N3 of Section 1, T7S, R20E, MDB&M, immediately downstream

from the apolicant.

i The Tssues

The porotest of Leland J. and Dorothy M, Davis i3 basad
upon the contentlion that the appropriation contemplatéd under

Application 16849 will interfere with their use of water from
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Croocks Zreek under an appropriative right initiated prlor to the
effective date of the Water Ccrmission Act in 1914 and by virtue
of riparian ownership. The only issue involved is whether un-

appropriated water exists in sufficient quantity to justify ap-

proval of the application,

Diacussion of the Evidence

The Davis Ahwahnee Meadow Ranch was originally owned and
developed by William H, Crooks., In the 1850's Mr, Crooks con-
structed a log diversion dam about four feet high (AT p. 51) in
Crocks Creek for the purpose of diverting water onto a meadow and
for the irrigation of aome crops on the west side of the Creek
(RT pp. 39, LO). The dam was used. in thls manner until the death
of Mr. Croocks in 1912 (RT po. 40, L4L1). From 1912 to 1950 diversion
was made intermittently during wet years (RT p. 51) and water was
used continuously direct from the creek for stock water (RT p. LL).
In 1950 the then owners of the ranch, Gellhardt and Cox, con-
structed a storage dam on the creek under the supervision of the
So0il Conservation Service (RT p. 45). There is no evidence as to
the capacity of the reservoir. EHowever, testimony 13 to the
effect that the dam is 24 feet high and forms a lake 1100 feet
long with a width of 600 feet (RT p. 52). A second dam was built
on the Davis property in 1954 by a Mr. Tharalson who owned the
ranch at that time (RT p. 53). Water from both reservoirs is
used for stcakwateri;k and for lrrlgation purpcses.

The applicant's property was homesteaded by the Eaker

fanily in 1910 (RT p. 10)}. Except in an exceptlionally wet year
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Crooks Creek ceases flowlng in June and has always been dry by the
first of July within the EBaker proverty (RT pp. 11, L9) which is
ad jacent to and upstream from the Davis praoperty.

The applicant's dam on Crooks Creek was built in 1342,
the dam on the unnamed stream was built in 1956 (RT pp. 11, 12).
According to Mr, George H. Croocks, a former owner of the Davls
proverty, and also Mr, Davis, there has teen no substantial change
in the flow conditions of the creek durlng the summer months since
the construction of the applicant's dams (RT pp. 50, 103). Also,
there is no gquestion as to the adequacy of runcff during the winter
months (RT pp. 112, 11L4). In fact, Mr. Davis does not attempt to
completely fill his reservoirs (by placing flashboards in the
spillway) until most of the winter flow has passed 1n order to
avold possible flood damage to his works (RT p. 11L).

Under Application 16849 water will be collected to stor=-
age durlng the period of November 1 teo May 31. The primary concern
of the protestants 1s that with the existence of the applicant's
upstream reservoirs the runoff after about March 15 will not be
adeguate to meet their requirements. Protestants! problam then i3
obviously not one of adequate total seasonal runoff but of correctly
qpredlcting the occurrence of flow durlng the spring months. Under
these circumstances it must te concluded that there 1is unappro-
priated water avallable to supply the applicant without material
injury to prnteatantaiand that aporoval of the application will
rermit greater cnnser;;tion of the water resources invclved.

The discussion thus far has assumed that protestants

produced satisfactory evidence of their prior right to impound
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water of Crooks Craék during the season covered by Arnllcation
16849 for use later in the year. In fact, they did not do so,
gince there is no evidence that water was stored by them or their
predecessors until 1950, and they ha#e not received a permit au-
thorizing storage. Prior to that time all use of water on the
Ahwahnee lMeadow Ranch from Crocks Creek was by direct diveraion

of the natural flow. A right to appropriate water acquired by
beneficial use prior to the effective date of the Water Commission
Act (December 19, 191L) is méasureﬁ and limited by actual bene-
ficisl use, both as to gquantity and time. Although there are no
California court decisions directly in point, it follcws logically
that a right tc divert natural flow at a stated rate for irri-
gation use during the irrigation season cannot be converted into

a right to divert at a greater rate during the winter seascn and
to hold the water over for use during the irrigation season. Such
change would constitute a new appropriation of water for which,
since 191, a permit from the State has been required. A direct
diversion right can be converted to a storage right only to the
extent there 13 no change in rate of diversion from the stream or
in the period of the year during which the water is diverted.

As to the protestants' alleged riparian right, the

courts have held (Seneca Consol, Gold Mines Co. v. Great Western

Power Co., 209 Cal, 206, 287 P. 93; Colorado Power Co, v, Pacific

Gas and Electric Co.,, 218 Ccal. 559, 24 P. 24 L95; and Moore v,
Callfornia-Oregon Power Co., 22 Cal., 24 725, 140 P, 2d 798) that
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water carnot be storsed and withheld for a deferred use undsr a
claim cf riparian right., "... the right of storage may be ex-
ercised only pursuant to appropriations lawfully made."

(Meridian, Ltd. v. San Francisco, 13 Cal, 24 L2h)

A further factor which casts doubt upon the pressnt
validity of protestants' alleged orior water right, and conse-
quently upon their standing objection to Application 16849, is
the apparent intermittent use of water by protestants' prede-
cessors between 1912 and 1950, since, generally sreaking, non-use
of water for a contlinuous pariad.of five years resultsz in lossz of

a pre=-191lly aporozriastive water right.

Conclusions

The evidence indicates and the Board finds that unavpro-
priated water exists at times in the sources named in Application
1689 and that such water may be taken and used in the manner
proposed by the applicant during such times without injury to
downstream water users holding prior vested rights, It 1s there-
fore the coneclusion of the Eaﬁrd that Application 16849 should be
approved and that a vermit should be issued to the applicant sub-

ject to the usual terms and conditions,
Order

Applicaticn. 16849 for a vermit to appropriate unappro-

\
priated water having been filed with the former Divisicon of Water

Resources, Jjurisdiction of water rights inecluding the subject
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application having been subsequently transferred to the State
Water Rizhts Board, protests Laving been recelved, a gublic hear-
ing having been held, evidence having been received and considersd
by the Board, and said Board now being fully informed 1In the
Premises:

IT IS EEREBY ORDERED that Application 16849 be, and the
same 13, hereby approved, and it is ordered that a permit be lasued
to the applicant subject to wvestad rights and to the followilng
terms and conditions, to wit:

l., The amount of water appropriated shall be

limited to the amount which can be beneficially used
and skall not exceed 10.5 acre=-feet per annum by
storage, from asbhout November 1 of each year to about
May 31 of the succesding year, all as more explicltly
set forth in Paragraph 2 of the approved application,

2. The maximum amount herein stated may be re-

duced in the license 1if investigation so warrants.

3, Complete application of tha water to the

proposed use shall be made on or before December 1, 19€0.
. Progress reports shall be filed promptly by
permittee on forms to be provided annually by the
State Water Rights Board.

5. All rights and privileges under this permit
including method\of diversion, method of use and
quantlity of water dlverted are subject to the con-

tinuing authority of the State Water Rights Board in
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accordance with law and in the interest of the public
walfare to orevent waste, unreasonacle use, \rea3on-
able method of use or unreasonable method of diversion
of s3azid water.

Adcopted as the decislon and order of the State Water

Rights Board at a meeting duly called and held at

California, on this day of s 1959.

fent Silverctnorne, Chairman

W. P. Howe, ember

Ralph J, reGill, HMemter
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APPENDIX "K"

PRELIMINARY ENGINEERING COST ESTIMATES
FOR
SHORT TERM SUPPLY AUGMENTATION ALTERNMNATIVES
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PRE-ENGINEERING COST ESTIMATE

* ALTERNATIVE No.l: ON-SITE WELL SYSTEM PAGE 1 OF 2

ITEN DESCRIPTION QUANTITY UNIT PRICE AMOUNT

1. DOMESTIC WELL (250-300 FEET DEEP,
400 GPH @ 50 H.P.) 3 EA. §150,000/EA. $750000
2, 16-INCH DIAMETER TRANSNISSION

PIPELIHE lﬂpﬂﬂﬁ LiFl éifLiFl I,ISQFQUQ

3. RICHT OF WAY (EASEMENT) 2 AC. 50,000/4C, 100,000
SUB-TOTAL $2,000,000

+20% CONTIGENCY 400,000

+257 ENGINEERING,
ADNINISTRATION & INSPECTION 500,000

........................................

444444444444444444444444444444444444444444444444

DESCRIPTION QUANTITY UNIT PRICE  AMOUNT

DONESTIC WELL (300-500 FEET DEEP,

1,000 GPN B 250 H.P.) 2 EA $175,000/E4,  $350,000

18-INCH DIAMETER TRAWSMISSION

PIPELINE 42,000 L.Fe  72/L.F. 3,020,000

RIGHT OF WAY (EASEMENT) 10 AC. 20,000/AC, 200,000

MELL SITE PROPERTY 20 AC, 20,000/4C. 400,000
SUB-TOTAL $3,970,000
+20% CONTIGENCY 300,000

+251 ENGINEERING,
ADNINISTRATION & INSPECTION 990,000

----------------------------------------

TOTAL $3,760,000

ESTIMATED TOTAL COST ALTERNATIVE No.2 = $5.5 - 4.0 MILLION

32 IEESSEIIIEIIEISESTIZEEIZSEEEEEEZSESCSCSISCCICICICSCICISESEIIITIZssssszsTzE=zz:

232



¥ ALTERNATIVE No.3: ON-SITE STORAGE

------------------------------------ PAGE 2 OF 2
ITEN DESCRIPTION QUANTITY  UNIT PRICE  AMOUNT
L. CUTOFF TRENCH EXCAVATION 35,000 C.Y.  82,50/C.Y, §70,000
2, RANDON FILL 250,000 C.Y. 4,00/C.Y, 1,000,000
d. CLAY CORE 125,000 C.Y, 4,00/C.Y, 500,000
4, ROCK ZONE 10,000 C.Y.  25,00/C.Y. 250,000
5, GAND ZONE 35,000 C.Y, 25.00/C.Y. 475,000
6 TOPSOIL 7,000 .Y, 10,00/C.Y, 70,000
7. UNDERDRAIH SYSTEM LUNP SUN  LUNP SUN 100,000
8, ENERGEHCY SPILLWAY LUNP SUN  LUNP SUM 75,000
9, ODUTLET WORKS LUKP SUM LUNP SUM 250,000
10. PIEIOMETERS & SETTLEMENT MARKERS LUNP SUN LUMP SUN 30,000
1, EROSION CONTROL LUNP SUN  LUNP SUN 100,000
12, ACCESS ROAD 3,000 L.F,  50,00/L.F. 150,000
13, PUMP STATION LUNP 5UM LUNP SUN 200,000
14, 12-INCH DIAMETER DELIVERY PIPELINE 4,000 L.F.  50,00/L.F. 200,000
15, RIGHT OF WAY (FEE SIMPLE) 250 AC. 20,000/A4C, 5,000,000
SUB-TOTAL 8,910,000
+30% CONTIGENCY 2,473,000

+30% ENGINEERING,
ADMINISTRATION & INSPECTION 2,473,000

----------------------------------------
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GLOSSARY

fAcre foot (AF) - The wvolume of water necessary to cover one
acre of land to a depth of one foot (1 AF = 43,5380 cubic
feet),

Alluvium - A geologic term describing beds of sand, gravel,

silt, and clay deposited by flowing water.

Annual Yield - The total volume of flow of a river for a water
YEar.

Aquifer - A geologic formation that stores, transmits, and
vields significanmt quantities of water to wells and springs.

Conjunctive operation - A term used to describe operation of
ground water basin in coordination with a surface water
reservolr system. The purpose is to naturally recharge the
basin during years of above—-average precipitation so that the
water can be withdrawn during yvears of below—-average
precipitation, when surface supplies are below normal.
Conjunctive operation typically provides more water at a lower
cost thanm would otherwise be possible.

Cubic feet per second (CFS5) - A measure of the rate of flow of
water (1 cubic foot per second = 448.8 gallons per minute),

Cubic foot - The wvolume of water contained in a three
dimensional cube with one foot sides (1 cubic foot = 7.48
gallons).

Drought - & condition in nature where precipitation and
surface water sources are significantly below average. For
the purposes of this report, a drought exists when the annual
vield of the Cosumnes River is below B4,000 acre feet.

Gallons per minute {(gpm) - A measure of the rate of flow of
water,
Overdraft - The temporary condition of a ground water basin

where the amount of water withdrawn by pumping exce=sds the
amount of water replenishing the basin over a period of time.

Permeability - The capability of so0il or other geologic
formation to transmit water.

Recharge - Flow to ground water storage from precipitation,
infiltration from streams, and other sources of water.

234



Safe vield - The maximum quantity of water that cam be
continuously withdrawn Ffrom a ground water basin without
adverse effect.

Surface supply - water in reservoirs, lakes, or streams;
expressed either in terms of rate of flow (cubic feet per

second) or volume [(acre feet).

Water budget - A mass balance calculation used to compare the
available supply of water with competing water demands.

Water budget year - A consecutive 1Z-month period beginning
June 1st and ending May 3lst of the following year.

Water year - A consecutive 1Z-month period usually beginning
October lst and ending September 30th of the following year.
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