
WI—
A fl—A036 839 CORPS OF ENGINEERS SAN FRANCYSCO CALIF SAN FRANCI s CO——ET C F/S fl/a

ALT ERNAT IVES FOR MANA GINt SAS TEWA lER IN THE SAN FRANCISCO BAY A——rTc (u)
At 71

UNCLASSIFICD NI. 

• 
_

_  

_

_  - 
_

trlr_~SM~CU!!N
I 

_ 
_  

- A
_  

_  

_  

-- 

__n 
_

— 
ft -



~ LÀ IT E R N AT ivii1

~7~J Liii FOR MANAGING/
1111 I WASTEWATER IH ii~ u

COP AVAL’.A~1.F I

=
-~~~~~~~-

___w_ ~~~~w
—S——

—7 ~~~~~~~~~~~~~~~~~~~~~~~~

-

-

-

~~~~~~~~~~~~~~~~~~~~~~~~~ —

IN THE~~O L U M E~~~~. 

~ ~AN FRANCISCO JAYAPPENDIX D— .gyALUATION 
ANDO~~ELECTED~~LTERNATIVE IACRAMENTO JAN ~OAOUIN DELTA JIREA ~

APPENDIX E — BIBLIOGRAPHY~

~L. 
-~~~~~~

- --—--S — -
~~~~~~~~~~~~

-
~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~

• J-~~~~~~~~~~~~ 
-



4

ALTI~ UXtVE8

POE

$4~A~fl~ VASTEVATER

ZI TIE

1*11 PEANCIICO MY AID SAcEANIIIT0-sAN JQA~~IN DELTA

AREA

APP~~~IX D

EVALUATIOS OP
SELECTED ALTI *TIV!8

\ O~~~~~~~~ ~~YM
\ ~~

_;. ~
t_____

~~\COPY AVAILABLE TO DOC DOES NOT
PERMIT FULLY LEGIBLE PRODUCTION 

~~~~~
/_a — a~ a~& 

~~~~~~~~~~~~~~ ~~~~~
c_s ~~ —~~~

~~~ ~~~~~~~~O, C*LUc_A

rn~ u~i.

I
-~ ~~ 

- 
-

~~~~~ ~~~~~~~~~~~~~~~~~~ !J~~~~T’~~’-~’



-
~~~~~~ 

—-——
~
--

~~

—

—i--li H
(

___ APPENDIX D

____ EVAWATt41~ OF SEI2Ci~ED ALTERNATIVES
p 
_ _

TABLE OF CON?ENTS

Patagrapb Subject Page
D-l flftRODUCTION D-l

1 
_____ a. I~~act Evaluation D-l

b. ~~jective. of Water Resource.
Management D-l• 

_____ (1) Enviroomental Quality D l• (2) Social Well—Being D—l
(3) National Economic Development D—2(4) Regional Development D-2c. Contribution of a Was tewater Mansg~~~nt
Program to the Four Broad Obj ective. for
Water Resources Management D-2(1) Enviro**ental Quality D.-2
(2) Social Wall—Being D—3(3) National Economic Development D-6(4) Regional Development D-6

• D-2 IMPACr EVALUATION OF ALTERNATIVES FOR
MANAGING WASTEWATER D-6
a. Ocean Diepossi Alternative — Advanced

Tre atment
(1) Enviroonental Quality Obje ctive D-7- (2) Social Well—Being Objective D—9(3) National Economic Development

Obj ective D-lO
_____ 

(4) Regional Development Objective D—ll
____ 

b. Estuaries Disposal Alternative D-12_____ (1) Environmental Quality Obj. cuv. D—12(2) Social Well—Being Objective D—14
—~~ 

(3) N*tiOnal Economic Development
• Objective D-l3(4) Regional Development Obj ective D-l6c. Laud Disposal Alternative D—17(1) Enviro~.epta1 Quality objective D—17

(2) Social Well—Being Objective. D—19(3) Rational Economic Developss*t
Objectiv e D-22(4) Regional Development Objective D-23

fle.j

~~~~~~~~
--

- ~~~~~~~ ~~~~~~~~~~ - ..



---—-~~-~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
.-• 

~~~~

I
TABLE OF COIIFENTS (Coct ’d)

Sthj ect Page

d. Cc~ ,jnatj on Dispose]. Alternative D 2 4(1) Environmental Quality Objective D~24(2) Social Well—Being Objective D~26(3) Nat tonal Economic Development
Obj ective D..28(4) Regional Development Objective ~~3O

D-3 DES 1GM AND COST DATA 1)-3O

a. Basi, for Firs t Cost of I~~roveusnts D-30b • Baste for Righ ts-of —W*7 and Land
Cost, D31c. Storage Raservoir. D-32d. Flood Control in Land Disposal Areas D-33

D-4 DERIVATION OF AVERAGE ANNUAL BREEPITS D-34

a. Gener al D-34b . Recreation Water Uees D—34c. Co srcial Fishing D35d. Water Reuse Bànefits D—36-

~~~~~ e. Proposed Inv tigatjo~. D—36
D—5 ESTIMAXED nIvESTMEWrS D—37
D-6 RECLAIMED WAXER INVESTMIETS D-40

~~~~~~~~ SYSTEM MDDIFIC&Tt~ !g
D-8 INSTITUTIONAL ASPECTS D-42

a. incremental Approach D-42b. Regional Approach D-42c. P~~lj c Investment D—43

TABLES

Title

D l  SUIIMNY 0? FIRST COSTS AID AV*RM~ A U*LCOSTS TO TREAT 1990 LARDS D-38
D—2 SUISI*RY OP A~~ITIOSAI. FIRST COSTS AIDAV~~AQZ M WAL COSTS APTIE 1990 TO TREAT

2020 LARDS D49

—

~~~
I.ii

__ • -
~
-
~~

-
~~;~~~~~ 

—
~~~~~~~~ 

~~~—.,
-
~~
-- -

~
-

~~
-—-

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



~J— —  . — . — - :

OP 
~~~~~~~ (Comt ’d)

Pollou,sN
D.l UIRM~~ ll~$ri~~~ a P*VET POOP! S~~~ TO

~~*~~u ~1eu~sic U~ ACT$ 36

—-~1

-

~

4 
•

I~ui



— ——---~~
- ,— .

~~ •---- . - .  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -.--

~~

APP~NDU D

EV ALUATIOR OF IELECTED ALTERNATIVES

D4. INTRODUCTION

a. Impact Evalu *tion . The impact evaluation is the second of a
two step process in thi , study necessary to gain an und erstand ing of the• accC~?plishaents , shortcomings , and consequences of the was tewater manage—
ment alternatives selected in Appendix B • It atte mpt s to measure or
place a value on the changes in the characteristics of the study area,
identified in Appendix C which could reasonably be expected to result
fro. each wastewater management alternative. Evaluation procedures are
oriented toward four broad objectives of water resources aanmgs~~~~~)

b. Objec tives of Wate r Resources Mwagement .~ The four broad
objective s of water resou rces management used in this evaluation proc ess
areel’4i 

-

~~~~~~~VIRONMESTAL QUALITY ,

C SOCIAL WELL-BEING~~)

NATIONAL ECONOMIC DEVELOPMENT
~~~~~~~~~~ ...L_~ 

‘-. REGIONAL DEVELOPMENT •
it- should be noted that thes e objectives are structured differently
than the iapact character istics used in Appendix C~, and an impact
can be pertinent to one or more of the above water resources obj ec—
tives.D~

\nss.e object ives fore the basis of the impact evaluat ion and
for this ~urpose are defined as follows:

11) Envj ro.~~ nt al Quality. Although social , aesthetic , and
public he4lth vaI~ues are genera lly considered to be part of environmental
quality, tb,y viii be discus sed under the social v.11—being objective .
Iuv1ro~~~utm1 quality is tbsn reduced to its ecological context • As

• such it is the improvement of the quality in emisting ecosystems, in
terme of health, diversity , productivity, and stability.

(2) u i  w.i -is • Social vsll-b.ing ii concerned with
improving the ye cm qua ty of life and asntsl contentment of those
influenced by the dsvsiopm.nt of a vastewater management alterna tive ,
reinforcing the ef forts and progrw of- various government agencies and
groups in alleviating deprivation and enhancing the opportunity for
group and individual fulfillment
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(3) National Economic Developmsnt. 
- 

The national economicdevelopment objective is met by Increasing the value of the . . natiou ’soutp ut of goods and services and improv ing nationa l economic efficiency .Nat ional economic development Includes:

(a) lbs value to users of incre ased output of goodsand services resulting from a waa tewater managem ent alternative .
(b) Value of output resulting from external economiesor the redu ction of costs of adverse external econo ieg (e.g., costsof pollution of rivers , bays and estuaries).
(c) Value of output fro. the use of u~saployed orunder-.inploy.d resources •

(4) Re tonal Dsvel t. Regional objectives include thecomponent, of ot r objectives ted above as they apply to users orresources present in the Bay—Delta area . In addition, the regionalobjective includes additional net income considerations accruing tothe area from the construction or implementation of an alternativeand fr om other economic activities induced by operation of an alter-native.

c. Contrib ution of a Wastewater Manag~~~n~ Program to the Four!road Object iveg for Wat er Resources Management. The first task in theevaluation process is to define specific component, of each of the broadobjectives to which a was t*wetet management program could contribute.The changes expected to result from each alternative are then evaluatedon the basis of each alt ernative ’s contribution to the components. Ifth. change is conaj dezed to be desirable, or operates to meet a need, ithas a beneficial effect. If the change is generally undesirable oroperates in opposition to the attaii~~ent of needs, it has an adverseeffect . Tb. specific components selected from eadi of the four broadobjectives follow;

(1) Navj ri~,~~~ tei QS*iLtY. In formelstimg specific environ-mental quality objectivq~~, two schools of thou#t become evident; oneadvocates “beneficial usa ,” the oth r advocates “environmental pro—tectj~~~” Close ~~amInatiou of these two philosoçihias reveal that theymare o~ less converge when beneficj~~ us is at a ~~~~~~~ This pointIs ku as “marimem sustained 71*14.” Pot em~~~le, if one tntaj osa Striped Bass fishery as an indicator of enviro~~~~t.1 protection then• all other water dependent bsmeficj l uses ~~~14 be ~ststaiaM inadve~—• -
- tantly since Striped lass require hi~~ quality emviro~~aut,~. condition.to survive. The opposite is true at the other end of the spectrum,of a Carp fishery would limit beneficial use. Beneficialurns thin, is a function of bow ass defines emvir~~~~~te1 protection .
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The following components of the envir onmental quality objective were usedto evalua te the alter native ., sad were based on environmental protection .

(a) Hydrosphere.

1. Pro tect and enhan ce the fishery resour ces

2. Minimize eutrophication

3, MsIntaIn the integrity of the salt marsh

4. Rehabilitate the shellfish fishery

3, Preserve marine co~~ tnf ties

(b) Land.

1. Create diversity in land use

2, Pres erve or create land resou rces

!. Preserve and enhance qual ity of groond andsurf ace waters

4. Prevent adverse climatic and atmosphe ric effects

5. Minimiz, disease vectors

6. Minimize space requirements

(g) Comeoneats Cameo to Both Hydros phere and Land.

______ 
J ’  Reduce projected waste loads discharg ed tothe en4ronase t

2. UtilIze vsstsvater as a resource

~~. Minimize adverse effects of bioaccuaul.ative
• toxicinte

~~
. Protect rare and endangered species and

biotic co mitiss

(2) ~o$a~ ~~~~~~~~~~~~~~~

(a) ~~~~ral CE nts on lvaliusUçm. There ar e several
basic coaditioms r.quiriflg costsi&s ratio n canc.rmiag the evaluati on
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procedure s for the social veil—being impacts of the variou s - was tewater
management alternatives,

1. Evaluation within a pervasive and often con-
troversia l concept such as social well—being involves value jud gments ;
therefore , the mare represent ative the working group is in terms of in-
corporat Ing a variety of interests such as varied professionals , in-
dustries , public agencies , and minority groups , the more meaningful the
evaluation in relat ion to expressing the desires or objective of those
most influenced by a proposed alter native . The mechanisms for developing
such publi c participation are inherent in the social well—being objectives
incorporated within the feasibility stud y.

2. The lack of existing general and definitive
social objectives and operational programs and mechani sms for accom-plishing such objectives with in the Bay and Delta study area prohIbitthe opportunity for ut ilizing a social well—being document upon which
to evalua te many of pr imary social well—being considerations. There-fore , the genera l social goal. presented in existing governmental
agency and planning group progra ms were used where possible to develop
general goals and establish obj ectives for evaluating the wastewater
management alternativ es within the feas ibility study. These social
well—being object ives have several components.

(b) Components of Social Well—Being Objective s.

1. Area Viability — Ident ify the factors and
conditions possibly influenced by. the deve lopmen t of wastewate r
management alternatives on the following social parameters :

a. Employment (levels, stability, divers ity ,
• categories influenced)

b. Income (individual, groups , levels , dis tri-
butive equity , income areas)

- c. Growth and development (spatial distribution
of industrial, residenti al , open space and recreation , coiziercial , agri-
cultural , institution al and co~~ inity service activities) .

• 2. Public Bealth — Identify public health and
safety facto rs such as hygienic conditions and human values , attitudesor prejudices.

3. ~~~~ — Ident ify amenity factors such as visualand odorous pm~c.,t1oss, aesthet ics, convenience of and access to publicfacilities and compatibility of activities or uses.
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4. Distr ibutiv e Equity - Help establish mechanismswhich re late the development of wastewater manage ment alternati ves tothe social and economic betterm ent of the local area and region in termsof:

a. The increa sed personal and group oppor tunityfor economic sufficiency ,

b. An equitable distributi on of income , goodsand services ,

~~~ 
A just opportunity for al l, the area ’spopulation, especially the poor and disadvantaged, to equitably sharethe benefits from environme ntal enhance ment and incr eases in thenational wealth and abundance.

5. Proced ural.

a. Develop concepts and plans within establi shedregiona l and local growth objectives, where those objectives exist orcan be established .

b. Identify those groups affected by thedevelopment of regional waatewat er management alternatives to determine:

those served

those benefited

those physically displaced and those
indirectly physically influenced by
the system development .

£‘ Reinforce existing Federal, State and localgovernmental social pr ogra ms by close cooperation with agencies such asAUG , OEO, HElD, county governmen t , in their planning and work prog rams .

d , Help establ ish the prop er public part icipatorymechanisms where necessary to establi sh social and physical developmentobject ives that will respond to local , as veil as regional , State andFederal needs and desires. Thia partici pation could be accomplished byincluding in advisory positions persons and groups not normall y includedfrom the localized ar eas influenced by the was tewater management alter-natives .

D—3
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e. In order to recognize the value systems
of the various groups possibly affected by the development of
vastewater management systems , public participation program should
be initiated. In seriously addressing the social well—being inmact L
of alternative wastevater management systems, the Cori~s can workwith other Federal , State , and local agencies as well as with local
citizens groups concerned with social planning and development .
Corps planning efforts , therefore , can reinforce the social nianniug
and developments of agencies such as HUD , OEO, and HEW by providing
definitive avenues to coordinate these social nlanning efforts with
the physical planning programs of the Corps . The Corps efforts
therefore would be to reinf orce Federal and Federally assisted
regional and local social planning programs — not to assume the
social planning role. For example , proposals requiring land acqui-
sitions for conveyance system developments , present opportunities
for greater control over the apatial distribution and linkages of
open space for children ’s parks , walking trails , or picnicking
areas. The site planning and design of treatment plants or othe r
related structures in a community could also include within the
same development , site-, plans süd programs for -needed comimmity
service facilities such as child day—care centers , meeting ro me-, .:. .

‘ 
-

or small outdoor game areas . Within such an integrated program , - 
-
. -

large scale Federal planning and construction efforts could provide :
an operational vehicle to help reinforce the Federal and local social
planning and development programs. Such programs would greatly help
toward honestly distributing benefits , not only to large populations
as a whole , but to those areas or groups most in need of it. In such
a process , the equitable distribution to all of the opportunity to
benefit from projects could truly be realized .

(3) National Economic Development.

(a) Dir ect output increases .

(b) Utilize unemployed and underemployed resources.

(4) Regional Development.

(a) Inc rease regiona l income .

(b) Increase regional employment .

Cc) Diversify reg ional economic base .

Cd) Enhance environmental and social veil—being ‘condition s .

D-2 . IMPACT EVALUATION OF ALTERNAT IVES FOR MANAGING WASTEWATER

a. Ocean Disposal Alternative - Advanced Treatment. In Appendix
C , the impact s of two ocean disposal alternatives, advanced treatment

D-6
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and secondary treatment , were assessed to determine which alternative best
represents the ocean disposal concept. Although average annual coSts of
ocean disposal with secondary treatment would be lower by approximately
$55 million, the conclusion of the impact assessment was that advanced
t reatment best represents the ocean disposal concept . The reasons are

-‘ that seconda ry treatment relative to the base condition :

— Would not reduce the buildup of persistent toxicants in the
marine environment,

— Could increase the potential for eutrophication in the coastal
zone ,

— Would not reduce the projected waste loads discharge d to the
hydrosphere and

— Would not provide a significant potential for reuse of treated
wastewater .

Consequently, only the impacts of ocean disposal wi th advanced treatment
will be evaluated in this app endix .

(1) Envi ronmental Qualit y Objective.

(a) Protect and Enhance the Fishery Resources — A
limited amount of toxic vasteg would still be discharged into the ocean
environment . The discharge of toxic wastes into the Gulf of the Farallons
would be reduced , which would be expected to improve the fishery in that
area . The low salinity discharge in nearshore waters could interfere
wit h the migratory patterns of anadro mous fish in the ocean . The removal
of wastes from the estua ry would improve the status of eatuarine and
anadromous fisheries in the estuary . However, the absence of wastewater
flushing flows could increase existing and projected problems of low
flows in the Delta. 

-

(b) Minimize Eutro ph ication — A small amount of nutrients
would still be discharg ed into the ocean , which could increase the
potential eutrophic rate of the ocean . The removal of nutrients f rom
the estua ry would reduce the potential for algal blooms and low dissolved
oxygen levels. In contrast to that reduction , the absence of vastewater
flushing flows could increase eutrophic rates in low flow areas of the
estuary .

Cc) Maintain the Inte grit y of the Salt Marsh — Othe r
wate r sources would be needed to provide freshw ater flooding for Suisun
Marsh.

Cd) Rehabilitate the Sh*].lfish Fishe ry — Crabbing areas
near the proposed discharge sites would be impaired by the fresh—water

D—1
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effluent, as could planktonic forms passing through those sites. Crabbing
in the Gulf of the Parallous would be improved by reduced discharges of
toxic wastes. The reduction in the coliforu level in the estuary would
render existing shellfish suitable for h~~an consumption.

(e) Preserve Marine Co mani~4.es — The northern discharge
could alter the salinity levels of the near.hore area and select for
species resistant to lover salinities. The adjacent Bodega Bay and Tomales

— Bay aquatic co unities could suffer from disturbed salinity gradients.
Changes at the southern discharge site would be less severe due to the
greater dispersion potential of that area. The biotic comeunities LU
the Gulf would be expected to improve in quality, if their plsuktonic forms
were not damaged while passing through the discharge sites.

(f) Create Diversity in Land Use — Sludge disposal sites,
conveyance and treatment facilities would limit diversity of land use.
Reclaimed vaatewater would provide for a diversity in land use.

(g) Preserve or Create Land Resources — Sludge disposal
and treatment faciliti es would modify land resources . Reclaimed waste-
water would be utilized to preserve or create land resources.

(h) Preserve and Enhance Quality of Ground and Surface
Waters — Leached pollutants from ‘sludge deposits could threaten ground
and surface waters in the vicinity of the disposal areas.

Ci) Prevent Adverse Climatic and Atmospheric Effects —

Climatic and atmospheric conditions would remain unchanged from the
base condition.

(1) Minimize Disease Vectors — The potential for con-
tamination of marine species and coastal zones would be reduced.

(k) Minimize Space Requirements — Space requirements
for treatment , disposal, and conveyance facilities would be higher than
the base condition.

(1) Rsduc~ Projected Waste Loads Discharged to the
Environment — The amount of toxicants, nutrients, degradable organScs,
and suspended solids discharged to the hydrosphere would be significantly
reduced over the base condition.

(a) Utili*e Wast.wster as a Resource — This alternative
provides a highe r potential (or reuse of was tewater than the base
condition.

(~~) 
$t~j~~~e Adverse Effects of Bio$ccumolstivs Tozicants —

The amount of persistent pesticides and heavy metals introduced to the
ocean enviroesent would be reduced. Other pollutant sources from outside
of the mtudy area would stil l contribute to this problem.

D—8
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(o) Protect Rare and Endangered Species — The absence of
fresh—water flooding eetild’~’fut~ther. .sde~gert the’ Suisun marshland cfl Mility.Presh—water plumes in the ocean.. could lockLty sddanger marine species .

(2) Social Well—Being Obj ective.

(a) Area Viabil ity. Wi th respect to the base condition ,long—term enhancement to employment and income related to water—orientedactivities, especially ocean fishing, should occur for the coastal
• 

localiti es as well as the region as a whole by advanced treatme nt.

The opportuni ties for varied spatial distribution developmen t choiceswould be greatly enhance d for comsercia]. water —re lated activiti es andrecreati on . Also, as a result of reduced pollutant loads entering thehydrosphere, the traditional water—related character of the region shouldbe greatly benefited over time and result in less restrictions for overallregional and sub—area development.

Due to the reuse potential of reclaimed wastevater, the potential suburbanand rur al development opportunities could produ ce long—ter m benefits toemployment diver sity and income l~vels. Also. the benefits ofadditional sources of water supply for all areas would offer many choicesfor optimum regional growth dispersion.

(b) Pub lic Hegith. This alternative contributes to theachievement of public hea lth object ives by significantly lowering themass—emission of toxic agents and by using the assimilative capacity ofthe hydrosphere . However , th is plan does introduc e s~~~ increasedhygienic risk becaus e larger amounts of more concentrated pollut ants inthe form of a sludge slurry would be transported to, and disposed ontwo large land area s .

(c) Amenity. The sludge disposal sites selected in Man n!Sonosa and Santa Clara fSan Bonito Counties have very high cumulativeaesthetic charac teristic s . Use of such areas for sludge disposal sitescould have long—term detr imental effects on larg er areas , not onlyvisibly , but for future development potential and overall environmentalamenity due to the existing vegetation and undulating land form pat ternswith their stro ngly defined sense of place. Ocean disposal places greate rrequirements for sludge application in these critical locations. Themental prejudices, cuatomø, and phobias associated with treated waste-water for agricu ltural use and human cons~~~tion could still be a detri-ment to existing value systems of individuals.

Cd) Distributiv e Equity. The matters discussed herein• are comson to all. vastewat er manege nt alternatives and are of ujsr.concern. Many social concerns regarding the dist~ibuti,, equity of

~~~~~~~~~~~~~ -~~--—-- ---
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_ _ _  
_ _ _income, empluymea t , recreation, or diaplace ’t, and questions of

opportunities and benefits from the development of the system are
vital to the social well-being .valuaéicn of th. alternatives.
Therefore, for any alternativ, to effectively benefit all se~~~nts
of society, efforts aust be made to reinforce the social planning
and development progra ms of agencies such as HUD, OEO, and HEW by
providing definitive avenue s to coordinate and assist the se social
planning efforts with the physical plann ing programs • As a result ,
groups in greate r need would share in th. opportunity for human
betterment . The role of those agencies responsible for planning
physical systems must be to assist agencies responsible for social
planning and betterment , not to assume the social planning role
themselves. At the very least, the develop.ent of any of the al—
ternative was tewater management plans should not make the condition
of the poor any worse. -

(3) National Economic Development Obj ective.

(a) Direct Output Increase .. Quantified net income
factors addressed in this appendix are related to some of the eval-
uation f indings under the ~~vironmental Quality Objective. In
addition, a quantified appro ximation is made of the underemployed
resource of treated vaatewater. From the evaluation of environmental - -

-‘ factors , it is estimated , in magnitude terms , that the ocean disposal
altsrnative will increase ns~~1nco a over the base condition, because
of th. reduction in dischar ged pollutants and health factors as follows:

General Recreation $62,000,000

Sport Fisheries 10,000,000

Comssrcial Fishing 5~000.00O

$17,000,000

(b) Utilisa Unameloysd end Umdereveloy.d Resources.
The ocean alternative presents a reclaimed wate r poteitial of 1.2
million acre feet in 1990 and 2.2 million acre— feet in 2020. In
close proximity to the ‘reatmant pl nts, a value of $90 per acre-
foot would be representative; at more distait location., inland
and closer to other potent ial water sources , the value would re-
duce to $40 to $30 per acre—foot ~ Pt’$limimuy cost estimates of
first investments f or regulation and traisport of reclaimed water
to the more distant locations reflect abon2 $1,000 per acre—foot
of cepacity, which when converted to an average ual value per
acre—foot would á reclaimed aster marginally coepetitive. Thus,
locslissd delivery is more favorable to utilising this resource but
expected demands would be substantially less than available qu tity .
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First cost estimates of the ocean alternative indicate an investment of
$4.1 billion dollars in 1975 and an additional investment of $3.1 billion
dollars in 1990. Estimated average annual charge s for interest and
~~~rtisation , operation and maintenance would be $472 million dollars
over a 100—year economic life assuming an interest rate of 5—1/8 percent.
Features constructed by 1975 were designed to meet 1990 needs with
features added by 1990 of capacity to meet 2020 conditions. The asti—
mated first cost of the ocean alternative is 40 percent higher than the
assumed base condition and estimated average annual charges 30 percent
higher. Hors details on costs are presented in Tables D—l and D-2.

Qualitative economic evaluation factors, pending detailed investigation,

1. Sludge disposal areas concentrated in. two areas
in close proximity to the ocean coaat for the ocean disposal versus several
at scattered locations for the base condition could have greater adverse

- - 
economic impact. -

2. - The ocean alternative land requirements for
treatment and interceptor facilities could involve les. valuable shoreline
areas suitable for viny purposes than the base condition.

-~ ~~ 
— 3. Underemployed human resources might be more readily

applied with a comprehensive regional plan.

4. Industrial investment for “source control” of pol-
lutants might be reduced with a comprehen sive regional plan.

‘4
The above discussion indicates that national economic activity would be
in a more favorable position over the long term with the ocean disposal
alternative. 

-

(4) 
~~~~~~ iI1 -Dsw1~pment ~~j ecti~e. - -

(a) Increase Regional Income and Ei~~loymsnt, and Diversify
Regional Economic lass. The ocean disposal alternativ e provides a solution
for the expected. future problems of the Ray and Delta re gion for monicipal
and industrial wastewater dischargera. Economic evaluation for the region
would be the same as under the National Economic Development objective.
Recreational beneficial eff.cts would be essentially regionally oriented ,
however , comeercial fishery benefits might be only partially share d by
the region because ocean enhancement affects a wider area. A portion of
the rec1~4 sA vast.va ter potential could involve areas outside the region
and, therefore, the *sgimn might have to share such a benefit with other
areas. The -r.g ias~i~ .ld have to participate in large r investments for
vast ars ter msnsge—ent.

(b) ~~~tanc Environ mental Conditioiçis. Environment al
quality would experience a net enhancement of significant scope. However ,
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such net enhancement would result in certain specific adverse impacts in
the environ ment. Th. beneficial aspect would be reduce d pollutant loads
in the estuar y and ocean with resultan t improvement of their waters and
nearshore areas . Increased salinity in the eastern and southern extremity
of the estuary would have adverse effects on marine life dependent on
specific salinity conditions. Also, resulting changes in salt marsh
vegetation would adversely affect wildlife potential. The ocean and

A 
- 

shoreline are as in the vicini~y of outfal ls could be adversely affected
by low salini ty discharges . The shellfish potential for human consumption
would be increased. Reclaimed wastevater could be used to enhance the
environment or mitigate adverse effects if desired. Sludge areas for the
ocean disposal alternative are of overall higher environmental quality
than for the base condition . With the possible exception of changes in
ocean resource conditio ns, all envir onmental beneficial and adverse
effects would be regional in nature .

(c) Ri~h*ncs Social Well—Being Condition. In the area of
social veil—being, the ocean disposal alternative would increase
employment and incOme associated with water—oriented activities . Spatial
distribution opportunities for deselopmant, regional or by sub—area,
would be enhanced. Reclaimed water could produce long—ter m binefits

• in employment and income levels , the degree depending on use • Ocean
diaposai is the most favorabl, of alternatives from a public health
viewpoint. Amenities associated with the estuary would be enhanced , in
the ocean associated areas a probable change in conditions with an overall
minor .I% hancammit; in the sludge disposal areas , because location , the re
would be an adverse effect. All social well—being considerations ,
favorable and unfavorable, would be essentially related to the region
except that reclaimed water, ocean changes, and sludge area impacts
might also affect othe r areas.

The ocean disposal alternative, relativ , to the base condition , provides
additional regional opportunities in: economic activities; meeting
future enviroessata l objectives ; and , enhancing social wall-being.

b • Esteem. DLspssal Alternative.

(1) Rewiroi~ ista1 Quality Objective.

(a) Protect and Reltiocs the Fishery Relources.

4. Discharges of tozicants and persia teat pollutants
to the estuary iauld b. reduced, which should improve the estuarins
fisher y. Use of ~~~t~~atsr which has received advanced trea tment for
flow r~~~~ tstios would improve the habitat of species important in
estuarins food chains.
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2• The anadromoug fishery would benefit from thelengthened salinity gradien t , and the positive net flow toward the sea.

3. The fishery in the Gulf of the Farallons would - ‘be improved and other coastal are as would be protecte d.

(b) Minfeige Eut rophicatj~~~ The amount of bios t iaa—lants discharged to the estuary would be reduced . The eutr ophic rateof the Delta could be reduced by use of treated wastewater for flowaugme ntation . The discharges could also improve the flushing rate ofthe South Ray.
¶ Cc) Main tain the Integrity of the Salt Marsh. Floodingflows would be provi ded to preserve Suisun Ma rsh. Natural salinityconcentratio ns in the Bay would be maintained , thereby prote cting thecontiguous marshland s.

(d) Rehabilita te the Shellfish Fishery.

1. Crabbi ng in the Gulf of the Far allons could beimproved by reduced discharges of toxic wastes in the estuary . Othercoastal cra bbing areas would be pteservad .

2. The redu ction in the coliform level of theestua ry would ren dei existjng shellfish suitab le for human consumption.The augmentati on of freshwate r flushing could enhance bay shellfishhabita t.

Ce) Preserve Marine Coanunities. The pollutant str esson the Gulf of the Fa ralloos would be relieved; its biotic co~~mltieswould be improved , and other coastal areas would be protected.
(f) Create Diversj~y j n  Land Use. Sludge disposal sitesand treatment facilities would limit diversity in land use. Use of re—claimed wast ewater , other than for flow augmentation, would provid, apotential for more divers , land use.

(g) Preserve or Crea te Land Resources. Sludge disposalsites and treatment facilities would modify land resources. Use ofreclaim ed vast~ ,at er , othe r than for flow augmentation , would preserveor crea te land resour ces.

(1*) Pre serve and Enhance 9uality of Ground sad SurfaceWat ers. Leache d pollutants from sludge deposits could threate n graunC -and surface wate rs in the vicinity of the disposal areas .

Ci) Prevent as C~]4potic and Atmospheric Effects.Climatic and atmospheric cc ~~~~~nç woulJ not be chang ed from the basecondition.
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(j) Minimize Disease Vectors. The potential for con-

tamination of estuarine species and ripariá zones would be reduced .

(k) Minimize Space Requir ement s. Space requi rements
for disposal , treatment and conveyance facilit ies would be higher than
the base condition .

(1) Redu ce Pro j ected Wiste Loads Dischar ged to the
Reviron nt • The amounts of toxicants , nutrients , degradable orga nics
and susp.nded solids discharg ed to the estuary v~uid be significantly
reduced over the base condition .

(a) Utilize -Wastevater as a Resource. This alternative
provides a high potential for reuse of treated vastewaters .

(n) 14{niaize Adverse Effects of Bioaccumol.ative
Toxicants. Th. discharge of persistent pesticides and heavy lita ls,

:~ into the estuar ine and the ocean en~ironments would be reduced •
(o) Protect Rare tad Redangered Species • This alterna—

tive provide, protection for endangered coastal and marshland species .

(2) Social Well—Being Obj ective.

(a) Area Viabilit y. With resp ect to the base condition,
the Estuarine Disposal Alternative would provide more wastsvats r with a
higher degree of treat ment for flow augmentation in the northe rn part
of the estuar y and in the Delta . Flow augmentation should benefit
water—related co srcial and recreational development opportunities in
the study area. Under the base condition , there is a threat of long —
term accunulations of- toxicants in the aquatic enviro nment which might
possibly offset the benefits from these opportunities . This alternative
would significantly reduce this threat. Sludge disposal in portions of
six counties would probably be detri mental to existing and future sgml-
cultural de~~lopments as well as to the associated employment and inco
opportunities of groups and individuals dependent upon the maintenance
and growth of existing agricultural patterns • In Solano County tbsse

— possible detri nts are amplified by the current decline of agricultural
employment in di. county.

(b) Public Health . Thu altstnati ve contributes to the
achievement of publiT~~~T~W~~~3 ctives by sigmificantly lowering the
ees-~~~saioe of toxic agents and by using th. assimilative capacity

of the hydrosphere. However , this plan doss introduce s~~~ hygienic ‘ -risk because larger amounts of more coneent rated pollutants in the form
of sludgs slurry transported to and disposed on land areas .
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(c) 
~~~~~~~~~~~ 

This alternative should benefit th. overall
masthetic percept ioà~~U~~s estuary due to increased flow augumeatatica
and decreased pollut ant 1nad~ discharged to the estuar y. Although
recreational opportunities at’s not expected to be greatly impaired under
the bas. condition, the Hotuartee Alternative should allow more oppor—
tunities for a variety of develep..suts throughout the Bay med Delta
region.

J ~ —
. Sludge disposal would be detrimental to the aesthetic character of the

• disposal areas in ter of visual d possibly odorous perception.
Although the sludg , disposal areas would be visually pro—4 nent in all¶ the areas, the highly visual character of the valley enclosures in
Yarin/Soeou, would be greatly dstr iasmt. d. Also, the amount of avail—
able open space for future recreation or other develop.aut opportunities
in all the areas could be greatly restricted .

(3) Hstiomal Iosmo&c Dsvelopu t Objective.

(a) Di ct Get crease . ~~~~tified net income in
this report is relat. to s~~~ o t evaluation findings under the
envir onmental quality objectives. In addition, a quaitif Led approici—
matio n is made of the valve of reclaimed vastsvater.

Pros the evaluation of s t r~ .~~Ltel quality objectives , it is esti—
mated that th. estuaries disposal alternative, by reducing the pollutant
loads discharg ed to the ~~—~eic environment d providi ng more favorable
health factors, would increase the uil t income over the bas. con-
dition . The estimate d increa se in a usl met income is as follows:

General Recreation $2,000,000

Sport Fishing 10,000,000

Cs rcial Fishing 5 000.000

Total $71,000,000

(b) Dulls. ~~~~~~~~~~ gs4 Hedsrsmolo ysd I~s,jppa.
Thi s alternative presents ti, potential for reclaiming 1.2 

~~~~~
Ui..

acre-feet of vsstswster is 100 med 2.2 &.llion acre-feet i* 2020.
Since three of the saveS .dua d treatmen t plate are locatsd meet’ the
coat , $90 per acre—foot would be a rsprsasstativs vales of this re-
cla4asd vsstsv.ter. Represented,. v.lues of rsclai d veetameter
fros the four islad treatenat p * s u  wsuM be arsend $0 to $0 per

• acre—foot
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If reclaimed was tewater is conveyed ay from the ime.diate areas of the
treat nt plants to more distant areas for reuse , preli minary firs t costs
of conveyance and regulatory storage facilities would be $1,300 per acre—
foot of capacity . When this cost is conver ted to an average annual value,
reclaimed wastewater would be margi nally competitive with other water
supply sources • Thus, reus e in the vicinity of the treatmen t facilities
is more favorable , but projected demands are expected to be less than
the available supply.

Istinated fir st cost of the Estuar ine Disposal Alternative would be $2.8
billion dollars in 1975 to handle proj ected 1990 waste flows, and an
additi onal $1.9 billion dollars in 1990 to handle projected 2020 waste
flows. Tota l estimated average annual charges for interest and amorti—
sation; and operation, maintenance and replacement would be $331 million
dollars over a 100—year economic life , assit~ing an interest rate of 5—1/8
percent. The total estima ted firs t cost of estuarine dispos al is approxi-
mately 90 percent of that of the assumed base condition. The total esti-
mated average annual charges are approximately 90 percent of those of the
base condition. More details on costs are pre sented in Tables 0-1 and
0-2.

Other economic factors are qualitatively assessed as follows: -

A~ 
Sludge disposal is concentrated in five areas for

estuarine disposal versus disposa l. in several scattered areas for the base
condition, thus could have greater adve rse economic impact.

!. Land require ments of the estuar ine disposal alter-
native for treatment and conveyance facilities could involve less use of
valuable shor eline areas suitable for many purposes than under the base
condition.

3. Underemployed human resources might be more readily
applied with a caupr~ tenaive r*gional plan.

~~. Industrial investment for “source control” of pol-
lutant. might be reduc ed with a comprehensive regional plan .

The above discussion indicates that national economic development would
b La a more favorable posLtio~ over the long ter n with the estuar in.
disposal al terna tive .

(4) lacional, Develcoasat Obj ective.

(a) Increase R gional Income and E~~loyaent. The
Istu arine Disposal Alternative would produc. similar, but not identical,
ace~~~lish~~at. to the ocean disposal alterna tive with respect to economic
development. lose additional benefits to the region may be incurred due

a
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to repuls ion of salinity which low salini ty estuarine discharges may
provide. Cc ercial fishery aspects, recreational potential , and benefitsfrom vastewater reuse would not be significantly different from the ocean
disposal alte rnat ive.

(b) uh uce Environesurpi Conditions. The estuarinedisposal , alternati ve would have a net beneficial impact on environmentalquality consider ations . The main changes over the base condition would
be an upgra ding of water quality in the Bay—Delta estuary and the Gulfof the Parallona due to the lower amount of was tes discharged. Such
improvement in water quality would benefit the aquatic and marine orga—nis.s in these areas by reducing both acute and chronic environmentalstresses . Furthermore, as long as highly treated low salinity vastevate ris discharged to the Bay—Delta estuary , possible salinity changes due toremoval of thi s flow (as j~ the other alternatives ) would be avoided.Shellfish consumption by humans would probab ly incr eass. Sludge disposalarea s for this alte rnati ve would not differ appreci ably from the basecondition since the areas affected are the same • All environmentalbenefit s and detri ments would be related to the region with the exceptionof possible benefits resulting outside the region due to increasedasadrosous fish runs .

(c) Euh~~ce Social Well-Being CondiUo.~~~ Social well-being changes would be genera lly benefici al f or this alternative. Wateroriente d activi ties in the Bay—Delta estua ry would show a net increasedue to improved water qua lity. However , re lative to the other alterna-tives, this increase may not be as large since complete elimina tion ofall discharges from the lay—Delta water s (as under the other alternatives )may provid e slightly higher social benefits. Prom consideration of publichealth factors, this alternative would be an improvement over the basecondition but vould not pr ovide the degree of prote ction to ~~~~~~ thatthe ocean disposa l alterna tive would. The sane is true of generalenit iea. In fact , this alteràativa would pr ovide improvement for moatsocial well-being categories such as employment , income, and development,but may not reac h the level of accomplishment as the ocean disposalalternative .

The main regional b.nSfitg expected from this alterna tive could be
categorized as increased economic activities and environmental qualityand enhancement of social well being. While imprOvements in all wouldbe accomplished, relative to the base condition , the absolute level ofaccomplishments relative to other alter natives is related to t rade—offs.
Uo significant differ ences fro. the Ocean Alternative would occuroutside the region.

C. Land Dispas*1 Altsr~ati,e.

(1) Laviroumea tsi O~~1ity Obj ective.

(a) Protect spd 4b.nc. çhe Fishery Resources. Thisalternative would eliminate the direct discharge of treated urban
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wastes to the hydrosphere. Tb. coastal fisher ies would be protected and
the status of estuarin s and freshwater fisheries would be improved .

(b) Minimise Eutrophication. If biostimulants are re-
tained on th. land, the overall threat of increased eutrophic ation would
be minimized. However, by ell.1~~ting discharge of treated was tevaters
to the estua ry, the residence time of bios tianlants in the estuary could
be increased . Flushing of South lay would not be improved over the base
condition.

(c) Maintain the Ints~~ity of the Salt Marsh. By reduci ng
pollutants entering the hydro sphere and possibly by enabliij water—using
industries to locate way from the perimetry of the estuary , preservation
of salt marshes would be aided. The use of treated wastewater to flood
Suisun Marsh would protect that marshland co~~ inity , ptovided that land
filtration would remove toxicants.

(d) Rehabilitate the Shellfish Fishery . Crabbing in
the Gulf of the Parallons would be improved by the àlimination of urban
waste discharges to the estuary . Other coastal crabbing areas would be
protected . Shellfish in the estuary would b rendered suitable for
human cowmption. Shellfish beds in San PabAo Bay could continue to
be cont~~(’iat.d, depending on quality of treated was tewater used to flood
Suisun Mars h. Beneficial fresh water flooding of shellfish areas would
be reduced.

(e) Preserve Marine C~~~m4 tie. • The pollutant stres s
on the Gulf of the Farallons vouLf bi ili.viated which would be expected
to improve its bioUc c~~~----4 ties. Other coastal are as would be pro-
tected.

(f) Create Diversity ig Land Use. A wetlands bios. will
be created is the disposal areas at the expense of the existing biotic
co uinities.

(g) Preserve or Create Land Resources • Land resource.s
would be modified. Wbetb r the modification would be beneficial or
detrimental ~~~~~ further study . Sludge could be used as a soil con-
ditioner, particularly Lu laud areas which now have marginal soils for
crop production t.ct*4~~d wast ater could be utilized to preserve
or create laud resources.

(h) ?r sr~s end iai~ sc~ Quality of Grou uf end Suzia~s
~~~~~~ Depending en the removal efficiencies of lanJ Lilt ra tion, there

a potential for polluting ground and surface waters in the vicinity
of the disposal are as . Leached pollutants from sludge deposit, could
threaten ground and surf ace waters.

.
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(1) Prevent Adverse Climatic and Atmospheric Effect. This
alternative could result in highe r humidity and increased fog frequency
in th. disposal areas.

~~~~

- (3) Minimize Disease Vectors . The habitat for pest and
disease carrying organiame (mosquito .) would be enhanced over the base
condition . The potential for contamin ation of domestic and wild animals- ‘  needs further study .

(k) Minimize Space and Land Require ments. Land disposalwould involve an area of 333 ,000 acre s by the year 2020. Depending onwhether the disposal areas have multip le use , thie alternative may be
competitive with urban , agricultural and recrea tional deman ds for use ofthe land area s .

(1) Reduce Projec ted Waste LoadS Discharged to the
Invironasat. The amount of toxicants , nutrients , degradable orga nic.,and suspended solids discharged to the hydrosphe re would be red uced
over the base condition. The capability of land to remove specific
pollutants needs further evaluation. Land filtered wastewater would be
high in TDS.

(m) Utilize Wastewater as a Resource. Assuming market-
able crops can be grown in thá disposal areas and that the capability of
land to remove certain pollutants can be substant iated , this alte rnat ive
provides a high potent ial for reu se of treated vastewata r . However , 50
percent -of the treated wastevater applied to the land would be lost to
evapotranspi rat ton . -

(n) Minimize Adverse Effects of Bioaccu mulat ive Toxicants.
liologieal magnification of toxicants ià the hydrospher, would be reduced.
Biological asguificOtion of toxicant~ by land species needs further evalu-
ation. ~~

(0) Protect RSre and ~~dangered Species and Co~~mities.The threat to rare and endangered aquatic speàies would be reduced • The
effect on ra re and andangs r.d terr esteria -l species needs further evalu—
atiSfl . LW~

(2) SOcial Well lejng Objective. -

• (a) Area Vl btlity. 87 eliminating discharges of urban
wastes to tIP . .etUa~~, the - tiád ~i$o I1 Alter nat ive vo~ld significantly
reduce polXuta nt levals in the estuar y which should have a substantial
long..~~*i dffe~~ ~~ benefiting the underlying strudtlits of the regiofl
ipeciE ieàii~, the Iat.r-~oriontid activities of ci srcia l fishing and
recreation should be gr.st1~ benefited in relation to e~~io~mant stability,
diversity and long tern growth. Tb. region as a whole , especially the
coastal counties in Sub-areas A and I, should experience long ter m bene-
fit. from income increases in water—oriented activities .
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Increases in the overall long-term water quality of the ocean and estuary
should enhance the region’s water—related character, thus greatly sus—
tam ing as well as improving one of the region ’s most important indus—
tries , tourism. The increas ed opportunities for existing recreational
facilities as well as the potentia l for developing new ones is of primary
benefit toward enhancing the overall quality of life of the regional

- _ population . However , to maximize the benefits possible from significant
pollution abatement and recreation development, efforts must be made to
increase not only the quality and level of recreation facilities , but
also their access and convenience in relation to the concentrated urban
population. Locational factors of recreation are of prima ry importance
in evaluating their overall and specific benefits to the region . In
relation to this alternative , reduced pollutant levels in the estuary
and coastal waters should offer opportunities for optimum location and
for maxiu benefits from recreational improvements and developments.
Also, these developments in dense urban areas could greatly benefit
lower income groups and result in greater distributive equity of bene—
f its resulting from the overall system development and the resulting
enviro n nta l improvements .

As a result of this alternative , the possibility of a high reuse of
wastewater and residua ls would greatly benefit the long—term diversity ,

• growth , and stability of agriculture , industry, or any othe r activi ties
depende$ upon an abundant , readily accessible water source . The re-
sulting ~employ nt and income gains could greatly contribute to the
distributive equity of opportunity to share in resultant project ben,—
fits provided the proper social program s are initiated to reinf orce
these opportunities .

The physical facilities for developing this alternativ , include larg e
land areas for spray ing, sludge disposal , storage pond s , aeration
lagoons , and reuse reservoirs . Since the land areas are in a variety of
locations throughout the Bay and Delta region , ~ variety of beneficial
and detrimental impacts could be produced. Employment fro m imp lementing
this alternative should benefit certain categor ies of employment but for
a relatt’vel.y short time. Also, ths new or increased agricultural pro-
duction associated with applying treated wastevater to land could stimu-
late the agricultural economy wi th resultan t benefits to many related
employ nt and income groups . These posaibis benefits, coubmned with
the benefits previ ously discussed resu lt ing from improved water quality,
could greatly help to dtver ~ify , stabilize and stimulate the overall
growth and develOp~~nt of the Bay and Delta rsgion. However, the
great land use cosv ra on necessary for the development of th. total
system (335,qOO ~crea by 2020),. and the long4erm impacts on the many
localitims directly iufi.uanced by these lead conversions, y be detri-
~~s4 to opportunitie. for diversified development. ~

-
~~~~

• ~~ -~~~ •
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Large land use alterations in the suburban and rural areas of Cont ra
Costa , Sac ramento , Solano , and San Benito Counties could greatly limit
the future development and spatial distribution choices of these areas.
Even should these land areas cont inue in new type s of agricultural pro—
duction under the system , persona or groups dependent upon existing
employment type s and income f rom existing agricultura l use could be
greatly detri mented.

* 

~~
- (b) Public Health. Thia alternative pre sents certain

hygieni c risks that must be recognized as potentiall y inf luenti al upon
society . The land disposal alternative , however , does conta ibute to
the achievement of certain public health objectives by removing blo—
logical agents , reducing the m ass—emission of all toxic agents through
reuse , and by somewhat limiting the possibility of biological magnifi-
cation in the human food web .

Chemical agents such as gasoline and phenols , however, are ineffectively
• 

- removed by percolation and the fate of heavy . metals when percolated
through soil is not completely known . Based upon preliminary present
knowledge, these agents could filter their way into the groundwater or
into drainage water and as a result, introduce a significant hygienic
risk to the area population .

(c) Amenity.~ In relation to aesthetic chang es, alter—
ationa of crop patterns in certain areas may be detrimental . In Man n
County the dominant visual pa t tern is pasturage for beef and dairy cattle .
Fields of feed crops , which are among the primary crop choices for
potential land disposal cultivation , are only occasionally seen and,
therefo re , a conversion to these crops would greatly alter the area.

• The actual long term benefit - or detriment of these changee would be a
matter of local resident pre ference in addition to economic and other
factors . Unlike the large geometric field patterns in Solano County
which could readily acco odate the large tracts needed for land dis-
posal, existing cultiva tia~ patterns in Sacramento , San Joaquin, Contra
Costa and San Benito Counties are smell and less geometric. Great
alteration of these areas could be a detriment to the existing scale
of agriculture develop~~~t . Also, the humidity increa ses in the yalley
inclosures of the Msnin/Sonoae and Santa Clara /San Benito areas could

— be detrimental to exist ing cliastology values . Other value factors
concerning existing development patterns and prej udices against con-
verting prime valley lands into “vests” treatment areas could be very
importa~t to local residents and considered as a detriment to their
areas .

The bsnefiéial or detrimental impact of the development and construction
of the land disposal alt~~matjv. will be lar gely dependent upon carefu l
site selections and overall, planning and design criteria enforcement
throughout the total design aq~ const~.maction processes-.
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(3) Nat ional Bccnømic ~~wolopmeut ~ mj ectj ve.

(a) Direct th~tput !flCrsasss. Quantified net income in
this report is relatS& to some of the evaluation findings under the
environmental quality objectives. In addition, a quantified approxi-
mation is mad. of the value of reclaimed vastevater.

Prom the evaluation of environmental factors , it is estimated , in gross
* • ter , that the land disposal alternative, by eliminating discharges of

urban -was tevaters to the estuary and by providing favorable health factors ,
would increase the annual net ineo s over the base condition. The esti-
mated increase is as follows:

General Recreation $62,000,000

Sport Fisheries 10,000,000

• Co mrcial Fishing 5,000 000

Total - $77,000,000

(b) Utilize Unemployed and Underemployed Resources.
Menaing evspot ranapi rsti on losses do not exceed 50 percent of the treated
was tevater applied to the land , this alternative prese nts the potential

* 
for r.claiudng approximately 600,000 acre—fee t of vastevater in 1990
and 1.1 million *cr —feet in 2020. In addition there is a potential
agricultural benefit from applying treated vs~tewater to land upon which
crops would be grown -

Wsstsmator and Sludge are applied to six separ ate land areas • Since
most of these areas -are located in proxImity to other existing or pro-
posed water supply SoUrces , a reprssentati* value of the reclaimed
vastev ater would bS.-tn the range of $40 to $50 per scrs..toot. This re—
claimed wcseawat.r would have the character of seconda~y effluent which
has been filtered through a soil colume of approximately 8 feet ,

p~~~’~ -

If ree1ai~~d ~~etevater is convoyed ay from the’ disposal cress ~o mere
distant areas for ~~~~~~ preliminary first costs of co~wo7encs and
regulatory stora ge facilities would be approximately $630 per acre—foot
of capacity . ~ *met this cost is converted to an average annual value, re-
claimed vastevatsr would be competitive with other water supply sources ,

• 
• depending en the deV.e of -any further treatment needed prior to reuse .

Agricul tu ral benefit. of applying treated vastevater to lend could be
• - • used to offset the - ai.rI$e annual charges of this alternative. Approzi-
- :  -  metety 170,000- sore. Of land wOuld be irrigated dun ig the period 1973-

- 
•
~ .1990, aod 

~~~~~~~~~~~~~ 
310,000 14 - after 1,90. The eeolO~ic1l i~~acta of

land disposal of valt$v5ter and sludge, discussed in Ar~~~~~x C , pointed
— to the possibility of creating ~*ISde0Od forests in the disposal areas .

-
• 

• . If reèvood trees were grown and harvested d 20 year inte rvals , the
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average annual benefits over a 100—year period would be approximately $13
million dollar. . If the disposal areas were instead med fo~ irrigated
pasture the average annual benefits would be approximately $6 million
dollar;. Benefits from these two rather diverse uses of the disposal
areas are presented to give a range of the benefits which could be used
to offset the average annual charges of this alternative .

Estimated firs t costs of the Land Disposal Alternative would be $6.5
- 

- 
billion dollars in 1975 to handle projected 1990 waste flows, and an
additional $3.4 billion dollars in 1990 to hand le projec ted 2020 was te
flow.. Total estimated average annual charge. for interest and .sorU—
sation; and for operation , maintenance and replacement would be $699
million dollars over a 100—year economic .iife~, as.’—1ng an interest rate
of 5 1/S percent. The total eati.mated firs t cost of this al ternative
is appro~cinats1y. two time s that of the aasi~~ d base condition.. The total
estimated average annual charge. are approximately 1.9 tines that - of the
bas. condition. More details on cQSts are presented in Tables D-1 and
D—2. -

Other economic factors are qua litative ly asSessed as follows:

1. Although this alternative would involve less use
of valuable shoreline areas - than the ba.e condition, this alternative re-
quires 33~,Q00 acr es of land by 2020 for treatment and disposa l This
amount of land would possibly conflict with existing and prcpossd land
use patte~us which could adversely affect existing uses and/or be detri-
mental to diversified development of the areas. -

• - - 
~
- 

~
• • • ~~. With the exception of the effects of sludge disposal,

the 4us3$taU v. assessment of other economics factors is generally the
. U: Zor . the ocean and estuarin e alternatives. Ass~mimg that sludge

is di*pos*4 on land under the base condition, sludge disposal und er this
alterpa~4ve. is not expected to have, - a greeter adverse economic impact .

- 
~ — t 1 ~ 

- 
-

The above discussion indicates that over the long ter m, the national
economic devalopsent could be in a mere favorable positic~ with the
land 4sposal alternative. -

- 

~ (4) Bealoual Th 1p.at Objective.
- 2 )~! - - • , •  * • -

(a) Increase Regional Income and Employment. The land
• . disposal alt.rn~tj.vs, by eliminating was tevater djsch argss to the estuary

and ocean , would enhance the fisher~jss in both areas. ispe4ta realised
from an increase in co .rcial fisheries would be shared both by the
region and by surrounding areas. I~cr.a.es In water .risst, 4 - recreation
du. to improved water quality would be strictly rm$ional. De$nding
upon the use for reclaimed wat r , benefit, Its. this tan could be shared

~~~~~~~ T ~~~~~~~ ~~~~~~~~~~~~~~~ 
-
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with otber~~iji4l . ‘~~ie total ~~LØIi~~~ of these benefits voUi4 be less ~~
than for th. ô~~~~ altS*aitivea becaUse of the lesser amenet of water 

-

availabiS fer rebSe.~° Increases in sgriáltural production could produce
monetary bemefit• WhLCfr ~ 517 partially Offset the high Colt Of this alter-
native • These benefit~ ~.sbld be related both to the region ad to cur— ~ -
rounding areas . - 

- 
-
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Possible 1 .  S%bAo~ie ~~~~~~~~~~~~ co*ld ~occur with respect to land L L

use patt ~~~~~~ di~~1o~Mut- 51d ipetiai distributiOn. Such effects ~would tBiit Wth~ tO th~ r*~tc~~$ to -surrounding regions. 
- 1 :> •
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- -‘ -‘~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (k~d itions. tinder this ~~ ~~
alter 1’~j~ &~~~t S iz~~mIdtal1 ~~~~ity benefit could be credited to
the~ u$berI~ th~~b~h bii~~~~ of - asmic~pai 

- 
med. industrial di.— ‘

char sl . PdS *tbt. ed~~rse effects In the estuary nay result through ~~~~

locali*Sd ealinit~ tI~~gI. dii. ~tO elisinat - - - ion Of these discharges. -

These net benefits to the hydrosphere could be offset either in whole
or in part by possible adverse changes to land areas. These chan~es
would be limited~tO the ~ ~~ø~~ -~-Ilthe ~~~ -ilosilbie cli tic - 

CliOn i a ‘

could be more extensive . • - - -
J 1 2

~
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- _ _

~_ .’

-
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impio~~~~f d~’iflt~á~~siett$ted with water oriented ti~~t1.ss would ~~~LnCrS$M Additi~~~lBb~~.ft ~i~ in - enpibyisat and inco o~iIi’bs~~W? ~~
ject ed for the land disposal a?e*S, th*ough crop ptOduction . ~ - - :  ~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ tenntt-~fr hygieni c proble , ~~pec~.gUy
from dildali ISCt5t s~ ~- aSd~-’t*ná thà’he1~ a tal and chemica l - c ~~~~~~~~~ ~~in the fileeted wut *’~ Largi ~1I~~ aSS alteratio ni t~~~ d~~ disposal areas
coull g!~eatt~ lii! t fátuto dS$eIdp~~St and spatial dh*~*ibbtion, by re’.-”-
strictiSg 1114 ~~I IlterMUVSs ESSa S4,srse chd~~~~*~u1d be e*pSctsdwith respect to existing agricultural employment. ~-~~j  al ernative could
be detriantil to I*istiO~ ~~~tc~itutil develop~~~ cI~ c~t1i&tiSs*hpi~S
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ulMeftbe from ~~~~~~~~~~~~~~~~~~ ~~ : *~*
could offset some of these potential adverse changsS,~ àithóO*h th. pOeuiW~~
ble increased employment and income from such usage would be lies, than -

4 for the other alternatives . soeiii-iuitt blieg cK.ilges ~ouuI not be
limited to the re~ics% alone, but could produce effects out$ s the region.
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ocean . The coastal fisheries vould be protected and status of estuarine
and freshwater fisheries would be improved , Use of wastevat er which has
received advanced trea tment for flow augmentation would improve the habi-
tat of species important in estuarine food chains and would benefit the
anadr~~~us fishery .

(b) Minimise Eutrophicatjo,~~ If biostiailante are
retained on the land , the threat of increased eutroph ication would be
reduced. The eut rophic- rate of the Delta would be reduced by a higher
level of treatment and by the use of treated wastewate r for flow augasu- .
tation. The discharges could also improve the flushing of the South Bay .The absence of waste discharges into the ocean would reduce the eutr ophic
potential of coastal waters . 

-

(c) Maintain the Inteirity of the Salt Marsh. By reducingpollutants entering the hydrosphere and possibly by enab ling water using
industries to locate away from the perimetry of the estuary, preservation

- - of salt marshes would be aided . Use of treated waatewater to flood SuisunMarsh would protect the exist ing marshland -cov.inity provided land f ii-
tr atica r~movea detri mental toxicspts.

- (d) lehebi litate the Shellfish Fishery. Crabbing in
he Gulf of the Paral lons could be improved by the reduction of toxic

discharges from the estuary . Other coastal crabbing are as would be
protec ted. The rsdue Ø ColLiers level would render estuar ine shellfish
suitable for public cons.~~t ion. Plow aigmentat ion would provide ban.—
ficial freshwnt r flooding of forth bay shellfish bed..

Ce) Preserve Marine Co~~~inities. The pollutant str ess
on the Su3.f of Paralloss would be relieved, which would be expected toI~~rovo- iu biott~ co~~~~itiss. Other coastal areas would be preserved.

-
- (1) Di,srsLt in Laud Use. A vetlands bios. will

be crested in - the- - 
- 

- - - areas at the expense of the existing
biotic cov.znities, Land disposal of sludge from the advanced ttuatmentplant s would limit land use diversity.

($) Prsser,e or C~sate Is our ces. Sludge deposi tsand treatme nt - fanatti.. woUd medt?y v.an.tcs. • ~~claiaed was tewaterwould be utilized to psessrvs or create land resources. Sludgi could be
used a. a soil Cosdtti~~~r.

- - - - (b) Pess.rnve gm h’~in Ousi4e~ it ~~uua4 and Surfacs
!41~~!. SlUdge deposits would asset.. ..J d outface waters. - - The• if~~~~ of the - land trssemeae pwooess en gemmed water. meal, further study.

(i) Prevent Adverse Cl4j~tic ~ d M msshq4c Kffsç.~~ Thisalternative could result in bi~ i.r bs.idity d increased fog In the landdisposal are .
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(j ) Minimise Disease Vectors. In the land disposal
areas, th. habitat for pest and disease carrying organisme would be
s.b.~ ’csd. The potential contaain*tion of domestic and wild animal.
needs further study .

(k) Minimise Space and Land Reguire a~s. The com-
bination alternative would involve an area of 172 ,000 acres by 2020
for land disposal of wastevater and sludge. Depending on whethe r
these disposal areas can have maltiple use, this alternat ive say com-
pete with urban, agricultural and recreational demand, for use of the
land area. It should be noted that this alteraative requires for
fewer acres of land for disposal than the land disposal alte rnative .

(1) Reduce Pro jected Waste Load Djsckarasd to the
Revironesat. Pollutants discharged to the hydrosphere would be greatly
~~~~ T Yh. capability of land to remove specifit. pollut ants needs
further evaluation . The land filtered waetewater viii be high in TDS.

(.) Utilize ~~stewatsr ai a Resource. Assneing market-
- - able crop. c be grown in the disposal area and that th. capability of ~lwd to Ts~~ve certain pollutants can be substanti ated , this alternative

provides a high potential for reuse of vastewater. However 50 percent
of the treated vsstevater applied to land would be lost to evapotran—
spir ation.

(~) ~tr’4m1-is Myers. Effects of $ipa~cmeulative
!~~~~~~~~.~~~~~~~~k• Th. discharge of persistent pesticide, and tozicants to
the estuarins and ocean en,ir~s.~ipts would be riduced. Biological
gnification of toxtcants by land species needs further evaluation.

- C.) Protect kzs- mud ‘fd ’asred bide. and ~b ” ~ties.
Th. threat to ra t, and .ndsiigaxs4 aquatic specie, would be reduced. If
not ramavad In the land trsat nt process, toxic components, including
persistent peaticl4s.-, would threaten the rar e and. endangered species
of Sulnes $srsb. The effect on rare and endangered t rreaterial specie.
need, further eveluatics .

(2) Social Well-Isin~ ~~J .ctire .
- - - -

- (a) Ix.. ~&abj lity . lealuatian of the stuartss
disposal . aid the lewd dL.p.a d portion. of the Cp~~1natia ~ Disposal
Alternative 1. essential ly the s a. the Estuarmns d L~~~ Dis-
posal Alternatives, respectively. Estuaries disposal of urbat waste—
wats . iron Sub- rem. A end C uhan~d- h ip  to relieve pollution prob lame

d bandit overall water-related *ctLvit&ea. Possible losg-tsrm
pollution ac~~~~~at4 ’iw- in. -the estuary, which ader the bsss- cenditto.
could negate thes. benefits , would be reduced.

- - - -
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Land disposal of urban vastevate rs f roe Sub—areas B and D would
benefit wate r—oriented co rcial and recreation activi ties by
eliminatin g discharge of urban wastevaters to the estuary and by

king use of was tmte r and residn.ls as a resource • However ,
the large land areas required by 2020 (172,000 acres) for land
disposal of wast evater and sludge (fro. land and advance d treat-
ment pro cesses) would restrict Opportunitie s f or diversified de—
vslopment. in the disposal areas , especially existing agri culture

— 
and its associated employment and tnco considerations . Although
atch of the land areas could remain in agricultural produ ction ,
the alterations of crop pattern , and the possible shifts In employ-
ment opportunitie s could be detrimental to the existing area markets .
Purther detailed studie s would be needed to ascert ain these relati on-
ships .

(b) Public Health. Thi, alternative contribu tes
to the pub lic health objectives by lowerin g the mass-emission of
toxic agent . and reducing the possibility of biological magnifica-
tion in the human food web. However , the estuar ies porti on of this
alternative doei introduce some hygienic risk in that larger ~~~unts
of more concentrated pollutants in the form of a sludge slurry from
the advanced treatment process would be trensported and applied to
lands in eastern Contra Costa and wester n San Joa quin Counties.

The lend disposal portion introduces significant hygienic risk in
that th. capability and effectiveness of the soil coluat in removing
phen ols and beavy uSta ls is not completely known . A possibility
exists that these agent. could per colate into the ground water where
they would be collected by the under drain system for reuse .

(c) ~~ nfty . In relation to aesthetic changes,
alternations of crop pattern, in certain areas say be detrimental.

- - In Man n County the dominant visual patte rn is pasturage for b ef
end dairy catti. • Itelds of feed crops , which are among the primary
crop ~h.i,,. for potential land disposal cultivation , are only
occasionally seen and , therefore , a change to these crops would
greatly alter the area. Thö aCtual long tsr. benefit or detriment
of these chang es would be a matte r of local residsat preference in

- addition to -economic and other factors. Unlike the large ge~~~tttcfield patter ns in Solano Coonty which ceuld readily aceomeodate the
lar ge tracts needed f or land disposal of vastewate r and sludge , exist-
ing cultivation patterns in Slcrameflto, San $oaqili , a*d Contra Costa
Counties are small and laos geometric. Alteration of these areas
could be a detriment to the ezipting “scale of agriculture development .”
Also the bwoidff~ -incr.aou s in the valley inclosunes of the )tanin/

• Scn~~~ :arsa - con - i~ hi detniis*til to the existing climsto loV values .
Othet value factors cøeeernin$ eri.ting development pattern, and prk-
judidis Sgainst cO.vSrting pnian- 1*11.1 - lands into - ‘went.” tr sat ut
area. Could -be ,er, I~~ortMt t~ lOcal reiidmkts and cansidered as a
detridióf to - thsit ateao. - - - - - - - 
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(3) N~tional Eçop~m~c e~lropUsnt ~bi~c~ive.

(a) Direct O~~put Increases. Quantified net Income
in this report is related to same of the evaluation findings under the
environmental quality objectives. In addition , a quantifi ed approx ima-
tion Is made of the value of recl.( d  vastevatsr.

From the evaluation of environmental factors , it is estimated , in gross
terms, that the combination disposal alternative , by eliminating dis-
charges of urban wastewaters to the estuary from Sub—areas B and D, by
reducing pollutant loads discharged to the estua ry from Sub—areas A and
C, and by providing favorable health factors , would increase the annual
net income over the base condition . The estimated increase is as
follows:

General Recreation $62 ,(~00,00O
Sport Fisheries 10,000,000
Co rcial Fishing 5,000,000

TOTAL $77,000,000

(b) Utilize Uneanlqyed end Und re~~iloyed Resources.
Assuming erspotranspiration losses do not exceed 36 percent of that
portion of the total wastef lows app lied to the land , this alternative
presents the potential, for reclaiming app roximately 1.0 million acr e—
feet of wastevater in 1990 and 1.8 million acre—feet in 2020. In addi-
tion , there is a potential agricultural benefit from applying tre ated
wastsvater to land upon which crops would be grown.

Under the land portion of this alternative , vastevater and sludge are
applied to five separate land areas • Since most - of these areas are
located in proximity to other existing or proposed water supply sources ,
a representative val ue of the reclaimed was tewatsr would be in the range

• of $40 - to $50 pe~ acre—foot . This reclaimed wastevater has the character
of secondary effluent which ham bseu filtered through a soil coluan of
approximately 8 feet . -

Under the sstuari~e portion two .f - the., three advanced treatm ent plants
- are located near the coast. A representative vs1ue of reclaimed waste-
water from the two coastal plants would be about - $90 per acre—toot • A
rep~esentativs value of recla imed wastevater from the inland treatment
plant would b. in the range of $40 — $50 per acre-foot , since it is
located - closer to other potential water supply sources .

If reclaimed wastivater from both the advanced trsatseat - plants and
the la*d - i~ conveyed away from the tntatmant and disposal areas
to more distant areas for reuse, preli~~nary first costa of conveyance

d regulatory storage fsciUt~es vo4d be approximately $1,200 per
acre—foot of capa ity . 1~ ea thI~s cost is ca~vert.4 ço an avsrpge
annual value, reclaimed wastevatsr would be margia4ly compstit~vs
with other water supply sources
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Agr icultural benefits of app lying treated wastevats r to land could
be used to offset the average annual charg es of th. land portion of
this alternative. Approximately 55,000 acres of land would be irri-
gated during the period 1975—1990, and up to 120,000 acres after
1990. The ecological impacts of land disposal of Wast evater and
sludge, discussed in Appendix C , pointed to the possibility of creating
redwood forests in the disposal areas . If redwood trees were grown and
harvested at 20 year intervals, th. avera ge annual benefits over a
100—year period would be approximately $4.6 million dollars . If the
disposal areas were instead used for irrigated pasture the ave rage
annual benefit s would be approximately $2.2 million dollars . Benefits
from these two rather diverse uses of the disposal areas are presented
to give a range of the benefits which could be used to offset the
average annual charg es of thi s alternative .

Estimated first costs of the Combination Disposal Alternative would
be $4.2 billion dollars in 1975 to handle projected 1990 wasteflows,
and an additional $2.6 billIon dollars in 1990 to handle projected
2020 vasteflo ws. Total estimated averag e annual charg es for interest
and amorti zation ; and for operation , maintenance and replace ment would
be $464 million dollars over ~~ P 100—year economic life, assuming an
interest rate of 5—1/S percent • The total estimated first cost of
this alternative is approximate ly 1.3 times that Of the assumed base
condition. The total estimated average annual charg es are approxi-
mately 1.3 t imes that of the base condition . More details on costs
~~e presented -in Tab les D—l and D-2. -

Subject to detailed investigation , other economic factors are qua lita—
tively assessed as follows:

1. Although this alternative would involve less
use of valuable shàrelinS areas than the bas e condition , this alter—
native requires 130,000 acres of land by 2020 for treatment and dis—
posal. This (mount of land would possibly conflict with existing and
propose d lend use patterns which would adversely affect existing uses
ad/or be detrimental to diversified development of the area s .

- - 2. Sludge disposal , concentrated in five areas
for this alternative , when compared to sludge disposal in several
scattered areas under the base condition could have greater adverse
economic impact .

~~. The qualitative assessment of other economic
factors is generally the ama as for the ocean and estuarins alter—

• natives.

The above dlseussion 
- 
indicat*s that over the long term , the national

economic development øould be in a more fevor~~1e position with the
co~~ination disposal al tern at ive~ ~~~ 
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(4) Isaioi~a1 ~~velopaent Objective.

(a) Increase Raiio~a1 Income and Eaplo~ment. Regional
dsw1~~.~~..t changes pertaining to this alternative would be a synthesis
of those chang e. resulti ng from the land disposal alternative and the
estuarine disposal alternative.

With respect to economic consideration s, the region would benefit from
increased employment and income related to co ercial fisheries , water
oriented recreation activities , agricultural production , salinity re-
pulsion and reuse of vastewaters • AU of these benefits would be limited
to the region with the exception of fisheries and reuse of vastewaters .
Economic increases could be expected outside of the region from these
two aspects , although the magnitude is unknown.

So.s adverse economic consequences related to land use patterns could
be expected although the extent of this change would not be as great
as for the land disposal alterna tive.

(b) Hohapee Hovirosmental Conditions • In regard to
environmental quality, t~ie hydrosphere would benefit from the ch ain-
tion of maj or vastewater discharges. Resulting chan ges on land areas
would be similar to the changes occurring f rom the land disposal alter-
native, althou gh they would not be as extensive.

(c) Eshance Social Wel~~3eina Co~ditio~a • Pocial well-
being chang es would be a combina tion of the effect. resulting from
both the sstuarine and the land disposal alter natives • The greatest
chan ges would be associated with those areas where land disposal would
be practiced , since land disposal has a relat ively high social well-
being impact. Hygienic problems and future development and spatial
distributions would be the areas of greatest concern.

The changes resulting from this alternative would be largely restricted
to the region, whereas the land disposal alternative would produce
more extensive changes, since part of one land disposal area is outside
the region. Po s ible , changes outside the region would be relate d to

- climatic changes nd reuse of vastswaters. However, these changes would
be of a lesser magnitude than for the land or estuarios alternatives.

D-3. DISIGH A$D COST DATA

a. ~~~is fo! Uxst Cost of ~ ~~~~ -~~tt ,.

(1) Pipeline and 0utfgJ ~l. 
I - - - 

-

(a) Pipeline costs wax. based on using precast con-
cret pipe. Th( in—plaCed,- costs wer e obta ined from cost curves de-
veloped by Esisar Regine.rs for a Pinal Report to the Stat. of Califo rn ia
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titl ed “San Francisco Say—Delta Water Quality Control Program” dated
March 1969 and updated using the ENR Index.

(b) Outfall costs vera developed using a combination
of Cost curves develope d by Eaiser Engineers for diffuse r structures ,

— onshore and underwater pipelines.

(2) Pump station costs were based on curves developed
for total installed horsepower of pumping plant as developed by

- Esiser Engineers and upd ated as stated in la above.

(3) Sewage Treatment Facilities . Sewage Treat ment Plant
costs were based on Flow and Solid. Content cost curves as developed
by Eaiser Engineers in the above referenced rep ort , updated as appro-
print..

(4) Land Disposal Facilities . Costs were developed on
a per/acre basis from a material and quantity breakdown and a pre—

— li~tnary installation costs •

(5) Recreation and Environmental Development costs were
tak en as follows :

(a) Conveyance Facilities — $20 ,000 per mile of
route for yesx 1990 which includes cost for landscaping, aAministra tion
facilities and $10,000 per mile of route for the 2020 expansio n ;

(b) Sewage Treatment — 3 percent of the first cost;

(c) Sewage Lift Stations — 3 percent of the firs t
costs ;

Cd) $24,000 per square mile for Land Disposal Facil-
ities;

Ce) $30,000 per square mile for sludge disposal
areas

(6) All costs are bassd on current price level — Jim. 1971.

b .- Basis for Ri ahts-of-Wsy ~nd Land Costs. Rights-of -way and
land coSts were estimated on a fee basis for land surface only. so

• impr~,.msuts were valued, nor any severance damages considered . 
—

Justification for this simplification is as follows: Pipelines are
• such that they can be routed to avoid intensive d.veloç.sat ; disposal

are which are acceptable contain sufficient excess acreage such that
intensive devslc,..._t can be gveided.
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Laud and rights—of -way were assumed purchased in the firs t phase for
both phases of the project . Cost. are based on curren t price levels

were co.piled by the Sacramento District .

c. !tora ~~ Reservoirs.

(1) The following procedure was followed in developing
estimates for regulation stora ge reservoirs for alternatives involving

• reuse.

(a) Storag e requirements were determined.

(b) At a typical site, 4 diked ponds capable of
holding the required storage at a depth of 50 feet with 5 feet of
freeboard were assumed.

(c) The cost per acre—foot of storag e was then
determined based on dike quantities and appurten ances .

Cd) This cost was used at all remainin g sites and ,
further , applie d to all plans .’

(2) A search for “natural” reservoir sites should be
made at survey stag. and th. decision to use either “natural” or
“diked ” reservoi rs mad. on the basis of more complete investiga-
tions carried out at that time. However, for preliminary and
comparative estimating purposes , it is felt that the procedure
described above i. reasonable for the following reasons :

(a) Based on a limited investigation, evapora-
tive losses for the reservoir size rang e tmder study would be -
roughly the same for either type. Ths average depth of reser-
voirs which have been constructed in similar terrain is approxi.-
mately 50 feet . The loss , then, dus to evaporation using either
the ar tificial (dikad) reservoir. or the “natural” reservoirs
would be approximately 4 acre—fee t per acre of surface per year .
~~dsr the land disposal alternative thi s is a loss of 20 percent

- of potentially reusable water. Thought should be given at survey
stage to an evapo—r etardant film if losses become too great ,

(b) It is probabl, that “natural” sites could be
foond in the siss range necessary (20,000 to 50,000 acre—feet)
for the various alternativ es, althou gh the selection shoul d in-
volve detailed costs for environmental mitigat ion and site- by-site
im,ssti$stiom of geologic conditions.

Cc) Sued on an investigation of firs t costs for
a t=~.r of reservoirs in this siz, rang e, it would appear that
there may be s~~~ advantage in using “natural” type storage . How-
ever, the choice should involve nors detailed anal yses including

- 
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firs t costs for conveyance, operation costs for conveyance , and
possible use of pumped storag e power to pa rtially offset the high-
er operating expenses . It is probable tha t operation costs during
the life of the project would be the deciding economic factor.

Cd) Flood Contro l in Land Disposal Areas.

Flood contro l in the land disposal ar eas is of
very great importance due both to possible contamination of surface
waters by overland flow from disposal are as and from flooding by
major streams which run through the disposal areas ..

(1) With resp ect to overland flow, the type
of soil which will be necessa ry for the Land disposal method should
be reflected in reduced or, possibly, eliminate d surf ace runoff.
As a part of distribution and collection system costs , an allow-
ance was made for contour checks and minor grading .

(2) With resp ect to flooding caused by the
upstream vatersheds , it should be possible to locate all reser-
voirs and disposal sites on ground above the flood elevation.
lSiere this is not possible , the reservoirs themselves nay be
utilized as levees for flood protection with the possible addi-
tion of riprap to the stre am side of the dike.. Some other
minor channel improvements may be required.

(3) A more intensive study of the entire
probl em is necessary at survey stags , but it is roughly estima-
ted that the following is representative of the amount of money
which would be devoted to flood control under the four alterna-
tives .

1990 2020 EXPANSION

Ocean 10,000,000 10,000,000

Estuarine 10,000,000 10,000,000

Laud 20,000,000 20 ,000,000

C~~~inati on 12,000,000 12,000,000

• Mien compared with the totals of the altsrn atives , the mag-
nitude of the flood control costs are such that , within the pre-
cision of the estimates , they y be regarded as subsidiary items

• already covered by the previously pr.san ted estimates .
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- D-4. DERIVATION OF AVERAGE ANNUAL B~ IEFITS

a. General. For purpo 5es of preliminary ana~ysis eachplan contains an evaluation of certain quantifiable benefits for
which physical and economic data are presently available . Tangi-
ble water use benefits were group ed into three categories : rec—
reation, co ercial fishing and wastevater reuse. No benef its
were estimated for changes induced on the land by any of the
alternatives. Benefits which were estimated are preliminary and
are intende d to indicate an order of magnitude for each category .

b. Recreation Water Uses. Recreation benefits wer e derived
using annual incremental participation days from 1975 to 2075 for
the following activities : sightseeing, swi lng, picnicking ,
boating, nature walks , camping and water skiing . Participation day
estimates for these recreation activities in the study were initi-
ally made by the U.S. Corps of Fngineers, San Francisco District ,
in 1965. Dollar benefits of $.90 to $2.50 per particip ation day for
the various activitie s were held constant over the study period .
Applying these dollar values to the projected recreation days re—
sultad in the gross annual incremental benefits shown below in
thousands of dollars :

1975 1985 1995 2005 2015 2025

$32 ,000 $46 ,000 $60 000 $84,000 $98 000 $123 ,000

These benefits are ‘gross” in that they do not reflect the costs of
facilities that would be required for some of the activities to
take place (e.g., boating).

The ben. fits by decade shown above were then changed to an average
annual equivalent for values given by decades • Thus, for the rec-
reation activities diicussed above, average annual benefits through
2025 amount to $62,000,000.

The above annual benefits do not include sport fishing and cla ing,
two important Jay —Dslca water uses. It is estimated that if Bay—Delta
waters were improved by a comprehensive wastawater plan with at least
secondary treatment, there would be an increase of 200,000 angler days
per year for clam diping. Using methods from the Delaware Estuary
Comprehensive Study ~/ -a monetary v*lue can be estimated for activi ty
days as follows :

Maximum — 252 of usage 8 $5 .00 per day

Minimum — 252 of usage I $3.00 per day

~ / 
“Delaware Estuary Comprehensive Study ,” Federal Water Pollution
Control Administration ,” July 1966 , pp. . 76—77.
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A range of benefits i. computed to be from $150,000 to $250,000.
The average of these two figures is $200,000 which was used to
estimate clam digging recreation benefits on an average annual
basis .

In 1958, Dr. Max Katz , fisheries bioligist for the U.S. Public
Health Service, estimated annual expenditures for sport fisheries
tn San Francisco Bay to be in excess of $32 million annually. 1,

With proper control of wastes , it was estimated that this could
increase to $37 million per year.

This annual one—sixt h increase in expenditures was multiplied by
estimates of sports fishing participation days . An average annual
equivalent value of $10.4 million was derived from these estimates.
Gross annual incremental benefits -for 1975—1025 are shown below in
thousands of dollars. -

1975 1985 1995 2005 2015 2025

$8,000 $9,000 $11,000 $13,000 $14,000 $16,000

These estimates include only recreational benefits of cleaner water
in the Bay and Delta. No benefits were estimated for recreational
use of reservoirs or ponding areas which would be developed with
each plan. Such recreational uses could be substantial, especially
in relation to the Land Disposal and Combination alterna tives , inas—
anch as facilities would be located near populous areas . Recreation-
al use of alternative facilities would have to be evaluated in the
survey scope investigation.

c. Comsercial Fishiflg. Benefits to Bay—Delta comsercial
fishermen from improved Bay—Delta water quality would accrue from
an enhancement of various species of fish life . Oysters , crabs and
bay shri mp would all benefit from improved water quality, and the se
would in turn benefit comsercial fishermen . Many of these benefits
are conting ent upon physical changes which require investigation.
)k~reover, the time element for improvements is at present unclear.
To rejuvenate certain, species could take as long as a decad e .

1/ Max Katz , “The Fishery Resource s ,” in Erman A. Pearson , “Reduced
Area Investigation of San Francisco Bay ,” (State Water Pollution
Control Board), Pg. 188 .
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Quantifiable benefits have been estimated in detail for Ray—Delta
oysters and these values were used in the benefit analysis. The
California Stat e Department of Fish and Game estimates that Bay—Delta
co~~~rcial fishe rmen would reap averag e annual benefits of about
$2 million soon afte r water quality is i~~rovsd. ~~~/ 

This may be a very
conservative estimate. 

~/

d. Water Pause Benefits. Benefits are assumed to accrue
fro. reuse of vastewater for irrigation and f or municipal and indus—
trial supplemental water supply, primarily industrial cooling.
Average annual benefits are estimate d on the basis of assuming a
v~iue of $30 — $50 per acre foot of wastewate r reused , before a
cost of conveyance is added.

a. Proposed Investigation.. In the survey scope of the in-
vestigation more detaile d economic analyses are required. Studies
to be conducted are shown in Figure fl—i . The required research falls
into four categories.

(1) The economics of recycling has not been studied cx—
t.nsively to date . If wate r is to be recycled throughout the San
Francisco lay—Delta aconomy, a study is required of how water is
priced for the first consumptive use.

Related to this is th. problem of financing the alternative pro—
posed sewage treatment works. How are cotta to be allocated among
purposes? Can any by—products of th . treatment process be sold in
order to defray costs?

(2) Regional vs. national. economic growth is the second
topic which require. additional study . The relationship between waste—
water ~~~ags nt and growth patterns requires investigation. M ad-
ditional conceptual problem in the analysis of alte rn ative disposal
systame concerns the relationship between economic imp~~ and social
well-being impact. The desirability of the San Francisco lay—Delta
region as a place to live ha. many economic repercussions. tMre the
social well—being aspect. of life in the area to be seriously i.-
periled, the economic impact. would soon be felt . Inte rrelation-
ship . between social well-be ing and economic effects should be ju-L vsstigated.

L:~J

J J R .  ti~~~r, “A Review of Fish and Wildlife Resources of San
Francisco Bay Area,” June 1962, Water Projects Branch Report ,
California Department of Fish and Cams , pp. 103—103 .

3? Int~rview with Dr. Harold Orcutt, California Department of Fish
mad Game, Niulo Park, California , July 19, 1971.
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(3) A “marketing” study for sewage effluents describe s the
third topic which requires additional analysis . Conventional markets
do not exist for many waste products and by—products. Can new markets
be developed for treated vastevaters , treated effluents , sludge and re-
claimed inerals? How and where can they be used in the regional eco—
many? Can treated effluent be used for industrial purpose.? Economi—
cally, how important is groundwater recharge?

(4) The optimum scale_of the proposed facilities must also
be .~~~4ned. Presently over 160 municipal and 70 industrial plate treatj sewage generated in the Bay and Delta area. Altern atively , disposal
plans considered herein envision regional systems. Sizing the alter-
native disposal systems requires analysis of such factors as long range
land development patterns in the sub—areas; first costs; operation,
maintenance and replacement costs .

Each alternative developed in this feasibility study ha. certain advan—
tages and disadvantages . The preferred alternative is probably some
combination. In part , that answer can be determined by simulating
various size combinations of plant and collector systems and varying
practice, of effluent disposal , and selecting that varian t which
approaches an optimal condition .

• D—5. ESTIMATED INVESThENTS

Previous para graph. have indicated the re sults of prelimina ry
first cost estimates and related average annual coat estimates for
the base condition and selected regional disposal alte rnatives.

fl Tab les fl—i and D—2 su ari se the results of these estimates .

First costs reflect 1971 price levels. Average annual coats reflect:
a 100—year economic life ; annual interest rate of 5 1/8 percent; con-
struction for 1990 waste loads in the first year (1975); and , con—
struction of additional increments in the 15th year (1990) to meet
2020 waste loads. Replacement analyse. depends cm the type of mater—
ial or equipment involved assuming normal maintenance and operation .

All first cost estimates assima f or purpose. of computation that
vastewater treatment facilities f or the regi on c into existence
in the first year . Existing facilities and those planned in the near
future are not given credit toward meeting future needs because the
degree of potential integratio n of these facilities into the different
systems analysed is beyond the scope of thi s investigation . Evaluation
of the cost data presented hers should be limited to comparisons of the
gaituds or sensitivity of the estimates because of the preliminary

nature of the analysis end because substantial favorable feature modi-
fication could result from more detailed investigation.

—I
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It appears that an sipsuditure of three to f ive billion dollars will
be required for municipal and industrial wastewater management in the
Bay and Delta reg ion to correct present deficiencies , provide for
increased preservation an enhancement of the environment , and accom-
modate the present population plus a projected additional three and
one—half million residents by 1990. These expenditures are exclusive
of the sewerage collection systems from individual users to logical

• connection points with interceptors or treat ment plants, and also ox—

~ 4 elusive of “sourc e control” asures for industries. Average annual
costs are about 490 million dollars par year over a 100—year economi c
life .

A review of maj or interceptor costs indicates that ocean disposal
concepts are not suited to the eastern portion of study area. Similarly,
the combination of interceptor costs and treatmen t costs for land die—

• posal , involving larg e blocks of highly value d land , indicates that
the most likely areas where the land alternative would be considered as
desirabl e would be the northern and eas tern portion of the study area.
The estuarin e alternative shows favorable aspects , eithe r alone or in
combination with other alternatives . All of these considerations are
pertinent if enviro nmental , social veil—being and public health acco.—
plishments are to be held essentially equal .

D-6 • RICLAIMED WATER INVKSTMENTS

Svaluat ions in previous portion s of this chapter have indicated
costs associated with reclaimed water. Tables 0—1 and 0—2 do not
include the costs of facilities required to develop reuse potential
for treated vastevater. These facilities includ. the conveyance 

•syste needed to move the treated water to reuse locations and the - -

regulating reservoirs needed for system efficiency-. Regulating
reservoirs provide te~~sorary storage of treated water to cope with
seasonal tmbalmscs between generation of treated water and reuse
4e~~~d • To provids for eting any of th. potential demands , the
capacity of regulat ing reservoirs associated with the chsmicai/bio—
logical advanced treat ment facilities used in ocean or estuarine
disposal alternatives would be controlled by seasonal demand factor.

- for agricultural reuse; capacity of rese rvoirs associated with the
land disposal alte rnative would be controll.d by demand factors for
municipal and industrial reuse. Costs of developing these facilities
are not included because they depend on specific ds~~~ds and locations
for recla i d wate r; more detai led study would be ns.dsd to identif y
these factors.

A recent St.t e of Càlit.nda publication, Department of Water Resources
• Bulletin 50, -160,70, indicated La gress te rma sud g.msral locations

the expected future water deemed. of the stats to year 2020, Based
on thu inlorastie.-, preliminary satiastes of cbs firs t costs of
major trw por t and regulations faci lities for reuse were prepared.
Results sen pr~~snud in the following tabulations - - - ~,

-~ *~1 ~~ ‘ ~- 
-
~ ~~~~~~~
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FIRST COST
___________ 

($1 ,000 per Acre—Foot of Capaci ty)

OCEAN DISPOSAL - $1,000

ESTUAJINE DISPO SAL 1,300

LAND DISPOSAL • 650

CONBISED DISPOSAL 1,200

A sensitivity analysis of these costs indicated that the land disposal
alternative should be considseed in any further investigation of re-
gional systems when reuse of treated wantewater is an objective.

D-7. POTUTIAL SYST~ ( MDDIFICATIONS

During the latter port ion of the investigations associated with
this report , it became apparent that two major modifications to the fea-
tures of selected altern atives should be considered in the evaluation ,
First , etho s the base condition assumed secondary level treatment
with discharg e into the estuary , and the ocean aquatic environ ment
is dif ferent than the estuar ine , the ocean disposal alternative was
reevaluated for sensitivity to seconda ry level tre at nt instead of
advanced treatment . Although estimated average annual costs for a
region al system with secondary treatment facilities to handle 2020
projected waste flows would be lover by approximately $55 million ,
the conclusion of the evaluatio n was that advanced treatment best
represents a viable ocean disposal concept • The reasons are that
secondary tre at nt s

a. Would not reduce the buildup of persistent toxicants in
the marine suviron at ,

b • Could increase the potential for eutrophication in the
coastal sone ,

0. Would not reduce the projected vest, loads discharg ed
to ths hydreepher. over that of the base condition , and

d. Would not provide a sigutfiemat potential for reuse of
treated wutevat.r.

Soccod, ths .ss~~~d rate of application of sludge on land disposal
areas appears to be low based on recent information. Careful re-
view of this matter tbrou further investigation could confirm
indications thót the eate it of rMui,ed land areas would b. about
50 percent less than those used ta this report. A br ief im,esti-
atiab of the tapece of such $ 4svel~~~.... ..t on tha selected region-

al alternatives and the bee. candle ion indicates that the coapars-
tiv. analysis of investments shown in the report re~~t~s :asntially
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unaffected. Sludge loads from the base condition (secondary treat-
ment) would be less than from the selective regional alternatives
(advanced treatment) but equal disposa l areas are assumed for all
systems . The impact of this feature on investment s varies with
the selected alternative ; i.e , eliminating the investment differ-
ential between the base condition and estuarine disposal , increasing
the differential with ocean disposal by about 20 percent and increas-
ing differentials with other region al alte rnatives about ten percent .
The main conclusion with regard to sludge disposal i~ that a controlled
and monitored physical solution to the disposal prob lem is an expensive
item, but it appears warranted f or snviroimesntal and public health
reasons . Also, the magnitude of the public investment required for
any alternative indicates that considsration of regional solutions
rather than incremental solutions is warr anted.

D-8. INSTITUTIONAL ASPECTS

The selected regional alternatives and the assumed bass
condition considered in this- report present different potential -

problems in the matter of institutional arrange ments. 
- 

Those
institutional matters pert inent to the evaluation procedure are
discussed in following paragraphs.

a. Incremental Approach.

Current Federal, State and local institutional struc—
turns for vastewater management would permit incremental devel—
op~..nt of facilities to reach the assumed base condition; essen-
tially a continuation into the future of ongoing programs • If
local interests are not to be required to assume the entire in—
vestment in the future , then some form of current Federal and
State funding progr~~~ for cost sharing will have to be extended.
Consolidation into larger units of less that fully regional ex-
tent can be accomplished by Joint Powers Agreements among local
overn.snts , To date, the critical aspect of implementation of
a satisfactory incremental development ha., on several occasions,
required the State to issue ‘cease and desist” orders against in—

- duetries or local governments • In s~~~ cease, such orders includ-
ed stopping of further connections to existing maticipal systems .
Usually the.. court orders are withdrawn upon firm establish ment
of planning, design and construction schedules extending over a
two or three year period. Some industries faced with a similar
situation have ceased operations in the study area , usually if
local operations are of marginal efficiency aid excess production
capacity ii available at other locations in the nation. Undef in—
ed social well-being problems are cited by co mities facing
either of these situations. The State has recognised and is ap-
proaching through regulation the observed problems of education,
training sad experience associated with responsibilities for
operation and maintenance of was tevater systems .
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b. Ps&Lonal 4pproach.

Existing Federal authorities would be applicable to
regional wastewa ter systems , h~~ever , as more information is de-
veloped some modifications to the authoritie s might be appr opriate.
Subjects that might require further consideration are the national
interest , Federal areas of particip ation and the Federal author —
ties that should b. associate d with different beneficial uses of
reclaimed water. The State , acting alone , would be faced with the
s problems. However , in pro grw involving Federal partici pa-
tion , the State would have additional proble ms of coordinating
local participation . - Future Federal , State and local funding
programs would have to be conside red. An optimized region al
app roach might also require participa tion of an area not directly
incurring primary benefits. A strong State participation in- all
aspects of a regional system should reduce or eliminate the
occasions when State and local agencies find it necessary to
resort to the courts for resolution of divergent views. Oppor-
tunities to resolve problems with induatries should be enhanced
aid adverse social well—being impacts, therefore, reduced • Assur-
ing qualified and trained personnel to operat. and maintain a
regional vastewate r system should present no problem. The public
would have maximu, advance awareness of their future program and
investments In vastewater management reflecting staged construction
when appropriate. This would assist participating local governmen-
tal agencies in formulating actions toward their overall responsi-
bilities.

c. Public Investment.

lecause of the numerous priority problems facing comaim—
ities, premature abandonment of existing public investments in
wastevater management most be avoided. Isgional management plans
must critically consider this matter. Sscauee of rapidly changing
envirou...eutal objectives, it appears that a regional approach to
vastewater management provides mezia opportunities to avoid prs-

ture abatdou.snt of the facilities f or which long term co itt nts
of public investment have been made.
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