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CHAPTER I

INTRODUCTION

1. NEED FOR STUDY

San Francisco Bay and the Sacramento-San Joaquin The growth of population and industry in the Bay-Delta
Delta comprise one of California ’s great natural resources , region has been accompanied by a general degradation in
The connecting Bay-Delta estuarine system has a single water quality and an impairment in some of the benefIcial
opening to the Pacific Ocean at the Golden Gate (Figure uses of the Bay and Delta waters. Some of the historical
I-I) for a tributary area encompassing about 50,000 square events that have figured in the deterioration of the area ’s
miles, or one-third of the State of California. The eastern waters are summarized in Figure 1-3. The existing degraded
portion of the tributary area consists of the Central Valley condition and the prospect of further degradation due tO
(Sacramento and San .Joaquin River basins) and the western anticipated future growth have led to deep concern on the
portion comprises drainage areas surrounding the San part of man y citizens in the region and all levels of govern-
Francisco Bay system (Figure 1-2). The Delta provides the ment.
connect ing link between the Central Valley and the Bay
Area in many aspects; i.e., hydrological ly and environ-
mentally, as well as in social configuration and economic The State of California has recognized the dangers of
development. The Central Valley has a population of about water pollution in the Bay-Delta region and has taken legis-
three million with over six million acres of irrigated and lative action to curb pollution. This action has been es-
500,000 acres of urba n land. sentially centered around water quality standards based on

beneficial uses of water and the planning, implementation
and en forcement actions necessary to maintain these stan-
dards. To satisfy the requirements for water quality plan-

Estuarine ecology , economic developmeni patterns , ning in the State’s Porter.Cologne Act of 1969, as well as
social configurations and, environmental opportunities in- Federal planning requirements outlined in Federal Water
dicate that the three Central Valley counties of Sacra- Pollution Contro l Regulatio ns of 1970 , the State for mu-
mento , Yoto and San Ioaquin in the Delta should be con- lated Interim Basin Plans for water quality control measures
sidered in combinat ion with the nine Bay Area counties of to be executed over the period 1971-1975 and scheduled
San Francisco, San Mateo , Santa Clara , Alameda , Contra preparation of Fully Developed Basin Plans. The interim
Costa, Man n , Sonoms, Solano, and Nape when evaluating plans were adopted by the State in July 1971; fully devel-
wastewater management. The remainder of the Central oped plans are to be prepared by July 1973. State and local
Valley influences wastewater management in the 12-county agencies, with Federal assistance , have expended about
Bay-Delta area primarily through furnishing major flows $500 million for wastewater facilities. The California State
and poliutarn loads (herein. In 1970 , over five million Water Resources Control Board estimates that there is a
people lived in the 12 counties. Because of natural harbors need to spend about $1 billion more in the region in the
and connecting waterways , varyi ng climate , att ractive immed iate future for municipal wastewater facilities. This
topography and numerous economic potentials, the popula- esti mate is based on the Interim Basin Plans developed for
tion of the Bay-Delta area is expected by most authorities t he Bay-Delta region.
and agencies to increase to 12 million or more by the year
2020.

The magnitude of the problem of wastewater treatment
and disposal , the public’s increasing demand for main-
taining high water quality consistent with environmental

More than 100 years ago, centralized communities began objectives, and the high costs of meeting these demands ,
forming in the 12-county area , the most notable being San make it necessary to consider the broader view of total
Francisco and Sacramento. Since that time the San water management when investigating wastewater manage-
Francisco Bay and Delta estuarine system has served as a ment. To efficiently apply available and new techniques to
receptacle for municipal , industrial and agricultural waste- the region ’s existing and future water quality problems re-
waters . Relati vely recent man-made diversions of water quires coordination of water pollution control efforts in all
from Central Valley headwaters for municipal and agricul- phases of water management. These reasons and the great
tural purpo ses have reduced the flow of fresh water through resource value of the San Francisco Bay and Delta clearly
the Delta and into the Bay. Current plans by all levels of indicate the need for a study of regional wastewater man-
government call for additional diversions. agement within a framework of total water management.
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2. OBJECTIVES OF STUDY g. Coordinating State and local particip ation in the
studies, through the Environmental Protection Agency, to

The objectives of this feaibility study are to consider the insure that appropriate input of local interests and views is
proble m of regional wastewater management; to investigate included.
the opportunit y offered by regional wastewater manage-
ment to enhance the field of total water management; and
to explore the need for a subsequent more detailed study of 3. PROCEDURE OF INVESTIGATION
the problem. These objectives require consideration of the
following specific subjects: The investigation procedure used in conducting this

study was as follows :
a. To identify the present and future wastewater prob-

lems of the region. a. The current situation was investigated in the follow-
ing areas: regional definition , economic charact eristics,

b. To examine broad strategies available for solving existing water pollution problems, current pollution abate-
the se problems. ment operations arid operations expected within the next

five years, comparison of water quality and water quality
c. To establish the general feasibility of alternative standards , and current institutional arrangements.

methods to improve wastewater management , and in the
process to examine the effects and impacts of each alter- b. Projected development patterns for the years 1990
nat ive , and 2020 were investigated , as were potential future water

quality problems, estimates of the effect of continuing pre-
d. To identify the opportunities for integrating waste- sent wastewater management approaches (assuming that the

water management with total water management. features of currently proposed plans will be in effect by
1975), and reasons for proposing other strategies.

c. Different variations of four basic regional wastewater
In the process of investigating specific subjects, thorough management strategies - ocean disposal, estuarine disposal,

consideration is given to: land disposal, and a combination disposal concept - were
developed. Each variation of a basic strategy was reviewed

a. Assuring, wit h an acceptable level of certainty, that relat ive to its merits for:
plans to meet water quality standards will achieve instream
goals, and that water quality standards will be maintained

— Accommodating existing institutional constraints,or improved. existing developments, and near-future planned devel-
opmen tsb. Maximizing the cost effectiveness and utilization of

available funds (Federal , State and local) for proposed pol. 
— Integrating industrial flows into municipal systemslution abate ment and prevention actions , considering the

environ mental and social factors affected. — Technical feasibility

c. Relating investigations to other studies that are plan-
ned, underway, or completed. — Flexibility to meet existing and potential develop-

ment pat terns , environ mental objectives, new
d. Assuri ng that the economic, social, institutional , and technology, and emergency situations

financi al advantages and constraints of the proposed waste-
water management alternatives, as well as the technical — Completeness in wastewater management , and oppor-
aspects , have been considered. t unities for integration into total water management.

e. Taking into account , as planning premises that must
be followed , the requirements and scheduled programs of
regulatory actions for pollution control projects required
by the Environmental Protection Agency and State regula-
tory agencies. Review of the merits resulted in the selection of four alter-

natives , each representing one of the basic strategies.
1. Incorporating the latest technological advances and

methods in the alternatives considered, and predicating d. Each of the four alternatives was studied in sufficient
future act ions on expected advances where feasible , detail , based on available data and information , to permit

— 2 —



-
~ .

~~~

A

‘

CENTRAL VALLEY DRAINAGE BASIN 

— 
- —~~

- —
~‘ 

.
~~

... .  . 
~~~~~~~~~~ C . -,

SNIIA C~tjZ .— i

______ 
-: 

—SAN FRANCISCO BAY ..

& DELTA AREA ,~~~, -

\~ ‘ - . .
~~~

.,. .. 7

I:7

~~~~~~~ 

~~~~~~~ - . 
- 

- ~~~~~~ 

.
~~~~~~

-,

~~
.- $~~~

_c,-~~
_ 

•~~ •k?~ : ~~~ ~ .

~

FIGURE 1—2



HISTORICAL SUMMARY BAY-L
F/S/I — WILDLIFE — W47~

GOLD RUSH DEL 7.4 RECLAMATION OIL INDUSTRY

STRIPED 1879 INTRODUCED 1908’ PEAK 1935’ S
INTO BAY- DELTA COMMERC IAL CATCH COMME

BASS FROM NEW JERSEY 1.8 MILLION LBS. FOR B~

KING 1880 COMMERCIAL - ~926-I943~A V E R A G E
COMMERCIAL CATC H

SALMON CATCH 10 MILLION LBS. 1.0 MILLION LBS/YEAR

1851 FIRST COMMERCIAL 1899’2.7MILLION LBS. 1939’ I,45O LBS.
OYSTERS OYSTER BEDS IN OF OYSTER MEAT OYSTER MEAT H4

SOUTH BAY HARVESTED FROM S.F. BAY FROM S.F BAY

MARKE T 1898 CRAB FISHING I9I5-I920’ AVERAGE
MOV ES FROM THE CO MM ERCI AL CATCH

CRAB BAY TO THE OCEAN 1.3 MILLION LBS.

1935 ~1835-1896’ 250 THOUSAND 1915’ STATE PROHIBITS 
MANAGWATERFOWL WILD DUCKS SOLO ON “MARKET HUNTING” WITH C

CALIFORNIA MARKETS IN CALIFORNIA 
OF “FL

1870 FUR SEALS AND 1928’ 600 LICENSED
FIJRBEARERS SEA OTTERS ELIMINATED TRAPP ERS IN THE

FROM THE S.F. BAY AREA BAY-DELTA AREA

DISCHARGE OF PHENOLS ,WA TER HEAVY SILT AND FLUCTUATING FRESH SULFIDES, COD~ BODE
WAT ER FLOWS (SALINITY WASTES AND HEATEDQUALITY M ERCU RY LOA DINGS 
INCURSIONSSILT LOADINGS) WATER (ACUTE TOXICITY)

REMARKS: J1CALIFORNIA DEPARTME NT OF FI SHBG
GOLD RUSH : 1845- 1860 HYDRAULIC MINING I’ coo : CHEMICAL OXYGEN DEMAND
DELTA RECLAMATION - 1895-1910 LEVEE BUILDING , 2,BoD BI~~~4EMICAL OXYGEN DEMANDWATER DIVERSION,cHANGE TO AGRICULTURAL USE
OIL INDUSTRY -1920- 943- START OF LARGE SCALE ~ TDS TOTAL DISOLVE D SOLIDS

INDUSTRIALIZATION AND URBANIZATION 
~/ RELATIVE TOXICITY WASTE FLOW

1LN~~SHASTA DAM : BEGINNING OF CENTRAL VALLEY
WATER PROJECTS t’ BIOSTIMULATION : UNDESIREABLE

/ TODAY.I96O-1970 
GROWTH OF ALGA E



VR/C4L SUMMARY BAY-DEL TA REGION
7SH — WILDLIFE — WATER QUALITY

~M4 TION OIL INDUSTRY SHASTA DAM TODA Y PROJECTIONS

08’ PEAK 1935’ STATE BANS 1965-1969 110 THOU— 2020 RECREATIONAL USE
)MMERCIAL CATCH COMMERCIAL FISHING SAND BASS KILLED 10.7 MILLION
I MILL ION LBS. FOR BASS BY POLLUTION ANGLER DAYS .!.’

2020’ RECREATIONAL USE
1926-1943 AVERAGE I957 STATE BANS I968’ESTIMATED I.9MILLION ANGLER DAYS .
COMMERCIAL CATCH GILL NETTING I.OMILLION COMMERCIAL CATCH 8.7
I.OMILLION LBS/YEAR IN SUISUN BAY ADULT SPAWNERS MILLION LBS. (MAX.) .V

2 .7MILLION LBS. 1939 1,450 LBS. OF 1956 OYSTER HARVESTING 1980 POTENTIAL FOR I.7MILLION
(ST ER MEAT OYSTER MEAT HARVESTED PROHIBITED IN BAY BY GALLONS OF SHUCKED OYSTERS
ESTED FROM S.F. BAY FROM S.F BAY PUBLIC HEALTH WORTH ~5.2MILL lON IF CONTAM-

INATION WERE ELIMINATED .!.’

1915-1920 AVERAGE 1946: CRAB CATCH IN I965 I97O’ AVERAGE
COMMERCIAL CATCH EUREKA (HUMBOLDT COUNTY ) COMMERCIAL CATCH UNDER STUDY 11
L3MI LLI ON LBS. EQUALS SAN FRANCISCO’S 0.8 MILLION LBS.

CATCH

2000 RECREATIONAL USE”(935 WATERFOWL
~ND 1915’ STATE PROHIBITS I950’GRIZZLY &. I968 ESTI MATED 270 THOUS. HUNTER DAYS .MANAGEMENT BEGINS

“MARKET HUNTING WITH DISCOVERY WILDLIFE AREA HALF MILLION SUISUN MARSH DUCK
IN CALIFORNIA OF “FLY WAYS” ESTABLISHED WINTERING BIRDS ‘~UTPUTM INCREASED TO

ONE MILLION 11

1950’ COMMERCIAL1928’ 600 LICENSED TRAPPING OF NOTRAP PERS IN THE MUSKRATS IN PROJECT IONBAY-DELTA AREA THE DELTA

DISCHARGE OF PHENOLS , REDUCED FRESH WATER 600 MILLION GALLONS OF 2020’ 2,176 MILUON GAL. DI(ESH SULFIDES, COD W,BODII INFLOWS , INCREASED NUTRIENTS . M& I WASTES DISCHARGED MSI WASTE S DISCHARGEDIALINITY WASTES AND HEATED TDS VAND PESTICIDE LOADS DAILY (RELATIVE TOXICITYW DAILY (IMPROVEDLOADINGS) WATER (ACUTE TOXICITY) (EUTROPHICATION) AND 8I0STIMULAT ION~’) WATER QUALITY )

.1] CALIFORNIA DEPARTMENT OF FISH & GAME
1/COD CHEMICAL OXYGEN DEMAND

VBOD BIOCHEMICAL OXYGEN DEMAND

à/ TDS TOTAL DISOLVED SOLIDS

1/RELATIVE TOXICITY : WAST~~~.QW
me

I/BIOSTIMULATION : UNDESIREA8LE 

~~~~~~~~~~~~~~~ FIG U RE 1—3GROWTH OF ALGAE
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identification of ~gnifIcant major impacts. The impacts e. Evaluation of impacts reflects Corps of Engineers’
were then quantified to the extent possible. efforts. In new areas of consideration , the evaluations re-

f lect impacts developed primarily by consultants. All quart-
e. Impacts in the areas of environmental quality, social ti fied economic and financial evaluations were developed

well-being, national economic development , and regional by the Corps.
development were assessed for the assumed base condition
and the four alternatives.

5. REPORT LIMITATIONS
f. The various impacts of each alternative were evalu-

ated with reference to the other alternatives and the base The San Francisco Bay and Delta constitute an extreme -
condition. ly complex natural estuarine system. Natural and man-made

contributions to the wastewater macagement problem can
g. Conclusions were developed relative to the need for a essentially be divided into f our m~ or categories:

subsequent , more detailed study of regional wastewater
management. a. Municipal and indust rial discharges, essentially re-

f lecting waterborne waste collection, treat ment , and
“point” discharge.

4. DEVELOPMENT OF INFORMATION
b. Urban area runoff , which reflects the results of storm

Information presented in this report reflects the maxi- waters transporting pollutants , usually concentrated in
mum use of previous study efforts by Federal , State of streams or man-made facilities. The older cities of San
California, regional and local agencies. Where new areas of Francisco and Sacrtmerito have combined sanitary and
consideration are involved, the data developed reflect .the storm sewer systems.
individual and/or coordinated efforts of the Corps of Engi-
neers , the Environmental Protection Agency, the California c. Agricultural and natural area drainage , both of which
State Water Resources Control Board, and consulting introduce pollutants through stre amflow . Developments in
groups. Essentially, the in formation presented was estab- recent years have been directed toward collection of agri-
hshed as follows: cultural drainage into controlled locations similar to munic-

- 
ipal and industrial discharges.

a. Basic data for present , near future , and distant future d. Water quality factors considered to be categorized as
configurations reflect previous study efforts by Federal , “in place” by their nature. Salinity concentrations through-
State . regional and local agencies, out the estuarine system fall into this category because they

are introduced by tidal action . Man-made developments can
b. Representative regional alternatives were developed change this situation by fresh water depletions or additions.

by the Corps of Engineers in consultat ion wit h the Environ- Chemical substances in the sediments of the estuarine sys-
mental Protection Agency and the State Water Resources tern , introduced both by natural and man-made events, are
Control Board . Substantial reliance was made upon pre - a second aspect of the “in place” problem. Resuspension of
vious study efforts of many agencies. The land disposal these materials into waterways is a potential pollution con-

tri butor.concept reflects consideration of known regional resources
and configurations in combination with research into exist-
ing land disposal systems throughout the nation. Most of Overall water quality management must consider that
the lat ter are considered to be of research or demonstration individually , or in combination , the above four categories
scope relative to a regional plan . present potential problems. Individual category impacts

have been recognized and studied in varying degrees for
many years. Only in recent years have the problems of
sediment resuspension and combined effects been studiedc. A base condition was developed , reflecting the con- in the San Francisco Bay and Delta estuarine system. Study

- 

- cep ts outlined In State planning for the 1975 time frame . findi,~~ in other estuarine systems are not entirely applic-This base condition was extended to the 2020 time frame able to the Bay and Delta.by the Corps of Engineers , solely in order to provide a basis
of comparison for the regional alternatives. Available information and data indicate that most water

quality problems are associated with municipal and indus.
d. Assessment of impacts reflects Corps of Engineers’ trial discharges. Consideration of the overall objective of

and/or consulting group findings, th is report , regional wastewater managem ent and its rela-

‘1~
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tions hip to total water management , indicates, therefore , 6. COORDINATION WITH OTHER AGENCIES
that a feasibility study of such discharges would provide From its inception , this study has been coordinated withmaximum guidance for further investigations. Large individ- and has had the active cooperation and participation of theual agricultural drains could impinge significantly on total Environmental Protection Agency; the study has been fullywater management; however in most cases, their special coordinated with the State Water Resources Control Board.considerations , such as location, quality of effluent , and About 300 Federal , Stat e, regional and local agencies, inter-quantity of discharge indicate that an incremental addition ested groups and private parties were given written notifica-to a regional municipal and industrial system is the valid tion of initiation. A limited number requested and wereapproach. Urban area runoff in the Bay and Delta system furnished further information. During the course of thepresents the same factors as agricultural drains. Sediment study, informational presentations were made to the Statecontributions to water quality problems are being investi- of Califor nia San Francisco Bay Conservation and Develop-gated in other Federal programs. Avai lable knowledge of ment Commission , t he Association of Bay Area Govern -sediments indicates the solut ion to any identified problem ments, and sub-regional waier qualit y study groups. Thewould be independent of a system for wastewater manage- staffs of the California Regional Water Quality Controlment. Boards with jurisdiction in the study area were contacted

and given status reports.
Several major monitoring sessions on report develop.Based on the above analysis this report covers regional ments and prog ress were held with rep resentatives of themanagement strateg ies for the municillal and industrial Environmental Protection Agency and State agencies.wastewater discharge category of water quality problems.

The magnitude of urban area runoff is discussed in order to The rep ort has been transmitted to Fede ral , State , re-provide further insight into the problem of total water ~ usI gional and local agencies for review and comments. Uponagement. Agricultural drainage is discussed similarly. receipt , the formal views and comments of these agencies
will be presented in an Appendix entitled , “Comments By
Others .”

— 4 —



CHAPTER II

STUDY AREA TODAY

1. DESCRIPTION AND EXTENT

The study area considered in this rep ort is located in south about 40 miles to the vicinity of San Jose (Figure
west-central California and consists of the San Francisco Il-I). The Bay’s only connection with the ocean is through
Bay and Delta estuarine system and adjacent land areas as the Golden Gate. The San Francisco Bay drainage basin , as
defined by 12 counties (Figure I-I) . A total area of abou t distinguished from the overall tributary area to the Bay,
10,000 square miles is involved, totals some 4,000 square miles, of which 425 square miles

are the Bay’s water surface at mean high water. The Bay’s
Two major factors define the study area as a region for shore line is about 275 miles long at mean high water and

wastewater management consideration. The first is the contains substantial marshland areas . Prior to man’s reda-
estuarine system, which is one of the great resources of the mation of the Bay’s marshlands and water areas for residen-
nation , and reflects a transitive aquatic ecological system ti al , agricultural , port and industrial purposes, San
rang ing from ocean water at the Golden Gate to essentially Francisco Bay covered an area of about 700 square miles.
fresh water in the eastern Delta. This aquatic chain-of-life
includes spawning and breeding grounds for fisheries with Approximately 300 miles of navigation channels have
far-reaching effects on both ocean resources and headwaters been dredged in the Bay-Delta estuary . Spoil from the
in the tributary area. Marshland conditions are vital to a initial dredging and from some of the subaequent main-
variety of wildlife, particularly the waterfowl using the tenance dredging was used for reclamation of the Bay
Pacific Flyway. Recreation opportunities of all types are shoreline. Maintenance dredging of the exiting navigation
associated with the waterway system. The second major channels amounts to about eight million cubic yards an-
factor defining the study area is that the topography of the nually. Spoil from maintenance dredging ~ redeposited in
12 counties provides favorable physical linkages for various parts of the Bay.
county-wide development and social configuration. -From
an institutional viewpoint, it would be both reasonable and For purposes of later discussion , the San Francisco Bay
logical to combine the county governmental entities to system was divided into four hydrograpitic units, namely :
effect a regional system. the Golden Gate , Central lay, North lay and South Bay.

The Golden Gate, as now generally defined , extends easier-
About 80 percent of the 12-county land area is tributary ly from a line joining POin t Bonna and POint Lobes, to t l~to the Bay and Delta estuarine system. Fringe portions of Golden Gate Bridge. Central Bay lies e*st of the Golden

Man n, Sonoma, San Francisco, San Mateo and Santa Clara Gate Bridge, south of the Richmond-San Rafae( Bridge
counties drain to the Pacific Ocean either directly or by and north of the Oakland-San Francisco Bay Bridge. South
way of streams not tributary to the Bay. Bay is that past of San Francisco Bay proper lying south of

the O.kland-S.n Francisco lay Bridge. Nort h lay extends
The State of California’s investigation of the Central flofth and east from the Richmond-San Rafae l Bridge and

Valley and San Francisco Bay, relative to water quality Indudes San Pablo lay, Carquinez Strait and Ss.iaun lay.
management, induded the same study area as selected for
this report . The State study, entitled “San Francisco Bay. 3. THE DELTADelta Water Quality Control Program,” was conducted by a
consortium headed by the firm of Kaiser Engineers, and The ~~~~~~~~~~~was completed in 1969. Substantial informat ion presented . of 

a n a ~~~~
in the present report was extracted from the Bay-Delia Pro- 

~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

11-2 . Afl waters orgmnating as the Central Valley , except
those in the Tulare L ake basin, drain Ihrot* the Delia to& 2~ SAN FRANCISCO BAY SYSTEM San Francisco Bay and thence to the Pacific Ocean. The
Delia waterways, about 700 miles of meandering channels

The San Francisco Bay system, consisting of San with a surface area of about SO square miles, are subject to
Francisco Bay proper, San Pablo Bay, Carquinez Strait and tidal action originating at the Golden Gate. lniersp.c.d are
Suisun Bay, extends from the Golden Gat e north about 30 more than SO reclaimed islands, known as the Delta low-
miles and then east for about 20 miles to Plttsburg, and lands, with a total area of 700 square miles, or about 60

~~ i/ Mentio n hereafter of the “Bay-Delta Program” refers to this 1969 report by Kaiser Engineers to the State of Califor nia.
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percent of the total Delta area. These islands , enclosed by The rocks of the Coast Ranges are predominantly con-
levees, lie from five feet above to more than 20 feet below solidated marine sedimentary and volcanic rocks. lincon-
mean sea level. The Delta is mainly an agricultural area but solidated marine sediments and alluvial deposits are also
its waterways are intensively used for fishing, boating and present in the valley floo r and in San Francisco Bay. Con-
water skiing. Separate deep-water navigation channels cx- solidated rocks in the Great Valley province are also pre-
tend from Pittsbur g to Sacramento and to Stockton. sent , but lie at depths below thick accumulat ions of uncon-

solidated alluvial deposits. Common to all of the alternative
As previously mentioned, the Central Valley drains into wastewater management systems are the active San Andreas

the Delta. The Central Valley can be divided into the Sacra- Fault system and the weak, compressible, unconsolidated
mento River sub-basin to the north of the Delta and the sediments of San Francisco Bay and the Delta area.
San Joaquin River sub-basin to the south. The Sacramento
River sub-basin is about 25 ,000 square miles in area and the
San ioaquin sub-basin (excluding Tulare Lake basin) is b. San Francisco Bay amid Delta Area. The geologic
some 39 ,000 square miles. history of the Bay Area is characterized by a long record of

extensive earth movements and seismic activit y, oomph -
4. OCEAN AREA SEAWARD OF cated by substantial changes in sea level duri ng compara-

SAN FRANCISCO BAY 
lively recent geologic time . The structural trough in which
the Bay is located came into existence at the end of the Pho-
cane epoch or early in the Pleistocene , about three millionThe Pacific Ocean area seaward of the Golden Gate con-

sists of a broad continental shelf. As defined by the years ago . Throughout Pleistocene time the trough was

600-foot dept h contour , the shelf is about 30 statute miles being filled with sediments. During the interglacial stages of
late Pleistocene time, the trou gh was flooded by the generalwide with a slope of about 23 feet per mile. The Faral lon -rise in sea level resulting from the release of melt waterIslands are located near the seaward limits of the shelf. The from retreating glaciers in other parts of the world. The Bayshelf gradually decreases in width north and south of the as we know it today was inundated as litt le as 15 ,000 yearsFara llons. Located on the shelf about eight miles from the ago. A thick layer of very soft silty day , known locally asGolden Gate Bridge is a semi-circular bar wit h depths of 36 “Bay Mud ,” was deposited during and after the melting offeet or less. The bar has been improved for deep-draft navi- the continental glaciers. The Sacramento-San .Joaquin Deltagation by means of a channel dredged to a 50-foot depth , area at the head of the Bay responded likewise to the

with an authorized depth of 55 feet. changes in sea level and is composed of similar materials ,
except for the presence of thick layers of peat.

5~ GEOLOGY

a. General . The 12-county area encompasses parts of c. Seismic Activity. The 12-county region is located in a
two geomorphic provinces of California , the Coast Ranges well-known active seismic area. Historically, the reason for
and the Great Valley. Each province is characterized by the high seismicity is the presence of three major taul t
distinctive natural topographical and geological features. zones: the San Andreas fault west of the Bay , the Hayward
The Coast Ranges comprise a series of nearly parallel moun- fault at the base of the Berke ley Hills along the east side of
ta m ranges and valleys that trend in a northwesterly direc - the Bay, and the Calaveras fault on the east side of the
tion and rise to elevations of over 4,000 feet. This trend is Berkeley Hills. All are active and are considered part of the
largely controlled by the geologic structure in the under- San Andreas Fault system. Figure 11-3 shows the locations
lying rocks, which is dominated by the active San Andreas of these faults. An active fault is one on which surface
Fault system running nearly the full length of the Coast displacement has taken place during historic time , one char-
Ranges. In contrast , the Great Valley consists of a central , actenzed by linear patterns of eart hquake epicenters, or
comparatively flat alluvial plain , about 400 miles long and one on which geologicafly recent materials have been dis-
50 miles wide, lying between the Coast Ranges and the placed. In general , earthquake-indu ced ground motion in
Sierra Nevada range to the east. Elevatio ns in the Grea t soft or loose water-saturated materials , such as along the
Valley, with few exceptions, range from sea level to 100 margins of the Bay and in the Delta area, is far more violent
feet. The valley is drained by the Sacramento and San than in consolidated rock. Since a subst anti~I portion of
Joaquin Rivers, which join in the Delta area before entering any regional wastewater treatment and conveyance system
San Francisco Bay. The southermost part of the Great would be located on unconsolidated materials and would
Valley, the Tulare Lake basin, is an interior drainage basin traverse one or more of the active faults , appropriate safety
with no direct drainage to the sea. It ii separated from the factors woul d have to be incorporated in the design of the
San Joequin basin by a very low divide , structures.

— 6 —



I’

I s.ao.a NAP*

• 
P(T$5.UU *

I
SUISUN

• V*U.tJO MARSH

~ODIO P,TT$.Ut

~~~~~~~~~~~~~~ $*~~~~~~~~~~t IPt IS

$

~r---- a~~saiesa
•

N

. 4



REPRODUCED FROM ‘FINAL REPORT TO THE

STATE OF CALIFORNIA, SAN FRANCISCO BAY-0
— 4

• 
DELTA WATER QUALITY CONTROL PROGRAM”

~ts r ’~ •. : 
• .,~
‘ 

..:-
: 

: 
-.:. •

5
%~J

I
LOD I

I

STOCKTON

t - 

N

_ _
L EG C NO .~ :. ..;:: ‘ ..~:.

souuo*ay ~,
~~~~ UCROMINTO -sAN JOAQUIN DELTA .

‘ ‘ ‘  ..:-
5ECTIeaI$ ~~~~~or WATEP 

t I ICOOS ) 
. ::.‘~~

C 
• 

‘~~~t(P

. LIVEPMOSC *
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

THE $ A C R A N E N T O — $ A N  J O A Q U I N  D E L T A
FIGURE 11—2



‘

~~~~~~) ~\
/

1 

\e  ~~ M

L—IL N
~p ~~~ .* 

( 
Is~~~~~

+ ~~~ 

~ 

~ 
- 

_

~
) —— 

I

\. 
\~
; ~~

j  
+ L

/ 
S

_ _

_-vi

‘
~~~~ ...

~~~
4- 

_ _~x ‘..‘~~ ~~Asaosa

_ _ _  ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~_\\ ~9~r
P~ 

_.
~~~~
I-,i-&a

~~~

1~~~* ‘W4~~ •~S —— —

_ _ _  

- -f-
V $~ •“)

c
. a. (

\
~AI~~~~~~~~~~

—r•



U 
-

u

“S

1’ d a T A  ~• I J 0 A ~ u

. ‘~~• ~•
- LEGEND

INT’N5ITY

~~~~~~~CM TCNI ~isyro STS. COAST AND SSSDETIC
j  . -

‘ • , NV CY , 1525 — 1951
- - O S?  NOAA ISIS

J1
~~ ~~~~~~~~~~~~ 

:~~
- • z

• •,/ .- :•p - • -

________ - 
. S

.
~

• . . ;, ., 

• 
_ _ _ _ _ _ _  

± 

‘ V$fl s,fl ‘i ,SQOn.w.i.

— ~~~~

‘ 

. 
‘ “

~~~~~~~~~~~~ — - O N I , d

~~~~~~~~~~~~

-

•
.

.

.
•
,... •‘ 

~~~ I ~• •ê
( /

~ rn -
~~

-
S
. 

~~~ 
.) 4 

-

_____  
- ~ IIP* d~~~~~~~ MAJOR FAULTS AND EPICENTERS

____  

FIGURE 11—3 



6. HYDROLOGY

The Sacramento and San Joaqu in River basins (including area as water supp ly diversions from the headwater of the
Tulare Lake basin) drain about one-third of the area of two rive r basins.
California. The two rivers are the principal source of fresh
water and are the primary means by which agricultural In San Francisco Bay, local strea ms draining into the
wastewaters are carried fro m the Central Valley. Prior to Bay have a combined mean annual discharge of about
any development by man in the Central Valley , the natural 450,000 acre-feet. The mean normal annual precipitation
outflow through th ç Delta . in a normal water year , was over the Bay’s local drainage area is 19 inches. The mean
about 30 million acre-feet (see Figure Il- 4). Because of annual evaporation over the entire Bay system is abo ut 48
water use within the Central Valley and net exports from inches.
its basin , the present average Delta outflow is about 18
million acre-feet per year. As water use in the Central Val- The mean range of tide at the Golden Gate is about five
ley increases and exports from the basin grow , it is esti- feet. The mean tidal prism in the Bay is about 1.2 million
mated that  the net Delta outflow will be as low as seven acre-feet. The total water volume at mean high tide in the
million acre-feet in year 2020. The greater part of munici - Bay system is about 5.5 million acre-feet. Thus , the mean
pal and industrial wastewaters analyzed in this report derive tidal prism is about 21 percent of the total volume of water
from fresh waters that are introduced into the 12-county in the Bay.

TABLE Il-i

1970 POPULATION OF THE 12 COUNTIES IN STUDY AREA
AND THE PRINCIPAL METROPOLITAN CENTERS jJ

Growth Metropolitan
County 1950—19702/ Population Center Population

Alameda 1 .45 1,073,000 Oakla nd 363,000
Contra Costa 1 .85 553,000
Man n 2.40 206,000
Nape 1 .70 79,000
Sacramento 2.25 631,000 Sacramento 283,000
San Francisco .90 716 ,000 San Francisco 716 ,000
San Joaquin 1.45 290,000 Stockton 179,000
San Mateo 2.35 556,000
Santa Clara 3.65 1 ,065 ,000 San Jose 561 ,000
Sola no 1.60 170 ,000
Sonoma 1 .95 205 ,000
Yolo 2.20 92,000

Total 5 ,636,000

1/ Bureau of Census figures , to nearest thousa nd.

~/ California growth rate , 1950-1970 , = 1 .85 (Framework Study and Bureau
of Census). Growth rate defi ned as 1970 population -

~~ 1950 population.

I



7. ECONOMIC CHARACTERISTICS OF AREA
a. Population. The population of the 12-county stud y Calif ornia coast spend a part of their life cycle in San

are a has tri pled over the pest 40 years , with appro ximately Francisco Bay. Marshlands of the Bay and Delta are im-
60 percent of the increase occuring in the last 20 years. The portant also to migratory birds using the Pacifi c Flyway.
growt h rate of the I 2-county study area over the last 20
years has Ia~~ed slight l y behind that for the entire State. Since World War II , new and varied industrial and corn-
However , several counties within the study area have ex- merci a l  enterprise s have been introduced . The well .
perienced a phenomenal growth in the last 20 years (Table renowned universities of the area , in many instance s, have
Il-I ) .  provided the embryo for this development (electronics .

nuclear research).
b. Urban Centers. The present (1970) population of the

study ares , appToximately 5.7 mill ion . is concentrated in d. Employment and Industries . With the advent of
five counties adjacent to San Francisco Bay (San Fr ancisco , World Wa r II , the 12-county study area , following the trend
San Maten . Santa Clara , Ala meda and Contra Costa) and in in California as a whole , became heavily industrialized .
Sacramento County. The prin cipal metropolitan centers Among the major indust ries represented are food proces-
(cities with 1970 population in excess of 150.000 ) in the sii:g, chemicals, paper and allied products, primary metals ,
stud y area are San Francisco , San Jose, Oakland, Sacra- stee’, and petroleum. There are also several large defense
menlo and Stockton. instaflations , indu ct ing two naval shipyards. At the present

ti me appro ximately two million persons are employ ed in
c. Resources. The major natural  resource of the San the study area.

Francisco Bay-Delta area is its continuous waterways; they
have had a major role in the area’s commercial and manu• Industries are essentially located on navigation waler-
facturing growth. During the Gold Rush oI 1849 , the ~~~~- ways. Heavy concentration of industry occurs in Sacra-
porta nce of the Bay and Delta ’s water ways as transporta . mento , Stockto n , along the north shore of Contra Costa
t ion arteries was fully established . Pe~ro1eum is a major County fro m Antio ch to Richmond , in Oakland Harbor .
example today. Although the amount of petroleum act ually along the south San Francisco shoreli ne , in the lower Napa
produced in the stud y area is re la t ivel y small , an extensive River near Vallejo , and in Benicia in Solano County. Petro-
system of pipelines has been constructed to bring petro- leum, chemicals , stee l , metals , and paper industries are
h u m  from the Central Valley to oil refineries located in centered in Contra Costa and Solano Counties. Food pro-
Contra Costa County. Refined products are then distrib- cessing is centered in Sacramento , Stockton . Tracy and the
ut ed via the existing waterways in the Bay-Delta and the vici nity of San Jose.
t ri butary rivers . Five major oil refineries are now located in
t he area , four in Contra Costa and one in Solano County. e. Land Use. Based on California Depart meni of Water

Resources published data on land use in California for
Two other major resources of the study area are salt and 1967 , about 2.800 square miles (I .810 ,000 acres) in the

shell li me in the form of seashells found on the bottom of study area were classified as irr igated agricultural lands , as
San Francisco Bay proper. Salt is extracted by solar evapo- shown on Table 11-2, A wide range of crops is grown in the
ration of San Francisco Bay water from leveed ponds. In study area . The principal patte rns include fruit and nuts
1965, about 40.000 acres of ponds produced 1¼ million such as plums , walnuts and gra pes, tru ck crops such as to-
ions of salt. Shell lime is used to make more than one matoes and asparagus , field crops such as sugar beets and
million tons of Portland cement an nu ally. alfalfa , and grai ns such as wheat and barley .

In this same year , about 3,100 square mites of land out-In addition to its role a transport ation artery , San side the study area were under irrigation in the CentralFrancisco Bay-Delta pomesses an impor tant fish and wild . Valley . This development has an impact on the Sanlife resource . Sport fishing is a major recreational USC of Franc isco Bay and Delta estuary as return flows of waterBay-Delta waters. San Francisco Bay is the point of entry from such act ivity enter the rim of the Delta throughfrom the Pacific Ocean for all anadromous fishes migrating st reamfiows or the Bay and Delta throu gh man-made drain-into the Sacramento-San Joequin River system. Similar ly, age facilities.the juvenile of the var ious species must all puss through the
Bay-Delta waters in moving to the ocean . it is estimat ed In 1965 , urba n areas totalled about 1 ,280 square milesthat moss than 70 percent of all salmon caught off the (816 ,000 acres) in the study area as shown in Table 11.3.
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AVERAGE YEAR DELTA OUTFLOW: NATURAL , PRESENT AND FUTURE
(HYDROLOGIC YEAR 1935—38)

NOTES: I. NATUR AL OUTFLOW BASED ON O W  R ESTIMATE. PRESENT AND 2020
F IGURES BA SED ON DATA FROM U S S R AND D W R, MARCH 1968.

2 REPRODUCED FROM FINAL REPORT TO THE STATE OF CALIFORNIA ,
SAN FRANCISCO BAY — DELTA WATER QU AL ITY CONTROL PROGRAM .’

8 —— - - - - —  ___ 
_ _ _ _  

_ _ _  _ _ _ _ _ _

____ —- - — —NATURAL--

_____ PRESENT

~ 6 — ____ — _____—

~

— —FUTURE (2020)-

U.-

C-,

0

-J 4 — -—

0
-J
U-

I— 3 — — —
o

-

I

0
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

FIGURE 11 -4



TABLE 11-2

EST IMATED 1967 IRRIGA TED LAND AREA IN THE
12 COUNTIES .1/

County Area (Acres)

Alamed a 30,000
Contra Costa 85,000
Sacramento 200,000
San F ra ncisco None
San Joaqui n 720,000
Santa Clara 100 ,000
San Mateo , Mann ,

Nape and Sonoma 75,000
Solano 200,000
Yolo 400 ,000

Total 1 ,810,000

.J/ Estimates based on land use map from Calif. Dept . of Water Resources
Bulletin 160—70.

TABL E 11-3

1965 URBAN LAND USE BY COUNTIES j /
(1,000 Acres)

County Residential Commercial Industrial 2/ Public Totals

Alameda 58.2 4.5 9.7 13.8 86.2
Contra Costa 55.6 3.4 9.1 18.6 86.7
Mann 1 2.0 0.5 0.1 78.6 9 1.2
Naps 2.4 0.6 0.4 83.7 87.1
Sacramento 60.5 5.5 5.5 20.1 91.6
San Francisco 13.4 2.1 3.2 8.2 26.9
San Joaquin 18.3 2.4 4.8 8.2 33.7
San Mateo 46.1 2.2 3.8 19 .3 71.4
Santa Clara 62.8 4.0 21.6 30.8 119.2
Solano 6.5 0.3 0.3 41.5 48.6
Sonoma 3.4 1.0 16.3 38. 5 59.2
Yolo 6.2 1.5 2.5 4.0 14.2
Total 345.4 28.0 77.3 365.3 8l60

j / Fina l Report , Bay-Delta Program.

~ / Includes wholesale trade.



8. EXISTING WATER POLLUTION PROBLEMS

Pollut ion loadings in the San Francisco Bay-Delta origi - because of their environmental , economic , demograp hic , or
nate from several sources. Available data indicate that from geographic similarity Accordingly, fo ur sub-areas were set
a combined flow and poll ution load standpoint , the up. as illustrated in Figure 11-5. Sub-area A (San Franc isco ,
‘point ” discharges from municipa l and industrial develop- San Mateo , Santa Clara and Alameda Counties ) is well di-

ment present the major problem. Agricultural drainage has versi fled and encloses the South Bay. Sub-area B (Man n ,
equal flow volumes in niany cases but the scope of pol- Sonoma , Napa and Solano Coun ties) is mainly a rural and
lutants is more limited. Substant ial hy drologic information suburban non-industrial area. Sub-area C (Contra Costa
is available on urban area runoff; howeve r , Little is known County) contains the majority of industrial development in
about the related p ollution load in the Bay and Delta sys- the study area . Sub-area D (Yolo , Sacrame nto and San
tern. Available information on these subje cts is summarized Joaquin Counties) can be considered as a separate unit be-
below to permit maximum understanding of these prob- cause of its location. Such a grouping of counties is con-
lems. Emphasis is given to the regional munici pal and indus- sistent with current planning efforts in the various sub-
tr ial wastewater pro blem. regional studies now in progress .

a. Sub-areas. Most of the available data were develop ed b. Municipal and Industrial. There are about 160 munic-
on a county-by-county basis. It was decided , however , that ipalities and sanitary district s in the study area. About
some counties could be advantageously grouped t ogether 6,000 manufacturing enterprises are located in the study

TABLE 11-4

1970 ESTIMAT ED AVE RAGE ANNUAL MUNICIPAL
AND INDUSTRIAL WASTEWATER FLOWS J/

(mgd)

Sub-area County Municipal Industrial
Process Cooling

A Sari Francisco 95 809
San Mateo 5 1 2 I I
Santa Clara 106
Alameda 125 3 147

Total 377 5 967

B Ma n n 17
Napa 6 4
Sonoma 5
Solano 2 1

Total 49 4

C Contra Costa 53 76 2,768

D Yolo 10 3
Sacramento 83
San Joaquin 2 1 9

Total 114 9 3

12 — county total 593 94 3,738

J/ Bay --Delta Program Fin al Report , Tables V—6 , X X — l ,  XX—6b ; and
Bay—Delta Progra m , Task 11—4 Re port , Table lV— 5.
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area, of which the vast majority are connected to municipal The Sacramento River has a sufficiently large flow that
sewerage systems. Approximately 70 industrial dischargers the agricultural wastewaters discharged into it have not re-
arc not connected . These dischargers treat and dispose of suIted in serious degradation of the water quality in the
their wastewaters separately because of the special nature river. The San Joaquin Rive r , howeve r , has not been
of their wastes , because no municipal system is nearby, or capab le of adequately carrying off the agricultural drainage
because of economic considerat ions. Of these 70 enter- from its basin , and the San Joaquin Valley has experienced
prises. t he 26 most important are group ed into the follow- problems with salt buildup in the soil. The need for artill-
ing Standard Industrial Categories because of the special cial drainage systems has been recognized by both t~ie State
nature of their wastes: and the U.S. Bureau of Reclamation. The USBR is now

construct ing the San Luis Drain , which will run along the
Pap er and Allied Products west side of the San Joaquin Valley, collecting agricultural
Petroleum Refining drainage waters , and discharge to the Delta at Ant ioch .
Chemicals
Fabricated Metals Figures on agricultural flows and loads fro m the area
Steel tributary to the Delta produced by the State Bay-Delta

Pr ogram are shown in Table Il- b , where , it will be noted .
The remainder fit into various miscellaneous categories, the the agricultural figures are combined with those repre-
largest of which is food processing . senting strea m runoff. The Bay-Delta Program conclud ed

th at , although the evidence was incomplete , there was rca-
Figure 11-6 indicates the locations of all major identi fI - son for serious concern over the possible bios limulalory

able municipal and industrial wastewater discharges in the characteristics of agricultural drain age The feasibility of
1 2-county area. nitrogen removal from agricultural drainage water currently

is being studied jointl y by the (‘aliforni a Dep artment of
Table 11-4 presents municipal and industrial flows by Water Resources , the U.S. Bureau of Reclamatio n and the

sub-area for 1970. The industrial process flows include only Envi ronmental Protecti on Agency .
those from the cited categories. Cooling flows include all
industries. d. Urban Area Runoff. Avai lanle runoff dat a from

streams around the Bay system and urban areas in the Delta
Approximately 40 percent of the municipal wastewaters indicate that pollutio n toads are not subst anti al relative to

receive secondary treatment , while 60 percent receive pni. municipal and industrial discha rges. Table 11-7 shows the
many treatment only. (See Figure IV-l). Industrial treat- results of the most recent comprehensive s(ud y of the prob-
ment processes vary, but on the average the level of treat- lern.
ment is betwee n primary and secondary . A summary of the
estimated 1970 waste loads from municipal and industrial Analyses made dur ing the Say-Delta Program showed
sources discharged in the study area is shown in Table Il-S . that oil and grease were the only serious pollutants intro-

duced by urban storm runoff. A slight buildup of TSS (see
c. Agricultura l Drainage . California is the nation ’s lead- Table 11-5 , abbreviations ) might occur now and then in the

ing agricultural state and virtually all t h e  agriculture is extreme South Bay : but concentrations in the categories of
based on irrigation. Numerous State and Federal water de- HOD, TN , and IP due to runoff would be negligib le for any
velopment projects have brought water fro m the mountains foreseeable storm in the next 50 years.
in the northern and eastern parts of the State , and by
pu mping fro m the Delta , to the farmlands of the Central e. Other Sources. Th e  amount of pollution arising from
Valley. More such developments are planned for the future , discharges fro m ships and other watercraft is quantitativel y
Water draining from the fields is carried off by the natural very slight , less than 2 ,000 lbs. per day HOD in 1965 . al-
rivers, principa lly the Sacramento and the San Joaquin , US’ though these discharge s present local objectionable concen-
ua lly after being conveyed by artificial canals and sloughs tra tions.
from the fields to the major rivers.

Agricultural waste loads are difficult to quantify, be- 9. CURRENT POLLUTION ABATEMENT
cause of numerous factors , such as individual farming and PLANNING
irrigation practices , pesticide and fertilizer technology, loca l
reuse , and qual ity of the irrigation water supp ly, of which a. San Francisco Bay-Delta Water Quality Control Pro-
they are a function. The vast majority of the agricqltural gram. Based on the Bay-Delta Program report , mentioned
waste loads entering the estuary orig inate in and upstream above , a comprehensive waste collection and disposal sys-
of the Delta rathe r than in the counties adjoining the Bay tern serving the 12-county study area was considered by
system. State and local interests. Overall recommendations were

— I l - - .
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TABLE Il-B
AVERAG E ANNUAL FLOWS AND NITROGEN LOADS, STREAM RUNOFF

AND AGRICULTU RA L DRAINAG E DELTA AND CENTRAL VALLEY
(PRESENT AND PROJECTED)

Source Flow (mgd) TN(103 RVd.y)2/

1965 2020 1965 2020

Sacramento River 14 ,200 14,300 27 38

Delta .J/ -1 ,830 -2,080 22 27

East-side Streams 570 550 2/

San Jo qWn River 2,7)0 1 ,160 14 II

San Joequin Drains ,j j  442 41

Total 15 ,650 14 ,372 63 I l l

1/ Negatrve fl~ures indicate consumptiw water use in the Delta.
2/ Total nit rogen was the only waste parameter reported. This does

not imply, however , the absence of other constituents.
J f Negligible

~, Not Applicable
Source: Bay-Delta Program Final Report , Table VlI .13 , Present and

Projected Annual Aver age Runoff and Wastewater Load s, p.
V1l-22.

TABL E 11-7
PRESENT AND PROJECTED MUNICIPAL AND INDUSTRIAL DISCHARGES

VERSUS RUNOFF 2/
— 

learn Plow (10~ AFY) if BOO (10 R /yr) TN (1~~ s/yr)

Year 1965 2020 1965 2020 1965 2020

M&l R M&l R Mad R MA) R Mad R M&l R

South lay 310 501 740 563 384 11 1009 20 95 2 234 8

Central Bay 88 74 313 95 90 3 292 5 22 2/ 68

North Bay 82 510 456 584 117 8 884 16 36 4 346 4

Delta j~~ j~j  ~~ ii ,~2. 1’ i~
Total 653 1154 2401 1428 732 26 2966 52 182 6 801 14

NOTES: J/ Mad Muolcipsl and Industrial Source: Bay-Delta Program Final Report,
K • Runoff Table Vll-I3 , Present and Project.

2/ Runoff indudes both urban and nonurban in South , ed Annual Average Runoff and
Central , and North Bay, but only urban in Delta. Wastewater Loads, p. Vll-22.

I 

~/ Negligible

— ‘ 3— 

--- - _



that a regional wastewater management system be con- the Bay-Delta Pr ogram report. The purpose of th i s stud y is
structed in three phases: to quantify these parameters and to characterize their rela-

tionship to receiving-water conditions , because of their im-
-Phase I , to be constructed by 1980 . was program- pact on design and staging of facilities. This stud y should be
med toward consolidating existing urban dis- completed by October 197 1.
charges and transferring treated wastes from areas
of low diluti on capacity (the extremiti es of the (3) Monitoring Program. A study by Stanf ord Re-
estuary) to areas of higher dilution capacity (near- search Inst i tute  to develop an environmental monitoring
er the Golden Gate). program for the Delta and ~uisun Bay was completed in

Jul y 1970.
-Phase II . to be constructed by 1990. envisioned
fur ther  consolidation and treatment of most
wastewaters at a single advanced primary treat- c. Sub-Regional Planning. In 1970 the California Re-
ment facility near Redwood City with effluent dis- gional Water Quality Control Board . San Fra ncisco Bay
posal to ocean waters off southern San Mateo Region , considered prohibiting waste discharges in San
County. Francisco Bay south of Dumbart on Brid ge. Prohibition of

discharges would have resulted in extending existing out-
-Phase I l l ,  a construction plann ing gu ide for 2020, falls north of the Dumbarton Bridge toward the Central
was flexible , inco r porating either continued dis- Bay. The municipalities and sanitation districts which dis-
cha rge to the ocean waters or large-scale waste- charge to this part of the Bay asked for and received the
water reclamation if the potential demand war- Regional Board’ s permission to study other alternative s.
ranted . These entities , totalling 11 dischargers . undertook a joint

sub-regional wastewater consolidation , t reatment , and dis-
To date , Phase I concepts are being encouraged by the posal program consistent with the general concepts of Phase
State of California. 1 of the Bay-Delta Pr ogram recommendations .

b. Current State Planning. In resp onse to requirements A pproximately 13 sub-regional programs have now beenof the Stale Porter-Col ogne Act and the provisions of the initiated in the nine Bay counties. Table 11-8 summarizesFederal Water Po llution Contro l Regu lations of 1970 , the the status of the major programs , some of which have re-State developed Interim Plans for Water Quality Control ceived financial assistance from the State. These sub-( Interim Basin Plans) and is engaged in planning studies regional studies are an integral part of the State ’s basinaimed at revising and augumenting the interim plans so as planning process and as such they will be considered into arrive at fully developed basin plans by July of 1973. In completing the fully developed basin plans.support of this effort several technical planning studies con-
cerning water quality parameters were initi ated at the re-
quest of the State Water Resources Control Board . d. Implementation. In a report dated April 1971 en-

titled “Clean Water for San Francisco Bay,” the California
State Water Resources Control Board recommended to the

( I )  Dipersion Capability. The California Department of Governor and the State Legislature that a nine -county Bay
Water Resources is conducting a study to develop the Area regional agency or util i ty agency be established with
methodology to determine the dispersion capability of San authority for planning, financing , constructing and opera-
Francisco Bay and Delta waters . The study would also seek ting facilities for treatment , reclamation , and disposal of
to determine the magni t ude of tidal exchange at the Golden municipal and industrial wastewater. No final , action has
Gate. It is hoped that this study would provide the State been taken on this recommendation by the State Legisla-
with information to assess the effects of decisions regarding ture .
upstream releases to the Delta and to allocate the available
dispersion capability among the potential discharge sources. 10. ADDITIONAL OPERATIONS LIKELY TO
This study is to be completed during 1971. BE IMPLEMENTED BY 1975

(2) Water Qu~ ky Pas’ameten. The State Departments of a.  Municipalities. Interim basin and/or regional or
Water Resources and Fish and Game and the University of metrop olitan plans required by the Environmental Pro-
California Sanitary Engineering Research Laboratory are tection Agency will be acted upon by the Agency sometime
conduct ing a study on toxicity and biostimulation , the two durin g the early part of Fiscal Year 1972. Fully develop ed
pollut ion parameters recognized as being most serious in plans are to be submitted to the Agency by Jul y 1973.

— 1 4 —



TABL E 11-8
SUB-REGIONAL STUDIES

Sub-Ragional Total Approximate Completion
Study Funding Participants Flow (mud ) Fund ing — Date

South Bay Dischargers San Jose, Sunnyva le , 145 $250,000 12/ 7 1
Mtn. View , Menlo Park ,
Palo Alto , Milpitas SD,
Los Altos ,
Union SD (Newark & lrvington),
Pleasanton ,
Valley Commun ity SD,
Livermore

East Bay Dischargers Hayward , 11 8 60,000 12/71
Union SD (Alvarado),
Oro Loma SD,
San Leandro ,
East Bay Muni. Ut iI . Dist.

Contra Costa County Contra Costa Co., 339 130 ,000 10/71
Western Oil & Gas
Association

Lower Naps River Vallejo Flood Control 17 40,000 9/7 1
& Sani. Dist.,
Naps Co. SD,
American Canyon County
Water Dist.,
USN Mare Islan d

North Marin & Man n SD No. 6, 12 85,000 2/72
Sonoma Counties Sonoma Valley County SD,

Petaluma,
Las Gallinas Valley SD,
USAF Hamilton AFB,
San Rafael SD

Richardson Bay Man n Mu ni. Water Dist., 5 190 ,000 max. NA
Sausalito-Marin City SD,
Mill Valley,
Richardson Bay SD,
Man n SD No. 5

E. San Mateo Co. South San Francisco, 24 (a) 9/71
SF Airport ,
Mlllbrae ,
Burlinpme,
Merck Chem. Co.

San Mateo Co. All Diachargers (to SF Bay) 66 (a) (a)

Livermore Area Livermore, Alameda Co. 7 75J)0O 4/72
Water Diet.,
Valley Community Services Dial.,
P$eauanton , Alameda Co. Flood
Control & Water Conies,. Diet.

~~‘cksJe. cooling water Source: California Regional Water Quality Control Board, San Francisco Bay Region.
(a) u~~nown st p!ssent -IS.-



The sub-regional studies currently underway within the 11 STREAM QUALITY AND WATER QUAL-
study area are to be completed during 197 1 and early 1972. ITY STANDARDS
The results of the studies will be considered in developing
the fInal basin and/or regional or metropolitan plans. Table ll -~ presented the total  magnitude of the cri t ical

pollutants , by category , discharged to the San Francisco
Bills to create a regional government and a reg;ona l Bay-Delta system. A compariso n between the actual water

water quality planning agency have been introduced at the quality in the Bay-Delta system and the water quality
current session of the California Legislature . These bills in- standards adopted by the State of (‘alih’rnia (summari,.iJ
elude the nine Bay counties. Under the nine-county re- in Figure lV-2 ) shows that the waters of San Francisco
gional government, a water quality planning agency would Bay-Delta at e , with minor except ions . relat ively f ree 1mm
be established with the authority to plan , finance , con- gross envir onmental  degradation Based on convent ional
siruct , operate and maintain a regional water quality man- parameters of pollt t t ion (BOD . ctil it~j rm organisms, and dis-
agement system. This agency would evaluate projects cl igi - solved oxygen) . conditions are improv ing , although high
bk for Federal grants. Most existing regional agencies levels of coliform organ i sms . floatables . and oil and grease
would be merged into the regional government , if created , continue to limit  some of the potential  uses of the Bay-

Delta waters. The major potential wat er  qual i ty  problems
The interim basin plans for the dischargers in the are associated with biost imulat ion and toxici ty.

12-county stud y area suggest that the following facilities or
concepts will be operational within the next five years:

12 . CURRENT INSTITUTIONAL ARRANGE-
( I )  Consolidation of existing facilities M ENTS FOR WASTEWATER MANAG EM ENT

(2) General upgrading of treatment The current institutional arrangements for wa stew at er
management within the 12-county study area are sum-

(3) Discharge of wastewaters in Sub-areas A , B, and C to marized below for each governmental level ; Federal . State .
the Central and northern South Bay and discharge of waste- regional and local:
waters in Sub-area D in the Delta waterways a .  Federal. The Environmental Protection Agenc y

(EPA) administers the construction grant program b r  fund-(4) Sludge and residual solids to be disposed of on land ing inun icipa l wastewater treatment facilities. T ue  amountareas withi n the 12-county area. of Federal participation in the program varies from 30 to
55 percent depending on the extent of State contr ibut ion .

b. Indust ries , Industries which continue to discharge to the existence of enforceable water quali ty standards and
navigable waters will have to meet existing water quality conformance with comprehensive regional plans. The Fed-
standards for receiving waters. Over the next 5 years , it is era l Water Quality Act of IQts S required the states to set
envisioned that higher water quality standards will be enforceable water quality standards for all interstate waters.
adopted. These standards were to be submitted fis t approva l by au

agency of the Federal Government ( formerly the Depart-
As a result , such industries will be required to increase ment of the Interior ) .  This re sponsibility is now vested in

the ir leve l of treatment , and either discharge to waterways the Environmental Protecti on Agency. State of (‘alil’orn ij
directly or pre-treat and discharge to municipa l sewerage standards , with minor exceptions, have been approved .
systems. For a base condition , industrial pre-treatm ent and
discharge to municipal systems cat i be assumed . Howeve r . Regulations published by the former Federal Water
all cooling waters will be disposed of locall y by the indus- Quality Administra t i on f ISOW wi thin the EPA ) in June
tries. 1970, state that  no construction grants will he made unless

the par t icular project is includ ed wi th in  an approved ba sin
Industries already connected to municipa l systems will plan and/or regional or metropolitan plan. In t er im plans are

also probably be faced with “source control” before enter- scheduled to be rece ived by EPA by July 1971 and fully
developed plans by July 1973.ing the system. The alternative would be to expand entire

municipal treatment processes for , in most cases, a specific By Executive Order 11574 of 23 December 1970 . the
pollutant within the total effluent. President required all industries which dischar~e indust r ia l

effluents to navigable waters or their t r ibutaries to secure a
A map illustrating the major features of the base condi- permit from the Corps of Engineers. The permit program is

tion is presented in Chapter IV of this report . established in accordance with the Rivers and h arbors Act
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of l 899. Before issuing a permit , the Corps will require c. Regional . The Association of Bay Area Governments
certification from the appropriate State agency that the (ABAG) has the primary function of providing a framework
activity would not violate app licable water quality stan- for dealing with regional problems of the nine Bay counties
dards. on a cooperative , coordinated basis. It is in the process of

developing a regional water , sewerage, and drainage plan for
The Department of Housing and Urban Development the nine Bay counties. Phase I of the plan has been corn-

(IIUD) administers a Federal grant program for planning, pleted. Phase II , being developed by a consulting firm, is
design and construction of water supply and sewerage col- expected to be completed in the late summer of 197 1.
lection facilities.

Within the study area , two other regional planning agen-
b. State of California. In the California State Govern- cies have functions parallel to those of ABAG. The Sacra-

ment. all water resource matters are concolidated under a mento Regional Area Planning Commission encompasses
single agency. the Resources Agency. Within the Resources Sacramento and Yolo Counties within the stud y area. A
Agency is the California State Water Resources Control regional water and waste management plan and program .
Board. The Board , created by the California Legislature in which represents a composite of water supply, waste treat-
1967 . represents a cwisolidation of the former Water Qual- ment , and drainage plans prepared by the local agencies ,
ity Control and Water Rig hts Boards. Also established was completed for the Commission in October 1970 by a
under the Resources Agency are nine California Regional consulting firm. The San Joaqu in County Planning Commis-
Water Quality Control Boards. Within the study area , four sion also has under preparation a regional plan for water .
Regional Water Quality Control Boards have jurisdiction: sewerage , and drainage .
those of the San Francisco Bay, Central Valley. North
Coast , and Central Coast Regions. The State and Regional d. Local. In 1970 , the California State Water Resources
Boards adm inister the Porter-Cologne Water Quality Con- Control Board created the San Francisco Bay Water Quality
tro l Act. This Act , which became effective in 1970 , corn- Group, composed of representatives of dischargers within
pletely revised California ’s water pollution and water qual- the nine Bay counties , the Bay Area League of Industrial
ity control laws. Associations , and the American Society of Civil Engineers

(San Francisco Section). The Group, which meets monthly,
The Porter-Cologne Act directs the State and Regional has the following objectives:

Boards to formulate water quality control plans. Such plans
include the basin plans and/or regional or metropolitan Review and furnish to the State Board the Group ’s
plans required by EPA. Interim basin plans have been pre- views and advice on all ongoing State Board planning
pared by the State of California , covering the entire State. and research studies having potential impact on the
These interim basin plans for the Bay-Delta area define the Bay. including cooperative studies with local agencies
additional major treatment and conveyance facilities that from time of development through comp letion.
are to be built by 1975. In addition , they outline the in-
tentions of the State to continue and extend its pollution Maintain liaison with waste dischargers through the
abatement cfforts to deal with longer range problems. The organizations represented by Group members.
concepts guiding the State ’s long-range planning, which will
be reflected in fully developed basin plans by July 1973 , No similar grouping of local waste dischargers has occur-
include continued upgrading of treatment levels to insure red in the Delta counties of Sacramento , San Joaguin and
compliance with water quali ty objectives and achieving Yolo.
maximu m use of water resources by recycling as much re-
claimable wastewater as possible. In November 1970, the voters of several municipalities

and sanitation districts approved propositions which autho-
In November 1970 . the voters of the State authorized rized issuance of bonds to finance municipal wast ewat er

the issuance of $250 ,000,000 in bonds over the next 5 t reatment  facilities. Voters in the City of San Francisco
years to assist in the construction of wastewater treatment approved a bond sale of $65 million , and those in the East
facilities. Monies from bond sales constitute the State ’s Bay Municipal Utility District (including the cities of Oak-

) share , 25 pe r cent . of the total cost of wastcwat er treatment land and Berkeley ) approved a bond sale of $60 million.
facilities , li the fa cility is included within a comprehensive Monies from bond sales will be applied to the local entity ’s
plan , local interests would then have to finance only 20 share. 20 percent , of the total cost.
percent of the costs; the Federal share would be 55 percent
of the total cost. The State Water Resources Control Board
admi mn sters the Federal construction grant program in
California.
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CHAPTER III

STUDY AREA I N THE FUTURE

1. PROJE CTED POPULAT I ON

Factors affecting future waste loads in the stud y area 2020 population for the area of 13 million , as against IS
will be population , la nd use and economic activity. Thus , million in the Bay-Delta Program report. The Bay.Delta
estimates of the growth of these factors are necessary. Program projections are used in this feasibility study, chief-
Other factors such as changes in life styles also may affect ly beca use substantial data developed in the program could
future waste loads, but their impact cannot readily be asses- be utilized. Projected populations of the stud y area for
seil at this time . 1 990 and 2020 according to the Bay-Delta Pr ogram are

given in Table I l l -I .  Figure LU-I shows present and pro-
Two sources of information on population projections jected populations according to both the Bay-Delta Pro-

and othe r pertinent data were considered for th is stu dy. gram and Series D.
One was the Bay-Delta Program, re ferred to previously. The
second was the results of studies made by the California Compared to 1970 , the population of the stud y are a is
Departments of Finance and Water Resources. Population expected to nearl y double by 1990 and triple by 2020. The
projections in the former source were based in part on I.J ni- greatest increases in population are forecast for Sub-areas B
ser sity of California studies , while those in the latter were and D.
based on published U.S. Bureau of the Census Series D
population projections. The Series D projections indicate a

TABLE Ill-i

ESTIMATED POPULATION IN STUDY AREA FOR YEARS 1990 AND 2020

Sub-.rss County 1990 2020

A Alameda 1 ,600,000 2 ,100,000
San Francisco 900,000 1,000,000
San Mateo 700,000 800,000
Santa Clara 1,500,000 [,900,000

Subtotal 4,700,000 5,800,000

B Ma n n 380,000 550,000
Napa 130,000 200,000
Solano 450,000 1,050,000
Sonoma 440,000 900~~~Subtotal 1 ,400,000 2,700,000

C Contra Costa 900,000 1,350,000

D Sacramento 1 ,420,000 2 ,750,000
San .Joaquin 530,000 1,300,000
Yolo 450,000 h400,000

Subtotal 2,400,000 
— 

5,450,000

Total 9,400,000 15,300,000

Source: Bay-Delta Program Final Report
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2. O T H E R  P E R T I N E N T  ECONOMI C PRO- hours . New sources of cooling water or new methods of
JECT IONS cooling will be needed if this fi gure is lo be reached.

a. Industry . The Bay-Delta Program report predicts that  b. Agriculture . Based on recentl y published (‘al ifurnia
industrial employment in the study area will increase from Department of Water Resources land-use projections, it is
2 million to about 6 million by 2020. The greatest increase estimated that  by the year 2020 the amount of land used
js expected to be in manufacturing, wholesale and reta il for irrigated agriculture in the nine Bay Area counties
trade , and services. Futur c production in selected indu strial (Sub-areas A , B and C) will be 4 16.000 acres , a reduction of
groups that require large quantities ot’ water in their manu- some 15 percent from 1967 . By 2020, irrigated land in
factur ing operation and thus have large waste loads is sum- Sub-area D is expected to increase by some 15 to 20 per-
marized below: cent to I .55 million acres. In the Central Valley tributary

to the 1 2-county area , including Tulare Lake basin , it is
( I )  Oil Refi neries. Based on a predicted increase in estimated that about 7 million acres will be under irrigation

per capita consumption of refined petroleum products from by 2020.
the present 31 barr els per year to about 75 barrels per year
in 2020. the total annual production of refineries located in
the study area will probably increase from 170 million bar- ~ FUTURE WATER POLLUTION PROBLEMS
rels per year to some I billion barrel s per year in 2020. an
annual  growth rate of about 3½ percent. Refineries will One of the major causes of the existing water pollution
continue to be concentrated in the Solano.Contra Costa problems in the San Francisco Bay-Delta is the discharge
County area , adjacent to deep water of the San Francisco leve l of biostimulants and toxi cants. If the Bay and Delta
Bay system. waters continue to be used for the disposa l of the study

area’s wastewaters, the expected large future increase in
(2) Paper and Allied Products. This industrial group, population and industrial activity will intensify the prob.

situated in the Pittsburg-Antioch area of Contra Costa lem. Future hydrologic modifi cations of the Bay-Delta
County, manufactures about 2 .000 tons per day of paper system may increase the stresses on the biota by increasing
products. In the next 50 years production is projected to the residence t imej/of pollutants  iii certain parts of the
increase to about 12 ,000 tons per day. No shift in the estuarine system. Although tre atment  of wastes may be in-
manufacturing center is expected. creased , facilities consolidated , and outfalls moved to

higher dilution areas, the Bay-Delta system will continue to
(3) Canning . Available information indicates that the receive high wastewater loads.

u-ent ers of canned-goods production in the area will be lo-
cated in the three Delta counties. Production is expected to 

~~, SOURCES AND TYPES OF FUTURE WAST Eincrease at a rate of about 3 percent annually. Canned- LOADSgoods production in Santa Clara County is expected to de-
crease as agricultural lands continue to be developed for a. General. In estimating the magnitude . typ e  arid distr i-urban use.

bution of wastes that will be produced within the study
(4) Chemicals. Production of chemicals in the study area in the next 50 years , the following assumptions were

area is expected to grow Il-fold in the period 1970-2020. made: ( I )  wastewaters generated in each sub-a re a would he
The expected increase in petroleum refining in the study disposed of in or near the source sub-area ; no major convey-
area would contribute to an expansion of petro -chemica l ance out of the individual sub-areas would be made; (2)
production , beginning in 1975, all wastewaters will receive an average

leve l of secondary t reatment;  and (3) the following removal
efficiencies will be achieved (based on a review of secon-(5) Steel . Based on an anticipated four-fold increase

in the consumption of industria l-stee l products in the study dar y treatment efficiencies in the sanitary engineering liter-
area , it is expected that steel product manufacturing will ature):
increase from 600,000 tons per year in 1970 to 12 million

Parameter % Removaltons per year in 2020.
HOD 90

(6) Electrical Generation . It is estimated that steam TN 30
power plants located in the stud y area generated 20 billion TP 30
kilowatt-hours of electrical energy in 1967. By 2020 annu al TDS 0
power generatio n is expected to reach 110 billion kilowatt- TSS 90

,J/ The residence time of pollutants in a particular bod y of water is the average interval of time that a constituent or partic le
remains within the water body. The residence time is a function of tidal flow , fresh-water outflow from the Delta , and
water movements resulting from winds and waves. 
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Parameter % Removal 5. PROBABLE HYDROLOGIC CHANGES
Oil & Grease 70
Floatables 70 Several changes in the Bay and Delta estuary are ex-
Phenols 80 pected to occur over the next 50 years , mostly in con-
Gross Heavy Metals 70 nection with planned alterations of the hydrologic regime.
Pesticides 40 Coup led with changes in the magnitud e, location , and com-

position of wastewater flows , the expected hydrologic
b. Municipal and Industrial Waste Flows and Loads. changes could increase the stresses now occurring on the

Based on the foregoing assumptions , future waste flow s and biota in the system.
loads were calculated for the years 1980, 1990 , 2000,2010
and 2020. The detailed results are contained in Appendix The major hydrologic change will be the decrease of
A, and are summarized in Table 111-2 for the years Delta fresh-water outflow from a present (1970) yearly
1970 ,1990 and 202O~ Data on pesticides, pathogens , radio- average of 18 million acre-feet to a probable yearly average
activity and heat loading were not available, of 7 million acre-feet in 2020 (Figure 11-4). This change

would result from planned Federal and State diversions of
c. Natural Runoff. It is estimated that natural runoff in fresh water to water-deficient areas in southern and central

the study area in 2020 will be 1 ,430 thousand acre-feet California. Although fresh-water outflow is not believed to
annually, or about 25 percent greater than the runoff in greatly affect fl ushing and residence time of pollutants in1965. The estimated HOD load from runoff in 1965 was the central and southern parts of the San Francisco Bayabout 3 percent of the load discharged from municipa l and
ind ustrial sources. The contribution of urban area runoff to system, such outflow is believed to exert considerable in-
the total should increase because of expected growth p at- fluence upon residence times in the Nort h Bay.
ter ns. The toxicity and biostimulatory characteristic s of
this runoff are virt ually unknown. 6 ALTERNATIVE STRATEGIES FOR WASTE-

WATER MANAGEMENT
d. Agricultural (kainage . Combined agricultura l and

stream runoff flows tha t will enter the study area from the The wastewater management strategy that is currently
Central Valley in 2020 are estimated at about 16 million being implemented in the Bay-Delta area is generally direc-
acre-feet per year. The total nitrogen loa t (nitrogen is a ted toward estuarine disposal of treated wastewaters. This is
critical pollutant in this flow) should be approximately 43 an approach that was made necessary by the urgency of
million pounds per year , or about eight percent of the water quality and water pollution problems in the Bay and
nitroge n fro m municipal and industrial waste flows. This Delta; its implementation over the next few years will allow
represents an approximate doubling of the 1965 quantity. for protection of the environment while detailed planning

of the measures tha t will be needed for solution of long-
e. Watercra ft Wastes. Altho ugh wastes from watercraft term problems is carried out. Current actions and planning

including ships and pleasure boats are sources of coliform by regulatory agencies are centered around the concept of
bacteria in the Bay-Delta system , this type of waste is not tra nsferring wastewater discharges from environmentally
expected to be a problem in the year 1990 or thereafter. sensitive areas of relativel y low dispersion capability in the
Current and proposed legislation is aimed at prohibiting Bay-Delta estuary to areas of higher dispersion capability
such discharges in bays and estuaries . The concept also includes the consolidation and upgrading

of treatment facilities to a minimum of secondary treat-
f. Summary . Sub-area A will continue to be the largest ment or advanced waste treatment , as needed , and the ob-

source of municip al and industrial wastewaters in 2020. jective of including wastewater reuse in future systems.
This area in 1970 produced 56 percent of all wastewaters in
the stud y area; by 2020 the amount contributed will de- Present State and Federal policy is to preserve , protect
crease to about 40 percent. In Sub-area B , wastewater pro - and enhance the environment , and large sums have already
duction should increase from 53 mgd in 1970 to 202 mgd , been spent on wastewater treatment facilities to this end.
or about JO percent of the total , in 2020. Sub-area C , pro- This expenditure has unquestionably brought about sub-
ducing 129 mgd in 1970 , should continue to be a major stantia l improvement in parts of the Bay-Delta system but
source of municipal and industrial wastewaters , with a 2020 more must be done if the ultimate goals of protecting the
flo w of 490 mgd , about 25 percent of the total. Sub-area D environment are to be satisfactorily achieved . Because of
should become a sizeable source of municip al and industrial projected growth , these goals appear even harder to achieve

~: wastewater s by 2020, increasing to 543 mgd (25 percent of in the future. It is recognized that the current practice of
the total ) from 123 mgd in 1970 . discharging treated wastewaters to surface waters of the
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TABLE 111-2

SUMMARY OF TREATED MUNICIPA L AND INDUSTRIAL WASTEWATER FLOWS
IN 1970, 1990, AND 2020 FOR NORTH BAY-DELTA AND SOUTH BAY

(in 1,000 lbs/day)

Parameter or
Constituent South Bay North Bay-Delta Total

Counties Counties Study Area

1970 1990 2020 1970 1990 2020 1970 1990 2020

Flow (mgd) 511 835 1 ,385 176 354 791 687 1 ,189 2 .176
Percent of Total Flow 74 70 64 26 30 36 100 100 100
SOD 868 294 547 187 126 268 1 ,055 420 815
TN 4l3 658 1 ,065 80 144 363 493 802 1 ,428
TP 62 8l 149 13 29 81 75 110 230
TDS J/ 1,855 2 ,762 4,345 576 1 ,067 3,122 2,431 3,829 7,467
TSS 264 181 306 66 63 153 330 244 459
OiI & Grease 74 107 191 2 1 33 70 95 140 261

Floatables 12 13 18 2 6 12 14 19 30

Phenol s l ~l ~l 9 1 SI 1 *1
Relative Toxicity (mgd)~ f 553 1,194 1,980 223 506 1,132 776 1 ,700 3,112
Gross Heavy Metals 14 IS 23 3 8 17 17 23 40
Sludge (dry weight) — 271 459 — 94 229 — 365 688

Source : Untreated wastewater loads based on data developed in Bay-Delta
Program. 1990 and 2021) treated wastewater loads based on secon-
dary treatment removals. 1970 treated wastewater loads based on
Table li-S.

Notes :
J/ TDS value is increment added in one cycle of use ,
2/ Relative toxicity for 1970 is taken from Table 11-5 (does not include

industrial flows). Relative toxicity for 1990 and 2020 for both municipal
and pretreated industrial wastes is 1.43 x flow.

* Less Than
— Data Not Available

South Bay Counties ~ orth Bay-Delta Counties
Sub-area B: Marin

Sub-area A: Alameda Nape
San Francisco Solano
San Mateo Sonoma
Santa Clara

Sub-area D: Sacramento
Sub-area C: Contra Costa San ioaquin

Yolo
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estuary, although necessary today, may not be capable of those that have not previously been fully evaluated. The
providing long-term protection to the estuarine environ- concept of land disposal , othe rwise called land application
ment. or land recycling, has been implemented on a small scale

but not evaluated as a potential regional system. It offers
The Hay-Delta area has a reputation as a delig htfu l and possible advantages in terms of remova l of wastes from sur-

desirable place to live . This reputation is largely based on face waters and bene ficial uses of the wastewater stream
the presence and quality of the estuary. It could be threat- itself , and should be considered as a possible component of
ened if pollution of the estuary should increase , a regional wastewater management system.

If the goal of protecting the environment is to be met , it Treated wastewaters , if brought to high enough quality.
is essential to take a thorough , searching look at all poten- could be used to recharge groundwater , to provide agricul-
tiall y feasible alternative systems, examining their compara- tural and industrial water supp lies , for water-oriented recre-
tive effects. It is essential that  the wastewater management ation , and even to augment munici pa l water supp lies. Such
systerr be flexible so that it can adapt to future changes in uses could defer or obviate the need to develop new sources
needs , goals , or technica l capability. The past decade has of fresh-water supply. Further , there is growing recognition
s~iown dramatically that environmental goa ls can change as that waste products . such as sewage sludge , are in them-
rew knowledge becomes available. Flexibility is particularly selves potentiall y valuable but untapp ed resources.
mportant in view of the large size of the investment that

will be i tvolved . Any system not carefully designed would
be inherently lacking in flexibility. For all these reasons , it is appropriate to take a searching

look at alternative wastewater management strategies . This
In examining the potentially feasible alternative systems Study is designed to evaluate the broad alternatives that are

for long-term management of wastewater , it is essential to available , with emphasis on land disposal factors , but cover-
give full consideration to all possible strategies , includin g ing all alternatives on a basis of equal comparison.
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CHAPTER IV

WASTEWATER MANAGEMENT STRATEGIES

1, PURPOSE AND SCOPE

This chapter develops and presents representative broad b . Each alternative is designed to provide flexibility of
concepts for methods of wastewater management in the opportunity for reuse of treated wastewaters .
Bay-Delta area , with illustrative alternatives developed for
four general concepts. These four alternatives , which are c. The projected population of the 12-county study area
assessed and evaluated in the next chapter , are designed to: in 1 990 is 9.5 million. The population is projected to in-

crease to 15 million by 2020. .Projected population distri-
a. Provide a common basis for compariso n of alterna- bution is as shown in Chapter I l l .

tives in terms of performance, protection of the environ-
ment , costs, and expected beneficial and/or adverse effects;

d. Average daily municipa l and industrial process waste-
b. Identify the potential opportunities for large-scale re- water flows are projected to be 1 ,200 million gallons per

use of treated wastewaters that could result from waste- day (mgd) in 1990 and 2,200 mgd in 2020.
water management on a regional basis; and ,

e. Only the municipa l and industrial wastewater flows
c. Identify major areas of concern in terms of public generated within the study area are considered in develop-

health considerations , environmental effects and require- ing alternatives -
ments for fu rther investigation and research .

f. Existing water quality criteria are used as guideposts
The alternative s presented here are not final plans as but do not act as constraints. Thus , no alternative is con-

each would have to be revised and refined in the course of sidered viable unless it can reasonably be considered to
detailed planning. As presented , however , the alternatives meet current standards. Further , each alternative developed
cove r the range of potentially feasible methods for waste- must have some potential for meeting even higher stan-
water management so that reasonable comparisons can be dards.
made on an equitable basis, including identification of un-
certainties in the evaluation. Improvements in the alterna-
tives which could be achieve d by addition or modification g. This stud y does not include provisions for collecting

and treating agricultural wast ewaters generated within orof selected features are beyond the scope of this report. entering the study area. This is based on the assumption
that it is the responsibility of those agencies which sponsorThe alternatives considered are described as “disposal”

alternatives. This should not be construed to mean that the major irrigation projects — primaril y the thS. Bureau of
Reclamation and the State of California Department ofobjective is to determine methods of discarding treated Water Resources — to treat and discharge such wastes in awast ewat er s . Rather , for ocean disposal and estu ar ine dis- manner which does not degrade water quality in theposal, the term indicates the disposition of tha t portion of estuary.t reated was tewat ers for which reuse potential does not

materialize ; the term “la nd disposal” refers to a system
which uses the application of partiall y treated wastes to h. This study does not provide for collecting and t reat-
land areas as a pert of the treatment process prior to poten- ing runoff fro m rainfall on urba n areas. This approach is
tial further reuse. taken for two reasons. First , all available data indicate that

the total annual pollutant load from storm runoff is on the
order of one-twentieth the total waste load in municipal

2. CRITER IA AND ASSUMPTIONS USED IN and industrial waste flows on an annual basis. Second, the
DEV ELOPING ALTERNATIVE STR ATEGIES seasonal precipit*tion pattern in the Bay-Delta area deposits

almost all urban storm runoff into the waters of the estuary
The criteria and assumptions used as the planning basis during the 4-month winter season (mid-November to mid.

for developing the wastewater management alternativ es are March), when all watercourses tributary to the Bay and
as follows: Delta are carrying high flows. Thus an indete.-minate dilu-

tion factor is present both from a stream discharge view-
a. Each alternative is designed to meet wastewater t reat- point and an impact viewpoint, because the estuary is not

ment needs as established for 1990 and to be capable of subjec t to these loads for the 8-month dry period . It should
expansion to meet needs projected for 2020. be noted tha t methods of coping with flows from the corn-
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bined sewers in both San Francisco ~nd Sacramento are use by vegetation. The remainder infiltrates to-a system of
under study by local agencies. horizontal underdrains which collect the drainage water for

further reuse. In areas where soil or groundwater conditions
i. The required degree of treatment is comparable for all would limit the effectiveness of underdrains in controlling

strategies and meets existing or identitlab le trends in en- the seepage of drainage water , contro l would be maintained
vir onmental objectives; this allows evaluation of opportuni - throug h pumping from carefully sited wells. It is believed
ties for integration of wastewater management with total that the water which passes through the soil will be en-
water resources development . hanced in quality in most aspects except TDS, which will

be increased. Land disposal is expected to remove 75-95
j. The regional systems evaluated do not include the percent of the BOD, 30-80 percent of the nitrogen , depend-

coastal areas of San Mateo . Man n and Sonoma Counties ; ing on specific soil conditions , and 99 percent of the phos-
the Russian River drainage basin is also excluded except phate. Sediment (sludge) from the aeration lagoons and
that existing continuous urban development patterns make storage resevoirs is applied to the land surface with the
it appropriate to include Santa Rosa in this stud y. treated water.

d. Sludge Disposal. Alternative s available for sludge
treatment are dewatering, incineration , wet air oxidation or3, GENERAL DESCRIPTION OF SELECTED digestion. The representative method chosen for this st udy

TREATMENT SYSTEMS (See Figu res 1V1 was digestion. Alternatives available for disposal of treatedand 1V 2) sludge are emplacement in landfills or application to the
land surface. Land surface application was chosen for all

a. Secondary . In the secondary treatment system ~~~~~ systems to permit a comparable approach. Environmental
in this report , the waste stream passes through a primary policies recently established and those now being formu-sedimentation unit and on to either an activiatecl sludge or lated rule out long-term use of practices of sludge disposal
trickling filter uttit , followed by final settling. In this pro- common elsewhere by ocean dumping from barges or by
cess, biochemical oxygen demand (BOD) is reduced 85-95 discharge through outfalls to the ocean or estuary. Trans-
percent by biological oxidation and some nutrients (25-35 portation of sludge to the disposal site is by pipeline carry-
percent) are removed. Solids removed from the waste ing a slurry of 10 percent solids content. Sludge is applied
stream move to a digester which stabilizes them and reduces to the land at a rate of 25 tons of solids per acre per year.
their volume and volatile solids content. The carrier water is collected by a system of horizontal

underdrains and recycled through the treatment process.b. Advanced (Chemical and Biological). In the advanced
treatment system , as defined and used in this report , the e. Disinfection. After treatment , all wastewaters would
incoming waste stream is introduced into a primary sedi- be disinfected.mentation unit in which phosphate is also chemically pre-
cipitated. The effluent goes to an activated sludge unit
followed by a nitr i ficati on/denitri fi cation unit using sus- 4. BASE CONDITION
pended growth reactors with methyl alcohol addition. The
final process is rapid sand fi ltration. This form of advanced A conceptual base condition is developed to provide a
treatment removes 98 percent of the SOD, and 90-95 per. common basis for evaluation of wastewater management
cent of the nutrients. Solids removed in the above processes alternatives. The assumed base condition represents an cx-
pass to a digester after extraction of the chemical additives tension of the facilities expected to be in operation in the
used in the sedimentation unit. 1975 time frame , as contained in the State of California ’s

“Interim Water Quality Management Plans.” The general
c. Land Disposal. In the land disposal system, the in- scheme of the base condition is shown on Figure lV-3. The

coming waste stream is applied to aeration lagoons in which essential characteristics of the base condition include:
biological oxidation reduces BOD and removes some nutri-
ents. These lagoons may provide the equivalent of secon- a. Considerable consolidat ion of sewage service agencies
dary treatment. The effl uent passes to storage ponds, where and treatment facilities within the study area. Facilities
it is retained a minimum of 30 days for additional biologi- built by 1975 would be sized to handle 1990 loads.
cal oxida t ion , then is applied to the land. During the four
winter (rainy season) months when no land application is b. Removal of concentrations of waste from the ends of
plan ned , effluent from the aeration lagoons would be the estuary by discharging the bulk of wastewaters from the
stored in the ponds for subsequen t land application. The nine Bay area counties to high dilution areas of the Bay.
treated wastewaters are applied to the land su rface at an
estimated rate of about eight feet per year , of which about c. The bulk of wastewaters from the three Delta coun-
half (4 feet) is dissipated by evap oration and consumptive ties to be discharged to Delta waterways.
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d. Industrial wastewaters to be included in municipal Pacific Ocean makes ocean disposal of wastewaters a logical
systems with “source’control” when necessary to insure alternative approach to a solution of the pollution problem.
levels equivalent to those of wastes currently enterin g mu-
nicipal treat ment plants. Estuarine disposal of wastewa ters has been used exten-

sively in the San Francisco Bay.Delta area . Experience has
e. All wastewaters to receive secondary treatment and shown that the capacity of an estuary for assimilating treat .

disinfection prior to discharge. This is xrnsidered to be an ed wastes is limited and that continued disposal gives rise to
average regional condition as the previously noted State water quality problems such as: dissolved oxygen depletion;
‘interim Plans” call for higher treatment in some locations, growth of algae; fish kills; and high levels of coliform bacte-

ria in the receiving waters. Disposal in the Bay and Delta
f. Sludge from treatment plants to be disposed of local- estuary has essentially relied on primary and secondary

ly on land. . treatment processes to remove deleterious substances from
wastew aters. Present technology for reducing biostimula-

g. In order to provide a basis for comparison of the tory and toxic effects of wastewaters has not been prac-
performance of the regional alternatives in the 1990 and ticed on a large scale . Treatment resistant materials, such as
2020 time frames , the base condition was extended by the certain industrial wastes and sludges, present special prob.
assumption that the facilities would be expanded by 1990 lems when estuarine waters are used for wastewa ter dis-
to handle the projected 2020 was t ewat er flows , main t aining posal.
an average of secondary level treatment . This is not meant
t o imply that State planning would result in such a system; Land disposal of wastewa ters is also a common manage-
as noted previously, the State ’s planning objectives call for ment method used on a small scale in many parts of the
continued upgrading of treatment and eventual re moval of nation and world but is not prevalent in the Bay and Delta
was te discharges fom surface waters by recycling of treated area . Land disposal is an alternative method that makes use
wa stew ater . of certa in soil characteristics when wastewate r is applied t o

irrigable land. The land disposal concept recognizes that

5 e’I’DA1 Ef~IES ~~~~~~~~~~~~ 
wastes, when properly recycled, can be valuable resources.

~• r~~~~I ~~~U ~~ WI~~~~II~ ~ Nutrients applied to land are returned to the soil where
they can be used by plants. Thus , land disposal can affect a

Four broa d strategies or concepts, principally dlstin- reuse of wastewater and can be an integral part of a system
gwshed by the ty pe of disposal. are considered for the man- of total w as tew ater management
agement of municipal and industrial wastewater s originating
in the study area . These conce pts are :

• DESC~~PTION OF STRATEGIES CONSIDER-
S. Ocean disposal ED

b. Estuar ine disposal A summa ry descripti on of the strategies evaluated in this
repo rt and the alternative approaches developed to achieve

c. Land disposal each stra t egy are prese nted in following paragraphs. Details
ot the var ious concepts and alternat ives are given in Appen-

d. (‘timblnalions of ihe three foregoing concepts. dix B.

Ocean disposal of waslewaters has been practiced h~ Ocean Disposal Concept. This concept includes an exien-
coastal and near coast al co mmunI tie s for many yea rs The SIVC collection and conveyance system , a secondary or hIgh-
discharge of a given quantit y of w as t ew at e r to the ocean ci degree of treatment and a disposal system to the ocean
usually has been assumed to have fewer adverse effects than which would provide a high degree of dilution. The degree
the discharge of the same quantit y of wastes to miand of i reat me nt would determine the amount ol pollutant su b.
waters because of the gre&ter quantity of waler available for stances discharged to the marine environn ieni . Other fac-
dilution arId dispersion. Furt hermore, thIs procedure elimi - tors considered in determining the scale and framework of
nates was lewat er discharge s int o sensItIve estuaiine areas . this concept are the enviro n mental objectives fol the estu-
However, t he ocean does not have unlimited capacII~ for ary, Impac t Ofl the ocean , flexibility to meet lulur e growth .
assimilating wastes and the long-term effects of w ast ewa ler and opportunities for reuse of wa st ew ater s . Av erage flows
disposal on the ocean environment have not been fully as. of municipal and ind ustrial wastes in 1990 and 2020 would
scssed . From a management point of view, t he fact tha t a be about 1.2 and 2.2 billion gallons per day. Over ~i0 per-

I 

large proportion of *1w population and industry of’ the San cent of these flows would be produced in Sub-areaS A and
Francisco Bay-Delta area is located within 25 miles of the (‘ . Land required for implementat ion of this cIInIxpt
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includes areas needed for conveyance and treatment facili- d. Alternative IV , shown on Figure IV-4 , is similar to
ties and for sludge disposal. Alternative HI except that the wastewate rs would receive

advanced treatment and the ocean outfalls would only cx-
For the ocean disposal concept two levels of waste treat- tend about one mile from shore. Land area needed for

ment are considered reasonable. The first level consists of sludge disposal would be about 66,000 acres for both ocean
secondary treatment. The second leve l comprises a chemical disposal concepts using advanced treatment. As shown on
and biological advanced treatment system. Figure IV-4 , t he land disposal sites for sludge might be in

the vicinity of Petaluma and southerly of the San Jose
Based on the foregoing, four alternatives are probable metropolitan complex.

under the ocean disposal concept.
Potential wastewater which could be available annually

a. Alternative I would convey all municipal and indus- for reuse after treatment is about 90 percent of the in-
trial wastes generaéed in the 12-county study area to a coming flow or 1,2 million acre-feet in 1990 and 2.2
secondary treatment facility near Redwood City. Waste- million acre-feet in 2020 for all alternatives except I and Ill
waters from Man n, Sonoma , Napa, Solano, Yolo and Sacra- (secondary treatment).
mento would be conveyed to a point near Benicia, thence
by an underwater pipeline across Carquinez Strait to join
the conveyance system for the remaining six counties for Of the four proposals, Alternative IV is considered the
transp ortation to Redwood City. After receiving secondary best approach in view of trends in environmental obje ct ives

treatment at the plant near Redwood City, the wastes and flexibility for meeting future changing needs. The ef-
would be discharged through an ocean outfall extending at fluents discharged to the ocean would be of high quality
leas t five miles from sho re south of Pillar Point. This alter- and would have the least detrimental effects on the marine
native has features in common with the marine disposal environment. Preliminary analysis indicates that the higher
system recommended in the Final Report to the State of level of treatment provided by Alternative IV would quite

California San Francisco Bay-Delta Water Quality Control likely reduce the number of uncertainties identified in the
Program. The major differences are that the Bay-Delta Pro- State Bay-Delta Program , namely that the system could

gra m system did not include the wastewaters from the have harmful effects on the waters and beaches in San
Delta counties of Sacramento, San Joaquin and Yolo and Ma teo, Santa Cruz and Monterey Counties. On the basis of
proposed that only advanced primary treatment would be the foregoing analysis, Alternative IV is selected as the one

provided at the Redwood City facili ty , best representing the ocean disposal strategy. The major
aSpeCtS of Alternative IV are shown on Figure IV-4. Alter-

b. Alternative II is t he same as Alternative I. except that native Ill , wit h secondary treatment, is discussed further in

t he wastewat ers would receive advanced treatment. As the Appendix C and Chapter V . where the merits of a~vanced
advanced treatment would reduce the concentration of waste treatment as compared with secondary treatment are

lutants in the effluent , the ocean outfall would only extend examined in detail.

about a mile from shore.
bit rise Disposal Concept . The development of alterna-

c. Alternative III provides for two sub-regional systems. tives I. t his concept considers the need to attain a high
One system would convey all municipal and industrial level of *ater quality in t he estuari ne envi ronment. To at-
wastes from the North Bay-Delta counties, wit h the ~~ - ta m such a level of “ clean water .” wastew aters generated in
cept ion of San Joaquin County, to a secondary treatment the study area would need a high degree of treatment and
plant near Petaluma . The estimated waste flows to this treated effluents would require conveyance to and disposal
plant would be 290 mgd arid MO mgd in 1990 and “o~o in areas of’ The estuary having high dilution capabilities.
respectively. The effluent would be discharged to the Opportunitie s for wastewater reuse should be favorable be-
Pacific Ocean throu gh an outfall extending at least live cause of locational flexibility. Since estuarine disposal is a
miles from shore at Bodega Bay. The second system ~~~ld present was tewater management practice , alternative ap-
convey all municipal and industrial wastes from San proaches should be able to make maximum use of the exist-
Joaquin County and Sub-areas A and C to a secondary treat- ing water quali ty control investments made by Federal ,
ment plant near Redwood City. The discharge from this State and local agencies in recent years.
plant would be disposed of in the ocean throu gh an outfall
extendin g at least five miles from shore south of Pillar Five alternatives considering estuarine disposal are pro-
Point . Average waste flows to the treatment facility would posed . Each would require about 66.000 acres of land ap.
be 900 mgd and 1,530 mgd in 1990 and 2020, respectively. plication area for sludge dis posal.
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a. Alternatiw I. Regional Disposal, as shown on Figure The Contra Costa County wastewaters would be collect-
lV.~ . proposes the collection and advanced treatment of all ed and conveyed to a treatment facility at Antioch. The
municipa l and industrial wast ew at ers at seven treatment treated waters could be introduced into the western Delta
plants. The high degree of treatment proposed permits re- for flow augmentation to control salinity incursions.

use of the waters or allows discharge of the effluent to the
est uars at t reatm ~nt locations with an assum ed high benefi-
cial effect . Details concerning this alternative are contained All wast ewaters in Sonoma and Man n Counties would be
in Apr ndix B. Table IV.l contains a summary of the seven collected and conveyed to a treatment facility near San
units  ~,i Alternative I Ralael . The treated waters could be conveyed to northern

Man n and Sonorna Counties t o meet piojected wat e r

All wjstCwatcrs iii Yolo and Sacramento Counties would supply deficiencies.
he col lected and conveyed to a treatment facilit y near
S.ict.i r nento. The trcate d waters could he available for the Wastewaters in San Francisco and San Mateo Counties
cast .,ide ot the (‘ent ra l Valley . wou ld be collected and conveyed to a treatment facility at

San Francisco. The treated waters are not assumed to have
W astewater s in San Joaquiii County would be collected a reuse potential and, theref ore , are discharged to the estu’

and conveyed to a t reatme nt  facility near Stockton. The ary through a deep outfall arid diffuser in the Central Bay.
treated waters could be available for the cast side of the
Central Valley.

Collected wastewaters in Alameda and Santa Clara Coun-
(‘ollected was tewaters in Napa and Solano Counties ties would be conveyed to a treatment facility near Oak-

would be conveyed to a treatment facility near Vallejo. The land. The treated waters could be conveyed to northern
treated waters could be conveyed to Suisun Marsh to de- Alameda County and Contra Costa County to meet require-
crease salinity concentrations there. ments for industrial use and power plant cooling.

TABLE lV-1

REGIONAL ESTUARINE DISPOSAL

Available
Treatment Reclaimed Water Assumed

Unit Source Counties Facility Waste Flow (mgd) (Thousand AFY) Sludge Disposal
Location 1990 2020 1990 2020 Location

I. Sacramento. Yolo Sacramen t o 175 394 177 398 SE. Sacramento Co.

2. San Joaqu mn Stockton 66 149 67 150 E. Sari Joaquin Co.

3. Alameda, Santa
Clara Oakland 356 553 360 558 E. Contra Costa Co.

4. San Francisco,
San Mateo San Francisco 22l 341 224 345 E. Contra Costa Co.

5. Nape, Solano Vallejo 63 133 64 134 Solano Co. and
SE. Yolo Co.

6. Contra Costa Antioch 258 491 260 495 1~. Contra Costa
County

7. Sonoma , Man n San Rafael 50 11 5 51 116 Sonorna Co. and
Man n Co.

II



b. A lternative II, Flow Augmentation at Antioch, pro- Of the five estuanine disposal alternatives, Alternative I
poses the collection of all w ast ew at ers from major sources possesses greatest flexibility in that it could be readil y con-
and transpo rtat ion of these wastes to an advanced treat- vent ed , modified and incorporated into a regional or sub-
merit facility at Antioch. Digested sludge would be disposed regional was t ewa t er reuse system. The location of po tential
of on land in Solano County. The high quality effluent discharge points provides maximum opportunities for
could he injected into the estuary at three locations: Suisun estuarine improvement. Also, five of the seven treatment
Marsh. the Sacrament o River near Yolo Bypass, and t he San units are located near the Central Bay which has a high
Joaquin River near Stockton. The flow augmentation could dilution capability. Thus, in the event of a system failure,
be as follows: there would be rapid dispersal of any resulting spill. Be-

cause of its greater flexibility and tegional potential, Alter-
native I is selected to represent the estuarine disposal con-

Average Annual cept. The land requirements of Alternative I for sludge dis-
Augmentation Flows posal would be 66,000 acres. Figure IV—5 illustrates the

Injection (In acre-feet major aspects of Alternative I.
Location - 

per year)

~~~ Land Disposal Concept . Land application of treated
wastewate rs can be accomplished on both a regional and a

Suisun Marsh 120 ,000 120,000 local basis, On a regional basis, the majority of wastewaters
generated in t he 12 counties could be conveyed to one or

Sacramento River 806,000 1,555 ,000 more large areas encompassing parts of several counties in
t he study area. On a local basis, treated wastewate rs from

San .Joaquin River 275 ,000 523,000 each of the sub-areas could be conveyed to the nearest
suitab le land for disposal. Figure IV—6 shows the assumed
gross land area available for land disposal. Depending on the

If necessary, treated waters also could be used in Solano characteristics of the land used for disposal, treated waste-
and Contra Costa Counties and in the Central Valley. waters could be applied to the land by spray or similar

met hods of application on such waters could be applied
c. Alternative Ill. Sout h Bay Discharge , is similar to more directl y by use of percolation ponds. In order to col-

Alternative II. All municipa l and industrial wastewat e rs lect and reuse the wastcwater , it would be necessary to
would be collected and conveyed to Alviso, and treated at underdrain irrigated land areas. The use of percolation
an advanced treatment plant. The effluent would be dis- ponds in areas with high infiltration rates would not require
charged into San Francisco Bay south of Dumbarton Bridge drainage facilities as the direct path to recharge of ground-
in improve the circulation characteristics of the southern waters would be involved. The direct recharge of ground-
portion of t he Bay. Flows added to the southerly part of waters , however , places more stringent requirements on the
t h e  Bay would be 1. 2 million acre-feet per year in 1990 and quality of wastewater applied, as pumping from ground-
2.2 million acre-feet in 2020. The high quality wast ewaters waters can be for any combination of uses including munic-
could be availa’,le for other uses around or south of the ipal water supply.
South Bay. Sludge would be disposed of in southern Santa
Clara County.

In developing alternative s for the concept of land appli-
d. Alternative IV . Flow Augmentation for Suisun cation the foregoing factors are take n into account. In addi-

Marsh . also is similar to Alternative II, except t hat the ad- lion, it is considered that before being applied to the land
vanced treat ment plant would be located in the Fairfield all wastew aters would receive (lie equivalent of secondary
Suisun area and t i re effluent would be discharged in Suisun treatment by means of aeration lagoons and storage ponds
Marsh to reduce salinity accumu lation and also to augment located in the disposal area. The spray application rate of
Delta outflows. Flows of ’ 1.2 million acre-feet annuall y and treated wastewaten after disinfection would be eight feet
2.2 million acne-feet annually would be available in l~)90 per year. Such water application would he made ove r an
and 2020. respectivel y. Sludge would he disposed ot’ in eight-month period in a year and during the remaining fout
Solano (‘ounty. mont hs (winter season), the water would be stored in reser-

voirs for application during the subsequent 8-month period.
e. Alternative V . Combination Flow Augmentation , is a Depending on the type ~f reuse and the quality standards

combination of Alternatives II. Ill and IV and provides for such reuse , additional treatment might be required on
three sub-systems as show n in Table IV-2. underdrain water.
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TABLE lV-2

COMBINATION FLOW AUGMENTATION

ALTERNATIVE V

Average Annual
Sub- Treatment Estuarine Discharge

System Plant Counties Disposal Location (1,000 acre-feet)
No. Location Served Effluent Sludge 1990 2020

I A lviso San Fran- Estuary Santa
cisco, near Clara 584 903
San Mateo, Alviso Valley
Santa Clara &
Alameda

2 Antioch Man n, Estuary San
Sonoma , near Joaquin 442 895
Napa, Con- Ant ioch County
tra Costa
& San Joa-
quin

3 Fairfield Solano, Suisun Solano
Yolo & Marsh County 177 398
Sacramento

Four variations of land application by spraying are con- most favorable opportunities for use of the reclaimed

sidered, the variations differing only in the location of the waters appear to be for agriculture and for enhancing the
land area selected. For purposes of discussion, the four van - est uarine environment: however , some industrial and
ations were designated Alternatives I to IV, A summary municipal reuse potential exists.
description of the four alternatives is presented in the fol-
lowing paragraphs. Additional details are presented in Ap- b. Alternative V provides for the collection, convey-
pendix B. ance, and treatment of wastewaters on a local basis. Treated

wastewa ters would be conveyed to percolation ponds in
a. Alternatives I through IV. Al l alternatives provide for areas known to have high percolation rates. Public health

t he collection, conveyance, treatment and disposal of factors and ground water conditions would dictate the level
• municipa l and industrial wastewaters . Alternatives I of treatment needed, About 10.000 acres of percolation

throug h III involve collection of all wastewaters on a re- ponds, 8,000 acres of aeration lagoons and storage ponds,
gional basis and conveyance to one of three large areas . and up to 66,000 acres for sludge disposal would he re-
Alte rnative IV provides for disposal on a local basis. Each quired to accommodate the projected wast ewater flows in
of the alternatives would require about 185 ,000 acres and 2020. An annual application rate of about 300 acre-feet of
335 ,000 acres of land by the year 1990 and 2020, res pec- wast ewater per acre has beeti experienced in portions of the
tively, for aeration lagoons, storage ponds and land applica- Bay and Delta are a utilii.ing percolation ponds for ground’
t iofl areas. Slud ge would be disposed of as part of the treat- water recharge .
ed application stream. Assumed locations of the land areas
required for the alternatives are made on the basis of map This alternative would have a wastewat e r reuse potential
studies of topography and soil structure. of about 2.2 million acre-feet by the year 2020. The con-

straints on reuse would be essentially provided by the
On the basis that 50 percent of the applied treated natural conditions of soil structure , sur face area of percola-

wastewater would be reclaimable , as limited by evapotrans - tion soils, usuable storage capacities of underground aqui-
pirati on losses, each of the alternatives would have a reuse fers , and exp ected uptake of solids by wate r in the aquifer
potential of 1.1 million acre -feet per year by 2020. The during underground flow to locations of pumping for
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vau i’~us uses. The uncertainties of these factors at this time of wast ewaters from Sub-areas B, C and D. This alternative
pieclode consideration of Alternative V as a representative would require about 200,000 acres for land application tost ia legy , hand!c wastewater flows of about 1 ,300 rngd in 2020.

Alternatives I through IV for the land application con-
b. Alternative II proposes ocean disposal for Sub-areascept are capable of meeting the projected was te flows for 

A and B and land application for Sub-areas C and D. Aboutthe entire study area t hrough the year 2020. Also, all the 
160 ,000 acres would be required for land application toalternatives are capable of modification to accommodate 
handle waste flows of I ,000 mgd from Sub-areas C and 0 intuture technologies and changes in requirements. Alter- 
2020.native IV is considered the most viable, particularly from

the siewpoint of economic and social impacts , as it would
require a number oI’ small land areas for disposal of treated c. Alternative Ill contemplates ocean disposal for Sub-was tewaters instead of one large area. This alternative area A . estuanine disposal for Sub-areas B and C’ and landwould also be more flexible in relatin g to utilization of application for Sub-area 0. About 85 000 acres would beexisting treatment facilities. The environmental impact on required for land application of 500 mgd in 2020.land areas would appear t he same as for Alternatives I
t hrough III: however , t he opportunities for enhancing the d. Alternative IV provides for ocean disposal ti)r Sub-aquatic environment through reuse of treated wastewaters area A and estuarine disposal for Sub-areas B, C and D.appear greater. For these reasons, Alternative IV is selected
to represent t he land application concept . The system for
this alternative is shown on Figure lV-7 . e. Alternative V proposes estuar ine disposal for Sub-

areas A and C and land application for Sub-areas B and 0.
Combined Concept . Alternat ives were developed for this Approximately 130,000 acres of land application area

wastewat er management strategy based on a combination would be required to handle a waste flow of 800 mgd in
of t he three previously described concepts. After prelimi- 2020.
nary screening, six combined alternatives were selected for
further analysis. They are described below and summarized f. Alternative VI provides for estuanine disposal forin Table IV-3. Sub-areas A , B and C, and land application for Sub-area 0.

About 85 ,000 acres would be required in 2020 for landa. Alternative I provides for ocean disposal of waste- application to handle the Sub-area D waste flows of 500waters from Sub-area A (Figure 11-5) and land application mgd.

TABLE IV-3

SUMMARY OF COMBINATION DISPOSAL CONCEPT A LT ERNATIV ES

After- Sub- Disposal Flow (mgd)
native area Concept 1990 2020

I A Ocean 577 894
BCD Land 612 1282

II AB Ocean 690 1142
CD Land 499 1034

Ill A Ocean 577 894
BC Estuary 371 739
D Land 241 543

IV A Ocean 577 894
BCD Estuary 612 1282

V AC Estuary 835 1385
RD Land 354 791

VI ARC Estu ary 948 1633
D Land 241 543
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The screening process reflects the following considera- of this alternative have flexibility, reliability and opportuni-
tions: ties as described under previous alternative concept s . Alter-

native V is shown on Figure lV-8 .
a. Potential availability of land and opportunities for

reuse indicate that wastewalers from Sub-area D should Summary of Wastewater Management Strategy Alter-
have land application, natives. Table IV-4 and Figure IV-9 contain summaries of

t he four alternatives which are adopted as representative of
b. The eastern po rtion of Sub-area B is similar to Sub- the considered wastewater management strategies. The im-

area 0 and w i ll be heavily infl uenced in the future by Sub- pacts of each alternative strategy are described in Chapter
area D. All options of disposal methods for the western V. ASSESSMENT AND EVALUATION. As an aid in assess-
portion of Sub-area B would relate essentially to protection ing the impacts. Table IV-5 shows the estimated waste loads
of the environment , wit h wastew ater reuse opportunities discharged for the assumed base condition and those that
about equal. For purposes of this study, further sub- would be discharged under the four selected regional waste-
dividing of a sub-area is not desirable; therefore, t he land water management alternatives.
application concept favored for the eastern portion of Sub-
area B should be selected for the entire sub-area. i. MAJO R TECHNICAL CONCEPTS

e. Sub-area A , because of location, appears more favor- Conveyance facilities, utilizing prestressed concrete cyl-
able to ocean or estuarine disposal. Areas available for land inder pipe for pipelines, were sized for peak flows. Pipeline
application treatment are relatively remote and wastewater routes are chosen to use the most favorable terrain charact-
conveyances would have to overcome significant topog- eristics and to avoid developed areas as much as possible.
raphic features. The western portion of the sub-area (San
Francisco to San Jose ) is located more favorably for ocean Sewage treatment plants were sized on the basis of the
disposal. The eastern portion of the sub-area (Oakland to total flow of the waste stream. Pumping facilities are de.
San Jose) is more favorable by location for estuarine dis’ signed on the basis of total flow and lift requirements.
posa l. Estimated future wasle water flows are about equal
between t he east and west portions of the sub-area. Avail- Application of slud ge slurry and treated wastewaler (in
able informa tion indicates that estuarine disposal would the land disposal system) is by high-rate, gun-type sprinic-
provide more opportunities for enhancing the aquatic en- lers mounted on self-driven, movable rigs. The horizontal
vironment and would make treated wastewa ters available underdrains are spaced 25 feet on centers , based on a per.
nearer areas of demand for reuse . Since it is not appropriate meability of I gallon per day per square foot and a drain
to divide sub-areas in this study, estuarine disposal should depth of 8 feet.
be favore d for Sub-area A.

8. TECHNICAL FEASIBILITY AND MAJOR
d. Either estuarine or land application is favorable to AREAS REQUIRING MORE INTENSIVE

Sub-area C. Because of collection system requirements. STUDY
ocean disposal is automatically eliminated if Sub-area A is
not considered for ocean disposal. The western portion of The four alternatives all appear to be technologicallySub-area C, where the majority ot existing and exp ected feasi ble using state of the art methods. Major areas re-fut ure wa stew at ers are generated, is closely related to Sub- quiring more intensive study and further design refinement
area A by a continuous development configuration. En- are outlined below :hancement of the aquatic env ironment and opportun it Ies
for reuse of wastewaters appear to favor the estuanine dis- a. Ii is assumed that there would be air injection devicesposal concept. Thus, estuar ine disposal should be favored at eac h lift station to prevent sewage from becoming septicb r  Sub-area C. during conveyance. Further study is required to determine

whether this is a practical assumption and to determine
f The considerations above lead to selection of Alternative quantities of air which would be required .

V as a representative combination disposal concept. There
wou ld be three advanced treatment plants (San Francisco , b. In disposal areas, a complete study of ground charact-
Oakland and Antioch) with sludge disposal on land in east- eristics , including existing ground water tables and perme-
em Contra Costa County; land application concepts would abilities, will be necessary to support assumptions made
be used in the northern and eastern counties of the study with resp ect to application rat es and the t inderdrai nage
area (Sub-areas B and D). As formulated , t he various units system.
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Pt c. Investigation should be made to determine the pos- e. Provisions for emergencies at pump stations will need
sible necessity of making the aeration lagoons and storage more detailed analysis. Standby generators or interlocking
ponds (reservoirs) which are water tight. The possibility substations or both wi ll be requi red to assume no inter .
exists for contamination of aquifers. ruption of operation . It may also be necessary to provide

storage facilities at lift stations for temporary holding in
d. Natural hazards such as faults and subsidence areas case of a pipeline break.

pose serious prob lems for pipeline integrity. Study must be
made of various possible safety features both for preventing f. It is assumed that standard connecting joints on pipe-
rupture under a mi.~or disturbance and for limiting possible lines under the estuary are adequate. The critical impor-
damage under a major disturbance. Necessary accessibility tance of keeping untreated wastewaters out of the estuary
of pipelines in the vicinity of faults and in subsidence areas will require further investig ation of this subject -
may dictate special construction. Also, the wisdom of con-
centrating sewage flows in two routes such as in the ocean
disposal plan versus separating the flows geographically
such as in the land and estuarine disposal plans should be
examined.
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TABLE IV-4

SUMMARY OF WAST EWATER MANAGEMENT STRATEGY ALTERNATIVE S

Flow Land Di~ osaI Reuse Opportunities
Concept Di~~osat (mgd) Ares , (Acres) Wastewater of

Locations 1990 2020 2020 Treatment Treated Wastewaters

Ocean waters off
Man n County 228 642 Advanced

(Chemical Sub-area B
Ocean 66,000 and Biological)

Ocean waters off (Sludge)
San Mateo County 901 1,534 Sub-area A. Sub-area C

and San Benito County

Estuarine Estu~ry 1,189 2.176 66,000 Advanced Sub-area A , Sub-area C
(Sludge) (Chemical Sub-area B (including

and Biological) Suisun Marsh) and
Central Valley

S Santa Clara , 1,189 2,176 335,000 Aeration ponds, All sub-areas, San
N. San Benito; (Treated storage lagoons, Benito County and
Solano, SE. Yolo ; wastewater land application Central Valley

Land Mann , Sonoma: including wtth subsequent
E. Contra Costa : sludge) soil filtration
SE. Sacramento :
and E. San
Joaquin Counties

(Estuanne) Central Bay and Advanced
Western Delta 835 1,385 42,000 (Chemical and

(Sludge) Biological)

Combined Northern Sub-area A
Sub-area B (including
Suisun Marsh), Sub-
area C and Central
Valley

Solano, SE. Yolo:
Man n, Sonoma:

(Land) SE. Sacramento; and 354 791 130,000 Same as Land
E. San Joaquin (Treated Concept
Counties wastewater

including
sludge)
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TABLE IV-5

ESTIMATED YEAR 2020 LOADS DISCHARGED FROM TREATMENT
FACILITIES UNDER THE CONSIDERED cONCEPTSJJ

(1000 lbs/day , except as noted )

Ocean, (Advanced _______Land Combinatio n 
_____Parameter or Base Treatment ) and After Aeration Aft& Land Land, After

Constituent Condition Estuarine Lagoons Application Application Estuarine Total

Aow (mgd) 2176 2176 2176 108811 396~ / 1385 1781
ROD 815 163 1225 184 67 104 171
TN 1428 204 1430 644 234 130 364
TP 230 16 230 2 *1 10 10
TDS 7467 7467 7467 7467E 27 l5~ J 4752 7467 -3f
TSS 459 46 230 2 *1 29 29
OiI & Grease 261 92 915 9 3 59 62
Flotables 30 2 100 I * 1 I
Phenols 1 *1 5 5 2 ~l 2
Relative

Toxicity (mgd)~ 3112 44 3112 - - 28
Gross Heavy
Metals 40 1 95 28 10 ~1 10

.j J Includes constituents present in flows that would be reused and in flows
that would be wasted. Treatment removal of wastes assumed as shown
on Figure IV.2.

.2J Assumes 50 percent evapotranspiration loss.

Jf May increase, due to soil leaching.

.A/ Relative toxicity of wastes discharged from base condition treatment facilities and from land disposal aeration lagoons as-
sumed to be 1 .43 x flow (seconday treatment). Relative toxicity of wastes discharged under other concepts assumed to be
0.02 x flow.

~~ Less than

• No data available
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CHAPTER V
‘I

ASSESSMENT AND EVALUATION

1. GENERAL INTRODUCTION

Rare ly has man, in attempting to implement his dreams Because of the complex nature of was iewater manage-
or desires , not caused some measurab le change in the status ment problems. uncertainties can be expected to arise in
of his surroundings. In prehistoric times, man’s concern or the course of the assessment and evaluation process. Also,
even awareness of the changes he produced were over- modification of some features of a selected alternative
shadowed by his immediate problem of survival. As man’s could result in minimizing, or eliminating, some adverse
culture developed so did his awareness and concern fur his conditions identified in the assessm ent process. The base
surroundings, and for possible changes in his surroundings condition, serving as a comparative evaluation instrument ,
which his actions might cause. Today man is more con- would present the greatest opportunities for such modifi-
cerned than ever with such changes and their effects. The cations. Further investigations will be needed to clarify Un-
concept of this chapter is directed toward this increased certainties or to determine the most advantageous feature
awareness , modifications for each alternative . The extent of these un-

certainties and potential system modifications should be
Previous chapters have identified existing conditions and considered in reaching any judgments based on this report.

assumed future conditions against w hich assessments and
regional wastewa ler management alternatives can be evalu-
ated. Essentially, t he existing regional situation is defined in Chapter IV provided a description of treatment plants
regard to wastewa ter loadings and their observed impacts, and their effectiveness in removing pollutants and presented
then a series of assumed future regional situations is estab- conceptual locations and scope of facilities for each alter-
lished, reflecting representative regional wastewater man- native . Reconnaissance-leve l design and cost estimates were
agement systems. A base condition is assumed, to estab lish then prepared for each regional system , identifying the
the regional situation as it will exist in the 1975 time frame; more significant physical features required for implementa-
t he base condition is then extended into the future, to tion. Table V-I summarizes these major physical features.
permit comparative impact assessments and evaluations of
the alternative regional systems.

TABLE V-i

PERTINENT PHYSICAL FEATURES OF
BASE CONDITION AND SELECTED ALTERNATIVES

(Based on Facilities to Handle Projected 2020 Wastewater Loads)

Base Selected Alternatives
Features Condition Ocean Estuarine Land Combination

Land At-ca (Acres)
Major Interceptors
and Outfails 1,350 4,100 1,560 3,300 2,200

Treatment and Disposal 66,000 66,000 66,000 335,000 170,000

Pipelines (Miles) 1,390 1 ,150 1,140 820 885
Pumping Power (HP) 79,000 1 ,100,000 78,000 266,000 131,000
Treatment Plants

(Number/Type) 17/secondary 2/advanced 7/advanced 386/lagoons~J 3/advanced
I 45/lagoons j/

j/ Treatment consist s of passing wastewater through aerated lagoons into storage rese rvoirs for subse quent land applica-
tion. Each lagoon has a surface area of about ten acres impounding water to an average depth of 15 feet. Storage
reservoirs with capacities to accomodate discharges during the 4-month winter season, when land application is
doubtful, require about 16 ,000 acres for the land alternative and 6,000 acres for the combination alternative. The
reservoirs impound water to an average depth of 50 feet.
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2. ASSESSMENT process provides understanding of the accomplishments ,
shortcomings. and consequences of the four regional waste-

Assessment , as construed in this investigation, reflects water management alternatives selected in Ch2pter IV . Such
t he concept of change and classifications within which dif- evaluation attempts to measure or to place a value on the
ferences can be identified. Change implies a starting point impacts or changes , identi fied in Table V.2, which cou ld
and an end point , the former being the assumed base con- reasonably be expected to result from each wastewater
dition and the latter each of the selected regional alter- management alternative .
natives , ana lyzed in succession .

Evaluation procedures are oriented toward the objective s
For purposes of this st udy, the classifications of change of water resources management since the disposition of

categories are : wastewater is a part of this endeavor, These objectives are
structured differently than impact classifications. An im-

a. Ecological Impacts. Ecological impacts are simply pact can be pertinent to one or more of the water resource s
changes that occur in the physical, chemical or biological objectives.
components of an ecosystem. Usually, t he changes are
chain reactive in effect and therefore the entire ecosystem Four broad object ives for water resources management
is affected. are used in the evaluation process. These objectives are de-

fined as follows:
b. Social Well-Being Impacts. Social well-being impacts

concern t hose changes in the physica l, spatial, and institu- a. Environmental Quality Objective. Although social.
tional factors of society which relate to human betterment aesthetic , and public health values are generally considered
and the overall quality of life of groups and individuals. The to be part of environmental quality, they will be discussed
major areas of concern are area viability, public health , gen- under the social well-being objective. Environmental quality
eral amenity, and distributive equity considerations. is then reduced to its ecological context , As such, it is t he

improvement of the quality inexistingecosystems, in terms
c. Aest hetic and Recreational Impacts. Aesthetic im- of health, diversity, productivity, and stabi lity.

pacts are changes which affect man’s sense of compatibility
wit h his surroundings. Since each person has his own stan- b. Social Well-Being Objective . This objective is directed
dard of what is pleasing to his eye or compatible to his to improving the physical quality of life and mental cun-
surroundings, t his analysis is highly subjective . Recreational tentment of those influenced by the development of a
impacts are more objective and easier to measure , since wastewater management alternative , and to reink~rcing the
they include changes occuring in outdoor leisure time efforts and programs of various government agencies and
activities (hiking, boating, sightseeing, fishing). groups in alleviating deprivation and enhancing the oppor-

tunity for group and individual fulfillment.
d. Public Health Impacts. Public health impacts are

changes which are of importance in human disease trans- c. National Economic Development Objective. The
mission , eit her by direct contact or through more complex national economic development objective is met by in-
interactions (such as biological magnification in food webs). creasing the value of the nation’s output of goods and ser-

vices and improving national economic efficiency. National
e. Economic Impacts. Economic impacts include economic development includes:

changes in net income resulting from changes in water qual-
ity ove r the base condition . This feature of economic con- (I) The value to users of increased outputs of goods
sidera t ions is not comp letel y encom passed by a combina- and services resulting from a wastewater management alter-
t ion of the other classifications of impacts. native.

Table V-2 summarizes the changes associated with each (2) Value of output resulting from external econ-
of the selected regional alternatives relati ve to the base con- omies or the reduction of costs of adverse external econo-
dition. Additional details are presented in App endix C. mies (e.g., costs of pollution of rivers, bays and estuaiies).

(3) Value of outpu t from the use of unemployed or
3 EVALUATION underemployed resources.

Impact evaluation is the step necessary to permit placing d. Regional Development Objective. This includes the
any judgment values on the findings of this report. The components of other objectives listed above as the)
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apply to users or resources present in the Bay-Delta area . In National Economic
addition the regional objective includes additional net in. Development Regional Development
come considerations accruing to the area from the construc-
tion or implementation of an alternative and from othe r Direct output increases Increase regional income
economic activities induced by operation of an alternative .

Utilize unemployed or Increase regional
For the evaluation process it is further necessary to de- underemployed resources emp loyment

fine specific components of the four objecti ves to which a
wastewater management program could contribute. The Diversif y t he regional
speci fic components of each objective utilized in this study economic base
are given in t he following tabulations.

Enhance environmental
Environmental Social Well-Being and social well-being

condit ions

Quality Area Viability
Employment conditions Because there is only a limited history of the stud y of

Reduction in waste loads social well-being considerations in relation to regional de-
Income configurations velopment of public works, it is necessary to structure a

Quality of waters specific procedure for social well-being evaluation. In sum-
Growth & development marized form the procedure is as follows:

Eutrophication patterns
(I) Relate regional alternatives to objectives of local

Fishery resources Public Health and regional agencies and groups.

Marine communities Conditions (2) Identify groups affected by regional alternatives to
determine those served, benefited , physically displaced or

Salt marshes Values indirectly physically influenced by the development.

Land resources Attitudes (3) Relate regional alternatives to social programs of
Federal , State , regional and local agencies involved in the

Diversity in land use Amenity areas of planning and education programs .

Space requirements Sensory (4) Establish a framework of communication on re-
gional alte. ,atives with established citizens groups which

Atmospheric effects Aesthetic advocate regional and local planning objectives .

Bioaccumulative toxicants Convenience The impacts and evaluation of social well-being in this
report are based on interpretation of available information,

Disease vectors Comp atibility which for the most part is not regi onally oriented . The
subject is not well defined and the state of the art not well

Rare and endangered species Distributive Equity developed , t herefore , more detailed investigation will be re-
and biotic communities quired to bring objectives into focus and determine social

Increased opportunity for well-being priorities in execution of regional projects. De-
Wastewate r as a resource economic sufficiency tails of the preliminary procedures used in this study and

comments of consultants who reviewed the wo rk are pre-
Equitable distribution tented in Appendix C.

of goods and services
In summary, t he evaluation procedure makes tentative

Equitable sharing of measurements of the changes from the assumed base con-
benefits from environ- dition that would result from imp lementing each of the
menta l enhancement pro posed regional alternatives. A change in one of the spa-

— 38 —



cific components of the four major objectives is beneficial diversity of land use and increase the potential of polluting
if it m eets a nced~ it is adverse if it operates in opposition to underground waters . Land use requirements are the same as
a need . Because of limitations on the scope of this recon- for the base condition. Climatic and atmospheric effects
naissance-level st udy the evaluation is qualitative rather would be comparable. Bioaccumulative toxicants would be
t han definitive. The evaluation indica tes the general char- significantly reduced in the estuary while a limited dis-
acter of performance that cou ld be exp ected from each charge , of a localized nature , wou ld be introd uced into the
regional alternative but does not conclusively demonstrate ocean. There would be a reduced potential for contamina-
eit her the superiority or the unacceptability ol any system. tion of marine species and coastal zones. Reclaimed waste-

water could be retained as a resource and distributed to
enhance the environment as desired .

4. EVALUATION
OF OCEAN DISPOSAL ALTERNATIVE b. Social Well—Being Objective.

a. Environmental Quality Objecti ve. ( I)  Area Viability . Long-term enhancement to em-
ployment and income related to water-oriented activities,

Relative to the base condition , projecte d waste loads especially ocean fishing, should occur for the coastal locali-
discharged to the aquatic environme nt would be reduced. ties as well as the region as a whole by t he advanced treat-
The amount of toxicants , nutrients , degra dable organics ment.
and suspended solids discharge d would be reduced . Im-
prove d water quality conditions from the reduced pollutant The opportunities for varied spatial distribution de-
load would improve surface waters. The removal of waste velopment choices would be greatly enhanced concerning
discharges from the estuary could alter salinity patterns in commerica l water-related activities and recreation as a re-
Suisun Bay, the Delta and the southern extremity of the suit of this alternative . Also, as a result of less wastewater
est uary. Similarly, ocean salinitues would be reduced at OUt pollutants entering the hydrosphere , the traditional water-
fall locations. The removal of nutrients from the estuary by related character of the region should be greatly benefited
t his alternative would reduce the overall potential for sea- over time and result in less restrictions for overall regional
sonal algal blooms and associated low dissolved oxygen and sub-area development.
problems. Estuarine areas , receiving nutrients from sources
outside t he study area or from internal stream flow, could Due to the reuse potential of reclaimed wastewat er .
experience increased eutrophic rates because of increased the potentia l suburban and rural development oppor. .iities
residence time caused by eliminating the flushing effects of could produce long-term benelits to employment , diversity,
was tew at cr discharges. Residual nutrients passing through and income levels. Also , t he benefits of additional sour ces
ocean out falls could increase the eutrophic rate in the local of water supply for all areas would offer many choices for
areas ’ around the ocean outfa lls. The removal of wastes optimum regional growth dispersion.
from t he estuary would improve the status of estuarine and
anadromous fisheries. This alternative would reduce the (2) Public Health. This alternative contributes to the

• amount of toxic wastes entering the Gulf of the Faral lones achievement of public health objectives by significantly
w hich would be exp ected to improve the fishing potential lowering the mass emission of toxic agents and by using the
in t hat area. The migratory patterns of anadromous 11th, assimilative capacity of the hydrosphere. However, this plan
market crab habitat , and pe lagic plank ton ic forms could be does introduce some increased hygienic risk because larger
disrupt ed by low salinity discha rges from ocean out falls. pollutant loads are transp orted to lar d areas , via sludge
The problems of direct toxicity and coliform level would be disposal.
reduced renderi ng bay shellfish suitable for human con-
sumption. The low salinity discharge off Man n County (3) Amenity. The sludge disposal sites selected in
could alter biotic communities in Bodega Bay and Tomales Marin/Sonoma and Santa Clara/San Benito Counties have
Bay by shifting salinity gradients. The southern discharge very high cumulative aesthetic characteristics. Use of such
would have less severe environmental effects because of the areas for sludge disposal could have long-term detrimental
greater dispersion potential in that area. Marine communi- effects to much larger areas , not only visibly, but for future
ties in the Gulf of the Faraflones would be expected to development potential and overall environmental amenity
improve if planktonic forms are not damaged traversing dis- due to the existing vegetation and undulating land form
charge ~tes. Salt marshes could be adversely changed by patterns with their strongly defined sense of place. Ocean
reduced flushing flows. Rare and endangered species within disposal places greater requirements for sludge application
the salt marsh community could be threatened . The major in these critical locations. The mental prejudices , custo ms ,

t land resource impact would be in the sludge disposal areas and phobias associa ted with treated wastewater for agnicul-
where the concentration of pollutants would be increased. tural use and human consump tion could still be a detriment
This increased concentratio n of po llutants could reduce the to existing value systems of individuals.
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(4) Distribut ive Equity. The matters discussed herein this resource but expected demands would be substantially
are common to all wastewater management alternatives and less than available quantity.
are of priority concern. Many social concerns regarding the
distributive equity of income, employment , recreation, or First cost estimates of the ocean alternative indicate an
displace ment , and questions of opportunities and benefits investment of $4 .1 billion in 1975 and an additional invest-
from development are vital to the social well-being aspects ment of $3.1 billion in 1990. Estimated average annua l
of the alternatives. Therefore , any alternative , to benefit all charges for interest and amortization, operation and main-
of society, must coor dinate physical planning programs tenan ce would be $472 million over a 100-year economic
wit h social planning programs through definitive avenues life assuming an interest rate of 5-l/~ percent. Features
wtt h the goal of mutual program enhancement. The role of constructed by 1975 were designed to meet 1990 needs
t hose agencies responsible for planning physical systems with features added by 1990 to meet 2020 conditions. The
must be to assist agencies responsible for social planning estimated first cost of the ocean alternative is 40 percent
and betterment , not to assume t he social planning role higher than the assumed base condition and estimated aver-
t hemselves. The development of any of the alternative age annual charges 30 percent higher. More details on costs
wastewa t er manage ment plans should address these objec- are presented later and in Appendix D.
tives.

Qualitative economic evaluation factors, pending de-
c. National Economic Development Objective, tailed investigation, are :

Quantified net income factors that are addressed in this (I) Sludge disposal areas concentrated in two areas in
report are re lated to some of the evaluation fIndings under close proximity to the ocean coast for the ocean disposal
the environmental quality objective . In addition , a quanti- versus severa l at scattered locations for the base condition
fled approximation is made of the underemployed resource could have greater adverse economic impact.
of treated wastewater. From the evaluation of environ
mental factors, it is estimated, in magnitude terms, that the (2) The ocean alternative land requirements for treat-
ocean disposal altern ative will increase net income over the ment and intercept or facilities could involve less valuable
base condition , because of the reduction in discharged p01- shoreline areas suitable for many purp oses than the base
lutants and health factors as follows : condition.

(I) General Recreation $62,000,000 (3) Underemployed human resources might be more
readily appl ied with a comprehensive regional plan.

(2) Sport Fishing 10,000,000
(4) Industrial investment for “source control ” of pol-

(3) Commercial Fishing 5,000,000 lutants mig ht be reduced with a comprehensive regional
plan.

Total $77,000,000
The above discussion indicates that national economic

The ocean alternative, by eliminating low salinity discharges activity would be in a more favorable position over the long
in Suisun Bay and the western Delta , could impact adverse- term with the ocean disposal alternative, than with the base• ly on wildlife (hunting) and sport fisheries because of in- condition.
creased salinity gradients. Quanti f ication , at t his time , of . -
these factors is not possible. d. Regional Development Objective.

The ocean disposal alternative provides a solution for the
The ocean alte rnative presents a reclaimed water poten- expected future problems of the Bay and Delta region for

tial of 1.2 million acre-feet in 1990 and 22  million acre- municipal and industrial wastewater dischargers. Economic
feet in 2020. In close proximity of the treatment plants , a evaluation for the region wou ld be the same as under the
value of $90 per acre-foot would be representative; at more national econom ic development objective. Recreational
distant locations , inland and closer to other potential water beneficial effects would be essentially regionally oriented ,
sources, the value would reduce to $40 to $50 pen acre- however, commercial fishery benefits might be only partial-
foot. Preliminary cost estimates of first investments for reg- ly shared by the region because ocean enhancement affects
ulation and transp ort of reclaimed water to the more dis- a wider area . A portion of the reclaimed wastewater poten-
tant locations reflect about $1 ,000 per acre-foot of capac- tial could invotw areas outside the region and, therefore.
ity, which when converted to an average annual value per the region might have to share such a benefit with other
acre-foot would make reclaimed water marginally competi- areas . The iegion would have to particip ate in larger inwsl—
tive. Thus, localized delive ry is more favorable to utilizing ments for wastewater management.
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Environmental quality would experience a net enhance- of treated wastew ater to the estuary would increase the
ment of significant scope. However, such net enhancement flushing efficiency of the system and help maintain natural
wou ld resul t in certain specific adverse impacts in the en- salinity gradients. Ocean salinities would not be altered.
vironment . The beneficial aspect would be reduced pal- Nutrient loading in the estuary would be greatly reduced by
luta ns loads in the estuary and ocean with resultant im- the treatment process thereb y, reducing the frequency of
provement of their Wate rs and nearshore areas. Increased seasonal algal blooms and low dissolved oxygen problems in
salinity in the eastern and southern extremity of the estu- the South Bay and Delta. Removal of w astes plus flushing
ary wou ld have adverse effects on life forms dependent on flows would improve environmental conditions for all fishes
specific salinity conditions. Also, resu lting changes in salt inhabiting or using the Bay-Delta system. The Gulf of the
marsh veg etation would adversely effect wildlife recrea- Farallo nes would be improved ove r the condition projected
tional potential. The ocean and shoreline areas in the ~icin- for it in the base condition. The low salinity water provided
ity of outfalls could be adversely affected by low salinity by this alternative could not only enhance shell fish habitat ,
discharges. The shellfish potential for human consumption but also help maintain the marshes around the bay. More
wou ld be increased. Reclaimed waslewater could be used to importantly, treate d water would be available to maintain
enhance the env ironment or mitigate adverse effects if de- desi red salinity in Suisun Marsh . Sludge disp osal would
sired. Sludge disposal areas for the ocean disp osal alter- limit both land use and land resources, since the concentra-
native are of overall higher environmental quality than the tions of pollutants would be increased in the disposal areas.
base condition. With the possible exception of chang es in Land use requirements for this alternative are the same as
ocean resource conditions, all environmental beneficial and for the base condition. Climatic and atmospheric changes
adverse effects would be related to the region. would be negligible , at most. The treatment process would

reduce bio-accumulative tox.icants in the hydrosphere to
In the area of social well-being, the ocean disp osal alter- those entering the system from outside the stud y area.

native would increase employment and income associated Wastewater could be fully utilized as a resource.
wit h water -oriented activities. Spatial distribution oppor-
tunities for development, regional or by sub-area , would be b. Social Well-Being Objective.
enhanced . Reclaimed wa t er could produce long-term bene-
fits in employment and income levels , the degree depending (I) Area Viability. With respect to the base condition,
on use. Ocean disposa l is the most favQrable of alternatives the estuanine disp osal alternat ive would provide more

• from a public health viewpoint. Amenities associated with wastewater with a higher degree of treatment for flow
she estuary would be enhanced; in the ocean associated augmentation in the northern part of the estuary and in the
areas a proba ble change in conditions with an overall minor Delta. Flow augmentation should benefit water-related
enhancement would occur ; in the sludge disposal areas , be- commercial and recreational development opportunities in
cause of location, there would be an adverse effect. All the study area. Under the base condition there is a threat of
social well-being consideration , favorable and unfavorable , long-term accumulations of toxicants in the aquatic en-
wou ld be essent ially related to the region except that re- vironment which might possibly offset the benefits from
claimed water , ocean changes, and sludge area impacts these opportunities. This alternative would significantly re-
might also affect other areas. duce such threat. Sludge disposal in portions of six counties

would probably be detrimental to existing and future agri-
The ocean disp osal alternative , relative to the base con- cultural developments as well as to the associated employ-

dit ion , provi des additional regional opp ortunities in: eco - ment and income opp ortunities of groups and inilividuals
nomic activities; meet ing future environmental objectives; dependent upon the maintenance and growth of existing
and, enhancing social well-being, agricultural patterns. In Solano County these possible detni-

ments might be amplified by the current decline of existing
5. EVALUATION OF ESTUARINE DISPOSAL agricultural employment in the county.
ALTERNATIVE

(2) Public Health. This alternative contributes to the
a. EnvIronmental Quality Objective, achievement of public health objectives by significantly

towering the mass-emission of toxic agents and by using the
By virtue of its advanced biological and chemical trea t - assimila tive capacity of the hydrosphere . However , com-

• ment process this alternative would greatly reduce the pul. pared to the base condition this plan may introduce some
lutant load entering the aquatic environment compared to hygienic risk in sludge disposal areas because larger pal-
the pollutant toads projected for the base condition. The lutant loads would be transported to these land areas.
treat ment process would remove nearly all toxicants and
nutrients from the wastewater leaving an effluent corn- (3) Amenity. This alternative should benefit the over-
parable to tl~ receiving waters, Overall improved water all aesthetic perception of the estuary due to increased flow
quality conditions would improve surface waters. Discharge augumentatlon and decreased pollutant loads discharged.
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Although recreational opportunities are not expected to be Estimated first cost of the estuarine disposal alternative
greatly impaired under the base condition , the estuarine would be $2.8 billion in 1975 to handle projected 1990
alternative should allow more opportunities for a variety of waste flows, and an additional $1.9 billion in 1990 to
developments throughout the Bay and Delta region. handle projected 2020 waste flows. Total estimated average

annual charges for interest and amortization; and operation,
Sludge disposal would be detrimental to the aesthetic maintenance and replacement would be $331 million over a

character of the disposal areas in terms of visual and possib- 100-year economic life , assuming an interest rate of 5-1(8
ly odorous perception. Although the sludge disposal sites percent. The total estimated first cost of estuarine disposal
wou ld be visua lly prominent in all the areas , the highl y is approximately 90 percent of that of the assumed base
visual character of the valley enclosures in the Man n! condition. The total estimated average annual charges are
Sonoma area cou ld be substantially detrimented . Also, the approximately 90 percent of those of the base condition.
amount of available open space for future recreation or More details on costs are presented later and in App endix
other development opportunities in all the areas could be D.
restricted.

Other economic factors are qualitatively assessed as
c. NStNrnal Econom ic Development Objective, follows:

Quantified net income in thi s report is related to some (1) Sludge disposal is concentrated in five areas for
of the evaluation findings under the environmental quality estuarine disp osal versus disposal in several scattered areas
objective. In addition , a quantified approximation is made for the base condition , t hus could have greater adverse eco-
of the value of reclaimed wastewater . nomic impact .

From the evaluation of the environmental quality objec- (2) Land requirements of the estuarine disp osal alter-
tiw , it is est imated that the estuañne disposal alternative, native for treatment and conveyance facilities could involve
by reduci ng the pollutant loads discharged to the aquatic less use of valuable shorel ine areas suitable for many pur-
environment and providing more favorable health factors, poses than under the base condition.
would increase the annual net income over the base con-
dition. The estimated increase in annual net income is as (3) Underemployed human resources might be more
follows: readily applied with a comprehensive regional plan.

(I) General Recreation $62,000,000 (4) Industrial investment for “ source contro l” of po l-
lutants might be reduced with a comprehensive regional

(2) Sport Fishing 10,000,000 plan.

(3). Commercial Fishing 5,000,000 The above discussion indicates that national economic
development would be in a more favorable position over

Total $77,000,000 the long term with the estuarine disposal alternative.

This alternative presents the potential for reclaiming 1.2 d. Regional Developnsent Objective.
million acre-feet of wastewater in 1990 and 2.2 million
acre.feet in 2020. Since th ree of the seven advanced treat- The estuarine disposal alternative would produce similar,
ment plants are located near the coast, $90 per acre-foot but not identical , accomplishments to the ocean disposal
would be a representative value of this reclaimed waste- alternative with respect to economic development. Some
water. Representative values of reclaimed wastewater from additional benefits to the region may be incurred due to
the four inland treatment plants would be around $40 to repulsion of salinity which low salinity estuarine discharges
$50 per acre-foot. may provide . Commercial fishery aspects , recreationa l

potential , and benefits from wastewater reuse would not be
If reclaimed wastewater is conveyed away from the significantly different from the ocean disposal alternative.

immediate areas of the treatment plants to more distant
areas for reuse, preliminary first costs of conveyance and The estuanne disposal alternative would have a net bene-
regulatory st orage facilities would be $1,300 per acre-loot tlcial impact on environmental quality considerations. The
of capacity. When this coat is converted to en average en- main changes over the base conditon would be an upgrading
nual value, reclaimed wastewater would be marginally corn- of water quality in the Bay-Delta estuary and the Gulf of
p.1151w with other water supply sources. Thus, reuse in the the Farallones due to the lower amount of wastes dis-
vicinity of the treatment facilities it more favorabli, bus charged. Such improvement in water quality would benefit
projected demands are expected to be Ime the. the i,.ll . the aquatic and marine organisms in t hese areas by reducing
able supply. both acute and chronic environmental stresses. Further-
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more, as long as highly treated low salinity wastewater is the State of California. Salinity concentrations in the
~4 

discharged to the Bay-Delta estuary, poss ible salin ity southern extremity of the estuary would also increase . If
r changes due to removal of this flow (as in the other alter- nutrients are retained on the land , the potential for seasonal

natives) would be avoided. ShellfIsh consum ption by hu- alga l blooms in the Delta and in the southern extremity of
mans would probably increase . Sludge disposal areas for the estuary would be reduced. However, nutrients from
this alternative would not differ appreciably from the base sources other than urban discharges would still enter the
condition since the areas affected are the same . All environ- estuary. By eliminating the flushing effects of urban dis-
mental benefits and detriments would be related to the changes, the residence time of these nutrients in the estuary
region with the exception of possible benefits resulting out- could be increased. Thus, there would still be a potential
side the region due to increased anadromous fish nuns. for seasonal algal blooms. With improved water quality con-

ditions, the anadromou s and estuarine fisheries would be
Social well-being changes would be genera lly beneficial maintained . By reducing the amount of toxic wastes dis-

for this alternative. Water-oriented activit ies in the Bay- charged , the coastal fisheries would be protected . The
Delta estuary would show a net increase due to improved biotic communities as well , as crabbi ng in the Gulf of the
waten quality. However, relative to the other alternatives. Farallones would be improved. Shellfish in the estuary
this increase may not be as large since comp lete eliminatio n would be suitable for human consumption. The potential
of all discharges from the Bay-Delta waters (as under the for rehabilitating the oyster industry in the estuary would
other alternatives) may provide slightly higher social bene- be increased. Eliminating urban discharges to the estuary
fits. From consideration of public health factors , t his alter- may provide the impetus for new industries to locate away
native would be an improvement over the base condition from the perimeter of the estuary. Preservation of remain-
but not provide quite the degree of protection to humans ing salt marshes would be aided. Use of treated wastewater
t hat the ocean disposal alternative would. The same is true which has been filtered through soil to flood Suisun Marsh
of general amenities. In fact , this alternative would provide would maintain the existing marshland community. How-
improvement for most social well-being catagories such as ever, removal of toxicants would have to be equivalent to
employment, income, and development ; but may not reach tha t removed by advanced treatment ; this is uncertain.
t he level of accomplishment as the ocean disposal alter- Land application of treated wastewaten and sludge wou ld
native , require appnoximately 335.000 acres by 2020. Depending

on whether these areas have multiple use, this alternative
The main regional benefits expected fnom this alter- would be competitive with other demands for use of the

native could be categorlied as increased econoimc actw~ties land ares . The exis t ing dry land life forms would be
and environmental quality and enhancement of social well- changed to wetlands species. Humidity would be higher in
being. While improvements in all would be accomplished, the disposal areas, particularly the Marin/Sonoma and Santa
relative to the base condition, the absolute level of accom- Clara/San Benito areas, with resulting increased fog. Dc-
plishments relative to other alternatives is related to trade- pending on the capability of the soil to remove loxicants .
oils, nutrients, and pat hogens, t here may be a potentia’ for pol-

luting ground and surface waters in the disposal areas. Mao,
No significant differences from the ocean disposal alter- bioaccumulation of toxicants on land is not well under-

native would occur outside the region. stood and needs further study. This alternative would en-
hance the habitat for pest and disease carrying organisms.

6. EVALUATION OF LAND DISPOSAL ALTER- The potential for contamination of land species needs
NATIVE further study. Rare and endangered aquatic species would

be protected . However , rare and endangered terresterial
a. Environmental QuaIlS) Objective, species could be displaced by the change in land use and

biomes resulting from this alternative. Assuming marketable
By applying t reated wastewater and sludge to land , t he crops on crops having an aesthetic value could be gown in

discharge of urban wastes to the estuary would be elimi- the disposal areas, and the capability of the soil to remove
nated . The amount of toxicants, nutrients, degradable or- critical pollutants can be substantiated, this alternative pro-
ganics, and suspended solids discharged to the aquatic en- vides a high potential for reuse of wastewater. However,
vironmeni would be substantially neduced over the base approximately 50 percent of the treated wastewa t er applied
condition. Water quality conditions in the estuary and to the land would be lost to evapotranspiration. Depending
wsstal waters would be improved. Eliminating urban waste on the use to which the disp osal areas would be put . t his
discharges from the estuary could increase salinity concen- alternative could constitute an inefficient use of waste-
Irat ions in the western Delta and Suisun Bay, with the re- water as a resource. Sludge applied to land could act as a
suit that’ additional upstream releases of water would be soil conditoner in app lication areas that presently have mar-
necessary to mantai n water quality conditons required by ginal soil qualities.
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One potential shortcom ing of the appli cation of waste - opment of the Bay and Delta region. However , the great
water to soils is the possibility of a build-u p of salts in the land use conversion necessary for the development of the
soil column . This would affect the quality of the soil by tota l syste m (335,000 acres by 2020), and the long-term
clogging the pore spaces and reducing the permeability of impacts on the many localities directly influenced by t hesc
t he soil. Such a reductio n in soil quality could reduce the land conversions, may be detrimental to opportunities for
ability of the soil to function as a 4ilten as well as reduce the diversi f ied development.
suitability of the soil for growing crops. A further problem
is the expected increase in total dissolved solids concenina- Large land use alterations in the suburban and rural areas
tion in the sub-surface drainage. it is not uncommon for of Contra Costa, Sacramento, Solano, and San Benito
sub-surface drainage to contain 3 to 10 times as much total Counties could great ly limit the future development nd
soluble salts as the applied wastewater , due to the salt spatial distribution choices of these areas. Even should
concentrating effects of evapotranspiration. These features these land areas continue in new types of agricultural pro-
require further investigation. duction under the system, persona or groups dependent

upon existing employment types and income from existing
b. Social Well-Being Objective , agricultural use could be greatly detnimented.

(I) Area Viabil ity. By eliminating discharges of urban (2) Public Health. This alternative presents certainwastes to the est uary, the land disposal alternative would hygienic risks that must be recognized as potentially in-significantly reduce pollutant levels in the estuary, which fluentia) upon society. The land disposal alternative, how-should have a substantial long-term effect on benefiting the ever, does contribute to the achievement of certain public
basic underlying structure of the region. Specifically, the health objectives by removing biological agents from sun-water .’oniented activities of commercial fishing and recrea- face waters, reducing the masscmission of all toxic agents,tion should be greatly benefited in nelation to employment and by somewhat limiting the possibility of biol ogical mag-stability, diversity and long-term growth. The region as a nification in the human food web. Chemical substances
whole, especially those coastal counties in Sub-areas A and such as gasoline and phenols , however, are ineffectively re-
B, should experience long-term benefits in relation to ~fl’ moved by percolation and the fat e of heavy metals whencome increases in water-oriented activities, percolated through soil is not completely known. Based

upon preliminary present knowledge, these agents could
Increases in the overall long-term water quality of the possibly fIlter their way int o the ground waler or into

ocean and estuary should enhance the region’s water.related drainage water and as a result, introduce a hygienic risk to
character thus greatly sustaining as well as improving one of the area population.the region’s most important industries, tourism. The in-
creased opportunities for existing recreational facilities as (3) Amenity. In relation to aesthetic chanrs, alter -well as the potential for developing new ones is of primary at ions of crop patterns in certain areas may be detri .benefit toward enhancing the overall quality of life of the mental, In Man n County the dominant visual pattern isregional population. pasturage for beef and dairy cattle . Fields of feed crops,

The possibility of high reuse of wastewater would great- which are among the primary crop choices for potential
ly benefit the long-term diversity, growth, and stability of land disposal cultivation, are only occasionally seen and .
agriculture, industry, on any other activities dependent therefore, a change to these crops would great ly alter the
upon an abundant , readily accessible source of water area . The act ual long-term benefit on detriment of these
supply. changes would be a matter of local resident preference in

addition to economic and other factors. Unlike the large
Location of the physical facilities for this alternative in a geometric field patterns in Solano County which could

variety of areas throughout the Bay and Delta region would readily accommodate the large tracts needed for land dis-
produce a variety of beneficial and detrimental impacts. posal, existing cultivation patterns in Sacramento, San
The actual construction employment from developing the Joaquin, Contra Costa and San Beniio Counties are small
systems should benefit certain categories of emp loyment and less geometric. Great alteration to these areas could be
but for a relatively short time. Also, the new or increased a detriment to the existing scale of agriculture develop-
agricultural production associated with applying treated ment. Also, the humidity increases it1 the valley inclosures
wastewater to land could stimulate the agricultural econo- of the ManinfSonoma and Santa Clara/San Benito areas
my with resultant benefits to many related employment could be a detriment to the exist ing climatology va lues .
and income groups . These possible benefits, combined with OthCr value factors concerning existing .-lcvelopment pat-
the benefits previously discussed as a result of reducing terns and prejudices against converting prime valley lands
pollutant levels in the estuary, could greatly help to di- into waste treatment areas could be very important to local
versify , stabilize and st imu late the overall growth and devel- residents and considered as a detriment to their areas.
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c. National Economic Development Objective, at 20 year intervals, the average annual benefits over a
Quantified net income in this repo rt is related to so me of 100-year period would be approximately $13 million. If the
t he evaluation findings under the environmental quality disposal areas were instead used fon irrigated pasture the

average annual benefits would be approximately $6 million.objective. In addition, a quantified approximation is made Benefits from these two rather diverse uses of the disposalof the value of reclaimed wastewater. areas are presente d to give a range of the benefits which
could be used to offset the average annual charges of thisFrom the evaluation of environmental factors, it is est i- alternative.mated, in gross terms , that the land disposal alternative, by

eliminating discharges of urban wastewaters to the estuary Estimated first costs of the land disposal alternativeand by providing favorable health factors, would increase
the annual net income ove r the base condition. The esti- would be $6.5 billion in 1975 to handle projected 1990
mated increase is as follows: waste flows, and an additional $3.4 billion in 1990 to

handle projected 2020 waste flows. Total estimated average
annual charges for interest and amortization ; and operation,(I) General Recreation $62,000,000 maintenance and replacement would be $699 million over a

i2) Sport Fishing lO ,000,000 100-year economic life, assuming an interest rate of 5- 1/ 8
percent. The total estimated first cost of this alternative is
approximately two times that of the assumed base con-(3) Commercial Fishing ~~~~~~~~~~ dition. The total estimated average annual changes are ap-

Total $77,000,000 proximately 1.9 times that of the base condition. More
details on costs are presented in Appendix D.

Assuming evapotranspination losses do not exceed 50
percent of the treated wast ewater applied to the land , t his Other economic factors are qualitatively assessed as
alternative presents the potential for reclaiming approxi- follows:
mately 600,000 acre-feet of wastewater in 1990 and 1.1
million acre.feet in 2020. In addition there is a potential (I) Althoug h this alternative would invol ve less use of
agricultural benefit from applying treated wastewaten to valuable shoreline areas than the base condition, this alter-
land upon which crops would be grown. native requires 335,000 acres of land by 2020 for treatment

and disposal. This amount of land would possibly conflict
Waslewater and sludge are applied to six sepanate land with existing and proposed land use patterns which could

areas. Since most of these areas are located in proximity tq adversely affect existing uses and/or be detrimental to di-
other existing or proposed water supply sources, a represen- versified development of the areas.
tative value of the reclaimed wastewater would be in the
range of $40 to $50 per acre-foot. This neclairned waste- (2) With the exception of the effects of sludge disposal,
water wou ld have the character of secondary effluent which the qualitative assessment of other economics factors is gen-
has been filtered through a soil column of approximately 8 enally the same as for the ocean and estuarine alternatives.
feet . Assuming that sludge is disposed on land under the base

condition, sludge disposal under this alternative is not cx-
li reclaimed wastewater is conveyed away from the dis- pected to have a greater adverse economic impact.

posal a-eas to more distant areas for reuse, preliminary first
costs of conveyance and regulatory storage facilities would The above discussion indicates that oven the long term,
be approx intatety $650 per acre-foot of capacity. When this the national economic development could be in a more
cost is converted to an average annual va lue, reclaimed favorable position with the land disposal alternative.
wastewater would be competitive with other water supply
sources, depending on the degree of any further treatment d. Regional Development Objective.
needed prior to reuse.

The land disposal alternative, by eliminating wastewate r
Agricultural benefits of applying treated wastewater to discharges to the estuary and ocean, would enhance the

land could be used to offset the average annual charges of fisheries in both areas. Benefits realized from an increase in
this alternative. Approximately 170,000 acres of land commercial fisheries would be shared both by the region
would be irrigated during the period 1975-1990, and up to and by surrounding areas. Increases in water-oriented
310,000 acres after 1990. The ecological impacts of land recreation due to improved water quality would be strictly
disposal of wast ewater and sludge , discussed in App endix C, regional. Depending upon the use for reclaimed water ,
pointed to the poss ibility of creating redwood forests in the benefits from this item could be shared with other regions.
disposal areas. If redwood trees were grown and harvested The total magnitude of these benefits would be less than
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for the other alternatives because of the lesser amount of time minimizing the disadvantages of each alternative. Rela-
water available for reuse. Increases in agricultural pro- tive to the base condition , the combination alternative
duction could produce monetary benefits which may par- would not only reduce the pollutant load entering the
t iafly offset the high cost of this alternative. These benefits hydrosphere but also, through its land disposal option , pre-
would be related both to the region and to surrounding sent an opportunity for more complete wastewater resource
areas. development. Water quality conditions in the estuary would

be greatly improved by this alternative. Underground and
Possible adverse economic developments could occur surface waters in the land disposal sites could become con-

with respect to land use patterns , future development and tam inated , depending on the efficiency of the land as a
spatial distribution. Such effects would relate both to the treatment process. If nutrients are retained on the land, this
region and to surrounding regions. alternative could reduce biostimulant loading in the estu-

ary, resulting in a significant improvement over the base
Unde r this alternative , a net envi ro nmenta l quality bene- condition. Assuming no contamination from land treated

fit could be credited to the hydrosp here, through elimina- waters, estuar ine and anadromous fisheries could be en-
tion of municipal and Industrial discharges . Possible adverse hanced by improved water quality conditions. The small
effects in the estuary may result throug h localized salinity fresh water fishery within the land disp osal areas could be
changes due to elimination of these discharges. These net endangered. Marine communities in the Gulf of the Faral-
benefits to the hydrosp here could be offset either in whole lones could improve by reduced pollutant inflow . Coastal
or in part by possible adverse changes to land areas. These marine communities would be unchanged over base con-
changes would be limited to the region, although possible ditions. By reducing pollutants entering the hydrosphere
climatic changes could be more extensive, and possibly by enabling water using industry to locate

away from the estuary, preservation of salt marshes would
With respect to social well-being this alternative would be aided. Treated wastewater would be available to flood

have the greatest impact. Employment and income associ- Suisun Marsh. Sludge disposal and land treatment facilities
ated with water-oriented activities would increase. Addi . would modify land resources. Reclaimed wastewater could
tional benefits in employment and income could be pro. be utilized to preserve or create land resources. Land areas
jec ted for the land disposal areas, through crop production. required for the land disposal part of this alternative would

increase space requirements over the base condition facili-
Possible adverse changes could result from hygienic ties. This alternative could result in higher humidity and

problems, especially from disease vectors, and from the increased fog in the land disposal areas. An undefined but
heavy metal and chemical constituents in the filtered water . limited amount of persistent pesticides and toxicants could
Large land use alterations in the disposal areas could greatly discharge to the hydrosphere from land disp osal of waste-
limit future development and spatial distribution, by re- waters . Bioaccumulation of toxicants on land needs further
.tnict ing land use alternatives. Some adverse changes could study. Land disposal methods increase the potential of dis-
be expected with respect to existing agricultural employ- ease vectors in disposal areas, if protective measures are not
ment. This alternative could be detrimental to existing agn- planned. The viability of rare and endangered biotic com-
cultural development in counties where cultivation patterns munities in the study area would be enhanced by this alter-
are small. Benefits from reclaimed water usage could offset native. Assuming marketable crops can be grown in the
some of these potential adverse changes, although the pos- disposal areas, and that flushing flows provide some benefit
sible increased employment and income from such usage to the environment, this alternative provides a high poten-
would be less than for the other alternatives. Social well- tial for reuse of wastewaters .
being changes would not be limited to the region alone , but
could produce effects outside the region. 1,. sodel Welt-Being Objective.

Relative to the base condition this alternati ve would pro- (1) Area Vibility . Evaluation of the estuarine disposal
vide the greatest regional opportunities in economic activi- portion and the land disposal portion of the combination
ties. disposal alternative is essentially the same as the estuanine

and land disposal alternatives respectively. Estuarine dis-
7. EVALUATION OF COMBINATION DISPOSAL posal of urban wastewater s from Sub-areas A and C should

ALTERNATIVE help to relieve pollution problems and benefit overall wa-
ter -related activities. Possible long-term pollution accumula-
tions in the estuary, which under the base condition could

a. En o e ~taI Qumilty Objective, negate these benefits, would be reduced.

This alternative affords all of the advantages of both the Land disposal of urban wastew ate rs from Sub-areas B
estuarme and land disposal alternatives while at the same and D (Figure 11-5) would benefit water -oriented commen-
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cial and recreation activities by eliminating discharge of Assuming eva potranspination losses do not exceed 50
urban wa s tew aters to t he estuary and by making use of percent of tha t portion of the total waste flows app lied to
wastewat er and residuals as a resource . Hbwever, t he large the land , this alternative presents the potential for reclaim-
land areas required by 2020 ( I 30,000 acres) for land dis- ing approximately 1.0 million acre-feet of was lewater in
posal would restrict opportunities for diversified develop- 1990 and 1 .~ million acre-feet in 2020. In addition there is
ments in the disposal area , especially existin g agriculture a potential agricultural benefit from applying treated waste-
and its associated employment and income considera t ions . water to land upon which crops would be grown.
Althoug h much of the land areas could remai n in agricul-
tural production, the alterations of crop patterns and the Under the land portion of this alternative, wastewater
possible shifts in employment opportunities could be detri- and sludge are applied to five separate land areas. Since
mental to the existing area markets. Further detailed most of these areas are located in proximity to other exist-
studies would be needed to ascertain these relationships. ing or proposed water supply sources, a representative value

of the reclaimed wastewater would be in the range of $40
(2) Public Health. This alternative contributes to pub- to $50 per acre-foot. This reclaimed wastewater has the

lic health objectives by lowerin g the mass-emission of toxic character of secondary effluent which has been filtered
agents and reducing the possibility of biological magnifica- through a soil column of approximately 8 feet.
t ion in the human food web. However, the estuarine por-
tion of this alternative does introduce some hygienic risk in Under the estuanine portion two of the three advanced
that concentrated pollutants in the form of a sludge slurry treatment plants are located near the coast . A representa-
would be transported and applied to lands in eastern Contra tive value of reclaimed wastewater from the two coastal
Costa and western San Joaquin Counties, plants would be about $90 per acre-foot. A representative

value of reclaimed wastewater from the inland treatment
The land disposal portion introduces possible hygienic plant would be in the range of $40 to $50 per acre-foot,

risks in that the capability and effectiveness of the soil since it is located closer to other potential water supp ly
column in removing phenols and heavy metals is not corn- sources.
pletely known. A possibility exists that these agents could
percolate into the groundwater where they would be col- If reclaimed wastewater from both the advanced treat-
let.ted by the underdrain system for reuse. ment plants and the land are a is conve yed away from the

treatment and disposal areas to more distant areas for reuse.
(3) Amenity . Land disposal of wastewater sludge in preliminary first costs of conveyance and regulatory storage

Man n and Sonoma Counties would be significantly detri- facilities would be approximately $1,200 per acre-foot of
mental to the aesthetic quality of these valley areas. How- capacity. When this cost is converted to an average annual
ever this alternative would provide greater benefit to the value, reclaimed wastewater would be marginally competi-
visual quality of the estuary over the base condition. tive with other water supply sources.

c. National Economic Development Objective. Agricultural benefits of applying treated wastewater to
land could be used to offset the average annual charges of

Quanti fied net income in this report is related to some the land portion of this alternative. Approximately 5S .000
of the evaluation findings under the environmental quality acres of land would be irrigated during the period
objective. In addition, a quantified approximation is made 1975-1990, and up to 120 ,000 acres after 1990. The eco-
of the value of reclaimed wastewater. logical impacts of land disposal of wastewate r and sludge,

discussed in Appendix C, pointed to the possibility of creat-
From the evaluation of environmental factors, it is esti- ing redwood forests in the disposal areas. If redwood trees

mated, in gross terms, that the combination disp osal alter- were grown and harvested at 20 year intervals, the average
native , by eliminating discharges of urban wastewaters to annual benefits over a 100 year period would be approxi-
the estuary from Sub-areas B and D, by reducing pollutant mately $4.6 million. If the disp osal areas were instead used
loads discharged to the estua ry from Sub-areas A and C, for irrigated pasture the average annual benefits would be
and by providing favorable health factors ,would increase approximatel y $2.2 million. Benefits from these two rather
the annual net income over the base condition . The esti- diverse uses of the disp osal areas are presented to give a
mated increase is as follows : range of the benefits which could be used to offse t the

average annual charges of this alternative.
(I) General Recreation $62,000,000

(2) Sport Fishing 10 ooo x~o Estimated first costs of the combination disposal alter-
native would be $4.2 billion in 1975 to handle projected

(3) Commercial Fishi”o s 000 000 1990 waste flows, and an additional $2.6 billion in 1990 to
handle projected 2020 waste flows. Total estimated average

Total S77,000,000 annual charges for interest and amortization ; and for opera-
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tion, maintenance and replacement would be $464 million wastewaters. Economic increases could be expected outside
over a 100-year economic life, assuming an interest rate of of the region from these two aspects, although the magni-
5—l / 8 percent. The total estimated first cost of this alter- tude is unknown.
native is approximately 1.3 times that of the assumed base
condition. The total estimated average annual charges are Some adverse economic consequences related to land use
approximately 1.3 times that of the base condition. More patterns could be expected although the extent of this
details on costs are presented later and in Appendix D. change would not be as great as for the land disposal alter-

native.
Subject to detailed investigation, ot her economic factors

are qual itat ively assessed as follows: In regard to environmental quality, the hydrosphere
would benefit from the elimination of major wastewater

(I) Although this alternative would involve less use of discharges. Resulting changes on land aieas would be similar
valuable shoreline areas than the base condition, this alter- to the changes occurring from the land disposal alternative ,
native requires l30,000 acres of land by 2020 for treatment although they would not be as extensive .
and disposal. This amount of land would possibly conflict
with existing and proposed land use patterns which would Social well-being changes would be a combination of the
adversely affect existing uses and/or be detrimental to di- effects resulting from both the estuarine and the land dis-
versified development of the areas. posal alternatives. The greatest changes would be associated

wit h those areas where land disposal would be practiced,
(2) Sludge disposal. concentrated in five areas for this since land disposal has a relatively high social well-being

alternative , when compared to sludge disposal in several impact. Hygienic problems and future development and
scattered areas under the base condition could have greater spatial distributions would be the areas of greatest concern.
adverse economic Impact.

(3) The qualitative assessment of other economic factors The changes resulting from this aItern~ .ive would be
is generally the same as for the ocean arid estuarine alter- largely restricted to the region, whereas the land disposal
natives, alternative would produce more extensive changes, since

part of one land disposal area is outside the region. Possible
The above discussion indicates that over the long term, changes outside the region would be related to climatic

the national economic development could be in a more changes and reuse of wastewaters. However , t hese changes
favorable position with the combination disposal alter- would be of a lesser magnitude than for the land or
native. estuarine alternatives.

d. Regional Development Objective.

Regional development changes pertaining to this alter- 8. SUMMARY
native would be a synthesis of those changes resulting from
the land disp osal alternative and the estuarine disposal alter- Tables V-3 and V.4 summarize the significant beneficial
native, and detrimental effects of each of the alternatives. Because

each alternative was selected for evaluation on the basis
With respect to economic considerations, the region that its implementation would provide increased long-term

would benefit from increased emp loyment and income re- protection for the environment , each wo uld be exp ected to
lated to commercial fisheries, water oriented recreation have essentially minimal adverse effects on environmental
activities, agricultural production, salinity repulsion and re- quality. This is particularly true for the ocean disposal and
use of wastewaters. All of these benefits would be limited estuanine disposal alternatives, where the adverse effects
to the region with the exception of fisheries and reuse of cited are largely speculative.
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9. ESTIMATED INVESTMENTS 10. RECLAIMED WATER INVESTMENTS

Previous paragraphs have indicated the results of prelimi- Evaluations in previous portions of this chapter have in-
nary fIrst cost estimates and related average annual cost dicated costs associated with reclaimed water. Tables V.4
estimates for the base condition and selected regional dis- and V-S do not include the costs of facilities required to
posal alternatives. Tables V-S and V-6 summarize the results develop reuse potential for treated wastewa ter . These facil-
of these estimates. Additional details are presented in Ap- ities include the conveyance systems needed to move the
pendix o treated wa t er to reuse locations and the regulating reser-

voirs needed for system efficiency. Regulating reservoirs
First costs reflect ~7 I price levels. Average annual ~~~ 

provide temporary storage of treated water to cope with
reflect : a 100-year economic life : annual interest rate of seasonal imbalance between generation of treated water and
5-1/8 percent : construction for 1990 waste loads in the first reuse demand. To provide for meeting any of the potential
year (1975) : and, construct ion of additional increments in demands, the capacity of regulating reservoirs associated
the 15th year (1990) to meet 2020 waste loads. Replace- with the chemical and biological advanced treatment facili-
ment analysis depends on the type of material or equip- ties used in ocean or estuarine disposal alternatives would
ment involved assuming normal maintenance and operation. be controlled by seasonal demand factors for agricultural

reuse. Capacity of reservoirs associated with the land dis-
All first cost estimates assume for purposes of computa- posal alternative would be controlled by demand factors for

lion that wastewater treatment facilities for the region municipal and industrial reuse . Costs of developing these
came into existence in the first year. Existing facilities and facilities are not included because they depend on specific
those planned in the near future are not given credit toward demands and locations for reclaimed water. More detailed
meeting future needs because the degree of potential inte- study would be needed to identify t hese factors.
gration of these facilities into the different systems ana-
lyzed is beyond the scope of this investigation. A recent State of California publication, Department of

Water Resources Bulletin No. 160-70, indicated in gross
Evaluation of the cost data presented here should be terms and general locations the expected future water de-

limited to comparisons of the magnitude or sensitivity of mands 01 the State to year 2020. Based on this informa-
the estimates because of the preliminary nature of the anal- tion, preliminary estimates of the first costs of major trans-
ysis and because substantial favorable feature modification port and regulation facilities for reuse were prepared. Re-
could result from more detailed investigation, suIts are presented in the following tabulation:

It appears t hat an expenditure of three to five billion
dollars will be required for municipal and industrial waste-
water management in the Bay and Delta region to correct
present deficiencies, provide for increased preservation and FIRST COST

enhancement of the environment , and accommodate the ALTERNATIVE ($1,000 per Acre-Foot
present population plus a projected additional three and of Capacity)
one-half million residents by 1990. These expenditures are OCEAN DISPOSAL $1 ,000
exclusive of the sewerage collection systems from individual
users to logical connection points with interceptor or treat- ESTUARINE DISPOSAL 1,300
ment plants, and also exclusive of “source control” mea-
sures for industries. Average annual costs are about 490 LAND DISPOSAL 650
million dollars per year over a 100-year economic life.

COMBINED DISPOSAL I .200
A review of major interceptor costs indicates that ocean

disposal concepts are not suited to the eastern portion of
study area. Similarly, the combination of interceptor costs A sensitivity analysis of these costs indicated that the
and treatment costs for land disposal, involving large blocks land alternative should be considered in any further investi-
of highly valued land, indicates that the most likely areas gation of regional systems when reuse of treated wastewater
where the land alternative would be considered as desire- is an objective.
able would be the northern and eastern portion of the
study area. The estuanine alternative shows favorable as-
pects, either .Ione or in combination with other alter- 11. POTENTIAL SYSTEM MODIFICATIONS
natives. All of ..hese conaàderations are pertinent if environ-
menial, socisi well-being and public health accomplish- During the latter portion of the investigations associated
ments are to be held essentially equal. with this report , it became apparent that two major modifi-
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TABLE V-5

SUMMARY OF ESTIMATED FIRST AND
AVERAG E ANNUAL COSTS

TO TREAT 1990 LOADS ($1 ,000,000’s)

Bus Selected Disposal Alternatives
Items Condition Ocean Estuarine Land Conthination

FIRST COSTS 
~J 

-

Major Interceptors $ 980 $1,850 $ 660 $1,300 $ 820

Treatment Facilities 1,700 1,600 1,750 4,280 2,750

Recreational and
Environmental
Treatment 35 70 50 70 60

Engineering and
Design (7%);
Supervision , Administration
and Inspection (8%) 385 580 340 850 570

Total Project
Cost 3,100 4,100 2,800 6,500 4,200

AVE~RAGE ANNUAL COST

Interest, Amortization
and Replacements $ 209 271 186 420 270

Operation and Maintenance ‘
~~~ 126 78

TOTAL 282 341 246 546 348

j/ All lands required to meet 2020 waste loads included in first cost esti-
mates. Major impact of this approach is an added initial one billion d~IIars on
the land alternative and 550 million dollars on the combination alternative.
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TABLE V.6

SUMMARY OF ESTIMATED ADDITIONAL INCREMENTAL
FIRST AND AVERAGE ANNUAL COSTS
TO TREAT 2020 LOA DS ($1,000,000 s)

Base Selected Disposal Alternatives
Items Condition Ocean Estuarine Land Combination

FIRST COSTS

Major Interceptors $ 455 $1 ,600 $ 400 $ 900 $ 570

Treatment
Facilities 1,250 1,020 1,220 1,950 1,610

Recreational and
Environmental
Treatment 30 55 43 60 50

Engineering and
Design (7%);
Supervision ,
Administration
and Inspection (8%) 265 425 237 490 370

Total Project
Cost 2,000 3,100 1,900 3,400 2,600

1.

AVERAGE ANNUAL COST
Interest, Amortization
and Replacements $ 65 $ 100 $ 61 $ 109 $ 83

Operation and Maintenance ..2i

TOTAL $ 85 $131 $ 85 $153 $116

j j J Land costs reflected in Table V-S.

I
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cations to t he features of selected alternatives should be 12. INSTITUTIONAL ASPECTS
~~ considered in the evaluation.

The selected regional alternatives and the assumed base
Fust . since t he base condition assumed secondary level condition considered in this report present different poten-

treatment with discharge into the estuary, and t he ocean tial problems in the matter of institutional arrangements.
aquatic environment is different than the estuarine , t he Those institutional matters pertinent to the evaluation pro-
ocean disposal alternative was reevaluated for sensitivity tO cedure are discussed in the following paragraphs.
~econdary level treatment instead of advanced treatment.
Although estimated average annual costs for a regional
system wit h secondary treatment facilities to handle 2020 a. Incremental Approach
projected wast e flows would be lower by approximately
S55 million, the conclusion of the evaluation was that ad- Current Federal , State and local institutional structures for
vance d treatment best represents the ocean disposal wastewater management would permit incremental devel-
concept . The reasons are that secondary treatment: opment of facilities to reach the assumed base condition. If

local interests are not to be required to assume the entire
a. Would not reduce the buildup of persistent toxicants invest ment in the future, then some form of current

in t he marine environment , Federal and State funding programs for cost sharing will
have to be extended. Consolidation into larger units of less

b. Could increase the potential for eutrophication in the than fully regional extent can be accomplished by Joint
coastal zone, Powers Agreements among local governments. To date, the

critical aspect of implementation of a satisfactory incre-
c. Would not reduce the projected waste loads dis- mental development has, on several occasions, required the

charged to the hydrosphere over that of the base condition, State to issue “cease and desist” orders against industries or
and local governments. In some cases, such orders included

stopping of further connections to existing municipal sys-
d. Would not provide a significant potential for reuse of tems. Usually these court orders are withdrawn upon firm

treate d wastewater. establishment of planning, design and construction sched-
ules extending over a two or three year period. Some indus-

Second, the assumed rate of application of sludge on tries faced with a similar situation have ceased operations in
land disposal areas appears to be low based on recent infor- the study area, usually if local operations are of marginal
mat ion. Careful review of this matter through further inves- efficiency and excess production capacity is available at
tigation could confirm indications that the extent of re- other locations in the nation. Undefined social well-being
quired land areas would be about 50 percent less than those problems are cited by communities facing either of these
used in t his report. A brief investigation of the impact of situations. The State has recognized and is approaching
such a development on the selected regional alternatives through regulation the observed problems of education.
and the base condition indicates that the comparative anal- training and experience associated with responsibilities for
ysis of investments shown in the report remains essentially operation and maintenance of wastewater systems.
unaftected. Sludge loads from the base condition (secon-
dary treatment) would be less than from the selective re- b. Regional Approach.
gional alternative s (advanced treatment) but equal disposal
areas are assumed for all systems. The impact of this feature Existing Federal authorities would be applicable to re-
on investments varies with the selected alternative ; i.e., gional wastewater systems, however , as more information is
eliminating the investment differential between the base developed some modifications to the authorities might be
condition and estuarine disposal, increasing the differential appropriate. Subjects that might require further considera-
with ocean disposal by about 20 percent and increasing tion are the national interest, Federal areas of participation
differentials with other regional alternatives about ten per- and the Federal authorities that should be associated with
cent. The main conclusion with regard to sludge disposal is different beneficial uses of reclaimed water. The State ,
that a controlled and monitored physical solution to the acting alone, would be faced with the same problems. How-
disposal problem’ is an expensive item, but it appears War- ever , in programs involving Federal participation, the State
ranted for environmental and public health reasons. Also, would have additional problems of coordinating local
the , magnitude of the public investment required for any participation. Future Federal, State and local funding pro-
alternative indicates that consideration of regional solutions grams would have to be considered. An optimized regional
rather than incremental solutions is warranted , approach might also require participation of an area not
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directly incurring primary benefits. A strong State partici- c. Public Investment .
pation in all aspects of a regional system should reduce or
eliminate the occasions when State and local agencies find Because of the numerous priority problems facing corn-
it necessary to resort to the courts for resolution of diver- munities, premature abandonment of existing public invest-
gent views. Opportunities to resolve problems with indus- ments in wastewater management must be avoided. Re-
tries should be enhanced, and adverse social well-being im- gional managemen t plans must critically consider this mat-
pacts, therefore, reduced. Assuring qualified and trained ter. Because of rapidly changing environmental objectives,
personnel to operate and maintain a regional wastewater it appears that a regional approach to wastewater manage-
system should present no problem. The public would have ment provides maximum opportunities to avoid premature
maximum advance awareness of their future program and abandonment of the facilities for which long term commit-
invest ments in wastewater management reflecting staged ments of public investment have been made.
construction when appropriate. This would assist partici-
pating local governmental agencies in formulating actions
toward their overall responsibilities.
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CHAPTER VI

DISCUSSION
1. BACKGROUND. flow. The combination of about 6,000 manufacturing

plants and industries in the study area introduces a wide
a. Procedure. This study developes potential regional range of pollutants into the estuarine system. In the next

wastewater management systems for the San Francisco 50 years, the flow quantity is expected to triple because
Bay and Delta area and assesses the resulting opportuni- of new growth and development. Planned developments in
t ies for enhancing total water resources management. Ob- the Central Valley will reduce future fresh-water flows
jectives associated with the environment, social well-being, from the Delta into the Bay from a current 18 million
efficiency and regional development are evaluated and in- acre-feet annually to about seven million. This can affect
stitutional constraints considered where appropriate. estuarine assimilative and dispersion potential depending

on conditions at specific locations. Urban runoff , pri-
The study procedure includes identifying the present man ly concentrated in stream flows, is comparatively

conditions and projecting future conditions, selecting repre- larger in volume than municipal and industrial flows but
sentative alternative regional strategies to meet future con- the pollution load is relatively smaller , based on annual
ditons, assessing the impacts of the selected strategies, and time periods. Agricultural drainage from streams leading
evaluating the impacts. In some instances, lack of knowl- to the Delta is many-fold greater in volume but pollution
edge permitted only impact identification in the evaluation loads are substantially different.
process. Further, because this is a reconnaissance— level
study, the results should be considered as qualitative rather To date, about 500 million dollars have been expended
than definitive, on wastewa er treatment facilities in the Bay-Delta area and

plans for the next few years call for expenditures of about
Beneficial and adverse impacts are cited for each alter- an additional one billion dollars. The continuing effort to

native evaluated; many of the items in the adverse category achieve compliance with standards has improved estuarine
could be minimized by modification or addition of specific conditions but future growth, diversions of fresh water , and
features to the originally selected alternative. Uncertainties limited treatment efficiencies will eventually reduce this
require further investigation. Any consideration of adopting initial beneficial impact unless further measures are put into
a specific alternative would require further study of all fac- effect . The State’s interim basin plans provide for construc-
tors. t ion of the facilities to meet immediate needs and identify

the objectives which must be met in arrivin g at more corn-
This study began with the assumption that the facilities prehensive solutions. There is an obvious need for formula-

as generally outlined in the State’s interim basin plans tion of a long-range wastewater management plan capable
represent a base on which any regional system for solution of meeting rapidly changing environmental objectives and
of long-term wastewater problems would have to build, integrating pollution control measures with total water re-
Nothing in the results of this study would negate this as- sources management.
sumption; the facilities planned for the next several years
are required. These facilities could be incorporated in any C. Regional Strategies. Three basic regional strategies, or
of the alternative regional systems evaluated, during the a combination of two, could meet the future wastewater
staged construct ion process. management requirements of the Bay Delta area. These are

ocean disposal, estuarine disposal, land disposal and a com-
b. Present and Future Conditions. The Bay and Delta bination of the last two. Geographical considerations mini-

estuarine system incurs pollution impacts from four major mize the compatibility of an ocean disposal and land appli-
sources: municipal and industrial discharges; urban area cation combination. The State Water Resources Control
runoff; agricultural drainage; and sediment constituents. Board has performed substantial investigations on ocean
Salinity conditions affect ing water quality in inland and estuanine concepts, the former with a relatively low
waters are also subject to change by man-made ~ degree of treatment. Investigation of land disposal however,
Wastewater loadings are now excessive in pollutant con- has not been as extensive. A detailed investigation of land
stituents and will increase in the future with the growth disposal in the Bay-Delta area has not been earned out
of population and development, because it has been e~ ier to treat wastewater s and dis-

charge them to the estuary. Until very recently this has
Presently, wastewaters from municipal and industrial been an entirely acceptable solution. Considerations of re-

discharges are about 600 million gallons per day, re- use and recycling of treated wastewaters has been con-
flecting a population of almost six million. Separate in- strained by the availability of high quality water supplies
dustrial dischargers represent about 15 percent of the from other sources and at generally lower cost .
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The four st rategies evaluated in this report are believed 2. BASE CONDITION
it to be capable of coping with future municipal and indus-

trial discharges. All systems evaluated exhibit generally A base condition was assumed by the Corps of Engineers
comparable technical feasibility . The degTee of treatment is for this study to provide a standard of comparison against
designed to meet environmental objectives and the different which the alternative systems are evaluated. The base con-
processes used are assumed to be comparable in overall re- dition essentially reflects an extension into the future of
moval of wastes. Urban area runoff and agricultural drain- current planning approaches. It incorporates secondary
age considerations are not included in system formulation, level treatment of wastewaters throughout the Bay and
the formeg because of the currently indicated relatively tow Delta, with expansion of treatment facilities to meet pro-
pollution load when compared with municipal and indus- jected growth in waste loads, and transport of effluents to
tr ial wastewater loads, and the complex nature of the col- estuanine areas of higher assimilative and dispersion char-
lection problem. Agricultural drainage sources present a acteristics.
similar problem of “point” sources, primarily entering
around the rim of the Delta. The San Luis Drain, flowing The base condition is an incremental approach; it as-
from the San Joaquin River basin to the Delta, will be the sumes that facilities operating in 1975 will be sized to ac-
largest single point source of agricultural drainage for the commodate 1990 loads and that facilities will be expanded
foreseeable future. The US. Bureau of Reclamation is con- in 1990 to handle 2020 loads. As previously noted, initial
structing the drain and carrying out studies together with accomplishments in lowering pollutant loads on the
the Environmental Protection Agency and the State Depart- estuanine system would be reduced with the passage of time
ment of Water Resources to determine the most effective due to the combination of future growth and limitations of
and economic processes for treating drainage waters. Pie- assumed treatment removal efficiency. Biostimulani and
vious studies by Federal and State agencies have concluded toxicant levels would be high in the estur ri, . Undesirable
this drain should be independent of other systems impacts on aquatic ecology, both estua ~~‘ and ocean,
transporting effluent to the ocean because of the quantity would continue to increase. Industrial dischargers would
of water carried and its constituents. The proposed location consolidate into localized municipal systems, with the de-
of the point of drainage discharge into the estuary indicates terminations of required “source control” by manufactur-
that the drainage would have essentially an incremental im- ing and industrial entities being extremely difficult .to as-
pact on the assumed estuarine disposal and land application certain because they would have to be viewed in terms of
strategies, an impact which could be integrated in sub- a complex estuarine system.
sequent studies.

The impact on estuarine salinity conditions of treated
wastewater would be essentially beneficial in locations such

Implementation of any regional system would have ~ be as the western Delta because of increased introduction of
carefully planned and executed. Design and construction low-sahnity water. There could possibly also be a detri-
would have to be executed in stages so as to avoid the mental increase in sahmty in South San Francisco Bay,
inefficiencies of “start and stop” operations and to avoid caused by moving outfall discharges to the Central Bay.
overloading the funding capability of the agencies respon- Reliability of system operation would depend on many
sible. Because of the time involved in such staged construc- plants having continuously successful operation, with pro-
tion, planners would have to give close attention to ~ntu- tection both against normal functional failure and emer-
grating existing facilities into the system at each step of the gency situations such as seismic disturbances. Flexibility to
way. meet future growth patterns would be high in relation to

expansion of treatment plant capacity but restricted by
Public investment in waste treat ment facilities is already outfall location requirements. The major land impact would

large and will become much larger over the next five years be continuing use of valuable shoreline areas for treatment
any regional system adopted must make maximum use of facilities. Application of new technology could be hamper-
this investment and, in particular, must be planned so as to ed by some treatment facilities lacking the minimum capac-
avoid any premature abandonment of this long-term corn- ity required for efficient implementation and by the numer-
mittment of public funds. The alternatives evaluated in this ous installation and operating requirements. Federal and
study meet this goal to varying degrees; treatment plants, State funding programs would have to continue into the
interceptors and outfalis now in operation or planned for future or local interest would have to accept the full burden
the near future could be incorporated into systems designed in the near future. Experience indicates that disagreements
under any alternative. Integration of these facilities might might occur between State and local agencies or industry
be slightly easier for the land disposal alternative because on implementation schedules. In such cases, social well-
the treatment levels at existing and planned treatment being problems, such as stopping development or closing of
plants would be compatible with requirements for treat- plants, might occur, integration with total water resources
nsent prior to land application, management would be essentially localized to opportunities
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for using reclaimed water for industrial purposes, limited duce this danger. System failure caused by earthquakes
recreation areas and limited irrigation or ground water re- would have a severe impact because of the consolidation of
charge practices. The total public investment in facilities to all untreated wastewaters into two main streams,
meet 2020 requirements would be about 5,1 billion dollars.

Institutional arrangements needed to implement an
3. OCEAN DISPOSAL ALTERNATIVE ocean disposal system are not in existence. A regional

government or regional sewerage agency would be essential.
Implementation of the ocean disposal alternative would,

of cou rse, provide a high degree of environmental pro- The overall effect of ocean disposal on social well-being
tection to the estuary and to land areas throughout the factors would be positive, with increased recreational op-
Bay-Delta region. The elimination of municipal and indus- portunities, increased employment in water-oriented activi-
trial waste discharges into estuarine watert. should be ac- ties, increased opportunities for industrial compliance with
companied by marked improvement of water quality, wit h environmental objectives, and minimum public health
increased commercial and sport fishing, reestablishment of hazards. Great care would have to be exercised in siting,
shellllsheries and increased water-oriented recreation. Water landscaping and operation of sludge disposal areas to pre-
contact recreation throughout the Bay and Delta would be vent unfavorable impact on areas of public concern.
greatly enhanced. There could be an adverse effect on salin-
ity levels in the weste rn Delta and the Suisun Bay area as a This alternative would have little or no adverse impact
result of reduced discharge of low—salinity waters into the on existing economic development. Positive impacts include
estuary if not compensated for from other water sources. increased value of commercial fisheries, increase in all forms

of water-oriented recreation, and possible benefits from re-
claimed water. Establishment of a framework for future
planning would be inherent in this alternative as well as allThe effects of ocean disposal on the ocean environment other regional systems. The total public investment in con-

would probably be acceptable, assuming advanced treat- veyance and treatment facilities to meet requirements for
ment and outfalls designed to protect against return of the 2020 would be about 7.2 billion dollars. A first cost of
effluent plume to on-shore areas. Costs could be reduced about $1,000 per acre-foot of capacity would be required
somewhat by reducing treatment to secondary levels and to develop conveyance and storage facilities for reuse of
extending the outfalls e*n further, but the reduced level of treated wastewater.
treat ment would leave unanswered questions as to the long-
term effects of biological accumulation and concentration
of heavy metals and persistent pesticides. There would also 4. ESTUARINE DISPOSAL ALTERNATIVE
be some danger of concentration of bacteria and viruses in
shellfish, although these micro-organisms have a relatively The estuarine disposal alternative represents a further
short life in the salt water environment, consolidation of conveyance and treatment facilities and an

increase in treatment levels over the base condition. Im-
The ocean disposal alternative could make large amounts plementation, therefore, could be accomplished by stages,

of treated wastewater available for reuse, perhaps as much with maximum opportunity for incorporation of existing
as I .2 million acre-feet per year in 1990 and 2.2 million in facilities.
2020. However, consolidation of treatment facilities at two
locations would limit the flexibility of this system to meet Estuarine disposal, with its high degree of treatment,
demands at widely separated locations and would result in would provide extensive environmental protection through-
high costs for transporting treated water to reuse locations, out the Bay-Delta area. The expected improvements in
This system also has only limited flexibility in terms of water quality should result in marked increases in fisheries
incorporating existing facilities, resources, shellfisheries and water-oriented recreation, in-

cluding such water-contact activities as swimming and sport
The two assumed advanced treatment facilities would be fishing. There might be long-term adverse effects of bio-

of sufficient size to insure the use of fully qualified person. logical accumulation of heavy metals and persistent pesti-
nel for all phases of operation and maintenance, a situation cies in the estuarine aquatic life, although expected high
that may become disproportionately costly in the operation degrees of removal of these pollutants should make this a
of small plants. Treatment facilities would still be vulner- remote possibility. Further study of this feature is in order.
able to malfunction caused by kiU-off of biological orga-
nisms in the treatment plants through accidental spills of This alternative would provide some positive environ-
poisons into the collection system, but the dilution in- mental enhancement. Discharge of treated wastewater into
herent in expected larp flows in the collectors should re- Suisun Marsh would help to maintain the low salinity con-

— 58 —



ditions needed for growth of the marsh reeds and grasses 5. LAND DISPOSAL ALTERNATIVE
4 that feed migratory wildfowl in the Pacific Flyway. Dis

charge into the western Delta would assist in maintaining Application of partially treated wastewaters to land
low salinity levels in this area and could partially offset areas as a combined treatment/disposal technique has been
diversions of fresh water from the Delta. practiced for many years in small scale projects. The pro-

cess has several advantageous features: initial treatment
In addition to the discharges cited above, large quantities levels need not be extensive, thus are fairly inexpensive; the

of treated wastewater would be available for reuse, in cx- process uses the land, and crops growing on the land, as a
cess of 800,000 acre-feet in 1990 and over 1.5 million acre- living filter, putting the biostimulants carried in the effluent
feet in 2020. The dispersed locations of treatment facilities stream to use as fertilizers; the process is simple to operate
would provide substantial flexibility for meeting a variety and is reliable in terms of freedom from operator error and
of demands for reclaimed water. from kill-off of biological organisms in the treatment pro-

cess; the process exhibits a high level of removal of most of
the pollutants that are currently of greatest concern , includ-

Each treatment facility would be large enough to insure ing pesticides and pathogens; treatment facilities are moved
a structure of qualified operators for all aspects. Kill-off of away from urban areas and valuable shorelines; and the land
biological organisms in the treatment plants would be P0~ application areas can grow crops whose sale can help repay
sible but unlikely. Possible system disruption caused by the costs of installing and operating the system.
earthquakes would be a concern to be addressed carefully
in system design, but the impact of such disruption would Despite these potential advantages, land disposal as a
be reduced by disp ersal of facilities and by conveyance regional wastewater management alternative for the Bay-
routings which for the most part are in the vicinity of Delta has not previously been studied in depth. Much of the
estuarine areas with high dispersion and dilution capability. effort of this study, therefore, is concentrated on determing

the relative merits and demerits of land disposal. Several
New institutional arrangements would be needed for full significant questions are not yet fully answered , but enough

implementation of the estuarine disposal alternative. Th~~ 
information was developed to make reasonable

arrangements could involve either one regional government comparisons.
or regional sewage agency or a series of sub-regional
agencies. Implementation of the land disposal alternative would

provide a high level of environmental protection to all the
waters of the Bay, the Delta and the adjacent ocean. This

The overall effect of this alternative on social well-being protection would increase fisheries resources and enhance
factors would be lbvorable. Increased employment in all forms of water-oriented recreation . The unknown fac-
water-oriented commercial activities and increased recrea- tors of possible bioaccumulation by aquatic organisms of
tional opportunities would be expected. Opportunities for heavy metals, pesticides and pathogens which still remain to
industrial compliance with environmental objectives would a degree with ocean or estuarine disposal would be virtually
be enhanced. As with the ocean disposal alternative, sludge eliminated.
disposal operations would require great care to prevent ad-

,verse effect on aesthetic values and areas of public concern. Environmental effects on land areas have both favorable
and unfavorible aspects. Underdrain water from the land
application areas would be available for maintaining desired

From the viewpoint of economic development , imple- low salinity levels in Suisun Marsh. Treated wast ewater ap-
mentation of this alternative would increase the value of plied to land areas can create additional wildlife habitat in
commercial fisheries, increase recreational benefits in sport the form of marshlands, forested areas or added vegetation
fishing and hunting and help to preserve the viability of the in areas that are now practically barren. As previously
western Delta as an agricultural resource. There would also noted , underdrain water can also be used for aquatic en-
be benefits available from reclaimed water , with favorable vironmental purposes. On the other hand, the land disposal
opportunities for finding markets for this water. No adverse concept requires the use of large areas of land in large
impact on economic development would be expected . blocks; if improperly handled this could make extensive

changes in the character of rural areas. Application of large
amounts of water to large blocks of presently non-irrigated

The total public investment in conveyance and treat- land would cause changes in humidity levels, perhaps to the
ment facilities to meet 2020 requirements would be about extent of creating substantial climatological change. While
4.7 billion dollars. A first cost of about $1,300 per acre- increases in wildlife populations are expected to be environ-
foot of capacity would be required to develop conveyance mentally favorable, contro ls would be required to prevent
and storage facilities for reuse of treated wastewater. development of insect pests.
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Substantial amounts of underdrain water would be avail- application areas, however, the effect would probably be

~4 able for further reuse, perhaps as much as 650,000 acre-feet adverse because of the reduced diversity of crops that could
per year in 1990 and I .1 million acre-feet per year in 2020. be raised. The extent of such adverse effect would have to
This underdrain water should be essentially free of most be determined in more detailed study; the value of crops
pollutant materials. However, in some cases dissolved solids grown on land application areas would be an offsetting fea-
and specific minerals such as boron and nitrates may be ture. While not developed in this report , areas in the vicin-
high, thus requiring additional treatment for some types of ity of land application operations Could be directed into
reuse. Reuse might also be limited eventually if long-term industrial development. In particular, reclaimed water could
application of wastewaters reaches a dynamic balance with meet future requirements for electric power piant cooling
the ion exchange capacity of the soil. In such case there without causing thermal pollution problems in natural
might be little or no removal of heavy metals, pesticides or waterways. Further, it might become feasible to establish
pathogens by the soil and the underdrain water would be recycling industries in these areas by consolidating solid
essentially secondary treatment effluent with some nutri- waste disposal operations there. These aspects require fur-
ents removed. This matter requires further investigation. ther investigation.

The system exhibits considerable flexibility in terms of The total public investment in conveyance and treat-
dispersion of treatment facilities and resulting capabilities ment facilities to meet 2020 requirements under this alter-
to meet a wide range of demands for reuse. The dispersion native would be about 9.9 billion dollars. A first cost of
of treatment plants tends to reduce overall system vulner- about $650 per acre-foot of capacity would be required to
ability to earthquake disruption, but this would still be a develop conveyance and storage facilities for reuse of treat-
concern. ed wastewater. This cost might be reduced by establishing

future demands in proximity to land application areas
Institutional arrangements to implement a land disposal through new industrial development patterns.

alternative are not in existence. A regional government or
regional sewerage agency would be required. There would
probably be a requirement for authority to go outside the 6. COMBINATION ESTUARINE AND LAND

DISPOSAL ALTERNATIVEservice area to find sufficient land application areas. A nega-
tive local reaction to losing large areas of land to treatment
and land application sites could be expected; particular care This alternative combines most of the advantages and
would be needed to blend sites naturally into the landscape some of the disadvantages of both the estuarine disposal
and protect the local population against any adverse physi- and the land disposal alternatives. Land disposal would be
cal effects. The latter would be done by establishing land- used in the North Bay and Delta counties, which have the
scaped buffer strips and by positive insect and vector con- characteristics of a suburban-rural region with isolated
trol programs. urban centers. Estuarine disposal would be used in the

counties of the South Bay, East Bay and Contra Costa,
which are largely urban-industrial with some rural area.

The land disposal alternative would have the same bene-
ficial social well-being effects in estuarine and ocean areas This alternative would protect the aquatic environment
as other alternatives. There would also be benefits of in- of the estuary and ocean, provide non-saline water for
creased recreation opportunities associated with land appli- Suisun Marsh and for maintaining low salinity levels in the
cation areas. Land use alterations in land application areas western Delta, and provide opportunity for establishment
could limit future development potential. It could force of additional marshlands and forested areas in the land ap-
changes in agricultural patterns, unless long-term studies plication areas . Environmental problems of increased hu-
showed that the assumed limitation of crops in land appli- midity and possible establishment of insect pests in land
cation areas to fiber and fodder crops (no direct human application areas would be the same as for the land disposal
use) was overly restrictive. Great care would have to be alternative , but for a more limited area.
ta ken to prevent the development and fostering of disease
vectors. The magnitude of this problem is not determined
and requires further investigation. Treated wastewater available for reuse would be about

500,000 acre-feet per year in 1990 and 1.1 million acre-feet
This alternative would have a favorable impact on eco- in 2020, in addition to discharges into Suisun Marsh and

nomic development factors related to water-oriented corn- the western Delta . The dispersed nature of treatment facili-
mercial and recreational activi t ies. Economic factors related ties would provide substantial opportunity for meeting de-
to land use could be enhanced, to the extent that presently mands for reclaimed water. This dispersion should also
unproductive land might be converted to beneficial use. For serve to reduce the magnitude and severity of~possibIe
presently productive land that would be required for land earthquake damage.

t
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The combination disposal alternative offers a great deal Studies of the effectiveness and reliability of advanced
of flexibility in system design and in incorporation of exist - treatment facilities on the scale needed for implementation
ing facilities into the system by stages during implementa- of this regional system should be greatly accelerated.
tion. As with the other alternatives, modifications to the
system based on more detailed investigation could improve The concept of land application requires further investi-
system effectiveness, maximizing advantages and minimiz- gation into the effectiveness of local soils in acting as a
ing disadvantages. The system would require new institu- filter and exchange medium and into public health factors
tional arrangements for implementation. Public concern of pathogen removal and vector control. Studies should be
over the extent of land application areas required could be undertaken to identify the best crops to grow on land appli-
expected with about 130,000 acres estimated as required cation areas, the feasible rates of application of treated
by 2020. Further investigation of industrial potential in wastewateTs to particular soils and crops, and the rates at
land application areas should be undertaken. Other social which crops will remove nutrients from the applied waste-
well-being and economic factors would reflect a combina• water. The possibilities of restructuring development pat-
tion of those for estuarine disposal and land disposal alter- terns in the vicinity of land application areas should be
natives, investigated.

The total public investment in conveyance and treat- Problems of storm drainage from urban areas require
ment facilities to meet 2020 requirements would be about further investigation relative to potential solutions and cor-
6.8 billion dollars. A first cost of about $1,200 per acre- responding benefits.
foot of capacity would be required to develop conveyance
and storage facilities for reuse of treated wastewater. New Existing and planned agricultural drainage projects
demands near the land application areas could reduce this should be investigated for their impact on regional waste-
figure. water management planning. This could best be done by

cooperative study effort including the agencies sponsoring

7. NEEDS FOR FURTHER INFORMATION 
the drainage projects.

The significant social well-being factor affected by
Optimal methods for disposing of sludge and other pal- wastewater management systems have been identified but

lutant residues should be determined for each alternative, not fully assessed during this study. Assessment would have
This is especially important for ocean disposal and estuanne to be an integral part of subsequent detailed study Factors
disposal systems for which sludge disposal represents a to be considered include:
larger fraction of total system cost than for land disposal.

— Health and safety.
Economics of all forms of reuse should be determined.

This should be accomplished in conjunction with optimiza- — Employment and income patterns.
tion studies to determine the most effective combination of
conveyance, treatment , storage and reuse facilities. The — Identification of those groups that a proposed system
specific levels of treatment necessary to allow for reuse in would benefit or detriment , followed by determination of
augmenting Delta outflow and in Suisun Marsh must be the extent of benefit or detriment to each group.
established. Because one of the largest potential demands
for reclaimed water might be as a supplement to municipal Institutional factors that would permit development of a
water supplies, public health factors related to this form of regional wastewater management system should be
reuse should be studied in greater depth. identified.
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CHAPTER VII
~~,1 I

I CONCLUSIONS

This report presents the opportunities and expected ac- waters might recoup part of the costs of treatment and
complishments, both beneficial and detrimental, of regional reduce future requirements for developing additionalifresh-
wastewater management systems to meet the future needs water supplies in areas of major environmental concern.
of the Bay-Delta area. Existing water quality problems in Each alternative provides some opportunity for reuse of
t he Bay-Delta area will be resolved for the immediate future treated wastewaters , but because of geographical factors
through the improvements presently planned at local levels, these opportunities are more constrained for the ocean dis-
The currently planned additions to wastewater treatment posal alternative . Land disposal includes irrigation as part of
systems offer definite alleviation of present water quality the treatment process, thus reuse is integral to this alter-
problems but the overall program needed to meet ultimate native. However, the loss of applied water in evapotrans-
requirements has yet to be determined. An efficient re- piration would make the amount of water reclaimable for
gional wastewater management system is needed for re- subsequent reuse less for land disposal than for other alter-
solving long-term water quality problems associated with natives.
projected excess loadings of pollutants.

New institutional arrangements would be needed for im-
Each of the alternative wastewater management systems plementation of any alternative . This would be most critical

evaluated in this study would result in improved water qual- for land disposal, because of the extensive land areas re-
ity in the estuary. There are definite differences in perform- quired, perhaps over 300,000 acres by the year 2020. It
ance and in environmental protection offered by the alter- would be least critical for estuarine disposal because of the
natives. In addition, each could be improved in perform- sub-regional nature of collection and treatment facilities
ance by modifications to the basic scheme. proposed. A combination disposal system would be inter-

mediate in complexity.
The ocean disposal alternative would require extension

of outfalls into deep water to avoid adverse effects on the The information needs for long-term analysis still to be
nearshore ecology. oviding treatment to secondary level satisfied include determining the effectiveness of local soils
might result in Ion m adverse effects on ocean life as the in acting as a filter and exchange medium, optimal methods
result of~biological ac ulation of heavy metals, persistent of disposing of sludge and other pollutant residues from
pesticides and possibly pathogens. The estuarine disposal treatment processes, the capability of advanced treatment
alternative could result in similar long-term effects, al- facilities to operate safely and reliably in large-scale installa-
though a high degree of treatment would minimize these tions, public health factors related to system operation and
effects by limiting the quantities of pollutants discharged. to reuse of treated wastewaters , and the economics of all
Estuarine disposal could make positive environmental con- forms of reuse.
tributions by maintaining low salinity levels in marshlands
and enhancing the aquatic environment in the Delta. The No alternative evaluated is either clearly superior to all
environmental effects of the land disposal alternative are others or definitely inferior for all parts of the Bay-Delta
less well defined. While there would be almost complete area. Each alternative has advantages which make it particu-
protection of the estuary and ocean, on land areas there larly well-suited to specific portions of the study area. Con-
might be adverse effects on humidity levels and possible versely, each has disadvantages which limit it~ applicability
development of disease vectors. However, this alternative in other parts of the area. The most beneficial results can be
offers a potential for creating positive environmental values achieved by a regional solution based on a combination of
such as conversion of non-productive land to crop lands, systems, which would have advantages in terms of optimiz-
marshlands or forests. A combination disposal alternative ing environmental protection, flexibility and opportunity
could minimize the problems and achieve most of the ad- for reuse of treated wastewaters .
vantages of both estuarine and land disposal alternatives.

A more detailed study should be carried out immedi-
Each alternative evaluated requires a high degree of puri- ately to assist EPA and the State of California in deter-

fication of wastewaters in order to give assurance of en- mining the best system for managing wastewaters in the
vironmental protection. The resulting treated wastewaters Bay-Delta area. The study should:
could therefore be of adequate quality for a variety of re-
uses. Potential reuse modes include agricultural irrigation. — Be integrated with on-going EPA, local and State of
maintenance of low-saline conditions for protection of par- California planning and completed in time that the results
tions of the estuary, ground water recharge, industrial uses, could be considered in preparation of the State’s fully de-
recreation and municipal water supply. Reuse of waste- veloped basin plans.

— 6 2 —



— Provide maximum protection to the environment — Describe the institutional arrangements required for
while emphasizing opportunities for reuse of wastewate r, implementation, to include funding, construction, opera-

tion and maintenance of completed facilities.
—. Identify wastewater collection, treatment and disposal

systems with their associated facilities, locations and — Be based primarily on combinations and modifications
routings, and define the positive and detrimental effects of of the land disposal and estuarine disposal alternatives eval-
such systems. utated in this study.
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STUDY AUTHORITI ES

This study is in partial response to the following authorities:

I. Sacramento, San Joaquin and Kern Rivers , California , Resolution , House Corn.
mittee on Public Works, 8 May 1964 :

Resolved by the Committee on Public Works of the House of Representatives, —

United States, that the Board of Engineers for Rivers and Harbors is hereby
requested to review the reports on Sacramento , San Joaquin and Kern Rivers,
Californ ia, published as House Document 191 , 73rd Congress, Second Session ,
and other reports, with a view to determining the feasibility of remedial measures
for water quality control and other purposes, included in comprehensive develop.
ment of the Sacramento-Sa n Joaquin Delta , including verification of conclusions
by model analysis as deemed necessary.

2. San Francisco Bay, California , Water Quality Control Study, Section 216 Flood
Control Act of 1965 — PL 89— 298:

Sec. 216. The Secretary of the Army is hereby authorized and directed to cause
to be made, under the direction of the Chief of Engineers , an investigation and
study of San Francisco Bay, California, including San Pablo Bay, Suisun Bay, and
other adjacent bays and tributaries thereto , wit h a view toward determining the
feasibility of , and extent of Federal interest in, measures for waste disposal and
water quality control and allied purposes.
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