
/ *o— *~’s3 693 CORPS OF ENGINEERS SAN FRANCISCO CALIF SAN FRANCISCO—ftc F/S 13/p

UNCLASS IFIED 

ALT ERNATIVES FOR WAST EWATER MANAGEMENT FOR TH(——ETC( u)

___ ___
U 

wf _N

‘ A U  
_ _ _  

_[!.!fl !
_ _ _  

_
nnuu t _ ____

_
_ _U



A ...

1.0

I . I
= 8

~I25  
~~ ~6



— 

~ 
)

SAN F R A N C I S C O  BAY
AND

S A C R A M E N T O - S A N  J O A Q U I N  DELTA ) ’)
WA TER Q U A L I T Y  A N D  WASTE DISP  L

I N V E S T I G A T I O N

SUM ARY REPORT 10N

LAND t~~AT1ON
ALTERNA ~tj~V~~ FOR

WASTEWATER (~M*1~M~EMENT

INTERIM REPORT

~JIiu1I1.~~~iI1uiI~,

U S ARMY ENG INEER DISTRICT , SAN FR NCISCO

•r ~: CORPS OF ENGINEERS” c~j~D 0 C
fln flr .-~

SAN FRAN CIS CO , CALIF O RNIA ILB 
~~~~~

• 

~ 1 ~~~~~~~~~~ 

L .  97

_ _ _ _ _  

A MARCH 1975 
~ U~~~~u~u i~LL~JAppr~v~~ 

f i r  ~~~~~ Uc u ’~~ e;
k 

~~~ I



r
SPDPD-U [Mar 75] 1st m d
SUBJ ECT : Interim Report - San Francisco Bay and Sacramento-San Joaqui n

Del ta, Water Quality and Waste Disposal Investigation -

Land Application Alternatives for Wastewater Management

DA , South Pacific Divis ion, Corps of Engineers, 630 Sansome Street,
Room 1216 , San Francisco , California 94111 17 July 1975

TO: HQDA (DAEN-CWP- W) WASH DC 20314

I concur in the conclusions and recommendations of the District Eng ineer.

C J 2 ~~~~
4

~• RICHARD M. CONNELL
Brigadier General , U. S. Army
Division Eng ineer

D D C

C ~
UUb L~D L b  U LiLJ

/
N T t S  V ~
ODC P~ ~rt~~on 

~~o
JUST h R

BY
D~SrRlt3lii 1’~ ~~ .~DI[IIY CODES

i SPICIAI

ORIGINA L CONTA N~ 
(‘
~‘L~~’. T~~’• 

~~
‘ L DDC

REPRODUCTI0N~ ~d~LL ~ ~~~~~~~~~~~~ A~~) WHI T E

nIBUTION ST. ~~
. 

~~~~ A

Approv.d for pub ltc relea3s:
Distribution Unl imit ed

_ _ _  — - ___________________



SAN FRANCISCO BAY
AND

SAC RAMENTO - SAN JOAQUIN DELTA
WATER QUALITY AND WASTE DISPOSAL

INVESTIGATION

SUMMARY REPORT

( ( \ LAND APPLICATION ALTERNATIVES

WASTEWATER MANAGEMENT

1 for the
San Francisco Bay and Sacramento-San Joaqt4lrt

Delta Water Qualit y and Waste Disposal
l n ves t f ga t i on .

Sumary Report. -
~~

Alternatives for the State of California’s Consideration
In Comprehensive Water Quality Planning

(/)
• INTERIM REPIRT,

U .S. ARMY ENGINEER DISTRICT , SAN FRANCISCO , /  (~ • /CORPS OF EN GINEERS 
~~~~~~~~~~~ 

) ‘ / • •
SAN FRANCISCO CAL I FORNIA _ ._—~~~

‘I.

~~~~~~~ 

1

,/ i 
C .~ /

• ~~~~~~~~~ .—~ - • “ -—— — — — — - ________________________



I . 

V

. 

~~

I . 

-

. 

-

I

II • : .~~~~~~ —
- 

.
. 

..

I •.i
t -  

V ~~~~~~~~~~
• 

.

.

. 
P 

,.

•

-
~~~~~~~~~

.

.. 
.

~~~~~~ ~~~ir~~ I7.

‘V 
•V

j

’

~ 

I 

~~~~ 

..
w 

r~~~

,

~

‘ 

~~~~~~~~ 

~~

‘ 

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

p •
‘

. L  ‘ .~

~ ~~ ~~~~ ~)~
‘

:~ 
• .

. 

.

.• . 

0

I •: 
•

I

’

. j  
IV,

4V -~~~

• 1



ABSTRACT

THE STUDY

This report presents the results of a Corps of Engineers effort
in developing alternatives for the management of wastewater and sludge
including wastewater reclamation alternatives , as related to the land
treatment of wastes. Two regional wastewater management concepts
incorporating land application , each including three separate alter—
n;
~tives for municipal and industrial discharges , are described and

evaluated in terms of the objectives of national economic development ,
environmental quality , social well—being , and regional development.
Land application techniques for treating wastewater offer a viable
alternative means of meeting Federal and State water quality objec-
tives and goals for many areas of the 12—county San Francisco Bay
and Sacramento—San Joaquin Delta Region. Information presented will
provide input to the State of California ’s wa ter quali ty p lanning
pr ogram , espec ially in the development of the State ’s “Comprehensive
Water Quality Con trol Plans ” for  basins wi thin the San Francisco Bay
and Sacramento—San Joaquin Delta Region .

CONCLUSIONS

Concerning the feasibility of the development of land application
alterna tives for wastewater management on a regional bas is:

Y a. The development of land app lication alternatives for waste—
wat~~r management on a regional basis is feasible and could prod uce an
effl uent comparable to tertiary treatment.

h. The ultimate disposal of sludge could be accomplished throug h
use of land application .

c. Through the use of land application , a valuable resource ,
reclaimed wa ter , could be recovered and beneficially used for various
enhancemen t purposes .

d. No major socio—ecological or economic factors have been
identified which would negate wastewater management by land applica—
tion .

RECOMMENDATIONS

Based on the work accomplished in this study and i ts  resultant
conclusions , it is recommended tha t  the Corps of Engineers :

a.  Provide technical  assistance to the State of Cal ifornia  on
land treatment systems for the disposal of municipal and industrial
ef f l u e n t s , as requested , in completing and/or updating Comprehensive
Water Quali ty Control Plans for basins within the San Francisco Bay
and Sac ramento—San Joaquin Delta Region ;

v
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b. Continue and expand , under the original study authorization
and in cooperation with the State of California and the Environmental
Protection Agency , data collection and analysis of non—point sources
pollution including urban stormwater runoff; and ,

. .  Be authorized to prepare, in cooperation with the State of
Calif ornia and its local governmental agencies , subregional feasi-
bil ity reports on land treatment of municipal, industrial, and non—
po int discharges in the 12—county San Francisco Bay and Sacramento-
San .loaquin Delta Region with the objectives being consistent with
conprehensive policies and plans for water quality .
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S N ~MAI~ REP ORT ON LAND
APPI.’ CATION ALTER NAT I VES
FOR WAS TEWATER MANAG E ME NT

INTROD IT C I ION

AUT 1IOR 1 TV

I. Thir study has beeu undertaken in partial response to various
Con1’ressional actions which directed the Corps of Engineer ’s invo l ve -

men t in water quai itv control , measures for waste ‘isposal and
wastewater management alteruat t ves - i t h e  San Fr - oi - i sc o Bay aid
Sacramento—San Joaquin Delta Region of  C a l i f o r n i a .  The C o r p s - ’
e ~forts in develoning regi onal alto r n a l  ives f or  t h e  mann ement  o~
wastewater and sludge are summarized in this document . Nume rous
appendices support t h i s  su’nmarv report . Fo1iow1n~ are t he  s o c i f i c
aithorities for this i n t e r i m  report~

a. Sacramento , San . oaquln and Kern Rivers , ( Ilif or nia ,
Resolu t ion , House Committee on Public Works , 8 May 1964

“Resolved by the Cornniittee on Public Works of  the House
~ r R e p r e s e n t a t i v e s, Un i t ed  S ta t e s , th at  the Board of
Eng ineers for Rivers and Harbors is hereb y requested
to review the reports or’ Sacramento , San Ioaquin and
Ke rn R ivers , Cali fornJa , published as House Document
191, 73rd Con gress , Second Session , and othe r reports
with a view to determinint’ t he  feasibilit y of remedial
measures  for water  n u a l i t - .- cont rol and o the r  purposes ,
included in comprehensive development of the Sacramento—
San J oaquin Delta , includi ng verification of conclusions
by model analysis as deemed necessary .” ad opted 8 May
1964.

b an Francisco Bay , California , Wa ter O u a i i t v  Con t rol Stud y,
~~- t ’~~ 21 6 Flood Control Act ~ 1 1965 — PL 89—298

“The Secre ta ry  of the Arm y i s  hereby a u t h o r i z e d  and
di rected to cause to be made , under  the di rect ion
off the Chie f  of Enginee rs , an invest lc ’ - t f o n  and stud y
of San Fran c Isco Ba ’.’ C a l i f ~~r i i i i , j nc I , i ,~~r ic 5an ~ahlo
Bay , SulsLm Bay , and ~~‘ 

1- er ~ i ~acent ~~~~ and t r ibu-
ta ries the re to , w i t h  - i v i e w  t ow:ird d~~’ , - r m i n 4’i g ‘he
I e a s ib i l t~ v 0 r , ~~~~ e~x ’ e n t  0 r i dera ’ i ’o~ est 1 .
meas’:res ‘0r waste -1 sro .

~~~j 1 a i l  s a t e r  • - i n t t v  toni ro
and allied purposes .”

___________________________________ -~~~~~~ _ _ - . _ —  ~~ •_ _ V - ~~~~~~~~~~~~~~ V 
_____________ - _______- - -



Resol i t  l o u , House Commi t t e  an °uhl Ic Work a , N ovember  1 )  71

~es l v e i by the Cormni ttee on Public Work s of t~ie
l ,i1s~ 1 Represent ;it ives , United States , t h a t  the

ard o f Eng inei ra or Rive rs and Harbors is re-

~iested to determine the advisability of improve—
nonts in t h e  interest of wastewater manapement and
ulternat ives thereto , in the San Francisco Bay ,

u l i f o r n i a  area , i n c l u d ing San Pablo Bay , Suisun
i’ , and other ad l acent bays and t ributaries thereto ,
n ann ct [on with investigations authorized for
tudy of San Francisco Bay , Cali fornia , by Section
1.’~ of the clood (~o’itrol Act of ].9f~5.”

d. ~:o m m i t t ,~ so l u t  ion , Senate Committee on Public Works ,
2 3  ‘~ v e m l e r  l97 1~

I solved h the Committee on Public Works of the
united States Senate , that the Board of Engineers
or Rivers and Harbors is requested to determine

th e adv isab iliry of improvements in the interest
‘i wastewater management and alternatives thereto ,
in the San Francisco Bay , Ca l i f o r n i a  area , includ—

ip  San Pab lo Bay , -~u i isun Bay , and other adjacent
‘ ivs and tributarie s thereto , in connection with
nvestigations authorized for a stud y of San Fran-

((sco Bay , California , by Section 216 of the Flood
Control Act of 1965: and for Sacramento , San Joa—
quin and Kern Rivers , Cal i for ni a by Resolution
dated 8 May 1964 by the Committee on Public Works

- t the House of Representatives , United States .
carrying out the aforesaid i nvestigation , the

Roard shall evaluate general alternatives for the
management of wastewater on a regional basis , in—
c h i d i n g  the elimination of p o l l u t a nt  discharges
and shall conduct such investi gation wi th the
7art lcl pat ion , consultation and cooperation jf

~he Environmental Protection Agency and State and
0 ii water polluti on control agencies and , whe re

i’ ”ropriate , State and local agencies with environ—
r~ u ital planning responsibi lities. ”

INTERAGENcY AGREEMENT

2. On 8 March 1972 the California State Water Resources Contro l
Board , Regian T {  of the Environmental Protection Agency and the
U.S. Arm’-’ Engineer District , San Francisco , executed a joint
agreement for  interagency water quality management planning
assistance . As specified by the agreement , the Corps is to pro-
vide planning assistance to the State of California in the pre—
parat ion of “Comprehensive Water Quality Control Plans” for basins

2
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w i t h i n  the Sin Francisco Ba~’ and Delta Region . In o r d e r  t i  p r ov il:
t h i s  p l a n n i n g  a s s i s t a n c e , t o u r  s pe c i f i c  o bj e c t i v e s  wi re o u t l i n e d
in the “Joint Agreement” for study by the Corps of Eng ineers :

a . Development  of a l t e rna t ive s for treatment processes incor-
porating land application of wastewater:

h. Development of alternatives for disposal of treatment system
slud~ e by means of land app lication :

c . Development of alternatives for wastewater reclamatIon and
use as related to land application procedures; and ,

d . Evaluation of above alternatives in terms of the ob jectives
o f na tional economic deve lopme n t , environmental quality, social well-
be ing, and reg ional development .

3. In addition , it was agreed that the Corps of Engineers would
not directly address non—point sources of pollution such as urban
storm water runoff and agricultural drainage in this wastewater man-
agement report . Also, the cit ies of San Francisco and Sacramen to
consti tute the only sources of combined sanitary sewage and storm—
wate r glow in the study area and since these excessive flows are
unde r local study these comb ined flows were no t included in the
invest Lgation .

4. Final alternatives developed in this report are comprised of
combinations of land application components and conventional waste—
water treatment plants. Conventional treatment components have been
inclu ded since previous investigations have shown that  the most viable
systems of wastewater management involving land application would be
a :onthEna t ion of both types of improvements. Consideration of con—
ve i ti t nal t reatment components was also necessary to develop general
data on sources and amounts of treatment system sludge which migh t
hi appli ed to land and to develop a range of full—system costs.

5. An all t e r t i a r y  t r e a t m e n t  system also is presented only for th
purpose of providing a basis for Cost comparison and to depict how
the sludge Iron i complete water—oriented disposal scheme could
u l tim a te l y be disposed of by land application if a tertiary treat—
nwn t  a l t~ nat f~ wi re selected .

SOURCES o r DA t A

6. Sever- I i nvesti gat ions have been conducted by other agencies
and or :], 1 i t i on s concerning various topics pertinent to this stud’. .
u~ ect I c s  inged t r a m  land use and population growth to reg iona l

wa s t e w i t ’  mai o ’inent  plans as well as the future programs of the
loca l  mun icipalities , sanitary districts , and the Regional Water
Quality Control Boards within the stud y area. Assistance on the
t e c h n i c a l  spects of wastewater management was obtained from

3
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tunieroUs p u b l i s h e d  sources  of Federa l , State , and local agi ncies ,
a: I f ro :~ var  j O U S  a r t  ic les or p a per s  ava i lable in the 1 i t e r I t  ire.

i~~ t 01 t h es e  data sources are on I i le  a t  the San V r a u ~~ i sc )isttict
ij I l  ice , V . 5 . A rmy Corps  of E n g i n e e rs , 100 McAllI ~~er S’ reeL , San
I r:inc isco , i L i  f m  [a , 94102.

li D? ) V ECT I V l-~-

When t h e Congress aut -rized the Corps of Engineers wastewater
- t u J y ,  it d i i  so with the understanding that the stud y woul d be
co n l u c  t -

~~ in th e context of tlit Jtat e ‘s requirements as well as
t h o s e  of t h o r  Federal agon ies involved in water quality manage—
r e nt. Ihe Corps ’ ro Ic , then , is primarily one ol assistance to
t b -  State , and not  t i  conduct an independen t  i n v e s t i g a t i o n . The
~~~ obji tive s of N i s s t u dy ,  t h e r e f o r e , were:  ( a )  to a s s i s t  the
S t aN .  ol C a l i l o rn i a  in the  deve lopment  of its Comprehens ive Water
) : a l i t v  C o n t r o l  P l ans  for t h e  ~un Francisco Bay and Sacramento—
Stu J otculi n Delta Region ; and. (b) to determine t he  feasibility
(i w a st o w a t~~r d i sposa l o r i e n te d  p r i m a r i l y  to the use of l and ap—
p ’ i c a t i o n  as a r en o v a t i o n  t e c h n i que .

~~~. .~~~~
- s p e c i f i c  a l t e r n a t i ve  i s  recommended fo r  adopt ion  b y

t I t -  S’ ule . fl ’ function of th€- stud y has been to develop data and
to analyze altern atives ,rie uite d toward land app lication of waste—
w i ’ , r  and s l u d ge i n  o r d e r  to  ass i s t  the State in judging which
m e t i d , or combination of methods , for the disposition , re use

r r i - . ~a m a t i on  nt wastewater is most suitable for adoption in zhe
bas ins and subbasins of the 12—county Bay—Delta Region . The inform—
- e t i  g en e r a t e d  f rom this stud y has been furnished to the State of

u l i N . r n i i  and the Lnvironmen tal Protection Agency.

t’~ R I  I t  I I I  I ~ AN I) CO ( ) RI ) LNATJON

~t r t t~ i p i t  ion

- I . It; ’ m a t  i i i  and data presented in t h i s  report r e f lec t  the
maximum use of  previous stud y efforts by Federal , Sta te of California ,
regiona l , and local agencies. In order to provide for the specialized
expert iso and local experience In engineering and environmental areas ,
several ‘nsul tlng firms provided technical input for this study
under u u , t r a c t .  A listing of these consulting firms is shown on
the Inc i i  back cover .

Coordinat ion

10. Ib I s s tud y has been coordinated on a continuing basis with
and has had active participation of Region IX of the Environmental
l’ r ’te tion Agency, the State of California Water Resources Control
R oard , a n d  t he  Ca l i fo rnia Re giona l W ate r  Qual i ty  C o n t r o l  Boa rds .
Durin g t b  condu c t of t h i s  stud y ,  informational presenta t ions
were n .i It t o the San Francisco Bay Conservation and Development

4
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, Commission , the A s so c i a t i o n  of Bay Area Covernments , the  Bay Area
Sewage Services Agency , the San Francisco Bay Water ) i a l i t ’  Group ,
t h e Cal ifornia Regional Water Control Boards. Several monitoring
sessions on repor t  deve lopmen t  and p r o gress  were  held wi th repre-
sentatives of the Environmental Protection Agency and various State
agencies. In addition , the public was informed of the Corps ’ stud’.-
and :issisled in it ;  conduc t by means of p u b l i c  mee t ings , workshops
and through visits made by Corps personnel to individuals within
t h e study area .

REPORT ARRANGE~~ NT

11. This interim report consists of a summary report and eleven
appendices , bound in nine volumes , which are summarized below (see
Figure 1):

i . Vol. 1, Appendix A — Background Information . This appendix
has as its basis an earlier report on wastewater management entitled
“Alternatives for Managing Wastewater in the San - rancisco Bay and
Sacramento—San Joaquin Delta Area” prepared by tie P .S. Army Corps
of Engineers , San Francisco District in July 1971. This apoendix
contains all pertinent background information recording the st udy.

b. .ol . I I , Appendix B — Plan Formulation . This appendix summar—
izes the in ineering, economic , environmental , social , and i stitu—
ri.)nal intormation used or the de velopment of -~ isrewater mar igement
i l  ‘ er n a t  ives  and the i r  e v i l  u at  ion . Numerous secondary apuend ice - ;
support this appendix.

c. Vol . I I I , Append ix B1 — Design and Cost. This arone ndix
presents the detailed engineering desi gn data and concept: u~ ilized to
I o r m u l i t e  the v a r i o u s  w a s t e w at e r  and s ludge  mana gement  a] ter i ltives
m d  t l t & - i  r a ssoc ia ted  cost . D e t a i l e d  cost  e s t i mat e s  are  p r e s e n t e d  in
At t;ichim ent A to t h i s  a p p e n d i x .

d. Vol. IV , App endix B2 — Environmental. This append iv Ires olts
the envi ronmental cons iderat ions in re i’ard to  the land app i u t  i o n
co n cept of wastewate r management

e . Vol. V , Apu e nC ’jx B3 SocIal Well—Being . This apreu ix
relates the soc ial ad j u s t ni e nt  c c u t  I c ipated with regard t o ’  t h e -  waste-
water nan rig emcnt  alL ruoi t [yes pu es ent ed

I . Vol . V , A p;’ ndix BA - ‘uh I it  Health. Tim is appendix presents
to puh~~ic health imp ! ications of the land ipp l io at on of wastewater

and si ‘idge

- . Vol . V I , App endix BR — Legal end Institutional . This appendix
summarizes th e le gal concerns and instituti onal arrangements with
respect to various wastewater management - i l ternatives .
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h i .  Vol . VT , Append ix  B6 — Public Involvement . This ippe n d ix
summarizes the activities of the San Francisco District in In - alvin ’
the public and special interest groups in the wastewater man - i-nw-nt
p r o g r a m .

i . Vol .  VI I , Appendix B7 — Evaluation . This appendix pcesents the
environmental , social , economic and special considerations evaluation
concepts fo r  each of the wastew te r  management a l t e r n a t i v e s  developed .

~~ . Vol. VI II , Appendix C — Plates for Appendices. This appendix
furn ishes all the plates developed for the study.

k. Vol. IX, Append ix II - Comments on the Brochure . This appendix
r e f l e c t s  a l l  comments rece ived  as a resul t of the public information
brochure , “Land Application Alternatives for Wastewater Maru:ogement ’
which was released in Decembe r 1973.
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T H E STUDY AREA

g - ~‘- - p~~ CIIARA (:TERISTICS (
~F Ti ll AREA

The stu dy ire- a in t h i n  , o r t  is l o c a t e d  in w es t—c o-n t m l

i i f o m n  j o o~ ,I consists ij t o  ~an Fran cisco Bay and Be It a -:~t i i  r i ne
u-c ~s our and cu d j a c e n t  lane! a r e in  c-ove r  i ru 12 cotin t l e s  (Pl i t  t’  I) with

a r e a  o f  about  10 , I i c ) 0  caere mi les  . About 80 p e r c e n t  of
h~ 12—count y land area ~- tributar y to the Bay and Delta estuarine

s- st em . The rema in ing 20 percent is c omprised of porti ons of Man n ,
- I o”c e , ~ en Francisco , San ~I;m t en and Santa Cl. ;m ra Count I ec wim I ch

t r o ~~n to the Pacific Ocean either directly or by way o~ s t r eams  n o t
ihuta rv t the Bay . Tie study area includes significan t areas

h - - c i n  ted by the California State Water Resources Control Board as
- ,sth Planning Areas . it includes t h e  San Francisco Bay Basin ,
- - r t i ’ r u s  i f planning basins in time Central Val l e y (Sacramento Rive r .

ii ramento -- San Joaquin Delta , and San Joaquin) and areas within
0 ‘ - ~h (oast a 1 and Central Coastal Basins . The Basin Planning

‘ eas osi gnated by the State Water Resources Control Board re
ui Plate 2.

13 . he San Francisco Bay system , consisting of San Francis - Bay
:‘~cper , San Pablo Bay, Carquinez Strait and Suisun Bay , extends
rom the Colden ate north about 30 miles and then east for about

“) miles to Pitt sbur 1’ , and south about 40 miles to the vicinity
on ’ San lose. ftc Ray ’s only connection with the ocean is through

c i  Golden ( ate . The San F rancisco Bay drainage basin , as distin—
cuished from r h -  overall tributary area to the Bay, totals some
-c ,000 square miles , of which about 425 square miles are the Ray ’s
w;o ’ er su r f ace at mean high water. The Bay ’s shoreline is about
27~ miles long It mean high water and contains substantial marsh—
- a :d 1 r e -  is

The he n Francisco Bay and Delta estuarine system and Pacific
Ian w i -t o divided into five water quality zones to permi t dif—

- e n t i : t  ion of w a t e r  q u a l i ty  in d i f f e r e n t  p a r t s  of t he  sys tem.
no /n ‘ c o o s a r e :

:u South San Francisco Bay — so u t h e r ly  f rom San F r a n c i s c o — O a k l a n d
ige  t o  s n o u t  l o u  ci ti p of the Bay .

h . o:e i m t r a l  Bay — t ime  area n o r t h  of San Francisco—Oak l and Br idge ,
~- e u u  - o h i o  Ray t o ’  Carqulnez Bridge .

c. Carqulnez S t r u t  — Suisun Bay — Carqu inez  Bridge to  Chipps
s land

d.  Sacramento-San Joaquin Delta — e triangular region of about
1 ,100 square miles lyin g to the east of Chl pps island .

c . I’acif I o c e a n  Area — The c - e ) n t I n e n t a l  shelf  ex tend i ng about
10 mIles westerl y f rom the Golden ° ate huts a slope of about  23 feet
per mi l e’ to  t Ime 100— fathom contour . The Farallon Islands are located
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lit - c u r  ‘ on s - o i s - . ird  l i n u l ts of t h e  s he l f . Loca ted  on the -- cI,e f ; o l , o c u t

eight ~i i It- s west of the Golden Gate is a semi—circular bar whone

elu - ’.-a t j oim is 3b t e ~~t or less below mean sea level . The bar ha-s
to t d e ep— tt~oft navi gation by means of a channe l  d r - c o - c t o

crc u t  m r  Lzpd depth of 55 feet.

In . h . h t  munici pal wastewater dischargers in the study area are
li n t e l  in Table 1 and shown on Plate 3. Thes e dlsch ar gers we re
do - i c ~u a i e d  as m a j o r  mun ic i pal d i s c h a rg er s  bec aus e o f  t h e  p o p u l a t i o n
t~ cv s - u - vo , w a s t e - v o t er lows t r e a t e d , and t h e i r  r e l a t i v e  geoc ’ra p h l c
ic :it i is . Present munici pal and industrial waste load data or

r e  nt idv .r oa  p r i o r  to treatment , as shown on Tab l e 2 , were com-
p il e d tu na various consultinc~ eng ineer reports to t h e  C a l if o r n i a

-~ o cccl hc t rer .~uality Control Rico rds and to the 11. 5. Army Corps
- i nee

UI - h~~

ci in - ~ , hologv and Topograph’.

- there ore wide con t rasts in climate within short dos tances around
- - m c i  F r a n c i s c o  Bay . In San F ranc i sco , sea fogs  and ow at  r a tus  c l o u d i n e s s
mcs ,o i a t e d  with them are c h a r a c t e r i s t i c  of the c l i m a t e .  In th c  oummer
t 0 t e - r .  orature of the San Francisco Bay area is usuall y nv nea r  the
ccrn ;t and atmospheric pressure relatively high while the interior
C.- i ° ornia is characterized by the opposite in both elements . This
t e l l s  c intensify the landward movement of air and t i c  make t h e  pro—
o oil in ’ ~esterlv winds brisk and persistent , e s p e c i al !  - I r c 11 ~lOV to
o i ’ i i s t .  \s a result of the steady sweep of air from the Paci t ic .

‘h i re ore ~ev extremes of hea t or cold. Pronounced wet and dry

~t~, c - ~nns  are anoth er c h a r a c t e r i s t i c  of the c l ima te .  On the averaee ,
; t l : - cn -: t  ~5 percent o f  time total annual rainfall occurs between November
.- cmd ~\p t i l .  T he cl i ma t e of Oakland and other East Ba~’ cit ie. is similar
Inn 1. c c ’ o f  San l ’raiccisco , hut  d a i ly  mean t empera tu res  are about  fou r
Ic - gr e - c - n h lcts- r at riax inmum and four degrees lower at minimum . Annual
peer i i j  tat ieruu at ()d~land Al ~- c,ore is about three inches less than
‘~-c t rarc L O c o )  ‘ s 20 .5 I

7 .  The Sacramento— s on Joaquin Valley is characterized by warm
d u o  swimmers - j u id  :~i 1 d winters except to ,r the highest alt itu de~~. In
~~~ croo tri ta in s tL n u u i u r l e r - c  are warm and dry but winter temperatures

° eI - -w f 1? ~
- t rtn tienti v. The summer droughts are the result

subt’ a p i  ~ u o 1 ci ~h c p r c ’ s s u r o -  belt located off the coas t which
a s,uyir~~r -d n - a! I - In winter , the high pro ssure area move s

• o c -  ‘‘ uth - i ’  a l l o w s  ‘aol f’ c storms to move inland and deposit
c - j r  ‘u r t  our.- ave r li~ w a t e r s h e d .  Th e cen te r s  o~ these storms
i - i l  ‘ y - ‘ ,u~- s  - o r , - ’  ‘ ‘ a  in r i - u i . The mild winter — ima t e I s  due

nc r - . - r a’  I i i  ‘ ect s  o f  - c c  l° ae  i~ ic Ocean on the ore i o lO and

M
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TABLE 1

p MA JO F~ t’ .’~ U N IC L PA L  W A S T E W A T E R  D~:O HAR GE R s

N L ’O Y 3 E 1~ D I S C H A R G E R
( 1 )  (2 )  

____________________________

ALAMEDA COUNTY

/~LOl 2 03 025 l-i~ st Bay M u n i c i p a l  U t i l i t y  D i s t.  — Special Dist. No. 1
ALO2 2 03 037 City of lbayvard
AL03 2 ~L 043 C i t y  of L i v e rv r ar e
I-id- ’. 2 03 070 Ora Lotra Sanitara’ District
AL05 03 100 City of San Leandro
Id .  ‘9 t 2  02 119a Union S a n i t a r y  D i s t r i c t  — Alvarad o
I L f - J  2 1k 129 Villey Co~~aunity Ser--fces Distric t

1 9 LL 130a Veterans Administration Hospital — Livermore
AL 9 ‘ 2 ‘L 016 Castlewood Corporatian
tLlO 2 21 ll9b Union Sanitary Distric t — Irvington

~~~~ ~~ 01 l]9c Union Sanitar’,’ Distr ict — Newark
A l1 2 I? LL 078 City of Pleasanton

CONTRA COSTA COUNTY

CCO 1 . 2  08 C~ A Ci ty of An t ioch
C(02 i () - ~ U19d I Cont r a  Cost a  County  S a n i t a r y  ~9istrfct No. 15C( ( -9 i ’ 03 010 B r e n t w o o — ~ San i t ,~r ’-  D i s t r i c t
ccc-.  08 012 i~yr on Sa n itary  Di nt r ic t
cCOS L 07 017 Central Contra Cosr a -‘oruitary Dis t r ic t
CC0~ 05 021 Crocke tt ~

u ,liona Sanit ary District
CCO7 - 2  05 076 CIt y  of P inole
cCOS ~2 08 077b Ci ty of P it t s bu r g  — Camp Storceman P l an t
CCO9 2 124 032 C i t y  of R i chm ond
CC1O 05 036 Rodeo San itary District
Cdli 05 103 San Pablo S n-s~ t ro- D i s t r i c t
CC13 ~2 05 038 Town of h e r c u l e s
CCl~ ‘ 2 06 0]9b Contra Cosr i County Sanitary District No. 5
CCI5 7 07 C63 ~-~ount --da V i e w  S a n i t a r y  D is t ri c t

j CC16 2 07 018 City of Concord
CC17 2 05 019a Contra Costa County Sanitary District No. 7A
CCJ8 2 08 077a City of l’Ittsburg — ~L c nt c z u n a  Plant
CC19 2 LB 069 Oakley San itary Dis t r ic t

MARIN COUNTY

MLOI — Angel I s land

~iLO2 2 10 164 Bolinas Cca- crrnn fr y Public Utility Dis tric t

P ML0 ’I .‘ 05 036 Hamilton Air Force b ase
? h l f l ’. 2 05 060 Las Gallinas V ai l - v  Sanitary District

2 I i ’. 05 7 Ci ty of ~ 1 1l Vol ley
KRO 6 ‘. • 25 1 R i ch ar d s o n  B ay F o r d  t o r y  !I i c , t r i c t  

— 
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MAJOR M U N I C I P A L  W A STEWATER DISCHARGERS
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f-I d,! :i ii. , co kill ‘
~allcy Air Force Base

LLO i 7 04 c’9o ~Iar in  Coun ty Sanitary District No. 1
‘ktC- o ; o. ~si 

Ma n n  County Sanitary District No . 5
f- Sd L- 09 95Th M an n Coun t y  S a n i t a r y  ~s t rict  No . 6 — Novato
M i-Il 2 - 1 O 4 ~~~ San Rafael Sanitary L istrict — Main Plant

~ u~• ~~~ 
Sau s al i t o  — Man n City Sanitary District

1121 — S t inson Beach
~si i - .  2 ~0 115 Totr.alea Sewer Maintenance Dis t r ic t

2 -
~~~~ 5r~~b San RaCa e i  Sani tary D l at r i c t  — Man n Bay Plant

kLl ’~ 2 fl 252c Man n County Sanitary District No. 6 — Bahia
M R I 7  2 (5 057a f-iarin County Sani tary  D i s t r i c t  No . 6 — Ignacio

NAPA COUNTY

NPO 1 2 05 003 Anen ican Canyon County Water  Distr ict
N}’02 2 ~~~‘ ~- 15 Ci ty  of Callistoga -

NPO 3 2 9 - 4  Napa County San i t a t ion  Dis t r i c t
f ,’ I o - 4  2 f l ,  071 Pac i f ic  Uni on  College
m’os 2 05 091 1 City  of Saint Helena
N~ UI. 2 -95 131 V e t e r a n s  Home of Youn tv i l l e
NPO7 2 1:~ 065 N apa Va l ley  Mobile Home Park
N1’05 2 05 054 Meadowood Development Company

SACRAMENTO COUNTY

STOI s~ 34 008 Sacramento Met ropo l i t an  Airpor t
* STC)2 BA 34 o~~ Sacrariento  County Cen t ra l  Sani tat ion Distr ict

STO3 ‘ \ 34 OH Cit : of Folsom
S’1 Cd 4 SA ~~ 

CIty of Gait
s-
~-; SA 36 1211 City of Isleton

STOtT- 5A ~4 00) Nato mas County Sanitation District
S’i~~ y, 

~ City of Sacramento — Main Plant
S ’ j o )  BA ‘

~~~ ~-47 Sac’ ~-“en to Sign o l Depo t
s-~io IA 34 0-0 5 C i t y  of Walnut Grove
s-n i SA ~~

‘. oo~ Rio LInda County  Wat er  D i s t r i c t
S T I 2  SA -1 003 L!nwaod Sewer Maintenanc e District
S i  ~ ‘-A 34 o ’2 2 Hi gh l inds Sanitary District
ST I 4  o\ 3/ 033 Ard r ’n S a n i ta t i on  D i s t r l t ’t
STJ 5 A ~~~

‘
. ~~~~ M c ( ’ 1c l l a n  Air  Force Base

~~~~ 
‘- , o2c Nor t h eas t  County  San i t a t i o n  Dis t r i c t

5Th A - ‘. o~o Sacramento  County S a n i ta t i o n  D i s t r i c t  No . 6
STJ d A 3A 023 Cordova S a ni t a r y  Di s t r i c t
STJ’ A 31. 017 Arden Gold Sanitary District

ST?J A 3-’c Q]4  Fol som Pr2 son -
- 
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MAJOR M U N I C I P A L  \VA STE V ~’A T E R  D!~~~ C~
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I D~~~t~~~~~~~~~~
1
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N u M r ~:R J D I S C H A R G E R
( I )  (

~~~~) 
____________________________________________________________

ST22 3A 34 051 City of Sacratncnto — Mcadowview i>lant
5T23 FA 9- . - 1 1  M an lovo  Sever f t ’ i lr it enan c e  D i s t r i c t
ST24 A - 031 1- l it h e r  A i r  Fo rce  I~~ ,e
ST2 S ~~~~~~ 3— ~ I0 :1k Grove  S a n i t a r y  D i s t r i c t

CITY A 1;D Co’:FTV CF S.-~M FPLI;CISC0

SF02 2 04 l~.fl0 San Franc i sco  — North Point Plant
s103 ~2 it 9~ h San Francisco — R1~~Lr’an’1 Sutua et  P la nt
Sb- U-. 2 ‘ 1  )4 2c  , ‘ a n  Francisco — ~thcott Plant
SF05 ~2 01 l~ 5a U. S • . Tneasure I ~ -

SF06 2 09 25b U .S.1I . Yerbo Buena Island

SAN J0”~QUi1~ COUFTh’

SJO1 SB ~~- 055 Deuci Vocational Inst1,tu~ e

~~ 5302 ~5C 79 i~1 Ci ty  of Escalon
U SJ0~ p 5! ;  95 t-17 Lockeford Sanitary District

SiC. I S B  -
~~~ ‘ 2 5  C i t y  n I  Lodi

sjOS I’,c ~ CIty of Mantc~-a & Lat h r -p Count y Wate r  D i st r i c t
SOUl BC 39 t O l  Sharpe Arm y D&’po t
S ~~ 5~ 3 ~- +0 City of Stockton — Main Plant
sJ u 53 ~~ ()5~ City of Tracy
50 11 58 29 033 Ci ty  of Stockton — Northwc-~rt Plant
SJH SB ~s 033 LIncoln V i l l a g e  San i t a r y  D i s t r i c t
5 11 : 53 7 c  007 Woodb : id gc S a n i t a r y  Dis t r ic t
SJI SC 59 003 Ra yrn -..u s Vi ll age

SAN MATEO COUNTY

c~-~o 2 C7 094 Cities of San Can los and Belmont
~ 

r~ c ’ l  Ci ty  of Bur 1 im-ar ~e
sMO - ~~.

‘ L ’s 0.3 Estero MuniciFil lmprovcnent District
GM IJ- . 2 ~ 035 Guad alupe V~~l1ev Municip al 1rprovcnt ’nt District
SM’ - 

. ‘ ‘  177  I M i l !  Moon Bay S an i t a r y  I)I~~tric t
SM ~ 0_ 056 Mi’nlo Park  ‘k~n~ t i ry District
SM - .  05~- CI ty of M~

067 1 2 - r t h  San ~l d t e o  C o u nt y  S a n i t a t i o n  DI s t r i c t
SM’ ’ 2 10 O?2b C i t y  of P ac lf i c a  — Linda Mar P lan t
~ -!l0 2 ‘ .1 080 C i ty  of R edwoo d C i ty  ( i n c l u d i n g  fl . - k~ood Shores)
SMI 1 2 10 072a City of P~c c i f i c a  — Sharp  Pa rk  P l an t

a 

SN12 2 03 102 City of Son M a r i o
St~l 3 2 07 1 10 C i t i e s o f S o ut h  San Francisco and San Bruno

- ,  2 10 o cC Montara Sanitary District
- 

- 3 0 1 5 -‘
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511 ; 5 123 09’-a n S r a :~ sco Internat iona l Airport

S M U  10  ~ ‘1  (, r s i ~~ da S an i t a ry  D i s t r i c t

SAN TA CLARA COUN TY

SCOI -13 0 11 C i t i e s  o~ C ilr oy  and Morgan Hill
50 02 01 059 City of San Jose
1 - 07 ~) 01 113 C it - - cf Sunnyvale

01 07~ Ci~ ,- of Pa lo  A l t o
S. 05 .‘ 01 002 CIty of M o u n t a I n  View

- u6 2 01 0 .0 City of Los A l t o s
1— 07 ‘: -1 0 0 - - M I l p it a s  S a nI t a r y  D i s t r i c t
~~~ Cm - ‘ 01 0 2  C I t -  of Alviso

SOLANO COUN TY

1 - 1 01 2 5; 009 CIty of 1cn -cii

~L0 ~~
‘
/ . ‘ -

~~~~~ Cit- of P1
5 1229 F a i r f I e l l  — S ui s u n  Sewer D i s t r i c t

S1~ - - . , 0 124 U. S. S . f - Sir  c l s and
1-L OS I “ - - ‘ 9 C I t y  c f  R I - s  V i ~~ta

-ID 005 City of V .cavl lc — Elmira Plant
5L0~ (5 f . 12 V~ Ilejo 5.~:

- It tion and Flood Control District
fM - U I U I  1~~/ 1r ~~v t s  Air  Fo rce  Base

SOlO .12 -- 8 ~~ - 6 V icaville M’-dical Facility
SL1I ‘ 1  48 31-1 City of Vacaville — Brown St. Plant

SONOMA COUN TY

550? 1 B 1-~ ~~~ R ussian F~ lv+ r County Sanitation District
5”) 3 ~~‘: -.1 9 5 (, tt -- of Clc -: s - rdale

~ ft’-stvi]1e C o c n ry  S - c i t a t i o n  Dis t r ic t
-. Y o . ’r~a County A i r p o r t
- , - ~~ - S t c - .’a rd ~ T r a i n  :~~ 1 and Recreation Inc .

I ~. ‘. ~~~ City of lleal d siu rg

- • - . - ~oc Cul l  icos Sc !oo l
- ,  - ‘ ~~ ,., W in dsor  Co u n t y  W ate r  D i s t r i c t

S NIO , .1’ . ‘ r - ”  C I t y  of  S a n t a  Rosa — Oakmont Plant
f.f~11 ;~~ 

1 ~ . CIty ci S~ nta Rosa — College Avenue Plant
~~~~ H -~ - -i :~~ Ci~~-5’ of Sa n t a  Rosa — Laguna Plant 7
551 i ~1 I - ~ -

~~~ ~~~ 
C1t : of S~ bactopa 1

1-515 ~~~~: ‘ - - - , - ~ - f i r :  U i v  I -  S H e  Ut  I i lt y  D i s t r i c t
‘~~• I _Li r -

- ~~~ -~~~~-n -,~ ~~~~
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M A J O R  M U N I C I P A L  V~’ A S T L W AT E R  D:s , -: Ar~c:R~a — —  _____________________________________________________________ _______________

IDE N T~ F1O.~T I O N

—_ _

r~u~.:~E N  D I S C H A R G E R
( I )  ( 2 )  __________________________ —_______________

5N1 7 I~ -~ 49 512 CIt i e s  of S o l c ier  t P a r S  ond C o t a ti
Sh i S  2 05 025 C i ty  of P e t a l : c  a
51:10 2 05  109 S n o ~ a Va ih y County I m i t a t i o n  DIstrict
552u 2 05 i23 U.S.N. Ska6gs Inland

YOLO COUNTY

~L01 3A 57 020 City of Davis
Y1.C2 5A 57 024 El Flacero Scwc- r Ffain t cr.m nc ’— District
Y! 129 c. 5 019 Unlvers it -- of Cal i! c-m b at Davis
YLU-. MI 57 033 W~ st Saot~~-arto Sanitary District
YJ !t 3 k-A 07 017 C i t y  of W i n t c ~-s
Y 1 06 ~ A 5, 013 City of ooJlan d 

-
YLU/ IA 57 008 Espar to Sanitmiry Dist rict
YL~j 3 IA 57 009 R~ diso n Service  D i s t r i c t
YLO9 5A 37 002 blnlghts Landing Service J)istrict

P t 5 o f 5
—~~~~~ ~~~~~~~~~~~~ — ~~~~~~~.. - - —

(1) As used in this report.

(2) As used by the State Water Resources Control Board in
“In terim Water Qua l i ty  Control  P1an~ , ” da ted  June 1971.

— Not ident i f ied .
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TABI -. 2

~fUN I CIPA ! AND 1 NI)O~ i RI .-\1 LOADTN’ -S — I’m 71 ’

~~~~ -.- FLOW (MCD) B~ I TDS T~

Alameda 16 2 . 4  307j1 ~~~~~~ ‘ -1.7 17 .5 12 . M

(Ssii tr a Costi 198.0 317 .3 1 ,21 0.8 64.2 12 .7 5.9

M a r l ’ s  2~’ .0 -12 .7 1 . 12 .5 ‘1.3 ‘ .5 2. 3

Napa 19.4 .79.4 119.7 5.”) s .7 5 .1

Sacramento 111. 4 294 .5 647.4 32.0 12 .fl 8.1

San F r a n c i s c o  107 .6 2 3 2 . 7  631 .3 11.6  12 . 3  5 .8

San ioaquln  7 4 . 2  188.7 410.8 ]~~~f, 6 . K 1 2 . 7

-‘an M a t e n  66 .9  143. 1 386.1 17 .~ 7 .() 4.5

Santa  C l a r a  149.2 377 • 7 861.5 - i 3 . 7  16 .1 20.4

Solano Th.2 76.2 167.8 ‘s .,  3. 1 3 . 4

Sonoma 2 1 .5 59.4 117 .5 h . 1  1 . 1  3. 0

Yolo 2 3 .9  59.9  1 1 4 . 1  ‘ 1 .2  1. 8 7 .9

TOTALS 986 . 7 2 , 129 4 5 , 7 4 3 . 3  2 -4 1 .2 97 ’4 9 1 . ’)

A l l  values except  I ~~~ are r epo r t ed  as I ,00() lbs/0 v .

( OP T ~ ;ross Heavy ~lt~t :sls — rot il ) includ es . Ar s , -i- i c , O dmi um ,
Cli romi urn • Cob a 1 t , Copper , T r on  Lead • Man (‘. anm-- -e , - 1

~ - r cu rv

-1 ybden urn , N i  k ~.l and Z I -

BOD B loche mi cal Oxym- --n flemand ) I s  I i ’ s -  amount  of x v g - v  requi r ed
T o  decompose .‘ rm’ i5 s-ompoI ln( Is a s tab le  sut - - t m n ~ es -

FI)~ (Total Dissolved Solids) i-; t h a t  q u a n t i ty  0! m l i i s - r a t fl~ I T  t~~-r

m. i ita fn ed In wastewater i i i  a disso lved  stat s - .

TN 1 c i a l  N irro ~’en) is ‘ ‘o. t~~t , i !  quantit y 0 1 ~ i t  r -  ‘ s - i s  p r, -- ;e nt
i n  the $or m  0~ •‘ifl ~ T i 0 T 5 ( s , -‘ r-- ii la - , n i t r i t e , an~T n i t  rU ii tn- - - -

TI’ (Tota l Phosphot us) I - - t he o t al  qua nt  I tv a t  ~~‘ sph ormis I ’  res~ 
- -

in the form . ‘ on h. - ;  i s ’  p I it es • condensed ph - i  - - i t e~ . 111(1
a r - a n t e  ph o ’ s - i m i ts” .

p



‘ t I b i s  t i e r  of  t h e  S i t - n r a  N e v a d a  r a n g & -  w h i c h  i - ‘ t ’ - t ’ho
- ‘n the - ol d a i r  masse -s  of  the interior on the u t h c r ‘ e .

a ‘ . t i l & - - I oar  i-  free of I rost  d u r i n g  the growing SP; I~ , o I I  -
~~ 

- h
I -a ro t — f r e e  period being more than  seven and en s--

- s - I l  - i i s -  v. i l l , - s -  f l o o r  has an ave rape of  15 days  wls i t h e  -~in—
s- s - ;~. r a t  Li es 1:111 ‘elow 17 degrees F . Max imum t e m p e r a t s i r a s

‘s s rmss- r  h owe ve r , w i l l  exceed 100 l e . r e e s  ~ . on an ave ram yp

-f 1 - i vs e u-h y r - s r  an d exceed 90 degr - ’ - a  F . about 45 days
- c l  ‘ .si ~ . Relative humidit tes i n  SUTTU r v a r y  f r o m  about  36 p e r —

- - ii - . -‘~~ p e r - - s - s i t

I d .  ( i t - 12--count y area encompasses p a r t s  of two geomorp h i c  pr ovinc €- ’ ;
.~~~ Ps i fomni a - t he  Coast  P ar ps” and the  Great  Va] 1ev. Ea&’ p r o v i n ce
i S-. - a ’ .i ts- r iz ed 1w d i s t i n c t i v e  n a tu r a l  t o p o g r a p h i c a l  and geological

- - -:r ‘- ; . The Coas t R ’ s ’~~ comprise a ser ies  of n e a r l y  p ar a l l e l
-~ ‘witai n ranF’cs and v i  i,evs that trend in a northwesterly direction

:m-sd rise t o  elevar i sis-s of over 4 000 feet. This trend is largely
)-~~rollec by the ps o logi c structure in the underlvinp rocks which

i~ doi-itnai ed by the mo tive San Andreas Fault system running nearly
t - u ll length of the Coast Ranges . In con tras t , the Great Valley

c o s a ’ t s  ( ‘ t  a c e n t r a l , compara t ive ly  f l a t  a l luv ia l  p la~ ri , about  400
n i l e — , i -ag and 50 m i l e s  wide , ly i n g  between the Coast Ranges and the
-;~~~‘-ra \evada range to the  east .  Flevat ions  in the Grea t  Val ley ,
w~~ t O W  e x ce pt i o n s , range f rom sea level to 100 f e e t .  The va l ley
i-s  d r a i n s - - ’ by t h e  Sacramento  and San Joaquin Rivers , which j o i n  in
t i flel t - area  b o f o r e  en t e r i ng  San Francisco Bay . The southernmost
5 ~~~ ‘ i  ‘ se Great Valley , the Tulare Lake Basin , Is an In t e r i o r
d r a i n a g e  basin w i t h  no d i r e c t  drainage to the sea. It is separated
t n - - I t  other portions of the San Toaquin Valley by a very low d ivide ,

19. The Sacramento and San Joaquin River  sub—bas ins  ( i n c l u d i n g
I’ a l i re Lake Basin) drain about one-third of the area of California.
i’i~ t s~ - s  - ivers are the  p r inc i pal source of f resh w a t e r  and are the
! ‘r i t t r y  means by w h i c h  agr icul tural  wastewaters  ar e  carried from
t ” s- :s~n t r a l  Val ley . Pr io r  to any development by man In the Central

~ 11ev , the  n a t u r a l  o u t f l o w  through the Delta , in a norma l water
s i r , was about 30 mi l l ion  a c r e — f e e t . 13eeausc of w a t er  use w i t h i n

t h e  C e n t r a l  Va l l ey  and net  exports 1rom I t s  basin , the present averago
P 1t,s ou t f l o w  Is about 18 million acre—feet per year. As water use

-e Cen t ra l  V a l l e y  increases and expor ts  from the  basin prow , i t
as ‘ - -o n  o s t i m a t e d  t h a t  the  net De1~~a o u tf l ~~ may he as low as seve n

ri ill:us ’ - i s - re—f e e’ in yea r 2020.  Tue grea te r  par t  ~~f mu n i c i n a l  and
l n c ’ i m o t ~~ia 1  wast ew a ter s  ana lyzed  In ‘h i s  repor t  d e r i v e  f r o m  f resh

- -a~~- r s ~ t h a t  are i n t r o d u c e d  in to  the  12—county area :1— v o t e r  supply
iv e rs i -is from t 5 uv  h e a dwa ter s  of r h o  two r iver  b a s in s ,

t . 1 - s c  i t  s t r e a m - - !r o n ing  In to  S—i n Francisco B ay 1’ .- i v -  a combined
- -‘-an .snnu:l I discha rge of about  45 () 

• 1)01) a c r e — f e e t . ~~~~ ~ie in norma l
annua l precipitati on ove r the Ba~~’ - local drainage s r s ’o  Is  19
in ’-h es - The mean annual  evar)or-i t i on  over the ent Ir. ha~ evs tern

a l ’  - m t  48 Inches -

us 

-- - ~~~~~~~-—- - - — - —  ~~~~~~ -—— - - _ _ _ _ _ _ _ _ _ _



? 21 . The mean range of t ide at the  Golden Gate is about five feet , with
a mean tidal prism in the Bay of about 1.2 million acre—feet. The total
water volume at mean high tide In the Bay system Is about 5.5 million
acre—fee t . Thus , the mean tidal pr ism is about 21 percent of the total
volume of water in the Bay .

“~ATURAL RESOURCES

22 . The major natural resource of the San Francisco Bay—Delta Region
is i ts  continuous waterways which serve a malor role In the areas
co~~erc ial and manufac tur ing grow th . Pe t roleum, na tural gas , sand ,
and gravel are the items mos t economically significant of the mineral
resources of the area. Other valuable resources include mercury ,
salt , sulphur and peat .

23. Other important natural resources in the stud y area are : the
f er ti le prod ucti ve lands , sustaining an agricultural output valued
it  500 million dollars per year: important fish and wildlife areas
in which sport fishing is a major recreational use of San Francisco

-- - ay-Delta waters; and the  m a r s h l a n d s  of the Bay and Del ta  which are
rnportan t to the migratory birds using the Pacific Flyway .

~EMOCRAPHY AND CULTURE

24 . The populat ion of the 12—county study area has tri p led ove r the

P pas t 40 years , w i t h  approximate ly 60 percen t of the in crease occurr i ng
in the last 20 years . The growth rate of the 12—county study area
ove ’- ~he last 20 years has lagge d sl igh tly behind that for the entire
S t a t e .  However , several counties w i th in  the stud y area have experienced
over 100 percen t grow th in the las t 20 years (Table 3). The pr inci pal
cities shown on Table 3 represent those cities which had a population
in excess of 100 ,000 during the year 1970.

25 . The professional , technical , and manager ial f ields were the
largest occupation group in the stud y area in 1970; over 614,000 peop le
or 28 percent  of all people employed worked in this group . Clerical
and kindred workers were the second larges t occ upat ional  group ing: 21.5
percent were employed . People in farming occupa tions were the smallest
grouping, only 1.4 pe rcen t  were employed in th i s  group .

~.AN D tJSF.

2 6 .  The present lan d use c h a r a c t e r  of the s t u dy  area i n d i c a t e s  a
‘Ivers ! v s~ elements hard lv matched by any othe - re-iion ~~
u - i , ? rv ‘uch- an evolution to its rresont statu s- cais ~e seen in

mis o these d istinct develotnnent oerio~ st

17
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\N1) FIlE P R L \ C  T P \ I  C I  u i i : ~-~ 1/

~~: - w t h  R o t s  S i l t y  l’ r i n c i j ’ a l  i r : n  1~~s l  C i . -
- ~‘ i c s t v  1 ~I ) — l  970 2/  P op s  I i t  ion - I t  v Populat i t -n

- 
- I t  -~ 5 1. 45 1 ,07 3 ,000 i~~ I and l’,2 , e -

0- -’fl t - C a 1 . -% ~ 5S ,000

2 . 4 0  2 0 L  ,00I)

u - • I . 70 
- 

70 , 000

-5~ r0 .s 1 5 2 .25 631 ,oOO Sac ~amt-nto ~4 , U- ))’

S - m n  i f l Oi 5 C )  .90 7 l~, , IrnO S- si ranc I so t  716 ,000

S i s i p  i i  1 .45 2 0u , ‘ U O St  o- k t en  10-~h ,
I ) I  0

~~ - ‘~ - i - ~~- ‘ .~.35 55 6,OUO

S~~i - i L a r i  3 .6 5  1 , 0 ’5 ,000 Sa:i J o e  444 , 000

So) nc 1.60 170 ,000

Su:,-~i . - i 1 .95 20~~,00O

- ~~‘
- 2 . _ 0  

- 
02 , f l i  i i )

- ~ s s r  - i  ‘ ) t  Cr -n--os- fi gur .--s - nt- - i r s - a t t h - - s i - and

2/  s~a 1 s i -  n~~,a s;r -:sh t a t, - , 1 >o— 19 7 ; 1. 85 ) ‘) s r s - s  t u t  t - n - s s l a ) .
- I ~W t  r i t e  -1  l e d  i - s  i -~ u - ’ ~ ’’~~~ i - n  # 1950 pot ’s ! t I ’ si . 
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.i . Ho- o i l  Rush of  t i - i -  m l  0—1800 ’s,

d i r -  I nt r s s lu e  ~Ofl ii I i - i  I I rats- -port i t  i o n  i t s  ‘ ‘ 
- I 81)1) ‘ s , ii -

c. The events e nati onal and in te r uit ional is - i s ’ r s  -ac ’ , — n i - l i  ia
I s  .‘o i s  n d  s p o t -  ex~s 1 s r m t  i s i s  S rem e m r l v  l~0)0’g to t o d ie .

• result , pet i - I e u s - : , s- sci m un 1, - m t  i o n: -, , shi pping and ;srm sport :it i s-ss
- I - - : - - i t s - :  commerce , aero--p so t - , m ilit sr’; , - - s - s r  s , - l eO ’ ins ,

- - -:,- r nmc -i - , nianu ’ .s s t ’ m ring , and v ’ r ) h u s i s i ~ - — s , -m o o n s :  O t ’ i O t  C s -  f l o n h i r

I ions s - i v e  m~ 1 l i r - L - ~~
4 to c i t - - i t , - t i m e  s s s r s - n t  “ d v n a m i - ; r -  ‘ t lmc -

-
~~~ 

1 v :~~~s ’ s -

21 . !~m t - s t u d ’ .- ;ir,-a U r o a - t h  and d e v i l - -) ‘:- - s- nt ot t h -  -i r h : itii ,- ,- - 1 ar -:s- -
en~- roll v lol lowed t h e  h ; iv  shore  line , di r~- - t e d  larsze l v by lie cons r r i

01 the ter ra in , provision of t ransport ation f-i c ii i t i - -  , - i oU th e  i s - c  t ion
-~~~‘ i m p o r t - n t  e -o:lons ic and servs tivitI ~- — . S:m ~ - r m m s ’ - : - i  ci i~rt-

- -~- o sst - i r d
d r - s c -  ~!se - o r u -  g e n e r a l ly  in a souther lv direct ion at fi r o t  , 

- s t  mo re
, - - s i c  ‘o t l s s  :i-’ rthe tst . dv and l ;t r - . - r - , the - i t  t e ro  of  - s r i s n a  lis t C i ) f l —

cm was i- re - li - - table and evo lved  in a n a t o  r i  and a 1 mann~- r
H r~~ .~- ’  - i  w.ss f o r c ed  ai s sn U c l e a r )  s- deli neat r s J  1— i are ~ - m n ~ l i. r m : m s p s -  r t  it jot)

~- a t  s t .  - - t im e most  u r b a n i z e d  c oU f l t j e~ in  terms s f  area  a r - :  Sas s 5i - i ncis s -

~ 
1) t r o e n t )  , San ‘- ta r  eo (20 ercent .) , C o n t r a  Cos ta  (2~ p o u t )  an !

\.  - in , - : .  (20 1 5 c r - O t t )  - The l e as t  u r b a n i z e d  in a re s a r~~: Ss rsorsa ansi
S i ’ .s 5 ) - n t 5  sli ‘1 it I\’ ov s-r 2 per cent) , Y o l s  (3  p e r c e n t )  and —o lano  ( t .5

i~~~~’ ’  C A C T I V I  TV

T-~t m l  t i ) ) -  r - n t  t or t i s o  stud - .- a s -a won ahout 2 ,36 ) , 1) ( u i )  for l~ 7O.
- --v t- rn :nt-s: t and - ,t- rvi a- emplo - - - s ’ - t s t  a r -  t i s e  I . i r a - n t  and  f ; i s t , - s - s t cn s n -~-in g

- - ::sp lC’:letst gr- ’si p- i t )  t i m e  s t u l v  u , - - i ’r , W i  E l m c I - iplsi vm en t of 5)O ,i)fl )) i n s 5
a - , 00 s 5  , respec t  i c i l y .  The I si n s - i  1 Indu st rv  cen t e r e d  It ) San Ft ii i  i sco
I~~C 5 1 5  expe r l i - i s -  ‘ - 1  s a p id g r o w t h .

- Emp l s ’v m e r i t  In - i s - r i c u l t u r , -  i i i - . dc ci i n ~-d in the l i s t  I js- r- vear-~
- i s  rea --o- - f f 1  s - l - c v In t i m  t e s - i i s i - l  has s-si t pa -e s the i’s - w t l s  i t s
i n m n d  o f  ag r l - u l  t s r  1 : - r - o i s o t --, h-ad m m ~~ t o  i i i ,  long— ’ ‘ - :  in U - - - l i l t
i - i  s C r i -  - s i tur a l emp l ’vm etm t . I ) - n : s m  u- & ‘rnp l o v m o n r  dc c l i n - n , i i ~r i —
csc  ‘u r e  is  ~ vi ’ rv  l r I s ’ ’ r t a n t  i i i  a 1 s - ’ i ’r  a a s - s - s .  For  exc - s t ’ i , - , S ~s s~

rat-si - to Val ley sn a lea d ing - r  ‘du e t  ‘ ‘ 1  t s i t s - , n u t s , m i d  ‘ [ci, !

~ r ps H Nap i V - i l ,  - O r s - s : u  - - —nstc - i t  t ’ s -  h, - U s~~s ~
‘ai errs] .

- i - - ’ v s  , O s - .

- - . Dur i n~ 107(1 ‘ s n - f  i ‘ s -s ng t - T s  t a v t — r . i  ad sH -~) . 5 5  S r i ,
‘U t  - i t  ‘ e S t ~~~~ ’ s-  l i o t  !~~~~- i t ’ - n I l i s s i  - - s  ~~~~~ i- s s b .  eli- s t  -

- s-i t r - w i  t i s  ( s  , 0 5 ’O ,~ m’s - L - f l f l (~~~I -‘ho - 5 , :  1 -  s - n i  n - -
- 

- sd ~~ i~s’ti —
- - or  i ’d a ’i o n t  - i - -  , ( F ) ’  - i ’ et : s ’ -  ‘v - s ‘ i~~ 7 s 1  — ~~~ i - -  - - ~:our1 t —

- - i s i -  i n  r~- . ’ at  r4idr- es’r i - I - s - - u s - - l i t

p
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o~ t h e  a v i l l a b l e  ‘ s k i pped over ’’ l and  w i t h i n  a t l s in  met nc s~ - - 1  [ t n : .

-ir e a s- w i L  he t i l l e d  In .  D en s i t i e s  w i l l  l t - s i s , i h ~~1V Isls: r-.- aa - - i n  s r b s m : :

- e a t s - I - -— intl smlonp t r a n s po r t a t i o n  c or r  t s t s s r s ;  e ., - . , S Ba; ‘-. rc - s

~.i 5 - id j r - i ns - It Systi-in i . By and lar ri - , s i t  - i r s-  d e v e l o p t : s t - n t  -~~l 11 si-

-h,srac ’~er Iz r- ci h~- m i r e  c o m p a c t  p n - s s l p i l l t ’ - - and In t e n s e  l s m n c l  nit i l i~~si t j o n .

30 , The sn,i )or it v of new emp loyme n t and i nds i : ;t  n i a l  op : s s ’r :  sin i t  i t - 5 - ;

-irba n c zat ion ) is expected to os - a i m as an ex ;-at s~~ion u S  a I  t e a s i ’

e X I s - t~~li~ 
- e n t e r s . It mpps’i r s that areas part i u lar lv f.- u vs - r ed by

ab s-sslut t- expansion p ’Ie n t i ;i l sire: S (sslt h Bay (lin Josi- i t s - i ) , Central
5 - s i t s - i  i l ’ s - t m C o u n t y , .ou i t l m e ; m s t  Bay ( F r i - m o n t  - i n c a ) , ( : e t : t ra l A lso- st - s I t

- t i n t v , - i t i d  :- a,- i - ;i m e n N s  mi- ro pol  i t a n  a r e a .  L i k e w i s e , m r s - s S ( 5 - I s O S iS I
l o r  - t e a t  -r s s r s l s o r t i w i  of  gr o w t h  inc rease  i r e  t h e  sma l I en  ( i n  i s o P —
ulatlon ) - u n t i e — :  Sormisma , Napa , Man n and Yolo. Partics sla r s-x -

~ d : i s  ion 1 .-s also proj i-s-ted for the P i t  t s h u r g — A n t loch n r c  I (( an t  ra
Csss t~ ( s s t j s s t  v )  o s :  ar e a s  ad ~am e nt  to  t i m , -  S i n  F r a n c - i  s-co s m t s s )  Oak la n d
\ i  t a r t s .  San s a n s - i s-co C i t y and C m s s s i i t v  will conti sis is- to ret a i nm
i t s  :-es iti on sin t li e center for i m a nn - a n d  c~’nmierce . S a c r a me nt  a

- s-un t .- vi ii increase its role as a g o v e r n m e n ta l  and -~e r v i - -e s e n t  e r .
hi-i ‘ os-c met  r s s : s o  I I tat-i are sm w ill show t i p  pre arest s’ro~- t -  in economic
diversi t-, and a — in area of inc- reased impor t  since as an u rban Center
I ’  ,) p s - n n  - t h a t  rho density in terms of popula : ion -en sm’e rall urban
H c i  ropo lit.-.mn areas will he s t a b i l i z e d  In  t lmc- immedi si t s- - n i r ure ansi
s - t a rt to inc rease apai n wit h t i i  a decade or so.

R o s e - U  sn st r c-s D — I  SO p r o  j e c t  ions , thi- population density Is
5 --recasted to rests - Is about 1.4 persons  p e r  sc r e , t s r  ovs- r 090 p o r s - i m s u s s

— i - s r sq u a r e  mile i). 2000. This represc-nt:. an Inc  r s - . s se  o about  0 . 5
€~r s~~u sa i s ( ~ r as re , or s-v e r 350 persons ~- t - r  sq u a r e  m i l e .  1 1 - ~ p r o —
ected h is - i c land use absorption is as fol l ows :

I rban / Developed 1, 65 , 800 a c r e s -
Res idential ( p i o i  ,~~ s s I )  an  5 i - s )
S t r e s - t s / H i gliw (221 ,75 th c c i  e n )
Comme r e t -  / Indust r v / O t h e r  t ’ r i s in  ( 2 - ’i 3 , 7 ( 5 1 )  m s  a s - n j

Cndeve l e  sod and A-~r i s -u lt rire 5,597 ,700 acres

- n i l  A C r e s -  1- ,66 5 ,500 acres

‘~ -e t ‘s t al s in o p o r t  Ion o 1 urbanized land of t hs- at si clv ar e -m  is  i ec t e d
ifl~ r s - : in o  by almost 7 - s , ~- t  s t-nt , rot s  9.2 pe r c e n t  to  15.0 p e r r s - t i t  by

t o  - - a r  “ S O - Thi-~- s i ms -- n i t  a t i -  a n e t  c s s n v e r a i s s : s  i n c r i - O s - ,  c’f -ul . mo s t
-. 0) , 9(_)( a r i - s . Du r i n g l ’ s is oe r t o O , the pr op i sr t  I s ti o t resident Ia) s i - : i - ~e
‘ -  i s - n  s . i - - ~~ d e v t - l sped I -sm is &-xp -cted to In - re:ms -e F rom almost S(i per-
i c u t  - 

~- u - er ie - s t . -
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37 , 0ssesl ri Calf forn I - i Framework Study as-msump t ions on es  sn o m iC  a t  - -

in t 5 n- si n - c , it i s  e-s -t  m a t ed  t h a t  i n d u s t ri a l  employment  in the  -“ ‘sl y
i r e - s  W I l l  l n s -re , i s - - i r s - rn 2 , 362 ,80() to 5 ,059 ,000 by 2020. ‘-tarnm~ smc tur i in

s r n ~~~~Q’,’r ~~~f lt  c X C s c t t s l  t s- d o u b l e  lw 202))- ITholesale and r e t , sj  I t a i l s -
e:- s t ’  I - ~ v ’ - m e n t  - in  he e x pec t e d  to  inc rease  600 ,oOO people by 2020. The’
t el Is -w ing ni ; suiut , i ctur lum — groups  r e q u i r i -  I a n - - -  q u a n t i t i e s  0)  w a t e r  i n

t l m s  i t  - p e r . m t i o n  imn d h i v e  la rge  was t e  l o a d s :

a , 01! Cu-~ fineries — Based on a pr e d is -ted increase in per cap ita
c - a s s u m p t i o n  of ref h ned petr oleum products I ron the present 51 barrels 

i t  t o  abo ut 75 b a r n - I s  per vt - a r  in 202() and assuming an avail—
a b l e  s u p p ly , t h e  tot,il annu il product i -- t i o h  r e f i n e r i e s  l o c a t r - u l  in t h e
st ’.id ’ tress w i l l  -n o b a b ly  i n s -rease  f n c - m 17)) m i l l i o n  b a r r t - l s  p - r  y ear
t o  some- I b i l l s c s n b a r r e l s  t s r  year  i n  2 s) 2 0 , an annual  - rovtim rate of
- ib o u t  ‘ / 2  p e r c e n t .

Pape r and Allied Products — fl it s industrial group m anufac tur --s
-ibo ut  2 - 0 0  t o I l s  tier day -f paper product s- . In t - e  next 50 \,:ars , pro—
Ju c t io m s is projected to il-crease to about 12 ,000 term s per day . Emp lssv —
-ren t  i s -  P 1 5  i n d u s t ry  i s-u expected  t o  more t h a n  dou h l e  by 2020 .

- (‘ s : n n h i m ~~ - C a n n i n - u; p r o d u c t i c s n  is expec ted  to Increase at a r a t e
oi~ ~ i s - n t t i sn e e ;s e - r ce n t  s i : - n u a l l y .  Emp ls -vme nt w i t h i n  t h e  f e t e d  and k i n d r e d
,sr- sdu . I n  1- i j u s t a - . is  expec ted  to d e c ro i s e  s l i gh t ly  by 2020 . There
v i i i  be mis s o t  ~9 , P00 Dec ‘le emplove iii this industry by 21)2’) in the
s t u d ’. ~mre-

1 . - - - : s a a s — 
p r o d uct ion  of chemi cals in the study area is expectc-)

to ~~ ow I - ~~1d i t .  t h e  peri od of 197° ~2 02 ( i . The expected increase lii
pe t , -le nin s - - f  n i n a  iii the study area ~ i s i t 1 d  c o n t r i b ut e  to an expansion
o C- tm s l I m - i ’ sn od’;stion . Empls- -; -m:t i n  t he  c h e m ic al  i n d u s t ry  i n

- ted t s ’  douh  S by ~-!U20

e . St ci I — i t l s S ~ the study area , industr ia l  steel products ir e
a n t  in i patsid to inn re;ise in annual c ’nsmimp t ion from 2 2 m lii ion tons
- e 1 ! ‘sI ll ion t o n - - and produc t manufacturing i a exr-ected to increasue

r e s u r .  60(~ , R )-i tons t~~ 12 nul ilion l a t i n  p i t  y e a r .  The’ Primary ‘4e-tals
ii :s ’astrv onuptoymen s. is expected to i u i c r s - ,;se by 50 percen t.

- A gr i c u l t i r e - I t  is- i-st Imati- -i tha t  by the year 202 0 , the
amoun t of land us-e~eI f s s r  Irr i - ‘ .n ted am ’ri s. ult urt- in the nine Bay Area
noun - l e a  w i l l  be ‘s l u , )5) 0 ai r s - n , a ri-lnme t i o n of sons ’ 15 p e r c e n t  f r ~ - ns
1 6 7 ,  tIv 2020 , I.r r i  a S - -d I , i I s s )  l i i  t l ee ~el ta  ( 010 , Sacramento and

) s s i ~~~- i m I i  Count ies )  is  e x t - s - s - t e d  to Increase  by some 15 to 20 per—
- s t  t o  1 . 5 5  mi l l ion  ; Ic res  In  the Central  V a l i c - - . t r i bu t a ry  to the

1 2  - uunt v a rea , I n c l u d i n g  Tu l ;ir e Lake B a s i n , i t  Is -  r - s t i ma t e d  t h a t
~iho -it se~vOO m illion - Is res will he under irri gation 1w 2020.
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3~~. Usin~- the  e s t a b l i s h e d  p o p u l a t i o n  proji-ction s , future wastewater
‘1-u -- mi ni constituents were estimated. Munici pa l was tewa ter  f low s
were p r oie- ~ ted b r  dry weather flows onl y and incl ude those f l ows

t -ss ~- r s t i d  by ssmn ltarv systems in residential dwellings and corisnercia]
est sm t -l i s rm n~-nt s , It represents wastewater flows generated in connection
with pe otsli- rather than products . Existing Or’-- weather wastewater flows
t c - r e.n h m u n i c i p a l  d i scharger  or s e rvi ce  area were obta ined  f rom data
01  the (ilifornia Reg ional Water Qualit y Control Boards and from local
and subr -~~iona1 reports . Dry weather fl ows were selected since it was
.issunse -d that infiltration would be removed f r o m  c o l l e c t i o n  systems by
loi~~l c o r r e c t i v e  ac t ion  ove r the  study period . Based on popula tion
estlma ts-s and industrial development in the service areas , was tewater
t iows were modified to exclude those flows which should more properly
he included in industrial wastewaters. The munici pal flows were cor-
rected t -- the year 1970, which was used as a population projection base
year for tls e desi gn data. -

~0 . Tt e 1170 flow for each discharger was multip lied by a growth fac-
tor whimfi m is the ratio 01 the county population in any desired year to
t l t ? 1970 inty population to obtain flows in future years. Crrnwth
factors are- shown in Table 5 and the resultant initial municipal
fl-ms a re  presented , by county , in Table 6 .

40. The wastewater constituents developed were based on data pre —

f rent s-P in t h e  various subregional reports to the California Regional

~ set e r - tiaui ty Control Boards. Data were developed on a milligram
~~~~~ i ter (mg/i) basis for each county and flow-weighted to obtain
a su n t - ~ usverage . The i n i t i a l  munic i pal county  L o n s t i t u e n t  loadings
assumed a ROD of 200 m g/ i , TN of 27  mg/ i , TP of 11 me / I , ~HM of 3 .5
m t - i l , mad FDS of 550 mg /I . These values were assumed to be constant
s s v s r time hes-a use they were the best data initially available.

~I. - Iii h d i s c r e t e  i ndus t ry w i t h  a known e x i s t i n g  process wastewater
sII~~- m a r - - was - i d e n ti t i e d  f rom t h 0  v ar i o u s  subreg iona l repor ts , Re—
~i - - - a 1 --.~~t er  - s u n l i t ’ s ’  Control  Board repor ts , and the  U . S .  A rmy Corps
oF : s w i r i eera ’ Form 4 3 4 5 — 1  (App l i s - 4 s t i e n  for  Pe rmi t to Discharge or
W s s r s ~ i i i  \‘svi gable Waters and their Tributaries). For all industries ,
d a t  wen t -  u t i I i -,~ed t o  ob ta in  a —rocess flow increase tactor . This
I m c u . - r  wa5, then  app l i e d  to the  existing flows to obtain the 1975 and

5)00 p ri ces-s  lows . -rhe existinC l ows were ob tained f r om the same
- ,ourues as W e t s -  used to i d e n t i f y  th e- existing discrete industries.
- )n l y t t i s) s , . ittd ustr ie - s which d1s- ;charc~e 0.01 MCD or g r e a t e r  e f f l u e n t s
-- - s-re (.onsudered . Table 7 presi- nt-u t he  i n i t i a l  i n d u s t ri a l  wastewater

l ows .

u f l - 5 . ! O N , \ j t ) l . A N N I N ;  s~0AI~~ ~J~fl 5 ) I t , l ) - I ( ! !  yE S

lutr odeic t ion

P - Re - t i estl al p lanning  goals  are e s sen t i a l  in e s t a b l i s h i n g  a p lanning
1 r amt - w t s rk  -.ince  such goals - guide the thrust of an entire planning
c~s t o  - . They s i re  ends toward wh I - Is i i i - !  v i du a l  p0] i s  te s , -ro gra ms

-
- S



TABLE 5

POPULATION PROJECTION GROWTH FACTORS

COUNTY STUDY YEAR

1970 1975 7000 2020

Alamed a — 1.053 1.397 1.678

Cont ra Costa — 1.093 1.79 2 2 .330

ti arin — 1.116 1.941 2.E70

Napa — 1 .139  2 . .  31 3 . 797

-,acra ment o — 1.061 1.584 1 .902

- an Francisco — 1.068 1.047  1 .117

can Joaquin — 1.068 1.724 2.069

n ,~p M at eo — 1 .043 1 . 2 5 8  1 . 4 3 9

—an to Clara — 1.145 1 .9 7 1  2 . 7 2 3

‘solano — 1.117 2.352 4.706

‘onoma - 1.170 2 . 4 3 9  3 .415

Y olo — 1.195 2 . 1 7 3  3 .261
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TAB l E  (~

r Ri 5 ECTE I) MUM I Cl PAT - WA~ TEWATE U FT ,OWS I /

~~~ -\ S FT 5’~/YFAR (MCD)

1970 11)75 2000 202’)

A - -s-ied ~ 13! 14(5 1 t~5 2 2 2

- s Cs ’-~~t a S’s 65 109 141

20 22 38 51

9 20 30

96 100 1 A9  179

- - i t s - . s n c  i s o  102 11)3 107 115

‘ an ss m q u i n  51 56 90 108

P 
s- sn i~~~~, - n  52 54 ~5 75

~an t ;i Iar ,s 122 140 241 332

21 24 Sj 102

j -S -  ‘ sOi f l i  16 18 30 54

1? 15 2 7 41

690 746 1 ,1 1 1 1,452

I / ‘ n it lal. Oat s .

P ~7



TABLE 7

PROJECTED INDUSTRIAL WASTEWATER FLOWS 1/

COUNTY FLOW/YEAR (W~D)

1975 2000

Alameda 14.0 3 1 . 4

Cont ra  Costa 143.2  2 9 4 . 3

Man n 1.0 7 .1

~:s1pa 0.7

~-~icramento 0.6 1.3

~an I rancisco 0.04

S- irm loaquin 12.6  27 . 9

‘-~ sn Ms teo 3.9

— i n t l Clara 2 . 4 2 - ”

~ s 1aflO 4 . 4  10 .3

~- -noma 0 0

Yolo 3.2 2.6

~s ’ r a 1  186.04

I n i e ia l  Data.

2~



i t s s l  ~~t fs’rts mm iv -c di t e ’ s ’t i ’ s l . r I m . ’ - .- i n c l u d e  i larm ’.- nu-im ;ut - c o f  idea i i s i -n ,
l s ’ r l i s t - v  pt  e- . , - i .t  i i i  - ì  H ; i s l  mannc t ~ m 1  f r i  words  I f s - i t  whi ch t t m e region

ssns  id, r s I s ’  s e  ni t i mat - - lv - I t -  -s- i r- il - I e

-
~ j .  ~l,~ - t i .- ~~i m m - l , - . m i s  can ~~ d cl i n e si by sets of r e g i o n a l  oh e c t i v e s
wh i ch se rve is- I c lsi-d s tor ths- act usi l f o r m u l a t  ion , desi gn and eval-
u a t i o n  of a p lan  c i  p r i e c t .  Reg ional objective s di ffer from regional
g o al s  im - i that t I m - - a~~ more tang ibl e and usually rs -fl ect a condition
w h i c h  is inurm ediat~ - I v - i tt ainable by controlling real parameter - - such as
chemical and/ or ~fmvs-m [cal fac - - - m  s-s , c - s als s m’ i c m i i  a s s o c i a t i o n s  a n -  rec—
reat ion in the c-s os- ot environm entil considerations; public attitudes
and publ ic health in ‘ lu- case of social considerations: and co ot s  and
benefits in the cisc o economic aspects. By meeting re is ,n m i l objectives ,
th e  p l a n n i n g  coo I s  of a re e ion may he as - I s i eyed whol lv or in part

Regional i’1annins~ Goals

4’-~. Reg iona l p lanni nm - goals hive been estsi !slished by nearly every
p l a n n i n g  agency in t 5 ie Ho Francis , -a Bay—Delta Recion . From the p lan s
and policies of State , regional and ls s s s sl plannin s- a~ encies , the fol-
lowing regional planning goals have been identified s-v the Corps of
Engineers for this s-rudy of wastewater management in the San Francisco
Bay and Sacramento—San Joaquin Delta Region :

ml . Protect and enhance the major physical features and environ-
mental qualities af the area .

b.  P r o v i d e  t h e  s p p o r t u n i t y  - s r  all p e r s o n s  in the are m to obtain
adequate shelter convenient to other activities and facilities , in
ne i ghborhoods that are satis fying to t hem .

c. Provide imp ls- 1-md and facilities , and develop a strong, div er-
sified economic base , for the economic distributio n and growth of the
area in order to allow opportunities for all s - I l l  7ens and crnmnunities
to impr - -s -.’.- their ecotmomi c well—b eing.

d. create a sense o t  ret’Iot -ial identity, responsibilit y , and coop--
era t  io n i m m o i p  cit t z e - n s~ ‘) r g a n i za t  ions • and governments in the are-s .

e. t’ r om ot e  t I c  d i s t in c t i  ‘e character and identit y of the area and
of i t s  p a r t - -

5 rovid e all r e s i d e n t s  w ’ th opportuniti es- for a wide rance of
cul t- i ral , s’s al , pd u, - , i t  ~s s r i a ~ • s- .il th m m m l coum~e r - i a i  a c t i v i t i e s  and
fa c -  i l l  t es

keg l v i i  t’lanrt ins’ lb e a t  [yes

45. U s i n g  t h . -  I d e n t i t  i c - -I reg ional slan ning goals , obj ectiv e- - have been
f o r m u l a t e d  -r  t he  San F r anc isco 1~a v — D e l t -i kegl esim . 0er t am c i  I s . - se
ob~ e c t I - - e s  i r e  i n c l uded in pub l i shed  r e p o r t s  o f  other agen cl --s . Others
have been deve lop ed h~ tin ’ Corps .
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- 5 . Ma i n  I m l  n ansI c - I .  - r i ce  to t i e -  Ii ~iic’s - t p o ssibl e - ic’.’’’l s t l i,-

~~~ 11 -
~

- of  ~m I 1 ‘~
- . s i  c- ’ -

~ . r t  To - r e g i s  so -

0 . l t s t . m i  I s~ ; t  - - i .  i ts t i s - r e ’ m ’ m s  f r o m  . m d v e r s - . -  w a t e r  q m  s i l t y
t a c t - s m .

C .  2 r s ’ t . - c t  and - — i ds  i t : s ; e  e s - m i t  ft I 1 ; c m s 1 ~s-~~o c ’ i s t - — s l  w i l i l i f e  itt

- l  r e s i - s - — , r i~~ - r s - , , - - ~ t s - a r i c s , s c - s r i - , f r - s  s i r  - - ;; m r  0 , s i l t  w - iter
m r s } s , —~- , l i m es- , p ads  i n - I  r i p a t i m s t a t  i s i s .

c i .  P t  t- s e r v c  snd - - :‘ s i c e  - y e - I  i l l  di vers i t- of life and c - i r r v i n g
; l 5 ) s i C i  t i e s  in , - r c - -s ’ ri si l s c c i  i t  - - i t s , such is f o r e s t s -  - i i a I  g r ; s ss l ands ,

and s I m e ’ir -m s-soc 1 - s te d w i l d ] ]  - 
s-t i H s - s - c  - i - i l  etnp h sasi s- upon rare and

t-ms dan - ‘c i -  1 i i i  i viii I — . - m o d  p 1 - i s  ‘ s -

~‘ . ~ i - m i r  i~~~s- ! i s t - m r s s m t c - o ’  t O - - r . - ~’ i o n ’ s a  s t u r a l  p m o c e s - s c - s -  and
ii e cy c l e — -

s - c t  5ct iso! enhanc~ ‘ l i e -  4lis t t n t  i ye c h a r a c t e r , i d e n t i t y ,  and 
m r s u - s j  t v  i i  ss ~~ - of ~i i  ‘ec ’ ed - i r s - s i -; .

c .  ‘- H I n t s i n  s i r  ~~I s l t I y  - - i t  levels necessary to protect public
he mi lt tm -

h. ~i s i i r . t  ;s i n  s i r  qua! it v - i t  I c - - ~- s l s ~ m s e - s - e s s s l r v  to preven t  damage
to p l m mmt i i ’ e-~ m i i i  nal l i t  a md ;s~- s - t he t  i s ’s .

i . 1’ cs -v - -at Ia -
, r I  i t  i on  0 a r q ua l  i tv  where it is p resen tly of

- e m l  s e - i  ~~i s l f t  - t b - i n  r ed - m i  red by - - - d e - r a l — S t a t e  st a n d a r d s .

‘ed uce to -sc -e r~ - smm ce lay.- t l m ~~st-  n o i s e s  which !save a dele—
i - c  i~sti s et fe, t - i t t  t h e  I i  - e -  c-,’ c l e - - ~ - f  ~- l  HI  I f t  and humans or have a
i i . -  ;~ I I - , - . e li s I - - i s  si - s - t i m - i r-s- ot the ~rtv i r s u m m e s m  t

k. ‘ r s I  - - s  and e - m s i s a t s e ( -  p i th  I i  c s~al th t h r o u g h  the reduction of
d l  s e s s ’  I . s f l s - m m s i s s  I on  mu ’ i s - i l  s- -in - - - f a c t o r s  ( w a t e r  p o l lu t  o u r s , d isease
\e- t ’ rs , t o .,lc el en ts , p l ai t and a n fi- si l pest s- and noise).

- r e  -ct m i l u m m i Is - i t it is - - e l and -; .m vsmi -md e amenities , and increa se
s e s t  h e - t i  he - m t  - -  of w~t cy b - d i e - - ;  l;i-~ l t a O s , and the  l a r idwater  Inter-

I m  ~ -

m . ‘N- r i t e - i , -  c t e - e t  I n c  of ‘ sums l 1” m i s s 1  a e s t h e t i c a ll y  p l e a s i n g  f a c i l —
I t  i.’’~ -is - i i i  ints -- ’ r - st e d p h - - s i c - s i  el sit s - - irhi n const ituent areas .

n. Enhance opport s i t s  i t  i s -  i n s !  I so t - ea st -  ran ge of a q u a t i c - and
rre s~ n i l  c c -  ‘- ‘ ‘ c t  i~~s m i s t i -n t i t ’ - - 1 o r  - n a t  s f  hotli l, ,s -; t l and

m ’ i s I t  - r puep silat i s i s -

o.  Provide ~Ts :re;mm -;p ! c a p a b i l i t y  and co n ven i en c e  of access to
rec rc - it ion - i n s t  at ’s - ri I t v f a r  f l i t  1 e - - -



p .  P r o t e - t  and enhance  cot itemP or arv  c u l t u r a l  v a lu e s  O i s t o r i c , m l
sites end ar -haeological sites .

q. Promote an optimum utilization of land , water , enermrv , air ,
c h e m i ca l  and h erm an resources , with speci fic emphasis upon both short—
tern sise and long—term productiv ity .

r . Maximize reclamation and reuse of municipal , industrial and
ag r ic u lt tmra l wlm;tewaters and residual solids .

a .  Help  main ta in , or hel p the orderl y t ransition of the agri—
cul t s ir sl •-nvfr onment , where deemed appropriate.

- M i nimize hardshi ps and disruptions , insofar  as possible , to
aftected residents , business, agriculture , services , access linkages
and c o m m u n i ty  cohesion , caused by r e loca t ion , disp lacement , dispersion ,
or b a r r i e r s .

u . Preven t and deter , to the extent possible , disrup t ion to the
local economy , j obs , stab ility , life style and deve lopment pattern
of mi 1fe:ted areas ,

v . Enhance and preserve insofa r as possible , etnploy~~nt oppor-
tunities in terms of job a v a i l a b i l i t y , d ive r s i ty ,  s t ab i l i ty  and
n o b i l i ty .

w. Enhance opportunities for human betterment through greater
and more equitable dls ’-rtbut ion of wage s, goods and publ ic and pri-
vate services .

x .  Through wel l—balanced local p— i r t i c i p a t i o n  and involvement
programs and efforts , help create a legitimate sense of participation ,
identity , responsibility and cooperation among citizens , organizations ,
leaders and governments.

p
1]



‘~i [1)5 AN r - PROB I i - - -r~-

INTR ODIJCI’l s) N

-~t- . This se - ction deal ’- - S i t u  t h e  p r e s e n t  and p r oj e c t e d  demands f o r
s i t e r  and t h e  s - - - u r c e s  s~~ ‘~ s i t  c r  supply to meet these demands through
the - - - c - m r  2O 2~~. The s - c - s t ion j i s - e s  d i s c s m s - s - e- s - s u r f a c e  and gro undwa ter
qua l m t - . condit Ions , i s i g s i i c ’ t m i s  s i n t i s i p~~t c-m1 w a t e r  q u a l i t y  problems and
m r - -s - cu ts watt- c c 1ui l i ty C - I S  i t - i t n t - s uss-d by t h e Corps I is t h e  develop—
rnent of w ; m s t  ow i t  or  m a n s e s ’ . - n . - i m t  al t e r n - s t  [yes

) -~O\ f [R  RE~ l’ I

A c rj si l t u r e

47. Agr Icult ural water requirements are- based on projected irriga-
tion needs Hr  each o o e m t v .  Projections assimie that water use per
i r r i  ‘- st e d  a c re  w i l l  ns st ~- i i ~inge ove r tint- from that information shown
us t a latest census s-~ ; s g r i c u l t u r e  for each county . Future irrigated
a c r e - I g e  r e q u i r e m e n t s  ~r each county have been developed by the various
counties and tOe Di str ic ’ o f f ic es o’ the Cal i fornia State Department
of hater Re— sour s-es . ‘,cr ’ s - sil tur al water requirements for 1970 , 1975 ,
2000 and 202 0 are p r e s e n t e d  in Tabl e 8 .

Man l pal and In d u s t r ia l

48. Industrial water requirements are derived from data generated in
a s tud- ;  by Lawrence  Berkeley Laboratory made for t h e  U S . Corps of
Eng ineers .  In d u s t r i a l  w a t e r  r equ i rements  are projected to year 2020.
[soling water is Included in the industrial water projections . Most
indust clal coolin u - water used in the study area is brackish water.
t j p s -~~ t he  c o u n ty  w a t e r  suppl ies  pro lec ted  by the Department of Water
s--m ;ources are for fresh w a t e r  s u pp l i e s , I t  was necessary  to remove
cool ui 5 ’ water fIs~st r es In  order to make t h e  county industrial water
s m a c  data comparable to Department of Water Resources pro~ ec t tons of
w a t - - r -supp l y . Ind ei str ial water requirements were adjus ted  for Alameda ,
Cs - s i r r;s Costa , Sin F r a n c i s c o , ~- m n Matec  and  Santa Clara Counties .

49. ‘ I s in i c i pa l  w a t e r  r e q u i r e men t s  are based on per capita use data
I ro n t i r e  D e p a r t m e n t  of Wa te r  R e s o u r c e s - . An increase  in per cap i ta
is,- was p r o  i a -ted a f i v e  p er~~ent  I n c r e a s e  between 1970 and 1975 , a

11) s’.-r ent J n s  r a i s e  between 1970 and 2000 and 10 percent  be tween 1970
and 2 ( 0 0 .  Per capita use datti include industri al water uses , therefore ,
‘ s i - i n d u s t r i a l w a t e r  r e q u i r e m e n ts  we re remove d to determ ine projected
r m i n i c i ~~s - m i  writer use he t o r e -  m u n i c i pal r ind  i n d u s t r i a l  w a t e r  requirements
w e r e -  p ro  ~~i t s- ’ . [ i s - n i t  - .‘ pro jc- - t ions  a r e  p r e s e n ted  in Table 9.

Ret r e m i t  i on

50. Ou tdoor  r e c r ea t io~-r i s-s I nse parabl y t i e d  to the land and it s
w a t e r s - . H a  C a l i f o r n i a  O utdoo r R e c r e a t i o n  P l a n  ( 1960) indicates

- 

4 - 4 
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i’APsIJ- is-

T ( I ’ L T I t R J c L  - - A T F !  ~ ! ‘  s I T  RF1’TFNTS

( 1 , n o  of  A r - - -- 5 - - - t )

14 7 0  1 9 7 H  2 1) 5 ) 1 )  2021)

- I m i n s - d a  I f s . ’ -  28  - )  17. 4 17 .1

C o n t r a  Cos t a  12 -s .4  l2 4 . -~ 148 .5 150 . 7

Macin 2 .6 2 .6 1.6 .8

N s 1 s ss 16.4 I - ~ .0 50.8  58 .4

San F ranc i s co  — — — —

San M i t o 13. 8 14.5  15 .7  11. 9

~- smst a Clara 133.0 120.5 70 .7 43.7

Solano 382 5 400. 9 4 4 0 . 0  4 37 .0

Sonoria 49 .6 52 . (- 70.9 86.3

S a c r a m e n t o  461. 8 ~e 7 4 . 4  500.0 514.0

San l i - m u - s i n  1, 402 1, 4 t h  1 , 508 1, 503

Yo lo 832 ‘) !c8 920 956

TOTAL 3 ,455 3 ,S22 3,7~~-~ 3,779

14



A ll I f ~ 9

- - i - s i  s ’ I P A I .  -~~~ ) I~~liT 5TRfAI. hA FF R R E Q U I R E M E N T

( I  , 1)o() o f  A c t  i — 1 c - e - t  )

1975 2000 2020

-\ 1 amed a
Mu n i c i p a l  194 .0  ~.5 2 9 8 . 3  358.0
Indu stri el 1 2 . 5 12 . 7  1~~.8 2 3 . 2

ts s s t r i  (~sst ,i
- i t n i c i p a l  5 5 ) , 1 l 0 .~~ 189 .8  2 4 6 . 7
I n s i s i s - t  r in 1 ~2 . 1 1 2 .1) 140 .8 190.4

M i  r in

‘-~u i s i c i p r 1  1)1 .5  4 4 9  81.8 112.5
I n s l u s t r i a l  1 .5 Lf~ 4 . 3  11.3

. 1  P~
“ttt sic i p i  9.8 11. 7 27.3 40.9
i n d u s t r i t I  7 . 9  19.4 30.8 54.5

Fr a n c  i s - S O

M u n i c i p a l  l 36 .~. I s - u .! 160.6 174 .9
Industri al 2 . 2  2 . 1  2 . 1) 4 .3

- its Matee
M u s s i c i p a l  8 7 . 7  Y c - .Q 12 l . -’c 138.8
1ndustr m - s~ 6.6 7 . 1 12 .2  18.6

- i t i t  a Cl ri ro
M u n i c i p a l  11)5 .1 238.1 429 .7 593.3
I n d u s t r i a t 8. 1) 0~~ 5 13.9 19.3

Ss-lano
-~- s ’ s i c i p s i l  ~~~~~~ 1 )4 .9 63 . 7  127 .3
Iti d - is t r i s i  ~~. 

O~~c - 9.8 13.0

‘s - i i i

‘ls i i i ic l p r m l 1’ . )- 4 i , 1 8 7 .5  122.4
I n d u s t r i s m i  ‘s . F - - .4 4 .1  l3~ l

S e  r 511 ( 55 - -

- m r s i c I ~- m I  187 . - ‘1)8 .1) 1 2 h . 7  392.0
‘ ‘sd s s t r i m i l 1 / . 1  fl’s . s—; 2 L 9  38.0

- 
- m ’ s Jo I q e i  i i i

“ l un l (  I p - i l  L’ ‘u .S 10 2 . 2  122 .7
I n d u s t r i a l  ~1 .1 24 .5 27.6 4 2 . 5

Y o l o
i s  I pa l  1 3 . 5  I h . ’ ) .~ . 3 48.4

~n dtsst r 1i1 u .S 1 2 . 1  1 1 . 5  14 .9



t O u t  h O cs rs e f lt  of  all outdoor re r e t  ion i nvo lve s - - s t  e r — i s - s i - c l  s it a-i

u t  i vit i~ - - . Tab l e  10 give-s the pr es s-u-n t and pro le ct u- u  w i t - - c  r i - u u i t t - —
n s t - u s t s  ‘ s i r  f i s h , w i l d l i f e  and r c- s - r c m s t  Ion  In c - a c t s  o f  t I - - coun t l o s -  i n
the 12 — c o u n t y  s t u dy  a rea .  T u e  re - lu  I r e ma nt s  5I10W 11 in i - i ! -  I c  ] 1 )  - s r o
for - -  i t  e r  is-ed In f i s h  and w i l d  i i  e management art-m i s tad a t  i s - - -

Fish  md h ’ i l d l i f e

SI . ‘the wa ter requ~ r c s s t - : i t S  H r  fish and wildlif e m sr c-as make up the
o - t  p e r c e n t - s i - c  of t h t -  den snW -; it ul icated in Table 10. The con—

sumptive use of water by recre ition ists at outdoor campi ssp and p i c n i c
- . i c l l  it ics  ~s- m in u t  ~~~. Is -’w e-vc- r , t b -  d s -u s- stic w a t e r  needs of the hundreds
‘ ‘ t I m  sisands of anti ua l v i s i t  r- -~ o t i e  Ba’; A i u - m s  is substantial and has

h i - e li i n c l u d e d  as p a r t  of t h e  u s - s n  Ic ipa l Wat or  r e q u l  r e m e f lt

2 .  In a d d i t i o n  to the w st e r demands shown In Table 10 for fish and
w i ’ d l i Je management  a r -as - , var ious g o v e r n m e n t a l , pub l i c  and p r iva te
w a t e r  and u t i l i t y  a c - u n c l e s  have e n t e r e d  i n t o  - i c r e e m e n t s  w i t h  the
C a l i f o r n i a  Dep ar rmen ~ of  Fish and ‘Hine t o  i n s u r e  a d e q u a t e  st r e am f i o w s
rid reservoir dater levels ts s protect and improve i~ shery, wildlife
an5i :s- . reatlonal values. The annual water requirements for streaniflow
nain ’ enance agreements range from 3 ,000 acre— ) ~et per v o i r  to about
24 .000 a c r e — f e e t  p S r  year . This  l a t t e r  ap reement  r e l a t e s  to  re leases

- - sn [ i  1 5 m m Reservoir  in S a c r a m e n t o  s - i t i i t y  f s r  f i s - l i e  rv r-smssm l s ’e - m t - n t

53.  FI sh  and w i l t  life ro-srssi rc - c-s in t~~~- San l~r m m n c i s c o  Bay - M e - I  ta Replon
r i t - s u f f e r i ng  f r s a n  the  r e s u l t s  of u r b a n i z a t i o n  sis i d  i n d u s t r ia l i z a ti o n .
1, ius reclamation , water development p r s i e c t s  and water po11~~ ion have
i m p a i r e d  ecolog i s - s l  a s s o c i a t i o n s  c a u s i n g  loss and 5 1 - t e r i o r - i t  ion o t i s h
and w i l d l i f e  habit at . Ds -~~r s d a t  f o r ,  o 1 t u t -  n a t u r a l  & - i  r - - n c u u - - u t  , i n c l u d i n g
i t s -  d e ; - . - u s - - - - u t  f i s h  and w i l d l i f e  r e s o i s t  s as , has ar ou s e d  - 1. - i t  and si ts - - c- re-
p d - I  ic  s u o n s - s - r n  . Local . r e- 4 io n - i l , Ss s t e  a n d F e - - I t - i s i i e ’e n c i .  - i s mva
s-p s -n s2 ec l b ’- imp lenen t  lnp  new st a n d a r d s  1 - s r  e n v i r o n m e n t a l  pr It - t I s ’t~~,
I ss~ luding t a -  sse f o r  w a s t e wat -r  d i s - c i s a  r s e  . Ma n - -  pr~~5 r e’~s am - r ’r-ep - ‘- ~

s t a n d a r d s  o u t l i n i n g  improv e . -m e n t s -  In w . i s -t e w a t  or  t r e - m s t u :s -n t  0 s - a -  0 c c - c
p s - - t  e s l  and in some ca s t - s Imp lemented . Coupled wi u h the d5 - ru - e nd - - r
hi - - se- c isia li ty w s s t e w ; i t e r  d i s c h a rs ’e s  t h e r e  is a g r o w i n g  conce rn H - i  ‘ he-
c o n , ’s -r sj o n  , reclamation a r i d  l o u i s , -  of a l l  n a t u r a l r e - u - - - s i r c e s -  . i n —
c r c - es  in g  demands by g r o w i n g  coimnuni t i e s  f i r  higher qual I t  - i i  ban
wat  Cr  s - s ip’ s ties wi I l  c o n t i n s t e  to dep l e t e  existing s-sr I ace  i n - I  sub —
s u r f  sm - - c - w a t e r  sources  which  now s up p l y  f i s h  and wildlife , m os t m e ~~ I s ,
m r - i  other needs. m~niess  t r i - s t e d  v a s t e w a t e r s  are e v e n t u a l ly  m t - t u r n e d

to ( , ~ h y d r o l o s ’ i - - s v s t s --n , e x t e n s i v e  local  and r eg i s i m s i l  a r - s w i l l  ha
a - l v e i - s e l y  a’ l e - - t t  i d  by increasing and confi i c t i n c l  w at ~-r  demands  and
Ws ’ er - s - - rt l p c - S

~
‘- . \ !  LABLE WATER SUPP’X

54 .  In gene ra l , muS t c o u n t i e s-  have or w i l l  have w a t e r  p r o j e c t a
unde r  c o n s t r i c t i o n  to satisfy water needs for the next 20 year s .
Table I I  p r c - s - s e - m i t  a in I s ,  r t s s m t  ion on ‘‘dep end ib I c ’’ w i t  c-s i-cupp l I es to

36



TABLE 10

F l a i l , W I L D L I F E  AND RE CREAT I ON WATER RE QU lR E MEN T S~’

( 1 , 000 Acre— Fee t  per  y e a r )

1970 1975 1990— 1995 2000 2020

Al ameda  0 0 1) 0 0

(lou t ra ( o s - t a  37.0  37 .0 37 .0 38.0 38.0

Ma n n  1.0 1.0 2.0 2.0 2.0

N a p s  0 0 0 0 0

San Francisco 0 0 0 0 0

S;iti Mat eo  1.1 1.3 1.0 2 . 0  3.0

u-0inta CLara 0 0 0 0 0

Sol ano 46.3 48.6 56.0 61.8 65.0

s 5 s 5 5 5 5 5~ 1.0 1 .0 1.0 1.3 2.0

Srm e - ra men to  65 .7  66 .7  70.0 70.3  71.0

S - it t -J oaquin 67.1 69.0 75.0 75.7 76.0

2.0 2.0 2.0 2.0 2.0

I 5 1 I A I .  2 2 1 . 2  226 .6 244 .0  253 .1  259.0

sour -  ‘- :  I ) u c u m e n t a t  ion of B u l l e t i n  160—70 , Cal i forn ia  Department  of Water
R e - s u s u r  n— , August 27 , 1971.

1/ Requ irements are for limited outdoor camping and picnicking only.
M u s u t  consumpt ive  m i s - c  for recreation is included with municipal
retiul reinents.

p
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I ~ 1 i ~ va -- - i r  21 )20 h~- c s s t i n t v  - I)ependahie su pp lies are dc li 14 - - i S  11 nfl
- .s r n r n i t ’ ~~- i i t s  by  ‘s-’ s t t - r s s z p p l I a - ? - s  f i n  t!u- ir p l i n n i n g  pun s ’ S- - l i . Howev-r ,
h t~ ed oni— - on these dependable supp lies t i s - r e  st i i  1 may he ~u t I i r e
- h o r t s o a - - s md c e r t a i n  coun t i a --s r n - t v  have  to  look to t o -  usi- of r - - -~ L s imec i

~a s t ew a ter s  as its  a d j u n c t  t o  m u l t i p l e  p u r p o se  reservo i I s r i  - - ‘

s n t l v  in the plannin ~.t pha’- a-- - lependahie W :5 t er sup~~l I ‘d p o t en t i a l
:s ’ u rc a - - s  of a d d i  t j on a l  s - a t s - r  in t i n -  st  i d v  s r I - a  t the ye-ar 2’)21) are
d i s i ’ i ~~ — s d  in  t I l t  ~O l 1 O - s ) f l 5  se ct  i O t ) H . -\ i-OiIitlip t i o n s  r s y t r d i t u ~ t h e  d e p e n d —

tb I a-- ‘s~~s t  a- - r s u p ; 5  I I O S a r u shown on TsP l a 12 -

-a - - nd ssb Ic ~- -‘; t t a - -  r Supp i ies

55 , T i c  Federal Central Vai1c-~- Pro~ ect will provide ~~s i t er  to Sonic o~
t i l e  coun ties in t h e  study - i r~- s . It 1~5 antici pa ted that 55 ,1)00 acre—

o a t  per  v a -- s r  in 1990 and 167 ,000 ~is- r e — I- e t per year In 202-’) w i l l  be
av a i l a b l e  f r o m  t h e  San F e i i pe D l v i s i s s n  o f  t h i s  p r o j e c t  f o r  *in ta  C la ra
Ccsun t . C o i s t r a  Cos ta  County w i l l  h aVe 268 , 000 ac re — f eet by 2020 f r o m
t~~s a -  C e n t r a l  ~~~~~~~~~ Projects ’ Contra Costa Canal and Fol sor is  North Canal .
fha - -  Folsom i~~’u s t h  Canal  Un i t  w i l l  pr o vide Alameda County with 22 ,000

~~ c o — f e e t  by . 090 . ~— -st er supplies for San Joaquin P oint y are pro-
- tec to i s  roSs . -  n - r n  53 ,000 acre—feet per year from ~)a-sl 1 a Mendo t - i

C rnal to 317 ,000 sore— feet in 2020 as a r e s u l t  of a d d i t i o n a l  supp l i e s  
Je available by th e Folsom South Canal. Sacramento County will have

~.O ,000 ac re—feet by 2020 from the Auburn anal Folsom Reservoirs of the
- a - I ’ L ) Sl  V,jllev Pr5s ie ct -

o - In San .Jos cuin Counts- , the  w a t e r  use f rom the  Corps ot  Eng ineers ’
- - Is pan t < a - s e c v o i r  is p r o j e c t e d  to In c r e a se  f rom 20 ,000 a c r e — f e e t  or

year to -~2 , 000 ac r e s - f e e t  by 1990 and then decline to 28 ,000 acre — feet
by 2020. Warm ~crings Reservoir is under construction by the Corps of
Eng ineers and w i l l  supp ly Sonoma C o u n t y  67 ,000 a c r e — f e e t  by 1990 .
Sonoma C o u n ty  a l so  w i l l  o b t a i n  42 ,000 a c r e — f e e t  per year  f r o m  Lake
- t a - - n i s c in o  Reservoir - Ma n n C o u n ty  could be supp l i ed  w i t h  -~7 ,000 a c r e —
f - - t  by 1990 f rom 1-5~5 1r rn~ ,Springs Reservoir .

57 . The Bureau  of Reclamation ’s project for Solano Count- -- wil l supp ly
179 , 000 - s o r e - f e e t  per  year by 2020.

58. The CalFo rt ’i.-s State Water Project Is c u r r e i zt l v  n e a r in g  c o m p l e t i o n
by t 5 ss- Department of Water Resources. The North Bay Aqueduc t of the -
S t a t e  W a l e r  P r o , e c t  w i l l  provide  Solano County with 42 ,fls)0 acre — t a- -a --t
;‘a -- r a--ar and Ni1’ ’ P niut v will receIve  25 , 000 a c r e — f e e t  per  y e a r . Water
-;Ia the South Bay Aqueduc t of t h e  Pr o j e c t  w i l l  p rov ide  San ta  Clara Coun ty
w I t h  100 ,000 - l c r s  - l e s t by 21)20 and Alameda C ou n t y  w I t h  88 ,000 a c r e — f e e t
by 2020 .

- 

42 

-- - -



C
Cs

- 5; 
- 

a: —1
a: -- - S. -)

5;. 0 --

N -— a- a--- a- 5- 1
4- C a- a: a- - - -  5;

- - — 5 - -  5- ‘3
a- 1 St ‘3 N- C

- -a- —a s - c  — -

- - -a-- a- C
- - — a -  ‘3 5 )  - - 5; -
— C - - -~ -~ - C o  5- —

- ‘ 3 ’  0 r a t-I - --a-- — 5___, - - - I. _ —. C- 0 5-
C ‘5 C r ,  r I  ‘3 a-a-

r .
a- - 

- 
r ~ 1~. X u  -

-~~~~ 
-
~ -- C :5

Si ~C - - 5 ;  -5~ . La, ‘.a- a. S.
a-, — - -- - a  -- -

5; -, 5; a. — — 4-. 5)
a - a -  — -5;

- 5; i- a-- 15 -c- La- ‘5; a a - 6  5
5; U 5; C 5; a.

I a-- — a- a - - .0
— ,- .,, - a- 5; 4.

La- - ‘ C  ‘ -, 
-~~ ‘ N  -

0 5 - - ~,, is a :—  a- 5 -  a-
-i -~~~5; - 5’ 5;

4- a - t  - — 5; a — :  
- 

-
.5; fl. - ‘ - -  -55 C a S .
a. - - - 4-’ 5; -a- -~~~ C

- -  -~~ a-— -~~ I.- 6~~~ - -
- - - 0  ‘5; 5; 5; --

5 - - C ‘3 ~-‘ - - -  5;
Va- 5; 5- ‘5’ .. ‘ -~ —
4. S. . C  5; C c  -C 5; 0 5 ,

— S.- a- a- ‘ 5, 5 ; ’  C a .  a - a-
a- — — a-

- 
a . i  - - C ~ 5’ 5;

5C a-a- a- ‘~~ 5; 5; - -  - - 5 a - C ’  a- ‘ 5 0

— — ‘ -P a- -C 0 - - - — - S. 
-

a. -~ - c, - -a - - a ,c

5; - T  - - — o  a- “ C 
- 

—
--a- e— a: - - a-- 5; 5- 5; 5; — -- — - - 5; a--C 5- a- -— La- — 5; -
- -a-. - - 5-  — 5 ’  ‘S a. - 5~ - 1— U - j-

0 -. C’ -— 5; 5— 0 4. - ‘ -C’ 5;
— — - - -5; 5- . -~ C ’ S  a. 5-~~~ -, - - S- a -

a- - C  5; 5; 5; -- — -a. ‘ a- 5- - - -

P 5; c _ - a -  - a -  Cs —. - 5; 5 ; - ;  — — — — C
— - 5 _ j -~~~ C’ a ‘ 3 - -  £ a-’ 0

-~ 5; ‘-5 5; 0 - -- — — 4. “ C  — a~ C - -
45’ 45 5; - - -~ • C — -t~~~~- ,5; 5; — -
—~ - - a — C C  — — -  a-- ‘a- - -~ a- -
a— a-, it i~ -if <- 5- a-— 5; -

—5 -- a- 
— L.~ C — .5;

- -  — 4.- ~ 5 - 5 ;  -a - a-. a-a- -a it ,,- s C  - — - -  -
a. 5; 0 5- - - - — —

5; c -a :  i - a   ~ , I — -  -- : 5 ;  p -- — —
a- ‘ a- a .O ,  a. — 5; a-a a- 5;
i5 it -- ‘ SC -5; - ’ - -  5; — -- a- > 5 ;

a- 5;   La- - ‘5 6
— 5; 5 5; 5; 5)  a. — 5 ,5;  - 5- ‘C -—
0 0  C a .  C a- , Ca -c -~~~~~~~ a- ’. 5;
— —1 5 5 ;  -a - S  5 ti 5; 1 a- -- 5)5 a. ‘ — - - — —
‘ 4 .  a - - - a - S  - - 5; - - 1 5  5; .5; -

- -~~ 6 5 ;  ‘ 5 5; 5; 7 0 _ -a- 55- ‘1 - - - -
5, — -  /a - a - - a  — ,

5 5; L a - C  St - a- - a 5  - a 5; 5; 1, 5 , - - -
-‘ a -a —  a  a.  .

~ : ,  -r - —
a- - —J 5 5 - a -. a 45 :5 5; a- —-

-c - a,- s-a a- - C O  - -- I ,j~ - ‘t a - 1 5   St ‘ 5;
a-i - 5’ 4- 5 ’ 6   --

— -a- ~~La- ~~ - S.- —
C a -  - ,-‘ a- .C : a - :~ a - l a -  .. - r  —, - St

a- a-- — --— —. — ‘ - -  ~a- :5: a. ia- - -  a- — - 5; a
— ‘- so ,-- a a - :  ~. - - - a -’- a- 5 - i - ,  a- 3 ) 55 0 C I ~0 a

- - In La , - - - a-- ‘3 5 — a- a.
a 5 _ a .  -C -, a- 0 - - a 4- 5- li - 5 5 ‘5 a- -t

S a. 5; a. a-, 5- ~~ 4 5 5 ;  ‘- - a >, 5; sa- ‘C CT 555 5 5; a-a- a  a. - > -
-- ‘3$ 53 0 ,5 5;  a,. -- a- - - - a-

- - -- --3 I n 4 a -  - s .  I,  5 ; , -  4. a 5 , 5 ;
5- a 5. — 4-. - - -  ‘3 5. a- i - —

5; a. sf - AS - - 5; iA a.- a- ‘ a. St 0. - a-a-
‘3 5 - a. - - I -a. ‘3 — I - -S a- I a- a- a-. 5;, 5; V -r
‘S ‘5 a. ~a- - 5 ;  ‘3 4 a.. - 5 4- 5/- a ’ 3  4-

‘5’ ‘ 5- - - -  C a-a- a- - - a. a - ,  S - -  Cs -
a- a- 5 a - c — a -  - - - -~~~ -. a- , a. -’ a . - -  a. 5 5
55 54 ‘ In “ - a -  ‘5; - ‘5 - a- 5; £5 a,~~~5; a- a. 5; -a Ci
- a - c -  a - a - -- - — a- 5 , 4 1 5; 4 - a -  - - c - -  ., t-
— a- c a--s r a-- a . a- a - c  -- - -  - 0_ - - - a - s _ - a-,
5 - 6  a - a -~~~~~~~~ C a - -  a-a- C - - U f i c  - -  r 5- a-

a. -. C -a. 5 — - - 4- a- ’ -, ca - .  -. ‘c 5 5 41 - - -
- - - 5 : ’ , a. — 0  a- , C C

- sa- - 4 - .  a-  - I  - (a  a — ‘• -

a- 0 -
~~-‘~~

‘ 5a- 4  - - . 5 :  -

- -  1 - , - ’ ‘3 a- -- - -  ‘ ,5-~ 
- - — C C  -

- - - a. - - a. ’ 5;~ a-a. 5 - i a -  - C C C .
- - - -C - O r  ‘, 5;- ’ ’ a- - 5 , - .,~~~~ —~~~~- ‘ C I a -  4 5 5 ;  5. - - “ ‘-

~ 
a- - -  1 5 ) ’  ~

a- 5” . a- a-, a- a-a- a ,
-

- a- - - - -
- 

-~~ I s ’  
A,~~~~~~a . . 5  a-

C _ U  -~~ a. 
•

~~~~~
‘ a -  ç ~~~ ~~-~~‘- - ~~~ , ~~~~—

_ 
~~ N’~ ~~

- 
~ : -

~~ ,. a- 
‘- 

-~

a- ’ a-) :2



s° . Foll ,a - a -’in ~- ja- ~ a- ’~~~~~s~~ d i s e i s s i s u s  a - s I  l a - s  s i  5 ( 5 1 5 1 ’ S 0 - ‘ii :a- ’ :a - L i - r  f a r

tho study s r - s . The pr in - j a i l  S O L i i ’ - ’~~ o t  W n t  * 1  551 1 5 I a -  0 5  , \ l , I T ’ k ’ s l S I

t a -~~ 0 n t v  ~ t IR’ Ea5t  Re:  ~ i i n i c i ; :a - i i f t  i i t v [)i s5t ri ct ‘ s-i f f ~~k s ’ i ’ i ~iiie R i v e r
15- a - ; s s s l  t s  a - i s i c h  w i l l  f ’~ 2 l(~ , ’ ) 0 )  - i e ’ c — I - c t  by 207 ( 1 . , r  ( ‘ ois t r , i  l u s t s

( e s n t v . N a i - t Bay i n L - i psi l C t  i i i  t r  I ) I s t r i r t  ‘ s L’s; ” r I - s  ron th a- ‘ t a - ’ ,

C i 5 ; e - s - w i l l  a- si ’- 1 ’ i , h h ( )  i ,~rs,,_ s by ,~~~ 2 0 .  f~an ~~~j a - S j ] 1 1  C o u n ty  re,c- I 5;’e’- s

i t  s-i 1-j ea - i l o f  n ’ a-~- W I I O I  s : 0 - : ’I i e s  l ar ge l a-- f r ’ ’ ~ s 1) , - f l a  (‘ha n sel :, - m d  ,‘ j ) 5(5

- F - s n  t : a - c  a -f  ‘ — e  I s s s : : nc  ana -i Cal sa - ’e r ; s S  R I ’ s ’  r - ;  -

C I I . l i i  S . i s s  i’ r n s a -  isco , - - princi pal s - is a -si r- ’ - ’ ot  w~~t - - i ’ -;s i;’ r ~ly i s-i the
o i l S  5 , 5 1 1 0  i—cs s ‘— -2 s t i -r  hs- p :srl !c-t - s i t  ‘s Het c i s  115 - t -hv A q i l e - / I s h ’ !  i m p o r t s  I m r .

t i e  E s l 0 l U 5 ’ i I a - s  B _ V a - S A l a m e d a  Creek , and i-san , l a - i t , a-as ‘ i s a - t a - t v  f - s a - sr v o i r s
‘ - - ost - 5 C I .sr Ca ’untv j s l -ms to p u r c h a - i s s -  1 12 ,000 ac rs - -- f e e a - s by a- LI_ a f r o m

O S its ~~~a - i : -~ jss ’o Wn te r O s - p s : ’ - i t ’ -supp ly . The prin cip al SOW (‘C Of
0 . t t c r  s t i p s a - l v  s r  L i i i  ‘ f i t . - , ( ‘  si m s _ v i s  u s e  t i s e —  San F r a n c i s c o  a-’~

’a t c r
i ( s - :artme - ss t ‘ -; l i e s  ch l-lc- tch- : - . ‘‘ - ‘dus t which I - a- - t n ’  L o t s - C  to ifl cr s- 5s a s ’ t i

135 , )0U - s a -  r — s’a - a - a-~ f ’v  102 ( 1

C I - - 
- 

a I -omr p I us v s  t e r  su p ; ’  i i  es d I v~- r ed i0fl1 t I 0 ‘ -a  c r an s e n - , a n I
-

‘ - ‘ a - ’  r i ca n  RI v er s  , s s i s r v a t  c r - - s i g h t s  a ,~ r e ’esnen t s  WI  t i s  t ’ s o B u r e a u  of ’

1’~ - - I , s r n , s t  i o n  ia- - i l l . s u p p l y  : s t ’ l’ , s 5 - - s - f l t  a- - L a - s s i t t v  with sua- ~- s r - - , a - - f  ‘380 , 000
R n -  - - t  -v 1 ) 2 0 .  F i i ~~’ c i ty  of Vo l ic- jo in :~o 1 , i n - a- ’ , i s s a - t y  ~~l s~ i r : ’ - a - r ’ t S

22 ,000 ~~ ‘ r -  — ‘ c o t  - r s ’ ~~~: t he  i-Ls r .’ u n a - - n t a - -  River h i : l o s n .

I’ll . l o b  Caun -’ s ’ s- a- -e  ives p i ’i  o f  i t - 5 ‘ a-’a - s t e r  s u p p ly  f r , :- , C i t - s r  Lake
and - - m s  l i e  f r i  a--k , i ’ ’2  .000 a c r e — f e t ~ t ps ’- r y e a r .  - ‘ r n :  t h s ’ Sacr - i: - sc- n r i
R i v e r , Yoi~ (;~ s s F s t v  v i i i  r ece ive  an - i a - l i l t  ion - s i ) 7 , - I ’ I ( i  acr e— s - - , -t, hv
201 5 ’ . T 

~
- Teh u m a— C o lu s a  Canal  , flow ‘ isa -- Ic r a- -on str uct 1 Ott , w i l  I d e l i v e r

o t h e  ‘ n u n n i 1 - s u s l  ~ s ter  Dis trict If ’ , 000 a - ic  n o —  s - c t  per ‘‘ s - -sr - The In d i an
\ a l i e v  \ e s e r - : - i r , “ s v s - s s t ~~ v a - i a - s t  t , a - ’r i z ,-d f or c i n s t r i s s  t i o n  by t h e  Yoio
C oun t s  F l o a -  a-i C o n t r a - i. and ‘ - ‘ a - i t c r  L- -n .s -t’: ~~~ b u s  1 ) i o t r i - : t  w i l l  supnlv 60 .flOO
s u e ’  ri - eet 7cr ‘a - a - I C  -

l ’ , s t t ” i t i i I  ‘C - s i n c e , ,

( ‘ t _ In ‘ v a - s i t  csf sh or ra:--- -a- In ‘ a- ’ s ’ t s a  Cost s ( I s i j O t ’ , ’ r h -  i o g I a - ’ a - s~
sources of  s upply ‘ ,~

‘ a - a i L u s  t i c -  pruin’sed Kel los ’s’ Division ot  t h e
I - s - t r a l  V a - ui Is-v - 5 r a - a -  c o t I s s r  t I m e  s- - s - - t e r n  p a r t  of the a- s f l i f l ty  - 5 0 - I  0

transfer e’ 4 ~~a - j t  or f r o m  A l  jnus - ’ I , s  Coun t v v i a  Eas ‘ Rca - -  Co n i ci pa l  I’ t I

~‘ v 0I~s t r i c - t  f a c i J i t  I s j s b r  the -. 4 e s t c - r n  ~ ri. 02 ’ the  c o u n t y .

- ‘afa r in  Coon t v .r sa v be h a - s r  ‘ 15 , , 0 : n  ac r e — f e e t  b y  -~LI 2() - The p r o —
po ss-d ;a-’tw r:si — ~~srjn Condu i t  ca , i l ’ l  convey wat€ -r  d I v e r t  e l  t’ rom t h e  Russ ian
‘~‘ i v s - r  l a - s i - - s - - t i - r n  -f s i l o  County .

65. The proposed -Oi l oh’ - - V s  ev Aq uedua-- t cou i . i  a -: ’ n v € t v  wa s  os diverted

~t~ s sn rIa - ..’ s i - I  l i on  : 1  (I a- - - i s i s v i ’ )  - s -u i  g l i t s  ‘a-~~-~~~i 1ev ‘ft-se rv ss 5 r - 

Es ;s I , u n  N I - -  s , i s : l s i  a- s - x i a s ~~ , -~~~ L i k i -  a - l e 5 ; s s a - s a - 5 ’ — s , -V  in  \ ‘ i ’ ’ : i . N~~ - -

i- ’ - uld Ct ; i l s  !~~- r - ‘ L  t I ,,‘ o~ so- r i - — - er- I ~~5 ’ 1  vt- s i r - 
: 5~ s s r a - a - p s s - a - e C  Sp t’’I n- --



Va l ley Pu m p S t o r a ge  P s ’ e l e a -  t t a -  develop water ‘ r i m  t la -~ ~apa River is

s - s  a l t  c- i a - a - i t  e way to  mes ,’ s  voter s i m s s r t  m g i - s  in ~l. u ; s a  ( ‘ a - i i s s , t  v - I n  San
a- a - 4

~~~l5~~~fl t a- e most llk~ lv  - s d di t b on 5u i a-u s a - r i o  t a -  meet yates oIso r t - i ’, f e s
would he t b - i c  N e w  Me i ones R e s t  r - ° ’i  r.

h6 - Pote: ‘ a - a - - s i r s  es t o  t:a -~~o t i a - s t  I c i p atec i  -a - i s - ’ r t a - i f ’es  in San Mateo
- un t v  or . -  pc- ,ss f b i  ~

- St s t e  ‘Ci t C r  Pro ‘s- , t imp o rts , Bean 1-lol low Res—
e’ r v a - ’ j r  and w s s ’a-~ - - ~- , s t o r r s - a- I , ’ i s :5 ; ut i o n .  W o s t e - v , i t e - r  r e - c l i s - a - . i t l o n  i s-’ a lso
b e i n g  c o n s l a - l e n e - - l hv  S - i t s t . i  ( 1  — ira County to me et Its projected short —

s~ , s ’ S .  I s  a - u l r t ’ - i C - - p l m n s  e n  u s i n g  3,005) ,,, r- - — L - e t  o f re c - l a - i l m e d  v a s t - —
‘---‘ m t  e r  h s -- l ’ ( a -

~~~
) . This , m : - i s ’ s I a - a -  t a- it s he f r i c n e - u a - 5 e - d  cons i de rab  lv ha-- t h e  u - - s-

i - f  r e c l a i r k - d  se- . so-c to irr [ 5- - ste- p-irks and re Cr e ation facilities ,
s u b - j o t  s’ s a l  , ‘ l ’ i - is ; ’ -s’ - i t e r , and g u ’ ’ s m s s a - ! w s u t s - r n a-charge .

e7 A liki’l - 501, 5 5  c i  of supp ly t a- meet shortages in S ol a n o  C o u n t y
would a-e in ’ r i - s - s i - a - I  i m p o r t s  a - f  w a t e r  f r o m  t i se  S a cr a m e n t o  B a s i n .  A l s o
sh o r t . i  - ‘ c-s c m i i  ~: ~~

- ii~ - t by t he  p roposed  West  ‘-Cia- ramento Canal l’ni t 01

th e- a- ‘
~ ‘~it  r u  ‘a’a l  I ‘ -

~~ Pro - c s  t .  T h e  most  l i ke ly  sources  to meet demands
in  a - - ’- us a - s rn a - i Coun t a re  - n l - i r o s - m e n t  of Lake i - I c ’n d o c in o  and additional im-
ports ns a -: - , f — o u t  h a - ” ’ r k  Eel River subsequen t to the ca - im p let ion of Wa rm’

~ j a - n [n ,’s N i- s . - r a - - a- ’ j r . Shor t s -i -s In lob C o u n ty  nov he met b y enlarge-
‘~-ri t of t h e  - n - ’ , ‘ ‘ - a - s - a - I  , C- is t Sa s - r a m e n t o  ( f a t i , s l  D l v i  sI sn of the Central
\‘, s l i i- -.- Pro lect -

ASSOCIATED PB (iRt. t~i-IC

‘— o t t - s e -c Water ( ‘ i - s i l t y  b~~- - ,~s s l a t  i on

1 a- h u e  v i t a - s r qua lit y O t  t i u t -  I l , s s ’ — C e - l t i  1’: st uar a- ’ , us d e f i n e d  in t r 5- u i  i —
ti onal pollutio n terms , has Improved on th c whole over 1950 conditions-
B i o c h e m i c a l  oxy gen  a - l em and , t h u t ’  sin l ount  01 O X V O C I S  required for bacter ia - - il
d r o o m p o s i t  Ion oh s r ( f u11 ic wast e-s o ver  a —~pe’ I fied period of time , gen—
e -r u il v has dec re - -toed. Dissolved s s x - 5-g on  c ot :  c l i t  rations have Increased
t O  I C t -  p s s i n t  where  most a q u ; u t i s ,- ‘ s n s ’ u r s i s m s  have sufficient amounts to

rv ive 1 i i  mos t  ‘ a r t S  of the Ray—Delt a -Cstu ara-- . C o l i b o r m  coun t s  have
hi-en reduce,i significantl y by chlorination of waste effluents. However ,
.J ls sO1- a-’s ’ sl  oxv , - en s i t - p l e t  i nns - i  still o c c u r  In the  South Bay , south of
I ir s tI urton Brid ge , surid ~~a- th i- San loaqu in River down-stream of Stockton .

i s , t u t  st  tid ies i n d i c a t e  t h a t  the’ hj o c - l s e mj c , i l  s s :vgs’- n demand assimilative
ca -lC d itv a- s b  t h e  Sac r a m e n t o  R i v e r h i- l a - sw t h e  c i t  V ol Sacramento is rap idly

i rig sjs prs sa -~ -he- i - S t u d h . - s  fr o m  t h e  St a - i t a - a- sn Frarn-isco Bay—Delta Water
‘ a - u i  f t  V n t  r i  r s s , - r a f l l  r evea l  t h a t  I) j og  t inuulatorv materials (mostly

l a - i  t r i o - c- ri and  p l u u s : - h o r s i s  wh i ch s i r s -  f l e a -  i — i s a - i r a -  f i s r  a lgae  g r o w t h )  and t o x —
1 a - t v  may he more- m ; a -~~a- ‘ a- uti le in dicit sro o pollution and eutrophica—

- - n t h an - a - i si c hessul ‘ -;il ox-- ecu demand rind dissolved oxygen coslce’nt rat i s ~ n s-a-

u d i c  a-s m d  i s - a t e ‘ h u t the dis ciusu rg e of munici pal 0 0 s f  Industrial
wssore v :sters have - (  t O x f c  e f f e c t  I S I S  Cc -nth lc organisms , c;s u is i nc do—
c rc-aRe in species diversity whi rls is a common c r i t e r i o n  - s r  measuring
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t h e  - f t - i - i’ s - a- - , s l  i a - a - a -l l u t i s n  O h ’ a-i body of -later. More si gua - i  ‘ ( ‘ I I ) ’ 1 ’ ’ , t l a - t s ~
b ’ - n t l u i c  a - ’ r g a - i n i s m s  Or ’ s - i m p o r t a n t  -us a v i t a - i l  l i n k  ir s  t h i s -  1 usd ~~~~~~~~~~~ c a- f

s i gh e r  i qa - ci tic or gsu : - a - i s m s  such ,sa-s f i s h .  T o x i c i u  - , h a s  O l s s i  I s - eu s io ’ s i - -

:“ t - f l l s s l , 55 - u cause  of s e v e ra l  re - cent  f i s h - i  k i l l s  in t h e  ho - ,- - l ) -  I t a - i  - s m - s r I  -

- 1’ s - ov e r , ‘h e  ~- f : a - - c t s  of t o x i c i t ’ -  in n o n — I - - t h a i  con a - - e nt  1 i s , u u ~~~, v I a - i  la - -

n a - s t  k i l l i n g  f i s h  o u t r i g h t , Impair f i s h  so t h a t  they  d i e  f r - n  u s h e r
a- ’ - s u i s e s  a- sr  c anno t  C o n t i n u e  normal  :ua - - t  f y i  t i c - a -  such s - a -  is s - d i t j s ’  , of gr a s  i on
0 5 5 - a -  i s -p r  ‘ a - I a - u s- L i o n .

7 u )  S t - s t e  Ba y — D e l ta  P r o q r a s s a -  s t  - m a - I  t o o  a l s o  i r i d i c a - u t  e t h ou  nun i s - ipai and
i n d s u o t r i  i i  W O s t a - s -  d i s c h a r ;e s c o n t r i b u t e  -;i g n l f i c a n t  l.y t a - a -  t h e - ns a-S O r v a - ’  i r
o t  b l e s t  i m u la t o r v  n u t r i e n t s  in the  ha - i -,- - D e l t a  E st  ‘ s a - i r v  - ‘r I sc - se  I I  s -h :~r a -’ - s
I . a - ’ a - , - s - e ’ u a - a - a - i  t e d  as a - u poss iha -  l a -  c a - i a - , a - . - t’er  annual summer a lga l hl ,os s ’ic In
t a - a - c -  Delt a - s ma - i l I sa-cc - i’ u - e a c i i a - - - a -  of t h e  Sacramento and San Joaquin Rivers .
N scha i- - a- - of agr i  c u l t r i r i~ s~ r s  s,ua~~e wa te r  f rom t i a - s i  San , T a - ) a - jq l,ijfl Val ley
i s a - o the estuary a- - i a a - u c r i r a - lt ura i drains , programmed t i  be ca - sna -pleted
in tb.  l ot  e 1970 ’ s a - i s i h 1980’ s , would also c o n t r i b u te  t a - - increased
levels of nutrients in the  e s t u a ry . S tud ies  a lso i n d ic a t e  t h a t  a l g a l
~~ ‘ a- s w t b s  in the Bay is not now lImited 1w nutrient levels but by some
utsl-’ nown factors , possibly turbidit y . Algal blooms have the following
e f l ect o on water qlua1It v~ Imp a ir the aesthe tIcs of t h e  w ot : er  and arc

i r u d l c a t a - s r  of e u t r o p h i c a t i o n  or a g i n g  of the es tua l- ’ -’ - r - , l a - s c e  the
beneficial uses a - a - I’ water : and wh i l e  p r o d u c i n g  excess ox’~’gen d u r i n g  t h e

f siv , a l g a - c- ca n d e p r e s s  o xy g e n  levels during the nIgh t to anaerobic a-
condit ion --i , thereb y seriously Impa irin s’ t h e  a q u a t i c  environment ’s a-

ab j l j t - .- to sust;uin i t s - I f .

7 1 . I t  -a - i --a- been estimated that 10,000 to 20 ,000 pounds  o~ pest i rl a - I s -is
in the form of non—degradable chlorinated hy d r o c a r b o n - a- e n t e r e d  s u r f ac e

- - ‘ sters of the- B a y — D e l t a  sy s t e m  In l9~ s 5 .  C o n c e n t c : i t l o n a - i  is- p u t s  of
the  est  a - sa ra - ’  e xce ed  t h e  maximum concen t  r a t  l a - sn (50 pa - i t t  s per t r i l l  i a - a m : )
t’ s -r o l ’u r  c- u s a - l e d  b y t he  N a - s t  I onal Fechn i ca - i l ,-\dvi —a -orv Commi t t o t -  ‘n ‘4ater C~ u;~ -—
t i t y  (‘r i ’ e r l ; u . Whils- this concentration seems very low , it nu st  h e-
a - a - - t e d  a - i s ’ co nr e n t  r a t  u nt i s -a - have been foun d in t i s ’a - u u u - s  o t  a- ’: a-~~s t  i c il~~
up t a - a -  I i)  .000 l a -ne ss t h i s I oh their envi ronment and  In excs-s ‘ a- o~~ the
r ons - ,jds ’r- - safe level f o r  human consumption .

‘ , r o u n d w a - s t e r  P r - ’ i s l e r-a- ,—

72 lbs. - ~-xten si ye ir s  -undwater basins of Cal l fi r-n i s  provi d.- natural
regul at  l i - u s  f o r  run - a- fl from t rihut sir’’ drainage art s- a- and fa- ’ r ~srec i p i  —

t — s t  i on  d i r e s t l y a- sn - ‘-.‘ rlying lands . About one— hall s- f  t he  ‘,a- s t e r pro-
se-’u t 1 V i s — s e a - i  s’fl In r I g it .-d lands and for domestic , “ ii i  it - ip a l  and indu s t r L s l
p s r poses In  t a-

~~~ S u : , s t a -- Is regulated in groundwater basins . a - \lshi t i ona l
n a - i t  u r ; u l  r e g - i l  - i t loss co uld be pt s iv i d e d  i f  the  present I a-- unused g r o u n d —
wa - s t o r  - -a ’ -  r - i g & -  ca:  c i t  - - i a - s - r e  Ut i i i  / 0 - I t a - s  t h e  f - i l l  e x t e n t  of t a - c  po s s ib le
‘ ‘ a - i f s ’  v i e  Ia -i o t  t h c -  un a - :s~ rgrnund basin --i - Furthermore , is si s hil i t  ton sil ssis -

p lus Wa to  si ipp i i  .- s — i t  l oped and made a— - ’ - i i  I sub 1 f o r  ot  o 1-ag s in
• uo a - 5 r i s~~

, j l - ,-r s asi r s - , t h e  s a f e  y i e l d  of the under p rs a -is nd reservoirs ca-sn
he l n c ’ e ~i - .ed .
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1 . he  i ’ - t l : i a - , a - t s ’ a - I  a- a -a - c - a- o s ’ - i a - a - a - i i t , u l  r - ’ a - : s 5 , a -  ‘ ‘ ‘ s 5  for vu ’  - i n  a - I  h a - s r  s i _ s .
j~ l s f 7 , were p ps ’a- - x a - tu ta - st s ’ I v ~~~ 

a- a- 5)0(5 a-ic- :, - s ’ ’t , 0 1  - a- a - - a -~) s i t

11 , 500 , ( a - H ) - i i  i’ s ’ — l ’s ’ t ’ t  ‘v s-re - , s m ~s 1 a - l  u - - s I  ‘ a- a- n u - a - a - I s - r n ‘und a-s’ a- ’ ’ — . I n  I ‘55. a-

- a - h a - a -i a - i t 5f~0 a - i r s  a u r s - - - t s - e - t s-, - s -  w i t h i t I t  ‘is’sa- t u - t i . - ‘ - s u m  ‘~ , s  s i n i i  1 . ,
a - s t - 5 m t  ~ i 1 1 i a - s i -  a - a -  u’ s -  — ‘c - c t  - a- - rn t t i e ’  S a - a -  c ‘ a - a - - a- . - -  a V , - 5 ii- - ‘ -

1 s  l I s t ’ d r a f t  on a - a - r a - ’ s s : a - - ) u c a - a - t  s ~ i t s  t I r a - ’ S u n  - r , s a - l c i s c o  Fu r,’ At  s - a - s ‘ a - a - a - u s a -a - ’ S

- I a - a - a - u t  300 , 00() a - is i s - - s i t  a - a -c - i s a - s t i a - u i  i v  - Tb. - u i s f e x t s , i s ’ t  i a - a - u s  a- g n i a - a - s u s s l -

i t  e n  I n t h i ,  a - i r e - a - u  s s a - u - n a - ’ u n c h  i r s -  S- a - u :  u : n - - m a - i a - - i s e a - -  ‘ia - i a- i x ,  Os - a-s s ss  s O c  a - -i  s -1  d
t a - a -- s u n a - I s ’ r c r s ’ ’ m u u a -,h h ; io  i n s  b’ , a - s I - s s a -~, ’ c s - ’ u n a -  - S s - : s — ’ ’ a - s t - - u  i n t r s l s k a t t

a- xis t a-- • or l u-a- t l s r s - , s  ten in , - - i r a -  r n a - s n v  o f  - - - - ‘ u ‘ 5  - I ha- s — i  is . F - s c  i 1 i t le ss
a- ‘ ‘  - a - n t  I f  i c i a l  s’ s H r - m s - a- - a - - a- s t  a - s a - , a-~ a- - n - I s i s - ~s s a - h  a- s~

- , i , -~ a - i r s -  p r -i-u s - n t lv ‘- c - i n n
- - a - ’ ’r - i t s - d  i i i  S a - s s :  t ,s C I - s n . i  a - u r s a - I  Al a-ira -edo Coun t a - ,

7” , A ],ir s ’c- a- - srt of t h s a - -  d o m e s t i c , t n d u a - — t r f a - s l  - and i r n i a - ’ ,’ i t  i a - i a - s  d e - a- ’s’a - l —
a - ’ ’  a - e’ it - a - h  ‘ a - s . -  C c - u l t r a - i l  Coastil A u ’ s - a - i  is dt ’~’c-n c -s rI u; a - a - sr u a - Is-a - ’ntl opme n t of

~l i ’undwater a- s t i - r a - u q e  , due to  t h e  g t ’ s a - s - u - u l l a - ’  small r ic a - a -a - f ’ a v a i l  a b l e  In
t ’ic -  a--s t r e ams o t  t h e  u r e a . [ ) r a - s ’ t  on ‘ie v c c - s l  of s h . -  ma~ a - ’ r  gr o u n d w a t e r
b a s i ns of  t he  area-i has been so a - t r e s s ’  t~ a - a - s t  ‘a - s - r i o u s a- u r o h i e m s  ‘ a- ave  ar i s e n

- a-’ i ’ s r eop es t to t h e i r  ad c- qua c’v , not ia-nh - for t u t - m u ’ - - d e v el o pr - ’ a- a- a - t t  , h u t
, mliso f’s a - t a- :ia - i int u sa - a - ta - I - the s’ X i a - st j t a - a - - es - ,a - a - i i u r u ’, - . W a - i t s - i ’  1 , - a - s - I s  i n - ‘a-an y of
t his - a- s i , s a - , t a l  ba - a - a - s i n s  h ave I a l i t - u :  be la -nc s e a -  i t - vo l ia - a - a - 1 n r a - ’ c r ’ sa - ’ s s i -~’e low—
c-n s a - a - - is o cc tina -’ a - n g in t a- m s  San ‘i n ’ ,: S a n t , s  ‘f ,i r ia , q a - mia - h i - n i t o , and
- ‘u t  ii ~ a - r n t  - i  C l a r a  V a t  lea-- Bas i t s - s  - The l 9 a -,7 cross  p - ’ - - a - s m a --s- in t h e
C - - i t  r a l  C o a s t s a- A r e a - s  , i l i p r i-a - i u- - a - i u oil 750 , 0 ) 0 a - c r  —f . - e t ,  of which about
0 5 )  p t~~ O u t  e t a - c a - a - s  a-- s i n  the S a l i u r , u a - - a -  t’a I i , ,-- a- - .

I ’) . I ’ t i l i , a - u t  fa- )fl of groundwater for i r r i s i a - s t i o n  in  i l a - e  C o n t r a - s i  V a l l s ’ - ,’
d i d  i a - a - a - i  hu~ s a- s t - a -s sia-’n I f i can t ‘ m s a - t  - 1 a f t e r  1a-~0 O. l a - ” a- - - -v e r  , t h e  more or
less comp l e t e  d iy -r s i on  of  a - v a - i  I 1- ib le  s u r fa c e  w a - i t  er suinp i I es d u r I n g
t h e- i r r i g a - i t Ion  season ~u i l I s s -  s o u t h  ‘— a - u i  Jss , u i ~~s u m n  V , ,ul  1ev p r i o r  t o  1910 ,
gave i -- a - p t  us to t h e a - h e v e l o a - s r s  -~~ t of  - a - a - a - - a -  I a - - n a - e a t  o h  suppi l  i t - - -- f r o m  groun d-
w a t e r  — t  or a- gi . The- 1Q~ 7 p ’s : - ’ r a - s s ’ c -  t a - f  gr o u n d w at e r  i n  U s a - ’ S a - i c r , m n s s -n t o
Vo l l ey  ha - u s 5€- f-:a -  est  iuna t a-, ’d t a- be - sbus ia - it 1 .0 n-ti I l i o n  acre — 5 e’e- t , and in
t a - c  a- a - sr i  J oaqu in  Va - c l  I ev t a - s  he - sh o u t  5 a - ) )  , 000 - u s re—f ’ r — s - -so on .
Qua l t t v  prob l e a - n s a -  save been ev idenced  in  ‘ a - a - ’ p s e -  - a - a - si I -

~~
- h a -u ,, i n s  - 111gb

groundwat er tables e x i s t i n g  s~a--er la - u s a - i- - i r a - -  a - a - a - a- ’ t I ’ - ‘~a - u c ra - iu a - ie’u1ta - ’ Val-
ley p re sen t  a pr s sb i s - t a - a- of I r a - u  m a - s o s -  f o r  t h e  improvement e~ - uu ’ni c u l t  s ir s -

a - ) t i a - c r  ‘ - ‘ s t  s r  Qu a l i t a - ’  Pr oh1s - u : a - a - -~

77. Nava l a t a - s I  a - a - u , -  rs - b a - on - -s I t  ps a - st i i ]  d i s c h a - , i  Sm ’ s- row - s s - ’ a-’ , i s ~a- ’ m l  o B ay—
a- a- , - I t a  a - c u t e r-s . Thi s- s po~~, - ’ s  - i  pu ’s l l u u t i s - u i  p r s a - h s  Fe rn  in  t h e  r s - c c ’ i v l s i ( -  w a t e r s
i n  t I . -  vicinit y a - s f  A 1 a - u s ’ a - , - d , s  N a - i a - i l  A i r  St i t  a-sm when a irc i ,uft

- s r I  s t - i  a--, - s r i -  i n  p o u t . [) i ’ a - a - ’ h s . u u a - -  of  r aw ss- ’~’ a - s ga - - from 5 5a -’ uia -- s ’ h o a t a -’
-uu s - a - s- a - a - l i n t ’ s - a - I  p ’ a -  b a - s t  i a - a - i , p a r ’  a - c u l a r l v  I n  R i i I i , u r ’ sI ’ -s on B ay .  W o s t e —

‘a-a - o t t -  a- I ron t h e  t h i c - s i  la - i t get —s t ii i s - a - r h r a - s ,  - I ~s I i ’  t i c ’ 0-  i a - i t - a- ’ , ‘ h a - s  c i t  ic- s
s i t  ‘ , - i s ’ r d t a - s , — l l t s) - i n t l  ‘ ; , uu  u - u q C i a - - - ; a -’s s a - ’ a - ,~ t a - a -  l a - s l u t  m i n d  ‘~a - s s i t l u . , i : s t l’ s ’~~a - i t —

s u i t  P i o u s  t a - - ) a - i a - i d t i s  E a s t  Flay a-bun i c i  pa-i l l I t  l i l t  v Di  s - s t  rict (serving
t h e  c i t  h -a -s a - s t  O a k l a - i i i s l , lt ’ - r k e l s - v , h s a - , s - t  a- a-i l I I s ’ , s t c . )  p r e s en t ly  r i - c e i v & - - - i
a - 5 f l 1 V ‘ r t f l v l r’ .’ t r s - u t n s e n t  w i t h  s ’ h s l s - r l i i , u t  lois. As p ,~~- a - ’ i a - u u ’ - s I a -  i t  ioned ,

-a-



t h e  c i t  i c -- s of  S a - t a -  u su a - ’ s a - n t  u s a-sod ‘-~, u s a -  r n i s u s  lsc s l a - a - i a -,’ a - -  a - e i s a - b - i  u a - , - a - a -  a - - , - u s i t i t  ‘i a - u r s a - I

i s a - a - a - n r a -  5 , - a - , a- S\- s t a - - u ’ ui - ; w h i c h  a - m s  cc S s 1~~ a - s t e a - i j s t l a - a - s i, ( a - f  a- , ,  - ‘va-a - a- , - ‘,- :; st or t o
the re e- I y l i s c  vat r i  - ‘ ds ur ing u ,s I ny p e r i o d s . Ths ’ N u n  - ana - i i s a - v  l a -~s - a - I

l o s - a - u i  a c t -u ’  - l e o  a re  a - a - s , uk sng, , a - s s r u s i a - l e u’ah l c- pr ssg na - ’’;s in  a - o l v l  u 1 ’ s’-

I ’ Is s  ‘ I a - a - ”.’ i s  p i ’o ’ ’ ) d i i m c ’  It’ ~ i - I s a - la - S w i t h  s t a - - r u a - ” ’  i a - i s a - I s  , i u a - s I
i s-. c a - i n s t a - - - - t  ~i a - a- a- i s l s a - ’ u s  a - ide w a - i s a - a - - - I i a - -~a- s a - s a - i l  f a - s c i l i t  i a - - i s , l a - - u , t  ‘ - m v  ~ - m a - t L c -
i p su l I t i l I t v  D i s t r i c t  is s u p a - -a - s a - h i n g  its t r e , s a - a - ’, ,t f i a - i l i r  i s - s  - uua - s I ‘ a - c

~c~s ma - i - i r a -  F r , s a - a - a - I - a- si  i f l a - ]  - is r ; cr a - s- stt s ’  i n s , -  ~v a - u 1  i s a - u i  j f l a -  a - ’ s r C a - i- a- 5(1 1 a- , -

l a - i l l S  to t ‘ a - s _ i  a- ‘ a - t u n is [ u s c - il - - - ta - u a-tb Is- a - a - ,  -

a- I a - i  a - a -I\I ‘A\TER , ‘a - ’ a- ’a - I I  F’t ( t ) A L t t  \ a -
~~~ b r a - t ’ H s ’ l - a - I - a-a-

‘i s ’- S’ s a - e  o ’ C a l  [‘ ‘ s t u b s  a - s  s - s t  s l a - I i ,slt t _ sI ‘a - t i t e r s l u m _ a - ]  t v  C i b a -  ~ , ‘ a- ’ ’  i a - s
- a - s e a - I  on a- a- a- -n e ’  t is a - j u l  u s ’ s -a - . a- ” —~‘- s t e r  and Ia - a - s o in i tiat ed t a - a - -  p l a-sn n i sss a -,

ma - a - t ; a - le’rsseu a - t u t ia - a -a - s m’, i a - I  (‘ f s t s - l ’ c s a - a - t ’a - - - ’ a - t  a - i c t l i n s  n c - c  - c r ’ . to  a - n a i s c t a - a - i n  t a- sc - se
a - s b ’ s t i V e- a - . l u  s-m a t ‘s i s S y  t h e  r s -a -~u i r a - - a - a s a - n t s  o’ Usa-- t- t a - i t s ’ ’ -; Poru c r —

, s ’ l o c ’ns - - ‘a - s t  , a - Ia - s ua-’t - i l  s C S i  - ‘ e d t - i - s i  n i - i a - a -n a - r i g  r c - q u i u e s a - a - . ’ a - a - t u - a -, t h e  S i s te

‘ ‘ ‘a - a -  a- s t - s - sI a - u s  ‘9 7  i - s t e - r i m  b ’ a - m -- s i u a -  p l a n - s  t a - u  -i s a - - a - v a - s  a - ia -- u w a t a - - n  n u a l i t - --
il m a - c u i n g  u _ a - a - i en ls ’ri s -a - ’ s - u a - t  a- ’ u m j i j . ’ i l a - a - s ’a- ; ‘ a - - a - r a - I ’ r a - i -  a - i s a -’ O s h m i p t  i s a - u t  a- s f ’ s : a - s r n —  

s ea - sa - - s i ve  a-a-’ a - I c r  ‘ r u i l  i ‘ ‘- ‘ a- - s ’ r m ’ _ u  c - I  p la - u n _ i s  w ) a- i c h  cs u r i ’ e n t  I ’ m ’ - - a - a - a - a - I c r
s - a - - O a - u t  a-~r~ ‘ I - ’ . - v’ , v - r  q s m a - a - l i  ‘ ‘a- oh - i - c t  j ve ’ :- a- m a - a - a - I  w a - l i s t s - d i  a - a -  l u - u r g e -  pro-

a- i a - h i  t i ( sr  - ‘ I ron sa - i~’a- a - - ~~1 - u t  .- i_ n  s - r i t a - - u  ) a - ; a - - s  i t s  ) ) l an_s wh I H a -  h a - a - i s -a - a - -  wit h
a- m s, - ,u sa - - r - m n c  a - s c - u Bu sy — I ) - I  t a - s  R e g i o u a -  - i r a - ’  r ’ n ’ ’ — s - n t s - a - !  i n  o t , u c h m e n t  B

- 
‘‘ \;a -a - , s a -~~a-j m a- .- a- a-- .

~~~. liii’ ( a - a - n p  ‘ -, - a - , s u - a - I c-’,-,’ , s t e -r  a -’ a - a - s u i s~’a-’, a - i  rut - a - t s m a - l v  v i ’ s  d i n e - t a - - a - b  a - a - a - a - a - a - u i a - h

a - s - u ’  is an t  s e i s s a - s t e d  i n  t he  - - “ m n  1 9 7 1_ 2 0 ) ) s i  t i r n e f r a n s e  - “ l i _ n a - c ’
t h e  a - t a t e ’ s Cc-s ’s la - I - e ( a - e a - a -  - i tie a-a- - a - m a - a- r a-~~~t , i l i ty  corì t r s l  p l : s u u ’ s  a - a - -c r . - s t i l l
a - - - be - - a - a - t a - l a - t e d, p l s a - a - m s a - m a - m g  a-,- r i t s - n i a  f or  ta - i s i s  p er i o d  u s - c  t a - l a- i a - a - a -  r , -~a- , s t o a - -

a - a - a -u i  i t v  - s h j e c - a- l ’ ,’ s,-a - i , w a - s a - , t e  d m a - - a - b a - i n s’s -  p r s i h a - i h i t  i o n s  a - m o d a l  l a - a - a - a -u , u b s l c -  d i r-a- —
a- - 5 a - a - a - r g e -  - I s  o ’ c r i t  j c , s I  p o l l u t a n t  - va-- r e  no t  i v a - u l l a b l e  . ‘ ( ‘ ha - c -  n ag—
f l i t u d a - -  s s ~~ U s ’ ’  v i a -- it eta -- a - u  or  t n e - a - i t r a - a - m - n t  a - i s a - t i  n s - a - s i d i u a - u l s t i l l  a - I - - a- j i s p - ’ ’ s~~l

s~~- s 5 la -~a-’- sa-s , t i l t -  pub l i c ’ s in c n s ’ a - i s i n g  a - I s  a -’ a - a - us’ìa -I f i r  Iii a - a - l u  w i t - i ’  q s i a l  i s ’ ;
‘ , ‘ s a - a - d a r a - a - ’-t cons is - , r e n t  ‘ a-- s ’ h  e n v i r o t u m e n t a - u l  ob ¶~ - a- - t  i ’ ,’’-s , a n - I  ( m a -  s irnw t’ su ca-
(a- a - a - a - I a -_ e r a - ,  s f  s i  I levels of a - i a - a - ’s ’ r s m a - a - a - - u t  f o r  l r n j ’  a - v s - - i  w a i s t ,  - i t  o r  ns a -u ’a -a - uma-a-e—

‘a -se u m t  lu - a - s d ta -  t h i s -  a - - s ’stsa - ’ l r m a- i o n  t h a t  p l a n n i n g  i - r i t a- - a - u  a - - i l l  h a -  much
‘‘ a -a - s i- , . st  r - u a - m a - s ’ n t  us  t l a - s a - s -  s r s i a - - r s sseu-s . t a - t u s h , i  l u ~ u~ s t ~~s -, c a - s~~ . — ‘ - i a - 1 - n - - a-- - i l  i n

I t t -  ‘ ‘ ‘~ b who - - s t a - e s a-a-- , a - s ’~ qua li ’  ‘a- - a- a-b ertivu - ’s and a-a- i s a - s  ‘ I  t — , c l a - s i r c o
n a - - a -  j h~ ‘ a - ’ n -  ‘ or s l u t -  ‘ -a - sO P ra - si sa --Isi co Bay Bas in  wa - -r e  a - s t - a - c - a - ’ - i s -  t e n —

a - t  i - i c -  ‘ - r r - l i n i i t i a r’y I n pu t  to  t i w -  s ’ i ’’ - a - s a - r t - l a - e — n a - u i v s~ w a - i t  or  q u a l  t ’ a- i i s ! r a -  I
a - a - l a - a - a - -. ‘ I s i s -- t a - s n ’ - is t r i t a - s - s - n t  t h i t t I  ~ f l t ’ i s  a - a -  e~~ e u s t s a - a- iii A - t i ’ , ’ 5 i ’ a - u ’~sit  C
- -, A i a - i s e a - a - s  a- a--a- A r , a - -- , 5  w , s a - e r  s c u a - u i  I t ’-’ oh~~s - s  t i v a - s and  vast.- a - h l s a -’ ’ i ar c i e
p u r s h i h i ’  s s u i a- s’ a - - j t , r h l i  a - l u  a- i l ower  bound a - s s a- a- a - l I s t -  qs. i s l i t \ ’  i’s’ i i s ~- ‘ a - a - i

i s m t a - I s~~l j a - i C sa- I s a - i  5O~~ . (la- s u I s s i ’ p l r ’ i t a - i ng efs a- i r ’ s i a - a -  ‘ a - a - u  t e a - a - a - u t -- n  s- a - - ’ - ’ . a - - ’  s - ’ - ’ t - u ’  t -

~“l0 . a - - s- - a - i  I z i ’u g ‘h a - u t f u t u r e  wat t q sua b i t ’ - - oh~~a- ’ i - t  f ’ ~~5 a - s r i  a - ’ s ’ c s ’  d i i i —
‘ s s r g s -  p r o h i h i t i a - s i-ut s could not be a - r u - i h i c t e a - I  ,u ’ t I l L S  ti lt - .’ , t a - i a- ( s ’ rj s s  -

effort was d i r e r -~ oi l  n - i ’ Is .- r t~~~ard d e f i n i n g  broad r e - st fla - s -ua - i t c -ch r i o l o~~ie8
w h i c h  coul d he expected i s a -  be compatible w ith s  furure srr ln. ’s~a - it waste—
ut t er m ans -a - t a - i t - a - s t  ‘ h a -  - a- l u s t  ‘s r ’ s s r u s l l  a- host s . Three t i t us  Ii broad t s - u - a - na-  S lIa - u bt i c al

‘
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,~~ i I - u , ’ ,o - a - s - a - a- a- re’ ,s v , si la - ub l e a - a- ul syti ’ a - s 1— c s ’ u tmit ’J t r e- - a - a - s e n t  s v - , t i - - a - i ,

a dv a - sua --~ - a- l ‘ j o l a - i s t i a- - a - i l  ( n a - - a - t a - a - s O t  ‘s ’ : a - - t  s - i r a - a - -  and l u nd t rs ’ a - u tu a - a - s- a - s a -  -— ;,-it a - - a - -1 s---

Na - a - i s a -’ a- - a -  t a - s - - c ’ sv s t  e m s  i s  s tew in a - a - a - n s a - - p t  - s u a - , a -  t i n e -  u n i t  l s n a - s a - s_s ’ur - . s ’ -,

invo l vt ’d - u m r i e ’ i a - l l - ,’ i r a - ’ iii a - i a - s c - . i t  v - a - a - - s  f e l t  t h a t  t h e ’  u i n u t  p ro  - a - i s a - a --a-

f rom t I a - a -’r - a - s_ - —, a -’a - - i t e ’ i ’ r a - ,  c o u l d  l i t -  c a - r m h i i a - t ’ a - I  a - a - ’  i i  h r  live a- ’ stm pL ra -si -l s - hu la-

I e-i~~I a--a- o f  w a - i a - — t e ’a - - ; , , t e r  t u ’ s ’ , m t i a - a - a -- Ot  and a - i a --ed , t o  i a - a - ’  isa - sle needea-1 . in
a-a-vi s a -  e -a -a -’ - u t e r  rnan aa- - a- ’ u a - a - e r a -t ala-erna t ivea--; for i s i  San Fu  m a - c  i s a -’ ss I-l u ’.’ a- m d
D e l t , m  Reg i s -u n  - a - a - t a -  -c’ ar i a - I a- ’ther tus ’ , stt s se’na- u a - a -, t t a - s a - s l a -  1 a - - - ’ i e s  are di scu s se d
In th~’ n e x t  maj a- sr  - -t ’s : t ion  of t h i s  re ;-a- o r t

81 . Ia-he S t a t  s,- of C a l l  lorn [a f u r n i s h e s]  t l m s -  Corpa -a - a-a-- i  t h  a - s e v s - r , s i  item.”s
of gene ra l  and s a - s s s c j f i c  g u i d a n c e  r e g a r d i n g ,  a - a - t i t e r  a - a - s s a l i t v  i a - b a -  j e c t i ’~’ea-s
and v a r - s t e  d i s c h a r m ’ e -  p r o h i b i t i o n s , noii— a - ls -g r s a - 1 ,u t ion and lan a - i  i : ip l f c a t  ion
sy s t e m s . The f o~ l a - s w i n g  i tems of g u i dan c e  f rom t I ’ s ’  “ t a - a t e  wer e  used by
the Corps  i n  t he  d e v e l o p m e sr t  of  w a st e wat er  m anageua -t ent  a l t e r n a t i v e s .

a. S t a t e w i d u -  st a n d a r d s  f s r r  t he  s a t  a - ’  d i r e c t  use of  rec la imed
wastewater f o r  I rr ig a - u t i - s a - and r e c r e , i t i m s n a l  i m p o u n d m e n t s  os’ the Cal ift -rn la
St a t e  Department ia - i P u blic h e a l  t h u  f r e t  Ti a- lii 17 , ( a l I a-’a--ir n ia  A d m i n i s t r a t i v e
Code , t ee t ions  b Ia - r 25 t hrs-u ’ii 8050 .

b - Resolut i on  N o - 
i a - t ~~_ j I a- of the Ca-a- i i f s - u r n i a  ta- s - u t ’ - Wa - s t or Resou rce - a -

( o u s t t a - a - i  h a - a - a n d  comna-onlv c- il led the Board • is ‘‘non—dc ora l -it I ,sus ’’ pislicv

Th~ cs ’- ,- p r o v i s i o n  ot ’ t I i i , s re~~o l u t f o n  Iii -is fo11 a - a - ia -’~::

“Whenever the existing quali t ’— of water i r - a - a -’t t . - r
t h an  a - h a - - - iual i e s t , u l a - l i s 1 t a - - , l  in p o l i c i s ’ s  s’i~a- O t
th e d a t ’ -  - a - n which such pol i C~~ ~~S a- sec a - a - t -a -a - ’ is f - -c t  ive
a--a- u J a -  ca- a - - a - t s r  i s a - n a -  ‘ s i g h  q u a l i t ’ -  w i l l  I -c - ti_a l f l u  ii a - m e d

u n t i l  it s _ a - so  been demons i r a - i t  a - - d  t o  t h e -  St t e- t b - s t
- a - i sv e i s a - u s a -  a - u  a--,’ a- I he c o n s i s t  ent  wi th a - a - a - , u x i  a - - a - a - t n t  h ens ’f  I t
to t a - a - a - ’  i a - c a - u p I s ’  ‘ ‘ b  L i i ’  St a t e ’ , a--: i l l  ta- a- s t n u n -  i ’ - so n a b l v
a - i ff e c - t (a - i’s s e n t  tutid a ntici pa ted lse n eI ic i ,ul use of
s u c h  W a - s t  c - n  a - i r a - u t  w i l l  s u e t  n t - s t i l t  i n  w a - l a - c r  qual ira --
less t l u , m r i  ( i a - u t  , a - r e s c r i h e d  i n  I l i s a- - p a - r i  iC i s - a - . --

a- ’ c .  L e t t e r  d a t e - a - I  , ‘~~ h’ s embe r 1972 i r a - s m  the S t - s t e  o f  ‘ a - l i  a - s a - r n i a - u
i n d j c a - s ’ in ~ t h s , a - t

(1) “l I t -  - e - h a - a - r id h t -  l i s a -  s u i t - f  as ’ .- r u n o f f  “ r ot-a- a - lie l a - i n s
a- s~~p lj  (- a - i t  I s a - s i  s i t  c - a -  - a - f ‘‘ i t  a - s n  a - s a - u s t e w a t e r  ou  s t a - a - r m v i t t -n  - i t  I f l ’s’ t I ~~1C
‘- ‘ i t  u r-s t ewa te - r i a--s ( s r t - - - a - t - a - a - a -  01) t a- u s - S i t s . ’’

Li)  “ N a - ’ ‘ o u s t  r s ’ I  lab l e a - a - s  s ’ s  q u a l i t  ‘ - ‘ - s c t a - ’r s - sh a l l  d s ’m ’rod e
• li s t ’  s - a - a 1 t - ,’ o f  a - i a - a - ,- g r a - a - ru ’ a - a - l’a - a - s t er . i - xa - -e t ’t i a -nio w i l l  a- - . - consia-lered

a - ’ t ’ a - - r c  a - l i t ’  c ota - t r s ’ ’ i s l e I m a - t o y -  j~ r’cl, sime d wa -m—-a - ’ a - a - a -’ s te r and where
u - X i S  a- t ’ii’ - i a - u a - !  ( ‘a - s t c- u s a- 1 , 51 ha - -t i,,- f i t - i a - u i  a - i- a - a - - a - a -  a-a--f I I he p r a - ’’ c-c t ed .
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, - ., a-a - a - ; ’ l I , ,, \ l l - P ‘l i a - i,, \F’ll t ’I’ Ml ’rlI a - i a -’

a- N T ~a - m t D i ’ a- ’T10N

- A wide ‘~‘~~i I s - t v  a - f  p t - a -  a- c es a - seis cats be a -i a - so d t a - a -  a- i’ s - - s t  ‘ - ‘ i s a -  ‘ ‘ ‘ -a- a- ’ s r
‘n or to in al disposal. ‘I’he ch o i s ’ s’ of th e m e t i s a - s i l  ~s t t ra - ’ - a - t  a -’ - - a - a -  5 - s

d c - t i  - r r , - a - m . d b- a- ’ wa - i s  t ewm i t t-r a - a - a - 5iut 5s a - a - e rsa - s-ss t g a - a - a - u  I s  and ‘a -h a- s-a - ’ t I ‘ s . As a- I a - s  ‘ - a - s

a- ’a l s  - u n ! ob i r a - t  I yes be - a - i ra - c more s t r I r u g ~~a - n t  , b a - s - a - u - a- Ofl Si, - a - a - e and

Federa l  r s  ‘ g a - m i  rea - sa - s -s i  i - a- , t l i e  d e g r e e ’ o f  was t ew a t  e r u r u - - s r  ‘a - s - t a -  a- mu s t b a - a -

I n c  ru- - u - -ed .

8 3 .  As state -,! pr evia - ’susl v , wa t e r  a - l s r d l i t a - -  o hj e c t i v s ’ s - a - s s a - i  ‘e ; u a - t u -  d i a - ,-
C i t a r a - ’e’ 1’ r a - s h  i h i t  ions f o r  t h e  v s - a r  P 4 7 5— 2 0 0 0  i i  rn~’ a- n a -u - a - ’ -  c o - m i d  not  h a - ’-

~‘r’dic tt-d. Cons-se-g s a - n a -  i v , i t  wa -u s conc li msi enl tha - i t a - I n s ’  t o r t - a - i a - l a - i a - i a n  s i l
w , s s t e w a t a - - r f l a - a - u u t a - a - a - ’ s ’i ’ i a - t i m p r a - ’ v e u a - t a - ’ n t s  w o u l d  he b a - u s a - - a - f  On l i L a - a -  ru-na -ova -il

a-a- us a- a - ’  a- r c a - i t  net s t t s ch s n o  b a - ’  lea - - n

Two g t - t a - a - - r i I  ‘ a-- a - a - t e  t r c ’ a t u a - t s -n t a - a - m s - t h o d a - l i a - ’ m e - a - s  l i v ~ h a - a --n adg r’a - ’ sa - ss - I
I n  t a - s i  a-a- s t u dy  or L i i i ’ - I s ’ s a - a - - l o p m e n t  a - t a -  w a s t e w a t e r  a - ’ t a - a - n , s  a-’ s ’ a - ’ a - s ’ i t t  i m p n s a - ’

‘ - n t  ‘ a - . a - l a - ma - -  t u e - ,i t m cn t  ‘a - m e thod combines  v a r i a - a - r m~ c o n ven t  i o t a - a - u i  t m - a - u t  —

r ica-nt u n i t s  a- a - g e ther t a - a -  s t - u i ng an ~ a - I a - a - a - :s a - e s  t ru - a - s t  i a - n c - n t  s r a - - a- ’ s ’ a--s a--a- and
d ls c l i - ura - ’.-s t r . ’ , s t e d  c i l i a - s e n t t a - a -  re ce iv ium ~; ‘a- n irf ,u ce watt- u h s a - d i u, sa - -r .  a- ‘ a - ’

second met  b m a - a -iI  invo l ve a - -, t he app l i c a t  i s O s  of  t r e a t e d  ‘ a- - a - t c ’ - : d t s ’ r  -n

a - Ia - a- a- i a - - fl at s -a - i  lan a -i u r e a- s -

a- a-’g- _ ’ i ’~ , I I  )~ ( a-\ i ,  ‘I ’ i i i - IA ’l ’MJfN ’I ’

115. In order to pniivide for the ’ m a x i i a - s a - m r a -  p o s s i h i a - -  i s ’ a - l s n t i on  a- ’ ps t -

Itut an ts i n  f , u s a - i l  i t  1. -a -- d i ’ a - c i a -~~rg L s a - g  t a - u  —.u m r L s c a - a -  w a - i t , ’ r a - , a - a - t a - s xi ’a - a - a - i a - ’ a - c a - i n —
- ‘ i d e s ’ a - u t l a - r i m  u s a - - a -  g i ’,’s ’ n to a - l e _’e’ _ s a -p i ng  ~s f r i l l  te rt i a - t - a - ’  t i - - a - i a- a - - n t  a - n - c e - i s .

a--a- i t  j a - i n a l a -- f o r  a - c rus h a - i  t u s - a - i a- ia-sent p t a - i a -  a- a-a -s a-a- s’s t o  i : s  i a - a - ” ’ ’  ‘us c i a - a - a -se a - a - -
a-
~~~ a- p e r c e n t  r s,rtn ova l i a - - a - ~s a - i r - a -i s i b 1e of a- ’ r i t  I c - i l  pol  l i s a - a n t ’ s  ( s l n s a - r t  i a - a -
a - t e f l a -i a - m u - t ’ a - i I I - ’ , a - i  ion ) a-a-nd t a - a -  p r o v i d e  a - s p t ’ s - a- ea-ss a- - s i t ’’ ’ , u r 5 d s l e  t o  I a - n i  t i ’  i t r ’ - u s  -

SI a - ia - - -  a- u s  a - a - r s a - a --ess  w o u l d  p r o v i  ni t -  a - u s a -  a - - a - - : t r - ’s: a-s ’l v  s igh  ‘ - ‘a-’ o I o s  t ra -’ u
u s a - a - I  in i gh t a - a - a -  t he t iii I ‘a-’ i’ s - ga - s i r e— d t o  a - i a - h i s  , ‘ a - s t  a - s ra - - ‘ a - i t  ‘ - t ‘ a - - i - s i  1 ’  V s~ a- a- a-

i a - s - a - , , - m  series s i t  , m s i a - ’ , a - u m a -  s - a - I  (u ’s - u t - - a - s-us a - a- a - 5 , , a -’ a - s t ’  p t ’ a - a - \ ’ l a - l i n s  i s a -a - - a - e r a - lc s a - i s ’ - a-a-

s _ f  a- t e a - . s t rn&-t a - t w a - m a - ,  ( ‘ ‘n a- i  i s i s - i  t d _ ‘ l ’ l s t ’ s ’ u -  a - s i ’-~’ , a - t a - c e d  a- r , - , s u  - ‘ m s - a - s t  ‘ r u ’ s s - - s ’s . ~~~~~ - ‘ a - ’ ’ - ;  -

‘-a-’uss I a-l p r a - a - v i a - 1 t  i’ t ’m ova l s  h i a - a -t u s ’ r  a - t a - i r s  a - l a - s  u s i a - s i i s -a - i  a - u s ; a - mu ’ , t  cii r u ’, ’ -- - a- - a - u t
jtua l i a - v  a- a- I a-  ‘a - s - a -  t l et-s . ( ‘ s s u m v s ’ n t  i a - s u i t s  I I a - s - u t  i a - a - - n t  ( a - r u - a- s ’ S-a- S t ’ ’  5 ’ a - 5 i a - S t  I

i i i  - - - a -i’s— ,.’- - i t s  h i e  a - u i  I ow i n , ’ a - s i - c t  j o t u s s  -

- p h i v s i a - ’ mm i — - ’ I ia - -na - i i e- u l  a - r u t  n a - - i t t  i s  u sed ( s o c  “ i s a - a - i r e- 2~ , t a - us ,

a - f l c o m i n a - ’  Wa-i a - s t  ‘ ‘‘,a- ’ , s t a - - y -  ‘ ‘ - u s a - a - t a-. t h i n - a - a - a - h i  a - a - i ’r . ’u ’n i n g ( Ia - a- ‘ ‘ a - —’ t o  i’a-,’s ’a - s” ’a-’ta- ‘ h ’
a- u i ’  ‘a -’ soil ’ - a - a - a - i t  a - C r  ‘ i i i ,  g r i t .  Pl r , -tn ica l s - ; , h a - - n , - a - s r  a - i l  uu uu a - , - a - r u  - a - a - h a - l i sa- a- -

- 5 a - O a -’ a - s t t ’ t ’  i i i  - s  ‘ I s a - - h r  ml x i n b ’  b - s- - in which ; s a - - a - s v a - i ss a-s t a - 1  a u s a - a - I a -5

m a -  ghs I t t  s t i rs - ( V  a - ’ s i X j t a - a - ’  c ’t  i a - a -- s - l a - a -- m i  ‘ a - s i  a- a - r , s r i a - l , s , r ’ ‘ ‘ ( ‘ a -s  a - I t .  a - a - a -t a - a - t a - t a - a - u t  ~~
- i o c c u i , i t  Ion , i l i s t -  a-h& ’s.-el a - ipm e’ u t a - a - I 1 t i m ’ s p s r t  i r l t ’ -a- _ i a -  - u s a -  -a - s m .  a- - ,

a- a - i t - a - - a - i a -  ,. ‘ a - i s a - l i t  i a - ’ i s , s - a - - a - n r a - ,  ne X t n i n a - p r i m a - r  a- a - i a - c  r e t - a - e v i l  o f  I a-a - -

u i s pend . ’d  n - o i l  i d a - i  in t l ie  a - -a - s - a - I i i r n ’ n t a - s t  t u t u  t a n k . ‘ I i i . ’ - i e . m t  e~l w a s t e w at  a- ’ ’  a-

i Si I h i s ’ s  ( h i s  i n  I s - c t  s d  wit ii a- -I a - I s - r i  is , ’ , us iu h si la - . u . s  n a - a - s i  u 0 t~ a - .  re ca- e i s .- m i s - ’
a- s l y - f  u i - s  w a l e r  b u s h y ,  l i s t -  a - ’ i l s u i l ’ ’ .’ c u t t  l i - a -  t i’d i t  t h u  s e t  t a - s i n  s s l  a - I a - a - ’

a - a - s l u t  , m t  I a - s i t  1 a - i n k i a - —s p u t t - n a - a - a - I  l ’ s  . 5  - m h t t s l ’ ’ ’ ’ [ I i i ,  l < t ’ i u — r . ‘ i s i s ;  a - a - i uslr’ s ’ i n  I i a - a- ’ !a-

- i-’~ a- ~~a - I a - (  a- ’ a -  
~~. -~~~~~-— ‘ s. ’

~ , - ‘ r :~-~’~i i  - - 
- 

,~~
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i i i  a- a- s c - m i  a- - a - i  i ’ouus p sr a - i i I i sa - f l  (I i a - ’ n t ’ )  wh i i  I i  C - i n s  P . - r , ’ a - ’ a - s v s - r a - ’ - l  I - v  r e - - a - i l a - - i  a - a - - a -’ l ot ’
mt’ t i s a - a - I s  t or a - i  a - ’ r  r e - i s a - - i s - . T h i s  I r ‘ ‘ a - t a - a - a - s - n t  p n  a - ’ a - s ’ ’ t s  w i  I 1 n ’ - ‘ m l  I it s r s ’ a - i ms a- a-’ a - I

of , u a - a- n r o x i ma t e l y  7 ( 5  I u t - i ’c a - ’ n t of  b a - a -  a - I v a i  l a - i l n i a - ’  1- 11) 1) , t t , , a - , 5 a - s - a - a -  ta - u t a - s i  t h e
n u t r i e u a - t  is a- l a - a - ) t a -  80 is ’ s  - ‘ - s i t  remova l ‘ a - ! p b a - s a - ’a - ph a - a - ru’-a- - a - a - b  21) t O  > (‘) ( a - s ’ r C s ’ f l t

remova-u i a - i! u - sit ‘ a - a - a - - ia -), a - ia - id i S  p e r a -a - s ’n t  of  t l a - u -  ht’,ivv a - a - n t- i - m i s  ‘n - s o f i a- hu t
a - I n c -r i ’  i s  n a - a - -  ra - ’u a - a - , a - v , mI n sa -’ te s t - il d i g —a - a - il ‘ ‘ s d solids. ( b a - i s  a - - p c  o f  t r a - - - i men t

a-a-’ i s a - a -a- ’ a -is a - ed Ira -  t ( m s  1 s v ’ l ~ ,p nie’r i t  a - i t  wa,st u ” .’ a- u t - ’r ur sa-a-na - a - a - a - - n sa- a a - a - - n s a - s t  1 1’’- ’ -

ia- s sm i .a-e a - h t a - a -  I u a- a- h a -  a - a - n  F r  i n  m a - a - a-  a - a -  u a -S i t u Re i o n  5 I e-J ’s r

b t a - l o m a - i a -’ u l  t reat a- ’a -~’ na - , Howe ver , t i u s  a - s  a- t e r  - a - ’ spa - ’- ’a - s is ’ a- a- L , ~ l a - l i --s I “a - s I —

,‘Im er a - i a - a - I  a - a - u ’s - c a - a - - a - - a -  ‘ ; s u ~~~ a - s n-a- i t - a - r e  s i t  i i  i a - a - i t  i on  I a- a- t- p u n -  n I n a - a - r u ’ ;  r s - -;a - a - a - ’ a - a - a -  I
‘,a-’ s - r a - -  a - i a - s - a - I  i a - a -  1a-’ ’’ s : l o p i i u a - a -  t h i s ’  l u l l  - rt , L a - s r-; and a d a -,’ a - u u a- - a - I  i a - - s  a - a - t n t
p r o a - a - e r s a - a -  a- - a--a- -

r h c -  b , a - s i c  h K s l - i s a - i c a - a -l a - u ’ s s r a - i a - ’ a - a - t p r  ‘ - -a - a - , na -  (se e F i a - n a - r e ’  3) a- - a - a - n a - ;  Stis
0’ s : m ’t ’ e a - 1 i i 1 a -~ a - l a - ’ ’ J j C a - ,’ 5.s - usa - a - h  s a - r i i u i a -a - u r v - a - ’ ’ d m a- cu t - - i t  usa - I a - - u  t h c -  r i - a - t a - a - v - a - I  n r a - ’

s s -t t i c - a b a - i c -  or a -- a - snics , a- i c _ - i a - m u g  a - a - a -  is , 5ind g a - - a- a - a - i a - -n a - - . Tit~ w a - i s t e w a - u t a - - ;
e f l t s ’ rs ta-- c a - V  ion a - - i r a - k s  a - -a - l is t - s I t  i s  m l x i ’ s v s  a - h i  - a - a - - a- j ’,’- u t s -  a- slud’gs-

and - i a - a - I t a - i t s - a - I  I s ’ ,’ c na - a - a - u ; a -i’s ’ —s s’d a i r , A t  5 s r  a - s r  i t  i on  ana - l  na - i a - a - a -  i a - i , ’ , t a - m u ’
wa -ms tsa- a - sa -- s ’ . ‘r t ] a - a- 5’’ - ’ t a - i  s i n a I  i s a - u  a - l i s a - a - a -  t a n k s  a-a-’t a - a - a - r a - ’  a - I t s ’  i s l ’ s s i a - ’  i s  sep- a - r i t a - - a - I
isv n -n s ’ d I a - a - t - - s m a - , a - tj s r u a - . ,-\ a - a - a - a - n a - Ia - a - i a -  ol the “ ° t  t l a - - I  s l u u I g a - - I a - s  r e t u r n e d  to  a - I a - -
i n l e t  end a - s f  t h e  a c - r i ’ ion t a n k  t o  ( s i t ’  ‘ ‘u i at  a - ’  a- ha - c - i n s  - a - a - a - a - s i n g  ‘s a - ’ v a - s m a - e ’

Ta- a - c -  t r e m t s - a - j  w a - u i s t e w a - a -t e- r is c I i l a - s i ’ m n a - i t s ’ a -l a - a - n or t a -  d i - ’a -n a -a - s a - ui . This ba - i a - si ’
biolog ical treatment : -r o c s ’ ~ a-a- can ha - u v n ’  - a - a - - a - ’ ’  m a - s i  v a - s r i  a - I t  i o n s .  Those u n - a - a - -  a-
In  a - lu is stu dy Inc I u s a - I s -

a- I . A d d l t i n ’ s n  of a - s n i t r i f i a - ’ a- u t i a - s n / d e n i t i ’ i f  i c a - u l  ion ~s s ’ a- s a - ’ s ’ a -~n s  ( s a - a--

F i g u r e  -~~
) i n  w i a - i a - - h  st - st ’s - a - a - i a - u n i t  r r a - a - - s ’ s i  i a- hi o i ogic ,a -b lv a- ’a - j us a -,’s- rt c-d a- a - -

ni t ra - a- g s ’ u s  , a - a - us

b . A d d i t i o n  of  d s i , m I  mt,’d i a - i  a- i i  t a --r ( i s a --c F i a - ; s s s e  5) t a - s t  a- a- i a --
put - p- a -a-- a- a - a - f  p o l i sh i n g  a -h i ’  t r e a - s t, ed w , u n - a - t - ”-a- - , s 5 c - r .  The’ t i l t , - ;  i a--n e’ m u a - l c a - ’,’es b
f a - ’ r  t he ’  t a - i a - m a - a - v a - i l  a - - !  f l r n ’ I v  d I ’ ’ i - l s - d  su g a - - a - i a - l e d  m a t s - n i l  . ( l a - s - s t  t r - s t  —
flnu ’ a - a - r a - sc e- a - - a -n-a-es c - s i t  h e  u sia-sb i n c - a - I  ‘- ‘I a - h  t i n . ’ t a -a - a -s i s ’ l s i i i l o a - a - i c a l  ti’ s’ a- t ’ ; a - c ’ : a - t
p i  a - s s u - a - , s  so t h a t  p i r t  j a - i  s i r  a- r i !  1 tort j a - u r —,’ t a - a - a - u t  n a - s - l i t  ( a-- se e F i m a - a - i i’c -’-a- Ii

and 7 )  is a - s p p l i a - ’ d  a - a -  w - s , a- t u -a - - ,’ , s t a - - r .  ‘ a - e r a -  i a - n v  I r a - s t  “ a - - n t  p r o v i d e — a -  ‘ i i
a - l i e -  remc vai  ot  p s i  a - a - a - a - it n a -  a - - ; no t  a - a - r u t ’  I . - t e l a -  s e ’ s ’ i u a - ’ ,’u ’ d  b y ‘- a - s - i ’ o n a - i - a - r a - ’

n a - - a - a -  a - a - a - - t n t  p nn ’s :e s s  , a - s i i c l n  a- i a - i  a - L a - i a - ,  pt’ na-hetj s s ’l  i a - i s , r e f  r a - c t  - - r v  i a- r a - ’, a- sn i c s
and sm u t  mi -si t s -a-

88. A 1 u l l  t e r t  i a - u r y  a- ; s ’ a - s 5 a - a - n ,’ u a - l  a - ia -- s t s a - -~ ’ a - i I s ’s t h i s - u  rs ’ p a - a - r t  c O f l s i a - - i t ; -  O f

m a - s r a - ’,’s ’ f l t  i a - a - i a - a - I  b js ’ i a - i ; ’i i’ .sl I u~
e,
~~t a - s-ill a - 5 a - a - pc - s  s a - e ’ i a - t  p l i a - a - s p h oru s  a - a -  ‘ - - a - v a - m i

n i - r i  fea t l s a - a -  a - a-nd d c - nit r i  f i c a - i t  isa -n , dua l t a - a - a -’ , i a - u  I i  l t r - i t  is a -s r . a - ira - i l car—
b oti a - i d s n r r p t  Ion - Sl i sd ge  is a - i s ]  isa - a- -t a - I  t r s s a - ’ a -  i i i . ’  - a - -d  i a - a - - n a - a - i t  j u s iS ta - si l l
a - u s a - a - :  p i i m p t—s1  i s  si fl , l i t , i a -  t a - l a - i ’  d i a - ’ i ’ s t  s ’r t a - i r  s t - m b - i l  i z a t  n - - s i . For ia - i a - -a - , ’
sit-s i a- p ros  s ’sn-s (’u— w h i  c - hi  - a - a - s - a- I ’ s -  ia - m a- u - a - m i s-i : I . ’ ’ . , s a- n s ’ -~a -Ii t r i i r s  s ‘ a - a - a - ’, ’ a - I  s i ’ s !
c - o r b  a- ia - i ’ - ’  i ’ - - ’  a - u sia - , I s ’  rh — i s  a - a - i t s  w a - i l  a - c  a - u ’ s ,  -n ra - ’ a - a - v  a- r a - , -~~a - , m l  s ’ —
g a - - i a - a - ’  i - a -  a- i a - a - u i  f a - s t  m - a- I a - - - isa - a - ,

- , I



~I ‘~~
-~

~ ~~~~~~: - -~~~ K

‘

~

~ ,t~~~~ ’~~~\ 
- ‘

- ~~~~~~~~~~~~~~~~~~~ 
~5 a-a-

~

~ 
‘
~~~~~~‘

‘

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

~~ 

•

k ’

I

~~~

~~~~~ j

I

I —

- -  
‘
k --

a-a-. a - a -  a-

a-/ 

a-si 
hi a-

a- 
, 

-

a--a- -
a- a - -  I /

a - I  
K~~~

I ~ 
~~~~~~ !

~~ 
- 5

“a- I a- a - a - • a-a - n a -  
a-

a- 

I ‘

‘:11 ~1’ :~
I 

t~a- (~a - 5~-s

‘ ~~~~~~ ~~~~

‘

~a- , s- K
a-’) /

a- 

-
~~~~

L a-A, 
rI ’a - c ~~~a-a-

-
‘ 

t~~ ~~~~~
.J .

~~ 
a-.,

-~~~ 

-

_ 
i L~~ J

~ H ~~~~~~~~~~~~~~~

~~~~~~ 
~~~~~~~ a- ?”

1 1 5
‘4-’ 

“-5

~~~~
‘ V ’  ,

~~~~

~~ - 
~~~~~~~~~ K

/

- -- - - - -



~~~
y
~~~

s 

~~J-
-~~~~~

a - H a -
~ 

~~~05 k ”~

- a-)

:~~a-~~~~~

I - a - - a-a - a - a - a- ‘ - 
a-

a-
I ‘

a-
a- a- 

~~~ l 

‘~~

ra- ‘a- 

I ~

“

a-- - - 

a-—

La--a- 

--a-

,

_
5 

a- 

-a -,a-

- 
—
~ 

a

-

- , 1
o - - 

a- 

a--) 1-)

- 

I 
- --‘- 

a- ‘ -

\

I a- a- 
a- 

I a- 
_
a-\ ~~~~~~~

‘ a -  a-~ 
a-a- 

a- 

-~~~~~~ “a-

~ 
_
~~\ 

~~~~

- s -  -~~:~~
a- a- a- a-

- - 1 ~a- 

a- “a- 

_
)

Si 
- -

s 

~~ ~ 

-
,

~ 

a- ,, T

- a- ~~~~~~~~~ 

- ‘

~~~~~~~

- - -— 

a -a- 

-
a-
’

5
n
~~~

’i

s 
) 

— 
~~~ I ~~~~~~~~~~~~

a- 

- 

a - i .  
-

a- 
‘ a- 

I

- 
H’ 

‘

- o 
a- ’~ 

- - -

~~ 

-

HI 
‘~ 

- ‘ I ~~

‘

5 
a
-

T~~~~’ r  - 

I

fl a-
~~~ 

-

- -

- 

—

5 ’ - 

a-

- -

• : 
a- 

- -‘ -a -  a- - s 

‘r

-- 
a-a- ~ s 

— - 
sii

~~~ 

a -n ’ 
a - a - t~~~a- ’ ’  

a- ‘a- 

Q

~~ * 

/ ‘ 

-

t ~) t ~~~ 
a-

u~i 
—

~~ 

a- . 
a- 

I 

-

~ ~~
- -t ~~~a-

- 

a-

a

-

~ 

~m

-~ 

I .
~ a- ia-

~~~1 
~~~~~~~~ ~~~~~~~~ 

~~~~ I ‘ . 

a

-

~~ a - i  a- 
‘~u 

— - s n 
a-

5a - m  
,~a- a - ,  a- 

a-

- -
- s_ i  

., H

- k . - a- j a- “
~~~ a- 

‘ a-

— 

a- a- ‘~~~~ i k
- a- 

- 5 5

-S



5,’:
-
‘ 

,
p ~~~~~~~~

‘
~~~~~~~ -

- a - - ” vi
a- , 

~~~~~
a-

’ ;
~~~

‘
~r~ 

H ~~~~~

-is 4 ca-i ‘I
us, ~~ ~~~ca- 

, , ‘ -

a-. 
-

~~~~ ~ 
I,’

‘-a-’ .
~

s,~~~’ a- —‘ ~
“

~‘ a- ,, ‘4 ~~~ç, a- ‘~1 a -

~‘a- -
. ‘~~~~~

a- ‘a-~~~ a- -,——-

J1
a-a- a--~~~~ U

a- k I
-

a- 

I 

~~~~

/
,, ,,t a-k 

~~~~

‘ 

- “J~~~~~~~
-

~~ a-

I 

‘
~~~~~~ 

‘
j K

~ 

- a-
, I;t ~~~~- 

—

~~~~~~~~~~ 

5

sa- a-j ‘a- L a - V ) ~~~~~ /
‘a-S~~~ a- - 

a-,

~ .a - a - ’ ’a- a-~~~~~ ~J~~~~~ ’si •t L4J
!~~~~ 

a-a-, ” a-’ I 
a--a-

L :1:,,
~ ~~

:-‘s a- a-

I 
a- 15

4 s~: ~~~ i-)
r-a - {  

a-

7,
- .

L

I I  
K 

—

~~~~~
5 

a--i
’

~ ~~~~~ a- a-a-,

a-

a

- 

-

~~~~~~~~, _1< ~~ ~~~~~ a-a-
a-
~~~~~~~~

’
~~ I ~~~

~
~~ 

j~
i
’a-
;; ;
-i
’-.

~~~
’-t ~

‘ 
‘a-’) s~J~~~

‘~~~~~~ ~~~IXa- ,a-
a-~i

~~~~a- ‘a-a - . ,, a -~ ~‘

‘a- a - 4 ’ -~~~~~

~~~~~~~~~~



“a-
a-a- 

-

~~~~~ 
a - a -  

C

~~~~ La-~~ 
a- 

,

~~~~~

- ‘ a-

k L a- 
~~ a-a-~

:

H 
~~

t’ -
~~ ,,~ I

a- 

‘a-’) 
a-a-i a-’) 

~~~~~~~~~~ -j s
;
~~

—1
a- a -s

La-) 
5s~~~~~~ a-

- a-’

~~ :~~
- a- 

p~~~~~~~~~~~ a-
’ -- - 

a-

~~ a- 

I ~fl ~
- 

a- ~~~~~~~ 
U

a-” 
a-a-a- ‘ .

~
a- 

-

—~ ~~~~~~~~~ 

m l

- - 

a- ~LJJ ~~~~~~

— 

I 
I.-..

‘-‘a- ~

a- 
- 

u-a-

~~ 

“
~ k h  

a-—: U

N 
-

I v~ _ _  

fl q

~ -~~ -t~~~~~~ 

~~~~~ I - 
a- ~ T

a-

i~~~
’ -

- ‘

~~~~

,,
/

K I  l~~I~~~~~~~ ,J ~ ~H
A

- ~~~ ‘a- -
‘~~~~~~~~ “ 

“
~~~~~ 

I [

a- ~~~~~~~~~ 

— ç~~K

- 
~JiT\ ~

_ _  
1a- 

- 

~~h~~~

- --a-

~ 
-,_.J~

~ 
~i7c_j 

~ ~~N;2 vrv~s3o~n
;
c 

- - “ ~a- ~~~

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

~ 
I L..
I I
I~4



- -I— ’ -——-‘ - 
‘-a-

‘a-a-
II~LU
U

S ~a--
‘a-a-

“I

LU

I—
a-~ ~~~~~~~~ ca-

’
~ 

Vi .
~~~

~~~~~~~~~~~ L~~ a-
a- LU

- - 1 ~z ~~~~~~~~~~~
~~~~

—

a-- ~ N ~ I~~) 
‘~~~~~~a- ,a-, ~~~~~ ~~~~~~-‘~~~~~~~~~~

~~ 

‘\,~ a- 

- - -  a- -
~~

—~ 
- a-~~~~ 1&i

I— —
~~~ - ‘

a-, a- s - Va-~~~ _
~ l~~

— 
a

-

a- H a-s a- 
-- a-

~~~~~
-_, a-) -s sa-, ‘~ I 

~a- 
~~~~~~~~~~~~a- ’~~~~ 

5-n a-a-a- — - K ‘ ‘
~~~~I ~~ - a-a-

’
~~ ‘a-

N ‘~~ K 

~~~~
j_

~ ‘a-a-s C) - a-~ ~,a-

- -----—-I’-ta-- ~ 
-

In a-a-a- 
- 

a- ~ 
t ±[Tii~

—
~j  ~

~s k  
-- I 

_ _

h~~~~~
I

~~~ ~~
~ 

j a -
~~ 

I vi ~~~~~~~~~

- a-a-a- a- ~~ ~~~~~~ ‘~~ I ç ~~~~~ sa-’)

~~

I- -- - ”
~~~V’) 1 c ~ a- va- a-a-a- ” 

a-
~

~~~~

‘ 

~~~ J ~~~~~I~~
’-

- 
‘4’ I ~~~~~~~~~~~~~ ~

a- 
‘ 

_,/ ‘u - -
~ ~~I 

- ‘

:~: ~~~~~~~~ 
- 

a-a- ~ ~~~~~~~~~~ ~~:-
“ I 

a-a-

~ Ssj ~~~~~~~~~~~~ ~ a - a -~ H i ’ ,j ~
,_L’

” 
~~~~a- 

a-
~ .

_ _ _

- --‘

~~~~

- i—a-a----- . -j  ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

~ ~~‘k ~~~~~~~~~~~~~~~~~~~~ r~~~~~~~~~ , ~~~~ ~
~~ 

- -

a- - - , n~~~ ~~~~ /._~~~~~~~~~~~~~~ a-4 
- 

Ll r a- Vi

~ I I
— a- - a- 

n 

- 
k 

~ - _ _ _ _ _ _ _



- - a- a- ‘ 
a-I -

- ‘.a- 
, 

— a-a- a- - ‘a- - - ’ a-a- ’ -I - ,a-a- a- I a- K a-~~,._” ~~~~~ C)a- . a--. ~~ l ~a-• K a- a--s ‘H’- rs~~ a- ~a-ii ‘I~ - a-

‘ ‘
~~~~~ ~‘ 

a- t’’~~~~

~ ,~: - 

______

H - 
- I ~~~~~~~~~~~~~~~~~~~

N -~~~ K ‘~ o-~~~~a-,.
‘i— a- k a- ~. ~~ -~~~~--—— a-a-

~~~ I
a-- — ~~~

...- a--’ I ~a- ~~~~~~~~~~i _
- 

‘ ‘  ,~ - ‘a-, a -a-a-
O -

L~ ~~~; ~ ~~~
‘ -

:—
~~~ ~ 

/

‘ K  I-a- a- 
- ~~~~~~~~a-a-~

5,, ~
-

‘
~~~~ ~ ~~~~~~~~~~~~~~~ 

I 
~ i’-J~~~k 

~~ 
‘

~

~~~~ 1~~
?
~~~~~ ~~~~ ~~~~~~~ ~, 

~~~~~~~~

~~ 
-

~~~~~~ ! C) 
~~~a-

,/
/

- - - s.a-~ - K a- la-’s ’~-
- ‘I; ~ 

-
I
’ ~~\~~~~C) a-4 /

• 
-- ~~~~ ~~~~ 

‘4’s

‘
‘ j

~~ - k~~ k~~
’

- - “ a- :~~ ‘
~~~~ - ~~~~~~ -

~~ 
~ 1 —. 

- - 

a-a- a-a-
I a-’

a- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a-

a-i] ~

_ _ _  

— t 
~~ V

~ l~~ ~~~ - — ~~~~~~~31 ~a- ,a- vi a-

_ _  ~~

‘ 

~~~c3 Ia-, Q~~~I 7- - I -‘ “I-.. a-_i

if - 

~

~~~ 
—

~~ 

— 
L _ _ ~~: -~~

a- 7S ~ ~~~~~~~~~_j)

a- ‘ a - I  ~~~ ,~~~

- ~~~~~~~~~~~ ‘

I”

-I--
- H - --

_ _  - - a -  -



l ’ s . I n - s t  n : i , - a - , i, ‘ i a -  s - a - - 5 5 - S  dj ; , a -’a - m a - s i s u ’ i !  I t s  t h i s  s’s- gi r t  i s a - s i l t  i n  t a - s

$ 

1 i t i a - s V ,  a- I t ’ I I a-i a- ’ i s - i a - a -  I a-’ a--s ’~ ! a - a - a -a-a- ’ a- a- j i m f a - u i  a- i s _ a- I I - a - I s- a -ia - ma - i - ,’ , a- I - a- - 5 a- i s  a - - ‘ a - a - a -

i a - s - r e -  ‘ b a - a i n e d  I ra - - u n  v a - i n cus  p i u h l f - a- i n a - ’d en g i n u ’ s ’ r i r S a -’ a- l a - a - c a - a --, - - is , i s _ a - - s t
a- i , a-~~ - ~mnd pra - s’ssional , s r t i i  I s _ - s . ‘I b a - a - ’ a - -  r e l s  ru’ s,’ s - st a -v - -i ’ a - i n a - a - va -i l i n s ’-

I or a- h a -’ in dividu al p r a - s s ’a -’ a-~s s _ ’ s  sia-eswn

H a - N l n  ,~ r g l , i  (a - le T I i5N

I sa - a- a-’ - - d i s c  I a- - a - n

90. at  t H i s -  , t u ’ s u u - u  a - s i  t V ~’s _a-5 o f  a - a -  s ’ a - a - t n i c’ t i a -  c o t s s f d e ,’r - a- - a - I  I i ’) t h i n --s s t

l , m i a - d  s ; i p l i a - ’ a - u a -  i s a - u n  ‘ i t ’ t~~n ,  “ l iv i n g  f l i t s _ - i - ” i a--n t h e most u i i i a - a - a - s s’ . I a - a - - .- t & ’  u a - i
a - s t  a - - s - m ’ ,- i n g  on i ’ a - a - I i v s a -’ ’ i - a - u  U ’’  t i a r - .’ a - c  - s - h _ ’- a - a - a - a - ’ e u a - I  t a -’, ’ a - l t s n e s a - t  u s a - a - i a - s  i n  ‘ a-u s-
i, r ’ - a-j r rna-’si t a - - a - ’ a - l u c i t c s  a - a - -  m a--s done I a - s r  a - h - -  a - a - a - a - u s a - -  a- a -” s ’ sVs ,’ti t j a - a - i a - , a -  I ‘ i s - a-- a - a - i c - a - l I
c s m e m i c , m l  ;ms’ - a - a -  a - a - k , i u u i’ , I a - l o l a - a - a - a -a- s a - u l  s’,’a - - t  a- n s a - - . l a - a - n a - I  - a - p s I  I c - a - a -a- a - a - ’ t ’ s  rs a- 1 i s ’ s  - a - i

a - I n , - n u ’ u r ai  i u ’ — ’a- a - i , u a - ’ - ’  a--a- a- s i  l ’ s  a - m n ’ !  i a - a - a - i a - a -- a - s i t e d  g s a - a - u s i a - a - I  r u a - v e - u  ( u - a - - -  I l v i i i ’ -
I i i t i ’ i )  a - i )  a - a - a -a - a -’ i ’i ’ u a - s l  isis ‘, u ’ r t  i a - i ra-’ a - u s - - a - t a - a - a - ,  n t .  l I sa - - p s s s n - s’a-s a-s n - S  t r a - s l v  a - a - n a - i q r j a -’

a - 5 a - S ia - a - t a -a- ’ - ia- n i t  t - - - - t m en t  5a-~ a - i i ’u ’ S S - ’ sa - t i m  a - m i t ,s a- a - i l c  t a-~~a-~ a - p a - a - I  I s - a - I  La-’ a - i n- a - t e \ - ’ a - a -  s - n  i s
h a - - i i a - g  n a - ’ s a - ’ ’ ’,’ , a - ’ s - - a- -is id t a - a - a - p i t H  t i _ -s u’s’ u - s s ,s ’ - s ’d , i t  i a--a- a l s a -  5, - i a - n  m ’ s  s - - u ’  a - u - a - I  as i r —
r i a -a - - a - a -  io t a -  w 1 e r ‘ - 5  r t I a -  a- - , a - i i  usi t i sil a- a -o ver  - N o t  a- ‘ t a - i a-a- i a - s  - is land a - up-a -I i a - - a - u t ia - sn

a- I Low a - si  I n i t  i a- s i ‘ a- ’ t a - i s a -- of  i a - i a - a - a - a -  a -w s t  a - c t ’ m a - ,  i m m  i c- , m a- i a - a - s n  -~ a- a- a- - a- la - a - it I t
a l s o  a- r a - a - v i , I u ’ s  ‘ a - l i  a - i a -a - u s i a -  q s i a - i t t ; i  i s ’ a - i f  h i - a- ’ l m  q u s a - u l i t a - ’  a- a- - a - u ’ s ’ v 1si cia - a- a- a -- a - -
la - a -- a - -s m r enova ted  i n  t i m , -  o l a nt  a- a - a -  1 a--u ’ - a - - i a - a -- i a - n .

a- a- a - k  a - u ’ ‘a - ’ s t i d

( a - I . lbs l a n d — i s a - i l  a - a - v - a - a - s - n i  a - i s i s  a - i a - ;  a t i l t s ’ s , r e m o v i ng  i r a - - a - a -a - r r i t  n s a - a - s  !‘ a- ’s a - s n
t he wa st e wa t e r and a t  t h e n sa - a - T una -- t ime supp i’; i t i g  t i i , ’ a - a - i s  i l — u ’  l i n t  i s a - - s t  i-n
w i t h  nu t  s l e n t s  a-m d w a - a - a - s’ s  t a - ’ r  —- i ow a - ’ a - s f  p l a - sit ii 1’- - ‘I ’he ’ a - n , , a - a - n a -- “livin g
f i l a -  er ’’ a - u s  !s, ’ s ’ a - a - a - l i s a - -a - i to describe the’ p r -  s’ss - -H a - i a- c- tb’ ground a- a -a -Oa - ’a-’ r
n- u-a- an in ’ a - - a - a - n - u i a - a - r i  of t h u  u-e_’ a - ; t s - m .  ‘Fhc- a- ’ o u s a- ’ a- - p L  a - a - a-’ a - i ; a - p l a - - I u i a - -  w a s t e
product a-- to  l a n d  a - i s a - a - s  a- a - u s - a -  a - a - a - u i  p r a - u a -  ‘ i a -

_ a - _ a - i  I a - r  a - s u n ’  u r i s - - - - A p p l i m ’ . a - t  ion
a- s f  t na - s t e - a - I  w u s ’  “ w , a - t t - ” ’~ t a - s  l , a - n u t  a - a - r a - - a-~~- i s  s a-~~’ - ~~, ’~a- a - s a - s a - c a - ’ l ’ t  i n  a- sc - i -a -v a r e a - a -a-a- .
m\ Se-w a - 1a - a - s ’  a- - a - r n  f a - a - r  M e i b s a s r i a - , ’ , A s s s t m ; m l i , i , b a - m s  bee n i s a - m a - a- ,‘- -s a - s t a - i  l v  a- 5 l s s ’ u  —

a - i a - Li s t ’  s i u s a - a - e -  a - I  a - a - - a - n ’ ’  V I a - i 5 1 a - a -  a- ’ s ’ i a - t S t - ’,- . ( ‘ i t t  I -  and su n s ’ s - l a - , r a i n - a - a - - a - I  f o r
I a - a - m a - u s i a - i  m - a - s n s a - i np ’  l a - a - - , h , s ’,’ a - - b s ’ s ua - i t ’d I a - - n a - a - a - a - a - -  a - a - i - a - a - a -’ u s  w i s h ’ s  c-’,i’a - t c-wa te rs on
a - h a - - t a r m .

9.,’ . -‘a - a -m a - a - i t  4(1 s a - s r , , a - a - n t  a- t H r a - ’  t o t a - u l  S e ’ W a - m -a - a - , - produced a - t  i n l a n d  a - i a - i l —
t a - a - a-- a--a- in I - n g l s ; a - , I  i a - a - - I  W , u  a - e s  i a--a- J pp l I s _ -  I t a - s  i ( ’ r n a - ’ r i ~ t a - i r a - i l  la -md . in
i a - i l l a- a-,rnja “, i i a - a- l a - s c - c -  a - i t  ies  i a - ;  I- r ’ s u i a - a -  , u n a - i  Bak s _-rs ’ i - - i d pr i a - - t  I a - ~~~
i , i n d  up ;s1 I c - m a -  i on of - a - a - ;  s-c -’ ,-l ’ . ’r s . ~- l e ; m r I v  a l l  a - st t a- a- u ’  a - I O m l f l U f l i t L e S
‘n the a- a - s s , i t , I a - s ’r n  l’ t t  ‘ a- s a - uqsil n Val Ia --’’,’ ansi ‘ia- u i  I a - a - a -  - -  is a - isbn ‘ r u t  ir e  ‘a - ira -c
f t .) rita- a - a - a -  1 a - i tu d a- :p I ic i t  i a - a - ’ s  , a- - t -  i s a - a -- i p a l l ~ ’ a- b r a - s t  i a - ’ 1  a- I a - i ’ a-a- _ i ’ ( a - u i  a - a - i  a - a - ’ r -  n ’ s - a -

- a- rd v i s a -  a - m t - ,

p
‘ ) ‘ 5
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TABLE 13

C~ NVENT E0 NA L WAST EW ATER TREATMENT PR0CEI ~~ES -

AVERAGE REMOVAL E F F I C I E N C I E S

AVERACE REMOVAL E F F I C I E N C Y _ %
: } a - j a - a -’ l i a - - n i i c ;u I  C m o s s - s : l o t a l

T rea tmen t  i)xvgua- n Tota l  a- To ta l  a- Heavy  : 1 ) 1  is a - -a - a - a - I a-a - s b

Process a- Demand : Nitrogen : Phosphorus : Me a-tals : S o l i d s  a-

a- -a- s ’a- ’ a- ‘u a - J a - i r y  1 ., a- 91 a- 60 : 32 a- l e a - a -  a- I

A e rat e d  Lagoons a- 85 : 10 : 10 a- 25 a-

Advanced a- a-
Seconda ry  : 91 a- 68 : 31 : 40 a- 1
Type A 2 /  a- : a-

Advanced  : a-
t’a-c-condar y : 96 a- 72 : 86 a- 52 : 10
T v p e B 3 /  : a- :

Advanced a-
a-I a-- a- o nd ar y  96 : 96 : 86 a- 79 a- 1
T y p e C 4 /  : :

a- a- a - f l  ‘l’ertiary 5 /  : 99 a- 98 : 99 : 85 : 10

1/ includes primary sed imentation , aeration , secondary sedimentation ,
and chlorination .

2’ Includes seca-sndary treatment plus nitrificat lon .

3/ Includes secondary treatment plus dual media filtration .

6/ In c l u d e s  - . n , ’ c o n a - i a - u r v  t r e a t m e n t  p l u s  80% phosphorus  removal and
n i t  i i  f1 a - s t  l o s a - / d e n i t r i  f i c - a t  ion .

“
~/ Inc - I ude s s s ’ c a - i s s a - l a r v  t rea tment  p lus 98% p hospho rus  removal ,

n i t  r i ficati u n/denitr i fication , dual media f i l t r at i on , and carb on
- i a - I  ‘ a - s t - p t  ion .
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Y I - I n s  t i s a -  S a - t a -  I - r , i s a -  a- - a- n - na - a - s  a - i ’ :  —Ins - I t  m ‘a - , ’  a-a- j a - a - f l  a - i f s  a - s n ; ’ a-s a- II) a - a - - t -  - ‘i ’ ’
, u l l  w a n - a - s _ w a - a - s- i  f i c-wis a - u , -  d j s a - ’ a - a - - s, ’d n t  h - a-’ ‘ - -a -’ ., I a - a - n a - n  u l a s s o  s ; - a -  ( s i t  ‘ a - i a - .
‘a - l t h a -a-ugii g a - a - I f  c o a - m s n - - a - -  i s  r i g  a - a - i a - a - i l  - i s a - a - i  a - m i  l i s a - i a - I ’ -  a - s p r a - i ’ ; i n g  i t -  a - l i e  ~ ‘a - m )

‘ a - a -  c--s t c a - m m s a - i a -  a - a - , - a- l a - a - s d ’ s  , I a - a - ’  c a- a-’ a - n I I’ I s a -  a-~a - n t a - s i  a- a- a - s - u s  i s a - a -  I s- is r i g a - s t - is

, i i s a- s a - i t  10(1 a - a - re’s 01 p a s t a - i r a - ’  ~ - s a - a - s b - a- a- a - t i  W in i a - h  (‘a - i t t It’ - a - a - ’ -  m a - n - i , ’ - - ! .  I n
a - i l  ~~s a- a- I a - a - i - i , i’s a- i  W i n i u l a - ’ , ra - s v s ’ r  _ O U  u r s a - n  i i ’ i a - - a - a -  l i t  I s _ ’ s , c o r a - n u i s i n i t  i a - S  a t i r l  i s i d u s —
a- c i a - s  ; a - r sc  a - i  ‘ u ’  s - a - i r a - a - ’  a- s ’r u’.i a - s I l a - a - n d  a- u-a - a - I i r a - i a- ia -—s~a- a-a-- i t  a- 5 r c - - a -  t a - a - - i  w a - a - s i  a - a -v a- a- - - n - s

a- a-~ a- 1 I m a-’ “ L i v i n g  I i I t - ’ r ” ‘ a- ’ i s a - a- ’ a - a -  a- a - a -  t I n  i a - s i  I a-
-

a- - .’ a- a - a - c -  a-in i qs a - a - - I a - - a -  t m i s  a - - - --

w a - i a - l i  a - n , f t e  i t  as s  a - ia - tn - a - a -- a - l a - a -c ~i lt ’ ’ r si , a - t iv , - a - i  convent I s ’ u a - , i I  a - , d v a - u u a -m ’ s ’ a - I
v , s s a - a - -v n t t - r  t s - , ’ - a - t s l i s _ ’ iu t w l s a - - su  c o n s i d e r in g  L a - s t - m i  w , s a - - n  T s - — - ’a - a - n u’ - -  “ , a- a - r m - u a - ’ a- ’m s ’ s m t a -

a- u .  l r i ’i ga-ut I s a - a - i w i th L i ’ ’  m a - , , - J ’, a - , , - s I , - s , r a - a - a - , ’ r --a- a - a - u s  c r a - a - p  a - a - a - s d  a - a - s n-a- ’ u n -  l a n d s
, s a - l a - a -1a - a -’ s ’ ’a- a - i , i c , ’  or  r e - i s - a - a - , - ~ i , a - i i a-’~

’ (
~~ i ’ a - i 5 t V  ‘ a- ’ a - i a - c -s ’ - a - m p g l i a - - s u s s r - - m I  1’.’ 515, 5 1

t a - s i ’ i r r i i, - l o t s .

b .  \ u t r i s - n :  a--a- - m r a - - 5c-, u s s a - ’a - i a - ’ a - i  a - a - a -  slit ’ h a -a - nd  a- a - , a - - ,~ a- s ’ - - i r s -
a - a - - ed b y  ua- I a - i s a -  t ‘-a- -
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t l a - . m  t t ’X c e i s s  I a-a -c ’ a- a-n oun a- - - w a - I I P - r~’ m ‘1 a- a- a- ’ l u s t  a - s  i s a - s b ’  n a - - i - - i a- n a - i w a - a - a -  ‘ ‘ i ’ s up —

c- I i a-a- s-n c a - n  l sra - o c - a - a -  a - a - I  i a - a - c - h a - - a - i  ~i, m i - ’ s  s i n a - ’r c i i v  i m s i p a i n i s u n ’  t h e i r  m u - - - - s
c-a-- a- a - ’ m a - a -I l v , a -h a t  t i s a - -  a - a - a - s  l a - m , s l ’ l t ’  I a -  i a - a -  i o t a -  ta - a - t h s : s a -a- u s i a - - a - u s  [t a -  a - 1 a - a -’ soil
ia-’ j l i  ia-c - isa -a - c - r e s t  a - S  l a -  a- ’ ra - ’ , a - a - a - ’  c- a - -a - a - ’ a- ’ a- ; ’- n [ s ,’a-’ Ca - n c - a - a - n a - r i - u t  i ons  in ~i I a - a - r a - a - i s
‘ u s i a - - l a -  n a - - a - a - m I d  a - a - j a - l~~a - a -  k i l l  i i i ’ -  i a - l a - s i t  a - u t -  p s - a - a - a - - u t ia - s I u n t } i e r  n s a - a - s.- a-1s
‘u ,a - r v a - a - si a - -d c rop  - I s a - a - -  t a - a- h i n a - l i  I - - a - a - i t - i a - v .  a -a- ’ a - a-’ s - i a - a - l s I t  15 ’ s - n c - i a - a- ma -a - - n a - a - a - a - a - n a -na-ia-
a - i , a - v c -  I-c-en a - a - o s t a - j I u u  a - a - s i  l a - a - n I a - i r a -a - l i s a - c -  a - I a - a - -  m e t a l s  in l a - a - s c - I  i s _ a - i s l e -  a- ta-Ic-OS -
II~ ,mv’ ,’ a - a - a - a -- a - a l  c - a - i t I c - i s i s  a - r e  a - a - a -  ra-ingiv - ia - l s o s Ia- -a - I  ba - a - ( a - r c a - a - ma - i a -’ nr a - I t t a - n  ~ i sicI a-
ta - ,’ a - I u m C c -a-a- t i a - C i  I ia-iobjlitv , I ra - , a - m a - a - I a - l a - s s m  c - i , a - a - ’  n n a - u t ’ c- r i a i s  a - t ’ , - a - s i t e- n
c r a-’ - i  i i  a - ’d wi a - i a - i s a - a - v i  ia - c - a -  l a - i  c - In  a - u t  i a - a - m a -  e x a - ’ i n a - i a - t p a - -  c a - a - a -a - i a - i l l s  a-’ f - r n  holding
- a - a - a - a- -- Ia - a - a - a -v a -a - s - a - a - -ta - a - i s - s - l ’I u s ’ s - a - u  rne a - ’ } a - a - s n I s-a- u rsa - ; ‘ a - t a - ’  h a - - i  I s - u r s a - I  a- sc - ha -’ c- a - i l  a- - - er-
a - a - - a-,’ S i ‘-,‘a- ’ il l  a - i a- ’ ru - a - a - a - a - s - o 5  1. ’,’ Ia- isa - a - m a- a - a - c a - ma - ma - ’ 1 - i  1— a - La- a -  t i n s ’  is sa-  a- I ‘ a - a - a - i a - I’ i

u s  -*



I N a - T T A L  n i , \ ’ E l a - a - l ’ a - S ! - a - N I  c a - F  , \ a - , i l - a - l - a - a -~ - ’a - l ’ I V l - , - - ;

W A I F R  QtI ALT T’a-’ Z ( ) Ni - a - c-

lO.~ - ‘ l ’ l a - a - -  Sits Franci sc- ta - l a - my a--,’ V s- ’ t esa - a -  a - ’ a - -, t s a - i s d s  a - n a - - a - - a -  a - l i e  a - a - a - a - i s a -  c a -rn end
a-_u t  c - I a - I c - a - a -a-a- I s j , i s n a - t  a - a -  a - i a - ’ -  c - i a - a - ’  0 1 I’i t a - -  l a - n a - i a - -, ia- i r a - - r e  a - l i ’ -  S ; a - c r a - a - i n e n l a -  a - nd
c- u s a -  a - a - a - a - a - s im m  a - t i  a - -a - a- a - - a - ’ a- - a -  j o I ia - , a-a-’ a- - - ,t  w a - r d  , a - ii s l i s s u i s  a - I a - a - a -- a- a - i  a - i  a- a- - a - I s a - ’ ” a- - a - u s a - I s  c - I
( ‘ a - s ’ a - m a - a - a - ’  c - c - a - a - l a -  n c -an  a - h a - ’  c ’j t v  O s  ‘- s u n  , J a - - a- a - ’ . ‘l i s a - ,’ ( a - a - a - i a - I c - a - n  a - a - a - a -I t ’ l a - a -  i a - a - o u t
is _ - I b ’ a- ,c-m v l a - c a - w ee -n  ‘ , s s s  I a - a - a - a - c - at a -d A sia- a - c a - a - ’ l u  and i a--a- a- la - .~’ ~a - uv ‘ a--a- O t t ] ’ ,  d i r e c t

n a - a - s a - t n a - C t  i a - a - i a -  na-- i  a - i a -  a- I s a -  l’ a - a - a -  j I ’ i a - ’ a - t a - a - i a -. ‘rh e - a - ia -a - r s a - a - a - -’ua - t a - s —Sutra- ta - i - a - c - a - a - In l )a - lta - a-
i a--n rsa-ua- ;i s  I a - ’ a- n a - t u n a - s  L a - u ’ ‘in s - a - i r a - I s a - ’  and s ’x t  a - - a - a - a - I - - a -  I s — on c - ia -  i 1a-ps i s  L a - a - nd  u_a-n

tb . wa -’a - a - a - , a - a - a - ta - sea- a - a - i t ’, ’ a -’ I , i - r a - , a - a - a - s - u i t o  a - a - i a -  a - I r s ’  m a - a - a - n a - l a -, a - a - a - a - d  on a - h e  sou ta -

a - a - ,  \ e ’ r n a l  is on t ic-c- San I a - a - iqt_ s i ia - Riven a- a- - - a - n s a - ~ i a - a -  ni i l e s - a - - a - u a - -a - i t h a - - a - a -a-a- t of
t a - a - a - ,  c i i - , ’ oh  Tra - s c - ’,’ .

1O3 _ la-’ a- m t e r  q u a - a - l i t  ‘a - / u u t i a - ’ ’ - - a-u s - a - ’ ’ s ’c t a - i h l  I - a- i s a - a-i i n  s h e  a- a - a - s i  i” r , i n c j a--a -co
Ra a - - — : a - e l t a  svs-;t eia-i a- a-nd i a - n - a- a - a - t i  s m - m i t  ot ’ t s l m ’ s r , ’ m i s - a - - u n  w a t e - r s  t a - a -  pe rmi t
a - I l l I a - ’renti , stit s t a - arid eva - a - l i s a - a - i a - a - n  a - a - h  w a t e r q a - s a - a - i i t a - a -  a- _ s- i a -  b a - i n  a - l i f t -  u a - ’n t
p o r t  Ions o f  t a - a - - a - n a - t u n a - n s a - a - -  s v m t ’ ’ a - - a - .  c - l a -_ n a- ’ a-a- a - a - na - s’s ru s- - - f aIa - la - cl ua - a - a - i by

a - I a - a-’ s os ’ p ; a -  a - a - f  !- , s m c - i u n s a - e ’ n ’-a- b a - a - se a - I  on phvsii - .a - l c a - a - ia - iI c - r m ra t ia - sn ta - a -i_ ions a - a - a -  a-!

p h y s i c a l , chemical ari d h j o l c a - a - a -, i a - ’ , a - l  c a - a -  a- -u - q a - m a - i  i t y  m a - - unc U t i a - a - n s a - a -. I n  a - i l l
a - a - a - u s e s , t I u t a - - Z O r m e a - a -  a - - s  t a - m r c i t - r e n a - i a - a - a - a - a - a - I  v i a - i a -, a -- n we - u’ s’ a- (’a- , ;ra -’a - ;a - i t I s s ta - ’-a- ‘ (

ia-- m a - e r  q u a l i t y  c - a - - a - m s - a - a -  a - I a - a - v s - l o ped fu n  t h a - ’  c - t a - i a - c’ s Bay’ I ) a - ’ i t a  l a - ra - u ga-- a- a-a-a- i n
a - l a- a - a - m i a - f~~6a- u ’a - a - . Th e - a - a - ’  f i n - a - -  wa- a - ta - a -a- a - i r a - c - l i t ’ ’  ‘ a - m a - a - a -s a - na -’ a - a - a -’’i a- ’rul ied in ta - a - c -

f c - l low lng  a - a - e t ’ a - i o n s_ I ii  a l l  c i s c - a - - , it. was a-a -s- c a - a - m a - nsa- a-I a- a- a - a - a -  str a-’ a - ia - a - a - -- om -

r ive rs  t r i b u t a r y  to u i a - i a - a - c a -  b et a - a - m a - ’  i n  t a - i  t part a - u i  a- 5 a- - i t zone.

a - . I’ , a - a - : j f i c -  Ocea-a-n — Paa - -ific i a - a - - a - -a -a - a - a -  ‘, u a - u t e ’ r s  a - a - I  ‘ —a - i s a - a - n e -  f r o m  and
id I a - i a - a -c - a - n t  to t l a - e  - a - t  ud y a - n a - - a - a -  -

b - Sout i s  Sa - a - sa - I - r an d  sco h a - a - -a- ’ — t a - n i t  p a - a - r t  ion a - s t  San Fr - a- ‘usc - a - a -

a- a - a ’,- ia- h i a - - i ’s I ia -a --s s o u t h  o f  t a - a - a -’ Oak l , i r n i l - - t -a - - a - iu  F r a t i c  u s c - u  B -mv Br i t t ga -

c. a - c a - n t r a l  Ba -m y - c - c - na - mu l a - a - m a - ’, a - a - a-; d a - - l i ned I c - n  tliia - -m s I r s - I ’ ,’ , l i e s
be-twa - -s-s i t h e  nSa - a - k l a - m t i a - i — c - , a - i a -  I - ’ r a n cj s - ; - : m s  l a - a - a - v  B r i d a - a - a - ’  a - a - i a - s i  t a - n c  ( ‘a - s r q u i n e z
c -t r a i t  a- r i a - l a - a - a - -  a - int l  I t a - n udes Sa-i n 5 ‘ sI - 10 la - a - i a - ’

d - C a r q t i i i a - e z  St na - i  i t  — S ul su n  I a - m a -  I i i  i a - a -  z i s n i ’  inc lud e ’s  c - s m  i sa-un
Bay a - - a - a - n a - a -  o f  c - i n - a - ’s i a - u s - z  c-trait Brid ge t a - a -  t m  a - m a - a - a -  a - l a - r n  oh t l ia - S a c r am e n t o
and c - a - i t s  Joaqia- i,u a- R i ‘—- -s s- a-c- - a - a - n  P i t a -  - ; i a - u r g  -

a-c- - S c - a - n a- a - sic - titus — a- a - i t a - .loaquin D e l t a - a -  ‘ (as described in P a - a - r a g r a --ip h
102).

I t a -’, a - k ’  ( a - )a - IlI J ’ I ’ J s a - a -

i D - s  - An e-x i s a -  I ua-~,a- - - a- ‘ a - a - c - c -  a - - on ! f t  I a-u’s na-- i  a- a- a-i s -I I ned a - m o th ‘a- sed a-a-s ~i i s a - a - i l’ a- i ta - a - ;
point t’or the d i a - - v s - I ’ s a - s a -  - ‘ ‘ s r I  a - c - f  (Iii ’ a - ’ a - i r i s a - a - a - s  w a - i s t  coa-’ i a -  ,‘r nu a - mia - , ugc ’ fl a - Cs a -t_ - m l  t o t ”
nat  a - v - a - c -. Th e yea r I a - -~ s n a - s  c- i  i s a - a - a -  t I a - a -~ u_- u r n v n t  y e a - s r  w , ms  c i a - c - s e n  . i - -

t he B a - - ; ’ Cc -n u t I t  I , , n _  c - a - s t  a- a- It. ’ — a - a- I c -  ga- mt a - n  ha- is a - a - a - i a - s - s’s-s (‘ a - a - ta - a - i - ta- I Ia - i s ,, i- - a- , iiS a - i

I a - n ’ ’  n t a - l i f o r n i a - a -  a - , ’ , ’ a - ’ a - a- a - I  
a- a-, ’ , i a -  . —r ’ a- ’ u , j l  i a - v  ( a - s u n ’ i s ’ l  - a - a- a - t a - i ’m hi v e ’ t li r eca - e- d

c-a-’ a- a- - a- I n  d I a - s c - I s  m r c - a - i - ‘ - u - a - a - a - s r  a- i a - a -  u a- . - p I . a -  n a - a -  i s a - a - a -  a - a - i a -  a- I c - a - m i a--u a- a -b r  Ca -a-  I ofla-i 1



i a - a - s i - a -  , a - \ n a - , a - ru ’ n - a - -a - L a - , i ta - ts a - s Iri W a - i s a - - a -- - q s - a - li t y a-a -OfltnOl p a- a - a - - a -  l a - , a - ’,’ a - ’  a - s - i a - a -
a - I , ’v , ’ l a - s a - a - e a - l  - a - ,  ~~~ b a s i ns  in  the sa - a - a - d y  a- s’ a - - a - i  a n !  i s a -  n a - a - a - a - _na - I s a - i s a -  .a - n a - a -a - a - s - .  r --

a - a - c a - is a - i t  i a - - e  - - a - i a - a - r c a - a - a - i a - a - t a - a l  p t a - a - t a - - a -  u - a - v -  b - c - a - - n a -  d e v e l o p a - - u i . l i s a - - a - , -  a - a - l a - i a - m i s  c - i ’ ’ a - ’
~ 

- V

- n a - m a - a - i - a- — a - u ’r m  a - n m a - n u ’ a- - a - a - c -a - u n s a - i s t n -  a - T s s r  L o c a - a - l  - m i s c - h a n g e r s  a-a-n a- i I n - i V a - a -  I s - - s - u n  i n c - o r - a - a - —
“ a - a - a - e d  i n to  prea - ; .c- si a- EP A p r a - a- i s a - c - I a - a - n a - m i s t  l i s t s .

l a - l a- . The ‘- - - - a - n  i a - 1 7 3  ‘a - a - a - a - s  a- ’ a- s , ra - a - s’a - s a- a - a- ia - r e  It W a - I S  a b c - i a - i l  h r a - a - a - ukp o i n t h a -
a- a- a - I  p laia-n l.a - a -c - a - i a -  t I v i t  ic - s - s - Ii’ ’ l c - 7 1  , n e a r l y  a l l  of  a- a - ne n ; I m a - i r a -  — a -  a - a - r n  i sa- a- ”

pra - sveme n  a-~ ‘a- whu i  c a - a -  a - i a - i -_ a- a- ’ ba --s  ri i’ - n ’a-a-trsmes’ida-,’sl by l a - a - a - u I c a - i l -  n e c - i  onus I p1 asia- ing
- ; t a - a - d i s - a - a -  a - s i  i ’ a- - q~,s i i ’eu l b a -_a- i _ a - a - ’ - ‘ a - a - e t a - S i ll - a - a - a - a -  s-n qus,ulity ‘ a - i s a - t a - u i  p l a t i s of  L a - a - .’

Ca,l i forn I ,a- < a - a- a - a - a- a- a - a - a - , s  I c - - s t  s - r - a- s s , m  1 a- a- a- a - a - a - a - m a - a -  c - a - ’ i i S a - a - a - u  n s a - s  and a- ma - - S t a - a - t a - -  Was a--c-

a- , . i s e s j r r a -- 5  Ci a - a - a - a-, s- a - a - I  l a - , mrd w ould eli her i a - a - ’ in  m a - I a - s - r u t  a - a - a - m n  or m a - n m  i a - - r  C c - s m —
is a- m i d  i a - a - a - a -  - ‘ia- sc - a - a- a-I s-i c- ( c - a -m a - m a - l a -  I s a - a -  a - s - a - a - n a -i a - a-i a - - n a - i a - a - - a-sed n - a - a - a - ca - c a - w a - i t -- n man na - a -’ - - —
a- a - m a - - na - a- s 1 t 1 - s ’a - n a - :  ‘5 ’  - Ha- is , n a - i t a - i - a - ’ , a - i a - - ’ ua- xpa-’a--I’ s-r i e ra - - n r a - - s a - a -- a - n  a- a - c - a - I l  Ia - , ’
a - _ a - _ s - a -a -’  hr  b c-a-U e l l a - i r a -  a - a - a -  t a - a - a -’ s i ’ ’ X L  a- -v -‘c - a - m r s .  P l c - t a -,n -

f a - - d m a-c s-; a - a - a -a- na - n a - m a - a - i -

c - i a - a - a - n i  - a - a - a -s-s m ca-c- a - a - e r  t a-a- i l  i t i e s  a-,’ :-a- a-s sc- a- ’ a -  ‘ ‘ u S  t a - a -  ba-a- in  a - a - a - n a -’r a - m t j a -a - n  or under a - a - a - a - t a -—
is ’ n a-c- t a - ion  l a - a -’ l~~75

a - ’ a- ’ a- ’ i -:c-’ r I a - \ : _  i _ , ’N ’ , ‘a- a - a - I ’ I . i C , a - ’a - ’ a - t c - t  c - a - n a - - a - a - a -

106 . I a - - a - a - a - c - a - a -i a - a - I l a - m a - m a -  s i tes  ‘ - ‘s - r e  i d e n ti l i e d  wi t h i s i  -a -nd s u r r a - s a - a - a - m a - h i a - a - ,- L a - i a - -
s t u d y ~a - r - a- a- ‘a - a - n  i _ i a - c  a p p  I ic - a -u  iOn ( a - a -  a- n - - a - i a - e d  w a - s -- a- a - a - - n a -’ i t  a - - r .  ‘a - is a -’ e n t i r e  a - a - ra - a -,a-
lvi sc- a-c- w i t h i n  i_ la - c fa - ,a - J  ,i,a-a -a - - : i sa - a - s  boundar  i a - -a - -a - w a - a - n a -  sys te a - ia - at i a - a - a - u i  I ‘- a- a- - a- a - - ‘,i a-c’ a - - d  a - a -a-
s : ’ - ’ a - ’ r a -n i a - n s ’  c - a - - m m - m a - i  a - i r a -.-a . - c s u s s t a - a - l t a -i. s s c -  a - a - a - a - t e n t  I a - I  W a - a - a - I - ‘is-a - a - a - c - c -  a c - c - I  i c -a t  la- a - n
cia- c ’s : t h e  i a - a - a - a -’’ I s a - - r n  i a - s - u s s c - l , a - a - ’-: sa-’ - i ng  ta-he Shas t a — S i a - a - k i ’,- i a - a - m C o u s i t v  l a - c - i -a - I c r :
a - i a -a-’ southern ‘ a - a -  a- a - i m a - a - a - - m r v  a - a - s - i  ng  a-li e ’ ‘ a - - a - a - m m  a - s a p i  M o u n t - a -  a - n r , a - - n  c- - - t a - i c ’  c-as  t a - n a -
a - a - a - a - -a - s a - d a r -,’ ia - a-’ , t a - a -’ ‘ l m a - ’  c - i e : ’ r , s  h a- -v a -ia - Ia ‘ l a - - n a - m a -  L i i  si’s n a - n a - n’ s - :  a - a - a - a - a - b, l n n c ‘-~‘a- - s t  a- nr a-

a-a- a- u s a - a - a - j a r ’,’ a- a - - a - n -a - a -  i _ I a - s  I s a - m a - - i i ’ m , a- a - a - ’ a - ’ a n . ‘rho S n ]  l o w i m u ’ a- ’ a - ’ x a -  l - i n - i a - a -a - a - - m r ’~ c r 1  a- a - a -n a-i

‘-~‘ere a - s c - e d  t t )  I r a - i a -  a - a - a -  l v  s ’x c l n m s l a - ’  l a n d s  a- ron a- ’ a - u u n s i s i e r a a - j a - a - n  l a - a - n  w a - i s a - s- - a- ’ a - a - c’s ’

‘ a - a - a - a - a - I  i c - a t  i o n :

a . Al I l a - a - a - m a - i  a - r i - a - u s  l a - , a - ’,’ j a - a - a - ’  s - l a - a - - v a - a - s  ions c- s’ s  c ’ s’  t h a n  1 , 500 1 - a - - a -
a-a-- s - r e ta -a- l se c l i n ’ t f n a - m a- a- ’ i.I l i s a- a - i s i s - a - a - ’  ara- y purn p i n c- l a - a - - a - m a - I  a - : r a - ’ a - a - a - s - r  t h ,”in 1 , SIm m
f - a-- a- w - ;u l d  a - m a - s t  a - , ’  s - a - ’ a - a - t ’m a - a - a - u s l a -  a- a - I  l v  a- a - - u s i a - a - l a - ’.

‘ a- , I n  a - a - c - s b - u’ t a - a -  c - i im a -’ u i , a - S s- a- - ’-ntain ma 5 ms r ‘ - ( - s i  asid i s a - n a - I_ i a - n a -  i a - i r a - i l
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119. Flows  ir e  a s s i gn e d  t o  each crc iTi t h e  f l e t w( ’ r k  and  t h u s , a I low
pat te  iii is gene  r e t  ed . ltc~ f u n  i ug w i t  Ii t l i e source  ii dc , COS t ( ) ~ e n  I—
l e c t i n , t r e a t m en t  

* 
and  d i s p o s a l  of w a st e w a t e r  i n  t h e  d i r e c t i o n  of

flow a i c o m p u t e d  i t  each node on t h e  flow pat. te rn from established
cos t  c i  ~ves . TIIt  rn ,~ram checks  t h~ feas ib lift v of t he  so I ut  ion by
le t  e r m i n  i i i  g i t  a l l  demands  c r c  met  and a l l  I o n s  t re i nt are sat is f l e d .

l l ~c Tie  or ~ u r n ~ r , i n1 do t  er a i  nes i t  ~~t im a l  u ’ o n d i  i o ns  a re  s i t  is f l e d
in c i c  ar c  and if t h e  t o t a l  s o l u t i o n  i s  op t  l i / a l l .  h e  r i a t i v e
V I  U . ’5 I ) I t l I e  node p r i c e s  on th e  t w ex t  r e m i t . i ~u f t a rc  , t l u e  a r c
cost , ~m n d  t h e  f l o w  d~’ f i n e  an op t  ima l c o n d i  t ion .  w h e n  t h e  s o l u t i o n
Is f e e  ib  It . rin d op t  i ‘a I con ch t i ons  111 l i v  a r e  are sa t  i s  f l e d , t h e  f l o w
in t i n  I r e  is c o n s f I r d  re -i a p o s s i b l e  s o l u c t  ion i n  f u r t h e r  n e t ’.~’or 1
rena  I V S 15

Cost I ’l l  r v t .  I )e .~~ 1 op men t

120 . The p r i r c u r v  p u r p o s e  of the  cost curves is to serve as preliminary
screening cri t er ia w i t h  w h i c h  t i e  mode l  c o u l d  t e s t  numerous  possible
was t ewater netwo rk alt ernatives and selec t t h e  least co stl y for more
dot at l e d  st ei hv . The co s t  curves cleve loped and ut lii zed in the model
were based primarily on data fron other water qualit y studies . The
basic d a t a  were updated to reflect l an u a r v  1912 cost levels (an
appropriate date during the period of model development) and were
mad i fled to insure t h a t  various treatmen t met h ods and conveyance
modes were being compared on a equal basis . All curves are in terms
of total annual tau t cost , including cap ital and operation and
m aintenance costs , with treatment costs expressed in cents/l ,000
pil lon s , conveyance costs expressed In cents/l , UOt gallons/mile, and
pumping costs expresse’ l in  cen t s/ i .  , 000 gallons/foot of pumping head.
\ t  the beginning of the study, it was decided to develop costs based

oTi three Interest rates. These were 5—3/R percent and two higher
rates (7 and 10 percent). These higher r a t e s  wore selected based on
possible future economic trends .

Procedures for A lterna Tive Developmen t

121 . There are two ph ase s  of d a t a  prep ;lrat ion which must he com-
p leted prior to utiliz ation by thu e model The firs t phase encom—
passes the eng~neering as p e c t . Source p o in t s  must be established w i t h
a c t u a l  locations , pr j(’ct(’ t wastewater flows , and treatment svs tems .
Additionally , all t h t  sou r  points must he Interconnect ed with con—
v ’v a n c e  lines and the eng ineer iti g dat a developed; i .~~~~. , length of con—
vev i m u  (es through el he r r u r a l  e r  u rb a n  ar e a s .  Once these data have
b et. i i develop ed , t h e  second p hi a’ of  p r e p  r Ion can he ac conip 1 shed ,
t h a t  f p l a e i n ~ data iii a fo rma t wh i ch is accept ab le to t h ee model . .\

st a n d a r d  MO— a rd column o r l m  i i  r we ’ rks h oe’ t can he used for t Ii i s
purpose • i n  de vel op1 n g mod e l  Lit ’ two rks I or  t S  t ing, a 1 mos t any
oss ib le mi st t w i t  e r n~enagement re’~ I ( e n a l  i zat ion  is possible as long
.is the input ne twork in less t han I , f l0 ( i  arcs . First , various system
sub  reg ional i zat ions con 1 d he eons i d e ’  ro th . th e ’ model can then indica te
whe i h e conveyanc . rote t I ngs weed d he’ of i ’te ,i t c i  e ’ x m e ( u u s  e and t hus  , they
c i i i  1 d be I rmie ’d m t  el y ImI . i  t ed  f r o m  fu  rt c r ce’ i . u  t ion. The
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ot al  - v s  tern can t h e n  h e t e s t  ee l  as a single cii i it V ‘- ‘ I  t h e  a I iy
des i r e e l  constraint I n c l u d e d ;  i . e • , limiting t he  t e t a l  q u a n t i t y
o I n u t r i e n t s  t l i e ’ dl schia rg euh in a spec i fled dis ‘h a rge omit 1 al~ or
w,it e r c i l i a l it v zon e , or p l a t  I i~~ a requiremen t on t i l e  5V’ -i tern that
t. ’er t  me i n  m i n imu m l e v e l  of t r e it ment be es tab i islied.

RAN ( OF A..LT ER ~~AT T VES EX AN T N F l )

‘~~ i~— t ~ ‘ ,i t or

2 . .  ,\a p r e v i o u s l y  d i s c u s s e d , a c o n c e p t u a l  con f i  gui r a t i o n  of f a c i  1—
i t  i t ’s  f o r  1975 wa~ dev e loped  to p r o v i d e  a common base f o r  e v a l u a t i n g

s- IS es- c t or  ma n m ’ - m m u e n t  ; i l t er n at i ’ .’en • By . e m ~re emc’n t , t h i s  Base Condi  t i o n
S I  i , u T - i ~ t o n  e~’f l . . use d ~~~ i s m t . e r t i n g  p o i n t  f o r  the  dev e l o p m en t  m i n d

t st  I L i~~~ ~ f v a r iou s  a l t e r n a t i ve s .

1 2 1 . N u m e r o u s  a l t e r n a t i v e  c o n f i g ur a t i o n s  c o n s i s t i n g  of c o m b i n a t i o ns
em I , e n d  app l i c a t i o n  and s u r fa c e ’  wa t er d i sposa l  ~n r  was tewater genera l ed
In t h e t - S e n  F r a n c  isco Bay and : t. ’l ta Region were investigated by using
.i le ast—cost opt imizat ion mathematical mode . The 1475 Base Condition
was i . , e t. t as a starting point from which  all the alternative networks
- - -~~r e de veloped. ‘l’he Base Condition provided in forma t ion on treatmen t
‘l uiut consolidations , conveyance routings , and outfall locations .

.~ l tt’ rueati ve s we ’re developed with the assumption that each would use
se nt’ proportional ~noun t of land treatment. Land applicati on com-
pon ents ranged from an economical minimal use of land treatment to
large —sc ale conceptual use. This last concept woul d insure that all
wa st e- .-. ter g e n e r a t e d  would he treated by the land with no direct dis—
char~’~ to surface .’ water~avs.

124 . Jthin each of the eigh t basic land app lication areas potential

~‘nt r e d - c’ po ints wi re established. With these data , th e wastewater

~ t - t r e . lnts , l end  application sites , and disc h arge o u i t f a ]  Is were

~m m ?  c r c  e u n u i e ’ c t  e d  mci  th e conveyance lines and various treatment schemes
w e,’ ro  p i ece d it  those source’ points where treatment plants could he
COn sT ructe’d . These factors allowed the establishment of networks
whil e ii could be re fined into least—cost alternatives cons i dering
vari us constraints . Constraints considered included such items
‘is water qua lit ’~ objectives (quantities of BOD , nutrie nts and heavy
‘ie’ tm els c i i s c h i a r g e ( h  to each w a t e r  quality zone), minimum levels of
t reatment , maximum regionalization , and minimum or maximum quantities
w h l c i  could he treated at the land app lication sites . By these
rnethttols , f ive initial alternatives were developed.

125. The five initial alternatives were developed for further study
and refinement. They were’ least—cost solutions for t h e  amounts of
l end Involved formu I ;eteu ‘ii th u re adil y available in format ion con—
cc ruing environmental social 

* 
c u d  public health considerations

deal ing with land treatment . It was anticipated that as more in-
formation became available , it would be used to revise’ these five
alternatives. Also , because of the initial lack of data on sludge
t ransp ortation nwthod s and costs and the effects of various sludge
components on t h e  soil  ‘~v - t eni , s~ u td ge componen ts were not included .
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126. Two different typ e s  of p r e t r e a t m e n t  sy s t ems  b r  w . i ’ .t ew a ter  were

considered in developing the alternatives. Both ‘.‘st.erns used e corn—

p arable biolog ical secondary t reatment process for use w it h the land
appli cat ion concep t. In the first two alternatives , the wastewater

is to be treated at existing or expanded Base Condition facilities
by activated sludge units prior to conveyance to the land sites.
Only treated wastewater Is to be conveyed . In the second pretreat-
ment system , which per tains to the last three alternatives , raw
wastewater is conveyed to the land sites ard treated in aeration
lagoons prior to the storage and spray app tication on the land .
it was assumed that either pretreatment system would provide compar-
able constituent removal for subsequent land treatment. These five
initial alternatives are described in the following paragraphs.

127 . technical Alternative A — This a l t e r n a t i v e  attempts to maximize
the incorporation of 1975 facilities thereb y minimizing the incre-
mental capital investment required for the future . Under this alter-
native about 50 percent of the region ’s preliminary year 2000 waste—
water flow is conveyed to land application sites following secondary
trea tment in existing or expanded Base Condition treatment plants.
Land requirements for this alternative were approximately 130,000
ac res . Reservoirs , with capacity for about 50 percen t of the total
vearl incoming effluent , are provided at the land application sites
t~~d provide storage during the four—ironth period when spray app lication
to th e’ land cannot be accomplished. Seven facilities provide ter—
tiar ,’ t reatment Icr wastewaters being discharged to surface waters.

128. Technical Alternative B — Alternative B also emphasizes the
retention of the planned 1975 facilities . This alternative makes
greater use of land treatment and less use of tertiary treatment
th an does Alternative A . Under this alternative over 60 percen t
of the region ’s preliminary year 2000 wastewater flow is conveyed
to land areas following secondary treatment for storage anti subsequent
treatment by land app lication . Approximatel y 145 ,000 acres of land
mere required for spray app lica tion . The remainder of the wastewater
is discharged t o  surface waters after tertiary treatment in five re—
glonal treatment plants.

l:~9. Technical Alternative C — This alternative presents a regional
configuration which tends to place greater reliance on land treat—
merit than does either Alternative A or B. Many of the 1975 treat-
ment facilities are converted to  pumping stations and all wastewater
de stined for land application receives secondary—level treatment in
ae ration lagoons at the land app l.~cation sites. This secondary
effluent Is conveyed to storage reservoirs and finally rece i ves
advanced treatment by ‘and ap p 1 l tion. Mor e than 65 ercent of
the re’ton ’s pro] iminary year 2Ue1 (l waste flow is m ’re p l i ed  to  land for
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treatment u u i d e ’ u  th is al te’rnat [ye’ . About 1/5 ,000 ac ‘~~~
- - ‘ e mend ar e ’

r e q u i r e d  ( o r  sp r ay  app l i e ’ e t  l e n t ,  In i. lils alterna tiv e - .0 c - i t  35 pet cent
of I i~ ’ region ‘s year 200(3 mcmi ; t ewa t e r  t i  ows re ’cc lye S t e l  t Ia r - -  t r e — i t  —

‘~eent i t  seven ac i i  it i e ’s  p r i o r  to  d i  m - m e h a r ~n ’ t o  sur f  am - c ’ w a t e r s .

130 . Technical Altern ative I’) — Alternative 0 is s i m i l a r  tee Alternative
. e x c e p t  t h a t  t o w e r  of t h e  Base Condition t r e m i t m e n t  1,-ic iii t ies mire

r e t  a i t e d  and r m ’ r c ’ land app 1 i c at  i o n  is 1 r c m p o s e d  . Secondary  treatment
h , ’c r or e  spray  a p p l i c a t  ice -i t o the land would he accompl i shed  in a e r a —

t o n  la~t occns  at the land sit e d S  . t ’ mm l c ’r  t h i s  a l t e r n a t i ve , ove r 80
percent of the rep ion ’s prelim inary year 2000 was tewater flow is
convey ed  to l a n d  a reas  fo r  m - ; c c o n d a r v  I rem i t ment , st o r ;e~’ . , and spray

e m e p l  I at  ion to land . Abou t 21) 5 , 100 0 re-s o f  land are m’equi red for
s n r ay app i 1 . -it ion . Less th ,e ;m 2(1 p c - r e n t  of the r .’m’ ion ‘s wastewater
I ‘ - w ~ d i s c har g e ’ o c - i r t a . e ’ w a t e r s  a1~~c r  tertiary tr t ’ , t t m m e u u t

13 r e c l in i c a l  A l t e r n a t i v e  E - T h i s  a l t e r n a t i v e  p r e s e n t s  a conceptual
re, ional land treatment confi giu rat ion . Tt allows tor no direct dis—
ch~~r~ c e u f  t r e a c e d  was t ewater  to  the P;ic if I c Oc ’eam u or S ~n Francisco
Bay mud Del t a  -;~;tua rv . Raw sewage i5 COflve \ ’Cel t o  t h e  rand  areas where
secondary t r e a t m e n t  is accomp l i s h e d  b y a er , e t i o n  I igoons . The secondary
e f t l uent is conveyed to storage reservoirs and finall y receive s advanced
trea tment by spr ay app lication to the land . Approximatel y 255 ,000 acres
are necessary to manage the region ’s year 200f) wastewater flow .

PUBLIC TNVOLVEiiENT

Introduction

132 . Wi th broadening public Interest in the development of water
resources , plannc’ra recognize that social and political feasibility
are as essential a part of the planning process as environmental ,
eng ineerIng , and economi c considerations. The planner considers the
limits of socia~ and politic’ - e .t feas ibility throughout the entire
planning process . Agreement ac tween the planner and time conununity
upon the  existence of .c problem wh i c h  demands a stud )c of feasible
sol utions is extreme H i m p o r t a n t .  l’Se purpose of public involvement
in planning is to echuie ve mut u al understan d ing and a reasonable con-
sensus ot . igr oer eent . wi th the ‘omrnun i ty by mnc ’aue S of constant conanun i —

cat ion wit It Individuals m end organ~ ’,’:ut ions who in the end are the
determining imfluences. Effectiv e ’ public partici pation in water
resources development is bam ;e’d on thee recagni tion that those a f f e ~’ te d
h ’  p lam I ng shi ul d have’ th e’ up p e r  t unit v t o  in fluence and shape the
p lacus . T~ie o p e r a t i o n a l  r e a l  zat j e l l  of th i s  is  accomp i ished by
I rive t v i ng  the nub Ii c i n  n ant i  t n t ’  t hi ro me g he ecertimun icat ion processes in —

e’l uding inform .-et lon , ~~~ c, ’ en , e ’e ’dh :t c’k . mind subsequent  p l an  r ev i s ions .

Oh~ e tive”~

133. As a basis  fo r  deve ’ I ce l ame n t  and c r 5 4 0  i zat Ion  of  p u .ih 11 c involve-
ment In p l anning, specifi c program oh ~e c t  ly e ’ s  are  r e q u e i r e -’d . These
(eb j e ( -  t I yes are set  out mis to ] I O W S ;
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To p r e s e n t  l o t  orma t Ion  wh ide w i l l  m i s : .  1st he pith l i e  in
P del  I n i n g  t h e i r  w , u t . m  re s e n t l e e s  needs and to pr e ev i h e t h e  c e i l t l i c cii

oppor ton it v to in f i i  iOl c 0 i n t l  shape the fe rmulat j e t  ii of p l en r~in g
alternatives and to e xp r e s s  p r e f e r e n c es i i i  choos i n ~ e e-ourse of

action .

h . To pro u’l- !e t h e ’  p lann e rs with (hf I nlte channels throug h
which  to  c i t  ta In  i n  b nm. it i o n  on p i t h  I i i ’ ge ea I s , p r i o r  I t  I es and pre —
f e r ences  r e g a r d i ng  p l a n n i n g  a it ern e t ives .

c.  To c o ’ r d l m e m i t e  r e l a te d  l a n d  and w at e r  rc oeirces  p l anning
with at  her Fe ele r ,e  I , St t t e ’ , and l o c a l  agenc i*es

d. ~
‘ exp lain - m i t t ’  ~~~ O l ’oe ’ e~~~ se’s and  p r e e ’ed u r es

t’ . Fe m i n i m i z e ’  o t i I li cts in deter ereitt ing and meeting t ree need ’;
and pre I er. nces of t he various co iminmm,1 I tie ’; and groups within the
public in~. e r e ~~!

‘I’o eec’ i nl or- mmme t te r m  cd~~t , i i f l e d  i n  develop i is p l ans  to meet
th e desires of the public.

“m i b l i c  Involvement  Program

134 . The initial public invo lvement program for this stud y consis ted
of joint public meetings with the State Water Resources Control Board
and the Environmental Protection Agency , and workshop ses~~lons wi th
special groups representing environmental and agricultural interests .
Prior ‘o each-i public meeting , notices of the meeting, brochures for
b eckground information , and copies of the joint agreement for inter—
agency water quality management p lanning between the State of
California , the Environmental Protection Agency, and the Corps of
Engineers were distributed. Such information also was distributed
to Congressicenal representatives , Federa l  agenc ies , State represent-
atives , county and Local government , Indus tri es , ut ilities , organized
local interest ge-oups , the news media , and ind ivid uals in teres ted in
wastewater manage:nent planning.

135. T ic’ first public meeting was hel d in Martinez , Cal i fornia , on
17 Apr il 1972 ;~~t the Con tra Costa County Administration Building.
The second meet in r ~ was actually a series of three successive sessions .
Tee f irst session was held on 21 September 1972 at the State Resources
Agency Building in Sacramento , California . The second was held on
25 Sep’~omber 1972 at the Marth County Civic Center II San Rafael.
Tie ~hi rd meeting was he1” it the San Joae City t 1:i:~ on 28 Sep tember

~ 12 .

136 . ~‘le’etings were ~oL n tl ’~ chaired by the Corps , the State Water
Resources Con t ro l Board , ,end t he  Env i ronmenta l  P ro t ec t ion  Agency .
An Introductory presentation was made at the start of each meeting
which  expanded on i n f o r m a t i o n  p r ev ious l y d i s t r i b u te d . S t a t e m e n t s

‘ 
I m m  i n t e r e s te d  p a r t  los were t h e n  requested . A comp l e t e ’  record
o the heart ngs w ;e s made Inc I tid i t ) ’ , name s i t  those In a t tendance
‘ ‘r future review and further ~otwideration In plannin g efforts.
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These r e c o r d s  ar e  avai lable f t  review in time (‘orj ’e San F r a n c i sc o
i i i s t r i c ’t ( I I  I ice . Also , the” are to  be f u r n i s h e d  h i gh e r  e chelons
for  i n f o r m a t i o n .

137. lice basic purpose of a workshop is to generate an input of
local needs , desires , and goals for the planning stud y. An addi-
t ional objective is to lay the ground work for continuing fe edback
rem local interests in developing and assessing planning a i t e r n a —

t ~~Vt~’ t’, .

138. fIerce envi rcenmental w r k s e ’p  5 O S s Ic ’ i i S  were held with various
San Francisco ta’,’ envIronmental gra u p t . A d v a , m ’e i n f o r m a t i o n  f o r
dj s c u~ m~ i m i  v u;; mc i i led  to  t h e  In t er e ’g~ e l  ort’an i zat ions and individuals
c o t  i nc luded  cmi -m m ”  I ronment. - i i semnum c~’y . i’ r k sh o p  ~c ’ ~s i ’m n , s  were  h e L d

on 11 Oct clue r and 1 5 November 1972 and 17 A pr il 1 ‘)7 3 . In add it ion ,
a workshop sc ’OSI > fl w L e he age ’ i cu l t - i r al inter es ts v cc l m ~~ l d  on 2 1
November 1972 u~ the L ’ n i v e rs i t v  of  C a l i f o r n i a  in Be r k e l e y  f o r  rep-
resen tative’s of th~ Un l v e ’r s i t y  of a l i fo r n j a ’ s A g r i c u l t u r a l  i - :xtens lon
Service. ‘!‘hie s’~r’t- :ture o f  t h e  tm ’ .’t itt’ min i t i m a t e r i m e l s  f u r n i s h e d  were
t i cc ’  same ’ as f or th c O ’ ,’ I r o y c e  ‘ i t t  a 1 W e  rk s i  pa

139 . The i n i t i a l  p u b l i c  inv o lvement  program p rodw - - cd t e s t i m o n y  t ie ,-ct
i n d i c a t e d  gencr ;e L c ’cn cc’rn r e g ar l i n g  t h e  large—scale land application
of wastewater and ci ed ge’ and ‘ice Corps ’ m i t  i - el alternatives. The
major concerns and o’ servl Lions r.’sul t Ing from t h e  p u b l i c  i n v o l v e m e nt
program are us follows: t h e r e was general concern regarding environ-
mental preservation . A l s o , the ’ massive disruption of community structure
and the loss of tax base was of concern to many residents living in
some of the identified land app l i c a t i o n  site areas . ~iany participants
desired additional informa t ion on groundwater et fe’~~ts from the land
application of ef iluent. There was concert-i regarding the quality of
e f f l u e n t  p r io r  t o  land app l i c a t i c en , t h e  p o t e n t i a l  f o r  public health
problems , and the fate’ of heavy metals and nutrients in thie soil mantle.
‘-lonterey ,c;m d ‘i’olo Count ie s inter c ’’-mt s voiced strong opposition to the fl’;e’

of land areas in their counties f- ’r tie’ app i I ml ion of W O O l e’water and
sludge. in addi l o u , Mont c-rev County nt r st s f’lt t i l t , ’ t w-lstewaters
should not be transported into their area from the Smuti Francisco Bay
and Dclii Regi on . Favorabl e ’ comments regarding agricultura l benefits
ca me trom individual-’; and agencies in San Joaquin , ~-ime r i n and Napa
Coun t it’s . Man n County c’xv’ressed some c e m e c e r n  r e g a r d i n g  h 1g b a p p l i —
cit ion rates at-id indi -att’ d t h a t  rcdu~ -’d me pp l icat Ion rate’s would allow
additional agricultural acrcige t (e be benefited . Th ere were several
suggestions , imm iuding one from Nep a County, t h a t  a d em o n s t r a t i o n
pro ject or “pilot plan t” sh ould p recede any decision for the e imple—
mentat uon ~f t h e  Land appLc ition concept .

1/c o . F h i e -  I m m cl phase’ ‘c i  ‘ c e ’  ‘~-eh j i c  involvement program ‘onsisted
of thee wide distribution o~ a pub ~. ic m t  ormat ion b r u c h u i r L ’  i n
Decembe r 1973. The br’,rhurc’ m i gh l t g hted the results ol  the Corps ’
stud y and presented iniormation on land applic ation concepts for
t h e  cons Iderat ion of the State’ of Californ ia in its comprehensive
water quality planning program. Conunents On the publ ic Inform-
at ion  b r o c h u r e  heave been provided to the St,ete ’ of California and
are inc l uded In a separate appendix.
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I NTR ODUC ’flON

l- ~l. The ob ject i v ’  of the public invo lve’ment program was to provide
a framework by wh ich the public could activel y partici pate in time
ot m m d v  e f f o r t  . ‘hue public meet logs ne - it onl v provided t i t e ’  opportun I ty
to keep the ,ire ,I ‘ m4 residents informe d ol  t h e e  s t i u d y ‘s scope mend status
hut also to oh t ,mi n their reaction t o  vari ou s alternat ive ’s being do—
velopee l . As m e result of thee pub ii - m e e t i n g s  and workshop  ce ssion ; ;
valuable information was obi ained h-ci I hue Corps of Engineers to de—
ye 1op I m a  I was t ew e ter management met N’ m a t  i ye’-; wheich rc’ flec tec h , as
much  - es poss lb Ic , t ime (ft’ s I r ’s  cc I t i n ’  [ ‘cmli ) I i  c . Al t-m o, u ’ - comments  From
t h e ’  pub l i e ’ we ’re be’ in~ evmi l mj r u t c d  , t i m e - ’ ( h a t m e  used to develop the initial
I c ’ h n i c a l  a] t ‘rnaLives ‘ic re final ized cu d  i u p d ;u t e ’ d  based on more recent
in  [c i  rnm ;ut ton.

1 4 .  Several important areas of consideration developed as a result
of t i m e ’ September 1972 public meetings . Various comments and suggestions
from interested agenc ies and t he  p u b l i c — a t — l a r g e  were used in revising
t b c ’ alternatives. For instance , it was recommended that additional
emphasis be pla ced on t i m e f i rs t phases of the various subregional plans
being completed within time can Francisco Bay Area by various engineering
consulting firms workin g for the cities in the stud y area and that tim e
Corps ’ wastewater management ilternatives be more c losely iligned with
the State ’s Interim Basin Plans.

143. ‘Iwo importan t considerations also presented at the public meet-
l u g : ;  invo l ved Sites 27 and 28. The U.S. Geological Survey noted that
Sit e !~ was located in men ;lrc’mu of San Mateto County considered to be
:;misceptible to landslide deposits. This information was used in re—

i r’ming the usable land ac reage h u m  Site’ 25 . As a result , Site 28
tics reduced from an Init ia l 114 ,600 acres to 14,000 acres .

14!~. J, e m c m e l  i n t e r e s t s  ire t ue hbemi m erey (‘ e n t i t y  area objected to the mi ce
of S i t e  2 7 fo r  t im e t r e a t m e n t  of  w a s t e wat e r  o r i g i n a t i n g  f rom outside
t h e i r  area. Due to th eir insistence ti -tat SIte 27 not he used as a
primar y land applicat ion  area , time site was used only as a poss i ble
edeh— on sit e ’ to time ’ ba ste ’ alt e rnatives , lime ’ site was retained to provide ’
le ux ib H i ty and add i t f or c a l  opt ions for ~hIscIma rgers In the southern peer—

t en o t time stud y ~ure’~u and t ‘ permit eva I oat ion of the concept of Inter—
‘c co in r iti sfer of w,lstewatt’r.

h/e5. Another impiertan ’ aspec t of alternative development presented at
t hee’ publi c meetin gs was t h a ’  i f  ossible staging effects. (~enera1l~’ .

W;m ‘~ suJ!g(’;; ‘ c c  t h a t  s u c h  a h i o, }, e rt Ia rv leve l of treatment I o r  t ime
wastewate t bei ng direct i v  d i s c  - i , e r g e ’d t o  m-meu rfac e wate~~iays migh t not
le t ’  required . If this were tim e (‘;eS e’ , it would then be possible to
reduce the leve’ i of treatment required for the year 2000 with the
ultimate goal of providing the’ full tert iary level of treatment for
t h e ’  year 2020. It was suggested th at an intermediate—leve l alternative
be developed to .lccommod.mt(’ me l ower degree of treatment. This concept
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was ut i li:etd us final alternatives were developed . W i ft such svsm ~‘m:-~
lower degrees of t r e a t m e n t  were proposed and r e c e i v i ng  w e t c ’ r  q u m u l  i ty
cond i t  i otis were  held  to pro j ec t ed  1975 levels. These t re- m t  mont svs--
tens would he used p r io r  t e m  the use of a full tertiary treatment s v s —
tern  such tha t  a s tag ing of the levels  of t r e a t m e n t  w o u l d  he developed
from ti-me Base Condition tiì rough a conceptual year 202 0 ~i;ester Plan .

1~
’.n . .-\s a final comment , it was noted that the wastewater being

coll ected by underdrains in e;ui-lu land site would be of a high qualit y
end could have numerous reuse potentials. Various rc’uisc’ opportunit ies

wce-~ in v e ’s t i s ’at e d  f o r  the  u t i l i z a t i o n  of th i s  rec la imed  wa te r  as t h e
final a lt e r n a t i v e s  were deve loped .

5 )‘ e)F  DESI CN DA’J’A

b i n i c i pa l  W~e m - m t e w a t e r  Flows and Constituents

147.  Tbe f i nal mun ic i pal was tewat e r  f l o w  da ta  did not significantl y
chan ’e from the in i tia l data used . After an analysis was made of pro-
jc- ct ed municipal flows from the comp l eted lo (’,Cl subreg ional report ,

it was ascertained that the initial data would be satisfactory . The

~-c s t e w at e r  c o n s t i t u e n t  d a t a  used i n i t i a l l y  was , however , changed . The
bas is  fo r  changing these  da ta  was the c e imp le ted subreg iona l r ep o r t s .
Tb m e se  r e p o r t s  f ur n i s h e d  c u r r e n t  da ta  on munic i pal f low s and c o n s t i t u e n t s .
T;1 le 6 presented earlier sunmarizes the finalized munici pal wastewater
flows . F i n - el munici pal wastewater constituent loadings by county mere’
nresented in Table 14.

Industrial Wastew;,ter Flows and Constituents

148. The initial industrial wastewater data were based primarily on
the I’ . S. Army Corps of En gineers ’ Permit Program. From an overall
conceptual viewpoint , the ini tial projec tion of data did not take into
cons i deration o uc h  Items as economic and production projections or in-
dustrial output . In most regional studies , pro jections are based on
popu lat Ion , emp loyme nt , and income estimates. The final industrial
flow and constituent data were based on these essential items . The
Corps contracted with the Lawrence Berkeley Laboratory for the d e v e l e i r t r , m e n t
of such data based on established -industrial otutistica l averages.

149. the emphasis on regional water planning has resulted in various
planning roe Ions being designated mind data developed for these ar c , e o  w h i c h
present populat i em prO~ ect ions along with est inmates of earn ings for var i c e e t S

m oeor indus t rial ‘;ectors . The’ me thod use d was to rel ut e i~’;iter and we - - m t e m
‘ re i n d u s t r i a l  o u t p u t  once emp lovmer . t  and earn ings  d a t m e  had be en f u m r n f - b c .

S. h e i ” c ’ a u i  of Census p r o v i d e d  d a t a  on w a t e r  use by m a n u f a c t u r i  rig
nC ’ue ;t~~jes or thee nati on and for v a r i o u s  na t iona l  ~n d u st r I a !  w a t e r — c i s c

r e g ions . These data were used to develop a base year (1967) growth r ;u t e
sit u atio n . l’rom this base year , employment pr ojections by coun ty  were
devel oped and related to wastewater flows through projected produc t i v i t v
e r r  each Indu stry. b-’a e t ot’ s were developed to accoun t for advances In
utur e- proce ss tec hnologi es and re cv’ l Ing of both cool ire g and proce ss

W a t e r .
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TABLE 14

l’ c R i , iE CTED FINAL ~ILNlCT PAL WAS’b’EWA’l’ER ( :ON ,STJ’CUEI ’n’ 1,c.’e , m ~ 1/

Li N f l  ( O N - I ITUF:N 1’S ( m g / i )

ROE) I N  TP TDS

Al ; s - d - i  2 09 ~ 14 2 .2 700

Lc u n ;  r;i Cootmi 230 40 11 2.2 700

N;m r imm 240 30 14 1.6 700

\‘;ep a  770 35 15 2.0 700

S a c ram e n t o  2 75  35 14 1.9 700

San F r a n c i s c o  2!e 5 35 14 2.5 700

Sam : J eaguin 280 35 14 1.1 700

San ‘ L u t e ’ o  275  35 14 2 . 2  700

Santa Clara 272 35 14 2.5 700

So l ano 2 7 4  35 15 1.9 700

Seanoma 280 35 14 1.9 700

‘i”lo 270 35 14 2.0 700

1/ Based on year 2000 wastewater flows .
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150 . .-\ t o t m u l  of e i g ht  i n du s t r i a l  w a t e r — u s e  s t r a t e g i  c ’: we’re t h e n  l e v e l —
OI)d’ei t o  cc Count t e ’ c r ‘‘mu r I c n m S  veme rS when t i m e  advances  iii t oc ien o l  ( e ( ’ V
r e cy c l i n g  would  oc c u r . From an an ay l s i s  of these d a t a , a se l ec t ed
s i t u a t i o n  c o u l d  he f o r m u l a t e d  which  would  represent tim e ’ most p r o b a b l e
c o n d i t i o n  expec ted  to occur . Them following strateg ic ’s were deve lo i cr e l

and a n a l y z e d .

a.  S t r a t egy  Number 1 — To obtain the maximum projected water
use va lues , i t  w :m s assumed tha t  f u t u r e  w a t e r  i n t a ke  and w a s t e w a t e r  f l ows
w o u l d  be 1) esed on c u r r e n t  d a t a  and i n f o r m a t i o n .  I t  was f u r t h e r  assumed
t O u t  t h e r e  would  be no a d d i t i o n a l  r e c y c l i n g  of w a t e r  or ge ne ra l  improve-
ments  in the e technology ‘cf water reuse .

b. Str atc ’cev Nmurnb er 2 — (Process Wate r )  I t  was assumed t h a t  by
l~~75 e 50 percent in rrov ement  t oward the  maximum possible level of re—
cycling oi process water would be achieved in all industries and by
185 the maximum possible recycling of process water would he reached
in all  In d u s t r i e s,  I t  ilso was assumed tha t  by 1985 a new improved
t e c h n o l ogy  fo r  process  water  would he imp lemented in all  i n d u s t r i e s .
The cooling water sy s tem s were assume d to  remain u n a f f e c t e d  b y improve-
men t s  in rec ’,’c l i n c e  or new t echno logy .

c. Stratecv Number 3 — (Cool ing  Wate r )  It was assume d t h a t  by
1975 a 50 percent improvement toward the maximum possible level of re—
cy c l i n g  of cooling water would be achieved in all industries and by
1985 the maximum poss ib l e  r e c y c l i n g  of cooling water would be reached
in a l l  i n d u s t r i e s . I t  was assumed t h a t  by 1985 a new improved tech-
nology b r  cooling waters would be imp lemen ted in a l l  i n d u : - tr i e s . Th e
process water streams were assumed to remain unaffected by improvements
in recycling or new technology .

d. Strategy Number 4 — (Process and Cooling Water) It was
assumed that by 1975 a 50 perc ent improvement toward th~ maximum
possible icy”! o~ recycling of process and cooli ng wa te r wou ld be
achieved In all industries and by 1985 the maximum possible recvc l in c
of process and cooling water would he reached in all industries . rt
also was assumed that by 1985 a new Improved technology for process
and cooling water would he imp lemented in all industries .

e. Strategy Number 4A - (Process and Cooling Water) It was
assumed that by 1975 m u 25 percent improvement toward the maximum pos-
sible level of recycling of process and cooling water would he achieved
iii ill industries . This valm ue would gradually be increased to 38
percent by 1980 , 50 percent improvement by 1985 , and a maximum leve l
cmi ’ recycling would be me hieved in 1990. It was also assumeei that by
1985 a new improved t e c h n o l o g y  fo r  process and cooling water would he
imp lemen ted  in a l l  f u e e u m m m t r i o s .

f .  S t r a t e g y  Number  4B — (Process  and Cool ing W a t e r )  It  was
assumed t h a t  b y 1985 a 50 pe rcen t  Improvement toward the  max imum pos-
sible level of recycling of process and cooling water woulul he’ achieved
in all Industries . Th i s  value would gradually be inc rease d to  75 per-
cent improvement by 2000 and t h e  maximum leve l o f rery 1 j o g  would be
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, e e h  I t ’  r e  -d in 2010. It was u iso iss m i n e d  that by 2)9)) a cew imp roved

I egv f o r  p rocess  and coo l ing,  w a t e r  w o u l d  be imp l e m e n t  cci in ; d i

i n d u s t r i e s

g. Strategy Number 4C — (Process and C o o l i n g  W a t e r ) I t was
, u s s u m m e ’d that by 1985 a 50 pe rc&’nt I m p  r o v e m e nt  t o w m u  rd tIme maximum i ’m—
s i h lc  level  of recycling of process min d co ol  in g  w a t e r wou ld  be a c h i e v e d
in i ll industries end by 2000 Lhe  m a x i m u m  p o s s i b l e  r e ’ml  i n g  of p r e a - e ’s s
and cool i n g  w a t e r  would be a c h i e ’y e d  i n  a l l  i n d u s t r i e s . I t  wa s a l s o

i -~su r -d t h a t  b y 2020 a new imp r oved t e c h n o l o g y  f o r  pro ess and coo l j o g
v a t  e r ‘ - c e u u i d  he imp l e m e n t e d  in m i l l  i n d u s t  r i c e s

i i .  ~m t  r i t c g y  N m j n i i i e - r  5 — I c e  ) r d v i e l c ’  a h e w e r  bound to  time poss ib l e
leve l o~ w a t e ’r use in t i m e  mo re i n m i e d i m m t e  f m i t  ire , i t  was a s su m e d t h a t

he maximum icr ye : I ol  re ’ ci ing  m ind new t e l  - i m n o l o g y  f o r  h o t l u  p r ecess  and
coo l ing  w a t e r  would be i n s t i t u te d  in a l l  i n d u s t r i e s  h ’ 1075 .

151 . ‘l’o p r o v i d e  f o r  a p robab le  si t u m i t i o n  w i m i c h  may occu r  due to r e c e n t
t e c h n ol o g i c a l  advancements m ind e n v i r o n n u e n t m m l  l e g i s l a t i o n , a c o m b i n a t i o n
e m i c e c n i u s s i ng i n d ust r i a l  water use s t r m u t e g i c s  4 , 4A and 4B was se lected
t o r  p r o j e c t i o n  purposes .  Also , due to the  low c o n c e n t r a t i o n  of an t i c -
ipa ted  w a s t e  c o n s t i t u e n t s  in cool ing  w a t e r  and the  p r o b a b i l i t y  of
maximum reuse , cooling water from Contra Costa County industries was
removed f rom the d ischarge  f low . As a r e su l t , Table  15 s u m m a r i z e s  the
p r o j e c t e d  i n d u s t r i a l  w a s tew a t e r  d i s c h a r ge  f lows based on the  f o l l o w i n g
st r ;mt e g i e s

a .  1975 — Based on Strategy 4A

b.  2000 — h e m m e d  on S t r a t e g y  4B

c. 2020 — Based on S t r a t e g y  4

152. !- :s timat es of the  gross indust r i a l  was te  loads fo r  t h e  period
1970 to 20 2 ( 1  were based on the  assumpt ion  t ha t  t he  amoun t of w a s t e
now g e ’ m m ” r m i t e d  (1970) per constant dollar would remain reasonab ly con-
stant in  t h e  f u i t  u re . Pro j e ct  ions fo r  t he  per iod 1970 to 2020 fo r
e u - h  c o u n t y  were developed.  I t is i mp o r t a n t t h a t  t i m e  r esu 1 t~~ _~~~~~r ted
h ’  Interpreted and app l i ed  w i t h  the un d e r st an d i~~~,,~ hat  they ~~~~~~ept
m m u ~~s w m e e- i o a d i~~~ s. Based on tre’nds evidenced in recent environmental

eg is 1 - c t  ma r l , these g re et -m s w a s t e ’  l o a d i n g s  m u s t  he red u c e d  prior t e e  d i s —
ch~ rge’ in o any regionmelized sv m t  e m .  I t  ha s  bee n us s u m me ’ d t h a t  indus  t r i e s
would h u e ’  r equ i r ed  to  reduce was te  c o n s t i t  u c ut  l oad ings  by tu5 pe rcen t
u - i  575 and 90 p e r c e n t  b y 2000 t h r o u g h u  v a r i e ’ u r - ~ i n Q d e s t  r i a l  t ‘~ ‘ m ut  me r i t
‘m e t iods . These assumed reductions repre sent p r e ej e c t e d  lower limits
of t r e a t m e n t  wh ich  t i n i e s t  r y .  as , e w i m o l e ’  , may have b c  a t t a i n  p r i o r  t e e
d i s h e r g e  . Lowe r l i m i t s  were  me m -mm u m m e c l t or the p u r p os e  of provi din e’ mn
urm L uv e )r a b l e  s i t u a t i o n  w h i c h  a combined m u n i c i p a l — i n d u s t r i a l  sys tem mus t
c ar t ’  fo r  in  a s s u r i n g  prop e r t r e a t m e n t  of a l l  w a s t e wat e r .  In th u ~ s
m an n e r , each f i n a l  a l t e r n a t iv e  t o  he ’ d eve loped  wou ld  p r o v i d e  accep tab le

r e a t m t ’n t  f o r  the  t o t a l  m u n i c i p a l  — l u i i st  r i m e 1 f low c i n d e r  c o n d i t i o n s  less
I m mm l . ‘t h i s  p r ov  ides  a hec I I t — - u i  s - u i  e L y  tact or.
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TABLE 1 r e

PRO TECTED I ND US TR I  Al . WAST F.WA ’h ’ER l ’l, m )h~

FLOW /YEA R (~~~~j e )

1q75 200~) 202()

,\ lmmmme d : u  2~~e .5 ) ‘e .3 50 .

co n tr a Costa 1 h e  .1 174 .5 2 5 2 e . ( )

1.4 3. 8 8 .9

hmu 1 m ,u 16 .3 2 8 . 4  !e4.6

— m e e - r ;unl en b e  15 .5 20 .5 2~) . 3

~m rm i ’ r m n c i s c o  4 .8 6 . 6  9 .8

“ men o m s m l i n  21.0 24 .5 3 1.6

- m n  tl ,mtec j 14.8 2 5 . 7  39 .6

-~ e n t , i  ) ; l a r a  21. 0 30.1 ~e l .  7

7. 4 8.2 11.0

~- e r u em ;u  5.0 7.6 10.7

9.9  10.4 13 .5

l o t - i l  2 7 7 . 7  374 .6 551 .3

!
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1 5 3 .  Wi th he etim rn m i m ’ic i t si l and ludusm r i d  f l o w s  f e r n . i m l m i t e ’ - , i t  is
t i m e - m m  po e -m s i b l e  to  deve lop  t i m e  tot a l f l o w s  n o t  o n i v  5’; coun t les but also

t ’ d  1 i m u e j or w :u s t  e ’w are r  ‘~o mm rc d ’  . T i m e  f i n a li z e d  m u n i c i p a l and i n d i s —
ri m l  f l -s’ s and cent-m t it me ri t l oad ings  u i-med a r e ’  r e p r t e d  in Table 16

and T O  Ii ’ 17 , re sp e c t i v e l y .

i,.and , \ ‘ : i i l a b f I i ’ t y

l5~~. The m t  i ai  d a t a  used f o r  each p o t e n t i a l  l and  i m p 1  i cat io n  s i t e
w e re -  ccc l ir n in ar  .‘ in riatum :e ’ and were b e in g  re f  In e ’d \‘ a J n m  i t  ire g eng i  —

nec? i ,~’, t i m . d I s t e !  on a d e ta i l e d  a n a ly s i s , i n c l u d in g  e n v i r o n m e n t a l
- m  ‘ e ’ r n m:  m m m d  ! h\ -m cm i i conc li t  l l f l ,5 t h ~ igh t  sel, ec t m ]  m clO d a p p l i c a t i o n

Sites - “ ‘r e  r e t  tn e ’d n o t on v in  coot g e m r a t  ion b u t  a l s o  in u s - m b l e  a -  r e a g e ’
i cr  as ’, m i t e r  and  s i i d ,~e a p p i t c a t i j m m .  The initi ,i l data t n  each land
s it e  were ’ b~~se ’d on mi I c r e l i r n i n ir ’: cog n e c  m g a n d  cmv im - - oi’ ,n t al scan .

in a l i z e d  da ta ’  ~~~~ based on d e t a i l e d  h and s i t e  e v a l u a t i o n s .

1 5 5 .  ~ms a e: - c m l t  e f  t h e , ‘ e ’ ’ .’ i i e  d a t a , c e r t , e i n  1.’! i n i i n a r v  wa st ew a te r
conveyanc e F t - u t  ing m - m m u d  t o  ~ c1ma ~iged m i s  well as land area  t r e a t m e n t
f a c i l i t i es  r e t - l o c a t e d .  A l s o , d~~t - i i led w a s t e v r m t e r  app l i c a t i o n  r a t e s  f o r

ci t a e  land app l i c m t  ion m m [t e S y or e :  d e t e r m i n e d .  These a p pl i cat  ion
r a t e s ,  b used  on s e l l  St r u c t e r r e ’ , vege ta  ly e ’  cover and w a t e r  q u a l i ty  con-
d i t i o ns  vere :  t e n  used to d o ’  :r ‘h i d e ’  m a x i m u m  c m d r i t  i t  t es  of w a s t e w a te r
‘ i c e Si b ’ w euld e f f e c t  iv- : l y t r e a t .  A chIm i uia r iza t ion of tim e i n a l iz e d

t ,mrid app i i m m t i o n  d a t  - m  ( u s a b l e  acreage and m a x i m u m  c a p a c i t y )  i re  show n
in Tab !. 18.

m mm c ’ r g y

156 .  Jata were  h r a i n , ’d  f r o m  t h e  l i t  c r a b  c u r e ’  to  d e t e r m i n e  e l e c t r i c a l
r e q u i r e i ’ m e ’ e m t ’ m  ( t o t a l .  k i l c e y m i t t h o u r s )  f o r  t h e  v ar i o u s  t r e a t m e n t  process
c en t  I g u r i t i e n s  used In t m  is stud y. iim e ’se d a t  a follow:

a. Phys ir -il— c’he m mm l r,il t reatmen t — 755 km . .’ — i m r / d m j v f~dc-

h .  5e ’c o n d ar v  t r o l l  ‘em : m t  -- 6 7 1  kw— im i’/djv hi t

c . Advanced t r~ ‘a tuner -i t (Type  A )  — 9 11 kw—h r / day /~‘i(

0 .  A d v anced r , ’ , e t m c~~t ( m  “ l e e ’  B) — 1 , 3~ I k u — h r / d a y / M G

cm . A d v a nced  t r i a t m e n t  (Type: C) — 1 , 47 k w — h r / d a y / t ih

I . e r  t ia ry t “ccc t’ n l e ’ m m  t — i , t ) 4 l  k w — t m r  / imiv /~tG

g . hand I r e ’m e “me’r m t (~ 
- ‘ t ’ c  X )  — 8 3e5 kw _ t ir / d a v /~~;

h . Lan d t r ea t  r u n t  ( F ;p e ’  Y)  — 2 • 32 ’) k w — I i r / d a v / i ’ h

h i j e s t ’  v .e l  cmi ’ s would t 1 e p r o x  m a t  m ’ t he ’ eta h r e ’  ) m m  i r emen t  s I or o p e r a t i o n
___ 0! 1 i m i ’ wcu~~t ew~e t e r  t r i m  u n c u t  - i c  II it y. I n c I m m d e eA In t Imemme values are

c e ’e ’ssor y e q u i p m i e ’ r m t  r e ’ q u l r e ’ i  a t  e m m y  t r e a t m e m u t  p lant I .e’ . , pumps , in—
s~~r m i n ’ e u n t , e t I e u m  t a c i l i m  i e 5 , a m i d  e ’ i m e i f l i c , u l  Iced svst , ’m mm mm .
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TABLE I

FINAL M1’ N ICI PA L AND IN DU STR I AL FI, m )W’ -,

FLOW (M ,b)

1975 2()O() 2020

Alameda 166.1 219. 4 2 7 3 . 0

Cont ra Costa 199.1 283.2 399.2

‘ - t a r i n r  23,5 42.2 61.7

N m u p m u  25 . 4 4 8 . 7  75. 0

t;muc ramento 115.2 169.3 208.0

San Franc isco 107 .9 114. 1) 124.4

San Joaquin  76.6 114.2 141 .3

San Mateo 69 .0 91.0 114.2

Santa Clara 160 .7 2 7 0 . 7  374 .0

Solano 31.6 59.0 112.5

Sonoma 2 3 . 3  46.1 6 4 . 7

Yolo 25.0 37 .7  54 .5

‘lot al 1,023 .3  1, 495 .5  2 ,002. 5
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‘LAB ! F 17

1” ! NAt , i’(JNh C [PAL AND I NI ) U ST RIA L CONS ’cl l’l F N t
LoAh)IN(; s ( m g / i )  1/

v BUD I N  TI’ G u M  !

Al ameda 182 30 12 3.2

Con t cm i Cos ta  102 18 5 1 . 3 130

~‘m u r i n  219 ~7 13 ~ .l e e ’e S

N,m~ ,m 1 21) 17 9,9 382

f , u c r ame m to 249 II 12 3.1 625

8mm Franc i sco  234  33 13 3.

San Joaquicm 229 27 11 3.8 567

San Mateo 202 26 11 1.6 52 -5

San t m e C lara  248 31 12 4 .2 h I P

c ( ) 1~ CflO 244 31 13 3.1 615

Sonoma 244 30 12 3.9 596

Y o l o  209 26 10 8.6 526

1/ Based on v c ’ m m r  2000 w a s t e w a t e r  f lows .
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TABLE 18

FINALIZED LAND APPL ICATI ON DAT A

Maximnuxn Tota l  2/
Capaci ty  1/ U sable

Lan d Area (MCD) Acreage

28 64 14 ,000

27 275 58 ,000

42 228 38 ,000

4 3 236 54 ,000

05 952 192 ,000

04 15 3,700

21 175 45,000

18 240 54 ,0-1)0

TOTAL 2 , 185 459 ,000

1/ Assuming an app l i ca t ion  rate of 4 . 5  ac re—fee t  per acre per year for
crops and 9 .0  ac re—fee t  per acre per year for pastures .

2/ Round.
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157. It was assumed t h a t  me thane , a gas produc od  m h c u r  i t - ’  si i i eI ~’e
d i ge s t i o n , could be recovered mind used in place of most nm mt u i r al cmi! ,
requirements at the trem ’tment plants . Proper ana ercehim ’ d ir est Ion
will produce a gas by—p roduct with 65 to 70 percent methane , 25 t o
30 percent carbon dioxide , and approxImately 1 to 50 p e r c e n t  hydrogen
sulfide , nit rogen , and hy droge n . Once the impure gases have been re-
moved , methane can be collected and used as fuel for eng ines which
drive blowers , compressors and pumps ; and t ee provide heating of the
d i g e s t e r  s l ud ge and p l a n t  f a c i l i t i e s .  N a t u r a l  gas w o u l d  he necessary
mcmii ’,’ t , er start—up and emergency conditions.

C h e m i c a l s

158 . V a r i o u s  chemicals  would  be required to support the treatment
plant operations and to insure that proper remova l of constituents
is ma i n t a i n e d . Recovery of ce r ta in  chemicals  (lime and carbon) would
be’ e conomica l ly  f e a s i b l e  on large capacity treatment plants. Cr1—
teria tor determination of the chemical requirements were obtained from
the  l i t e r a t u r e .

DEVELOP MENT AND DESCRIPTION OF FINAL WASTEWATER MANAGEME NT ALTERNATIVES

Development of Wastewater Management Alternatives

159 . As mi result of the public input and the revised design da ta ,
six fina l wastewater management alternatives were developed incor-
pora t ing two reg ional wastewater management concepts (B—Series and
D—Series) for the land application of wastewater and sludge. Under
t he  B—Series  concept of alternatives, wastewater would be treated
by a biolog ical secondary process (activmmt ed sludge) prior to trans-
mission to a desi gnated land area. No raw wastewater would be con—
vevc’d to the landsites . Once time tremited w~’stewater enters a land
a r ea , i t  would undergo channel aeration tce remove any septic odors
e r i o r  to storage in reservoirs and land application. Under the D—
Series concept of alternatives , raw wastewater would be conveyed to
designated land areas. Upon entrance into time site , the wastewater
would he ’ treated in aeration lagoons prior to storage and spray ap—
p l l ( - a t i o n  (see F igu re  8).

160. TIme basic B—Ser i e s  concept  o’ a l t e r n a t i v es r e t a i n s  most  of
he c u r ren t  inves tment  in conventional sewage treatment plants and

pro vi des an initial level cc treatment prior to  conveyance to  land
up ;e lic at lct n areas. The D—Series concept of alternatives , on the other

h and , conve r t s  most of the  Base C o n d i t i o n  t r e a t m e n t  p l a n t s  to p u m p in c
s t a t i o n s  and t r a n s p or t s  raw wa ste ’i , ’ :et e r  to t h e  land ar e a s  fo r  t r e a t m e n t .
\~. I t h  m m each series c on c e p t  ~~~~~ ,e m e three separate alternmmt ives wiiicb

I r e - ‘ - various aspects of t r e a t  m e n  ‘end c oncept n m  I p lanning. In Altu
mma t m yes B— ’ and D—1 , ful cr 1 iarv t r e m i t m e n t  is provided  f o r  w a t e r —
e ’rlc ’um ted discharges prior t e e  d i s n ’o s al .  The,’ B—2 mm d D—2 a l t e r n a t i ve s
P r o v i d e  a lower leve l of t r eat m e n t  e or was tew ate r  be ing  discharged to
s e m r f a c e  w a t e r  bodies , as was su g g e s t i sh  at t h e  p u b l i c  mee t ings . These
two alternmut lv es , however , allow o more p c e l l u t a n u m  to reach sur face

-
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cr s  t han  were a l l  owed by the i~~75 Bat --m e Conch i t  f o r m  - u c ii i t  h e  .

iF— n e ! 1)— 3 m e l  t e r n a t  I y e ’s are var  I , e t  ions  of t h e e ’  has  i r rt ,,  I mi nd 1)—I ;I I

m i - u t  i V O S  . ‘l’Imes e t w o  Sy s t em s  propo se  and exp lore the ’ m nter ie as in t r ein- ’

~c l  w . e s t ew a t e r  b y u s i n g  an ad ej i t i on a l  l and  s i t e  In  t i m e ’ “l o T t - t  e r & ’ v — ~~- e u m F e r m  Ito
I’ ‘cc cl t v area

i h i .  All alternative ’s provide a comp lete regionm il system for the di e --
p e e m -i , m l  of the  Reg ion ’ s s ludge  by land a p p l i c a t i o n  ‘e e ’ t h o d s .  In  t he
B— Serit’ m , concept of alternativ e’s , digested sludge from m i l l  treat ment
p lant s ent ers l a n d — s i t e  h agoons  where s ludge is m u i r d r i e d  f o r  two v & ’ m u r s
b e m  ore  . m p p l i c a t  ion t o  l a n d .  In the f l—Ser i e s  concep t  of alternatives
( F i e ’ m c ro 8) , s ludge f r o m  the s e d i m e n t ; t t i o n  b a s i n s  i s  d ig e s t e d  and added
to storage . The sko t el m on pag e 8~ concept u ;el lv  sh uows  I ime so two di  f I e r e n t
m l p p  ro u c h e c s  in app iv i n g  wast  ewa t C r  and s ludg e ’  to t Ic e l and

, \ l m m e e  deve loped  was mu f u l  1 t e r t i ar y  t r e a t m e n t  sy s tem ‘ ‘ i m i c h  di s—
c }l,mrc’e’ s t r o u t e d  e f f l u i e n t  d i r e c t ly  to surface waters . In  d e v e l o p i n g  t h i s
sVS t ( O ~) , the Corps of Eng ineers  made no st u d i e s  r e l a t i ve  to t h e  need
f o r  m ml v specific level  of t r e a t m e n t .  This is the  r e sp o n s ih ~~l i t v  o~
the  S t a t e  of C a l i f o r n i a . The leve ls  o f t r e a t m e n t  shown e.’ere m is s ct rn e eh
by th~’ ( c e r n ; of E n g i n e e r s , as dcscusseci  p r e v i o u s ly .  WI  t h  such a
(‘ c e n t  i g u r m i t  ion , si mi ’ I ;~e could be leandl ed as p rev ious  l v  d iscussed for
t i m e  B — S e r i e s  cone - o p t  of  a l t e r n a t i v e s .

Deve lopment  of S i m u d g e  Systems

163. M o st  of  the  w a s t e w a t e r  t r e a t m e nt  processes used produce a solids
c o n c e n t r a t i o n  as a r e s u l t  of chemical , or b io logica l  r e a c t i o n  in t i le
t r e a t m e n t  of sewage . This  s me l i d s  co n c e n t r a t i o n , t ermech sl ud c’e , refers
to  the s e t t l e ah i e ’ waste  solids removed in the treatment ref was tew,’iter .
‘I ’hese i nc lude :

a. Screenings — the Largest solids found In wastew,iter such as
rags , wood , rocks and large organic  m a t e r i a l s .

b .  Gri t  — the  small , coarse p a r t i c l e s  of sand , grave l , and
o the r  minu te  p ieces of m i n e r a l  m a t t er :  also inc ludes  a v a r i e ty  of
i tems such as c o f f e e  grounds , seeds , and s imi la r  ma te’r ia ls which  are
n o t  of minera l  o r ig in .

c . Skicmnings — the f l oa t a b l.e port ion of the s ludge  such as
oils  and grease’.

d. Organi c solid sludges — the suspended and large r c o l l o i d a l
or g an ic  was te  s o l i d s  f ror ”  t h e ’  b io log ica l  t r e a t m e n t  u n i t s .

e. Lime sludges — produced by high—lime treatment 1or t he
remova l of phosp h a t e s .

164 . Slu d g e  T ’me cst i e  r endered  i n t o  mm form w h i c h  Is s u i t m u t e  le I m ) r
t he  method of t r a n sp o r t a t i o n  b e i n g  u t i l i z e d  for  I t s  t r a n s p o r t
f e e  a f i n a L  d i sp o n a l  l o c u t i o n . Such processes could consist
o’ t h i ck e n in p ,  a n a e r o b i c  or a e r o b i c  d i g e st i o n , m e i r — d r y i n g  on sand beds ,
d ew a t e r in g  by c e n t r i f u g e s  er v a cu um f i l t e r s , or i n c i n e r a t i o n , Each

e e e s s  w i l l  p r c u u i  e c c e ~ it sI mid ge with a dl f f e ’ r en t  compos I t  I (in : I .e . , t ret al
t l ds c’ont c c c ’  • 

j e e ’  rc.’n I o r e ’, e n  l u  ru u ; I t t er and i n o r g a n i c ’ c ’ m r a e  t e r i s t  It ’s
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P r e l i m i n a r y  s l u d ge a l t e r n a t i v e s  were  not  f or mu l a t  i -cl because t h e  w,i - r
w at e r  t e c h n i c a l  a l t e r n a t i v e s  were fo r  In i t i a l  p l a n n i n g  purposes  w i t i m

only l i m i t e d  data being available on s lud ge tra u sportati c cem ru m ethods  m u l l
coSts  and the e f f e c t s  of s leid ge components on t i u e  soil w i t  h e l m  t he  I ac rd
t r e u t n c ” u t  sys tem.  It  was p lanned tha t  the  s l e i d g e ’  a l ter n a t i v e s  would
be f o r m u l a t e d  d u r i n g  the deve lopment  of final alternative s.

165. W i t h i n  t i m e  Base C o n d i t i o n  c o n f i g u r a t i o n  ( 1 9 7 5 )  are v a r iou s  p ro-
CeSSes fo r  t i m e  d i sposal  of slud ge. As with the Base Condition for
t ime  t r e a t m e n t  of w a s t ew a t e r , these s lud ge t r e a t m e n t  p r o c e s s e s  were’ used
as t h e  s t a r t i n g  p o i n t  for  the  development  of va r ious  t e e ’ I m n i c a l  s l u d g e
a l t e r n a t i v e s.

lhô.  Based on d a t a  presented in the  l i t e r a t u r e, a n a e r o b i c  s ludge
d ige s  t ion appears to be one of the  p r inc i pal me t l m o d s  of s h udge t r ea t -
men t for  the  f u t u r e . This Is because of the volum e r e d u c t i o n  a c h i e ved
arid the p roduc t ion  of a usable resource — m et h a n e  gas .  As a r esu l t ,
i t  was assumed t h a t  at each wastew a te r  t r e a t m e n t  p l a n t  t h e  firs t s tag e
in slud ge t r e a t m e n t  would  be anae robic d ige s t i on . The nex t  s t ep  in
the development of the sludge alternatives was to anal y ze’ the various
t r a nsp o r t a t i o n  modes and consol idat ion c o n f i g u r a t i o n s  poss ib le  fo r
u l t i m a t e  d isposa l .  The four basic  nx des of t r a n s p o r t m u t i o n  considered
were t r u c k  haul , rail  haul , barge haul , and p ipel ine  t r a n s p o r t a t i o n .

167 . A l t h o u g h s ix  was t ewater  a l t e r n a t i v e s  and a t e r t i a r y  t r e a t m e n t
s~’stem we ’re developed , there  was no need to develop a s epa ra t e  sys tem
for each c o n f i g u r a t i o n  to handle  the s lud ge . There were ’ onl y minor
d i f f e r e n t - e s  among several  of the conf igurations . Consequentl y ,  only
f o u r  s l u d ge systems were developed. Slud ge System S—l (with minor
r u x ) d i f i ( -a t  i o n s )  can app ly to A l t e r n a t i v e s  8—1 , B— ? , and il—I. Syst e m
s-2 app lies to both Alternatives 1)— I and i)—2 , with minor changes .

~vstems 5—3 and S—4 are uni que in that timey app ly solel y to Alternative
D—3 and the  fu l l t e r t i a r y  sys tem , respec t ively .  Thes e s l u d ge systems
art ’  shown on P l at e s  7 , 8 and 9.

168 . A l l  of the  s ludge  genera ted  at secondary and advanced treatment
f a c i l i t ie s  wou ld  ~e d iges ted  at the p lan ts  and he conveyed  to land a r ’ a ~
f o r  st o r a g e  m e n d  land app l i c a t i o n .  Sludge produced  f r e rm t h e  a er a t e d
lagoons u t  t h e  land app l i c a t i o n  areas would similarly undergo digestion
and suicse ’quent conditioning prior to being app lied in time land app l icm i—
tlon ar c -mi s . The .sludg&’ systems use a c o m b i n a t i o n  of v a r i o u s  t r an s p o r t
u~~des ; r a i l , t ru ( ’k , barge ’ , and p i p e l i n e ’  • In a l l  cases , t ire,’ sludge
would  be t r a n s p o r t e d  in the di gested condition anm i unde rgo mi c idit io na l
“c o n d i t i o n i n g” at  land app l i c a t i o n  areas b e fore  b e i n g  a p r - d i e d  to  t i c e ’
land . The slud g~’ systems were developed based on ‘-o ctal • ~‘c r v ir o n m e n t a l
~ md engineering - e ’m e slderat ions. ‘ ‘ should be not ed that as rr~~r1’ trans-
fer u~ des mIre u n s e e l  such is r e ’k to r a i l  to  barge - , l ice cu es t of t h e
system w i l l  increase. However , based on est imates of the quantities
of s ludge  produced and to be transported , t ranspor t a t ion  economics and
ac cess to the land app l i ca t ion  areas , several forms of Icitern iodal
trans fers were used in the development of the final alterm i m et iv e s .
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~i t  - n e a t  lv~ ,~ -md S i m  1) e v e ’ I I s m m m e f l t  l e e~,~,c r i 1c t i o n C ;

l ’ e~ ) A l t  er n a t  I y e ’  B — I  — ,.‘ m ’ . t e W , i t  c m  - ~H C l m  Ic] c j  t i m e r  t end - r g e C  I . , e ’ j l  t m -
t m d r \  t r c ’ , i t m m i e  - :1 min d d c s c i e , m ,  ‘ c t o  - ‘ , r t , e e - e ,/ m L l ’ rW i \ ’ - - d r  w o e m i d  i c e  c i ’ ,--

l s iol c~i c ’jul se ’e - e ri d , il’ ,’ I ‘ C e ’ , C t ITi&’ci t m i l l C c e e u m v e ’ / c ’ m i  t e e  s e ve n  l , mfl I a rc-ms

I c r S t  e r d e m ind 5,11/ m & ’ c I I c e - r i t  l :end m i i i ~ i t  leem ~ . A t ‘ t , m l c t  1 ,

( c ~~u ~Cu i ’ i s ’r l t  e e l  h~ ‘ s i r  . 1) 1 In I ccv ) wo u c  I d ‘ccc j “c ’ t i’ rt I m m r’.’ I ~- , e  c - n t

~ U) ‘-tH e ( i~ ps c ’ e ’ c ’ m l  m o f  t i r e ’ - , ‘ c - ~ i r 2( 1 C C )  I 1 e e ~5 ) W C C C I  ,j i i -  , m ~ ip  I ied cc
, ( 1 c ’ H ’ , P l a t - I C )  c 1 e ’ p I ~~~t m -  t i e - c e e c e t  j , t i m c , i t  I m e  e e l  L e m l \ ’ e ’ ,’ O c c e

i m n e s  , t m m d  \- m e S t ~~”,, ’~~ t c ’ r t l l , l ’, m , i - m e ’ i ’ m c r m t  t m m e ’ j J j c  C e ” I c r  ,- \ l t c ’ r m , e  i ’5’e I t — I .

- -~~i ’ m c 1 : ~ ~i , c t  c - si ‘ c ’ 1 - i - i ’  - de~~i c t i i m ~ t ! o - m l l t c r m i e t i , . ’ w , c s t - ’, 5 m t m - r
-~~m e ’ C r m t m ~~ I c ~~I t  j e u r i s  , c n d  -; H c c l jkc - ;~~~~t :  ci c i e t  s l e w  l I m e  r c ’ v i s ~-d

i re - I c ’ - mI t  l m m m c d  c- I i C.m j j o u r  s i t e - - , , ‘ ) c i l - ,’ t~~i e ’ r C - , ~e ’ c ~ line ot t i e
LIl - - C i m iii -  - ‘ e ~~~~~~ - : , , :‘,-, ,\r c’ , m - .c ‘ ‘ I  , ih  Ic. ’ o r v m s  

l_
i _

~ - ~~~ ~ j~ l i c a t i c i r i  ~,, c -  , , l , C W f l  o m u  t i c e s m ~~~ m i c v e C 0 : ’ m ‘H ’ H i ’  -
-

171). ‘, i - ~ t s ’ w m l t c - r .  I ron i l l  s ec c i r ’ ’ cs ~ fl ‘C s “ i l l ~~, 1 ’ C I n ’ s  l S C c e  Hv a r c - I
(YO ‘-t ’ 1)) is’ eCl c  Id cc  c ej I l ! )  1 C i c ’ H  I or  m e m t  mi m i t i n  ‘‘ c ’ C j - t  r v  p l m i n t s  amid
1 1.1 1m m r e p -d he t I s c m c m  C c :  ca  i t  H i ‘i - pm m m c m I lie H , I ’, i  F r i  - se:e —e ii. I i ’ C ) ! C m v

B r i d g e ’ . l i c e ’c’ e ’  w - c c i d  t w o  e l - C - c r c  dis5 m . i r I c - s  , m c t i l  l i c , ’  1 ? ) )  ‘1m , : less
l i - u n  - I )  in tire Rn I I nmi:m — S t i ioniC I ”  - - I  H C r e m  ~~~~ t i m ’ u c . - ’ ! l , i  i cider from ’:

, e -  ‘s , i C C  I c , e r e s - j - ~ c c e  , c r ~~, J e ’ x .  1 m m  .m i , ! i t i e e r c , 1 ‘-1(1 1  I r e ’ ’  t i , e - C I I  r v — ~ l , c r , ’ . i m m
ii ii ;irea 5~ () d C c - ‘ d r i v e  - ‘ c m i  t (~ I - ‘ - i -  i i C C e , l ’ C i  v i a  ! c~~ - I I s t  r s ’ ,fl:I m~ . I n
( c - r e t  c - m i  1,111 i- r an c im ~e’e ,i Ba’~’ hct’~,.’ c- n die 

u ’ ,av 8r ~~c l c e ’ ,m~
, ’ t I m . ’ I - i r q u i n c~m

S t r a i t  l i c i d g c . l (s7 ‘ t l ; ; e  w e e n i d  m c  dis5 - : m rgcd ‘ i t  ‘ i r s .- tc.- r : i - e r ~’ f ,i ’ il —
It 1s ’~~ . flie rs’ w O u l e ’I s e ’  cu  d j ~~ e ! m , e c ’ g e -  - c - t m - : c ’ e ’ i m  t i m e .’ t . m r ’ o u i c : 5 ’ ,’ t r i l l  Brid ge
did hipps island. ‘\p t e r s C ~~~i f l ] , I ’ s’ I \’ - I I  I -t Hu cc tc ’rt i ,er-: c H I t  I ’ i c ’ f l t  w o u l d

I c e  d i  Ie,m i’ , . - 1  m r m  t l ie  I s’ I t , m  ( ‘ t C  O f I 
~ ‘p ~~ 

is! mind . I~. is ’ CS’ , I  I c rs I ron
mi m e ’ :,iv& ’r ms erc ’ V a f l c - v m i r e ’ , e wou ld  r e ’ s c l v i -  t . - rt - C r y  t r s ’ , l t  c O I L  and lie ’

d I S  t i ’ e d  m e ’  a b e d  ‘Cmi ,j r : :m , e d t lai n I.n l i c e o l e r i  l~ ~ . - - , m S  te -i~’:rer
c e ~~ i~~~t j t  m m c m l i  H d [ s c i . r g e ’ d  I- I m c  ‘I irion , W5 t e e  c~ u i i  i v ,‘,‘u :nn under
this - m i t  c r c ,  m i t  j ve mel  c ’ s imo wn i c c  m al Ic I ’ i

171 . l~;e’; t c ’i~’- m t  €‘ t fro~’, c c ’ r t i m e ’ r m c  - - ; e m c m e ’ i ’ d m e -  rmce e st e l  ‘
~~m p , e ( 

~~
- m i t t  ies

would I ’ m .’ t r o t t e d  I n  l o c i l  l e i o ! e e ~~i cal 5 e c , I t C d ~ 1 c \ ’  t t e - t t ” C , - f l C  p lant s
n c r  to  eI e m I ’ ,c c \ ’ m m m :  c t i S’U ~~ .1! for ! , m r : l m m n f c t i e  , m t b o c u .  ‘, - , - c s t u - ’ ,~~m t t ’ c - ,

rum sou th er rc  m c c c , !  I e nt  r , e  I ‘ I ’ m m e ’ r : m ; m  C c c c r : t  , iu ,l e l I  of I , c r i n  I ‘ ‘ c i t  e,’ ,

i i ’  , ‘~ dee. B o l i n m m m ; — H t i c e s c u c c  H ’ , m ~-h , c c  c - i , 1( 1 1 1 ! 1-c ‘ e e c , v. v e.’d I c e  t ’ L I e  15 .
i men d S i t  e-  - 4 w  clii ie e e  I V ’  t r e - - e t ’ ii W l m m i e ’ W i t  r 1 rore  t i l e .  I ’ m , r !  e e l - i —

I r - - i s !~i ’ B i c e ’  ml l i e -  f i  - ‘w I re c r - C  111 Cr  I he ’ nii ~~ e c 1 , m r t s c  • Ye c  , i n . !  flei c t i c 5 ’ rn

c , e I ~m . r i to I e , l f l  t I -~ WOU I !  C c c  m i i i  ‘_‘e ’ v e ’ ! 0 5 1 !  c’ u . S , e m c t  I le . ’ n e  . ‘.i’i
Je e r , )  i n  ( ‘ o c i c m t  v wo e c I m l  c u t  I I I c c -  j C i ’  /4 3 w}i i I c ’ iS t c c m :  L, , e I i t  r - e  1 0 / c t  a ~~~~~~~~ V

and I m e c i  C y c C  P - ‘  1 c i n  W e i m ,  d m m ; ’ ’ P i t t ’  -~~? . I I  c ve ’c C u ’ n i  , ‘ m t r , e ~~ c c l

S e e m  ‘In I e ’ c u  ( . o t u l r  I V w e e d  ‘ C d  i’ c i ,’ ! , ‘ v s I r c , m  I e e l  c- - cc  t ci~’ i t  - m ’  ~ i t  c ’

1 7 , ! . . , i t e ’  - ! e - ’ / c ’ l I ’ I C C ’ I e - r l t  m i e ’ t , m i  ~. C r 5 ’ (I j / , C u i s / , t ’ e!  - e l  c ’ ,‘ r ’ ’ ’ Ie ’ l end ‘ ~‘e ’ , e -
‘

01 Wmi s t c ’~~’ m i t c ’ ?  at  ‘ ‘ • s’’~~ ’ cc c i I ’ l l  j~~u i  m , i  t e / ~ . Ln, ’ ei ~cpp ’ i* ,’ m m t  t e ’t 1  c .et  e ,
i n c I id I i ?  c is - I - - C c ’ 9 m im I I i t  I c ’  mm - i c e  ci l e  0 r ad r e H i c e ’  t ’( i  lii m e  - . s -  i t  lC~ si I e -
I re.’ c I m m e e 5 ’!i lii ‘i,~Iel ~’ ~) I  

~ r l , i c c e . l  ‘e ’ q c I i  i r e - nt- ; in t he’ ~‘i c. ’i ni t~ ’ c i

t i m e ’  I c r , it s  f t  i ’ m - ;  m i c e -  c i  ‘ e e l  I C I c  , c l  I I I  , ec  I c - m e

— - ________ - - — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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I . W , l ’ - c t ( ’w , I t  ~‘r d i ’  I m i r g t ,’d t o  S i t e  4 ‘,5’ c c c i l d  r c ’c m ’ vt’ - ‘ ‘ ccndar ’

t r~-~it - c - i t  it  t he l- ’m i i  r t  i i , ’ l d  t i c  i i i  t V  and t h e n  w o u l d  ht,’ pumped t c c
o f l s i ’ c ’ ~t O r , l c e ’ T’c ’’It ’rvc ’ i r  I n  t ise i’ c e t r c r o  H i l l s .  P I - i t e  11 sh ows t i N ’

W . t - - t s m s ’ ,i t c ’r reservoir loc,it ion , the m ain di s t r j h t i t i e m i  p ifle ] i r ee - , an
1 , ’ at  c ’ ,I to he 1 r r i ~‘at ed . Ti’ie on lv area sc i j  tab IL’ I c r  crops wi tli i l l

t h i s  s i l t’  iS  north C f  G r i zz ly  S i m c m i m ’ i i  and the w m i s t m ’w ; s t e r , app rox mmmt te 1’~’
I’ , “t w~~u I d  ! c m ’  ap p l i e d  t h e r e  - 5! ~d~~’ would  not ~c ’ apnl ied at t i i is
~, i t e  d c i i ’ ‘ C ’ ’  the ’  l i m i t s ’ c ! d r y  l and  ,i ’-.’ ,u il ;lh Ie b r  app lu’ . it ion . A t o t a l
c e t  3 0 0  e r , ’ - , w c ’ m i l c j  hs ’  used mit  t h i s  l a n d s i te  t i e r  L I s t e w a t e r  app i i c - a t  lot , .

I’ . S i t e 5 is I , c c : i t e ’ c l In  t i m , ’  n o r t i v - -I ’;te rn por e ion ccl Y o l o  C o c i n t y
ini luding t h e  ‘ic c l i t  herne t ip ot  Co l c i sa  County ) and w, c , ld roe - l i v e  ap: ’ rox—

m ” , i ’, L ’ l \  ~~~ 
‘~~I d )  of 1~~’c ’c’n d , i r v  e~ fluent I runt treatment l a c i ]  i t i e s  in

I’ m - - c , -  n i t O , n ’ o l c c , anti  c - i t t  of Sol ,mm ( m ’ c i i t t i e , ’s. Plate 12 C ’ c l I i ) W S  t h c ’

‘C H r e  ons i te t5’Iic- m t ewater s t , i ’ r - l m - t -  r e c - er v o l  rs , t he I ) f l ( ’  sludct ’ latioonin’’
mt ’ s ’ a , t~~ c t ’ main ‘ i is t r ibut  i o n  p i pe l i nes , ant i t1it~ at tual areas to be irri—

- i t  I - C ! . The land ,- w t ’ l i m - - i t  ion ar c / I s  we re s e l e c t e d  as close t o  the
r c ’ i - e C ’ r v ( C  i us - m c ;  et ’onoc ’ iie ’ ,il lv pract  ic ;u I . The crop area north and east
o t  t h c ’ re ’se ’r v m C i r s ’,fac-m use d since a m i n i m u m  C t  punepin~ wo uld h e roqu C rod
‘ or t h e ’  dist ribut ion s’vs t  ore . The pasture land north and west  of the

~cf r v o i r,s was used since it provid&’d the most economical distribution
- - 1 - 4 1 c m  and minimum land cost. A total ot 75 ,100 ,ieres (39 percent ot’
tim e ’ total suitable acreage) would be used l it this site for tile land
.IPI)l ic ’;ltion of wastewater and sludge .

c . Site 18 in southwestern Sonoma and northwestern Man n Counties ,
would r e c e iv e  about  81 MCD of secondary et fluent . Plate 13 shows the
‘ - ur ~rope ’sed wastewater r~ servolrs , thee three sludge lagoons , the main
distribution pipel ines , and the actual areas to be irrigated . Two
I” the w,t’-tewate r reservoirs would be small in size because they
“ce’jve the flow f rom small isolated communities . One reservoir and

Its ’ sludge lagoon are situated east of the site . A total of 19,000
n res (35 percent of the total suitable acreage) would be used at
t h i s  s i t ,-  b r  the land application of wastewater and sludge .

ci . Site 21 , see “l ate 14, I s located in northeastern Sonoma
County end would receive approximately 55 MCD 01 treated effluent
t r c c n  sev e ra l  locations. A total of three wastewater and three sludge
l a c c c on s  would be required. One sludge lagoon is located east of the
site. The wastevater disposal areas were selected as (‘lose to each
reservoir as possible. For Reservoir R2IB the crop land adjacent to
the reservo ir wou ld he used since this  would provide the mos t economical
d istribution system. The pastureland immediately north of Reservoir
R21C would not have sufficient capacity for all the wastewater from
that reservoir . Addit ional area would be required and the pasture area
t urther north was selected . The most economical land apnlication area
for the wastewater from Reservoir R21D would he t he i-rop la nd ad jacen t

9 _ c
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‘C , , h j , I I m W i v 101 ,\ t I i i  c c l  1-4 , bm~m m c o t , ’ - - I I , ’ - s ’ r e , ’, ‘ n e ’  t o t - I  -

1 n c ’ 1 ~~, ’)  t-,’ , ’ - , I d  I ’ , ’  C i c — , ( ’ c !  I t  t ’ t ’  S i ’ C c ’ ‘1 t I m . ’ j , c t c t  i ; ; c l  ic’i t i i ’ ’ c  c c l

~‘a ‘-, . ‘w e t c  ‘ ‘C’ - it I ‘-I I ;‘ ~c. ‘ —

rim , - sc e n t  !irv t r e ’,I t men t  p I ~i t e t  - I t  I - i It ~l m c c t i  h i - ,’ in h I m  ‘
~

I, o u n t v  ‘, ‘ c e i i d  d i - , -  t c , i t c . - i t  -~ c t  lue’nt ‘C ~ S j t e ’  25 . ‘ri ci t ] i o , m t  , i t - - m t
I i vc ’ Mm~~l , ‘,~- c ’e ~i 1 d h, ~~~~~ ‘d t o  on e c e n t  ‘- i t s ’  r ,  - , c ’  t v  j r  ( - -~~‘c - ’ P i t  e 15)
i n n ‘C I 0 ‘C c - c r t e w e ’ - , ’ - t O  ‘ C ’  - - F j  t C f l  in L i - . ’  ,c re I . , I - ‘ - pa St n m  c ’  id c i ,  ~~fl t - the

s~ ’ r v ’ t  r a c m c l  ‘ ‘a ’ , t  ~‘ t  h i i g H w - m ’ .’ WcI -4 sel e- -e ~ ’ - .b - r  w,m ’~t c ’ w - I t  o r  d I 5 ~~~C N I  I
i t  Wa ~ c l c - , ,-st  t o  t ht r’ , - - , ’ r v  ‘ C r , A I c t a l  j t  I , 04~ acr. -4

7 ., e,-I I’ :m r o l  t i c s ’  t c t a l  s C i l t i m 1 C  ‘ c L ’ i c ’ - i ~ ’ c )  ~~~~~ be c i - , , ’  c t  cis
- ipp i t  i t i - n e a t  w , c - 4 t , ’ c,,’ i t c ’ r and s lu : , ; .- .

- :, ‘ , i~~c c ~c , i ’ C e ~r 1 r -cci t i m e ’ L c -m ,tr ;i l I , I t r , i  ~‘ - 4 t~ c L~~c nitv t a m - i l i t ’ ;
w c I  Id  c c  1e~ i ic m r e ’ t o  ‘ n e -  one s  i t ’ -  r c  - —~~ ‘ ? ‘ ‘  i i  r -i  S I t’ ’ ‘~ 2 - P 1 - i t , ’  I c ,  ~~

‘ c - c ’  - i C ’ 4 ’ s . I ’ ! n c ~ s i  :~ i i g m c c n e  I i c ’ s  n c , c r c i c c l  ! / I ’ C ’  s i t e .
S I c - c e ’  t O e  l i ld  ad i i c e n t  ~o t i ’ ’  r c ’~o’ r v - t r  w o u l d  p r m v i t~ - b r  ‘ C h e- c- st

c ’ n,e : c m i c a i  J istribu t i - e l m  sy s t e m , I t  w a s  t h ’  I i r ’ .t  1 - c  mc ’  - o l ~ te’ d c r
d j - c ’ -~~

1 , T’ ts a r a  
‘ ‘ , c - , m e t  s i t t j c j c ’ n t  t - d j s ; m c c s e ’  ot t he

t - t e~ e f f ue ’ c t .  ! ‘ h e : c ’ t o l ’ c- , 1 1 1 ( 2  r , m - .’ C i i ro land s cu t h  an- I  t e s t  - t

‘~‘~m s se l e o  ted  . ‘fit s I mn- .l w a s  us ed 1)1-cause i t  w e l d  1 € ’  more c ’  ico n ‘ rc i cal
~~ m i r r u~,1 t e’ t h a n ;  t~ m e  nar row y - elic -’vs t ha t  ~- X t O c C ’ i  m t  t h e  hills. Also ,
S Ln;ce 7 i - e t u re ’ ian d has a h ig h C ’ r ap p i  i c a t l c c m m  raul’ and lower c o S t  I m mc;
does c i c  anid , less a c t c ’ i g e  would be required.  A t o t a l  of 2 3 , h h m .m ac res
( 63  percent - t  t m m ’ t m e t a l  suitable a - r o - m g e)  ~‘ cu i d  he d a t  th is  s i t e
or L lme land ci pte l  icat ion ; c f  w a st  o w e  te r  and si udge’

- The secondary t reatment p l a n e t s  at  Mante’ a and T rac y  wou ld
discharge to t w - -  r e s e rv o i r s  locate - b  it S i t e  4 1 in h e m  Joaquin L~~cin; t v .
!lecause natura l reservo i r  areas w i  t ie in t b c * ,’ s i t  e are 1 i t’d ted , one e t
t I m e  W i e 4 t e ’ w ; i t t ’ r  r, s I - rv c c  irs and on c ’ ‘~ ludge lagoon would C I ’  1 1  — i t e ’d c u t

t the s i r e  loca t ion . Pla te  17 s h o w s  t h e ’  rc ’ s e r v ’ ’ j r b ea t  Ones o r
w a s t , ’ w , m t e r  and s lude’s’ , d isp cs a l ire - is , and t m , ’  “main h i s tr i but , ion
p i p e l i c c e s  b r  t he lb-I ~1(;l) c f  w a s t c ’ w i t t ’ r  t o  b e  ap p l i e ’ l .  The crop land
ad ‘- i - I  t ’  s ’ ,i - ot  t h e’ re’ - - , e ’ n v , c j r - cc  w o u l d  be’ u c-cce ’ ’l l e e r  - ,- -~~i ’ , ~- .i t t ’r , i J C

p licat i un . A t - c t c i l c t  ~ 1~i )  , l cr s ~~
. ( i~~ c o n  cent  of  t he  s u f t , m b c i e  ~1c r e d - ,e ’)

W c ) C i j b be used at this s i t~’ f , c r  t °o~ land : e 1 c ; e l I -  i t  i m  e l  w l m s t c - - ~’ c t e ’r and
s ludge -

173. 51 i d - ~ c ’  l,mi’ ,c o f l s  w o u ld  b~’ I c i t e d  near thee w , is t I ’ ’~’, e t , ’ r  , t c n ’ ,ege

“ c r ’ , - t rs In order ‘ c c  minimi’ .  ma intenanee ’ crew t r a v e l t Inc • The
s I ud c - ; e ’  ap ;cl i m - ,- i t i c t~ s C c c ,  w - m i l d  lu lo- ,e tc ’ ,I in r e l a t  i ve l ’ ,’ f l i t  areas
t, O dt  ~~- -

~~: .i ~, eli’-ii lv d i s c ’ bea r r ,~ ’ed . In ; lc ’Ve ’  lop i n g  I O c ’ s i t e ’  1- e v ut
t m C  W , i . s t  . c ,c , i t , . r  ep p 1i~~’ c i t  l orn I c 0 ’a  W a s  l c c c , i t c ’ c t  e n e ’, i r c ’ ’ c c t  t I m e ’ w , e s t e w c t e r

c , ’ ’ , , ’r ’ :  m r  [ m c  m l n I c - c L ~c p i ; c c  and pumping ch e s t s . Sit u ’ ’  t l c . ’ i e ’  ~ re be
1 ‘ w a s  t e w i t  c t -  Opp l. led 1c , i : C  a r,’, i ha~ w ill rece I VI’ 51 cidc -’,c ’ , t Ice ’  s ludge

, * 1 c 1 c h  f e l t  ~ a fl i r c - ,c  - ‘ - i s I c e ,  , i t u d  i t  ‘ ; ij s ’  the w a s t ,  water apt’! t - - i t j o ni er , ’ .
lot s w ; c - i l d  p r o Vi l . ’ .1 - i i ’  1 C  u t  - n - - s’  t l c c c C 1 c,i i  - i t ’ i l i f l ,i c ’ ” t , ’’ C t since sludge-
. * i c p i l c c . i t i e n  r s ’ c h m i i r ~~’ no f L - e d  d i s t r i b u t i o n  sv s t e n e . t~i , i t c ’ s  11 t hi r ,eug bm
17 show the’ ~~I m1cI gs’ i p I c I  j c,i t l e n  m us ic ,  wi t h i n  , ‘ , i c l m  l:inei s i t , ’ .
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il’s . “.1 m , t g o  S v c , t e ’cn S- -  - -c Plate 7) w o u h d  be ’  .i b C l c I i c c t j l e’ C i c u  - i s l e  -

t.,itc: r A I t e ’ r : ; , i t  iv’ s B — I . 1— ,’ 19,1 B—I . S lud ge f r i  e l m ,  c c i i ;  ‘l , u t ’ ’ c )  c c e a s t - i l
ccc ’ , c c i c i , s ’ C , ’ taut (~~‘10’ n )  w ild he,’ tru e- hotel t c c  S it ’ 25 . SI - t I p -  f rom
‘ ; i l n - - ’ - ,’ - - t  r c a ; c h i l l  wou l d  c t e u - h e ’ d  t m  San I m ~~e ’ . A r a i l  l i i i , - t c r r e m i m m c t i n g

I t  th ec ,t c-c ite “ r u ’ m t S c m c  ,5’’ m u t : m c ’ , u s t  P l a i m t  w o u l d  p i ck up a l l  o f  t h e e  s l udp ’-
c n , ’ 1 i i , ~~ ’ c i  , i t  ( h  f o c i ]  i t  i , ’s c c c ’ ‘ m c t  ‘— i c  l e e , ’ . ,\m l - b j t j c e c i , c l  ly , ~lud get e e -  tie ’ ‘,crthm S i :, -I c ’ - ‘ cC  m c c i i l t v  e l , o m t  e , c c m m i l d  c - c  t r c i c k ’ - - ~ c c~ t I m e  I . a k . ’

I ~
‘ , i ’ ’j 1j t _ c-’ c it ed t i e . , ’ - - [ i l  s l m m l c t , ’ c _ c u d  b- _ c -  p i t m c - c c  ( c c  t h e e ’  h , c c t l h e i ’ I C

n i c j I I ’ v . ‘ Z l u d p c -  p r m i  m m  ‘ c i  i i c neg  [ d c  S t  ‘ ccc ’ ( i n c l c i e l i e m 1 -, L i v e r: m a r

~c i I l , v )  c, c m i l d  he  t r , i m m ’ ~p o r t e - -1 h ’.- t r i c k C c c  ‘- i c c  I e - - u c m c j i m c  ami d Lo n e cv r a i l
- I m e ’ m ’ I c m l e l  t t i c  i l l  t ;  , c  be o h  mc mi ‘v ci c - u I 1 line f r - - i-hen Pab I ,-

— h i t ’ ’ - - c . ’ , ) c m l d  h - ”  c c c l  l e , cct  t h e ’ -  c c l m m c l p e -  c u - cc- , h c m t lm t h. h om i(he ’ - m’ ct - i e c c l  Rh- Imniond
i i  l i e  i c -s m m  1 1 r l’eo !c eei - t  i t  t o  i ce n u n  I e . t j n  C e  j u t ’,’ c ; c - , i r  S tm ’ r m t: i - n t ’ ’ .

- c c c ’  c i ~ c-i l c i i i ; ’ ’ ’ 4 c c  - i t el I c c ’ 1 m m -  h c c c - l o - 1  i n c - I  n — u n e s p c c ’ r I  ~‘d fey ra i l  I i n ; c ~- t o
S i t ,

I 75 . -\ r.u i t ii ti c . wo e m l  - r i  g i n e , i t e ’  1 m m  C’ m e t r 0 l  I,irin it :] would p ie -~ cj ;-

s 1 :  - m Ii em I i c c  W e ’ ,’ - I r i l e :  p c r c  i m c  1 1  n~ S i t  e I S . ‘ - I t c h  ~ ‘ - ru m S -m O I I
10 ‘ c ’ t t m m C c  m e  ‘C i t - , c c  Sc ’ n t ’ m tce , i  c o - I  . l .m  r i n c  fec I C i i m  t i cs cc-. c c l i  d ‘Oe ’  n ‘n- I- cl t c c  Sit ’ - I - -

1 , h . SI 0 :0 from Li, ’ ~~~~~~~~~ a l  It ”,’ ~‘ cj i i l ~ l m e - t r c : - ’ ; c m c r t c ’ d  fey  c i i i  t i

c , J i s t  ‘c -- u u : m c h t r i , c k c - d  ‘.o S i t e  2 1 . ‘b e c icIle r i ’c c c’ m m c C l i m m j t j , ’ ’, c c , - I r  S i t ~ - 2 1
~~e c u l d  t e l l ,  I’ s h u d ~~e ’ d i r t ’ ’ t I ’ ,’ [ m c  t u e  l u l i c b  u i ’. ’ i ,  ‘ l l a d t t c . ’ I r c m ~’ t h e e
I” . ; i t  m e -  l i i  r e - i  w c c . m  it] l u  i m c c’, c ’ -  I t e m  [ j e c  , u c e c u  \‘. u l i c ’’,’ r ‘ i 1 Ii’,~~- -  r I ‘in i t  —

‘‘b -  - it  V o l  i~’ J o .

17 7. S i - i t . ’ . - Ir on Centra l Contr,u Ccs-, t  m ( c m i m m ( V we - m i d  b~- r - u i l c - ci i i i ]
c r - i - k~ ’ c h  to  S i t ,  ‘ ,‘ , S i ; m c b ’e Ir e :- : h . t , i c i l e t j e ’ s  i i i  ~~ u c c  J - - i q c ii n - - m i m , t v

0-- m i d  be t i t u c ked t e e  ‘ d i ’

I c’S . A i i i  I L i n e ’  wou ld  t r an s p o r t  s lud ge ’ t n m  t i c -  S m -  n , - c . - c O  ci e n  o i

and t i , : ;  t he. - ba r- ~&- u n lc c , ic1 c c:~’, f ac i l i t y  I ’  I - c i t e ’  5. Corim un i r  i t s  l f l  501 , 1c c .
So, r’ - e ’ - . : 1 , c m l  Yolo ( : c c c j e m t i c ’ c c c  c,’ c c o j d  t r o d- - s lud ge to  r e ’  n u i l  1 : ,  or
‘C ruek c l i  i c ’ i ’ t  lv t o  S i t e  5 .

17 0 , A l’, r c c ot i v e  11—2 — ; x m ’e p ’ b - c r  t h e -  I c ’ ’  r c - . i’d t r ’ ’ , s t  “ c - - m t  th a t ‘*‘ c ’ c i l d
t e e  ‘ e q  t u e  red f cc  r ci i s ’ t i c e  r m t c  ‘c t c c  Wii ‘C , r~ i c : ,  , Al t o  m e -  i t  I cc’ , K— -

e ( I ’  i ’ . - I ci

is I e ’ c e t e ’ : , l  tic Al t ’,’ r n m m t j v c ’ B—i (see- 1’l i t , ’  I l ’ ) . ( i , l O t c w u t e r  ‘ j c i c c m t i t i e s

- c t ’ t b i e ’ c ’ - .r c ’ . A I ’ t  ml c c f  ‘i4 5  “ 15 1’ ( I i  c r e - e m i t  ea t  t c m c - \‘ -,‘,ir ‘ O e I ( c  I low )
we L d  n - o t  c’ , c c b c c ’ ; m n c - c ’d L r c ’ , c t - m m e ’ m ; t  u i , ’ 510 ~l I , )  ( c , , -~ - r e t  c t  I i i ,  ‘‘ t i n

I i - m n - ; ) w e ’ c i l d  he a~ c p l i e ’ c !  i i ’  t b m c ’  m c i ,  l ’ l t , ’ i c r i t c C  m c  ! ‘ c i  t I c ’ - I  - ‘ n e ’ . ’
ct t r e itcIm ’ ’ t m t iii L hiic ; ll~ c - i - c cm t i- .- was ~iI m b i i J . ’ C 1  t i  m l  I ‘edt p t o c - e ’ s s e s

i t  ( c r  ;,e’ c i ) f l c t ; m r ’  t r’’a ’ me c - c c t  se ,  C m i t  t l c e  c c l i i  , - “ j s s j , c C e s  a t  lrmellvid -i , i l
e e , i m c , t b  t e e - t e l -  ‘ l i s c I u m u g e d  to c - ; c c l c  w; m t c- r qu a lit’ - 4 m e c i e ’  ~‘o cnI d n ot  ex , ’ c ’c ’d

t o t  - maim C v d - - c m a  r -  ‘ 
- undo r h e  - Cl, , - i f e c e n c i  I t j o i n  - Al. I di ci ’  bce r i t c ,’’ cc ja m

e u ,  I c  Z e c I c  e ’ u I - . he r e  e ; c m i r e - c ;  ‘ e e  ~C ._rc- I d e i c ti al ‘ C C ,  j t  ‘ i e ’ i  l e ’v~~l i’i . _ s i n g
t h i s  c r i t ’ - ri o d i s c t i , u r b ’ c ’ :c  t o  C d -  i _ i t ’ l l  i i  U c ’ e , i f l , ~~m t  li v . and ~e ’im r d

Ii, m y  w c , u h c c  ree - . ’ i v . -  se ’c un d ; i r ” , t ? c - , m t C : u L ’ l i I  followed b y - I m u s i  nee. ’ d i ,m t j tt r , c ’ i o n .
I i i  t h e ’  Ce I r a , seconda ry t r. ’ c m t e r e s ’ e c t  plus 50 p s - r en t  p h i c c : p h i c  t i e -, removal

, i c m c l t u i t r i t  Ii a t i c ’c r m  and e l e n i t r i f l e  , c tj O 1 1  w e e u l e l  he’ r s ’ e h e i r s ’d .  ~ - i s t c ’ w e m t , ’r
c cc t m o  t_ I c o ’ n  t e d . h i t  ~ c ’ e i  i , c t h e ’  vi e  i - i c m , i c c c  wat t qua 1 1 t cc ‘ c n m ,  cinde r tie is

~
il t e r n u t i t j v ’ ’  a r s -  t - c c i n m n a r j z e ’ c l  i n  l i i ,  h e  . 1 .
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I -~ , ‘ 5 -  - ‘ , l ,o - I c - , ’ - - ‘ C c c ;  c c  t t lil t; - ml te’ rnuu t I ccc ’ w e d - m I d  ‘ ‘ -  i c e  t l e e ’  c - i c c

1, . ~’ - i t  i c c m  - , ccn c - c v .  - t c - S ,iCnI - ci ~c, - C i t  i o n  - m i d  c m  l i n t  e em i t  -
‘ i ‘it s  I - I . ’  c - m e  , -

‘C me t ’s , ‘Cl \it , ’’ nOt V(’ li” 1 - ,\ 15CC , tIe , ~ I ud c ’t ;ipp I C - e  C c c i i  c - ; u 1 , ’ -  c o i l  d

- ‘ c , u j n  t m  c ’ s - m a e - u t-c i n  \I t e rie e l I ” ’  8—I. The lone! ,iro.i rs .c 1 c n i i c m ‘ r
l u , ’ - - c; u c c e l  ,epp l i c - m t  i o n  w c ’ m i l  Ci 1 - . ’  r c ’ c i c u c  c c i  s l i c i m  - - c i  L i c e , - ‘ c  i L l - c ’

th.’ l c cn- ’ e ’ c ’ - ] e ’ u ’ r e - e ’  , ‘ ‘ t r e t  c e c i l ’ . sma l ler  qe iant :t ic’s cc ’ - c - , ’ ’  I I  h c

c r e i , I e i , eel 0 ’ . i t , - c c  11 ‘ t i c  ~ ~~7 ~~c c  c-ch ow sit e cle ’ ,’ c ’  1 ’ -  “ - s -  t c u t  ‘ c r c - c - .  f o r
- I i i  -c - ml ‘ ‘~~ n e ‘ i ye - ‘rot c i i  I , i : m e I  t eq u l  re ’ m e nt c -m i n  t c c -  - ‘  I C  Ifl i t  v ‘ c i  ‘C - e  I ;ind-
s i ’ c c — u i ’ , ’ j h , c m t  L 5 1e ,4 ( h ( C  c - c

l~~1 . A ! t e  n m  - ‘C iv ’ K — I — T h i s  , s l t e ’ c ’’ c c t i v e  ( i-m e - c ’ F’ I m i t , ’ 10 )  i s  ::m ,m L c e’r

‘~a r t - i ’  u u C r l  c c !  \I te’ rn cc t ive B—I - c’ , c ~~~t c - w a t e r  I mom S, in ,tcm se , S m  t e l  - as, c u e c d
A I cc -iscc woul d : . ‘ - c l v  ~e ’ ce c n d ; e r y [c c c i  in ee ’n t  - i t tIe~- ‘-c ure lose ‘ l i t  p r i c e r

,- ecn ’,’,-v c c m c  c - t o  S I t e ’  ,‘ l _ - , , 0 - i - e n ’ ,- .- f f l u e n t  f r o m  t h e  Ci I r -  , — ‘lor gen
I I ’ C ’  t at - j i l t ’ ;  ~ c - m c l , t  m i s , -  C , , , con ‘c’ cs- c l  t o  S i t e ’  2 7 .  Y e ’ u r  20110 low s h r

- c r c  187 ‘151 ’ . \ t c - t a l  of  758 M I d C  (SI u c~’rt t n t  o f  t h e

- ‘ o c r 21 100 tl ’ ’w l w e e - m i d  n c - c - c - j o e ’  r e ’ r t j c r ’ ,- t r e , i t meri t i n c  607 ‘- l i i  (5 ;  p e r —

- , - o :  ‘‘ I  L 1 c -  c c ’ e u r  ~ 0 m m  C ‘ i o n - ’ ) w c - c m l d  i c e  app l i e d  to land. Wi s n . - w ; u t e r  con—
I - i c - I t s  d i s i ’ l ; , u n - , ’ ’’~ c ‘ : me’ -,’ c c C i m m c i ~ v c t c ’T qu a l i ’~- 7 c e cce ’s are sum rmarj-iec1

- a b l e - 2 2 .

ii ,’. X c  c’pt tier t h e ’ m c ! d i t  ion ‘I  S i t e  27 , l a n d - c p p i i c a t i cn a r eas
v’ c c i l d  ri- main [ f e c ’  sari .-  is I ’ m  ‘e l  t e r n a t  i ve  B — i .  Two r c- --ic ’r c c - o m rs would
‘c’ use d t e e  store’ the add U i cc n a l 187 MCD . Capacit y in S i  t o  )7 would

I sc -~ ‘- i c c  , emJT~o( 1 cc t e --i l l  - ‘ the oro jet t ed  f l o w s  in t h e  1-1 one t o  re ’v . Sal i nics
in  us I r’-i z comp l ex I a ’  t m e - l e a r  2000. Plate 20 , , iow s  t l m c  1 - - c a t  ion

mc- ‘C wo rose - rvcc ir s (one of w l m  I cli Is of fsl t e)  , t he  are  m t c c he
i- r i ~ ’ e ’ . - d , and the m m m i v  d i s t r i b u t io n  pi p e l i m ’e s . \ - . with t he -  o t h e r
c-mi ‘c’s , li e ’ I m i n i S lea m ’ s ’C t F ee - c re’se- rvo I r’-. would he rnic’st economical t o
c i  “i g c i t c - . The rc ,ic-c t n mrc-Lan , I In t he ,  c : ~c r t j e w e s t e r n  p o r t - ion of  t he site’

wec u ld he used I e ’r  was e- i ~c i t  o r f r c c r n  ie e5e~~ oj  r R27 C . The l e es t u re  land
c c  t he s o u t h e a s t e - m n  1 c c c r t i c cn of t he ~ c r c -i would be utilized f o r  w a s t e —
w a t e r I ron Re~ e ’ r vc c  i r 127 1) l~w e ’’,e’ t , t c m i  s a rea  w o u l d  n e t  have s u f —
I b l e n t  C c i l m i m c l t v  for  t h e  t o t a l  vo lume c f e f f l u e n t  - l : i - c ’ , - f e c r c ’ , the

rep l an d ad I a c’ e ’ri  t to the l ece sli m mc ’ a me cm would be used - A e t c -i l  o f
h7 ,97~) acres (h. ’ percent c c l  ‘C im ~ t e c t a l s e m i t a l -  Ic i I C t ’ c - a - ’ e - )  w o u l d  be use d
let Site- 27 for n- ’ ;m- .te’’,,’mit s - i  m mppl i c ; i t  I on . T m c t a l  l a n d  e ’e ’ c i i i i t , .nCercts f o r
t c  i S il t ernat i ye ’  in  j a m , ’  v i ci ni l tv of t I r e ~ e igh t l a n d s  i t .  - - i r e ’  ab out
1 ’l S I~ Q ( m  

~~~ to’s -

I M . - 1 ee - s ludge  t ranspcc m e  ic I ‘n , I reatme’nt . and apn] i cc t i m e n s y s t ems
c h i s  - m l  t e r c c ; m  l v i ’  would  be Ic i ent  i c a l  to  t h e se  ol  ‘ci  Ic r C m : u t  ive li — I

C ~- m~ ‘d Ig!) ‘C hi c ’ wa cc t e w at  c i  I ron San ‘10,1’ and Morg c’ II i l l — c  il roy
c c i i i ’  Les ‘.could pec o S i r . -  ‘7 • [ l i t ’  s ludge  p r c c d m i m ’ e-c c] e ’ t I c e - -me p lants

s t i l l  Ce ’ to S f ’ i ’  5 cii- ; in  A~ r .  r C e , m t  lye  B — i .

‘ cu . \ h t c c ’ r a ; - t  l y e  0—I — I r e  t Ots , si ’ e-rnat ly e (see P I , ’ t e ’  21)  ~ , i st ewa t e r s
We c c i l d  either r- d y e  te’rt i ce n - ’,’ ’ r  c c i  mt’nt and he d i s c l n ar g e d  tm local
w -e t e r w a y s  (Cr be- conveyed f r om I o e ’ , m l  sources  i c c  land areas where t h e y
w o u l d  c e -dc - e ve the equivalent c c l  secondary treatment In onsite ’ aerat ion
lagou)ns prior to storage and app lication on the land. Base Condition
treat, temen t fc c . ’ li - i t Icc; cot used In e’ oni i t ’ ’ - t ion with di spccs,il i c c  w a t e r
bed t e e  would he c c ,n ve r t s y , t  t i e pump c-c t , lt  I on s .
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C c - Vt’mI I - ’ s t d c n I c : ’ c r s c ’r c’ d i r s .  l I e t -  5 1 c C ’ S I  I c ’ l e ’ v c ’ l o p r n & - n t  c- - m c f i g e i r i t  I m c f l
-a d  ~Ii A l t ’ ’r- m ci l y e -  B—i (P1-ito 1 3 1  is : m l s o  i c c - c l under timi ’ ,- il ter nat ive .

t o t e I of 1 c 1 , ( 1 1 ) 1 1  ac-- r um - c (35 ~~-r - , - n t  c c l  0mm ’ t o  c - el c - o i l  t m 1
’ I c . ’ c c ’ r c ’ , c m - c ) w e m u l d

N 15, ,~~
c 

~ C 5~~~ si t e - ‘ c c ’ t h e ,’ h ind m i m l i I& - i t  I e ’ n  < i i  W - c s t e ’ w - i t e , ’ r ,mn d sleidg€ ’ .

d Si t e ’  11 wou l d  ne m c- -ive apprmc:’: i tnatc - -I c,’ - ~I l - ’m ’cI) c c raw sew,c~’,- t r c - C ”
- i - v ,  ‘ c i !  t c c e c i t  n m m m s _ T h i s  is , c i c ~~~~t 2 5 ‘- 1( 1 0 ’  t h i S  c n ’ iJe ,-r -i C u - r~~~~ ive

— _ ‘‘ m- raw sc ’ ’, ’;e gc - i ld m i n iS , - r u m  , , - , c ’ c l c l c c r v  ‘ c e r r  - m t  i ’ m  ic - r a t  i - -n
I - : d r  t h e a  re ’sc -’rvoir sit c - n - -  i a ’ f m c r c - ’ i c e - i  m m ~~ c i  or e ’ - ’ - P 1 m t ,  25 - I d c - ’ W ’ d

t h e- Si 1 1 c - c -- c - I ‘ ‘ - c ’C, ’ n ’ ) t  f~~ m.- iii tie ’ C c i s c - c - i  i n n  t i i i  s cci C rI it ‘‘ c- ’ - ‘c I d  i t  i S t i l l  I
cr o p  c u d  m i m i s t e i r e - i c i n m i s  north ot 1~~i ’5~~’ C V c C I  t -  121 11 would 1.- r c - - c j c m i  red t - -
p ropc ’r l  v a p p l y  t ~~ a m i d  i t  I ona I 2 ~ n - l i d )  c m ~ ’m ’ r  m \ I  N ’ m a t i - ‘ c- B — i  - \ t o t a l  c-a I

20 , 200 ac-re-s (44 S e T -  ‘ t i t  of t im - t m c t  m l  sci j t ,m l 1c -’ ac r e - ac  ) womil J be c e mj

- i t , t h i s - - i  ti t o r  I c c ’  1 and ~~~ I iC jt b e t  m c ?  c, c~~ C mc’, - m l  c i  , i i i c l  ru ‘ d c t m ’e ,’ -

c,’ , l’ Io ct c ’ 26 c d m m c ~~~~ t h e ’  r c ’ s t - r v c - i  C l m e c , ~ t j m i n , - 1 1) 1 1 icd i t 10CC I r e - is ,
the main d i s t r i l - c m , i t  ion  Pi pe l  inc -s and c i t l l c ’ i  ( l e t - i l l s  for S j t c  2 8 .  l i e ’ .-
con figu rat i- ’t m m - - m i  i i— ~ 1 1 m ,  m : m ’ ’ u c -  -i t-i t i  ii in A I t c --m n - i tive B — I  c - x , u i c t
raw sc -w c i ~~c’ (5 ~!I 2 ) )  ‘,—ii l l  ice ‘ C c- - I t  t d  in , u ’ r . c I I c n  l , m C c d c c n S  I m ~~~, i t  u - i  n e—a r
t i e c ’ rc ’s ’ - r  v o ir .  tot a l c m l  , l ) 4 P c i c - -  u — c - c -’ ( 7 _ s  ‘ c r c - c - - n t  o f  t i m e ’  t , m ta l
su i t a h i m -  a c r ed cuc -) would h-m e, - n - t c - m i  - m l  i i i s  s l t c ’  N ’r  t h e  i ti C id irc p lic:ct j o- i
m ’t Cc- 4 ’ t i ’ W d d (  c r  and n _ il  c eml ~~c’ -

- ‘c e ’wm cgc - from al 1 50C r -s in Con t r ,c cS t m C o u ü t  V c ’I-t m ’ c ’ pt  30
• Mi ii wh i c - i c wc c c i i  ci h e  ri m i — i t ’ d  c s.c I lv you i c - I  h m ’ I c d t1 t ~P t ’d  t mm S m  t ca 4 2  -

rt ’ -~t ’ r a c c i r  s i n , ’  S t ’ i m ’ c  tod y e : - , in l,ennt ’ Tr m - - V i i  I t - v .  ‘i ’hit ’ t i , c c - - s s l i r \ -
- ;ip ,I c - i t v  w o U l d  ~, c c l i t ; I I C C , - , l  c v  p l c m c - i i m p, m e dcim cm -r oss t i m i ’  c ’ i C t  r , i n c e  of
t h e  val li-v and  l~ m lid in  ~‘, sadd i t -  clams a l o n g  thi - r i d ge a r m - m e n n d  the vail c ’v -

l i c t -  - c e ’ l i u t  Ion i i 5 c c C C m S  w O l l i e l  I c c ’ loc-oited just north of th e  rem ;t ’r v o  i r  t o
r e - a t t i m , -  C X p o d t i ’d ,o c C c c - I c : ? -  ( c H ) ( c ~~ ( i  l i c - r c - ’— f e ’ e - l / \ ’ e c I r ) of raw sc ’ W d l i ’ ,’

ma 27 shows I hu- si t m  m . ,v e l  opment C U ! )  I I ~~C d  r :m  t i on  I or t C C is sit e -’ . tue
1, i n c !  p ropo s e d  I or s 1udgc ~ c tp 1c t i c - c c t  ! O~~~ would I t ’ c c m n n l t  t o  9.100 cures -

Thi s I m i n c - ?  would not be c ISc  ~, C ec,’ , j  - C - ( ‘Wa ( c  r )pp I Ic i t  c d t ) . Tn ordc- r
to it  I I i e Oc~ r e n t c i l : m  j n ~ - t t  m - - i)  I - m ’ m , c x f m l tnm due ’rc ’e n o - _ i - I ! ,  c’ • mu m _ i t
p c ) t c ’ n t  i i i  cr op l and. would icc cO!iVc ’e ‘ c-ti I c c .c past ure- - ‘( ‘V ’ ’r  wh i c h  a l l cnc --s
ci h i ghe r app i I c a t  I ccn i rat ma . Nm c ( all C roplands would he converted to
p a s t C m r e ’  as l i d s w c e e l d  h i -  ( c c c - c i i s t - u i p t i v t ’  c i t  t ’ X i st in g agrH-ul tei ra l
p ra (- t icc’s - Even vi t h t l et’ p role sic 1 v t ’~ ’e  - I - c t I Vt -  I c ’ \ ’ c ’i -ie- ing ~’ ‘a , there
Ira c m - c t  sot ficient c - h e l m  l i v  w i t h i n  t he  sit ’- t O  tak ta a l l  c c l  the fl ow.
f-hi- c c - n i l  n I ng w e n-a tewa t~ - r ( 6 1-I - 60 1) - c c  re—I ’ - ’ - I / n - c ’ - en ) wou I d  in’ c ’Ofl veved

- - m l . A ( e m t , i I  - ‘ I  c ’) d i t ) d I  i i ’ i’ c ’’’ w, c e d i d  l e ma used at t h i s  ~ i t t ’  to e
‘ i c  1 d m tm - i p phir cct Ic c rl c ’ (  W , e ’ - - t , ’ w , c L c - ’ t ’ _

c m l i
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• i p p m  - - -- I C I I , i t i - l v  E L ’ , ~‘ -P , I rc ’rn ~- lnm I c -  - c I ~~ C ’ O I i f l t ’c ‘i S

Wt’ 1 1 a - t i _ i t  F - c ’ - -  Cci I I j f l  S e c  C
_

_ i !  I T )  t 0 mc UI C I V I c - c  ‘ c i  1 - I  - ‘ ‘ : m ~ - e - 1  to  m c l i i ’

m c I  - - - - - a .  - , c  ( i O u  1 i g o e c e m  S - e t ~ iN’ • - I’l at  c 2 - I - - c-- - - -ci N- - I ’ -  V - i c  - —

re - i ! t  c o n h i g u r a t  [maui . ‘c _ i t  the’ c - - c m t i l e  s i t e ,’ w cc u td c , , 
~~ i l i c - d  I c r

S c — ’ c - w a t e r  a p p 1  h’a i t  I c  I’m - 1 m m 1 ,is i n  the S O U L i i W c ’ ’ - t e ’ F f l  1 - i ! t  i o n

c - c r  ¶ m c - ’ -c - i t ,~ wu c e n  I c !  Ice -  m m - c  ‘ , I  I - - I bCe ’ -, / c c - c  t e s ~~c t  c- r p e i C ’ m i c c ’ m l  t m m s i  t ma 42
t h i s  c r c - - c  con s i s t s  o f  - r c c p l . in d  c i t _ i d  ,i s m a l l  portion of p astur c- lanm l
uu mm r t h ot the C r a c t  Lint — w i - cl 1 1 m m ?  c- -a s t c c l  Tr m c v Road_ A tot-il ot

-~7 8OO , a c - - y e ’~ - (~~‘t pe r c ent  ‘t C hi c tot ii s u i t  - - a l - I c  ic n c - ’ ; c g e )  would be used
at  t h i m _ i  si te ’ I - r t bi t- I and m i d  p i I c-- m t  i o e m  m l  s c - c s  t ec~c-’ c a  t e’ r c-in d I - ~ l Sc

1 1 ) . Sludge 1,ig c c c n s  v - - m e l d  he’ lm s-ated nec - d r t i r e  1,cn_ id t r e a t m e n t  f a c i l —
t i c -s  in order t m  - e l l c - c w  p u m p in g  c c l  t h ~ - d i g e st e d  s ludge  d i r e c t l y t c ’

t i ec Jrvi n n lj~~, c - n - , . -elat i ve-l v h a t  i re-as are  r e q u i r e d  f o r  tl ces -

I - m g  ‘ m m n-i t - - ma i n  t h e e  t / m c -  shc a I low dep t h req u i r e d  - The sit c- deve  I opnw - it t
I i t h i  s dlt c ’ ri-cit i vu (P1 ii c ’ . 22 t h r o u g h 28) show t I~ - b eat ions

c - c a t I m e ’ ! , m g c c c c t e s  a n s I  c c p p l i c - -; e i ion c r c -as - a t each s i t u - .

1YI Sl c - l g c -  Sv st e-en ‘—1 — 2 (see I c - l a te 8) would he- app li -abl e to Alter—
li l t  iv ’- u — I. i-ys te-t-i 5—2 is y e - i c  s i r m i I e r  I c c -  ‘- ‘c c _ t e r n  — l . 1mc ’  r a i l  l j e-i~
- rum ‘ c : i~~ lOse ’  c c  -laue Franc isco won I d  ( c c - -  U s a - c - i f o r  si  c i dg e  gene r a t  ‘d a l o n g
I h c - ye-st side- c - ct t a t- - i v , is we l l  - i s  ( o r  g i1 r c m v — c-lo r~ aui Hill slud ge’
,.c l m i m I 1  ~- c c ej1d he t r c i c  I’ e- d t c c  ‘cc c l i  c C s c c . ii , i1is t Ray concept , c- ombin _ i ing

i c -~~ cited rail , c - c o l d  t e r r n i u _ i ’ i t m a  at (),mlc-land. Slud ge f rom water—o riented
ml i s’p osul t i c  i i i  t i , - s  i n  ‘ /c in  ‘- f a t - , and 2 ;a n  Francisco ( - m c m n t  [u s  would ‘c-
1 c u e s p c c r t c - t  t m m  ~~in Fr crm c i s c -- cc ‘ c - o m i t  m t ’ c i i ’ c t l i - c u t .  l ’hc - - b a rge  wou ld
a t  -~~~ ‘ i t -  S l c e c l i ’ c ’ cit c a n  t- ’ r , m n e -  I c_ ico  -end - d ,c kl ccnid c-and t i f l i c -  c c - i  it  n e - a r  S , i c r a r - e n t -  -

s i m . - r ,  i t  wo ul d ~~~ tr an—cp- c r tc’ l In, n e i l  c t _ i c !  t he -it tree’? - to S i t e -  5_

192. ,-\ ‘~~c p , c  V a i l - v  rd 1 l i C i t ’ , s t a r t  ing m t ‘cl ;cp c arid e n d i n g  ~i t
c l i s t  - ga , vote h e 1 biand 1 , ’ t h e -  si i i  m~~- ge ’ C C e  i - i t  e’ c 1, , c t  ‘c i t ’  - 4 - S ic o? at ’ ’

would c & t r e e - k , - - !  f r - cn m S i t ~~’ 4 ( c c  ‘cl , c i c c i  ce_ i d I n c - ’ Lal js t ,m ,-;a to s i t e: 2! .
I j c ~~~~ -~I I f l S d t C l  h e l m  hi , i r c - , e  wo c e  i d  t ru - k i_i I m m l g e ’  - I i n c - c -- t i  v t i  Si t e ’ IS -

1 9 1.  c\ truck would 1 c c-  used to - o n v c ’ v  s l u dg e -  t i c r  t h e  ( c c n t r , e  Co s t a
‘ , - r (  i , m r v  f ; i c  t l j i ’ ,- (((‘fl5) to ‘ c i t e -  - . 2 .  The- t h r e e  s m a l l  t o r t . i , e r v

d u d s  it  R io  V i ’ - c t , , , I s l e t  ,‘ ‘‘ , — mc l W c i l n e e t  g r m ’’,’, -  w o u l d  t e ’ m mc - k: t h m e I  r sludge
t o  S i t c -  - m b .

194. A l l  ccth er wcc - c t m ’ v , e t e - r  r_ io,lrc c --. -c,-o c c l cl Icc ’ c O t l V e - \ ’ i f l g  r aw  wo i s t e w a t m a r
cc I c u d  - c r e - a s  ( c c  r - c c - m c i  I c c n  I - i , ‘ o c n n  t i c - c t  nn-n  r c c - !  c rc’ slud ge would ic ’

,- - u’-’ - a - c  I rom ( i 1,  , , - - ‘ ! m , - C C I ,- c t  i on  b)c - i SjnT _ i , d h i i le ’ - t c - c - I , s t o r c ’ci and t r ucked
- - t i e  s I l , ’s t i c  , c 1, ‘ rep  m a c i  s i  c i c ~ge’ ;app l i c - - i t !  c ”t c r e c t - , .

I d~ , \ 1’ - n u i - c t  I ‘,- , - 1 — ~ ’ - ? c m  I S  i c erre d iv ,- ( s e- c - P 1 c t , - ‘Q )  i s  a modi t I Cc i -
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‘~h , - - c , -  r h ,t n ~ 1 c - ” , a r e  c - I C C ’  t ~ t ho 0—3 c- c It -r n - c t ive in w h i c h  t ‘ c- ’ r - c w -~~c s t  e —

w a t , - r . s t r - c m  San l o s, ’  - j im - I ‘hcrgciii I l H 1— G i l r - -~- arc - - m c i I , - ’ ’ e m i  t o  Sj ~~e- 2 7
cr  t r c - - c  t i - c - n t  an d  l a n d  c n ~~ I i e ’ c I t i c - c n

201. ie -rt j , crv Tr , ’- c tnmc ’n t Sy~~t e - t ’ - — T h i s  s V s t c -t :m ( ‘ - c - c o l ’ l - i te- 12) uses -a
- u ll t n  t i d y —  1,-vc ’l t i c - c - i t  ti c -n t for a l l di sch :i r~ ,-s. It was c- !c ’’~n’I oped
c h it-i lv to m r - - V  I d , -  a h o s t  C c C ’ , l c c r i s c n m  10 tl m t’ oth c’ r svs t eras c-and ‘ c
dc -p i t  how tI c - c -  ‘4 l c 1 c - i~C ’ -  I I’ ,l tfl s u t Ic - m  S I - c t  - c - C  coc-ilc he ul t i m a t c - l v  disposed
of by I - ct _ id ~Ipp l j c - , i t i c c n _ In t h c  South h i ’ ,’ , 550 I-h - I ) would m c  d isc - )m-irg e’d
I i cc -n _ i 6 t c - r t  H a t - v t i c  i l i t i e ’ s . c-’c p : - r ’ - x i r n m t c - l y 165 ‘- li - h (t ri m 12 t on I  lI t I em-i )

‘c-,’ c ’U l d  c c  disc Im , m i ~ ’oc -I t o  I c - c ’  c o , ’ ,i~~, - Th is includes ~, a c c r c - m n - i s c o , t he
Sa~ 

‘-I t t c_c- o G i s t  a l  r l i , m c c m j t  l’s , B c r l  in c- is— -H inson hc-aclc—l nv c-- rn e ss
ti c - inland di s -hc - c r 1t c ’s in Son~crna imCcnjt v in time Russian Ri c , s r  Basin ,
m d It m e - >Iorg~i t m lii l1—C i I r - v  ar ,- - m  - c-- I c -  j c i m  (Ii s -nI r h c- s H ’ t h e  - - -  e m  v i a  t h e

P c j , m r c - c Ri v e r .  6, - mit r a l  C - i - -.- would r c- c ’ ’i ’-n- 271 I-l m ,I ) (from 5 facilitIes)
rom F r , - , a s u r c - ’  I—c - l a n d , w e s t e r n  ( c c n t r - I  C u - c - I - I  ( H c c i t i t v , n - c r t l m€ ’ t Ma n n and

southern Cr m I - C l I l m , i  I c - m m u c  t, lu -S , ce ll r i  I I-t a r in Coc_u-it’,’ and N ap ~i Va 11ev
‘thout 147 1-160 woul ml b e - di sclma rH- -I m t -  C a r q u i n e z  s tr a i t  f r o m  c e n t r a l
it _ i d t’a~c - t c- rtl Lc -’Cm tr a Loc- t a Coun t I and I r a n  most m t Sa c lan -’ (;~runt y_

- c - c - u t ional lv two d i t-c-charge s , Es ;-- cito L I _ i t 1  C~’h i t c rs , c-’e r c - - sunm_ied in
t i m Z - ‘ f lc ’  - a t o - r e  5 ,c~~C i I d  be 7 d iSC m mm m r gc-m-a to t Ia~ C cl ta tot~c 11 ing 321
‘-16 1) ; ,c-6 c - md land , S ac r a m en t o  R e g i o n , St  c - - c- - k t  on area , 5 - C i t l i e r n  San Joaquin
C -ru n t y , and thc-’ three s c - - c a l l  d is1’ m m r g c - ’ s at Rio Vista , tsleton -i~nd
c~a1nut Grove - Local reuse- lac jilt les in  - I l  c e r f l c rj  ‘- a  11ev and C o n t r a
i--os t - m County a cc c c w l  t f a r  42 M O P .

202. [tm-k r this -c -v st en i , no land -~ i t c_ ’ s w o u l d  I cc - i r e q u i r e d  I or t h e
app l i - - c - i t ion mt w i s t e w a t e r . lice w i s t c -’w c - - a t e r  const I t  c m e ’ t c t s  d l  sn h - a r g e d
to ‘-Jo’ various water quality zones are  s u m m a r i z e d  in I able 27 .
l’hls system u-a-s a tc c t c-il of 67 ,000 acre- s (10 [c r c - - c c - C I t  ot  t h e  t et a  1
s : x i t - i tm c l e ’  l a n d )  I c r  t i c  l and  i p 1 c l i n c - i t i o f l  ü l  s l udge  i t  t i’.’e’ s i t e s .

203. All slud ge p r - - l m i c - a c - I  c t  then t o rt ia rv tr e atm ent fa cilities c-c- -u l d
bc t r a n s i c c r t c I to 1 - c u m I  ; h j I ; ~ l i c d t  Ion s itt’s tar i nc-c l d i s p o s a l .  Land
ap p i t c a t  ion s I t t - s  m i - c e - I w c c m t l d  em c rn t , i in s lud ge l c - i gcc ot _ i’c- and an appli cat ion
-irea f-cr t i e -  d i s p c - c - c - c - iI of t h e ’  ,s l m i - l gc ’ . The’ c-i~~ c -  o f  ‘- - i ch  s i t e  w i t h  t h i s
sv stt ’r is - c ’-, ft _ i l l ows :

- S i t  e 4 — ~~c - c t  ci sc - i —

h - Si t c -  5 — Ab out 40,001) acres we cul d be m i s t - el i n  t h e  same genera l
c - i  r c a  t t m , i  t s I ud gc - - wc - i  - , -4 pp 1 i - c l  I n  t h e  It—S er I es and 0—Ser Ic-- s alternati ve -, -

c S i t e -  18 — On l y  a c - m c c a l l  p o r t i o n  of t o  suit ab le land would
h~ c i t  I liz’’d; ato c C it 2 , h ( ) t )  c r c - s ~i long  A n _ i t - r i - - a n - - Ct- ce-k i n  I c- I c’ northern
p cc r I ion of t t m *’ lan d s i t ’ ’  -

d - -; i t  e 21 — univ ,c sma 11 port I c c i  of land (150 Ic r,’s ) in the
s c c c l t t c w e s t c - r c C  p o r t i o n  Of t I m e  I . i C C c I  s it e ’ would b~- cisc-d-

c ’ . S I t e 27 — N c c t  cis c -c - I .
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- ‘ - — e- _ c- — a o l v , c - c - c . ii per t ion of t l ie I a i c i c- nc-- c c  , c - r -  — - -

c -’  n - - - c i  I c - I  - - - r - q u j C - c - I

- S c - _ i c - - - — - I cisc’ .

- S i t  a - - — SI cid gi- ‘c - i c - m i l d  I- c ’ -  app l led t - -  3 ,hH - c - icr - -s in t h e

- I c - c t ) ’ V - c- 1 ‘ _ i  i c - ct )  cH  C I I  - cf l  I si - mc -  I w h i l  - l~ - - - m i m i - f t - c- - m a !  ni cc- ’ c - f  i~~—c- I m m  re—

2 i , s - C  a i ~ c - m I  c - 1c -’’_o ’ l ’ p t m m ’ r i t  s c - I C c - c - r e -— — C ,c he ’ m i ’ - ; c ’ -t  f o r  t c- c - c -.c -o e  l a n d s !  tes
c c ,  i—I - , c - O i l  I’ — - a m  c-~, 

p_ c - a c - -  t I _ it - - c m . - I m  — 1 0 2 i n  ,-‘c l c - l ’ c ’ f l I  I x  C, —

- SI cid gc - Svst emCc -  S — -~ ( s c - ’ -  - I c t c - - C) )  v - a  devel oped for tI - c -’ t ort ic-arv
I t  c t  c c - m t  sy s t e m - C . S I c i c - I c - c - c  - r i!’-’ t ! c c -  H a l f  ‘1 c c - mm _ i  Hay facu lty In San ‘ la t a - -
e e ’ - c - i’_ i ’v  s c o l d  he tr ci c ’ - c  ‘-H t c -- 2-~. he- rail line ~rom San 1os cc - to San
c- ’ r inc 1- c e o  c i - c - c c i l m h  c c c- Uc - , - m C  c - o r  t l C e - c -Jc - - t - c -t s i de  H a - ,- d i s r h - a r g e r s  - M or g an H i l l —

ii ro~’ ‘c-c- O i l  d ruc)’ c_i - -  : , c - , -  t a S i _ i c  I c - c c - , -  - L i v e r m o r e  V a l l ey  wou ld  t r ick
_ i ’~s — , l m i c - t~ ’ c - -  t i c  ~, a r C  It ’ n d _ i - c -  s l it -r e :1 c — a l l  l i n e  w a _ I d  —- t ort - terminating at
m je c c - O t c - mc -, p i c :k inc ~ up s l - m m l c - _ i c -  I r O CI ;  c- ak  i and _ - lu d ge f r om ‘-c - i l l e ’ j o , c n t r a ]

- an t -  c m  - - - c - t a a c - I c - - t v , cm _ i c - I Ben ici ;a - -c - c -iml d he t rucked to a r a i l  l in e  along
t h ~- . r c  i_i C o n t r a  C c - c - s t  c lia r5- , also t e rmim l l c t jntc- c - m t  Richmond. N o r t h  San
~‘ i t t- - - C o u n t y  w o u l d  t r u c - -k l ’ s  sI i c - l i t , to S , m t _ i  F r a n ci s c o  and the Lake Merced
t a c i l i t v  would pipe its sludge tc - ‘ li e ’ h c C i r pe ’  f a c i l i t y  at  the  S o u t h e a s t
! , a n  - A b c - ar m ” - c - v s  t c-rn would t r,ln-,c - mn r t slud ge f r o m  San F r a n c i s c o  and
( i t  1 : m m m c c n c l  to ha Sc-ccramen La unload ing fac  I litv where it would go to

c-c- it e - hv pi ;c cc -l ln e . A r— i il line in ‘I c - a rm County would p ick up sludge
1 rom I c_in I ton ‘c- j r Force -  Hose’ rn _ i - I t “ n-c- i n a t c - , i t  Sebas topol  whe re  the  s l u d ge’
would me tricked into Site 18. S i , m d ~i€’ f rom small communities ‘ft_i Man n
and Sonoma wotilil he- ‘rmi c ked d i r e c ’  i v  to S i t a s  18 and 21. Slud ge from the
t v - c -  ‘ in , J - - , i c ’ c - c - m  en fc - ’ m ’ i l i t c - I es -rncl t - . c- I li c - e s_ i ’c - c- cl l d I scha rger _ i c - at Rio Vista ,
lsle~ - c -m -c- , - i c - c - c - I ‘-c’c - m lt _ ici t c- - r u ’,- would be trucked to Site’ 43 Sluuge generated
- a t the foe f l i t  i a - s  in  Yo lo  and Sac n - c-- c - n- to Omc uut les would he trucked or
r aIl - -il int o Sit e 5.

, A 5 I  IIW t I I - k  R~
;( ~\— l A ’ f I Ic N  c ) t ’ J ’ i O - ’ I T \ l  l I E S

I c - m t  r u d u c t  i l - t m

I n  the 1 lv i C C a I  i i  t e r  con  ‘ p c  -, m ;e- condary  t r e at e d  w a s t e w a t e rs
s- c - - m I d  Ic - c ’  app l i e d  t o  l an d  a r e - c - , a— I r r i g a t  1 c -~~ w a t e r .  Th is , in i t s e l f ,
ron ic- t I t  t en c- a remi- .- ’ ccl wam-itew i t  c r - - . Po r i n g  t h e  it - t i t i a l  w a s t e w a t a c
r’pt’l i c  i l _ i o n  p 1_ ic - i ’- i ’. I t ’ m c  water t m - c t pc -r i - - l at e _ i t-c he i c - u  t i me- vegetat ive
c - c - c c !  ‘ C C C ’  w i l l  rt ach t I m e c - ’ t -  e c t l n ( hwa t  e- r  t ,iI-le Add! t i - c _ i ’aI r o u s t ’  po t en—

i i i  u s e  c - X n - c ’ - - , s l f l , -c -  ‘c-’c- ) t’lc’ m c I  t O , - a pp i  1 c m ’ ‘c-’,m t t’ r would 0,’ recollected
i f l  c c - Ic c- a - t r a i n  ‘-l y C - t I c  - -cc - ; it c - d ~~~~~~ c- I c-1 .iv c -c I oh Ii -- l ,’r addit i - - t i c - i l reuse

C -  - 4 ‘ ‘ I I  - c r c _ i c - i  f l c -~~~~ c - t  ~~~ ~
- c - lc- - as 1 c c - c - - ’ ’  h c i  1 1 t un - I t  slit _ ic - c - Id be no ted , 

r , th c-ct c - i - - I c c - c  I v  on ly th~ ropp ed l am _ id arc- m s w o u l d  he under—
dr - ctn t-d and , ox - c - pt I o r  cc ’ — ’  am - rt I m c c i ~ c- _ c t  Si t -s 4’ and 41 in the
l ) — h c - t  I c _-s c- c t  al t r i a l I c - - e m - - , p a s t - c c - c  - t a c t - c -  would not  he e r n d e r c h r c - a i n e d .

r c ’1 -:- ~- -l l ’ itIciS ccc  gi - ’ - ’ r . c -  l i v  f l , ~ t - a n d  - - , i c t  he c c - i t - a l l y  un d&t r d r a ln e d .
c- ,? ‘c r - l ’nd s arc- 11 c c - c - -  C L i  I v  — - 1 , ’ le t c i  in w h m j c c - h i - cn t c o t  ho t i nde r—

, I r c I , i c - , c w i t l u c c a :  Xc - c - s ’ I ’ : ’  e’ (cc. C -



c - ’i c c cm _ i- c -I v st ,i t e ’d , t lii’ w i t  i _ i  m c c l  Ic-c - ‘H j i m  c i i  ‘ - c - c - . 1

‘ c ’ ,i v,t 1 oh It ’ I c c l  I or! m i - C  ri n m - c ’ T ’ l c - ’ c -  I c- t i t i l  t I -
~~ ‘I h i c  c~~- “ c - - m I c -

s c- c - c - c - c u d ‘c- ’ c ’m ’m p l i i ’c- i c - c- i t  sill - i’ t I c - c  I t ’ ,~ _i c c - I  ‘ , , 1 s t - c -  S c - !  a 1 m  - Vc- c - c  . i c t V  a m c - c-c - —
- - - c - c -  - c - n e -  r i - c i s c ’ , L c c -  I r r i ga t I efl_ i s’. u t C r  c i i i  I hi , - I - c- - - c - _ i  c - - c- ‘— - c c - ‘ I C - -~~t I  c-c

t mc - water is he I t_ ig used Icc - -  t m e  p l c -- c c - c - _ i  s , e , c - t ,  - t it C i a - I C _ i  i c -  - - I - , c - I R  rC —

‘ic c- c-’ i ’d liv t h c ’ s a c i l — ; c - l a n t  S V c - - t c - i m ,  I i i  I C c - t i -  ‘ - ‘ t i c - - , - _ i ut e ’ c- C i  r ’ L e r

.m uni que— I _i c i t  ‘ic - mc - t cm I t  - c i t i c - c -  wa— i ! c-u i t  - - I i s  li ~~i I C c - I  rm t i i c - ’ J c -  C _ i (J c- c -c - c-
- - . t f l c - t i - c - s  i t  u s  h- in g r c - ’ m i s c - m l .  Talc  1.  2h  s l m m c w c - c -  c - S c - c -  q c - i ~~; C  ‘ C ’  - -

wa t e r  c xp t ’ c- t t ~’~~ to ia ri -collect c - - c - i  c - t i  ‘ i c - c c - m _ i t c - I c _’t — ~h- , ma i _ i c - c -  c _ _ i  ~
- , , c -  c - ic-

_i h i t ~ v a , lr  2 H i ) t )  I t - e l  o c - t a - ’ ; a l c i p _ i m i & t c - c -  - i c - c ’ , q m t c - n t  t c - c  c r ,  I - c- -i - - ‘ c - c -
- ‘cm the . m c - - S c - i l f l ; - t  ia ’ns t l m c - m t the , I r c - - c u _ i d n c t  c - ’  _i - a l  It- li - _ic- l c - c -~ i m h i  1 c - i _ic- c-u
- l i e  I c ’vc _’l of the u _ i i t , ’ r c - t r , i j n s  Old t t a _ i  ic- l i  mr c_ l ’-’ ; c - j r c - i j , i c -. . r c - - c-~ m p e r —
e’c- n _ i  o f  I c en t - Re- c- - c - c - l l e - m c - t ’ -c c- c - - i  I c_- r - _ i t  W i ’  - t i c - c -  i c e  ova  I -ii ’ Ic - - - 

- - m we r . c -

- c - I  c- c e - n c - I  I c i ti c-~~i~~ ) c - c- S C ~ t-, - c - m m - s c- - tm - ,  I I c - c - ,  a c i - ~r c - ic _ I c - t i c - i - - I c -  -i -

c - r r i~ .ut ion , c. - nc - - c - u t  l ona l l a k e - i , ii _ ictustrl ;u I c~~’ c i i t i , ’. - a cm- I  c-m c - ~n c - 1c - c -’a c - -r

rec -- h a r c - ’ c  c - i c - -  s i i i c - , c - m _ i on t h c ’ s l - c - c t  c-li - c t _ i  p - C o c c- -

‘ m b ~ R c _ i a i _ i u l t -c - t c _’ c - I  w a t i - i  ,- c- c - i m l - I  i_ i t s  ‘ i c - i - I m t  c - ” m _ i l y  t - ’ m c - : c - -  I - ~~t m c n e  I - - -  c - m i
c-I c _ i l~~ i e _ i ’ _ i c - ’ f c - ’ ’t f c c - V  c - c - ’ u l d  ,‘u i —c- o c- - r i -  c - m s a la i ‘ c c - H i s _ i  - ‘ i _ i a ‘- ‘a c - c - - c c-—’ J - i r C e

(tar ‘ - x c - i m p l e , i c r i ga t  i - c - n )  - c l l o w i n g  I c - c - -  c - i l  1. _i c-- -  ~ i _ i  Ii- - Iac - - c -~e-t nc- _ i h t - I c
r t - q c i i r e m . -n ’  _i p r  i- _ ic - - c - c - _ i  - c - - i c - c - - c -~ LOS c - _ i ’  ‘c- -c c - ( - X ’. s t i c a . ~ s c - c  - i  s- a im- c l ‘-a - c - m r

- ‘ t I c - e r  pu r pos es -

209 . Bc-’ t l~ c - a - a r  2000 at  tier p u t t - c - i t  i - m I  c - c - _ i c - c - ’ c - c - r l _i c - m I t  jo - c- , ‘ m l  ‘ - ‘ n c - . Ia c -
~

I n c - 1c  t a l l  t oday  , cool c - I l i t ’  - c - c -~’mc - c - i c ’s I r - ‘ i l i  - c- c-c- c- i c- _ iI;l :r c -p I - - ( i t  t i _ i  I I c-i t c - c

C u r _ i c - i ’ I n ta’r c -s t in mi rt l ! U - i , t l  r c -. f l - m t  ~ c- ’ _ i t . i l  l . m I - c - e’m c - : - c - - a ’ c - c - - - I a —
cl a lm ic --d w,mstc - ew ,m t e- r. I ’ hir _ it -c-’ ’;,’.mr - - m c - ’’ - t l m c -  c - - c _ i t _ i c - I f - ‘ - t I a i  ‘ r e - i—c - - c i c - c Ic - c o r—
t u n i _ i v  was  v i r t u a l l y  n c - _ i n — c - x i s ’ c - - . t .  S i c -c - m I I i d - c- i n  Em - c- c - - t i _ i . c - _ i _ i  t c - i i c -’ t ’ -
- ,-;c - r s  time the l an a - i d  t o  i ’ - c - a u ’ r  - - c - i ; ’p I l e t , C c - c c - I l  I e m _ u v a l _ i c - - - _ i m p - l c - 3  c i i —

4 - I c t s  t m t  a l ly  u n k n o w n  t p l a t i c - i c - r c - -  t c c - d c - i c -  -

.m c i , i l it v  Consider a t  I c I i S

)l0 _ m c - i , t l i t c -,c -c c - c - f l —c -i - I c r- it I c - c - nm - i c - i ! the iandc - , it c - - c- - r  I n c - t I _i , m c - _ i c i b c - I  w a - c- r e —
- ..‘ m ter -md W a ter p e r c - c i i t  tog b c - I - c-sm t he  r c - c , ’ t  Z t i t l c ’ i r -  s ’ i c -c’.,” c -  in Tib Ia c-1 .
- ‘imali t v  Ic-ve 1~ I c - c - _ i  ;i I c - plLc- - I S c sI cu,Ltt- r m c - l m r d ’ m c - , ’nt  - I n  - ;i,~e 01 c-c- iC . i t
lagoon and mc I v at  c c - I  s i c - a c - c -  - - a - I t t . ’ i _ i t s sc -i _i h i  - i c - I c - l i t  i - j i m  1 c- — c - _ i c _ i s _i i t nc-nt
r e-mova l ~i - c-i re - stilt c - c f  - ,~~ _i m g t  i n  t I f l -  w a -  tn - - c f - - i 1 _ i c - c I c - l l c _ i , c -  r . ’’-i e -r v oj r s _

2 1 1 .  c-
~c_~c- c - c - i _ ic - I , arc-’— lev ei ~C c  t a - w at t -c a _ i  f l m i c - t i t  a~cp l It- -i I _

el - - r o p  -‘i nc -I i n s t  c - ITO —
l ain du - , - c-c - t i m i d  ‘c - c - j 

~~~~~ 1 c  I c - c r c - -  f c c r  no rm _ i mil i t ’ I c - _ i . m _ i  C c - c c - )  c c - i t — n c  cs ’ c-s  - _x i - - I ’ m  c c -cr
a t m  t rtcck c c - r c - c -~ c - m ,  s’hulc’bc c a c t I ‘I Ic e ’ ‘ - a l t - a m  c’ . - 

-c - m u -i ’ ’ c - a ; _u, cI c - - _ i t  c c - ,

- c - ic - I s t iot_iaI mcc-’c - ist i ret-c- - c _ i ’ ’ ~iv  i i  1 c - d c Ic- ( - at - c c - ic _ I I t i c - _ i l l _ - i  i o - ~~~’ ’  - c a--c - _ i l it c -h i s
‘ X m c ’ _ i c t  I c - _ i t~ —



TABLI- 28

LXl’L (”l El) Vol .0Mb iW RECOLLECTED W A F E R  ..\Vc-\ I - / c - R l R FOR REl i c--; !

YEAR 2000 — ACRE—F1-:I-;T PER YEAR

m m m d  Al ta- m at t -

A c - c  -i J~
_
~ 

m _~ ~~~
- i Dc-— I. D—2 h i— I

- 8,000 8 ,000 8 , - c - - 5 , _ i c - c - c -  ~~OO O t-l ,1U i

S t _i c-~ , 000 a c- t i  , ()( 3( 1 h~ , 0(l J ~c- c-
~ 000 69 , () Ofl 6’~ c - c -  

~
- 

-

9,70t( 9,700 9,700 c-
~~, ?00 9,700 9 ,700

21 6 , 900 c ,900 6,900 lt c ,SOO ~h ,50r) l~~,50O

27 0 0 l c - , 700 0 0 19 , 700

c-i -S 0 0 0 0 0 0

a , 22 , 200 22 ,200 22 , 21)0 37 , 300 37 ,300 37 , 300

10 ,000 10,000 10 .000 91 , 30( 1 91 , 300 91 , 300

- - :A L.  125 , 800 12 5 , 8W l c -c- ’- , SOO ~3l . 5(1(1 23 1, MO 0 251 , 500

122

- _r_ mr c-r _ —
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— - 
m m l i t v  c - c ’  ~, at c-’ (~ c- ’ l )  

- 

-

~~~ 

- c- - —

Pc-n c - c - - c c - t a t ‘i _ i c - p l I m c - mb 
- 

I c r -  - - I a ’  i n - ’  St l w  Root  Zon e

S c - ) ! )  2 _ i )  I — 2
20 i — :‘

c- I I -  — c) *

I c - ’  c--i 1). I -— .2
c-c 5 1 ’) _i i c - ( )  — I , 1(10

c - I c - Il! I “ 0— fl
0.3 - 1 0  ()_ 2 — 0.7

B,c- (’i’ERIfl—
c - _ i l l  ( \ l  - 

c- c- c- — ‘m c _- t - I s  c - c _ i _ i  ( ‘ c - c - p

I c - c - c -’ c - i f l ( c -  1 ) _ i _ u i  C i !  c ’ct  ion

*b : c s , 0 t j , m l I c - , all _ i _ i l t c - - c -,i, n is i t _ i  t h e  n i t r a t e  I - - c - _ i _ i c - -

21~ - ‘c-~’a t  Cr parc - olet. I ng below t I m , ’ root z,m m t _ i c -  s h o u l d  5e o f  sc -It I s 1 c- ct c- cc- ’

C I c c - c --~i i  I ’ - ’ t~~ c - _ i —  -c - ’ _ i- euridwater rec hi ar - c- ’ ,- , _ il u w c-- ic - iV _ i’c-t’ fl ta t io fl, . i c- r c - i - ’tl t u r c - c -’, r a c - —
‘ c- a’u - c - -c -al lak , an- i i c - i d c - i ’ - t rial coolin g , S v — c - t c ’ c - c - m  P c s S i p t i  i _ i c - c - l i  - V a ’ S

~c- erc c - c -l a ! ing ‘c c - i t ems will meet public health s t , a _ im c - i - irds w i t h  r e _ i s r c - -c- t t o
l i i ’  C P c -  t _ i i t i  c _ i c e ’ . For cropp e c- 1 .- i r c - - as  i t  is s c - -c - p c - -  -ted t a t  n i E r c - c - c -’ c-- _ i c -

wi I in  tI c - c -’ 1—3 m s _ i ’ / l  range - In p c - i _ u t  c - c - r e  a r e a s  n i t _ i  c - c -c - _ i c - c -i _ i . c c - - c- c c - _ i  _i a t  I -c - i s
c - c f  ~ _ i c - c - j  t c - _ i a c -i I)) _ing~~! -ire c-xpe’cted . Ihc _ ’sc - - v c I m i a - c -- are b a s c - - c - !  c- c - c_i c r - i _ i - - a

c -- nd c - - m t c - d c -  ~,!rc-mss ,’m - removing 150 and  200 pounds  a t  n i t  rc a _ i c -n  c - c e _ i  a -  C c ’

b -c r - e a r , n c - s p e c _ i  I v e h v .  E x c - c ’p t  for nitr c c - a’ c- m c - ac_ id s ,i ll nit v , - c - c - ’  i — c -

c - I  Ii’ d jf’ c.’te; ’cc -  In the  q u a l i t  ‘c- c - i f  pc - - r i - c - c -  t a t i n g  water at croi’i c- - c- -~~~~~~~
-

i ’ c ” l p c - i r c,’ _ i !  vi t i _ i  c - c - a - c t u r c - -  ‘iI t a - c - , S a l i n i t y  i s  s i te  d e p e n d e n t  , a c-c-  m v - ’ r r ik ’  I
o c _ mc - 1 dV fer m’c - c - - c - - - - in preci p it c - a _ i  i c - t n  ,ind c- -~- c - m p c _ i t r c - i n m - ap i r a t  ion r . m c _ c - - s .  c- c - c -

i-i , i l I r . j  i - . of ‘ - c -  - I _ i _ i t, t a - c-’ waters is ec - -, I c - € - C t e e l i c - c -  r a n - c-_ ia bets-c_ - c - ’ - - 600 ,m _ i - d
i O u  mg / I  (60U _ i c - c  1,190 at c _ i - c - I s i t  as  and 8 c - H c -  to 1 ,10(1 a _ i pa stmired

‘i t t & , i . c- c- m a C i r s  c m - I  th is - i ualit v - art’ s till usable- c- ’r a -tv of
c-c a - c -  L C I  m l  c-urpos~ c-s -

4 - ~ A l  - c- ’ r C m c t I V c ’ c - -,

- , - i v  - c c - c - - c e -  c - c - i c  -a r c - c - c- i _ i  f y i ’s  _ic- - , - _ i~~ -c - c _ c - I c- ’ c- -
~ c d  I c - c r  i n i t i a l  cson s icj e r , i t i on .

- c - t i_i ’ .. I _ i )  su it s- _i-c- t ic-se n ec - _ i s , - a] - c — c - t i c - i  j c - Je ’S and t I m e  t~ c - m c - i t  i ty  c _ _ i l  r e c l a i m e d
c c - c -- - c c-c- li i ch . c- - mi l, ij be’ ova l 1 ;a l c h c- ic- ,’ t i me ~- ‘- o r  2 0 0 0 .  - ~h ccu l  I be no t ed

‘ - a _ i  - I c _ -a c - - c - c ’ ,-‘c- c - t c - - r c - i i c -, , - c - ’ m - a  2 , P 1.7 , 25 , 37 , 41 . a n c - I  ‘c-c- i ( w } i i c - c - c  e n v i s io n
~c5r , c - c l i . . c c-’ f ll  c i  j tc i i Ic _ c c - c - - c c- c - _ i  r c - - , 1 _ i c - - _ i  wou l c - I  f lat  r e q c i i r e  , u m i d l t -i o n a l

c - c -  I I I i t  s si - l i e’ sia m-. c -c-c - c -- m i t er m ,iiji ci I l ’s’ to 1 oc;_i1 u~ct e rwa ’c-’s I c- v  gray !  t V -

‘I usc-- c - c l’ e t c - c - a t  I;y ’ 1 • 45 i c - i d  - 7  1 tivo l.v i  c ig  low a u g m en t _ i t t  ion at land
ic -cd c- ,~~~ c- c-c -c - c - c c - I d  r a -qu l  rc -  p c - i t _ i m p  - and p i p e l i n e _ u .

I ’ ’- , c-.4



TABLE 30

WASTEWAT ER MANAgEMENT

REUSE AI-TERNATIVI- S

Reu se Land R e c o l l e c t i o n
\ i t . S i t e  Q u a n t i t y — Y e a r  2000
N c - c - . 

- - 
& A l t . ~ - De ip~~~) Cc - c - m i  Reuse Alte m a t  ive Acre Fee t±c- e a r

* 4B D Flow Augmentation to Sc-dc-sun Marsh 8,000

2 -c- 513D Flow Au gmentation to Sacramento River 69 ,000

SB!) C:low A u g m e n t a t i a t i  i c - c -  Sacramento River 69,000

4 5BD t’low A ’tgment at iscn to Suisun Marsh 69,000

5BD Flow Augmentati on to Suisun Marsh 69 ,000

- * 5BD Tnelustric-i1 Cooling at Site 5 69 ,000

7 * 5BD Irri gation — ‘c - c r thm ern Portion of Are _ i_ i 5 69 , 000

S * I 8BD Fl- -u Augmentation to Local Stream 9 ,700

* 18W) Flow Augmentation to Petaluma River 9,700

10 18W) Flow Augmentation to Petaluma River 9,700

11 18B1) I i ’r ig at l o n  In 1’e- taluma Vallc - v 9,700

18W) I r r i ga t ion i n  Sonoma V a l l ey  9 , 700

13 18B1) I r r i g a t i o n  in N t c - r b h i a ’ r n  Ma n n 9 ,700

1” c 18BD Rec ’-t’c-it ion it Chi l ena Lake 9,700

1 ’, 18130 R e c r e , c~ io n a t  Ic- c l a y  Lake 9 , 700

l~ c * 1c -~4Bl) Rec - - ‘ c - i t  i - i n  a t  ( ‘ l t i l e n o  Lake 9 , 7°)

I * 2 1~B Fl ‘c-c- Am i c - c-c-c- s- f l t  - t I - c-t _i c - c - _ i  Local Stream 6,900

I ~ * 21 i-b i t  ow -\m i t - - - - , -  n t _ i t t i - c - t i  t - - N apa R I  c - a t  6,900

i c - c- 1113 t:’0~, Auc ’c - - c - ’ n t c - a t i c - ’n t i c  -Napc -i RIver 6,900

21’) 2 1!~ I c - n ec - u ion In  !‘e t a l u m a Vafle ’ v 6 c- 900

I I’



TABLF 30 (Cont ’ d)

Reuse I.and t~~e C c - )  l I c’ . t i c _ i l

A l t . S i t e -  
/ 

) u a n t i t y — Y e a r  2000
a Alt  - - 

De s c ript i o n  of Reuse  A l t e r n c -- i t i v e  
_ 

A e t  /Year

21 21 13 l r n i c -_ i , ct ion in Sonoma Valley 6,900

22 21 13 i r r i g a t i o n  in S c - m u t l i e r n  N apa  Val le”  6 , 900

23 21B Recreat ion at Chileno Lake 6,900

24 21B Recreation at Tolay Lake 6,900

25 * 2 1D Flow Augmentation to Local Stream 16 ,500

c- c -* 210 Flow Augmentc-ition to Napa Rive r 16 ,500

27 21D Flow Aum~ment;ition to Napa River 16 ,500

28 21D Irri gation in Petali,mia Vall a-: 16 ,500

211) Irrigation in Sonoma Valley 16 ,500

30 210 Irri gation in Southern Napa t- ’ a l l ev 16 ,500

31 210 Recreation at Chileno Lake 16 ,S00

32 210 Recreat lm .cn at Tolay Lake 16 ,500

33 * 18 & 2113 Irrigation in T’etc -u luma Valley 16 ,600

ic- 18 - 21B Recreation c- c t Chilan c Lake 16 ,600

35 * 18 & 2 lD I r ri gation In Pet aluma Valle y 26 ,200

36 18 & 21D Re-reat 1 on at !uiileno Lake 26 ,200

37 k 27  Flow Augrn en t a t ~~ot t  to Loc~’1 Ic- t ream 1c- ’ , 700

I c--f 27 Fl c - cw Au itm ent ;at c-on to Salinas RIve t 19 ,700

3 c - ) * 27 I r r i g a t  c - c - c - u  at -:,cstt-oville 19 ,700

A i m * 27 (;t- mc-iic - c -ls- c - ct er Rc- - ha rm _ i c - c-c- -2a m-c- t c - - i d e  \ r c _ - I 10 , 7 c - ) !)

41 * 4 2 B  Flow Au~’m en ta i t Ion t i c  1, c - c - c -, c- il at  rc- ,cm 22 ,200

126



TABLE I c - I  (Cont ’d)

Ft-c - c -se Land Recollection
A lt . Site 

/ 
Quantit’-’ - Year 2000

No . Alt ~~~~t 1on  of Reuse Alternative 
— 

Acre Feet/Year

* 42B Industr - il  Cooling at Antioch 22 ,200

~ * 42 0 Flow A u g m e n t a t i o n  to Lo cal St ream 37 ,300

c - c - - c -  * 42D Ind ustr ial Cool ing a t An t ioch 37 ,300

c- c - 5  * 43B Flow Augmenta t ion  to Local Stream 10 , 000

c-
c-6 438 I n d u st r i a l  Cooling at  A n t i o c h  10 ,000

.1. 7 * 430 Flow Augmenta t ion  to Local St ream 91, 300

~ 430 Industrial Cooling at Antioch 91 ,300

* 4 2  ~ 43B Ind ustrial Cooling at Antioch 32 ,200

SI) * 42 & Le3D In d u s t r i a l  Cooling at Ant ioch 128 ,600

1, “8” r e f e r s  to A l t e r n a t i v e s  B—i , B— 2 , and 8 — 3 .
“0” r e f e r s  to A l t e r n a t i v e s  0—1 , 0—2 , and D—3
except  for  Area 2 7  whi ch is in Al te rna t ive  B — 3
and 0—3 only.

* S e l e c t e d  for a ddi t ional  s tudy .

12 7



2 1’. - 
}- ol low j u g  p r e  I i ” c - c- n crr- - - c- c - c - - c - c - c - I  t _ i g ,  t w e n t y — f  ! vc - ’  01 i c - c ’  r euse

a l ’ e r n a t  i vc ’s ( a - -c- I n d i c - c - i t e d  cc -i T h a l e  30) were c - - c - c _ - i a ç -c- c -’ c- 1 b r  f m i r c -I c - e r

s t u d y - Those t s- c - n t  v — f  i ’ .’c’ r i - m i s c -  , c  1 te m a t  ly e s sic - - I a C t  c - c - I I c - c r  c - c - l~i i t  j  -c - i l l
s t u d y ~cre  delln c ’ - a ted cii P l a t e  33 acid a re  d e s c r i b e d  - i c - c -

a .  Reus e  Al te ri m - it lye 1 — l’his a l t e r n a t  Lye i c - i -c-c - c -  I v€- s collect i c- mg

t he  w a t e r  f r om  L l i a  s u b d ra i ns  i t S i t . - 4 and p u c - n u c- i c - c - ,  i t  into Suisun

~‘b c-cr s- I t  for I low a c - i g r ’m c-  : _ i  c - c - ti - c -n

b .  Reuse  A l t e r n a t i v e s 2 , 8, 17 , 25 , 37 , 41 , and 4 2  — l i m e s ’,’
c-I t em - c t  i yes i nvo lve  f l - c u  c-i c - i~ _ i c  c - c t  - i t  Ion L i )  local s t r c - c - i c - c - c - s  acid t he  r e f  c - c - re

ac - iV e -  i c - c - c -  addit ic-m d p ij it_ips or I ’ j c - e -  I lr_ ieS. Sj t i c - -~~ no new t aci7 it tes are
re’ tm m _ i j r e c - I, no additional cost is  i n v c - c - l v e d .

c - Reuse ’  Al  t c ’ r c - _ i , c i i v e s  6 ari d 7 — In t h e s e  al t e r : c - c - i t t v e g  t he  r e —
c - c - o l l e c t e’d -w a t e r  f r i --c - S i t e  5 would  be pumped to a r e s - r v c - c - i r  on B i r d
Creek . In Alt c - r - c - c t c- - :c- - 6. ‘, c - c - i t c - r  Ic - c - c r c - t i c - c c -  r i - s e c - v  i n  ‘ w c - m u i d  c - C  u sed

t c - ’r Ic - c - t a r e - indu -t ria l cooling near t h e  site . In A l t c_ ’r :c - it ive 7, . c - , i t er
would ha p umped to t i m e n o r t h e r n  pc - -r I i c - i n of S it e  5 and w - m i l d  be u_ ic -ed
t c - c - r irri gation .

d - 2eus e ,c - t e r n a t  lye- 9 — In t ic - i s  a l t e r n a t i — c -  t h e  r e- c l a l ” c - e c - I
- .c - c t c ’ r  s-cc-il I be collect ed at iv - - p o tn ts c - i c - - i c -  the crop lanc - I— in SI t c - ’
1 .  Fr an t i c - e c - c -e p o i n t s  i t  w ou l d  be p c - c - c - c - c - p e c - J  to t i c - c -  c - c c -  ‘ c - c  c r 5  of
Lrib c - x r c - c r i e s  to t i c - - Petaluma Riv er f r  fit- v augmet_i I c- c t i - -n~

c’ - 5 e m c - s e  A l t e r n a t I ve  16 — The r e c o l l e c t e d  v a t  o r  I r o n _ i  t he
so c- c -th o rn -n tio n of  S i t e  18 w o u l d  l ie  c o l l e c t e d  a o l  pumped to
C h j l c - n m  ., -i c- ( c ’  - Th is  r , - serv c - c - i  r s i t e -  w c - i c - - i  p roposed  as a r ec -’ r - c - c - t i ona l
la~- e- cr~- i t  c ’ ~~ f r o m  r e c l a i m e d  - c-- c- isles’ itc - - r in the 1972 North ‘larin —

South  Sonoma Sub r c - ’ ’,;i ona - I - ic - c - tc’ r Quality I - t c - n a g c _ ’ m c _- c - i t  p r o g r a m .  The
d c - i c- ’ , p r c - c - p c - csc- d in tha t re-port would b c -  r - i i c - c - c - c - 1  t o  provide the capacity

f o r  c-., c - I c - j i t  i c - c - i c - a l  w a c - c - - -  - Ti_ i i c - c -  w o u l d  p r c - _ i V i  I c ’  c- c r - a l _ i _ i r m ’ c- ’r  c--c- t cr f , - c c - - c-
a r e — c  c - c - r i d  l i e - m i m e- g r c - -  i t e r  r c - - - - c - c - . ct i o n a l  b c - c - m i- - f i t _ i c -

Reu s e  A l t . ’r n a t  b ye- 18 — [ I c - i s -  a l t e r n a t  Ly e ccc l b c - i  - - - cod - - c c n —
‘ic y _ u  r i  o l l e - c c - c - ]  w a t e r  f r o m  t h e  —, - c - i i t h e r c c -  c r o p ,cr e ’ . i  in Sj t c - - 2 1 i c - cr  t h e
6 — _ u c - - c - ) c ’~~ o f wa _ i -i t a w , c t c _ - r  a i t t - r n a t i - ,a’’, . f l u _ u  v - c - i c r s- - c c - c - I d  c-c- ’ c o li c - c - t a
ic - c c - I pmi c - ’c -p ed ‘c - a  t h e  c - ’ - . i d w _ i u i c - c - - c- t,) t t c -~€- I - c p a R l ’ ,’c-r f o r  t - ‘c-c- ’ , I c - t .)c- c - c _ - c - i b  - c - l i o n .

g .  i-u- t ’-t c -  A l t  c - m i t  lvi- 27 — ‘r h i s  a l t e r n a ti v e  i c-i S n _ i u l a r  to
A l c - c - r t i - c - t l ’ ,- - c -  ic-c- . H c - c -.- c - l i f f - ’ r c - - t i c - c -  i _ u  i c - m i t  t h i s  a l t e r c - c - - c ’  i : ..  .-cpp l i e s  t i c-

3 ~~.~ c - i c _ u  of w -i ’- c - c-, ec -c-- , i t e ’ r ;i m t e r n , c t i v e s .  The  3-- _ i ; c : r t c - -”- a l t c ’ m n c - c -l I c - a c--a
c ’ r i vj s ’ aus t h u  - c c - c -  , a c - i c ! tj on a l  a r c - - c -  - c t  c rop l _ i u i _ i d  i - i  t me-  . -c-i t r -  c - c - _ i c - cr t ic c -i _ i

- c f  S i t ’ -  21 w o u l d  - c - c - -  i n  iga c- — -d  a c - i c - c- - i ac -’,’t c - c r c  u n - I e - r - . ’ _ i u i n c - - i .  ‘c-
I -I i _ u

- a i t c _- r  w o u l d  h. col  c- . m - t c ~c - l a n d  I c - c - t n - i l l - c l  tic - t i m e -  ‘- tc -c - ut heni c c t - c - p  , u c - c - . c  u t id
ie cocrch I n ec - I t I - ‘w s- - c - m i  I d t h e n  he c- - c - c - c - c - c -  c - c- ’ d t c - c -  t Ic - .~ m c ’  - c c - I c - c - c - i t  a r _ u  c- -c c - c -  N _ i c  pa

-(I ye r I c - c - r I l ow -i ugtcte -n I ~c r I c- c-c- c- -

2
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i t / c c - i ’ ; c - , \ l  t i - C c - c - I  ives-  I I  i c - c - c l  15 — Reuse \ l t c c -  c - c - - c t  i - ’ .- 3 3  c - c -  I c - c c- S

to t i m e  c - _i c - s e - n c ’’ , t c l w , l s t , c - - w c - i t c’ c  u t - i - c - i  lvi’s c-in-i Pe ’ c - u  c : - I t - -rna tiv - I ’

applies - i c - c -  t m -  i — s e r i e s  c- c f  w , i . m t c - w , c t c - 1 c l i ,  n c _ i c - a t  I c - c -c - c- . h~c - - - 1 c - a j m e - d  - : - i t e ~~

wc - c - c - c - u ii c c- ~~~~~~ i c c- i - I c - c l  i c - _ i  ~i t. ’s I h c - c - i c - I /1 c-is i t c - the c r c - c ’ j c - c u j ’ , al term ’ , c - c -ives
Fr c- c-c-c-c- S i t e -  21 . t h i s  w , i t c - r  W o u l d  c- c ’ pu ct m p e’d t i c -  t I c - t~’ n i c -r t h e rn cc - c - d ie t i - c - c - m

i m i c - i c - i t  in Sit - c’ n-b . Fl ue c o m b i c - i c - t i  t i c - c-c-c-’ s- c - i c c - I c ]  c t _ it in uc- - rc - c - n c -  this po i’ mt

to C l u i i e n c c  i - k , - . I i i - ’  ne c - :ic ll e’ c- ted wat er I rem the - - ‘ c - u t l m e r n  p o r t i a_ i  u c t

f _ i u t c -- 18 w o u l d  c- c - c ’ pumped dire-c - - t ic - to ~~I t i l c - i u c c -  La ke  w c - c - ’’ r c c-’ it w o u l d  c - - c

a v a i l a b l e  Ic-c-r at- i i _ i - r i _ i _ i c - a t  ion su pp ly  b c - - i  PcI, ,c- l uma \c- c - u ’ l l - -v

• Re u se  c-\l t c ’ c - c - m a t  ives in arid c- i c -  — In these a I t e r r u a t  l y e _ u
c-c-- . u t c -r  would he rt -c - ol I c ’ m ’ t e c - l  I c - a c - c -c- t i c ’  i r r i t _ i c - c - c - a �d arc - ’ c  s -c- I o f  iIIg hw. c ’~
101 i i i  S i t  e’ 27  . In he re - ic - c - , c - in i t ip  i r r i p.c ti - d crop ir e - a , n inc l e- rd ra l i i  -c-

wo t ’l c - i c - c - c t he c - - f f c’ cc - t i c -, c - . I c _ i A l t e - r r i c - c t i~ c-’ec- c- c- i- w a t e r  sc -cc -u l d  be colle’c c- ed
Ic c-’ g r ay  It’ .’ - u t _ i c - I p u m p c - ’ tc - to a regulat (ti c-c- c- r - - -e ’rvo ir a c - c - s i  ~c-f (7 a _ u t r o v (  l l c ’
c - i u i r i t c-g t i c - c ’ i r r i - / u t i c - c m  — c c - c - 1 c - - c - O f l, c - c - - c - b c - C  w o u l d  hc- p c - i c - i c - c - i ’ d  I ron i c - i a  r e s e r v o i r
t c - ’ t i c - - V i C J , t i i t v of  I c - u s - i  t i c v j l l c - - c -  j r t . - , u t  loci . lii A ltc/ ruc - c t i c - c c 4(1 ,

tl_ i e ’c-’.u t c- -c - c-~’c m i 1  d c- i c -  ‘ccl ic - - c t a c - I  m u _ u  it i  t im e previous c - a l  te m a t  ive . From t h e
c- - c - c -I I i  - -

- c - c - c t - i  p c - c in  t i t wo c- ald ic -c - p m  i c - m um c - I  I c- - a c- r ou n d s - ,i I c r re-char _i~~
c- n c - - s c m —

vc c -I r on - c- c- i _ - u I 1 Cc -  c c ’ - 
- l i i  S re Se’ i c -- c- ’ i i  soc-tIC ic-C ’ 1 ~c~’ mu t e- c - I c - i bm - - c ’  ci c’v-i t ion

l Sti , c - _ i c - c - Ce’ I c - c ’ p~ ’ r c - i ’  i t i o n  r a t e  I c - c - i _ u  c - c - i c - c -  e s t i r c - c - t e d  c-- i l  ap~
c- t c - c - x i n i t e 1 v

2 .  5 I ‘,‘ c c - a ’ r dc-c-v

- R e m  u c - , e’ .\ 1 te m a t  i v a m c - c -  c- , c-
c and c- c- - c- — .-\ I te c - c - c -  - a t~ ive  2 a p p i  i es to

I c- c - c - h — s c - n e _ i - c -  c - _ i f  c-c-- a _ u’ t c ’ c - c -- c - u t e r  c - c - I c - C - - i c -  i - - c - c -  and A l t e ’ i ’Ih a t i c - c a  c - - c -  a p p l i e s
- t i _ i , -  ‘ — _ i u c - - m i c _ u  c-c-f uc-istewa te r , j l t c - r c i . a i  ic : c c-c- in c-~ i t c  - c - , i .  _ i e t ’ l , c - i c - c - c -e~d

s- - i’ ’ s- mild 1x’ collecr. - c- c- ic-v p r , a c - c - I t \ ’  an d  - u :  c - c - a d to a c - c - i c - i c - it ic i m~ - r v c - c  ir c- a c - m i t li of A n t  ioch - i c - ir I ng ti m e - - ‘ c - c- r v i i  c - - c - c -  s a l i n i t y  in  t ru s  ion
c-c- I c - - s  c - t i ’,’ r i v e r - c-- , u t c .’r unsui ch ic ’  - c - i  c c - c o l i c - _ i a ’, c - c - , c t € - r  I ron t h e  c - c ’ c-’c- cc - c - c - c - c - j C

- c - l id bc - m i _ i  c - c - I  -

k .  I c - c - c - u s c - -  ,‘t l t c - r c - i _ i t  3 ic _it - c - h  i ! ’ : - c - I  — i c - i - s c  r c ’ c - c - ’-c- c - -  c i t a i n a t i v e s
c - c - - -  I d  s’i p ; c - l c - ’  c - c d d i t  i c - c - c c - c - il - i c - i l l  l os- ~ c- c- c- i-, S i c r : c - c t _ i e t _ i t c -c — ~ - , c - : c -  _ i t c-c - u c - _ i c - m i n  c- e l t , c .

A j c  -- - m t  i ’c- ’ c - -  ‘c- S app l i t - s  c - c c -  t h u ’ ,  B -c - c -  ic_u c-c - l s c - a s  i c c - c - c - I  c r  a l t  a rn c - ut  i c--es and
A l t c - - r n , c t  I c ’  - ‘c - 7  c j c i c - I l € ’ _ u  i c - c t h e  l i — - c - c  c - c - c s  t ar  S i t e -  c - 3  ‘ c - i t - r  i n t i m e ’s-c
c - c I te rn_ ut l - ‘ C c - -  Se c - c - t i c - I  ic- C’ c-,’c- c -I 1 act ~- c - I  ic - c - - c- ’. c- cv  i t  c-,c- .11 _ ic - i  p a im ~ cc-,’d c c -c - ’, - r t c- ic ’
i c - ;  c - c -  s-u - - C c- - - c -mid i _ i a  R t h u  c c -  c- c - c - i  in t - t l u c  c - i c - !  -

1. - h t - m i _ u c ’  A l t ’,’ r t c - c t  i c -c-p c-c-- c - f c -  — In I b i s  , c l t c - ’r n a t l vti , c-c-- c - t a r  would
c - , -  c - c -c o l I c - - i c - a l  c- c c - - p c - c - c c - c -i i ” I t - c c - i c - i  S i t c -  - -  I t c - t  t i c - c - -  i ) — s a r i a - c -  of  w a s t e —

s i t e - c- a l t e r c - ’ u t  ly e ’ s .  c - l u i s  c-c-c - c - i t - n  s c - ’ u i l d  t i c - - c - u  ic -c pumped  ti c rc - ’servoirs
_ u c - c - c - u~~ t_i c - c - I ‘-c - m t  I c - c a  i i - .  c-. I c- ’ s c ’ c V ( i I rs w o u l d  fcc ’  req t i c - -d since c- _ ic -c -single
s i t 0 e c - i c - i l c I  be 1 ( c - a _ i - c t  c d  ‘c- c - i  I i c- s-U 1 I I c- I c c - m t  ‘~ i~ c- ’ u c - ’ I l v  t c- c t  t h e  I - - t c l vic -I cit-me

c-c -c- c - c - I c c -c- t t c c - c -’ u I c - c - - ~~ c - c - - c - c - . r c -c - c - - f r _ u  w , c c i l c - l  la ui-a d c - c - i’ n c - l u c - c -c -c- i _ i _ i l coe lmi - i p
m c’; tl c - ,u ri l c - , - d ftc - \ l t c - - r m . i t l c - ’, -s  c-c - ,! i c - c -  ~

c-c /. ,

c -’ c . c-c - c - ~~~ _ u ’ , ’  A 1 c - t’r c - t , u t l v e  c-c- c- -I — I c - c - t i c - i s  i l i a c - c _ i  i - - c , ~c ’ c- i c - i t t ’i C c - I

wa t  . - r - rem I-_ i i t  a _ u  c - c - J  c - n c - i  - c- c- I uc -oci Id Ic. ’ c c 1  i c - c -  t c - c l  c - c c -  d p u c - c - t j cc - cI  1 cc c - c
r a - 1 _ i cu l a i  I c i a ’  t c ’ s e - t c-’ c - c - l y’ . T ’h I c - - ;  r i - c-’ altc- rn c-_i t I c--c app i I c - c - c -  t o  t i c ’ , - B—
c--u ’ r 1 a t-a c - c f  cc-- i - m t  , c -w , u  t er  a I t - rtm ct 1 vt -s . l i m e -  w,c  I c - c  I r o t c - c -  Sit c ’ c- c- I tc-’ou ! - m
b c - c c- c - c t  ! c - c f  c _ c- c- c c -  , c  c - i V  i t c-. - a c - c c - I  c c - i t _ i c - I c - I c- c- c - c  - S i t e  42 m, lu c - - t , I t _u’ c c c  - I c - I  j c - c- i n
t i c - c  - I lucy I c c - c - r n  t i c - c t  , i  c - - c- - a. ‘ I c e -  (c- c- c - i c -c - I ’  I cc-cc- cl c c-nc-c- ‘-‘- c- - c - c -  I d I t~ c - c - c  -~c-’, - I c c im pa d

I 2’i



i - c  a t’ c - - - -c - c - .- r v o i t -  — ,c - c - i c - t l i  i c - f  c - \c _ i t I c - i l c - _  c-~
c- c - t c ’ r  c-

_
c - c t-I— c c- - , ,  - - - 

~~~
- , c - c - i~ c- c - I

he is-ed I c-r l n c - ! c t _ i - u t r i , u l  c c - c -c- c - i  i c - _ i - c - _ u  c - I c - - c - c -  r : c - - c - - d  I -  c - .  c - c -c u  - -- , , Ic - , !  c - c - i c - I

m m . - - Ic - - c - c - c - cc-’ ‘\Il e r c - m - u t i v e  c - (~ — ‘ l i i i -  ult err ’t c - ct m i - c - -  e m - c - - - c - c~i - r e - c - c - -— -

\ I ‘ e- rim c c -c- j :c- - c-c- c- c- - c - c - c - I ‘. -I . in c- I c -  I c-c c - i l l - ‘ nrc - c - i t I c-ic’ • c- c - a si c - c - , , - - - I c - c - c -c -’ 1 ) 1

l l c ’c t c  - - c - c - c - c c - c - c -  roic-i Sc-u i —u ‘c - _ c- c-c -n d c- c - I  cc-’c - c - c _ ild c- j c - c- c-
~ c-~ u c -~ ’ c - c -  c c -  ‘ . t c - t c- ’ .~ c-

ri ’S i e c - c - t - - . \s  c - t i  . \lc - c- c- tic - i t Va - c-c - I f , I s ’ -  c - a c -- c - n y c - c - i re c - c - c - c -- c - c - c’ c - c - -  re5uired

-- c - i c - c - c - c -.’ ‘ c - c - c  u - l og Ic - s i t c - -  ~~t su f i ji i - - c - _ i t  ( ‘ - c - I c - c - i -  l i v  i c - c c - d c - I  ic - c - I c c - c- c r c - i-
l l ,, ‘ sc - i  - c- i I c - c -  - t c - c  ‘-c- c- c- c - - s c - n ’ - -. - I r c- -c- w i _ i c - u  I I c - c -- c - c - - c - c -  - c - c -  r I - I c - i ’  I t i c - c  I -~ - ‘0 I in
- a s c - Ic _ uc ’~~ j I , c - ’ -i I i i  c - \ I t a n t _ i a t f vci ’c- c - ?  and - 4 .

c - 1 c -c- xcc ’pt -c i Sit c - - s  -~ a n c - c- ‘- 4  c-_i c - c  c - i c - I - I _ i  c - i c - c t _ i c - c - i  i c - d c - ’  i c --i c c -  c - c - c - v i  s c - c - c - c - i c - - i
i - c r  - c - -  t i c - c s -  . I - c - c - ’ c - -c - c - - i t , c t  ic - c - c - c - r- - c - c - c - - mc- a l t e ’niati ,’c- ’ c--c- . “cum tc--i t - ’ r ii c-v u t i g c _ i m c ’ i c - t c - a —

I c c - c -  rc -  - c - a c -c - ’ ,’ , u  t R it . c - c c - c - -’ /c - I c - c  c - V a  c- c-c- - c _ -tm i c c - r i  c - itl . ’ i c - c -  ‘ i c - c -  c- ic’- , t i-c u _ i c - I’ t bc - cc

- c- - t c - - c - c - c - c - c’r t_i_ian - i g c ’ ’ - c - c - ’ n t  c - I  c- r n -it l y e _i- , .  I1 _ u t -  c - c f  I .e -c- o t i c - c - - r  - a l i - - r : , c - t  j c - c-e’ c---
s’c- c - - i l e  r c - - u l c i j r e  _ i , c - c - c -  i c - i t I c - c - c -  c c - i - -- , c- c- c - i  mc- ;  s i c - c - - c - ’  t ic - c- deman d is n o t  c o n _ u t - l i - i
‘c -c u t  c - c r c - c - a c - s  o ni v mI. r  i ta c c - u c- c- c-c- - - -

’ i i _ i t h c - - m . ( I - ’ m c ’; c ’y ; i ’ i -  . c- c- c - c - I l  i c  -b c- _i-c c - - c - c c - c - I c - I  il _ ui ’
req u i t e - c - I  t c  c a m c - v e c - -  ti c - c - s- - c- c - - c -  b c - c c - -  l i u c -  i c - i t _ i d u p _ i c - _i t ,~~ t i c - c - c - -  s I _ i c c - s  to t i c - c

c - a -c - c r c - -c - - i c - c -c- o r  c- c - i c- r i - t i c - - c - cc- c - C c - c - c O .  I c - I  i c - - c - c t - c - i  C o s t ,  c - s s o c ’ c -  c - t i c - I  c-- ’ it i t  i c- c- c -p l c - c - —  
t i n c - c - _ i  I~c - c - c  r i - - c - -  c - - i  t i - i c- c-’ 0! 1 ic  25  sel c-c t c- c - i c-

c- eu -a- -‘al c- e r ic -  u i  ‘ ‘ c - s  a r c - - l i  -c - c- c - u s c - c -c c-c-l
i _ u t _ c c - c -  - u c - c - c - Ic ’r c a c - u c - i c - - m c - u l c  c - c - n -c - i  Ic- r u t  i c - c - c - _ is .

i c -o c t - c - - I c -.,- . I em c-c ’ : i t - c -  - I s - l u -- c- c- c - i - I

2 1 - - . I - u i  t a r , c
~c - i c - - c- c - -  opp c c- r tc - t n c- i- i c_ u  ac-’so c l at e d  with t ! c c - - c~ c - p l i e d  v c - u s t e —

c r _ u  - c - nd ‘ c - c- rc - - c - I icc i c - c - c -  s - c - i t  c- -r s  id- _c-a been disci c - sc - -a-ul - I , i n i t e c - I  re—
‘ c - c - -a c - - op ;- - c - rtun i ti c.c - _ i c ii c he - u ’ -c - c -c - o i ’ i c - i t c d w ith that b e r t  l ot _ i a! l i m O app l i ed
‘c - c - c t  c-rs ‘c-- I c - I  ch -e r- ol - c - t c- -s c- c- - c - - a t  I c - -  t c - c  prou ndtc-c-at c - n  f r -n t i - a n oc -_ i—und e n -h c - c - c - m ed
;m a  c-t i c - c - -  - c - r c - ’ u c - ;. ‘l u _ i c - I . -  31 s I c - c - c c - c -”- - th ese qu c - u r c - t i t  Ic --c - I c - c - c -  t i c - c -’ v c’ c -c -r 2000
i c - c - v - b - i- ye- i ‘ c - _ i c - c - t I - c - _i m u c- u I i  t~ c c - I c- c - u t  -n c - c - i - i - c - i c - u _i i _ i c - p h e l c - c-w t I c - cc- n c - c - a t  :m c - ii c - c-

~~~~~ c - c - r c - - c -c-’ i c c - c - t s I v  c- cc - c - _ i d I s c c - c - _ i c- a - d .  I ~c- - ept f o r  l u c - t a l  n i t r c - c p c - ’ t i  and salin itv ,
‘c- ua . t ’ .c- - c c -  t O _ i s v - u t Pi 1 _ ic - ‘ ‘ i i -  c - I r m a -  c--c- s I c - u  c - c -  N - c - c - l I e ’, i c - c - b  i c - _ i  m i c - _ i . I , r t i r , c -j r c - s .

- ‘ f l _ i J  ~ i in  J ~~c- — I c - li  ii - c-
c-c-,

- -

I c-v c - c - - - ’ m I i c - c - n

‘ ‘ / .  A n ec  c - _ u s c - a r c -  r c - - c - l c t i  r& - ”c- , -t v  1 c c - c -  c - i c - i c  c - I c -S i t e - c -  c - m a c - _ i c - i c -- - “ c - a n t s v _ u t  
I’ I cc ’  c - _ i c ’ \~ c - ’ i  - i p r ’ u c ’ c - ’  c -u t _ c- ’ I r i p c-c- - ‘‘ c - c - , ’ -  c - I  c-i - lo t_ i c - i  a c--ion i to r c - c - u -  ic  -c-~c- ,a  c- - c- . to

i c - c - - cc - ,  - c - c  - - I c - c -  - c- - ‘~ c- - - 1 1 c - c - c - c - c - c - - - - - I c- c - c - ’  ‘ c - i c - c -  ‘t I I o r  in ~ sc-- c-u t c- - c - _ i c - c -  rrs u I I
- - —ic - - , i S ‘_ - c - I  h i t - c - c -  c - c - c - c  — c- c-c- - , c ~ i - c- c- I i c c - i _ i  cc I s u m ’  _i~ - — m i - t i c - i l c- 1 it cc - t ic - ’

c- t ( - a t m -  I c - c - c - c -  - 
- i c -  - -c - I c -  - r c - c c - ’ a - c - c- c-~ r -  c- I c- v - I c c - h  t i c -  - c-c- - c - - c - - i l  r i c - c - p  dat —

- - c c - i t - c - ’  -c-
c- , c -~~~, c -  ; c c - c - ’ r ’ t - - c-s l t i c - - v s - i c -  c-~ is c-

_
c- _ n i ’ --c - c - -i t - , c-c -- e  c- c- s c - c - —

- c- c -c - - ,  - m  - , c-c- c- - c - ’  ‘ c- t i - _ i  - c- ’ c - c’ i c- ~c- c- c - c -  c- c- u - ’ . c - c ’ - - c- _ c - ‘ c - c - I c c - -  ‘ c- —

- c -t i c - - -~j - ; c-~~’ - — -  - ‘ - c-

- c - c - c -  1 i t  k_i }<c-’q - c- I c - c - c - c - i c -

I I  - ~~~~~~~ c -i~~ c - - _ u  c - c c- I c - c - c - -  c - - c - c - c - l i - ‘r t i c - a ’  I i r c - c c -- t i c - c - c -  c - l e t -  c- c-c-c- i c - c  t u e  t c-c-c- c - c - i ’  c c - f
I c ’ ’ -. I I - - c- ca I II - - fl , I c- - ‘  - t u ,  ‘ c- - - V c c -  I I ‘ - - c-t I t - i c ’ • i c - c - c ’  c - i t  I c - c - c - c -  c- c-l t i-c - -c t c- - c- I c -c —.

I t m - c- c — c - i  c i i  I c - - c - - c - c - - l i t - c- I c - i  - c- 
- I - c i ’  - c- I c r c -~ I I c -  - I I ‘ c - c —c - ; - S c c - _ i c - i  i i c - c - c -c c _ i  i t c- c r ’ I t i c - —,

c - I - c  - -

- 
Wi- c c - u  I c - I  I c - -  0 c c  - c- c- - - , - u -‘: c- c - c - w,  c- - - I c- -c .  c - i  c r c - c - m u - c - .  - c c  - c - c - c -  - c - _ i t  c c _ i c - c - i c’ c-c- c-,c- - c - i I e l m



TA R I F 1 1

- i_i  A N I  I [ES c - c - b’ c--~ Ai id -_i PERC OJ,AT INC
Di R E O T L Y  TO u ; R O I c - N i ) W A  [ER I~I h i ~ ’1 PASTURED AREA S

( AFY )

A c - c c -c - c - _________ _______ 
A l t e r n a t i v e  

________________

Bi B2 83  1)1 
_____ 

D2 
- 

D3

4 0 0 0 0 0 0

5 85 ,37!) 85 ,370 85 ,370 85 , 3 70 85 ,37 0 85 ,370

1-c--c- 53 ,180 53 .180 S t ,180 53 ,180 53 ,180 53 ,180

21 38 ,570 38,870 38,87) 53 ,070 53 ,070 53 ,d7()

27  I) (1 90 , 900 0 0 9O , 9o’~

2 1’) 3 , 7 4 - ~ 1 , 740 1 , 74’)  3 , 740 3, 760 3 ,74c-)

4~I 61 , 4~~ ( i  61 ,401) (c-j ,400 104 ,700 104 • 700 104 ,700

- ‘c - f  1 ,12 0 1 ,1~’° 1 ,12 0 10 ,120 10 ,120 10 ,121)

Total 243 ,680 24 1 ,1551 334 ,5 -lI_i 310 ,180 310,180 401,350



w c - c - u l d  n c - c - r c - : c - c - u l l v  b c -  _i c-spon sib le f - c - n  c - c - i c  c o mp l e t e  - c - c - _ i c - i p c - c -c c - c - c r i - c c - c - e r  i t  c - c - c - i c -

‘ 1 c - c - u i - -  W - a c - -m t c c -’w d t c ’ T _i c - c c - m cg e m en t  systec -m_ i - Any  w ast  ewac -. c - ’ r m a c u - c - g e - _ i - c - c - - c - i t  i r i on i  t o r —
ing ; c - c-’c- s c - a m  m u s t :

a. ) et e r m i c - c - c -- - mc’ qua l i t _ c t  ive and q u a n t i  c-c-i t I i - -  e lI c- - c t . s of
t i me’ I c - - c - c - c  I c ’ ic - ien t a  t ion c-ct c- c - was t c-c - c -c- u t e r  c - u - c- c - _ i c - m g - c - c - _ i _ i c - - n t  c - i t  e r n a t  Ic - c -a on s c -j r  —

c - c - ’  c - c - c - c - I  g r o u r i d w a t  c -rc - c , s o i l  s- I r u c t i u c -c- c ’ , and vegetation ;

Ic -- ia t c -c -c- t , i - I c - - n t  i f v  , c - c c - c - c - :  c - Ic - - t c- c- r m i n e  t i c - c ’  source c - c - i  c - cm ;  v cond i —

ton  - s- I c -  I ch  c o u ld  I c -  p c - c - c - c - k -  t ‘ c - c ’  q c - i c - l i t  v ~ f s u r f a c e  and .c-c r c - u i m i c - c - 1c-c-- - i t e r - - c -

c -in s .

c - l’ r c - c -vj d e  - c - t i  e n v i  r c - - ; a , c - m c ’ c - i t a l  c- c - ;a lua t i on  0± t c- c - a -,c u _ u i  C w a t e r
c-c -c-i S t e Tc-i -

2 I c - )  
- ln o r - i c r t o  i nsu r e  c - h u t  t h e se  o b j e c t i v e s  have  he -n c - c - c - a t , a

‘_ i on it - c--log progra m i c - c - n  l and  app l i c a t  Ion of w a - c - c - c - w a t e r  w o u l d  -cc - c - n - 1st

c c - f ;  (-u) a c - nc - -n i t u ri np c - c - i - t w c - c - rk ; (h )  l a b o r a t o ry  s u p p.  - i t  f o r  t c- .c-

c - _ i c- c - n t  L t - u t  ic - cc ’ a n al v s  i s - c - f  t h e  samp l es ;  ari d , (c) d a t a  c’ c- ,c- - c - l u a t l o n , s to r —
i ;e’ , and r e t r i e -.c- a l . ic - i c - m o n i t c - n i c - m g  n e t w o r k  wou ld  cons i s t  of pe rmanent
s am p l in g  p o i n t s  e s t a b l i s h e d  in c - c - i l  t i m e  l a n d s i t e s , i n c l u d i n g  s t a t i o n s
c - o r  m m c - c - u i t o r i n g  i - a t _ i c - I  qui-ul i t v . c - c- - c - c - -~~ c - c a 1  c o n d i t i o n _ i c - , r , - c- - u c - l l e c t c c --d  w at e r
q u _ i c - l i t o - , and p o s s i b l e  g r o u n d w a t e r  d e g r a d a t i o n . S e c - e r a ]  s t a t ions would
b c -c- ’ located in each lan d c - c - i- c - a  w here  w a s t e w at e r  c - c -nd  s i c - i c - c- p c - c- are app l i e d .
in -c - cc - i c - t i c - c - n  t o  c - c - - m r _ i c - c - c - c - i  s ewa ge [r i - c - i t _ i c - c - c - c - n t  p lan t t e s t s , ~Ic - e f o l l o w i n g  c - c - u r i c -
c-c-c ’ ! c-c-s w _ i c - - aI d ha ’ t e s t e d :

a .  U r c - c m n-i d w c - c - t c -’r  — t o t ,u l n i t r c - c- gen , n i t r a t e  n i~ r c - igen , c - c - c - t a 1 dj s s c - ’ l v , ’ - I
solids , he- c-ivy r ; e r c - c I - c- , t o t - u • p i c - a i s p h u c - - r u s  and pa t l u - c - gc - ’tu i c - -c r g_ i c - t_ i ic - - i r c - c -s

S 
- c- I c-cc - c - c - I L - c- t ed w a i l — t c - c t c - i i d h _ u _ u u c - i v e d  so! ic - I s , t - t c - c - l  n i t r o g e n ,

m u j l  c-ac c- n i t r c - ’ g e c - i, I c - c - I l l  p b u - ’ s p h c - ’ r c - c - -c- , h e a v y  m e t a l s  - c - n d  p a t h o g e n i c  o r g a n i c - c -m s

- So i l  — i c - c - c -_ c c -/ - i  c - c - c - c - -c - - u l s  c - i c - m d  t o t a l  n i t r o g e n  a t  - i c - c r i o u s  d e p t h s _ i

d .  c- .’ a 1 ’ e t , u ! form - -  ‘ c - c - c -  - -.v metals and t - ’ t c - c l ni c - r c - g c- - c - : ;

- A ir — c - c - c - c - or _ u  c - c - i l - ’ c - c r - c - c - a c -i c - m i s s i on_ ic ;

- ‘‘ i i d l  I I , ’  ~c - c - c’  c- - i c - b c - c-c- c-c - c - i l c - i t ’s c- . c - u ( ’ u  u s  r i c - i c - s i ’ u i t c - c - c -c - —, , f i  c - c - i - c -
c - i n 0  r c - c - - c - m t -- c - ;  - c _ i c -

g .  5- _u r l  c-~~~~’ c - c - _ u t _ ic c- - c-iuc- j c- c - c - ’ t c - c - ’  w i n t c - - c- wI _ ic - c-_ i - c - c -  c-— n n c - i v  - c - p - - I  ~~c - d —

c- ion ~~ I w c - c - — c - t c - - d c - i- c ’ -  :~ c- c - c - i c- c - ’ d )  - c - c - a c Vv ‘c- ’ c ’ t , i c- _u , c- c c _ i  I “ l l’i . c- c - i J , t’ f l , tc - - t c - c - i.

p h O s b c - l c - uc - r m i c - , cu d tc-~ t c - c - o ge n h c ’ c’r 1c - c- ‘—c-c-us.

II , !



c -_ i c - c- i~_i u c — - c -  (‘ ( i l ~~ ’c- I I c - c - _ i - S c - I c -  c- c - _ i c - _ i  c - S c -_ i D

1) 1 -_ i - c- c-
’ i- ’I,i - _i- _ i Jil l L I V’c-

- c -_ i c-  [Nl-IRINL F(~~ c - N u i ’ I I~~ 5

- i c - c - 1 c c - I  ic - c -w ing ‘ c - ic  I c - c - s  and c s su c -np t ions wc- ’r c ’  c - i s -e d  I n  - I c - c - c - c -  I c - c - c - c -  c- sc-c-

h e  c -I c - s t  and j c - _ i n u a  1 c - c c - s t  c-c - c - c -~~~~~I in t i_ i is c--u t udc-c-

c - c . Desi p c-c- I .if c -’ — T h e ’ d e s - i c - _ u l i l t -  c - c - f  pump ing stat i c - _ i ns and [r i - - u t —
‘c-t - _ i c - t  I - c - c c -l i t  ic ’s , Inc c - u d i c - m ,- Li t _ i d  d i s - p c - ’ s _ i c - l  m-c- ’c-- _ic - t c ’ rc - c - _ i c-, w c - u s -  a ssc -i - :ic’d to h e ’
3)) cc- c - c - c - s. c - c - c- c - I c’s - I _ i c _ i  ij  - c- i c - I , c - ’ i i - j c - ’ v c - u n c e  l i n e s  was assumed to be 50
- c u r s .

15 . Pr oject L i l a c - l i t ’  cc- c - c - c - c - I c -i t  11- i -’ s c -us assume d to h c - c -  50 c-- a-ir s
- u n - I  a l l  cap i t a l  e e c - s t _ u we re arc - ar t  i : ’ c - - d  c - c - v a r  t h i s -  p c - u r i c - c - c - i  in u c - r d e r  t c c -

- c- - c - c - c - c -c-_ il t~ c- c - c - c - i _ i _ i  m m , u  - c- - c c - s t  s -

c - I _ i c - c - _ i  - c - c -  c - c - c - c - c - c  c - c - i  01 I - c - u i  i i i  t i c - - c -  I - I t -  c- I acement c c - c - s t  a Ic-c-r fad lit ies
wh l i - h c - i re  t - -- 15 ’ -  re- c - c - I a c - c c - c - I  u I  a p i - - c - i  ic m t  arv c-uls (10 , 25 , and 30 ye ar—c-
c-c-c-c-c - c - -  a]  I pu t  c c -t m a c-

c- c - c - - s e c - n t  w u c - r t h  c - c - c - c - i s  bc - c - d i ,s _ i c -c - m m _ i c - t  inc c - u t  t h e  app rop r  i - a t e
n~~e r c - - _ u t  c- - c - c - I c .

d .  bc - i l vc-uge V c -  I ue — c - _ i c -  c--c- - a I - . -‘ . c- c- Ic’ va] tie c -c - s as sume d I or t r e a t  c -_ i_ i c - nt
l a c i l i t  f e _ u  and Pump ing  s - c - c - c t  1 _ i c c - _ i s - ,

- c- s-cu Con _i c - a u :  t — I t  s c - a s  c - u s - s - u i _ i c - c - c - c - I  t c - I t  t I c - c -  l a n down e r  would be
paid 2 c -c -cc- r -  c - n t  o f  t i e  c - - u s e -  c c - c c - i t for t h e  m u _ i c - c c - c - I~ t he land . Aver , ic -_ i e c -
‘ _ i c - in p c - n c -- c - a I i c - c - c - u  to [lie l andowner  would be a b o u t  S4 ()  per  acre per year .
c- c - d c - c -  would he in addit c - a c - c  -c- c - _ i  i l l  a g r i c u l t u r a l  p r o f i t s  t ic’ landowner
c-’ c - U .  c-I n e c - r m a l l v  c-c -_ i aI-m c- .

CO~; - c - hE’ll 111-1 t N AI ’  c - c -

221 - De c- c- u i led c ( c s - t  eat  c- c - c - c - c - c - c - e s  were made c- c c -r c c - c - a c - c - i c -  was t es -m t er manage —

c-_ ic -c-n t altc- r n - c t lye based on tw o c - c - c c _ i c - c -c c - c - t a  o~ I s - - c -  l a n d  a c q u i s l t l c -c - c - ; ac -_ id
sy s t e m  c - c - p c - r at ions . Moult - r i n g  p c - c - c - c - - c - c - n m  costs have not been Included .
Under  t he  f i r s t  - c - c - n c - c - c - c - I. a l l l i - c-rid requ !rc c ic - I  would be pu rchased  d i r e c t l y
in f c - - c - -  - ; y a t e m — r e q u l r e d  l ands w o u l d  he owned i c - i c - i  o p e r a t e d  by a

c c - -c- c - c -  c - - c - i t t_ c- r TTc-ana p c - _ i _ i u c ’ c - c -  I c - i c - I c  - nov - I c - c - c - I c -c- t l ie  _ u eu :or .d con i  c - p t  c - i t _ i d t he
one e’c-i,c -i I - u c - a t c - - d  in t ic - is c - c - - i - - c - r I  , use c c - c - c - i l  r a t s  would be es tah i ished
c - c - c  - c- - - ‘ c-c - - - the w, c- st ewa ti c- r c - c - _ i c - c _ i  c - c c-I c- ‘ c - m i - - c - c - c -  c - l u~ c- c - c - c - c -- c -

~
- and t i m e  1 anc i owners  . ‘c- c- nd  c c -

I c - c - c -  c - i - - c - -  ‘ c - c - m t  rc - c -~ t c- ’ c c - t _ i c e p ’. - c - l i c -  ftc -I low i ng c - c - c - -c - m a c p t  ions- s c - a c - r i’ made

c-c . A l l  c c - i c - !  r e u i c - c - i c - c - -c- I c - c r  t c - c - .itttient l i c i l I t l e s , pumping stat i c - i_ i s ,
se c- - c- c- c- c - i - _ i c -c- - i  c - ic c - i r s -, c - t u b  c - c -  ‘ c - s c  ~ i . c  r v c - i - f  r s wou ld be - - a r c - H - c- s-ed by th e  

~
c -

~~ 
, c - - c u r c - c - ! u~c - ’ ’ c - l c - ’ m 1’ c - c - a c - ’  -

I ’ . A c - I  i c - c c - I  t c - - c - u u l  i c -  ‘ c c - ’  - - i : c - c - ’ I i m m c - c -s ~sc- c - c - t i 1 c h he a c - c - I c - c - I c - cd by t i_ i c c-
i c- c - i c y c - in c - Ic - cr m . - T ’ uic - c t i t - f l t  c-

- 
‘[i c-c c g c ’ c - a c -  -

- —a t t i l c - c- c - c - w i ;  c u - i l  c- c - ) c - c - - r a [ t -  a ll tre atment lac i liti es ,
I r , In s i c - l  ‘-c- c - ; l o c  t i c - - I !  I I t i - c - - c -  • - c- ‘ r c - c - c- c- ‘ v i m  I i- c--u , i c - c - c - I  c-_ c- c - m i s c ’ sc -c -stem c’oni—
- c- c - n a  - n -



- ‘ - c- c--c- c- - c-c-’ - I ‘ c- - c - c - c- - I - - c- i c -  c- c- c- - a c - c -  I I c- c - c - c- I c- c - c -  c - u c - c -  - - c s t ’ c -  c- c- c c- c-
~ 

c- - c- c- il

- c - - - c-c - i  c- 1 ! - c- ‘ c-- ic -t c-c- ’ c - c -ti c- c- c - c - c- !i-)W c - _ i c - - c- -. c - c - c- c - I t Ii c- c c - cc - c - I ic-S’ c- I - c- ru a c - - , : c - c - -

- - c - I c - c -  i~~ i- I i c - \  ‘ ‘  ~~c- c - i u  I d ‘ u r n is i c- - a _ i c - - I  I t i c -  l c - c - c - u ( I c - c - S f l c -t ic . ‘ I c - c - c c - c - c - c - c
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‘ “~ t s do not  r e f  I cc  t an V cons  ide  r at  i n a t i  j a 1 l~ ii t i t s 5~ i C
m l  li t he t h i e v e d  t r~~n t h e  use  o f  r e c l a i m e d  w a t e r  and t e i  t I i / e r
( ‘c n s t r t i  t i o r i  ~~~~~~~ .i n I  m a t c h  ( , t s 4r  t ’ e s e l e c t e d  reuse  m i t e r
na t i ves  a r m ’  s . w i i  at Tab le 3 m . As l i i l i c . m t e d  e a r l i e r  under the
s e t  Ion ( : 1  ~~, i 5 ! m w  i t  . r  Red mat lea ‘C p i r t u n  i t les , Reuse Al t e r n a t

2 • 8 , 17 , 25 , 37 . 1 . ini  4 h av e  no i l l  i t  iona l  c o s t . .

i’U~~T S~lA R1 ‘~~;

2 2 . m . For the j a s t  sev e ra l vm.ar  s , i t  i t s  been t he pract  i m ’  t or  the
Federa l  Cove rnmc n I t o  share the ca Ir iu t ion cost  o 1 pub I i  I y owned
w a st e w a t e  r I r e a l  m e a t  works  w i t h  b a I in t e r e s t s .  In 1970 , wi th  t h e
p . iS S a~’I of  t he  C l e a n  ‘ ‘ i t e r  Bond A t  . C a l l  f o r n i a  became a p a r t n e r
the  concep t  a l  cost sh a r i a ~’ . ° rm ~~; a i t  S t a t e  and Federal  p o l i c y , as
ex p r e s s e d  In t h e  ( i i i  t o r n  m Cle w ~; i t e r  Bend Act  of 1970 and i t s
amendments  and t h e  F ed e r a l  ~‘a t er  Po ] l u t  ion C o n t r o l  Act  Amendments
~ 19 ,2 , m d i  a t e  that tia s h a r i n g  p e r c e n t a p & s of e l ig i b l e  por t ions

01 pr~~ ect costs are is L o l l O W s : h a l  i n t e re s t s  — 12.5 percent ,
o f C a l i t o r n i t  ‘.S per e at  and t t ie United States — 75 p e r c en t .

~;ra n t s  ire  made f o r  t’ i~~~h p o r t  ions  of n r o l e c t  costs  sub jec t  to
r u ! es  and r e ct i l a t i on s  e s t a bl i sh e d  hv t he  C a l i for n i a  S ta te  Water  Re-
sou rces C o n t r ’~ Boar e  and t h e  l c ’d er a l  F a v i  r o nm en t a l  P r o t e c t i o n  A g e n c y .

2 2 5 .  . I th  res p e r t  t m  c z r n n t i n c  p r o c e d u r e s , t h e  t e r m  “c o n s t r u c t i o n ’
h i s  been ~ iven  m b road  mt ’an inp  and i n c l i t l a s , in a d d i t i o n  to the  ac tual
b u i l d i n g  and aherat~~on 01 w o r k s , a l l  I b m .’ necessary  p l a n n i n g ,  eng inee r in ~~,
1e~ a 1 , f i s c a l  and e c o no m I c  in v e st i g a t  ions necessa ry  fo r  the imp lementa-
t i o n  of  a pro  k c t . W i t h  r e spec t  to e l i g i b l e  p o r t i o n s  of p r oj e c t  costs ,

e d e r a l  s t a t u t es  i n d i c a t e  t h a t  “ t r e a t m e n t  works ” in c l u d e  devices and
sys tems used ~~i the  s t o r . t ~’. e , ~r . a t m e r i t , r e cv c l i n  and rec lamat ion  of
was t ewa te r , o r ir e  r i c : e s s . Ir ’ ,’ ~ r eev ~~le or reuse water  at the  most
econ om ica l  cost ove r t h e  e s t i m a t ed l i f e  of  the w o r k s .  Land a cqu i s i t i on
is an eli gib le  pr o~ m r t  ‘ e a t i t r e  so long as the  land is an i n t eg ra l  p o r t i o n
of the  t r e a t m e n t  p rocess  or  is w e d  fo r  u l t i m a t e  disposal  0? r e sI dues .

Reuse f a c i l i t i e s  also w o u l d  be cons idered  e l i g i b l e  pro jec t  fea tures
If such facilities were necessary to the  operation of the project .
A l l  ~raiits made are subject to user charges and Industrial recovery
char ges required by State and Federal statutes. Both the State
of California and the Federal (‘.overnment have established priori ty
systems for the allocation of grant funds.

226 . For the purpose of this study in allocating costs among local ,
State and Federal interests , it has been assumed that all features of
the wastewater management alternatives are elig ible for construction
grant s. Cap ital costs of the alternatives (and t h a t portion of the
iV erag(’ annua l c os tS  which represents amortization of capital investment)
!I.ive heen apport loned on the basis of 1 2 .5  p er c e n t  ocal. 2.5 percent
St ii I c  ‘1 Cdli f e r n  Ia and 75 percent Federal . Cos t for operat ion and

p
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maintenance and replacement . would be paid by local interest s . Landowners
within the land app l ication sites would he expected t o  pa~’ a t ortion of
t hese  latter costs equivalent to their norma l costs i n  operating irr iga-
tion systems .

INSTITUTIONAL A RRAN G EMENT S

22h ‘lim e institutions considered In this study incl ude the govern-
mental st ructures of the Bay—Delta Region which have emerged in relation
to poss ible solut ions of water quality problems . Governmental studies
are concerned with time development , growth , and responses of wastewater
management  institutions associated with increased demands for allocation
of resources to the solution of growing regional water quality and pol-
lution problems . ‘ articular emphasis is placed upon institutional Im-
pacts which may be related to land app lication alternatives of Bay—Delta
water quality problems .

228. During recent years increasing attention has been given to waste
treatment facilities ta solve water quality and pollution problems .
Instit itional responses were concentrated at local ~overnmental levels

.
in some ins tances , existing flood control or watem supp ly  agenc ies
assumed waste Ire t t m en t  responsibilities in lieu of creating new single—
purpose institutions. This type of institutional adaption was reasonah 4 e
because flood control systems have often served in t h e  dua l capacit~, of
p roviding both storm drains and sanitary sewers and water supply agencie i
are conc erned with water quality as well as quantity. At the presen t
time , it is generally recognized that the water quality and pollution
problems of the Bay—Delta Region have grown to such proportions that
the un ited efforts of Federal and State governments, is well as local
govern men ts , must be brought to bear and national as well as State and
local economic and technological resources mus t be allocated to their
solution

• 22’). 1’ is anticipated that the Bay—Delta Region under the 1975 Base
Condi t l r will reflec t increased inst itut ional accomodat ion to meet
legislative requirements o~ current and projected technological demand~’.
o t  an increasing ly critical Bav— Delti water quality and pollut i on control
‘r oblem . The emerging institutional envi ronment will ret lect an .axtra~.—

cm ; j tj c ”  of present institutional acconmiodatlon trends .

230 . The selection of ultimate institutional arrangements to meet
requ f-’- en4ents of the selected wastewater management alternatives is

m m , ,  !‘- ‘4~ ’’nsibilitv of ‘~~ , t e  arid Local agencies and the voters. In—
‘ i resLea and cooperatine Federal agencies are charged wi th the re-

~pon~ tb ilitv of assisting the State and local agencies and to t h a t
• m ’ ’t m a y  offer assIstance as needed . Nonetheless , the dec islon-n’.m ki r ,c

s -  remain s a Stat e prerogative .

.~iI. Existing institutional enabling acts of the State of CalifornIa
ire generally flexible and adequate to meet most foreseeable needs:
m wever , some chan ges m~y be considered in the  interest of achieving
uniform.lty and to assure t h a t  waste treatment management Institutions
v 4 !1 meet the crite ria 4 or construction grants .
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12. he l a n d  ~ip p l i c . i t i o n  por t  Ion s of t he  w a s t e w a t m  r a l  t e r n a t  i ‘.‘‘s
t ’r ~, m m i i i e ’mi i t t  t h i s  s t u d y  would  appear  cap a b l e  of b e i n g  i m p l e m e n t ’  1 by

‘:1st l~~g i n st  i t m : r  i on s .  u n i v  one g o v e r n i n g  i n s t i t u t  ior i ; i l  e n t u  t m  or
i~~t cv ’ c r  ‘n. n . m  go:’ i t  a g e n r v , should  c o n t r o l  each  ‘t  he ;m:g, ’ ’ s t c d

mud .-i pp l u - m t  i m r s  ;I sv t ’pis . The f o r m a t i o n  of a no ;-. m i u t r o l l i n g
el i s t  r l e t  or t h e  m ’ m ’r i s o l i d ;m t i o n  of d i s t r i c ts  c o u ld he h a n d l e d  by lie

‘ L i i  c om m u n i t i e s  i n v o l v e d  u n d e r  existing le ’~’ il a u m t hc.’m - i t i e s .

~T\G T~ ( ) N S I D E R A ’ l ’ l )N h

.33. ‘ ru alternative is o n l y  a concep t u n t i l  i t  is imp l e m e n t e d , t h e n
it he c : i , s a p r o g r a m  or  a o m  t c t .  One of the  p rob lems  common to a l l
ci j o r  p u b l i c  v o r k s  p r m a j e c t o  is  t ha t  of develop ing a d e q u a t e  and e c o n o m i c

p r ’ c e d ’ m r e r s f o r  f i nan e L u t h  ! , am t m the c o n s t r u c t i o n  and t h e  subsequen t
m ’ t ’ e r , m t i m u u  and  r u a m i n t e n  r u m ’  o t  an a l t e r n a t i v e . To avoid  p o t e n t i a l
d i  m t  l i - m i l l  ies 1 m m  f i n . u u , e  i n g  and a d m i n i s t r a t i o n , i t  becomes necessa ry
t m  r ev i ’v f i n a n c i a l md legal prob lems p e r t a i n i n g  to  p u b l i c  works
p r i ’~ e c t s .  An en g in e r ing  report  can be of a s s i s t a m u c e  ~v p r o v i d i n g
p r o  I i  r r m i r l a r y  p l a n n i n g  j u t  o rr n a t  ion .

2 34.  t1 ie p rob l em o~ h ow a p a r t i c u l a r  a l t e r n a t i v e  could be c o n s t r u c t e d
and operated mu st  he considered. All the facilities for an alternative
could he built during a relativel y short period of t ime , or a phased
construction could be accomp lished ove r a longer period of t i m e . t n
o r de r  t m  d e t e r m i n e  w h i c h  cm ’ns tr tmc tion method would prod uce the best
resul ts , the following assumptions were used :

a .  All  L n t e r c e p t ’r p i p e l i ne s  would be c o n s t r u c t e d  at the
same t ime ;

I .  All l ands wool he acquired at the same time :

c.  A l l  w , m s t e w a t e r  s t o r a g e  r e se rvo i r s  a t  the  l andsi  Ii’s w o u l d
he e n s t r u c t e d  it  the same’ t ime :

d. A p p r m u x i m a t e l v  75 p e r c e n t  of the  w a s te wat e r  t r e a t m e n t
i a  ‘ I  i t  ies , t h e  p u m p i n g  s t o t  ions , iri d the slud ge handling systems

m m m l  1 u t r u l  It diir inn t i m e  i rst part of the construction phase : and ,

e. Approximately 50 percent of the land app li cation systems
wm ) mm I t  hi hul It dii rin g the’ f I rs t part of the  construc t ion phase.

. ‘ f ’ . ifased on a rev i ew i i i  ic cost da ta , t i n ’  e f f e c t  of these assump—
l a m ’ - wou ’d he that o n ly  about  25 percent of t h e  c o n s t ru c t  Ion cost
u . !  d h~ ’ considered for tage~ or phased , cone I ruc t ion . It w~ sm u ” i’d t h a t  al  1 svr ;tetn c o n s t r u m ’t ion , with dm’s I go capaci t v  to meet

y or  200() flow,- , w o u l d  he s t a r te d  by 1975 am ’ i comp l et e d  by 1985.
There could he a staging ol a portion of total system construction
d u r i n g  t h i s  10—year  p e r i o d .  A s s u m i n g  a reasonab le p r o je c t  construc-
tion period , of 10 yea r s  for Init ial construction for Year 2000
tiou ~~, and six year ’ ;  ~or lurt her expansion cf facili ti e s for year

1 m w s , a t mm rt her breakdown I i ’  lows :
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. 1  . f t c  numb e r ot m a j o r  c o n st r u c t Ion c o n t r a c t s  wou ld  he
i p p r o x i m a t e l v  500 .

h . A- . t ’ r u g e  duration for each construction c o nt r a c t  would
ho 1—1/ 2 — 2 years , v ith the exception of storage reservoirs which
w o u l d  be 1— 1 / 2  - 3 y e ; u r r . Numerous construction contracts would be

~unning om ’ iuu urre’nt l v  and w o u l d  be staged throughout the construction
or iod

c . ‘[‘he first two m’ears oil the’ 10—year period would he for
oasic: engineering, design , and land acquisition , the remaining eight

t i n s  for final design and construction .

d . Experience on construction projects indicates the peak
, it t ’  of expenditure occurs at the 60 percent poin t of the construc—
ion period . Design and construction expenditures could be staged
,msed au these assuu’ipt ions. Fi gure 9 schematically dep icts the t ime
u :msin g f mmi design m d  cons’ ruction costs.

:‘t~Ai~, ~O2O •~ \SrER !‘t~\h

23~,. Time six wastewater management alternatives developed can be
• ‘nside’red only as interm ediate steps in meeting long— range water
‘:a i t v needs . Each alternative can be expanded into a master

p laii to care for wast ,;ter flows and constituents for the year
2J2h . As an examp le , -iteriative 0—i was modified to demonstrate
th e compatibility of rh e year 2000 land appl ication alternatives
w i t h  long—range planning . Alternative 0—4 (see Plate 34) can be
‘enS idur red as the 202 laster Plan for the D—Series of wastewater
, : t ~~~; ,t .. ives . Sin e ‘his alternative is the same as Alternative
1-1 ‘xcept b r  the quantit y of w a st e w a t e r be ing  generated , the same
land app lication sit ’s used In Alternative D—1 would be used . The
i : r u o , m t u l  of land required would he increased but would generally be

i r m  t i : ’ same location as that used under Alternative 0—1 .

237. Si ud ge’ System S—5 (See’ Plate 3 5m applie s to Alternative D—4
( v . ’ . m :  2020 :~ar,ter Plan) and is s im i lum to Sludge System S—2 . In
Svs ! ‘ S— 5 , the slud ge fr om S1t~~s 42 and 43, as well as that from
‘ me I -n t ra l C o n t ra  Cos t a  C o em t y  Wa st e w a t e r  Trea tment  P l a n t  and the
h ue’ sma l l  tertiary plants on t h e  Sacramento  River , would be con—

vey m ’ t o  S i t e  5. All other routes would remain the same as in
;~ I m i m l ge Sy ’~te ms S — 2 .

S~N sl ’rl\ ’I TY CONSIDERATIONS

‘n t r m d u c t i o n

23 8. ~lu anges in assumed design c r i t e r i a  could result  in chan ges or mod i f—
i T t  im ’i m s to wastewater management alternatives. The sensitivity of these

~~~~ 
ible change s should bO examined . The areas of greatest potential change
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T IME PHASING FOR DESIGN A ND CONST RUCTI ON COSTS
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i n  l c m ’ 5 l m ~I1 c i i ’  s n i l ‘~‘m ”ul d ~‘ . i n  t h e  ~) l j c C t i o u 1  ‘ ‘ I ‘/ m - / t I ’ w , l t u ’ r  flows

( ‘~‘ : m L c h  i t  t e c t  r h ’ - a t  i l i z a t  ion ~f ‘‘ n ’ r i  l uri d c i t e ) ,  c r op  ; - u t t e r n s  to
L u u - ‘~i ’ l e  t .  -I , r ’’ - ’ . ’’ . m i  m r  m i c e ’  . 11 e x i s t i n g  / m r v r L l r ~~s , cost i ’ ~’ s lop mei n t

‘:L/  . i i i 1 ttms ’ av~ i l . i ! i l i t v  af  land s u i t a b l e  f u r  l and  t r e a t —
c m l  v a s t  e’wa~ 0r~

1m 7 ,  l t ’ c t i o n  at  - - - u s t e ’ v . u t e r ~ l ’’ws

2 . P r aj e c  eu)  t I n a l  ‘ 1 m m  C ipal w -u st ‘y,m to r I lows w e r e  1 ) / i c i d on the
i n dat a p r e s . ’r i  ted in t h e  / e r  ie s  f l—1 50 p r o  i o c t  ions prepared by

he Call ‘f l L  L a  / e h - u r t m e n t  ol F i n a nc e .  T im is ae r i e s  of p r o j e c t i o n s  is
c u r r e n t l y c o n s i d er e d  t h e  s t a n d a r d  f a n  S t - i t o  and  F e d e r a l  p l a n n i n g  in
C a l l  o r ni a , ex ce p t  i tm men  o v e r r i d i n g  r u / s  -mi s  d i c t a t e  t h e  use of other
p r -  t’ct 1 1115 . A ss ’ c’ nd series of p o p u l a t i o n  p r o j e c t  ions a l s o  has
been -1 ev, l op e d  b y  the ‘all forn ia Jepartment 0f F i n a n c e , t he  Ser ies
F — / i . 1.—U Ser i s-’~ -~r ’  s ’ C t  Ions are ’ based on reach ing z e r o  p o p u l a t i o n
~ i ’ ~’ t i  ‘ i t  c r’s-  t i - r e  in tlit ’ f t ’t u r e  . The Sen s’s E — 0  dat;’ indicate a

m i  i c r  p o p u l a r  i o n  I or s ’c ;I s t  t h a n  t I C  Sen ies  0—1 50 d a t a  (see Table 4 ) .
urr ,’:m t rends in p m ” p u l a t  j u m fl I - r e c a s t i n g  a p p c m ’ a r  o f avo r  use of the

‘ — I)  a e r  i t ’ s  is a t n - I : - .- of  r erenc’ e f o r  f u t u r e  p l a n n i n g .  G r a n t  regula-
t i o n s and p 1 - i n n i n g  c r i t e r ia  of t i m e  S t a t e  W a t e r  Re sources Con t ro l  Board

‘n v ; 1 ; / t s ’ w - c m t s ’ r  t r . .u m ent  u a c i li t i es  make use of t he se  p r o j e c t i o n s  In
~ n f t i :ul a i r  h a ’ ; l r ~s .  The f o l l owing  m ’ m I,fl’ItICS are in .i c r i t i c - a l  a i r

m d  , as  s u C t i  , p ap a l  I t  ion p r o  s - C t  ions  c o u l d  he ’ l es s  t h a n  t h m e
2 ,’ r i ’ ;” - :  t n : ’  0— 150 Sari s- c : San - ‘ r a n cj s c c m , Sa n M a t e ’ ’ , C o n t r a  C o s t - i ,
- - ‘ - i : - : , -  U /I , - i : ; . I  - .11/ t a C l i ra .

5/. ’ i . ( I t  t l l e S t ’  t l v i -  cot~Li t i e s , u n I v  ( . o f l tr a  C o s t a  and S a n t a  ~~l a r a

~. i 1 n t 1 c w1 ’ t i l d  / ‘O t r i h U t e  s i g n i f i c a n t q u a n t i t ie s  o~ w a s t e  to land
cm ’ , m c . i’se -‘f t h e  1-1—0 p r u  l + ’ Ct l m/iic would  r e s u l t  in s l i gh t ly  l owe r

t o  S i t e  42 f o r  a l l  a l t a ’ r r i , ; t j v e g  and t o  S i t e  27 fo r
.‘t I  t e r n a t i v e ~~ B— I - i r i d  0—3. A!~~ o l e s s  s l ud ge wou ld  h cm ’  a v a i l a b l e  f o r
1 m n .  a pp !  i - i t  i n  h i ’  ause m t  r e d u c e d  f lows.  i ’ l s - r e f o r s ’  , the land

1 115 of f l u , w a s t e w a t e r  m a n a g e m e n t  a l t er n a t i v e s  p r e s e n t e d  in
‘ l~~~m l! t 10 r i o t  appear to be s i g n i f i c a n t ly  se n s i t i v e  t o t h e’

m: 5 m 5 ’ u L ,  IJI vh i c 5 m p o p uli t u-ni pr u ’t e’ / — ’ Ion i s  u ss ’d .

2 1 .  m i t  i - m i  ‘ o u r d i n a t l u r i  w i t h  i n d us t r i a l  g r o u p s  i n t h u  ~t u c I v  a rea
‘ i i  ~ In  1 1 c m  t ed l i t  the I rd ‘is t r i,m 1 wastewa ter lows c o u l d  ch in ~e d o —

if l~~ 7 1 /  w h i ’ I i  s . -t  ot t e c h n i c a l  .1 ’ - / s / I :Tp t  l / ’ r :a were  used . In t h i s
1 1 - 1 5 ’ . t i e  Iow a we’re :u sed on . m  s t  ‘ 1  i n d u c t i ’  i a l  u s s I l m p t  l u r i S  out-

l i n e - f  s a r i  j a r ,  lilt  . m s s u n !u t  L a s  i p ear  to  he r e a s o n - m h l u ’  m n d  S i n ’ s’

‘ l I e’ ‘-a ~o r j t v  o f t o  j t i d r i s ’  n i l  w ,- i s t e  f l o ws  o r i g in a t e  i n  Contra I , u S t d

C ali f V , ‘ ‘ -~~‘i L ’ ’’ 5  Wo~~i d  only m a t e r i a 1 1 ~ a f f e c t  t h .  S i t e  !~~
‘ p o r t  1 OnIS of

L i ’ ’ ’ 1a~ m l  m t t ’ t )  1 ‘ ‘i t  I / 1 ’ ’  m l  to nym a i’s ’s .

I r u ;  Pat te’rns

14 , ~e’v ’ r im I h.i~ I n  — i s s u m p t  I oti s were m ;ide  r e g a r d i n g  t h e  va r ious  crop
7 u  h o  u ’0 ’d d t  t I m i ’  app i icat on , I t s ’ s . I’iis ’s s issumpt Ions v~’re
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made from th e ’  best  a v a i l a b l e  i n fo rma t ion . If this information c’Im :mngs’ s ,

then  the  ori ginal assumptions mi ght also change . As an example , . i v a i l —
ab le  i n t o r m a t i o n  f rom t i m e  ag r i c u lt u r a l  coimnunity i n d i ca t e d  t t r it , ml fal t ; u

remove abou t  170 pounds of n i t r o g e n  per acre per y e a r .  rh o  assump —
t i o n  made was th at it nitrogen were a v a i l a b le fr o m  t i m o  prmnjnd , alfalfa

w o u l d  u t i l i z e  t h i s  f o r m  of n i t r og e n  p r ior  to  f i x a t i o n  01 any n i t r o g e n  f r o m
‘h e a t m o sp here . Presently , no documented data have been furnished to
d e t e r m i n e  i t  alfalfa does use one hundred percent of the nitrogen from

~ie ground . Only through continued experimental efforts and pilot plant
st u d i e s  would d e f i n i t e  da ta  be ava i l ab l e .

/43, It also was assumed that no crops would be grown that are normally
e l t o n  raw by humans , such as tomatoes . If add i t iona l wast ewate r  t r e a t —
- - s n ’  p rocesses  were p rov ided , the  water  could be used to i r r i ga t e  crops
‘m ’~cc1 for direct human conm- uml~eion . The add itional treatment would con—

~i s t  of a dua l media I’i l t e r  and chlorination uni t ,  The treatment cost
would  he increased . For example , in Si te 5 , approximate l y 9 , 940 acres
ci ’ tomatoes are cu r r en t l y grown which could be i r r iga ted  wi th 40 ‘-1 fl
a ’ adequately treated wastewater . The additional cost of providing
‘ - ‘t h  ‘ il t r a t i o n  and c h l o r i n a t i o n  would be about $8.87 per acre—feet of
site r. Table 35 sun~narIzes the additional cost 0 1  t r e a t in g  the w a s t e —
vi Ler flows to each site , for each series of alternatives , to al low
c o n t i n u e d  c r o p p i n g  of tomatoes , asparagus and o the r  des i r ed  crops .

h i n ds

4’s . The original design for the application of wastew~m te r contemp l ated
‘~ ‘moving all orchards affected by this application . This concept was
considered because crops with good nitrogen removal characteristics
were required to insure proper land treatment of wastewater. With this
-is si umption , overall monetary losses would occur unless some of these
o r c h a r d s  were replaced . It would be possible to develop new o r cha rds
i l l  the ’ proposed sludge application areas . From a cost standpoint , it
would r i o t  pay to replace orchard crops such as walnuts and prunes.
f i m e  deve lopment  t ime requi red  and recent decreases in harvest prices
would make the replacement of these orchard types uneconomical. How-
eve r , the se particu lar orchards could be rep laced by other type s:
mlmonds , apples , ch er r i es, pears , and aprico ts. If orchards were
rep lac ed , the total net annual agricul tural loss could be reduced
or eiln ina ted .

Cost ~ ‘velop ment

,‘4S , T i me ’  fin~m l costs developed for this study were based on an in-
te r e s t  m ite of 5— l/2 percent .  Howeve r , this interest  rate could
“i m p. -  d epend ing  on th e  to tal nat ional  economi c s i t u a t i o n . I t  ~s
)~~ oI1 ,i I u lC that t Im e I n te res t  r a te would increase rather than be de-

creased . This would result in increased costs for all wastewater
management systems . If the interest rate Increased , for instance
to seven percent , an approximate 13 percent Increase in average
ITinual costs could be anticipated .
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and ,\~‘ ; m i i  , i I . 1  i i  ty

‘ -~~~~~ , T h i s  s t u d y  used seven p r i m a r y  l a n d  application ;m ri ’ :m -~ ( ‘ i t o S
,‘ t’~, 42 . 4 3 , 4, 5. 21 , iS) and one alternate area (Site 21 ) f u r  t I m e
i p p ! i u ’ a t i on  of t r e a t e d  w a s t e w a t e r  and s ludge . These 5~~t u : ’s We ’re
‘ho—en based on several parameters discussed earlier. 11 certain
si ’ e’s ’,,’ m ’re not  to he used , such as Site 5 with a tu ’ t a ]  o4’ 192 ,000
t i o t ’ t i , i l l y  available acres , other sit es which were identified but
n ’ ’ t  it/yOst igated in detail could be used . Use of these additional
s i t ’ s  would be ‘.~poct ed to presen t a r a t i pe ’  of p o s i t i v e  and n e g a t i v e
~ t t  o c t  c o m p a r a b l e ’ to those described in this report . Proposed m a o
.m~ tb. pr i m ,t r -~’ S oV e ’ri land ,innlic :mtl on sites was based on their
I / c i t  ion s  r e ’l , - mt  i v.’ to  t h u  - i  ~/ / r  w a st e w a t e r  sources . O t h e r  l and

m t ~p l i , - a t  ion - i r e a s  , such - i s  SI tes 38 , 39 , 41 , and 53 ( P l a t e  6 ) ,
cu m i m l d  he C m r i i s j / 1 e ’rc ’ / l j 1 a primary site became non—available . As
-iis .- I r s’~ed earli e r , site 27 was used in two of the six alternatives
to  provide an additional option to South San Francisco Ray area
W,$5Ie ’W;it er di sm ’h~irgers and to permit evaluation of the concept of
1n~ ”r’hasin t ransport of wastewater.
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I D E N T I F I C A T I I / N  OF IMP ACTS
AN !) PY~ TF7 1 PERFORMANCE

“U BLI C LAW 92-500

247 . On 18 October 1972 the “Fed eral Water Pollution Control Amend-
ments of 1972” (FL 92—500) became law . The law establishes two national
goa l s :

a. To achieve wherever  poss ible  by 1 Jul y 1983 w a t e r  tha t  is
clean enough for swimming and other recreational uses, and clean enough 5
f o r  the p r o t e c t i o n  and propaga tion of f i sh , shellf ish and wildlife .

b.  To have by 1985 no d i scharge  of p o l l u t a n t s  in to  the nation ’s
w at e r s .

248. The law also increases Federal aid to help local government
bu ild sewage treatment facilities and sets the following deadlines
far actions to control water pollution from industrial and municipal
sources.

a . Indus t ries discharg ing poll utants into the nation ’s wa ter s
must use the “best  p r a c t i c a b l e” water  p o l l u t i o n  contro l technology
by 1 Jul y 1977 and the “bes t ava i lable” technology by 1 July 1983.

b. All publicly owned treatment works in operation on 1 July
1977 must  p rov ide  a minimum of secondary treatment .

c. All  publicl y owned t reatment works must use “best practicable”
tr.-’atment by 1 Ju ly 1983.

249.  I n so fa r  as p .ms sib le , the water quality provisions of PL 92—500
have been considered in identif ying the impacts and characterizing the
performance of the final wastewater management alternatives.

IT)ENT1F1CA’i ION OF T~~’ACTS

m t  roduction

2’ b . In the planning process sequence of events , impac t identifica-
t ion tails between the tormulatjon of alternatives and their evaluation .
1/’ ~erve s as a br idee between t he se  two p lanning events , as i t SU P —
plies in~ ornatioui to I iii is ’ . the forme r and to start the latter . When
d~ spl .m’,-& ’m! , fdent lfled imp ;i~ t. s describe the changes which will result
from implementation a ’ t h e  inal wastew;’ter management alternatives.
These impacts then become e m e  Indicator s for evaluation .

Scope of Accounts

251. The first step in the impac t identification process is to define
a set ol categories an (I impac t parameters so that the impacts can
he organized and assembled according to their effects on man and his
surroundings . These categories represent areas of concern which
rianne rs have found to be essent ial In plan formulation and/or
‘mm ’mmslti ve to public interest. For this stud y environmental quality,
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4

sae’ l , i t  ~ e ’l l - - ~s, ’ l og ,  ec o n o m i c , and i n s t i t u t i o na l  c a t e g o r i  .‘s w e r e  selected
Is r e p r e s e n t a t i v e  s ’n i r r a l  , i r e , 1 s  w i t h i n  wh i c h  to  i d e n t  I r v  i m p a c t s .  Tm—

p a c t  p - m r . i m e t e r s  r ( ’ l ’ r ( ’ a e ’ I ) t  those 5~~m ’ (’  i f i c  areas in w h i c h  changes are
likel y to he produced.

2 S2 .  S uv i r o n m e n t a l  q u a l i t y  involves  the relationship t l c tw e en  human
en v i r o nm e nt  and t h e ’ n a t u r a l  envi ronment . Man y  of man ’ s ac t i o n s  a f f e c t
t h e  nat h r/il b i e l u g i c a l  procasses and l i f e  cy c l e s  of a reg ion  by altering
t in e  c h e m i c a l  o r phy s i c a l  components  of the  n a t u r a l  e n v i r o n m e n t .  U s u a l ly
the effects of these a c t i o n s  appear In the biological sector as either

t -t nl pO r ar v  or p~’ ‘ m , i r n e n t  changes in the growth , mal ntenance , a,-id repr o-
duction of organisms or the relationshi p that exists between biolog ical
commun i ies 1/Id ant ire ecovsvstams . By ident I fving chan ges in
che m i c a l / p hy s i c a l  f a c t o r s , ecolog ical associations , aesthetics ,
recreation and use ot nat /n ra ] resources , i t  is  p o s s i b le  to  assess
t I m e  impac t  of in a l t . ’r n ,

~tlvc action on environmental quality.

253. Social well—being invol ves a condition , existing or des i red ,
expressed in terms of Individua l and group quality of life . This
qua1it ’~’ 01 1 11 c ~e’no-erns those activities , institutions , and inter—
r e i a t i o n sh i p s  of man involved in the maintenance , growth , and develop-
ment of soc ie ty  w i t h i n  the  physical environment. By determinin g the
e f f e c ’  of an ;-~i t e rn a t Iv e  on area  viability (in terms of stability ,
‘r o w t l i  and deve lopmen t of l o c a l i t i e s ) , publ ic  attitudes , distributive
. iu itv and ;‘/lbliC h e a l t h , i t  is possible to assess social well—being
sens i t i  vi t V .

254 . TIne development  of w a t e r  resources a f f e c t s  the  env i ronmenta l
q u a l i ty  and social  well—being of the region . In turn , these changes
can a f f e c t  the  region ’s economic base and institutional framework .
A l t h o u g h much c r i t i c i s m  is give n to the use of dollar benefits and
Co sts in evaluating alternative solutions in the context of co-
existence with environmental and social well—being considerations ,
the dollar aspect of regional development must he considered . In
this li ght , information on project costs , agricultural production ,
public  f inance , land values , reclamation of resources , and changes
in existing institutional structure is considered necessary . Table
36 surmnartzes the basic impact categories and parameters used in this
study.

Matr ix  P repara t ion

255 . After the ‘apac t categories and parameters have been estab—
i ished and the Impacts id e n t i f i e d  and assembled , the next step is
to deve lop  a f o r m a t  f o r  their disp lay . It also becomes necessary
‘t’ e q u a t e  t Ime imp a c t s  to  the var iou s groups that will be affected
in” t h e  a l t e r n a t i v e . !“or tb / s study , any chang e in the impact para—
rst ’te’rs could p o t e n t i a l ly  have ’ an effect on the San Francisco Bay —
D e l t a  Region , t h & ’  S t a t e  of Ca l i f o rn i a , or the United States .
Although some impacts may be rela tively unimpor tant the further
f rom t h e  stud y are ;I a planner  considers , their synerg is tic effects
may be extr eme ly inrm or tan t and therefore must he considered. In
addition , the impa cti -i produced from the interbasin t ransfer of
wastewater need to  he considered .

148



1-
c - : ’ 

-
~

-T
/ - -

-

- 5- - - . - - - - - ‘ -

k : .

- -- ----

- 

- I

-

_ i _ j ~u ’ - ~ - -

-

- 
~~~~

- - -

~~~~ 

- -

~~~~~~

- - -

~~~~~ 

- - - - - -  -- -

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

- -

~~~~~~

-

-
~ ‘ ,~~DL - - - - - - -

~~~~~~ 1*. - 
- - - 

-

-~ - 

I
~~ 1 rr~ ;., -

I -
,~ [ii - -

- L

if - - 
-

I - -

,- .‘ 

~:_~~
- 

- 5-

,~; 
~~.e :

, - -

- - -i— --—-— — —  -

~~~~~~~~

— - - --

~~~~~~ 

-- -

- ‘ ‘ - - -;; - .-
‘- - - - -- u

) -I
— ‘ -~~‘. -  -

)~~~/ ‘ ~~~~~~~ ‘ 
- - ‘ ,

-
‘~~~~

‘ ‘ 1 ~~~~~~~~~~ 
- 

-

- —

~~ I 

— —

- - -~~~~~~~~~ - ~ — _ _  _ _ _ _



- . 
~~~~ 

I - u.n
cc

- 
. - ‘ -

- I - - U-

- 
-

/ H
1 I

-‘- - j 
. 

- -
- - . 

~~~~

‘

- 

1 I

- 
- 

- /

- 
- 

u _ i 
-

/ 
I 

I :

- - - - - H -
- : 

• 

(~~~~~~
. 

- - - I
- - ‘ . - I ‘

~~~~1r
‘-I - 

I

- 
. 

- 

‘ - - I

-
~ ~~~ 

‘ T  -

~~ ) _ 
- - ‘

- . 
- ;

a - - -—- - - - - - 
- —— - - - 

- -

I 
-

- 
-

~~~~~ - H

C I

- ‘ u  -~~~ ~~~~~~~~~~i_, ’ ~~~~~~~~~~
1 

— — ‘ - ‘ ‘ - ‘

~~~ ~~~~ u
2 - ~‘ .

-‘ - I 
- 

- -, - ‘  ~~~~~~~~~~~~

- ~~~~
‘ - :

-
‘ -

-
5- 

‘ - ~~ I 
- -~~~- ‘~~~~~~ I



- I - { / ‘

I- - I . ’ -  - -

U.np- . -  - cc
:‘ . / ‘ -

-
- - H  ‘ ~~~~~- ~~~ ,

,~ u Z 
- 

‘ 
- 

U-
- -

~~~~~~~ 
.~~~~~~~~~~

, ,  - .
5-

5- 

1 .

- H

L1~~~~ - 

- 

-

~~- 1 - Ii -~ ~~~~~~~~~~~ -

cr I
- -

- H ~~
- 

- ‘ 
- -

-
‘

K ~
-‘
~~~~~ 

- - -

H
u~~~~~~ 

- ‘ 

- - 

- 

-

~~~ x —n~ - - 
- - - - - 

- 
‘ 

- 
- - 

- 
C

_u o :  , - ‘ - - -

~~ ,? ‘3 - :

u ) ~~:I
— ‘ - -

- 
-

— 
- - - - - -

- 
, 

-o -~ i~
(J

5-
)IW

Z - 1~ - 
-

- 
- 

-

- - -
- - ‘ - ‘ ‘ - - I ‘I - -

4 LLJ - 
- 

I -

- 
I - 

-

- - - - -- - -
- 

‘ - I ,

1 f )  I

- ‘ -~~ -
- 

- ‘  
- u . 1 . . - - 

‘ F - - - - - - -- I~~—-.n - ‘ - ii ~ ‘ - -I  I - - - —I n I I 

I /

I 
I I

T L I  I
2 I

f 

‘~I ~- u -
. 

‘ 
3 - - -

~ ~~~~ : •
1

I 

I 

I ~
- 3 - u . - - - ‘ . - - - - --

~~
‘ I 

5-

/ 
~~~~2 ~ “ I

- 
C ,~~~~ , ‘ , 

‘ 
- , - - - _.I

‘?~~~~ ~~~ 

I

i I I

— 
‘
~~~!~: ~~~~~~~~ ~- 1 - - - -

~~
- - - ~~~- - - - - I ’ ~~ ~~~~~~ - H -  - 

J 
- - -p 

I~~ 
+ 

I

~ - W k H I u I 
,

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

C 
J /

‘ cc ~~~~,, - 
“ ‘ 

- 
-.- T  ~ ‘ -



I I ‘ I —‘ I

(f ) . -  -
- - I -

F - - ‘ ‘ - : —

~~~~~~~
5-

. i  - 
- 

, ‘ 
‘ 

- 

u-i-
- 

-

- 
- 

- - -

F -

— ~~I -~~ 

- 
U-

- 
-

-
H - -

j 
-

- 
- - - ‘

- 
- ‘

~~~~~ -:
~~ -

-

- IH ~~~~~ ‘ - - ‘ -
-- cc -

- I

H -

~~~~~r~- ~I ~J , , -

- 
1 

-
> — ~ I - - - -

- -

‘l I 
I

,j~~~ ‘ - , u - -
- - -

-

- I
- ‘ - I

I -- :n j  , u :  ‘ 

I -

I I

- , ‘, ,  
- ‘ , u I ‘ I ’ ,I

~~ 
u

• 

- 
u ‘ 

u
’ 

, 
- 

-

— r r -° -)I’ - ‘ . , ~ / / . ‘ I . ‘ ‘

- - 

.

‘ ‘ ,

~ H’ - - . ~~~~ - 
/ 

‘ ‘ ‘ - 
I~~’~-

I / 
I~~

-
‘ ~u ’ u F , - , ‘ u ’  ~~~~

, - 
‘ 

u - u , ~~
- : ‘  u~~~ ’

- 5- / ‘ ‘ I I u I ‘
I I ; 

C~~~~~

~~~~~~~~~~~~~ i’~~~/ ~~~~~~~~ ~~~~~ 
‘ 

, I ‘ 
,,. 

I ~~ +,-

I 

~~~ ~ :r 

I
, 

: 
~~~~~ 

—

I : ‘
~~~~~

‘
~-) , ~I - - ‘ 

I
- 

~~~~

‘ 
‘ 

‘ ~



- 

- 

- u
. 1 

- u-i
- ~~~~ I ’ I  cc

I -

- 
- 

. 1

F - :

_
_ - : ~~~~~~~_5- - F F - - - - -

~,C - ‘ -
- 

- - I- - -

F ‘r -

~~ -: - - - 

- 

- -

* LLJ - 
-- 

H - :  
• - 

- 

• 
-

5-; - - -
- 

- - - -

I nr~~ - - 
- - 

- - —
u _i_ _ ~~~~~~~~~~ 

- - 
- ‘ - - ‘ - - - 

I, 

- -
- 

- - - - u 
u

• ~~~~U~
) - -’ I - - i  - 

- - - 
- - 

F I - -
1 0 —  ~ I - I .  I~~~ 

- - 

-
¶ ? F o -  - 

u 
- - - 

- 

-
- - 

- - - - -
• - u - u - - - 4

- .  - 
-

- I - - -

F I I
- — - 

-

- 
— -- 

- 

I - - 

— — 

- — H : H — 1
~~

— - - u ~~~~~~~~ 
— -

~~~~ 
/ F I 

- I . 
—

I 
I 

/ F
/ 

~~~~~~ 
I 

/ 
1 

- , 

— H ;;:- :H ~~
-

~~~~~~ 

I 
- 

1 
- 

~: :  
I 

—i



- - - - • 
-

Ian ~‘-~

-~ -

-5 -

- r I .  

- - 

-

~~~~

- 
- 

cc

- 
- 

/ - ‘ 
. ‘ H  

ID

-

~ ~u 
— -~~~~~~~~~

__ _ _

- 

- -
- u 

-

H ’ - 
I

--
~~~ 

:~ 

-

- ‘

- 

- - -- -

I~~~ ~~~~
-H

5- I 

- - 
I 

- I - - -

- - 

u

~~ 

- 

-

( i~~~~
P ’  

- 

I

-J - 

‘ 

u 
-

- I 

- ; 

I 
- 

~~~~~~~

- 

F

urr  

- - 

F

(r ‘~~ 

- I -

I 

- 

- 
I 

- -

2 

-

I 

I

I ~ !r I

j 

I 

I 

I~

I 

-

~ 

I

/ 

I F 

C 
~

I 
-

‘ 

, I 
I 

/ / ~~~~/ • • /  C ’ ~~- I  ~~~~~ 
~F

I 

I 

I

I 

.

H ir

- 

1

; 

I :

- 

‘I



l u
_

u - I - ‘I u
- “ 1 / ~~ 

-
5-~~~~~~i

: 3  ~~~~~ I I
- 

// 
‘ - I 

, - — ;  — ~ :,
u_ 

- ‘ u.n
i

__I 
C I I I

C-) • . - ,. . I D
- .  - ‘ ‘ C I u ‘ ‘. 1 F

‘ I  — I 
I — —

- 
‘ 

/ I I - ‘ - i -  - ‘ ‘ U-
- I - -  ‘

I 
- 

— 
I / - r

I 
I

I HI I 
-

“ 5 - _t I -r

C I I I
~~~~ 

ci 
- 

- I / - I~~~ - ; - ~ i -  - 
C I C

I 
F

~~~
‘ , .

. 

- ~~, - F ,~~~~ 
‘ F

I /

—I I
- ‘ I - H - - 

- 

u

1 
2 

I 
C I

I 
/2 

C I C I

I -~

/2 

I I I

/ 1 I /2 I~ 
p

C I I 
I

C 

I 

I 
C I 

I

1 
/ ‘ C ~~~~~~~~~~~~~~ 1 ‘ 

- 
I

I ~~~~~~~~~ I I

I I

Ii C F
I 

1
/~ C 

/1 /
(

u C C C
— - ‘ ~~— ‘ : -~~- I c / . ~~~~I . C 3 / .~ 

— 
- 

‘ - 3 ’  C _
~~,- CC ,1 . I ‘ I u ’ ’l.I — - • I - 

- _ - -— — I I  —~~ - - 1 - ‘ u - —
- — -- - - - 

- I , 
‘ I’ ‘ u I - ’ - —

,~~ I u u - ~ ‘ I C  u • ‘  ~~~~~~ - u
I ’ —  I I -

~2 C

5- I I 
C

C C
C 

,
~~~I/f 2 ~I+

— I 2~~~~~ u~’ C  I~ 
-u

I C
I C C )

l 
~ C . 

I 
C

: I C 

C

I ~ 

I C

I ~ 
I

i 
~~~~ 

C :;
~~~~

C

, C
— ,! C l  

—

~
‘ I /2 ’

u~~~~, /,J ~~. ; I  -
‘ ii I~ 

C - --
/ ‘ I ‘

~~ ~ - u

C - I ‘, ~ , C  -. u ~~~‘ 
--

1 ‘ , - 
5 ‘ , , ‘ :, I

‘-C , ‘ - - 5- 5- 
•~~~~

- -



\
— 

I

, _ _ : 1 -  ~~ ~~
_
~~~~~: — _ .— 

I

I L~~~C , - - ‘  - I - ‘ -
- - ‘ 

‘ 
u - ‘ - ‘ ‘

a - )  
- 

u ‘- ‘ -

- 
- 

-

- , ‘ , 
‘

- 
: ‘ Y’ t

- - ‘ - 
‘ 

-

uJ -
C

’-
-

H-

- 
I 

-

UJ u 
- 

‘ ‘ -

H - 1 - ‘ ‘

- 
- 

I

I I

a: 1
LU -

- ‘

z - - u -

-~~ F
a: ~~

- 
- - 

I

z :
(j•) 

-

czt
- 

I 
_ _ _- -  -- 

________________-___- —~~~~~~~~~~

a: I
LIJ H ‘

.

H I

~~ i i / I-
_ u  -

o
a:
H “ ‘ ‘ ‘ - ‘ - - -

~~

- - - - —  - -

o
1 /  u 

- ~~~ - -

o ‘
~~~~~ - - ‘ ‘ 

- - 
- - / 

-

D 
~ -~~I ‘

~~ l - I  
‘ : : : ;: 

‘

a .~~~~
u- u “ : , :  • 

, ‘ ;I -‘ / Li.i ‘Ii - ‘ 3 / ,  u ’ , ,O ~~ 2 i I 1, 1  
~~ ,II’a: ~ ~~~~~~~ I ~~~ ~~~~~~~~ ~~ I 

_______ _____________

I 

- _ _ _  _ _ _ _ _ _

~~ ‘
~ 

,, ~~~~~~ i~ I~~~ u 
- - :V)  I ’ ’  ~ C ~~~ ~~~ - 

3 / u i  23. . 
‘z I ~ C ’ ~~~~~~~~~

’ -~ 
~~~~~~ ,~~: , ‘

O —. u~i - I -- 
~ -~- :~~~~i 

• - ~~~~~~ - -
II :~~ 

- 
‘ ‘ - u

H 1 I ~~~~~~~~~~~ - - ‘
___

~~~~~~
.
~~~~~u 1

_
I I

_ — _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -J



a: - 

I
L U ,
W

czt I Ia: - 
u

H I

z -

(I’)

m~~~~~~~~~~~~~~~~~~_ ‘ _ _ _ _ _ __ _

W I  F
F-

a: I
LL ‘ - -

0
LU -

I ’

0 1 - ’
0 1 .-

- 
‘

- ‘ ‘ -_ _ _ _

(J) u H ’  ‘

H 2 •
‘ - 

- , 
-

O~~
’ I ‘

- -

u-i ‘ ‘ - 
u 

‘ -

- 

- 

‘ 

‘

- [ 

-
-
‘ 

-

~~~~ - I -

a: ’ -
•

I;, -

-

‘

/ 
- ,3/ ,,u J , 

u 

‘

_ _  _ _ __ ± ±  

“

I

~~ ~~I -  -~ 
- C i:-;

“~~~~~ ~~~~~~~~~ ~ 
-

— ‘~~~ - C

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I I 

.I

5- - - -
~~~~~~



H I I _I

U-
cc — ‘— 0- C C C - - -3: 3-,

• uñ — c c- iim - - - ’ ci —

I—. 4 - ‘~ N~ 123 —‘-‘ C”' I I I I - - I — ‘u’’ I
— v i  5- 5- - -— L - C  •~0-i >- if” c’ — ‘ ~~— - -

~~ 
-

C l  - - - 3.,
— 1 2 : 5 -
H
cc

I-,

ci, ‘ii —

C
‘—~~ ‘--- 1

Cl ci’ ‘-I C Ci C’ 1\ LI I 0 33/ C C - C C C C
I • ~~- 3:’ ‘-‘5-- 0-~~~~’~~~~~~~1 -- C- C C C  C O ’ ~ - -~~f ” t  - _

C ~‘ - ‘ ‘~~ ~/“ “' ‘ ‘  C C  C C C ’ C’ iT y~ .~~/ I I  - f~~— 0- IT- -
~f’ C C C”' ‘3/ / PC 3: 1 ‘— I) 12

I-f / ,..-u u.f f’ 3: .- ,-‘ —

- 1  5- — 3 / ’,, 1~. -
-

0
~ .n ~~ 0- C- C T - i C C  C C  C C C - C O  Ti

• 3: ,r ‘5-’ —’ -~~ C C - -  C C C C C
C ‘- , u -3: C-- 3: C C ’-  0 ‘f ~ 1 — ’

- 5- 5- 5- ~~~~~~~~~~~~~~~ - u L-~~~~ C - --’
C (5--I C N. 3- • ‘

~ I’ - 0- I-. 3:
CC - T - - ’ — - ~~“ ‘ 0 - 3 /  3 : 3 : 3 :  1”I 3-C- - - - 3- 3: ‘— C ‘C C.

~12
—~ C r - : ci C - C - C C  C O  C C - C - C C  3: -u

• C -PC “ ,C ’ - / f’ C r —  C C C - C C
— .—, If’ Lf’ —4 C N -  3: C - C ” ' ”' C I  ) , 3 : 3 :  3:

- “ - .‘ ‘ 0 - -  ‘ .

C”' C C C’I C J . - — ‘ f l ~ 3 :0
- — f’ ‘ -‘C 

~-‘ ‘P. — — C I-
I C --‘-‘ - - 3- 1 0 - 3 :

- 
12 ,, 0- 3:

C C /r t r I C U’) C - C  C’ ~~C C
I I  . liT .-‘l CT C C  CC

u- C C’-’ ‘-3- LJ”/ C - “ C ‘-“ ‘ - — -
- 5- - - 5- - •

~ 
• ‘ 12 12 1-. C

I. / —~ IC C C~~1 C C C” - -r -~~•I _~ ,-_~ r— ‘ ‘  - — —‘ - - - -
/ N. —-u - - - I  —

1’, - ‘- 0 -
C-I C ~CC -= C- C - C C - T i  - :  C C 1 — 3 : L , ’~~~~3 . 3 / 0 -

• If’ -f C C ” '  ,—‘ C 5 -
~ 1 ”

— 
5- I “~ C”~ 5--. - 1 -

c I N- 3-C; C C ‘-‘ t - c- —i 5 - I
C C -  0 - C

3: N’ C C C - C ’ f ”- C  C C . 0-i - C C   .— -- u-~~~ 23- f-
• —1/ (‘‘I C C “1 ‘1” C’ -~~ u-f” — C “~‘ ‘ —

3-f, (“4 3- ‘-C’ C ~~- 4 C / C” ‘—‘ - “' ‘5- - -
• 5- 5- 5- 5- - ‘ “ f- ” ’  - LI 3-fl

C Ti) C 3-4 - - ‘ 3 : ” ” 1 ’  3/ i ”-~~~3 :C L ,u ’—’I ,_ I — If’ - - ‘ ,,u C 0- -

‘-4 - - 3/C .3: -- C”

Cu-u IC 3: /// Cu C/ - - ~) ‘ ~~ < O V i
- 

- - .--‘ ,—i E - ~~. ‘w - ,: ~ f
‘1. CC “- — 33 •u ” ,—4 ‘0 ‘~ ~~~ U~~ 4- ‘.3/ 3/ ’ O C

— - _ -~ 3: ‘u~~~ J 1 ~~~~O J ’—4 C,
c: > r - — , ~

, çfl 
~J ~_i 4,, 3:3 ~~u ,~~4 ‘ 1$) 3: ‘,-i . ‘0 “-“4

., C ~u cC) — -‘) .,,~ ~, •,~~~~~~~~i,, cC u,c — 3: 3’.- , .-‘ ‘i ‘ ,

ui, “l ‘~-~ 
C,) j, 3/ — ‘ :  c ‘ H I u : . ~~ : < . - ’ 3/ j I i - ~~~~- f /  3/1

‘u ‘--4 — 3: IT, —i CT-, ‘_u-, 12 ~P 3’- 1/3 /‘ ,C) ‘
~L) ‘_. ~J ‘~~ .—‘ ~‘i C’/ “3/ L I - ‘ 4  2_i ‘.3/ ‘II 4-’ C 5-- ’ ‘- ‘ “~~ .‘H P C S “-‘

(41 4-. C’) (., ~~~ _ i j- ,,’i ~) - / , --i ~ l c : C: c f ’ I f l L I  -~~ C’ - - Q . -3: -
u - u  CC) 4,4 I-’ ..-4 / 3 C-’ .—-l ~~~~~~ ~~~~~~~~~~~ - , /- — :-

- -‘ g •,.. -~~ ~ ,c -u U - -‘ ‘ci ~r — c .  : -_i- :c v ‘IT
~ ~ ~, i — 3 >i ’  ‘- c - ’ i :- ” - I--

A4 “-4 ~ ,— C C “ 3 - 3 - 0 1 ’-” “—

~~ (‘- < ~~ ‘-- ._3 ‘- - H!’— ’? - ” lI -44



I h-C 0- ’--’ 5 IC Cu
I ‘~ - i 3 :  2) 5- 12 3/u

I ‘. ‘-‘ CC / -‘-‘ 3: 1-~ > 5 - 3 / 1 ,1
I 4 ‘—I -f 1) ~~- ‘-- C-’ ) •,-4 4~i -i 3: “-‘ “4 4- ci

C 0 - ,,i 3/u ‘ 3 : ’~~~~3- 0- C C 4 - ’ C ’ .- 3/, 0 - 0 1 2 ’ - I 3: ’-’
C 0 - 0 ’ 3 - ’  C - C ~~ -- cC),3: — 1 2 0 — 4 C C  - -, 1 2 / f -’3- 3/ ’,., ,—, 

~~~~~~~~
,-

i, — ‘u ’—’ ’~~ 0- tJ 3/, 1- ~~~~~~~~~~~ 0 - C _ i  -- u t  - ‘.-~~~,—, - ., C
~-u ’--~~~~’ C u ” -~ C’I - ’ - ’f /- ’--- 4--u

~~ ” E C u ’ , C  /- “3/ ’f,
CC ‘— “ h3- ’—’- u’) CJ i-, 3 : 3 : 0 - C u

C C - - Cu DC” - . ~/ 3/C ’.- 3 - , 14,) 3: ‘ J C U 2 )  or- C ~~~~ u--u .-4~~~~ / l - u
3 / F  C 12 C Cu C h )  - --‘ ET L-. ,--’ .0- ‘,-4 12 C. -— ~- ‘ - ‘~~~~~~‘ “4

/ 
,— I —, Cu 4,3/ 3: 3: 3: ~~ — 4-, 3: 33) ‘—‘ 12 —I Cu ccu 3: 3: ‘.-‘ [C

C u ”  ‘uP 4.i C C ”  -f C u - ~l 3-f , 3-il 0-. ’ I T C C  - 1 .  il 3 : 0
I “ - -“ ‘ / ‘ ii CC) ‘ - IC ‘-i C- 0- ‘,-i ,-, ‘3/3- Cu Cu

4- I z ‘,~~~~“- — ‘ C u 1 2 ’ 0  C — I C C  U’,’ l - I C C )  0 0
I’- ~t ‘,— ‘0 0 - ‘-‘ - -~ - ‘0 (P~ 3-, - u-i 3: 0- ‘-I ‘0 3/ “-‘ 4- ‘P

‘ / ‘ C .  CT,. 0- -, -‘ Cu ”-’ - 1 2 - - i C- C) ‘ .—. C-. IC ‘ 3 : i U -’~~~ .u 2) 4-’ —- 4~. ’—4 0-
0 - C i t  3: “-‘ Cu - 1 2 ’ - ’ ‘ P 3 :5 ~- C C u  I C C  C ”-4 C’) .—‘ O,J 1 2 < 3 : >

/ 3 - C .  C U  3 3 - I C  C u 3 - f =u 3: 0 - U  1 2 1 2  Cu Cf/ —‘4 u [ C 4 - v ,  a
> 3 - 3 / 1 ’ -  :- )- 3 - j I  0 —~~~0 0- > O C ) I . C 0 - 1 2

3/ Cu / . 3-, .-‘ C Cu 3: 0- Cu 12 3/ CC 4-1 — Li 0-, a ~~ CC 4’C CC ~
3/ 3: C- ‘ - < C )  I’) 3 / 1 1 2 0  12 14) 5 ‘-4 3:

3 : 3 : .  ‘-. 0-. C u r , [ C C J I-r, ‘ ‘ - 4 4 - 0 - .  C u E [ C I C [ C  ‘4—
u--u -‘ ci I C 3: C 4- -,u 

~~ In “4 ~~ • Cu
C — C  • ~~‘, ‘-‘ ‘0 ._i I i-, : • - ‘f ”-’ ’o n-I 0- 0- ~ , C  I n 3 : ’ 0 u - -~~~C L - uP
1 2 3 : 0 - 0 -  o ’ t C )  cc 1i - ~— C c  0 - 1 ) 24 3-3-) 1 2 0 - 3 - 4 ) 0 12 ,—n O,) 0 - 1 2 3 /

/ 0 - _ i . - ‘ c i —’ - ,-~ 0- / 3 . 2 ) ’ :  ‘C~~ - ’- u - 1 C 1 ~J 0 - ’,_ ‘—
3/ 1’- .,-4 2) 1-. ‘,-i 4-1 ‘,-4 ‘i 3/ ‘ 4- ‘,‘4 0- 4-i —“ 0-0 ‘u-i C) ‘4-~ ‘~~ -‘~ I-~ C

“ 31’ u- > 1 2 ’ —~~~I - = >  u C ’ f 4- i~~~ 12 ’u-i~~~~~~”I 5 4-J 3: QJ
‘ 3 / ’  3 : 0 3 - 4-~~~~~~ ’,— ~~ > 3 :  C - 4 - ~~~ -4 O C ’ f , 0 -~ 12 u - u - - u  .0-

u-~~~-~ 1 —  4-’ ~~~~“-~~~~ -‘ ~i c  f — i  Cu ~~~- — o  u- 3 Cu ‘~~~~-~ - -u it-
• 0 0 12 C. ~~. ~~ -— 0- 3/-, ~~. ~~, ~~i C C. 3: 0-. • 112 ~~ 

‘3/) Ci) 4-
C. 0- u ‘-i C- 4,1 ‘1 4-4 C) 0- ‘,-I 0-

1 2 ” —  Cu l , , - 4 4 -  3 : 1 2  12 ’.-. 12 5 . — 4  u - u -.— ‘0’0 3:
/ 5-’ > 3 / ., ‘ ‘- 0  L r 3 : ”- C -  ‘ 3 - 0  •~~~~-~ 4 - 2 4 C C _ i  CC ) 3 /  ‘ ‘-‘4 u--u

3 : 0 - P  C C  1.3/ ,-, ‘ 3 : 1 2 0  0 3 :  4 - 0  3 : 4 -  0 C C -  1- > ”)) 0-
0- 0 C . 4 - O.) --- /I [ C E - C - C  0 3 - 1 4- C_i C “ 4 - 0 - I  0 4 - 0 - 0 0 - u - ”

- c u- It 3 : 4~~~< ‘3/ .-‘ ‘C O U’ I I n 3 : 4 . .  4-4 b0~~~~ u-f l  5 4 - 4 - 4 - i—.
I 1 2 C C )  ‘4C3:’-4-.-4 I 1 2 4 4 ) 3-1) 4 - 4 - ’ 0cC) I

24 0 - 3-I- C 0 - 3 ” [ C C 1 . - 3 / 0 - ’ 0 0 - 0  C’ I 0 - > ,~~~~~~~ [C 2 ) 0 - 0 - c c  e / J ~~~~~~ [C 12 0-.
- 3/ , C 3/ ‘—, u-- ‘3- 1/ Cu C) 0- 12 5-—. Ci 4- 4 - —  0” 0-. “‘ ‘C. i3- C- 0- ‘-‘ C C 4- 12 C~ 0-- 4- 0- “-4 ‘.‘-‘ -‘ii C) 0 4- 0- — Cu ‘4-’

- u  
~~~~~~~ 3 / C [ C ,- i 5  C 1 2 C ) 0  — 3 :  ~~ 2) 0 0 04,, — 3: - --- 3: C. ‘-‘ ‘IT 3-)’ I-. C 3: 0, C) -4 CC) — 12 4- • C- ‘~~ 21 ‘-4 I

V . ‘0 ” ’  — “'- . , 4C ’ - ’ 0 2 4 0 - I -~ — ‘4-4 -4,4 0 - ’~~~’~
) 0 Q 4 - J ‘ u - C )

3--u- ,_ Cu — “ ' 0 I 3: 0- ‘0 3: ~-i — — ‘4-’ C I CC 4.4 ‘~~‘ 0-0 ‘,“ 1 0 4--’ I “4) ‘0 C) 0-0
/ ‘ - 3 / 1 2  12 I C 3 /~C 0  ‘~~~~‘ i ) 1 2  0 2 ) 0 - 0 0 E [ C O 0  0 5 2 4 0 - 00- 43/ 4-

C u- 3/3/ 3:. ‘ P C u .~~~~- C C u 3 :  C I n 4 - ’ , - 4 ,C) Cu C U - ( ” J
If )  C u C  I ‘ J l 1 2 1 2 Cu C C 1 2 0 -  1 2 1  ‘ 1 2 ) 1 2 1 -~ 1 2 0 0
— ,~~~~~~T- 0 - >  , u C u 3 : ’,,, .-~~~. , ‘ 0 ’ C 3 ’ ,  ‘ 4 - 1 4 ) 4 - 3 - f l  ~~~0 ’-’ 4- 4-4 12 3: 4-. 12
.3/4 - 4-,, — CC 0- 12 “ C 0- ‘,-‘ 00 ‘u 3-) 3: (3/ •,-4 4- • N- 3/C • CC) 0- 3: “-i 4- ‘0 3-1)
C. 3:~~~~~ In cc • 3 3 3 / 3 : 0  3 : o 3 : E [ C C C  3 / 1 4 ) 0 0 - C l I C )  .i ’—4 C) 2) 0 0C ’- l
I - 3: 0 0- 0~~~~~~C C - ~i C Q u - -~~~_i I 3 / - c~~~~c4) >’, E 0 Q — 4 ’4 ’ - S ’ 0
C ‘0 1 2 1 20  C T - C O  3: u - C C  0 1 2  1 2 0 0 / )  E c c - o  0 I-~0-C ‘0- ‘0 C C Cu C • 0- 0 CC —~ “4 ci Cu ~~ - 0- 2) 0-3/ ‘4-’ 2) 2) 4- 0 - 0- 1-1 ‘12 12
123- 0- - .-. u-~ (N “—C C u-fl 12 / C u-Ps 00 u--i ~~4 0 Lf’C 0 4- ‘o ~ • ‘0 C • ~r’~ 0 0- 0- ci

3/, ,_ I 
0 - >  0- “‘4~~ -. 3- 2) • 0- •r’-4 -,- ..’4 — . 5 24 4 - i  0 - 0 -~~~ - --’~~~~~~ 3-C ) . .

Cl I 0- 4-~ 1- C- C —4 .-u -; ç ci i-, (211 1-. o o- C ‘-4 4- 0- 0 C-. I.. U- 0. 0” — •- ‘
0 -‘7 C 0 0- “3 -12 uP’ -i c~ -t 3/ 0 C C) u-t~ i’4 C- I/I C) ~-4 >~ 24 — ‘~-1 Q) C))

-u - 0’ —‘ -‘-4 0-- -12 Cu — 0 3: 3/, — 0” ,— U- C 4- —~ 0 ‘0 24 u--i N’ ‘4- 0 ~l) .~~ 4- 0 ‘0 4,~ ,~~ Q4
ci F- if- 0-C >, _ 3:~ Cu • “-4 4- ‘0 I-. I (1) > (N 4,. ‘0 ‘,-4 4-4 N

12 
~~~ 

12 ‘ C - C u  ‘) ‘-i ’0 4— 3-C) u3- r — a  CC) C C a C 4 - . -4 ,o C f l C )  CC)~~~~~0~~~4
u-i O C u~~~ IC TCu 12 Q, 0 - 0 - 1 2 0 - C u  • C u  C - - C ~~~C- ‘0 C C C ) 24 C” ~~~~ > C -  a~~C E

H 0-. “ — 0  -4 ,Z C 3’~~~0 u - C - c ! i~~~- u a~~ , _ 3 :  0 - ’ > 0 4 - 0 - I n 1 2 -4- C I ) ’ 0 ’,’) 0’ 0 0 4 - . O)
I _i - “3 .-u —‘4 1, 0 1 2  3 : 0 3 : 1 2  ~- 4 0  0 3 -4 ) 0 - )  ~~~C ) C  ‘—4 0 4 - 4 - 0 -

Lu-! 4- ‘0 Cu 4-. -, [C 1.- > - ‘0 u-u- > ~~4 4- CC) .—~ 5 ‘0 4)) ,4
3 : 3 : 1’  3 / ,  ‘ I T I n 0 - 00 CJ C 4 ) 3 ” C u 1 2  IC IIi C O C  ‘ - 4 3 : 0-  0-

C- , I C 1 4 - C C  4 - 1 2 3 :C C ’ . - J I n C 1 2 C 0  4-’ 0- 3-’) C n 1 ) 4-1 C’, ’~~~ 0 - 1 2 C  4- -~~ 3-4 ) 0 - 5
‘73- O 4 - ’ — 0- 3 / C u  ‘ 0 - C C C 0 - I T I C C  4 ) 3 / C u  “ - 4 C ) 3 : C C 3 -”4 u--4 0- 4 4 0  , - 4 Q J 4 3 / C)
< C - ” )~~~~~’4- ” 1 2 0 - 3 ” ,~~~~~~t [ C C-4.i ’3-.J U- 4-/ I C 0 -

~~~~
,— 4 N C C - 3 :  3: 44)

~41 ,‘. ~ ‘ J’~~ —’ 3/~~ -’ 1 14) 4- I C 3 - ,-4 0 ,-4 4- 3 - 1 ) 0 - 3 / . - ’
(J’~ “-4 >. Cu C </) 3: Cu 12 C ‘— C-i >‘, 0- 4- 0 0- C)) ‘,-4 1-. 0-11 If ~ 12 4-’ Cu 0 CC) 0-

‘0 ‘0 12 CI — -3: 12 it, 4- ‘0 CI C C~ ,~~ — CC) U “ -4 4’I ‘0 2) 3-’) ci 3-’) U ‘4 4-u CC
= 13- —u .- • 3/, 12 0 ci “-4 —‘ • C ~ 4 i-4 4- 3-N • 3: 0-

~~ Cu u--u 3/ 3-P >, ,—~ C LC 4- 4.4 u-C 3-li >, ,—~ •‘-~ < 0- 0 c’I ‘0 vi • :.- ,—~ Ci 0- 4-
~ 3 / L u - - C C  I— • 4),~ ~~~‘0 a J  —‘ • 3 : E  C) ,’i u--u .-i H r

0 - C  Z ’r. ’IT • , - ’ 0 - 4 - 4 - 4 C 3 , L 0 - ’ J ) ’  ~3 : 1 , C1)~~~-4 0 .-i lI~ 0-
0-. u 1 ) 1 2 0 - , u -,~ ~~~~12 . - ’ C u ’ 0 C C ’ 4 3 : C C )  u - 1 2 . - 4 4 - O ’ 0 C C )0-0 — C  ~83- 4- .-’ Cu —
U- [ C 3 : . , 4  , C u ’~~~~~~~ C ’ 4 - [ C ci C u  . ) ‘ [ 4 - - - 4 4,J In 3 0 - C S >  I L - — - ’ ’ 0 4 - - CC

— 3 / C .  0 - T ’ ,, ’ .-’ IC ’ ~~’ 4-~~~ 0 3 / 3 :  , 0 - ’o~~~- ’ I n~~~’~~~~~ ‘,‘4 3: 3-) C C ) ’— f , C C ) OI ‘C) 3/ u--I C 1 0  L u - , i 0 - ’,” , - ~~ . - . H  ‘1 3 : 1 2OC C ) SC ) ’ 0 C C I n  ‘iT - 3 / 0 - c i  ‘P I

12 0- 0-11 — — 3: C 0- -j  ,C 3-C “3- 3:, C) ‘0 ci U 0- ~
) -4 — 0 0- C ~—4 ‘-i

‘3- ”-’ ”3 ’-- ’0 . ) 0 I C 0- 1 2 I C ” I  3: ~~~ O 3 - 3 / C 1 2 ’ -~~~S ---’ IC C) — I C I C C C i 2 4 C
C Cu 1 — C- C) -3/ ‘-4 3’-’ 0 - - --- - I f  ‘0 ~~. 0 .0- “4 3” u-4-’ 12 5--’ (12 C-u C- C- C ‘-‘ > 4-

- — —‘ 0 0- Z 0 ‘u-’ I-’ u - ’  -3/ 0- x 0 p C 0- Cl 3/ - 2)
‘- ~ ‘- 0 0 0 - 4 -  • . -‘  3 : 0 - 4 - u  5 , 0- C C 4- 4~ Cu 0 - ”  ~~~Cl C u - c ’  a

C 3 - P ) ’r~~~i >  3 / r - 3/ 0 - 3 - t 12 &) ’,’4 - ‘ Lj N’ Q J 0 - 3 : Q j C I T’—’ --- “4 U C l C ) 0 - 5
3- , 1 2 0 - 1 .~ I C C )  - -u UO’ N O C 4 -  Q. .5-S C 4) U~~— N 3 /  5-•’

- ‘1, “3- /1, < -4- -i 1— -C • — .11 “4 “4 Cu -3: In C 0- < ‘~4 ‘—4 ‘3/3- —4
• IC ‘ - : ‘—‘ 4’- 1’-, ..4 3/ 0 - C C  4 - — 1 4 - ’ C ) [ C  Q-1 ’ - ’ O C

-‘ — ‘1 0- 3/ “ -‘ ‘C) .--u - ‘  3-1) “3- ‘~ 0 0 0 ~ 4 C) 4-’ (P3- 4- 3: ‘-4 0- 0 0 -— CC) 4-4 ~~ 0 14)
-‘ C Li-I ‘u-- .— .-i .—. ‘:~ 0-3/ — ~ TI 0-3- ‘4-’ 4,4 4- 4 C) 1”-~ ‘l 3/) “ 3-~ 0-~ ‘4” -~ ~~‘ “4 00 4” C)

O C t ’ 0 0  I’- -‘ 0- ”) OC ”) Q, 0 F- 4 - C C 4 ) c)~~~~~ U, 1i ’—’ F-’ a c s~~-~ ‘~4
3,-u 3-~~- 4- -3/ 3-4 ‘—4 3/-i ci f- ~~ 4- C) 12 CC) 0-) ~ “-I — L) 4- C) 2) ci 5 4-

0- — 3-u-. 3/ ’.— L’u ’ f , I C ’ u - - C ’-u --u L i ) 2 ) ’ 4~~~~C S ~~ a,’4 F- C- C4) F, CC ~~~w ’ — ’ E s  ) C )
< 5 - ’ /

~ - 3 :  C - u - ,’ -u - 1 1 ’~~~~3- - ’ < 1 2 3 : r- - ’P C- 4-’ 0O ’,’4 4- —I- 2) C,, 0, 4.4 b0~~-4 4 ) Q 1 2 )
.--i~~~- : - u 3/’ ~~~~C” 0 -  u - ’-i ’- C l ’ :  ‘ . - 3 :  0 0 - 0 - 1 1~I u - - ’ 4 - ( ’- 0- )‘~~ 5 C ” ' .C .0- u-- I

Li 3: 3-’- ‘C’ 0- 0-! [C ‘u ‘) .- ‘—. 12- . ~~~ a lu-I 3 -i-. (4) 4.4 In Lu-- 3: .-‘ “ ‘4- 0-~ ~ 4.i 4- 1-. ~~

Cl
4 u I I

cc cc cc
I lu--u 0-C
/ > I— -I 4-4I I H

I’-’ H C -,.

-~ I ,,~
‘cc -~

152 
_______



C

“3: -1 2 - — C - C -  P u ’ ,’, C u C 4 ) 24~~)) = I - j 3 - u 4 - 4 -  ~~C )C 0 .0- C) ‘ 3 / 1 2 3 / -  4 - - i
• . u - ,0- P 4 - 3 : 3 : 4 -  —u- ) - - ~~’0 ’ -  I’ u--I 3 : 3 : 4 - P  4 , - u ,C ’* 4 - 3 : 3 : 4 - .  .0 - 3 /

u--u “ 0- 4- ‘0 3-3-’ ) 4--I 3/Il) P. 3: 3-3- ~~~ I ’ .-’ ‘ 0- ‘— C -- ‘--4 —=1
0- 3 : 4 - C O  3 / C- C’ 0- 1 2 3 : 0 -  3-3-S 3 / 0 - 2  0- “ 3: ~~~~~~~~ 3 /0 0 0 - -  ‘-4
3-1 3/ ‘— C C C — ’4 3 :” -~ C) 0 - C C~~~ 3-~~3-” 11~~3:C C C 11 0 C—  3: - 3/’

‘0- — 3/ CC C) C’ C 3: Cu 3- C 0 ‘0 C) 3/ C 3: -3: 4- 4 C C, Cu 3/ 0 0 0- — — C
3-12 4-, 1.3/’ 0- 1- - 0- C) 2, 3--.C N’ ‘,- •C) u--. ‘ - 0- 3/ 0 /1-3- ‘4— 3/ ,0- 3/- - 0- 12 0- 3/

I C~~— [C u - - u  “ - ‘ 0 0 3 / C u  C - C C
0 - 4 -

p 
• 0-~~~~~ C l ’,’ ” u C  ,“, ‘J I 12 <]) 3 : u - C -Lfl - --’ 3 / L i —  H‘0- — 3: CC  C-) -12 3/ C 4- 12 12 3: 3 /” ”  C l  4- 0- 0- 3-3: Cu Cu Lu,. C’ “I C--I .-‘ 4--’ —‘ -TiC 3 - I C u - -  C) ~~~0 - . - u c i C 0 T C ’  3/ 4 - 0 . 3 :2  3 / ’  4- 3/

‘ C C  — C
~~~~4 - O C -3/ 3 :I ’C ’4-. 1 . L 1 2 C  ~~~~~~ 3 / C O _i ~~3 - I~~~~~~0 ’ ~~~~~~=

3--u- , 3 / 1 2  0- .-i ’ - 0 - C u  
~~ 

3/ 0 - , - u ’D 4- —4 I t ,> - t C u-.4 .,1 C 3 : 1 ’  -
ci Cu C C CL Cl 0 “3 -— - 3/, CC) 3-42 N- 0 3: I 3/-’ 0- 4- — C --  3: 1. Lu 13-
C 0 C-- ‘-‘ I X C C. 0- ‘0, C 0_i - Cu C-’- .0- 0-. C 0 CC) 24 c~ - ‘3- C- 0-. 0- 3 0-

-~ 3-~ 0 , 3 :  0 - 4 - o ”C” - 4 -  ~- 3 :  ~~~~3: 0 - 4 - C  4-- Cu T- C 0 - 0 - 4 - 3 / 1 . 3 - 0 3 :,
4-’ - 3 : 3 :  ‘— 12 3 / S r  CC) ‘~~~~~ 3/ — 0 3 : 3 - 1 )  4 - 3 / 0- ) )  —

12 3-, 3-C ‘J C 4- — I 12 3/’- 1, ‘0 — 24 ,-“ ‘—, 3-) 121 13- C ‘~~ .0- 4-’- 0- -
J, 1 0 - ’ 3 -  C C’ ) 3/’ - 12 3- P 3 / 0 - 0 - I )  0 5 0-  P 3 / 3 : 3 -~u , 0 -  3:

13- 4-- - 12, C J  ‘-‘ 3/ 3 : 0 - C C 3 - L’12 ’—’ ’3: 3/ , u C u  C C 0 - I C ” uCfl~~ — ’ C ) 0 - ’ 0  ~ 4- 3 : 0 - 3 / ’ -  3,
0 • 3 / 0 -  • 0 -  1 ) 0 0 - 0 0 - C  3 / 0  -,“4 - 3 / 4 - 0 U ) ’-~~ u-,, ’--i 3 / 0 -  “ 1 2 3 :

, C - ” : 3-- .- -C 1 2 3 - f 0, ’--’ S --4 C- --~~~
’,- 3 - 4 -  -C) -J , 0, ’ - 4 N 3 : C - 5  3 : 3 :

1’, , ,  3: 1 0 - u - -  3 / - 4  L u ) ),, V C --- C ” - ’  CI) C 0- 4 - 3 /  C 0 - -’ 0  3/- IT
‘4- 4- 4- 3: — 1 2 0  c i J ’.-’ )_i r”- 3 ’ .. — 4 - Q C - ’-” Cu 3/I IJT [C ‘ - ‘ C u 3 / .  - 3 :4-
‘ 1 2 ”  • 0 ” J  3: O ’ i3- 4 - - ’ 0 ’3i i — C  3 : 0 -1 24 3 :)  3 / 3 - 3 -  ‘3 1 2 L ’ ’ -  3/ ,

- ‘f, )- 12 3 / 0 -  ,c —- • 12 0 - 4 -  u - - u C u -~1 IT 3/ 3 / I
u u- 3 / - 4  Cu (1) 3-’~~~’-, N C 3- 4 - — ’  4 -  0- f • ~~~~~~~~~~~~ 12 0 - 0 ’ - i -’ • 3-’ .—~ 3/113 - 3 - 2 3/

— —‘ (p 1’) u-4 3/ ‘ - i  C C . 3 - - 1 2 4 - 4 -  (1) H I  3 : 4 -  , 0- [C
‘ - - 4 3 : 0  ‘ 1 2  3/”, 0 - I t -- ’ 4 0 - 4 -’ , - i 0 - C 0 - Q )- .‘~~ 3 / I C ’,-4 ~~ P “ 0 3”, 3/ ’JI ”l u’) 3 / 4 -  -L-~ 3-u-) 4- ,- 3 / - - ,-. Q I / ) ’,- --’ ” 3 -  ‘ 3 : 4 - 4 - 1 2 0 0 3 : 3 / C  “ U  3-u,3- Cu u-,I 4- ”-~~~~~ ’ 3/
[C - I T, ’— .-. 3: ’4- ’ T I , Z ,-- 3/ . -‘u . -’P ’0 [ C  0 - C C  0- .  j - 4 4-

3 / - -  , C 0 .- I C - C  4 - 3 / 1 0-  10- “~‘ ‘J3 - u - -~ ‘u-4 0- 0 u -  : 0 - 3 : ’— 1’ ) - u — C  3:~
1 2 1 2 3 - 1u - ,  13- - 3 / 0 - C 4 - O i ’- tI u--u T  ‘iT 1 2 0 - C  C 0 - ’ 1 2 ’) -0 C  3- 3 / 0 - 3 : 2  4-- ’
‘,i C 3 / ’ 3 - 3 -I~ ‘-“ C- C C  0 - 3 / 3 , 3 -” 2 , 3-1 - - C ~~~ 0 - C  3:I

u- ‘ “
4 - 3 /  3 / 0 - 0 - 24 3 :  4 - , I 3- 0 C ) 0 - 3 / C C C )u--~ 

1/) 0- — C  3 / C  Cu P 0 - I
‘-I- ;- I L C ’ - O i C ’--- -,r u C v  c i C C -- - ’ > 4 - ’- - Q 0 - u - ” C C - C 3 : 3 -’- ” P  1 2 0 - 3 - 3 -,

Cu C 0 -  - - ‘ - , 4 - i C u 3 / u -  3/ ;
_ 

- ~~ 4 4- 0 - 3 - C C  ‘ . 3 : 4 - 0 -  -3 : 3 :  4— - u - ,  , , u ,,, ‘ 1 0 ,3- / Cu u - . ’ Cu 1 3:~~~’4 3 / C C -  3 : u-3/ 3--. “ ,,~) ‘—‘ u - : ,
‘ I C  “'‘ ,- 3-_I - ’  3 / I T  3: -3-3/ CI ’ - .  3 -- I  - -3: 3 / 0 - ”- 2J I Tf~~~” T L  —4 12_’ X’ 3 / C )  - 2 0 - u - - - ’,

- 4- 3/ .,-, 4” 1- — ‘ ‘ 3-, 3-3- 4- 1) ‘0- ‘0 ‘~~ N /0- 3/3- u-- 1’ 3-3- ,,,u ‘- “I N -3/ 3/) C0-
3- 

_,, ‘3- ‘/ “C’ ‘,-‘ - , - 4 C u 4 -’ — ,--. - “ •,—4 ,”l u-. 3-C) (fl ’—’ 0- — < ‘-‘ ‘u-C ’ ,C) “0
‘ > 3 :  - I - _ u - - C_i ‘ • ‘ “' ,—, ‘J 4- .”4 .-’ ‘3 - 3  ‘ 2 )  0 3 -, C u ” — u-~’ ” u 4- 12

‘/, 4- ‘~ u- -  3/3- - “— cC) ‘4— cj: 0- 3-3- 0-) ‘-‘ 0- .-‘ 1 3-fT 4- 0- “-i — CL 0 ‘-‘ 3: u - u  4- •
p - ‘ 

- Lu-I ‘4-’ .-u ‘0- 12, 4-, ‘P ‘3/ ,u- ,u- ’ —’ .4 - u —‘ 3 / 3 -~ , —u 0- ‘--. u-3- 4---- ,,u _-u 3: • :/‘
3 - 4 2 3 / .  - ‘ - -  0 - 3 :  :~~~‘ “ 0 -  3/ ~-‘ 4 - 3 - : -’3 - j 0 - C J ’ 4 - — r 3 -  - C u 0 - L I
3/-u ‘-‘ ‘/ ci 4 -  1 12 —~ 1. C - 3- If ,C 12 3/ 3/ ‘3 :,I 4-4 ~_ ~~i Cu 1 3/ 4- 3-’) 12
N~~~’— ‘f’ 3-u- 3 / ” - F I C  1 2 - - C C  -- i,’ ’ .i ’- - u F ’ t 4-’ ’-’ ” 2 - 3 : C ” u i” 12 ”- F 3 /  C ) C u 3 /1“1 [‘ 1 2  ‘- - ,-- 1,114- > ’ -’ ‘3- 4 - 2~~~ J 3 / . . --u -:-u — ’ u--~~-i1 u--u o. 1 - S -- ~, 3 - 4 -  D 3 : ’ J C,
4-3- 3: “ i  -u ~~ 3-3- CL , : -- ‘.- ‘ 3/ 1 CC- 0- 0- .3: 1’- 4-3/ 4- 3, U> ‘3-1 3-- ‘3 C) = u -c —‘4 3: ‘-‘ -4-u,, C-- 3: “ , — - ‘ :- - -- ‘~ .‘ ~ -‘ ‘ ‘- ~-‘ 

- a - 
- • ‘2 .‘J 3-u- 3: “ ~~~‘ ç I. “ - “ CC 1.) ‘0 ,

Cl
/ 

I I I
(‘12 - - , ‘) /

— H 
I

F- / .,, , - I

:
‘
~ 

‘ 
I /

I ,,,: - -~ I

_ _ _ _ _  

1 - 4
,1 ‘4



I C)
4- ci

- 0 - 4 -  0

It —
C C )  ‘ 12 — 4-

3 - L  0- 3:
, 0- — 3  l1-’

0-
‘— 1. 0 12 1--
‘— C) .-‘ C 12” -3-u-i

C 0-,
Cu 3/ C
3-1 , 1 0  I If)

— 3-’ N’ I 1—

-t - 
Cu
— ‘0- 3-’

0- 4-
3 : 0 - 3 :  u-I / “0 ‘3

C ’ — C L I  3- 3: c—I
I ‘3 3/ ‘-4

‘2 0 - - ’  0- / ‘- C
I ‘3-’ ‘4-

“3- (p3- ‘13- 4- 3 -f ,
1. E ’  I 

~,- ‘- 0-
123- C Cu 3/ 0

13/ C/u .— 0- / ‘— —I C,,
.- - ‘—‘ 3-3- / C 3-fl

C L  3: 0- 3-) ‘1- 0-
3,~’ 3-f,~~~ ) —- , C) Cu
:r .,_ -_ • Lu-

3: (p 3-3-I- L’ 0) -1- —
3 / C ”) • — f u-, -~ C

P 3 : 1 2 3 /  C’ i-,~ “ 12
-- . 12-u 3: uC, C

— C-u- ,fu- • —
3 : 0 _ i  I :., c—i

- - 0- 0. u -)  — — 03/
1- 0- C L  3: .0-I

‘ 1 . 0 -  4-i -
C) “ C-

p — C - H  ‘-‘1 3: 4-

P ( . 4- ‘1— 0-
3- 

1 ’  0 ‘0
‘I ,’ 0 3 / f  3 / 1 2  —

0 — 0 - —  3 / 3 - I  “-i ’J) .. 4-
‘0 ‘3/ 4- 0 p C)

- 3: ‘1 Fl 4- Cu 4- C) 4- C ‘0
I-’ C~~~ ’ 3 - ,  0 - 3 /3- ‘ 4 - 4 -  3-4) 3/ .c•4
0- , 1 2 ’-. 3: -T, 0 - 3 - 2  - -‘ 0- 0 (4)
12 3/3- 3-3- 3/ C - — I o r—i o ~0,) - -- u ”— — C l  0- ’-’~ C C C )  3/ 0

- 0 C C, Cu ‘c-i - — U c—u- 3-12, U
3-1 - -‘ “- u--u- 0 C’)
‘— 3 / 1 ’  3-3/ ‘ 4 - u  .-‘ .—I 0- 40-4 C)

01 0, 3 / 4 - 3 /  0” C ,  0- 0- Cu-
C C : ’ 3/ 4--, - 3 / 3 / C u  C) 3-N 24

4-- - 0 - c  3: — 3
u - . ’ ” 0- 4 - ’---

C l .,-’ 3: CL ‘I, ‘1’
C 3/ ’-’ 0 ) 3 /  0- -0- 4-

‘C - 3/ 24 .-‘ 3/ C’ o I C ‘P
I— C- ‘3: 3- 3 - . c’—I Q .-‘ .3/, 0- C

0 3: 3/ 4- /1)
-~~~ 3 — I- Cl) - ‘0 — ‘ ‘P

0- 0 - 0 - 3 :  u--u - C  2) -c-’ - C)
> 1 2 ’. - 3 / N.  0 C C )  C~, o U
3 / - ’-’ Ci -? 0 - 0  0 0-

‘CTC 12~~~~~ 3/ ;- ‘ )]) S I C )  Cl, 4- CC)
1 2 0 - 3 : 3 -  • C- It 0-

f f 4 - . -  -~~-Z) Cu ‘ 0 2 )  0- 4- 24
“3 ‘4- C 2) I C C  ‘c-i

, 3 c C ) ” .~~ Q ‘13- F” 0- ‘ — 0- ‘0
2, 4”I H O  ‘ 0 0  ‘4- ~-l C)

Z C r .  —‘ CC ‘0
I- ‘ — C) 0 0-

Ci 3/ .,, 0- “3 ‘0‘ I f . ‘ 3 / i  ]C ’,-i - CC) 0- ‘0 0
- - Q i C —  >- ‘iT 5 C u ” 0 -  0- 0- 4-
‘f I,. I]) 3: —‘ ‘—4 “3 — ‘—I CC

0 . -~~~ i,, 4) ,-J U - ‘ 0 -  12 -‘~ 0-
‘1 . 1 2 1,0- P-, OJ ~~~ 0 4- 3: 0- C)

- —  3- ‘4- ‘12 4’) T~ 4-’ N 0 2)
C) 0) 3 ‘4- --4 ci

iF- I.. ’~ 0’ Q .- _ 4- 4-
C O  C C.,) • 0- IC Cu CC 0)
0 - ’.- - ,? 3/ C) 0- 0 4- 0

‘ 3 :  C C  0 3/l u--) 0 0- 2) CC
‘1’ - —I I CL cC) ‘‘ Cl) “-4 ‘3- 0. .0-
3/4 ‘1, “3 <1 C-’-) 3/u-. 3,~-, 0
3/42 3/ ’f, - F - I C  F - f l  C- u-u-

3/) C ‘C ‘0 ‘0
0- L 3 / 0 -  — - -  0- 0-C

‘ ‘ u-’ IC ’t ”, ~3- , 3 / I , 4- 0- ‘/3- CC 0-
- -I ‘ ‘,“ 4- 3/~ ‘~~ C-1 3/ It

3 / 0, 4 ’ . 1  “) 0- 4- 0-
2 ) 4 -  - , --  0-u - ’ ’ )  0-C Cu C_i ‘S.’

H 3 : 1 2  0- ~~~~~~~ 0-
Z - .‘ u - ’  “4 C r-I C) Ci)

,, 3 ‘f CC U 3-o 0 ~~ (C 0
4- 4 - ‘Li ,• , c.-I 4’) C) c-—I c—I
-~ - 4- 4-u- c—i ‘J ’0 Q, ‘4-4
44 - C C C )  0 C C) C)

> 4 -  u-i,, c i L~
,, C) c-i

0 ” )  CC
0 - C u  41 4-

0” 3 / C )  ci ‘ - 0
C) 0 - 3 - 4 -  4-” CC) ,~ 4 - ,

- - u - LI-) / /1,
Lu-I .
I-’ — ~‘•1

3 - ’ -  C- , ,  / -



‘ 3 - ’ ‘1 
- 

II’:

4 ) 1 1 , ‘ 4 1 X  141 , 41  ,C1 3 - .  I’ l l / I  3 - 3 / t  4 , 3 - ’ ’ - ’ )  C ’ ’ ’ ( ’ i ’ - C i  I ’1~ - ‘ ‘ 1 3 -  I I ’ , I t ’ -, ’ r  ,‘i’ - — ‘ I / - i

- I I  ‘~~‘ 1 3 - 4 , 1 1  3- ‘11 , ii - i ‘,‘u- ’ I )  u - -, - ’ 1 2  / - ‘  3/ 
- 

- - 3 - 3 - 4 / ‘ ‘V  I I I  C- ‘ i—i l / I - V I - - r -. - - ‘  / - k u- I ’ ‘ r /1)1 (I
513 - 3:1, , “1/0 , 4 3 /  i 3 - ” , ’ ’ , 3 - I  3 - 3 - 1  ~~~~ ~~~ 

‘ 4 C 3 -4 I ’ ,)’4.I ‘ u , ,  3- 1, 13/I ,\ , I’ I ,i ” & 3 - 1 1 ‘ — ul i  - - i / 1 3 - O f l

‘ / t ’ lt , I  ‘ ‘ ‘ ‘ Y l u ’ I ’ , 13- ! u ’ JH ’-; 3 - ’ - / I C C L  3 - I / I  3 - , ’  I N c - r n / i  4 3 / ’ ’ ’ , 1 ,1 ’, ’ ‘,‘ ‘ I I  I ’ l l  1’ -,’
d i  s~- - s . d  I r o rn  .43-1 ~‘fld 

i 1/4 0 CC -uk ; V 3 - u -’ .~ ‘ - u  C~~ 3- 111(1 t I u t ’  j ) / 3 - ) , ; ’  I 5 03-) t i l t ’  ,_ i V ’

lic ’ I ’  u-C 3 - ,  3 - 1 01) 1 , 3 - 4’] ‘I d  I iii; 1114- ’ ‘~~i~ r I ‘ 3 - I  im p - ’r  I - i / u n  o 3- 3- &‘ / 13 -  4 I I •~~ ; s  1 - i

R - 4 ” 4 1 C 1 ) c t Ic - L i t & ’ ot CIl l l ( ’ ~ ’~i 1 I  LI d  L u -  3 - I l t , ’ / I  ‘ , L  3 - ’ ’ ’ . , ’

i d e n  3- i i / d . - : 14 I I -  ‘- ‘ 3 -  I 3 - I C C )  I l~~) 
C V I ’ ! ) )  3 / ,  . i ’ -~~’ ’ I  ‘d t o  r t l i . ’ / I ,‘ ‘ ~~~‘ .; 3- Vt’ S

is t i l t  01 3/’V.l 3 - 3 - - i t  I ’ l l .

‘~ - 1, . 1V 1 I [ I I I I I C ,4 ’ 1 ~~F -  ‘ 3 -  om / 3 - 1 ’  3/ p t u u ~ ) u IS , l i  3 - i ’- 0 l 3 - l l l V  ) / ) ‘ i ) l ’  4 1 / 4 ’  C u l I ’ I v ”

1 , 1  1 0 3 - 4 3- 1 4 ) 3 - 1  0~ 13 -u -I ’  I3-~~’ ’ u 13 - 0  3 - ” 4  t i l l ’  - u - I L ) N )fl , i i i - ’  3 : 3 - 13 / 3 - I l  I, 3 - J o  C ~ f i l m !  1 15

. 3-.: ! u- ’ f lSj ’,’ I,’ C C /  i’) ’) ‘ 3 /  Su ’O j i ’ )  / 1 ) ,  1 u -  H I - / c t  ;j rn’ I ’  (wl~~1, ’Ii i3 - , ,i ‘,‘,Il )lIL’ ~udg—
‘‘ ‘ ‘ ‘.1 ) 11! 1 3- u 1 5 u-’ \-’ - I  (C l i  3- - ‘ 11 - ‘i u  - ‘41 V u - C ’ , 3/01 1 V L I  u3/ ’ C3- 3-~~’,3-1 I 3- ‘ k ’ / ‘ - j ’ ~ 

- C t  0 I / u - ’

;~1 : C C  t : - i 3- j ‘3 -3/  . 3 :  3 - 1 / 3 - 3 -  C,, ’ I I / 4  - - ‘ 3 - 3 -  - I o&t , ~
, i ;Ifl,’l 1’ , - ’- s I t i  i S ’  --c

~~
3- u- ’ - -

j ç  ~~~~~~~ 3 : 3 - 3 -  I - ’ 13-i l 5 1 3 - 3 - u ’ , 3- 3--, ~~~i I l t3 - l~ 3 - 3 - I, ‘-,k -  l I t  ‘ 0 1 ’ , - 1 3 - I d ’ ,’ to

3/. d- c VII 1/ IC ’ ‘ C d  3-0” / ’ i  I t  S 3 - ’ !  ‘ ‘ 3- 1 c CC ’  I I  C- VU  S . ‘ I I~ ’ - u- c I I I ,‘V ,I I ’ I ,  —

( 3 -CC  1 ‘~~o , 1 N 3-, / -/ / 3 -  - t ’  .1 1 v. 3- v ’!. u 3- / I ’  I lit’ - -~~~‘ ‘ i ’t ’ c 1 i an k ’’ ’ t ii - i~ 
(( ‘Ii

3- u o  s i x  f i n / I  3 - I I t t ’ !’3 - 3 - 3 - / i  ( V I ’ S  ( ! 1 — J [ — 2 , ~, 4 — 1 , _ ,
I
, - 1 :01 -— N 0-i //l i d

I kt’ i v p r  ‘ ( i l l ,  0 3- 3- 1 3 / J o  Ct’ / ‘ !‘ !J’ l o” i - - 3- ( C I I he: , I I 1 u / I ’  ‘ (- ‘ 3 - I N  14 . - -. o ’ ‘: r m~ln I l ’ ’

‘ 3 - 3 - l i / I  p r ’ -~ l u l t ’ iTl S in 1 3- Il’ I,i v— T ) , ’l I , ,  - 3 - , ’ , ’j u / f l  ~ ‘f  C 3 - u / I l l  :‘ : , il ’ 3 - ! ! ’ ,; I l ) ’ ,  ,‘IC3 - 3/ ’!i , 3/’

( l u  i C—i j u l 1 3 -  3--, (11 1 , I ‘-‘ I’ 4- ’ ~‘ 3- C c  i i  ‘ ‘ ‘
‘ - / ‘ 3- i

2 _  Ii t i l l’ l ’ V I I  n a t  3- 1 3 - 3 - 3- 3- (- ’ 3 -  I1/ d I 3 -1 )~~~ ‘,‘,‘ , 4 . 0 3 / t i  C I .  t u ’3:’/ I i  [3/,.’ , u - -~~ 3-, - or~cop 3- ua 1 ly
1 1 3 -  I N - r n - I  - ~

‘ in  t ii ’~ h a n  F-’r:-~’ - ‘4 3 / 3 - I l  oi ’,’ — . cu - ’ l  I I , C C l u - I C  , / 4 1 4 ’ ’  m u -  u-i I / V  t h e
- ‘75 i[,n-~u- - ( , I n d i ’  1 i’ ll s i ’d  3- 3--4 - , ,‘ ,~!i, i i  ( ‘ 1 3 - C C  3: C u - I l l -, 3 - , ’., , 113: ’ 1 1 3 - 3 - 0 - O S  1j i”iI l\’

3- u ’  1 4 ( 1 3 - U’  3 - 3 -  3 - ’ - ‘0 0 - 1 3 - 3 / I  3-13 - -i Ii ‘ , - L I I  - ‘ 3 -  ‘ l u - I 0 3 - 3 -  ‘ 13/’I ’ W I L ’ r & ’  1 ) 3 / I C )

1 ~ ‘ u  ( I t ’d f ind I h I 3 - /  r i;u -’~ n ’ r ; I 3-1 , ’ u I O i l ’  I ~ 
. , C 

~~~ I i  3- ‘ ‘ r ~‘ 1  1w r i i”  - 11- UN

ised 3 - )  l u , -  ‘ - ‘3 / ’ , 3/ i m p  1.3 - I (ljsp l ,Iv ( l - j , ’u~ ’ -s 111 t~~3- : - ’ 3 - I ; -, 3- ] 4 u 1  pr o—

u - p t  u- -d &- . i  t~l ii,- r 
, 1 ’ . -  4 ( l i i i  (‘ ‘‘:1 I 3 / C- ’ 3- 1 1 ’ ’  d o C i )  3 - 3 - I t .  /4 1, u- Cu-’ Eriv i 3 / C / C C - f l  t I l l

- ‘ I f l ’  ‘I I c ‘ ‘ ‘ ‘ ‘ 3 - i u / ” 3 - ! C • . i ’i d  u j ) O / ’ I - u I / ‘ - ‘ I ’  C- ‘ I t ’ C - i  C I - 3 - 3 - 4  . 3-~ ’ ‘ 1 i S ‘ 3- ~~ (‘0

- I C ’ u- ’ ’ ’I I l C t s  I I I ’  i nor u - ’ / ‘ l ’  l i - - u - , t 3 - 1 , 3 - 1 - 1 1  t ’ V , i I I I , l t  1 4 - 1 1  , I l , 3 - L ’ 3 - u C i ’ l / 4  1 . 3 - t i l e
‘ I , ’ 13 - 1 St  ‘4 , 3- ,t d / Iu’ II 2 ) 0 1 ‘‘1 ) 0 I C I I  3/1, 1 0 4 . 4 3 - I ’ l l ! ) ’ - 1 4 . 1  u - I ’ ’  i i i u-’ ‘ I,’ u- u, 1 1 1 1 j

t l , /  3 - 3 - 3 - I l ’ ( ’ I ’’ I C / I  ‘; ‘I ’ ;d t o  1 3 - C C  1 3 - C r u,, I I  0 0 - I u I  1 3 / 0  1 ClI ~~ :3:’ l  ‘4 , I ’ l l  ,!1 ’ 4-’ 0 i I l , t  ‘..‘ i ~ ;

diV ’i / :1 I l i t o  1 3 - i ’ , u / ’ C / / ’ ’ I l / l t ’ ! 3 - ’ ‘ 3 - C l  3/ 13- I l l  I 3-,I’C 3- 1’ ‘~~~~, ‘ C12V L C ’ ’ ’3- ‘ ‘ 1 3 - I l l

A u ’ , I / / C C / I  4 - ’ 3 - I 3 - -  d i  V I  ~! ~! I T C H ’  I - ‘ii r u - / / l 3 - 3- ‘ ‘ l u- l i t  S : L I I .  ‘I’ l l - II / I ’ l l ’ ,’ !; I 3/ ’ - I I , Iu -’ t or -s
Eco I I  0- I - I I As~~/ I C  i l l  C I - - 1 1 3 - ,  c A t ”  C ‘ 0’  t I 3 / / I  11 3 - t I C  I I I  1 . 1 / i , !  Ru-’,’ i ‘ ‘~~ I i , ’n . F,11 ’ 1 3 / ’  39
‘ 3 - l / ’ 3 - W S  I I ’ h: ’ - ,I k / li t: i - ‘ ‘ C  - u - ~ I ‘ 1 3 - C - I ’ 3 / ’ , i 1 ’ I l t  l O l l  / -  ,‘ i ’ u f l t S _

I -  ‘ / 1 , 1 , 1 1 1 1  3/ - ‘ - r t : I , ) ’ /  4 , ’ , ’ ’ , ,  / 4 II  ‘ c - u t  C i t y  3- 3 / ’  N ’n ~~: t~’iai  and
d~~? T ’ l C C ’ , Ii I ; C 1  , i S ’ , , ’ / l  3-, ‘4’u-’”’’ i’!’’—u - I ‘~~

- ‘‘ ‘ I  I N  ,u i ’ l  I . i~~; 3 - , ’ l  ( i / I  3 - 3 - 3 - d  p03- ~‘i i t  1 _ Il
c ’ p j / l - r I  C C I I I  t it- S Irni (‘ ‘n, .’” ’  I — 3- - u ’ ’ ” ! i ’ / , ’ I  Y c  l ’ 3 - ’  o ’ , 1’’ , i3 - i o n  I—i  consi 3 - , )  u- ’f l t
1- ,’ I ‘ 4 3- C I ’  I - ‘1, 1 ( 3W I C I f ’

- ‘ ‘n , ’  1 i~ 1 - j ’ ’ ’ -  - ~
,‘tl ’ L/ - - ,’ !3 - t , I 1 \_[-i,j~~- o ,t s

/ l i i  I I ~~~’ u  1 3 - u ’  3- h , ’ -~ p~’’— ,j 1 1 ’ ~’~~’ )u- ’ t ! 3 - ’ ’ ’ , ’ I l t , 3 -  I i’. f l 3 / ’ 3/ t i-u- ilre t1I0C4 t’

1 4 ’ . 3 / 3 - I  I ’  - 3 -  W I / I  I - ‘ I / I  - C C  I i l l ’ ’ 1 3 - 1 3 - I C C  ‘ 3 - ’  3 - I t  3- ‘- ‘ 3/ ’ , ‘ 4 l a I l i ’ i ’  - 1 113 -I t 4 - I ’ Ll  I d u-’~’ u-’ i~ r
4.44 ’ ’  ‘ I fll [) I t ’ I ’ I I  ‘ 3 - C l o t .  1 3- In’ i’ ~~‘i s’ - r i  I mi i i C TTCCfl t c i



CI I I I  i - ~ ~, Ij~j ,~~ r t u i i i C i t ’ s  - ri’ I FIUMC b e t  r 3- C C / O C t - I l  3- ‘o,~~~- r r - , ar’  t - -  ‘0,3-

~u ’ i -~~i t  I c i ,’ CIIIIII ,’ I’S t i ll C o l l 1 - l  0(1 or i t  c I i / I C l t ’ l ’ ’-,’ i  - - i t  3 - )  ‘ , i  3- ‘ - C C ’ 3 - r  I
ipprop r j l i i i ’  I i ,  t 1 ( 3 - f l ’  k’’ ’ r i  I 3- Ikc’ r I / - ye r prop r I a  t e ar  I i ori s’ 3-- i - r e  no’, I 3-~i 1~ ( 3 - f l

.111(1 3 - l 1 1 / ’ ’,O pl Ili imp lI’ r/ I ’ ntat  ion , ove r ‘in tl abo ’,’,’ p lar imp ll-3 - ’-erl t;C 3- ic ’n .

266. Iii, ’ SCO IR’ of t h e  evaluation is reg ional and (-3 -Cp lasizc’~ the t ’ 3 - f ’  c t i -~
- - I  g r e a t e s t  r1~)ment  i c - s t ,  j a t t ’ d w i t h  the  t o t a l  a l t e r - n a t i v e , r a t h e r  t h a t :
3-i d i s p l i ’ ,’ - - I  s p e c i l il - t - t f e c t ~~ by a rea  or  p o p i i l a t  i on  g roup . Becau so of  t i lE ’
s i m i l a r i t ie s  be twe en  a l t e r n a t i v e s , some of t h e  u - ’ ff , ’i - t ’~ recorded ar~ c - - ”n o f l
to .111 of the a lternative s . Figures 17 through 41) p r e s e n t  t h e  e v a l ’ 1 3 - l i o n

t he  six 3- m a  I w i ’~ I ewat or inanagemen t -i I t  e m a t  i ye ( 11 — 1, R— 2 , B—3 , i — i
3-~ 2 . arid U—I) d# veloped by this s t u dy .  Four fi 0 -ll r i” (one f o r  each e v , I l u —

- i t  ion 3-~~~C(Il1flI ) - .rc provided for each of the six al t ” r n a t lv e s .  A more de—
1,11 led (ljS(’Ii’-isjiJfi of the procedure 1 1c r evaluatlnR tho alternatives can be
I l U C I d  in  , ) [ ‘ P ” n ( t i X  l[’—7, E~va l  ua t  ion .

TABLE 39

E VA I , I 3 - A T I O h  ACC0UN’rs AND COMPO~ F’N ’ -

ENVIRONME~TAI. SOCIAL ECONOMIC ~ P I ( J A L  C O N S I D E R A T I O N ’-

( J i e m i c a l / P h y s i c a l  Area  Viability Costs Reclamation of [ e s o u r c - u - .~
I’ ll tot’s

Lcolpgical Public Attitudes Production Use of R e s o u r c e s
A ssoc lat ions

Aesthetic/ Dis tributive Public Finance
Cultural

Rec rea t ion  !ub l ic  Heal th

1 56
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~ ~ RI ~I)~

3- ( 1 ’ 1 3 - i’

,‘ C , f l  • i h 1 , ’~ S t  1 2 ( 1 ’ , ~ ‘ .I ‘ 3- I ) f l 3 - 1 t 1  t .‘ll ill ‘ ‘ 3 - 3 - / j 3 - ( - r - t Ion w i t ii , and h,’ts h’~d ‘ i~ t IV I ’

I / j t  3- I I 3- ’ I t ’  .i t i ~ti t~ I , ~~I ‘ I,’ I - - ~~ I , ‘, - ~ ~ t I ; ~ 
- I I  ‘ 3- II’ ra I F n v l  r - ‘ n m& n t -i I Pr o t t’C ~ ~ ‘ fl

,\~~3- - !1 ~~v , t ‘ h ~T I t , I t C  0’  (:,~1 ~ I ‘ t - 1.1 3 - 3 - I ’ ~‘r ~~e s 1 ’I I r  / ‘~~~~~, ( ( /  i t r i  R 3 - ) a r l ! , bind t h ’

.I~ 3-~ 3- i - ’ 3 -  r~~- t ~ - ‘ ii i I 3 - ) 3 -’ f l i 3 - I  ::I .’ C-; i l / f l , i l  ~: 3- 3- • - r  1 I 1j ,’~~1 j t \ ’  ( l I l trol  1I(Inr3- I i - .  ‘3-~
/ 3 - r~~~I 1 ~ l f l t

I ‘ ‘ ,I ~
1 ) i I 3 - t . I~~ t I k ’ i 3 - 1 & ’ f l t  . I l l ’ t i f l ,1 1  , Il t t’T I l,’It 1V C ’~~ (iI ’ ’ ,/~ ’ l ( ) pl (! 3-3 - 3 - 1( 1  e V a l 3 - l . i t t ’ 1 I

r ’ t  1( ’~~’~ t 11 ’ ‘ I I f l X j I ’ ; ! I t ,  l IS t ’ ‘ 1  t~~r ~‘ ‘,‘ I - ’ / 3 -  . S t 3 - I ’ i~~~ ’ -’-, and  ( l f l I ’ r w - I V  ~‘ ( f o r t s  I v
h ’3 -k ’ r . l I  • S t , i t t ’  ~i I  ( I I  i I - ’ r I l i ; C , ~‘ ‘g ion ;i I l fl (I 1 0 ( 3 - I l  , l ~ ’t ’ f l ( ’ i C ’ ’ - 3 -- . In  a d d i t i o n ,
L i l t ’  g t ’n( ’r a l pub ! ic in  t o -  f- an I” r ’an i s ’ n  !~ , l v  and ~- 3 - I ( - r a n ( - r 3 - t I / — S ,’1n J ( 3 - f l  3 - I n
I 1 (. It ;I  Re~~ i - / n  and t 1t~’ r~’~-~i d & ’ i t t ’ ;  ‘ i t  f ’ ~ ’ i ~ -d in  ‘~ ‘n 3 - . ’ r ” v  .113- I S;in ~ -n ~~t
I I / I 1 f l t j 1 ’~-3- , t I ! , ’ l a t t  ‘ t ’~~~~~’ ‘ 3 - I 3 - l S~~’ o f  t I ll ’ lIi-’ I ’  t ’~f 1 3 - 3 - !  ional I,and S i t ’ , ’ 27 , 1 3 - 3 - v ’

3- 3 - 1 , 3- _ I l  kt~pt i n t o r 3 - ’ 3 - ’ I 1)t , ,3-U13-I have p;Irt i C i p . ’ I t C ’ t In , I I ; o  I ( ) r ~/ , ‘ i f l V 1 ’’- t  I I’. 3- i O n

I,’ i  ‘t

3 - I  )~
l ’ 3-\’f1BI 1.1 ‘I’’~ I Ii (I ’ }~- - I ~;‘i ’ S1’I I l !  ~;s

,‘ 3 - 1 ’ , ~F~1j
. Stat ’- ~~ CaU 11 3 - r lli a , 3-nider c o n t r ,~~

- t  ~- ,‘i 3- - 
~eve ra I consult fng

C- n _ C -_ i 3 - I l l ’  3 - ’ j !l
~~ 

¶ i r i 3 - 3 -’ - , ; -  N” . / 3 - 1  t l v  is dev t ’lop in~ v a r iou s  was t e w a t er  m ar t ag~ ’n ~ ’n t

,1(’ i i . ’ I I i ”  and ‘3- t 1’ I t t ’ ~~~L C ’ 3 - 3 -  I I r  bas i ns l y i n g  e n t i r l ’ lv  or  !‘ . I r t i - l I l y w i t h i n  t 3 -~ . ’

~~ I ’1  ~~t ’ - f l 1 C i S 1 ’ ’ 3- R ,I\’ ~1T)(! i)’ ’ l ta  Reg ion. I I / ’14 t’- ,i~ ’ t io ns  and s t  r .~ t C ’ ~~~I es w i l l
3 - V  1 / 1 1 3 -  1 1 3 - 4 1 3 - , & ‘v~’ lve  t u t o  th e  St ;t ~ t - ’ s “ Compr ehens i ve ~~l t e r  Qual~ t ’

/ 3 - i t r c ’ I  P lans ’’ 4< r& - 3 - 3 - 3 - I i  r & d  by S t a t e ’ 11111 F e d C ” r a l  ~~t 3 - 1 t  1 3 - 1  € ‘3- . I ) t ’ v - l o p —
nt’!) t O t t i l l ’  ,j 13- I n t  , I 3 - ,~ 3- ’ C - ’C , ’ 3 - 3 - l C ” T 3 - t  , p r ev i ou s ly  c j t (-‘d , i iid i c a t t ’ ’I t h at  t It ”

“ L , C X 1  r l3 - I3 - ’ -  (‘ ( 1 3 - 3 - ’ 3- ’ j 3 - ) - ’ t  H ) f l  t . , )L-a t’II  ov& ’r a l  I p l a n n i n g  w o u l d  be a c & ’o~ ,p l is }ied i f
t h  i ’-  r ep o r t  emph 04 1 7 t ’ I I  LII I . ’ n e a r — f u t u r e  and l 3 - / n -3- ’— r ang e p t  ‘ ‘ : l t  i , 3 -~ , 3 - t

and 
~~~~~ ~ 3- l i l t i ’ ’r t  , I t  , r e t~ t I  was t I - W ; C t  1’ r and a r~-g i o n a 1 app r , ’, o - i I  t o

i’ 3 - 3 -’ iiii I ~pp 1ic . ’C t  103 - 1 I 3 -~ r t - 3 / i d u 3 - ll - b 1  i I I 3 - ;  r e su l t  i n g  f r o m  3--.’ , l i - t t ’3-,’ i l ~ ~- r

t re3- I 3- “ 3 - I n !  . Th e  si Y , ,  ‘ I I  3-3- & ‘ rt~at Ivvs  d~’veloped i n  t h i ’ —  s t u d v  , wh ic h ernp h3 -~s I Z t ’

_ p 1 1 :  .1 ’ -’ .1 t r I - I ’ ‘3- ,’ I 3 - t  - ‘ t - c ha n is m , d o no t  r ep r e s e n t  ;~ co rnp 1~- t  o range of
p ’& ,s i b le , u1 ~ C ” r 3 - I 3 - I~ i v . ’ - -, but do r t - p r & ” -~c nt  C o s t  e f f e c t  ~ Vt.’ ‘~ vi- tens . The
1 ,tn , ’ ‘ ipp l i  t i  i 1 .3 -f l  c ’ompo nt ’n t s  t r ~- t & ’ ’ - l l f l l  i i  l v  , ‘ I / ! n n 3 -I r , I  ~‘ in  j / r ~’( 3 - i s i on
lt ’vt ’ l and - ‘ / I T 3 -~ I le t ~~’ I 3 - t ’ S S  . 113 -V est i g a t  t I/ I )’ -  I / t  the ~~. It  - ‘ 1 3 - f  (‘ 3 - 3 - I  i f o r n ia

I I ’.’ , IL SI3- I I  thi’ ~i It  ‘I 113 - I l  t ’v a l ’i a t  1 1 0  f 3 - 1 ( t ‘~ r~- on 13 - 13 - I d  3 - 1 3 - - p h  i c 3 - C t i O n  de—
-

- ‘3- 101)1 3 - I  Ifl t Iti’4 r ( ’ I / - ’ r t  • Wi t h t I t -  wo rk  done by t ho (‘ rps and that
I_ I _ i  t i g  ,1( ’ I 13 - 3 - 3 - 3 -1 )1 t ,’- I I C J  by t he ~~ i t  - , ,‘~ ~‘omp 1et€ ’ r,-’ I I I 1 ’ 3 - ’  ~)t ,i l t  ~‘r ’ i , t t  i v ’i-3 -
31fld t r , ’ . t t  m& ’n t i~vs t ins  f o r  m u n i t - i p a l  and I n d u s t  r i  3 - i l ‘ ,‘ , i s  t ’w . i t  ~‘r di  ‘-1—
I : I I , I r 3 -~ t - - ;  w i l l  3 - 3 - V t ’  t ) ’ ’fl 3 - I / f l ’~1 . j / I t ’r t - ’ t  l)~ t i i t ’ S t a t t ’  ~f ( ‘; t l I t ’ t ’r n i a  ~t ’-~ is
l’ l ’ / ~~? 1 1  r & d  hV i’ 11I/ l[1’ f ,,iw g~~.~~’) I I II ,

STUF)Y ~,~~~ I~~~f ’ t  j I I ~~’ ,\,,~~II ~~~~ It- . .

.3 - h 7 .  A l l  ~llt ‘ r ’ f l I t  iv.’s / ! C ’ V I ’ 1 3 - ) p t ’ d  Ill t h i s  f l t l 3 - , i V  are &‘I)n3 -j 3 - r’lSe C ~ of corn—
blna  t 1 / - r i  ~ ‘ ~~ r id i t t  p II cat 1 ~n t ’ompon en t  ‘~ and &‘on VIm t 3- I 3 - f i l l  i-iewage t Te at  —

‘~~~
- ‘ - ‘ p1ant-~. : inv . ’ I ;t  ional t. r /  - I t  3 - 3 - I ’  i t  p ort1i~iii-i wl ’rl ’ included in the 1inal

11 ( ‘ r i t ~i t ivt ’i- ; s f 3- I -  i’’ ,’ ;t lu , i t  3 - I ’ l l  ‘ 3 - I  / ,ir’ I I er  a l 3 -  t ’r rr at iVt’14 in dicated that
t he- r r s t ’ . t  v i a b l e  s v S t  .n~ . I l l  w , is t t - ’wate r  management I n v o l v I n g  land ap-
p 1 I ( ‘ i t  lOB wi ’u Id li t ’ a comb I l i l t  Ion of b o t h  t v p i .’s of imp rovements . Con—
-; 3 - I l l ’  r~it ton of  convent j on~il t r t - , Itm I ’ r i t  ,I 151 ) was r i& ’ ces sar y  to develop
g(”II ’r , Il I I I I  3- 1 / 11  s1/It r (-I’s ii i , I i 3 - ’ I I I I l l l t  3-— ITI~ t reat ‘‘;t - f l t s \ ’ s t t ’ m  s l ud ge w h ic h
tn-i gilt tJt’ I I I S I I I I S I ’(l o f  on land md I i’  ( i4 ’ V elO l ’ )  ,~ r , l l 1 1 ’ t - of full Sys t etr i
‘ (Ci-~ I ;  I I ’ w ( ’ v I ’ r , 3 - I l l ’  leve l I C ?  1 3 - I / I S  Ion I ‘r I ’ ( ’ l I V l ’ t l t  ion t r t ’a tmen t
- ;v ’- , t ~~~yri5 W ,i ’ -i t ’ ’ ~ s I ban  t i l t  i l  1 3 - I ’  I r’ - . l t r l I l’nt  C ’orni’ I’i), ’ ’ l l  s .  Moreover ,

l’7

3 / —



c _ /n s  i d e r a t  ions  r e g a r d i n g  the  ab andonment  of abou t  one . n iJ  o n e — I ~.i  I I
h il l i 3 -’n dollars 01 e x i s t i n g  c o n s t r u c t i o n, s e l e c t e d  b r  i n v e s t m e n t  l i v

Ft ’dt ’ r’ a l , St , l t c  and l&~c ,i l  governments  ~/ve r ot h e r  c r i t i c a l  urban
p r ¼ ’h lens • 1 -a d  to  t I~ j u d gment t h a t  l o n g — r a n g e  p lans  shou ld  u t  I 1 I .‘c
- , I I ’ ,’ - n t  j i~n . i I  t r e a tment  sys t ems  to  t l i t .’ 3-fl d Xim um I I I  a r e a s  n e-J r the w t ’ l  1—
3 - 3 - i t jiit’d c ir - - u latory patterns of estuarine and ocqan wat~-rs and in
is~’l . i t € ’ d a r t - a s  I~O t, compa t ib le  w i t h  i on g — d i s t a n c t ’  t r a n s p o r t  of w . l s t e —
w,it&’r duty to combinations of quantity of flow and topograp hy . In tI l l ’

t i na l  a l t er n a t i v e s  t r e a t m e n t  plan t loca t i ons  ;ind f l o w — c o n t r . I~r i t ing
g&’o~ rap lii~ 3- i1 ,ireas considered for conventional treatment components
5 / t ’re  ~i e t  m e d  b y  l e a s t — f  in anc ia l  cost  m at h e rn a t i c~il mode 1 in g .

2~ , - 3-3- , ‘flu’ C or p s ’ st udy does not address a s o l ut i o n  to , or t h e  e n v i r o n —
mt’ntal effects of , combined sewe r overflows fr/In the San Francisco
- ( l I d  S a c r a m e n t o  c o l l e c t i o n  systems or the  p r o b l t - m  of u r b a n  s t , - > rmw at & ’ r
r un e 4 ? in the entire stud y area, The latter problem could i~~3 - t  be
a d d r e s s e d  because  of an inadequate  d a t a  base .  Since San F r a n c i s c o
and S acr a m e n t o  are m a k i n g  s i g n i f i c a nt progress  in s o l v i n g  t h e i r  loca l
comb ined sewerage problems and solutions are expected in a near—futur e

~ i 3 - 3 - e t  r ame , t h e  S t a t e  r eques ted  t ha t  t h e  Corps not  a d d r e ss  t i l 3 - 3 - s e  p r / / h —
lens in its study. Also , it was assumed for the Corps ’ stud y that ~e
:uture urban ized area would have comb ined sewers . The problem of urban
s~~~- ’r mwat e r  r u n o f f  is t h e  sub jec t  of r ecen t ly i n i t i a t e d  and f u t u r e
jflV C5 ti~~,1tiOns l)V the corps to be performed in cooperation with the
St.ite of ca li forn ia . rhe problem is recognized as signifi cant , however ,
e,irly indi c it ions are’ that solutions may be po tentiall y indep endent of
t- ’i sti n g col l ecti 3 - n and treatment systems .

26’) . Alth ough th e State ’s basin contractors have projected wast&’w.it t- r
I lows f o r  b o t h  d ry  w e a t h e r  and wet wea the r  condit  ions , t h e  I - r p ’ , ‘ ‘~ t rj d~’
‘ised p r o j e c t e d  w a s t e w - i t e r  f lows based on average dry  w e a t h e r  c o n d i t i o n s .
I . ’  Corps ’ s t u d y assume d that excess infiltration associ a tel with wet

w I ’ . i t I l e r  conditions would be reduced b y sewer rehabil i tati .rn and/or
o tIlt’ r flow reduc tion techniques over the stud y pe riod . In connecti on
w i t h t h -  Corps ’ pro jections , peaking factors were used In designing
:)u:’Iping, conveyance and treatment faciliti es , The p eak ing  t a c t o r s  used
vd r ied b e t w e e n  1.5 and 1.0 , d e p e n d i n g  on local ized condit ions. The
C o rp s ’ t l ~~w~ and peaking fac tors are fairly well aligned with the
- ive ~~~i~~~- d r y  w e a t h e r  d - it.i cu r r e n t l y  be ing  used in the State ’s planning
53 -  lI d  i.’s

1” lI’AC ’iS ~) 1I I ~ l’~ CHA N G IN ~ CONDITIONS

~ 7O . On 18 O c t o b e r  ‘Hi the  “Federal  Water  P o l l u t i o n  C o n t r o l  Amendments
o~ 197, ’ , ” ( l ’L 92— 500 )  became law . The law e s t ab l ishes  two national goals :

. t .  To achieve wher,’ver poss ible by 1 J u l y  1983 w a t I r  t 1 1 . I t  Is cleaii
enoug h b y  swimming and other recreationa l uses , and clean enoug h fo r
t I l l ’  ~i r o t e c t ! o n  and pr opa I~a ion of fish , sh e l l f i sh , and w i l d l i f e .

b . To have b y I 98’ I no d i scharge  of p ol  h i t  in ts into t lie Nat  Ion ’s

158

-— -



; 7i . f l I , -  1,iw al ’-i 3- ’ i n  ‘~~ t ’ I’O - -3 - [3-’ - i :  . i  i - i  ~~ t o ‘‘Ip  I - ‘ -  ~ I ~4 - - v & - r r l : i # ’ n t
3- I l l  i , ,I S t ’ ’ *’ I 3-~l ’  I r.  ~~‘ “1) 3 - 3 - 3 -  3- I, ilit 1’- - i ’  i~l ~~~~ ~ ~~~~~ i 3 - ) l i ’ 3 - ’ àL l i~ i i - - d llne i-, f o r
, 1- ___ t ~ ‘3 - I l i - i  3-, 0 ‘ 3 - i t r o l  ~~~~~~~~ p I 3 -~~lu t  ion I i’ ’ :r. i n d - I s t  I l al  - i f l ( !  i roln  i -  i pal  ~-;,, ur c t ,’s.

a . I t ,  / J 3 - l1 I I t ’ ‘~ i I ~ 3- ’ f l -  C rg  I ng 7~ I 1 ut  - 1 3 - I  ¶ ~ I ~ 
‘ ° t he ~~a t 1- ‘ii ‘ s wa te rs m u s t

use t ; 3 - , - ‘
~3 - e S t  p r ’ . a ’ t i - : - i b - t -  ~‘ - I ~~/ ’ I  l i t : ’ 1 3 - I l  ‘ - o n t r o l  t e c h n o l o g y  b y 1 J u l y

1977  a n d  ‘ h e  ‘‘ b e s t - I ’ - ’ i lah h’’’ ‘ . ‘ - ~~ lcg ’ b .‘ 1 ~‘il ~ ’ 1983,

I- I . ,- \ I  I ; ‘ ‘ I h l l - - l \  ‘ - ‘ - --“ , 3 - ’ ’ ~ 
.- “, ‘ - i t 3 - f l l~ f l t  ‘~‘ l r k s  I : ~ o ” e r ; 3 - t i l ’l~ on 1 Ju~ v 1977

mus t p r ’v~~i !t ’  d m i n i I T I l ’ ) I  0 s” r - -~: l - ~ C r ’ ,- t r 3 - - - l t ~~ , - n t .

c .  .“,~ I ~ ‘ih l i c l v  -~ cn t - ’ ‘ r e i t  ‘~~~
- - I t  ~~~~~~~~ r3-~u s t  u ’  & - 

1~~ 
~~~~~~ p r a c t i c a b l e”

t r t ’ a t r l l ’ I i t  b y  1 .It i 1~’ 1’i ;~ 3.

2 7 2 .  ~~~~~~ 
t ( ’ .3-3- I 1 l . i t  11 3- 115 ‘1” c - ; t r ’ ,’ ~ - ‘ r  i l T . ; l l I ’ 3 - n t - n t a t , i - / n  1 _ f  PT. 9~~—5 0 O are

St  1 11 I~~- ~ng t ‘
~ i~ i z & ~ ~ I I I d  t~~,o I ~ i ’ ’ ~

’ - -  ‘Ich 3 - l l i ’ J t -  l t ~~~~I i ssued were  not aval  ~
- i i )  le in  t [me t. - , lvt .1 ‘~~ 3- ~or I ~~~~~~ , t’ I ”~~~ t l r  e s t u d v  . Con s e q u e n t l y ,  t h e
~ l),ilS and  cr i t e r i a  o ’ ~~I 3 - ( ’  ‘ t - ’dt r a l  l e g i s l a t i o n  ir e  not  nece ir i l y re—
t l e c t e d  :,n t i i , d e sj g ’i  o: ~~~~ ‘,:- I S t ’ - v  ~r~~r .~mn ~i g e r n e n t  a l t e r n a t i v e s .  How —
ev l ’r , i n — .1 - :  ~i r  as p 3 - s s  3- - i i ’  t h e  wa i~r qu a l  i t y  p rov i s ions  ~) r  FL 92—5 1) 0
have been cons ide red  in  [111 3 - l I  I 3- -~‘ 1ng  t h e  I mp a c t s  and c h a r a c t e r i z i n g
t h e  p e r f o r m a nc e  of t h e  i i r i a 1 v i s t e wa t e r  ma n a ge m e n t  a l t e r n a t i v e s  and in
their eva luation . :~evi &’v o f a s s u~rl I it 3 - I ’nl; and accomplishments re 1 

~ed in
the  s tud y i n d i ( - - l t e  r J 3 - l a t  a l l  ‘ he  a 1 t~’r n a t 1~’es w o u L d  meet  the 19’
~ luen t  l im i ’ ;i t i- -n r -- ~~~~‘ ‘ ‘  , re ’ - - r - , 13 - C t I e  ,i’ -; and t L 3 - i t A l t e r n a t iv e
B — 3 , i l — I  and 1)— Il a i ~~ I t h e  ~ ‘ii ~ ~~ ‘r ~ i - i r y  s~~sL e m w~ l i d  3 - ’ t ’ t± t the  ~, ‘. s3
water ~-ia l i t v r . - q u i r e r r . t ’ r 3 - l S .

STi:~Y RESULTS

273. As a res ult -. 1 t he  I ’ . r ;” s ‘ e f f ’ r t  in ~&“.‘t - 1 e p Ing and eval ua ting
,i l te rn a t i ’,’e~, f o r  L h . -  m ’tna ~~,- -’ , t ’ : i ? , o f  ‘~ w-~t ewater  and s lud ge b y l and
-ipp l i c a t i - - ”. t e c h n i ’1 , i t ,’s , c t - r ’ . l i u  ir 3 - i / , ’ !’ t an t cu n s i d e r a t i o n s can be h i g h —
:g~ ‘ i ’ d ,  I f S ,,  ‘ ‘ i ’ ii — ’ idt’ r a t : 3- C V C  h i ’ ’,- ’  i i  r’ a’~~ . 3 - l  .- 3 - c c o r d i n g  to  t h e

: -~ i j o r  it”ms ‘i t Corps  in ’,’o l ’ .’(3 - :3- 1t’n~ In  ‘~~3- ,~ ’) t  “v . ’ C r  management planning
as requl red by t i l l -  St  ~~~ - ‘-c-Icr ii Interagency A greement discussed
earlier and ar.~:

3 ,  - 1 : 3 - 3- ap p !  f , 3- sl ion b r  t Iii ’ treat l 3 - l ’ f l 3 -  01 -~~1stewater .

h . Lan i app i 3- ‘- ‘ lt  i o n  t ’ ~~~’ u t  !r ~a t e  l i sp o s al  of  slud ge.

C . A l ? ’ -  r l lat  !V’ 3- I T - W 1l q~~ ‘~ r, .’ / .. r r . ’c l amat I~’n and use.

U . va l ua t i n  en - - - p  - s i n s  env i ron m e n t a l ,  socia l and economic
c -‘r side rations .

27 4. l~~( I ~~~~l . 3 -<~ , ‘
~~ T h 3 -~ ~~SE OF ‘ ,A’~ ) Al l ’ ! ,  f I , I \  f l - I N  FU R THE TREATMENT OF

WASTEWA’FER :

Land ap p l i c a t i o n  tends  t o  r , ’ Hr i ” ’ ~ - i t c r  r e l a t e d  urb an impacts on the
e st u a rin e  s - s t e m .  The di -3 - - i I . l r ~~ 1- , I  po l  h u t a n t s  to s ur f a c e  wa ter is
lessened,

l~~9
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h~ th t ! I l ’  B—~3- t ’ti es and 1)—Series wastewater management alternatives
v.-u ld el i m im i - i t e t!~~ - r~3 - i j o r I t v  o f  pollutants (excluding stormwater
‘, )  l 1: i t  i i ,  t s)  - r n  en t  t,’ r ii i 1~ s u r f a c e  w a t e r s  when compared to t h e  Base
Condition .

— Since the !)—~~‘rit ’~ alternatives contain more land applicat ion ,

~t’sS cons ’it’I~”lts than under the B—Series alternatives would be
di rectly disclla rce d to surface waters.

— [mp lcmefl t ,I t i O n  0? 3flV wastewater management alternative would
L ;lllS e t(-npor~irv disruption of the land sites. However , once the
project v-is comp 1€- ’~ ’d , this factor would be minimimized if not
elim1~:- it ed .

-The use of land application for wastewater treatment would
all~’~ ‘ ‘ .‘ i r  i l / u s  c rops  (not necessarily tho8e c u r r e n t l y produced)
to  be grown as a pa r t  of the overall renovatio n process.

~‘ it h  land a p p l i cat i o n , n u t r i e n t s  would be r e tu rned  to the  land wher e
t hey  I l ’u l d  ~-c b e n e f i c i a l ly  used by the p l ant s .

The t a t e  of w a s t e  m a t e r i a l s  could be more easily monitored and con—

~ro 1led on - u n . i  areas .

i75 . 3-~( 3 - l- RN l~~L THE Ub E OF LAND AP PLICATION FOR THE ULTIMATE DISPOSAL
3 - I l -  SLt’D E

B io lo~i ic : il  sludge 3 - : l / n t a i n s  var ious  components which could be bene —

~i cial  to  a g r i c u l t u r a l  a c t i v i t i e s .

-The n i t r o g e n  content of slud ge would allow its use as a fertilize r
supp l e m e n t .

— W it h t h e  use “1 slud ge as a fer t i l i zer  supplemen t , use of com-
mercial ~e rt i l iz e r  could be reduced .

3- ‘rhe u l t i m a t e  d i s f I l / s i l  of slud ge cou ld be e f f e c t ively ac comp l ished -it
the land sites .

— S i n c e  d 1~’est ed sludge would be stored in lagoons for two years ,
1 3 - i ,” 01 t u~ l volume of sludge being applied to the land would be
about  4( 1 percent of that produced .

)isc h a r r o w i n g  of s ludge into the soil would red uce the chance o f any
sludge being carried frort’ the site by runoff during periods of rainfall.

2 7 6 .  C ONC E RN !NC ‘F !3 - F RECLAMATION OF RESOURCES AND THE RECOVE RY OF
T REATED ‘4AS l EkA ’I ’E!~ f- ’OR SUBSEQUENT REUSE:

Trea ted wastewater would be available as irrigation water; and fer-
tilizer b e nef lis would be realized from the app lica tion of wastewater
and sludge .
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.- ~ IL ’ ~ ‘ii c l I r ib -, o i i  t ! l ’  a 1 t e r i m a t  I ye se I € ‘u I t,,’il , be tween 9 7 , ( I t  ) ( )  and
1,’l, - , (~t) ( )  ,i, - r I s of l , ind , ‘‘o ld be i r r i g a t e d .

— j i b  I ‘a s ed  l a n d  3 - i F p l  i i i t  l o l l , in a m a n n e r  s i m i l a r  to Increased
nt’r:mil Irr iga ti on , could increase anima l and insect populations .
An~’ t in a l ‘r ogrir’- sei&’ct,,’d mus t consider public health factors
11011 i nc  1 u u , i € ’  v t - c  t or con t ro l  manag emen t t echn i ques

~‘~~ ‘P~’° ’1 I nU  00 the  al t er n at iv e  sel - c t t ’d  , be tween ,  $1 .4 and $ 2 . 3
m i l l i o n  ‘~~r ~‘ear cou lh d be realized In fertilizer benefits .

La n d — t r e , i t t ’d w i st e w a t e r  p e r c o l a t i n g  f r o m  pa s tu r ed  areas would be
3 - I V , i  ~ 1 au I t’ t I )  r ~ r I ‘un(Iwa t C’ r r ech 3 - i  rg c

—D epending Ofl t i l l -  a h t i - r n a t i v e  selected , between 240,000 and
400 ,000 a cr e - t e e t  per y e a r  of a p p l i e d  was t ewater  w i t h i n  the
e igh t land  sites would percolate to groundwater.

—A u a pp l i e d  w a s tew a ter  e n t e r i n g  g r o u n d w a t e r  would be of an ac-
ceptable q u a l i t y ; n i t r a t e  n i t rogen  c o n c e n t r a t i o n s  would be
u mg/ i  or bel ow and t o t a l  dissolved sol ids  concen t r a t i ons  would
range f r o m  500 to 1 , 100 m g / i .

— I’ht p e r c o l a t i o n  of w a s t e w a ti - r  would r a i se  t h e  current levels of
av a i l a b l e  g r o u n d w a t e r  and could also hel p r e t a r d  salt water in-
t r u s i o n  i n  coas ta l  areas .

Land-treated wastewater percolating from cropped ireau~i could be re-
collected in helow— ’round uuiderdrain systems .

_I) f necessity, ground water aquifers mus t rise for the under—
d r a i n s  t o  e f f e c t i v e ly  o p e r a t e .

— D e p e n d i n g  on the alt e rnativ e selected , be tween 125 ,000 and
250 , 000 a c r e — f e e t  per year of recollected wa t er within the eight
land sites would be available for r e u s e  from the underdrain systems .

—R e collected wai-i t ewater would be of a q u a l i t y  acceptable for mos t
reuse opportunities ; ni t rat e nitrogen concentrations in the 1—3
mg/ I range are expected and total dissolved solids concentrations
would range from F O() to 1 ,100 mg/l .

—R e c olle c ted wastewater would be availabl e for various modes of
reuse such as streamf low augmentatio n , groundwater recharge ,
rec r ea ’ion lakes , ind us t rial cooling and further irri gation use .
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._‘7 ~
’ . ‘ , 3- ’,,~ ~ ~~~~~ \‘-\ U I - ’ f ’ S  ! ~\-‘1R ON MENT A ,I . E VALt b \T I ’)~ (~~ ‘ l

P() t ! l  -~~- r l ° s  of s’ 3 - l 5 t ’ ’~’ 3 - t e r n - canagc ’mi ’ ’~ t a l t c ’ rn , - i t i v s w o o l ] - m ~~ - -  ‘t  ~ 
3-

‘I i ~ ‘, ‘ f l u 0 ~ t at  ~

~~~/ 1 / :’:t ’ I I~~’-I S at , ‘ame bob i t a t s  (0 111 d r e s u l t.

— ‘ u / i , . , t o  t ! - u ’  b~ m u e f i c i 3 - u l  supp l e men t a l  f l o w s  t i  1 / 3 - 1  a ]  a t r ~ -;v’:s , ~- i —

h ’:- e,n t - n t  0 t o t h e r  n~~re im p o r t a n t  i u a i ’ i t a t s  ‘ r i i l i  , ‘ r u i i .

~- j , ~, , i b j ’ ’ - , t  l ) i s t l ’ r i l ’ , i i , a ru -}ieolog ica l  and g e o l c p ~ i c ’ .i l 1 , - I t I r  5 , ‘~‘ i t ! ,
r r l ’r~-r  d~. s ign  ol  a ~.\ ‘st e m , would  not  he ad v e r s ely  a t  t t ’ & ’ t ~~- 1  i 1V  t ! .~ 1; 1I~~1
3 - u f ) l ’  1 i c c  t i ‘t ,  - ‘  t was t ~ - --~‘ 3 - u t  ~

- r . Uoweve r , p r ep r o , i cc I s i ir v o ~’s s l i l / I l id ‘c
i ,~ I i i i t € - d .

—~~~t e n s i v L ’ l a n d s c a p ing inc luded  In ti le desi gn of t h e  t i  t~~r—
n a t i v e s  w,’uld insure t h e re  would  be no o v e r a l l  l o ve r ! nb ’  e l

_ i / - S  t i l e t  1 - ‘ Va I ues

— b u f f e r  z~~~~ t ’s (~ ) u h / l  he es t ab l i shed  to ins arc ’ no advt -  r i o-  t ’t  I . . - 
~

on h i s t o r i c a l  and p o p u l a t e d  s i tes .

1~~’por l  ‘ I t l I t ic s  f o r  p u b l i c  r e c r e a t i o n  would  he i n c r ’ : t s i - l .

— g .’si-rv1 ,i rI; for r eco l l ec t ed  water  could  he made  av a i l a b l e  i t
o land -i~~’I I c a t  ion s i te s  fo r  b oa t i n g ,  camping :ct~ I p i c n i c k i n g .

—~~t r e a m f I 3 - w  a u g m e n t a t i on  could be expec ted  to enhance  f i s h i n g
- c o d  I I:; t j:~ ar e a s

-~~ i ti l app i i c a t i o n  provides the opportunity for increasing O t ll ’c
sp ace  wh i ch cou ld  he used for  mi n i—parks .

27~ . t ; P ~c : L R N 1~ :( ;  VARIOUS SOCIAL EVALUATION CR I TERIA:

lmp lementat L o l l  of a wa s te w ater  management a l t e r n a t i v e  t~o~i ! d  p rovide
t iuc ’ inc r - . i a e , 1  o p 3 - ’  r t  - i n  i t  v for  various job careers  w i t  1 in t c re I

— l ’h., ’ c o n s t r u c t  ion of a was tewater management al i t ’ rn ,it iv c- coo
provide ‘utirn - r o l l s lobs and inc reased incomes for I’,~t lc indivi ,lui:i I - ‘

- l I d  ~‘omniun i t  ies

— I ’hc a n n u a l  oper :it  i on a~’cd ma in t enance o f a was  t ’ v i t t ’ r  m c t i , i ~ ’ 3- - ’
l i t  ernat iv,  cou ] ‘I provide m illions of doll crs ~‘ i i 1  ~‘!tl~ ’ wit - i 1 ’ ,

I e ~‘, i on .

Time a l t  ~-rn at ivi’s - . l l p p i ’ s  t~ 1 tend i. i nt e gr a t e ur t~,ciu m d  ‘- ii c- c l ’mr l tm n i ‘ I c -
mill ! t I ,  i m p a c t (lii c u r d c o mmu n i t  i s  should jo car t ’I cml lv c ’v .clu at c ’ tI N ’
I n scu c a unaxi mum bent ’  t i c !  a]  p r o g r a m .

II,!
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-- ‘~~~i i t e r ’ ’ v  lilt ] Yu l e  Count ~ i n t t r e s L s  v o i i e I  s t r i n i g  I p p o S i t  1( 111

t - t i i i ’  u s c -  of  land a r i a s  In  t h e i r  c o u n t i e s  fo r  t ! i c  i p p i lc at  io n
I ~ I W I  ~t t ’W, l  I er 3 - I l l - I  s I ‘ l l ! ~~~, ’

— I I) aci c! I t i on , ~1i~ l t e re  ‘- Cou c i  t ‘
~ 

r I ’  s iden t S fe  1 t t ha t w lms tew a t er
1,1 1 / h  Id  i ’ iOt  I)C t r a t t s p ~’’~ ted  i t i ’  t h e i r  ar e a  f r o m  t he San Franc  isco
/- , _  I \‘ — 

~ ) ,~‘ I t ~i Re p 1 ~ 3-n

- l i t i r t ’ w as  some ex p r e s s i o n  i / I  r e s u l t  ing ag i’  i - u l t u r a l  h en ef  i t s
f r o m  i n d i v i d u a l s  ~cad o f f i c i a l s  in San Joaq t i in , Mar  in  and ~
~ ‘ l i n t ic ’s .

279 . (,~~
)‘
~ l ~~~~ ~‘-b ; Vt~R l ~~t~~3- f - ( 1 l) N c ) M I ( ’  CRITERIA:

‘~L’ g j l ) l I i l  m i t e r r i - i t i v e s w i t h  land a p p l i c a ti o n  c o m p o n e n t s , des i gned f o r
~‘ear ,~~)UC ) w , i s t t ’  l o , c 1 ’ -~ - - c o u l d  cos t  between $2 .0 and ‘~i . 3 b i l  l ion . F i r s t
c’ — s t s  c r &  i n c r e m e n t a l  to Base Condition facilit ies. Average annua l
co s t s ~, ‘t i l d  range ’  f r o m  $355 to  ~482 million.

:k’c e is,’  , 3 - f  Wa — I t t ’  t r e a t m e n t  r e qu i rem e n t s  and c’o n t r a i n t s  w i t h  respect  to
3 -i~~~ 1 3 - 3 - l i  t u r a l  i~~t iv it i e s , and ~~~~~ losses d u r i n g  p rog r am irn p i e m e n t a t  ion ,
a’1’ e’ - ix ’, . -  - 1 1 ) 1 1 - i a  ~ :d g r  I cu l  tur 1i l income loss could  range  be tw een  $67 3 , 00()
~i t i d  ~~ ,.~ 30 , 00u . i i ~ -ev , ’r , b y t h e  ‘,‘ear 2 0 1 ) 1 )  s ine o f  t i l t ’  a l t e r n a t i v e s
s ji, ’w , i i i  i t l / i ’ f l~ g a i n  , i n  some in s tance ’ s i s  h i gn  as ~h~) l  , 000 , de r ived
p r i : - i~m r i ] ~ ’ f r  i . ’ - -  S’-’stc ” :— i ’r ’-vid ed f e r t i l i z e r  supp lement  arid wa t e r .

v ei~ w i I h t he ‘‘ use c ~ in t 3- ic t ‘‘ c t i c  e f / t t cl r t he a ~- q u i s  i t  ion of  ma or 1
needs , s, mc i ’ r ; e r t  v t ax  loss  w o u l d  o c c u r  f o r  p ur c h a s e d  l a n ds .  T h i s
loss L - i l d  r a n g c ’  f r o m  $165 , 000 N ’ $317 , 000 .

; - ‘ t ’ - / 1  t - ; e t t i n g  b e ne f i t s  wotd ’j  - - - 1 -~ i r  w i t h  t h e  use of land  app l i c a t i - ’ i i
ml t e r n - c t  l vi’s s u c h  a s :

— F i l e  p o t e n t l i l  f o r  r ’ - i - l a t n l t Ion of r e s ou r c e s .

— I p (’sslhl I it v of  1 13 - ca t  i n g  c r  it ic ;i l  i n d u s ’ r les near  wastewater
-~ t -‘rape I — ig ’- 3 - i ’  ~ - This I ~i t  t or a sp~- I t  c o u l d  i n c r e a se ’  the local
i,< i ’ m — , , ’ .

— l ie  potent i m l  ‘ o’ l n c r c ’ ,Isc ’ d lvs tc ’ r product i~ n in the San F r a n c l - - t -o
l i v  i. -~ t l I c r v .

‘~~~~
- l o o m  I a l t  i ’ r r l , m t  l v ”  w~ t i c  l . m i ’ / l  appi [cat ion l ’ / , n l f l ’ i l t ’ I l t S  eou~ d also produce

, l - ’ f l ’ - q l l r l t  i f  : ; h f c ’  Ih - ’ : - ’~~~ ‘ -~ s i i1 - h  ,1~ l open Spa ce m d  n - v  wa te r  s u pp l i e s .

-
~~~~ k f- :~c [’ R l ~-~ I~~

280 . D e t a i l e d  p l a n s f / - I  a pr  icultural o p e r a t i o n  on c r op  and pas tu re 1~crcdsh ave c ’’t  been addre s ’a’d in t I j s  s t u d y .  I t  was t 1 ’ I t  t h a t  such d iscu s
S b u s  w er e  p r e r r u l t ij r c ’  u n t  i i  - i ‘ i s  ft l and mp i ’ i Icat h/It p lan was se lected.
I f  and whcn t lu ’  d . ’t a  I h ’ !  ~l . - s ig i i ~ N / r l a n d  t r m ’a t m . ’n t  SV s t e I l l s  are u n d e r —

- m k u t ,  L I t  f o l  l o w i n g  i t  , ‘m’~ “ l I l t b. . addressed In d e tail

_ _  
-., - . - --, -.

~~~~ ~~~~~~~~~~~~
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a. Special farm management techni ques such as terracing practices ,
pes t i c i d e  app lica tion and optimum fertilizer schedules .

b . Ir r i gation schedules.

c. Crop pat terns including p lan ting and harvesting schedules .

d Education c’f the land owners on the proper operation and
-nm intenan ce of land app lication systems .

d 8 l .  Other issues must be c’ons idered in more detail before l arpe— scaic’
r and  t r e - i t m e n t  sys tems are implemented . Such i tems inc lude  the  e x t e n t
of  heavy metal  t r a n s l o c a t i o n  f rom the soi l  to v e g et a t i o n  due to w a s t e —
w a t e r  and s ludge  app l i c a t i o n ;  exact nitrogen removal percentages h- -
various crops under programmed grow th pat tern s~ and , the final tot - m i
d i s solved sol ids  content expected when the steady state condition for

- i :id t r e a t m e n t  is ach ieved .  Pi lot  p la nt programs and/or monitoring of
• xi s t i n g  l and app l icat ion systems appear to be the logical prep~~rator ’-’

~~t - - -p to f inal imp lementat ion of a large—scale land app lica lon waste—

~a t e r  management a l t e r n a t i v c - ,

‘
4
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C0~ C L V S I  ONS

,~S _’ . As a r e s u l t  i i s  s tud y ,  t i m e  Corps has :iode t it e  t h a w i n g
c on e  h i s  I ons ‘on cer I , in g  the f t ’as ib!  11 ty of the  de- ,-e I o pm c’ nt  u I l and
~m p j  1 1 ,i t I lti  : i l t ernat  I vt ’s f o r  S ill t ’w at e r  m , l nag e m .’n t 01) - I 1- - - I ofla 1
i/ I S i S :

- I .  The development  of land  ~mpp l i ca~ I o n  al t c-r’na ~ ive~ or
w , i s t  O W , l t  c r  m a n age m e n t  on a rec ’ i oria l i)as i s I s f e - I - , f t  i t ’  - i t t : ~ on  id
p r I / - h i l l ’ an e f f l u e n t  cornparab le to t / ’r t i, l  rv t re ’at ri/ - i t t

h .  Fl i t’ u l t i m a t e  dispos-il  1)1 s l u d ge c o u l d  h~ : iccomp l I st i e d
t i m r i ~ug Im t h1~ USi~’ of land app l ic a t  i cit .

C. Through the use of land application , -I valuable resourrk ’ ,
r e c l a i m e d  w a t e r , cou ld  be r e cover ed  and b er le f ic  I ~il 1~’ use d f I r  v a r —

(3 -U 5 ~ oh j u n - t n t -n t  purposes .

/1 . :~o m a lo r  socio—e ’co logi cal  or  economic  f a c t o r s  have been
id~-’ri t iHecl which would negatc- wastewator management by land ap-
p1 i - a l l / / n .

RE COt—LMI - :NDAT IONS

- I 8 3 .  ~~ regional wastewater r r s m n a pem e f l t  concep t s  i n c o r p o r a t in g
~ m nd a p p l i ’ at  ion , each including three sep arate -m l tc -rnativ es for
r c u n i c ! p . i l  and i n d u s t r i a l  d i s c h a r ge s , have be et ’  d e s c r i b e d  and  e v a l —

a t t - l l  in  t h i s  r e p o r t .  It  is e v i de n t  t h a t  f ind  app l i c a t i o n  tech—
ni ’i ’ ic-i for tre ating wastewat er offer a vi a b le  a l te r n a t i ve  means
of meeting Federal and Stat e water quality obj e ctives m d  goals
for many areas of ’ the 12—count y San Francisco Bay and Sacramento—
‘Pi” Joa qu in Delta Region . Therefore , based on tb work accomp l i sh ed
in this stud y and its resulta nt conclusions , it is rc’conm-mended
that t h e  Corps of Eng ineers :

a .  P r ov i d e  t e c h n i c a l  ass i s tance  to the  S t a te  of C a l i f o r n i a
(In I - i ud  t r e a t m e n t  systems for the disposal of ~iu n i c I p a 1  and in—
d ustr i - il e ffluents , as requested , in  comp le ting and/or updating
Compreh ensiv e Water Qua lity Control Plans for basins wit h i n  thti ’
S - m n  F r a n c i g c c ~ P.; 1y and Sacramen t o-  - an Joaqu in De l t a  R egion;

( 3 - n t  I n c ~ c ’ and expa nd , under ti lt ’ on g inal  s tud y a l i t  a r —
: . i t  ‘n m u d  In  oopera t ior  ‘~ -i th ~lit’ St.-i t e of Cal i fo rni c ‘tO thit ’

- v i  ronmt , - ’ i t ; m ! I’ T u t . ’( ’ ti on  Age ncy , da ta  c o l l e ( t i l ) 1  t ’ l  c :j a lv ’- i
0 ’ ! 5 , / i — 1,(3- I I f  sources  of po i lut ion  Inc l uding u r~- m n  st o r n ~~a t t ’r
r u ne  an d ,



c. Be authorized to pr epare , in coope rat  ion w i t  H t h e  S t a t e

‘1 (,ili fornf .-m and I t s  local governmental bodies , sciII , ”cional

f e ,csit ’ ili t v reports on land treatment 1 m u n i c i pa l , i n d u s t r i a l ,
and ‘ion—point discharges In the  12—count y San F r i n ’ isco Bay ‘ m d

‘ , m r , i m en t o — Sa n  Joaquin  De lta Region wi t i c  t f i t ’ iii I vi’s being

cor e i .~ t e n t  w i t h  comprehens ive  p o l i c i e s  , i i td  p lans  f r  w a t  cr  q’~al I t v .

H. A. ~~~~~~~~~~~~~ FR.
Colonel , ~~
Distric t Fng ineer
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Spe i i i  con s u l t  i t 3 - t  r ep o r - In  ‘ H  t - - l l ’ w i n g  c- -a s :

!o ’~i-HS ‘~~ h i  !- I U i I - t- A S SO CIATES , ! H  . — C r i t e r i a  , i i ’ i !  coms i d— ’
- r i  t jolts t m , r  t i m e  Se I em t i ri and .- va l i i , i  t on  of  wa s t ew3 -I  t e r

.t l l i il h- - ct ion s i t - - ; rt - l i uni n ai - ’,- ~nr - ,’ ’ ,- -~~~~ - : m s t t ’w - l t e r
1 1 1  I t c ’s

- k:’I~~c ; , ‘fl! - - , !, -\W!~~~-~ . ~ . .‘HS ~~C 1 A l I , S — !~~is t ’  w a t e r  l a n d
sit ’ ’ l~~~- n t i f 1 c ; m  ion ; ~-,~‘ i l  , c e  lOp\ ’  and  pr’ iin s~n ts- r

s t u d  u t - .
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t h i , ’  r ’ I / r - s i ’ l t t  i t  l v i -  l ord o h  t o .

I c E S . 1 . H . hm U;PAR .-\Hl) 1. H . I , h ’ l H l S  — nd an t i  w i t  er  qua l i ty ,
and  l r r l p c m  I ’ ’ r r  i t !  h i  u i

C. BERKEI L’u I ! A H H I N I ,  V o l  I A !  I , : -  — - s i l l  well— I t - l ug m ’ o n s i s h e r , m t i o n s .
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