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APPENDIX B
PLAN FORMU LATION

INTRODUCTION

1. The State of California has recognized the dangers of water

pollution in the San Francisco Bay and the Sacramento—San Joaquiri

Delta Region and has taken legislative action to curb pollution .

This act ion has been essent ia l ly centered aroun d wa te r  qua l i t y

standards based on beneficIal uses of water and the planning ,

implementation and enforcement actions necessary to maintain these

standards. To satisfy the requirements for water quality planning

in the State ’s Porter Cologn e Act of 1969 , as well as Federal

planning req uiremen ts , the S t a t e  fo rmulated In te r im Basin Plans

for water quality control measures to be implemented subsequent to

1971 and scheduled preparation of Comprehensive Water Quality Con—

troi Plans. The Interim Plans were adopted by the State in July

1971. Comprehensive plans currently are being completed. State

and local agencies , with Federal assistance , have expended about

$500 million for wastewater facilities in the Bay—Delta Region.

The California State Water Resources Control Board estimates that

F 
there is a need to spend about $1 billion more in the  reg ion

in the immediate future for municipal wastewater facilities . This

estimate is based on the Interim Basin °lans develoned for the Bay—

Delta Region.

~~~~~~~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~
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2 .  The ma gn i tude  of t h e  wa s tewate r  t r e a t m e n t  and r e s i d u a l  sol ids

disposal problems , the pub l i c ’ s increas ing  demand fo r  m a i n t a i n in g

hi gh water  q u a l i t y  s t anda rds  c o n s i s t e n t  w i t h  e n v i r o n m e n t a l  objec-

t ive s , and the h igh  cost of meet in g these  demands , make it ne cessary

to consider the  broader  view of t o t a l  water  management when inve s-

t ig a t in g  the management of w a s t e w a t e r .  To e f f i c i e n t ly app l y avail-

able and new techniques to the region ’s existing and future water

qual ity problems, coordination of water pollution control efforts

in all phases of water management is required. These reason s and

the great resource value of the San Francisco Bay—Delta Region

clearly indicate the need for a stud y of regional wastewater management

within a framework of total water management.

3. This appendix presents  the Corps of Engineers ’ plan formula t ion

concepts  in developing wast ewater  management alternatives for  the  San

Francisco Bay and Sacramento—San Joaquin Delta Region.) Appendices

which support Appendix B (PLAN FORMULATION) include following:

Appe nd ix Bi — DESIGN AND COST
Append ix ~B2 - ENVIRONMENTAL

— Appendix B3 — SOC IAL WELL—BEING
— — Appendix 84 — PUBLIC HEALTH

• 
- 

- Appendix B5 - LEGAL AND IN STITUTIONAL
Appendix B6 — PUBLIC INVOLV EMENT
Appendix B7 - EVALUA TION

In addition to an introduction , this appendix is arranged into the

following sections: Scope of Study, Synopsis of B ackground I n f o r m a —

tion , Treatment Technologies , Init ial Development of Alternative s,

Final Wastewater Management Alternative s, Economic Consideration s and

Design Flexibility , Evaluation , and System Performance and Discussion .

/ “
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SCOPE OF STUDY

4. Water  qua l i ty  control in the Bay—Delta  Region is a r e s p o n s i b i l i t y

of the  S t a t e  Water  Resources Control Board and the California Regional

Water Quality Con trol Boards. Past studies have pointed up the physical ,

environ mental , economic , and social inter—relationships between the

Sacramento—San Joaquin Delta and the various portions of San Francisco

Bay . These studies have indicated that actions taken in one portion

of the reg ion can have a significant effect on other portions . Con-

seq uen tly ,  planning must be considered on a regional basis to best

serve the needs of the region. In recent years the Water  Quali ty

Control Boards have tended to require consolidation and merging of

wastewater dischargers into convenient groupings . Planning and

implementation of water conservation faci l i t ies  have his orically

been considered independent of water quality control installations .

5. Public awareness and at t i tudes d ic ta te  a fu tu re  need for  more

comprehensive viewpoints in the water resources p lanning f ie ld .

Planning processes are desired to bring about a wiser use of the

nation ’s water resources in harr~~ny with the broader interests of

mankind. Alternative solut ions for water resources development

should be formulated to meet the planning goals and objectives of

en t i re  met ropol i tan  areas , reg ions and/ or river basins . In the

f i e ld  of water quality control , innovative approaches are considered

necessary to provide for optimum effect iveness  of t rea tment  and to

prevent the rapid deteriorat ion of receiving waters . Al te rnat ive

solutions should also provide for utilization of the separated waste

constituents and the renovated water .

B— 3
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STUDY GOALS AND OBJECTIVES

6. When the Congress authorized the Corps of Engineers ’ w~ s~ o-~ tto r

management stud y ,~i it did so with the understanding ti ~~~t ~he stud y

would be conduc ted in the context of the State ot c~ jlifornIa ’s require-

ments as well as those of other Federal agencies involve d in water

quality management. Th e Corps ’ role , then is primarily one of assist-

ance to the State , and not to conduct an independen t investigation .

The two objectives of this stud y were : (a) to assist the State of

Cal ifornia in the development of its Comprehensive Water Quality Control

Plans for the San Francisco and Sacramento—San Joaquin Delta Region ;

and (b) to determine the f e a s i b i li t y  of wastewater disposal oriented

primarily to the use of land as a renovation technique . The function

of the stud y has been to develop data and to analyze alte rnative s

or iented  toward land appl ica t ion of wastewater  and s lud ge in order

to assist the State in jud ging which method , or comb ination of methods ,

for the disposition , reuse or reclamation of wastewater is iost suitable

for adoption in the basins and subbasins of the l2—coun~ v San Francisco

Bay—De lta Region. The information generated from this study has been

furnished to the State of California and the Environmental Protection

Agency.

I N TERAGENCY AGRE EMEN T

7 . To insure that the planning effort of the Corps w~~ of ‘“-iximuo

assistance to State and local agencie s, a “Join t Agreement for Inter—

agency Water  Qua l ity  Managemen t Plan n ing Assistance , ’ -as signed by

1/ See A p p e n d i x  A (BACKGROUND INFORMATION) fo r  a u t h o r i z i n g  l e g is l a t i o n .

B—4

• ~~~~~~~~~~~~~~~~~~~~~~~ - —-----



the  Ca l i f o r n i a  S t a t e  Wate r  Resources Control  Board , ~e g i on !N of  t h e

Environmental Protection Agency, and US Army Eng ineer District , San

Francisco on 8 March 1972. The agreement specified certain tasks

and respons ibilities for  each agency. As a result  of t h i s  agreement ,

four specific study objectives were detailed for investigation by

the Corps of Engineers.

a. l)evelopmen t of alternatives for treatment processes incorpor—

attng iand app lication of wastewater;

‘)evelopment of alternatives for disposal of treatment system

~1udge by means of land application;

c. Development of alternatives for wastewater reclamation and

use as related to land application procedures ; and ,

~~. Evaluation of the above a l ternat ives  in terms of the objec—

tives 01 national economic development , environmental quality, social

well—being , and regional development.

B. T 0 addi tion, it was agreed that the Corps of Engineers would

not dire ctl y address non—point sources of pollution such as urban

stor-~ wat er runoff and agricultural drainage in this wastewater man—

• age l e n t  report. Also , the cities of San Francisco and Sacramento

coii~- 1 itute the only sources of combined sanitary sewage and storm—

w~r~~ f1o~ in the study area and since these excessive flows are

under k’cal study these combined flows were not included in the

invest LL~ i ti  ) f l .

B—S



PROCEDURE OF iNVESTIGATION

9. In order to accomplish the goals and objectives of t Il l -  S’ I1~~ V ,

various procedures and re la ted  tasks were u n d e r t a k e n .  The p r o c e du r e s

used included:

a. The current situation was investigated in terms of reg ional

definition , economic characteristics , existing water pollution prob-

lems , current pollution abat~ inent operations and legal and institu-

tional arrangements.

b. Potential f u t u r e  water quality problems were investiga ted

along w i t h  expected f u t u r e  operations .

c. Projected development patterns for the years 1975, 2000 and

2020 were studied.

d. In i t i a l  a l ternat ives  of regional wastewater management systems

involving land and water—oriented  disposal were developed.

e. Evaluation was undertaken of the in i t ia l  alternatives in

the areas of environmental  q u a l i t y ,  publ ic  heal th , social w e l l — b e i n g ,

economic development , and special considerations.

f.  Development of f inal  a l ternat ives, including sludge systems ,

was undertaken based on previous evaluations.

g. All invest igat ion e f f o r t s  included cons idera t ion  of comments

and des i res made in response to various public  meetings and workshop

sessions .

10. Several invest igations have been conducted by o t h e r  agencies

and organizations concerning various topics pertinent to this study.

Subject topics ranged from land use and popula tion growth to regional

B—6
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t~a st ew a t er  management p lans as well  as the  f u t u r e  pro grams of t h e

local munici palities , sanitary districts , and the Regicoal ~~ter

Q u a l i ty  Congrol Boards w i th in  the s tudy area .  A s s i s t a n c e  on the

technical aspects of wastewater management was obtained from numerous

pub l i sh ed  sources of Federal , S ta te , and local agencies , and from

earious articles or papers availalbe in the literature . ?los t of

these data sources are on file at the San Francisco District Office ,

U.S. Army Corps of Engineers , 100 McAllister Street , San Francis co ,

Ca l ifornia , 94102.

Ii. Major tasks performed to support investigation procedures included:

a. Conceptual plans and designs of treatment and conveyance

systems ;

b. Evaluation of conceptual alternatives by means of modeling

and other modes of analysis ;

~~~. Location plans and des igns of land application oriented

systems fo r  co l lec t ing,  t r e a t i ng ,  s toring , and disposing of wastewater;

d . Loca t ion  p lans and desi gns of land app l i c a t i o n  or iented  systems

fo r  collecting , treating, conveying , storing, reclaiming and disposing

of slud ge and other treatment system residuals ;

e . Plans and designs of systems for collecting, conveying ,

s!~~r ing and using wastewater reclaimed from the land app lication

o rd ( ‘-

:omp arison of sup oly and demand for reclaimed rr renevated

w a t e r  as related to land application systems;

)evelopment of pertinent site data and prel iminary engineering

plan’4 b r  ‘~v stems o u t l i n e d  above ;

B— 7
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it . Development of pertinent cost and financial estimates and

analyses ; and ,

i. Evaluation of systems in terms of economic development ,

environmental qual ity,  social well—being, and regional development.

PARLICIPATION AND COORDINATION

12. Informat ion  and data presented in this report reflect the

maximum usC of previous study efforts by Federal , State of California ,

regional , and local agenc ies. In order to provide for the specialized

expertise and local experience in engineering and environmental areas,

several consulting firms provided technical input for this study

under contract,  A l ist ing of these consulting firms is shown on

the inside back cover.

13. This s tudy has been coordinated on a cont inuing basis wi th ,

and has had active par t ic ipation of , Region IX of the Environmental

Protect ion Agency , the State of Cal i fornia  Water Resources Control

Board , and the California Reg ional Water  Quality Control  Boards .

During the conduct of this stud y ,  informational  presentations

were made to the San Francis co Bay Conservation and Development

Commission , the Association of Bay Area Governments , the Bay Area

Sewage Services Agency, the San Francisco Bay Water Quality Group ,

the California Regional Water Control Boards . Several moni tor ing

sessions on report development and progress were held with repre—

sentatLves of the Environmental Protection Agency and various State

agencies. In addition , the public was informed of the Corps ’ study

and assisted in its conduct by means of public meetings , workshops

and through visits made by Corps personnel to individuals within

the stud y area.

B—8
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SYNOPSIS OF BAC KGROUND INFORMATION

STUDY AREA

14. This synopsis presents  a summary of regional  fac to rs  which

impact Plan Formulation . Additional details are presented in Appen-

dix A (BACKGROUND INFORMATION).

15 . The San Francisco Bay and Delta Estuary and its adjacent land

area occupy some 10,000 square miles in west—central California.

The land area relating to the est uary encompasses 12 counties:  the

nine Bay counties  of San Francisco , San Mateo , Santa Clara , Alame da ,

Contra Costa , Solano , Napa , Sonorna , and Man n ;  arid the  three Delta

counties of Sacramento , San Joaquin , and Yolo .

16. Two major fac tors  define the stud y area as a region for wastewater

managemen t considerations. The f i r s t  is the estuarine system which

represents an aquat ic  ecological system ranging from ocean water at

the Golden Gate to essentially fresh water in the eastern Delta .

This system is a natural  resource of inestimable value to the region ,

to the State, and to the nation . It serves a wide variety of uses which

provide many benef i t s , both economic and social to the peop le in the

region . These benef i t s  include water supplies for Indus t r ia l , agri-

cu l tu ra l  and municipal use , a na tura l  habi ta t  for f i sh  and wi ld l i f e ,

a vast water—oriented recreational area , accessibility to ocean—goin g

water t ransport and , in general, an environment fer pleasan t living

ari d the enjoyment of es the t ic  va lues.

B—9
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17. The second major factor defining the s tud y area is t h a t  the

topography of the 12—counties provides favorable physicaL 1 i~ u~ a~~ t - b

for county—wide development and social configuration . About 80 percent

of the 12—county land area is tributary to the Bay and T)elta estuarine

system. Fringe portions of Man n , Sonoma , San Francisco , San Mateo ,

and Santa Clara counties drain to the Pacific Ocean either directly

or b y way of streams not tribut ary to the Bay.

18. Action at the local level for wastewater management planning

las been initiated for various reasons. As an outgrowth of the State ’s

Bay Delta Program (1969),  several dischargers undertook addit ional

studies to define options other than those presented in the recommended

plan. Also, both the State Water Resources Control Board and California

Regional Water Quality Control Boards directed certain dischargers

to coordinate planning on a local, sub—regional basis and prepare reports

on local options. In addition , improvements were continuously b eing

prescribed b y the State control agencies consistent w i t h  f u r t h e r  defini-

tion of problems and chan ges in Federal and State Leg i s la t ion.

19. Consistent with Federal and State Legislation , interim water

quality plans have been developed for  all basins in the stud y area

(as wel l  as in the ent i re  s ta te ) .  These interim plans spec ify short—

term improvements for local disehargers and they have been incorporated

into Environmental Protection Agency (EPA) project grant lists.

POPULATION

20. The population of the 12—county study area has t r i p led over

the pas t 40 years , with approximately 60 percent of the increase

occurr in g h n  the last  20 years . The growth ra te  of the l2—countv

B— 10
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stud y area over the last 20 years has lagged slightl y bebi ind t h i t

fo r  the en t i re  S ta t e .  However , several counties  w i t h i n  t L~ - stud~

area have exper ienced a phenomenal grow th in the las t 20 years ,

see Table B—I. The principal cities shown on this table represent

those cities which had populations in excess of 100 ,000 du r ing  the

year 1970.

21. Two different population projections have been considered in

this  stud y.  The f i r s t projection was Series D— 150 developed b y

t h e  C a l i f o r n i a  Department of Finance. These values are t h e  popula-

tion levels generally u~ i1ized by the State of Califo rnia for bas in

planning.  To be cons~ st ent  wi th S ta t e  p lanning , this  report  was based

on these populat ion data .  The Series D—l5O pop ulation levels are based

on net migrat ions  into the State s t ab i l i z ing  at 150 ,000 peop le; an

in t r a s t a t e  migrat ion of 3 ,000 people per year f rom th e  southern

counties to the northern counties of the State; and , a b i r th and

death r a t e  based on U .S .  Bureau of Census data .  The second projec-

tion was the E—O series , also developed by the California Department

of Finance .  This series is based on a net mi g ra t ion  in to  the S ta t e

of zero from 1971 to 2000 and reflects more closely current birth

and dea~ ii trends than does the Series 0—150 population levels. The

E—O Series  is of interes t to many agencies and segments of the public

as a f r aa e  of re ference  for  p lanning  in to  the  f u t u r e . G ran t  regula-

t ion f the S t a t e  Water  Resources Control  Board ~or w a s t ew a ter

8— 11
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TABLE B— l

1970 POPULATION OF THE 12 COUNTIES IN STUDY A Rl ~ \

AND THE PRINCIPAL CITIES 1/

Growth Frinci pal
County 1950—1970 2/ Population City Population

Alameda 1.45 1,073 ,000 Oakland 362,000

Contra  Costa 1.85 558 ,000

Man n 2.40 206,000

Napa 1.70 79 ,000

Sacramento 2 .25  631 ,000 Sacramento  254 ,000

San Francisco .90 716,000 San Francisco 716,000

San Joaquin 1.45 290,000 Stock ton 108,000

San Mateo 2.35 556,000

Santa Clara 3.65 1,065,000 San Jose 444,000

Solano 1.60 170 ,000

Sonoma 1.95 205,000

Yolo 2 .20 92 ,000

Total 5,641,000

1/ Bureau of Census tigures , to nearest thousand.

2/ California grow th rate , 1950—1970 , = 1.85 (Bureau of Census).
Growth rate def in ed as 1970 population 4 1950 population .

8—12
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treatment facilities make use of these projections in critical air

basins . Also , the [—U Series is used f o r  p l a n n i n g  in c r i t i c a l  a i r

basins . Table B—2 shows the Series 1)—iSO and Series E—O population

projections for the counties within the study area. With the series

D—15O projections the population of tile stud y ar ea can b e expec ted

to increase from a 1975 p o p u l a t i o n  of about  6 .1 m i l l i o n  peop le to

9.2 million in 2000, an approximate increase of 51 percent.

EMP LOYMENT AND 1NI)~~STRY

22. With the advent of World War II , the 12—county stud y area , fol-

lowing the trend in California as a whole , became heavily industrialized.

Among the major industries represented are food pro cess ing ,  chemicals ,

paper and allied products, p rim ar y metals , steel , and petroleum .

There are also several large defense installations including two

naval sh ipyards. At the present time approxim t~~1’; .~‘o million per-

sons are employed in the study area.

23. Industries are essentially locat ed on navigation waten~ays.

Heavy concentration of i n d u s t ry  occurs in the c i t i e s  of Sacramento

and Stockton , along the north shore of Contra Costa County from Antioch

to Richmond , in Oakland Harbor , along the south San Francisco shoreline ,

in the lower Napa River near Vallejo , and Benicia in Solano ‘ounty.

Petroleum , chemicals , steel , metals , and paper industries are centered

in Contra Costa and Solano Counties . Food processing is centere d

in tile cities of Sacramento , Stockton , Tracy , an~ the vicinity of

San Jose.

B—l3
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TABLE B—2

COMPARISON OF POPULATION PROJECTIONS 1/

Popula tion Projec tion Year 
V

County 1975 1980 1990 2000
Series Series Series Series Series Series Series Scrie~
0—150 E—O 0—150 E—O D— l50 E—O 0—150 

________

Alameda 1,140 1, 100 1,220 1,150 1, 380 1,22 0 1 ,510 1,275

Contra
Costa 615 605 690 650 850 735 990 790

Mann  230 222 262 242 336 285 403 322

Napa 88 88 103 96 147 114 193 127

Sacramento 683 683 741 728 865 818 972 883

San
Francisco 710 710 720 710 730 705 725 690

San
Joaquin 315 313 340 332 394 368 446 4 f l H

San
Mateo 580 560 615 570 675 580 720 575

Santa 
V

Clara 1,220 1,185 1,385 1,305 1,760 1,560 2,105 1,765

Solano 188 188 214 212 303 262 421 305

Sonoma 235 232 275 257 371 308 381 3~~h

Yolo 104 102 119 113 156 137 l Y4  loU

Total 6,loh 5,988 6,684 6,365 7,967 7,092 9 ,160 7 ,648

1/ Data f rom Ca l i fo rn ia  Department of Finance with values reported
as thousands  of persons.

B— 14
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24. Duriu~ 1970 manufacturing employment averaged 388,2(10. FIle

largest manufacturing industry accounting for 66,001) emp l vaent

is electric machinery indus t ry. Wholesale and retail trade con-

stituted the third largest employment category in the area b~ —

hind the service industries . During 1970, 1,062,600 people were

employed in trade , with San Francisco County having the largest

trade employment.

25. Employment in agriculture has declined in the last five years .

This decrease is due partly to urbanization. Some agricultural

lands have felt increasing tax pressures because they were located

near urban centers that want to expand. Also increased efficiency

in farm technology has contributed to a long—term decline in agri-

cultural employment. Despite emp loyment declines , agriculture is

an important industry for the area . The Sacramento Valley is a

leading producer of f r u i t s , nuts and field crops . Napa Valley pro-

duces some of the best California table wines .

26. Government and service employment are the largest and fastest

growing employment groups in the study reg ion. The financial industry

also has experienced extensive growth. San Francisco has tile larges t

number of peop le in the study area employed in this industr-v , 51 per-

cent of the total. San Francisco also leads all counties in the study

area in construction employment.

B— 15
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27 . Based on Cii i fo r i~ í a  F ! V a I 0 r . r h S tudy  assumpt ions  on e con o m ic

i~r o w t I t  in the are l , it is es tirna Led t h a t  in d ust  r ia l  emp l c \ : V ~~ 1l t  i n

the s t u d y  area w i l l  in c r e a se  f ra n  2 , 362 , 200 to 5 , ~~~ . 2 1 )  by 2020 .

~1a n u f a c t u r i n ~ emp lov~ e lIL is ex p e c t e d  to doub le b e t w e e n  1970 and

2020. Wholesale  and r e t a i l  t r ade  ~~~~ o v n e n l  can be eyp vc t e d  to

in c r e a s e  by 600 , 100 peop le by 2 02 0 .  The f o l l o w i n g  m a n u f o c  o r i n g

groups r e q u i r e  l ar ~ e i l . n~ ~L L e s  of c a t e r  in t h e i r  o p e r a t i o n  and

tav ~ la rge  wa s t e  i on ic . Pro~ cc t io ns  f o r  these  i n d u s t r i e s  are e V ~~

p lored in g r e a t e t  det;t il .

28 . Based on a p r e d i c t e d  in c rease  in per cap i t a  co nsumpt ion  of

r e f i ned  p e t r o l eu m  p r o d u c t s  f rom the  p resen t  31 ba r re l s  ocr  year  to

about 75 ba r re l s  per  y e a r  in 2020 , t I e  t o t a l  annual  p r o d u c t i o n  of

r e f i n e r i e s  located in t h e  s tud y area will p robab i ’.- i n c r e n n e  f r o m

170 m i l l i o n  barrels  per y e a r  to some one b i l l i o n  bar re l s  per  year

in 2020 , an annual  groc.~~h l V n te  of about  3— 1/2 p e r c e n t .  I t  is most

likely t h a t  the  S o l a n o— C o n t r a  Cos ta  County  area wi l l  con t inue  to

have th  c o n ce nt r a t i on  of r e f i ner i e s  b ecause  i t  is a d j a c e n t  to deep

wa te r  of t i l e  San Francisco Thy Svs L en .  A l t h o u g h  the  pet  rn l e u m  in-

d u s t r y  oi t pu t  wi l l  inc rease , emp loyment  in t h i n  in dus t r,. is e xp e c t e i

to d ecr e a ~~e b y as much as on e— third today ’ s emp 1ov ~ er t  because  tech-

no l og ical  imp r o n m e n t s  w i l l  cause less w o r ker s  to h e  needed in the

p r o d u c t i o n  process .
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29. i’lie paper  and a l l ied  p r o d u c t s  g roup , s i t uj t e d  in t h e  P i t t ~~h r s —

A~it i o c h  area of C o n t r a  Costa Coun t , manufactures about 2 , “) O O L O t i - ~

• p e r  da~- of paper  p r o d u c t s .  In the  nex t  50 y e a r . . p z V n d u c c  ion Is pro-

j e c t e d  to increase  to about  12 ,000 tons p - c  lay . ~.o shi  I t  in the

manufacturing center is expected. I m p l~~v c k -nt  i n  t h i s  i ndus t ry is

expec t ed  to  nxi re than do t ( ’l e  b y 2020.

30. A v a i l a b l e  I n f o r m a t i o n  i n d i cat e s  t h a t  t h e  c e nt e r s  of c~ctne1— gcod s

p r o d u c t i o n  in the L i
V ed w i l l  be loca ted  in  t he  t h r e e  D e l t a  c o u c h es.

Canning production is expected to increase at a rate of about three

percent annually. However, canned goods production ir. Santa Clara

Coun ty  is e x p e c t e d  to decrease  as a g r i c u l t u r a l  lands c o n t i n u e  to be

developed f o r  u rban  use . Employment  w i t h i n  the  food and k i n d r e d

p roduc t s  i n d u s t r y  is expec ted  to decrease  sl igh t i .  by 2 0 2 ( t . - - r e

wil l  be about 59 , 600 peop le emp loyed in th is  ir.dust rv b\- 2020 in

the s t u d y  area.

31. P r o d u c t i o n  of chonicals  in the  s t u dy  a r e a  is e x p e c t e d  to gro~’

11—fold  in t h e  p e r i o d  of 1970—2020 . The e x p e c t ed  i ncr e a s e  in p et ro -

leum refining in the s tud y area would c o n t r i bct e  to an e~-n’a n s i on  of

pet r o— che - ’ i cal p r o d u c t  ion .  Emp lo y— nt in tOo c h e m i c a l  i ndus  t ry  Is

V expected t o  d o u b l e  by 2020 .

32. W i t h i n  t ie  s t u d y ir e a , over the  pe r iod  1 97 0— 2 0 2 0 , I n d u s t r i a l

s t e e l ~ ‘-oduct  S -i r e  an t i c  p a t  ed t o  Inc rease  in annua l  c o n s t i r i o t i o n

f r o - -  2 . 7  n i h  ‘n t o n s  to 11 m i l l i o n  ( ‘I t s  a nd  pr , Vd t c t  manu m a c t u r l uc

is exp e  t ed  t o  inc r~ n . e  f ro °  600 .001) tons t o  12 m i l l I o n  ton s  per

V~~ t r . T i e  P r i m a r ’-  ‘-I c t a l s  i n l u s t  r ’- - enp i o v i - u l  is exp ected t o  i n —

e r  se by 51) ~~~ r a n t
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33. i . i ~ ed on r e c en t  l ’~- ~ - ih  I i sh ie d  C .i l  i t e r n i a  l epa  t I c -  it  L I  hi t t e r

R e s o u r c e ~ l an d  n e  (ro ,- - L  I o n s , I t  is e st  t o o t e d  t i c  b y t h e  V~~
10t 1

2 ( 12( 1 t h e  ar e  f i t  o f  1 . n t d  i.s~ V d I . ,!. i r r i g a t e d  a g r ic u l t a r e  i n  t i c  n i ne

lii A m  , i Loituhi s w i l l  be + 1 0 , 10 ac r e s , a r d  loft of some 1)

~~~ cu t  f r o t t i  I ’ l l , . by 202 , i r r i p a t & -d l ; . ni  i n  L i e  D e l t a  (Yolo ,

r .  m en t o  an d  San 2 oaqu  i t ;  Cour I i 05)  is ~-xp e c  ted to inc r ose by

some 15 La  20 p t-t ent t o  1. ~ m i l l i o n  a rcs . In t i ; ~ i - u t r a l  V a l l e y

t ribu tarv t o  t h e  1 2 — c u- . re d , i nc  l ud in g  Tu la r e  !.ahe has in , it

is e s t i na t e s  t h a t  . d ’ l u t  noV el . ml ~ I i on  acres will be under  i r r i g a t i o n

iv 2020 .

34. C~ v er n m e n t  and 1cr - .’ i  ce i n d u s t r i e s  will more than  doub le by

2020 . Alam ed a . - a c r a t o en t o , and can F r a n c i s c o  C o u n t ie s  can a l l  be

e x p e c t e d  to have o v e r  200 , 1(00 n e op l e  in government  employmen t .

San t a  Clara ~, i i i  (t a c t  ove r 20(1,00 peop le in ser’.- ice  r e l a t e d  ind us-

tries by 2020 .

1JC~U VS

35. .\pp rox L o o t  ‘Iv  ‘; .1 nil l i o n  peop le rside wit in t i e  t o i t i  s t u d y

area of i1rs~~ t o . 7 mi llion acres .

The bas ic  l a n d  use c o v e rag e  is e st i - t e d  a t ;

Urb an 617 ,900 ac res
( R e s i d e n t i a l  307 ,400 ac ’a s )
( S t r o e t s / I l i g hc ’ay° 146 , 300 acres )
(Cormte rcef 1 n d u s t r v /~~t k er Ur b an  1b4 , 200 a cc e s )

U n d e v i  l o p - - i a nd  A c n i c n l t u r a l  ~~~~~~~~
TOTA l. ( , i , ,~~~, .0 to
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36. u rbanIzed lands cover scarcel y more t i t a n  n ine  p e r c e n t  of  t it-

total area and , of t h i s , the  m aj o r  three c a t c g or t  os i t t . 0 t o k en

down as follows :

Proportion to Stud y
Proportion to Urb an Total Area Total

Residential 49.7% 4.67

Streets/Hi ghways 23.67 2. 27
Comm/m d/Other Urban 26 .7%

TOTAL 100.0%

As can be seen , residential land use constitutes just about half of

all urban land; the other two categories are fairly evenly divided

among the remainder.

37. Considering the Bay and Delta regions , the breakdown is:

Bay (9 Counties) Delta (3 Counties)

Urban 468,200 acres 149 ,700 acres

Residential 240,200 acres 67,200 acres
Streets/Highways 112,100 acres 34,21)0 acres
Comm/Ind/Other Urban 115,900 acres 48,300 acres

Undeveloped & Agricultural 4,008 ,100 acres ~~~~ 7,500 acres

TOTAl 4,476,300 acres 2,187 ,200 acres

These urban land use proportions may be compared as f o l l o w s :

Proportion to Region Proportion to Region
Urban Total

Delta 
~~~ 

Delta

tiesidential 51.37 44.9h 5.3% 3.01.’

Streets/Highways 23.9~ 22.91 2.51 1.67

Co m m / m d/ O t h e r Urban 24 .81” 32. 22 2 . 61

TO ’l ’A L 100 .0% 100. 0’ ‘0~~4% 6 .8%

B— 19
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38. P r o p o r t i o nat e ly , t h e  mos t urban ized counties in t i . m s  of a r e a

a r e :  San F r V m n e i o c o  (70  p e r c en t ) , San M i t t e o  (20  ‘ € r t . i n t ) ,  C - a t t n

‘ 
Costa (20 percent), md Alameda (20 p e r c e n t ) .  The le. -~~t u r b a n i z e d

in ,ire ;t are : Sonoma and h ap a  ( l i t  h s l i g h t l y over  2 pe r c e n t )  , Yo lo

(3  p e r c e n t ),  and Solano (3 .5  p e r c e n t ) .

39. Projected basic land use c ha r a c t e r i s t i c s  of t he  s t u i v  area f o r

the  year  2000 are as fo~ l ows

Urban 1,065 ,800
(Residental  600 , 4 00 ac res )
(Streets/Highways 221 ,700 acres)
(Commerce/Industry/Other Urban 243 ,700 acres)

Undeveloped and Agricultural 5,597 ,700 acres
6,663 ,500 acres

40. The total proportion of urbanized land of tie s t u H y  L r t . V a  Is

projected to increase by 7 percent , from 9.2 percent to 15.9 perc -ti t

between 1970 and 2000. This amounts to a net conversion increase of

almos t 450 ,000 acres. 1)uring this period the proportion of residenti al

usage to remaining developed land is expected to increase from a lm o s t

50 percent to 56 percent. By 2000 , the three ma or  ‘ , i t  eg er i e s  art ’

assumed to be proportioned as follows :

- ro p r  L i o n  to  St  ~
Proportion to Urban Total Ar e a  T o ta l

Residential 56.3% 9.0%
St r e et s / H i g h w ; ; c s  20 .9% 3 .3 1
C ot n r n e r c e / I n d / O t i i e r  Urban 22 .8% 

_____

T°TAL 100.01 l5.°1.

K—20
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Co n t i n u i ng  h i s to r i c  trends , the remain ing  two b a s i s  u t  ia  l and  t-

cat e g o r i e s  wi l l  be f a i r l y  evenl y d iv ided  among the  m t - r a i n i n g  b4 per-

cent nonresidential land. Urbanization will In ri - at;’ ove r 72 pr -r ent ,

areawise, but of this , residential land use Th projected to increase

much more — over 94 percent.

41. The Bay and Delta regions continue to portray differences it

overall  land use ch a r a c t e r i s t i c s :

Bay (9 Counties) De lta~~ 3 L o u t t l e S )

Ur b an 824 ,900 acres 240 ,9 () () acr e—
Residential 484 ,300 acr es 116 ,100 acres
Streets/Highways 166,400 acres 55 ,300 acres
Commerce / In /Other  Urban 174 ,200 acres  69 ,500 ac res

Undeveloped and Ag r i c u l t u r a l  3~~~5k,4OO acres l ,946 , 300 acres

TOTAL 4,476 ,300 acre s 2 ,187 ,200 acres

Propor t ion  to Region  Pro p o r t i o n  to he-cian
Urban T o t a l

Delta flay 

-

______

Residential 58.7% 48.1% 10.8/ 5~~31
Streets/Highways 20.2% 23.07 2 .51
Comrne rc e/ Ind / Othe r  Urban 21 .1% 2 8 . 9 %  3.91 3. hi

l00.0~ 100.0% 18.47 1 .0

Thus, while both regions show an increased proportion ~~1 r e s i d e n t i a l

to o ther  urban usage , the Bay reg ion ’s increase is much greater — about

7.0 pe rcen t  vs. 2 percent  fo r  the D e l t a .

42 . The Bay region wi l l  cont inue  to be c on s i d e r a - lv rt’ore tt r 5;’nired

t han  t he  Del ta  reg ion , as ind ica t ed  b y t he  spr 5 ’ - l  of ove r ~~‘v cn  ~‘ c .

( 18. 47 vs. 11%) . The p ropor t iona l  spread , too , W I ]  i n c r e a s e  be tn ’ eec

t i ic  two regions . The Bay will increase almos t 77 p e r c e n t  j~~ l l r i V i n ( V - ,1—

tion while the Delta will show a 62 percent Incrt ’ tsi .
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43.  A “P r i m a r y  Land Use ” map (P late  C—5 of Appendix C - PLATE 5 F o R

APPENDICES )  p o r t r a y s  a gene ra l i zed  p i c tu r e  of the c u r r e n t  deve lopment

p a t t e r n  of time Bay—Delta 12—county stud y area. It is based on the

most u p — t o — d a t e  i n d i c a t i o n  of land use mapping as comp iled by the

Association of Bay Area Governments , the Sacramento Regional Area

Planning Commission , and rU ,~ San Joaquin County Planning Commission .

44 .  l ’Fte Corps has made no a t t emp t to prepare a single projected ,

or proposed , l and  use map for  the  year 2000 fo r  t h i s  s tud y.  Instead ,

three  land use a l t e rna t ives  are de l inea ted , base d on assumpt ions

and adopted policie s of different agencies. The three alternative s

are b a s i c a l l y  der ived f rom these sources:

a. A l t e r n a t i v e  1: From comprehensive reports of the Corps of

Engineers on San Francisco Bay and Tributaries , and land use projec-

t ions of Sacramento Regional Area Planning Commission and San Joaquin

C o u n ty  Plann ing Commission .

b. Al ternative 2: From plans of Association of Bay Area Govern-

ments , Sacramento Reg ional Area Planning Commission and San Joaquin

C o u n ty  P lann ing  Commission .

c. Alternative 3: From plan s of t i m e  nine Bay Area Counties  and

San Joaquin County , and the Sacramento Regional Area Planning Commission .

45. All th ree  l a u d  use  a l t e r n a t i v es have been “a d j u s t e d ”  to account

for  t ( ~~- Bay Conse rva t ion  and Development  Commission general  plan and

est ab l i s h e d  Fed ~- r.i l and regional  pa rks  and wa t e r shed  lands.  These

a l t e r n a t i v es  are i n t e r p r e t e d  on P la tes  C—7 , 8 , and 9 in Append ix

C . In addition , a projected land use map (Plate C— b — Appendix C)

B—22

— 

:1~~~~~~ ihi~~1 
~~~~~~~~~~~~ V~~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~



— was prepared for the Monterey—San Benito m ount y r i m  a based on

general plans of these counties. This projection w.~s necessary

to provide for  the option of u t i l i z i n g  land a r e a -  south of t h e

s t u dy  area for was tew ater  a p p l i c a t i o n .

46 . Projected land use Alte rna t ive  2 is being utilized for purposes

of s tud y evaluation becaus e this a l t e r n a t i v e  r e p r e s e n t s  f o r m a l l y

adopted reg ional p lans emcompassing the s t u d y a rea , In genera l ,

there  is no basic conf l i c t  between thes e and the  o t h e r  two  a l t e r -

nat ives  insofar  as the pro jec ted  development p a t t e r n  is concerned

w i t h i n  the  land application sites. Al ternat ive  3 does present some

add itional details which portrays some sett lemen t “expansion ” and

con t rolled res ident ia l  development w i t h i n  these s i t e s , b u t  t he

pr imary land use patterns of agriculture, open space , or o t h e r w i s e

undeveloped land are similar for  all three alternatives.
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TRE ATMEN ’r TECHNOLO GIES

INTRODUCTION

47. A wide variety of processes can be used to treat unstewater

prior to final disposal. Time choice of the method of treatment is

determined by the goals used for each of t h e  selected a l t e rna t ives .

As these goals become more s’ ringent , based on State and Federal

requirements , the degre. 01 was t ewater treatment mus t be increased.

48. Two general waste  t r ea tmen t  methodologies have been addressed

in this study for time development of wastewater management improve-

ments. One treatment method combines various conventional treatment

u n i t s  toge ther  fo rming  an advanced treatment process and discharges

t rea ted effluent to receiving surface water bodies. The second

method involves the app l ica t ion of t reated wastewater  on desi gnated

lan d areas.

CONVENTIONAL TREATMENT

49. In order to provide for the maximu m possible reduction of con-

stituents being discharged to surface water bodies , a full tertiary

treatment system was developed. The philosophy for this treatment

system was to achieve as close to 99 percent removal in certain

cri t ical  c o n s t i t u e n t s  as possible (short of complete wastewater

renovation b y u s i n g  reve rse osmosis , e leetrodial ysis , or d i s t i l l at i o n

units) and to provide a process comparable to land treatment. Since

the fu l l  t e r t i a r y  system would provide an extreme ly h igh level of

treatment and might not be fully required to achieve the year 2000

water quality standards , a series of advanced treatment systems was

developed which would provide lower degrees of treatment than would

E—24

~~1._-V ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— - V  — .- ,-—~~ — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ‘7 7V 
~~

-V
~~~~~~~

_ _
~~ - - - -—--V -

the full tertiary system but would meet expec ted inc reases in

water quality objectives. Conventional treatment systems con-

sidered are discussed in the following sections .

50. Physical—chemical treatment was not directly used hi  the

de velopment of wastewater management a l te rna t ives  because the

trend in the San Francisco Bay—Del ta  area is toward biological

t rea tment .  Howeve r , the be t t e r  aspects of the physical—chemical

process , such as lime ut i l izat ion for  phosp horus removal , were

used in developing the full t e r t i a ry  and advanced t reatmen t pro—

ceSses .

51. When physical—chemical  treatment is used , the in coming

was tewater stream passes through screening devices to remove

the large solid m a t t e r  and grit prior to the addi t ion  of chemicals .

The screens consist of coarse meta l  bars with openings of 1— 1/2

to 2—1/2 inches and may be mechanically or manually cleaned.

The gri t  material  (cons ist ing of sand , eggshells , ash , e t c . )  se t t l e s

Out and is collected in the gri t  tank . The chemicals, lime or al um,

are added to the wastewater in a flash mixin g basin which pr ovides

for  a rap id , hi gh in tens i ty  mixing of the  chemica l  coagulant  w i th

the wastewater .  Flocculation , or the development of large part icles

as a resul t of the chemical addition , occurs next  and p r io r  to the

re moval of the suspended solids in the sedimenta t ion  tank . The pH

of the wastewater is approximately 11.0 at this point and nust be

reduced to the range of 6.5 to 8.5 pr ior  to f ina l  discharge . This

is accomp lished in the pH control tank b y I n t r o d u c i n g  carbon dioxide .

The treated wastewater  is then d i s in fec ted  wi th  chor ine  and discharged
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to the recr- iving surface water body . Sludge s c t t l f t t ~ to  t i m e  b o t t o r ,

of t h e  s e d i m n e t m t a t  i on  tank  is co l l ec ted  and pumped to  s ludge  t i m i u 7 , - r t o r s .

This s lud ge is hi g h in chemica l  c omp o s i t i o n  (lime ) wh i ch  can Le  re-

cove red fo r  l a t e r  reuse.  The phys i c a1—c h ~’i: t ica l  t r e e t n i c  process

w i l l  resu l t  in removal of a p p r o x i m a t e l y 70 pe r  • t t t  of the ava i lab le

801) , 50—65 p e r c en t  of the n u t r i e n t s  ( w i t h  an a p p r o p r i a t e  removal of

between 60—80 p e r c e n t  of p it o s -d io ru s  Vt u d  2 0—50 r e m o v a l  of n i t r o g e n )  ,

and 65 p e r c e n t  of t ime  he avy  meta ls  p resen t  bu t  t i t e r e  is no removal

of total dissolved ~eltd s.

52 , Advanced treatment systems can have severa l variations . The

basic treatment system consists of biological treatment to reduce

BOD and suspended solids , a nu t r i en t  removal process to reduce n i t rogen

and phosphorus , and a polishing u n i t  to further remove pollutants.

$uch a po l i sh ing  u n i t  could be either a dual media filter or a carbon

adsorpt ion process.

53. The basic biolog ical treatment process (secondary) consists of

ac reen ing  devices and p r imary  s e d i m e n t a t i o n  f o r  t he  removal of se t t l e —

ole organics , floating oils , and g rease .  The w a s t e w a ter  then enters

aeration tanks where it is mixed with well—ae rated activated sludge

and ag it a t e d  by adding compressed a i r .  A f t e r  a e rat i o n  and m i x i n g ,

t ime  w a sr ew a t e r  fins-s to final settling tanks where the activated sludge

is s e p ; m m n t e d  u~ , st ’di~rent ;mtion. A portion of the s e t t l e d  s lud ge is

re tu rned  to tim e in~ er  end of t h e  ae m u L i o n  tank to in n o c u la t e  t h e  in-

coming sesage . ide  tr ot ted wasLe• -a t~’r is chlorinated prior to final
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d i sposa l .  The slud ge is collected f r o m  bo th  s e d i m e n t a t i o n  t inks and

pumped to an anae robic di gester for stabilization. A d\ t n c e J  treat—

mont system variations include :

(a) Addition of a aitrification/de mmitrification pre ess in which

an~nonia nitrogen Is biologically oxidized to nitrogen gas . Ammonia

is converted to nitrat~ —nitrogen in t ime n i t r i f i c a t i o n  process  and then

converted to n i t r o ge n ~r i s  in the deni t r i f i c a t i o n  un i t .

(b) Addi t ion  of a dual media f i l te r  for  the purpose of po l i sh ing

the treated wastewater. The filter is employed for the removal of

finely divided suspended material carried over from the preceeding

sedimentation tanks. Partial removal of other constituents , such

as nitrogen arid phosphorus , will also result from filtration.

54. The above treatment processes can be combined with the basic

biological treatment process so tha t  t e r t i a ry  t r ea tmen t  is app lied

to wastewater. Tertiary treatment provides for the removal of pol—

lutants no t completely removed by secondary treat-lent process , such

as suspended sol ids , refractory organics and nutrients.

55. A full tertiary treatment system , a - used in this report ,

consists of convent ional  biological t r e a tm en t , 98 percent phosphorus

removal, nitrification and denitrification , dual ‘~~dia filtration ,

carbon adsorption , sludge digestion and chemical recove ry . The

biological treatment processes as used in this renert , will result

in the removal efficiencies outlined in Table B— 3 . It  should  be

noted t ha t  the removal efficiencies used in this study were obtained
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TAO II. 8— 3

~~ N \ ’ !. : . i I a N r \ i .  WAS I [WATER !R L A ~ ~1[[1 I ’ R t O I - S S E S
AVERAGE REMOVAl. EFF[Cl I~NC1 i S

REMOVAL EFFI Ci EN CY ’ 
__________________

Treatment io. - 1 e m i c al  : Tat al : Te~ it
1. C ross : ‘t o t a l

Process : Oxygen :Ni tru~ en : P i u n s p i u r u s  : l l e l i V \ ’  : D is s o l :e
Demand : ~ e t . j l r — :  Solids

S c c o n d . m r v  1/ : 9 1 : ( 1 )  12 _ , H 1

Ae rated Lagoons : R.5 10 10 25 V V 1

Advanced Secondtrv 91 : 68 : : 40 <1
L v p e  A ~ / : : : :

\ui v mticed Se~- t i ~~a rn  01 : 72 SC : 52 10
Tv p e N  3/ : :

A vance S e c o n d a ry  96 : : 86 : 79 :
ivp e  C -

~~ 
: : : :

Fu l l i e r t A i r - V- 5 /  98 : 99 : 8 5  : 1 0

1; I n c l u d e s  p r i m a r Y  s e d i v en t a t i o n , a e ra t i o n , s e c o n d a r y  -i c - J in e n t a t i o n ,
and ch l o r i n a t i o n .

2/ Includes s e c o n W t r v  t r e a t m e n t  p lus n i t r i f i c at  j o u r .

3/ Includes secondary tri’:m t men t plus du a l  mu ? d i a  f i l t r a t io n .

4/ Includes se- - o n d : rv rca tm m e n  ~ i i c  X(J~’ phosp ho rus removal
and n i t  r f  h e a t  i e m m / d e r ’  r~ i c at i o n.

5/ 1 n c lu d e a  se - ‘ h  a m y  rca i r o n  t p1 us ~ ~~ os pho rus  ~~~ ~~~~~~ 1
a i t  r i  f :at i a n / d e n i t r i  f j e t t  ion , dual r a d i  a r j  I ra t  i n -  

• an d
- a r a , u r ! s u r p t i O f l .
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f r o m  v a r iou s  p u b l i s h e d  eng ineer ing  document s , t e x t b o o k s , and pro-

fess ional  a r t i c l e s  and represent  a consensus  of average y r i  -cs f o r

t ime  i n d i vi uu a l  t r e a t m e n t  processes used.

56. A mo re detailed discussion of convention t r e a t i - i cn t  processes ,

together with s ch e m a t i c  diagrams , tb presented in Appendix 81

(DES I GN AND COST) .

LAND APPLICAT IIO[

In t  roduct  ion

57. Of the general types of treatment considered In th is study,

land app lication or the “living filter” is the mos t unique . Instead

of relying on individ-mal tertiary or advanced treatment units in the

treatment sequence as is done for  the more convent ional  ph ysical

chemical and advanced biolog ical sys tems , land application relies on

the natural in—p lace soils and associated ground cover (the l iv ~ i i c

filter) to accomplish tertiary treatment. The process is truly unique

among unit treatment process in that while the applied wastewater is

being renovated and impurities removed , it is also being reused as ir-

rigation water for the ground cover. Not only does land application

allow an initial reuse of was tewater as irrigation water but it

also provides additional quantities of high quality water which have

been renovated in the plant—soil sys tem.

8a c kg round

58. The land—soil system acts as a filter , removing impurities rcr ’

t b -  wastewater and at the same time supp lyin g the soil—plant system

w it h  n u t r i e n t s  and water for grow th of plant lifc . The name “living

B—2 9
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I i l t e u  h a s  dc ii u sed  to  I - - c  n b c  L i i i ’  process sin e the ‘n o t t  1

is ti n i u i t e p r m i  pa rt of the  svste’ . l’hme concept of app l ying l ast-

u r o h t m i ’t s  t m  l am i : a r -  s has h i - o t t  p r a c t i c e d  fo r  c e nt  u r i s .  A pp~~1ca ~ ion

f t r e a t  i t  w ,tstcw tt ers ti land areas is a p r o v en  con - p t  i i i  many a r - s .

A sewtmo,e foi ’nt for leld ourne , Aus t r tml ia , has l i e - u s’iccess fiill uo,e r—

- i t  ing  s ince  t i e  I r - v i  I S  ( 0 0 t h  rv , (Ai t t i e  and ~heei , rai sed for

I mutiman e n s  m i m i -  L j O l t  * have been f ho rage ’ grown w i t h  ‘,~‘as t en a t e  rs on

tI m e f i t  - -
-

i i . ,\f ~~~~t :+o p e r c en t  ul t a -  t o tal se wa ge  produc ect  at  I n l an d  fac i~~—

it ies in ng Ia;id arm d Wales is applied to agricul tural land. I n

Californ i . t s t t ~ - - l or e c i t i e s  is r~~$flo and Bake rsfield practice

land ;t n p l  jc :mt ion o f  u ,: n s te w at er s  . N e r i r l v  all of ‘he co i r m t n i  t i es

in. t h e  S o u t  f o r t  - - 
iii J o a q u i n  Val lev -tmmat t u lar i- Basin practice sone

‘ or :-: of lin t app lica tion , princi p a l l y throug h i r r ir ’it  ion of c ross

and p as t ure .

60. In the San Fr a n c i s c o  : , i y _ F t m e l t a  Reg ion  about 5 to 10 a r ent 0 1

all — - :a st ew it r f i n -  are  d i sposed  of dv s e m i -  f o r m  of land rirplication.

A l t h o u g h golf -o u r ~ c’ i r r i g a t i o n  and hill side spray ing are the two

a~us t common methods , t i m e c i t y  of R i c a sa n t o n irt. ’:iselv i r r i ga te s

abou t  100 ,- n - res of pas t N -  l an fo  on ‘.-:lnich - -it t i e  are n r a a o d . tn

Cr i l i t or n i a , as ml w i m o l e , av e r  JoP mnun icipali t ~ca , cn : , m b ; a i i  ~ and indus—

t r i es  p r m c t i c e  ur i c  f o r - n  of land  :mpi li - a t i n n  w i t h  t n  ~. ed wast ’wat~-rs .

h i .  l ’e “lii’  n o ,  I i i  r e t  concep t  mas Vi i ’  f o l  lowi n o, u n i q  t Ie  1cat  ar e s

vI m i ch nike i t  mn r t r o t Ly e  a l t  i ntl  at 1 ye to C O t h V t - n  t io n a  1 advanced

wastewater treat ~- - b ’ t  ‘ - - l u -a cons j denhmi i t o t  .91 va t  i u - - a r

8— 3(1
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a .  I r r i g a t i o n  - s i t u t r e a t e d  ls m s t e l s r t e ns  ot t  c r o p a i m d  ;) 1 sL  arc i t a f

co uld r e p i n e or r e lease  h ig l m ’r q u a l i t y  - a - m t e r  s g p 1 1 ’ - :1 u : . r i i i v  used

f o r  irrigation .

b . Nutrient are r e t a i t t e d  tOl I t  l and  en ere ’ t h e y  m c ~ - ben e f i c i al  I ’m

u sed by p m - m n t s .

c.  D i s c h ar g e s w at er  b i d i e s  W i  n h - I  be ’ l e s s e n e d ;  t h i s - si l l  i n s u r c

t h a t  less poi Itit ii:tts , such  as ROD , n i t r o g e n , an d i t o s o i m o r u s , w i l l  to

di r e c t l y  e n t e r i ’ g  the surface waterways .

d . The l a t e  of waste ma t e r i a l s  cat  be m o e  e a s i l y  m o n i t o r e d  and

u n t r o i l e d  on land a r ea s .

e . It become s  poss ib le  to an ’oid the constan t epgrading of treat—

~eu ’ t  o~ ants in orde r to  m e e t  h I g t ~~ r st a n d a r d s .

f .  C r o g s  and p a s t u r e  g r a s s e s  g r u w t t  on land aalm cation S L t e ~~

p r l - v I d i ’  a d d i t i o n a l  b e n e f i t s .

g .  R a t er r en o v a ted d v  t i e  ‘ l i v i n g  f i l t e r  can he recol lec ted

,mnd r eu s e d  f o r  add i t i ona l  - -otie f i c i a l  purposes .

6 2 .  P r i o r  to lam -id applicat ion , ~-astewater w i l l  h~ given secondary—

Jr-vo l pretrea tment fol~ o-sed dv chlorination to destroy bacterial

p a t h og e n s . r e t  n - o i l - e a t  - o t i t o d e  considered in t h  stud y include the

act  iva ted  s l u d ge p r o o e s s ,  and t r e a t m e n t  in a e r a t e d  i ago o ns  . h i t h e r

of these sYsto -is will -retreat ~‘-istewnter to an a- n otable and can—

p a r m n i e  l e g r ee  a m - n o o f e  t o u n i t e r  t r e a t m e n t  b y t i e  
‘
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-\ pp l ic -at  ion M e t h ods

e3. ‘time three most common methods of app l y i n g  was t ewatc - r h r  land

appli catio n systems are b y spray irri gation , overland runoft (sheet

f l o w )  and rap id i n f i l t r a t i o n .  Spray  i r r i g a t i o n  cart be accomp l i s h e d

w i t h  in—place  or t r a v e l l i n g  spray rigs . Overland runoff utilizes

ditches , usually about 100 feet apart per one percent of slope.

General ground slopes ;tre usuall y in the range of 2—6 p e r c e n t .  W a t e r

released t rol l the d i t ch e s  flows over the soil cover and top soil

surface l a y e r .  Rap id  i n f i l t r a t i o n  app lies water on a landsite

fo r  10—14 days w i t h  resting neriods of a few days between app li-

cations . t fomm rth method , ridge and furrow irrigation , cou ld be

used for crops that are sensitive to spray on their foliage . After

preliminary evaluation of these methods , spray irri gation was con-

sidered to have the widest app lication to the study area and was

the only method evaluated in this report.

Removal Mechanisi -ts

64. The land tn atment process utilizes the entire bio—syste rn , in-

cluding the soil and its vegetative cover , to purify the wastewater.

Wastewate r  is renovated by th ree  basic  in ternal  mechanisms o p e r a t i n g

within the soil , namely plant uptake ; filtration , ion exchange and

fixation ; and reactions with soil micro—organisms . These mechanisms

are ac t ive  to some degree in all types of soil and con t ro l the

e f f e c t i v e n e s s  of t he  land to s u s t a i n  wastewater renovation and

o p t i m u m  crop p r o d u c t i on .  The removal mechanisms are discussed in

more detail in the following sections.
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65. Of primary concern are the  a m o u n t s  ol t ime v a r io u s  n u t r i e n t s

removed from time applied wastewater b~’ crop and past- if -- l ands.

[‘he amotn -mts of major n u t r i e n t s  such as n i t  root-n itid p l o - ~p :moru s

l o s t  t h m r oug ht p l an t  u p t a k e  represen t q u a n t i t i e s  l ; t  titrough im ar—

vest ing all or p o r t i o ns  of the  g r o w i n g  v e g e t a t ion . Q u a n t i t i e s

remove d per acre depend not only on time content oi t i l e  e l e m e n t

In t im e  pa r t  of the c rop  tha t i s  h a r v e s t e d  bu t  on t h e  t o t a l  w e i g h t

of dry material renu , s-ed. Since bo th  plan t compos i t ion  and y ie ld

vary widely, different amounts of the nutrients are remove d by

different plan t species. For this stud y, i t  was assume d t h a t  crops

such as cotton , sugar beets or corn (crops which use about 150

pocu-ids of n i t rogen  per  acre per y e a r )  would be h a r v e s t e d  and t h a t

pastu re grasses such as ryes, brome s and fescues would be grown .

These pas ture  grasses remove about  200 pounds  of n i t r o g e n  per acre

per year . In general , phosphorus is removed b y most crops at

r a t e s  comparable wi th  about o n e — f i f t h  of the nitrogen removal rate .

66. Ph ysical  and chemical phenomena are importan t among removal

mechanisms not only as they relate to the accumulation of pollutants

in the upper path of the soil hor izon , but also with respect to the

indirect role of soil chemistry in relation to biological renovation

and to the Influence of chemical interaction s on soil physical

p r o p e r t i e s .

a. Filtration is the  s t r a i n ing or m e c h a n i ca i  removal  of  sus-

pended particles which are large r than the openings between the

soil grains . This , for the most pert , takes p lace n ea r the sur f ace

and i n i t i a l ly remove s the v e r y  large p a r t i c l e s .  As f i l t r t i o n  p r o —
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coeds , t i m e  ept ’ O i n g  b eiet i’ siiu~u I ic r beet m s e  ol  3~- c u t ’ l u t i - t  m m t f ’  i i t , u l e r l  t i

m mm d sm a l l e r  part h’l~-s are- te ’p & u v&-d . ‘ i l t e  process is •~5Sei1 t i ; l l  1 , ~~

same as that o c c u r r i n g  in m e c i m a n fl’al t r e a t m e n t  p l a n ts .

trea t mc-nt p la n t  tilt ra t  ion r a t e s  are  many  t imes th e ri l es con te m—

plated for iarmd app l i c a t i o n .  Th i s  a l l o w s  t i m e  o rgan ic  f r a c t i o n  of

cho sol ids  to degrade and become p a r t  of th e  soil systoti . hecausto

ot t h e  relative ly low ;lrg ~~ it  r t t i o t m  r a t e s  and subsequent u r g a n i  decom—

posi t to-i , time living fi Icc Rtould be ab le to p e r f o rm  i n d e f i n i t e ly ,

w i t h o u t  c logging  - n - u c t i t cal b u i l d u p  problems .

b . Ion exc imange , p e rhaps  the  mos t commonl y r e cogn i zed  chemica]

process w l m i c i m  I u c c u r s  in soils , is r e l a t e d  to c h a r a c t e r i s t i c s  of b o t h

time clay fraction and organic matter. Although ion e x ch a n g e  is more

importan t where considering dissolved cim emi uls which are positively

charged (cations), soils under certain conditions also have a limited

capacity to retain negativel y charged chemicals (anions). Cation

exchange capacity increases both with the organic content of soils

L

and soil acidity (pH) . Heavy metal cations in wastewater app lied to

soils mus t compete wi t im common cations in normal exchange ‘itenomena .

Since heavy metal cat ions  are normal ly p resent  in s’astewati ’r at much

lower levels tlman common cations , this exchange phenomena , t—d ile

si gnificant , is not the  mos t e f f e c t i v e  process in the removal of

heavy mneta is f r u t i solution.

Adsot’;m t ian is  the most l ulpo n t ant proc e ss by i - u i  cli rd lutants

mi re- removed f t - a - i  was te wa t e r s  app l i e d  to soils and is d e f i n e d  as the

capacity of soils to retain certain dissolved chemicals so t ig ’t t t i v

t h u , i t  t hey  can onl y he removed from the solid fraction with great

difficulty . ri differs from Ion exctmang e in that . by definition ,
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o x c l t a t m g c -ab le ions m r~- t reel y rep l a c e a b l e .  So vi- r a l  p r o -  c oo-s  mmm v ‘ cm

involved [cm tis -rp t ion . m i t  t a lly , it i n vo l v e s it  i t ’

phase but eve-cmt uallv the s u r f ar e  adsorbed ions be- - c in c- r p m - r a t e d

w i t h i n  t l t e  s o i l  s t r uc t u r e  as at-i impurity ClOmP l iable  to t i e  so i l

solution . The process is particularly si gnifican t in t ime  r emoval  c f

heavy metals and phosphate coid is aided by organic matter present in

the soil.

d . So f a r  the  removal mech anisnms desc r ibed  have depended  upon

physical and chetoi cal interactions of constituents in the soil

solution with some component of the soil structure . Howeve r , ii

the concentration s of nations and anions in the soil solution become

sufficientl y high , mutua l association between spec i !ic type s o~ con-

stituents in solut ion will occur i form solid chemical compounds with

l i m i t e d  s o l u b i llty . A l t h o u gh the c o n c e n t r a t ion  leve ls at w l c i c ~ p re-

cipitation will begin to occur depend upon t i e  i n d i v i d na l  compounds

in ques t ion , many cf  the cations and anions found in wastewater can

po tential ly precipitable in the soil.

6 7 .  Biochemical  r e ac t i on s which  occur i t  the soil are those di-

rectl y or in d i r e c t ly  r e l a t e d  to processes  b y which  m i c r o — o r g a n i s m s

degrade the app lied wastewa ter organics . Primary nicro— i -rganisns

of the soil  are b a c t e r i a , fungi , al gae and sail an i u n a l s  su h as

pr ot o z o a , ea r thworms  and nematodes . These organisms are t o  eco log ica l

units that may likely c m i V i ’  t h t u ~ largest effect upon s-aste w-ltc ’r m op l i e d

ni land. They are  impor tan t in l i l t  t h c t - y  can t r a n — i f o r m  wastewater

components extensive ly from gases , li quids or solids . Transf i t -t a t t e r

pr o-esses i nvo lv ing  micro— roan ans h ive s i  g m i i f i c a n t e l  t ec t s  upon
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carbon , n itr oe ’ -cc , sulfur , and pi m o s p h t o r u s  m t t t d in clim - . - ml o r a l  l i d  i l l

and itm u tmobi liz ,i t ic un , nitrif L - aI b i t , deni t r i f i  t t  i on , ac t . oxid t i

r educ t  ion .

68. The- f o l l o w i n g  scc nt rca rv briefl y i c- scrib e ’s I l t e -  e ’f - c t s  of the~

foregoing removal nmechan sms em e r t  a 1 m u en t i  1 e as t  i t  u e i t  I s

a. Suspende d  S o l i d s  — Suspend - - I -o l ids removal by t h e - “ l i v i ng

f i l t e r ” can be q u i t e - o f f  ‘ . ‘ . ‘-u-c t authorities cr e - d i t a ierco la—

tion t y p e  si’stem such is r . - - i d  in f i l t r a t i o n  or s p r a y  i r r i g a t i o n

w ith e s s en t i a l l y  - ‘ - ; d i - L e  (99 +) removal . Overland runoff is some-

w h a t  less e f f i c i e n t , less predictah l~- and much mor e  difficult to

control . Even with t h e s e  drawbacks , it is esti - - ate- d that 8() percent

of suspended solids could be removed from secondary effluent by ove r-

land runoff. The main  m e c h a n i s m  involved in spray irri gatio n and

rap id infiltration is filtration hi’ the soil mantle . That of or- r—

land r u n o f f  is f i l t r a t i o n  t im r o u g hi t h e  o r g a n ic  l i t t e r  on the soil

surface and tar include some filtration hon 7 o l m t a l l v  in  t h e ’ firs t

few in- . e s  of soil .

b . Oxygen Demanding Compounds — These materia l s ire generally

con , m d - r e d to be t t t o  r e la t  iv ei r  easi l v  d e g r a d e d  o rg an i c  c o m p o u n d s .

Time B i , u e l m e m m i  cal c ) > x g e c u  Demand (R O D ) is a c t  e p t e d  as an i n d e x  of t ieir

p r e - s e n c - a .  O r g - n i c  de -o r ip o s i t i on  in t h e  soil  is e s s e n ti a l ly  t h e  sane

is that o c cu r r i u g  in biolog ical s1-con d ar y  t r e a t m e n t  pro -:esses . The

same g r o u p s  of n m i c r o o r g a n r s - s  ope r a t e  in b o t h  sv - - i t rets . C i o i e g i  cal

secondary treatment merely increases the c o n ce n t r o t i c  of  a ct i v e

microorgan i sms  and p rov ides  an i d e a l  env i ronment  in  or d er  to  speed

up t i m e -  decompos i t  ion or -cess , which oc curs nam i cr - mi i’ in sa l  sys t ems .

i i— 36
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c. Dissolved Solids — Total dissolved soli du - , I i ~~~O e- :-:presse’~~

as TDS , consist mostly of sodium , potassium , magnesi ttlic and c a l c i u m

sulfates and chlorides in solut ion . Most of these m r e r i a i n  or e  miot

removed in any significan t degree from wa sL e w t t u r : , soi ls. A l t l s u t g }

significant ion exchange can occur i’ time soil matrix , t h i  c is o n ly

an exchange of ions rather titan a net removal of dissolved solids .

Neither is there a sigoi~~.a an t removal  of d is s o l v e-il  solids v p l i n t

uptake , especially it rc ’ ttion to time total quanti t ies in the app lied

w a s t e w a t e r .  In arid or semi—arid areas where evaporation is signif-

icant, there comm be a net salt accumulation in soils as a result of

irrigation or water spreading operations if provisions for adequate

leaching are not provided. Salt buildup in the soil horizon due to

the removal of carriage water by evapotransp iration his toricall y imas

been prevented or corrected by app lying excess amo cts of irrip tiorm

water wh ich percolate the app lied or previoic slv built—up salts beyond

the p lant root zone where they no longer  are  h a r m f u l  t o  p u c O t S .  In

steady state conditions , all dissolve d solids applied by tb s ’ a s t u - —

water percolates below the plant root , u ne’ . ,\ltitoug ~i t -t a l nuant ini es

of salt di not increase , t i t e  p e r c o l a t e  mmmv exhibit incr ccms e --d ca r—

cen t ra t ions  of TDS because of the removal of carriage woter hi’

evapo t ran sp iration . As the quantities of percolate dec r t s -~- in

relation to ~ot m i  annual  app l i c a t i o n s  of was t ewater , I c - ~e TPS ca n—

c e n t r a t  ions  w i l l  i’-mcrease.  C m t d e r  l i ke  c o n d i ti o n s  o ’ evapot t - i - i r , c —

tion it must be stressed that similar increases in the ‘nln e r,il j c j tl-n

of pe rco la t ing  w a t e r  occurs  in no r m a l  i r r igation pract~~c- - . W h i l e  i t

is poss ib le  to p r o t e c t  t he  “ l iv i n g  f i l t e r ” from salt acc imimla t l on ,
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the  f a t e  at  t ime  r u t -  t - c ’ ol  a t e c h  s a l t s  mus t be c a r e f u l ly  moni t r e - d  a n d

cont r iled to pr e -\- ’ - n t  an c t n d e - s i r m t ’ 1cm- d e t e r i o r a t i o n  of g rou nd and

sctrface w cm te -rs .

d. N u m b r i  - c r s  — Time two b a s i c  n u t r i e n t s , phosp horus  and n i t rogen ,

are r emov~- c l  by \ - m n i o u s  c om b i na t i o n s  of plant uptake u~ d binding to th e’

so il parti c les . Generall y , nitrogen will be the limiting element on a

short—term basis (vL-arlv ~ 
y r gas t i o sp i t o r u s  w i l l  be tite ’ limi tin~ ele—

riment ore-c a long p er-cd ~~~ mm e (50 or 100 yea r s) .  Phosephates from

applied was t emc’ , mt e- r ultimately end up either utilized by plants , or

h o u n d  to soil particles as insoluable phosphates. Ph osphate removal

is generally accepted as complet e in a well—managed soil svscem , es—

uweiatiy at  low application rates . Phosphate percolation usuall y occ urs

only when the soil capacity for assimilating the phosphates is reached.

it- actions involving nitrogen in t h e  soil are both very comp lex and ve ry

importan t , especially since nitrogen ( in the  n i t r a t e  form) seems to be

the limi t ing  e lement  in land app l ica t ion systems . All of the major site

- -omt -p e cc ent s (p l a n t s , soi l and mic ro—organ i sms ) can p r o i - i de  active responses

to nitrogen , depending on its form. Nitrogen can be app lied to the soil

in several f e u m m s , o rg a n i c , ammonium or n i t r a t e . About 90 percent  of t h e

t o t a l  n i t rogen  in s e c o n d a ry  e f f l u e n t  Is in the inorganic  form , as e i t h e r

~-mmmonium or nitrate . The major opportunity for nitrate removal is by

p lan t  u p t a k e . The amount removed is largely a function of the particular

crop u sed.  I f  more  n~~~r-u gi ’ u is “n l i e - d t h a n  can he used by the  p l an t s

t eir volatilized ci n -’ t r c ’g eu -c g a s ) , the excess will percolate. Essentially

t m l l  n i t r o g e c  i c e r e o l a t i n g  elow the root zone Is in the nitrate form . Some

n i t r a t e  may be inc l - t u l u l l l 7 t -d in  the upper layers of the soi l  by Incorpora-

t ion m t  m i c r o b l a l  ( ‘oils and thus retained above the root zone as organic
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nitrogen. Amittonium nitrogen reaclming the site has pote n ti a l t i ur tv

i n i t i a l  pathways . Some can be temporaril y adsorbed by t r - - , e i l  liar—

t id es . Fixat ion in less soluable form s b y c lay c u c i t e r a l s  is possible .

The frac tion temporarily held is available to mi en —organisms . This

microbial a c t i v i t y  is also t h e  second p o t e n t i a l  d i r e c t  p a t hw a y .  Thes e

aerobic organisms oxidize  the  ammoniunt n i t r o g e n .  The end p roduc t  is

s t i l l  n i t r a t e  but  the i cce lag inheren t  in the  process is a d ef i n i t~-

bene f i t  for  overal l  m : . t ’i al e f f i c i e n c y . In e f f e c t  t he  soils and organisms

provide temporai-y storage for some of t h e  nitrogen which is then graduall y 
-~

released for plant uptake during t h e  non—spray rest periods .

e. Heavy Metals — The heavy metals considered are cadmium ,

cobalt , chromium , coppe r , iron , mercury, manganese , molybdenum ,

nickel, lead , and zinc. These heavy metals are considered by some

to be a cause of possib le concern in land app l i ca t i on  p r a c t i c e ’

There are two basic  concerns in dealing wi th  heavy me ta l s .  F i rst ,

that excessive amounts will percolate it-ito underground water sup-

plies or into recollected water thereb y impairing their uses .

Secondl y ,  tha t  the soluable f r a c t i o n  of thes e me ta l s  in t h e  soil

will be so great as to create excessive c o n c e n t r a t i o n s  in p l a n t s

which would e i the r  ki l l  the p lant  or p reven t  i t s  f u r t h e r  use as

harvested crop due to high t o x i c i t y.  Several  d i f f e r e n t  m ec h ac isr’is -

‘

have been postulated for binding the metals in insoluable for-as .

Heavy metal cations are strongly ad sorbed by org aic matter w C i c h

reduces their mebility. In addition , clay materials ‘ire ’ o f t e n

credited wi th  having hi gh cation exchange c a p a b il i t y  fo r  ho ld ing

onto heavy metals. These mechanisms are believed to be q u i t e  ef—

fective in permanently binding metals to the soil matrix.

8—39

~.L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - -~
-- ----

~
-—~

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

SLUDGE

69. Sludge , the solid residues of pre treatment processes , must

be processed to insure s t ab i l i za t ion  of the solids and e f f e c t  re-

duction of the moisture content prior to final disposal. Volume

reduct ion  produces a sludge with a relatively high solids content ,

and reduces total  treatment costs by lowering the to ta l  vo lume

and weigh t of material to he handled . Based on da ta  presented  in

the literature , anaerobic sludge digestion appears to be one of

the principal methods of sludge treatment both for the present and

for the future. This study assumed that at each wastewater treat-

ment plant the first stage in sludge treatment would be anaerobic

digestion. After digestion , the sludge would be transported by

either truck , rail , barge , or pipeline to land for ultimate disposal

by controlled land application.
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INITIAL DEVELOPMENT OF ALTERNATI’-’! C

REGIONAL WATER QUALITY GOALS AND G U i D E l I N E S

70. The State of California h a s  established w m t ~~r q u a l i t y  o b j e c t i v e s

based on bene f i c i a l  uses of water and has initiated the p l a n n i n g ,

implementation and en fo rcemen t  ac t ions  necessary to maintain these

objectives. To satisfy the requirements of the State ’s dorter—

Co~ ogne Ac t , as well as rederal planning requirements , the State

developed in 1971 interim basin plans to serve as water quality

planning and enforcement guidelines pendin g the adoption of coin—

prehensive water quality control plans which currently are under

preparation . The water quality objective s and waste discharge pro-

hibit ions from those S ta te  in t e r im  basin plans which i n t e r f ace  w i t h

the San Francisco Bay — Delta Region are presen ted in Attachmen t B

to Appendix A.

71. The Corps ’ wastewater management stud y was directed toward

the needs anticipated in the year 1975—2000 timeframe . Since

the State ’s comprehensive water quality control plans were still

to be completed , planning criteria for this period regarding water —

quality objectives, waste discharge proh ibitions and allowable dis-

charge levels of critical pollutants were not available . The mag-

nitude of the wastewater treatment and residual solids disposal

problems, the public ’s increasing demand for h igh water qua~ ity

standards consisten t with environmental objectives, and the growin g

B—4 1
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concern of a l l  levels cf governmetmt for imp roved waste -water mannOement

lead to time conclusion that p lanning criteria will he much -ore -

stringent as time progresses . Such a trend was e v i d c u ’ c u t l  in late

1972 when the water quality objectives and waste— discharge pro-

hibitions for the San Francisco Bay B a s i n  were amended as ten-

tative preliminary input to the comprehensive water quality control

plans. This more stringent thinking is presented in Attachment C

to Appendix A. These water quality objectives and waste discharge

prohibitions establish a lower bound of water quality goals and

guidelines for the Corps ’ planning efforts in wastewater management.

72. Realizing that future water quality objectives and water dis-

charge prohibitions could not be predicted at this time , the Corps ’

effort was directed rather toward definim g broad treatment technologies

which could be expected to be compatible with future stringent waste—

water mangement discharge conditions . Three such broad technolog ical

approaches are available ; physical—chemical treatment systems ,

advanced biological treatment systems and land treatment systems .

None of these systems is new in concept and the unit processes

involved currently are in use. It was felt that the unit processes

from these systems could be combined to achieve comparable high

levels of wac—tewater treatment ant, used , to the scale needed , In

wastewater management alternatives for the San Francisco Bar and

Delta RegIon . These and other treatment methodologies have been

disc ussed in a previous section of this report.
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73. The State of C a l i f o r n ia  f u r n i s h e d  the ~t r p c  with several items

of general and specific guidance regarding wa te r qualit y objectives

and waste discharge prohibition s , non—degrad ati - - : and h ind app l i c a t i o n

systems . The follow ing i t e ’cI s of guidanc~- f r o m  t i le  S t a t e  were used by

the Corps in the development of ‘~-Jas Lewate- r management  a l t e r n a t i v e s .

a .  S ta tewide  s t a n d a r d s  f o r  the  sate direct use of r ec la~ med

was tewater f o r  i r r i ga t  ~~ anti recreational impoundments f the  C a l i f o r n i a

State Department of Lablie Health ft - on T i t l e  17 , C a l i f o r n i a  A d m i n i s t r a t i v e

Code , Sections 8023 throug h 8050.

b. Resolution No . 68—16 of the California State Water Resources

Control Board commonly called the Board ’s “non—degradati on policy.

The key provision of this resolution is as follows :

“Whenever the existing quality of water is better
than the quality established in policies as of
the date on which such policies became effective
such existing high ciualitv will be maintained
until it has been demonstrated to the State that
any change w i l l  be cons is ten t  w i t h  max i mum b e n e f i t
to the  people of the S t a t e , w i l l  not unreasonab ly
a f f e c t  p resent  and anticipated beneficial use of
such wa te r  and wil l  not  r’ su It in water quality
less than that prescr iLed in t o -  po l i c i e s .”

c . L e t t e r  da ted  26 December 1972 from the State of California

indicating that:

(1) “There should  be no  surface- runoff ~ rcun: the land
app lication sites of either wastewater or storm water at any t ime
when wastewater is present on t e  site - .

(2 )  “No c o n t r o l l a b l e  wa te r  q u a l i t y  factor shall degrade
the q uality of any groundwater . 1-: :.:cept ions will be considere d
where the controllable factor i s  r ec l a imed  y cmste - rcte ’t and where
existing and potential benefic ial u ses will be protected .
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WATER QUALITY ZONE S

74. The San F r a n c i s c o  Bay system extends from the easter : end

of Chi pps Island at tile c i ty  of P i t t s b u r g ,  where  t i m e  S a c r u r c e n t o  and

San Joaquin  Rivers  j o i n , westward and s o u t i n - : a r l  to t i m e m o u t h  of

Coyote Creek near the c it y  of San Jose- . The Golden G a t e  is about

halfway between San Jose and Antioch and is the D i ’ s onl y d i r e c t

connection with the Pacific - b ean . The Sac ramen to — San  Joaqu in  D e l t a

is roughl y t r i a n g u l a r  itt shape and extends from Chipps Island on

the wes t , to the c i ty  of Sacramento on ti-ic north , and on the south

to V en ou s on the San Joaquin River about 10 miles southeas t of

the city of Tracy .

75. w a t e r  q u a l i t y  zones were es tab l i shed  in the  San Francisco

Bay—Del ta  sys tem and i ts  adjacent offshore ocean waters to p e r m i t

d i f f e r e n t i a t i o n  and evaluat ion  of water quality within dif1erent

p o r t i o n s  of the es tuarine  sys tem.  Five zones were es t ablished b y

the Corps of Eng ineers based on physical  c o nfi g u r a t i o n  f a c t o r s  and

phys i ca l , chemical  and biological  ‘-mi ter  q u a l i t y  condi t ions . In a l l

cases , the zones e i t h e r  correspond w i t h , or were aggregations of ,

wate r quality zpnes devc- 1~~ped for the St,tte ’s Bay—Del t a  Program in

the  m id—6 0 ’s. These f ive  wa te r  quality zones are described in the

fo l lowing s e c t b  - a s .  ln all cases , it was assumed tha t  streams or

rivers tribu m tar v to a zone become in fact port of t u~a t zone .

Pacific Ocean — P a c i 4 i c  Ocean waters  o f f s h or e  f rom and

adj -i c e-nt  to the s tud y a r e : .
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b .  South  San F r , a t i cj s c o  liar- — That portion ot  San F r a n c i s c o

Bay wh ich l le~ south of tile Oakland—San Francisco Bay Br idge.

c. Centra l Bay — Ce n t r a l  Bay , as ti e - f i n e d  f u r  t h i - . ‘~t~~d-i , l i e s

between the  Oakland—San Francisco Bay B r i d ge a n i  e h e  C a r q u i n e z

Strait Brid ge and includes Saii Pablo Bay . - 

-

d . Carquine z Strait — Suisun Bay — This zone lnclude4uisun

Bay east of Carquinez Strait Bridge to the  j u n c t i o~~- ’ó~ the Sacramento

and San Joaquin River:; near Pittshurg . 
-

e. Sacra’::r’;;;o - San Joaquin Delta — (as desc r ibed  in Paragraph

74).

BAS E C ONDITION

76. An existing or base condition was defined and used as a starting

point fo r  the development of the various wastewater management alter-

natives . The year 1975 rather that) the current year was chosen as

the  Base Condi t ion . Both  t h e  S t a t e  Water  Resources  C o n t r o l  Board and

the California Regional Water Quality Control Boards have directed

certain dischargers to coordinate planning on a local subregional

basis . As a res ult , Interim water quality control plans have been

developed  fo r  a l l  bas t ns in the s t u d y  area and in son e instances more

definitive subregiona l plans have Dc-en developed.  These p lans specif y

short—term improvements for local discharger s and have been incorpo-

rat ed into present EPA project grant lists.

77 . The year 1975 was c ho s e n  s i n ce  i t  was  a logical br eakpoint in

local planning activities. By Ia 75 , nt- - m r l v all of the s h o r t — t e r m  im-

p r o v e m e n t s  which have been recommended Dv local subregional planning

studies or required by the Interim water q u t - m l - ( t t ~ c o n t r o l p lans  of the

B—+

‘
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-
~~:. -‘ -



-~ --- -—--

C a l i f o r n ia  Regional  Water Quality Control Boards and the State Water

Resources Control Board would either be in operation or under con—

st r u c t ion .  The Base Condition is not a proposed wastewater manage—

meil t a l t e r n a t i v e .  I t  is , ra t her , the  e x p e c t e d  pr e- &ress wh i c h  w i l l  be

made by local e f f o r t  in time next  few years . P la te  14 , Appendix  C ,

shows the municipal wastewat€-r facilities expected to be in operation

or under  cons t ruc t ion  by l~4 7 5 .

INITIAL DESIGN DATA

Wastewate r  Flows and C o n s t i t u e n t s

78. With  the base year de f ined , it is the im possible to p ro j ec t

wastewater flows and values for constituents . Municipal waste—

water  flows were projected for dry weather flows only. Storm water

flows were not included because of their seasonal nature , volume,

complexity with regard to available data , and the desires of the

Sta te  of Ca l i fo rn i a .  The top ic of s torm water would be addressed

by the S ti t e  In t h e i r  comprehensive w a t e r  qu a l i t y  p lans . Munici pal

wastewater flows include those flows generated by sanitary systems

in residential dwellings and commercial establishments. It repre-

sents wastewater flows generated in connection with people rather

than products . Existing wastewater flows for each municipal dis-

charger (see Table B—4) or service area were obtained from data

of the California Reg ional W a t e r  Quality Control Boards and from

local or s u b — r e ’g ion m~ r e p o r t s .  Based on p o p u l a t i o n  e s t ima tes  and

i n d u s t r i a l  development  in the  service areas , these flow s were

m o d i f i e d  to exc lude  those flows which should be inc luded  in

B—4 6
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1 
ALANEDA COUNTY

ALU~ 2 03 025 East P-i ’,- ~- lu n i c J p a l  Utility Dist. — Special Dist. No. 1
ALO2 2 03 037 Ci t \ -  at  i 1~~v w i r d
A LO3 2 LL 043 City oi Livermore

- ALO4 2 03 070 Cm Lo cu S a n i t a r y  D i s t r i c t  -

ALO5 2 03 100 City of San Leandro
AL06 2 02 ll9a Union San i t a ry  D i s t r i c t  — Alvarado
ALO7 2 LL 129 Valley Conurtunity Se-rvices District
ALO8 2 LL l3Oa Veterans Administration Hospital — Livermore
ALO9 2 LL 016 Cast lewood C o r p o rat i o n
AL1O 2 01 119b Union Sanitary Distr ict — Irvington
AL11 2 01 ll9c Union S a ni t a r y  D i s t r i c t  — N e t a r k
.\Ll2 2 LL 078 City of Pleasanton

CUN TRA COSTA COUNTY

CCO1 12 03 004 City of Antioch
‘CCO2 2 08 Ol9d Contra Costa County Sanitary District No. 15
CCO3 2 08 010 Brentwood Sam itary D i s t r i c t
CCO4 2 08 012 Byron S a n i tmry  D i s t r i c t
CCO5 2 07 017 C e n t r a l  Cont ra  Costa San i t a ry  D i s t r i c t
CCO6 2 05 021 Crockett — \T~~1ona S a n i t a r y  D i s t r i c t
CCO7 2 05 076 City of Pinole
CCOS 2 08 077b City of Pittsburg — Camp S t o re m a n Plant
CCO9 2 94 032 Ci ty  of Richmond
CC1O 2 05 086 Rodeo Sani t ;ar ’ -’ District
CC11 2 05 103 San Pablo San i t a ry  D~,st r i c t
CC13 2 05 038 Town of Hercules

• CC14 2 06 019b Contra Costa County Sanitary District No. 5
CC15 2 07 063 Mountain View Sanitary D i s t r i c t
C016 2 07 018 City of Concord
CC17 2 05 019a Contra Costa County Sanitary District No. 7A
CC18 2 08 077a Cit of P i tt sb u r g  — t~nn tecuma Plant
CCI9 2 08 039 O a kL ey  S an :Lt a r y  i i s t r  c t

MA RIN COVY ’j Y

~ GOl — A a ;~ - i  I s l and
:- IRO7 2 10 164 Bol inas C u i m : ; ; a r mi ty  Publ ic  U t i l L i ’ ,’ D i s t r i c t
i~i-~0d 2 05 03m Canilton Air Force Ba se
‘~~‘ O 4  2 f l 1  040 J , ; t s  C~ l1~ c ; s Vol ley S a n i t a r y  D c ; ; t r i o t

i G) 5  2 0~ 057 C i t y  of i - h i l l  V a l l e y
2 04 081 Richardson Bay St - i n i t r y  D i s tr i c t  

—~~~~~~ 1 of 5
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2 LL 160 i t i L l  Valley Au Force Base
- o:+ 050 N o r m  C o u n t y  S a n i t a ry  D i s t r i c t  No. 1

NR09 2 O ’~ 051 t - L ar i n  C o un t y  S a n i t a ry  D i s t r i c t  No . 5

~-t~ito 2 05 052b i-i~irin C o u n t y  G c n i  -i r y  D i s t r i c t  No. 6 — Novato
MR 11 2 05 104a San Rafae ’ 3 a m i i t a r y  Dis t r ic t  — Main Plant
lU~12 2 04 106 Sausai~~ o - e - r i n  City Sanitary District

~ MR1 3 — S t ir - ; : :i  ‘ :;i

:-IRIA 2 10 115 To::. - en 3euer Maintenance District
1-tRiS 2 05 104b San Rafael  Sani ta ry  Dis t r i c t  — Man n Bay Plant
~tR16 2 05 052c ~i a r : n  C o u n t y  San i tary  Di s t r i c t  No. 6 — Bahia
MR 17 2 05 057a Ma n n C o u n t y  S a n i t ar y  Dis t r ic t  No. 6 — Ignaclo

NAP A COUNTY

Nl’Ol ~2 05 003 A::;er ~~~
-
~~~~;; Canyon County  Water Dis t r ic t

:p02 ~2 05 015 Ci ty  of Ca l l i s toga
N203 2 05 064 N ap a  County Sanitation District

~:i’o-3 2 LL 071 Pac i f i c  Union College
N P O 5 2 05 091 C i ty  of Saint  Helena
NPO6 2 05 131 Veterans Home of Yountville
NPO 7 2 L~ 065 Napa Valley Mobile Home Park
~T08 2 05 054 M e a d c~’-jou:! Developm ent Company

SACRAMENTO COUN TY

STOl 5A 34 008 Sacramento Me t-’-apolitan Airport
STO2 5A 3:~ 048 Sacramento C c - ~n t ,’ Central  Sanitat ion District
STO3 SA 3-3 018 City  of Folsom
5T04 5:\ 24 007 Ci ty  of Calt
5105 5A 34 011 City of Isleton
s~r06 ~~~~ 3-+ 009 Natomas Co- ’ntv Sanitation District
STOS 3t.. 34 Q:7 City of Sacramento — Main P lant  —

STO5 3 .  34 Q/ So: r;iccento Signal Depot

STIO SA 34 008 C ity  of Walnut  Gr ove
sT’! m A ~ c 007 Rio Linda C o u o t - - ‘1Ta t e r  D i s t r i c t
s~1’12 5A 34 003 Lin~cood ~oy , u r  No n t e n a n c e  D i s t r i c t
GT~ 3 5~-. 13 002 Hi ghlands S a n i t a ry  D i s t r i c t
5T] !, IA 3!, 033 Arden S a n i t a t i o n  ) i s tr i c t
Sfll S/t 34 049 M cCle l lan  Ai r  Force  Base
S-- i~ ~ 5A 34 028 N o r t h ea s t  Couflty S a n i t a t i o n  D i s t r i c t
S f 1  IA 34 0 10 3ae~~- ~~t -  (

~o u m n t r ’  S m nt t a t i on  D i s t r i c t  No. 6
STii~ t .\ ~4 Qi~’3 C o r d n v , t  S a r m i t , u r v  D l s ~ ~ i c t

51 19 iA i~ 017 Ard on Gold ~~n
c 
~

-m r y )ist ric t

ST2I 5A 33 014 ~F’o1 tcn :m PrIson 2 of 5
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ST22 ~iA 34 051 C i ty  of Sacramento — Meadowview Plant
ST23 5A 34 011 Manlove Sewer Main tenance  D i s t r i c t
ST24 5A 34 031 Mather  A Force Base
ST25 5A 34 050 Elk Cc o . e  San i t a ry  D i s t r i c t

CITY A t 3  COUN TY OF SAN FRANCISCO

SF02 2 04 14 0a San Francisco — North Point Plant
SF03 2 10 l4Ob San Francisco — Richmond Sunset  P lan t
SF04 2 04 l4Oc San Franc isco — Southeast Plant
SF05 2 04 125a U.S.N. Treasure Island
SF06 2 03 125b U . S . N . Yerba Buena Island

SAN JOAQUIN COUN TY

( SJOl SB 39 055 Deuel Vocat iona l  I n s t i t u t e
SJO2 SC 39 011 City of Escalon
SJO3 SB 39 017 Lockeford Sani tary Distr ict
SJO4 5B 39 025 City of Lodt
SJO5 SC 39 048 City of Manteca & Lathrop County Water District
S.J07 5C 39 001 Sharpe Army Depot
SJO8 5B 39 040 City of Stockton — Main Plant
SJO9 5B 39 050 Ci ty  of Tracy
SJIO SB 39 033 Ci ty  of Stockton — Northwes t  Plant
SJI1 5B 39 030 Lincoln Village Sanitary Distric t

SJ12 5B 39 007 Woodbridge SanItarl, District
SJ13 5C 39 003 Rayrnus Village

SAN MATEO COUNTY

SMO1 2 02 094 Cit ies of San Carlo s and Belmont
SMO2 2 03 Ol’ City of Burl ingarn e
SMO3 2 03 028 Estero M u n i c ip a l  improvement District
SMO4 2 03 035 Guadal upe ~o1lcy Municipal Improvement District

SMO5 2 10 177 - Half N’~en tiv S-~ i f t a r ’,’ D i s t r i c t
SM O6 ~2 02 O5h-~ 

Menlo h a r k  Sa n i ta r y I n t r U t
SMO7 2 03 323 City of Nil lhrae
SMO-l 2 10 -rjf~7 North SauNit eo - C ’ccntv S a n i t a ti o n  D i s t r i c t
3N09 2 J.C 072b City el Pa- ifica — Linda Mar Plant

Si-h O ~ 02 080 Ci ty ~óf Redwood C i t y  ( inc lud ing  Redwood Shores)
SMl 1~~ 2 10 072a Cu)’ of Pacifica — Sharp P ark  Plant

~~~~~~~~~ 12 03 102 ,City of San ~~~-

- ,~~C h 1 3  ~2 03 110 / C i t ie s  of  Sou t h  t~an F r a n c i s c o  arid San Br un o

~1’ S~~i t . 2 10 O~~ -’ on t ar a  S a n i t ar y  D i s t r i c t
- - 3 of 5
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S:-t15 2 03 096a San Francisco International Airport

SMl6 2 10 034 Granada Sanitary District

SAN TA CLARA COUN TY

SCO1 3 43 011 Cities of Gilroy and Morgan Hill -

SCO2 2 01 099 City of San Jose
SCO3 2 01 113 City of Sunnyvale
SCO4 12 01 074 City of Palo Alto
SCOS 12 01 062 City of Mountain View
SCO6 2 01 046 City of Los Altos
SCO7 2 01 059 Mil p i tas San i t a ry  Dis t r ict
SCO8 2 01. 002 City of Alviso

SOLANO COUNTY

SLO1 6 06 009 City of Benecia
‘ SLO2 ~5A 48 024 C i ty  of Dixon
SLO3 ~2 07 029 Fairfield — Suisun Sewer District
SLO4 2 05 124 U.S.N. Mare Island
SLOS SB 48 009 City of Rio Vista
SLO6 2 48 005 City of Vacaville — Elmira Plant
SLO7 2 05 128 Vallejo Sanitation and Flood Control Dist r ic t
SLOB SB 07 117 Travis Air Force Base

SLIG 55 48 006 Vacaville Medical Facility
SL11 SB 48 004 City of Vacaville — Brown St. Plant

SONOMA COUN TY

s~-;02 lB 49 067 Russian River Coun ty  Sani ta t ion Dis t r ic t
SNO3 lB 49 055 City of Cloverdale 

-

SN0’~ lB 49 057 Fdres tvJlle County Sanitation District
~;:-b05 49 338 Sonoma County Airport

5N06 lB 49 063 Ste’~’ rds Training and Recreation Inc.

sNO7 lB 49 058 City of Healdsburg

~;: os 18 49 069 Los Guil icos Scho ol
3:;uO 1~ 49 064 Windsor Co unt y Water District

~:;1fi lB 49 0(10 City of Santa Rosa Oakmont Plant

S!-h] L li ~ 69 056 
City of Santa Rosa — College Avow-c Plant

s- ; 12 ~lB 49 059 Ci t y  of Santa Rosa — Laguna Plant

s:-;L3 ~lB 6) 071 City of Sebastopal

:315 ~1B 49 066 Fad ega Bay Public Utili ty District
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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SNI7 lB 49 062 Cities of Rohoert Park and Cotati
SN18 2 05 025 City o~ N€ t:l-otna

SN19 2 05 109 Sono~ a Va t l e y  County S a n i t a t i o n  D i s tr i c t
SN2O 2 05 123 L’.S.N. Skaggs Island

YOLO COUNTY

YLO1 5A 57 020 City of Davis
YLO2 SA 57 024 El Macero Sewer Maintenance District
YLO3 5A 57 019 University of California at Davis
VLO4 57 003 West Sactamento Sanitary District
YLOS L5A 57 017 City of Winters
‘LL06 ~ A 57 013 City of Woodland
YLO 7 15A 57 008 Esparto Sanitary District
YLO8 15A 57 009 Madison S e r v f - : €  !-  ~~ri~~t( 1YL0 9 15A 57 002 Knights Landing Service  D i s t r i c t

- 
5 0 f 5

(1) As used in this re:~ort .

(2) As used by the State Vater Resources Control Board in
“Interim Water Quaii~ y C on t r o l  Plans ,” dated June 1971.

- — No t identified.
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indus t r i a l  wastewaters . The munici pal  flows were correc ted  to

the ye ir 1970 which was used as a popula t ion  p ro jec t ion  bas e year

for the design data .

79. The 1970 flow for each discharge r was mul t ip lied by a growth

factor (which is the ratio of the county population in any desired

year to the 1970 county population) to obtain flows in future years.

(~rowth factors are shown in Table B—5 and the resultant initial

municipal flows are pres ented, by coun ty ,  in Table B—6 .

80. The wastewater constituents developed were based on data pre-

sented in the various sub—regional reports to the California Regional

Water Quality Control Boards. Data were developed on a milligram

per liter (mg/i) basis for each county and flow weighted to obtain a

county average.

81. Each discrete industry with a known existing wastewater discharge

was identified from the various sub—regional reports , Regional Water

Quality Control Board reports , and the U.S. Army Corps of Engineers

Form 4345—1 (Application for Permit to Discharge or Work in Navigable

Waters and Their Tributaries). For all industries reviewed , data

were utilized to obtain a process flow factor for developing the 1975

and 2000 process flows. The existing flows were ob tained from the same

sources as were used to identify the existing discrete industries. Only

those industries which discharge 0.01 MGD or greater effluents were con-

sidered. It was assumed that flows below this level were from minor

industries and , there fore , would not affec t any flow projections.

Table B—7 summarizes the projected industrial flow data.

B— 52 
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TABLE B— 5

POPULATION PROJECTION GROWTH ~ A ( T ’ R S

County Su LlY VI  , P

1970 1975 2 )0)) 2 ()J~)

Alameda — 1.053 1. Y~ 1.’78

Cont ra  .a — 1 .093 1. 792 2.331)

Man n — 1.11) 1. 9 4 1  2 .~~ 71)

Napa — 1.1)9 2.531 3• ‘~~7

Sacramento — 1.061 1. 8/. 1.~~O2

San Francisco — 1.068 1. 47 1.117

San Joaq uin — 1. 068 1. 721 2 .~Th9

San Mateo — 1. 343 1.258 1.1 5

Santa Clara — 1.135 1.971 2.723

Solano — 1.117 2.352 4.706

Sonoma — 1.170 2.439 3.415

Yolo — 1.19 5 2.173 3.26 1

B—S 3
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TABLE B—6

PROJECTED MUNICIPAL WASTEWATER FLOWS 1/

County FLOW/YEAR (MCD)

1970 1975 2000 2020

Alameda 132 140 185 222

Contra Costa 59 65 109 141

Man n 20 22 38 53

Napa 8 9 20 30

Sacramen to 94 100 149 179

San Francis co 102 103 107 115

San Joaquin 52 56 90 108

San Mateo 52 54 65 75

Santa Clara 122 140 241 332

Solano 21 24 51 102

Sonoma 16 18 39 54

Yolo 12 15 27 41

Total 690 746 1,121 1,452

1/ Initial 3ata.

8—54
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TABLE B—7

PROJECTED iNDUSTRIAL WASTEWATER FLu>- .~

County FLOW/ YEAR (MCD)

1975 2000

Alameda 14.0 31.4

Contra Costa 143. 2 2 9 4 . 3

Man n  1.0 2.3

Napa 0.7 1.5

Sacramento 0.6 1.3

San Francisco 0.04 0.09

San Joaquin 12.6 27 .9

San Mateo 3.9 9 .4

Santa Clara 2. 4 2. 6

Solano 4. 4 10.3

Sonoma 0 0

Yolo 3.2 2.6

Total 186.04 383.69

B— 55 
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Potential Land App lication Sites

82 . Po ten t i a l  land si tes were identified within and surrounding the

st udy area for the app l ica t ion  of t r ea t ed  w a s t ew a t e r .  The e n t i r e  area

ly ing  w i t h i n  the  f o l l o w i n g  boundar ies  was syst~-r ~a t i ca l ly  reviewed to

de te rmine  general areas c o n t a i n i n g  p o t e n t i a l  was t ewa te r  app l ica t ion

s i tes : the northern boundary be ing the Shasta—Siskiyou County border;

the southern boundary being the Tehachapi Mountain range ; the eastern

boundary being the S ie r ra  Nevada Moun ta in  range ; and , the western

boundary  being the  P a c i l i c  Ocean . The fo l lowing exclusionary c r i t e r i a

were used to i n i t i a l ly exclude lands f rom consideration for  wastewater

app lication :

a. All land areas having elevations greater than 1,500 fee t

were to be eliminated because any pumping he ad grea te r than 1,500

feet would not be economically feasible.

b. In order to e l iminate  c er t a i n  m a j o r  legal and i n s t i tu t iona l

probloms and to insure that present natural open space was not r-lduced ,

essen tiall y all land areas s i t u a t e d  in national and state parks and

national wildlife refuges were excluded.

c. All land areas projected to become urban by the year 2020

were excluded.  This was done to insure that any potential site would

not be located within an urbanized area.

d. To insuni prope r vegetative growth and percola t ion  of

applied wastewater , all land areas having an identif iable hardpan

layer or bedrock at a depth of less than four  f ee t  were excluded .

B— 56
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e . To 1nsur~- that possib u~- flooding would not become an

e con o m i e - or env i  i - o i i m eu t a l  h a z a r d , all lands in major 1 ood p lains

we re exc luded .

f .  Small isolated landsites w h i c h  wer : considerable dis-

tance f rom the n ear e s t  w a s t ew a t er  sources  were  als e l i m i n a t e d .

It was assumed that l and ar -as of 5,000 acres or loss or of insuf—

~icient capacity to accept a total wastewater app lication rate of

at leas t five million gallons per day per mile from t Ie source would

be uneconomical to develop.

~3. As a result of using these initial scr~-~ ning criteria , 53

poten t ia l  land app l i c a t i o n  s i t e s  we re i d e n t i f i e d .  These 53 pot en—

iJal sites are shown on Plato lIA , Appendix C . Based on location ,

preliminary environmental considerations , and engineering feasibility ,

17 s i t e s  were chosen for a d d i t i o n a l  stud y.  Thes e 17 p o t en t i a l l y suit-

able sites were representative of most of the features such as e1evat~ on ,

soil conditions , native vegetation and irrigated agriculture found  in

th -  ~r ig ina1 53. Also , the 17 si tes r e p r e s e n t e d  a -aix of interior

valley and coastal areas . Further review of ciiar acter isti .s appro-

p r i a t e  to accommodating a regional ~:1s tewater management solution

resu l ted  in the select ion , fo r  more de t a i l ed  e v a l u a t i o n , of eigh t

of these p o t e n t i a l ly s u i t a b l e  si t€a located within and immediatel y

sc-i tO of the San Francisco Bay and Delta Reg ion . These eigh t sites~

t o -~o t h e r  w i t h  all o ther  p o t en t i a l ly  s u i t a b l e  s i t e s  n ’ith in  the 1~~

Coun ty  s t u d y area , are shown on P l a t e  13B , A p p e n 3 ix  C.

3—57
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ike: e ight s t - 1 e t - 1  sites -re consider .- -: to h1 - i n :  r . - - e n t n t I v ~-

of t he  p l a n n i ng , des I and cOst ac t at ~ wit ich us be c-ns ~~. ron

in develop ing sv~ Loins for t he org~- — ~c -t li~ land at- p - - It  in n  cc was t o —

w a t e r .  [hose s i L o s  c o - -c, a i-ross . -~ of  i l - c : .  - .1:. t-~ 1 lion ac m s  and

assuming an a’. er i o e  i l j - . i t  ion r i  I I  0 .5  :ic r e— l o o t / a c r e / y e a r  would

have the t o t a l  c i p c - i t v  fo r  t - t t - :  L~ at -n of ~h o u t  1.8 bi l l i on

gal lons  p e r  day of -~a s t - -~ .i ~~~; .  - -~ n e t  :1 desc r i p t i o n  of each of

tho eight sites , i n -  Lu d - n g  L Lo r a t ’n n : i l e  f o r  S i t e  se lec t ion , fo l l ow s :

85. S i te  No . 41/ — T h i s  site , idjnccnt to Suisun Bay , was selected

to represent the opportuni ty for enhancing an e x i s t i n g  wildlife hab-

itat. The site has little or no pctcnt ~ sl f o r  a g r i c u l t u r a l  pu rposes

because the  e x i s t in g  soi ls  have nocr d ra in a g e  c har a c t e r i s t i c s . Howeve r ,

gr L \ c t h  of p l an t  fo n a s  for  w a t e r f o w l  could be achieved . The site in-

cludes the Gr izz ly  Island l / i ld l i f e  Management dr- a which is cur ren t ly

managed essent ia l ly  as a e l t  orjow i t a b  I t i t .  This si te is an in tegra l

part of the San Francisco Ba~ -it -stem and does not appear to have an

al t e r n a t e  loca t ion . ‘he neares t -i - r  . s r - : r c e  c i  was t ewa te r  is the

F : i r f i e l d _  ~rav i e  Ai r Force Nase comp lex in Solano °o n i t v .

1/ The 1.5. Bur c:u of :ectari -~Lio’i currentl y is eo: d u c t  ing studies in
th is general  a- ia r e lat ive  ~o -

~~~~~
- reuse of asi o~- n t  r f o r  marshland

enhancement .



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

80. Site No. 5 — This si t e , in ~o1i~ and (a.lusa Counties , js r i : 0

largest of the ei ght sites and inc l a t h - :  a v a r i e t y  of iat-d pes . This

site was selected because of the potential opportunit -es for the de-

velopment of irrigated pastures , o r c h a rd  • :tli in :-n :cnt , s t r ea mf l o w  a::d

groundwater augmentation , and general crop irr igatca n . the major

features within this site are the Dunnigan hills , the  Cache Creek

Val ley  and Sac ramen to  V a l l e y  l ands .  Mos t  of  t h e  ar e a  is under

in tens ive  fa rming , including general i r r i g a t e d  cropping and rice

production. There are many similar sites in t h e  C e n t r a l  V a l l ey

area. The neares t major  source of w~ stewater t ’  t:tis site is

Sacramen to , 20 miles to the southeast.

87. Site No. 18 — [his site , in arin County n~ rth of Mt. Iar:al pa is

and in Sonoma County south of the Russian Rive r, was selected because

it represen ts a typ ical north coast range location with adlacent dis—

,,ersed major metropolitan areas . Land app li-:ation of t-’astewater at

this site o f f e r s  the p o t e n t i a l  or the development of forests , the

poss ib i l i t y  of streamflow augmentation -tad , al ong w i~ Site No. 28,

would support the concept of preservin g, open space. The site includes

the basins of 3icasio Creek , Walk er Creek , Estcrc ont ricano and Salmon

Creeks. The basin of San Ant ’nio Creek Is excluded because of poor

soil condi t ions . The neares t  malor  wastewater so t -roe s  are Petaluina

and the Santa Rosa Complex.

88. Sit~ No. 21 — This sitc includes three valleys in the vicinity

of Healdsburg in Sonoma County: Alexander Valley , Kn ic z l t s Valley ,

and the Russian Rive r Valley in t h e  vicinity of Wit- : r. Ilt es t - valley
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~i re ts a re  cons ide  r~-d rep cc c-m u ‘ o a nu mb .- : of : 1 :  t &‘ k - r v a i l

iii the north coast range , l and i p : l i e t ion at t h iS si te of f e r s  the

potential for irri gation of c-x fstfng crops , irrigation of f o r -  - t

areas , s t r - i r ~flow and groc-i kv:te r ugrentation and re ro~.’ional en-

hancement. The near-st wa- tewater sources •~~~ - thi- sIte are those in

the vicinit y of Santa Rosa ni-id !ealds::crg .

89. Site Na. 27 — This s i t e , I- - ~ionterev dnd San h~ fljto Counties ,

includes the Gat,i lan L ree : - - u iterl y s i d e  of t h e  Salinas

Valley SOU I f m - r i  Still~ - ear  Soledad , i n c l u d i ng h-n il and McCoy

Creeks . The source :~f —sas ewarere for t- : u s  s i te  wou ld  be froni t h e

southern portion of the Study - n -  . Capacity in the s i t e  would  be

reserved for wastewat -rs cen- rater in the Sonterey h a y — S a l i n a s  V a l l e y

area. Land app iica tic ’i In t i l s  area offers the po tential for managed

forests , part tculnrly of terev pine , and also for irri gation of

crops on a valley floor. A p p t i cu Ion of was tewat -r for irri gation could

enhance agricultur al a t  i’, it - ,- and I t  t h e  same tine diminish or reverse

the salt water In t r u s  ‘ c-i: i t - i . - t he  are.,  caused by eXc i-ssive irrigation

pumping .

00 , Site No. 28 — Th i s  si ~e inc l : :des  most of t i r e  s o u t h w e s t pa r t

o f San ‘- t i t eo County  s u r ro i n d i n s  th e  P o s ca l er o  Creek area. It repre-

sents  at- area c - I  -n e  to snhs  t n n t i i I  - r h o: deve lop m ent  w i t h  po te n t ia l

if o. -love ton in g c~ i- - 1rrc-v i t r - ~ r.- wood forests f o r  co ne rc i al  use and

open soaco — r e c r c - i t i - o  needs . Tn - i d d f  • I ‘i’ , re--r en t  icc-al  use may be

art i a r  enhanced ‘v streumfiot- acgtnentat ion . The - ‘otential sources

of wastewater for th i s  a r : - :  ‘cc-i --I he f r o m  v~ -- ::nsid e San ‘ atco County

and S o : r h  San F ran - - i s c o  b~:v ca n t-u i ’ ! t i e ” ,

~~~~~~~~I I i IT r ’ITITTT~I: ~~~~
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91. Site No. 42 — ‘this site lies in Con t ra Costa -u n iv e.:~n of

I-it . Diablo and includes the I-larsh and Kellogg Creel Vn llev~~, Deer

Valley , and the forebays of tli c- l )elta— tl-cndv t a ( i - a l  and the California

Aqueduct. It offers potent ial dev~ l o l t - e n t  i - - r n c - c r -  - i t  i on  and open

space a reas , fores t lands and wildlife habitats. Site No . 12 is

typical of a mix of irri e --t ed agriculture and rolling foothills im-

mediately adjacent to in expandin g urban comp lex . T ue n~ arest major

sources of u~astewater for this area would be f ro -n .-\: - t i o c h  and Stockton.

~2. Site No. 43 — This site includes Union and Roberts Islands

southwest  of S tock ton . Al though the  area has a h i g h : w a t e r  t ab le  it

appears possible that wastewater could be app lied to the lands and

recovered by means of drains and pump ing in a manner consistent with

present irrigation and drainag0 practices . The site is typical of

the Delta Islands wi th large f l a t  areas being currentl y Id r i n d . The

use of wastewater in this area could provide an excellent source of

irrigation water as an alternative to riverflaw ond pump ing from

we lls . The nea res t  major  sources  of wa s t ew a t e r  con Site 43 are

Antioch and Stockton.

COMPUTER COST OPTIMIZATION PROGRA; ;

Introduction

93. A methodology was necessary for d e t e n t - k ing possible leas t—

f inanc ia l  cost plans in~rol ving land  a p t - l I c a t i e r .  f o r  t h e  c o l l e c t i o n

and treatment of wastewator 4 n t i -  12 — C o u n t y  San F ’- ,- , n c f s ’o  Bay and

Sacramento—San Joaquin Delta Rcti ’n . B e c a u s e  —~f t h e  coc i~l e x i t v

-
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associated with the f inancial  cost analysis of large wastewater

systems , the  use of advanced computat ional  procedures Involving

computer technology was found desirable.

Program Theory

94. In structuring a network to represent the wastewater disposal

system for a munici pal area , a line or It arc I~ is assigned for  each

function or activity. An arc would be used to represent a treatment

process or a group of processes , conveyance routes between sou .~e

points , and outfal l lines for final effluent discharge. By con-

necting all the arc nodes of a complete system, such that treatment

pro cesses and conveyance routes are in a technically feasible

sequence , a network Is formed. The basic ob jec t ive in anal yz ing  a

network is to determine the flow in each arc , zero or otherwise ,

whi ch will minimize the total system costs and at the  same time

satisfy all the established suppl y and demand constraints.

95. Flows are assigned to each arc in the network and thus , a flow

pat tern is generated. Beginning with the so urce node , costs of col-

lection , treatment , and disposal of wastewater in the direction of

flow are computed at each node on the flow pattern from established

cost curves. The program checks the feasibility of the solution by

determining if all demands are met and all constraints are satisfied.

The ~e twork program determines if optimal conditions are satis fied

In each arc and if the total solution is optimized. The relative

values of the node orices on the two extremities of the arc , the arc

cos t , and the flow define an optimal condition. When the solution
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is feasible and optimal conditIons In any arc are s :tisfied , the flow

in the arc is considered as a possible so lu t ion  in fur - her network

ana lys i s .  Figure B— l Is a generalized flow diagram illustrating the

basic network model components and their fundamental use.

Cost Curve Development

96. The primary purpose of the cost curves is to serve as preliminary

screening c r i t e r i a  w i t h  which the model could tes t numerous possib le

was tewat e r  network al t e rna t ives  and select the least costly for more

detailed study . The cost curves developed and utilized in the model

were based primarily on data from other water quality studies . The

basic data were updated to reflect January 1972 cost levels (an

appropriate date during the period of model development) and were

modified to insure that various treatment me thods and conveyance

modes were being compared on a equal basis . All curves are in terms

of total annual uni t  cost, Including capi tal and operation and

maintenance costs , with t rea tment  costs expressed in cents/l ,000

gallons , conveyance costs expressed in cents/l ,000 gallons/ mile, and

pumping cos ts expressed in cents/l,000 gallons/foo t of pump ing head.

At the beginning of the study ,  it was decided to develop costs based

on three interest rates . These we re 5—3/8 percent and two hi gher

rates (7 and 10 percen t). Thes e hig her rates were selected based on

possible fu ture economi c trends.

Procedures For Altern ative Development .

97. There are two phases of da ta preparation which mus t be com-

ple ted prior to utilization by the model. The firs t phase encom-

pas ses the eng ineering aspect . Source points mus t be established with
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ac tua l loca t ions , projec ted  wast ewater  f lows , and treatment systems .

Addit ionall y ,  all the source points mus t be interconnected with con-

veyance lines and the engineering data developed; i.e., length of con-

veyances through ei ther rura l or urban areas. Once the se data have

be en developed , the second phase of preparatio n can be accomp ished ,

tha t of p lacing data in a format which is acceptable to the model. A

standard 80—card column cenupu ter worksheet can be used for this

purpose. In developing model networks for testing, almost any

possib le wastewater management regionalization is possible as long

as the input network is less than 1,000 arcs. Firs t , various sys tem

subregl onalizations coul d be considered . The model can then Indicate

wh ich conveyance rout ings wo uld be of grea ter expense and thus , they

could be Immediately eliminated from further consideration . The

to ta l  system can then be tested as a single entity with any

des ired constraint included; i.e., limit ing the t otal quantity

of n u t r i e n t s  to be discharged in a specified discharge out fal l  or

wa ter quality zone , or placing a req uirement on the system that a

certain minimum level of treatment be established.

RANGE OF ALTERNATIVES EXAMINED

Was tewdter

98 . As previously disc ussed , a concep tua l configuration of facil-

it ies for 1975 was developed to provide a conunon base for evaluating

was t ewater management alternatives . By agreement , this Base Condition

configuration was used as a starting point for the development and

testing of various alternatives .
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99. Numerous alternative configurations consisting of combiriat ~ori -~

of land app lication and surface water di sposa l  f o r  was te ’ - t i e r  generated

in the San Francisco Bay and Delta Region were i nves tica i d by  using

a l eas t—cos t  op t imiza t i on  mathematica l model. The 1975 Base Condition

was used as a s t a r t i n g  point  f rom ~‘ti t ch all t h e alternative networks

were developed. The Base Condition provided information on treatment

plan t consol idat ions , i~.Ju vCv i :~~ e r ou t i ngs , and o u t f a l l  loca t ions .

Al ternat ives  were (W -‘~--1oped with the assumption that each would use

some proportional amoun t of lan d treatment . Land app lication com-

ponen ts ranged f rom an econom ical minimal use of land treatment to

large—scale conceptual use. This last concept would insure that all

wastewater generated would be treated by the land with no direct dis— —

charge to surface waterway s .

100 . With in  each of the eigh t  basic land app lication areas potcntiai

entrance points were established . W~ t k- these data , the wastewater

source points , land app lication sites , and discharge outfalls were

interconnected with conveyance 1i;~es and v a r i o u c  t r e~~t ’~~nt  schemes

were placed at those source points where treatment plants could be

constructed. These factors allowed the establishment of net~ or~-~-

which could be r e f ined  into l e a s t — co s t  a l to  rn2t Ivos consideriLg

various constraints. Constralii i s cons I d - r e d  included such i tems

as water quality objectives (~ uantities of P- b” , “ u t r i o n t s  and he~ vv

metals d i scharged  to each w at e r  c c a l it v  zone ” , m i n i m u m  levels m f

treatment , maximum ri-i kona lization , and mm -- c or ximnm ~u a r t i t i es

which could be t rea ted  -‘t the lanc 1 ap p 1. icat~ cin sir-s . ~v these

methods , f ive  i n i t i a l  a 1t irn ~’ I yes w o n -  dcv 1-’r ~~t .
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101. The five initial alternatives were developed for further study

and r e f i nemen t .  They were least—cos t solutions for the amounts of

laud involved formulated with readily available info rmation con-

cerning environmental , social , and public health considerations

dealing with land treatment. It was anticipated that as more in-

f ormation became available , it would be used to revise these f ive

alternatives . Also , because of the initial lack of data on sludge

transportation methods and Losts and the effects of various sludge

components on the soil system , sludge components were not included.

102. Two different types of pretreatment systems for wastewater were

considered in developing the alternatives . Both systems used a corn—

parab le b iological secondary treatment process for use with the land

application concept. In the first two alternatives , the was tewa ter

is to be trea ted at ex is ting or expanded Base Cond it ion fac ili ties

by ac tiva ted slud ge units prior to conveyance to the land sites.

Only treated wastewater is to be conveyed. In the second pretreat—

ment system, whi ch pertains to the last three alternatives , raw

wastewater is conveyed to the land sites and treated in aeration

lagoons prior to the storage and spray application on the land .

It was assumed that either pretreatment system would provide compar-

able constituen t removal for subsequent land treatment . These five

initial alternatives are described in the following paragraphs.

l 1 J 3~ Technical -\lternative A — This alternative attempts to maximize

the incorporation of 1975 facIlities thereby minimizing the incr€

mental capital investment required for the future . Under this alter—

native about 50 percent of the reg ion ’s preliminary year 2000 waste—
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w a t e r  f l o w  is cont’~- ’ - - - - o l a n d  app l i cat  i on  s it e s  In) l y i n g  s e c o n d a ry

t r ea tmen t  in e x i s t  I n c  or e x p an d e d  Base C o i t d l  t i o n  t r t R t  0 r i, l a i . t s

Land r e q u i r e m e n t s  f o r  t i  La iI .ter :iat I ye were approxh~~ r. el y 130 ,000

ac res . Reservoi  rs , w i t a c ap ac  I t v  is r about 50 1~~- r c e n t  of t h e  t ot il

yei u r l v  incoming e f f i  h u n t  , are provided at t o  land app l i c a t i o n  s it e - ;

to  p r o v i de  s tor a g e  during th e f o ’ i c ~~i n o n t h  period when spray app lication

to t he  land canno t  U : - a -oi15~). i s h e u . ~~~~~~~~~~~~ fa- : i l. i tie s  prov ide  ter-

t i a r y  t r e a tm e n t  1vr  -ts t .- a - a t e r s  a c i n g  d i s cha rged  to s u r f a c e  n - a t - - n a

104. Tei - i - n ic al A i~~-rnnttve B — A l  t e r n a t  i”u  B also --mp hnsizes th-

retent -on of tao p l a n n e d  l97~ fa c i l i t i e s . O i i s  a l t er n ~~t m v e  makes

greate r use ~ 1 , n- ! t r e a tm en t  and less ~c - of terti - ’rv treatment

than  does A l t e r n ~~t i ’ z~ A . Elu de r  t h i s  a l t e r n a t i ve ove r 60 n er c~:nt

of the ri-d on ’s p r o l  im~ - . - .~r’ -’e - i c  2’)O() -~- u s t e w a t c r  t i  ow is conveyed

t -  land a reas  f o l l . o - ; i ng  s e c on d a ry  t r e a t n o n t  f-a r s t ’r a g e  and subsequen ~

treatnoir by land arplicat ion . - \rpro : - :i rn i te lv  145 , 000 acres  of land

are r~ uir eil icr spray nap ] icat io’ . The r e m a i n d e r  of the w a s t e w a t e r

i~ d ischarged to surface vn~~ers  a f t e r  t e r t i a ry  t r - . I ’ raont  in f i v e  re-

gional  t r e a t m e n t  p l a n t s .

105. T~ chnica l  A l ’ -  a t i v e  C — This  a l t e r n a t i v e  presents  a regional

conf igi-rcr I i n  wh i ch  t e n d s  to  p Lace gre~~t i~-r  r e l ia nc e  on land  t r e a t —

m i n t  than does - t a r  i l l t er : i a t iv e  A ~r F). ‘‘a ny o ’ the  1975 tri - -tt—

mi-n t far ilit ion are c on v er t e d  to  ‘— tn- p ine stations and all wastew-ater

dest  m i d  f o r  lu”~ -~np 1 i r a  t on r e— ~eives  secandnrv— leve L t reatn ent Er

aerat i n n  L ago i  - ‘~~ at t ’’e lan-I npnl t r ot ion sites . T hi s  si

ef fluent is convevcii t o  r t o r . - g ,  i t  s e r wo i r s  and f i n a l ly  receives

a- von -ed treat x - i ’  by lat C a g  I m u  . Pc re  t ha ’- 65 p e r c e n t  of

the reg i ‘n ‘ S p r el  t r n l n —~ cv ye ?fl0~) was - - flow is ri ;--pl i cc to land for
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treatment under  t h i s  a l t e r n a t i v e .  About  175 , 0111 ) acres of land ire

required for spray  application. In this alternative about 35 per cent

of t h e  region ’s year 2000 wastewater flows receives tert iary treat-

ment at seven facilities prior to discharge to surface waters .

106. TechnIcal Alternative 0 — Alternative D is s !m il a r  to A l t e r n a t i v e

C except that fewer of the Base Condition treatment facilities are

retained and nvre land app li~~at ion is proposed. Secondary treatment

before spray app lication t i  t he land would be accomp lished in aera-

tion lagoons at the land sites. Under this alternative , over 80

p e r c en t  of the ~egj~ fl~5 preliminary year 2000 wastewater flow is

conveyed to land areas for secondary treatment , storage , and spray

application to land. About 205,000 acres of land are required for

spray app lication . Less than 20 pe rcen t of the reg ion ’s wastewater

flows discharge to surface waters after tertiary treatment.

107. Technical Alternative E — This alternative presents a conceptual

regional land trea tmen t conf i guration . It allows for no direct dis—

charg e of trea ted was tewa te r to the Pacif ic Ocea n or San Fra ncisco

Bay and Delta Estuary. Raw sewage is conveyed to the land areas where

secondary treatment is accomp lished by aeration lagoons. The secondary

effluent is conveyed to storage reservoirs and finally re ce ives advanc ed

tr eatment by spray application to the land. App roxima tely 255 ,000 acres

ar  necessary  to manage the  reg ion ’s year 2000 wastewater flow.

P U P E C  T . NV OLV’ -P-tf-mNl —

i n t r o d u c t i o n

108. With broadening public interest In the development of water

resources , planners recognize that social and political feasibility
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are is essen t ia l  a par t  of  t he  p l anning process as e n v i r u u e n t a l ,

eng in e-ring , and economic considerations . The p l a n n e r  cons iders  the

limits of social and political feasibility t hr ou gh - ~ t the entire

p lanning process.  Agreement between the  p lanner  and the con~~unity

upon the cx i s tence  of a problem which  demands a study of feasible

solutions is extremely important. The purpose of public involvement

in p lann ing  is to actiiev~ ‘-tritual u n d e r s t a n d i n g  and a reas onable con-

sensus of agreer -n w i t h  the -o~acun ity  hr  me ans of constant co~~~uni—

cation wi th  individuals  and o rgan iza t ions  who in the  end are the

determining in f luences .  E f f e c tiv e  public p a r t i c ip a t i o n  in w a t e r

resources development is based on the recognition that those affected

by planning shotald h a v e  the oppo rturiit’s- to inf luence and shape the

plans. The oper ationa l realization of this is accomplished by

involving the public in p l ann ing  through corumiunicat ion processes in—

cluding in format ion , evaluation , feedback , and subs equent plan revisions .

Objec tives

109. As a basis for development and o rganiza t ion  of public involve—

ment in p lanning,  specif ic  program object ives are requi red .  These

objectives are set out as follows :

a. To present information which will assist the public in

defining their -ca’er resources needs and to provi de the public an

opportunity to i nfltic’nc r ann ‘i ap e  t~~c f o rmu la t i o n  of planning

alternatives and to ex press nr - - f 9 r e T ~ es la choosin g a course of

act ion .
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b. To p r o v i d e  the p l anners  w i t h  d e f i n i t e  channels  th ro ug h

w h i c h  to obtain information on public goals , priorities and ri~ - - —

f e ren ees  r ega rd ing  p lanning alternatives .

— . To coord ina te  re la ted  land and w a t e r  resources  p lanning

with other Federal , State , and local agencies .

d. To explain planning processes and procedures .

e . To min imize  c o n fl i c t s  in de te rmining  and meet ing  the needs

and p re fe rences  of the  var ious  communi t ies  and groups w i t h i n  the

public interest.

f .  To use in format ion  obtained in developing plans to meet

- : the des ires of the pub l ic .

Public Involvement Program

110. The initial publ ic  involvement program f o r  this s tud y consisted

of joint public meetings with the State Water Resources Control Board

and the Environment al Pro tec tion Agency,  and worksh op sess ions with

special groups representing environmental and agricultural interests.

Pr ior to each public meeting, notices of the meeting , broch ures for

back ground information , and cop ies of the joint agreement for inter—

agency water quality management planning between the State of

C a l i f o r n i a , the Envi ronmenta l  P r o t e c t i o n  Agency , and the Co rps of

Engineers were distributed . Such information also was d i s t r i b u t ed

to Congressional  r enr e se n t a t i v e s , Federal agen cies , State represent—

at ives~ county and local government , ind ust ries , utilities , organized

l oc a l  interest groups , the news media , and individuals interested in

-sastewater management planning.
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and included an environmental o u m o n u  - - . Workshop sess ion s  we re  he l d

out 11 October arid 15 November 1972 and 17 April 1973. In addition ,

a workshop session with agricultur- il interests was held i n 21

Ner’ember 1972 at the University of California in Berke ley  f o r  rep—

rt - s in t a t i ve s  of the U n i v e r s i t y  of C a l i f o r n i a ’s A g r i c u l t u r a l  Extens ion

Serv i ce .  The s t r u c t u r e  of the mee t ing  and m a t e r i a l s  f u r ni s h e d  were

tire same as for the envir- n- ental workshops .

11’. The initial pu b l ic L’i -lvement prorram produced testimony that

i n d i c a t e d  general concern regarding the large—scale  land app l icat ion

of t-:as t ewater  and slud ge and the Corps ’ initial alternatives . The

major concerns and observations resu l t ing  from the publ ic  involvement

prog ram are as follows . There was general concern regarding environ—

:cntal preservation. Also , the massive disruption of community structure

aurd tire loss of tax base was of concern to many residents living in

some of t he  identified land app lication site areas . Many partici pants

desired add itional information on groundwater effects from the land

app l i ca t ion  of e f f l u e n t . There wa concern r e g a r d i n g  the q u a l i ty  of

effluent prior to land app lication , the potential for public health

proble ms , and the fate of heavy metals and nutrients in the soil mantle .

Sonterey and Volo Counties interests voiced strong opposition to the use

of land areas in their counties for the app lication of wastewater and -

slud ge. In adLtion , Monterey County interests felt th~it  Wastewaters

should not be ‘ r a n s r b i r t e d  in t o  t h e i r  area from the San Trancis co Bay

and Delta S c - c c - - i . F a v o r a b l e  comments regarding agricultural benefits

came from individuals and agencies in San Joaquin , 1-tarin and Napa
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Co~mtjes . Man n C o u n ty  expressed some concern  r e g a r d in g  h i g h app li-

cation rate s and indicated that reduced application rates would allow

additional agricultural ti -reage to he benefited. There were several

suggestions , including one from Napa Coumty, that a demonstration

project or “pilot plan t ” should precede any decision for the imple-

mentation of the land il-plicatiom concept. An entire appendix

(App endix B6 — PUBLIC IN”OLVEt€NT) is devoted to the discussion of

p ublic involvement aspects.

116. The final phase of the public involvement program consisted

of the wide distribution of a public information brochure in

Dece mber 1973. Th e br ochure h i g h l i ghted the results of the Corps ’

study and pre sen ted in f o rma tion on lan d app l ica tion concep ts f or

the consideration of the State of California in its comprehensive

water quality planning p r o g r a m .  Comments  on the publ ic  informa-

t i on brochure have been provided ts the State of California and

are included in Appendix D (COMMENTS ON DECEMBER 1973 PUBLIC

INFOR MATION BROCHURE).
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F I SAL Wk ST E WATER MAN AG EMENT ALTERNATIVES

IN TR OD VC TION

117. The objective of the public involvement program was to provide

a framework by wh ich the public could a c t ivel y pa r t i c i p a t e  in the

stud y effort. The public meetings riot only provided the opportunity

to keep the area ’s residents informed of the stud y ’s scope and status

but also to obtain t h e i r  r eac t ion  to var ious a l t e rna t i ve s  being de-

veloped. As a result of the public meetings and workshop sessions ,

valuable information was obtained by the Corps of Engineers to de-

velop final wastewater management alternatives which reflected , as

much as possible , the desires of the public . Also , as comments from

the public were being evaluated , the data used to develop the initial

technical alternatives were finalized and updated based on more recent

information .

118. Several important areas of consideration developed as a result

of the September 1972 publ ic meetings . Various comments and suggestions

from interested agencies and the public—at—la rge were used in revising

the a l t e r n a t i v e s. For ins tance , it was recommended that additional

emphasis be placed on the first phases of the various subregional plans

being completed within the San Francisco Bay Area by various engineering

consulting firms working for the cities in the stud y area and that the

Corps ’ wastewater management alternatives be more closely a l igned with

t i le State ’s Interim Basin Plans .

119. Two impor tant considerations also presented at the public meet-

ings involved Sites 27 and 28. The U.S. Geological Survey noted that

Site 28 was located in an area of San Mateo County considered to be
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susceptible to  landslide dipos its . This information was used in re—

ttn i u r g the usable land acreage in Site 28. As a result , Site 28

was reduced fr - u : an initial 114 ,600 acres to 14,000 a-~res.

120. l o c a l  i nt t - r , - s t s  in t ire M on t e r e y  County area objected to the use

o S i te  27  f i r  t he  t r e at m e n t of n - a s t e w a t e r  o r i g i n a t i n g  f rom ou t s ide

t i - - i r  a u e r . Due to their insistence tha t S i t e  27 not  be used as a

pri ni rv land d991 i - a t  ion area , the site was used onl y as a possib le

add—en site t o  t i r t -  b a s i c  a l t e r n a t i v e s .  The s i t e  was re ta ined  t i  p r o v i d e

flexib ility and additional options for dischargers in the southern por-

tion of the stud y area and to permi t evaluation of the concept of inter—

basin transfer of wastewater .

121. Another important aspec t of alternative development presented at

the public meetings was that of possible s t a g ing e f f e c t s .  Genera l ly .

it was suggested that such a high tertiary level of treatment for the

w a s t e w a t e r  being directly discharged to surface waterways might n-’t

be r e q u i r e d . If th i s  were  the  case , i t  would then be possible to

reduce the level of treatment required for the year 2000 with the

u l t im a t e  goa l of p rov id ing  the  f u l l  t e r t i a r y  level of t r e a t m e n t  f o r

the year 2020 . It was s u g g e s t e d  t h a t  an intermediate—leve l alternative

be developed to accommodate a lower degree of treatment . This concept

w a s  u t i l ize ’1  as f i n a l  a l t e r nat i v e s  were  developed . W i t h  such systems .

lever degrees of treatment were proposed and receiving water quality

condi t ions  were he l~ to p rot ected 1975 levels.  These t r e a t m e n t  sys-

tems would he used p r i er  to the use of a f u l l  t e r t i a ry  t r e at n~ nt  sys-

tem such t h a t  a s t a g ing of tile l eve ls  of t rea tmen t would be develope d

f r o m  the  Ba sc C o n d i t i o n  t h r o u g h  a conceptua l year 2020 Master Plan .
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12 2 .  ~~ a final comment , j~ was noted t ha t  the  w a s t e w a t e r  be ing

collected by underdrains in each land site would be of a high quality

and could have numerous reuse potentials. Various reuse opportunities

were i nvestigated for the utilization of this reclaimed water as the

f inal a l t e r n a t i v e s  were developed.

REVISION OF DESIGN DATA

Municipal  Was tewate r  Flows and Cons t i t uen t s

123. Tire final municipal wastewater flow data did not significantly

change f r o m  the  i n i t i a l  data  used . A f t e r  an anal ysis  was made of pro-

j e c t e d  munic ipal  f low s f r o m  the completed local subregional reports ,

it was ascertained that the initial data would be satisfactory. The

wastewater constituent data used initially was , h owever , changed. The

bas is f o r  changing these da ta  was the  comp leted subregiona l r e p o r t s .

These reports furnished current data on municipal  f lows and c o n s t i t u e n t s .

Table B—6 presented earlier summarizes the finalized municipal wastewater

I lows . Final municipal wastewater constituent loadings by county are

presented in Table B—8.

Industrial Wastewater Flows and Constituents

124. The in i t i a l  indus t r i a l  wastewa te r  data were based pr imar i ly  on

the P.S. Army Corps of Engineers ’ Permit Program . From an overall

conceptua l viewpoint , the initial projection of data did not take into

cons ideration such items as economic and production projections or in—

ru str~ al output . In most regional studies , pro jec tions are based on

p o p u l a t i o n , employment , and income estimates . The f ina l indus t r ia l

flaw nil constituent data were based on these essential items . The
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TABLE B—8

PROJECTED FINAL MUNICIPAL WASTEWATER CONSTITUENT LOADINGS 1/

COUNTY CONSTITUENTS (mg/i)

BOD TN TP GHM TDS

Alameda 209 35 14 2.2 700

Contra Costa 230 40 11 2.2 700

i~1arin 240 30 14 1.6 700

Napa 270 35 15 2.0 700

Sacramento 275 35 14 1.9 700

San Francisco 245 35 14 2.5 700

San Joaq uin 280 35 14 1.1 700

San Mateo 275 35 14 2.2 700

Santa Clara 272 35 14 2.5 700

Solano 2/4 35 15 1.9 700

Sonoma 280 35 14 1 .9  700

Yolo 270 35 14 2.0 700

1/ Based on year 2000 wastewater flows.
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Cor p s  contracted with the Lawrence Berkeley Laboratory f u r  th e  d ev e l o p m e n t

of su c i r  data based on established industrial statistical averages.

125. The emphasis  on regional water planning has resulted in various

planning regions being designated and data developed  f o r  these areas which

p rt -~~e nt  popu l a t i on  p ro j ec t ions  alon g w i t h  es t imates  of earnings  fo r  var ious

major industrial sectors. The method used was to relate water and wastes

to i n d u s t r i a l  ou tpu t  once employmen t and earnings data had been f u r n i s h e d .

Ihe  U . S .  Bureau of Census provided data on wa te r  use by manufacturing

i n d u s t r i e s  fo r  the na t ion  and fo r  various na t i ona l  indus t r i a l  w a t e r — u s e

regions. These data were used to develop a base year (1967) growth rate

s i t u a t i o n . From th i s  base year , employment projections by county were

developed and related to wastewater flows through projected productivity

for each industry. Fac tors were d evel oped to acco un t for  adva nces in

f u t u r e  process technologies and recycling of  both cooling and process

water.

126. A to ta l  of e ight  indust r ia l  water—u se  s t r a t eg ies  were then devel-

oped to account fo r  var ious years when the advances in technology and

recycling would occur . From an anaylsis of these data , a selected

situation could be formulated which would represent the most probable

condition expected to occur . The following strategies were developed

and analyzed .

a . Stra tegy Number  1 — To obtain the maximum projected water

use va lues , it was assumed that future water intake and wastewater flows

would be based on cur ren t  data  and informat ion. It was further assumed
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that there would he no addi t i-anal recyc h u g  01 w a t e r  or g i - u u e l  - i i  u p r  - V e —

ments  in the  techn o l ’gv o t w a t e r  r , - u ~ e.

b . Strategy Number 2 — (Process Water) T i :-: a~ :u ~~su::e d that by

1975 a 50 p e r c e n t  improvem ent  t oward the maximum possible level of re-

cycling of process  w a t e r  would be achieved in a l l  i n d u s t r i e s  and b y

1985 the  maximum poss ib le  r e cy c l i n g  of p rocess  w a t er  would  be r e a c h e d

in all industri es. I t  a l so  was assumed t h a t  by 1985 a new improved

technology for proc s -~aror would be implemented in ~1l industries.

The c o o l i n g  w a t e r  systems were  assumed to remain : a af f e ct e d  b y improve-

ments  in  r e cy c l i n g  or new technology .

c . St rategy Number 3 — (Cooling Water) It ~as assumed that by

1975 a 50 percent improvement towaru the maximum possible  level of re-

cycl ing of cooling water would be -Ichieved in all industries and by

1985 the maximum possible r e c v - l i n g  of  cooling water would be reached

in all industries. It was as-o n-ued that by 1985 a new improved tech-

nology for cooling waters would be implemented in al~ industries. The

process water streams were assu :---ed to remain unaffected by improvements

in r ecyc ling or new technology .

d . St r a t e g y  Nu n i b er  4 - (Process and Cool ing W a t e r )  I t  was

assumed t h a t  b y 1975 a 50 percent improvement toward the maximum

possible leve l of r e c v - - l ing of  process and cool ing w a t e r  would be

ach ieved in a l !  industries and by 1985 the :naximui-: possible recycling

of p’~ocess and cooling ~-1t e r would be reached in a1~~~-nI ust rie s . It

als o was assumed t cit b y 1985 a n ow I : ‘ :pr ovr- i .  technology or process

and cooling water would he implement u- - I in all industries.
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e . Strategy Number 4A — (Process and Cooling Water) It W Oe

assumed that by 1975 a 25 percent improvement toward the maximum pos-

sible leve l of recyc ling of process and cooling water would be achieved

in all industries . This value would gradually be increased to 38

percent by 1980 , 50 pe rcen t improvemen t by 1985 , and a maximum level —

of recycling would be achieved in 1990. It was also assumed that by

1985 a new improved technology for process and cooling water would be

imp lemented in all industries .

f. Strategy Number 4B — (Process and Cooling Water) It was

assumed that b y 1985 a 50 percent improvement toward the maximum pos-

s ibl e level o f r ecycl ing of process and cooling water would be achieved

in all industries . This value would gradually be increased to 75 per-

cent improvement by 2000 and the maximum level of recyclin g would be

achieved in 2010. It was also assumed that by 2000 a new improved

technology for  process and cooling water  would be implemented in all

industries .

g. Strategy Number 4C — (Process and Cooling Water) It was

assumed that by 1985 a 50 percent improvement toward the maximum pos—

sible level of recycling of process and cooling water would be achieved

in all indus t r i es  and by 2000 the maximum possible recycl in g of process

and cooling wate r  woul d be achieved in all indus t r i e s .  I t  was also

assumed that by 2020 a new improv ed technol ogy for  process and cool ing

water vould be implemented in all industries.
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h. Strategy Number 5 — To provide a lower bound t - - ’ the possible-

level of wa te r  use In t he  more imme d i a t e  f u t u r e , i t  W O e  - - , ac-I t a a t

the ma ximum level of recycling and new techrrolog- for b o t h  p rocess  and

cool ing wa te r  would be I n s t i t u t e d  in al l  i n d u s t r i e s  by 1975.

127. To provide for a p r o b a b l e  s i t u a t i o n  which  may occur due to r e c e n t

technological advancements and environmental legislation , a combination

encompassing industrial water use strategies 4, 4A and 4B was selected

for projection purposes. Also , due to the low concentration of antic-

ipated waste  cons t i tuen t s  in cool ing water  and the p r o b a b i l i t y  of

maximum reuse , cool ing wa ter  f rom Con t ra  Cos ta  C o u n ty  i n d u s t r i e s  was

removed f rom the discharge  f l o w . As a result , Tab le B—9 s ur r uar i z e s  the

projected industrial wastewater discharge  f lows  based on the  f o l l o w in g

strategies :

a .  1975 — Based on Strategy 4A

b .  2000 — Based on S t r a t e g y  4B

c . 2020 — Based on S t ra tegy  4

128. Est imates  of the gross i ndus t r i a l  waste  loads f a r  th e period

1970 to 2020 were based on the assumption that the a:—oun t of waste

now generated (1970) per constant  dol lar  would  r e ” i n  reasonab ly con-

stant in the future . Projections for the period 1970 to 2020 for

each county were developed. It is important that the resulta rerorted

be interpreted and a1plied with the_ understand that they_ r~~~~~~~j~t

z.~~ss was te loadin1.~~ Fuss ed on trends evi ’ nced in ~~- ent  e n v i r o nme n t a l

legislation , these gross waste loadings must he reduced prior to dis-

charge into any regionalized system . It has been a s s u - - e d  t - r  t n d u s t r i r ’s

would  be requi red  to reduce  was t e c o n s t i t u e n t  loadings  by 65 p r e c u t
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TABLE B—9

PROJECTED INDUSTRIAL WASTEWATER FLOWS

FLOW /YEAR ( M GD)

COUNTY 1975 2000 2020

Alameda 26.5 34.3 50.6

Contra Costa 134.1 174.5 258.0

Man n 1.4 3.8 8.9

Napa 16.3 28.4 44.6

Sacramento 15.5 20.5 29.3

San Francisco 4.8 6.6 9.8

San Joaquin 21.0 24.5 33.6

San Mateo 14.8 25.7 39.6

Santa Clara 21.0 30.1 41.7

Solano 7.4 8.2 11.0

Sonoma 5.0 7.6 10.7

Yolo 9.9 10.4 13.5

Total 277.7 374.6 551.3
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in 1975 and 90 pe rceui t b y .1000 t u l r o u u g a  v a n i a u ~ I u d u e  r i o  I r . -~~t : t  o t .

m e t h o d s . [l ose a s s um ed  r e d u c t i o n s  r e p r e s e n t  pro e - ~ ’ ii i - ~~a : l i i i . . i s

of t r e a t m e n t  w h i c h  i n d u s t r y ,  as -i  ~‘ I i u l t .- , may av e -i t  t o f u  p r i or  to

d i scharge . Lower l imi t s  were  a s s u c c - .1 I or t h e  -u i  p 0- -c c i  l~- r  v l d l i u g  an

un favorab le  s i t uat i on  which a ccunut) iul , 1 n a i l  c ip a l i t i d u ~- r i a 5 , - s t e m  mus t

care  fo r  in assur ing  proper  t r e a t r i c - a t  ot  a l l  v.Iete.-:oter . in t h ie

manner , each f i n a l  a i L er n u -~ t c v e  to  be de ve l o p e d  w o u l d  p r o v i d e  a c c e p t a bl e

treatment for t 1 - -~- t U t O r  m u n i c ip a l — i n d u s t r i a l  flow unde r conditions less

than o p t i m a l .  This  p r o v i d e s  a b u i l t — i n  safety fac t - r .

129. With both municipal and industrial flows f-run e ated , I t  i s

then possible t o  develop the total [low s not on ly by cola i ties but a lso

for each major wastewater source . The f i n a l i z e d  m~ : : i - . 1  u l  and i n du ~--

t r i a l  f lows and c o n s t i t u e nt  loadin gs used a r - a  r e p o r t e d  in  ith ie 9—1 0

and Table B—li , respect ively .

Land Availability

130. The initial data used for each p o t e n ti a l  lan d a n n l ic a i i o n  s i t e

were prel iminary in nature and were be ing refined by a consulting en~~i —

neer ing  f i r m . Based on a d e t a i l e d  an a l y sis , i n c l u d i n g  c n v i r o n - - ~ n t a l

conce rn s and ph ys i ca l  condi  ions , the e i g h t  se le c t e  — ‘ .ar ~d a n -g i~ at  ion

s i t e s  were r e f i n e d  not only in configuration b u t  a ’~~o fr i  ~sab i e  do r e ice

fo r  w a s t e w a t u -  r and ~1ud ge ap p l i c a t i on . The [n i t  ~o a t - i  or es :h l a n d

s i te  were based on a p r e l i m in r i r v  eng In e e r i ng  ari d envit n t o l  scan .

The finalized data yen’ base-I on d e t a i l e d  l a n d  s i t e  e v a . 1 - - Y ar . s .

131. As a resul t of the r e v i se d  d a t a , cert~i F n  p r e l i n i n a r - c  s ’asre~~i t e r

conve y ance r ou t  i ng s  h a d  to  be Ch-t i i’t’d as ~ e1. l as l au - . l C u - d  trea T i- O t
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TABLE B— b

FINAL MUNICIPAL AND INDUSTRIAL FLOW S

FLOW (MC D)

COUNTY 1975 2000 2020

Alameda 166.1 219.4 273 .0

Contra Costa 199.1 283.2 399.2

Ma n n  23..i 42.2 61.7

N a n a  25.4 48.7 75.0

Sacramento 115.2 169.3 208.

San Francisco 107.9 114.0 124.4

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 23.3 46.1 64.7

Yolo 25.0 37 .7 54 .5

Total 1,023 .3 1,495 .5  2 ,002.5
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TABLE B-li

FINAL MUNICIPAL AND INDUSTRIAL CONSTITUENT
LOADINGS (mg/ i )  1/

County BOD TN TP GHM TDS

Alameda 182 30 12 3.2 600

Contra Costa 102 18 5 1.3 330

Man n 219 27 13 5.1 645

Napa 120 17 9 9.9 382

Sacramento 249 31 12 3.1 625

San Francisco 234 33 13 3.3 664

San Joaquin 229 27 11 3.8 567

San Mateo 202 26 11 3.6 524

Santa Clara 248 31 12 4.2 630

Solano 244 31 13 3.1 615

Sonoma 244 30 12 3.9 596

Yolo 209 26 10 8.6 526

1/ Based on year 2000 wastewater flows .
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facilities relocated. Also, detailed wastewater application rates for

each of the land application sites were determined . These application

rates , based on soil structure , vegetative cover and water quality con-

ditions were then used to determine maximum quantities of wastewater

each site would effectively treat. A summarization of the finalized

land app lication data (usable acreage and max imum capacity) are shown

in Table B-12.

Energy

132. Data were obtained from the literature to determine electrical

requirements (total kilowatt hours) fo r the var ious t r eatmen t process

configurations used in this study. These data follow:

a. Ph ysical—chemical treatment — 795 ky—hr/day/MG

b.  Seconda ry treatment — 671 kw—hr/day/MG

c . Advanced treatment (Type A) — 917 kw—hr/day/MG

d. Advanced treatment (Type B) — 1,383 kw—hr/dayfMG

e. Advanced treatment (Type C) — 1,247 kw—hr/day/MG

f. Tertiary treatment — 3,041 kw—hr/day/MG

g. Land treatment (Type X) — 836 kw—hr/day/MG

h. Land treatment (Type Y) — 2 , 329 kw—hn/day/MG

These values would approximate the total requirements for operation

of the wastewater trea tment facil i ty.  Included in these values are

accessory equipment required at any treatment plant; i.e., pumps, in—

strumentation facilities , and chemical feed systems .
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TABLE B—l2

FINALIZED LAND APPLICAT ION DATA

Maximum Total 2/
Capacity 1/ Usable

Land Area (MGD ) Mrea&e

28 64 14 ,000

27 275 58 ,000

42 228 38 ,000

43 236 54 ,000

05 952 192 ,000

04 15 3, 700

21 175 45 ,000

18 240 54 ,000

T~Y~AL 2 ,185 459 ,000

1/ Assuming an application rate of 4.5 acre—feet per acre per year for
crops and 9.0 acre—feet per acre per year for pastures.

2/ Round
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133. It was assumed that methane , a gas produced during sludge

digestion , could be recovered and used in place of most natural gas

requirements at the treatment plants. Proper anaerobic digestion

will produce a gas by—product with 65 to 70 percent methane , 25 to

30 percent carbon dioxide, and approximately 1 to 50 percent hydrogen

sulfide , nitrogen, and hydrogen . Once the impure gases have been re-

moved , methane can be collected and used as fuel for engines which

drive blowers , compressors and pumps ; and to provide heating of the

digester sludge and plant facilities. Natural gas would be necessary

only for start—up and emergency conditions.

Chemicals

134. Various chemicals would be required to support the treatment

plant operations and to insure that proper removal of constituents

is maintained. Recovery of certain chemicals (lime and carbon) would

be economically feasible on large capacity treatment plants. Cri-

teria for determination of the chemical requirements were obtained from

the literature.

DEVELOPME NT AND DESCRIPTION OF FINAL WASTEWATER MAN M EMENT ALTERN ATIVES

Development o f Wast ewater Management Alte rnatives

135 . As a result of the public input and the revised design dat a ,

six final wastewater management alternatives were developed incor-

porating two regional wastewater management concepts (B—Series and

D—Series) for the land application of wastewater and sludge. Under

the B—Series concept of alternatives , wastewater would be treated

by a biological secondary process (activated sludge) prior to trans—

mission to a designated land area . No raw wastewa~ r would be

B—88
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conveyed to the landsites. Once the treated wastewater enters a land

area , it would undergo channel aeration to remove any septic odors

prior 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 the site , the wastewater

would be treated in aeration lagoons prior to storage and spray ap—

p licat ion.

136. The basic B—Series concept of alternatives retains most of

the current investment in conventional sewage treatment plants and

provides an initial level of treatment prior to conveyance to land

application areas. The D—Series concept of alternatives, on the other

hand , converts most of the Base Condition treatment plants to pumping

stations and transports raw wastewater to the land areas for treatment .

Within each series concept , there are three separate alternatives which

stress various aspects of treatment and conceptual planning. In Alter-

natives B—l and D—l , full tertiary treatment is provided for water—

oriented discharges prior to disposal. The B—2 and D—2 alternatives

provide a lower level of treatment for wastewater being d ischarged to

surface wa ter bod ies , as was suggested at the public meetings. These

two alternatives , however , allow no more pollutants to reach surface

waters than were allowed by the 1975 Base Condition facilities. The

B—3 and D—3 alternatives are variations of the basic B—i and D—l alter-

natives . These two systems propose and explore the interbasin transfer

of w s tewater by using an additional land site in the Monterey—San Benito

County area.

B—89
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137 All alternatives provide a complete regional system for the dis-

posal of the Region’s sludge by land application methods . In the

B—Series concept of alternatives, digested sludge from all treatment

plants enters land—site lagoons where sludge is air dried for two years

before application to land. In the D—Series concept of alternatives,

sludge from the sedimentation basins is digested and added to storage.

138. Also developed was a full tertiary treatment system which dis-

charges treated effluent directly to surface waters. In developing this

system, the Corps of Engineers made no studies relative to the need

for any specific level of treatment . This is the responsibility of

the State of California. The levels of treatment shown were assumed

by the Corps of Engineers, as discussed previously. With such a

configuration, sludge could be handled as previously discussed for

the B—Series concept of alternatives.

Development of Sludge Systems

139. Most of the wastewater treatment processes used produce a solids

concentration as a result of chemical or biological reaction in the

treatment of sewage. This solids concentration, termed sludge, refers

to the settleable waste solids removed in the treatment of wastewater .

These include:

a. Screenings — the largest solids found in wastewater such as

rags, wood , rocks and large organic materials.
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b .  Grit — the small, coarse particles of sand , grave l and

other minu te pieces of mineral matter; also includes a variety of

items such as coffee grounds , seeds , and similar materials which are

not of mineral origin.

C. Skimmings — the floa table p or tion of the slud ge such as

oils and grease.

d . Organic soild sludges — the suspended and larger collodial

organic was te solids from the biological treatment units.

e. Lime sludges — produced by high—limL t reatment  for  the

removal of phosphates .

140. Sludge must be rendered into a form which is suitable for

the method of transportation being utilized for its transport

to a final disposal location. Such processes cou ld cons ist

of thickening, anaerobic or aerobic d igestion , air—dry ing on sand beds ,

dewatering by centrifuges or vacuum filters , or incineration . Each

process will produce a sludge with a different comcosition ; i.e., total

solids content , percent organic matter and inorganic characteristics.

Preliminary sludge alternatives were not formulated because the waste—

water technical alternatives were for initial planning purposes with

only limited data being available on sludge transportation methods and

costs and the effects of sludge components on the soil within the land

treatment system. It was planned that the sludge alternatives would

be formulated during the development of final alternatives .

141. With in the Base Condition configuration (1975) are various pro-

cesses for the disposal of sludge. As with the Base Condition for

B—9l
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the treatment of wastewater , these slud ge treatment processes :ere used

as the starting point for the development of variow- tc~ hn i a1 slud ge

alternatives .

142. Based on data presented in the li t cI- ’~ure , anaerobic sludge

digestion appears to be one of the princ ipa ’ methods of sludge treat-

ment for the future . Th is i~ ‘Lcause of t he- volume reduction achieved

and the production of a us~~~~ie resource — methane gaH . As a result ,

it was assumed that at each wastewater treatment plant the first stage

in slud ge treatment would be anaerobic digestion . The next step in

the development of the sludge alternatives was to analyze the various

transportation modes and consolidation configurations possible for

ultimate disposal. The four basic modes of transportation considered

were truck haul , ra il haul , barge haul , and pipeline t ransportation .

143. Although six wastewater alternatives and a tertiary treatment

system were developed , there was no need to develop a separate system

for  each conf igura tion to handle the sl udge. There were only minor

differences among several of the configurations . Consequently ,  only

f our slud ge systems were developed. Sludge System S—I (with minor

modifications) can apply to Alternatives B—i , B—2 , and B—3. System

S—2 applies to both Alternatives D—l and D—2 , with minor changes .

Systems S—3 and S-4 are unique in that they apply solely to Alternative

D—3 and the full tertiary system , respectively. T7
~ese slud ge sys tem s

are shown on Plates C—28, C—29 and C—30, Appendix C.

_ _ _  
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144. All of the sludge generated at secondary and advanced treatment

facilities would be digested at the plants and be conveyed to land areas

for storage and land application. Sludge produced from the aerated

lagoons at the land application areas woul d similarly undergo digestion

and subsequent conditioning prior to being applied in the land applica-

tion areas. The sludge systems use a combination of various transport

modes ; rail, truck, barge , and pipeline. In all cases, the sludge

would be transported in tile digested condition and undergo additional

“conditioning” at land application areas before being applied to the

land. The sludge systems were developed based on social , environmental

and engineering considerations. It should be noted that as more trans-

fer modes are used such as truck to rail to barge , the cost of the

system will increase. However, based on estimates of the quantities

of slud ge produced and to be transported , transportation economics and

access to the land application areas, several forms of intermodal

transfers were used in the development of the final alternatives.

Alternative and Site Development Descriptions

145. Alternative B—l — Wastewaters would either undergo local ter-

tiary treatment and discharge to surface waterways or would receive

biological secondary treatment and be conveyed to seven land areas

for storage and subsequent land application. A total of 945 MCD

(65 percent of the year 2000 flow) would receive tertiary treatment

and 510 MCD (35 percent of the year 2000 flow) would be applied to

the land areas. Plate C—20 , Appendix C, depicts the configuration

of conveyance lines and wastewater management facilities for Alternative

8—1 . It should be noted that plates depicting the alternative wastewater

B—9 3
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management configurations and sludge ~ystems do not  show the r e vb~ed

acreages at land application sites. Only the gross out line of the

initial land application sites are shown. Areas suitable fo r  waste—

water  and sludge app lication are shown on the site development plates.

146. Wastewaters from all sources in the South San Francisco Bay area

(550 MGD) would be combined for treatment in five tertiary plants and

discharged be tween Dumbar ton Brid ge and the San Francisco—Oakland Bay

Bridge. There would be two ocean discharges totalling 120 MCD: less

than 1 MGD in the Bolinas—Stinson Beach area and the remainder from

the San Francisco complex. In addition , 9 MGD from the Gilroy—Morgan

Hill area would be conveyed to the Pacific Ocean via local streams . In

Cen tral San Franc isco Bay between the Bay Bridge and the Carq uinez

Strait Bridge , 167 MGD would be discharged at three tertiary facil-

ities . There would be no discharge between the Carquinez Strait Bridge

and Chipps Island. Approxima tely 99 MGD of tertiary effluent would

be discharged in the Delta east of Chipps Island . Wastewaters from

the Livermore Valley area would receive tertiary treatment and be

discharged to a local manmade lake in Doolan Canyon . Wastewater

constituents discharged to the various waster quality zones under

this alternative are shown in Table B—l3.

147. Wastewaters from northern Sonoma and most of Napa Counties

would be treated in local biological secondary treatment plants

prior to conveyance to Site 21 for land application . Wastewaters

from southern and central Sonoma County and all of Man n County,

less the Bolinas—Stinson Beach area , would be conveyed to Site 18.

Land Site 4 would receive treated wastewater from the Fairfield—

B —94
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travis AFB area . The flow from northern Solano , Yolo , and nor tH~ 2

Saeran iento Co un t i e s  would be conve yed to Site 5. S~~~thr’rn :- it

Joaquin County would utilize Site 43 while eastern Contra Co~ ta County

and the city of Benicia would use Site 42. The wt-~ tern porti’ : of

San Mateo County would convey its treated wastewater to Site 2~~.

148. Site development details are discussed below for t h e Land treatment

of wastewater at the seven application sites. Land app lication data ,

including waste quantities and major acreage requirements by site ,

are shown in Table B—14. Total land requirements in the vicinity of

the landsites are about 156 ,500 acres.

a . Wastewate r discharge d to S i te  4 would receive secondary

t r ea tmen t  at the F a i r f i e l d  f a c i l i t y  and then would be pumpe d to an

offsite storage reservoir in the Potrero Hills . Plate C—67 , Appen-

dix C , shows the wastewater reservoir location , the main distributi cn

p ipel ine , and the area to be irrigated. The only area suitable for

crops with i’~i th is site is north cf Grizzly Slo ugh and the  ~- a s t ew a t e r ,

appro xima tely 15 MGD , would be app lied there . Sludge would not be

applied at this site due to the limited dry land ava ilable for app li-

cation . A t o t a l  of 3 , 700 acres would be used at th i s  l ands i t e  fo r

w a st e w a ter  app l i ca t ion .

b .  Si te  5 is located in the northeastern portion of lob County

( i nc lud ing  the  sou thern  t i p of Co ’ asa Coun ty )  and would  receIve approx-

imate ly  218 MCD of secondary effluen t from treatment facilities in

Sacramento , Yolo , and p a r t  of Solan o Coun t i e s .  P l a t e  C— 68 , Appendix C ,

shows the th ree  ons i te  wastewa te r s to rage  reservoi rs , t h e  ~ne s ludge

lagoon ing area , the main d i s t r i h n ti o n  p ipe l ine s , -m d t h e  actua l areas

8—96
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to be irrigated. The land application areas were selected as - !  so to

the reservoirs as economically practical. The crop arec :j Olth i  4::d east

of the reservoirs was used since a minimum of p imping wcu 1d be r -quired

for the distribution system. The pasture land mo t h and west of t u e

reservoirs was used since it provided the most economical distribution

system and minimum land cost A total of 75 ,100 acres (39 percent of

the total suitable acre-in- i would be used at this site for the land

app lication of wast~ water and sludge.

c . Site 18 in southwestern Sonoma and northwos~ ern ~arin Counties ,

would receive about 81 MCD of secondary effluent . Plate C—69 , A ;~pen-

dix C , shows the four proposed wastewater reservoira , the three slu~~~I

lagoons , the main distribution p ipelines , and the ac t ua i areas to be

irrigated. Two of the wastewater reservoirs would be small in size

because they receive the flow from small isolated communities. One

reservoir and one sludge lagoon are situated east of the site. A total

of 19 ,000 acres (35 percent of the total suitable acreage) would be

used at this site for the land application of wastewater and sludge .

d . Site 21 , Plate C—70 , Ap pendix C , is located in northeastern

Sonoma County and would receive approximately 55 MCD of t r ea t ed  e f f l u en t

from several locations. A total of three wastewater and three sludge

lagoons would be required . One sludge lagoon is located east of the

site . The w a st ew at e r  disposal areas  were se l ec ted  as close to each

reservoir  as pos s ib le .  For -~ese rvo i r  R2 1B the cro :~lan
’ mdjace’)t t o

the reservoir  would be used s ince  th i s  would provid e th e  most e c on o m -  o i l

d i s t r i b u t i o n  sy st e m .  The p a s t u r e l a n d  imm i- d i at  el y n o r t h  of R e s e r v o i r

B—9 8
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R21C would not have sufficient capacity for all the wastew:tter from

that reservoir . Add itional area would be required and t o  oasture :t r -a

further north was selected. The most economica l land application area

for the wastewater from Reservoir R21D would be the cropland adjacent

to Highway 101. A total of 14,300 acres (32  percent of the total suit-

able acreage) would be used at this site for the land application of

wastewater and sludge.

e. The seconddi~ treatment plan t at Half Moon Bay in San Mateo

County would discharge its effluent to Site 28. The effluent , about

f ive MCD , would be pumped to one onsite reservoir (Plate C—71 , Appen-

dix C) in the northwestern portion of the area. The pasture adjacent

to the reservoir and east of Highway 1 was selected for wastewater

disposal because it was closest to the reservoir . A total of 1,040

acres (7.5 percent of the total suitable acreage) would be used at

this site for the land application of wastewater and sludge .

f. Wastewater from the Central Contra Costa County facility

would be pumped to one onsite reservoir at Site 42. Plate C—72 ,

Append ix C , shows site development features . The sludge lagoon lies

north of the site. Since the land adjacent to the reservoir would

provide for the most economical distribution system , it was the first

to be selected for wastewater disposal. This area was not sufficient

to dispose of the total effluent . Therefore , the pastureland south

and west of Byron was selec ted . This land was used because it would

be more economical to irrigate than the narrow valleys that extend

into the hills . Also , since pastureland has a higher app licat ion

8—99
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ra te and lower cos t than does crop land , less acreage would bo

required. A total of 23,660 acres (63 percent of the total ‘-cit-

able acreage) would be used at this site for the land app lication of

wastewater and sludge .

g. The secondary treatment plants at Manteca and Tracy would

discharge to two reservoirs located at Site 43 in San Joaquin C o u n ty .

Because natural reservoir areas within the site are limited , one of

the was tewater reservo irs and one sl udge lagoon would be located out

of the site location. Plate C—73, Appendix C , show s the reservo ir

loca tions for was tewater and sludge , d isposal areas , and the main

dis tribution pipel ines for  the 18 MCD of was tewater to be app lied.

The cropland adjacent to each of the reservoirs would be used for

wastewater application. A total of 8,390 acres (16 percen t of the

suitable acreage) would be used at this site for the land application

of was t ewater and sludge .

149. Sludge lagoons would be located near the wastewater storage

reservoirs in order to minimize maintenance c~ ew travel time . The

sludge application sites would be located in relatively f la t areas

tha t  could be easily disc harrowed. In develop ing the s i t e  l ayou t ,

the wastewater application area was located nearest the wastewater

reservoir to minimize pipe and pumping costs. Since there can be

no wastewater applied to an area that will receive sludge , the s ludge

app lication area was located outside the wastewater application area .

This would prov ide a sa tisfac tory econom ical arrangemen t since slud ge

application requires no fixed distribution system . Plates C—67

through C—73 (Appendix C) show the sludge application areas within

each land si te .
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150. Sl udge System 5—1 (Plate C—28 , Appendix C) would he app l ic..hle

f o r  w a st ew a ter  A l t e r n a t i v e s  B—l , B—2 and h—3 . Sludge from t he San

r4 at e o  coas ta l  secondary plant (SMO5) would be trucked to Site 26 .

Sl udge from Gilroy—Morgan Hill would be truc ked to San Jose. A rail

line terminating at the San Francisco Southeast Plant would pick up

all of the sludge produced at the facilities north of San Jose .

Additionally, sludge from the North San Mateo County plant would be

t rucked  to the Lake Merced f a c i l i t y  and the to t a l  sludge would be

p iped to the Southeast facility. Sludge pr oduced along the Ea st Bay

(including Livermore Valley) would be transported by truck to San

Leandr o and then b y rail to the Richmond facility to be joined by a

rail line from San Pablo. A barge would then collect the sludge

from both the Southeast and Richmond facilities and transport it to

an unload ing facility near Sacramento . Here the sludge would be

unloaded and transported by rail line to Site 5.

151. A rail line would originate in Central Man n and would pick up

slud ge along the way , transporting it tc~ Site 18 . Sludge from small

communities in Sonoma and M~rin Counties would be trucked to Site 18.

152. Slud ge from the Napa Valley would be transported by rail to

Calistoga and trucked to Site 21. Smaller communities near Site 21

would truck sludge directly to the land area . Sludge from the

Fairfield area would be trucked to the Napa Valley rail line originat-

ing at Vallejo.

153. Sludge from Central Contra Costa County would be railed and

trucked to Site 42. Sludge from the  facilities in San Joaquin County

would be trucked to Site 43.
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154. A rail line would transport sludge from the Sacramento area

and f r om the barge unload ing facility to Site 5. Communities in Solan o ,

Sacramen to, and Yolo Counties would truck slud ge to the rail l ine or

truck directly to Site 5.

155. Alternative B—2 — Except for the degree of trea tmen t tha t would

be required for discharge s to wa terways , Alternative B—2 (Plate C—2 l,

Append ix C) is identical to Alterna tive B—l (Plate C—20). Was tewa ter

quanti t ies  are the same . A total of 945 MCD (65 percen t of the year

2000 flow) would receive advanced treatment and 510 MCD (35 percent of

the year 2000 flow) would be applied to the land. The criteria for

the degree of treatment in this alternative was applied to all unit

processes after secondary treatment so that the total emissions of

indiv idual cons tit uen ts discharged to each water quality zone would

not exceed the quantity discharged under the Base Condition . All

discharges in each zone would be requi red to have identical treatment

levels . Usi ng these criteria , discharges to the Pacific Ocean , South

Bay, and Centra l Bay would receive secondary treatment followed by

dual media filtration . In the Del ta , secondary trea tment plus 80

percent phosphorus removal and nitrification and denitrification would

be required. Wastewater constit uents discharged to the various water

quality zones under this alternative are summarized in Table B—15 .

156. The sludge lagoons for this alternative would be in the same

location and have the same operation and maintenance considerations

as those in Alternative B—l . Also , the sludge application sites would

remain the same as in Alternative B—l . The land area required for

B—l02

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



r 

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

-‘- —

C O N J C’ 0 NJ

H ~~ CI) C) LI)

C’) .-4 I~-~ 0 NI (N
0-. •

NJ E—4 -~ ‘D ,-I ,- ~ C)
I —

(V
. 4  0) ‘.0 0 0’ LI)

-~~ z
i.i E-i CO N- C) 0 N-
CU NJ _-I

S
4-4
a)
4.)

N. 0 C) 0 CX) LI)
-~ CD •

0 N. 0 0 LI) C’)

O~ C N. 0 0) LI)

0 NJ LI) ‘.0 0 ~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
r.: u.:;

E-4 CD CU ~~~ Ll~~ LI) NJ .~-4 NJ CO ‘0
-4 U)

H
0
0
C)

0 UI) (N C) N- N. -4 -
~~~ .-4 N. CI) 0 0 C’)

,— I C’) .—C ,-4 (‘1 0)

.‘-I

‘0
CD (V
C., 4.)

E-4 5 0.
4-I -,-I 0)

>.l -~~ 4-4
‘0

CO ~-4~~~ (V Ci)
~~~ -~~~ 

4) 4.,
C..) CO 4-I S
0 CI) N Z  0

Z 0.
0 0 CI) ~~ Z i’) 4) 4.)
I-I I-I ~~ ~~~~4-4 -~ 4-i
E-4 t~. i~ ~~~~~~~ 

-
~~ ~~ Cl) 4.1

4~ 4-4 E-4 E-4 O’U) ~-l -~ CCI ~ U)

Cl) U U CD ~-i Z C~. C.)

B—103

- I



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

~~~~~~~~~~ 
-

sludge lagoons and application would be reduced slightly since , because

of the lower degree of treatment , smaller quantities of sludge will be

produced. Plates C— 67 through C—73 (Append ix C) also show site develop-

ment features for this alternative. Total land requirements in the

vicinity of the landsites are about 155,400 acres.

157. Alternative B—3 — This alternative (Plate C—22 , Appendix C) is

another variation of Alternative B—i. Wastewater from San Jose , Milp itas ,

and Alviso would receive secondary treatment at the San Jose Plant prior

to conveyance to Site 27. Secondary effluent from the Gilroy—Morgan

Hill facility would also be conveyed to Site 27. Year 2000 flows for

these discharges are 187 MGD. A total of 758 MGD (51 percent of the

year 2000 flow) would receive tertiary treatment and 697 MGD (49 per-

cent of the year 2000 flow) would be applied to land . Wastewater con-

stituents discharged to the various water quality zones are summarized

in Table B—16 .

158. Except for the addition of Site 27, land application areas

would remain the same as in Alternative B—i . Two reservoirs would

be used to store the additional 187 MGD. Capacity in Site 27 would

also accoimnodate all of the projected flows in the Monterey, Salinas,

Santa Cruz complex for the year 2000. Plate C—74 (Appendix C) shows

the location of the two reservoirs (one of which is offsite), the

area to be irrigated , and the main distribution pipelines . As with

the other sites , the land nearest the reservoirs would be most econom—

ical to irrigate. The pastureland in the northwestern portion of the

site would be used for wastewater from Reservoir R27C. The pastureland

B—l04
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in the southeastern portion of the area would be utilized for waste—

water from Reservoir R27D. However , this area would not have suf-

f icient capaci ty for the total volume of effluent. Therefore , the

cropland adjacent to the pasture area would be used. A total of

37,970 acres (65 percent of the total suitable acreage) would be used

in Site 27 for wastewater application . Total land requirements for

this alternative in the vicinity of the eigh t landsites are about

195,000 acres.

159. The sludge transportation , treatment , and application systems

f or this alternative would be identical to those of Alternative B—l .

Even though the wastewater froni San Jose and Morgan Hill—Cilroy

facilities would go to Site 27, the sludge produced at these plants

would still go to Site 5 as in Alternative B—i .

160. Alternative D—l — In this alternative (Plate C—23 , Appendix C)

wastewaters would either receive tertiary treatment and be discharged

to local waterways or be conveyed from local sources to land areas

where they would receive the equivalent of secondary treatment in

onsite aeration lagoons prior to storage and application on the land .

Base Condition treatment facilities not used in connection with disposal

to water bodies would be converted to pump stations .

161. As in the B—i alternative , all wastewaters in the South Bay

(550 MCD) would receive tertiary treatment at five facilities and be

discharged between Dumbarton Bridge and the San Francisco—Oakland

Bay Bridge . Approximately 129 MGD would be discharged to the Pacific

Ocean after tertiary treatment , 120 MGD from the San Francisco area ,
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less than 1 MGD from Bolinas—Stinson Beach , 9 MCD from the Gilroy—

Morgan Hill area which would reach the Pacific Ocean via Liagas Creek

and the Pajaro River. These subsystems arc identical to Alternative

B—i.

162. A major difference between Alternatives B—i and D—l is that

in D—l there would be no discharge to Central Bay and only 2 MCD dis-

charged in the Del ta from three tertiary plants at Isleton , Rio Vista ,

and Walnut Grove. A total of 681 MCD (47 percent  of the year 2000 flow)

would be discharged to water after tertiary treatment compared to 945 MCD

in Alternative B—i . Wastewater constituents discharged to the various

water quality zones are summarized in Table B—l7.

163. More wastewater would be directed to the land areas in this alter-

native than in Alternative B—i (510 MCD). Site 18 would receive 81 MCD

from Man n County (except the Bolinas—Stinson Beach area) and central

and southern Sonoma County. Site 4 would receive 15 MCD from the Fairfield—

Suisun—Travis AFB area. Site 5 would receive 218 MCD from Sacramento , Yolo ,

and Solano Counties. Site 28 would receive 5 MCD from San Mateo County

coastal communities. All of these subsystems are identical in

confi guration to Alternative B—i.

164. The other land areas would be more intensely used than in

Alternative B—i (although as in B—i , Site 27 would be excluded).

Site 21 usage would be increased from 55 MCD in B—i to 80 MCD in

D—l. The additional 25 MCD would come from the Vallejo—Mare Island—

American Canyon area. Land area 21 would then handle all of the

wastewater from northern Sonoma County, the entire Napa Valley and

the Vallejo area. Use of Site 42 would increase from 118 MCD to

259 MCD. This comprises all of the wastewaters In Contra Costa
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County (with the exception of 30 MCD to be reused locally) and also

includes the Benicia area . All of San Joaquin County ’s wa tewaters

(plus Elk Grove), 115 MGD , would be conveyed to Site 43 for t reatment

and land application. A total of 773 MGD (53 percent of th~ year

2000 flow) would be app lied to the land under this alternative .

165. Site development details are discussed below for the land treat— I
merit of wastewaten at the seven app lication sites. Land application

data, including waste quantities and major acreage requirements by site , 
-

are shown in Table B—l8. Total land requirements in the vicinity of the

seven landsites are about 213,200 acres.

a. Raw sewage destined for Site 4 would be pumped from the

Fairfield—Travis AFB area to aeration lagoons near the Potrero Hills.

The treated effluent would then be conveyed to a reservoir located ad—

jacent to the aeration lagoons. Plate C—90 , Append ix C , shows the

• aera tion lagoons , the storage reservoir , the main distribution pipeline , -

and the appl icat ion area .  Sludge would not  be applied at this  S i t e .  -

A total of 3,700 acres would be used at this landsite for wastewater

application . -~

b . Site 5 would receive and treat in aeration lagoons approx—

• ima tely 218 MGD o f raw sewage prior to conveyance to the three small 1
onsite wastewater reservoirs used in Alternative B—i . Plate C—9l ,

Appendix C, show s the application areas for wastewater and sludge , 
-

the reservoir locations , and the main distribution pipelines as well

as the loca’ -~~i of the aeration and sludge lagoons. The wastewater -~

and sludge application areas are generally the same as would be used
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in Alternative B—i. A total of 70,300 acr es (37 percent of t h e t~-t al

su i t ab le  acreage ) wou ld be used at t h i s  s i t e  ~or the  land a p p l i c a t i o n  of

was tewater and slud ge.

c. Site 18 (Plate C—92 , Appendix  C) wou ld  receive and treat

approximately 81 MCD of raw sewage in aeration lagoons. Effluent

would then be conveyed to storage reservoirs . The same site develop—

(sent confi guration used in Alternative B—i (Plate C—67) is also used

unde r this alternative . A total of 19 ,000 acres (35 percent of the

total suitable acreage) would be used at this site for the land appli-

cation of was t ewa te r  and slud ge.  4

d . Site 21 would receive approximately 80 MCD of raw sewage fri~~

seve ral location s . This is about 25 ~-~CD more than under Alternative

B— i . The raw sewage would undergo secon dary treatment in aeration

lagoons near the reservoir sites before being stored. Plate C—93 ,

Append ix C , shows the site development facilities used in this alter-

native . Additional crop and pasturelands north of Reservoir R21B

would be required to p roperl y app ly the additional 25 MCD over Alter-

native B—i. A total of 20,200 acres (44 percent of the total s iitable

acreage) would be used at this site for the lan d application of waste—

• water and sludge.

e. Plate C—94 , Appe ndix C , shows the reservoir location , app li-

cation areas , the main distribution pipe lines and other details for

Site 28. The configuration used is the same as that in Alternative B—l

except raw sewage (5 MCD) will be treated in aeration lagoons located

near the reservoir. A total of 1,040 acres (7.5 percent of the total

suitable acreage) would be used at this site for the land application

of was tewater and slud ge.
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f. Sewage from all sources in Contra Costa County except 30

MCD wh ich would be re used locall y would be pumped to Site 42. The

reservoir site selected was in Lone Tree Valley . The necessary

capacity would be obtained by placing a dam across the entrance of

the valley and building saddle dams along the ridge around the valley .

The aeration lagoons would be located just north of the reservoir to

treat the expected 259 MCD (290,000 acre—feet/year) of raw sewage .

Plate C—95 , Appendix C , shows the site development configuration for

this site . The land proposed for sludge app lication would amount to

9,100 acres . This land would not be used for wastewater application .

In order to utilize the remaining area to the maximum degree possible ,

most potential croplands would be converted to a pasture cover which

all ows a higher applica tion rate. Not all croplands would be converted

to pasture as this would be too disruptive on existing agricultural

practices . Even with the proposed vegetative cover changes , there

is not sufficient capacity within the site to take all of the flow .

The remaining wastewater (68,600 acre—feet/year) would be conveyed

to site 43. A total of 25,000 acres would be used at this site for

the land application of wastewater .

g. Sewage , approximately 115 MGD , from San Joaquin County as

well as tha t f rom Gai t in Sacramen to Coun ty ,  would be pumpe d to one

of two aeration lagoons at Site 43. Plate C—96 , Append ix C , shows

the site development configuration . Almost the entire site would

be utilized for wastewater application . The land areas in the south-

western portion of the site would be used for the wastewater pumped

from Site 42. This area consists of crop iand and a small portion of

pastureland north of the Grant Line Canal and east of Tracy Road.
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A total of 47,800 acres (89 percent of the total suitable acrea~ &- )

would be used at this site for t h e  land app i i ca t  ion ~ t wastewater

and s lud ge.

166. Sludge lagoons would be located near the land treatment facil-

ities in order to allow pump ing of the digested sludge dir 1 -ctl y to

the drying lagoons . Rela tively flat areas ar€- required for these

lagoons to maintain the shallow depth requirod . The site development

maps for this alternative (Plates C—9() throug h C— 96 , Appendix C) show

the locations of the lagoons and app l ication areas at each site.

167. Sludge System S—2 (Plate C—29 , Ap pendix C) would be applicable

t i  Alternative D—l. System S—2 is very si~iiIa r to System S—i. ftc

rail line from San Jose to San Francisco would he used for siud gi-

generated along the west side of t he bay , as well a-~ i~~r Gilroy—Morgan

Hill sludge which would be trucked to San Jose . The East Bay concept ,

comb ining truck and rail , would tern~inate at Oakland. Sludge from

water— oriented disposal facilities in San Mateo and San Francisco

Counties would be transported to the San Francisco Southeast Plant .

The barge would pick up sl udge at San Fr incisco and Oakland and unload

it near Sacrame nt o , where it would be tran~ ported by rail and then

truck to Site 5.

• 168. A Napa Valley rail line , starting at Napa and ending at

Calistoga , would handle the sludge generated at Site 4. Sludge

would be trucked from Site 4 to Napa and from Calistoga t o  Site 21.

The Bolinas—Stjnson Beach area would truck slud ge directl y to Site 18.

169. A truck would be used to convey sludge from the Contra Costa

ter tiary fac ility (CCO5) to Site 42. The three small tertiary

p lants at Rio Vista , Isleton , and Walnut Crove would truck their sludge

to Site 43.

B—l 13
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170. All other wistewater sources would be convey ing the raw wastewater

to land areas for aeration lagoon treatment where sludge would be

removed from the sedimentation basins , digested , stored and trucked

within the sites to the proposed sludge application areas.

171. Alt ernative D—2 — This alternative (Plate C—24 , Append ix C) is a

modific ~tjon of Alternative D—l using a lower degree of treatment for

facilities discharging to surface water bodies. Alternative D—2 is

no di ftere nt than Alternative D—l with respect to quantities of effluent

conveyed to various water quality zones or land areas . A total of

681 MGi) (47 percent of the year 2000 flow) would receive advanced treat-

ment and 773 MGD (53 percent of the year 2000 flow) would be applied t ’

the land . As in Alternative B—2 , treatment units were planned so that

the mass emission of constituent discharged under the Base Condition

would not be exceeded . As a result , all discharges to the Pacific

Ocean and to South San Francisco Bay would receive secondary treatu~ nt

fol l owed b y dual med ia filtration . In the Delta , secondary treatment

would be adequate for the three minor discharges. The wastewater

constituents discharged to the various water qualirt- zones are sum—

narjzed in Table B—l9.

172. This alternative uses Sludge System S—2 as did Alternative D—l .

Th e sludge lagoons for  th is alternative would be in the sane physical

location and have the same operation and maintenance considerations

as those in Alternative D—l. Also , the sludge application areas would

remain the same as in Alternative D—1. Smaller quantities of sludge

would b e p roduced as a resul t of the lowe r degr ee of trea tmen t prov ided

water—oriented discharges . Consequently , the land area required for

B—ll4
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r
slud ge app lication would be reduced slightl y. The sludge lagoon sites

and application areas are shown in Plates C—90 through C—96 , Appendix C.

Total land requirements in the vicinity of the seven landsites are

about 212 ,000 acres .

173. Alternative D—3 — This alterna tive (Plate C—25 , Append ix C) is

another variation of Alternative D—l. The wastewater from San Jose ,

Milpitas , and Alviso (178 MCD) would be pumped to the Gilroy—Aorgan Hill

area (9 MGD) were raw sewage would be treated in aerat ion lagoons. This

wastewater would then be conveyed to Site 27. Except for the use of

Site 27 (with corresponding higher waste flows to land and local sludge

application) this alternative is similar to Alternative D—l. Quantitie s

of wastewater discharged to the ocean would be reduced from 129 to 120

MGi) and to South Bay from 550 MGD to 372 MGD as compared to Alternative

D—l . A total of 494 MCD (314 percent of the year 2000 flow) would receive

tert iary treatment and 960 MGD (66 percent of the year 2000 flow) would

be applied to the land . The wastewater constituents discharged to the

various water quality zones are suamnarized in Table B—20.

174. Plate C—97 , Appendix C , shows the loca tion of the reservoirs , the

land app lication areas , the main distribution pipelines and other site

development features for Site 27. As with the other Sites , the land

nearest the reservoirs would be most economical to irrigate . The same

land areas would be irrigated with wastewater under this alternative as

were in Alternative B—3. A total of 43,800 acres (76 percen t of the

total suitable acreage) would be used in this site for the land appl i-

cation of wastewater and sludge .
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175. The sludge transpor ta tion , treatment , and app lication systen~

for this alternative would be similar to those of Alternative D—l

except for the addition of Site 27. Slud ge to be applied in this

area would be stored in sludge lagoons located near the aeration lagoons .

The slud ge would be placed along Gab ilan Creek and nor th of Camp McCallum .

176 . Sl udge System S—3 (Plate C—29 , Appendix C) is for Alternative D— 3

and is identical to System S—2 with two configuration exceptions . The

rail line from San Jose to Sunnyvale would not be utilized and Morgan

Hill—Gilroy would not truck its sludge to San Jose. Also , site quantities

differ. These changes are due to the D—3 alternative in which the raw

wastewaters from San Jose and Morgan Hill—Gilroy are conveyed to Site 27

for treatment and land application .

177. Tertiary Treatment System — This system (Plate C—26 , Append ix C)

uses a full tertiary—leve l treatmen t for all discharges. It was devel—

oped chiefly to provide a cost comparison to the other systems and to

dep ict how the sl udge f r om such a sys tem could be ul timately dispos ed

of by land application . In the Sou th Bay , 550 MCD wo uld b e discharged

f r om 6 ter tiary facilities. Approximately 165 MGD (from 12 facilities)

would be discharge d to the ocean . Th is incl udes San Franc isco , the

San Mateo Coastal communitie s, Bolinas—Stinson Beach—Inverness

the inland discharges in Sonoma County in the Russian River Basin ,

and the Morgan Hill—Gilroy area which discharges to the ocean via the

Pajaro River. Central Bay would receive 271 MCD (from 5 facilities)

from Treasure Island, western Contra Costa County , nor th ern Man n and

southern Sonoma Coimties , central Man n County and Napa Valley.

B—l18
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About 147 MGD would be discharged into Carquinez Str oll from centra l

and eastern Contra Costa County and from most of Solano County .

Add itionally two discharges , Esparto and Winters , were sunned in

this zone. There would be 7 discharges to the Delta totalling 321

MCD; Woodland , Sacrame nto Region , Stockton area , southern San Joaqui:

County, and the three small discharges at Rio Vista , Isleton and

Walnut Grove . Local reuse facilities in Livermore Valley and Contra

Costa County account for 42 MGD.

178. Under this system , no land sites would be requ ired for  the

applica tion of was tewater . The wastewater constituents discharged

to the various water quality zones are summarized in Table B—2l .

This system uses a total of 47,000 acres (10 percent of the total

suitable land) for the land application of sludge at five sites.

179. All sludge produced at the tertiary treatment facilities would

be transported to land application sites for final disposal. Land

application sites used would contain sludge lagoons and an application

area for the disposal of the sludge. The use of each site with this

system is as follows:

a.  Site 4 — Not used.

b.  Site 5 — About 40,000 acres would be used in the same general

area that sludge was applied in the B—Series and D—Series alternatives.

c. Site 18 — Only a small por tion of the suitable land wo u ld

be utilized; about 2,600 acres along Ainenicano Creek in the northern

portion of the land site.
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d. Site 21 — Only a small portion of land (150 acres) in Lhe

southwestern portion of the land site would be used.

e. Site 27 — Not used .

f . Site 28 — Only a small portion of the land near Niramontes

Point would be required .

g. Site 42 — Not used .

h . Site 43 — Sludge would be applied to 3,600 acres in the

south central portion of Union Island which consists mainly of pasture-

land.

180. Detailed development schemes to be used for these landsites

are shown on Plates C—98 through C—102 in Appendix C.

181. Sludge System S—4 (Plate 30, Appendix C) was developed for the

tertiary treatment system . Sludge from the Halt ~n Bay facility in

San Mateo County would be trucked to Site 28. The rail line from San

Jose to San Francisco would be used for the west side Bay dischargers.

Morgan Hill-Gilroy would truck sludge to San Jose . Livermore Valley

would truck its sludge to San Leandro wher e a ra il line would star t ,

terminating at Richmond , picking up sludge from Oakland . Sludge f ro m

Vallejo, Central Contra Costa County, and Benic ia would be truck ed to a

rail line along the north Contra Costa shore , also terminating at

Richmond. North San Mateo County would truck its sludge to San

Francisco and the Lake Merced facility would p ipe its ~t udge to the

barge facility at the Southeast Plant. A barge system would transport

sludge from San Francisco and Richmond to the Sacramento unloading

facility where it would go to Site 5 by pipeline . A rail line in Man n

B—12l
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County  would p ick up sludge from Hamilton Air Force Base and terminate

a t Sebas topol where the sludge would be trucked into Site 18. Sludge

from small communities in Man n and Sonoma would be trucked directly to - ;

Sites 18 and 21. Sl udge from the two San Joaquin facilities and the

three small dischargers at Rio Vista , Isleton , and Walnut Grove would be

trucked to Site 43. Sludge generated at the facilities in Yolo and

Sacramento Counties would be trucked or railed into Site 5.

SUBSYSTEMS

182 . Within the B— and D—series wastewater management alternatives ,

the lan d applica tion por tions can be sepa rated f r om the sur face water

disposal configurations. These land application subsystems are the

same in each of the B—series and D—series alternatives except for the

use of land site 27 in Monterey County. These subsystems represent

individually implementable components of potential overall systems .

Tables B—22 and B—2 3 present detailed information for each subsystem .

Cost data for these subsystems are pre sented in At tachment A of this

appendix .

WASTEWATER RECLAMATION OPPORTUNITIES

Introduction

183. In the living f ilter con cept , secondary trea ted wastewaters

would be applied to land areas as irrigation water . This, in itself ,

constitutes a reuse of wastewaters. During the initial wastewater

application phase , all the water that percolates below the vegetative

root zone will reach the groundwater table . Addit ional reuse poten—

tial also exists since some of the app lied water would be recollected

B—122

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - fl— - —~



F ~~

—-  __  ______________________

TABLE B —2 2

lAND APPLICATION SU BS Y ~~H21
CONFIGURATIONS — AL J’ERNXI IVES

B 1 —B2 —B 3

Subsys tem Wastewater Source Total Flow Land Area
Designation Points 

____ 
(MGD)I/ 

_______

B3A SNO 3 0.98 21
83B SNO2 , 04 , 05 , 07 , 09 6.41 21
B3C SN15 , 16 0.25 18
B3D SNO8 , 10 , 11 , 12 , 13, 17 24 .87 18
B3E NPO2 , 04 , 08, 05 , 06 , 07

03 , SNO6 47.40 21
B3F SN18, 19 , 20 55 .47 18

MR 16 , 10 , 17 , 03 , 04 , 15 ,
11, 08 , 06 , 09

MRO 1, 05 , 07 , 12
B3G MR14 0.02 18
B3H SLO 3, 08 15.32 4
B3 1 STO 1 , 06 , 11, 12 , 13 , 14 ,

15 , 17, 08 , 22 217 .85 5
ST21 , 03 , A , 18, 16 , 24 ,

23 , 09 , 25 , 02 —

YLO 1, 02 , 03, 04 , 05 , 06 ,
09

SLO 2 , 06 , 11, 10 ,
B3J YL O7 , 08 0.21 5
B3K SJO2 , 05 , 07 , 13 11.43 43
B3L SJO1, 09 6.48 43
B3M CCO4 , 03 , 02 , 19 , 01, 18 ,

08 , 17 117 94 42
CCO5 , 15, 16
SLO 1

B3N SMI1 , 09 , 14 , 16 , 05 4.72 28
B30 SCO7 , 08 , 02 , 01 187 .22 27

1/ For year 2000.
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TABLE 8—23

LAND APPLICATION SUBSYSTEM
CONFIGURATIONS — ALTERNATIVES

Dl —1)2 —D 3

Subsystem Wastewater source Total Fl~w Land Area
Designation Points~~_ (MGD)!

D3A SNO 3 0.98 21
D3B SNO2 , 04 , 05 , 07 , 09 6.41 21
D3C SN15 , 16 0.25 18
D3D SNO8 , 10 , 11, 12 , 13, 17 24.87 18
D3E NPOl , 03 , 07, 06 , 04 , 08

05 , 02 72.85 21
SLO4 , 07 , SNO6

33F SN1R , 19 , 20 55 .47  18
MR 16 , 10 , 17 , 03 , 04 , 15

11, 08, 06, 09
MRO 1, 05 , 07 , 12

P3G MRI4 0.02 18
D3H SLO3 , 08 15.32 4
D3I STO1 , 06 , 11, 12 , 13, 14

15, 17 , 08 , 22 217.85 5
ST2 1, 03, 19 , 18, 16 , 24 ,

23 , 09 , 25 , 02
YLO 1 , 02 , 03 , 04 , 05 , 06 ,

09
SLO2 , 06 , 11, 10

D3J YLO7 , 08 0.21 5
D3K STO4 108.23 43

SJO3 , 04 , 12 , 11, 10 , 08 ,
07 , 05 , 02 , 13

D3L SJO1 , 09 6.48 43
D3M CCO4 , 03 , 02 , 19 , 01 , 18 ,

08 , 17 , 15, 16 259.41 42
CCO5 , 14 , 06 , 10 , 13 , 07 ,

11, 09
S LO 1

D3N SMl l , 09 , 14 , 16 , Os 4.72 28
D30 SCO7 , 08 , 02, 01 187.22 27

1/ For year 2000. 
- ___________________ ______

8—12 4

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

-- -
~~
-

~
-- -- 

~~~ ~~~~~~~~~~~~~~ - -— - -  - •



in underdrain systems and would be a v a i lab l e  t~~r iddi t ion i I r e e,’.-

on ce the groundwater table has been buil t up. It should be noted ,

howeve r , that basicall y only the cropped land areas would he u n de r -

drained and , except for certa in portions of Sites 42 and 43 in the

U—Ser i e s  of a l t e r n a t i v e s, p a s t u r e  ar e a s  would  not  be u n d e r d r a i n e d .

cropped lands are  gene ra l ly  f l a t  and can be eas i l y u n der d r at h e d .

P a s t u r e l a n d s  are  g e n e r a l l y  r o l l i n g  t e r r a i n  w h i c h  cannot  be u n d e r —

d r a i n e d  w i t h o u t  excessive c o s t .

184. As previousl y s t a t e d , t h e  wate r  collected in underdrains would

be available for further reuse opportunities. The word “further ”

should be emphasized since the treated wastewaters have already under-

gone one reuse as irrigation water on the land ireas. At the same

time water is being used by the plants , constituents are being re-

moved b y the soil—plant system . In this sense the living filter is

a unique treatment unit since wastewater is being renovated at the

same time it  is being reused. Table B—24 shows the quantities of

water expected to be recollected in the u n d e r dr a i n s  f o r  reuse at

the year 2000 level of de~~olopment . Thes . q u a n t i t i e s  are based

on the  a s s u m p t i o n s  t h a t  the groundwater table has been built up to

t he  level of the  un der d r a i ns  and t h a t  the  u n d e r d r a i n s  are 90 p e r —

cent  e f f i c i e n t . R e c o l l e c t e d  w a t e r s  would  be ava i l a ble  f o r  a v a r i e t y

of b e n e f i c i a l  pu rposes  su ch  as f o w  a u g m e n t a t i o n , a~~r ic u l t u r a1

i r r igat ion , recrea t i e u, 1  lakes , industria l cooling, and groundwater

recharge .
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TABLE B—24

EXPECTED VOLUME OF RECOLLECTED WAlER AVAILABLE FOR R E U S E

YEAR 2000 — ACRE—FEET PER YEAR

Land : Alternativ e
Area 

— - _______ h—I u — 2  B — 3  D — j  D — 2  D — 3

L/ 8 , 00 ( 1 8 , 0 0 )  8,000 8 ,000 8 ,000 8 ,000

5 69 ,000 69 ,000 69 ,000 69 ,000 69 ,000 69,000

18 9 ,700 9 ,700 9 ,700 9 ,700 9 .700 9 ,700

21 6,900 6 ,900 6 ,900 16,500 16 ,500 16 ,500

27 0 0 19 ,700 0 0 19 ,700

28 0 0 0 0 0 0

42 22 ,200 22 ,200 22 ,200 37 ,300 37 ,300 37 ,300

43 10 ,000 10 ,000 10 ,000 91 ,300 91 ,300 91 ,300

TOTAL 125 ,800 125 ,800 145 ,500 23 1,800 231 ,800 251 ,500
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185 . Recollected water could be used not onl y to meet future local

d e f i c i e n c i e s  bu t  could also serve as a local subs ti tut e ~~it /- r source

( t a r  examp le , i r r i g a t i o n )  a l lowing l o c a l i t i e s  e i t h e r  t o  decrease their

r e q u i r e m e n t s  fo r  p resen t  suppl ies  or use e x i s t i n g  w a t e r  supp l i es  fo r

o the r purposes .

186 . By the  year 2000 o t h e r  p o t e n t i a l  o p p o r t u n i t i e s , not  considered

in detail today , could become desirable. An example  of t h i s  is t u e

current interest in artificial recreational lakes created from re-

claimed wastewater . Thirty years ago the demand fo r  t h i s  reuse oppor-

t u n i t y  was v i r t u a l ly n o n — e x i s t ~~~t .  S imi l a r l y ,  in t w e n t y  or t h i r t y

years t ime the  demand fo r  wa te r  supplies  could easi l y encompass con-

cepts totally unknown to planners today.

Quality Considera tions

187. Quality considerations at the landsites for both applied waste—

water and water percolating below the root zone are shown in Table B—25 .

Quality levels for applied wastewater represent an average ol aerated

lagoon and activated sludge effluents with additional constituent

removal as a result of storage in the wast ewater  holding rese rvo i r s .

188. Secondary—level wastewater effluent applied to crop and pasture—

lands would be satisfactory for normal irrigation purposes except for

use on truck crops which could be eaten raw. As discus sed later ,

additional measures are available (at addi t ional  cos t)  t o  avoid this

excep tion .
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TABLE 8—25

WATER QUALITY CONSIDERATIONS

: J ~~alit y of Wat er ( m g / i )  
______

Pat - a m e t e r : A ~p2 iJed : P cr c o l a t i n g  Be l ow Root Zone

BUD 20 1 — 2
TSS 2 ( )  1 — 2

17 1 — 9*
i-i’ 8 0.1 — 0.2
ih)S 550 600 — 1, 100

- 0.01
0. 3 — 1.0 0.2 — 0.7

- A C )  } :LIO—
Depends on Crop

Type an-i D i- ~ inLe -t ion NONE

*~~~~~~~~~~~t~~ t ia l l y a l l  n i t r o~~en is in the  n i t r a t e  f or ~i.

189 . ~~i t e r  p e r c o l a t i n g  be low the root zone should be of s a t i s f a c t o r y

q ’iol i tv for groun dwater recharge , flow augmentation , agriculture , ret—

r e . t i o na l  lakes , and industrial cooling. System design indicates that

pe rco la t i ng  waters will meet public health standards with respect to

n i t  r i t e  n i t r o g e n . For cropped areas it is expected that  n i t r o g e n

w ill be in the 1— 3 mg/i range. ~ pasture areas nitrogen concentrations

of less than 10 mg/i are expected. These values are based on crops

and pasture grasses removing 150 and 200 pounds of nitrogen per acre

per year , respec tively . Except for nitrogen and salinity, there is

lI t ? ~
. difference in the quality of percolating water at cropped sites

compared with ‘Ja s tu re  sites . Salinity is site dependent , governed by

locaL d i f f e r en c e s  in precipitation and evapotranspiration rates. The

salinity of percola ting wa ters is expec ted to range be tween 600 and

1,100 mg/l (600 to 1,100 at cr opp ed si tes and 800 to 1,100 at pastured
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sites). Waters of this quality are still usable for a variety of

bene f icial  pu rposes .

Re use Al tern atives

190. F i f t y  reuse alternatives were selected for initial consideration .

Table B—2 6 shows these reuse alte rnatives and the  quan t i t y  of reclaimed

wate r which would be available b y the year 2000 . It should be noted

that  Re use Alternat ives 2 , 8, 17 , 25 , 37 , 41 , and 43 (which envision

flow augmentat ion to local streams) would not require additional

f ac i l i t i e s  since wastewater  could flow to local w a terways b y gravity .

Reuse Al ternat ives  1, 45 and 47 involving f low augmentat ion at land

sites 4 and 43 would req uire pumps and pipelines.

191. Following preliminary screening, twenty—five of the reuse

alternatives (as indicated on Table B—26) were selected for further

study. Those twenty—five reuse alternatives selected for additional

study are delineated on Plate C—lO3 , Appendix C , and are described

as follows:

a. Reuse Alternative 1 — This alternative involves collecting

the water from the subdrains at Site 4 and pump in g it into Suisun

Marsh for flow augmentation.

b. Reuse Alternatives 2, 8, 17 , 25 , 37 , 41, and 43 — These

alternatives involve flow augmentation to local streams and therefore

have no addi tional pumps or pipelines. Since no new facilities are

required , no additional cost is involved.

c. Reuse Al ternatives 6 and 7 — In these alternatives the re-

collected water from Site 5 would be pumped to a reservoir on Bird

Creek . In Alternative 6, water from the reservoir would be used

fo r fu tu re  indus t r ia l  cooling near the site . In Alternative 7 , water

would be pumped to the northern portion of Site 5 and wou ld be used

for irrigation .
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TABLE B—26

WAS TEWAT ER MANAGEMENT
REUSE ALTERNAT IVES

Re use Land Recollection
Al t. Site Quantity—Year 2000
_No. & Alt.! ’ Description of Reuse Alternative Acre Feet/Year

1 * 4BD Flow Augmentation to Suisun Marsh 8,000

2 * 5BD Flow Augmentation to Sacramento River 69,000

3 5BD Flow Augmentation to Sacramento River 69,000

4 5BD Flow Augmentation to Suisun Marsh 69,000

5 5BD Flow Augmentation to Suisun Marsh 69,000

6 * 5BD Industrial Cooling at Site 5 69,000

7 * 53D Irrigation — Northern Portion of Area 5 69,000

8 * 18BD Flow Augmentation to Local Stream 9,700

9 * 18BD Flow Augmentation to Petaluma River 9,700

10 188D Flow Augmentation to Petaluma River 9,700

11 18BD Irrigation in Petaluma Valley 9,700

12 18BD Irrigation in Sonoma Valley 9 ,700

13 18BD Irrigation in Northern Man n 9,700

14 18BD Recreation at Chileno Lake 9,700

15 18BD Recreation at Tolay Lake 9,700

16 * 18BD Recreation at Chileno Lake 9,700

17 * 2lB Flow Augmentation to Local Stream 6,900

18 * 2lB Flow Augmentat ion to Napa River 6,900

19 21B Flow Augmentation to Napa River 6,900

20 2lB Irriga tion in Pe taluma Valley 6 ,900
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TABLE B—26 (Cont ’d)

Reuse Land Recollection
Alt. Site Quantity—Year 2000
No. & Alt.!’ Description of Reuse Alternative Acre Feet/Year

21 21B Irr igation in Sonoma Valley 6 ,900

22 21B Irrigation in Southern Napa Valley 6,900

23 2lB Recrea tion at Chileno Lake 6 ,900

24 2lB Recreation at Tolay Lake 6,900

25 * 2lD Flow Augmentation to Local Stream 16 ,500

26 * 21D Flow Augmentation to Napa River 16 ,500

27 21D Flow Augmentation to Napa River 16 ,500

28 21D Irrigation in Petaluma Valley 16 ,500

29 2lD Irrigation in Sonoma Valley 16 ,500

30 21D Irrigation in Southern Napa Valley 16 ,500

31 2lD Recrea tion at Ch ileno Lake 16 ,500

32 2 1D Recrea tion a t Tolay Lake 16 ,500

33 * 18 & 21B Irrigation in Petaluma Valley 16,600

34 18 & 2lB Recreation at Chileno Lake 16 ,hOO

35 * 18 & 2lD Irrigation in Petaluma Valley 26 ,200

36 18 & 2lD Recreation at Chileno Lake 26 ,200

37 * 27 Flow Augmentation to Local Stream 19 ,700

38 27 Flow Augmentation to Salinas River 19 ,700

39 * 27 Irrigation at Castroville 19 ,700

40 * 27 Groundwater Recharge — Eastside Area 19 ,700

41 * 42B Flow Augmentation to Local Stream 22 ,200
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TABLE B—26 (Cont ’d)

Re use Land Recollec tion
Alt. Site Quantity—Year 2000
No . & Alt. !” Description of Reuse Alternative Acre Feet/Year

42 * 42B Industrial Cooling at Antioch 22 ,200

43 * 42D Flow Augmen tation to Local Stream 37 ,300

44 * 42D Industrial Cooling at Antioch 37 ,300

45 * 43B Flow Augmentation to Local Stream 10,000

46 43B Industrial Cooling at Antioch 10,000

47 * 43D Fl ow Augmen tation to Local Strea m 91 ,300

48 * 43D Industrial Cooling at Antioch 91,300

49 * 42 & 43B Industrial Cooling at Antioch 32,200

50 * 42 & 43D Industrial Cooling at Antioch 128,600

1/ “B” refers to Alternatives B—l , B—2 , and B—3.
“D” refers to Alternatives D—l , D—2 , and D—3
except for Area 27 which is in Alternative B—3
and D—3 only.

* Selected for additional study.
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d. Reuse Alternative 9 — In this alternative the reclaimed

water would be collected at two points near the croplands in Site

18. From these points It would be pumped to the headwaters of

tributaries to the Petaluma River for flow augmentation .

e . Reuse Alternative 16 — The recollected water from the

southern portion of Site 18 would be collected and pumped to

Chileno Lake . This reservoir site was proposed as a recreational

lake cre ated f rom recla imed was tewa ter in the 197 Aa~ th Man n —

South Sonoma Subregional Water Quality Management program . The

dam proposed in that report would be raised to provide the capacity

for additional water. This would pr ovide for a larg er sur face

area and hence greater recreational benefits.

f. Reuse Alternative 18 — This alternative collects and con—

veys recollec ted water from the southern crop area in Site 21 for the

B—series of wastewater alternatives . This water would be collected

and pumped to the headwaters of the Napa River for flow augmentation .

g. Reuse Alternative 27 — This alternative is similar to

Alternative 18. The difference is that this alternative applies to

the D—series of wastewater alternatives. The D—serie s alternatives

envisions that an additional area of cropland in the central portion

of Site 21 would be irrigated and therefore underdrained. This

wa ter woul d be collected and pumped to the souther n crop area and

th e comb ined flow would then be pumped to the headwaters of the Napa

River for flow augmentation .
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h . Reuse Alternatives 33 and 35 — Reuse Alternative 33 app ] ies

to the B—series of wastewater alternatives and Reuse Alternative 35

app lies to the D—senies of wastewater alternatives . Reclaimed water

would be collected in Sites 18 and 21 as in the previous alternatives .

From Site 21 , this water would be pumped to the northern collection

point in Site 18. The combined flow would continue from this point

to Chjleno Lake . The recollected water from the southern portion of

Site 18 would be pumped directly to Chileno Lake where it would be

available for an irrigation supply for Petaluma Valley.

1.. Reuse Alternatives 39 and 40 — In these alternatives,

water would be recollected from the irrigated area west of Highway

101 in Site 27. In the remaining irrigated crop area , underdrains

would not be effective . 1.n Alternative 39, water would be collected J

by gravity and pumped to a regulating reservoir east of Castroville.

During the irrigation season , wa ter would be pumped f rom the reservoir

to the vicinity of Castroville for irrigation . In Alternative 40,

the water would be collected as in the previous alternative . From the

collection point it would be pumped to a groundwater recharge reser-

voir on Quail Creek. This reservoir would be located above elevation

180 , where the percolation rate has been estimated at approximately

2.5 feet per day .

j . Reuse Alternatives 42 and 44 - Alternative 42 applies to

the B—series of wastewater alternatives and Alternative 44 applies

to the D—senies of wastewater alternat ives in Site 42. Reclaimed

water would be collected by gravity and p umped to a regulating
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reservoir south of Ant ioch. During the summer when salinity intrusion

makes the river water unsuitable for cooling, water from the reservoir

could be used.

k .  Reuse Alternat ives 45 and 47 — These reuse alternatives

would supp ly add itional outflow to the Sacramento—San Joaquin Delta.

Alternative 45 applies to the B—series of wastewater alternatives and

Alternative 47 applie s to the D—series for Site 43. Water in these

alternatives would be collected by g ravity and pumped over the

levee surrounding the area into the Delta.

1. Reuse Alterna tive 48 — In this alternative , water would

be recollected b y grav ity from Site 43 for the D—series of waste—

water alternatives. This water would then be pumped to reservoirs

south of Antioch. Two reservoirs would be required since no single

site could be located with sufficient capacity for the total volume .

The water from these reservoirs would be used for industrial cooling

as described in Alternatives 42 and 44.

m . Reuse Alternative 49 — In this alternative , reclaime d

water from Sites 42 and 43 would be collected and pumped to a

regulating reservoir. This reuse alternative app lies to the B—

series of wastewater alternatives. The water from Site 43 would

be collected by gravity and pumped to Site 42 where it would join

the f l ow from tha t area . The comb ined flow would then be pumped

to a reservoir south of Antioch . Water from this reservoir would

be used for industrial cooling as described in Alternatives 42 and

44.

8—135

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~i: ~~~~~~ T - - ’~~~~ - ________
_

__



-
~

- -—-—- -
~

n. Re use Alternative 50 — This alte rnative combine s re use

Alternatives 44 and 48. In this alternative , the combine d flow of

recollecte d water from Sites 42 and 43 would be pumpe d to storage

reservoirs . As in Alternative 48, two reservoirs would be required

since no single site of sufficient capacity could be located.

The water from these reservoirs would be used for industrial cooling

as described in Alternatives 42 and 44.

192. Except at Sites 4 and 43 no additional costs are envisioned

for the flow augmentation reuse alternatives. Costs for flow augirenta—

tion reuse at Sites 4 and 43 have been included in tile Costs of the

wastewater management alternatives. Use of the other alternatives

would require regulation reservoirs since the demand is not constant

but occurs only during a few months. Conveyance facilities would also

be required to convey the water from the land app lication sites to the

reservoirs or the reuse areas. Estimated costs associated with imple-

menting the remainder of the 25 selected reuse alternatives are discussed

la ter un der economic cons idera tions and design flexibility.

Groundwater Replenishment

193. So far , reuse opportunities associated with the applied waste—

waters and the recollected waters have been discussed. Limited re—

use o p p o rt u n i t i e s  can be associated with that portion of the applied

waters which percolates directly to groundwater from the non—underdrained

pastured areas. Table B—2 7 shows t tese quantities for the year 2000

level of development. Quality of water percolating b elow the roo t zone

h as previously been discussed. Except for total nitrogen and salinity,

quality of this wate r is the same as that recollected in underdrains.
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TABLE B—27

QUANTITIES OF WATER PERCOLATING
DIRE CTLY TO GROUNDW ATER FROM PASTt RED Al-h AS

(AFY)

Area 
_____ 

Alternative

_______ 
81 B2 B3 Dl D2 D3

4 0 0 0 0 0 0

5 85 ,370 85 ,370 85,370 85 ,370 85 ,370 85 ,370

18 53,180 53 ,180 53 ,180 53 ,180 53 ,180 53 ,180

21 38 ,870 38 ,870 38 ,870 53 ,070 53 ,070 53 ,070

27 0 0 90 ,900 0 0 90 ,900

28 3,740 3,740 3 ,740 3 ,740 3 ,740 3 ,740

42 61, 400 61 , 400 61 , 400 104 , 700 104 , 700 104 , 700

43 1,120 1,120 1,120 10 ,120 10 ,120 10 ,120

Total 243 ,680 243 ,680 334 ,580 310 ,180 310 ,180 401 ,080
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MONITORING PROGRAM S

Introduction

194. A ne cessary r equ i r emen t  for  any was tewate r  managemen t  sy s t em

is the deve lopment and implementation of a monitoring program to

measure the effectiveness of the p lan . A monitoring system normally

consists of three parts: collection of samp les ; anal ys is of the

samples; and reporting, storage and retrieval of the resulting data .

If an electronic data processing system is employed to store the in-

formation , it is pos sible to  program the  produc t ion  of standard re-

ports for the easy retrieval of data .

Moni to r ing  Requi rements

195. Objectives of the monitoring program determine the type of

tests to be taken , frequency of testing, location of test sites ,

and requi rements  f o r  l abora to ry  f a c i l i t i e s .  Such a moni to r ing

program would be operated by the wastewater management agency which

would normally be responsible f or  the comp lete and proper  ope ra t ion

of the w a s t e w a t e r  management sy s t em . Any wast e - -:ater management

monitoring program must:

a. Determine the qualitative and quantitative effects of

the implementation of a wastewa ter management alternative on sur-

face and groundwaters , soil structure , and vegetation ;

b. i)ctect , identify, -m d  determine the source of any condi-

tion which could degrade the quality of surface and groundwaters ;

and ,
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c . Provide an environmental evaluation of the wastewater

sys tem .

196. In order to insure that these objectives have been met , a

m onitoring program b r  land application of wastewater  would  consis t

of: (a) a monitoring network; (b) l abora tory  suppor t  for  the

quantitative analysis of the samples; and , (c)  da ta evalua t ion , stor-

age , and retri eval. The monitoring network would consist of permanent

samp ling poin ts established in all the iandsites , incl uding s ta t ions

for monitoring land quality, eeological conditions , recollected water

quality, and poss ible groundwater degradation . Sev era l  sta tions wo uld

be located in each land area where wastewater and sludge are app lied .

In addition to norma l sewage treatment plaat tests , the following para-

meters would be tested:

a. Groun dwater — total nitrogen , nitra te nitrogen , total d issolved

solids , heavy me tals , total phosphor us and pathoge nic organisms ;

b. Recollec ted wat’~r — total d i s so lved  sol ids , t otal ni trogen ,

n it rate ni t rogen , total phosphorus, heavy met als and pa thogenic organisms;

c . Soil — heavy metals and total nitrogen at various depths ;

d. Vegetation — heavy metals and total nitrogen;

e. Air — odors and aerosol emissions;

f. Wildlife — possibJe vectors such as mosquitoes , fl ies ,

and rode nts; and ,

g. Surface runoff (dur ing the winter when the spray applica-

tion of wastewater is halted) — heavy metals , total nitrogen , total

phosphorus and pathogenic organisms .
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Y EAR 2020 MASTER P LAN

197. The six wastewater management alternatives developed can l~e

considered as an inte rmediate stage to meet the water quality require-

ments for the year 2000. Each alternative can be expanded Into a

master plan to account for wastewa ter flows and constituents for the

year 2020 . As an example , Alt e rnative 0—i was modified to demonstrate

the compatibility of the year 2000 land application alternatives with

long range planning. Alternat ive 0—4 (see Plate C—27 , Appcndix C) can

be considered as the 2020 Master Plan for the D—series of wastewater

alternatives. Since this alternative is the same as Alternative D—l

except for the quantity of wastewater being generated , the same land

app lication sites used in Alternative D—l would be used. The amount

of land req uired would be increased but would generally be in the

same location as that used under Alternative D—I .

198. Sl udge System S—5 (Plate C—3l , Appendix C) applies to Alterna-

tive D—4 (year 2020 Master Plan) and is similar to System S—2. In

System S—5 , the sludge f r om land areas 42 and 43 , as well as that

from the Central Contra Costa County Wastewa ter Treatment Plant and

the three small tertiary plants on the Sacramento River , would be

conveyed to land area 5. All other routes would remain the same as

in Slud ge System S—2 .
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DES ILS LEX IL I cITY

:h-INEERING ECONOMIC ASSUMP~UloSs

199. The following factors and assumption s were used lii develop ing

tm -  fir st and annua l costs used ir~ t: is stud y:

a. Design Life — The design life of pumping sta ti n~s ar -md tr eat—

n m m m t  fa cilities , including land disUc - ,al systems , was assumed to be

30 years. Ilie design life of conveyance lines was assumed to be 50

b .  Project Life — The project life was assumed to be 50 years

and all capital costs were amortized over this period in order to

compute annual costs.

c . Replacement of Facilities — Replacement costs for facilities

which are to be replaced at specific intervals (10, 25 , and 30 ye ar s)

were all put on a presen t worth basis by discounting at the appropriate

interest rate.

d . Salvage Value - No salvage value was assumed for treatment

facilities and pumping stations.

e . Use Contract — It was assumed that the landowner would be

paid 25 percent of the lease cost for the use of the land . Average

compensation to time landowner would be about $40 per acre per year.

This would be in addition to all agricultural prof its the landowner

would no rmal l y make .
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COST DETERM INATION S

200. Detailed cost estimates were made for each wastewarer manage-

ment alternative based on two concepts of two land acquisition and

system operations. Monitoring program costs have not been included.

Under the first concept , all land required would be purchased directly

in fee ; system—required lands would be owned and operated by a

wastewater management agency. Under the second concept and the

one evaluated in this report , use contracts would be established

between the wastewater management agency and the landowners. Under

the use contract concept , the following assumptions were made :

a. All land required for treatment facilities , pump ing stations ,

storage reservoirs , and re use reservo irs wou ld be p urchas ed b y the

wastewater management agency.

b .  All land requ ired for  pip elines would be a cqui red by the

agency under a permanent easement.

c. The agency would own and operate all t reatment facilities ,

t ransmission f ac i l i t i e s, s torage reservoi rs , and reuse sy s t e m  com-

ponents .

d . Wastewater and slud ge app lication areas would be acquired

by use contracts between landowners and the wastewater management

agency .

e. Th e agen cy wo uld f urnish and the la ndowner wou ld opera te

the underdrain system , runoff control works and distribution system.

Use contracts would pay the landowners to operate these systems in

accordance with needs for wastewater treatment .
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f. Landowners would operate the wastewater application sys-

tem and the sludge application system as well as being responsible

for farming operations in both the wastewater and slud ge app lication

areas . All profits from farming operations would be retained by the

landowners.

201. The costs for each wastewa ter alternative using both types of

land acquis i t ion  concepts were based on an in teres t  ra te  of 5—1/2

percent)I Pipeline costs were determined by the type of construction ,

design pressure , and pipe diameter; pumping station costs were based

on pumping pressure and horsepower requ irements ; and treatment plant

costs were based on the quantity of wastewater being treated and the

types of treatment required. Table B—28 provides a summary of Costs

for  the Base Condi tion , each wastewater management alternative and the

t e r t i a r y  t r e a t m e n t  system based on the fee purchase concept . Table B—29

summarizes the costs for the B— and D—Series of wastewater management

alternatives based on use contract operation of the land app lication

sites . It should be noted that total construction costs for alternatives

are incremental to Base Condition costs. The average annual costs for

each a l te rna t ive  do not  vary g rea t ly between the  two land acquis i t ion

concepts. Costs for the tertiary treatment system were develope d on

the basis of fee purchase of all system—required lands , s ince ther e

would not be any land requirements for wastewater application and only

a small amount of lan d required fo r  s lud ge app l i ca t ion .

1/ Although prel iminary screening of alternatives was based on an
interest rate of 5— 3/8 percent , final costs were developed using
an interest rate of 5—1/2 percent.
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202. As indicated previously,  it has been assumed that recollected

water at each landsite would be available for flow augmentation to

local streams at project year 2000. Only at Land Sites 4 and 43

(Reuse Alternatives 1, 45 and 47) would additional costs for conveyance

and pumping be required for flow augmentation . Using the use contract

concept average annual costs (in millions) for each wastewater manage-

ment alternative including f low augmenta tion re use is as f ollows :

Alternative B—l — $447

Alterna tive B—2 — $355

Alternative B—3 — $482

Al t e rna t ive  D— l — $437

Al te rna t ive  D—2 — $366

Alterna tive D—3 — $472

Costs do not reflect any consideration of financial benefits which

migh t be achieved from the use of reclaimed water and fertilizer .

Construction costs and annual costs for the selected reuse alter-

natives are shown on Table B—30 . As indicated earlier under the

section on Wastewater Reclamation Opportunities , Reuse Al terna tives

2, 8, 17 , 25 , 37 , 41 and 43 have no additional costs .

COST SHARING

203. For the past several years , it has been the prac tice for  the

Federal Govern men t to shar e the cons tr uction cos t of publ icl y owned

wastewater treatment works with local interests. In 1970 , with the

passage of the Clean Water Bond Act , Cal ifornia beca me a par tner to

the concep t of cost sharing. Present State and Federal policy, as

B— 146

L’~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
-~ :-~~~ 

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



0 0 0 0 0 0 0 0 0 0 0 0  C 0 000 0
0 ‘00 N- I)) C.) 01 3)0 CO - - ‘-7 -CC -, N) 3)0 — -CC

‘~C C  C’ I0)~~~ N- C ’ ) 0 ’ 0 ( N N I  r ’~~~0 ) C 0 ) C’ ) 0 )C O N -
‘ 4 0 -  ~~~• • • - -  -
4- “) (N C’) (N C’) C’) .1 — (‘4 CO (N 4))

P C 0 0 4-’ -Ci 0 0 0 C 4-4- 0 0 0 C 0 0 0 0 0 7
0 10 0 CO C’ C CO 0) 0’ C r’. C CC’ N- -CC C’) .—, 0 0 0) (4-
4- P 01 C C’ (N C’) 0) -CC) — C’) (N C’) C’) .C’ It) (‘1 0’ 3D
4.4 ,) .4 - • - -
Cl) 4- —4 I — — — en

~/‘ I.. P -/5
F-. C)) -‘-I
C/C 4). (0
007
U

—
~~ S C” 0 0 0 00 0 C ’ 0 0 0 C C 0( N 0 0 0 C  I

(40 , 4 0 0( N (N C f lC O’ 0 0 ) ( N~~ 4 ) C ’ C C’) , - I N I N -.0 l
4- C, ._4 4- (N C_ ’4

l~~
0 0 0 0 0 0 0 0 0 0 0 0 0C O0 0 0 0

7 4- 0 N- 0 N- 4/) C’) N- C N- 0’ 4/) C’) N- 4/) 0 N- 3) 4)’ It)
O 0I ‘0.0 C’4 4)) -1 - 0 0C - - 7 0 )’ 0 - 4 C O 0 N -’ 0C/C

1,) . 4 ~ ,-4 — .4 — (N — 1/) — 4-C)
0 0).)

C))
C/) C-)
CC 00 I0. )

~4-4 0.
H 7

0
0

0 CC C/) C,) , I
C’) 4- 4-C 4.)

.0 CI) Cl)
3) .4) 0 0

0 0
CC CC
.0 C/) .0 C 0 00 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0

C, -~~ 00 00 0 00 00 0 0 0 0 0 0 0 000 0
.4) CC 0 -‘-4 0 (N 000 ‘-4 0 0 0 0 0 0 0 0 0 0 0 0 0
F-’ ~~ Z 4 C

7 0 — )  - 0 0C O~~-4 I(C - N - ’ 0 4 - 0 ) ’~4 0 . 0’0 0’0 o . 00)0 -~~ P o)- / -CC -CC ,-) ( N e n 0 ) ( N . 4,-4 ,-4 ,..4 ., C C ( N - C C c’)
(C-C 4.l ’- -4 ‘-4
F-. 3D 4-
0 (0 0)
CC ~ C
—C 00 0
CC CC 0
C/C 0.

-I: If)

C CO
CC 0) Cl)
4-4 I-I F-I 0,)
-~~ -~~~W I.
7 .0 .o 8 5

CI) ‘4 - 4 -  ( 0 ( 0
4-1 4- 0 00 4 - 4 -  4) 4) 11)
U) CC) 0) 0) ID I-. 4-(C 7 4 ) 0 4  ~~~~~~~~~11 )0 5  )-4 .,.4 0j OJ C O 0 0 C ) / D C I C 0 0 0  -~~p 4- 0 ,-4 ,-4 4- 0 0 0 0

O 4) 4- ~-4 4) ~~l ‘—4 0) 4- 4- 4- ..l -4 4- 4- U)

- 4 - 4- 0 4 -’ 0 4 0 -0. .. > , - - 4 3 DC 4 ) C J 0 0 0 0  ID
0 (l) 0 . 0 ) . 0  I,) 10 ~ -4 ‘4 ) <  0 0 < - ~~ -)~ P

4 - )  0. ~~~~ Z C U C 4 4 - I  .0 ,-) CC)
4 - 4 )  0 5 5 >  4-4 4- 4 - 4 -’ ’-’

0 ( 0 I . I 0 5 0 O~~~~~ O 0 0 ) ( 0 ( 0 O 0 C 0C0 C’ I 0
4_i 4) 4-C 4) 4- 4- — — 4-4 40 4.) 4.) -(0

00 _C) ‘-4 ( 0 0 4~~~~~4 - 4 0 40 0 0 4 0 4 0  CC
5 0 4. 1  C -,-4 C) C ) 4 . I 4- C i ) 0 4  C) 4) 0 0 P C C
0 -,-) I~ 0.0 0 00 )  0) ( 0 . 5 4-4 -  0 4 - 4 - 4 -I ~~ ~~ 0 4- 1) 4- 4- 0.. 0. 0 Ci e-4 .4 “ 4- 4 4 — 0)
4 - 0 0 4 . )  4 . 1 4-  0 ) 0 0 4 - 4 - 0 0 0  0)
C O O  C O 4 - 0 4 1 00 C 4 - 0 0 0 0C 0 1 0 0 0 0  -‘-4
4.10 I 4- 10 44 1.1 4- ,.4 10 0 0 4- 4.4 0 0 4-) U

C) C C) C C  4-I C C  C
O U)— ’)4) 0 ) C 4 ) 4 ) C ) 5 C o j4- .--44)4)4- .-4--~ - U)

-~ 4 5 ( 00 8 0 5  5 0 0 0 4 - 0 4 1 0 S 5 C U C ’ 4 )  40

~‘ F 4/0 —~ .4 4/0 .4 00 4/0 4- 4- 4- 1 7 4-  4- 00 4/0 -.) - -‘4 .,- ‘ C
0~ ~~~4 - 4 - P 4 -p P 4 - 4 - 4 - 0 4 - 4 - O 0 4 - 4 - 4 -  4-
4- C o 4 - 0 C U C O C O C O ( 0 C U C 0 C ) 4 - 4 - I 0l0 .-i 4-~~~C--’ 4-.
I-I , ‘17 00 0) 00 0 0 0 0 0 ( 0 ( 0  4C CIC ’C P
0 , > P 4 - C ) 4 - : oo~~~~~~~~ - , 4 O O O ~~~~~~o 4 - O P  4-
0 C ’ C 4 - 7 0 0  D 4 - 4 - I . .’ - I D I D O C~~~4 - I DC’ 4-U) 0 4 -~~~~ U) ,- .-. 4-, 4 - 4 - - P p ’~~’ ’ 4 - P CCD C.. 4 - 0 .  00 (.. 0. -I 4 - 4 -  ‘C 4- ( - ) 0 . 0 .  — -4 1— 00

- p

O
O I Z  P

-4

~0 0 - , N- 0’ C O O m . r ) 0 ) 0~~~~~~~~ ’ 1 t ) N - 3 ) 0’ 0
-~ —4 4 (N C.) C’) C.) -* -0 ‘* .0 -* .0 -0 41) -41

B — 14 7

L~ 
- -

, 
‘ -

‘4 
-‘— -.- 

1 
- )

*4/ - ~~~ “C ~~ ~~~~~ ~~~~~~~ ?“*~
- 

~~~~~~~~~~~~~
-
_ _

-

~~ ~~~~~~ 
I



r ‘-‘
~~~ ~~~~~

-‘-
~~

--
~~~~

‘-—“—-‘- “ ‘ -‘-‘-- -‘-‘-- - - - — - — -~~
_

~~~~ ~~~~~~~~~~ - :~~~~~~
‘_ -

~~~~~~~~~~

expressed in the California Clean Water Bond Act of 1970 and its

amendments and the Federal Water Pollution Control Act Amendments

of 1972 , indicate that the sharing percentages of eligible portions

of project costs are as follows : Local interests — 12.5 percent ,

State of Califorr a — 12.5 percent and the United States — 75 percent.

~;rat~ts are made fo ‘ igible portions of projec costs subject to

rules and regulations established by the California State Water Re-

sources Control Board and the Federal Environmental Protection Agency.

204. With respect to granting procedures , the term “construction ”

has been given a broad meaning and includes , in addition t~ the actual

building and alteration of works , all the necessary pl ann ing, eng ineer ing ,

legal , fiscal and economic investigations necessary for the implementa-

tion of a project. With respect to eligible portions of project costs ,

Federal statutes indicate that “treatmen t works” include devices and

systems used in the storage , treatment , recycling and reclamat ion of

wastewater , or are necessary to recycle or reuse water at the most

economical cost over the estimated life of the works . Land acquisition

is an eligible project feature so long as the land is an integral portion

of the treatment process or is used for ultimate disposal of residues .

Re use f acil ities also would be considered eligible project features

if such facilities were necessary to the operation of the project.

All grants made are subject to user charges and industrial recovery

charges re q uired b y State and Federal statutes. Both the State

of California and the Federal Government have established priority - ‘

systems for the allocation of gran t funds .
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205. For the purpose of this stud y in allocating (‘~~ st S  anon g loca l ,

State and Federal interests , it has been assumed t h d t all features of

the wastewater management alternatives are eligible for construction

grants. Capital costs of the alternatives (aud that portion of the

average annual costs which represents amortization of capital investnent)

have been apportioned on the basis of 12.5 percent local , 12.5 percent

State of California and 75 percent Federal. Cost for operation and

maintenance and replacement would be paid b y local interests. Landowners

within the land application sites would be expected to pay a portion of

these latte r costs equivalent to their norma l costs in operdting irriga-

tion systems .

INSTITUT I ONAL ARRAN GEMENT S

206. The institutions considered in this stud y include the govern—

me1-ital structures of the Bay—Delta Region wh ich have emerged in relation

to possible solutions of water quality problems . Governmental studies

are concerned with the development , growth , and responses of wastewater

management institutions associated with increased demands for allocatic’n

of resources to the solution of grow ing regiona l water— quality and pol-

lution problems . Particular emphasis is placed upon institutional im-

pacts which may be related to land app lication alternatives of Bay—Delta

w a t e r  qual i ty  problems .

207. During recent years increasing attention has been given to waste

treatment facilities to solve water quality and pollution ~rcblems .

Institutional responses were concentrated at local governmental levels.

B— 149
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In some instances , existing ~1ood control C r  wa te r  s u p p l y  agenc ies

assumed waste treatment responsibilities in lieu of creating new single—

purpose  i n s t i t u t ion s . This type of i n s t i t u t i o n a l  a d a p t i o n  was r e a son ab l e

becaus e f lood  c o n t r o l  sys tems have o ft e n  served in t h e  dua l c a p a c i t y  of

providing both storm drains and sanitary sewers and w a t e r  supp ly a g e n c i e s

are concerned with water quality as well as quantity. At the present

time , it is generally recognized that the water quality and pollution

problems of the  Bay—Del ta  Region have grown to such proportions that

the u n i t e d  e f f o r t s  of Federal  and State governments , as well as local

governments , must be brought to bear and national as well as State and

local economi c and technological  resources  must be a l located  to t he ir

so lu t ion .

208. It is anticipated that the  Bay—Del ta  Region under  t he  1975 Base

Condition will reflect increased institutional accommodation to meet

legislative requirements of current and projected technological demands

of an increasingly critical Bay—Delta water quality and pollution control

problem. The emerging institutional environment will reflect an extrap-

olation of present institutional accot~nodation trends .

209. The selection of ultimate institutiona l arrangements to meet

requirements of the selected wastewater management alternatives is

the responsibility of State and local agencies and the voters. In—

t er e s ted  and coopera t ing  Federa l  agencies are  charged w i t h  the re-

s p o n s i b i l i ty  of as s i s t i ng  t h e  S t a t e  and  local agencies and to t h a t

ex t e n t  may o f f e r  a s s i s t ance  as needed . Nonetheless , th e decision—making

; ) r ( cess remains  a S t a t e  p r e r o g a t i v e .
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210 . Ex~ sttng i n s t i t u t i o n a l  e n a b l i n g a c t s  ‘~~ t b ’ S t a t e  o i  C a l i f o r n i a

are gene r.dly flexible and adequate t o  r a e  t most foreseeahi~- rre

howeve r, some changes 4-dV be considered in t i e  i n t e re s t  of  a c h i e v i n g

uniformity and to ~1~isure that waste treatment managen~ nt institutions

will meet tile crit eria for construction grants.

211. The lan d app  i i  cat i o n  por  t ions  of the wastewater alternative s

examined in this St I l d y  would appear  capable  of bein g implemen ted  b y

existin g institutions. O n l y  one gove rning institutional entit or

Wastewate r management agency , s hould  c o n t r ol  ea c h  of t h e  s u g c est e d

land app lication subsystems . The formation ct a new controlling

district or the consolidation of districts could 5~ handle d by the

local communities involve d under existing legal authorities. Appendi x

B5 (LEGAL AND INSTITUTIONAL)  d i s c u s s e s  these  as p e c t s  in more detail .

STAGING CONSIDERAT I ONS

212 . Art a l t e rna t ive  is onl y a concept u n t i l  i t  is implemented, they.

it becomes a program or a project. One of the problems coriunon to all

major public works pro j€ -c ts is that of develop ing adequate and eccnco~ic

procedure s for f i n anc  i n g both the construction and t i e  s u b s e q u en t

operation and ma in tenance of an alte rnative . To avoid potential

difficulties in financing and administration , it become s necessary

to review financial and legal problems pertaining to public works

projects . An engineering report can be of assistance by providing

p r e l i m i n a ry  p~~r i n r r i o ~ i n f o r m a t i o n .

213. The problem of how a particul ar alternative could be constructed

and operated must be considerell . All the facilities for an alter’~at iv1

could be b u i l t  d u r i n g  a rt’l ativ eiv short p - n od of t ime , or a phased

c o n s t r u c t i o n  could  be ac - o m p l i sh e d  ove r a longo r p e r i o d  of t ime . In

3—15 1
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orde r to determine which c o n s t r u c t i o n  method  wou ld  pr dli t he h e r t

resu 1t-~, the following asoumptions were used:

a . All intercept or pip elin e s would be c o n s t r u c t e d  a t  the

~- a r ’ i t  time ;

b. All lands would be acquired at the same tire;

C . All s ’l st e w a t -r  s t o rage  r e s e r v o i r - C  a t  the landsites would

be co n s t r u ct e d  a t  the saml- t i re;

J . Approxi m atel Y 75 p ercen t of t i le  was tewa ter  t r e a t m e n t

facilities , the p u l p ing s t a t i o n s , and the s lud ge h a n d l i n g  sys tems

would be built dur ing the first part of the construction phase ; and ,

e. Approximatel y 50 p e r c e n t  of the  land app l i ca t ion  systems

would be built during the first part 0f the construction phase.

214. Based on a review of the cost data , the eff ect of these assump-

tions would be that only about 25 percent of the construction cost

could be cons ’ ’ ered for staged , or pha sed , construction . It was

assumed that all system construction , w ith design capacity to meet

year 2000 flows , would be started by 1975 and completed b y 1985 .

There could be a staging of a portion of total sy-t em construction

during this 10—year period. Assuming a reasonable project construc-

tion period , of 10 years for initial construction for year 2000

flows , and six years for fur ther expansion of facilitie s for year

2020 flows , a further breakdown follows :

a. The number of major construction contracts would be

a p p r o x i m at e ly  500.
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b . Average duration t r  each con~ Lr lic t ion c o C u i r i

be 1— 1/2 — 2 years , with the exception of s t o ra ge  r - s e r v  i r -  which

would b~ 1—1 12 — 3 years. Numerous c o n st r u c t i o n  c o n t r a c t s  would be

r u n n i ng  c o ncu r r e n t l y and would be stagud throug h o u t  the construction

p e r i o d .

c . ‘Ihe first t w o  y e a r s  of t h e  10—year period would he f o r

basic engineering, design , and land acquisition , th e remaining eigh t

y e a r s  f o r  final design and construc t i n .

d. Experience on constru ,-t ion project - indicates the peak

late of expenditure occurs at t h e 60 percent poinL of the construc-

t ion per iod . Design and construction expenditures could he staged

based on these assumptions . Figure B—2 schema 1- icallv d e p i c t s  the t i m e

phasing for design and construction costs.

Si-Pc S ITIVITY CONS IDERAT1OCS

I n t roduc t ion

215. Changes in assumed design c r i t e r i a  could r esu l t  in  changes or m o d i i —

ic at  tons  to  w a st e wat e r  management  a l t e r n a t i v e s .  The sensitivity of these

possible changes should be examined . l i e area -C of greatest potential change

in design criteria would b , in t h e  p r oj l -c t i o n  of w a st e w a t e r  flows

(which affect the utilization of e a ch  la n d s i tu ) ,  crop patterns to

he selected , removal or use of ex i s t i ng  or c h a r d s , cost development

)ssrln~~t ions  and the availability of land suitable ~or land treat—

- ‘ n t  c i  w a st o w a t e r .

~~ro j e ct i on  i i  Wast -w anu r 1lows

216. Pro j e c t e d  fina l municipa l w-u stewater flows wer- based on t h e

p o p u l a t i o n  d a t i  p r e s e n n t d in  t h e  S e r i e s  0—150 p r o  le . - t  ions prepared by

B— IS 3
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the  C a l i f o r n i a  Department  of Finance.  Th is series of p r o j ec t i o n s  i s

currentl y conside red the s t anda rd  fo r  S t a t e  and Federal p l u n n i n g  in

Californ ia , except when overriding reasons dictate the use of other

projections . A second series of population projections also has

been developed by the California Department of Finance , the Ser ies

5—0. h—h Series projections are based on reaching zero population

growth at some time in the future . The Series E—O data indicate a

smaller popul ation forecast than the Series D—l50 data (see Table B—2).

Current trends in population forecasting appear to favor use of the

E—O Series as a frame of reference for future planning. Grant regula-

t ions and planning criteria of the State Water Resources Control Board

for wastewater treatment facilities make use of these projections in

critical air bas ins. The following counties are in a c r i t i ca l  air

basin and , as such , population projections could be less than those

- 

- 
derived froa D—l50 Series : San Francisco , San Mateo , Contra Costa ,

Alameda , and Santa Clara.

2 17. -~~f these five counties , only Contra Costa and Santa Clara

Counties would contribute significan t quantities of waste to land

areas. Use of the E—O projections would result in slightly lower

wastewater flows to Site 42 for all alternatives and to Site 27 for

Alternatives B—3 and D—3. Also less slud ge would be available for

land application because of reduced flows. There fore , the land

por tions of the wastewater management alternatives presented in

this report do not -uppear to be significantly sensitive to the

choice of which population prolection is used.
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TIME PHASING FOR DESIGN AND CONSTRUCTION COSTS
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218. Initial coordin ation wit h industrial groups in the stud y a r - a

has indicated tha t the industria l wastewater flows could change de-

pending on which set  ci technical assumptions were used. in this

stud y , t h e flows were based on a set of industrial assumptions out-

lined earlier. Tite assumptions appear to be reasonable and since

the majority of t h e industrial waste flows originate in Contra Costa

County , changes would only ma ter iall y affect the Site 42 portions of

the land application alternatives.

Cr op Patterns

219. Several basic assumptions were made regarding the various crop

types to be used at the application sites. These assumptions were

made from the best available information . If this information changes,

then the original assumptions might also change. As an examp le , avail-

able information from the agricultural conunurilv indicated that alfalfa

would remove about 170 pounds of nitrogen per acre per year. The assump-

tion made was that if nitrogen were available from the groun d , a l f a l f a

would utilize this form of nitrogen prior to fixation of any nitrogen from

the atmosphere . Presently, no documented data have been furnished to

det erminu if alfalfa does use one hundred percen t of the nitrogen f r om

tru e ground. Only through continued experimental efforts and pilot i l m t

studies would definite data be ava ilable.

220. it also was assumed that no crops would be grown that are ncrrall~-

ea ten  raw by humans , such as t omatoes.  If  a d d i t i o n a l  w a s t e w a t e r  t r e a t -

ment processes were provided , the w a t e r  could be used to irrigate crops

h— I 55
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used for direct human consumption . The additiona l treatment would

consist of a dual media filte r and chlorination unit. The treatment cost

would be increased. For exa mp le , in Site 5, approximate l v  9,940 acres

oi tomatoes are currently grown which could be irrigated with 40 I1GD

of adequately treated wastewater. Th e additional cost of providing

both filtration and chlorination would be about $8.87 per acre—feet of

water. Table B—3l summarizes the additional cost of treating the waste—

water flows to each site , for each series of alternatives , to allow

con tinued cropp ing of tomatoes , asparagus and other desired crops .

urchards

221. The original design for the application of wastewater contemplated

removing all or cha rds a f f e cted b y thi s app licat ion . This concept was

considered because crops with good nitrogen removal characteristics

were required to insure proper land treatment of wastewater . With this

assumption , overall moneta ry losses would occur unless some of these

orchards were replaced. It would be possible to develop new orchards

an the propo sed slud ge application areas. From a cost standpoint , it

would no t pay to replace orchard crop s such as walnu ts and prunes.

The development time required and recent decreases in harvest prices

would make the replacement of these orchard types uneconomical. How-

ever , these particular orchards could be replaced b y othe r types:

almonds , app les , cherries- , pears , and apricots. If orchards were

repl aced , the tot -u i net annual agricultural loss could he reduced

or eliminated.
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Cost Deve lopment

2 2 2 .  The final costs developed for this stud y were based on an in-

terest rate of 5—1/2 percent. Howeve r , this inte rest rate coul d

change depending on the total national economic situation , It is

probable that the interest rate would increase rather than be de-

creased. This would result in increased costs for all wastewater

management systems. If the interest rate increased , f o r  ins tance

to seven percent , an approximate 13 percen t increase in average

annual costs could be anticipated.

Land Availability

223. This study used seven primary land application areas (Sites

28 , 42 , 43 , 4, 5, 21, 18) and one alternate area (Site 27) for the

application of treated wastewater and sludge. These sites were

chosen based on several parameters discussed earlier. If certain

sites were not to be used, such as Site 5 with a total of l92,CO0

poten tially ava ilable acres , other sites which were identified but

not investigated in detail could be used. Use of these addit ional

sites would be expected to present a range of positive and negative

effects comparable to those described in this report. Proposed use

of the primary seven land application sites was based on their

locations relative to the major wastewater sources. Other land

appl ica tion areas , such as Sites 38, 39 , 41, and 53 (Plate 13B ,

Append ix C) could be considered if a primary site became non—available .

As d iscussed earl ier , Site 27 was used in two of the six alternative s

to provide an additional option to South San Francisco Bay area

wastewate r dischargers and to permit evaluation of the con cept of

interhasin transpor t of wastewater .
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INTRODu CTION

22 !~. The purpose of evaluation is to i d e n t i f y the accomplishment s ,

shortcomings and consequences of the final land -ipp lication alter-

natives (B—i , B—2 , B—3 , 0—1 , 1)— 2, and h)—3) developed by this s t u d y .

fite evaluation serves two audiences . First , it is essential to tire

planner as input in his decisions on an alternative ’s feasibility.

Second , it is of considerable public interest since it previews th~

effects of potential wastewater management systems , and inherently pro—

vides a forum for public involvement In future planning efforts.

225. Alth ough the evaluation in Appendix B7 (EVALUATION) is the only

formal evaluation of alternatives presented in the study, preliminary

evaluations did occur. In this Appendix under Revision of Design Data

i n  the section on Final Wastewater ~1anagement Alternatives , a cursory

evaluation of alternatives in their “drawing board ” form was conducted

to eliminate or lessen obvious adve rse economic , environmental and

social impacts while the alternatives were still flexible in design .

Design revisions complete , the alternatives were considered final and

ready for evaluation. The formal evaluation , then , attempts to

Identif y and display the residual imparts associated with the six

final land application alternatives if they were emp loyed as regional

wastewater management systems in t Ile San Francisco K a y  and Sacramento—

San Joaquin Delta Region.
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22h . Tilt evaluation u~ thodologv used in t h i s  s t u d y is a t l u r t c e — p h ased

matrix process designed to identif y the  im p a ct s  a s s o ci a t e d  w i t h  the

conceptual implementation of the  alternatives in the San Francisco

Bay and Sacramento—San  Joaquin I ) e l t a  Reg ion , and t h e n  to eva luate  the

to t al impact  of the a l t e r n a ti v e s  ag a i n s t a set  of re -c  t o n a l  p l a n n i n g

objec t ives  developed for the region. The ftr~ t t /o phases of t h e

evaluation process i d e n t i f y and disp lay i m p a c t s . The third phase

sounds the alternatives against a set of r eg i o r a l  p l a n n i n g  o b j e c t i v e s .

Pha3e three presents a better view of possible long—range impacts in

the face of p lanned changes in the reg ion , thus giv ing  t i le  p l anner

and t h e  pub l ic  an ind ica t ion  of how the alternatives contribute to

the overall condition of the region in the f u t u r e .

227. Evaluating the impact of an action program or proposal usually

requires the identification of two aspects of the impact. First is

the magnitude of impact , n~ aning its scale or extensiveness and second ,

the importance of impact . Unlike magnitude of impact which can be

determined on the basis of facts , evaluation of the importance of impact

generally is based on the value judgment of the evaluator. In the

evaluation , only the magnitude of impact were considered. No prefe r-

ence decisions regarding the alternatives were made because such

decisions are outside tile scope of the study . Th is f unc~ ion will

eventuall y rest with the State of California , and hopefully, the

evalua t ion  wi l l  suppl y most of the i n fo rmat ion  needed b y the State to

make important decisions on the alternatives .
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22~-i . Ilie firs t step in building t h e eva luat ion prod- cbs was to 1 (11-fl —

L i l y  ~i set of evaluation accounts so that the myriad of impacts

produced by the alternatives could be organized into an adroit disp lay.

Based on the development of regional planning oblectives and t ue guide—

lines set forth in the Environmental Protection Agency publication ,

Environmental Assessments for Effective Water Quality Management

Planning, (1972), four evaluation categories were selected for use in

this evaluation . These categories or evaluation accounts were : Environ-

mental , Social , Economic and Special Coosiderations . The first three

of these accounts are n~ re or less traditional evaluation accounts and

may be found in just about any evaluation process. They are considered

the “backb one” of the evaluation process because the impacts which fall

within them are representative of how man and/or his surroundings might

be affected by a proposal . The Special Considerations Account was added

to the evaluation as a miscellaneous account to disp lay some of the im-

portant unique impac ts of land app lication which could not be disp lay ed

in one of the other accounts .

229. Once the above accounts established the alternative ’s general

areas of impact , the nex t step in the methodology was to define the

limits of these accounts as they apply to th is study .

230. The Environmental Accoun t houses those impacts which relate to

environmental quality. Environmental quality is an expression of the

relationship between the human environment and the natural environment .

The condition of the natural environment in terms of its maintenance

and production of natural resources , specificall y b iolog ical res ou rc es ,

is directly correlated to the quality of the human environment in terms

B—1 61
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of profit and pleasure . In light of this , the alt ern ati v- wastew1iter

management systems will be evaluated with regard to their impact on

chemical/physical factors , ecological associations , aesthetic and cul—

tural considerations and recreation .

231. The Social Account views social well—being. Social well—being

involves tile condition existing and desired , expressed in te rms of

individual and group quality of life . This quality of life concerns

those activities , institutions and interrelationshi ps of man involved

in the maintenance , growth and development of society in the physical

environment. In this study,  alternative wastewater management systems

will be evaluated in terms of their impact on area viability, public

attitudes , distributive equity and publ ic heal th .

232. The Economic Account airs menetary concerns . Nonetary impacts

enters in to consideration of priorit ies for solutions to prob lems

at all levels of government. They present a common denominator for

many impacts. Also , the dollar aspect of water resources develop—

ment inevitab ly affects a region ’s institutional framework and economic

base. The alternative wastewater management systems will be evaluated

from an economic viewpoint in terms of costs , production , public

finance and land values .

233. The Special Considerations Account was added to the evalua-

tion process as a miscellaneous account . The concept of waste

disposal to water bodies , although f airly well developed , is not

an entirely effective solution to wastewater management for two

reasons. First, it is limited by technology as it relies on the

development of treatment hardware to remove deleterious substances

B—162
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I ron was t e w at i - i n- . 0 - -oIr d , it limit s reus - o p p o r l u n i t  i e s  . Land

app l i , t t  1011 , Ofl t h e  other handi , IS t i n t  so l intt€-d , bta-all st- the

t r e a t  ! : - I l t  pro -ss Is es St- f lt  t a l l y  i n  n l a l - t-  a nd i t  r - c o g I l i z e s  t0~

p r i n c i p le t i n - i t  n a t u r e  is a c I t ~ I eco l o g i c a l  sv~~tt-m m d  t h i a t  w a s t e

when prope r l y r - n v e  led , becomt- valuah le res ourct -e . Co ns e q 1~ ] v

land a p p l ic a t i o n  of w a s t ew ;t t -r  c r L - : I t & - e  some i m p o r t  n e t  i m p a c t  s n o t

found in w a t e r — o r i e n t e d  disposal svs t e l n i S . l ir e O pec í a  C o n s i - e r a t i o n s

A c c ou n t  provides  a sp lice for  d isp l ay i n g  501111 O f t h e s e  uni que impac t s .

234.  A f t -I -  t ile ev a i u at  L o i n  ;Ic - ou n t s  were  e s t a b l ish e d , t in - -  n e x t  s tep

was to s e n s i t i z e  them to  the  de rec  of  i mp a c t  covera n c des i red .  iwo

ty p e s  of impac t  were  considered t o  he a s s oc i a t e d  w i t  1 t h e  alter ril I v~ s.

Firs t , t h er e  w er e  t he  s p e c i f i c  or mi c r o — i m p a c t s , c o n s i d e r ed t o b e

minor  in magni tude  and r ep r e s en t  a I n v I - o f s p e c i f i c  concerns . Al t i l O l l I !

i nd iv idua l ly these i m p a c t s  may be re l a t i v e ly  u n i m p o r i e n t  in d e c i s i o n

making , the i r  synerg i s t ic  o f f e c t s  may he e x t r e m e ly i m p o r t an t  and

t h e r e f o r e  mus t be cons ide re dh . [he second ty p e  of  i :p a ct s  are major

in terms of m a g n i t u d e  as they r : p r - ~~ - - n t  t h e  c o l l e c t  i v e  e f f e c t  c - f  t i n - -

a l t e r n a t i v e  on the  Bay— D e l t a  R e g i o n .

2 l ~~. Apar t  f r o m  the concern involved , each accc’un-t was dlv -1

in to  components , cons is ten t  w i t h i  the a c c o u n t  d e f i n i t i o n s . For exam p le ,

the  E n v ir o n m e n t a l  Account  n - as d iv ided i n t o  f o u r  c omn o n e n t s :  C h e r n i c t l /

Ph y s i c a l  Fac tors , Ecolog ica l A s s o c ia t i o n s , n-CS t h l c t  ic  and C u i t l i r n i l

Ln n s i d e r~t t i o n s  and [ec rc at i on , Th i s  p r imary  dlvi s an of a c c o u n t s

c h a r a c t e r i  zcs the scope of the c o l l e c t i v e  i m p a c t  e f f e c t  .

these  account compc I n l - I n t s  were  not considereci  s u f f i c i e n t ly  d e t a i l e d  t c

cover s pe c i f i c  i m pa c t s . -\ s a r e su l t , a f u r t h e r  nar r ow~ n no of account
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scopes to ritteiidant parameters was conducted . For examp le , the

Ar e a  V i a b i l i ty  l - o r i ipo n l - n t  of the Social  A c c o u n t  was reduced to i t s

emp loym ent , income and hous ing  parame te r s . Of the four accounts

only t i l e  s c o p e s  of t h e  E n v i r o n m en t a l , Soc ial  and Economic Accoun t s

could be narrro- ed to cover specific impacts . Display of Special

Considerations i l - l h l i c t s  was considered m e a n i n g f u l  onl y in the  c o n t e x t

of total effect or ac coun t impac t .  Table B—3d shows the breakdown

of tile four a c c o u n t s  to t ile i r  components  and pa rame te r s . Once the

impact~ s scopes were established , the nex t  s tep  was to i d e n t i f y and

arrange t i -t .n  a c t u a l  impacts .

PHASE I EVALUATION

23 K . The Phase I evaluation process provides a format for the

comprehensive review of an altern~ tive ’s specific impacts to remind

i nves t i ga to r s  of the v a r i e ty  of i n t e r a c t i o n s  involved wi th  the imple-

m e n t a t i o n  of an alternative . The process consists  of a set of ma—

tricies , one matrix per alternative for the three basic accounts

environmental , social and economic. Each matrix includes on one

axis the system components of the a l t e rna t ive , and , on the other axis

the parameters of the  accoun t under  cons idera t ion.  The system

components are basic to the design of any of the alternatives , i.e.,

conveyan ce facilities , treatment plant , land areas , etc., wh ile the

a c e r l i n t  parameters represent specific impact areas and factors likely

il l be involved in the full range of developments which require impact

reporting. The impacts recorded in the columns are in the form of -i

br ief statement of effect relative to the 1975 Base Condition developed

for this study.
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2 3 7 .  E s s e nt i a l ly , the  1975 llase C o n d i t i o n  assume s t h a t  a l l  au n i c i p a l

amid adu~ t n i l  wastewater would receive at ie;i - L an equivalent of

seconda ry  leve l t r ea tmen t in f a c i l i t ie s  d e s ign c - d for 1990—1995 flows;

t h a t  t h e  p h y s i c a l  l ayou t  of t h u  t r e a t m e n t  and conve yan cc- t a c i l i t i e s

would be consistent with the leve l of deve lopment time phased for

1975 (Se e A ppend ix  Hi — DESIGN AND C O S T ) ;  and that 1975 environmental ,

social and economic regional conditions would be n e a r l y  t h e  same as

the existing regional characteristics presented in Al tachiment A of

Append ix  B7 (EVALUATION) .

238. The recorded impacts indicate changes that aIC b It occur as a

r e su l t  of the implementation of an a l t e r n a t i v e  a f t e r  the  1975 Base

Condition level of developmen t has been achieved. This evaluation

does not consider specific application sites within land areas. It

does , however , examine the  e f f e c t s  of lan d application treatment

systems using selected land areas within the San Francisco Bay and

Sacramen to—San  Joaquin  De l t a  Region . A more detailed environmental

study of application sites within these land areas is presented in

Appendix B2 (ENVIRONMENTAL). The a tual Phase I evaluation (Figures

B7—l through B7—l8) is presented in Appendix B7 (EVALUATION).

PHASE II :ALIJATION

239. The Phase II eva luation , like the evaluation of Phase I, d isp lays

impacts , hut its scope is airger and it examines  the a l t e rna t i ves f rom

a b e n e f i c i a l/ d e t r i m e n t a l v iewpoin t .  Whereas t he  Phase I evaluation

was aime d at pinpaint-tng specific impacts , the Phase II evaluation

a t t e m p t s  to es tab l i sh  a pro and con t enor  for  each a l t e r n at i v e  if

it were adopted for use as a regional wastewater management system

i n  t boo Sac f rancisco Hay and Sac ramentc-—S mm Joaqit in Delt a Region .

B—166
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d 4 0 . The Phase 11 eva ] uation was c a r r i e d  o ut  by u~- -, er i es  01

nn - itr i ces listin g the h e L m L - t liii and detrim ental i n ] n i - c s  of  an m l —

t e r m i a t i v e  under  f o u r  ca tegor ies : E n v i r o n m e n t a l , Soc ia l , E c u c c o m i

and Special  C o n s i d er a t i o n s .  One  matrix per alternativ e per account

i a s  p repa red .  S ince the scope of this e v i l  u ut i o n  ~~~ i n t e n d e d  t

be b ro le r than that of ] l u n i s e  I , t i l e acc oUfl  ci r ar e  c e r~ s -u-n  in t i m e

Phase I were rep laced by account  components .  Thes e components

me r ely  group s t i n n i l a r  p a r a m et er s  i n t o  :i hi gh e r  echelon of o r d e r i n i - .

For i n s t a n c e , the  a cc o u n t  pa ra me l -r s  of B . h . , T .D . h . , l’h , e t c . ,

found in the Env i ronmenta l  Acc ount  of t h e  Phase I e v a l u a t io n  are

aggrega ted  in the Chemica l /Ph ysical  F a c t c r s  component  of the  Phase

II Env i ronmen ta l  Account .

241. Using Phase I as a da t a  ba se , Phase II impac ts  are discussed

in terms of certain and potent ia l b e n e f i c i a l  and de t r imen ta l  e f f e c t s .

According ly ,  the eva lua t ion  is consis ten t w i t h  t h e  fo l lowing  char t .

Benef ic ia l  D e t r i m e n t a l
h~- rt a i n  Benef ic ia l  E f f e c t s  are those Detrimental Effects are

positive changes tha t  would t hose  negative changes that
occur if the plan were im— would occur if the plan
plemented . were implemented.

P o t e n t i a l  B e n e f i c i a l  O p p o r t u n i t i e s  are D e t r i m e n t al  Concerns  :ir ~
those positive changes that t h o s e  n e g a t i v e  changes t a t
could occur if appropr ia te  could occur if a p p r o p r i l
actions we re taken over and act ions  were not taken over
above plan i m plem ent a t i o n .  and above p l a n  imp lement a t i o n.

242.  The ~975 base cond i t ion  was used iii the Phase T I  e va l u a t i o n  as

a “ j ump ing o f f  p o i n t ” m r t h e  evalimni t ion of impae~ s. Therefore ,

this evaluation phase does not compaie the alternatives agains t

future conditions. T.t does , however , describe f u t u r e  condi t ions  as

8—167
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the y would appear under any of the lan d a p p l i c a t i o n  a l t e r n a t i v e s

deve lope d b y t h i s  s t u d y. Phase I I  e v a l u a t i o n  Ic not biased to any

4 
o’ m e a l t e r n a t i v e  or t o  lan d a p p l i c a t i o n  in g e n e r a] .  I t  is an a t t e m p t

t i  p r e sen t  an o b jec t i v e  d i sp l ay  L i i  t h e  g ross  i m p a c t s  associated r it im

t h e  s e l e c t e d  land  app l i c a t i o n  w a s t e w a t e r  m a m m a g i m t -n t  a l t e r n a t i v e s .

l i m e  n i l  t ual  Phase  II eva lua t ion  (i - i g u r - s  B 7 — 1 9  t h r o u g h  B 7 — 4 2 )  is

p r e s e n te d  in A ppend ix  B7 ( E V A L U A T I O N ) .

PHASE I I I  EVALUATION

2 4 3 .  The Phase I I I  e v a l u a t i o n  is the final step in evaluating the

a l t e r n at ives .  While the  Phase I and Phase II e v a l u a t i o n s  anal yzed

each a l t e r n a t i v e  f o r  impacts  when compared against a real condition ,

the Base Condition , th e Phase I I I  e’- ;a lu at i o n  cons idered each al te r-

n a t i v e  in light of a set of regional planning objectives representing

an ideal condi t ion . Since was t e wat e r  m a n ag e m en t  p l a n n i n g  impac ts

s p e c i f i c a l l y  on f u t u r e  wa te r  q u a l i t y  aspects  and gene rall y on reg iona l

situations , it is impor t an t t h a t  the  degree of ha rmony  between reg iona l

plan s be assessed t o  ave r t  t h e  u n d e r m i n i n g  or d e l a y i n g  e f f e c t s  of con—

flict between plans. T h e  Phase III evaluat ion, t h e r e f o r e , is  an

a t t e m p t  to assess the compatibility of land application wastewater

management alternatives with guidelines directing regional. planning

efforts in t he  San Francisco Bay and Sac ramen to — San  Joaquin Delta Region .

244. The Phase III evaluation matrix (Table B7—2 — Appendix B7) consists

of regional planning objectivt-s on one axis and w a s t e wa t e r  management

alternative s on the other. Rather than listin g t h e  entire objectives

on tb - matrix, only a few key words of the objective s are shown . The

objective s used (see Au n - h i - i e n t  B — A p p e n d i x  B7) ire derive d from the

thinking of other regional planning agencies within the region ; they

11—168
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L -ol c -pt uali ze a desi rable condh t i on  t o  l i i -  I n  i teved ~ I i i -  r e g ion

i t  s o m i c - t i m e  i n t u e  f u t u r e. They a r t -  m m o t  n e c l s s I r i l ’ -  cpe~ ic tO

~s i s t e W i t  er  management  planning , and i n  I O n  t coul d n t -  I S O  a t ’u i  ‘It -

(or  any  reg ional p lan which proposes t o  ch ange e X l C ’  i n n  c o n d i t i o n s .

245. Regional planning goals  were not  l i s t e d  l l e a u e e  e v a l u a t i o n

ag a i n s t  them was considered to be r l a t i  v i - l y ~ c~ - m n i . n g l i- ss  d m o  t o  t l i e  i

broad  n a t u r e .  Howeve r , th~ ev a l u a t i o n  does cone  I P er  r d  onal  pinien 11p

~ oa i s  in an indir ect manner in that contributions ta -  r eg i o na l  coals

can be realized by m e e t i n g  r e g i o na l  o b je c t i v e s . This  phas e of the

evaluat ion was not used to r a t e  t h e  al tern it IVt-c~ ; it - m t  i it was

only to view the impact of land app lication wastewater management

in tile reg ion under future p lanned cond i t i ons .

246.  To summar ize  the  evaluation presented in \pn en ix  B7 , t I m e

process used consis ts  of t h ree  s i - p : i r a t e  e v a l u a t i o n  phases :

a. Phase I :  Scope — Specific impacts.

Sys tem Componen t s  vs. A cc o u n t  P u r a n c e t t - r c - -  — i~~ F i g u re s .

b .  Phase I I :  Scope — Gross impac t s .
A l t e r n a t i v e s  vs. Accounts — 24 Fi gures .

c. Phase III: Scope — Long range impac t s .
A l t e rna t i ve s  vs .  Eeg ional P l a n n ing Ob jec t ives  —

One Table .

T h e  i n fo rma t ion  gene ra t ed  by the i -v a l u a t i o n  is  meant to provide

a basis for  jud g ing the overal l  merit of the  six f i n a l  land

application alternatives developed by this stu d -- . The e v a l u a t i o n

identifies the pert inent issues involved wi thi t i n c-or - e p t m l - ~ i imp le-

mentation of alternative land app li cation treatment systems imn tii i-

San Francisco Bay and Sa:ramento—S mn .Ioaqiiin De lta Region .

B — I  to)
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EVALtf A T I  ON SW’Th1~RY

247. In t h e evaluation , the wastewater management alternatives developed

by this stud y were considered from the viewpoints of environmental ,

social , economic and special c o n s i d e r a t i o ns  and their contribution

to regional objectives . llrief discussions regarding these aspects

follow . AlSO considered are the following aspects : contribution to

national objectives , project effectiveness , flexibility, reclamation

potential , implementation , and program acceptability .

Environmental Considerations

248. In this study environmental quality is defined as a balance

between the maintenance and enhancement of the natural environment

and the development of the region to meet the needs of Its people.

In general , wastewater management influences both sides of this scale:

it affects the natural environment since it envisions changing (hope-

fully improving) the existing condition , and it affects regional devel-

opment by responding to human needs. The land app lication approach

to wastewater management is of particular interest when placed on the

environmental quality scales because , unlike conventional water—oriented

treatment systems , land application extends the impact of wastewater

management to include extensive land impacts along with the water

impacts normally associated with wastewater management. Therefore ,

the environmen tal evaluation of land app lication emphasised land im-

pacts. In this context three basic questions arise:

a. How effective is the land in  t r ea t ing  was t e s?

b. How much land is involved ?

c. What are the expected changes in the land as a result of

the system ?

II-~17O
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4 1 4  Generall t - , lan d ~p l h e a t . i i i  oh  was  I ewat m r  as a t t m - i t  i -  . t p r  -

c i  t c t ~~ve ii ~ rer!Ioving pol Ititan~~s t r l : . n  t I n e  munic i pa l /indu- trial

O n i S t e  at r e a t l i.  ‘f l lr o m i ] ’ l n  t h e  J e t -  of natural processes , (evaporranspir—

at ion , biologi 1-al up—m u i , n u m l s o r p t  i on , etc.) it parallels man—made

t e rt i a r y  treatment ~lrOcecJSC5 in remio vel efficiency. lurt hi er , land

app l i c a t i o n  has an added advantage not found in tertiary treatment.

I - a t  o r and c l u m - m i c a l  w a s t e  c o n s t i t u e n t s , such as n i t r o g e n , phosphorus

and t r : u c m -  e lement s , 4 c m - lost when discharge d to a water bod y after

passing th rough nu conventional t r t c n u t m e n t  p rocess , h u t  ar e , in f a c t

va luab le  r esources  when recycled  in to  an env i ronment  w h e r e  they  can

be managed fo r  p r o d u c t i v e  use .

250. Since land treatment and tertiary treatment both perform equally

well in r e l i ev ing  r i - c e i v i n g  w a t e r s  of pollutants , any combination of

t ] im - se  two t r e a t m e n t  processes (A l t e rna t ives  B—l , B—3 , 0— 1 , D—3)  was

f o u n d  to p r o v i d e  -n~ :-: t mum imp rovement (or  e x i s t i n g  and f u t u r e  w a t e r

q u a l i ty  c o n d i t i o n s , with s u b s e q u e n t  b e n e f i c i a l  e f f e c t s  on aq u a t i c  b io—

l u c i c a l  resourc ccn . Those alternatives with increased use of lan d

treatment in their desi gn (Alternative 11—3 , D—l and 0—3) reduced

p o l L u t a n t s  in r eceiv ing  w at e r s  to a greater extent than those relying

mor e on conven t  ni m i  t r e a t m e n t  and d i scha rge  t o  su r f a c e  wa te r s .

251 . ‘)ther w a d e r — o r i e n t e d  t r e a t m e n t  processes considered in combina t i on

with lan d t r e a t men t , w er e -  seen in  A l t e r n a t i v e s  5—2 and fl — 2 . T h e s e  two

sy st e m s  were devo t op ed m a i n l y  to p rov ide  :1 “s tepp ing s tone ” to the

t e r t i a r y/ l a n d  sy s t e m . The t r e a t m e n t  p ro c i -e s  used art advanc - ul  typ e

- i— I i’ I
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t r e a t m en t  , w i t  i c hi o t t  h1 -d n i t r o g e n  and ph osp h o r u s  remova l  ~nd dua l

media f l i t  r ot  io n  to  - t - u  n l n d n u r v  t r e a t m e n t . P r  fo rmance  ana l ys is

showed t h a t  then— c wI alt ernatives i n i t i a l ly provide  a d e q u a t m -  removal

o f w a s te  c u 4 n s t  i t  l e J m t s  , b e t  t ha t  t h e i r  c a p a c i ty  to remain  e f f e c t i v e

as w a s t e  f lows  j i l t  r e n u c c~~- in the  f u t u r e  was l imi t ed  anti t h a t  by proj-

ect  year  2000 waste loads in the estuary would again he at 1975 l eve l s .

[he bio log ica l  response to these a l t e r n a t i v e s  in the rece iv ing  w a t e r s

was considered favorable over the short—term , but their benefit to

aquatic biolog ical resources over th e long—term would be limited.

252 . The ma jo r  i ssue s u r ro u n d i n g  land t r ea tmen t  is land use . It is

obvious that  land t r e a t m e n t  requi res  much more land than conven t iona l

t rea tment  to be f u n c t i o n a l .  The six alternatives developed by this

st u dy present  a rimin ge of land required for a land app lication treatment

system in the ilay— l )cita Region . The upper limi t of land required is

found in Alternative 0—3 , which envisions using a total of about 253,flOO

acres of land. l i m e  lower l i m i t s  of land requ i red  fo r  a land app l i c a t i on

sys t em in th is  r m - g ion  are found  in the B—ser ies  a l t e r n a t i v e , which rep-

resent  ; m i u r d e d  use of t h e  land as a t r e a t m e n t  process .  A l t e r n a t i v e

11—2 r eq u i re s  the  leas t amoun t of land of the  six a l t e r n a t i v e s , or abou t

155 ,000 ; m c r t s .

253. From the  e va l u a t i o n  of the six  f i n a l  a l t e r n a t i ve s , i t  can be seen t hat

the  app l i c a t i o n  of was eeu ’ n i t e r  a n d/ o r  s lud ge to t Im l and  w i l l  un doub ted l t ’

change the  ph y s i c a l , chemi  cal and ocolog i cal — h i m  c~ or  of  t n - land.  At

t h i s  t ime , the  ecol  on; i nnll change s  would  have to be c on s i der e d  of p r i m a r y

11— 1 72
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importance , since they are  more or i c -  - un niv omd ab lm . I’hvs i c a l  nun

chemica l  changes , on t ime other hand , a re not  c o n s i der e d  so t r o u b l e s -n- -c

as t h e  ecolog ical changes  S inc e  t i m e  m a g n i t u d e  f t h e i r  i r n i l n u  t

c ons ide red  a f u n c t i o n  of known m anagement  p r a c t i ce s  or I n i t  l i e  r- e a r c h u .

2 4 .  The ma gn i tude  of ecolog ical impact will depend on tIn e gre-s ent

use of  the app l i cat i o n  s i te . On a g r i c u l t u r a l  land w h e r m  no chang m -  i i i

cr01) type  is needed to accomodate t h e  treatment s\’sten- - , t h e  e c o l u g i  t a !

changes r e s u l t i n g  f r o m  wa s t ew a t e r  app l i c a t i o n  w i l l  b e t n i i n i n i a l and

may appea r  onl y ove r the long  t e r m . On a g r i c u l t u r a l  lands w h er e  c r o m

ad ju s tmen t s  are necessary to accomodate  t h e  treatment system , the

ecological  impac t  would be slig h t l y  tro re appa ren t  and probab ly a f f e c t

resident animal populations since the cover type  w i l l  be a l t e r e d .

This , however , may be of benefit recreationally since the new cover

type may suppor t  more game species th an t h e  o ri ginal cover type .

lie mos t c o n t r o v e r s i a l  ecological impact of land treatment will occur

in areas where  n a t i v e  vege ta t ion  is disp laced b~- sy s t e m  a g r i c u l t u re .

This would be e n v i r o n m e n t a l l y sens i t i ve , in tha t  it involves elir ~~

m a t i n g  n a t u r a l  ecological  communit ies  in a tine when n a t u r a l  c o n d i t ion s

are considered precious.

255. All s ix  of the a l t e r n a t i v e s  developed in this  study will incur

the  above land mi sC changes in varying degrees in the app i i& n i t  ion areas .

However , since m o s t  of the  land se l ect e d  f o r  app l i c a t i o n  of ns m s t e w a r t n r

and s ludge is a l ready  un d e r  a g r i c u i t n u i r a l  p r o d u c t  ion , t h e  magnituc !t - of

imp i c t  per a l t e r n a t i v e  would be a u n c t i o n  of t u e  t ot a l  amoun t  of

11—173
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land requi red b y an a l te r n a t i ve , r a t h e r  than  the dci ree of  change

o c c u r r i n g  in i n d i v i d u a l  land sites. Therefore, those alternat ivm -s

which  use greater amounts of land would inherentl y have g r eat e r

envi ronmenta l  impact  on the reg ion as a who le , h )u t  wou ld  not  neces-

sar i ly have a greater ecological imp nml -t on the i n d i v i d u a l  land s i t e s .

256. Aside from the major land app lic a tion versus treatment plant ef-

fectiveness tradeoff issue , there are many other impacts associated

w i t h  the alternatives. These impacts can be divided into two categories :

cons t ruc t ion  impacts , and land area  management  i m p a c t s .  W i t h o u t  going

into a detailed list of these impacts , it is recognized t h a t  such im-

p acts  as increased dust , noise and the general disruption of existing

lands associated with construction activities will have a major but short—

term impact on both tire human and natural environment. Even after imp le-

mentation , proper management techniques such as crop rotation , erosion

control and water quality monitoring will have to be employed on the

landsites in order  for  any of the r  a l t e rna t ives to become a succes s fu l

wastewater treatment system.

257. In summary , a regional wastewater management system which in-

corporates the use of land treatment to treat a portion of the reg ion ’s

waste flow is competitive with conventional advanced wastewater manage-

ment systems in terms of treatment effectiveness and in resolving

current and future water quality problems in the San Francisco Bay

and Sacramento—San Joaquin Delta Region. B-m sica liy , the pr ice  paid

for  improved w a t e r  q ua l i ty  th rough  land t r e a t m e n t  is the  w i l l i ng n e s s

to commit i nc reas ing ly  l a r g e r  amounts  of land to w a s t e r -v o t e r  ma nage—

ment. Although the envi ronmental changes induced by t i u l s  USe of
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land is major  in terms of area , f f e c te d , they are cons i de r m -d  to be

minor in terms 0 1 actual ecological change since most of the land

selected for system use is already under agricultural production .

In add i t ion , lan d t r e a tm on t  sys tems  would insure  open space for the

future and offer tu ique opportunities for recycling a l te r  and other

resources connected w i t h  agricultural production.

Social Considerations

215 . For t h e  purpose of this stud y ,  Social Well—Being is defined as

the  condi t ion , exis t ing  and desired , of a desi gn ated  st udy area

and i t s  p o p u l a t i o n  expressed in terms of c r i t e r i a  concern ing  the

ind iv idua l  and group qua l i ty  of l i l e.  The anal ysis of this  condi t ion

deals w i t h  the re la t ionship of the individual , group or communi ty  to

a p rogram.  Wi th in  this contex t , two basic elements may be cons idered:

a. Who are socially impacted by the wastewater system; and ,

b.  t .hu u t  are the si gn i f i can t social impacts , p r i m a r i ly in terms

of “bread and b u t t e r ” issues of jobs , income , and housing.

259. Social considerations with respect to wastewater management via land

app l i c a t i o n  seem to be concerned p r i m a r i ly  wi th  the populace in the land

app lication areas and along the p ipeline routes .  Concerning the land

application areas , approximately 10 ,000 peop le cu r ren t ly l ive w i t h i n  or

on the “ f r inge ” of tire sites (mostly in eleven small settlements) as de-

fined ~y the six alternatives under evaluation . It is es t imated  that  the

minority population (mostly Spanisir—Anrerican) totals almost 2 ,200 and the

elderly/retired totals about 1,250. Tire average annual income is below that

of the stud y area as a whole. on a secondary level , an additional 47 ,000

peop le living in nearby communities and settlements are potentiall y indir ectl y

a~~f l - c t e l I  Insofar as possible -ul terat lins to t h e i r  economy are c o n c o r i m e d .
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All sites are rural—o riented , with major agricultural economies and/or

recreation activities. Concerning the pipeline route , tire aggregate

picture presents a cross—section of the region , transversing all kinds

of areas, from poor to rich , densely to lightly popul ated , agricultural

and residential to industrial , and comp rising all ethnic groups . Social

well—being impacts would be mostly confined to the immediate environs

of the route i tself , due to t h e  ve ry n a t u r e  of i ts  l i n e a r i t y  and poten-

tial rights—of—way .

260. The greatest potential social impact to the application sites and

their vicinity is that of alteration to the agricultural economy due

to necessary changes — or exchanges — of crop types as a result of

wastewater application. Such impacts will tend to be of a permanent

nature. Housing and se t t l emen t  disruption should be minimal.

26 1. Total agricultural crop alteration would range from almost 36,000

acres for Alternatives B—i and B—2 to over 69 ,000 acres f or Al ter native

11—3. The potential  rep lacement of orchards in slud ge areas could range

from about 5,700 acres (D—l and D—2 ’ to ove r 6,100 acres under (B—3) .

The average total annual income change would range from a t~t670 thou—

sand loss for Al ternat ive B— i to $1. 23 mil l ion loss for  Al te rna t ive  11—3.

These net changes do not have a direct ratio relationship to potential

jobs and wages of ag r i cu l tu ra l  workers . Perhaps some $1.3 ( 11— 1 and 11—2)

to $1.9 million ( 11—3) net labor cos t loss would be incur red  for  cu l t u ra l

(pre—harvest) labor employment. Potentially,  almost 900 of the impac ted

population employed may be affected by agricultural job displacement

or relocation. This does not accoun t for impacts to workers related
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to harvesting , food processing and other industri es , or offsite-

popu la t ions  who may be employed w i t h i n  ti le s i tes .

262. Major e f f e c t s  to the local and regional food p r o c e n s i i u c  ec u ,u l on ’-

wo u ld be loss of high labor intensivt - crops of strawberries , medimuinn

labor intensive crops of tomatoes and low labor inte mis iv i.- crops of

almonds , m-.’al nut nn , and asparagus . Crops added would be sugar  b e e t s

(med ium labor in tens ive)  and a l f a l f a  and m orn (low labor i n t e n s i ve ) .

The opt ion of r ep l ac ing  lost  orchard  crops in s ludge areas could

s ign i f ican t ly  m i t i g a t e , or even enhance in some si tes , t i m e  overa l l

income and emp loyment impacts of crop changes.

263. Under the land management concept of u t i l i z i n g  use con t rac t s ,

insofar as possible , there should be i n s i g n i f i c a n t  d i s rupt ion  of

housing and settlements per se. In addition , the potential tax rate

e f f e c t  to the app l i ca t ion  s it e s  would be m i t i g a t e d  by such a concept.

264. Unlike the application areas in which impacts on social well—being

would he - generally permanent , t h e  m a j o r i t y  of such impacts of the co mi—

veyance p ipelines would probably occur during the transitional constru

tion phase. !Lowever , permanent impacts would occur for any subsidiary

facilities , such as parks and open space. Social well—being impacts

of the pipelines wi l l  include - e n n ; l ry  and environmenta l  impacts of

people and bus iness , loss of housing , t r a f f i c  d i s r u p t i o n  and e f f e c t s

on neighborhood identity. In its permanent forum , the p ipeline systc—n

should he relatively invisible . ~cverthe1ess , there are some i s s u e s

of set h — il  w e l l — b e i n g  raised b y the permanent ch a r a c t e r  of t i re  a s tern

and its final design . These issues involve such factors as possibli.
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neig hborhood cohesion and enhancement , or d i s rup t j o i n , i n i t i n g  f rom

subsidiary parks and open space , and subsequent opucrat ion and mainte—

nance of the lines and structures “in place .” The impact of disruption

due to cons t ruc t i on  will depend upon the det a i l e d  location 15 the

p i pel ine  and the tvpt - of ne ighborhood  t i r r o u g h  which  i t  p 1 5 c m  s -

2o3. the l-onstructLon of ti-re system would genera te  a t o t a l  of up to

40 or more million man—days of employment. The total wige s generated

by the project , including industrial wages , would range froi- m $1.4 (B—2)

to almost $2 .3  b i l l ion  ( D — 3 ) .  The possible m i n o r i t y  share of this

would range from over $200 to $360 million , respectively. It is antici-

pated that the minority share of wages from construction of the svstelr

would amoun t to nearly 16 percent of the total , using current partici-

pation rates . Minority share of skilled , unskilled and technical work

would he 25.4 percent .

266. It is anticipated that operation and maintenance of ti m e land appli-

cation system would require an additional work force of seven to nine

thousand employees . The total annual operation and maintenance wages

would range from $105 (11—2) to about $160 million (B—I).

267. Through land management techni ques , careful design , public

participation , proper nraintcnamrce and operation , and coordination , the

a l t e r n a t i v e s  o f f e r  s u g n i f i c a n t  oppor tun i t i e s  for  phy s ica l/ sensory

enhancement , overa l l  human b e t t e r m e n t  and ass i s tance  in imp lement ing

selected ro~~lnn - i l and local, goals  and o b j e c t i v es .  Under the concep t

of avoiding fee simple p ur c i r a se  of l ands  as much as possible , and

utilizing other l a n d  management alternatives such as easements.
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l eas es , and use c o n t r a c t s , t i m e ~- -te:n t ial p h m y s i - t i  a n i  I ’ m  anonic

disruption of t ine - system placement would he least-ne d sign ifi can~~1 y.

Other effective mitigat in g  and o p p o r t u n i t y  m e a s ur e s  in c l u d e con st  ruc-

t i o n t e c h n i q u e s  and p r o c e d u r e s , c o nst r u c t i o n  t i m i n g  and scm cdul ing ,

and selection a t  c o n s t r u ct r o n  m a t e r i a l s .  Appendi:-: DI ( S O C I A L  ~-A~L-

BE1NG ) discusses  social w e l l — b e  iug as~ e c t s  in l i e - t i  I -

Econonric  Cons ide r a t i ons

Costs

268.  P r o j e c t  cost  e s t i m a t e s  fo r  t h e  a ix w m ~~ t - s - i t t -  r r n an age n ent  a L - - r -

n a t i ve s  have been developed based on 1173 p r i c e s .  Cost  ar e  r e p o r t e d

in Appendix Bl (DESIGN AND COST) ani its At t m  c:eat A. I

f i r s t  costs (in b i l l ions ) fo r  t he  six s i s t e w : r t e - r :‘ u l l a g - n e ’ : ~ a lt e r n a t iv e s

based on a use contract concept for the acquisition of i cid app l i c - i t i o n

-ir e - a s  arc  as fo l lows :

Al te rna t ive  B— i — $2.6

Al ternative B—2 — $2 .0

Al t er n a t i v e  11—3 — $2 .9

Alternative 11—1 — $3.0

Alte rnative D—2 — ~2 . 5

A l t e r n a t i v e  11—3 — $3.3

These cos t s  ire  in addition to t h e eat iir m ted first ccst o f  ‘~~

nillion for b a s e  c o n d i t i o n  f a ci l i t i e s,  l i n e  e - stir jted fi r st cost cI

tire full tert :ary treatment Sy 5 t  em is $ 2 . 1  6 ifl ion .

269. -\verage annual costs  (in m i l l i o n s )  c o n s i der i n g  -l f l a w  a u g~ t-n t . —

t ion  reuse a t  i i  I landsites (which envisloms - :mdd it i~ nol t a ci lit ies

i t  s i t s 4 n i n t h 43) for t h e  Six  w.- i s t e w a L e r naafl l ge ii -cn t ‘ i t  t er n at  t ’ - t S

have been e s t i m a t m - m i is f o l l o w s :
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Alternative B—i — $447.

Alternative 8—2 — $355.

Alternative B—3 - $482.

Alternative D—l — $437.

Alternative D—2 — $366.

Alternative D—3 — $472.

The average annual cost of the full tertiary treatment alternative

has been estimated at $357 million.

270. Alternatives 8—2 and D—2, which would meet the 1977 effluent

limitation requirements of Public Law 92—500, are the least costly .

In fact, the average annual cost of these alternatives is about equal

to that of full tertiary treatment . Alternatives B—i and D—2 are next

higher in cost. The most costly alternatives are Alternatives B—3 and

D—3, which envision the removal of waste discharges from South San

Francisco Bay and the export of wastewater to the Monterey County Area.

271. It can be seen that alternatives containing land application

components are more costly than a full tertiary treatment alternative.

However, some offsetting benefits result in the case of land

application such as the potential for reclamation of resources and

the possibility of siting critical industries near wastewater storage

lagoons.

Public Finance and Land Values

272. Since some of the system required lands will be purchased in fee,

there will be an annual tax loss. In the case of Alternatives 8—1 and

B—2 this will amount to $165,000. Alternatives D—1 and D—2 will cause
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an annual loss of $287,000. 11herc the interbasin transfer of

wastewater is envisioned , in Alternatives 8—3 and D— 3, the annual

loss will be $189,000 and $317,000, respectively.

273. All of the alternatives preserve and may ultimately enhance the

value of riparian land through the reversal of water quality degradation

and flow augmentation.

274. The wastewater application areas to be used by the alternatives

are currently in agricultural use. The implementation of the alter-

natives would not eliminate agricultural use, but would require certain

changes in the crops to be grown to achieve a high nitrogen removal and

to avoid raising crops for direct (raw) human consumption . The reduc-

tion in agricultural crop output for each alternatives has been esti-

mated. Irrigation and fertilizer requirements of the cr3ps would be

provided , thereby reducing costs and effectively increasing net income.

On the other hand , the restriction of crops and the loss of all crop

output for an average of two years to allow for the implementation of

the alternative, tends to lower net Income . The combined effect of

these changes in agricultural production ~,ould result in the loss of

net average annual Income. These losses have been estimated as follows

for the six wastewater management alternatives :

Alternative B—i — $673,000

Alternative B—2 — $683,000

Alternative B—3 — $1,192,000

Alternative D—1 — $684,000

Alternative D—2 — $717,000

Alternative 0—3 — S1,230,000

8—181

~~: ~~~~~~~~~~~~~~~~~ ... 

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



i

Annual income loss averages about $700,000 for most of the alternatives.

In Alternatives B—3 and D—3 where the interbasin t ransfer  of wastewater

is envisioned, these annual income losses are over $1 million.

275. As explained earlier, it is possible to avoid those losses

which relate to edible crops through the addition of filtration

high—level chlorination facilities. Increases in project costs asso-

ciated with these additional facilities were presented in Table B—3l.

276. Water pollution has resulted in the contamination of shellfish

and other marine life in San Francisco Bay. Ninety percen t of the

shellfish areas in the Bay have been declared contaminated and shell-

fish are unsafe for human consumption . Based on a projection of

10,000 acres of producing oyster beds in the San Francisco Bay Estuary,

there would be a potential for at least 25 million pounds per year of

unshucked oysters with the implemen tation of the wastewater management

alternatives.

Cost Sharing

377. As discussed earlier, the California’s Clean Water Bond Act of 1970

and its amendments and the Federal Water Pollution Control Amendn~nts of

1972 (PL 92—500), together with State and Federal rules, regulations

and guidelines, have established cost—sharing procedures for the con-

struction of publicly owned waste treatment works. At present , cost —

sharing percentages are as follows: 12.5 local, 12.5 State of California

and 75 percent Federal. Project costs have been apportioned among local ,

State and Federal interests in this ratio .
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Special Considerations

278. In the land treatment concept , secondary treated wastewaters

would be applied to land areas as irrigation water . This, in itself ,

constitutes a reuse of wastewaters. During the initial wastewater

application phase, all the water that percolates below the vegetative

root zone will reach the groundwater table. Additional reuse poten-

tial also exists, since some of the applied water would be recollected

in underdrain systems and would be available for additional reuse once

the groundwater table has been built up. It should be noted , however ,

that basically only the cropped land area would be underdrained , and

except for certain portions of Sites 42 and 43 in the D series of

alternatives , pasture areas would not be underdrained . Cropped

lands are generally flat and can be easily underdrained . Pasture

lands are generally rolling terrain which cannot be underdrained

~.iithout excessive cost.

279. As previously stated , the water collected in underdrains would

he available for further reuse opportunities . The word “further”

should be emphasized since the treated wastewaters have already

undergone one reuse as irrigation water on the land areas. At the

same time water is being used by the plants , constituents are being

removed by the soil—plant system. In this sense land treatment is

unique , since c.iastewater is being renovated at the same time it is

being reused .

280. Based on the assumptions that the groundwater table has been

built up to the level of the underdrains and that the underdrains are

90 percent efficient , the amount of water available for further reuse

B—l83
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would range from about 126,000 acre—feet per year (Alternative B—i ) to

about 252,000 acre—feet per year (Alternative D—3) by the year 2000.

This water would be available for a variety of beneficial purposes such

as flow augmentation, agricultural irrigation, recreational lakes, in-

dustrial cooling and groundwater recharge. In addition the renovated

or recollected water would be available at inland locations of major

• agricultural and recreational needs, rather than near marine or estuarine

waters, as in the case in water—oriented disposal facilities. Therefore,

recollected water could be used not only to meet future local defi-

ciencies, but could also serve as a local substitute water sources (for

example, irrigation) allowing localities either to decrease their re-

quirements for present supplies or use existing water supplies for

other purposes.

7 281. In close association with the renovation of wastewater and

initial reuse of water, there is also the aspect of nutrient re-

cycling . Most of the chemical constituents found in wastewater and

sludge are in fact the same constituents normally contained in com-

mercial fertilizer compounds, nitrogen, phosphorus and trace elements

being the most important constituents. Under controlled wastewater

application rates, these constituents could be delivered to the land

areas in sufficient quantities to meet the needs of the specified

crop type. In monetary terms, it is estimated that between $1.4

million and $2.3 million in fertilizer benefits could be provided

yearly , depending on the alternative involved . Those alternatives

employing more land treatment correlate to greater benefits .
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282. Electrical energy, natural gas and various chemicals are necessary

to support the operation of any wastewater management alternative ;

conventional facilities, all tertiary facilities or land application

systems . Resource requirements for each alternative have been deter—

~ained and are shown on Table B—33. Requirements shown consider the

concept of reuse. Recovery processes will insure minimum use of com-

mercial chemicals. Methane, a gas procuded during digestion , can be

recovered and used in place of most natural gas requirements . Natural

gas requirements were included for emergency conditions.

TABLE B—33 - RESOURCE REQUIREMENTS

Electricity (Megawatt Hours/Day): : Chemicals (Tons/Day)
Treatment : Pumping : :Natural Gas :

ALT. Plants : Stations: Total : (Cu Ft/Day) :Lime :Methanol :Carbon: Chlorine

B—i 3,900 : 5,430 9,330 : 18,900 : 700 : 220 25 50

B—2 2,250 : 5,430 : 7,680 : 13,900 : 90 : 30 : 0 40

B—3 3,940 : 7,570 : 11,510 : 18,900 : 565 : 175 20 : 40

0— 1 4,140 8,960 13L100 20,550 530 165 20 : 50

D—2 2,950 : 8,960 : 11,900 : 20,550 : 30 : 10 : 0 : 40

D—3 4,260 : 11,520 : 15,800 : 20,550 : 365 : 115 : 15 : 45

Contribution To Regional Objectives

283. Based on the Phase III evaluation , which compared the alternatives

against a set of study area regional objectives (see Attachment B,

Appendix B7), it was found that the alternatives all contributed in

a positive manner toward meeting the objectives . They impacted on the

objectives, however, with varying degrees of sensitivity . The most
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positive contributions were recorded when the objectives dealt

specifically with water quality conditions . Less positive , yet

acceptable , contr ibut ions were recorded where the objectives

outlined desired terrestrial , social and economic conditions .

It should be noted that these objectives could apply to any

regional development plan and their purpose is aimed more at safe—

guarding the character of the region rather than guiding a specific

study.

Contribution to National Objectives

284. The major national objectives relevant to wastewater manage-

ment programs are the National Economic Development Objectives and

the objectives of Public Law 92—500 . The national economic develop—

ment objectives are met by increasing the value of the nation ’s out—

put of goods and services and improving national economic efficiency.

The major objective of PL 92—500 is to restore and maintain the

chemical, physical, and biological integrity of the Nation ’s waters .

285. The national economic development objectives may be met by

any of the alternatives through:

a. The increased efficiency of funding and grant programs

with a regional—oriented approach which , by reuse of water resources ,

partially replaces future needs for separate and/or expanded water

supply facilities;

b. The value of reducin g costs of adverse economics caused

by pollution of the ocean , bay, estuaries , and rivers ;
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c .  The value of u t i l i z i n g  human resources of unerr ployed or

underemployed , espec ially m inority gro ups , for b~~th construction and

0&M phases; and

d .  The value of r ecyc l ing  w a t e r  and o the r  resources c o n t a i n e d

in wastewater.

Public Law 92—500

286. On 18 October 1972 th e “Federal Water Pollution Control Amend-

ments of 1972” (PL 92—500) became law . The law establishes two na ti -n i l

goals:

a. To achieve wherever possible by 1 July 1983 water that is

clean enough for swiimning and other recreational u~ 1- , and clean eno ugh

fo r  the pro tec t ion  and propagation of f i s h , sheilfisi and wildlife .

b . To have by 1985 no d ischarge of pollutants into t~~ € nation ’s

waters .

287. The law also increases F e d e r a l  aid to hel p local government

build sewage t r e a t m e n t  f a c i l i t i e s  and s~~ t s  t he  fo l lowing deadlines

for actions to coi trol water pollution f r :n industrial and municipal

sources.

a.  I n d u s t r i e s  d ischarg ing p o l l u t a n t s  i n to  the  na t ion ’s waters

must use the “bes t practicable ” water pollution control technology

b y 1 July 1977 and the “best available” technology b y 1 July 1983.

b. All publicly owned treatment works in operation on 1 July

1977 must provide a minimum of secondary treatment.

c. All publicly owned t r e a t m e n t  works must  use “best practicable”

treatment by 1 July 1983.
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288. Insofar as possible , the water quality provisIon s f  PL 92—500

have been considered in evaluating and characterizing the performan ce

of the final wastewater management alternatives.

Project Effectiveness

289. All the wastewater management alternatives selected would result

in the enhancement of water quality conditions in the San Francisco Bay—

Delta Region . Alternatives B—3 and 0—3 would discharge less pollutan t

cons t i tuen t s  followed b y Al ternat ives  B-i and D — l .  Al ternat ives B—2 and

D—2 would discharge the most constituents but , even with the increase

in wastewa ter flows in the future , less total quantities of constituents

would be discharged than are anticipated under the 1975 Base Condit ion .

290. Renovated water would also become available for various reuse

purposes and would become an additional source of water to meet the

needs of the region. Each alternative has been developed to insure

the complete management of wastewater; all wastewater generated within

the study area, both municipal and industrial , has been considered.

Wastewater would receive a high leve l of t r ea tmen t  prior to land ap—

plication making it available as a source of irr igation waters ; land

renovated wastewater would be available for other reuse purposes; the

ultimate disposal of sludge has been considered; land is available for

future open space requirements; and, the interbasin transfer of waste—

water for agricultural use has been studied. These items repre sent

a complete investigation of the effectiveness of land treatment

alternatives as they relate to wastewater management in the San

Francisco Bay and Sacramento—San Joaquin Delta Region .
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Flexibility

291. The final alternatives developed by this study provide sufficient

flexibili ty to allow for advances in technology and public attitudes ,

and are compatible with regional planning. Each alternative has been

developed so that a staging of management systems could be achieved to

insure compliance with Public Law 92—500 . For example , Alternative B—2

would insure that all wastewater treated would at least meet the 1977

goals of Public Law 92—500 . This alternative could be used while the

additional treatment plant processes were being constructed to meet the

1983 discharge requirements of Public Law 92—500 as would be the case

in Alternative B—l. As the demand for agricultural water increases

and new sources of water become needed , Alternative B—I could be con-

verted into Alternative D—l which , through increased use of land ap-

plication, could provide new sources of water. As a final step,

Alternative D—l , formulated to meet year 2000 needs of the region ,

could be expanded to meet year 2020 requ irements through the incorpora-

tion of Alternative D—4. The conversion of B—series alternatives to

the D—series would result in some secondary treatment plants being con—

verted into pumping stations with a minimum amoun t of technical re—

design or construction . Implementation of alternatives 8—3 and D—3

could provide a new source of irrigation water for Monterey County.

292. State regulatory agencies requirc the consolidation of treatment

plants in all cases where it is feasible and desirable to accomp lish

good water quality management. On this basis , each alternative provides

for the consolidation of treatment plants on a regional basis. Several

subregional planning programs have been approved by the California
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Regional Water Quality Con trol Boards and the State Water Resources

Control Board. In most instances , the alternatives developed in this

study are extensions of thL. recommended plans approved by these boards .

The major difference is that they consider land treatment as opposed to

complete water—oriented disposal.

Reclamation Potential

293. A basic goal of wastewater reclamation is to conserve and make

maximum use of available water resources. While smal], local reclama-

tion projects, such as golf course and park irr igation , have value from

the standpoint of water conservation , they result in only minimal use of

a large water resource supply . In order to make maximum use of available

resources , this study concentrated on identifying reclama tion projec ts

that would make use of substantial quan tit ies of was tewater .

• 294. In all of the alternatives, reclaimed water would initially be

used for the irri gation of agricultural lands . This practice has been

in use within California on a small scale for several years and , there-

fore , is not a new reuse concept . Normal secondary effluent can be

used on many crops , and filtered and chlor inated secondary effluent can

be used on basically all types of crops . Since large quantities of

water are needed for agricultural purposes , the use of treate~’ waste—

water for agricultural purposes offers considerable potential for

large—scale reclamation. Between 560,000 and 1,000 ,000 acre—feet of

irri gation wa ter can be made available by the alternatives.

295. After passing through the soil/vegetation treatment system, re-

claimed water would be recollected in underdrain systems . This water
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would then be available [-r other uses such as streamflow augmentation ,

industrial reuse , recreational purposes , groundwater recharge and

additional irrigation water.

296 . For each of the alternative s it was considere d that recollected

water would be used to augmen t the flow in local streams . Increased

flows in local streams would serve to enhance not only f i sh  and

wildlife resources but also aesthetic values. Perhaps the greatest

benefit from flow augmentation would be to the Sacramento—San Joaquin

Delta . ~-.ith the continue d increase in water exports from the Delta ,

there is a need to provide additional water to the area to retard salt

watec incursion which is threatening agricultural and industrial water

supplie s and the basic ecology of t!ie Delta itself . The required amount

of add itional water could be obtained from the development of new water

• supply projects, or ~ t could be develope d at least in part from reclaime d

wastewater. If reclaimed wastewater is to be used , it must have had a

high level of treatment so that it would not degrade Delta waters. Water

recollected from land application areas would meet this criterion .

297. Appendix Bi (DESIGN AND COST) presents other reclamation alterna—

tives based on flow augmentation at other specific locations (Napa and

Petaluma Rivers) and the concepts of industrial cooling, recrea tional

lakes , new irrigation supplie s and groundwater recharge . Costs associ-

ated with these alte rnatives also are presented.

Implementation

298. An alternative is only a concept until it is implemented , then

i t  becomes a progr~im or a project. One of the problems common to all
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major public works projects i s that of developing adequaLe administrative

and economic procedures for f inancin g both the construction and the sub-

sequent operation and maintenance of an alternative . To avoid potent ial

difficulties in financing and administration , it become s necessary to

review f inanc ia l  and legal problems p e r ta i n ing to  publ ic  works  p r o j e c t s .

An engineering report can be of assistance by providing preliminary

planning information . Presently, the implementation of an alternative

cannot be accomplished b y the existing local gnve rnments acting inde-

pendently . Some form of regional organization , or a consolidation of

authorities , is required to provide at least ove rall planning and co-

ordination, not only for the wastewater disposal system itself , but

also for all other aspects of water quality control. An aggregation

of autho ritie s offers a large and firm f inance base , economies of

scale , and the flexibility inherent in being able to transport waste—

water to optimize a wastewater management system. However , the selec-

tion of ultimate institutional arrangements to requirements of the

selected technical alternatives is the responsibility of State and

local agencies and the voters . In t e r e s t ed  and coope ra t ing  Federal

agencies are charged with the responsibility of assisting the State and

local agencies and to tha t  ex ten t  may offer assistance as needed. None-

theless , the decision—making process remains a State prerogative .

299.  The problem of how a par t icular  a l t erna t ive  could be co n s t r u c t e d

and operated must also be considered. All the facilities for an alter-

native could be built during a relatively short period of time or a

phased construction could be accomplished over a longer period of time.
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In order to determine which construction method would produce the

bes t results , the following assumpt ions were used:

a. All in terceptor  pipelines would be constructed at the same

time ;

b - All land would be acquired at the same time ;

c . All wastewater storage reservoirs in the land areas would be

constructed at the same time ;

d. Approximately 75 percent of the wastewater treatment facilities ,

the p ump ing s ta t ions , and the slud ge handling systems would be bu i l t

during the first part of the construction phase; and ,

e. Approx imately 50 percent of the land application sys tems

would be built during the first part of the construction phase. Based

on a review of the cost data , the ef fec t of these assump tions would be

that only about 25 percen t of the construction cost could be considered

for s taged, or phased, construction . It was assumed that all construc-

tion would be started by 1975 and comp leted by 1985 for the systems ,

with design capacity to meet the year 2000 flows . There could be a

staging of a portion of total system construction during this 10—year

period .

Program Acceptability

300. The suggestion ~t regional wastewa ter systems which utilize an

innovat ive  treat~-~~n t techni que , land application on a massive scale ,

could br ing significan t re ictions not only from the local population

but from various governmental organizations as well. A discussion of

program -i cept ahil ity m~ t i w i it detailed comments on this report.

Initial public exposure N the land application t reatment technique
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and to the wastewater management alternative concepts has been made

through public meetings sponsore d jointly by the Corps of Engineers ,

the State Water Resources Control Board , and the Environmental Pro-

tection Agency; and , workshop sessions held with special interest

groups and individuals from the study area. Expressions to date of

public  opinion and concern regarding concept of wastewater  management

via land treatment can be summarized as follows:

a. Environmental integrity;

b. Land acquisition and management;

c. Groundwater effects;

d. Quality of applied wastewater;

e. Public health considerations; and

f. Fate of heavy metals and nutrients in the soil mantle .

301. Each of these concerns has been considered , studied , and ad-

dressed in this report. To the maxinum extent possible these con-

cerns from the public were used in the revision of the original six

technical al ternatives to the B— and D—series concepts of wastewater

management. Appendix D addresses all comments received as a result

of the  December 1973 Public In formation Brochure on the subject  of

wastewater management by land application .
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SYSTEM PERFORMANCE AND DISCUSSION

SYSTEM PERFORMANCE

302. Each of the wastewater management alternatives has certain

requirement characteristics in terms of monetary costs ; use of

electr ici ty, natural  gas and chemicals ; land requirements , and

open space utilization. From Table B—34 it can be seen that as

more use is made of land application , average annual cos ts will

increase; more land will be required to support the applica tion of

wastewater and sludge; and , more land will become available for

various open space uses. Also , with the use of land application,

a new water supply can be made available — the recollec tion of

renovated water.

303. Table B—35 summarizes the features and expected accomplishments

of each al ternative and the tertiary treatment system. All the al-

ternatives will meet the requirements es tablished by Public Law

92—500 (although Alternatives B—2 and D—2 only mee t the 1977 require-

ments) , reclaim varying quantities of renovated wa ter and provide

certain fertilizer benefits. Table B—35 also depicts typical finan—

cial costs which could be expected to be incurred by the local popu-

lation , the State of California and the Federal government.
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DISCUSSION

304. This s tud y was conduc ted in coopera tion w ith, and has had active

par ticipation of , Region IX of the Federal Environmental Protection

Agency , the S tate of California Wa ter Resources Control Board , and the

appropriate California Regional Wate r Quality Control Boards pursuan t

to a joint agreement. The final alternatives developed and evaluated

reflect the maximum use of previous studies and underway effor ts by

Federal , State of California , regional and local ager.cies. In addition ,

the general public in the San Francisco Bay and Sacramento— San Joaquin

Delta Region and the residents affected in Monterey and San Benito

Counties , the latter because of the use of optional Land Site 27 , have

been kept informed of, and have par ticipated in, the Corps ’ investigation

efforts .

Compatibi l i ty With Current  Studies

305. The State of California , under contract  with several consulting

engineering firms, presently is developing various wastewater management

actions and strategies for basins lying entirely or partially within the

San Francisco Bay and Delta Region . These actions ar.d strategies will ,

by July 1, 1975 , evolve into the S tate ’s “Comprehensive Water Quality

Control Plans” as required by State and Federal s ta tu tes .  Development

of the joint agreement, previously cited , indicated that the maximum

contribution toward overall planning would be accomplished if this

report emphasized the near—future and long—range potential of land

application of treated wastewater and a regional approach to the

land application of residual solids resulting from wastewater treat—

ment. The six alternatives developed in this study, which emphasize
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land as a treatment mechanism, do not represent a complete range of

possible alternatives but do represen t cost effective systems . The

land application components are technically comparable in precision

level and completeness. Investigations of the State of California

have used the data and evaluation factors on land application de-

veloped in this report. With the work done by the Corps and that

being accomplished by the State , a complete range of alternatives

and treatment systems for municipal and Industrial wastewater dig-’

charges will have been considered by the State of California as is

required b y Public Law 92— 500 .

Study Assumptions And Limitations

306. All alternatives developed in this study are comprised of com-

binations of land application components and conventional sewage treat—

ment plants, Conventional treatment portions were included in the final

alternatives since evaluation of earlier alternatives indicated that

the most viable systems of wastewater management involving land ap-

plication would be a combination of both types of improvements. Con—

sideratlon of conventional treatment also was necessary to develop

general data on sources and amounts of treatment system sludge which

might be disposed of on land and to develop a range of full system

cost;  however , the level of precision for  conventional treatment

systems was less than that for land treatment components . Moreover,

considerations regarding the abandonment of about one and one—half

billion dollar’3 of existing construction , selected for investn~nt by

B—201-
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Federal , State and local governments over other critical urban

problems , lead to the judgment that long—range plans should utilize

conventional t r e a t m e n t  systems to the maximum in areas near the well—

defined c i rcu la tory  pa t t e rns  of es tuarine and ocean wate rs  and in

isolated areas not compatible with long—distance transport of waste—

water due to comb inations of quantity of flow and topography. In the

final alternatives treatment plant locations and flow—contributing

geographical areas considered for conventional treatment components

were defined by least—financial cost mathematical modeling.

307. The Corps ’ study does not address a solution to, or the environ-

mental effects of, combined sewer overflows from the San Francisco

and Sacramento collection systems or the problem of urban stormwater

runoff in the entire study area , The latter problem could not be

addressed because of an inadequate data base. Since San Francisco

and Sacramento are making significant progress in solving their local

combined sewerage problems and solutions are expected in a near—future

timeframe , the State requested that the Corps not address those prob-

lems in its study. Also, it was assumed for the Corps ’ study that no

future urbanized area would have comb ined sewers . The problem of urban

stormwater runoff is the subject of recently in i t i a ted  and fu ture

investigations by the Corps to be performed in cooperation with the

State of California, The problem is recognized as significant , however ,

early indications are that solutions may be potentially independent of

existing collection and treatment systems .

B—202



308. Although the S ta t e ’s basin contractors have projected wastewater

flows f or both dry wea ther and we t wea ther condit ions , the Corps ’ st udy

used projected wastewater flows based on average dry weather conditions,

The Corp s’ stud y assumed that exc-’ss infiltration associated with wet

weather conditions would be reduced by sewer rehabilitation and/or

other flow reduction techniques over the stud y per iod . In connection

with the Corps ’ projections , peaking factors we re used in design ing

pumping, conveyan ce and treatment facilities, The peaking factors used

varied between 1,5 and 3.0, depending on localized conditions. The

Corps ’ flows and peaking factors are fairly well aligned with the

average dry weather data currently being used in the State ’s planning

studies,

Impacts Due to Changing Conditions

309. On 18 October 1972 the “Federal Water Pollution Control  Amendments

of 1972 , ” (PL 92—500) became law. The law establishes two national goals:

a. To achieve wherever possible b y 1 Jul y 1983 water  tha t  is clean

enough for swimming and other recreational uses, and clean eno ugh for

the pro tection and propagation of fish , shellf ish , and wildlife .

b , To have by 1985 no discharge of pollutants into the Nation ’s

waters ,

310. The law also increases Federal aid to help local governments

build sewage t rea tment  faci l i t ies  and sets the following deadlines for

actions to control water pollution from industrial and municipal sources.
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a. Industries discharging pollutants into the Nat ~t l it ’S wateis must

use the “best practicable ” water pollution control technology b y 1 July

1977 and the “best available” technology by 1 July 1983,

b . All publicly owned treatment works in operation on 1 July 1977

mus t provide a minimum of secondary treatment.

c , All p ublicly owned treatment works must use “best practi able

treatment by 1 July 1983.

311. Some regulations necessary for implementation of PL 92—500 are

st ill being finalized and those which have been issued were not avail—

able in t ime to  have a ma jo r  impact on the s tud y .  Consequentl y ,  the

goals and criteria of the Federal legislation are not necessarily re-

flected in the design of the wastewater management alternatives. How—

eve r , insofar as possible the  water  qua l i ty  provisions of PL 92—500

have been cons idered in identifying the impac ts and charac teriz ing

the performance of the final wastewater management alternatives and in

their evaluation , Review of assumptions and accomplishments relected in

the stud y indicate tha t  all the a l ternat ives would meet the 1977 ef-

f luen t  l imitat ion requirements of the law and tha t  Al ternat ives B—l ,

B—3 , D—l and D—3 and the  fu l l  t e r t i a ry  sys tem would meet the 1983

water quality requirements .

Stud y Results

312 . As a resul t of the Corps ’ effort in developing and evaluating

alternatives for the managemen t of wastewater and sludge by land

appl ication techni ques , certain important considerations can be high —

lighted. These considerations have been arranged according to the

B—204
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major items of Corps involvement in wastewater management planning

as required by the State —Federal Interagency Agreement discussed

ear l ie r  and are:

a. Land application for the treatment of wastewater ,

b , Land application for the ultimate disposal o- slud ge.

c. Alternatives for wastewater reclamation and use.

d . Evaluation encompassing environmental , social and economi c

considerations .

Concerning the Use of Land Application for the Treatment or
Was tewa ter:

313. Land app lication tends to reduce water related urban impacts

on the estuarine system. The discharge of pollutants to surface water

is lessened. Both the B—Series and D—Series wastewater manageme:~c

alternatives would eliminate the majority of pollutants (excluding

stormwater pollutants) from entering surface waters when compared

to the Base Condition ,

—S ince the D—Series alternatives contain more land application ,

less constituents than under the B—Series alternatives would be

directly discharged to surface waters .

—Implemen tation of any wastewater management alternative would

cause temporary disruption of the land sites, However , once the

project was completed , this factor would be minimimized if not

eliminated,
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—The use of land app lication for wastewater treatment would

allow various crops (not necessarily those currentl y p roduced )

to be grown as a part of the overall renovation process.

With land application, nutrients would be returned to the land where

they could be beneficially used by the plants . The fate of waste

materials could be more easily monitored and controlled on land areas .

( . .  i cerning the Use of Land Application for the Ultimate Disposal
of Siudge :

314. Biological sludge contains various components wh ich could be

beneficial to agricultural activities.

—The nitrogen content of sludge would allow its use as a fertilizer

supp lement.

—With the use of sludge as a fertilizer supplement , use of com-

mercial fertilizer could be reduced.

The ultimate disposal of slud ge could be effectively accomplished at

the land sites.

—Since dige:ted sludge would be stored in lagoons for two years ,

the actual volume of sludge be ing applied to the land wo uld be

al out 40 percent of that produced.

Disc harrowing of sludge into the soil would reduce the chance of any

sludge being carried from the site by runoff during periods of rainfall.

Concerning the Reclama tion o f Reso urces and the Re covery of
Treated Wastewater for Subsequent Reuse:

315. Treated wastewater would be available as irrigation water; and
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fertilizer benefit s would be realized from tile a11 ; )L1 it i ’ -n of w , i - t o w i t € - r

and sl ud ge.

— D e p e n d i n g  on t he  a lt e r n a t i v e  se lec ted , b e t~’een 97 ,000 and

186 , 000 a c r e s  of laud could be i r r i gate d .

— L n c r e a s e d  lan d app l i ca t ion , in a manner  s i m i l a r  to increas e - LI

norma l i r r i e ~I t i o n , could increase animal and insect populations.

An y  i na l p r og r~1u  s~- 1 ec t ed  mus t consider  p u b i i~- h e a l t h  f a c t o r - ,

and include vector control manage--lent techniques.

— D e p e n d i n g  on the  a l t e r n a t i v e  selec ted , be tween  $1.4 and $ 2 . 3

m i l l i o n  pe r  ye~tr could  be rea l ized  in f e r t i l i z e r  b e n e fi t s .

L a n d — t r e a t e d  w a s t e w a t er  p e r c o l a t i n g  f r o m  pas tured  areas  would  be

available for grota-idwater rechar ge .

— l ) . p en d in g  on ti alternative selected , between 240 ,000 and

400 ,000 a c r e — f e e t  per  y e ar  of app lied wastewater within the

eight land s i t es  would  percola te  to groen- idwater .

—All applied w~I s tew a t e r  e n t e r i n g  g r ou n d w a t e r  would be of an ac-

ceptable quality; nitrate nitrogen concentrations would be

9 mg/ l  or below and t o t a l  dissolved solids concen t ra t ions  would

range f r o m  800 to  1, 100 m g / i .

—The percola tion of wastewa ter would ra ise the current levels of

ava ilable groundwater and could also help retard salt water in-

trus ion in coas tal areas.

Land—treated wastewater percolating from cropped areas could be re-

collected in below—ground underdrain systems .

—Of n ec e s s i ty , groun d wa ter aquifers must rise for the under—

drains to effectively ope ra te .
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—Depending on the alternative selected , between 125 ,000 an d

250 ,000 acre—feet per year of recollected water within the eigh t

land sites would be available for reuse from the  underdrain s y s t e m s .

—Recol lec ted  wastewater  would be of a qua l i t y  acceptable for mos t

reuse opportunities; nitrate nitrogen concentrations in the 1—3

mg/i range are expected and to ta l  dissolved solids concentrations

wou ld range fro m 600 to 1,100 mg/ l .

—Recollected wastewater would be available for various modes of

reuse such as streamflow augmentation , groundwater recharge ,

recrea tion lakes , industrial cool ing and fur ther irr iga tion use .

Concerning Various Environmental Evaluation Criteria

316. Both series of wastewa ter management alternative s would affect

wildlife habitats .

—Some loss of game habitat-s could result.

—D ue to the beneficial supplemental flows tc’ local streams , en-

hancement of other more importan t habitats could occur .

Significan t historical , archeolog ical and geological features , with

proper design ot a system , would not be adversely affected b y the lan d

application of wastewater . However , preproject surveys should be

initiated.

— E x t e n s i v e  landscap ing inc luded  in the  design of the  alter-

n a t i v e s would  insure  h or e  would  be no overal l  lowering of

ae’- t~ etic V 1 I U P ’ -t ,

—Buffer zones could be established to insure no adverse effects

on his torical and populated sites.
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O p p o r t u n i t i e s  f o r  p u b l i c  r t - r r e a t  on would h~- lr,cre ised -

—Reservo i r s  f o r  r e c o l l e c t e d  wate r c o u l d  be made a v a i l a b l e  a~

t i te  lan d a p p l i c a t i o n  s i t e s  for  b o a t i n g ,  camping and p icnicking.

— S t r e a m f  low a u g m e n t a t i o n  could H- expec ted  to €- n i i an -e t ishi .g

and  h u n t i n g  a reas .

— Land a p p l i c a t i o n  provides  tile o p p o r tu n i t y  fo r  i nc r ea s ing  open

sp a ce ~ch i c i i  could be used for mini—parks .

con c e r n i n g  Var ious  Social Evaluat ion  Cr i t e r i a

317. Implemen ta t ion  of a was tewater  management alternative would

provide  t h e  increased o p p o r tu n i t y  f o r  var ious  ~ob careers w i t h i n

t h e  region .

—The c o n s t r u c ti o n  of a w a s tew a ter  management  a l t e r n a t i v e  could

provide numerous jobs and increased income s for  bo th  indiv iduals

and c o m m u n i t i e s .

—The annua l opera t ion  and maintenance of a was tewater  management

alt e rna t ive  could provide mil l ions  of dol lars  of income wi th  the

reg ion .

The a l t e r n a t i v es suggested tend to  i n t e g r a t e  urban and ru ra l  commun it ies

and the impact  on rural  communities should be c a r e fu l l y  eva lua ted  t c

insure a maximum beneficial program.

— M o n t e r e y  and Yolo County  interests voiced s t r o n g  oppos i t ion

to  the  Use of land areas in the i r  count ies  fo r  the app l ica t ion

o~ was tewate r and s lud ge.

—In add i t i on , Monterey county r e s iden t s  f e l t  tha t  was t ewa te r

should not  be t r anspor ted  in to  their  area frov~ the San Francisco

Bay— 1)elta Reg ion .
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—There was some expression of resul t ing  a g r i c u l t u r a l  b e n e f i t s

from indIviduals and officials in San Joaquin , Man n and Napa

Counties.

Con cerning Various Economic Criteria

318. Regional alternatives with land app lication components , de-

signed for year 2000 waste loads could cost between $2 .0 and $3.3

billion . First costs are incremental to Base Condition facilities.

Average ann ual costs could range from $355 to $482 million . Because

of waste treatment requirements and constraints with respect to agri-

cultural activit ies , and crop losses dur ing program implementation ,

average annua l agricul tural income loss could range between $673 ,000

and $1,230 ,000. However , by the year 2000 some of the alternatives

show an income gain , in some instan ces as high as $691 ,000 , derived

p r i m a r i l y  f rom s y s t e m — p r o v i d e d  f e rt i l i ze r  supp lement and w a t e r .

Even w i t h  the “use con tact ” concept for the acquisition of major land

needs , some p r o p e r t y  t ax  loss would occur  fo r  purchased lands.  This

loss cou ld  range- f r o m  $165 ,000 to $317 ,000 . Some o f f s e t t i n g  b e n e f i t s

w c - l d  occur w i th  t he  use of lan d app icat ion a l t e r n a t i v es such as:

—The  p o t e n t i a l  f o r  rec lamat ion of resources.

—Th e possibility of locating critical i ndus t r i e s  near  was tewater

storage lagoons. This latter aspect could increase the local

tax base .

—The potential for increased oyster production in the San Francisco

Bay Estuary.
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Regional alternatives with land app lication components could also produce

non—quan t i f i ab l e  b e n e f i t s  such as open space and new water supp lies .

Future Requirements

319. Detailed plans for agricultural operation on crop and pasturelands

have not been addressed in this stud y. It was felt that such discus-

sions were premature until a basic land application plan was selected.

If and when the detailed designs for land treatment systems are under-

taken , the following items must be addressed in detail.

a. Special farm management techniques such as terracing practices ,

pesticide application and optimum fertilizer schedules.

b . Irr igation schedules.

c. Crop pat terns including planting and harvesting schedules .

d .  Education of the land owners on the  proper  operat ion and

maintenance of land application systems .

320. Other issues must be considered in more detail before large—scale

land treatment systems are implemented. Such items include t~ e extent

of heavy metal translocation from the soil to vegetation due to waste—

wa ter and sludge application ; exac t nitrogen removal percentages by

various crops under programmed growth p a t t e r n s ;  and , the f i n a l  total

dissolved solids con tent  expected when the steady state condition for

land treatment is achieved. Pilot plan t programs and/or monitoring of

ex i s t ing  land app l icat ion systems appear to  be the logical p r e p a r a t ory

s tep  to f ina l  imp lementat ion of a l a rge—scale  land app l i ca t ion  was t e -—

water  management a l ternat ive.
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ATTACh MENT A

DETAILED COST ESTIMATE SUMMARIES

SUBSYSTEM LAND

APPLICATION COSTS
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L/ NT ;  APP LICATT ON COSTS

CONST. O&I’1 Rg}L\ (L’ i ~N T
COST ~~~~~~~~ _________ 

($ 1000) 
______ 

($1000) 
_______ 

(~~] voo)

T re at l i en t  P l an t s  706 85 844

Pi pel ines  725 7 725

Ptcflj)ioc~ s ta t ions  88 65 88

Waste~-~at e r  Storage R e s e r v o i r s  524 4 524

-Land Appl ica t ion System 1,452 208 1,452

Sludge Handling and Disposal 17 8 17

Lands Easements and RIghts—of—Way :
I-ce Purchase—Treatment Plants ,

Pump S ta t ions and Reservo i rs 6
Permanent Easements—Pipelines 8 —— _ _ 8
Lenst-—Land Ap~ lIca’5on ~~ t oq  1/ __

~~~_ 15

Environmental Treatment and
Beautification _ 106 5 106

Subtotal 3,632 397 3,764
Contingencies 768 83 736

Total Contract Cost 4,400 480 4,500
Engineering & Design 400 ——— 400
Supervision & Administration 300 — —— 300

Total Cost 5,100 480 
— 

5,200

Annual Costs Annual  Costs
Base Facilities Capital Costs ($1000)
System Facilities Capital Costs 50
Replacement Costs 220
Operations & ‘laintenance Costs 50

480
Total Annual Cost 800

!!Lease costs are considered a use charge

B—A—I
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LAN!) API ‘I. CAl 1 0~J CI) S’J ~1

CONST. ()5.’~ i~~J’LAC 
-

(;ft~T T’EATUR(-: 
_____________ _______ 

($1000) ($10~ O) ( S I  1

T r e a t - e n t  !~Jnnts 2,959 233 2,965

i p e l in e s  5,890 59 5,890

Pomp1n-. Stations 784 106 784

~ tstewater Storage Reserv.~irs 1,703 14 1,703

L,-rnd Apolication System 9,488 1,355 9 ,488

Slud ge Handl ing  and Disposal 80 32 80

Lanes Easements and Rights—of—Way ;
Fee Purchase—Trea tment Plants ,

rump Stations and Reservoirs 509
T’ermanen t Easements—Pipelines 113 —— — — 113
L~~~ e—L ~~

r) App i~ c~ t i~ n S~~ t e s  1/ _ 95

Environmental Treatmen t and
Beautification 646 32 646

Subto ta l  22 ,172 1,926 21 ,669
ContingencIes 4 .428 384 _________

Total Contract Cost 26,600 2,310 26,000
Engineering & Design 2,100 ——— 2 ,100
Supervision & Administration 1,900 ——— 1 ,800

Total Cost 30,600 2,310 29.900

Annual  Costs Annual Cos t s
Base Facilities Capital Costs ($1000)
System Facilities Capital Costs 280
Replacement Costs 1,320
Operations & Maintenance Costs 250

2,31fl

Total Annual Cost
446fl

2/Lease costs are considered a use charge
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C : 1  ~ ~~~~ I
5~YS ’ E~ B3C

LAN!)__AYP1 ICAT t ON COSTS

CONST. (ThM 1 P]ACE ’ ; I - ~ F
COST rEATVRI _______($1000) 

______ 
($1 000) ( 1 , 1 0 1 ) 0 )

Trea t ment Plants 377 41 381

PIpelines 366 4 366

Pumpin~ Stations 95 21 95

Wastewater Storage Reservoirs 101 1 107

-Land Applica ti on System 295 40 295

Sludge h andling and Disposal 6 2 6

Lands Easements and Rights—of—Way ;
Fee Purchase—Treatment Plants ,

Pump St ations ~nd Reservoirs 5
Permanent Ensements—Pinelines 1 — — —— 1
Lease—Land A p p l i c a t i o n  S i te s  ~/ ———— 1

Environmen tal Treatment  and
BeautIfication 38 2 38

Subtotal 1,290 112 1,289
Contingencies 260 18 261 

—

Total Contract Cost 1,550 130 1,550
Engineering & Design 120 — —— 120
Supervision & Administration 110 ——— 110

Total Cost 1,780 130 
— 

1,780

Annual Costs Annual Costs
Base Facilities Capital Costs - ($1000)
System Facilities Capital Costs 10
Replacement Costs 80
Operations & Maintenance Costs 20

130

Total Annual Cost 240

2/Lease costs are considered a use charge

B-A-3 

j

~~~~~~~~~~~~~ ____
4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

________



- - --~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~~~~~~ - - ~~~~- --- ~~~~~-~~~~~~~~~~~~~~ -~~~~~~~~--~~~- 
_

(~~)~ r ~- f i  ~~~~~~ St)  N--5 ’-~~ysYs r E ~4 B3D

L AN !)  /-~~~~1 )  CM ION COSTS

CONST. I REP LAC! -; -

C’)ST ~ ~‘~s- 
_________________ 

(S1000) ($IONO) (si 0-151

Trcat~:e- ~t i~~l f l t 5 6,550 681 9 ,320

)‘ipe~lifl~ s 8,696 87 8 ,696

Pu1n~,inc~ Stations 518 95 518

Wastewater Storage Reservoirs 2,827 23 2 ,827

Land Ap n i i c a t i o n  System 29 , 370 4 ,004 29 , 370

Sludge Handling and flisposa) 235 118 235

Lands E.~isc-m &~nts and Rights—of—Way ;
Fee Pi’rchase—Treatment Plants ,

Pv~~p Stations and Reservoirs 710
Permanent Easements—Pipelines 78 ———— 78
L a ~ c--L--±e~ App Jfca tion Sit-es —

~~~
— — 59 —— ——

Environmental Trea tmen t and
Beautifica tion 1,470 74 1.470

Subto ta l  50 ,454 5 ,141 52 , 514
Contingencies 10,046 1,029 10.486 -

Total Contract Cost 60,500 6 ,170 63 ,000
Engineering & Design 4,800 ——— 5 ,000
Supervision & Administration 4,200 ——— 4 ,400

• To tal Cos t 69 ,500 6 ,170 72 ,400

Annual Costs Annual Costs
Base Facilities Capital Costs ($1000)
System Facilities Capital Costs 860
Replacemen t Costs 3,000
Operations & Maintenance Costs 810

6,170
Tota’ Annual Cost

10.84 0

2/Lease costs are considered a use charge
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~~ ~ B3E

it ~~:- /- I - I :  ( / 1  k l n ; i

I’ . - ‘  1 ’ :
C I~- r  rr:-1~ UR- (11 (3;!!)) (4) 3 i ’~ ’~ ) ( — ) 1 

~ - )

‘rr1�: r~~-:~t 1 ni t s 10,830 ,1 52 15 ,~~~3

i’i pc-1iuo’~ 19 ,217 192 19 ,2 17

Pump in~ St ,~~ i v s  5 , 023 608 5 , 52 3

Wasreyatc- r Stor~ ge T i ’ - - v 1 ’i rs  10,722 79 10,722

-Land A~p )ic~ tion Svstc- m 70,160 10,017 70 ,160

Sludge Hn nSI ing and U.ispns~ ] 657 794 657

Lands Easements  and E i c l t s — U f — t ’ :’ \ ;
Fee Purch ~e — T r e n t r ~~n t  Pl an t s , ——

~nmp S t a t i o n s  and P~-s~ r- ~’~~ irn 271 
— —

Permanent  E a r e r ~E -n t s - - P ip u l i n e r  121 121
Lens~ — La n d A pn l i rr r i o n  ~~~~~ — — — —  381

Environmenta l  T r e a t m e nt  and
- 

B e a u t i f i c a t i o n  —__3,510 176 3 .510

Sub to ta l  120 ,511 13,399 125 , 173
Contingencies 24,089 2,681 25 ,027

Total Contract Cost 144,600 16 ,080 150 ,200
Engineering & Design 11,600 ——— 12 ,000
Supervision & Administration 10,100 ——— 1O , 50()

Total Cost 166,300 16,080

Annual. Costs Annua l ~o s t s J
Base Facilities Capital Costs
System Facilities Capital Costs
Replacement Costs 7,130
Operations & Maintenance Costs 1,950

Total Annual Cost
26. 1  0Q

2/Lease costs are considered a use charge
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(‘lJ I n:: ~as i  s

(~~NS1’ ()&H PEP) 1’ (1~~~~~
COSI’ ‘-L1 1Tt E5 (s l000) (~~) iSO) ~ 

( 1 )5 )

Trsa ’ - ~ -nt “1~~i i ts 14,375 1,471 19 ,718

Pipel ines 30,876 309 30 ,876

Pu iipin ~ Stations 7,941 1,198 9 ,103

ast ’a i:er Storage Reservoirs 6,483 49 6 ,483

Land Apnlication System 65,505 8 ,929 65 ,505

Sl udge H an d l i n g  and Di spo sal 525 819 525

Lands Easements and Rights—of—Way ;
Fee Purchase—Treatment Plants ,

Pirip Stationc and Reservoirs 186
P e r m a nen t  Easements—Pip e l in es  251 ———— 251 

‘pp~ ~ ration Si t ( - q  1/ — ——— 30 ————

E n v i r o n m e n t a l  T rea tmen t  and
Beau t i f i c a t i on  3 , 784 189 3 ,784

Sub to t a l  129 ,926 12 , 994 136 , 245
Con tingencies 25 ,974 2,606 27 ,255

Total Contract Cost 155 ,900 15 ,600 163 ,500
Eng ineering & Des ign 12,500 13,100
Supervision & Administration 10,900 

-________ 
11,400

Total Cost 179,300 15.600 188,000

Annual Costs Annual Costr
Base Facil ities Capital Costs ($1000)
System Facili ties Cap i tal Costs 2 ,700
Replacement Costs 7,680
Operations & Maintenance Costs 1,920

15 ,600

Total Annual Cost
27.900

2/Lease costs a rc ons i de red a use charge
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S - 5 B3G

I A”P 1~ 
P I - ( A T  I 1N (~55~J~5

C~ N S’ F. Ut.
CO ST ‘1- f T L ’L~ ( S I  100) ( i ) 1 000) ($ 1 fl - iO~

rr~~ tra ii 1 a 80 11 94

693 7 693

‘r e -’  a’ ’ S ta ’  i l i U S  39 22 39

:- i s t e~~i t e r  St o rag e  R se ‘ u s  14 1 14

Land A p p l i c a t i o n  S v s t v a  28 6 28

Siudgu Ilandi ing and Di~ p a s a l  4 2 4

1.nnd;; tThsc-ne; rs and S i g!~ts— of— ’-?av
F ’ -  Purch-~ce--~ ’rc-atm ’~nt  P l a n t s ,

t~~~~~ l) S t a t i o n s -md R e s e r v a i  rs 10
Perm an c ’r it  Easement  s— P i~~~l inch 55 ———— 55
Lcarc~~Laa ~

1 ‘~~n 1 i c - ~ !~~~n Si 1 / 1

Environmental T r e a t r c : . and
Beautification 28 1 28

Sub total 951 51 955
Contingencies 

— 
189 9 195 —

Total Contract Cost 1,140 60 1,150
Engineering & Design 100 — — —  100
Supervisiot~ & Administration 100 ——— 100

Total Cost 1,340 60 1~~~5s -~~

Annual COStS Ann ual C e s t s
Base Facilities Capital Costs
Sys’cr” Facilit )~~s C;~p *ta1 Certs
Replacement Costs 60

Operations & Maintenance Costs 60

Total Annual Cost , -1 - )

2/Lease costs are considered a use charge
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L S !~~ - B311

LAN! ) A 5 T ’ L !  (~A 11 (15 ( O S I S

- 
CONST. ()L~ ¶ P (- 1’ L\( P :;i

a-5 ($1000) ( ~1U1O) (51 (~55)

rea tment P l a r i t a  4 ,511 397 5 , 572

Pipelines 3,079 31 3 ,079

Pu in - ’. S at ions 981 148 981

)iaste~- -~ ter Stot-age Ooservoirs 5,638 43 5 ,638

Land A palication S’, tem 14 ,614 1, 206 14 ,614

Sludge flaudling and Disposal 144 507 144

Lands E a s e m e nt s  and N i g h t s — o f — W a y ;
Fee Pur(-h~~~(-— ~~rpatment P 1an~ s ,

P ump St~~t i e n ~ — m d  R e s e r vo i r s  1,892 
—

Porn-went Easei;;en ts—Pineli nun 299 — —— — 299
Lraa- : -— I zm2 ’ pp ) i r a t i o n  Site5 ———— 141

Environmental. Trea t~n cn t  and
B e a u t i fi c a t i o n  935 47 935

Subtotal 32 ,093 2 ,520 31,262
Contingencies 6,407 480 6 ,238

Total Contract Cost 38 ,500 3 ,000 37 ,500
Eng ineering & Design 3,100 —— 3 ,000
Supervision & Administrat ion z,700 — — — 2 ,600

Total Cost 4~~ 30O 3.000 43~1OO

Annual Costs Annua l Costs
Base Facilities Capital Costs ($1000)
S7stem Facilities Capital Costs 320
}icplacement Costs 1,930
Operations & ‘~airtenance Costs 

— 
3 , 000

Total Annual Cost 
5,570_

1/Lease costs are considered a use charge

B-A-8
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SY’~ I J ‘1 B31

LA.ND r: - P i i  CAT [(Si ( 5 ) 5 1 ;

( 5 5 5 j •  (> &,-l I - ! ‘ i_ ~ C r :
CoST ~-Tt. ~t~R ($1000)  (

~~ I 00(V) (~~1 050)

ireat r-~’nL 
ni n 33 , 084 4 , 163 61 , 818

Pi pei I nr~. 71 ,835 718 71 ,835

Pun tp iu c~ Stat ians 14,644 1,721 14 , Y- 5 3

Wastewater Storage Reservoirs 39,881 222 39 ,881

Land iaplication System 161,72 0 18,570 161 ,720

Slud ge Handling and Disposal 3,369 1,631 3 ,369

Lands Easements and Ri ghts—uf— S’av ;
Fee Purchase—Treatment Plants ,

P unip S t a t i o n s  and Re se rvo i r s  4 ,079
Permanent Easements—Pipelines 1,361 ——— — 1, 361
Leaso—Lan’-~ A p p licat- i -rn Sites ~~ — — — —  1,528

Env i ronmen ta l  Treatmen t and
Beautification 9,899 495 9,899_

Subtotal 339 ,872 29 ,048 364 ,866
Cont ingencies 67 ,928 5,852 

- 
72 ,934 _

Total Contract Cost 407,800 34 ,900 437 ,800
Engineering & Design 32,600 ——— 35 ,000
Supervision & Administration 28,500 — — — 30 ,600

To tal Cos t 468 ,900 34,900 503 ,400

Annual Costs Annua l Costs
Base Facilities Capital Costs (S10r)0~
System Facilities Capital Costs
Replacement Costs 20 ,iôu

Operations & Maintenance Costs 3-~~900

Total  Annual Cost ‘Y~~4~’0 --

2/Lease costs are considered a use charge
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LAN !) AP’LI CAT ( :-~ (~ t i ~ - i s

• O&M P~-: 0 L A ( -  - 
- 1

- ( u-: - - i r i ~
- - 

________ 
($1000) ($1000) (51 0’:)

f t ’.q L (e r i t Plan ts 340 37 344

Pipelines 760 8 760

(‘u-n n’~ St at ions 92 41 92

Uastewater Storage Reservoirs 403 2 403

Land A ro~~ication System 162 22 162

Slu dge  H a n d l i n g  and D i s p os al  2 2 2

Lands r acemeflts and i~ic’hts—of--Wav;
Cut-  1’urchase—Treatment Plants , 

-
(‘ m -

~ ‘ t at i o n s  anct Reservei rs 12
Pe’a~at ant Ermsements—l’ipe l i ne s 10 — — — —  10
!~~~ tr~? - I -n’-;’ -“pp l 

~cati ‘ri Si tea ~/ — — — — 6

F n v ir o n r i en t a l  Treatmen t and
Beautification 53 3 53

Subtotal 1,834 121 1,826
Contingencies 366 29 3~~__

Total Contract Cost 2,200 150 2 ,200
Engineering & Design 200 ——— 200
Supervision & Administration 200 

_________ 

200

Total Cost 2,600 
- 

150 2 ,600

Annual Costs Annual Costs
Base Facilities Capital Costs ($1000) 

-

System Facilities Capital Costs 30~~
Replac ement Costs 110
Operations & Maintenance Costs 150

Total Annual Cost 340

2/Lease costs are considered a use charge -

B—A-jO
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0Y 5j- ’I 83K

LA ’ -: S C - P E T ( :A )- I i l  COSTS

C O N S I .  oso u’:’r s ii - - - sc
(‘O~-, PR !-’ ________________ ($1 000) ( $ 1 ( 5 0 )  ( 5

i rc ( 1 ‘~.nt Plants 
2,587 324 4 ,442

l’ipciin ’ s 3,709 37 3,709

Pw:ii ino Stations 513 119 62 5

Wastewater Storage Reservoirs 2,939 17 2 ,939

-Land App lication Sys tem 11,287 1,028 11,287

Sludge Handling and Disposal 127 208 127

Lands Easements and Rights—of—Way ;
Fee Purchase--Treatment Plants , — —

Pump S ta ti ons and Rese rvoirs 422
Permanent Easertents—Pinelines 10 10
Lease—Land App l i cat i o n  S i r e s  ~/ 255

Environmen tal Treatment and
Beautification 648 32 648

Subtotal 22 ,242 2 ,020 23 ,790
Contingencies 4,458 400 4,710

Total Contract Cost 26,700 2 ,420 28 ,500
Eng ineering & Design 2 , 100 ——— 2 , 300
Supervision & Administration 1,900 ———

Total Cost 30,700 
- 

2,420 32~ 8O0

Annual. Costs Annual  Cost ~
Base Facilities Capital Costs ($1000) 

-

System Facilities Capital Costs 480
Replacement Costs 1,320

Operations & Maintenance Costs 2.420 —

Total Annual Cost 4,480

2/Lease costs are considered a use charge
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‘
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____ O N C ) S T S

CON SI’. flAW REPlACE’ IL T
CPtST rEtTUSE 

__________ 
($ 1000) ($1000) ($1000)

Trea tment Plants 2 ,004 235 2 ,987

Pipel ines 2,102 21 
- 

2,102

Pump in~ Sta tions 320 82 320

Was tew ater S torage Rese rvo irs 1,745 10 1,745

l and Application System 6,402 585 6 ,402

Sludge Handling and Disposal 71 90 71

Lands Easements and Rights—of—Way;
Fee Purchase—Treatment Plants ,

Pump S tations and Reservo irs 236 -

Pc-rmanent Easements—Pipelines 12 — —— — 12
Le-m cc—Land App l ication Sites ~/ —— —— 146

Environmental Treatment and
Beautification 387 19 387

Subtotal 13,279 1,188 14,026
Contingencies 2,62l 242 ‘ 2,774

Total Contract Cost 15,900 1,430 16,800
Engineering & Design 1,300 ——— 1,300
Supervision & Administration 1,100 ——— 1,200

-rotal Cost 18,300 1,430 19,300

Annual Cos ts Annual Costs
Base Facilitie-5 Capital Costs ($1000)
System Facilities Capital Costs 140
Replacement Costs 790
Operations & Maintenance Costs

Total Annual Cost 
2,520

2/Lease costs are considered a use charge

B—A— 12
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( : : - : 1. ( C ’ ’  ~:!‘i - . -

C O S T  l rp}p (~; j ( ; j (; ’) ( : - I P (  ‘0~

T rp a t ! - uf lL  ~lant :~ 12 ,588 1,774 27 , 7)14

i’i pelines 35 ,819 358 35 ,819

‘-~ u n - t Starior~s 7,771 1,003 ~ ,747

I , ’as t e~- ; , L cr  Stora ge Resor’-’o irs 27 ,848 191 ~~~~~~

Land App lication System 143 ,721 23 ,007 141 ,721

Sludge h andl ing and D isposal 1,352 512 1,352

Lands ~asenents and RI ghts—of— I-~a ~‘:
Fee Purchase—Treatment Plants , 

-

Pump S t a t i o n s  and R e s e r v o i rs  1,012
Permanen t  Easements— P i pel ines  42 — — - - . -

-

L a ~ c--Land App l1ca ti~ n Sites ~/ — — — —  725

Envi ronmenta l  Treatmen t ~‘nd
Beautifica tion 6 ,904 345

Subtotal 237 ,057 27 ,915 252 .sl 7
Contingencies 47,443 5,585 

- 
- -! -

Total Contract Cost 284,500 33 ,500 352 ,700
Engineering & Design 22,800
Supervision & Admin istration 19,900 4~~~~

’

Total Cost _____

Annual Costs An~ u - 7  Coc ’ s
Base Facilities Capital Costs
System Facilities Capital Cos ts 0,
Replacement Costs 14 ,030
Operations & Maintenance Cests

~~ 3 ~~th) - - - -

Total Annual Cost

2/Lease costs are considered a use charge

B—A-13



C ;  - ‘1’ I~’~’~ i ‘IV C
B3N

A;’ i’ I - i CAT 1’ ‘~~ COSTS

- 

CO5~~ ’ . flAW -5-PLA (;I ’ C. :-c
1’ I - ’ i I ’ R I  ( 5100 ) ($1000) (S

i’ eat -- -:n i P ’~~~~i s  2,405 199 2 ,410

)~~ i l _ -i 13 ,738 137 13 ,738

1, -~~
, 

~~~~~ ~~~ 
1,451 231 1,451

~~~~~~ ‘- ? - ter r, t r  g -  s t ’r v oi r : ;  701 6 701

I t i S  ,‘r l i C 1 t t o n  S\’~~ t O fli 4,060 780 4 ,060

SI ud~-~- I I~tn~~J i~~~ and Disposal 62 21 62

Land s ‘- ~s u-its ~r i d R i -hi s—of—- St y ;
i ; ’ ‘115 T h e , , : -~~en t  r !aflts , — —

“~~~n~~- St  ~ t i~~~ i S  and Reservoirs 327 ——
I’ ei’r’ - lent Easement ’~— Pi pel  ines 227 ———— 227
!- .- ~‘-- _

‘ 1n d ~-~:~ 1 ‘ r - t - çip S i t - s  1/ 21

a I Trentm~~n t  and
Be, ut if i t t ion 689 ____j4 —

S i ’~~- I al 23,660 1,429 23 ,338
(ontingon cies 

~~~~_ 291 4 ,6E17

Total Contract Cost 28,400 1,700 28 ,000
Eng ineering A Design 2,300 ——— 2 ,200
Supc rv~ sion & Administration _L000 ——— 2,0011

Total Cost 32,700 1.700 12,200 —

Annual Costs Annual Costs
Base Facilities Capital Costs ($1000)
System Facilities C-ipital Costs 620
Replacement Costs 1,400
Operations & Maintenance Costs 

1,700
Total Annual. Cost 3,910

2/Lease costs are considered a use charge

B-A-l4
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5!SI k I B30

L~’:- D t O i L  I (‘A”) ON COSTS

Co:. ST . k I T  IJ E’ ‘ L I
COST rEA Tt’!S ,  

_________ 

($ 1000) (5 1000)  
______

‘fre ai;’ - .’nt Plants 31,697 3 ,822 50 ,397

Pi pelines 96 ,638 966 96 ,638

Pui~;p iits~ S ta tions 33 ,668 5 ,424 33 ,730

l-?aste~~~ter Stc,rage P.’-
,ervoirs 25 ,181 181 25 ,181

Land App lication System 150,466 17,122 150 ,466

Sludge liandlinit and Disposal 14,407 10,338 14 ,407

Lands Easements and Ri ghts—of—Way ;
Fee Purchase—Trea tment Plants ,

Pump S ta t ions and Reservo i rs 2 ,367
Permanent Easements—Pi pel i nes 108 —— —— 108
Le~ se—LanP ,~~: icatirin Sitp~z ~-/ ———— 1,466

Environmental Trea tment and
Beaut ification 

— 
10,636 532 ____

Subtotal 365 ,168 39 ,851 381 ,563
Contingencies 73,032 7,949 76,117

Total Contract Cost 438,200 47 ,800 4 57 ,900
Engineering & Design 35,100 ——— ~

(,,600
Supervision & Administra tion 30,700 — —— 32,100

Total Cost 504,000 47.800_ 
______

Annual Costs Annual Costs
Base Faci]ities Capital Costs ($1000)

System Facilities Capital Costs 2,830
Replacemen t Costs 2l ,€~ ’

Operations & Maintenance Costs 47~~ OO

Total Annual. Cost 76,370

1/Lease costs are considered a use charge

B— A--iS
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COST ESTIMATE SUMMARY
SYSTEM D3A

LAND APPLICATION COSTS

CONST. - O&M REPLACEMENT
COST ~EATURE ($1000) ($1000) ($1000)

Treatment Plants 693 74 693

P i p e l i n e s  785 8 785

Pump ing Stations 254 38 254

Wastewa ter Storage Reservoirs 524 4 524

Land Appl ication System 1,452 208 1,452

Sludge Handling and Dispoaal 16 3 16

Lands Easements and Rights—of—Way ;
Fee Purchase—Treatment Plants ,

Pump S tations and Reservo irs 14
Permanent Easements—Pipelines 8 ____ 8
Lease—Land App lication Sites ~/ — — — —  15 _

Environmen tal Treatment and
Beautification 112 6 112

Sub total 3 ,858 356 3 ,844
Contingencies 

- 
742 74 756 

—

Total Contract Cost 4,600 430 4 ,600
Engineering & Design 400 — — —  400
Supervision & Administration 300 —— — 300

Total Cost 5,300 430 
— 

5,300

Annual Costs Annual Costs
Base Facilities Capital Costs ($1000)
System Facilities Capita] Costs 50
Replacemen t Costs 230
Operations & Maintenance Costs 50

430

Total Annual Cost 760

2/Lease costs are considered a use charge

B-A-16
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COST ESTIMATE SUMMARY
SYSTEM D3B

LAN D APPLICATION COSTS

CONST. O&M REPLACEMENT
COST ~EATURE ($1000) ($1000) ($1000)

Treatment Plants 2,787 247 2,787

Pipelines 6 ,013 60 6 ,013

Pump ing Stations 994 95 9914

Wastewater Storage Reservoirs 1,703 14 1,703

Land Application System 9,489 1,355 9 ,489

Sludge Handling and Disposal 79 11 79

Lands Easements and Rights—of—Way ; -

Fee Purchase—Trea tment  Plants ,
Pump S tations and Reservoirs 517

Permanen t Easements—Pinel~nes 113 — — — —  113
Lease—Land App lication Sites ~/ — — — —  95 — — — —

Environmental Treatmen t and
BeautIfication 651 33 651 

—

Subtotal 22,346 1,910 21 ,829
Contingencies 4.454 39(_) ,k,,~~7 1

Total Contract Cost 26,800 2 ,300 26 ,200
Engineering & Design 2,100 ——— 2 ,100
Supervision & Administration 1~ 9OO ——— j~~ 00

Total Cost 30,800 2,300 30,100

Annual Costs - Annual Costs
Base Facilities Capital Costs (~~]rr~-’i~

System FacilitIes Capital Costs 2E -

Replacemen t Costs 1,330

Operations & Maintenance Costs 2,300 —

Total Annual Cost 4,1o~

2/Lease costs are considered a use charge

R-A-17
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COST ESTIMATE SUMMA RY
SYSTEM D3C

LAND APPLICATION COSTS

CONST. - O&M REPLACI ” - L:
COST rEAT UR F. ($1000) ($1000)

Treatment Plants 290 36 290

Pipelines 371 4 371

Pump ing Stations 109 23 109

Was tewa ter Storage Reservo irs 107 1 107

Land Applica tion System 295 40

Sludge Handling and Disposal 6 1 6

Lands Easements and Rights—of—Way ;
Fee Purchase—Treatment Plants ,

Pump Stations and Reservoirs 5 —

Permanent Easements—Pipelines 1 1
Lease—Land App lication Sites 1/ _ _ 1

Environmen tal Treatment and
Beautification 36 2 36

Subtotal 1,220 108 1,215
Con tingencies 

- 
240 22 245

Total Contract Cost 1,460 130 1,460
Engineering & Design 120 — 100
Supervision & Administration 1~00 

- 100

Total Cost 1,680 130 1,660

Annual Costs Annual Cr--t s
Base Facili ties Canital Costs ($1000)
Sys tem Facil it ies Capital Costs 10
Replacement Costs 70
Operations -c Maintenance Costs 130

Total Annual Cost 225

!“Lease costs are considered a use charge

P- A — I - 0
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COST l - :s I - T MATE SUMM ARY
SYSTEM r~ p

LAND A I’PI , I CAT T ON COSTS

_______________________ ____________— 

CONS T. ( l O l l  EE P I ,A CL M s :
COST PEA TUI ?F ($1000) ( $ 1  0 ( 0 )  ( S i  O1S~

Treatment Plants 8,940 623 8 ,940

Pipelines 9 ,760 98 9 ,760

Pump ing Stations 734 - 63 734

l4astewa ter S torage Reservoirs 2 ,827 23 2 ,827

Land Applica tion System 29,370 4 ,004 29 ,370

Sludge Handling and Disposal 235 32 235

Lands Easements and Ri ghts—of—Way ;
Fee Purchase—Treatment Plants , 

-

Pump S tations and Reservo i rs 727 — —
Permanent Easements—Pipelines 78 — — — —  78

Lease—Land App lica tio n Si tes ———— 59

Environmental Treatment and
Beautification 1,580 79 1,580

Subtotal 54,251 4 ,981 53 ,524
Con tingenc ies 

- 
10,849 1,019 10,676

Total Contract Cost 65,100 6 ,000 b4 ,200
Eng ineer ing & Design 5,200 ——— 5 ,100
Supervision & Admin istration 4,600 — — — 4 , 500

Total Cost 74 ,900 6 ,000 73 ,800

Annual Costs Annua l  C o s t s
Base Facilities Capital Costs ( S i f f l 1~’)
System Facilities Capital Costs 860
Replacement Costs 3,220
Operations & Maintenance Costs 860

Total Annual Cost l0,~~ fl

1/Lease costs are cons idered  a use charge

-

~ 
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- COST ESTIMATE SUMMARY
SYSTEM D3E

LAND APPLICAT ION COSTS

CONST. O &l’i REP1 A (’F’~0I~T
COST ~EATURE ($ 1000) ($1000) (~~1 1PTh~

Treatr— cnt Plants 23 ,583 1,430 23 ,583

Pipel ines 48 ,418 484 48 ,418

Pump ing Stations 13,040 1,512 13 ,040

Wastewater Storage Reservoirs 10,722 79 10,722

Land Application System 97 ,580 13,064 97 ,580

Sludge Handling and Disposal 685 94 685

Lands Easements and Ri ghts—of—Way ;
Fee Purchase—Treatment Plants ,

Pump S tations and Reservoirs 322
Permanent Easements—Pipelines 162 ———— 162
Lease—Land App licat ion Si tes — ——— 477 ————

Environmen tal Treatment and
Beautification 5,835 292 5 ,835

Subtotal 200 ,347 17,432 200,025
Contingenc ies 40,053 3 ,468 39 ,975 

-

To tal Contrac t Cos t 240 ,400 20 ,900 240 ,000
Engineering & Design 19,200 — — —  19,200
Supervision & Administration 16,800 

________ 

16 ,800

Total Cos t 276 ,400 20 ,900 276 ,000

Annual Costs Annual Costs
Base Facilities Capital Costs ($1000)
System Facilities Capital Costs 2,270
Replacement Costs 11,800
Opera tions & Maintenance Costs 2 ,400

20,900

Total Annual Cost 37 ,370

1/Lease costs are considered a use charge

~~~~~~~~~~ ~~~ 
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COST !Y-VI’I MATE SUM’I -\RY
SY l-~ EM D3F

LAN I) A 1’PLICAT I ON _ COSTS

CONST. 
— 

l c FJ’i -‘-01. 1 - I
COST °EAT URE ($1000) (~ ] ( ) 1  (~ i (~1~(~ )

Trea tmen t Plants 18 , I(~8 1,114 18 , I f - f l

Pi pel ines 32 ,209 32.’ 3 2 2 ftI

Pumping Stations lP ,026 - 1,P35 13 ,7 2 7

Wastewater Storage Reservoirs (,483 49

Land App lication System bS ,505 8 ,929

Sludge Handling and Disposal 525 79 52

Lands Easements and Rights—of—Wa y ;
Fee P u r c h a s e— T r e a t m e n t  P l a n t s , 

-

Pump S t a t i o n s  and Reservo i r s  181 —

Permanen t Easements—Pipelines 251 _ _ _  2 5 1
Lease—Land App licat ion Sites — — — —  30

Environmen tal Trea tmen t and
BeautificaL ion 4,096 205

Subtotal 140,644 12 ,576 lO1 ,15~
Contingencies  

- 
28 ,156 2 ,524 

—

Total Contract Cost 168 ,800 15 ,100 169 .400
Engineering & Design 13 ,500 l3,t0i()
Superv ision & Administration 11,800 

________ 

11 ,900

Total Cost 194,100 15 ,100 i9.,9~~

Annual Costs AnrL -~~ 
(‘o~~t s

Base Facilities Capital Costs
System Facilities CapItal Costs
Replacement Costs 8,320
Operations & Maintenance Costs ,°60

__ L~~L~~ -

Total Annual Cost
• 

_____

1/Lease costs are considered a use charge

B-A-21
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COST ES r i  MAT I SUMM ARY
S Y S l E M  D3C

LAN D APPLICAT I ON COSTS

CONST. O&M P1-:PJ AcE’00~’r
COST ~E A F U R E  ($1000) ($1000) ($1000)

Trea tment  P l an t s  59 10 59

Pi pelines 724 7 724

Pump ing S tat ions 39 12 - 39

Wastewa ter Storage Reservoirs 14 1 14

Land Applica tion System 28 6 28

Sludge Handling and Disposal 1 1 1

Lands Easements and Rights—of—Way ; -

Fee Purchase—Freatment Plants ,
Pump S tat ions and Reservoirs 9

Permcinent Easements—Pipelines 55 — — — —  55
Lease—Land App licat ion Sites ~/ —— —— I

Env ironmen tal Trea tment and
Beautification 28 1 28

Sub total 957 39 948

Contingencies 193 11 192

Total Contract Cost 1,150 50 1,140
Engineering & Design 90 100
Supervision & Administration 80 100

• Total  Cos t 1,320 50 1,340 
-

Annual Costs - Annual Costs
Base Facilities Capital Costs ($1000) 

-

System Facilities Capital Costs 20
Rep lacement Costs bO

Opera tions & Maintenance Costs 50
Total Annual Cost -l~ 5

1/Lease co s t s  are c o n s i d e r e d  a use charge

~ 
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COO l 1. 5!  l l-l j ~ I E S!’’~’1.\ ’ - i’
SYSTI M D3H

LAN! ) A PPL I CAT h )O ~~) 5T S

-
~~~~~

-
~~~~

-‘
~~ 

.‘ - ;
~~~~~

COST t EAT 1’ -0-’ 
________ 

( $ 1U1)~~ ($1000) (Sit 0)

rre t I i - t e n t  P1 a n t S 5 , 829 44 5 , :-r~

Pipel ine s 3 , 8) 0 + 38 c

Pump ing  S t a t i o n s  1, 269 125

U a s t e w at e r  St o r a g e  Y- - . i r v o ir s  5 ,638 43 5 ,~~~5

Land A pp l i c a t i o n  Sy s tem  l4 , o14 1, 20n 14 , 0 1 4

Slud ge H a n d l i n g  and Disposa l  144 20

Lands Easements  and E i g h t s — o i — W t ’-’;
Fee P u r c h a s e — T r e at m en t  P l a n t s ,

Pump S t a t i o n s  and Rese rvo i r s  1, 9 4 1
Permanent  Easem ent~~~P i n e l i n es  299
Lease—Land Ap p l i c a t io n  ~~ t e s  1/ — — — —  141

E n v i r o n m e n t a l  Treat ! t en t  and
B e a u t i f i c a t i o n  l , 0U~ 50

S u b t o t a l  34 , 546 2 , 066
C o n t i n g e n ci e s  6 ,954 434 6 ’ ~ 1

To ta l  C o n t r a c t  Cost 41 ,500 2 , 500 39 , 100
Eng i ’ e r i n g  & !)esi on 3 , 300 3 , 1 0 :
Sn e r \ ’ i c i o n  & A d m i n i s - t~r at i on  2 , 900 ——— 2 , 7(10

• Tot a l  ( o - ~t 47 , 700 2 , 500

Annua l  C o st s  A n n u t i  Cos t s
Basr’ F I t i e - -t Oan I t a I C o s t s

c i i  I t i e s  C tOl t ii Costs
Rep ce--ent Cc’s ’~ 2
Oper a~~i e n - :  • )~ n’ enance Costs 

~~~- -

Total Annu-i l Cost

1/tease coSt - ire rtsidcred ti i i : - t + ~ c- ! a c~~o

0—A— ~
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COST ESTIMATE SUMMARY
SYSTEM D31

4 
LAN D APPLICATION COSTS

CONST. - O&M McPLA CE ’ONT
COS1 ~FA ’l’URE ($1000) ($1000) ( S i  fl ’) (~-~

Treatment Plants 66,208 3 ,729 60 ,208

Pi p-~ l ines 93 ,664 937 93 ,664

Pumping Stations 20,040 2 ,390 20 , 912

Wastewater Storage Reservoirs 39 ,882 222 39 ,882

Land App lication System 161,720 18,571) lol ,720

Sludge Handling and Disposal 1,746 252 1,746

Lands Easemen ts and Rights—of—Way ;
Fee Purchase—Treatment Plants , - -

Pump S ta tions and Reservo irs 3 ,588 - —

Permanent Easements—Pipelines 1,361 —
~~~— — 1 , 3o 1

Lease—Land App l ica t ion  Sites 1/ — — — —  1, 287

Env i ronmental Treatment and
Beautification 11,646 582 ll,rt 4b

Subtotal 399 ,855 27 ,969 397 ,139
Contingencies 79 ,945 5 ,631 79 ,461

To tal Con t rac t Cos t 479 ,800 33 ,600 476 ,600
Engineer ing & Des ign 38 ,400 38 ,100
Supervision & Administration 33 ,600

To tal Cos t 551,800 33 ,600 548 ,100

Annual. Costs Annual Costs
Base Facili ties Capital Costs ($1000)
Sys tem Facili ties Capi tal Cos ts 4,140

Replacement Costs 2 3 , 700
Ooer ations & Maintenance Cos ts 4 ,570

- 33,600

Total Annual Cost -
I 9

1/Lease costs are considered a use charge

~,
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COST ESTIMATE SU~- P-~A 1 - ~
SYSTEM D3J

LAND APPLICATJ Ot~ COSTS

CON ST . O&M i-’EI l .- . ::‘ IL ,

COST rF:ATURE ($1000) ($1000) ( S i  flfl o
Treatment Plants 260 33 26(1

Pi pelines 833 $ 833

Pump ing Stations 97 21 97

Wastewate r Storage Reservoirs 403 2 403

Land App lication System 162 39

Sludge Handling and Disposal 2 1 2

Lands Easements and Rights—of—Way ;
Fee Purchase—Treatment Plants ,

Pump Stations and Reservoirs 12
Permanent Easements—Pipelines 10 10
Lease—Land App lication Sites 1/ — — — —  6

Environmental Treatment and
Beautification 53 3 53

Subtotal 1,832 113 1,820
Contingencies 368 27 360

Total Contract Cost 2,200 140 2 , 180
Engineering & Design 180 — —— 200
Supervision & Administration 150 — —- 200

• Total Cost 2,530 140 —

Annual Costs Annu al C o s t

Base Fac i l i t i e s  Cap i t a l  Costs ($10010’
Sys tem Facilities Capital Costs 30
Replacement Costs 110
Operations & Maintenance Costs

Total Annual Cost 2~) U

1/Lease costs  are  cons ide red  a use cha rge

B-A- 25
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COST ESTIMATE SUMMARY
SYSTEM D3K - -

LAN D A P P L I C A T I O N  COS’I’S

CONST. OtO I REPLACE’ ! -

COST ~EAT URE ($1000) ($1000) ($1000)

Treatment Pl ants 34 ,04() 1,967 34 ,040

Pipelines 21 ,932 219 2l ,9i2

Pump ing S t :ttiu+ , -, 3 ,348 293 3,4 2 7

Wastewater Storage Reservoirs 21,781 101 21,781

Land A pp l ication System 86,261 6 ,733 86 ,201

Sludge Handl ing and Disposal 904 124 904

Land s Easements and Rights—of—Way;
Fee Purchase—Treatment Plants ,

Pump S tat ions and Reservo irs 2 ,874
Permanen t [asements—Pinelines 3,441 ——— — 3 ,A’il
Lease—Land App lica tion Si tes ~/ —— — — 955

Environmen tal Treatment and
Beautification 5,237 262 

__________

Subtotal 179 ,818 10,654 177 ,023
Contingencies 

— 
35~ 982 2 .146 35,377

Total Contract Cost 215,800 12 ,800 212 ,400
Engineering & Design 17,300 ——— 17,000
Superv ision & Administration 15,100 —— — 14.900

Total Cost 248,200 12,800 
— 

244 .30 0

Annual Costs Annua l Costs
Base Facili ties Capital Costs ($1001))
System Facilities Capital Costs 2 ,470
Replacement Costs 10 ,700
Opera tions & Maintenance Costs

Total Annual Cost 
- 27 , 870

1/i,ease co’,tS are cons i dered a use charge

~~~~~ ~~~~~~~~~~~~~~~~ ~~
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COS~f ES I’IMA’I’E SIJMMARY
SYSTEM D3L

• LA~0) APPLICATION COSTS

CONST. - O&M
COST ~SA T URE ($1 000) ($1000) (51 nOn)

Treatmen t  P l a n t s  2 ,812 248 2 , 8 1 2

Pipelines 2,432 24 2 ,432

Pumping Stations 391 - 34 391

Was tewa ter S torage Reservoir~ 1,745 10 1, 145

Land App lication System 6,402 
- 

585 6 ,402

Sludge Handling and Disposal 200 2~ 200

Lands Easements and Rights—of—Way ;
Fee Purchase—Treatment Plants ,

Pump S tations and Reservoirs 227
Permanent  E a s e m e n t s — P i n e l i n e s  12 ———— 12
Lease—Land Application Sites ~/ ———— l4~

Environmen tal Treatmen t and
Beautification 427 21 

—- 
-+2 7

Sub total ! + , 648 1,093
Contingencies 

____ 207

Totai Contract Cost 17 ,600 1,300 17 ,390
Engineering & Design 1,400 — - —  1,40)
Supervision & Ad ml n is tr a ti - r n j~~2-I O —— — 1.204

Total Cost 1,300

Annual Costs A n nu~ i Cos t s
Base Faciliti&-~ Capital Costt~ ( 5~~f l i ) f l )
System Facilities Cap ital Costs l40
Replacement Costs 900
Operations & ~

raintenance Costs 150 

Total Annual Cost 2 , 490

1/Lease costs are considered a i t - c charge

- 7
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COST ES-FIMA-r !-: SUMMARY
SY STEM D3M

LAN D A P P L I C A T I O N  COSTS

_________ — 
CONS T . 0&M

COST ~O \ T V O i  
_________________________ — 

($1000) ($ 1000) (~;1 09 0)

Treatmen t 1’iants 78,168 4 ,375 78 ,JnM

Pipelines 7-+ ,699 747 74 ,699

Pumping Stations 32 ,694 3 ,558 .33 ,197

Wastewater Storage Reservoirs 27 ,848 191 27 ,548

Land App l ica t ion  Sy stem 215 , 730 25 , 868 215 , 730

Sludge Handl ing  and Disposal  2 ,238 318 2 ,238

Lands Easements and Ri ghts—of—Way ; -

Fee Purchase—Treatment Plants ,
Pump S tations and Reser voirs 1,900

Permanent Easements—Pipelines 1,522 — — — —  1 ,522
- Lease—Land App lication Sites ~/ — — — —  1,436

Environmen tal Treatment and
Beautifica tion 13,044 652 _________

Subtotal 447,843 37 ,145 446 ,446
Contingencies 89,557 7.455 _______

Total Contract Cost 537,400 44 ,600 535 ,700
Engineering & Design 43,000 ——— 42 ,900
Supervision & Administration 37,600 — — — 37.501L

Total Cost 618,000 44,600 61L10J

Annual Costs - Annual Costs
Base Facilities Capital Costs
System Facilities Capital Costs 5,730
Replacement Costs 26 ,500
Opera tions & Maintenance Costs 5,800

4

Total Annual Cost

1/Lease costs are cons ide red  a n ic e  charge
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COST I - : S r I M A I I - :  SUMMARY
sYS!F- :M D3N

LAN!) APPL i CAT I ON COSTS

CONST. 0&M ~a

COST t?EAIURE ($1000) ($1000) ~S100fl)

Trea tment Plants 2,17 3 203 2 ,173

Pi pel ines  14 ,262 143 14 , / 6 2

Pump ing Stations 1 ,582 203 l,o52

Wastewater Storage Reservoirs 701 6 701

Land App lication System 4,060 780 4 , i ) b ~

Sludge Handling and Disposal 62 9 62

Lands Easements and Ri ghts—of--Way ;
Fee Purchase—Treatment Plants ,

Pump S tations and Res ervo irs 327
Permanent Easements—Pipelines 227 — —— — 227
Lease—Land Application Sites ———— 21 - — — —

Environmen tal Treatment and
Beautification 702 35 702

Subtotal 24 ,096 1,400 23 ,769
Contingencies 4,804 300 ~~4~ 731

Total Contract Cost 28,900 1,700 28,500
Engineering & Design 2,300 ——— 2 ,300
Supervision & Administration 2,000 ———

Total Cos t 33 ,200 1,700 
—

Annual Costs Annual Costs
Base Facilities Capital Costs ($10- I
System Facil [ties C a p i t a l  Cos t s 01

Replacement Costs 1 ,430
Opera tions & Maintenance Costs 1
Total Annual Cost 930

1/Lease costs are considered a use charge

1
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COS I’ LSI IMATE SUMMARY
SYSTEM D3t)

LAN D APPL i CATION COSTS

CON ST. - 0-SM i - f- :P L ACE -
COST ~‘E~ T l t RE ($1000) ( 

~
— ‘ 000) 

_________ 
($1 ( 0 ,i

Treatment Plants 57,324 3 ,247 57 ,324

Pipelines 106,223  1,062 106 ,223

• Pump ing S t a t i o n s  40 ,476 
- 6,593 40,537

W a s t e w a t e r  S t o r a ge  R e s e r v o i i~ 25 , 181 181 25 , 181

Land -\n”1icat~~on S v s ’ t r  150 ,46 6 17 ,122 150 , 466

Sludge lj cc d lin o and Disposal 1,669 234 1,669

Land s ~ ,-rrea~~s and R I 0i~
Fee irch a~~- —~ re ‘ - - m c  P l a n t s ,

Pu~ ’~ St-it IOp~ mci -~e s er v - - i r s  3 ,568
Per~ ano:t~ 

i~~~e ei~ t -c—Pin e 1~ nes 155 _ — __ 155
App licatio n Sirc~, 

1/ ———— 1,833

- Environmental Treatment and
Beaut ificat Ion 11,552 578 11 ,552

Subtotal 396,614 30 ,850 393 ,107
Contingencies 79~ 286 6.150 78 593

Total Contract Cost 475 ,900 37 ,000 471 ,700
Engineer 1 rco & Design 38,100 ——— 37 ,700
Supervi s- -~’n & Administration 33,300 ——— 33 .000

Total Cost 547,300 37 ,000 542 .400

Annual Costs Annua l Costs
Base Facilities Capital Costs ($1000) 

-

Syst em Facilities Capital Costs 2,830
Replacement Costs 23 ,500
Opera ti oc~s & -Oufntenance Costs 4,500

Total Annual Cost 67 ,830

1/Lease costs are considered a use charge
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STUDY PARTICIPATION GROUPS

A. LAWRENCE BERKELEY LABORATORY (through the Atomic Energy
Commission) — Information was provided on indus t r ia l  f low and
constituent projections .

B. PBQ&D, INC — Provided data on the following subjects :

Lan d site identification and evaluation.

Wastewater application to land .

Land site development a’d environmental assessments.

Sludge and residual solids characteristics , treatment , and
transportation.

Disposal of sludge by various land application methods .

Environinent:al impact assessments for the representative
land sites.

Special consultant reports in the following areas :

JONES AND STOKES ASSOCIATES , INC. — Criteria and consid-
erations for the selection and evaluation of wastewater
application sites l preliminary survey of wastewater
application sites.

HARDING, MILLER , LAWSON & ASSOCIATES — Was tewa ter land
site identification ; soil, geology and groundwater
studies.

STONE AND ASSOCIATES — Sewage effluent disposal through
utilization by tree covered ecosystems.

SAN FRANCI SCO BAY MARINE RESEARCH CENTE R, INC . — Environ-
mental considerations.

KENNEDY ENGINEER S, INC. — Water quality and public health
criteria.

SEQUOIA GROUP , BERKELEY — Public health considerations at
the representative land sites.

DRS. J. W. BIGGAR AND J. N. LUTHIN — Land and water quality ,
and irrigation and drainage.

C. BERKELEY PLANNING ASSOCIATES — Social well—being considerations .
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