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PREFACE .---- 

This  d r a f t  docunent was prepared by t echn ica l  s t a f f  o f  t h e  S t a t e  
Water Resources Control Board ( S t a t e  Board) and is sub jec t  t o  t h e  
Board's review. The wording of t h i s  Plan is presented i n  a format 
f o r  Board adoption, r a t h e r  than being phrased a s  a s t a f f  
recommendation t o  t h e  Board. This Plan does not  reflect a 
pos i t ion  by t h e  Board. Board members have worked with s t a f f  i n  
reviewing t h e  contents  of t h e  Plan. However, t h e  Boardt s decis ion 
w i l l  be  based upon t h e  pub l ic ' s  c m e n t s  on t h i s  Plan a s  presented 
i n  Phase I1 a s  w e l l  a s  t h e  evidence a l ready given i n  Phase I of 
t h e  hearing . 



CITING INFORMATION 

When citing evidence in the hearing record, the following 
conventions have been adopted: 

1nformation.derived from the transcript: 

ending page and line number (can be same 
as the starting page) - may be omitted 
if a single line reference is used 

beginning page and line number 
volume number 

identifying abbreviation of the information source 
(T = Hearing Transcript) 

Information derived from an exhibit: - page number, table number, graph number 
exhibit number 

identifying abbreviation of the information 
source (see Appendix C, Abbreviations) 

When citing references outside of the hearing record, the 
following conventions have been adopted: 

Information derived from published documents, 
(a) in the text of the Plan: 

Denton, R.A., 1985 
I I I year of publication 

author's name or agency abbreviation 

(b) at the end of the appropriate Plan Chapter: 

Denton, R.A., Currents in Suisun Bay, January 1985, pg. 4. 

L page no. 
publication date 

title of document cited 
author's name or agency abbreviation 



CITING INFORMATION (Continued) 

Information derived from Phase H closing briefs, 
(a) in the text of the Plan: 

page number 

identifying abbreviation of the information source 

(b) at the end of the appropriate Plan Chapter: 

Brief of the Rice Industry Committee on Pollutants in the Bay- 
Delta Estuary, pg. 8. 

For a complete list of the abbreviations for information sources, 
citations and symbols used in this document, see Appendix C. 

Appendix D is a Glossary of Terns. 
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October 31, 1988 

1.1 Background 

The San Francisco Bay and Sacramento-San Joaquin Delta Estuary ( Bay- 
Delta Estuary) includes the  Sacramento-San Joaquin Delta (Delta) ,  Suisun 
Marsh and San Francisco Bay. The Delta is composed of  about 738,000 
acres,  of which 48,000 acres a r e  water surface area; Suisun Marsh 
comprises approxin~ately 85,000 acres of  marshland and waterways. San 
Francisco Bay includes around 300,000 acres  of  water surface  area. The 
Delta and Suisun Marsh a r e  located where Cal i fornia ' s  two major r i v e r  
systans,  the  Sacramento and San Joaquinrivers, converge t o  flow westward 
where they meet seawater i n  the  San Francisco Bay. The B a y a e l t a  
Estuary is  one o f  t h e  l a r g e s t ,  most important es tuar ine  systans f o r  f i s h  
and waterfowl ~,roduction i n  the  United States.  The Delta is a l s o  one of 
t h e  s t a t e ' s  most fertile and important ag r i cu l tu ra l  regions and is t h e  
locat ion of  a major indus t r i a l  corr idor i n  the v ic in i ty  o f  Antioch. 

The watershed of  t h e  Bay-Delta Estuary provides about two-thirds of a l l  
t he  water used i n  California,  including 40 percent of  the s t a t e ' s  
drinking water. Two major water d i s t r ibu t ion  systems export supplies  
from t h e  Delta t o  areas  of use: t h e  S t a t e  Water Project  (SWP) operated 
by the  California Deparlment of  Water Resources (MI, and t h e  Central 
Valley Project (CVP) operated by t h e  U.S. Bureau o f  Reclamation (USBR). 
Numerous other  water development p ro jec t s  a l s o  a l t e r  the r i v e r  inflows 
i n t o  t h e  B a y 4 e l t a  Estuary. 

Sa l in i ty  and flow object ives protec t  t h e  benef ic ia l  uses of water i n  
the  Delta and Suisun Marsh. Exis t ing  object ives a f f e c t  operations of 
t h e  W P  and t h e  CVP. New flow and s a l i n i t y  objec t ives  f o r  t h e  e n t i r e  
Bay-Delta Estuary a f fec t ing  t h e  WP, t h e  CVP and other  water d ive r t e r s  
i n  the  Bay-Delta watershed a r e  being considered by the S t a t e  Water 
Resources Control Board (Sta te  Board). 

1 .2 Hearing Process 

I n  1987 t h e  S t a t e  Board began a three-phase hearing process t o  receive 
and examine evidence on benef ic ia l  uses and water qua l i ty  i ssues  f o r  the  
possible revis ion  of  e x i s t i n g  water q u a l i t y  objec t ives  i n  t h e  B a y a e l t a  
Estuary. The Water Quali ty Control Plan for  S a l i n i t y  f o r  t h e  San 
Francisco Bay and Sacramento-San Joaquin Delta Estuary (Plan),  one of  
two documents prepared a f t e r  the f i r s t  hearing phase, addresses s a l i n i t y  
l e v e l s  and flow regimes necessary t o  protec t  t h e  beneficial  uses o f  Bay- 
Delta water. The second document, a Pollutant Policy Document (PPD) , 
addresses other  pol lu tants  a f fec t ing  benef ic ia l  uses of  Bay-Delta 
water. This l a t t e r  document w i l l  give widance t o  t h e  tw Regional 
Water Cbality Control Boards which have regulatory responsib i l i ty  within 
t h e  Bay-Delta Estuary. k t h  documents a r e  being c i rcula ted  f o r  public 
review. Public c m e n t s  from t h a t  review will be received during Phase 
I1 of t h e  hearing process current ly  scheduled t o  begin in January 1989. 
Once these  docunents have been evaluated and revised by t h e  S ta te  Board, 
they w i l l  be adopted. During Phase 111, the  S t a t e  Board w i l l  conduct a 
water r i g h t  hearing t o  consider implementation of  t h e  Plan by the 
appropriate water r i g h t  holders. 



1.3 Purpose and Current Context of t h e  Plan 

The draf t  Plan has been prepared by S t a t e  Board s t a f f  a f t e r  careful  
review and evaluation of t h e  evidence presented during Phase I of t h e  
hearing. The Plan includes a descript ion of a series of a l t e rna t ives  
and recommendations f o r  t h e  flow and s a l i n i t y  l eve l s  needed to protect  
beneficial  uses i n  t h e  Bay-Delta Estuary; it is prepared under t h e  
authori ty of Water Code Section 13170. 

1.4 Structure of the Plan 

The d r a f t  Plan r e f l e c t s  t h e  process by which t h e  competing benef ic ia l  
uses of Bay-Delta waters a r e  balanced t o  provide reasonable protection 
f o r  each beneficial  use. 

1.4.1 Chapter 1 -- Executive Sumnary 

The Executive Summary serves a s  t h e  first chapter of t h e  Plan. 

1.4.2 Chapter 2 -- Scope of the  Plan 

The Plan contains recommended flow and s a l i n i t y  object ives,  a s  w e l l  
a s  a program of implementation which w i l l  provide reasonable 
protection f o r  beneficial  uses of  B a y a e l t a  Estuary water. I n  
determining these  l eve l s  of protection, a l l  uses of water 
or ig inat ing from and transferred i n t o  the  Bay and Delta hydrologic 
basins a r e  considered. The flow and s a l i n i t y  object ives f o r  t h e  Bay- 
Delta Estuary contained i n  t h i s  Plan supercede any conf l i c t ing  
object ives contained i n  t h e  current  Water Quality Control Plans of 
t h e  San Francisco Bay and Central Valley Regional Water Quality 
Control Boards and other S t a t e  Board plans. 

Board Authority 

The S t a t e  Board is responsible f o r  formulating and adopting 
s t a t e  policy fo r  water qua l i ty  control. Under its water r i g h t  
au thor i t i e s ,  the  S ta te  Board can condition r i g h t s  f o r  t h e  
diversion and use of water. The Board has continuing authori ty 
over a l l  water r i g h t s  t o  prevent waste and unreasonable use  of  
water and t o  protect  public t r u s t  uses. The Board a l s o  has 
authori ty under the  Water Code t o  impose spec i f i c  terms and 
conditions on new permits t o  protect  t h e  public i n t e r e s t ,  p r io r  
water r igh t s ,  recreat ion,  f i s h  and wi ld l i f e ,  and other in te res t s .  

Recent court decision spec i f i ca l ly ,  t h e  Racannelli o r  Delta .-- 
Water .-- -- Cases D e ~ i s i o n , ~ '  have directed t h e  S ta te  Board 
t o  take a global perspective of water resources i n  developing 
water qua l i ty  objectives. The S ta te  Board's duty i n  its water 
qual i ty  r o l e  is t o  provide reasonable protection f o r  benef ic ia l  
uses, considering a l l  demands made on t h e  water. 

I' United Sta tes  v. S t a t e  Water Resources Control Board (1986) -- -------- ------------ 
182 Cal . App. 3d 82, 227 Cal . Rptr 1 6T. 



The S ta te  Board's water qua l i ty  function is re la ted  t o  but not 
coincident with protection of water r ights .  Water qual i ty  
object ives a r e  not t o  be l imited t o  what t h e  S t a t e  Board can 
enforce under its water r i g h t  authori ty.  The court  recognized, 
however, t h a t  an implementing program may be a lengthy and 
complex process t h a t  requires s ign i f i can t  time in te rva l s  and 
act ion by e n t i t i e s  over which t h e  S ta te  Board has l i t t l e  o r  no 
control.  

Tne contents of each Chapter a r e  b r i e f l y  described i n  Chapter 2 
along with t h e  gc-ographic limits for  t h e  water qual i ty  objectives 
set i n  t h e  Plan. The PPD is a l s o  ident i f ied  a s  es tabl ishing 
s t a t e  policy fo r  pollutant  regulation i n  t h e  waters of t h e  
Bay-Delta Estuary. 

1.4.3 Chapter 3 - - Basin Description 

'Ihe Bay-Delta Estuary and its adjacent areas  described i n  t h e  Plan 
include the  Delta; the  Delta 's  t r ibu ta ry  areas  of the Sacramento 
River, t h e  Central Sierra and t h e  San Joaquin River basins; and t h e  
San Francisco Bay and itshydrologic basin. This chapter provides 
information on the  physical descript ion,  hydrology, and unimpaired 
and current  flow conditions f o r  each of  these  areas. 

Water Year Classif icat ion 

Under t h e  Delta Plan adopted i n  1978, water qua l i ty  object ives 
were set f o r  d i f fe ren t  water year c lass i f ica t ions .  Those 
c l a s s i f i c a t i o n s  were w e t ,  above normal, below normal, dry, and 
c r i t i c a l l y  dry and were based on t h e  four r i v e r s  of  t h e  
Sacramento Basin. I n  t h i s  Plan t h e  c lass i f i ca t ion  is still us& 
( see Figure 1 , but i n  addition, a separate water year 
c lass i f i ca t ion  has been established f o r  t h e  San Joaquin River 
Basin. The San Joaquin River Basin c lass i f i ca t ion  (see Figure 
2) is based on the  following four t r ibu ta r i es :  t h e  Stanislaus, 
Tuolumne, Merced , and San Joaquin r ivers .  An 82-year period, 
1906 through 1987, is used t o  determine t h e  c lass i f i ca t ion  
boundaries f o r  both r i v e r  basins, instead of t h e  50-year period, 
1 922 through 1971 , used i n  the  1978 Delta Plan. The current  
water year and t h e  "year following c r i t i c a l  yearn designations 
a r e  based on the  April through July runoff,  and apply t o  a l l  
object ives,  not jus t  those f o r  f i s h  and wi ld l i fe .  

Tine San Joaquin River Basin water year c lass i f i ca t ion  is used 
for  water qua l i ty  object ives i n  the  southern Delta and fo r  t h e  
export objectives. 



1.4.4 Chapter 4 -- Beneficial Uses 

A c l e a r  understanding of  each benef ic ia l  use bui lds  a foundation for 
weighing and balancing appropriate l e v e l s  of protect ion discussed i n  
succeeding chapters. Beneficial  uses include domestic, municipal, 
a p i c u l t u r a l  and indus t r i a l  supply; recreat ion;  e s t h e t i c  enjoyment; 
navigation; and preservation and enhancement of  f i s h ,  wi ld l i f e ,  and 
other  aquatic  resources. In  sumnarizing i s sues  addressed during 
Phase I of t h e  Bay-Delta hearing, t h i s  chapter discusses what 
beneficial  uses a re ,  t h e i r  flow requirements and their s a l t  
tolerances. 

1.4.5 Chapter 5 -- Optimal Levels of Protection 

The l e v e l s  of  flow and s a l i n i t y  considered t o  be optimal f o r  the 
protect ion of  each benef ic ia l  use without regard t o  o the r s  a r e  
presented i n  t h i s  chapter. Three a l t e rna t ives  f o r  each benef ic ia l  
use a r e  discussed: ( 1  ) the  no ac t ion  a l t e rna t ive ;  (2) advocated 
l e v e l s  of protection; and (3 ) t h e  optimal l e v e l  of protection. 

1 .  The no ac t ion  a l t e r n a t i v e  is the ex i s t ing  l eve l  of  flow and 
s a l i n i t y  protect ion f o r  t h e  benef ic ia l  use  being discussed. 
Tnis l eve l  complies with federa l  regulat ions protec t ing  e x i s t i n g  
uses. 

2.  Advocated l e v e l s  o f  protect ion a r e  those recommended by t h e  
par t ic ipants  i n  Phase I of t h e  hearing. Testimony o r  exhibi t s  
t h a t  recommend flow and s a l i n i t y  l e v e l s  t o  protec t  a spec i f i c  
beneficial  use a r e  sumnarized. . 

3. Tie optimal l eve l  can be t h e  same a s  one o r  both o f  t h e  previous 
two i f  they provide optimal protection; it can a l s o  be a 
separate l eve l  based upon an independent evaluation o f  ava i l ab le  
data. I n  any case, the optimal l e v e l  provides t h e  idea l  
condition f o r  a speci f ic  benef ic ia l  use and t h e  background 
against  which a l l  a l t e rna t ives  developed i n  Chapter 7 can be 
measured. 

1.4.6 Chapter 6 -- Reasonable Demands f o r  Consumptive Use of  Bay-Delta 
Waters 

This chapter o f f e r s  a California water e t h i c  (discussed 
subsequently) along with assumptions on water use t h a t  a r e  
consistent  with t h i s  e th ic .  I n  order t o  preserve and d i s t r i b u t e  
California 's  l imited water resources equitably, t h e r e  is a d i s t i n c t  
need f o r  a high degree of conservation, reclamation and conjunctive 
use of water. 

Since some benef ic ia l  uses have-competing needs, an examination of  
optimal l eve l s  shows t h a t  f u l l  protect ion of  a l l  benef ic ia l  uses in  
a l l  water years is impossible. There simply is not enough water. 
Also, protection of  sane uses can conf l i c t  with t h e  needs of 
others .  Some acccmmodation has t o  occur. An analys is  o f  t h e  
reasonable consumptive needs fo r  Bay-Delta water i n  areas  upstream, 
within, and exported from the  Estuary reveals  t h a t  water can be 
managed d i f fe ren t ly  t o  meet ex i s t ing  and reasonable f u t u r e  needs. 



Water users  offered project ions of  water needs t o  the  year 2010. 
I n  these  project ions,  sane water savings were assumed. However, a 
more rigorous applicat ion o f  the  California water e t h i c  indica tes  
t h a t  greater  savings can be  real ized.  Further,  t h i s  chapter 
evaluates t h e  a b i l i t y  t o  increase April through July Sacramento and 
San Joaquin r i v e r  flows through t h e  conjunctive use of  surface  and 
ground water and t h e  changing of reservoi r  operations. The 
object ives i n  Chapter 7 a r e  founded on t h e  foregoing assumptions. 

Estimates of  ag r i cu l tu ra l  water conservation savings a r e  based on a 
more e f f i c i e n t ,  y e t  achievable, water applicat ion and reuse 
program. 

The assumed water saving methods apply t o  a l l  municipal and 
indus t r i a l  needs, including upstream areas t r i b u t a r y  to  the  Estuary, 
in-basin a r sas ,  downstream areas,  and export areas.  Estimates o f  
savings a r e  based on an agressive water conservation and reclamation 
program. 

1.4.7 Chapter 7 -- The Development of  Reasonable Alternat ive Water Quality 
Control Objectives 

Reasonable water q u a l i t y  and instream flow needs f o r  benef ic ia l  
uses i n  t h e  Estuary a r e  discussed. These water quant i ty  and water 
qua l i ty  needs a r e  compared in  s i x  sets of a l t e rna t ives ;  t h e  water 
supply impacts a r e  summarized f o r  th ree  components: Sacramento and 
San Joaquin r i v e r  inflows and Delta exports. To achieve equi table  
global balancing of  protect ion f o r  benef ic ia l  uses, t h e  reasonable 
water qua l i ty  and flow needs o f  t h e  Estuary a r e  weighed against  t h e  
appropriateness o f  achieving those flows. Alternat ive f i v e  (5) is 
recommended ( see Recommendation Section below) . 

1.4.8 Program of Implementation 

Programs t h a t  reflect the  need f o r  the  long range California water 
e t h i c  a r e  highlighted. They include water conservation and 
reclamation. The Plan an t i c ipa tes  t h a t  water projec ts  other  than 
t h e  CVP and SWP w i l l  be  modified a s  needed to  protec t  benef ic ia l  
uses i n  t h e  Estuary. Additional water f a c i l i t i e s  such a s  ground 
water and offstream storage f a c i l i t i e s  a r e  encouraged. The Central 
Valley Regional Water a a l i t y  Control b a r d  is requested t o  adopt a 
s a l t  load reduction policy. Various monitoring programs and 
l e g i s l a t i v e  proposals a r e  a l s o  suggested. 

1.5 Concerns 

During Phase I of t h e  hearing, evidence was introduced about t h e  need 
foradequate protect ion of water qua l i ty  f o r  ag r i cu l tu ra l ,  municipal, 
i ndus t r i a l  and biological  uses i n  t h e  Estuary. The data show a 
prolonged decl ine  i n  t h e  na tura l  salmon population and Delta f i s h  a s  
they re la ted  t o  water project  operations (see Figure 3 1. The need f o r  
water to reduce s a l i n i t y  l e v e l s  and f o r  su f f i c i en t  flows t o  protect  the  
resources i n  t h e  Estuary was presented. Considering the  c e r t a i n t y  of  
Cal i fornia ' s  population and economic growth, representat ives f r m  
several  a reas  of  the  s t a t e  t e s t i f i e d  t h a t  l a rge  amounts o f  addit ional  
water m u l d  be needed i n  the  future.  



Several witnesses t e s t i f i e d  about t h e  a v a i l a b i l i t y  o f  water. The 
evidence shows a greater  need f o r  water than t h e  avai lable  supply. A 
broad balancing of t h a t  evidence has been made i n  recommending flow and 
s a l i n i t y  objectives. 

In  the balancing process, it should be  recognized t h a t  b io logica l  
resources have declined and a r e  not experiencing t h e  same degree of 
protection a s  other  benef ic ia l  uses. Past balancing t o  protec t  
biological  resources has not been a s  e f fec t ive  a s  projected according to 
present evidence. This decl ine  has beentaken i n t o  consideration i n  t h e  
balancing process. 

1.6 California Mater Ethic 

A l l  Californians bst  prac t i ce  conservation, reclamation and 
conjunctive surface  and ground water use i n  order t o  share  
responsib i l i ty  f o r  t h e  reasonable use  o f  water appropriately. 

California 's  ground and surface  waters a r e  a precious, but  l imited 
resource. Water r i g h t s  allow only the reasonable use o f  th i s  resource. 
Water is  v i t a l  t o  homes, industry, agr icul ture  and public t r u s t  values. 
Supplies vary subs tan t i a l ly  from year t o  year. I n  t h e  pas t ,  dams were 
b u i l t  t o  control  flooding and provide supplies  during prolonged dry 
periods. Today, addi t ional  ac t ions  t o  promote t h e  conservation, cont ro l  
and maximum u t i l i z a t i o n  of  water a r e  required (Water Code Section 
13000). A l l  Californians must become involved i n  t h e  reasonable use o f  
water. 

The California water e t h i c  includes t h e  coordination o f  severa l  
program, each applicable i n  varying degrees t o  every region of  the 
s t a t e .  Best management prac t ices  re la ted  t o  the  use o f  water a r e  needed 
i n  a l l  a reas  of  t h e  s t a t e .  Careful water use  decreases pol lu tant  
loadings a s  well a s  water demands. 

The water e t h i c  assumes : 

a Conservation -- Mnic ipa l  and indus t r i a l  water users  ( r e s iden t i a l ,  
i ndus t r i a l  and comnercial) w i l l  be  metered. With appropriate 
plumbing, leak  detect ion,  and landscaping techniques, per capi ta  
water use  w i l l  be s ign i f i can t ly  reduced. Also, t h e r e  a r e  subs tant ia l  
opportunit ies  f o r  water savings by conrmercial and indus t r i a l  water 
users. A l l  ag r i cu l tu ra l  users  w i l l  use water a s  e f f i c i e n t l y  a s  
f eas ib le ,  pa r t i cu la r ly  those who contr ibute  drainage flows t o  s a l t  
s inks where reuse is impractical. 

Reclamation -- Where feas ib le ,  water reclamation and recycling 
consistent  with s t a t e  laws s h a l l  be required t o  reduce t h e  demand on 
ex i s t ing  potable water supplies. Water reclamation includes t h e  
enhanced treatment of wastewater for  reuse, t h e  conversion of s a l i n e  
water t o  freshwater,  and the  treatment of  ground water t o  a 
s u f f i c i e n t  l eve l  t o  allow subsequent benef ic ia l  use. 

a Conjunctive Use -- Ground water s torage  basins w i l l  be e f fec t ive ly  
u t i l i z e d  i n  conjunction with d i s t r ibu t ion  of  surface  water. 



e Sharing Responsibility - Adequate flows f o r  beneficial  uses i n  the  
Estuary a r e  t h e  responsibi l i ty  of a l l  water users  i n  t h e  by-Delta 
watershed. I n  the  past  t h i s  obligat ion has been imposed largely  on 
t h e  CVP and WP. 

e Pnysical F a c i l i t i e s  -- To b e t t e r  manage California 's  water resources, 
physical f a c i l i t i e s  a r e  encouraged. 

m Pollution Control -- Maximum prac t i ca l  pollut ion control  a t  the  
source takes precedence over re leases  of freshwater f o r  f lushing 
flows. 

1.7 Principles Guiding t h e  Development of Water Quality Objectives 

The following pr inciples  w i l l  a s s i s t  i n  t h e  conservation and equitable 
d i s t r ibu t ion  of  Cal i fornia ' s  l imited water resources. These pr inciples  
a r e  founded uprn t h e  foregoing water e th ic ,  a careful  review of t h e  
Phase I hearing evidence, an understanding o f  t h e  Board's authori ty,  and 
t h e  appel la te  cour t ' s  direct ion.  Further, these  pr inciples  a l so  provide 
reasonable protect ion t o  each of t h e  benef ic ia l  uses of t h e  waters of 
t h e  Bay-Delta Estuary under Water Code Section 1 3241. 

e Municipal and indus t r i a l  water users  should receive s a l i n i t y  
protect ion of  a t  l e a s t  t h e  secondary public heal th  standard of 250 
m g / l  chloride. 

Delta agr icu l tu ra l  users  should receive water qua l i ty  that f u l l y  
protec ts  t h e i r  needs assuning t h a t  they a r e  employing best 
management pract ices  and to the  extent  t h a t  such qua l i ty  was 
avai lable  under unimpaired conditions with present day channel 
configurations (see Cal. Const., Art X, Sec .2). 

Aquatic l i fe  i n  the  Estuary should receive t h e  s a l i n i t y  and flows a t  
an appropriate h i s t o r i c  level .  The appropriate h i s t o r i c  level  is 
established during t h e  balancing process a s  subsequently explained. 
(See Water Code Section 1243; Public Resources Code Section 21000, e t  
seq. ; S t a t e  Board Resolution 68-16). 

The formation of  trihalomethane compounds from Delta waters cannot 
reasonably be  resolved through t h e  establisknent  of  flow and 
s a l i n i t y  object ives.  

A t  t h i s  t i m e ,  t h e  use of  Delta outflow so le ly  t o  f lush  pollutants ,  
other than ocean derived s a l t s ,  o u t  of the  Estuary is not 
reasonable. The need f o r  such flows may be considered i n  t h e  fu ture  
a f t e r  a l l  reasonable source control  methods have been implemented and 
only i f  it is found t o  be i n  t h e  public in te res t .  

e Increasing Delta inflows and decreasing Delta exports i n  t h e  spr ing 
(which among other things w i l l  reduce reverse flows i n  t h e  Old and 
Middle r ive r s )  o f fe r s  t h e  bes t  chance t o  obtain balanced protection 
of a l l  beneficial  uses dependent upon B a y a e l t a  water supplies. The 
Department of Water Resources should continue t o  inves t igate  t h e  
potent ia l  f o r  protect ing beneficial  uses and more e f f i c i e n t  use of 
water through developent  of physical f a c i l i t i e s .  



Tie  foregoing pr inc ip les  were used a s  assumptions i n  developing t h e  
water qua l i ty  object ives contained i n  t h i s  Plan. 

1.8 Recommendations 

?he Plan develops new water qua l i ty  objec t ives  f o r  each benef ic ia l  use  
i n  the  Estuary. The water qua l i ty  object ives a r e  sbwn i n  Table 1 and a 
summary of these  objec t ives  is presented below. Control s t a t i o n s  f o r  
t h e  object ives a r e  depicted i n  t h e  accmpanying map (See Appendix Dl. 

1. Municipal and indus t r i a l  intakes a r e  provided water qua l i ty  
protect ion f o r  t h e  secondary public  heal th  standard of 250 m d l  
chloride. Actual water qua l i ty  during most o f  t h e  year w i l l  be 
considerably b e t t e r  than t h i s  due t o  t h e  %mbrellaw protect ion 
provided by other  objectives. 

The 150 m g / l  chloride objec t ive  a t  t h e  Rock Slough in take  of  t h e  
Contra Costa Water D i s t r i c t  is deleted. The benef ic ia l  uses of  
water w i l l  be reasonably protected a t  250 mgll chloride. The users  
from t h i s  in take  could re locate  t h e i r  intake, construct  l o c a l  
reservoi rs  t o  capture winter time flows f o r  blending i n  the summer, 
and take  other  ac t ions  t o  improve t h e i r  water qua l i ty  cons is tent  
with l o c a l  des i re s  fo r  such qua l i ty  and loca l  economics. 

Agricultural users  i n  the  Delta are'provided water qua l i ty  t h a t  
f u l l y  protec ts  t h e i r  needs assuming t h a t  they a r e  employing bes t  
management prac t ices  and t o  t h e  extent  such water qua l i ty  was 
avai lable  under unimpaired flow with ex i s t ing  channel 
configurations. Evidence presented during the .hear ing  indica tes  
t h a t  t h e  farmers on the Delta 's  organic s o i l s  can achieve f u l l  crop 
y ie lds  with s a l t i e r  water than previously believed. The new 
objec t ives  reflect these  data. 

Agricultural pursui t s  on southern Delta mineral s o i l s  need b e t t e r  
water qua l i ty  than current ly  exis ts .  The Plan w i l l  improve water 
qua l i ty  so t h a t  these users  a r e  b e t t e r  protected. 

3. Aquatic l i f e  i n  the  Estuary has suffered losses  i n  t h e  recent  past.  
The bes t  da ta  a r e  f o r  only two f i s h  species--salmon and s t r iped  
bass. Abundance o f  those species is affected by inflows i n t o  and 
exports from the  Estuary, especia l ly  during t h e  April  through July 
period. The object ives for  the  Sacramento River salmon populations 
a r e  established t o  a t t a i n  t h e  1930-87 average monthly April  through 
June flows ( f o r  each year type) which have been shown t o  be 
important t o  salmon. This represents  a l l  t he  data avai lable  f o r  
in te r io r  Delta s t a t i o n s  important f o r  salmon protection. The l eve l  
of protect ion prescribed f o r  the  Sacramento River system was found 
t;o be unattainable on the  San Joaquin River system without an 
unreasonable impact on upstream consumptive uses. An achievable and 
reasonable l eve l  of protection was t h e  attainment of average flows 
t h a t  have existed s ince  the  current  physical configuration of  the  
Delta ( 1  953-87). Also, minimum flows t o  protect  s t r iped  bass 



recommended by t h e  S t a t e  Department of Fish and Game (DFG) and 
supported by the  U. S. Fish and Wildl ife  Service a r e  incorporated in  
t h e  recommended object ives.  Export limits during t h e  April through 
July period a r e  made equivalent t o  t h e  l eve l s  t h a t  existed before 
t h e  decl ine  of  young f i s h  survival  in  t h e  Delta (1953-19671, but 
only t o  t h e  extent  t h a t  such reductions a r e  needed t o  reduce the  
magnitude of  reverse flows i n  Old and Middle r ive r s .  

These l e v e l s  r e f l e c t  the average monthly exports t h a t  occurred 
during April through July f o r  each year type i n  t h e  period 1953- 
1967. One may note under Delta Fishery Export Limits i n  Table 1 
t h a t  export limits f o r  dry and c r i t i c a l  years exceed those allowed 
i n  more water plenti  f u l  year types. The res i l i ence  of the  f i shery  
resource demonstrated i n  the  pas t  i l l u s t r a t e s  t h a t  t h e  resource can 
withstand grea ter  impacts of  t h e  magnitude shown f o r  a shor t  period 
of  t i m e  (dry and c r i t i c a l  years) and still recover. 

These new objec t ives  b e t t e r  protec t  aquatic  resources than the  
previous objec t ives  . 

4. Suisun Marsh is provided protect ion generally cons is tent  with t h e  
Four-Agency Agreement signed by the  Suisun Resource Conservation 
District, DFG, S t a t e  Department of  Water Resources, and the U. S. 
Bureau of Reclamation. The only d i f ference  is t h a t  i n  water 
de f i c i en t  years ,  year types a r e  determined by using t h e  median year 
runoff forecas ts  instead of t h e  lower 20 percent fo recas t s  a s  used 
i n  the agreement. This provides b e t t e r  protect ion than the Four- 
Agency Agreement. The Board is requesting DF'G1s advice during Phase 
I1 on t h e  e f f e c t s  of t h e  agreement on endangered species  within 
t i d a l  marshes i n  the  Suisun Bay area. 

San Francisco Bay was discussed extensively during t h e  Boardls Phase 
I hearing. Information presented showed an insuf f i c i en t  connection 
between physical changes i n  t h e  Bay due t o  inflows and t h e  
benef ic ia l  uses i n  t h e  Bay. The evidence presented was judged 
insuf f i c i en t  a s  a bas i s  f o r  water qua l i ty  object ives.  The Board 
w i l l  requi re  t h a t  fu r the r  s tud ies  be performed t o  address these 
concerns and t h a t  such concerns w i l l  be addressed i n  t h e  
consideration of t h e  water right permits of  any l a r g e  unconstructed 
water s torage  projects .  

6. Analyses of t h e  reasonable consumptive water needs of  areas  
receiving exported water from the  Delta indica tes  t h a t  t h e  needs 
through t h e  year 2010 can be met without increasing current  annual 
exports. This assumes t h e  California water e t h i c  set f o r t h  
previously is implemented. I n  Phase I11 t h e  Board should consider 
t h e  following i n  order t o  bes t  conserve and u t i l i z e  Bay-Delta waters: 

a. The combined export quanti ty per water year from t h e  USBR Tracy 
Pumping Plant  and the  SAP Banks Pumping Plant  be  l imited,  
except t h a t  i n  w e t  and above normal years water above t h a t  
required t o  m e e t  object ives i n  t h e  Bay-Delta Estuary may be 
pumped f o r  conjunctive ground water s torage  and offstream 
surface  storage;  and 



b. The amount of  water pumped per water year a t  t h e  SWP Edmonston , 

Pmping Plant  fo r  use i n  t h e  southern California portion o f  t h e  
SWP se rv ice  area be  l imi ted ,  except tha t :  (1 an increase above 
that  amount equal t o  t h e  quanti ty of  water conserved through 
increased agr i cu l tu ra l  e f f ic iency i n  t h e  San Joaquin Valley 
would be  allowed; and (2) i n  wet and above normal years water 
above t h a t  required t o  meet object ives i n  t h e  B a y a e l t a  Estuary 
may be  pumped f o r  conjunctive ground water s torage and offstream 
surface storage;  and 

c. Agricultural  users  who contr ibute  drainage flows t o  s a l t  s inks  
should achieve a high but  reasonably a t t a inab le  water use 
ef f ic iency . 

1.9 Implementation 

Many of  t h e  recommendations contained i n  t h i s  water qua l i ty  control  
plan w i l l  be a t ta ined through t h e  Board's water r i g h t  authority. During 
Phase I11 of  t h e  Bay-Delta hearing process, t h e  Board w i l l  determine 
which water users  w i l l  share in  t h e  responsib i l i ty  o f  a t t a i n i n g  t h e  
water qua l i ty  objec t ives  specif ied i n  t h e  Plan and i n  achieving other  
provisions o f  the Plan. Implementation o f  a l l  object ives is scheduled 
t o  occur over t h e  next s i x  years. A deta i led  time frame f o r  
implementing t h i s  Plan w i l l  be  determined a f t e r  the spec i f i c  water users  
have been ident i f ied .  

1.1 0 Water Supply Impacts 

Alternat ive 5 best achieves t h e  balanced l eve l s  of  protect ion o f  
benef ic ia l  uses described i n  t h e  foregoing section. The impacts a r e  
depicted i n  Figures 4 and 5. 

l'ho bases o f  comparison were used t o  develop an impact analysis .  
Impacts t h a t  could r e s u l t  from t h e  object ives speci f ied  i n  t h e  
recoinmended a l t e r n a t i v e  were compared to :  ( 1 )  those of  t h e  1978 Delta 
Water Quali ty Control Plan (current ly  i n  place) using a 1 922-78 
hydrologic cycle and a projected 1990 level  of deve lopen t  a s  presented 
by IXJR (Figure 4 ; and (2 ac tua l  values using t h e  recent  hydrologic 
period of  1972-87 (Figure 5 ) .  'ho d i f f e r e n t  analyses of  impacts were 
performed t o  provide the  public  with an assessment o f  t h e  e f f e c t s  of  
Alternat ive 5 object ives on planned water diversions i n  t h e  near f u t u r e  
and on h i s t o r i c a l  conditions experienced i n  t h e  recent  past .  Note t h a t  
i n  the  l a t t e r  analys is ,  t h e  1983 water year data were disregarded 
because t h a t  year was the  wettest year of record and tended t o  skew t h e  
aver age . 
In  both instances,  the  average impacts were analyzed on an annual bas i s  
and during t h e  April through July period. The period April  through July 
is par t i cu la r ly  s ign i f i can t .  Although t h e  top bar graph i n  both f igures  
depic ts  average impacts over t h e  period of  record, impacts f o r  each year 
type ( i.e., w e t ,  above normal, e t c . )  were assessed t o  determine i f  the  
object ives were a t t a inab le  and reasonable. A more deta i led  analys is  of  
impacts is sought during t h e  Pnase I1 hearings. 



The top bar graph of both f igures reveals  t h a t  there  w i l l  be no 
change i n  average annual flows nor i n  the  1985-level of exports. 
Exports i n  1985 a r e  t h e  highest t o  date,  and 16 percent higher than 
the  average amount of water exported since D-1485 standards went 
i n t o  e f f e c t  i n  1978. While Delta inflows from t h e  Sacramento and 
San Joaquin r i v e r s  t o  meet t h e  recomnended Plan object ives increase 
over those required t o  meet the  1978 Plan object ives and increase 
over recent h i s t o r i c  l eve l s ,  annual flows do not. However, a s  shown 
i n  t h e  bottom bar graphs, April through July flows do change. Our 
analysis  shows t h a t  t h e  reduction i n  flows during t h a t  period can be 
f u l l y  o f f s e t  during other months of t h e  year. This assumes p a r t i a l  
u t i l i z a t i o n  of e x i s t i p  g water reserves on t h e  Sacramento River 
system, conjunctive use of ground and surface waters i n  t h e  San 
Joaquin River Basin, greater u t i l i z a t i o n  of offstream storage south 
of t h e  Delta, and a rescheduling of exports from the  spring t o  
winter months. 

2. With regar i  t o  Figure 4 ,  t o t a l  Delta outflow i n  April through July 
t o  protect  the  Estuary w i l l  result i n  an increase over t h e  long- 
term hydrologic period of 1922-78 of about 1,560 thousand acre-feet 
(TAF). If ccinpared t o  recent h i s t o r i c  information (Figure 51, t h e  
increase amounts t o  1,080 TAF. The increase i n  April through July 
Delta outflow is achieved through an increase i n  r ive r  inflows in to  
t h e  Delta (Sacramento River -- 360 T W  and San Joaquin River -- 530 
TAF; t o t a l  of 890 TAF) and a decrease i n  water exported from t h e  
Delta (670 TW). Correspondingly, Figure 5 i l l u s t r a t e s  t h a t  a t o t a l  
increase i n  r i v e r  inflow of 880 TAF is needed with a decrease i n  
exports,  on the  average, of  200 TAF. 

A s  s t a t ed  previously, i n  order t o  meet t h e  object ives of  the  
recommended a l t e rna t ive  and t h e  addit ional  water required, two major 
ac t ions  w i l l  be needed. F i r s t ,  a portion of t h e  water reserves i n  
t h e  Sacramento and San Joaquin basins w i l l  be required f o r  Estuary 
protection. According to WJR Bulletin 160-87, the  Sacramento Basin 
current ly  has a 588 TAF reserve and t h e  San Joaquin has a 157 TAF 
reserve. These reserves a r e  projected t o  decrease t o  549 and 128 
TAF respectively by t h e  year 2010. Second, conjunctive use of 
surface water and ground water supplies plus a d i f fe ren t  mode of 
operation of reservoirs  may be needed t o  make up f o r  water not 
avai lable  i n  t h e  April throu* July period. On t h e  San Joaquin 
River system, f o r  instance, an analys is  indica tes  t h a t  such programs 
could increase flows i n  t h e  r i v e r  during t h e  April throu* July 
period from a t  l e a s t  170 TAF i n  c r i t i c a l  years t o  almost 700 TAF i n  
wet years. This change i n  operations would a f f e c t  less than f i v e  
percent of the  combined ground water/surface water s torage i n  t h e  
Basin. 

3. April through July exports from t h e  Delta, projected from the  1990 
operations study would be reduced by about 670 TAF under the  
reconmended a l t e rna t ive  Plan. A s l i g h t l y  greater reduction (about 
680 TAF) would occur if t h e  recomnended Plan is canpared t o  t h e  
recent high export values of 1985. On t h e  other hand, i f  compsring 
t o  recent h i s t o r i c  data,  t h e  reduction i n  exports would amount t o  
200 TAF on the  average, o r  540 TAF i f  compared t o  t h e  1985 level  of 
exports. I n  e i t h e r  case, a s  demonstrated i n  t h e  operations study, 
the  capabi l i ty  t o  r e o v e r  t h i s  d e f i c i t  exists i n  the  other seasons 
of  t h e  year, a l b e i t  e change i n  export operations would be 
required. 



FlGURE 1 
SACRAMENTO RIVER BASIN 

APRIL THROUGH JULY HYDROLOGIC CLASSIFICATION 

The Sacramento River Basin April through July hydrologic classification shall be determined by the forecast 
of Sacramento Valley unimpaired runoff for the year's April through July period as published in California 
Department of Water Resources Bulletin 120 for the sum of the following locations: Sacramento River above 
Bend Bridge, near Red Bluff; Feather River, total inflow to Oroville Reservoir; Yuba River at SmarMlle; 
American River, total inflow to Folsom Resemir. Preliminary determinations of the classification shall be 
based on the April through July hydrologic conditions to date plus forecasts of future runoff assuming normal 
precipitation for the remainder of the April through July period. 

CLASSIFICATION 

Wet 

Above Normal 

Below N d  

UNIMPAIRED RUNOFF 
MILLIONS OF ACRE-FEET 

Equal to or greater than 8.0 (except equal 
to or greater than 9.1 in an April through 
July pedod following a critical year). 

Greater than 6.4 and less than 8.0 (except 
greater than 6.4 and less than 9.1 Jn an 
April through July period following a critical 
year). 

Equal to or less than 6.4 and greater than 
4.7 (except in an ApgI through July period 
following a critical year). 

Equal to or less than 4.7 and greater than 
3.8 (except equal to or less than 6.4 and 
greater than 4.7 in an April through July 
period following a critical year). 

Equal to or less than 3.8 (except equal to 
or less than 4.7 in an April through July 
period following a critical year). 

APRIL THROUGH JULY 
CLASSIFICATION * 

AU Years for Year Following 
Aaobjectives CrItIcal 

Exceptm Year 

Wet 

Above 
Normal 

Below 
Normal 

Dry 

Critical 

U m  R m f f  
Millions of Acre-Fwt 

Wet 

Above 
Normal 

Dry 

Critical 

' The April through July classification for the preceding water year will remain in'effect until the initial 
forecast of unimpaired runoff for Ule current water year's April through July classification is available. 



FIGURE 2 
SPIN JOAWIN RIVER BASIN 

APRIL THROUGH JULY HYDROLOGIC CLASSIFICATION 

The San Joaquin River Basin April through July hydrologic classification shall be determined by the forecast 
- _ - of San Joaquin Valley unimpaired runoff for the year's April through July period as published in California 

Department sf Water Resources Bulletin I20 for the sum of the following locations: Stanislaus River, total 
inflow to New Melones Reservoir; Tuolumne River, total inflow to Don Pedro Reservoir; Merced River, total 
inflow to Exchequer Reservoir; San Joaquin River, total inflow to Millerton Lake. Preliminary determinations 
of the classification shall be based on the April through July hydrologic conditions to date plus forecasts of 
future runoff assuming normal precipitation for the remainder of the April through July period. 

CLASSIFICATION UNIMPAIRED RUNOFF 
MILLIONS QF ACRE-FEET 

wet 

0 

Below N 

Equal to or greater than 4.5 (except equal 
to or greater than 5 2  in an April through 
July period following a critical year). 

Greater than 3.6 and less than 4.5 (except 
greater than 3.6 and less than 5.2 in an 
April through July period following a critical 
year). 

Equal to or less than 3.6 and greater than 
2.5 (except in an April through July period 
following a critical year). 

Equal to or less than 2.5 and greater than 
2.Q (except equal to or less than 3.6 and 
greater than 2.5 in an April through July 
period following a critical year). 

Equal to or less than 2.0 (except equal to 
or less than 2.5 in an April through July 
period following a critical year). 

APRIL THROUGH JULY 
CLASSlFlCATlON 

All Years for Year ~~ 
All- C W  
m* Year 

Wet 

Above 
Normal 

Below 
Normal 

Dry 

Critical 

Wet 
5.2 

-4.5 Above 
Normal 

- 3 . 6  

Unimpaired Runoff 
Millions of Acre-Feet 

" The April through July classification for the pr~cediq water year will remain in effect until the initial 
forecast of unimpaired mmff for the wen t  water yeah April through July classification is available. 



FIGURE 3 

STRIPED BASS INDEX, SACRAMENTOISAN JOAQUIN NATURAL 
SALMON POPULATION AND TOTAL DELTA EXPORTS 

SBI: 1959 - 1988, EXCEPT 1966; POPULATION: SR 1953 - 1984, SJR 1953 - 1984; EXPORTS: AVERAGE APRIL -JULY EXPORTS, 1953 - 1987 

(5 Year Running Average) 
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FIGURE 4 
RECOMMENDED PLAN 

WATER SUPPLY IMPACTS 
1922-78 HYDROLOGY UNDER THE 
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TMLE 1 

REWMENDER UATER. QUALITY OBJECTIVES 

Year Type 
B ~ f i c i o l  Use Protected %:'F' (Sacremento, unless 

and Loention Parameter Description * shwe Sam J@n) Dates Values or Limits ..~~-.-~--....-.-----...--.--...---.-.~-~~--------------.----------..--.-..~--...-.......---..---.-----..-.---.-------.--...-----...----------..----.-..-..-..*..----.--.. 
#UDIICIPAL and INDUSTRIAL C l -  

Ci ty of Vallejo 
lntake 
(Footnote 1) 

Cor~Pt-a Costa Canal 
a t  Ranping Plant #1 
(Footnote 3) 

CLifPm Cwrt Forebay 
Intake a t  West Canal 

Delta Hendote Canel 
a t  T r a y  Bunping Plant 

North Bay Aqueduct 
ad Barker Slough 

AGRICULTURE 
+ , W t e r n  belts Elrmston 
w I r r iga t ion  Jersey Pt. 
4 

C19 
(Footnote 2) 

Chloride Mainrm 
Meen Daily 
Chloride, mg/l 

In ter io r  Delta Cache Slough CS1 
I r r iga t ion  a t  Jmction Pt. 

Sun Andreas C4 
Lapding 

Term1 nous C13 

A1 L* 

ALL* 

A1 1 

Dates 
Electr ical Meximrra 14-Dav A l l  exce~t  4/1-8115 - - 
Conbctivity Ruaing Averee Crit icel '  

of Wean Dai I y  EC, 
mmO/cm Critic84 4/1-7/51 

8/l-8/15 

Electr ical Hexjtm 14-Day 
Conductivity RuningAverege A1 1 4/1-8/15 

of Uean Dai Ly EC, 
-/ern 

OcwtA Delta Vernalis C10 Eleatrical Maxinun IkDay A t  l* 4/1-8131 
irrigation Bra& Br i  c6 

T, Road%. 
Conduetivi t y  Runing Averwe 

PI 2 of Hean Daily EC, 9/1-3/31 
Mossdale C7 
Howard Road Br. 

-/ern 
m 1  

a t  niddle R. 
Old R. at  ntddle R. CB 

Delta Selinity 
Leaching Emnaton 

Jersey Pt. 
Cache Slough 
San Andreas 

Lapding 
Term1 nous 

Electrical Minter pond leaching At1 
Conductivity M a x i m  Month1 Ave. 

of Mean Daily Ec, 
aaho/cm 

-~_..-.~~..--*....------......------...--..-.-......-.-.--.-...-.-..--.--'--..-...-............~...-...~...-.--.-~-.-.....---.-...~...-.--.-........*...-.-......----.....- 
See Last page of table for Footnotes 



TABLE 1 contld 

RECOMMENDED UATER QUALITY OBJECTIVES 
Year Type 

Beneficial Use Protected %iiT Parameter 
(Sacramento unless 

and Location Description show ~an*~oaquin)  Dates Values or Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FISH and UILDLIFE EC Dates EC 

Suievl Marsh Chipps Is. 
Ui l d l i  f e  Habitat 
Interim objectives 
(Footnote 4) 

Suisrar Marsh 
U i l d l i f e  Habitat 
Interim ob ju t rves  
(Footnote 4) 

Suism Harsh 
U i l d l i f e  Habitat 
lnterfm objectives 
(Footnote 4) 

Dl0 Electr ical 4-Agency A g r v t  wet 10/11231 12.5 1/15/31 12.5 
Conductivity Interrm objectrve Ab. Normal 12.5 12.5 

28-da mean EC, mhos/cm Bl. Normal II 12.5 11 12.5 
a t  chypps 1sland Dry def iciepcy) 12.5 (15.6) u 12.5 

Crrt!cal(&frclency) 12.5 (15.6) " 12.5 

Dl0 Delta Outflow 4 - A g e ~ y  Agrea!ient 
Index (DO1 Interrm objectrve A1 I 
(Footnote 2)  Min mean mo. DO1 

with 2 of 3 reservoir 
flood envls encroached 

Flow i n  CFS 
ALL Year 6,600 

Dl0 Delta Outflow 4-Agency Agreement Vet 2/1-5/31 
Index I~ te im-ob jec t i ve  

Mrn 14-day mean DO1 Ab. Normal 
fo r  60 consec.days 01. Normal 

Suisun Marsh See Contro! Sta. 4-Agency Agreement N o m l  A l l  (except i n  
U i l d l i f e  Habitat Below Electrrcal objective a t  stat ion deficrency 
N o m l  objectives Conductivity Wean mo. high t ide  period) Dates 

EC, rmhos/m 10/1-31 
Sacto. R. a t  Co l l insv i l le  Road (C-2) 11/1-30 
Montezrme Slough a t  National Steel (S-64 12/1-31 
~onteruas SL near Beldon Lendi (s-k) 1/1-31 
Suism Slou&% f t  S. of ~olenti?lough (8-42 2/1-28 
Goodyeer I L .  S. of opes$ -ear St. Control Structure (proposed (-75) 3/1-31 

w Cordhlra Slough a t  g rde l ra-G ear Ditch ( r ed S-97) 4/1-30 
I Ch-rm Sl- a t  Chadbour3d.( roposds% 5/1-31 
c.r Goodpar Slough a t  Morrow Island CL&-e S-35)(Footnote 7) 
03 Cordelra St&, 500 f t  U. of Southern Pacfi ic crossing a t  Cygnus (S-33)(Footnote 71 -. 

Def icjency 
Per I od 

EC 
19.0 
16.5 
15.6 
15.6 
15.6 
15.6 
14.0 
12.5 

(Footnote 6) 

Sacremsnto Salmar 
Wigratim Rio Vista Bridge 024 F l w  30-day R m i n g  Avera e Yet 
of Fa l l  R u ,  o fWeanDa i l y~ low ,~ !~  Ab.lSoml 
Wits 

:l- ~ X t i c e l  
1,500 

Outmigration Rio Vista Bridge D24 Flw 
of Smolts (Footnote 9) 

S a l m  Fry Ualrut Grove 
Survival 

San Joaquin Salmon 
Outmigratim Vernalis 
of Juveni les 

Hi rat ion of Stockton t o  
~ a f l  Run Adult Turner Cut 
Salmon 

Historic 1930-87 
flows i n  CFS 

Delta Cross Operation of 
Channel gates 

4 1-30 5/1-31 6/1-30 
Wet 26 500 22 000 18 500 
~ b .  N o m l  22'500 21'000 IO*SOO 
Bl. Normel 16'500 14'500 7,500 

D ~ X t i c a l  12:500 8,500 10:000 5,000 6'500 2:500 

111 -3/31 
ALL when Delta closed 
Outflow I&x 
over 12 000 CFS 
(~ootnote 5) 

C10 Flow Historic 1953-87 Uet * 14000 13500 11000 
(Footnote 9) f 1- i n  CFS Ab. N o m l  * 5'000 5.000 5:000 

EL. Prtnal * 2:500 3:500 3,000 

!#ticel * 1,500 1,5& 
1,000 1, la% 

Dissolved Oxygen Minimm dissolved A1 I* 
oxygen (00) i n  mg/L 

Dates 
711 - i im  

.......................................................................................................................................................................... 
See last page of table for Footnotes 



Beneficial Use Protected 
andl Location .--..-.-----------....-...------.---.--. 

FISH anti WILDLIFE 

Delta Fishery 
Striped bass Prisoners Pt. 
spawning 

Chipps Island 

Antioch Waterworks 
Inteke on the §an 
doequin River 

Antioch Watervorks 

Delta Fisheries 
Em and larvae Chfpps Is. 
wrvlmL 

Delta Fishery 
Export l i m i t  Banks, Tracy, Contra 
(Fwtnote 10) Costa Delta Praping 

Plants 

Delts Fishery 
Flou control Walnut Grove 

RECOWENDED WATER QUALITY OBJECTIWES 
Year Type 

S-1 i ng (Sscramwrto, unless 
S i t e  # Paremeter Description * shows San Joequin) Dates Values or Limits *-----.---..--.----.---.---...-..----...-----......-----.----......---------.--...-....--*-..---.....--------..-.....-.------. 

D29 WeenDaily Average for perf od A l  l 
Electrical not to exceed EC 
Conductivity i n  mhos/cm 

a10 - .- 
Delta Outflow Average of the daily A1 l 
l ndex (DO1 ) DOI, for the period, 

not less than 
Dl2 

(near) Electrical Average of the mean ALL 
Conducttvi t y  daily EC, &os/cm 

for the period.not more than 

F l o w  in CFS 
6,700 

Dl2 
(near) Electrical Averageof meandaily EC A l l  - Total Amwl Iaposed 4/1- 5/5 

Conductivity for the period, not more whenever the Def iciancy (TAF) EC 
(Relaxation than the values SUPandCVP none 1.5 
provision - correspanding to  the i ~ e  500 1.9 
replaces the deficiencies taken deficiencies 1 e r n  2.5 
above Antioch (linear interpolation to  in firm 1,500 3.4 

be used t o  detemfne q p l i e s  2,000 4.4 
~ ~ i z e c t i v a  v a l u  bmn those . h o n ) ( F m e  8) 3,000 10.3 
whenever the 4,000 or more 25.2 
CVP and SUP inpose 
def fciencies i n  
f irm srpplies 
(Footnote 8) Dates/Fluu i n  CFS 

5/1-31 6/1-10 6/11-17 6/18-7/31 
Dl0 Mean Delta DFG end USFBY9 wtf lov Yet 30,000 30,000 20,000 10,000 

Outflow recammandat ions Ab. Yonre1 24,000 25,000 17,500 10,000 
for Period i n  CFS 61. Nowel 22,000 22,000 16,000 10,0(#) 
(Footnote 9) 

",tical 
12,000 12.000 10,000 8,000 
3,300 3,3011 3,100 2,900 

Clean export 
for period 
(Footnote 1 

Historic 1953-67 ' Yet*  
exports from Delta, Ab. Noml  * 

1) except wet years.in CFS EL. Nom l  * 
(Fatnote 12) DrY 

Crit ical 

Delta Cross T ration of 
Chamel C emel gates 

Vet 
Ab. Normal 
EL. Uormsl 
Dry 
Crit ical 

h 

4/1-30 5/1-31 6/1-30 7/1-31 
closed closed closed open 
closed closed c/ow open 
closed closed c/ow open 
closed c/ow open open 
open c/ou open ' open, 

c/ou = gates closed, ope"'weekends -..-------.--.-------------..--..--.-----.-.-.----..-..-----------..-*.-..---......---.--.--.--.---...-.*-.---.--..-.--.....-.-----...-..-.-.---..------..---...-..-.-... 
See last page of table for Footnotes p& " 



TABLE 1 cont'd 

RECCMENDED UATER QUALITY OBJECTIVES 

Footnotes 

Footnote 1: Only used as a control stat ion i f  C i ty  of Vallejo i s  taking water frum th is  swrce i n  l i eu  of from North Bey Aqueduct. 

Footnote 2: Sampling s i t e  ambers remain the same as i n  D-1485 for  same sites. New sites are temporarily designated by their  

i n i t i a l s  and a h r .  

Footnote 3: This objective u i l l  remain i n  ef fect  u n t i l  Contra Costa Uater D i s t r i c t  moves i t s  intake t o  C l i f ton  Court Forebey. 

See accarpenying map. 

Footnote 4: Interim objective. superseded when parties agree fac i l i t i es  wrk. Uater year types developed by State Board 

need no relaxation for  subnormal snoumelt. 

Footnote 5: DO1 = F l o w  a t  Freeport + Vernalis - Channel Depletions + Byron Bethany I r r ig .  Dist. Diversions - Exports. A l l  i n  CFS. 

Footnote 6: Deficiency Period as defined in 4-Agency Agreement, except year type forecast shell  k based on prediction of normel 

r v l o f f  instead of lovcst 20 percentile of predicted rutoff. 

Footnote 7: Suisrn Marsh control statians proposed t o  k replaced i f  objectives cannot be met with new fac i l i t ies .  

New Location and additional f a c i l i t i e s  to  be developed and objectives are t o  be met with additional 
w 
I 

Delta w t f l ous  u n t i l  f ac i l i t i es  are adequate. 

Footnote 8: Finn supplies of the USER shall be any water the USBR i s  legal ly  obligated t o  deliver vder any CW 
contract of 10 years or more duration, excluding the F r i m t  Division o f  the CVP, subject only t o  

dry and c r i t i c a l  year deficiencies. Firm supplies of DUR shall  be any water Dm would haw delivered 

mder Table A entitlements of uater supply contracts and under p r i o r  r igh t  settlaments had deficiencies 

not been inposed i n  that dry or c r i t i c a l  year. 

Footnote 9: Daily mininun t o  be not less than 60% of objective. 

Footnote 10: Appropriate operating requirements t o  protect f i sh  a t  the J. E. Skimer Fish Protective Fac i l i t y  and the 

CVP Tracy Fish Protective Fac i l i t y  should be presented t o  the State Board fo r  incorporation i n  objectives 

during Phase I I I  of these Bay-Delta Hearings. 

Footnote 11: Daily maxlmm not t o  exceed 120% of objective. 

Footnote 12: Exports above the values shown are permitted provided that posit ive donrrtream f l o w  are maintained with a combined 

flaw rate i n  Otd and Hiddle r ivers  o f  a t  least 500 CFS. 



2.0 SCOPE OF THE PLAN .---------------a- 

2.1 Introduction 

On July 7, 1987 the  S t a t e  Water Resources Control Board (S ta te  Board) , 
pursuant t o  comnitments i n  its 1978 Water Right Decision 1485 (D-1485) 
and Water Quality Control Plan (Delta Plan) for  the  Sacramento-San 
Joaquin Delta and Suisun Marsh, opened a public proceeding t o  receive 
evidence on benef ic ia l  uses and water qua l i ty  i ssues  f o r  the  
San Francisco Bay and Sacramento-San Joaquin Delta Estuary (Estuary). 
Dif fer ing  procedurally frort~ t h a t  held f o r  D-1485, the  current  hearing is 
t o  be conducted i n  th ree  separate phases. To complete t h e  first phase, 
t h i s  Water Quality Control Plan f o r  Sa l in i ty  f o r  t h e  San Francisco Bay 
and Sacramento-San Joaquin Delta Estuary (Plan) a s  w e l l  a s  a separa te  
Pollutant  Policy Document (PPD) have been prepared and a r e  being 
d i s t r ibu ted  f o r  review. After public comnent, the  Plan w i l l  be revised 
where necessary and adopted i n  the  second phase, and w i l l  be considered 
f o r  possible water r i g h t  determinations i n  the  th i rd .  

The scope of the  Phase I proceedings covered: 

i t h e  benef ic ia l  uses being made of  water flowing in to ,  within, and 
from t h e  Bay-Delta Estuary; 

a the  l eve l s  of protect ion,  i n  terms of flow and s a l i n i t y ,  which should 
be afforded these benef ic ia l  uses; 

a reasonable consumptive uses made of Bay-Delta waters; 

e t h e  e f f e c t s  of pol lu tants  on benef ic ia l  uses of Bay-Delta Estuary 
waters; ahd 

e implementation measures t o  achieve t h e  l eve l s  of protect ion afforded 
t h e  beneficial  uses. 

2.2 Purpose of the  Plan 

This Plan es t ab l i sh  where r e l i a b l e  data exist, numerical flow and 'isy s a l i n i t y  object ives a s  w e l l  a s  a program of implementation f o r  the  
benef ic ia l  uses of  Bay-Delta Estuary waters. I n  the  1978 Water Qual i ty  
Control Plan and D-1485, the  S t a t e  Board set flow and s a l i n i t y  standards 
t o  protect  only the  Delta and Suisun Marsh against, t he  e f f e c t s  of the  
WP and the  CVP (see Appendix A ) .  This Plan takes a broader view i n  

" For t h i s  Plan, !lob ject ivesv means the  concept of enforceable numerical 
l i m i t s  on water qual i ty  cha rac te r i s t i c s  established t o  protect  beneficial  
uses. The term is used i n  t h i s  Plan a s  it is used in  t h e  California Water 
Code, and not i n  the  comnonly understood sense of !goals1 o r  non-binding 

guidelines . "Water qua l i ty  objectives" i n  conjunction with an 
implaenta t ion  schedule a r e  the  equivalent of EPA1s "water qual i ty  
standardsu. 



s e t t i n g  water qual i ty  objectives. The e n t i r e  Bay and Delta a s  w e l l  a s  
waters t h a t  flow i n t o  and ou t  of  t h e  Bay-Delta Estuary a r e  considered 
when developing reasonable l e v e l s  of protection f o r  a l l  benef ic ia l  
uses. The flow and s a l i n i t y  object ives f o r  the'  Bay-Delta Estuary 
contained i n  t h i s  Plan supersede any conf l i c t ing  object ives contained i n  
t h e  current  Water Quality Control Plans (Basin Plans) o f  t h e  San 
Francisco Bay and Central Valley Regional Water Quali ty Control Boards, 
Regions 2 and 5, respectively.  

A separate Pollutant Policy Document (PPD) prepared by t h e  S t a t e  Board 
addresses i n  d e t a i l  t h e  e f f e c t s  of  pol lu tants  on benef ic ia l  uses i n  t h e  
B a y a e l t a  Estuary; it contains water qua l i ty  object ives t o  be  used by 
Regions 2 and 5 a s  guidance when they update t h e i r  Basin Plans (see  2.5). 

Both t h e  Plan and t h e  PPD w i l l  be subjec ts  of t h e  Phase I1 hearing, 
during which t h e  public  w i l l  have t h e  opportunity t o  comnent on both 
before they a r e  f ina l ized  and formally adopted by t h e  S t a t e  Board. 

2.3 Authority for  Regulation of Water Qual i ty  i n  t h e  Bay-Delta Estuary 

The S t a t e  Board is responsible f o r  formulating and adopting s t a t e  
policy f o r  water qua l i ty  cont ro l  (Water Code {WC) Section 13140). The 
Water Code s t a t e s  t h a t  a c t i v i t i e s  and fac to r s  which may a f f e c t  t h e  
qua l i ty  of  waters o f  t h e  s t a t e  ". . . sha l l  be regulated t o  a t t a i n  t h e  
highest water qual i ty  which is reasonable considering a l l  demands being 
made and t o  be  made on those waters and t h e  t o t a l  values invol~ed...~~(WC 
Section 13000). Through t h e  basin planning process, t h e  S t a t e  and 
Regional Boards formulate and adopt Basin Plans specifying water qual i ty  
object ives t o  ensure reasonable protection f o r  designated benef ic ia l  
uses of  water (WC Sections 13170, 13240). The federal  Clean Water Act 
(Section 303(e)) a l s o  requires s t a t e s  t o  have a continuing planning 
process which contains water qua l i ty  standards subjec t  t o  review and 
approval by the  Environmental Protection Agency (EPA). 

Under its water r i g h t  au thor i t i e s ,  the  S t a t e  Board ensures t h e  
reasonable protection of benef ic ia l  uses of water by placing conditions 
on permits and l icenses  fo r  t h e  diversion and use  of  waters of  t h e  s t a t e  
(WC Sections 1253,1257,1258 1. The S ta te  Board has continuing author i ty  
over a l l  water r i g h t s  to: 

Prevent waste, unreasonable u method of use, o r  unreasonable 
method of diversion of water;";nd t o  

a Protect public t r u s t  uses of water. 2 / 

The S t a t e  Board a l s o  has authori ty under the  Water Code t o  impose 
spec i f i c  terms and conditions on new permits t o  protect  the  public 
i n t e r e s t ,  pr ior  water r igh t s ,  recreat ion,  f i s h  and wi ld l i f e ,  and other  
in te res t s .  

I' California Constitution Art ic le  X,  Section 2; I m  r i a l  I r r i s i o n  
D i s t r i c t  v. S ta te  Water Resources Control Board 1986-rm ~ a l  ~ATP. 3d .- --- 

e ,  

+ 
1 1 60, 23 1 ~ai-.-R'p't'F.-28~;WateTCod~&-CtiZs100,2 75,10 50. 
~ a t i o n a l  Audubon Society v. Sugerior Court (1983) 33 Cal.3d .--- ------------ . ---------- 
41 9,189 Cal. Rptr. 3 4 6 .  



Tle Board may i n  addition reserve jur isd ic t ion  under Water Code Section 
1394 t o  amend permits i n  ant ic ipa t ion  of new information. For t h i s  
reason, and v...recogniz(ing) the  uncertainty associated with proposed 
project  f a c i l i t i e s  t o  be constructed and t h e  need fo r  addit ional  
information on the  Ray-Delta ecosystem," the  Board limited the  Delta 
Plan in 1978 t o  current  and near term conditions i n  the  Delta (Delta 
Plan, p. 1-10]. The Board s t a t ed  it would review the  1978 Water 
Qual i ty  Control Plan i n  about ten years. This comnitment a s  well a s  
recent  court  decisions have ca l led  fo r  the  current  hearing and have 
expanded the  scope of its proceedings. 

Specif ical ly,  i n  1796, t h e  S ta te  Court of Appeal, F i r s t  D i s t r i c t ,  
issued a decision, a l so  known a s  t h e  Racannelli o r  ------ Delta Water - , 
Cases decision, addressing l ega l  challenges t o  D-1485 and t h e  Delta .-- 
Plan. This decision directed t h e  S t a t e  Board t o  take  a global 
perspective of va te r  resources i n  developing water qua l i ty  objectives: 
the  S t a t e  Board's duty i n  its water qua l i ty  r o l e  is t o  provide 
reasonable protect ion f o r  beneficial  uses,  considering a l l  demands made 
on the  water. The S t a t e  Board's water qua l i ty  function should not be 
equated with protection of ex i s t ing  water r ights .  Additionally, water 
qual i ty  object ives should not be l imited t o  what the  S t a t e  Board can 
enforce under its water r i g h t  authori ty.  The decision recognized, 
however, t h a t  an implementing program may be a lengthy and complex 
process t h a t  requi res  s ign i f i can t  time in te rva l s  anddaction by e n t i t i e s  
over which the  S t a t e  Board has l i t t le  o r  no control.  

Both t h e  S t a t e  Board's authori ty and t h e  cour t ' s  recent  decision have 
1 - 

guideU t h e  reassessment developed i n  t h i s  Plan. 

2.4 Geographic Limits 

The geographic l i m i t s  f o r  the  water qua l i ty  object ives set i n  t h e  Plan 
include : 

2.4.1 San Francisco Bay 

San Francisco Bay (Bay), with i ts  approximately 300,000 acres of  
water surface area,  is located a t  t h e  mouth of the Sacramento-San 
Joaquin Delta, t h e  o u t l e t  for t h e  Sacramento and San Joaquin 
r ivers .  These r i v e r s  drain about f o r t y  percent of t h e  s t a t e .  The 
Bay is composed of four primary embayments which are: ( 1 )  the  south 

- Bay, s t r e t ch ing  from the  Oakland Bay Bridge on t h e  north t o  Mountain 
View on the  southern edge; (2) t he  cen t ra l  Bay, t h e  area between t h e  
Richmond-San Rafael Bay Bridge and the  Oakland Bay Bridge; (3) t h e  
San Pablo Bay t o  the  north, encompassing t h e  area from t h e  Richmond- 
San Rafael Bay Bridge on the  south s i d e  t o  the  Petaluma River on t h e  
north and t h e  Carquinez S t r a i t  on t h e  e a s t ;  and (4 )  the  area between 
t h e  entrance t o  t h e  Carquinez S t r a i t  and Chipps Is land,  encompassing 
the  Carquinez S t r a i t ,  Suisun Bay, Grizzly Bay, and Honker Bay. 

" United .----- Sta tes  v. Sta te  Water Resources Control. Board ( 1986) 182 .--------- --------------- 
Cal . App. 3$-, 227 Cal . Rptr . 1 61 



2.4.2 Sacramento-San Joaquin Delta 

Tie Delta, a s  defined i n  Water Code Section 12220, is  roughly a 
t r iangular  738,000-acre area extending from Chipps Is land near 
Pi t tsburg on the  west t o   sacrament,^ on the  north and t o  t h e  Vernalis 
gaging s t a t i o n  on the  San Joaquin River i n  the  south. Also included 
within t h e  Delta boundary a r e  the  Harvey 0. Banks Pumping Plant  and 
the  Tracy Pumping Plant ,  SJP and CVP f a c i l i t i e s .  Although water 
from t h e  Delta is diverted f o r  use i n  cent ra l  and southern 
California,  t h e  water qual i ty  object ives for  export uses a r e  set a t  
the  pumping plants  in  the  Delta. (The Tulare Lake Basin is not 
being considered t r ibu ta ry  t o  the  Estuary.) 

2.4.3 Suisun Marsh 

The 85,000-acre Suisun Marsh, located i n  southern Solano County 
south of t h e  c i t i e s  of Fa i r f i e ld  and Suisun City, is bordered on 
the  south by Suisun Bay, Honker Bay, and the  confluence of t h e  
Sacramento and San Joaquin Rivers; on the  west by S t a t e  Highway 21 
running from Benecia t o  Cordelia; on the  north by Cordelia Road t o  
t h e  c i t y  of Suisun; and on t h e  e a s t  from Denverton along Shiloh Road 
t o  Col l insvi l le .  

2.5 Pollutants  i n  the  Bay-Delta Estuary 

The information on pol lu tants  received i n  Phase I of t h e  hearing has 
been used i n  t h i s  Plan only t o  d i f f e r e n t i a t e ,  where possible,  t h e  
e f f e c t s  of flow and s a l i n i t y  on benef ic ia l  uses from those of  
pollutants.  A s  noted, a separate Pollutant  Policy Document (PPD 
es tabl ishes  s t a t e  policy f o r  pol lu tant  regulation i n  t h e  waters of  t h e  
Bay-Delta Estuary, and w i l l  be used by Regions 2 and 5 i n  updating 
portions of t h e i r  Basin Plans. 

The PPD also  i d e n t i f i e s  and characterizes pol lu tants  with t h e  greatest  
potent ia l  biological  s ignif icance i n  the  Bay-Delta Estuary. Point, 
nonpoint and r ive r ine  sources of pol lu tants  presented during t h e  
hearing a r e  discussed a s  well a s  the  e f f e c t s  of these pol lu tants  on 
public heal th and biological  resources. The PPD recommends t h a t  water 
qua l i ty  object ives be adopted f o r  ce r t a in  ident i f ied  p r i o r i t y  
pollutants .  Where information is insuf f i c i en t  t o  set water qua l i ty  
object ives,  an approach is established f o r  developing such objectives. 
Other re la ted  i ssues  t h a t  t h e  Regional Boards requested t h e  S t a t e  Board 
t o  resolve,  such a s  dredging spo i l s ,  trihalomethanes , cumulative 
pes t ic ide  loads and database evaluation, a r e  a l so  addressed. 

2.6 California Environmental Quality Act (CEQA 1 

Pursuant t o  Section 15251 (g) T i t l e  14, California Code of Regulations 
(C.C.R. 1 , the  S t a t e  Board's Water Quality Control (Basin) Planning 
Program is a "ce r t i f i ed  progranlql by the  Secretary f o r  Resources. As a 
c e r t i f i e d  program it is exempt from t h e  requirements of preparing 
Environmental Impact Reports ( E I R ) .  However, the  Program remains 
subject  t o  other provisions in  CEQA, such a s  the  policy of avoiding 
s igni f icant  adverse e f f e c t s  on t h e  environment when feas ib le .  



The Draft Water Quality Control Plan "globally balances" t h e  competing 
uses of Bay-Delta waters and provides reasonable protection t o  each 
use. It i d e n t i f i e s  a l t e rna t ives  and mitigation measures t o  avoid o r  
reduce any s ign i f i can t  o r  potent ia l ly  s ign i f i can t  e f f e c t s  t h a t t h i s  Plan 
might have on t h e  environment. Therefore, t h i s  Plan meets the  
requirements of a s u b s t i t u t e  fo r  an EIR a s  set fo r th  in  14 C.C.R. 
Section 15252. 



3.0 BASIN DESCRIPTION .--------------- 

3.1 Introduction 
C - 

A- 

Tne Estuary and adjacent areas described i n  t h i s  Plan include: 

o The Delta (Figure 3.1-1); 

o The Delta 's  t r ibu ta ry  areas ,  t h a t  is, t h e  Sa ramento River, the  
Central S ier ra ,  t h e  San Joaquin River basinsC/ (Figure 3.1-2); and 

o The San Francisco Bay and hydrologic Basin (Figure 3.1-3). 

Together, t h e  Estuary and t r ibu ta ry  basins provide about two-thirds of  
a l l  t h e  water used i n  California,  including 40 percent of  t h e  s t a t e ' s  
drinking water. 

?his chapter ou t l ines  t h e  hydrologic conditions of t h e  Estuary by 
providing a de ta i led  descript ion of  each area 's :  

1. Physical Description--the geographical and l e g a l  dimensions; 

2. Hydrology-the cha rac te r i s t i c s  - and nature of  water movement; 

3. Unimpaired Flow Conditions--the maximum amount of  flow avai lable  i n  
ex i s t en t  channels without consideration of  diversions o r  s torage 
(3.1.1); and 

4. Current Flow Conditions--the water flow conditions a s  they now 
exist, o r ,  where appropriate, a s  they have been af fec ted  by 
t h e  Delta Plan (3.1.2). 

3.1.1 Unimpaired Flow Conditions 

Unimpaired flow conditions within t h e  Estuary a r e  t h e  estimated 
amounts of  water t h a t  would be avai lable  i f  t h e r e  were no upstream 
impoundments o r  diversions of runoff but current  upstream and Delta 
channel configurations existed (SWRCB, 3,8).  Unimpaired conditions 
could a l s o  be defined a s  t h e  present day conditions i f  a l l  s torage 
and diversion were t o  cease on a short-term bas i s  (T,II ,  114r2-15). 
"Natural" o r  " t rue  natural  flown conditions, on t h e  other  hand, a r e  
defined a s  those ex i s t ing  i n  t h e  l a t e  1700's st t h e  time of t h e  
f i r s t  Spanish exploration of California (SWC,276,3), Unlike natura l  
flow, it is assumed f o r  unimpaired flow conditions tha t :  (1 the  
present levees, bypasses and channel configuration a r e  i n  place; 
(2)  t h e  na tura l  flood basins and t h e i r  marshes a r e  drained; and (3) 
t h a t  only those r ipar ian  fo res t s  and t u l e  marshes t h a t  currently 
e x i s t  a r e  consuming water (SWC,262,6A2-21). Unimpaired flow 
conditions a s  well a s  current  flow conditions a r e  measured over a 
given period of time--the water year (see Section 3.1.3). 

" The Tulare Lake Basin (Basin 5 D ) ,  although pa r t  of the  Central Valley, is 
not considered t o  be t r ibu ta ry  t o  the  Delta. 



FIGURE 3.1.-1 Boundary of the Bay-Delta Estuary and locations of diversion pints  
(from: SWRCB, 3,s) 
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FIGURE 3.1-2 Boundaries of the Sacraments River (54, 
Central Sierra and Delta (SB), and San dsaquin (5C) basins 

(From: RWQCB 5,1975) 



flGURE 3.14 Boundary of the San Francisco Bay Bash 
(From: SWRCB, 3,12) 
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3.1.2 Current Flow Conditions 

Current flow conditions a r e  those estimated by D W R t s  1990 level  of 
development operations study which uses t h e  unimpaired basin 
inflows f o r  t h e  hydrologic period 1922-1978 and modifies these  based 
on reservoir  operations and consumptive demands r e f l e c t i v e  of 
current  conditions (1990). The operations study is run t o  meet the  
ex i s t ing  1978 Delta Plan and D-1485 water qual i ty  objectives. 
Upstream storage re leases ,  diversions and exports a l s o  depend, t o  
scme degree, on conditions established by the  Delta Plan. To t h e  
extent ,  f o r  example, t h a t  speci f ied  minimum outflows from the Delta 
a r e  mandated by the  Delta Plan and D-1485, the Sacramento River 
Basin is d i r e c t l y  affected by t h e  upstream s torage  re leases  t h a t  
provide t h e  required outflow amounts. The San Francisco Bay is 
likewise d i r e c t l y  affected by Delta outflows not d i r e c t l y  r e w l a t e d  
even though its waters are. I n  discussing 'current flow condi t ions t ,  
it w i l l  the-efore be necessary t o  describe t h e  extent  t o  which' the 
Delta Plan influences water amounts avai lable  from storage re leases  
and diversions i n  t h e  Estuary. 

A t  t h e  end of  t h i s  sec t ion  a t a b l e  comparing unimpaired flow and 
current  flow conditions by water year type provides a sumnary o f  the 
ac tua l  amounts o f  water avai lable  i n  each basin. 

3.1.3 Water Year Types 

3.1.3.1 Classifying Water Years f o r  a Basin 

Water year (WY) c lass i f i ca t ions  provide est imates of  the  mount, 
of water i n  a basin t h a t  is ava i l ab le  from precip i ta t ion  and 
snowmelt runoff t o  meet t h e  needs of benef ic ia l  uses. Most 
often,  t h e  c l a s s i f i c a t i o n  means a water year of  12 months, but  
it can refer t o  a shor ter  period. The wetter c l a s s i f i c a t i o n s  
indica te  t h e  high probabi l i ty  t h a t  enough water w i l l  be 
avai lable  t o  meet the needs of  a l l  benef ic ia l  uses. Drier 
c lass i f i ca t ions  indica te  t h a t ,  f o r  a t  l e a s t  p a r t  of t h e  time, 
t h e  demand could be greater  than the natura l  supply of  water 
needed t o  support benef ic ia l  uses fu l ly .  

3.1.3.2 1978 Delta Plan Water Year Class i f ica t ions  

e Four River Index 

The current  hydrologic c l a s s i f i c a t i o n  established by D-1485 is 
divided i n t o  f i v e  water year types: wet, above normal, below 
normal, dry,  and c r i t i c a l l y  dry (Figure 3.1.3.2-1 (SWRCB, 13,111- 
10). This system is based on t h e  "Four River Indexm--the annual 
unimpaired runoff t o  t h e  Sacramento Valley from its four 
pr inc ipal  t r i b u t a r i e s ,  the  Sacramento, Feather, Yuba, and 
American r ive r s .  



FIGURE 3.1.32-1 Water Quality Control Plan Hydrologic ClassHicatlon 

Year classification shall be determined by the forecast A11 Y e a 7  Year Following 
of Sacramento Val ley unimpaired runoff for the current water A l l  Standards Critical Year v 
vear (October 1 of the preceding calendar year through Except 
September 30 of the current calendar year) as published in 
California Department of Water Resources Bulletin 120 for 
the sum of the following locations: Sacramento River above 
Bend Bridge, near Red Bluff; Feather River, total inflow to 
Oroville Reservoir; Yuba River at Smartville; American 
River. total inflow to Folsom Reservoir. Preliminary 
determinations of year classification shall be made in 
February, March and April with final determination in May. 
These preliminary determinations shall be based on hydro- 
logic conditions to date plus forecasts of future runoff 
assuming normal precipitation for the remainder of the 
water year. 

YEAR TYPE RUNOFF, MILLIONS OF ACRE-FEET 

Wet If equal to or greater than 19.6 (except 
equal to or greater than 22.5 in a year 
following a critical year). 3/ 

Above Normal 1/ greater than 15.7 and less than 19.6 
(except greater than 15.7 and less than 
22.5 in a year following a critical year).3/ 

Below Normal 'I equal to or less than 15.7 and greater 
than 12.5 (except in a year following a 
critical year1.V 

Dry equal to or less than 12.5 and greater 
than 10.2 (except equal to or less than 
15.7 and greater than 12.5 in a year 
following a critical year).v 

Critical equal to or less than 10.2 (except equal 
to or less than 12.5 in a year following 
a critical year).3/ 

Any otherwise wet, above normal, or below normal year may be designated a subnormal 
snowmelt year whenever the forecast of April through July unimpaired runoff reported in 
the May issue of Bulletin 120 is less than 5.9 million acre-feet. 

3/ The year type for the preceding water year w i l l  remain in effect until the init ial forecast 
of unimpaired runoff for the current water year is available. 

'J ' :Year following critical year" classification does not apply to Agricultural, Municipal and 
Industrial standards. 



This c l a s s i f i ca t ion  defines normal inflow, o r  the  boundary 
between a below normal and an above normal water year,  a s  the  
logarithmic mean of  t h e  Sacramento Basins Four River Index f o r  
t h e  period of 1922 throu* 1971. The logarithmic mean is a l so  
the  50th percent i le  value. Half t h e  years exceed t h i s  value 
and half the  years a r e  less than t h i s  value. I n  other  words, 
the re  is a 50 percent chance t h a t  flows w i l l  exceed 15.7 mil l ion 
ac re  feet (MAF), t h e  logarithmtic mean f o r  the  Sacramento 
Basin. The boundary between an above normal year and a w e t  
year was set a t  t h e  70 percent probabil i ty,  19.7 MAF. In  years 
following a c r i t i c a l  year t h e  80 percent value, o r  22.5 MAF, was 
used. The c las s i f i ca t ions  of dry and c r i t i c a l l y  dry years were 
developed by ident i fy ing t h e  Four River Index values which had a 
potent ia l  f o r  water supply shortages o r  c r i t i c a l  water supply 
shortages. A s  a r e s u l t  of an analys is  by DWR, it was determined 
t h a t  f o r  t h e  Four River Index the appropriate de f in i t ion  of dry 
and c r i t i c a l l y  dry years should be 12.5 and 10.2 PIAF, 
respectively (WR, Exhibit 1 ) .  

3.1.3.3 Revised Water Year Qpes:  An Index f o r  Each Basin 

The current  hydrologic c l a s s i f i ca t ion  system does not provide 
an adequate indicat ion of t h e  quanti ty o f  water avai lable  i n  t h e  
Delta. The current  water year measurements apply only t o  t h e  
Sacramento River Basin; the  San Joaquin Basin needs t o  be 
included. The timing of seasonal flow also should be 
addressed. Two d i f fe ren t  water years, f o r  instance,  can have 
t h e  same annual runoff; however, t h e  runoff can come from 
separate seasons, t h a t  is, from winter flow o r  spr ing  snowmelt. 
Planning f o r  water supplies  should account f o r  these and other  
conditions. 

I n  addressing these  problems, t h e  Department of  Water Resources 
has suggested a revised hydrologic c l a s s i f i ca t ion  which forecas ts  
unimpaired runoff during t h e  period of April  through July t o  
determine t h e  runoff c l a s s i f i ca t ion  for  any pa r t i cu la r  year 
(T,I, 99: 13-20). South Delta Water Agency (SDWA) has a l s o  
developed a separate c l a s s i f i ca t ion  f o r  t h e  San Joaquin River 
Basin (SDWA,4, 23-25). 

The S t a t e  Board has taken these  and other  recommendations and 
developed two new c lass i f i ca t ion  ystans, one f o r  each Basin 
(Figures 3.1.3.3-1 and 3.1.3.3-2 1''. The new c l a s s i f i c a t i o n s  
include t h e  following: 

I' The water year type designations f o r  t h e  Sacramento and San Joaquin River 
basins were developed by f i r s t  determining t h e  frequency an estimated 
unimpaired flow leve l  occurred during April through July f o r  t h e  years 1906 
throu& 1987 (Figure 3.1.3.3-3) . Then, using t h e  same percentage of 
occurrence a s  the  Delta Plan, the  water year types (i.e., w e t ,  above normal, 
below normal, dry and c r i t i c a l  fo r  average years and f o r  years following 
c r i t i c a l  years)  were c l a s s i f i e d  f o r  both basins. 



FIGURE 3.1.3.3-1 
SACRAMENTO RIVER BASIN 

APRIL THROUGH JULY HYDROLOGIC CLASSIFICATION 

The Sacramento River Basin April through July hydrologic classification shall be determined by the forecast 
of Sacramento Valley unimpaired runoff for the year's April through July period as published in California 
Department of Water Resoyrces Bulletin 120 for the sum of the following locations: Sacramento River above 
Bend Bridge, near Red Bluff; Feather River, total inflow to Oroville Reservoir; Yuba River at Smartville; 
American River, total inflow to Folsom Reservoir. Preliminary determinations of the classification shall be 
based on the April through July hydrologic conditions to date plus forecasts of future runoff assuming normal 
precipitation for the remainder of the April through July period. 

CLASSIFICATION UNIMPAIRED RUNOFF 
MILLIONS OF ACRE-FEET 

Wet 

Above Normal 

Below Nonnal 

Critical 

Equal to or greater than 8.0 (except equal 
to or greater than 9.1 in an April through 
July period following a critical year). 

Greater than 6.4 and less than 8.0 (except 
greater than 6.4 and less than 9.1 in an 
April through July period following a critical 
year). 

Equal to or less than 6.4 and greater than 
4.7 (except in an April through July period 
following a critical year). 

Equal to or less than 4.7 and greater than 
3.8 (except equal to or less than 6.4 and 
greater than 4.7 in an April through July 
period following a critical year). 

Equal to or less than 3.8 (except equal to 
or less than 4.7 in an April through July 
period following a critical year). 

APRIL THROUGH JULY 
CLASSIFICATION * 

All Years for Year Fallowing 
Aaobjectlves Critical 

Exceptm Year 

Wet 

Above 
Normal 

Below 
Normal 

Dry 

Critical 

Unlmpkad Runoff 
Mllllons of Aae-Feet 

The April through July classification for the preceding water year will remain in effect until the initial 
forecast of unimpaired runoff for tha current water year's April through July classificalon is available. 

Wet 

Above 
Normal 

Critical 



FIGURE 3.1 3.3-2 
SAW JOAQUIN RIVER BASIN 

APRIL THROUGH JULY HYDROLOGIC CLASSIFICATION 

,. 
The San Joaquin River Basin April through July hydrologic classification shall be determined by the forecast 
of San Joaquin Valley unimpaired runoff for the year's April through July period as published in California 

- Department of Water Resources Bulletin 120 for the sum of the following locations: Stanislaus River, total 
inflow to New Melones Reservoir; Tuolumne River, total inflow to Don Pedro Reservoir; Merced River, total 
inflow to Exchequer Reservoir; San Joaquin River, total inflow to Millerton Lake. Preliminary determinations 
of the classification shall be based on the April through July hydrologic conditions to date plus forecasts of 
future runoff assuming normal precipitation for the remainder of the April through July period. 

CLASSIFICATION UNlMPAlRED RUNOFF MILLIONS OF ACRE-FEET 

wet 

Above Motmal 

Below Normal 

Dly 

Critical 

Equal to or greater than 4.5 (except equal 
to or greater than 5.2 in an Apr'tl through 
July period following a critical year). 

Greater than 3.6 and less than 4.5 (except 
greater than 3.6 and less than 5.2 in an 
April through July period following a critical 
year). 

Equal to or less than 3.6 and greater than 
2.5 (except in an April through July period 
following a critical year). 

Equal to or less than 2.5 and greater than 
2.0 (except equal to or less than 3.6 and 
greater than 2.5 in an April through July 
peri~d following a critical year). 

Equal to or less than 2.0 (except equal to 
or less than 2.5 in an April through July 
period following a critical year). 

APRIL THROUGH JULY 
CLASSIFICATION ' 

An Yeam for YeaFdlowblg 
Allob]ecuvea Crltlcill 

Exceptw Year 

Wet 

Abvo 
tdormal 

Below 
Normal 

Dry 

Critical 

Unhpaired Runoff 
Milltom of Aw~Fegt 

' TI'@ April through July classification for the preceding water year will remain in effect unlil the initial 
forecast of unimpaired runoff for the merit water year's April through July classification is available. 

Wet 

Above 
Normal 

Critical 
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The Sacramento Basin index incorporates its four principal  
t r ibutaries-- the Sacramento, Feather, Yuba, and the  
American Rivers. 

a A separa te  c l a s s i f i ca t ion  system developed f o r  the  
San Joaquin River Basin incorporates its four principal  
t r ibutaries-- the Stanislaus,  Tuolumne, Merced, and San 
Joaquin r ivers .  

a The San Joaquin River Basin water year c l a s s i f i ca t ion  is used 
f o r  water qual i ty  object ives i n  t h e  southern Delta and f o r  
export objectives. 

a An 82 year period, 1906 through 1987, is used t o  determine 
t h e  c l a s s i f i ca t ion  boundaries for both r i v e r  basins, instead 
of t h e  50 year period 1922 through 1971 . 
The April throu* July unimpaired flows determine runoff 
c l a s s i f i ca t ion  systems f o r  both t h e  Sacramento and 
San Joaquin r i v e r  systems. The subnormal snowmelt 
designation has been eliminated. 

a The "year following c r i t i c a l  yearn designation is based on 
t h e  previous year ' s  April  through July c l a s s i f i ca t ion .  

The "year following c r i t i c a l  yeart1 designation applies  t o  a l l  
object ives,  not jus t  those f o r  f i s h  and wi ld l i fe .  

These revisions add information t o ,  but  do not grea t ly  change, t h e  
conditions of  hydrologic c l a s s i f i ca t ion  used i n  t h e  1978 
Delta Plan. 

3.1.3.4 Differences i n  Class i f ica t ion  

Three possible c l a s s i f i ca t ions  f o r  t h e  Sacramento and the  
San Joaquin River basins have been considered 
(see Tables 3.1.3.4-1 through -3 1 : 

1. The 1978 Delta Plan c la s s i f i ca t ion  which is based on an 
e n t i r e  water year,  but only f o r  the  period of hydrologic 
record of 1 922 throu@ 1 971. 

2. A revised c las s i f i ca t ion  which is a l s o  based on an e n t i r e  
water year,  but f o r  t h e  expanded period of 1906 through 1987. 

3. The proposed c las s i f i ca t ion  which is based on t h e  months of 
April to July, but  a l so  for  t h e  expanded period of 1906 
through 1987. 

There a r e  only minor differences between the  three. When, fo r  
example, t h e  c l a s s i f i ca t ion  is expanded t o  include t h e  period of 
1906 t o  1987, some re la t ive ly  small changes i n  percentage of 
occurrence r e s u l t  (Table 3.1.3.4-31. 



TABLE 3.1.3.4-1 -- 
SACRAMENTO RIVER BASIN FWR RIVER INDEX AND HYDROLOGIC CLASSIFICATIONS * 

UNIMPAIRED PERCENT WATER YEAR I UNIMPAIRED PERCENT APRIL- JULY I 0- 1485 
UATER RUNOFF OF CLASSI- I RUNOFF OF CLASS1 - I CLASS1 - 
YEAR (TAF) LOG MEAN FICATION I (TAF) LOG WEAN FlCATlON I FlCATION ----- ---- -----------a-----a----------------- -- --------- -- --~a===a~D===P====0I=31-==3a=.a==========s========== 

1906 26709 159% U I 1 2924 202% U I U 
1907 33705 201% U I 13450 210% U I U 
1908 14773 8a% EN I '3605 BST BN I BN/SS 
1909 30681 183% U I 8985 140% U I U 
1910 201 22 120% AN I 61 16 95% BN I U 
1911 26384 157% U I 131 19 205% U I U 
1912 11410 68% D I 5646 88X BN I D 
1913 12847 76% BN I 6287 98% EN I EN 
1914 27812 166% U I 1077 157% U I U 
1915 23860 142% U I 11416 178% U I U 
1916 24143 144% U I 8886 139% U I U 
1917 17261 103% AN I 9138 143% U I A# 
1918 10997 65% D I 6888 76% BN I D 
1919 15657 93% EN I 6775 106% AN I EN 
1920 9200 55% C I 4910 77% BN I C 
1921 2380 1 142% U I 7523 118% AN I U 
1922 17982 107% AN I 10568 165% U I AN 
1923 13209 79% EN I 6271 98% BN 1 EN 
1924 5737 34% C I 1936 30% C I ' C 

1925 15994 95% D I 6511 102% AN I AN 
1926 1 1 766 70% D I 4791 75% EN I D 
1927 23835 142% U I 8750 137% U I U 
1928 16763 100% BN I 5860 92% EN I AN/SS 
1929 8403 50% C I 3836 60% D I C 
1930 13516 80% D I 4652 ?3% D I BN/D 
1931 6095 36% C I 2088 33% C I C 
1932 131 18 78% D I 6236 97% D I BN/D 
1933 8939 53% C I 4665 73% D I C 
1934 863 1 51% C I 2452 38% C I C 
1935 16590 opSL D I 9692 151% U I AN 
1936 17350 103% AN I 6407 100% AN I AN 
1937 13335 79% BN I 7238 113% AN I BN 
1938 3 1828 1 89% U I 12935 202% U I W 
1939 8183 49% C I 3039 47% C I C 
1940 22434 134% AN I 6927 108% AN I U/AN 
1941 27080 161% U 1 9770 153% U I U 
1942 25237 150% U I 993 1 155% U I U 
1943 21 124 126% U I 6897 108% AN I U 
1944 10433 62% D I 4934 77% BN I D 
1945 15063 90% B Al I 5919 92% EN I EN 
1946 17619 105% AN 1 5971 93% . BN I AN 
19i7 10383 62% D I 3827 60% D I D 
1948 15752 94% BN I 9545 149% U I AN 



TABLE 3,1,3,4-1 (cnntinlled) 

SACRAHENTO RIVER BASIN FOUR RIVER INDEX A I D  HYDROLOGIC CLASSI FICATIONS " 

UNIMPAIRED PERCENT UATER YEAR I UNlHPArRED PERCENT APRIL-  JULY 1 D -  1485 
UATER RUNOFF OF CLASSI-  I RUNOFF OF CLASS1 1 CLASS1 - 

YEAR (TAF) LOG MEAN FICATION 1 (TAF) LOG b&AN FICATION I FICATION 
===P==P===P====MPPPPPP=P~DE~P--- - - - P ~ I S P D P P P P I ~ ~ ~ P P P D P S L D ~ P D P ~ P D P D D P I ~ P P D P P I ~ I D P D P I I ~ D P ~ P P P I P P P ~ ~ ~ ~ P I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

1949 1 1 969 71% D I 5581 87% BN 1 D 
1950 14442 86% BN I 6720 105% AN I BN 
1951 22945 137% U 1 5418 85% BB I U/SS 

1952 286bO 1702 U I 1%?b 214% U I U 
1953 20& 120% AN I 8260 t29X U I U 
1954 17427 104% AN I 681d 1 06% AN . I AN 
1955 lo986 65% D I 5067 79x EN 1 D 

19% 29890 178% U I 8604 134% U I U 
1957 14888 89% BN 1 6294 9& EN 1 BN 

1958 2971 1 1?7% U I 12241 191% U 1 U 
1959 12055 72% D I 3837 (2bx D I D 
1960 13059 -. 78r BN I 4651 M! D I BN/SS 

1961 1 1976 71% D I 4368 69% 0 1 D - 
1962 15116 90% BN I 6234 97% EN I EN 

1963 22993 137% U I 1009d 156% U I U I 

1964 10917 65% D I 4374 bsx D I D 
1965 25665 153% U I 8134 127% d 1 U 
1966 : 12955 7f% BW I 4836 76% 8)o I BN/SS 
1967 24060 143% W I 11016 172X U 1 U 
1 968 13639 81% BN I 41 14 64% D I BN/SS 

1969 26839 I&% U 1 10628 166% U 1 U 
1970 24060 143% U I 4356 6& D I U/SS 

1971 22775 136% U I 8914 139X U I U 
1972 13421 80% BY 1 4991 78% B k  1 BN/SS 

1973 20029 119% AN I 6371 100% b~ I U 
1974 32554 194% U 1 9'769 . 153% V I U 
1975 19227 114% AN I 8360 140% U 1 AN 
1976 8184 49% C 1 2720 43% C I C 
1977 5105 30% C 1 1925 30% C I C 
1978 23826 142% U - . r  8077 126% AN 1 V 
1 979 12435 74% D I 5658 88% EN 1 D 
1980 22339 133Z U I 6000 94% EN I U 
1981 1 1 140 66% D 1 3653 57% C I D 
1982 33338 1 98% U I 11745 184% U I U 
1 983 37798 225% U I 13705 214% U 1 U 
1984 22352 133% U I 5518 86% BN I U/SS 
1985 11045 66% D 1 4005 63% D 1 D 
1986. 25735 153% U I 5358 84% BN I U/SS 

1987 9193 55% C I 2778 43% C 1 C 

- 3$ * V - Ve t ;  AN - A b o v e  Normal ;  BN - B e l o w  Normal;  D - Dry; C - C r i t i c a l l y  Dry; SS - S u b t I o r ~ L  S n o u m e l t  

"* In  s a w  c a s e s  a y e a r  w i l l  h a v e  a d u a l  c l a s s i f i c a t i o n  - o n e  c l a s s i f i c a t i o n  f o r  f i s h  a n d  w i l d l i f e  s t a n d a r d s  and the 

n e x t  w e t t e r  c l a s s i f i c a t i o n  f o r  a g r i c u l t u r a l  a n d  m i c i p a l  a n d  i n d u s t r i a l  s t a n d a r d s  



TABLE 3.1.3.4-2 

SAN JOAPUIN RIVER BASIN FOUR RIVER INDEX AND HYDROLOGIC CLASSIFICATIONS * 

UNIMPAIRED PERCENT WATER YEAR I UNIMPAl RED PERCENT APRIL- JULY I D -  1485 
WATER RUNOFF OF CLASSI- I RUNOFF OF CLASSI- I CLASS1 - 
YEAR (TAF) LOG MEAN FICATION I (TAF) LOG MEAN FICATION I FICATlON 

=========~=====1=======C=-=S--====i=======i====Si5:Pf=D3OOOi:i:=DI~=fODI=PI5====5=33=~I==I===D=====It=D===D=5=~====I======S=== 

1906 12427 234% U I 9238 257% U I U 
1907 11825 223% U I 7606 21 1% U I U 
1908 3327 63% D I 2167 60% D I BN/SS 

1000 8972 169% u I 5906 164% v I u 
1910 6645 125% AN I 3622 101% AN I U 
191 1 11481 217% U I 7522 209% U I W 
1912 321 1 61% D I 2572 71 % BN I D 
1913 2995 57% C I 2340 65% D I BN 
1914 8691 164% U I 5672 158% U I U 
1915 6406 121% AN I 4949 137% U I U 
1916 8382 158% U 1 5497 153% U 1 U 
1917 6663 126% AN I 4837 134% W I AN 

1918 4589 87% BN I 3397 94% BN I D 
1919 4097 77% BN I 2987 83% BN I BN 

1920 4096 77% BN I 3289 91% BN I C 

1921 5900 11 1% AN I 3840 107% AN I U 
1922 7677 145% U I 5996 167% U I AN 
1923 5512 104% AN I 3954 110% AN 1 BN 
1924 1500 28% C I 1034 29% C I C 
1925 5506 104% AN I 3926 109% AN I AN 
1926 3488 66% D I 2560 71 % BN I D 
1927 6501 123% AN I 4564 127% U I U 

1928 4367 82% BN I 2639 73% BN I AN/SS 
1929 2844 54% C I 2292 64% D I C 

1930 3252 61% C I 2437 68% D I BN/D 
/ 

1931 1660 31% C I 1178 33% -- C I C 

1932 6630 125% AN I 4686 130% AN I BN/D 
1933 3341 63% 0 I 2767 77% BN I C 
1934 2286 43% C I 1259 35% C I C 
1935 6410 121% AN I 5025 140% AN I AN 
1936 6487 122% AN I 4379 122% AN I AN 
1937 6527 123% AN I 4655 129% U I BN 
1938 11268 213% U I 7358 204% U I U 
1939 2905 55% C I 1831 51% C I C 

1940 6589 124% AN I 4047 112% AN I W/ AN 
1941 7932 150% W I 5515 153% U I U 
1942 7382 139% W I 5282 147% U I U 
1943 7266 137% U I 4273 119% AN 1 W 
1944 3919 74% BN I 2973 83% BN I D 
1945 65 99 125% AN I 4371 121% AN I BN 
1946 5729 108% AN I 3645 101% AN I AN 

1947 3418 64% D I 2116 59% D I D 
1948 4210 79% BN I 3583 lOOX BN I AN 



TAELE 3.1.3.4-7 f c n n t . i n ~ t ~ r l )  

SAN JOAWIN RIVER BASIN FOUR RIVER INDEX AND HYDROLOGIC CLASSIFICATIONS * 

UNIMPAIRED PERCENT WATER YEAR I UNIUPAIRED PERCENT APRIL- JULY I D-1485 
WATER RUNOFF OF CLASSI- I RUNOFF OF CLASSI- I CLASS1 - 

YEAR (TAF) LOG MEAN FlCATlON I (TAF) LOG MEAN FICATION I FICATION 
--- - - - ~ ~ ~ ~ ~ t ~ ~ 3 P ~ E P D ~ ~ 5 ~ ~ ~ ~ ~ ~ P 5 P S P ~ P ~ ~ ~ ~ i ~ P ~ ~ 3 P I O D D D D ~ ~ ~ ~ p ~ D P I ~ D P O i P P D ~ P P D P O I L 1 I 5 1 D ~ D 5 O ~ ~ f P D ~ O 5 ~ I P P P D ~ 5 ~ P P E ~ t I D J J D ~ I ~  

1949 3793 72% BN I 3113 86% BN I D 

1950 4652 88% BN I 3571 99% BN I BN 
1951 725 1 137% U 1 2829 79% BN I U/SS 

1952 9305 1 76% U I 6834 190% U I U 
1953 4354 82% BN I 3184 86% BM I U 
1954 4300 81% BN I 3161 88% BN I AN 
1955 3500 66% D I 2666 74% EN I D 
1956 9669 182% u I 5291 147% u I u 
1957 4288 81% BN I 3187 8QX BN I BN 
1958 8356 158% U I 6396 178% U I U 
1959 2980 56% C 1 1853 51% C 1 D 
1960 2958 56% C I 2072 58% C I BN/SS 

1961 2095 40% C I 1497 42% C I D 

1962 5612 106% AN I 4245 118% AN I BN 
1963 6237 118% AN 1 4369 121% AN I W 
1964 3143 59% D I 2144 60% D 1 D 

1 965 8120 153% U I 4549 126% U I U 

1966 3978 75% BN I 2422 67% D I BN/SS 
1967 9985 168% U 1 7095 197% U I U 
1968 2935 55% C I 1850 51% C I BNISS 

1969 12292 232% U I 8140 226% U I U 
1970 5613 106% AN I 2956 82% BN 1 U/SS 
1971 4907 93% BN I 3228 90% BN I U 
1972 3577 67% D 1 2209 61% D I BN/SS 
1973 6475 122% AN I 4487 125% AN I U 
1974 71 27 134% U I 4537 126% U I U 

1975 6156 116% AN 1 4647 129% U I AN 
1976 1942 37% C I 1050 29% C I C 

1977 1016 19% C I 782 22% C I C 
1978 9425 178% U I 6363 1TIX U I W 
1979 5982 113% AN I 3991 111% AN I D 
1980 9453 1 78% U I 5389 150% U I U 
1981 3089 58% D I 2203 61% D I D 
1982 11259 212% U I 695 1 193% U I U 
1983 14828 280% Y I 8625 240% W 1 U 
1984 6843 129% U I 3479 97% BN I W/SS 
1985 3540 67% D I 2379 66% D I D 
1986 9293 175% U I 4504 127% U I W/SS 

1987 2029 38% C I 1453 40% C I C 

W - Wet; AN - Above Normal; EN - Below Normal; D - Dry; C - C r i t i c a l l y  Dry; SS - Suhormal S n o w l t  
** I n  some cases a year w i l l  have a dual c l a s s i f i c a t i o n  - one c l a s s i f i c a t i o n  f o r  f i s h  and w i l d l i f e  standards and the 

next wetter c l a s s i f i c a t i o n  f o r  a g r i c u l t u r a l  and municipal and i d u s t r i a l  standards 



TABLE 3.1.3.4-3 
DECISION 1485 WATER YEAR CLASSIFICATION 

FOR THE SACRAMENTO RIVER BASIN: 
NUMBER AND PERCENTAGE OF OCCURENCES 

Hydrologic Period - ----- 

Frequency Percentage 
Class i f ica t ion  No, o f  Years of Occurrence No. of  Years of Occurrence - *- - - - ------ - .-- ----- -- .------- 

Wet 16 32% 
Above Normal 9 18% 
Below Normal 9 18% 
Dry 10 20% 
C r i t i c a l  - 6 12% - 

TOTAL 50 100% 82 100% 

I /  Time period used i n  The Delta Plan t o  develop the  o r ig ina l  water year 
c l a s s i f i ca t ion  system. 

Likewise, when t h e  e n t i r e  water year c l a s s i f i c a t i o n  (1906 t o  
1987) is compared with t h e  April throu@ July c l a s s i f i c a t i o n  f o r  
both t h e  Sacramento and San Joaquin River basins,  small changes i n  
t h e  percentage of  occurrence a l s o  r e s u l t  (Tables 3.1.3.44 & -5) . 
A comparison of the  D-1485 c lass i f i ca t ion  with t h e  April  through 
July  c l a s s i f i c a t i o n  f o r  the  Sacramento River Basin over the  1906-87 
period gives a difference i n  35 years. I n  18 of t h e  82 years, 
however, t h e  April t o  July c l a s s i f i ca t ion  is wetter and i n  17 
years t h e  c l a s s i f i c a t i o n  is drier--a ne t  r e a l  d i f ference  of 
one. 

F inal ly ,  comparing t h e  April t o  July c l a s s i f i c a t i o n  f o r  t h e  San 
Joaquin River with t h e  same c lass i f i ca t ion  f o r  t h e  Sacramento 
River, the re  is a d i f ference  i n  31 years. Tn 15 of t h e  82 years, 
the  San Joaquin c la s s i f i ca t ion  is wetter, i n  16 years  drier-- 
again, a ne t  r e a l  d i f ference  of one. Where d i f ferences  do exist 
between c las s i f i ca t ions  and between basins, they a r e  mainly due t o  
the  timing and magnitude of runoff a s  w e l l  a s  t h e  boundaries of 
water year types. 

F inal ly ,  when t h e  c l a s s i f i ca t ions  proposed i n  t h e  Plan a r e  
compared with those i n  the  Delta Plan, t h e  t o t a l  numbers of years 
in  the  extreme c lass i f i ca t ions ,  wet and c r i t i c a l ,  sre reduced 
while t h e  o ther ,  middle ranges a r e  increased fo r  both Basins 
(Table 3.1.3.4-6). 



TABLE 3.1.3.4-11 
WATER YEAR AND APRIL THROUGH JULY CLASSIFICATION: 

FREQUENCIES OF OCCURRENCE 
FOR THE SACRAMENTO RTVER RASIN 

Class i f ica t ion  System ------------------- 
Water Year April-July 

Frequency of ~ G ~ u e n c y  of 
- .- .-- Occurrence Class i f ica t ion  No. of  Years --- ---------- NO. of  years1' Occurrence - .-- .-- ---- 

Wet 30 37% 
Above Normal 10 12% 
Below Normal 15 18% 
Dry 17 21 % 
C r i t i c a l  10 12% 

TOTAL ?I2 1-&B 

.----------- 

I' Year following c r i t i c a l  year c l a s s i f i c a t i o n  not included. a 

TABLE 3.1.3.4-5 
WATER YEAR AND APRIL THROUGH JULY CLASSIFICATION: 

FREQUENCIES OF OCCURRENCE 
FOR THE SAN JOAQUIN RIVER BASIN 

Class i f ica t ion  System --- 
Water Year 

Frequency of 
Class i f ica t ion  Nod of  Years --------- - ---- Occurrence .-------- 

Wet 25 31 % 
Above Normal 20 24 % 
Below Normal 13 16% 
Dry 10 12% 
C r i t i c a l  - 14 17 --- 

TOTAL 82 100% 

Apr i l J u l y  
Frequency of 

Occurrence No. of  Years - - 

3.2 Sacramento River Basin 

3.2.1 Physical Description 

The Sacramento River Basin, Basin 5A i n  Figure 3.1-2, includes the  
westerly drainage of the  Sierra Nevada and the  Cascade ranges, the  
eas ter ly  drainage of the  Coast Range, and the  valley f loor .  The 
Basin covers about 26,500 square miles ( 16,960,000 acres)  and 
extends from t h e  Goose Lake Basin a t  the  Oregon border t o  the  
American River Basin (RWQCB 5, 1975). The Basin includes the  
watersheds of the  following major t r ibu ta r i e s :  McCloud, P i t ,  
Feather, Yuba, Bear, and American r ive r s ,  and Cottonwood, Stony, 
Cache, and Putah creeks. I n  years of normal runoff,  t h e  Sacramento 
River Basin contr ibutes about 70 percent of the  t o t a l  runoff t o  t h e  
Estuary (SWRCB, 3,3).  



TABLE 3.1.3.4-6 

PROPOSED AND 1978 WQCP 
HYDROLOGIC CLASSIFICATIONS 
NUMBER AND FREQUENCIES OF OCCURRENCE 

(1 906 THROUGH 1987) 

SACRAMENTO RIVER BASIN 

PROPOSED SALINITY CONTROL PLAN . 1 9 7 8  WATER QUALITY CONTROL PLAN * 

April-July Frequency of 
Classification No. of Years Occurrence -----.---.--..." .- . 
Wet 28 34% 

Above Normal 10 12% 

Below Normal 24 29% 

ory 12 15% 

Critical 8 10% 
-.. 
TOTAL 82 100% 

Water Year Frequency of 
Classification No. of Years Occurrence 

Wet 33 40% 

Above Normal 11 13% 

Below Normal 13 '16% 

Dry 15 18% 

Critical 10 12% 
. 

TOTAL 82 100% 

SAN JOAQUIN RIVER BASIN 

PROPOSED SALINITY CONTROL PLAN 1 9 7 8  WATER QUALITY CONTROL PLAN * 

April-July Frequency of 
Classification No. of Years Occurrence -. 
Wet 27 33% 

Above Normal 15 18% 

Below Normal 19 23% 

Critical 11 14% - ................. " 
TOTAL 82 100% 

Water Year Frequency of 
Classification No. of Years Occurrence -""--.-..-...----."---...---- ................... 
Wet 

Above Normal ---------- 
Below Normal SAME AS ABOVE 

Critical 

TOTAL 

r NOT INCLUDING SUB-NORMAL SNOWMELT CLASSIFICATION 



The Sacramento Valley f loor  ranges from 30 t o  45 miles wide i n  t h e  
cen t ra l  and southern pa r t s ,  but narrows t o  f i v e  miles a t  its 
northern end; it slopes southward from about 300 feet above sea  
l eve l  a t  t h e  north end near Red Bluff t o  sea l eve l  a t  Suisun Bay. 
The c r e s t l i n e  of t h e  Sier ra  Nevada generally ranges from 8,000 t o  
10,000 f e e t ,  while t h e  c r e s t l i n e  of t h e  Coast Range extends from 
2,000 t o  8,000 fee t .  Due t o  t h e  l a rge  snowpack a t  higher elevations 
i n  t h e  Basin, t h e  grea tes t  volume of streamflow above t h e  reservoi rs  
occurs during snowmelt in  the  spr ing  and ea r ly  summer. 

3.2.2 Hydrology 

The Sacramento River Basin receives water t r a n s f e r s  from other  
basins via t h e  following projects: 

Tr in i ty  River, Sly Park, L i t t l e  Truckee Ditch, and Echo Lake Conduit. 

The Basin exports water t o  other  basins via t h e  following projects: 

Putah South Canal, Folsom South Canal, Tule Lake Diversion, North 
Fork Ditch, and Folsom Lake Diversion. 

These and t h e  amounts of other in terbas in  t r ans fe r s  a r e  shown i n  
Figure 3.2.2-1 (Dm, 19). The basin boundaries i n  t h i s  f igure  d i f f e r  
somewhat from t h e  boundaries defined i n  t h i s  Plan; however, it 
provides a good i l l u s t r a t i o n  of  t h e  magnitude of  in terbas in  water 
t r a n s f e r s  from the  Sacramento River Basin t o  other  areas  i n  
California. 

3.2.3 Unimpaired Flow Conditions 

'Ihe Sacramento River Basin inflow t o  the  Delta comes from four major 
r i v e r  systems-the Sacramento, Feather, Yuba, and American. The 
unimpaired flows from these  r i v e r  systems, of ten  refer red  t o  as t h e  
Sacramento River Basin Four Rivers Index, represent approximately 
47, 25, 13, and 15 percent,  respectively,  of t h e  t o t a l  flow from the  
Sacramento River Basin t h a t  make up t h i s  index. Figure 3.2.3-1 
shows t h e  average unimpaired and measured flows over t h e  period of 
1922 t o  1978 ( '1 990 l eve l  is t h e  estimated flow f o r  any year given 
current ,  o r  1990, s torage capaci t ies ,  diversions and exports).  

3.2.4 Current Flow Conditions 

Delta inflow from the  Sacramento River Basin comes from two major 
sources, the  Sacramento River near Sacramento and the  Yolo Bypass 
jus t  west of Sacramento. The current  annual flows, i.e., those 
estimated by DWRqs 1990 l eve l  operations study, i n  the  Sacramento 
River near Sacramento f o r  1922 through 1987 a r e  a l s o  shown in  Figure 
3.2.3-1. I n  t h i s  time period, current  flows a r e  expected t o  
decrease below unimpaired flows i n  wetter years due t o  upstream 
diversions and reservoir  storage. Dry and c r i t i c a l  year flows 
remain about t h e  same principal ly due t o  r i v e r  flow requirements 
needed t o  meet water y a l i t i  obj&tives and export demands (Table 
3.2.4-1 ). 
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TABLE 3.2.4-1 
SACRAMENTO RIVER BASIN: 

UNIMPAIRED FLOW AND CURRENT Fl,9W CONDITIONS 
BY WATER YEAR TYPE 

Current F~OW~/(TAF)  
Unimpaired Flow (TAF) 3/ (The Delta Plan 

Requirements) 

Water Year Type 2/ Low High Low H i &  .------- .............................................. 
Wet 
Above Normal 
Below Normal 
Dry 
C r i t i c a l  

' /  Using 1922 through 1978 hydrology. 
*/ Using t h e  wetter c las s i f i ca t ion  i n  dual c l a s s i f i c a t i o n  years. 
3/ Thousands of acre-feet.  
4/ From WR 1 990 Level-of-Development Study. 

During high flow periods (grea ter  than 30,000 c f s )  , t h e  Sacramento 
River overflows i n t o  the  Yolo Bypass. 

3.3 CENTRAL SIERRA BASIN 

3.3.1 Physical Description 

Basin 5B i n  Figure 3.1-2 is refer red  t o  a s  the  Central S ier ra  Basin 
(SWRCB,3,4). This Basin includes the  Delta and t h e  watersheds of  
the  Cosumnes, Mokelumne, and Calaveras r ivers .  Excluding the  Delta, 
t h i s  Basin encompasses about 3,800 square miles (2,432,000 acres)  of 
val ley,  f o o t h i l l s ,  and Sier ra  Nevada. I n  years of normal runoff,  
Basin 5B contr ibutes about f i v e  percent of t h e  t o t a l  runoff t o  the  
Estuary ( SWRCB ,3,3 . 

3.3.2 Hydrology 

The Central S ier ra  Basin inflow t o  the  Delta comes from two r i v e r  
systans , t he  l b k e l m e  and Cosumnes , sometimes cal led  t h e  "Eastside 
 stream^.^^ 'Ihe Basin a l s o  receives water from t h e  Sacramento River 
Basin via the  Folsan South Canal and t h e  Folsan Lake Diversion. 
Water is exported from the  Central Sierra Basin via the  following 
projects: 

Mokelumne Aqueduct, South Bay liqueductl/, and Sly Park. 

.y/ ------------- 
The South Bay Aqueduct d ive r t s  water jus t  outside the  l ega l  boundaries of 
the Delta. 



3.3.3 Unimpaired Flow Conditions 

The Central S ier ra  Basin contr ibutes about f i v e  percent of  t h e  
average annual unimpaired inflow t o  the  Delta. When unimpaired 
flows a r e  reduced t o  current. flow conditions, the  percentage of 
the  Central S ier ra  Basin's inflow t o  the  Estuary remains f i v e  
percent (.see 3.3.4). 

3.3.4 Current Flow Conditions 

A s  of  1987, about 242,000 acre-feet of water o r  about one-third of 
t h e  average annual Mokelumne River flow were diverted i n t o  t h e  
Mokelumne Aqueduct f o r  use i n  t h e  e a s t  San Francisco Bay area 
(EBMUD, 1,9). Table 3.3.4-1 compares t h e  arnounts of water avai lable  
i n  t h e  Central S ier ra  Basin under unimpaired and current  flow 
conditions. 

The Delta Plan does not  contain any flow o r  s a l i n i t y  standards a t  
the  Delta inflow points  of  t h e  Central S ier ra  Basin. 

TABLE 3.3.4-1 
CENTRAL SIERRA BASIN: 

UNIMPAIRED FLOW AND CURRENT FLOW CONDITIONS 
BY WATER YEAR TYPE 

Unimpaired Flow (TAF) 3/ Current Flow 4/ 

Water Year IJye 2/ Low Low ~~ . -- - - - - -  - , , , , , -- - , , ,  , , , , , - , , , -Hi-,, , - - - - - -- -- - 
Met 
Above Normal 
Below Normal 
Dry 
C r i t i c a l  

' I  Using 1922 through 1978 hydrology. Individual water years measured a s  
percentages of the  Sacramento Basin's Four River Index have been used, 
r e su l t ing  i n  some overlap of flow amounts f o r  d i f f e ren t  water year types. *' Using the  wetter c l a s s i f i ca t ion  i n  dual c l a s s i f i ca t ion  years. 

3/ Thousands of acre-feet . 
4/ From MR 1990 Level-of4evelopnent Operation Study; t h i s  Basin has no 

D-1485 requirements. 

3.4 San Joaquin River Basin 

3.4.1 Physical Description 

The San Joaquin River Basin, Basin 5C i n  Figure 3. 1-2t encompasses 
over 11,000 square miles (7,040,000 acres)  between t h e  c r e s t  of the  
Sierra Nevada Range and the  c r e s t  of the  Coast Range, and s t r e t ches  
southward from the  Delta t o  t h e  drainage d iv ide  between the  
San Joaquin and Kings r ivers .  The valley f loor  i n  t h e  Basin 



measures about 50 miles wide by 100 miles long, and slopes from an 
elevation of about 250 f e e t  a t  t h e  southern end t o  near sea l e v e l  a t  
t h e  northern end (RWQCB 5, 1975). I n  years of  normal runoff,  t he  
San Joaquin River Basin now contr ibutes about 15 percent of t h e  
t o t a l  measured runoff t o  the  Estuary (SklRCB,3,3). 

The Kings River h i s t o r i c a l l y  flowed i n t o  Fresno Slough and i n t o  the  
San Joaquin River. Due t o  upstream contro ls  and diversions,  t h i s  
occurs now about once every th ree  years (DWR,26,33). Due t o  
t h i s  d iscont inui ty ,  the  Kings River is now considered t o  be pa r t  of 
the  Tulare Lake Basin, Basin 9, and not p a r t  of t h e  San Joaquin 
River Basin. 

3.4.2 Hydrology 

Tne major t r i b u t a r i e s  i n  Basin 5C a r e  the  San Joaquin, Merced, 
Tuolumne, and Stanislaus r i v e r s  which o r ig ina te  i n  t h e  S ie r ra  
Nevada. Peak streamflows above t h e  reservoi rs  generally occur 
l a t e r  i n  spr ing  than the  Sacramento Basin because t h e  San Joaquin 
Basin mountain ranges a r e  generally higher than those i n  t h e  
Sacramento Basin. Smaller t r i b u t a r i e s ,  cons is t ing  of runoff from 
the  Coast Range and/or a rg r i cu l tu ra l  drainage, include t h e  following: 

S a l t  and Mud sloughs, and Panoche, L i t t l e  Panoche, Los Banos, 
Orestimba, and Del Puerto creeks. 

Water is imported i n t o  the  San Joaquin River Basin from the  Delta 
via the  Delta-Mendota Canal (DMC) of the  CVP. Water is exported 
from t h e  Basin via t h e  following projec ts  (see  Figure 3.2.2-1 ): 

Friant-Kern Canal ( C V P ) ,  Hetch Hetchy Aqueduct, and San Felipe 
Unit (CVP). 

About 77,000 acres i n  the  San Joaquin River Basin have subsurface 
ag r i cu l tu ra l  drainage systems which discharge t o  the  San Joaquin 
River, primarily via Mud and S a l t  sloughs (EDF,ll,I-1). During t h e  
i r r i g a t i o n  season and occasionally following t h e  f lushing of 
ag r i cu l tu ra l  drainage water from duck clubs i n  January and February, 
ag r i cu l tu ra l  drainage makes up a s ign i f i can t  portion of San Joaquin 
River flows and const i tuent  loads (EDF, 11 ,V-36--V-44,V-46&V-47). 
The San Joaquin River contains considerably higher concentrations of 
several  cons t i tuents  ( including n i t r a t e s ,  seleniun,  arsenic,  nickel  
and manganese) than t h e  Sacramento River ( AH1 ,302,219,231 ) . 

3 .4 .3  Unimpaired Flow Conditions 

The unimpaired and measured annual flow of t h e  four major r i v e r s  i n  
the  San Joaquin River Basin a r e  shown in  Figure 3.4.3-1 f o r  WYs 
1922 t o  1973. 

The completion of the  Fr iant  and Delta-Mendota Canal u n i t s  of the  
CVP around 1950 a l tered  the  natural  s t a t e  of the  San Joaquin River. 
A comparison of the  pre-1950 and the  post-1950 unimpaired versus 
measured flow re la t ionship  is shown i n  Figure 3.4.3-2 (EDF, 11 ,II- 
301. The two regression l i n e s  in  the  f igure  a r e  s ign i f i can t ly  
d i f f e r e n t ,  indica t ing  t h a t  the  t o t a l  amount of flow measured a t  
Vernalis ( t h e  ent ry  point of the  San Joaquin River t o  the  Delta) 
has decreased since 1950 (see 3.4.4). 
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3.4.4 Current Flow Conditions 

The annual measured flows i n  t h e  San Joaquin River near Vernalis 
f o r  WYs 1921 t o  85 a r e  a l s o  plot ted i n  Figure 3.4.3-1 f o r  cmparison 
(flow data a r e  not avai lable  f o r  t h e  1906 t o  20 and 1986 t o  87 time 
periods).  With t h e  exception of  the  extremely wet WY 1987, t h e  
annual measured flows a r e  less than t h e  unimpaired flows . 
The main reason f o r  t h e  differences between annual unimpaired and 
measured flows is  t h e  consumptive water use  by valley agr icul ture  
during t h e  i r r i g a t i o n  season, generally from April through 
September. Reservoirs on t h e  four major r i v e r s  i n  t h e  San Joaquin 
River Basin have a l s o  a l t e red  the  timing of measured flows i n  
r e l a t ion  t o  t h e  unimpaired flows above t h e  reservoi rs ,  and have 
ra ised  flows i n  September and October above unimpaired levels .  

The current  water qua l i ty  objec t ive  set by The Delta Plan f o r  the  
San Joaquin River Basin is a monthly mean of 500 ppm TDS f o r  the San 
Joaquin River near Vernalis (RWQCB 5, 1975). For the  period of  1975 
through 1987, t h e  500 ppn TDS object ive was met i n  a l l  but  two 
c r i t i c a l l y  dry water years ,  1976 and 1977, a s  w e l l  a s  t h e  beginning 
of Water Year 1978. However, t h i s  12-year period was dominated by 
w e t  years--six w e t ,  two above normal, two dry, and two c r i t i c a l .  
Table 3.4.4-1 compares t h e  amounts of water avai lable  i n  the  San 
Joaquin River Basin under unimpaired and current  flow conditions. 

Figure 3.4.4-1, p l o t t i n g  annual s a l i n i t y  a s  TDS i n  t h e  San Joaquin 
River near Vernalis f o r  1930-80 (Data from Orlob,1982), shows t h a t  
s a l i n i t y  concentrations have increased since 1930. The s a l t  load 
has a l s o  increased s ince  1985, according t o  Dr .  G. T. Orlob's 
analys is  of USBR data measured a t  Vernalis (Orlob, 19881, probably 
because of t h e  bypassing of agr icul tura l  drainage around the 
Grassland Water D i s t r i c t  d i r e c t l y  t o  the  Sari, Joaquin River. 

3.5 The Delta 

3.5.1 Physical Description 

The Delta is a roughly t r i a n y l a r  area of  approximately about 1,150 
square miles (735,000 acres)  extending f r m  Chipps Is land near 
Pi t t sburg  on the  west t o  Sacramento on the  north and t o  t h e  Vernalis 
gaging s t a t i o n  on t h e  south (see Figure 3.1-1 ) (California Water 
Code Section 12220). This area includes those waterways above t h e  
confluence of t h e  Sacramento and San Joaquin r i v e r s  which a r e  
influenced by t i d a l  act ion,  and about 800 square miles (512,000 
acres)  of ag r i cu l tu ra l  lands which derive t h e i r  water supply frm 
these waterways. The t o t a l  surface area of these waterways is over 
75 square miles (48,000 acres) with an aggregate navigable length of 
about 550 miles. Major t r i b u t a r i e s  t o  the  Delta, besides t h e  
Sacramento and San Joaquin r ive r s ,  include t h e  Cosumnes, Mokelumne, 
and Calaveras r i v e r s ,  Dry Creek, and the  Yolo Bypass. 

In  WY 1983, flows from the  Tulare Lake Basin contributed over two mil l ion 
acre-feet t o  the  San Joaquin River flows near Vernalis, but  were not 
included i n  the  unimpaired flow of the  four major r i v e r s  (DWR,26,33). 





Table 3.4.4-1 
S R N  JOAQUIN RIVER BASIN: 

UNIMPAIRED FLOW AND CURRENT F'IfjW CONDITIONS 
BY WATER YEAR TYPE 

Current Flow 
Unimpaired Flow (TAF) (The Delta Plan 

Requirements) 

Water .------ Low Low !is 

\ k t  
Above Normal 
Below Normal 
Dry 
C r i t i c a l  

I' Assuming 1922 through 1978 hydrology. Individual water years  measured a s  
percentages of the  Sacramento Basin's Four River Index (see Chapter 4) 
havejbeen used, r e su l t ing  i n  some overlap of flow amounts f o r  d i f f e ren t  
water year types. 

2' Thousands of acre-feet. 



Water is exported from t h e  Delta a t  four major locat ions  
( ident i f ied  by number on Figure 3.1-1 1 : 

Tracy Pumping Plant  ( 1 1, Clif ton Court Intake (21, Contra Costa 
Canal a t  Pumping Plant No. 1 (31, and t h e  City of Vallejo in take  a t  
Cache Slough (4). The North Bay Aqueduct intake a t  Barker Slough 
(5) has recently replaced t h e  City of Vallejo 's  in take  (DWR,707,50). 

3.5.2 Hydrology 

3.5.2.1 Background 

I n  its or ig ina l  condition, t h e  Delta was a vast ,  f l a t  marsh 
traversed by an ever changing network of channels and sloughs 
t h a t  divided t h e  area  i n t o  i s lands  (SWC, 262,A2-151. "During t h e  
flood season, the  Delta became a great  inland lake;  when t h e  
floodwater receded, t h e  network of sloughs and channels 
reappeared throughout t h e  mar sh" (DWR ,707,67 1 . I n  t h e  1 860' s 
reclamation began on low-lying areas,  and loca l  landowners 
undertook cooperative levee construction t o  allow t h e  lands t o  
be farmed. By t h e  1920's about 45,000 acres were completely 
reclaimed and i n  ag r i cu l tu ra l  production (SWRCB, 13,111-4) ; and 
n{m)any miles of e n t i r e l y  new channels had been dredged, and 
farmlands, small c o m n i t i e s ,  highways and u t i l i t i e s  were 
protected--often tenuously--by 1,100 miles of levees, many of  
them b u i l t  on peat s o i l s n  (DWR,707,671. 

The export of water d i r e c t l y  from t h e  Delta f i r s t  took place i n  
1940 with t h e  completion of t h e  Contra Costa Canal, a u n i t  of  
t h e  CVP. I n  1951, water supplying t h e  Delta-Mendota Canal 
began t o  be exported a t  t h e  CVP1s Tracy Pumping Plant  
(DWR,707,671. I n  t h e  same year t h e  Delta Cross Channel and 
control  gates were constructed near Walnut Grove t o  allow a more 
e f f i c i e n t  t r ans fe r  of water t o  t h e  Tracy pumps (SWRCB,13,III- 
6 ) .  With t h e  comnencanent of  operation of the  S t a t e  Water 
Projec t ' s  (SWP) Harvey 0. Banks Pumping Plant  i n  1967, Delta 
exports were again increased. By 1975 t h e  combined de l ive r i e s  
of waters exported by both t h e  CVP and SIP to ta led  4.8 mil l ion 
acre-feet per year-totals projected t o  reach 6.6 mil l ion acre- 
f e e t  per year by t h e  year 2000 (USBR,2,27). 

3.5.2.2 Water Flow 

Inflow 

Freshwater flow i n t o  the  Delta comes primarily from t h e  
Sacramento and San Joaquin r i v e r s ,  with small addit ional  
amounts contributed by t h e  Mokelumne and Cosumnes r i v e r s  
(SWRCB, 13, I11 -7). Under present conditions, these  r ive r  
systems contributed 85, 10, and 5 percent,  respectively,  of 
t h e  average annual Delta inflow during the  water years 1922 
t o  1978 (DWR, 1987, from DWR 1990 'Level of Development 
Operation Model Output ' )  . 



9 In-channel Flow 

Flows i n  t h e  Delta channels themselves r e s u l t  from a 
combination of Delta inflows, Delta ag r i cu l tu ra l  use, export 
diversions,  and the  counteracting force  of t h e  t i d e s  from the  
Pacif ic  Ocean through the  San Francisco Bay. Many times when 
freshwater inflows a r e  low, flows can change d i rec t ion  and 
move back upstream on incoming t ides .  The d is tance  o f  t h e  
upstream movement, and t h e  extent  of  s a l i n e  intrusion,  can 
vary depending on t h e  quan t i t i e s  of water flowing i n  and the 
opposing force  of t i d a l  ac t ion  (SWRCB, 14,II-1). The t o t a l  
flow, however, is normally downstrean, out  of  the  Delta 
(SWRCB, 13,111-1 1).  

a outflow 

The t o t a l  outflow from the  Delta is a combination of 
unimpaired runoff, Delta channel deplet ions,  exports and 
upstream developnents, which e i t h e r  reduce unimpaired runoff 
o r  change its time of occurrence. 

Delta outflow is highly seasonal and is characterized by 
l a r g e  winter inflows from r a i n f a l l  runoff generated by 
Paci f ic  storms, and small, r e l a t i v e l y  steady inflows during 
t h e  dry  sumners from reservoi r  releases.  Delta outflow 
commonly exceeds 35,000 c f s  from December through April ,  
whereas it is usually less than 14,000 c f s  from July  through 
October (USGS, 10,6). 

3.5.2.3 Flow Measurement 

Tidal  movement, Delta channel deplet ions,  and Delta exports 
(see 3.5.2.4) are not d i r e c t l y  measured a t  present due t o  the  
complex e f f e c t s  of t i d a l  f luc tuat ion  and flow pat terns  
(SWACB, 14,IV-7). However, an est imate o f  net  Delta outflow is 
important f o r  purposes of water qua l i ty  control  and water 
resource management (SWRCB,13,III-16). The net  Delta outflow a t  
Qlipps Island is usually estimated by performing a water balance 
a t  t h e  boundary of  the  Delta, using Chipps Is land a s  the 
western l imi t .  The water balance involves adding t h e  t o t a l  
Delta inflow and Delta prec ip i ta t ion  runoff ,  then subt rac t ing  
Delta channel deplet ions and exports (DWR, 47,2). 

I N R  has estimated dai ly  Delta outflow a t  Chipps Island f o r  water 
years 1956 through 1985 using the  flow accounting model, 
DAYFLOW. DAYFLOW is a l so  used t o  est imate i n t e r i o r  Delta flow 
a t  specif ied locations. (DWR,47) Figure 3.5.2.3-1 gives t h e  
means and standard deviations of Delta outflows canputed by 
DAYFLW f o r  water years 1956 through 1985 (USGS, 10,6) . 
Another comnonly used estimate of Delta outflow, especia l ly  f o r  
t h e  d a i l y  operation of t h e  CVP and SdP, is the  Delta CXltflow 
Index (DOI). The DO1 is s imi lar  t o  the  DAYFLW Delta outflow 
but  does not include the  smaller peripheral streams enter ing  the  
Delta, such a s  the  Mokelumne and Calaveras r i v e r s ,  o r  t h e  flows 
through the  Yolo Bypass. Because of  these  differences,  t h e  DO1 
is considered t o  be less accurate than the DAYFLW Delta outflow 
estimate (USBR, 111,16). 

3- 31 



F I G U R E  3.5.2.3-1 
(FROM USGS E X H I B I T  10, PAGE 6 )  
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Month of  water  year  

F I  GURE 3.5.2.3- 1 --Means and standard deviations of net monthly discharges of' the Sacramento-San Joaquin 
Delta into San Francisco Bay at Chipps Island, 1956-85 from estimates of the State of California 
(1986) . Also shown are- arbitrary divisions of the months into high (>1 000 m3/s 135,000 f t3/s] 1 , 
transition (400-1,000 m3/s [14,000-35,000 ft3/s] 1 ,  and lor (<400 mi/s [14,000 ft3/s] 1 delta 
discharges. 



3.5.2.4 Channel Depletion, Exports and Reverse Flow 

One of  t h e  c r i t i c a l  f ac to r s  i n  determining Delta outflow is 
Delta channel deplet ion,  t h a t  is, "...the diversions of 
Delta channel waters via pumps, siphons, and subsurface seepage 
i n t o  t h e  Delta uplands and lowlands f o r  con gynptive use by 
agr icul ture  and nat ive  plantsm (DWR,36,3-4) . The Delta 
channel deplet ions (not  including prec ip i ta t ion)  range from 
approximately 34 TAF inJanuary t o  278 TAF i n  July 
(DWR, 1988,Operation Study). Currently, over 1,600 diversion 
locat ions have been ident i f ied  within t h e  Delta (T,II,189:17). 
The locat ion of ag r i cu l tu ra l  i r r i g a t i o n  diversion and drainage 
re turn  points  a r e  shown i n  Figures 3.5.2.4-1 (DWR, 49 , l )  and 
3.5.2.4-2 (DWR,64,1). 

According t o  DWR, water supplies  f o r  export by t h e  CVP and Sip 
a r e  obtained from surplus Delta flows, and from upstream 
reservoir  re leases  during low Delta inflow. Upstream reservoi r  
re leases  from the  Sacramento River Basin enter  the  Delta via the  
Sacramento River and then flow by various routes  t o  t h e  pumps i n  
t h e  southern Delta. Some of these  re leases  a r e  drawn t o  t h e  CVP 
and WP pumps through i n t e r i o r  Delta channels f a c i l i t a t e d  i n  
p a r t  by the  CVPts Delta Cross Channel a t  Walnut Grove 
(DWR, 707,691. 

When export r a t e s  a r e  high, the  ne t  flow of water can flow i n  an 
upstream di rec t ion  and move toward t h e  export pumps 
(SWRCB, 13,111-11 1. This is known a s  reverse flows. During 
periods of  high Delta inflow and high export, t he re  is 
some reverse f l o w ,  but enough water is avai lable  from t h e  San 
Joaquin River, eastern Delta t r i b u t a r i e s  (Central S ie r ra  Basin) 
and from water transported out  of t h e  Sacramento River via t h e  
Delta Cross Channel t o  meet export demands (Figure 3.5.2.4-3). 
When t h e r e  a r e  high exports,  low San Joaquin River inflows and 
h i& Delta consumptive uses, however, t h e  normal water path 
changes, causing a reversa l  of flows around t h e  lower (western) 
end of Sherman Island where t h e  Sacramento River and t h e  
San Joaquin River meet (SWRCB,13,III-23) (Figure 3.5.2.4-4). 
A s  water t r a v e l s  around Sherman Is land,  it mixes with s a l t i e r  
ocean water enter ing  a s  t i d a l  inflow and is drawn upstream 
i n t o  the  San Joaquin River and other  channels t h a t  feed t h e  CVP 
and WP pumping plants  (DWR, 707,691. Figures 3.5.2.4-5 through 
3.5.2.4-7 show other  typica l  Delta flow pat terns  (DWR, 5le-el. 

'' The consumptive use values used by the  USBR and DWR t o  operate t h e  CVP and 
SWP were fixed i n  t h e  Federal-State Memorandum of Agreement dated April 9, 
1969. The consumptive use values were based on: ( 11 a 1955 Delta land use 
survey; (2)  estimates of consumptive use by ident i f ied  crops; (3) changes in  
s o i l  moisture; and ( 4  estimates of  leaching requirements (SWRCB, 13,111- 
16). Although t h e  consumptive use values a r e  adjusted seasonally, they a r e  

.not  adjusted between years; e r ro r  can thereby be  introduced i n t o  the  Delta 
outflow calcula t ions  (USBR,111,16). 
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FIGURE 3.5.2.4-4 
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3.5.2.5 S a l i n i t y  and Flow 

Sa l in i ty  is one of t h e  major water qual i ty  f ac to r s  a f fec t ing  
benef ic ia l  uses of Delta water supplies. Figure 3.5,f. 5-1 shows 
t h a t ,  a s  Delta outflows decrease, s a l i n i t y  increases 
(DWR, 58 , l ) .  Changes in  Delta outflow during low flow periods 
have greater  e f f e c t s  on s a l i n i t y  than similar  changes during 
high flow periods, 

Upstream storage f a c i l i t i e s ,  in-basin depletions and Delta 
exports,  have reduced winter and spr ing  Delta outflows. 
Releases from upstream s torage  f a c i l i t i e s ,  on t h e  other  hand, 
have increased sumner and f a l l  Delta outflows (SWRCB, 14, 11-11. 
These changes i n  flows have correspondingly changed the extent  
of  s a l i n i t y  in t rus ion i n t o  the  Delta. Figure 3.5.2.5-2 shows 
the  maxiruum annual s a l i n i t y  in t rus ion i n t o  the  Delta f o r  the  
period i 920 throu* 1 977 (DWR, 60). Flow modifications due to 
storage f a c i l i t i e s  s ince  the  1940's have generally kept s a l i n i t y  
intrusion,  a s  indicated by the  1000 ppm chloride l i n e  i n  the 
Delta, a t  a point fur ther  west, o r  downstream, than had been the 
case before t h a t  period. 

3.5.3 Unimpaired Flow Conditions 

The S t a t e  Water Contractors (SWC) estimated the  average monthly 
Delta outflow under na tura l  flow conditions (Case A & B) and 
compared these  t o  DWRts  estimated unimpaired and 1990 level  of  
development outflows (Figure 3.5.3-1) (DWR,30,26;SWC,353,1). 
Compared t o  DWRts unimpaired flow, t h e  Delta outflow t h a t  t h e  SWC 
estimated t o  be natura l  is smaller due t o  the consumptive use by 
vegetation of na tura l  marshes and r ipar ian  areas,  and a l s o  due t o  
t h e  absence of  e x i s t i n g  man-made levees. David R. Dawdy a l so  
estimated the  average monthly Delta outflow under na tura l  flow 
conditions and arr ived a t  values somewhat higher than t h e  SWC 
estimate (DAWDY, 3,5).  The difference between these est imates 
r e s u l t s  mainly from d i f fe ren t  est imates of t u l e  acreage, which i n  
turn  causes d i f fe ren t  amounts of consumptive use via p lant  
evapotranspiration. MRts est imate of unimpaired Delta outflow 
(DWR,36,3) d i f f e r s  from t h e  WRCBts estimate (SWRCB,3,M-2) primarily 
due t o  d i f fe ren t  estimates of Delta consumptive use under unimpaired 
conditions. 

This Plan uses t h e  unimpaired Delta inflows developed by both SWRCB 
and DWR t o  estimate unimpaired flows and s a l i n i t i e s  within t h e  
Estuary (SWRCB, 3-5 1. 

'' I n  terms of EC a t  Co l l insv i l l e  i n  the  western Delta. His tor ica l ly ,  t h e  
s a l i n i t y  of waterways i n  the  Delta has been expressed i n  chloride ( C 1 )  o r  
t o t a l  dissolved s o l i d s  (TDS) concentrations, and, more recent ly ,  i n  
e l e c t r i c a l  conductivity (EC . However, sometimes it is necessary t o  convert 
one u n i t  of s a l i n i t y  t o  another. Consequently, DWR has developed "Unit 
Conversion Equationsv' which a re  used t o  convert any one of the  parameters t o  
any of  the  o thers  a t  various locat ions i n  t h e  Delta using spec i f i c  formulas 
f o r  geographic locat ion and water year type (DWR,61,1). 
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3.5.4 Current Flow Conditions 
0 

The Delta Plan current ly  requires the  CVP and SWP t o  meet specif ied 
flow and s a l i n i t y  standards within the Delta and Suisun Marsh 
(SWRCB, 15,5). Figures 3.5.4-1 through -3, and Table 3.5.4-1 compare 
unimpaired Delta outflows with minimum outflow requirements set by 
the  Delta Plan object ives (DWR, 1986,l). DWR has established (Table 
3.5.4-2) the  minimum outflow requirements t o  meet The Delta Plan 
object ives (DWR,1986,1). I n  some months such a s  August, Delta Plan 
flow requirements can ac tual ly  be above t h e  unimpaired amounts 
available(Figure 3.5.4-1 ) . 

TABLE 3.5.4- 1 
TOTAL ANNUAL DELTA O U ' W S :  

UNIMPAIRED FLOW AND CURRENT FLq/CONDITIONS 
BY NATER YEAR TYPE 

Unimpaired Flow (TAF)~' Current  low^' 

! ! ~ ~ E L - ~ E L - ~  ------------ Low High Low 
Wet 

22,997 32,368 6,554 
H9 29, @ i l - - - - % ~ d i T - 7 6 , 0 ~  3 , 71 5 

Above Normal 16,145 
Below Normal 
Dry 
C r i t i c a l  

Assuning 1922 through 1978 hydrology. 
2/ Thousands of  acre-feet . 
3/ Delta Plan requirements. 

3.6 San Francisco Bay and Basin 

3.6.1 Physical Description: San Francisco Bay 

The boundary of San Francisco Bay (SWRCB, 3,3) extends from the  
Golden Gate Bridge on t h e  west t o  the  Delta on t h e  e a s t  and 
inc1udes:areas subject  t o  t i d a l  act ion up t o  mean high t i d e ,  a reas  
100 f e e t  landward of the  mean high t i d e  shorel ine,  saltponds, and 
managed wetlands. 

This de f in i t ion  includes t h e  e n t i r e  Suisun Marsh a s  p a r t  of  San 
Francisco Bay. Suisun Marsh, a s  defined by Section 29101 of  t h e  
Public Resources Code, includes t h e  waterways north of  Suisun, 
Grizzly, and Honker bays which a r e  subject  t o  t i d a l  act ion and the  
adjacent lands whose management is dependent on t i d a l  act ion of  
these  waters. This de f in i t ion  generally follows t h e  San Francisco 
Bay Conservation and Development Commission ( BCDC boundary a s  
defined in  Government Code Sections 66610 and 6661 1.  
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ESTIMATED DELTA OUTFLOW REQUIREMENTS 
OF THE 

TABLE 3.5.4-2 1978 DELTA PLAN 

Incqutro- :Regulra- :nrpul- ~~Girc- :ncputrc- in&- !Require 1n;huire- inGh 
bents  b u  bunts b n t a  lmenu Bnnts bents b t s  b t ,  h e  

I I I 

July . 7 . m  1 0 . ~  6.700 7 7 ' s . l m  6.wO4 8,700 4,700 3 9  3.900 
(467.300) (614.9001 (Q12,OW) (U73.500) (232.000) (399.70@) (289.W) (289.000) (49.800) (19,800) 

Augustl-15 7.600 7,600 6,700 6,IOC 5.000 5,400 4.700 4,700 3,900 3.900 
(Z6,iW) (226,lW) !l95.300) (198.300) (160.700) (160.7Oc) (139.800) (139.800) (116.000) (116,000) 

August 16-31 2.5& 2.500 2.50 2.500 2,500 2500 2.500 2.500 2.500 
( 79.300) c 79.300) ( 79,3001 t 79,300) ( 79.300) ( 79.300) ( 79.300) ( 79,300) ( 79.300) 

SeprcDlbe 2500 2500 2500 2.500 2.500 2,500 2.500 2,500 2,500 
(148:800) (1~:800) (iQ@:800) (lQ8.800) (148,800) (148,800) (1M.800) (148,000) (14E,600) 

1 hhr.  the storages a t  my hro of Y a s : ~  Crcvllle md Folsm Rcwrvolrs r e  encroached h t . . i r  nmC c ~ n v o l  re:ervatro~. 
I f  stuaces are encroached (see Ic. 1)'thrn 6,600. : I f  L? ad CYP rners me taking dr.T:clmc!es in  f i rs  supplles then 4.500 c f s  far c r l t i c d  p e e .  
If wtmrml s-lt *en we 1-cr l ioft .  
bhr. project users (M and ShF: we Ukrns dericiecies, otherulse 4.500 cfs .  

wPrWer.t of Uater Rescurces 
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FIGURE 3.5.4- 1 

CURRENT AND UNIMPAIRED DELTA OUTFLOW 
USING 1922-1 978 MONTHLY AVERAGE HYDROLOGY 
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FIGURE 3.5.4-2 

UNIMPAIRED DELTA OUTFLOW 
USING 1 922- 1 9 7 8  MONTHLY AVERAGE HYDROLOGY 
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FIGURE 3.5.4-3 
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San Francisco Bay cons i s t s  of about 805 square miles (515,000 
acres (BCDC, 1982 including: 420 square miles (269,000 acres)  of 
open water, 125 square miles (80,000 acres)  of t i d a l  marshes; 110 
square miles (70,000 acres)  of Suisun Marsh; 80 square miles (51,000 
acres)  of diked h i s t o r i c  baylands, 70 square miles (45,000 acres)  of 
saltponds and o ther  managed wetlands. 

3.6.2 Physical Description: San Francisco Bay Basin 

The San Francisco Bay Basin, Figure 3.1-3, is t h e  area cont r ibut ing  
runoff t o  t h e  Bay. This d i sc r ip t ion  d i f f e r s  somewhat from the  Basin 
Plan boundary of Region 2 (RWQCB, 2,1975) which includes t h e  e n t i r e  
San Francisco Bay Basin a s  w e l l  a s  coas ta l  area from Dillon Beach t o  
San Gregorio. The t o t a l  area of t h e  Basin is about 3,870 square 
miles, o r  2,477,000 acres (SWRCB, 3,Appendix F) . The major streams 
contr ibuting t o  l o c a l  runoff t o  t h e  Bay a re  Napa, Petaluma, and 
Guadalupe r i v e r s ,  and Alameda, Coyote, Sonoma and Walnut creeks. 
Water is imported t o  t h e  Basin via t h e  following water p ro jec t s  ( s e e  
Figure 3.1-3) : 

Mokelumne Aqueduct, Hetch Hetchy Aqueduct, South Bay Aqueduct, 
Contra Costa Canal, Putah South Canal, Sonma Petaluma Aqueducts, 
North Bay Aqueduct (hewn i n  19881, and City of  Vallejo intake a t  
Cache Slough (ended when the  North Bay Aqueduct began operation). 

In  years of normal runoff,  t h e  San Francisco Bay Basin cont r ibutes  
about ten  percent of t h e  t o t a l  runoff t o  t h e  Estuary (SWRCB,3,3). 
From 1970 t o  1982, r a i n f a l l  discharge averaged about 57 percent of 
t h e  t o t a l  runoff from the  Bay Basin, with t h e  rest being municipal 
and indus t r i a l  discharges (WRCB,3, Appendix R and 35). 

3.6.3 Hydrology: San Francisco Bay 

San Francisco Bay, excluding t h e  Delta, but including sa tura ted  
mudflats, has a t o t a l  water surface area of approximately 300,000 
acres o r  470 square miles a t  mean lower low water (MLLW) . The 
area,  mean depth and volume of t h e  subregions of t h e  Bay a r e  
summarized i n  Table 3.6.2.1-1 (Cheng and Garner, 1984). The 
locat ions of t h e  Bay's subregions a r e  shown i n  Figure 3.6.2.1-1. 

San Francisco Bay is unique among American es tua r i e s  i n  having two 
arms o r  reaches, t h e  northern reach including San Pablo and Suisun 
bays, and t h e  southern reach extending from t h e  Oakland-Bay Bridge 
t o  Mountain View.  The northern reach receives discharge from t h e  
Sacramento-San Joaquin Delta, approximately 90 percent of t h e  
freshwater inflow to San Francisco Bay. The southern reach receives 
only loca l  runoff and is considered a t r ibu ta ry  estuary.  Between 
the  two reaches is t h e  cen t ra l  Bay bounded by the  Richmond- 
San Rafael, Oakland-Bay, and Colden Gate bridges. The cen t ra l  Ray 
is deeper e i the r  of t h e  two reaches, is more ocean-like i n  character 
and provides most of the  inflow t o  the  South Bay (SWRCB,431,18-19). 



FIGURE 3.62.1-1 Location mag of Sari Francisco Bay showing the four sub-regions 
and the Sacramento-San Joaquin Delta. 

(Source: Denton and Hunt, 1986) 



Freshwater Inflow 

Excluding water from the  Delta, freshwater inflows come i n t o  
t h e  Bay primarily via tohe Napa and Petaluma r i v e r s  which 
provide loca l  drainage t o  t h e  northern pa r t  o f  San Pablo Bay; 
via Walnut Creek and Suisun Slough which enter  Suisun Bay; 
Pinole and Novato creeks which enter  t h e  San Pablo Bay; and San 
Lorenzo, Matadero and Coyote creeks which enter  t h e  south Bay. 
I n  addit ion,  the re  a r e  many municipal and indus t r i a l  wastewater 
treatment p lan t s  and combined sewer overflows t h a t  cont r ibute  
t o  inflows (SWRCB, 3,11-16). Because these freshwater inflows 
i n t o  t h e  Bay a r e  m a l l  compared to Delta outflow, they a r e  
of ten  ignored i n  ca lcula t ions  of  t o t a l  inflow t o  t h e  Bay. I n  
t h e  southern portion of  t h e  south Bay, a l l  t r i b u t a r y  streams 
have in termi t tent ,  l oca l  runoff (excluding e f f luen t )  (BISF, 6, 
56-59). 

Tidal Exchange 

Immense flows a r e  exchanged between the  bay and the  ocean on 
t i d a l  currents  driven by t h e  gravi ta t ional  a t t r a c t i o n  between 
the  ear th ,  t h e  sun and moon. Their exact s i z e  is not known 
(USGS,3 updated,5), but  t i d a l  flows entering San Francisco Bay 
a t  the  Golden Gate Bridge have been estimated t o  average 
greater  than 2.5 mi l l ion  c f s  (BISF, 6,511. Because o f  complex 
c i rcula t ion  eddies outs ide  the  entrance t o  the  Bay, only a 
portion o f  t h e  water flooding i n  from t h e  ocean is "newn water, 
i.e., water which has not entered the  Bay f o r  a t  l e a s t  several  
t i d a l  cycles (Denton and Hunt, 1986) . 
- Central Bay 

Flood t i d e s  f i r s t  enter ing  the  cen t ra l  Bay pass on e i t h e r  
s i d e  of  Alcatraz Is land,  through Raccoon S t r a i t  between the  
Tiburon Peninsula and Angel Island; t i d e s  then flow 
northwards through San Pablo S t r a i t  i n to  San Pablo Bay and 
southwards beneath the  Oakland-Bay Bridge i n t o  south Bay 
(Figure 3.6.2.1-2). 

- San Pablo Bay 

The main t i d a l  flows i n  San Pablo Bay pass along a na tu ra l  
channel between San Pablo S t r a i t ,  across t h e  shallow Pinole 
Shoal and through Carquinez S t r a i t  t o  the  e a s t  (Figure 
3.6.2. 1-31. The maximum depth i n  the  two s t r a i t s  is  about 
83 f e e t ,  decreasing t o  about 20-25 f e e t  over Pinole Shoal. 
A 600 foot  wide shipping channel, dredged t o  a depth of 35 
f e e t ,  across t h e  shallow Pinole Shoal provides shipping 
access t o  the  Mare Island Naval Shipyard and t h e  por t s  of 
Sacramento and Stockton. The areas  north and south of the  
shipping channel a r e  very shallow; one half  of  t h e  area of 
San Pablo Bay, f o r  example, has a depth of l e s s  than s i x  
fee t .  



.. Table 3.6.2.1-1 
BATHYMETRI~ DATA FOR SAN FRANCISCO BAY 

(Adapted from a e n g  and Gardner, 1984) 

Surface rea 81 Mean Mean 
a t  MLL'd ~ e ~ t h ~ '  Volume 

Region (sq m i )  ( f t )  ( AF) .------------------------------------------------------ 

Central Bay 
San Pablo Bay 
Carquinez 35ra i t  
Suisun Bay 
South Bay 
San Francisco Bay 

'/ Excluding t h e  ~ e l t a  but including saturated mudflats 
2/ These depths do dot agree with those of Section 3.6.1 because 

o f  t h e  inclusion of  sa tura ted  mudflats. 



FIGURE 3.6.2.1-2 Map of the Central Bay and the region imedlately outside Golden Gate. 
The dotted line shows the 60 ft depth contour and the dashed line is the 18 ft contour. 

(Source: Denton and Hunt, 1986) 



FIGURE 3.6.2.1-3 Map sf San Bablo Bay. The 18 bt (55) depth contour is plotted as a dashed line 
and indicates the location of the main channel. The dotted line shows the extent of the mudflats 

around the b y .  
(Source: Denton and Hunt, 1986 



- Suisun Bay and Marsh 

Having the  smallest  surface  area  of  t h e  four embayments, 
Suisun Bay is s i tua ted  i n  t h e  northeastern reach of San 
Francisco Bay between t h e  c i t i e s  of  Benicia and Antioch 
(Figure 3.6.2.1-4). The e n t i r e  Suisun Bay and Marsh area, 
including two  subbays, Grizzly and Honker, cons i s t s  of 
84,190 acres,  of  which about 26,880 acres  a r e  bays and 
sloughs. The remaining 57,310 acres a r e  diked and managed 
wetlands. ( Approximately 45,710 acres  of  managed wetlands 
a r e  pr iva te ly  owned and used primarily f o r  duck hunting; 
10,490 acres a r e  owned by the  S t a t e  of California a s  a 
waterfowl management a rea ,  w i l d l i f e  refuge and public 
recreat ion area;  and 1,110 acres  a r e  control led by the  U.S. 
Navy {SWRCB,1978)). 

Tie main t i d a l  flows a r e  along a few well-defined channels 
separated by i s lands  and shallow gravel banks. During most 
periods of outflow from t h e  Delta, Suisun Bay is t h e  
locat ion o f  t h e  es tuary ' s  ' n u l l  zonet (defined a s  t h e  region 
i n  a p a r t i a l l y  o r  well-mixed estuary where t h e  res idual  
bottom currents  a r e  e f fec t ive ly  zero). Upstream of t h i s  
area the re  is a n e t  downstream, o r  seaward, res idual  
veloci ty along t h e  bottom caused by r i v e r  inflow. Seaward 
of t h e  n u l l  zone, gravi ta t ional  c i r cu la t ion  produces a 
t ranspor t ,  f o r  t h e  most pa r t  toward land, of  denser more 
s a l i n e  water along the  bottom. The nu l l  zone is s ign i f i can t  
because it is the  theore t i ca l  upstream boundary o f  t h e  
entrapment zone, t h e  area i n  ' t h e  estuary where suspended 
mater ia ls ,  including b io ta ,  accumulate (USBR,112,407). 
Figure 3.6.2.1-5, a diagram of es tuar ine  c i r cu la t ion  f o r  a 
p a r t i a l l y  mixed estuary such a s  Suisun Bay, i l l u s t r a t e s  the  
re la t ionships  between flows, s a l i n i t i e s ,  and the  nu l l  and 
entrapment zones (CCCWWEDF, 1,561. 

Tne s a l i n i t y  of  water within Suisun Bay var ies  seasonally 
with t h e  freshwater outflow from the  Delta. S a l i n i t i e s  of 
the  water in Montezuina Slough a r e  lower than i n  Suisun Eky 
i t s e l f  f o r  a longer period of  time each year because Slough 
lies fur ther  upstream and receives freshwater inflow from 
the  Sacramento River and other  t r ibu ta ry  channels f i r s t .  
For the  most p a r t ,  low s a l i n i t y  water s t ays  i n  t h e  Suisun 
Marsh channels l a t e r  i n  the  sp r ing  and i n  ea r ly  swrmer, but 
higher s a l i n i t y  water remains l a t e r  i n  the  f a l l  before the  
Marsh channels a r e  flushed by increasing Delta outflows 
(SWRCB, 1978). 

By most de f in i t ions ,  S i s u n  Bay includes Suisun Marsh, 
located t o  the  north of  t h e  main body of  the  Bay. The Marsh 
was a natural  brackish water narsh p r io r  t o  widespread 
reclamation fo r  ag r i cu l tu ra l  purposes in  the  ear ly  1900's. 
However, because the  ag r i cu l tu ra l  developments were la rgely  
unsuccessful in  the  1930ts, t h e  reclaimed marsh lands were 
gradually converted t o  pr iva te  duck clubs and s t a t e  Wildl ife  
Managanent Areas. 



FIGURE 3.62.1-4 Map of Suisun Bay. The dashed line shows the 18 ft (5.5) depth contour. 
(Sowee: Denton and Hunt, 1986) 
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flGURE 3.6.2.1-5 Diagram of Estuarine Circulation for a Partially Mixed Estuary 
(Source: CCCWAIEDF, 1, Figure 12) 
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- South Bay 

The entrance t o  the  south Bay from the  cen t ra l  Bay is 
separated by Treasure and Yerba Buena i s lands  i n t o  two 
passages, one t o  the  e a s t  t h a t  is 30 t o  35 feet deep and one 
t o  t h e  west t h a t  is 70 f e e t  deep a t  the  Oakland-San 
Francisco Bay Bridge (Figure 3.6.2.1-6). Because the  south 
Bay receives only minor amounts of loca l  freshwater inflows, 
it is essen t i a l ly  a t i d a l  lagoon. Tidal currents  i n  south 
Bay a r e  grea tes t  along t h e  main channel on t h e  western s ide  
of t h e  Ray. In t h e  south Bay, evidence suggests t h r e e  
d i s t i n c t  mixing zones e x i s t  between: ( 1 )  the  Oakland-San 
Francisco Aay Bridge and San Bruno Shoal, s r e l a t i v e l y  
shallow area with water depths of  about 11 t o  26 f e e t  
between Bay Farm Island and Oyster Point; (2) San Bruno 
Shonl and t h e  San Mateo Bridge; and (?I t h e  area south of 
the  San t4ateo Bridge. A 500 foo t  wide, 29 f e e t  deep 
navigation channel is maintained across t h e  San Bruno 
Shoal. The s a l i n i t y  of  the  south Bay remains c lose  t o  the  
l eve l  of t h e  ocean (33 t o  35 pa r t s  per thousand) throughout 
most of the  year ,  except during periods of high Delta 
outflow. During pa r t i cu la r ly  hot,  dry periods when 
evaporation r a t e s  a r e  high, the  south Bay can a c t  a s  a 
negative estuary where s a l i n i t y  l eve l s  ac tua l ly  increase i n  
the  southern extremit ies  (Denton and Hunt, 1986). 

Currents d i f f e r  i n  t h e  south Bay according to  Delta 
outflows. From analyses of current  data f o r  summer wind 
conditions and low Delta discharges, the  USGS has concluded 
t h a t  ne t  currents  i n  south Bay north of San Bruno Shoal a r e  
southward along t h e  eas tern  s i d e  and northward along the  
western s i d e  of t h e  Bay (USGS,3 updated,25). During the  
season of hi* Delta outflows,a l ens  of  f resher  water can 
form on the  surface  of the  northern reach of San Francisco 
Bay. This l ens  of  f resher  water eventually spreads 
southwards i n t o  t h e  cen t ra l  and south Rays over more s a l i n e  
water t h a t  is  flowing toward t h e  ocean. This process, which 
provides the  major source of freshwater f o r  t h e  South Bay, 
is known a s  gravi ta t ional  overturn (Denton and Hunt, 1986). 
The s ign i f i can t  densi ty d i f ference  between t h e  two flows 
a c t s  t o  i n h i b i t  ve r t i ca l  mixing. then Delta outflow 
subsides, re in t rus ion of ocean water r a i s e s  t h e  s a l i n i t i e s  
i n  cen t ra l  Ray above those i n  south Bay, and t h e  d i rec t ion  
of c i r cu la t ion  reverses; t h a t  is, surface  waters again flow 
seaward (USCS, 3 updated, 26). 

3.6.4 Hydrology: San Francisco Bay Easin 

I n  the  San Francisco Bay Basin, most prec ip i ta t ion  comes as  
r a i n f a l l  t h a t  flows d i r e c t l y  t o  t h e  Ray, with some l o s s  due t o  
i n f i l t r a t i o n ,  evapotranspiration, and storage i n  natural  
impoundments. The timing and volume of inflows t o  t h e  Bay from 
local  runoff,  f o r  t h e  most p a r t ,  follow closely a f t e r  
prec ip i ta t ion  in  t h e  Bay Basin. 



FIGURE 3.6.2.1-6 Map of the South Bay. The dashed line 8hows the 18 11. depth COntWt 
(Source: Denton and Hunt, 19S) 
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3.6.5 Unimp:~ired Flow Condit,ions : San Francisco Bay 

Throughout t h i s  sec t ion ,  the  San Francisco Bay and San Francisco 
Bay Basin a r e  described separately.  Before t h i s  sec t ion ,  both a 
r i v e r  and its basin a r e  considered together, a s  in tegra l  p a r t s  of 
an a r e a ' s  t o t a l  descript ion.  This is not t h e  case with the  Bay 
and its, Basin. Whereas t h e  San Francisco Bay Basin may be 
compared with other  basins, t h e  San Francisco Bay ( the  equivalent 
of t h i s  Basin's r i v e r )  cannot be meaningfully compared with any 
r ive r  i n  t h e  Estuary. There have been no s izeable  impoundments o r  
diversions of San Francisco Bay waters. Unimpaired inflows t o  t h e  
Bay from t h e  San Francisco Bay Basin a r e  small when compared t o  
the  volume of t i d a l  exchange (see Table 3.6.3.2-1, Figures 3.6.3.2- 
1 and -2). Existent t i d a l  and seasonal flows from t h e  Paci f ic  
Ocean, the  Delta and the  San Francisco Bay Basin therefore 
cons t i tu te  t h e  c loses t  est imate of unimpaired flow conditions f o r  
the  Bay. 

3.6.6 Unimpaired Flow Conditions: San Francisco Bay Basin 

The unimpaired runoff fo r  separate hydrologic areas i n  the Bay 
Basin was simulated by 3JRCB f o r  t h e  period of  water years  1921 
t h r o u a  1 978 (SWRCB, 3,  Appendix F) . Unimpaired flow t o  the  Bay 
a s i n  includes loca l  inflows but does not include inflow from t h e  
Delta. Table 3.6.3.2-1 includes estimated monthly and annual 
runoff values fo r  the  years 1921 through 1978 (SWRCB, 3,17 {revised 
11/5/87)). 

Figure 3.6.3.2-1 shows t h a t  average unimpaired Bay Rasin loca l  
runoff is small, about 3.3 percent of average unimpaired Delta 
inflow t o  the  Bay (SWRCB, 3).  When t i d a l  exchanges a r e  compared, 
loca l  runoff becomes ins igni f icant  (DWR, 662,l) (Figure 3.6.3.2-2). 
However, l o c a l  inflow may have an e f f e c t  on subregions within the  
Bay, such a s  the  Suisun Marsh, t h e  marshes around Cuttings Wharf 
west of Val1ejo, and t h e  Petaluma Creek discharge area. 

3.6.7 Current Flow Conditions: San Francisco Bay 

The considerations i n  3.6.3.1 a r e  a l s o  valid f o r  current  flow 
conditions in the  Bay, with some exceptions. Upstream storage and 
regulated re leases  required by t h e  Delta Plan, f o r  instance, have 
provided higher l eve l s  of inflow from the  Delta i n  t h e  sumner 
months of dry and c r i t i c a l l y  dry years. Signif icant  amounts of 
ef f luent  from indus t r i a l  and municipal sources a r e  discharged in to  
the  Bay, but the  t o t a l  e f fec t s  of these addit ional  flows a r e  not 
known. 

3.6.8 Current Flow Conditions: San Francisco Eay Basin 

A variety of  factors-upstream reservoi rs ,  t he  change i n  land use 
pat terns  from nat ive  vegetation t o  ag r i cu l tu ra l  vegetation, 
impermeable surfaces such a s  concrete o r  asphal t ,  and the  e f fec t s  
of ground water pumping--have a l t e red  t h e  e f f e c t s  of Bay Basin 
loca l  runoff. For example, t h e  extensive expansion of 



TABLE 
3.6.3.2-1 

SAN FRANCISCO BAY BASIN LOCAL I N ~ O W  S T ~ Y  - MIWAIREE now CONEITIONS 
TOTAL MONTHLY LOCAL RUNOFF INTO SAN FRANCISCO BAY 
SL'PMATION OF MONTHLY LOCAL RUNOFF FROU F S A ' S  90 - 96 (TAF) 

WATER 
Y e m  OCT NOV DEC JAII PEE MR AFR MAY JLY AUC S E P  AVEWGE 

wot tnILy  ------------.-(.-----.- YEARLY 
TOTAL -------- 



/\VERAGE !:NIi'LOl\r F l iOM TI-lE DELTA 

COPV1l3A1iED WIrl'I-I 

AVEIIAGE LOCAL BAY INFLOW 

0 ...... AV INFLOW FROM UEL'I'A 

AV LOCAL BAY INFLOW 

(From SWRCB, 3)  

TAF 

TAF 

GOLDEN GATE TIDAL EXCIIANGE VOLUhlE 
COMPARED WlTII FWNSIIWATER INFLOW D U R l N G  A 
FLOOD.l'lDE WXYU A 24% TIDAL EXCHANGE RAT10 



streets, parking l o t s  and drainage conduits have caused less 
r a i n f a l l  t o  reach ground water and subsequently greater  amounts to 
flow d i r e c t l y  i n t o  t h e  Bay. Wastewater treatment p lant  discharges 
and water imports i n t o  t h e  Bay Basin have a l s o  changed t h e  
locat ions and grea t ly  increased t h e  quanti ty of  loca l  inflows t o  
the  Bay. 

DWR developed a loca l  runoff survey f o r  separate Bay Basin 
hydrologic areas (Table 3.6.4.2-1) and a sumnary of wastewater 
discharge f o r  the  period of water years 1970 t.hrough 1982 (Table 
3.6.4.2-2 (SWRCB, 3 ,Appendix R 1. Lis t ing  t h e  monthly, and yearly 
runoff t o t a l s ,  t h e  t a b l e s  ind ica te  t h a t  e f f luen t  discharge can be 
a s  much a s  70 percent less than local  runoff (WY 81-82) and a s  
much a s  25 percent more (WY 76-77). Table 3.6.4.2-3 conpares 
unimpaired and current  flow conditions i n  the  San Francisco Bay 
Basin. 

TABLE 3.6.4.2-3 
SAN FRANCISCO BAY BASIN: 

UNIMPAIRED FLOW AND CURRENT FLOq,CONDITIONS 
BY WATER YEAR TYPE 

Unimpaired Flow (TAF') Current Flow 

Water Year Type Low .----------- ------------------ 
Wet 
Above Normal 
Below Normal 
Dry 
C r i t i c a l  

High Low High .---------------------------------------- 

Individual water years measured a s  percentages of the  Sacramento Basin's 
Four River Index (see Chapter 4)  have been used, r e su l t ing  in  some overlap 
of flow amounts f o r  d i f f e ren t  water year types. Flows do not include 
inflows from the  Delta. 

2' Only one reference point ,  Water Year 1969-70. 
3' Only one reference point ,  Water Year 1977-78 



TABLE 3.6.4.2-1 
SAN FRANCISCO BAY AREA LOCAL RUNOFF 

(SW OF DRAINAGE STUDY AREAS (DSA) 90 ---a 96) LESS (SUM OF DSAs 90 ---> 96) EFFLUENT DISCHARGE (ED) (TAF) 

UTR YEAR OCT NOV DEC JAN FEB MAR APR M Y  JLtN JUL AUG SEP TOTAL AVG )(O 

(SW OF DSAS 90 ---> 96) LESS (SUM OF DSAs 90 ---> 96) ED (CFS) 

W 
UTR YEAR OCT NOV DEC JAN FEB UAR APR 13AY JUN JUL AUG SEP TOTAL AVG MO 

$L3 187 U 1% 385 
724 
148 

145 161 55 
106 65 

48 43 
43 42 

42 
42 

39 
40 71 72 40 85 65 # 52 50 44 41 42 42 42 42 

7273 63 55 45 7374 322 50 
7475 46 58 59 277 43 41 
7576 44 4 1 44 43 39 8 40 
7677 52 qf 44 

40 63 113 517 
32 

42 294 
8 32 34 31 33 33 

301 130 41 41 40 
32 46 43 
41 5 1 57 139 406 627 !f2 55 44 

225 66 
83 

50 39 
41 8081 159 73 56 47 43 42 

8182 45 51 171 42 370 65 584 330 385 130 659 73 54 49 41 
47 
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I 
Q, 

6970 
7071 

825 767 3035 llm 2614 

2 3  
6257 2403 1102 

261 02 
VI 71 72 19038 $487 lour 2215 4 MB 1 0374 864 

941 
7576 
7677 
7770 
7879 
1980 

H! 11080 1190 906 
---------------------------------------------------------------------------------------------------------*---------------------.---- 

MO AVG 760 1405 2330 4813 3846 3 1 ~ 1  2165 844 734 694 682 6851 22129 1844 

1584 
1155 '8; 
627 52 

20 0 167 
18% 152 
1161 

18 :I 
36 

'3: 
1 780 148 
786 66 

2821 235 
#O AVG 47 83 143 296 216 195 129 52 44 43 42 41 1330 111 



TABLE 3.6.4.2-2 

SAN FRANCISCO BAY AREA LOCAL RUNOFF 

EFFLUENT DISCHARGE (ED) FOR DRAINAGE STUDY AREA ( D M )  90 ---> % (MQ)) 

UTR YEAR 90 8 91 92 N 92 S 92 93 94 95 % TOTAL AVG W 

6970 
7071 

' 7172 
7273 
7374 
7475 
7576 
7677 
ma 
7879 
7980 
8081 
8182 - - 
AREA AVG 

ED FOR DSAs 90 ---> 96 (CFS) 

UTR YEAR 90 8 91 92 N 92 S 92 93 94 95 96 TOTAL AVG W 

6970 144.2 43.7 123.4 167.1 51.9 187.4 79.4 180.4 
7071 144.2 45.3 130.7 175.9 46.7 169.0 80.0 192.4 
71 72 138.3 46.8 128.2 175.0 45.9 177.5 80.6 209.7 
7273 142.3 49.4 136.4 185.8 45.9 210.8 80.6 219.0 
7374 138.7 44.5 129.7 174.2 41.7 201.3 73.8 217.0 
7475 135.0 41.9 129.7 171.6 40.9 173.9 75.8 228.9 
7576 103.2 37.2 113.8 151.0 38.4 162.0 65.7 228.5 
7677 93.5 34.3 98.0 132.2 38.3 148.5 56.0 195.8 
7778 105.6 39.2 106.2 145.4 41.9 171.4 64.8 251.9 
7879 118.7 47.3 111.1 158.4 42.2 160.7 71.9 246.3 
7980 122.5 53.8 116.6 170.3 42.9 180.1 69.8 253.9 
8081 118.1 52.5 110.1 162.6 56.3 182.4 91.9 233.6 
8182 152.7 60.6 126.3 186.9 66.5 218.2 47.1 239.6 --.------------------------------.---------------*-------.------------------ 
AREAAVG 127.4 45.9 120.0 165.9 46.1 180.3 1 222.8 

ED FOR DSAs 90 ---> 96 (TAF) 

UTRYEAR 9 0 8 9 1  9 2 1  

6970 
7071 
71 72 
7273 
7374 
7475 
7576 
76TI 
7778 
7879 
7980 
8081 
8182 

AREA AVC 

TOTAL AVG MO 
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11.0 HENF:I:ICIAL lJSl3 OF BAY-DELTA ESTIJARY WATER ------------------------------------------ 
4.1 In t roduc t ion  

" 'Beneficial  uses '  of  t h e  waters  of  t h e  s t a t e  t h a t  may be protected 
aga ins t  q u a l i t y  degradation include,  bu t  a r e  not  necessar i ly  l im i t ed  t o ,  
domestic, municipal,  a g r i c u l t u r a l  and i n d u s t r i a l  supply; power 
generation; recrea t ion ;  e s t h e t i c  enjoyment ; navigat ion;  and preserva t ion  
and enhancement of f i s h ,  w i l d l i f e ,  and o ther  aqua t ic  resources  o r  
preservesff  (Porter-Cologne Water Qual i ty  Control Act, Water Code Sect ion 
13050(f)).  

The establishment of  bene f i c i a l  uses  o f  waters  o f  t h e  s t a t e  is t h e  first 
t a sk  of  water q u a l i t y  cont ro l  planning. Only a f t e r  bene f i c i a l  uses  have 
been properly i d e n t i f i e d  can appropr ia te  water q u a l i t y  ob j ec t ives  and 
o ther  con t ro l  p o l i c i e s  be  es tab l i shed .  A c l e a r  understanding o f  t h e  
s e r v i c e  each bene f i c i a l  u se  provides t o  t h e  c i t i z e n s  o f  Cal i forn ia  a l s o  
b u i l d s  a foundation f o r  weighing and balancing t h e  l e v e l s  of pro tec t ion  
needed. I n  summarizing i s s u e s  addressed dur ing  Phase I of  t h e  Ray-Delta 
hear ing,  t h i s  chapter  d i scusses  t h e  bene f i c i a l  uses ,  t h e i r  water 
requirements,  t h e i r  s a l t  to le rance ,  and, when ava i l ab l e ,  t h e i r  economic 
value. 

4.2 Estuary Water f o r  3lunicipal and Domestic Supply Purposes 

Municipal and Domestic Supply (MUW) includes es tab l i shed  uses  i n  
community o r  m i l i t a r y  water systems a s  w e l l  a s  domestic uses  from 
p r i v a t e  systems (RWQCB, 1 975) . Comnon domestic uses  of  water include 
those  f o r  s a n i t a t i o n ,  d i r e c t  consumption, food preparat ion,  landscape 
watering, arnong o t h e r s  (RWQCB, 1975). Common municipal uses  of  water 
inc lude  those  f o r  l i g h t  commercial businesses ,  r e s t au ran t s ,  parks,  etc. 
The two NUN needs a r e  continuous and r equ i r e  a dependable water supply 
(SiC,3,1). It is  s t a t e  po l icy  t h a t  domestic use  is t h e  h ighes t  u se  o f  
water (Water Code {WC) Sect ion 106). 

Delta su r f ace  waters  a r e  used t o  supply NUN needs i n  both northern and 
southern Cal i forn ia .  The q u a l i t y  o f  t he se  waters,  and the re fo re  MUN 
supp l i e s ,  depends on complex flow and s a l i n i t y  r e l a t i onsh ips  within t h e  
Estuary. When Del ta  outflow is i n s u f f i c i e n t  t o  move t h e  s a l i n i t y  
gradient  west of Chipps I s l a n d ,  t h e r e  is a p o t e n t i a l  f o r  ocean s a l i n i t y  
t o  be  drawn i n t o  t h e  De l t a ' s  i n t e r i o r  i f  r eve r se  flows a l s o  occur (see 
3.5.2.4). Sa l ine  waters  may subsequently degrade supp l i e s  taken through 
the in takes  of  t h e  Contra Costa Canal and Cl i f ton  Court (DWR,51D). 

Locations of  h i s t o r i c  MUN u se  remain much t h e  same, although t h e r e  has  
been a change i n  t h e  season and length  of  time t h a t  acceptable  water 
occurs.  Y i s t o r i c a l l y ,  t o  mi t i ga t e  adverse s a l i n i t y  condi t ions  p r i o r  t o  
t h e  ex is tence  of t h e  s t a t e  and f e d e r a l  p ro j ec t s ,  mun ic ipa l i t i e s  would 
f i l l  s t o r age  r e se rvo i r s ,  ".,.when t h e  water i n  t h e  (San Joaquin River) 
was f r e s h  t o  provide a supply t o  meet t h e  demands d u r i n g t h e  period o f  
s a l i n e  invasion.. ."  (DWR,1931). P r io r  t o  1920, i n  t h e  western Delta t h e  
:4UN water source for  Antioch became ". . . u n f i t  f o r  domestic consumption 
dur ing  p a r t  of  t h e  l a t e  summer o r  e a r l y  f a l l  months of  most years  and 
c e r t a i n l y  dur ing  dry years  a s  f a r  back a s  t h e  (eighteen)  sixties and 



sevent ies .  (DWR, 1931 1. By 1920 Antioch had a s i g n i f i c a n t  decrease i n  
t h e  period of  a v a i l a b i l i t y  of  municipal water supply from the  San 
Joaquin River. Generally, a s  upstream development increased, t h e  
pos i t ion  o f  t h e  s a l i n i t y  gradient  moved upstream. I n  most areas i n  the 
Delta ,  operat ions of  t h e  f ede ra l  and s t a t e  water p ro j ec t s  reversed t h i s  
degradation by providing addi t ional ,  sustained amounts of  water dur ing  
t h e  summer months and prolonged dry periods (T,XTTl, 151 : 5-21 ;DWF, 
84-87) . 
Present  and projected !NN water use of  Del ta  su r f ace  water is present,& 
i n  Table 4.2-1. Del ta  c i t i e s  t h a t  r e l y  on t h i s  water a r e  Antioch, 
P i t t sbu rg ,  Tracy and Oakley. P i t t s b u r g  and Oakley obta in  water supp l i e s  
from Rock Slough via t h e  Contra Costa Canal; Tracy obta ins  its supply 
from Old River via t h e  Delta-Mendota Canal. Antioch d i v e r t s  p a r t  of its 
water supply d i r e c t l y  from t h e  San Joaquin River and obta ins  p a r t  from 
t h e  Contra Costa Canal. Sacramento maintains a standby d ivers ion  
f a c i l i t y  on t h e  Sacramento River i n  t h e  Upper Del ta ,  but  normally 
d i v e r t s  from two o ther  f a c i l i t i e s  on t h e  American and  sacrament,^ r i v e r s  
upstream of  t h e  Delta. The cities of Stockton, Tracy, Rio Vis ta ,  and 
o ther  Delta communities r e l y  t o  various degrees on ground water f o r  MU11 
water suppl ies  ( SWRCB, 1 978) . 

City of  Tracy 

Antioch 

P i t t sbu rg  

Oakley County W.D. 

TABLE 4.2- 1 
MAJOR MUNICIPAL WATER DF4ANDS 

Current 1986 
Population .- -------- 
25,300 1 / 

Year 2000 
Population .- 

City of Tracy 2 3 , 0 0 0 ' ~  (1990) 

Antioch 78,900~' 

Pi t t sbu rg  59,1005/ 

Oakley County W.D. N/ A 

Current 1986 
Water Denlands ( A F )  .----- .------- .-- 

7,822'' 

Year 2000 
\later Demands (AF) .----- .----- .-- 

10,400~' (1990) 

1/ City of Tracy (CT), Exhibi t  No. 2 
2 /  CT, Exhibi t  kJo.3 
3/ Contra Costa GIater D i s t r i c t  (CGJD), Exhibit  No. 7 
4/ CCWD, Exhibit  No. 25 
5/ CCWD, Exhibit  No. 24 



4 .3  I n d u s t r i a l  Rcneficial  Ilscs 

11.3.1 lndust , r ia l  IJse Comprjscs Three Separat'e Beneficial Uses: 

0 i n d u s t r i a l  Service Supply (IND) "includes uses  which do not  
depend pr imari ly  on water q u a l i t y  such a s  mining, cool ing  wat.er 
supply, hydrau l ic  conveyance, g a v e l  washing, f i r e  p ro tec t ion ,  
and o i l  w e l l  repressurizat ion".  

e I n d u s t r i a l  Process Supply (PROC) "includes process water supply 
and a l l  uses  r e l a t e d  t o  t h e  manufacturing o f  products". 

e Hydroelectr ic  Power Generation (POW) I t i s  t h a t  supply used f o r  
hydropower generation1' (RWQCB, 5,1975). 

Very l i t t l e  information on Ehy-Delta i n d u s t r i a l  use was presented 
i n  Phase I o f  t h e  hearing. Two Bay-Delta i n d u s t r i e s ,  Fibreboard and 
She l l  O i l  Company, presented testimony, but  no exh ib i t s .  Contra 
Costa Water D i s t r i c t  ( 0 )  and DWR presented e x h i b i t s  and 
testimony, but  of  a l im i t ed  scope. SWRCB presented t h e  
"Environmental Impact Report f o r  t h e  Water Quality Control Plan and 
Water Right Decision, Sacramento-San Joaquin Delta and Suisun Marshn 
(D-1485 EIR) . This  document was prepared f o r  t h e  D-1485 hearings 
and conta ins  more extensive,  but  possibly out-of-date information on 
hy-Del ta  i n d u s t r i a l  use. 

Water use i n  1975 of  11 major i n d u s t r i e s  u s ing  a t  l e a s t  50,000 
ga l lons  per day is summarized i n  Table 4.3-1. Water de l ivered  from 
t h e  Contra Costa Canal t o  major i n d u s t r i a l  water u s e r s  i n  t h e  Del ta  
t o t a l e d  22,733 acre-feet  i n  1985 and 15,519 acre-feet  i n  1986 
(CCWD,26). 

4.3.2 Antioch-Pittsburg Area 

%st of t h e  i n d u s t r i e s  t h a t  depend upon Bay-Delta su r f ace  waters  
a r e  i n  t h e  Antioch-Pittsburg area.  These i n d u s t r i e s  depend almost 
exclusively f o r  t h e i r  water supp l i e s  on t h r e e  pos s ib l e  sources: 

o Water pumped by t h e  i n d u s t r i e s  d i r e c t l y  from t h e  San Joaquin 
River o r  New York Slough. 

o Untreated water purchased from CCWD and conveyed from Rock Slough 
v ia  t h e  Contra Costa Canal o r ,  i n  t h e  P i t t s b u r g  a rea ,  pumped 
from Mallard Slough a t  t h e  D i s t r i c t ' s  pumping p l an t .  

o Treated water purchased from municipal purveyors who obta in  t h e i r  
water from t h e  Contra Costa Canal o r ,  i n  t h e  case  of  Antioch, 
from e i t h e r  Contra Costa Canal o r  a San Joaquin River d ivers ion .  

Tne Pac i f i c  Gas and E l e c t r i c  Company (PG&E) powerplants a t  both 
Antioch and P i t t s b u r g  use  l a r g e  q u a n t i t i e s  o f  water f o r  once-through 
cool ing.  These uses  a r e  not  a f f ec t ed  s u b s t a n t i a l l y  by s a l i n i t y  
changes. PGhE d id  not  provide information concerning Bay-Delta 
i n d u s t r i a l  water use  i n  Phase I of t he  hear ing,  nor d id  they 
p a r t i c i p a t e  i n  t h e  D-1485 hearing. 



Table 4.3-1 
Industrial Water Use Sumrer - 1975 

(acre-feet per yearr 

Uater Source 

Industr ial Off shore G r o v d  E? Munici 1 
Water User Location Product Water Use D~versions Water S U P P ~  Total 

Antioch 

Antioch 

Pulp and 
Paper 
Products 

T m t o  
Products 

Boiler 
Cooling 
Process 
Total 

Boi l e r  
Cooling 
Process 
Total 

Hiclrmott 
Cemi ng 

lta i ser 
GYPSM 

Ant ioch Ual [board ZtTL 
Process 
Total 

Anti och Electr ic Boiler 
p e r  Cooling 1,106,000 

Process 
Total 1,106,000 

Col l i e r  Pittsburg Amnoniun Boiler 
Carbon and Phos ate 

Pert f i izers 
Cooling 

Chemical Process 
Total 

Dou Chemical Pi  ttsburg Carmercial Boiler 
Chemicals Cooling 

Process 
Total 

Johns-Mami 1 l e  Pi ttsburg Roofing 
paper 

Boiier 
Cooling 
Process 
Total 

Pittsburg Electr ic Boiler 
Cooling 
Process 
Total 

U.S. Steel Pi ttsburg Steel Products Boiler 
Cooling 
Process 
Total 

bj Ibis; 
'Note: Parentheses indicate assuned Creakdovn of uater use where Industry c w l d  not furnish these data. 
Source: Enyironmental Impact Report for the Water Quality Control Plan, August 1978 and Water Decision, Sacto-SanJaequin Delta 8 

Suisun Marsh, pg. I 11-149. 



14.3.3 Other Indust r ies  

Other Cay-Delta indust r ies  located outside t h e  Ant.ioch-Pittsburg 
area include: Shell  O i l  Company i n  Martinez which obtains most of 
its water slipply from the  Contra Cost,a Canal (T,IX,41:11-14); and 
three  indust r ies  near Tracy, H. J. Heinz Company, Laprino Cheese and 
Laura Scudders, which obtain t h e i r  water supply from the  DMC o r  
local  ground water supplies  (T, JX, 11 :4-12;T,IX,21: 21-25). 

Gaylord Cont.ainers Corporation recycles wastepaper a t  a m i l l  on the  
south shore of the  San Joaquin River. In 1975, approximately 12.5 
million gallons per day (MGD) of water pumped d i r e c t l y  from t h e  San 
Joaquin River o r  purchased from CCWD were required f o r  processing 
and cooling i n  t h e  manufacture of several  grades of paper t h a t  a r e  
converted irlto corrugated boxes, paper towels, etc .  

Because canned goods can corrode when l e f t  i n  contact with 
linerboard of corrugated boxes containing more than 500 ppm sodium 
chloride, process water f o r  the  manufacture of boxes is kept below 
150 ppnl chloride (T,VT,92:25-9?:6). 

Fibreboard Louisiana-Pacific, a l a rge  k r a f t  paper m i l l  located on 
the  south shore of the  San Joaquin River approximately f i v e  miles 
eas t  of Antioch, produces linerboard, corrugating medium, and f i b e r  
board from wood chips (hearing for  D-1485,RT,Vol.XVII,p. 135). 
Unlike the  nearby Gaylord Container M i l l ,  Fibreboard's predominant 
raw material is pulp produced from wood chips. Fibreboard presented 
the  only evidence supporting the  need f o r  process water with not 
more than 150 ppm chloride fo r  the  production of linerboard 
(T,IV,92:25-93:6;T,IX75:23,81:23). R witness f o r  Contra Costa 
Water D i s t r i c t ,  however, s ta ted  t h a t  a standard of 250 ppm chloride 
year-round would be adequate (T,vT,97:22,25). 

Fibreboard has two main sources of water, d i r e c t  pumping from the  
San Joaquin River and CCWD. When the  ch lo r in i ty  i n  the  San 
Joaquin River supply is higher than 150 p p ,  a p a r t i a l  supply of 
water is purchased from 0; when t h e  ch lo r in i ty  l eve l  reaches 250 
ppm, the  e n t i r e  supply is taken from the  Contra Costa Canal 
(T,IX,77:23-78:6). A t h i r d ,  r e l a t ive ly  minor source is ground water 
from two wells  t h a t  provide between 500,000 and 800,000 gallons per 
day. 

Dow Chemical Company did not present information on current  water 
requirements during t h e  hearing, but information was introduced in  
the  D-1455 EIR.  The Dow Chemical p lant ,  located on New York Slough 
between the  c i t i e s  of Antioch and Pit tsburg,  d ive r t s  from New York 
Slough fo r  cooling and process waters (hearing f o r  D-1485, c i t i n g  
Decision 1379, RT Vol. XXXI, pp. 3292-3371; Dow Exhibit 502). An 
a l t e rna te  water supply from t h e  Contra Costa Canal was avai lable  f o r  
" c r i t i c a l  water usev when the  offshore supply exceeded a chloride 
concentration of 160 ppm. 



U.S. S tee l  presented testimony i n  1970 regarding water use a t  i ts  
steel processing f a c i l i t i e s  located on t h e  south shore of New York 
Slough between Pi t t sburg  and Antioch (hearing f o r  D-1485, pg. TTI- 
160). Water was diverted from New York Slough f o r  cooling uses and, 
seasonally, f o r  process water i n  the  Wire M i l l .  Contra Costa Canal 
water was used f o r  process water i n  the  Sheet and Tin M i l l ,  t h e  
Morgan Rod M i l l ,  t he  Pipe M i l l ,  and f o r  bo i l e r  feed water supply 
(hearing preceding D-1485; hearing preceding Decision 1379, RT, 
Vol. XXX, pp. 3175-3246). Table 4.3-1 shows t h a t  i n  1975 U.S. Stee l  
used 11,500 acre-feet of water from the  Contra Costa Canal and c i t y  
supplies  . 
Johns-Flanville Products Corporation presented testimony i n  1970 
concerning water use a t  its plant  located on New York Slough i n  t h e  
City of Pi t t sburg  (hearing f o r  D-1485, c i t i n g  Decision 1179, RT 
Vol. 28, pp. 3098-3140). New York Slougl? provided t h e  e n t i r e  water 
supply u n t i l  ch lo r in i ty  l i m i t s  were reached, a t  which point  an 
a l t e r n a t e  supply purchased from the  City of Pi t t sburg  was then used 
fo r  the  boi ler  feed water and paper m i l l  (see Table [!..3-1). 

Shell  O i l  Company operates an o i l  re f inery  on the  sout'n bank of 
Suisun Bay near Martinez, next t o  t h e  Benicia Bridge. Though no 
water is incorporated d i r e c t l y  i n  the  r e f i n e r i e s  products, water is 
important i n  t h e  r e f in ing  process. Large quan t i t i e s  a r e  used f o r  
cooling, steam generation, pumps and compressors, and t o  heat  
r e f in ing  processes (T, I X ,  42: 15-1 9). The ref  ineryl  s main products 
a r e  approximately f i v e  mil l ion gallons per day of gasoline, jet and 
d iese l  fue l  (T, I X ,  41 : 22-25). The f a c i l i t y  has 850 company employees 
and 300 contract  employees, with a current  annual company payroll  of 
$38 mil l ion,  and an annual contract  payroll  of $18 mil l ion 
(T,IX,42:3-5). 

Shel l  O i l  Ccanpanyls source of  water supply is the  Contra Costa 
Canal terminating i n  Martinez. Annual water consumption in  1986 was 
approximately 10,000 acre-feet,  with an average consumption r a t e  of 
approximately 6,200 gallons per minute (gpm) and a peak consumpt,ion 
r a t e  of approximately 9,060 gpm. Of the  average use r a t e  of 6,200 
gpm, about 2,500 gpm is used f o r  preparing boi ler  feed water, and 
3,000 gpm for  cooling water. The balance is used f o r  pad and 
equipment washdown, landscape i r r i g a t i o n  and other miscellaneous 
uses (T,IX,42:20-25;T,IX,43:1-10). Shell  O i l  Company's major 
concern is the  r e l i a b i l i t y  of t h e i r  water supply (T,IX,46:12-11). 

4.4 Estuary Agriculture Beneficial Uses 

4.4.1 Delta Agriculture 

About three-quarters of the  Delta land area (515,000 acres)  is 
farmed with water from the  channels and sloughs adjacent t o  each 
individual Island i n  the  Delta (DWR,304). There is not a water 
supply problem i n  the  ag r i cu l tu ra l  waters affected by t i d a l  
act ions.  Most channels i n  the  Delta have su f f i c i en t  volunle t o  
supply agr icul tura l  water needs even a t  low t i d a l  stages. However, 
water l eve l s  in  some iso la ted  channels i n  the southern Delta a r e  
affected by drawdown caused by t,hc s t a t c  and federal p ~ i m p i n ~  
plants  (T,XiI1,23(3:17-233:10). 



Soils in the Dclta f a l l  ger~cral ly i n t o  two categories,  organic and 
mineral. Farmed organic s o i l s  cons t i tu te  68 percent of  t h e  t o t a l  
cropped area and mineral s o i l s  t h e  remaining 32 percent. Organic 
s o i l s  a r e  usually found i n  the  Delta lowlands, t h a t  is t h e  land 
area below an elevation of 45 f e e t  mean sea level .  Delta uplands 
a r e  those areas  above +5 f e e t  mean sea level .  Mineral s o i l s  a r e  
found i n  both t h e  Delta lowlands and uplands. 

4.4.1.1 Delta Organic So i l s  

The Delta organic s o i l s  were formed through t h e  biochemical 
breakdown of marsh p lants  and grasses t h a t  existed pr ior  t o  t h e  
development of t h e  present levee system. The amount of  organic 
s o i l s  i n  the  Delta is constantly being reduced because of 
continuing decomposition and oxidation from both natura l  
processes and farm pract izes.  A s  a r e s u l t ,  t h e  lowland Delta 
i s lands  a r e  s inking a t  t h e  r a t e  of one t o  th ree  inches per year 
and the  ac tual  acreage of  t h e  organic s o i l s  is  a l s o  being 
reduced (T,LV, 82:20-25). 

The high permeability of organic s o i l s  and t h e i r  low surface 
elevation compared t o  surrounding waterways produces high ground 
water t a b l e  conditions. The high ground water t ab le ,  along with 
problems associated with uneven decomposition and settlement of 
organic soils,makes subi r r iga t ion  t h e  primary method of water 
applicat ion f o r  crop production. Subirr igat ion is  t h e  del ivery 
of water t o  plant  roots  by cap i l l a ry  act ion from the  underlying 
saturated s o i l  s t r a t a .  This form of i r r i g a t i o n ,  however, must 
be t i e d  t o  a winter leaching program t o  remove s a l t s  accumulated 
i n  t h e  root  zone. I n  t h e  organic, sub-irrigated s o i l s ,  t h e  
s a l t s  a r e  brought i n t o  t h e  soil column from beneath t h e  p lan t  
roots.  The shallow water t a b l e  prevents downward leaching of 
these s a l t s  a f t e r  the  i r r iga t ion  has been completed. To lower 
t h e  high l eve l  of ground water and provide adequate drainage, 
water must be pumped from beneath the  s o i l  p r o f i l e  of t h e  
lowlying Delta i s lands  and discharged i n t o  t h e  adjoining 
waterways . 

4.4.1.2 Delta Mineral So i l s  

Delta mineral s o i l s  were formed through deposition of sands and 
minerals eroded from the  Sier ra  Nevada by various streams 
t r ibu ta ry  t o  bhe Delta. These s o i l s  a r e  generally found i n  t h e  
Delta uplands. Since subi r r iga t ion  is not prac t icable  i n  t h e  
mineral s o i l s ,  water is applied t o  the  s o i l  surface,  usually 
through furrow, spr inkler ,  o r  flood i r r iga t ion .  Leaching of the  
s o i l s  is a l s o  required along with occasional changes i n  cropping 
pat terns.  Unlike subi r r iga t ion  of  organic s o i l s ,  i n  the  
mineral, surface-irrigated s o i l s ,  t he  s a l t s  a r e  brought i n t o  the  
s o i l  column from above with t h e  i r r i g a t i o n  water. Excess s a l t s  
a r e  then removed a t  the  end of the  i r r iga t ion  season by applying 
i r r i g a t i o n  water t o  f lush  t h e  s a l t  i n to  t h e  lower ground water 
table.  Some leaching may a l s o  be accomplished with winter 
r a i n f a l l .  



4.4.1.3 Crop Production 

Crop production information was presented by DWR f o r  t h e  Delta 
lowlands and uplands (DWR,304). Corn was t h e  predominant crop 
grown i n  the  Delta during t h e  period 1977-84, accounting f o r  
25.8 percent of t h e  t o t a l  acreage (Table 4.4.1.3-1). Grain is 
grown on an addit ional  21.5 percent of t h e  acreage, followed by 
tomatoes, a l f a l f a  and mixed pasture; other  crops such a s  sugar 
beets,  deciduous trees and safflower account f o r  the  majority of 
t h e  remainder. Crops and l ivestock production i n  the  Delta has 
a gross s a l e  value of approximately $500 mil l ion (Table 
4.4.1.3-21, with f i e l d  and truck crops making up 57 pepcent 
of t h a t  t o t a l .  

TABLE 4.4.1.3-2 
ECONOMIC VALUE OF DELTA CROPS AND LIVESTOCK 

Gross Value De1t.e Area 
Lowland Upland Total 

A g i c u l t u r a l  Category ($ Million) .- ................................................. 
Field Crops 100.4 67.2 167.5 
Truck Crops 76.9 34.6 111.5 
Tree F r u i t ,  Nut & Vine 25.1 18.2 41.2 
Seed & Nursery 7.9 1.8 9.7 
Livest40ck 

TOTAL 

4.4.1.4 Sa l in i ty  Tolerance 

A major question t o  be addressed i n  s e t t i n g  s a l i n i t y  standards 
f o r  agr icul ture  is, "What is the  s a l t  tolerance of t h e  crops 
grown in  t h e  Delta?" Several pa r t i e s  presented information on 
t h i s  topic  (DWR, 327,328; CCWD,5O; SDWA, 105,109,117; 
SWRCB,22,23,26). Table 4.4.1.4-1 presents selected information 
concerning s a l t  threshold and y ie ld  l eve l s  f o r  sens i t ive  and 
moderately sens i t ive  crops (DWR 328). The s a l t  threshold fo r  a 
pa r t i cu la r  crop is t h e  l eve l  below which no l o s s  i n  y i e l d  is 
experienced due t o  s o i l  s a l t  conditions. 



TABLE 4.4.1.3-1 
1977 t o  1984 CROP ACREAGES AND PERCENTAGES* 

FOR THE SACRAMENTO-SAN JOAQUIN DELTA 
FROM DWR 304 

Lowlands & 
Crop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Up1 ands Lowlands U lands 

ac. % ac. % ac . % 

Field Corn 
Grain 
Tomatoes 
Alfalfa 
Mixed Pastur 
Sugar Beets 
Deciduous 
Safflower 
Asparagus 
Beans 
Sunflower 
Vineyard 
Sor &urn 
Cole Crops 
Melons 
Sudan 
Potatoes 
Rice 
Native Pasture 
Misc. Truck 
Lettuce 
Onions 
Misc, Field 
Clover 
Carrots 
Peppers 
~ u r s e r ~  60 0.0 --------------------------- 

TOTAL 515,000 100.0 

"Percentages computed by S t a t e  Board s t a f f  



Sensit ive C r o ~  .-------- 

Beans 
Onions 

Moderately Sens i t ive  C r o ~  .------------------- 

TABLE 4.4.1.4-1 
DELTA SERVICE AREA 

CROP SALT SENSITIVITY 
(DWR, 328 

F r u i t s  & Nuts 
Almonds 
Apricots 
Peaches 
Grapes 

Corn 
Corn (subi r r iga ted ,  organic s o i l )  

Potatoes 
Miscellaneous 

Truck Crops 
Carrots 
Lettuce 
Cabbage 
Broccoli 

Alfalfa 
Tomatoes 
Sudan 
Rice 

S a l t  Sens i t iv i ty  
(Crop S a l t  Sens i t iv i ty)  .-_-I-----I--------- 
Thres old Loss i n  Yield per 

ECe '/ Unit Increase in  ECe 
ds/m Beyond Threshold 

ECe means E lec t r i ca l  Conductance of the  s o i l  sa tura t ion  ex t rac t ,  reported 
a s  deci Siemens per meter (ds/rn). 

2/ This tolerance of corn shown is f o r  corn grown on a mineral s o i l  using 
conventional methods of  surface i r r i g a t i o n  (furrow o r  spr inklers) .  The 
Delta corn t r i a l s  (reported by Hoffman, et a l . ,  1983) indicate a corn 
tolerance a l i t t l e  higher fo r  corn grown on the  Delta peat under 
subirr igat ion.  I t  is reported t o  be E C e 2 . 1  ds/m, o r  23% higher. This is 
probably due t o  the  higher water content of  t h e  peat. The usual tolerance 
( f o r  mineral s o i l s )  can be multiplied by a fac tor  of 1.23 t o  obtain 
tolerance of  s imi lar  crops grown on subi r r iga ted  so i l s .  



4.4.2 Bay A ~ i c u l t u r c  

Very l i t t l e  information was presented i n  t h e  hear ing  sess ions  on 
ag r i cu l tu re ,  as a benef ic ia l  use,  ou t s ide  of t h e  l e g a l  limits of t h e  
Delta but  within t h e  boundary of San Francisco Bay. Contra Costa 
Water D i s t r i c t  presented records showing crop production f o r  t h e i r  
d i s t r i c t  (CCMD, 48) (Table 4.4.2-1 1. 

TABLE 4.4.2-1 --CROPS PRODUCED I N  CONTRA COSTA WATER DISTRICT, 1986 

Crop ---- Acres 

Corn 
Alfa l fa  
I r r i g a t e d  Pasture 
Other miscellaneous 

fie1-d crops 
Apricots 
Grapes8 
Almonds * 
Walnuts 

" Not i r r i g a t e d  in  1986 

4.5 Estuary Fishery Habitat  Beneficial  Uses 

The f i she ry  resources of t h e  Estuary depend on its complex ecosystem 
f o r  a va r i e ty  of purposes dur ing  d i f f e r e n t  l i f e  s t ages  and i n  d i f f e r e n t  
seasons and water year types. The Estuary provides h a b i t a t  f o r  c lo se  to 
150 f i s h  spec ies  and a vast aquat ic  food web of i nve r t eb ra t e s ,  inc luding  
s h e l l f i s h  and crustacean,  and planktonic organisms. The f i she ry  
provides valuable resources f o r  many o the r  t e r r e s t r i a l  and aquat ic  
w i l d l i f e  spec ies  a s  w e l l .  

The r e l a t i onsh ip  of f i s h e r y  h a b i t a t  requirements t o  water q u a l i t y  has  
been documented f o r  r e l a t i v e l y  f e w  species .  Studies  normally focus on 
important commercial and recrea t iona l  spec ies  such a s  Bay shrimp, 
Dungeness crab,  Chinook salmon, s t r i p e d  bass ,  and American shad, among 
o thers .  There is s t i l l  a grea t  dea l  of debate  about t h e  r e l a t i onsh ip  
between water qua l i t y  and quant i ty  and t h e  changes i n  f i s h e r y  resources 
even f o r  t h e  well  s tudied species .  

Beneficial  uses  of t h e  Estuary 's  f i s h e r y  comprise four  major ca tegor ies  
i n  t h e  cu r r en t  Water Qua l i t y  Control Plans (Basin Plans) f o r  t h e  
San Francisco and Central  Valley Regional Water Quality Control Eoards, 
Regions 2 and 5, respect ively.  These are:  

e Freshwater Habitat  -- which provides h a b i t a t  t o  s u s t a i n  aquat ic  
resources f o r  cold water (COLD) and wan1 water (VARM) species .  

e Fish  Migration (MIGR) -- which provides a migration rou te  and 
temporary aquat ic  environment fo r  anadron~ous and o ther  f i s h  species.  
This bene f i c i a l  use  i s  a l s o  subdivided f o r  warm and cold water 
species .  

e Fish  Spawning (SPdN) -- which provides a high q u a l i t y  aquat ic  h a b i t a t  
s u i t a b l e  f o r  f i s h  spawning. 



s Preservation of  Rare and Endangered Species (RARE) -- which provides 
an aquat ic  h a b i t a t  necessary, a t  l e a s t  i n  p a r t ,  f o r  t h e  su rv iva l  of 
c e r t a i n  spec ies  es tab l i shed  a s  being r a r e  and endangered. 

The following sec t ions  4.5.1-4.5.2.3 s m a r i z e  a v a i l a b l e  information on 
t h e  f i she ry  bene f i c i a l  uses  of  t h e  Estuary, inc luding  inver tebra tes .  
There a r e  two major subdivisions: Section 4.5.1 d iscusses  f i she ry  
h a b i t a t  benef ic ia l  uses  f o r  spec ies  mostly u s ing  freshwater h a b i t a t  ; 
Section 4.5.2 d iscusses  those which mostly use  e s tua r ine  habit.&. The 
information presented i n  t h i s  chapter w i l l  be  used i n  Chapters 5 and 7 
t o  determine what l e v e l s  o f  protect ion a r e  optimal and reasonable f o r  
t he  f i s h e r y  h a b i t a t  i n  t h e  B a y a e l t a  Estuary. 

4.5.1 Delta Habitat  

This  sec t ion  cons iders  t h e  h a b i t a t  f o r  spec ies  t h a t  pr imar i ly  u se  
t h e  freshwater of  t he  Delta.  Suisun Bay and t h e  o ther  lower 
e s tua r ine  a reas  (San Pablo, San Francisco and South bays) a r e  
discussed i n  Sect ion 4.5.2. . 

4.5.1 . 1  Phytoplankton and Zooplankton 

The importance of phytoplankton and zooplankton ( inc luding  t h e  
opossum shrimp 9 Neomysis . mercedis) ,- -,-, - a s  t h e  b a s i s  f o r  t h e  
food chain of  f i s h  and l a r g e r  i nve r t eb ra t e s  was discussed a t  
l ength  i n  Phase I o f  hearing record (see, f o r  example, 
DFG,28,14; T,XXXIX, 15: 16-19,28: 13-29: 14,70: 19-71: 8;T,XLT:,52: 
19-53: 5,59: 1-41. The young of s t r i p e d  bass  and o ther  game f i s h ,  
and a l l  l i f e  s t ages  o f  forage f i s h ,  feed on zooplankton and 
Neomysis (DFG,28,1), which i n  t u r n  feed on smaller  
.-me--- 

zooplankton and phytoplankton (DFG, 28,111 ). Phytoplankt,on 
abundance is i t s e l f  dependent on l i g h t ,  f low, s a l i n i t y  and 
nu t r i en t s .  The complex in t e rac t ions  of  t hese  components a r e  
discussed i n  t h e  hearing record. 

While phytoplankton and zooplankton i n  t h e  Delta food chain a r e  
undoubtedly important, t h e  evidence presented is not  
s u f f i c i e n t l y  d e f i n i t i v e  t o  develop s p e c i f i c  ob jec t ives  f o r  t h e  
pro tec t ion  o f  phytoplankton o r  zooplankton. A va r i e ty  of  
f a c t o r s  have l e d  t o  t h i s  conclusion: 

Changes i n  t he  Delts 

There have been extensive changes i n  recent  years  i n  t he  
Delta  a r ea ,  t h e  e f f e c t s  of which a r e  poorly understood. 
These changes include: ( 1 )  t h e  introduct ion of t h e  Asian 
copepod, Sinocalanus d o e r r i i ,  and its apparent 
displacement of t h e  na t ive  copepod, Eurytemora a f f i n i s  
from t h e  c e n t r a l  Del ta  area (DFG,28,25=2'm{-E).-c'h'anFs i n  
phytoplankton bloom pa t t e rns  i n  t h e  Delta ,  with the 
appearance of dense bloonls of t h e  chain diatom, fle_osi~- 
(DFG,28,14-19); (3)  changes in  Delta outflow, s a l i n i t y  and 
r a t e  of exports  (DFG,20,22-25); and ( 4 )  increases  i n  r e l e ~ s e s  
of water from New Melones Reservoir f o r  inter im improvement, 
of southern De1t.a water q u a l i t y  (T,Mr,21:1-9). 



0 Limitations on Data and Analysis 

Limited avai lable  data precluded c r i t i c a l  analyses needed t o  
evaluate potent ia l  flow and s a l i n i t y  objec t ives  t o  protec t  
these  benef ic ia l  uses. For example, almost no data were 
presented from the  19601s, p r io r  t o  the  operation of  t h e  WP; 
thus t h e  e f f e c t s  of increased export operations could not be 
analyzed. Data presented by DFG (Exhibit 28) tended t o  lump 
data  i n t o  pre-drought ( 1 969-1 975) and post-drought ( 1 978- 
1985) periods, even though they noted t h a t  some of t h e  
changes discussed i n  t h e  post-drought period began to occur 
pr ior  t o  the  1976-1 977 drought (DFG, 28,16,31). I n  addit ion,  
much of  t h e  da ta  was presented a s  March-November averages, 
which tended t o  prohibi t  in terpre ta t ion  of  t h e  da ta  during 
c r i t i c a l  periods of t h e  year,  such a s  t h e  spr ing  spawning 
period f o r  s t r iped bass. Data averaged i n  t h i s  way reduced 
t h e  usefulness of t h e  evidence fo r  t h e  purpose of  s e t t i n g  
object ives.  

e Absence of  Def in i t ive  Relationships 

Limits on data col lec t ion  design and data  in terpre ta t ion  
prevented development of d e f i n i t i v e  re la t ionships  among data 
sets. For example, USBR t e s t i f i e d  t h a t  t h e  phytoplankton 
data they collected were not used t o  make connections with 
other  p a r t s  of t h e  food chain (T,LXII,109:7-18). The DFG 
presentat ions on the  re la t ionship  between chlorophyll a 
l e v e l s  and abundance of  various zooplankton used t h e  ~ z r c h -  
November average abundance l e v e l s  f o r  both fac to r s  (DFG,28,61- 
74). However, i n  most years, bloams occur f o r  only a small 
port ion of  t h i s  nine-month period. Therefore, t h e  effects of 
blooms on zooplankton abundance, an important concept i n  much ----- 
of t h e  discussion, is l o s t  because t h e  long-term average 
chlorophyll a is a t  background o r  non-bloom l e v e l s  ( < I 0  
1 seasonal and geographic differences a r e  a l s o  obscured 
because only one data point  is presented f o r  each year. 

For these  reasons, no object ives a r e  proposed spec i f i ca l ly  
f o r  the  protect ion of phytoplankton o r  zooplankton i n  the  
Delta. It is anticipated,  however, t h a t  t h e  object ives 
proposed f o r  the  protection of other  benef ic ia l  uses may 
provide subs tant ia l  protection fo r  these  aquatic  resources as 
w e l l .  

.Should addit ional  evidence indica te  t h a t  these aquatic 
resources a r e  not being protected, and t h e  evidence is 
s u f f i c i e n t l y  d e f i n i t i v e  t o  propose object ives,  t h i s  i s sue  may 
be reexamined a t  a l a t e r  date. 



4.5.1.2 Chinook Salmon 

Races and Migration 

Chinook, o r  king salmon, Onchorhynchus tshawytscha, .----------- .-------- 
is a nat ive,  coldwater, anadromous species of ma.%%- 
commercial and recrea t ional  importance i n  ~ a l i f o r n i a .  The 
t o t a l  annual spor t  and comnercial harvest of  chinook salmon 
produced i n  the  Central Valley s ince  1957 averages over 
400,000 f i sh .  The es tuar ine  g i l l  ne t  f i shery  f o r  salmon was 
outlawed i n  1957. Since then the  ocean commercial t r o l l  
harvest of Central Valley salmon has averaged about 324,000 
f i s h ,  approximately 57 percent of a l l  Chinook harvested i n  
California. The ocean recrea t ional  catch has averaged 
c lose  t o  60,000 f i s h  and t h e  inland spor t  harvest is 
estimated t o  be about 35,000 f i s h  (USFWS, 31,103,176- 
179;DWR, 56,57-59). 

Adult Chinook salmon migrate through t h e  Estuary from t h e  
ocean t o  spawning areas i n  t h e  upper Sacramento-San Joaquin 
River basins. Four races,  a l l  believed t o  be genet ica l ly  
d i s t i n c t  (USFWS,31,109), spawn i n  t h e  upper Sacramento Basin 
(USFWS, 29,4). Each race  is named fo r  t h e  time of  year when 
the upstream migration (run) occurs. There a r e  f a l l ,  la te-  
f a l l ,  winter and spr ing  runs. Because the  spawning runs of  
t h e  four races  overlap i n  t h e  upper Sacramento River, a l l  
l i f e  s tages  may be found i n  a l l  months ( see Figure 4.5.1.2- 
1 ) .  The occurrence of  four races of Chinook salmon i n  a 
s i n g l e  r i v e r  basin is unique i n  t h e  United S ta tes  
(T, XXXV, 16: 24-1 7: 1 1. 

The f a l l  race,  comprising 90 percent of a l l  Chinook spawning 
i n  t h e  Central Valley, migrates upstream from about l a t e  July 
through December (USFWS, 29,5). Smaller populations of l a t e -  
f a l l ,  winter ,  and spr ing  run f i s h  spawn i n  t h e  upper 
Sacramento River (see Figure 4.5.1.2-2). The winter run was 
formerly t h e  second l a r g e s t  but  today is t h e  smallest 
(T,XXXV,22:6-14); it is now under consideration a s  a 
candidate f o r  endangered species s t a tus .  The Sacramento 
River and its t r i b u t a r i e s  produce 80 percent of a l l  Central 
Valley Chinook salmon (USFWS, 31, l )  with almost 20 percent 
contributed by the  San Joaquin River Basin i n  some years 
(DFG, 15,Appendix 1 ) .  

Prior  t o  t h e  closure of Fr iant  dam on the  San Joaquin River, 
there  was a spr ing  run i n  t h e  upper r i v e r  (DFG,15,8). Today, 
only t h e  f a l l  run spawns i n  t h e  Merced, Tuolumne and 
Stanislaus r i v e r s  (DFG,15,4). There a r e  a l s o  m a l l  runs i n  
t h e  Mokelumne and Cosunnes Rivers (,WRCB,435,35). 



RGURE 451.2-1 Tbnlng of l e  histoly stages for the fwr races of Chlnodc 
sahnon in the Sammento River Besln (after USFWS, 295, Figure 2) 



FIGURE 4.5.1.2-2 Spawning escapement of the four races of Chinook salmon 
in the Upper Sacramento River Basin 

(after USFWS, 29, 7-10, Figures 3-6) 
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Tht-: dt:vc-.lopaent,al s tages and habi ta t  requirmynents f o r  each 
s tage  a r e  generally the  same for  the  four races of Chinook 
salmon in t h e  Central Valley. However, the  d i f fe ren t  l i f e  
s tages use d i f fe ren t  locat ions and require d i f fe ren t  habi ta t  
conditions a s  they develop within the  Sacramento-San Joaquin 
River basins. The water qual i ty  and habi ta t  requirements of 
each l i f e  s tage ,  t h e i r  locat ion and duration a r e  shown i n  
Table 4.5.1.2-1. 

Chinook salnlon dre a cold water species. Water temperatures 
below 60% are  required f o r  spawning and the  survival  and 
growth of eggs and f r y  (USFWS,29,4; USFWS, 31,4;T, XXXV, 43: 6- 
8). The virulence of many diseases a f fec t ing  Chinook salmon 
is reduced when temperatures a r e  below 60% (USFWS,29,23). 
Juvenile emigrants (smolts) can t o l e r a t e  water temperatures 
somewhat higher than ~Q'F but above about 65% a variety 
of stress e f f e c t s  occur (DWR, 562,3; DWR, 563 1-3; USFWS, 31,4; 
DFG, 15,23-27). A t  temperatures of about 68% o r  more, 
srlolts a r e  highly stressed (DFG, 15,2526) ; 76% is  l e t h a l  
(usn~s ,31 ,42) .  

Most natura l ly  spawning Chinook salmon typica l ly  re turn  t o  
the  stream where they hatched (hame stream) a t  th ree  years of 
age (DFG, 15,101 (two and one-half years a f t e r  t h e i r  m o l t  
migrating) o r  more. During the  upstream migration, adul ts  
depend on sensing the  chemical con~position of the  water f o r  
olfactory cues acquired during t h e i r  juvenile emigration. 
Downstream flows of home stream water a r e  necessary f o r  
successful spawning migration. If these  flows a r e  inadequate 
o r  have been diverted,  migration delays can occur (USFWS, 
31,941. 

Adults follow the  s a l i n i t y  gradient to  the  western Delta. 
Peak numbers of adul t  migrants, from the  f a l l ,  l a t e  f a l l ,  and 
winter runs move through t h e  Estuary from October t o  February 
(USRiS, 31, 93). However, because t h e  spawning runs overlap, 
adul ts  can be found in  the  Estuary during the  entire year. 
I n  t.he western Delta, stocks from the  two major r i v e r  basins 
diverge. Most of the  San Joaquin River f i s h  follow the 
mainstem of the  San Joaquin River i n t o  the  t r i b u t a r i e s  
although some use Old and Middle r i v e r s  (USFWS, 31, 93). 
Yost Sacramento River Basin Chinook a r e  thought t o  use the  
matnsten, though some t r ave l  through the  Central Delta via 
t.he lower forks of the  Mokelumne River (USFWS 3 1, 93) . 
Spawning, incubation and ea r ly  rear ing  take place primarily 
upstream of the  Delta. However, some f r y  a l so  rea r  a l s o  
takes place in  the  Estuary. \bile rearing,  young salmon feed 
f o r  about two months o r  more on a d i e t  of aquatic and 
t e r r e s t r i a l  insec ts  and zooplankton (rJSFWS,29,4;USFWS,31,14; 
SWRCB, 450,511). Peak f r y  abundance occurs in  the  Delta in  
February and March (USFWS,31,7). A s  they grow and move i n t o  
the  Estuary, Neomysis ------- (opossum shrimp), .--- Corophium ---- (an 
alphi  pod) and Crangon (Bay shrimp become important prey 
i t m ~ s  ( SWRCB, 473,-ii37. 



Table 4.5.1.2-1--Chinook Salmon Environmental Requirements and L i fe  History Stages 

L i fe  Stage Location Duration ( race)  Flow Water Ouality Other ---------------------------------------------------------- ---------- 
Adult Pacif ic  Ocean July-Dec ( f a l l )  Adequate flow Tem e ra tu re  

I 4 i  grat ion Bay-Delta t o  Oct-Mar ( l a t e  f a l l )  of home stream <6 8 
upstream water t o  loca te  

s, 
Dissolved oxygen 

Jan-June (winter) spawning grounds - >5mg/l 
mid Mar-Aug (spring) and cover redds marine to 

freshwater 

Spawning Upper reaches Oct-mid Jan ( f a l l )  S table  flow without Temperature Clean gravel 
of a l l  major Jan-Apr ( l a t e  f a l l )  extreme f luc tuat ions  6 6 ' ~  subs t ra te  
r i v e r s  and Apr-mid July (winter) s u f f i c i e n t  t o  cover ~ T s s o l v e d  oxygen with good 
streams i n  Aug-Nov ( spring) and ae ra te  redds .- > 7 m d l  c i rcula t ion  
Sacramento- freshwater through redd 
San Joaquin 
River Easins 
below dams 

Incubation Spawning Oct-Apr ( f a l l )  same a s  above 
(Egg-Alevin grounds Jan-Jul ( l a t e  f a l l )  

(see above) May-Oct (winter) 
mid Aug-mid Jan (spring) 

same a s  above 

Rearing Upstream, Dec-Har ( f a l l )  S table  flow t o  Temperature 
(Fry-Juvenile) Delta ,and Apr-Aug ( l a t e  f a l l )  prevent s tranding 0 ~ t i m u m = 5 4 ~ ~  

upper estuary mid Aug-Nov (winter) Can t o l e r a t e  freshwater 
l a t e  Nov-Jan (spring) grea ter  flows and 

ve loc i t i e s  a s  they 
mature and move 
i n t o  deeper water 

Diet of aquatic  
and t e r r e s t r i a l  
insec ts ,  
crustaceans 

Srnol t 
Yi grat ion 

Ray-Delta Apr-June ( f a l l )  Tolerates higher Tem e r a t u r e  4 Diet of Neomysic 
Estuary t o  Aug-Jan ( l a t e  f a l l )  flows typ ica l  of <58 .---+-' C r  an gon 
Pacif ic  Ocean IJov-late Apr (winter) spr ing  snow melt Dissolved oxygen Corognium -- --- , 

Feb-Apr (spring) o r  ra iny  season. .- >5mg/ 1 and aquatic 
Helps move smolt e s tua r ine  t o  and t e r r e s t r i a l  
downstream mar lne  insects  



Salmon smolts migrate downstream through the  Delta in  a l l  but 
the  sunrnler months when water temperatures reach l e t h a l  l eve l s  
(USFWS, 31 ,17-19). Including natura l ly  produced f i s h  and 
hatchery reared salmon released i n  o r  above the  Delta 
(USFWS,31,27), t h e  annual f a l l  smolt run t h a t  passed Chipps 
Is land between 1978 and 1985 was estimated t o  range from 10 
t o  50 million f i s h  (USFWS, 31,251. On the  average, it takes 
an individual f a l l  run smolt three  weeks t o  emigrate from the  
upper Sacramento t o  the  ocean, one weekito reach t h e  Delta 
and about two weeks t o  pass through the  Delta and Bay 
(USFWS, 31,321. Smolt emigration through t h e  Delta usually 
peaks i n  May (Figure 4.5.1.2-3) (USFWS,31,22). However, 
smolts from d i f fe ren t  t r i b u t a r i e s  leave t h e i r  na ta l  streams 
and move i n t o  the  Delta a t  d i f f e r e n t  times and the re  a r e  year 
t o  year var ia t ions  i n  t h e  timing of  emigration 
(USFWS, 31,231. The f a l l  run emigration from April through 
June (USFWS, 31 ,171 coincides with h i s t o r i c a l  flow increases 
caused by snow melt (DWR, 561 ,6) . San Joaquin River Basin 
f a l l  run smolts emigrate somewhat e a r l i e r  during t h i s  period 
than Sacramento River Basin smolts (USFWS,31,23). The 
increase i n  Delta m o l t  abundance observed i n  October and 
November is probably t h e  l a t e  f a l l  race  o r  yearl ing,  f a l l  run 
salmon. The winter o r  sp r ing  run emigrates from January 
through March. Peak abundance of salmon salvaged a t  the  
s t a t e ' s  Delta pumping plant  confirm t h i s  seasonal pa t tern  of  
young salmon abundance i n  the  Delta ( see  Figure 4.5.1.2-31 . 

e Survival and Abundance 

Smolts migrate downstream t o  the  ocean where they mature f o r  
two o r  more years. Recoveries of  adul ts  i n  t h e  ocean, 
tagged a s  smolts and released i n  Suisun Bay, indica te  t h a t  
only about two percent survive. Thus, 10 t o  50 mil l ion 
smolts would produce 200,000 t o  1,000,000 f i s h  avai lable  t o  
t h e  ocean f i shery  (USFWS,31,27). The number of f i s h  
escaping harvest and mortal i ty and returning t o  the  spawning 
grounds each year is known a s  annual escapement. Survival 
from eggs t o  re turning adu l t s  i n  a s t a b l e  population was 
reported t o  average 0.04 percent (DWR, 561,3). No deta i led  
evidence was presented regarding overa l l  survival  r a t e s  f o r  
Sacramento-San Joaquin Basin Chinook salmon. 

The USE7JS estimated t h a t  the  abundance of natural1.y produced 
Chinook salmon has decreased by over 50 percent s ince  t h e  
DFG began recording Central Valley escapement i n  the  e a r l y  
1950's when the  population averaged over 400,000 f i s h  (see 
Figure 4.5.1.2-4 1 (USFWS, 31 , I ) .  From about 1955 u n t i l  1965, 
Sacramento Basin Chinook salmon escapement averaged above 
250,000 f i s h .  However, according t o  ca lcula t ions  by t h e  
DWR, over t h e  l a s t  20 years t h e  t o t a l  number of na tura l ly  
produced adul t  salmon has declined t o  around 100,000 f i s h  
while escapement of hatchery reared f i s h  has increased to  
about 90,000 f i s h  ( see Figure 4.5.1.2-4 (DWR, 559,741. 
Escapement of nonhatchery s a l m n  of a l l  runs except the  
spr ing  run have shown a consistent  downward trend ( see  



FIGURE 45.124 Mean monthly salvage of Chinook salmon at the State Water Pmbt 
flsh protective facllfty, 1968 - 1986 (from DFG, 17, Appendix , Table 4) 
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FIGURE 45.1.24 Total Sacramento Basin fall run spawning Chinook salmon. Light bars are estimates 
of natural production, dark bars are estimates of production from Feather and American Rhrer 
hatcheries. Production from Coleman National hatchery b not hcluded. (after DWR, 559,78, Figure VC1) 
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Year 



Figure 4.5.1.2-2 1. Upstream f a c t o r s  iden t i f i ed  a s  
contr ibuting t o  t h e  decl ine  i n  natural  salmon production 
include l o s s  of hab i t a t  from construction and operation of  
dams and diversions (T,ZMXV,25:20-23;DFG, 15,8;T,XXXV, 33: 7- 
37:12). S t ressfu l  t o  l e t h a l  water temperatures, reduced o r  
f luc tua t ing  flows, and harmful concentrations of  toxins a r e  
a l s o  fac to r s  (USFWS, 29;DWR, 561 

Annual Sacramento Basin escapement and commercial ocean 
harvest have become r e l a t i v e l y  s t a b l e  i n  t h e  l a s t  20 years  
due t o  the  prac t ice  of taking i w a t u r e  Chinook salmon from 
the  Feather and American River hatcheries and re leas ing them 
below the  Delta (DWR,559,47-74; USFWS,31,2). Survival of 
these f i s h  is s i x  t o  e ight  times b e t t e r  than natura l ly  o r  
hatchery produced f i s h  emigrating from upstream of the  Delta 
(T,XXXVII, 153: 2-154: l;T,XXXVII, 161:22-162: 1). 

Dm's consultant reported t h a t  t h e  Feather and American 
River hatcheries support. A s ign i f i can t  proportion of  
spawning runs and t h e  commercial catch (T, XXXVII, 151 : 13-1 8, 
14:l-14;T,XXXVI,140-10-21). Between 1978 and 1984, it has 
been estimated t h a t  hatcheries contributed an average of 87 
and 78 percent t o  the  American and Feather River runs, 
respectively (T, XXXVII, 153: 2-17), a t  l e a s t  16 percent or  
more t o  the  upper Sacramento run, and an undetermined number 
t o  the  Yuba River run (USFWS,29,12;T,XXXVII, 152:6-22). 
WR1s consultant calculated t h a t  between 1978 and 1984 t h e  
Feather and American r i v e r  hatcheries produced about 48 
percent of t o t a l  Sacramento Basin escapement and 44 percent 
of t h e  ocean harvest of Central Valley Chinook salmon 
(T, XXXVII, 151 : 22-1 52: 5). This has enabled the  commercial 
harvest of Central Valley Chinook t o  be maintained a t  around 
350,000 t o  450,000 f i s h  and the  catch t o  escapement r a t i o  
(harvest  f rac t ion)  t o  double (T,XXXVIII,257: 14-22) ( s e e  
Figures 4.5.1.2-5 and 4.5.1.2-6). 

San Joaquin Basin stocks,  where t h e  hatchery contr ibution 
t o  escapement is less than f i v e  percent (USFWS,31,107), 
still f luc tua te  widely ( see Figure 4.5.1.2-7). Maximum 
adu l t  escapement t o  the  San Joaquin Basin appears t o  b e  
correlated with high spr ing  flow conditions two and one-half 
years e a r l i e r  when young f i s h  were produced and emigrating 
downstream (DFG, 15,34-44;USFWS, 31,64-66T, XXXVI, 160: 1- 
161:6). San Joaquin Basin escapement of 40,000 o r  more 
spawners is typica l  when spr ing  outflows two and one-half 
years e a r l i e r  a r e  high (IJSFWS, 31,651. 

Factors Contributing to Delta Survival 

Delta conditions during smolt emigration have been 
ident i f ied  a s  a major fac tor  a f fec t ing  salmon m o l t  survival  
and consequent adul t  escapement of hatchery and na tu ra l ly  
produced Chinook (T, XXXVI, 139: 17-22). The primary changes 
ident i f ied  by the  USFWS, DFG and others  t o  improve smolt 
survival  in  the  Delta were: (1) higher spr ing  flows, (2) 



FIGURE 45.12-5 Estimated ocean harvest fraction for California Chinook salmon (illustrates 
the relative proportion of salmon harvested commercially to spawning escapement 

in the Central Valley ) (TJXXVIII, 251 : 20-25 and 257: 19-22) 
(adapted from DWR, 570) 
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FIGURE 4.5.124 Estimates of annual ocean harvest of Central Valley Chlna~k salmon 
(after DWR, 561,2, Figure 111-3) 
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RGURE 45.1 2-7 Comparison of total spawning escapement of Sacramento and 
San Jaaquhr River Bash Chlneok salmon, 1953 = 1986 (from DFG, 15, Appendix 1) 
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temperatures below t h e  s t r e s s f u l  l eve l  of about 66 t o  68%, 
(3)  lloverccxningll t h e  adverse impacts of water diversion 
t h a t  t ranspor t  Sacramento Basin f i s h  through t h e  Delta Cross 
Channel, and (4)  reverse flows i n  t h e  lower San Joaquin 
t h a t  t ranspor t  San Joaquin Basin f i s h  away from t h e i r  normal 
migration routes t o  CVP and WP export pumps. 
(T,XXXVI, 156:21-23; USFWS,31,62). 

Salmon Harvest and Econon~ic Value 

Table 4.5.1.2-2 shows t h e  average estimated ocean 
comnercial and spor t  catch of Central Valley Chinook salmon 
in  California and an est imate of t h e  proportion supported by 
hatchery production (DWR, 559,45). The estimated 1977-1 986 
California commercial harvest of Chinook salmon from t h e  
Central Valley averaged w e l l  over 300,000 f i s h  per year 
(USFWS, 31,177,Appendix 321, representing almost 60 percent 
of the  t o t a l  ocean catch of Chinook salmon i n  California 
during t h i s  period. The f i v e  year average p r i c e  per salmon 
purchased "off t h e  boat1' was estimated t o  be $26 in  1987. 
The average commercial catch f o r  1 982-1 986 was about 31 5,500 
f i s h  (USFWS,?1,177), which t r a n s l a t e s  t o  an average annual 
value of  about $8.2 mil l ion per year f o r  the  commercial 
f ishery.  The ocean spor t  harvest averages about 60,000 f i s h  
per year (see  Figure 4.5.1.2-6). It is estimated that. $72 
per day is spent f o r  about 100,000 days of  ocean 
recreat ional  f i sh ing,  primarily party boat r e n t a l s ,  f o r  an 
estimated annual value of $7.2 mil l ion (Thornson and Hupert, 
1987). USFWS presented an est imate f o r  t h e  inland spor t  
harvest of Chinook salmon of 35,000 f i s h  (USF'WS,31,103). 
However, Meyer Resources (1985) reported the  inland catch t o  
be ten percent of t h e  ocean catch (BISF,40,15), o r  about 
6,000 f i s h .  A t  a catch r a t e  of 0.2 f i s h  per day represents 
a range of about 1,200 ( f o r  6,000 f i s h )  t o  175,000 ( f o r  
35,000 f i s h )  angler days each year. Based on cos t  estimates 
f o r  shore f i sh ing  ($31 per day) t o  boat r e n t a l  (about 
$48/day) the  estimated annual value of the  inland 
recreat ional  Chinook f i shery  ranges from $37,300 t o  $57,500 
fo r  the  lower catch est imate t o  $5.4 t o  $8.4 mil l ion f o r  the  
upper catch estimate. The value of Central Valley Chinook 
salmon harvested i n  Cal i fornia ' s  inland and coas ta l  waters 
is estimated t o  range from a minimum of approximately $15.8 
mil l ion t o  a maximum of approximately $23.8 mil l ion (see 
Table 4.5.1.2-3). 

4.5.1.3. Striped Bass 

Striped bass, Morone .----- .------- s a x a t i l i s ,  were successful ly 
introduced i n t o  the  Estuary a t  Martinez with the  p lant ing  of 
about 1110 f i s h  from the  Navesink River ,  New Jersey, on June 18, 
1879. A second planting of 300 f i s h  occurred in 1882 
(BISF,58,2). The stock expanded quickly and before 1890 
supported a comnercial f i shery  t h a t  was terminated in  1935 due 
t o  a population decl ine (BISF, 47,271. While important 
recreat ional  f i shery  continues t o  the  present,  recent  decl ines 
have caused concern. 



table 4.5.1.2-2. Estimated Avereae Amuel Harvest of Chinook Salmon end the 
Hatchery Contribution t o  the Catch of Central Valley Salmon 

Ocean Carmercial 
Catch I/ 

Year (1) 

Comnercial Catch 
of Central Valley 

Chinook 1/ 
(2) 

Percent o f  Ocean 
Catch f rom Central 
Vallay Chinook 

(2/1) 
(3) 

Sport + Comnercial Ocean Cannercia1 
Catch of Central + Sport Catch of 
Valley Chinook Hatchery Chinook 3/ 

(24 )  (6) 
Year (5) 

Percent Hatchery 
Chinook i n  Central 

ValLeg Catch 
(6/3) 
(7) 

1/ from DUR,561,57, Appendix A-3 
2/f rom ~YR,561 ,U)-60, Appedix A-4 
3/from ~UR,559,44-45, Table 111-4. The period of time covers 1957-1970 for  the Amerlcan 
River hatchery alone. Subsequent years include the Feather River hatchery praduction 
through 1984. Contributions by other Central Valley hatcheries were not determined. 



Table 4.5.1.2-3--Estimated Dollar Value of 
Chinook Salmon caught i n  California 

Conanercial Fishery Sport Fishery 1 / Total 
(million $1 (million $1 (million $1 

--YI_----I--_----------------------------------- 

Inland Ocean 

I'btiroates of t h e  s i z e  of the  inland f i shery  vary 
widely from 6,000-35,000 f ish .  Therefore t h e  estimated 
do l l a r  value was calculated f o r  both these estimates. 



e Migration and Spawning 

The s t r iped  bass is an anadromous f i sh .  Most of its adu l t  
l i fe  is spent in  San Francisco Bay and adjacent ocean areas 
(T, XLI, 67: 1-7). I n  the  f a l l  t h e  adu l t s  migrate upstream and 
spend the  winter i n  Suisun Bay and t h e  western Delta. I n  
spr ing  the  adu l t s  move f a r t h e r  upstream t o  spawn i n  t h e  
Sacramento River between Sacramento and Colusa and i n  the 
western and cen t ra l  Delta portion of  t h e  San Joaquin River 
between Antioch and Venice Is land (T,XLI,67: 1-16). The Delta 
spawning area is delimited by ocean s a l i n i t y  downstream and 
by land-derived s a l i n i t y  i n  excess of 0.550 nmhos/cm EC 
upstream, typ ica l ly  around Venice Island (T,XLI,68:11-20). 
Temperature is a l s o  important f o r  spawning, with i n i t i a t i o n  
of  spawning typica l1  occurring a s  water temperatures 4: increase t o  above 61 F (SWC, 203,13; WRCB, 450,24-1). 
Spawning typ ica l ly  occurs i n  the  Delta from l a t e  April 
through May and i n  the  Sacramento River from mid-May t o  mid- 
June (T,XLI,67:22-25). About one-half t o  two-thirds of  the  
eggs t h a t  a r e  spawned a r e  produced i n  t h e  Sacramento River, 
with t h e  remainder i n  the  Delta (T, XLI,  67: 20-22). 

About 3 m i n  diameter, s t r iped  bass eggs d r i f t  with t h e  
currents  and hatch i n  two t o  t h r e e  days (T, XLI,  69: 11 -13). 
The larvae  first feed on t h e  remainder of t h e i r  yolk sacs  and 
o i l  drople ts  and continue t o  d r i f t  u n t i l  they a r e  about s i x  
mm i n  length when they s t a r t  feeding (BISF,47,35) on 
zooplankton (copepods and cladocerans). They soon consume 
larger  organisms, especia l ly  t h e  opossum shrimp, Nemysis 
mercedis, which remains t h e  dominant food organism .------ 
through t h e  first two years of  l i f e  before t h e  bass s h i f t  to 
la rge r  food, including Bay shrimp and forage f i s h  (T,XLI,70: 
1-81. 

The majority of  bass la rvae  tend t o  concentrate i n  t h e  
entrapment zone i n  Suisun Bay and t h e  western Delta, although 
i n  very high flow years t h e  la rvae  may be dispersed f a r t h e r  
down the  Estuary (T, XI, 69: 15-24). The lower San Joaquin 
River appears t o  be a less des i rable  nursery area than i n  
former years. Higher l a r v a l  mor ta l i t i e s  here appear t o  be 
the  cause f o r  the  decl ine  of t h e  Delta portion of  t h e  Striped 
Bass Index (SBI) (T,XLIII,30: 17-23;31: 11-15). 

Striped bass represent a subs tan t i a l  resource throughout the 
Estuary, upstream on the  Sacramento River, i n  coas ta l  waters 
and in export canals  and reservoi rs  (see Sections 4.9.3 and 
4.9.5) . I n  the  years 1 983 t o  1985, s a l e s  of s t r iped  bass 
stamps (required by law f o r  f i sh ing)  have averaged over 
560,000 per year ( NOAA, 1 986) . Annual recreat ional  catches of 
s t r iped  bass (excluding reservoi rs  and aqueducts) vary from 
100,000 t o  400,000 f i s h  (T,XLI, 70: 17-18) taken mainly from 
pr ivate  boats o r  along t h e  shoreline. Charter boats take  10- 
15 percent of t h e  catch (T, XLI, 70: 25-71 : 17). Apart fram the  
f i shery ,  s t r iped  bass a r e  a l s o  valuable i n  the  food chain of 
the  Estuary. Their eggs and small larvae a l so  serve a s  food 
fo r  other  f i s h  and invertebrates.  Being principal  predators 
i n  t h e  r i v e r  and es tuar ine  food chains, la rger  bass contr ibute 
t o  t h e  control  of the  s i z e  of forage f i s h  populations. 



Extensive, multi-year s tud ies  of t h e  s t r iped  bass population 
have a l l  indicated a subs tan t i a l  decl ine i n  t h e  population 
s ince  t h e  1950's (SWC,203,16-19; DFG,25,8-10.28-30,394). 
Estimates of adu l t  population s i z e  have declined from about 
th ree  mil l ion i n  t h e  ea r ly  1960's t o  less than one mil l ion 
f i s h  current ly  (T, XI, 72: 3-7; SWRCB, 500,l). The current  two- 
f i s h ,  18-inch minimum length bag l i m i t  was established i n  
1982 i n  response t o  t h i s  decl ine,  and t h e  s t r iped  bass stamp 
was i n s t i t u t e d  t o  provide addit ional  funds f o r  research on 
t h i s  f ish.  A var ie ty  o f  theor ie s  have been proposed t o  
explain t h e  reasons f o r  t h e  decl ine  ( see  Chapter 5). 

4.5.1.4 American Shad 

American shad, . Alosa . saeidissima --,-- 9 is a warm water, 
anadromous f i s h  species. Shad were introduced t o  t h e  Delta 
from the  e a s t  coast  i n  t h e  l a t e  1800's and within t e n  years  a 
comnercial g i l l  ne t  f i shery  developed. Over one mil l ion 
pounds ( l b s )  per year were regular ly  harvested. It is 
estimated ( a t  an average weight of  th ree  l b s  per f i s h )  t h a t  
t h i s  represented a catch of about two mil l ion shad, with a 
t o t a l  population of  two t o  th ree  times t h i s  number 
(DFG,23,16). By the  l a t e  1940's t h e  f i she ry  declined, and by 
1957 conmercial f i s h i n g  of  shad ended when g i l l  ne t t ing  was 
prohibited t o  protec t  other  f i s h e r i e s  (DFG,23,1; SWRCB,405). 

A popular shad spor t  f i shery  e x i s t s  i n  the  Sacramento, 
San Joaquin, American, Feather, and Yuba r i v e r s  and i n  t h e  
Delta. Surveys i n  t h e  l a t e  1970's indica te  t h a t  between 35,000 
and 55,000 angler days were spent i n  catching about 79,000 t o  
140,000 shad (DFG, 23,l-2). Estimates from a 1975-1 977 survey 
indica te  a population of about th ree  mil l ion shad (T,XXXIX,13:11- 
12;DFG,23,15). No spec i f i c  data on t h e  value of  t h e  shad 
f i she ry  is available.  However, i f  shore f i sh ing  expenditures 
average about $31 per angler day (Thornson and Huppert , 1 987) , 
t he  t o t a l  annual value ranges from $2.4 t o  $4.3 million. 

The l i f e  h i s to ry  s tages  and h a b i t a t  requirements of American 
shad a r e  shown i n  Table 4.5.1.4-1. Adult shad spend th ree  t o  
f i v e  years i n  t h e  ocean before they reach maturity (SWRCB,450,3- 
3)  and enter  t h e  lower Estuary i n  t h e  f a l l ;  they migrate through 
the  Delta from about March through May t o  upstream spawning 
grounds (T,=X, 13: 23-24), ac t ive ly  feeding on copepods and 
cladocerans, a s  w e l l  a s  Neomysis and .-- Corolhium -- 
(DFG,23,12; SWRCB,433, iob3T--pTSk adul t  numbers occur i n  the  
upper Delta i n  May (DFG,23,5) a t  water temperatures ranging from 
about 57' t o  75% (DFG, 23,4). 

His tor ica l ly ,  spawning occurred through t h e  t i d a l  f r e sh  water 
reaches of  the  San Joaquin and Sacramento r i v e r s  and upstream 
(T, XXXIX, 14: 5-71 from about 14ay through July. Today, t h e  lower 
San Joaquin River no longer supports s ign i f i can t  spawning 
a c t i v i t y  because of poor water qua l i ty  a s  well a s  low and 
reverse flows during t h e  spawning season (T,XXXIX,14:23- 
24;SWRCB,450,3-3). Spawning occurs from May t o  June in the  
north Delta, the  Sacramento River above Hood up t o  the  Red Bluff 
diversion dam, and the  major t r i b u t a r i e s  of the  Sacramento River 
(DFG, 23,2-4; WRCB,450,3-3; DFG, 13,21; SWRCB,405,41) . 



Table 4.5.1.4-1 --American Shad Environmental Requirements and Life History Stages 
(frcm DFG,23;DFG, 13;9dRCB,405;SWRCB,433) 

--7 

Location Life Stage ---------- Period Flow 0 ther - - - - - - - - - -  water ax^ - - - - - - - - - - - - -  

Adult from Pacific Ocean Marchay  l o w  flows reduce temperature d ie t  is 
Migration through Bay-Delta s i ze  of run i n  57-75O F Neomysis and 

t o  upstream freshwater t r ibu ta r ies  other zooplankton 
t r ibutar ies  

Spawning upper Sacramento River April-early higher flows increase 63-75' F spawn over 
to Red Bluff Diversion July numbers spawning in  optimum = sand or gravel 
Dam and major t r ibu ta r ies ,  t r ibu ta r ies  60-70' F 
North Delta, Mokelumne and 

P Old River. Formerly 
U * Sari Joaquin R. 

Egg lower Sacramento R. 
Incubation below Colusa , Feather 

and American Rivers, 
Delta 

Rear i n  g same a s  above 

Juvenile Delta-Estuary 
Emigration to  Bay o r  

Pacific Ocean 

MayJuly h i  gher flows 
carry more 
eggs into  Delta 

June-Sept more juveniles 
produced when flows 
a r e  higher 

l a t e  June- 
December 

feed on 
terresqr ia l  

insects , zooplankton 

d i e t  is Neomysis, 
Corophium, larval  
f ish ,  copepods 



Shad spawn where t h e r e  is a current ,  over gravel o r  sand a t  
water temperatures of  about 6 0 9  t o  75% (DFG, 13,21; 
DFG,23,3). The d i s t r ibu t ion  and abundance of  spawners is 
influenced by flow. When spr ing  t r ibu ta ry  flows a r e  low, t h e  
bulk of  the  run spawns i n  t h e  main stem of  t h e  Sacramento River 
while spawning i n  t h e  t r i b u t a r i e s  decreases (T,XXXIX,14:12- 
14:22;DFG, 13,22). Many shad d i e  a f t e r  spawning although some do 
survive t o  spawn again. It is believed these f i s h  re turn  t o  the  
t r ibu ta ry  where they i n i t i a l l y  spawned (DFG,23,8). 

After shad spawn, t h e  f e r t i l i z e d  eggs s ink  and d r i f t  with t h e  
current  u n t i l  hatching about 4-6 days l a t e r  (SWRCB,405,41). 
When r i v e r  flows a r e  high, more shad eggs a r e  car r ied  fu r the r  
downstream and t h e  importance of  the  Delta' a s  r ea r ing  hab i t a t  
increases (T,XXXIX,15:13-15). The major shad nursery a reas  a r e  
located i n  the  Feather River below t h e  mouth o f  the  Yuba River, 
the  lower American River, t h e  Sacramento River from Colusa t o  
Sacranento, and t h e  north Delta (DFG,23,8;T,XXXIX, 15: 3-1 5:6) . 
Shad nursery h a b i t a t  is mostly upstream from s t r iped  bass 
nursery hab i t a t  (T, XXXX,  49: 1 4 9 :  3 and overlaps with Chinook 
salmon rea r ing  areas. I n  r ea r ing  areas upstream from the  Delta, 
young shad concentrate near t h e  water surface,  feeding on 
t e r r e s t r i a l  insec t s  t h a t  drop i n t o  the  water from r ipa r i an  
vegetation (SWRCB,433,101). From about June through August i n  
the  Delta, young shad feed on zooplankton before emigrating a s  
juveniles during September to December (DFG, 23,11; SWRCB, 450, 
3-31. Most shad emigrate by t h e  end of t h e i r  f i r s t  year 
(DFG,23,10). However, sane may remain i n  San Francisco, 
San Pablo, and a i s u n  bays and Suisun Marsh f o r  a second year o r  
not emigrate t o  t h e  ocean a t  a l l  (DFG,23,10-11). According t o  
DFG r e l a t i v e l y  f e w  year l ing  shad use t h e  Suisun Marsh 
(T,XXXTX,46: 1-51. 

Men Delta inflows a r e  greater  during the  spawning and rea r ing  
seasons, shad production increases (Figure 4.5.1.4-1 
(DFG,23,17). Higher flows during the  spr ing  t o  e a r l y  summer may 
improve shad abundance by: (1) providing more spawning and 
rea r ing  hab i t a t  with a consequent reduction i n  competition fo r  
food; (2) d ispers ing  eggs and larvae  over a l a rge r  area which 
a l s o  decreases competition; and (3)  reducing the  proportion of 
r i v e r  flow diverted t o  t h e  export pumps, thereby reducing t h e  
number of young shad entrained (T, XXXIX, 16: 2-1 7: 16). 

Millions of young shad, both those spawned i n  the  Delta and 
migrants from the  Sacramento River t h a t  have been transported 
through the  Delta Cross Channel, a r e  entrained by t h e  CVP and 
WP export pumps (DFC, 23,20-21 ;TXXXIX; 17: 6-24). F i f t y  percent 
o r  more of  the  shad collected a t  the  CVP and SWP f i s h  protection 
f a c i l i t i e s  d i e  during f i s h  salvage operations (T,XXXTX,17:ll-16- 
18: 4;DFG, 23,221. Numerous unscreened Delta ag r i cu l tu ra l  
diversions a l s o  cont r ibute  t o  the  mortal i ty of young shad 
(T,XXXIX, 17: 4-10). Water diversions during the  spawning and 
rearing season may a l s o  reduce shad production by decreasing 
t h e  abundance of  t h e i r  primary food, zooplankton (T, XXXIX, 18: 6- 
18). 



FIGURE 4.5.1.41 Relationship between average daily AprilJune inflow to the Delta and fall 
abundance of juvenile American shad, 1967-1985 (except 1974 and 1979) (from DFG, 23,19). 

Average daily April - June 
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4.5.1.5 Other Resident and Anadromous Fish 

There a r e  over 30 species of resident ,  warmwater f i shes  i n  t h e  
Estuary (DFG, 24,2),  more than ha l f  of which were introduced. 
Most res ident  f i s h  a r e  members of one of three  families: 
Centrachidae, sunfish;  Cyprinidae, minnows; and Ic ta lur idae ,  
ca t f i sh .  

e Background 

These famil ies  support popular recrea t ional  f i s h e r i e s  i n  t h e  
Delta. White c a t f i s h ,  .---- I c t a lu rus  ---- catus ,  a r e  the  most 
c m o n l y  caught res ident  f i s h ,  followed by largemouth bass, 
Micropterus salmoides and then other  sunfish. ---- -- . - - - - -  9 
Sunfish, c a t f i s h  and largemouth bass a r e  t h e  second, t h i r d ,  
and four th  most commonly caught gamefish statewide 
(DFG, 24,5). Mon-game res ident  f i s h  a r e  important components 
i n  t h e  es tuar ine  food web both a s  predators and prey (DFG, 
24,6). An important introduced forage species,  t h e  threadfin 
shad, Dorosoma . - - - - -  petenense --------~ is  consumed by s t r iped 
bass, largemouth bass and other  sunfish (SWRCB,450,3-10). 

Relatively l i t t l e  is known about spec i f i c  flow and water 
qua l i ty  requirements of res ident  f i s h e s  of the  Estuary 
(DFG, 24,5). The r e s u l t s  of a 1980 t o  1983 survey by DFG were 
broadly descr ip t ive  but  t h e  hab i t a t  conditions cont ro l l ing  
resident  species populations could not be determined 
(DFG,24,41). Many of  t h e  na t ive  species were s o  ra re ly  
collected t h a t  they could not be s t a t i s t i c a l l y  analyzed 
(DFG,24,2). Table 4.5.1.5-1 lists t h e  res ident  species of 
the  Estuary. Table 4.5.1.5-2 summarizes t h e  regional water 
qual i ty  t rends a s  measured during the  DFG survey. 

According t o  DFG, nat ive  species were generally associated 
with t h e  "bet ter  water qual i tyv  of  t h e  northern and western 
Delta (DFG,24,41), but t h i s  could not be confirmed from t h e  
information presented. Species abundance and d ive r s i ty  was 
second highest i n  t h e  northern Delta compared t o  the  other 
regions (DFG,24,16). The abundance of several  species-the 
nat ive Sacramento sucker, Catostomas occidenta l i s -  ,---- - - - - - -  9 
prickly sculpin,  ----- Cottus -  as^; t u l e  perch, 
l-&sterocar-us t r a s k i *  Sacramento squawfish, . ------ - . -----' 
Ptychocheilus r a n d i s *  and s p l i t t a i l ,  Pognicht& .----- - -  ----' ---- 
marole idotus--was grea tes t  where e l e c t r i c a l  conductivity 
s t ,  mainly i n  t h e  northern and western Delta 
(DFG,24,19). However, it is known t h a t  the  s p l i t t a i l ,  t u l e  
perch and prickly sculpin t o l e r a t e  brackish conditions. It 
is therefore possible t h a t  other  f ac to r s  may be responsible 
f o r  t h e i r  d i s t r ibu t ion  (DFG, 24,21-22 . The highest abundance 
and d ive r s i ty  of resident  f i s h  was observed i n  t h e  eastern 
Delta (DFG,24,18) where introduced species predominated i n  
the  sluggish deadend sloughs ( see  Table 11.5.1.5-2 1. 

According t o  DFG, Delta water temperatures a r e  within the  
tolerance range of resident  species (DFG,24, 9) .  Warm water 
f i s h  can t o l e r a t e  temperatures a s  high a s  96 a . Several 
nat ive minnows a r e  associated with the  cooler temperatures 



Table 4.5.1.5-1 --Fishes of the Delta (from DFG 24 and SWRCB,450) 

Cyprinidae - Minnows 

Carassius , auratus , goldfish (I I* + ---------- 
Cyprinu~~~carpio , common carp (I 1 + 

Lavinia, .-- ----- exilicauda, hitch (N) + 

t&lolharadon conocephalus, hardhead (N) + - - ---- L-- 
Notemigo_nus crysoleucas, golden shiner (I) + ---- 2 ---- 
Orthodon, microlepidotus Sacramento blackf ish (N) + --- -- ---, 

P 
Pimephales promelas, fathead minnow (I ) .- -L 

W 
VI Pogonichthys, macrolLidotus --, splittail (N) + 2 /  

Ptychocheilus , grandis, Sacramento squawfish (N) + 

Ictaluridae - Catfish 

Ictalurus, - catus, white catfish (I + 

Ictalurus , melas , black bullhead (I + -- 
Ictalurus , nebulosus , brown bullhead (I + ----- 
Ictalurus , punctatus , channel catfish (I ) + .-- 

mntroduced. ~=native + indicates smies collected in DFGts 1980-1 983- 
electrofishing survey '' Species of special concern being considered for endangered species status 



Table 4.5.1.5-1 --contd . 

Centrarchidae - Sunfish 

Lepomis, cyanellus, green sunfish (I + , -- 
Le~mis, @bbosus, pumpkinseed (I) + - -- 
Lepomis, - -- gulosus, warmouth (I) + 

L~omi~macrochirus bluegill (I) + -- -- ---, 
Lepomis, microlophus ,. redeur sunfish (I ) + . -----I_--- - 
kcropterus dolomieui, smallmouth bass (I) + 
I-- ---a - - -  

P 
I Mi~ter~s~punctulatus, .- __- - -  spotted bass (I) + 
W 
ul 

Mic-terus salmoides , largemouth bass (I + 
.I ---!A 

Pomoxis annularis, white crappie (I) + .,,--_L--- 

Pomoxis -nigromaculatus,.black crappie (I) + ----L- 

Others 

Catostornus occidentalis, Sacramento sucker (N) + .--.--L--- ------- 
Hysterocarpus traski, tule perch (N) + . -I-II ---L--- 

Menidia, .,,, - ,,-, bery_llina -9 inland silversides (I) + 



Table 4.5.1.5-1 --condt . 

Dorosoma ~2--- etenense, threadfin shad (I + 

Percina, mcrolepida  bigscale logperch (I + .-,,-,-- -,----- ,-9 

Morone, s a x a t i l i s ,  s t r iped  bass (I) + ---------- 
Alosa s a  idissima', American shad (I)  + .,,, L-2 ---- 
Acantho&ius flavimanus , yellowfin goby (I ) + - -  --L,, 

Cottus, asper ,  prickly sculpin ( N )  + --- - 
Lep_tocottus . L ---- armatus Pacif ic  staghorn sculpin ( N )  + 

Oncorhynchus t s h a a s c h a  chinook salmon ( N )  + .- ---L-- -9 

P Salmo ~ i r d n e r i  , gairdneri steelhead (N + -- -9 

W 
u 

Gmbusia a f f i n i s ,  mosquitofish (I) + ----L- 

Gastrosteus aculeatus , t h ree  spine stickleback (N) + .--,- L, 

Lampetra, ------, t r iden ta ta  Paci f ic  lamprey ( N )  + 

Lampetra, a esi r ive r  lamprey ( N )  --- yr-9 

Mugil, c e e l u s  s t r iped  mullet + - -8 

Wpomesus, t ranspacif  icus  , Delta smelt ( N )  + .---- 1 / 

Spirinchus, t h a l e i c h t x ,  longfin smelt ( N )  + -- 
Platichthys, s t e l l a t u s ,  s t a r r y  flounder (N) + -- - 
=ensex-, transmontanus - , white sturgeon ( N )  

Acpenser, medirostr is ,  green sturgeon ( N )  
*-- - - 



Table 4.5.1.5-&-Annual Average Water Quality Trends i n  the Delta 
(fram DFG,24,15) 

Water Electrical Dissolved Transparency 
Delta Ten erature Conductivity 

($1 
oxygen 

Region (mho) (PW) (cm) 
- - -- 

Eastern 63.1 212 

Northern 61.5 1 97 

Western 61.7 353 

Central 62.1 31 6 

Southern 62.8 460 



more typica l  of t h e  northern and western Delta (DF6,24,39), 
(see Table 4.5.1.5-2). Except i n  local ized areas,  dissolved 
oxygen (DO) concentrations a t  o r  below t h e  l e t h a l  l eve l  of 3 
ppm were not observed (DFG,24,40111). The DFG study concluded 
t h a t  res ident  f i s h  abundance could not be corre la ted  with 
Delta water temperatures o r  DO l eve l s  (DFG, 24,391. 

Sunfish 

a n f i s h  were most abundant i n  t h e  eas tern  Delta i n  hab i t a t s  
with slow currents  such a s  deadend sloughs, oxbows, and 
shel tered channels and embayments (DFG,24,29); with abundant 
r ipar ian  and/or aquatic  vegetation (DFG, 24,4142 ; and with 
an abundance of  zooplankton (DFG,24,22-23). Sunfish a r e  
carnivorous and e a t  everything from zooplankton to young-of- 
the-year s t r iped  bass (DFG, 24,3; SWRCB, 433,145-1 52 1. They 
spam i n  shallow water d u r i n g t h e  sp r in  and sumner when 
water temperatures range from 57' to  75 $. (DFG,24,3). 
Aquatic vegetation is used a s  cover by a l l  l ife stages 
(DFG,24,34). 

The only nat ive  sunfish,  t h e  Sacramento perch, 
Archoplites in ter ruptus  has disappeared from t h e  ,-,- ,,- ,,,,, -9 
Delta, probably due t o  competition with introduced species 
and hab i t a t  destruct ion ( ~ ~ ~ , 2 4 , 2 2 ) .  This species was once 
very widespread and abundant i n  the  waters of  t h e  Central 
Valley f l o o r  but is now found only i n  a r t i f i c i a l  impoundments 
where it has been introduced (SWRCB, 433,171. 

e Minnows 

Three species of  introduced minnows--the carp, w i n u s  -- 
car i o ;  t h e  goldfish, Carassius auratus; and t h e  -2- ------ -- 
go den shiner ,  -- N o t e a o n u s  -.- cryso~eucus--have --- come t o  
dominate t h e  f i v e  species o f  na t ive  minnows (see Table 
4.5.1.5-1)(DFG,24,4). The introduced minnows a r e  abundant i n  
t h e  slow water of  sloughs and shel tered  channels, pa r t i cu la r ly  
i n  t h e  eas tern  Delta (DFG,24,29). 

I n  an e a r l i e r  study (SWRCB, 433, I!%), t h e  introduced goldfish 
and carp, a s  well a s  t h e  na t ive  Sacramento blackfish,  
Orthodon microlepidotus and Sacramento h i t ch ,  .---- .-- -- 
Lavinia exil icauda,  were most numerous i n  t h e  southern .---- ------ 
Delta a t  Mossdale on the  San Joaquin River, and were a l so  
associated with high concentrations of dissolved s o l i d s ,  an 
indicat ion of elevated s a l i n i t y  typ ica l  of a reas  receiving 
agr icul tura l  drainage. I n  t h e  present study, goldfish, carp, 
and Sacramento blackfish were associated with higher s a l i n i t y  
hab i t a t s  i n  t h e  Delta (DFG,24,28). 

The nat ive  minnows have diverse feeding habits .  The 
s p l i t t a i l  e a t s  Neomysis i n  t h e  Estuary and amphipods and 
clams i n  the  ~ei t 'aTmCEI,  407,53 ; blackf i s h  feed on 
phytoplankton and organic d e t r i t u s ;  the  h i t ch ,  zooplankton, 
and t h e  squawfish, other f i s h  ( S R C B ,  407,53). The introduced 
minnows e a t  small insec ts ,  zooplankton and plant  material  
(SWRCB,450,10-4,10-6,10-15). 



8 Catfish 

Of t h e  four species of introduced c a t f i s h  (see Table 4.5.1. 
5-1 1, t h e  white ca t f i sh ,  by f a r  t h e  most numerous (DFG,24,4) 
supports a s igni f icant  recreat ional  f ishery.  I n  the  southern 
Delta where EC and tu rb id i ty  were greater ,  white c a t f i s h  were 
t h e  most numerous res ident  f i s h  species (DFG, 24,281. The 
breeding behavior of a l l  four species is s imi lar ,  spawning i n  
the  spr ing and summer when water temperatures reach o r  exceed 
70% (SWRCB, 405,22-27). They a r e  omnivorous (DFG, 24,4), 
but t h e  was found t o  be t h e i r  
primary food -143). According t o  the  DFG 
survey, white and channel ca t f i sh ,  Ic ta lurus  
unctatus, a r e  abundant i n  t h e  turbi'-6-r?fvxne and open 

k u ' g ~ h  b i t a t s  of  t h e  south Delta where EC rises a s  
agr icu l tu ra l  runoff increases during t h e  summer. 

8 Other Anadromous Species 

Several other nat ive,  anadromous f i s h  use t h e  Delta a s  a 
migration corridor and nursery habitat .  They a r e  t h e  green 
sturgeon, A m n s e r  -- - 9  medirostr is* the  white sturgeon, 
Acipenser transanontanus; and the  steelhead rainbow .---- ----- 
t r o u t ,  --- Salmo g i r d n e r i  - p i r d n e r i .  ---- Other than 
information presented i n  SWRCB exhibi ts ,  no testimony.or 
reccxumendations were made i n  Phase I of t h e  hearing regarding 
these  species1 use o f  the  Delta. 

L i t t l e  is known about e i t h e r  t h e  white o r  p e e n  sturgeon. 
Adults o f  both species migrate through t h e  Bay-Delta t o  
upstream spawning areas (SWRCB, 405,381. White sturgeon 
migrate from t h e  l a t e  winter through e a r l y  spring. Most 
spawning occurs between February and May (SWRCB,407,46) i n  
the  Sacramento River upstream of  its confluence with t h e  
Feather River. Larvae a r e  present from l a t e  February t o  
ear ly  June. Following spawning, adul ts  re turn  t o  t h e  Bay and 
Delta where they remain, feeding on benthic invertebrates,  
Bay shrimp and herring. Green sturgeon a r e  believed t o  spend 
more time offshore, t r ave l ing  up and down t h e  coast  
(SMRCB,430,452-453). Juvenile sturgeon l i v e  year round i n  
the  Delta, ea t ing  American shad, -- Corofiiun, --- &xnyyis, 
and other species of benthic invertebrates and s imp 
(SWRCB, 433,120-1 22) . 
An intense commercial sturgeon f ishery  existed i n  the  
18001s. It was closed in  1901 a f t e r  t h e  catch plumneted. 
The f i she ry  reopened i n  1910, was closed i n  1917, and only 
reopened f o r  recreat ional  purposes in 1954 (SURCB,430,453). 
Angling is popular i n  t h e  Sacramento River up t o  Colusa, t h e  
Delta (SWRCB,405,35-361, and t h e  bays. Sturgeon a r e  taken i n  
San Francisco Bay where they congregate t o  feed during t h e  
herr ing runs (SWRCB, 430,454). Party boats reportedly 
harvested 2,400 sturgeon i n  1967. There is no information on 
t h e  recent  magnitude of t h e  recreat ional  fishery. 



Adult steelhead migrate upstream from the  ocean during t h e  
spr ing through f a l l .  Spawning occurs f r m ~  December through 
April i n  t r i b u t a r i e s  above t h e  Delta. Like salmon, steelhead 
return home t o  t h e i r  na ta l  stream; unlike salmon, not a l l  
adul ts  d i e  a f t e r  spawning. Steelhead a r e  known t o  have 
spawned up t o  four o r  more times (WRCB,405,60; WRCB,450, 
5-7). There a r e  several seasonal runs of steelhead migrating 
through the Delta ( WRCB, 405,59-60; SWRCB, 450,541. The s i z e  
of t h e  recreat ional  f ishery f o r  steelhead adul ts  and 
juveniles is unknown. 

Juvenile steelhead rear  i n  freshwater hab i t a t s  f o r  one t o  
th ree  years (DFG, 13,211. Because they require flows t o  
maintain adequate habi ta t  during t h i s  period and much of 
t h e i r  o r ig ina l  upstream habi ta t  is no longer available,  
natural  steelhead populations have declincd (SWRCB,407,48). 
Hatcheries i n  t h e  upper Sacramento, Feather, American, and 
Mokelumne r i v e r s  now produce many of t h e  steelhead occurring 
i n  the  Bay-Delta (SWRCB, 450,5-7; SWRCB, 407,481. During t h e i r  
downstream migration through t h e  Bay-Delta Estuary i n  the  
spr ing (April-May) and f a l l ,  juvenile steelhead feed on 
Corozhium, t e r r e s t r i a l  and aquatic insects ,  crustaceans, .--- 
and frsT(SWRCB, 433,113; SWRCB, 450,5-7). 

0 Species of Concern 

The s p l i t t a i l  is one of two species of  special  concern 
because its dis t r ibut ion is restricted t o  t h e  Bay-Delta 
Estuary and it has recently declined i n  abundance 
(USFWS, 35,1) . The other,  t h e  Delta smelt, Hypomesus 
transpacif icus once abundant i n  Suisun Marsh and t h e  ,,, ,,, 9 

Delta, has undergone a precipi t ious  decline s ince  t h e  ear ly  
1970's (USFWS, 35,201. Both f i s h  have been recommended a s  
candidate species by the USFWS t o  be studied to  determine 
whether they should be added t t h e  federa l  endangered and 
threatened list (USFWS, 35,11) . ? / 
Resident f i s h  a r e  subject  t o  entrainment by t h e  SWP and CVP 
Delta pumping plants. Between 1978 and 1985 an average of 
330,000 white c a t f i s h  and 810,000 threadfin shad were 
entrained annually a t  the  S?P, with t h e  highest numbers 
during t h e  summer (DFG, 24,35-36). Species inhabit ing open 

. --------- 
f-7 Lis t ing  r e f e r s  t o  a process established under s t a t e  and federa l  Endangered 

Species Acts by which nat ive  species a r e  ident i f ied .  Those l i s t e d  a r e  
determined t o  be i n  immediate jeopardy of extinct ion (nEndangeredw) or  t o  be 
present i n  such small numbers throughout t h e i r  range t h a t  they may become 
endangered i f  t h e i r  present environment worsens ( r a r e  plant  o r  threatened 
species)  (California Fish and Cane Code Sections 1901, 2062, 2067 and 2068; 
16 USC.Section 1531, et  seq.) 



water o r  more r ive r ine  h a b i t a t s  a r e  thought by DFG t o  be 
more vulnerable t o  diversion and entrainment than f i s h  
inhabit ing dead end sloughs and other  backwater areas. 
However, s ince  t h e  s i z e  of  res ident  f i s h  populations is 
unknown, it cannot be  determined what e f f e c t  losses  caused 
by water diversions may have (DFG,24,36). 

The information on res ident  freshwater species and other  
a n a d r m u s  f i s h  presented i n  the  Phase I hearing was mostly 
descript ive.  No quan t i t a t ive  data were presented on t h e  
re la t ionship  between population abundance and d i s t r ibu t ion  
and flow o r  s a l i n i t y  regimes. In  t h e  absence of such 
information no water qua l i ty  object ives can be developed. 
Therefore, the re  w i l l  be no fu r the r  discussion of  these  
species i n  t h e  following chapters  of  t h i s  report.  

4.5.2 Bay Habitat 

Suisun, San Pablo, San Francisco and south San Francisco (south) 
bays and consider here. Since, f o r  t h i s  Plan, Suisun Bay is 
considered t o  be p a r t  of t h e  Bay, it is included here f o r  purposes 
of  discussion ( see Section 4.5.1.1 1. 

4.5.2.1 Phytoplankton and Zooplankton 

A s  i n  t h e  freshwater port ions of  t h e  Estuary (Section 4.5.1.1), 
phytoplankton and zooplankton form important p a r t s  o f  t h e  food 
chain i n  t h e  more s a l i n e  port ions of  t h e  Estuary. Extensive 
testimony was presented concerning th ree  major issues. The 
f i r s t  is t h e  need f o r  Delta outflows t o  posi t ion t h e  entrapment 
zone i n  Suisun Bay i n  pa r t i cu la r  locat ions,  and t o  s t imulate 
growth of phytoplankton and zooplankton ( including t h e  opposum 
shrimp) t o  provide food for  young s t r iped  bass and other  f i s h  
species. As noted i n  the  discussion of  t h e  Delta (Section 
4.5.1.11, the re  have been numerous changes i n  t h e  Bay in  recent  
years. A second fac to r  is t h e  periodic in t rus ion of  freshwater 
o r  es tuar ine  benthic organisms i n t o  Suisun Bay under d i f f e r e n t  
outflow conditions (T,LXII, 58:22-59: 11 ;68: 3-16), and t h e i r  
possible impacts on phytoplankton abundance. A t h i r d  is the  
recently reported introduction of a new species of  benthic 
bivalve ( Potamocorbula amurensis , Family Corbulidae) .--- ---- .----- 
which fu r the r  complicates attempts t o  understand t h e  biology 
of  Suisun Bay. 

Some Phase I hearing pa r t i c ipan t s  proposed objec t ives  t o  
maximize phytoplankton production, loca te  t h e  entrapment zone i n  
par t icular  posi t ions,  and prevent intrusion of  marine benthos 
in to  Suisun Bay (see, fo r  example, CCCWA/EDF Exhibits 1 and 2). 
However, much of t h e  evidence was challenged by other  
par t ic ipants  (see, fo r  example, USRR r ebu t t a l ,  T,LXIT,65:18- 
75: 9). 

In  the  absence of d e f i n i t i v e  da te  t o  draw on, these  posi t ions 
cannot be resolved. However, it would appear t h a t  proposed 
Delta outflow object ives t o  protec t  other  benef ic ia l  uses, 
especia l ly  outmigration of s t r iped  bass la rvae  and salmon smolt, 



a r e  generally cons is tent  with those outflows volumes required 
for protect ion o f  cer ta in  Suisun Bay aquatic  resources. Same of 
the  proposed object ives a r e  a l s o  contradictory. Proposing, f o r  
instance, an objec t ive  t o  protect  one food chain f o r  s t r iped 
bass, namely by stopping the  intrusion of  benthic organisms, has 
an i m e d i a t e  negative impact on t h e  food chain of  demersal 
(bottonl-feeding) f i s h  such a s  sturgeon. No evidence was 
presented t h a t  established the re  would not be  negative impacts 
on these f i sh .  

The second i s sue  was the  proposal t o  provide s u f f i c i e n t  
freshwater inflow t o  develop an entrapment zone i n  San Pablo Bay 
similar  t o  t h a t  seen i n  Suisun Bay. The benef i t  of t h i s  second 
entrapment zone was intended t o  be addit ional  production of 
phytoplankton, a concept proposed by witnesses f o r  CCCWWEDF 
based on t h e i r  in terpre ta t ion  of USGS, USBR and other  data. 
They presented evidence t o  suggest t h a t ,  a t  Delta outflows of  
10,000 t o  20,000 c f s ,  an entrapment zone forms i n  Suisun Bay 
and an apparent second entrapment zone (o r  a t  l e a s t  an area with 
Ofstratified flow.. .with a s t rong horizontal  s a l i n i t y  gradientn) 
forms i n  San Pablo Bay (CCCWA/EDF, 3,231. This posi t ion  was 
challenged by USBR i n  t h e i r  r ebu t t a l  testimony and exhibi t s  
(T,LXII, 75: 10-87: 12). 

The evidence f o r  the  presence of  a second entrapment zone is not 
conclusive. I n  addit ion,  no compelling evidence was presented 
t o  demonstrate a benef i t  t o  populations of  f i s h  o r  invertebrates 
i f  such an entrapment zone d id  develop i n  San Pablo Bay. 

The third major i ssue  concerned t h e  merits of s e t t i n g  object ives 
t o  cause a s t r a t i f i c a t i o n  of  the South Bay by introduction of 
freshwater inflow, e i t h e r  by month-long periods of  high winter 
o r  spr ing  outflow o r  by shor t  periods of  l a rge  s torage  re leases  
a t  specif ied times (i.e., pulse flows). It was proposed t h a t  
these  flows would enhance phytoplankton production i n  t h e  South 
Bay (CCCWA/EDF, 4) .  USGS t e s t i f i e d  t h a t  they have observed a 
corre la t ion  i n  South Bay among freshwater inflow, densi ty 
s t r a t i f i c a t i o n ,  and rapid development of  phytoplankton blooms 
(T,LI, 179: 2-23). Their research a l s o  showed t h a t  t h e  clan,  
Macoma b a l t h i s t e n d e d  t o  show increases i n  growth .--- .- 
r a t e s  c o n i t e n t  with a v a i l a b i l i t y  of microalgae, including 
phytoplankton (T,LI,181:20-182:15). These and other  data were 
used a s  t h e  bas i s  f o r  the  CCCWMEDF proposal. However, it was 
noted t h a t  the clams responded not jus t  t o  increases i n  
phytoplankton, but  a l s o  t o  increases of p e r i h y t o n ,  
microalgae growing i n  the  sediment ( T , L I z d l - m .  I n  
addition, these  phytoplankton blooms have not been shown t o  have 
e f f e c t s  on zooplankton abundance. There is a l s o  no evidence t o  
conclude t h a t  increases i n  zooplankton o r  benthos a r e  l i k e l y  t o  
y ie ld  increases i n  f i s h  populations in  the  South Bay. USGS 
noted t h a t  i n  other e s tua r i e s  a re la t ionship  between 
phytoplankton production and f i s h e r i e s  production had been 
demonstrated, but  t o  t h e i r  knowledge, no such re la t ionship  has 
been demonstrated for  San Francisco Bay (T,LT, 180: 9-181 : 11 ; 
192: 10-17). 



Like t h a t  f o r  the  Delta, t h e  evidence presented is not  
su f f i c i en t ly  d e f i n i t i v e  t o  develop spec i f i c  object ives for t h e  
protect ion o f  phytoplankton and zooplankton i n  Suisun, San 
Pablo, San Francisco and South bays. It is ant ic ipa ted  t h a t  
freshwater inflow r e s u l t i n g  from flows t o  protec t  benef ic ia l  
uses i n  these  areas o r  upstream may a l so  provide protect ion f o r  
es tuar ine  phytoplankton and zooplankton. Should addit ional  
evidence indica te  t h a t  these  aquatic  resources a r e  not being 
protected,  and the  evidence is s u f f i c i e n t l y  d e f i n i t i v e  t o  
propose object ives,  t h i s  i s sue  may be reexamined a t  a l a t e r  
date.  

4.5.2.2 Benthic Invertebrates 

'benthosf is t h e  community of  inver tebra te  animals (worms, 
clams, shrimp, etc.) l i v i n g  on t h e  bottom of aquatic  
environments. These animals consume organic matter t h a t  grows 
on, o r  settles t o  t h e  bottom and i n  tu rn  become food f o r  f i s h  
and other  consumers including humansn (TIBCEM,23,65). Benthic 
inver tebra tes  i n  the  Estuary t o l e r a t e  a range of s a l i n i t i e s ;  
some prefer  d i f f e r e n t  flows and s a l i n i t i e s  a t  d i f f e ren t  l i fe  
s tages  (DFG,59,14). There a r e  species requi r ing  only 
freshwater, species requi r ing  a combination of  s a l t  and 
freshwater, and those surviving only i n  sal twater .  For 
example, some species such a s  t h e  commercially valuable s t a r r y  
flounder (Plat ichthys s t e l l a t u s )  prefer  f resher  water 
during e a r T f T i f e s t a g < s a n d G  juveniles a r e  found i n  t h e  upper 
reaches of t h e  estuary,  whereas adu l t s  prefer  higher s a l i n i t i e s  
and occupy t h e  Bay (DFG,59,22). Adult shrimp occupy bottom 
areas  i n  t h e i r  preferred h a b i t a t ,  while shrimp larvae  a r e  found 
i n  less s a l i n e  surface layers.  These behavioral differences,  
combined with t h e  e f f e c t s  of t h e  two-layered flow i n  t h e  Bay 
(see 3.6.2.1) r e s u l t  i n  d i f f e ren t  d i s t r ibu t iona l  pa t terns  of 
young and old shrimp (USBR,110,15). For example, Crangon 
shrimp breed i n  t h e  Bay, produce planktonic la rvae  which may be 
carr ied  i n t o  t h e  ocean near shore by surface  water, drop down a s  
benthic post-larvae and reenter  t h e  estuary ca r r i ed  by 
gravi ta t ional  c i r cu la t ion  (DFG, 59,23 1. Gravitat ional  
c i r cu la t ion  a l s o  strongly a f fec t s  t h e  d i s t r ibu t ion  o f  bottom- 
dwelling species  l i k e  speckled sanddab and English s o l e  la rvae  
(DFG, 59,24 . 
The following benthic organisms found i n  t h e  Estuary a r e  p a r t  of  
t h e  food chain which support popular spor t  o r  comnercial 
f i s h e r i e s  and wintering waterfowl: 

a mollusks, including clams (Macoma bal th ica ,  Mya -- 
y e n a r  i a  Tapes japonica, - ~ ~ & m a ,  
Corbicula spp.), mussels (Ischadium demissm 
w i u  is , oysters  ( ~ ~ t ~ a = i f z i  
sria-ils( Na'sSarius obsol etusi:- ' --- 

a arthropods, including amphipods (Corophium, spp. 
Grandidierella Japnica  Arnpelisca- -------. - 9  .---- 
miller i 1, shrimp ( C r a n ~  spp. 1 , and crabs . --- .-- 
r ~ a n c e r  spp. ) ; and .--- 



The commercial harvest of f i n f i s h  i n  the  Bay has been l imited by 
l eg i s l a t ion  (T,LII, 19: 3-20) , with only herr ing  and anchovy being 
taken commercially today(DFG, 59,41). The herr ing  f i shery  is 
primarily f o r  roe which is exported to  Japan. English sole ,  
which use the  San Francisco Bay a s  a nursery, a r e  an important 
offshore comnercial species. Anchovy a r e  harvested primarily 
f o r  ba i t .  DFG estimated the  commercial harvest o f  herr ing  roe  
and shrimp from San Francisco Bay landings t o  have a value of 
$1 1.6 million per year (H. Chadwick,pers.comm., 12/28/87). 

DFG was unable t o  e s t ab l i sh  any re la t ionship  between freshwater 
outflow and t h e  s i z e  of commercial catches because of  
s ign i f i can t  problems with t h e  da ta  base, among which were: (1 ) 
inconsistent  catch repor ts ;  (2)  a commercial f i s h e r y  with 
changing equipment, methods and t e r r i t o r y ;  (3) catch report ing 
methods which make it d i f f i c u l t  t o  determine catch locat ion;  
(4) t h e  species f ished a s  w e l l  a s  t h e  s i z e  of  t h e  catch 
being determined primarily by the  market place ra the r  than 
species abundance; and (5) l i f e  h i s to ry  information not being 
known f o r  most commercially harvested species (DFG, 60,318). 

In  Phase I of t h e  hearing, DFG presented much new descr ip t ive  
information about t h e  e f f e c t s  of  flow on individual  f i s h  species 
and the  abundance and d i s t r ibu t ion  of t h e i r  l i f e  s tages  i n  t h e  
Bay. This is a necessary first s t e p  i n  describing the  
benef ic ia l  use of Bay fish. However, t h e  information needed t o  
es tabl i sh  numerical flow o r  s a l i n i t y  object ives f o r  t h e  
protection of Bay f i n f i s h  resources downstream of t h e  entrapment 
zone was not presented. (Delta outflows needed t o  protec t  
anadramus f i s h  and/or t h e  entrapment zone a r e  discussed in  
Section 5.3.4.3). Numerical object ives cannot be  set 
without considerable addit ional  study (T,LII, 25: 17-24;T,LII, 38: 8- 
14;T,LII,45: 12-24;T,LI1,67: 13-17;T,LII,74:6-13). 

Pat terns  of  Bay f i s h  abundance and d i s t r ibu t ion ,  and t h e i r  
re la t ionship  t o  freshwater outflow were highly variable and were 
influenced by offshore a s  well a s  upstream processes. Studies 
from other  e s tua r i e s  confirm what t h e  DFG s tud ies  indicated, 
t h a t  l*{i)n some cases,  t h e  same flow changes favor some 
organisms, while negatively impacting othersn (DFG, 61,73 1. 
Also, l*{t)here may be some l e v e l  of [inflow] reduction t h a t  
causes ser ious  impacts i n  each system but c e r t a i n l y  t h a t  l eve l  
var ies  among systems and. . . species. (DFG, 6 1,771 . DFG 
postulated t h a t  the  extreme v a r i a b i l i t y  of Bay conditions is 
normal and contr ibutes t o  t h e  productivity of t h e  system 
(T,LII,4: 13-25). Among the  reasons f o r  t h e  d i v e r s i t y  o f  
responses observed by DFG are: (1 )  a constantly s h i f t i n g  
community of  f i s h  species;  (2)  the  hydrologic and biologic 
environment of t h e  Bay not being i so la ted  from oceanic 
influences; and (3)  the  very l imited h i s t o r i c a l  database on Bay 
f in f i sh .  

DFG collected 122 f i s h  species and about 1,642,000 individual 
f i s h ,  including larvae,  during a six-year study, from January 
1980 through December 1985 (DFG, 59). Most species were s o  r a r e  



they were not  analyzed fur ther .  Bottom (demersal) hab i t a t s  
supported a more abundant, d iverse  f i s h  comnunity than open 
water ( pelagic) o r  near shore areas  (DFG, 59,6) . Table 4.5.2.3-1 
i d e n t i f i e s  t h e  predominant species i n  each of these  areas. 

DFG analyzed the  abundance of  t h e  69 most common species i n  
r e l a t i o n  to DWR1s water year c l a s s i f i c a t i o n  systan. During t h e  
study period the re  were four w e t  years  ( 1980, 1982, 1983, and 
1984) and two dry years (1 981 and 1985) with a wide range of 
freshwater outflows (DFG,60,3)(see Figure 4.5.2.3-1 1. The 
abundance of 61 percent (42 species)  showed no consistent  change 
with water year type, 29 percent (20 species)  increased i n  w e t  
years and 10 percent (7 species)  increased i n  dry years 
(DFG,59,19-20). This method of analys is  produced only a very 
general idea of  species1 response to  outflow s ince  DFG did not 
r e l a t e  f i s h  numbers t o  monthly flows (T,LII, 37: 11-12). 

Thirteen species occurred i n  numbers s u f f i c i e n t  t o  warrant more 
de ta i l ed  analys is  (DFG, 60 1 (see  summaries i n  Tables 4.5.2.3-2 
and 4.5.2.3-3). Of these,  twelve were nat ive  species and one 
was introduced. A l l  of t h e  predominant species use t h e  Bay 
during t h e i r  l i f e  cycle ( see  Table 4.5.2.3-2 (DFG, 59,lO). Many 
of t h e  species  which a r e  prey f o r  other  f i s h  o r  b i rds  a r e  
permanent res idents  of  the Bay, including gobies, topsmelt, and 
Paci f ic  staghorn sculpin. The Bay a l s o  provides nursery and 
rea r ing  hab i t a t  f o r  species which a r e  harvested comnercially and 
recrea t ional ly  (see Table 4.5.2.3-2). For example, t h e  English 
s o l e  and s t a r r y  flounder spawn off  shore but  t h e i r  eggs o r  young 
a r e  car r ied  by gravational c i r cu la t ion  i n t o  the  Bay where they 
mature. Adults of other  comnercially important species such a s  
Pac i f i c  herr ing  and northern anchovy ac t ive ly  move i n t o  and 
spawn i n  t h e  Bay where t h e i r  young a l s o  mature (DFG,59,10). 

DFG a l s o  examined f i s h  abundance r e l a t i v e  t o  s a l i n i t i e s  ranging 
from 0 t o  35 ppt s a l i n i t y .  Nine species preferred more s a l i n e  
areas ,  among them Pac i f i c  herr ing,  English so le ,  severa l  gobies 
and northern anchovy. Four species,  yellowfin goby, Pacif ic. 
staghorn sculpin,  longfin smelt,  and s t a r r y  flounder, t o l e r a t e  a 
broader range of s a l i n e  conditions (DFG, 59,7-1 O;DFG, 60,121,210, 
280-2831, Sa l in i ty  preference appears t o  change with age i n  
same species; f o r  example, young s t a r r y  flounder and Bay gobies 
prefer  fresher water while older  f i s h  prefer  more s a l i n e  
environments (DFG,59,22). The d i s t r ibu t ion  of  d i f f e r e n t  l i f e  
s tages  may change with s h i f t s  i n  s a l i n i t y .  For example, during 
w e t  years, juvenile English s o l e  do not use San Pablo Bay but  i n  
dry  years  when s a l i n i t y  is higher they do (DFG,59,22). When 
marine waters penetrate upstrean, marine f i s h  species follow. 
During t h e  drought ( 1976-771, freshwater species moved out  of  
Suisun Marsh and marine species moved i n  (DFG, 61,461. 

No uniform response t o  Delta outflow was evident among the  13 
most abundant species (DFG, 59,13-28). DFG reported t h a t  sane 
species o r  l i f e  s tages  increased in  abundance and/or expanded 
t h e i r  d i s t r ibu t ion  during increased freshwater outflows while 
o thers  did not (see Table 4.5.2.3-3). No consis tent  



Table 4.5.2.3-1 Most Common Bay F i n  F ish  Col lected from Demersal, Pelagic, 
and Nearshore Areas by DFG,1980-1986 (from DFG,59,6) 

SHORE HABITAT 

A the r i now  a f f i n i  s 
topsmel t 

C l  upea harenqus  all a s i  
P a c i f i c  he r r i ng  

Enqraul is  mordax 
Northern anchovy 
A t h e r i n o ~ s i  s ca l  i f o r n i e n s i s  

jacksmel t 
Morone saxa t i  1 i s 

s t r i p e d  bass 
L e ~ t o c o t t u s  armatus 
P a c i f i c  staqhorn s c u l ~ i n  
Menidia b e r i l l  i n a  
i n l a n d  s i l v e r s i d e s  
C l  eve1 andi a ios 

arrow goby 
Cvmatoqaster aqqreqata 

sh iner  perch 
Wicrometrus minimus 

dwarf perch 
Acanthoqobi us f l  avimanus 

ye l low f i n  goby 

PELAGIC HABITAT 

Enqraul i s mordax 
Northern anchovy 
S ~ r i n c h u s  t h a l  e ichthvs 

1 ongf i n smelt 
C l  u ~ e a  harenqus p a l  1 as i  

P a c i f i c  he r r i ng  
Morone saxat i 1 i s 

s t r i p e d  bass 

DEMERSAL HABITAT 

Spir inchus t ha le i ch thvs  
1 ongf i n smelt 

Enqraul i s  mordax 
Northern anchovy 
Morone saxa t i  1 i s 

s t r i p e d  bass 
Cvmatoqaster aqqreqata 

sh iner  oerch 
P a r o ~ h r v s  i e t u l  us 

Engl i s  h so le  
Genvonemus 1 ineatus 

wh i te  croaker 
L e ~ t o c o t t u s  armatus 
P a c i f i c  staghorn scu l  p i n  
L e ~ t o c o t t u s  1 e ~ i d u s  

Bay goby 
~i thar ich thvs  stiqmaeus 

speck1 ed sanddab 
~can thoqob ius  f l avimanus 

ye l l ow  f i n  goby 
Pl  a t i ch thvs  s t e l  1 atus 

s t a r r y  f lounder  
C l  uDea harenqus p a l  1 a s i  

Paci f i c h e r r i n g  





TABLE 4.5.2.3.2 Life history and descriptive information k r  the most abundant species 
of fish collected. (BFG, 59) 

Yellowin , E Winter Bay SB- SPB- Forage Demersal Residence 
S O ~ Y  Delta SB Comrneraal B 

M = native, I = introduced, E =estuarine, M = marine, SSFB = Swth San Francisco Bay, CSFB = Central San Francisco Bay, 
SPB = San Pabto Bay, SB = Suisun Bay, P = plankton, B = benthos, F = fish 
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TABLE 4.5234 Relationship between freshwater o W w  and abundance and dlstrlbutbn 
of varbus lb stages of the most abudant Wsh. (DFG, 59) 
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re la t ionship  was observed between f i s h  abundance and pulse flows 
(DFC,60,293). Monthly sampling was inadequate t o  determine t h e  
e f f e c t s  of short-term pulses (DFG,60,308). Freshwater pulses 
temporarily affected f i s h  d i s t r ibu t ion ,  more widely dispersing 
es tuar ine  species of  t h e  upper water column. The d i s t r ibu t ion  
of  demersal species was less affected by pulse flows 
(DFG,60,296). 

According t o  DFG, t h e  juveniles of es tuar ine  species (see Table 
4.5.2.3-2) a s  w e l l  a s  t h e  juveniles and adu l t s  o f  several  
f l a t f i s h  species were generally more abundant during wetter 
conditions (DFG, 59,15) . Fish abundance appeared t o  be mostly 
associated with increases i n  Delta outflow f o r  spec i f i c  l i f e  
s tages o f  seven species d u r i n g t h e  spr ing  o r  sumner and three  
species during t h e  winter ( see Table 4.5.2.3-3 ) . Increasing 
Delta outflows associated with increased abundance o r  
d i s t r ibu t ion  f o r  a pa r t i cu la r  ~ p e c i e s  i n  one season o r  life 
s tage  were of t en  reversed i n  another period o r  l i fe  stage. For 
example, t h e  abundance of  l a r v a l  English s o l e  i n  t h e  Bay 
increased during years of  h i& Delta outflow and t h e i r  range was 
broader; i n  con t ras t ,  t h e  range of juvenile s o l e  was l imited to 
Central Bay i n  wetter years and expanded i n  d r i e r  years 
(DFG, 60,248-251 1. Some l i f e  s tages  exhibited no detec table  
d i s t r ibu t iona l  s h i f t  with higher Delta outflows (DFG, 59,16-17). 
The e f f e c t  of increasing outflow had t o  be interpreted with 
respect  t o  each speciest  l i f e  h i s to ry  because t h e  locat ion of  a 
par t icular  l i f e  s t age  influenced its response t o  changing 
hydrodynamics. 

Winter-spring Delta outflows may play an important, but  a s  y e t  
poorly understood, r o l e  i n  t h e  productivi ty and biological  
d ive r s i ty  of  t h e  Bay. Peak flow events and gravi ta t ional  
currents  may t ranspor t  nu t r i en t s  i n t o  t h e  Bay and disperse  
immature f i s h  t o  es tuar ine  nursery hab i t a t  species which DFG 
reported showed a pos i t ive  response when Delta outflows 
increased (DFG, 60 include Bay shrimp, severa l  gobies, s t a r r y  
flounder, Paci f ic  staghorn sculpin,  longfin smelt, and English 
sole.  

Future s tud ies  of  Bay f i s h  a r e  needed t o  iden t i fy  c r i t i c a l  food 
chain re la t ionships  and t h e  flow and water qua l i ty  requirements 
of key species. Studies should concentrate on se lec ted  species 
within t h e  Bay cormrunity iden t i f i ed  a s  indica tors  of  comunity 
v i a b i l i t y  and productivity. 

Although the  evidence presented by DFG i n  t h e  Phase I hearing 
adds t o  knowledge of Bay f i s h ,  no spec i f i c  s a l i n i t y  o r  outflow 
regimes were iden t i f i ed  a s  being necessary t o  protec t  Bay 
f i shery  resources. From t h e  avai lable  information, it would be 
premature t o  do s o  a t  t h i s  time. However, it should be  noted 
t h a t  t h e  Bay f i s h  c m u n i t y  appears w e l l  adapted t o  current  
variat ions i n  outflow and s a l i n i t y  and t h a t  potent ia l  fu ture  
appropriations t h a t  reduce t h i s  va r i ab i l i ty  may reduce the  
productivity of Bay f i s h  and/or t h e i r  adaptabil i ty.  Unless it 
is determined t h a t  object ives proposed f o r  t h e  protection of  
other benef ic ia l  uses provide inadequate protect ion f o r  Bay 
f i n f i s h ,  no s p e c i f i c  object ives w i l l  be set f o r  t h i s  benef ic ia l  
use. 



4.5.3 Ocean Habitat 

Testimony concerning outflows from San Francisco Bay described two 
main effects  on ocean habitat.  The f i r s t  is tha t  the  p l m e  of 
freshwater i n  the  Gulf of the  Farallones provides for  an abundant 
amount of marine l i f e  and thus serves a s  a concentrated feeding 
habitat  fo r  f i sh ,  marine mammals and birds  (T,LIV, 152 :22-153: 1 1. 
Two bird species which part icularly use t h i s  p lme  area are  the  
Brandtfs cormorant and the common murre (T,LIV,1%:3-13). The 
second e f fec t  of San Francisco Bay outflow is related t o  the  
movement of organisms, especially the  larvae and juveniles of 
f i n f i sh  and shel l f ish ,  into the Bay (T,LI,267:23-268:4), In  certain 
cases, such a s  for bay shrimp, movement of larvae out of the  Bay 
in to  the Gulf of the Farallones and the i r  return l a t e r  i n  the  year 
is fac i l i t a ted  by higher Bay outflows (T,LI,272:6-19). In some 
circumstances, pulse flows, and the i r  timing, were shown t o  be 
important i n  the  determination of abundance of larvae (T,LI,289: 5- 
25). The larvae or adults of English sole,  Dungeness crab, Pacific 
herring and northern anchovy a r e  transported back in to  the Bay on 
the  bottom current inflows generated by the  l igh te r ,  less sa l ine  
freshwater flowing out of the  Bay (see gravitational circulation; 
3.6.2.1 , south Bay) (T,LI ,  292: 15-25). 

The testimony presented general relat ionships between Bay outflow 
and the  abundance of various species. However, there was no 
quantification of the  relat ionship between specific levels  of 
outflow and the  e f fec t s  on these species. Testimony from PRBO 
indicated tha t  studies have not yet  been done t o  r e l a t e  the s i ze  of 
the  plume t o  the  volume of freshwater flowing fran San Francisco Bay 
(T,LIV, 155: 15-1 56: 6). No relationship has been established between 
the  amount of freshwater outflow and the  productivity of the plume 
(T,LIV, 169: 18-20; 1. Likewise, DFG has not yet  been able t o  quantify 
t he  relat ionship between flows and the i r  e f fec t s  on various 
species (T,LI,300:5-8). No recommendations were given fo r  any 
part icular volme or timing of San Francisco Bay outflows, nor for 
any periodicity o r  volume of pulse flows t o  provide protection for  
beneficial uses i n  the  ocean habitat.  Any ocean outflows must be 
viewed in  the  context of the  effects  of water flows in  the Estuary 
a s  a whole. A s  DFG pointed out,  it is not appropriate t o  attempt to 
compartmentalize these e f fec t s  fo r  the  ocean alone (T,LI,293:7- 
17;T,LIII,49:4-13). 

Because of the lack of quantif iable data,  and the  absence of 
specif ic  recomnendations for flows t o  protect beneficial uses i n  the  
ocean habi ta t ,  no specific recommendations for  flow o r  sa l in i ty  will 
be made for  the  ocean habitat.  If quanti tat ive data becane 
available tha t  r e l a t e  Bay outflow t o  ocean habi ta t ,  and i f  a 
determination can be made tha t  objectives for the Estuary provide 
inadequate protection for the ocean habi ta t ,  t h i s  issue may be 
reviewed again. 



14.6 Estuary Wildl ife  Habitat Beneficial Use 

4.6.1 Delta 

I n  the  Delta the re  a r e  600,000 acres of  ag r i cu l tu ra l  land on t h e  
leveed i s lands  and uplands, of  which 515,000 acres  a r e  cul t iva ted;  
about 7,000 acres a r e  r ipar ian  woodland and scrub/shrub vegetation; 
7,000 acres  a r e  freshwater marsh; 50,000 acres,  water surface; 42,000 
acres,  grasslands and uplands; and about 32,000 acres of t h e  Delta 
a r e  urban-for a t o t a l  of 706,000 acres (DFG, 6 , l ) .  Freshwater marsh 
and r ipa r i an  growth provide the  hab i t a t s  which support the  grea tes t  
d ive r s i ty  of p lant  and animal species (DFG,6,4). The agr i cu l tu ra l  
areas have supported from 450,000 t o  600,000 migratory waterfowl 
during t h e  winter, with thousands of  shorebirds and wading b i rds  
making use of t h e  shallows of seasonally flooded f i e l d s  (DFG, 6,4). 

Over 230 species o f  b i rds  and 43 species of mamnals occur i n  t h e  
Delta (DFG,6,1). There a r e  a l s o  15 r e p t i l e  species and e ight  
amphibians reported o r  thought t o  occur i n  the  Delta (Delta 
Wildl ife  Habitat Protection and Restoration Plan; DFG, USFWS, 1986). 
Many of these  animals a r e  s o  unconrmon they have been iden t i f i ed  on 
o f f i c i a l  lists of r a re ,  threatened o r  endangered species by wi ld l i f e  
agencies. Seven bi rd  species a r e  listed by e i t h e r  t h e  s t a t e  o r  
federal  government a s  threatened o r  endangered. TWO more bi rd  
species a r e  candidates f o r  federal  l i s t i n g  (DFG, 6,3;USFWS, 19,20,21). 
The g iant  gar ter  snake is a s t a t e - l i s t ed  threatened species a s  well 
a s  a candidate f o r  federa l  l i s t i n g  a s  e i t h e r  threatened o r  endangered 
(DFG, 6,3; USFWS, 22). Two mammals, t h e  r ipa r i an  brush rabb i t  and t h e  
r ipa r i an  woodrat a r e  candidates f o r  federa l  l i s t i n g  a s  threatened o r  
endangered; three invertebrates a l s o  a r e  federa l ly  l i s t e d  a s  
threatened o r  endangered and th i r t een  p lants  a r e  l i s t e d  by federal  
and/or s t a t e  agencies a s  r a re ,  threatened o r  endangered (DFG, 6,3). 

I n  the  Delta, w i l d l i f e  hab i t a t  and w i l d l i f e  a r e  dependent upon water 
q u a l i t y  and flow i n  t h e  channels and upon cropping pa t t e rns  on the  
cul t iva ted  land. Migratory waterfowl in  pa r t i cu la r  use s p i l l e d  and 
unharvested corn and other  grain crops, especia l ly  when Delta i s lands  
a r e  allowed t o  be  ponded o r  flooded f o r  leaching purposes (DFG, 6,4) . 
Tne qua l i ty  of water avai lable  i n  Delta channels can a f f e c t  waterfowl 
and migratory b i rd  use, a s  they a r e  influenced by t h e  crops planted 
and leaching frequencies. Fewer grain crops and less frequent 
flooding would reduce use by waterfowl such a s  Aleutian Canada 
geese, t u l e  white-fronted geese, t r icolored  blackbirds, a s  wellas 
sandhi l l  cranes which now depend on w e t  o r  flooded pasture and 
cul t iva ted  grains (DFG,6,4 and 7).  The peregrine falcon may a l s o  be 
affected by changed waterfowl abundance because of t h e  .importance of 
waterfowl i n  t h e i r  d i e t  (USFWS,17,2). 

Swainson's hawk, black r a i l ,  yellow-billed cuckoo, r ipa r i an  brush 
rabb i t ,  r ipa r i an  woodrat and giant garter  snake a r e  species which 
would be affected by changes i n  water qua l i ty  and flow t o  t h e  degree 
t h a t  such changes lead t o  contamination o f ,  o r  a reduction in ,  the  
na tura l  hab i t a t  of the  Delta (T, XXX, 5: 23-25). Vegetation changes 
which reduce t h e  acreage of freshwater marsh and r ipar ian  f o r e s t  o r  
scrub/shrub would a l s o  have an adverse effect. 



4.6.2 Suisun Marsh 

a i s u n  Marsh, with an area of 116,000 acres, is  t h e  l a rges t  
contiguous brackish water marsh i n  the  United Sta tes  
(T, XXX, 12;DFG, 5 , l ) .  The major hab i t a t  types a r e  managed marsh, 
subject  t o  controlled inundation and drainage ( generally fo r  the  
enhancement of waterfowl h a b i t a t ) ,  and t i d a l  marsh influenced by t h e  
water regime i n  t h e  channels. There a r e  a l so  substant ia l  a reas  of  
hab i t a t  consist ing mostly of  annual grasses and weedy growth, 
cropland and open ground. Between 54,000 acres (T, XXX, 11 0: 4-51 and 
57,000 acres (DFG, 5,3) a r e  marshland, of which approximately 10,000 
acres  a r e  t i d a l  marsh (T,XXX,49:21,110:5). Estimates d i f f e r  i n  
regard t o  what proportion of t h e  marsh acreage is managed and what is 
t i d a l l y  influenced, depending on t h e  def in i t ions  used and t h e  areas  
examined. By a l l  estimates t h e  l a r g e  majority (80 t o  90 percent) of 
marshland is  managed fo r  plant  species considered benef ic ia l  t o  
wintering waterfowl (DFG, 5,6). 

'Ihe principal  waterfowl species using S i s u n  Marsh i n  winter a r e  
p i n t a i l ,  mallard, shoveler, widgeon and green-winged t e a l ;  mallard, 
gadwall, and cinnamon t e a l  breed here. The plants  which a r e  
preferred food items for  wintering waterfowl a r e  a l k a l i  bulrush, 
brass  buttons, and fat-hen (DFG, 5,9). During the  remainder of t h e  
year, invertebrates a r e  important food fo r  pre-nesting females and 
broods of ducklings (DFG, 5,131. 

Besides waterfowl, several  s t a t e  o r  federa l ly  l i s t e d  animals and 
plants  exist i n  t h e  Marsh. Animals include s a l t  marsh harvest  mice, 
clapper r a i l ,  and black r a i l ;  p lan t s  include Mason's l i l a e o p s i s ,  
Suisun a s t e r ,  Delta t u l e  pea, and s a l t  marsh b i rd ' s  beak. These 
animals and plants  a r e  l i k e l y  t o  b e  affected by changes i n  flow and 
s a l i n i t y  i n  t h e  Marsh (T, XXX, 68: 24,136: 3-25;BAAC,4). Increased 
s a l i n i t y  i n  t i d a l l y  influenced channels w i l l  cause an increased 
physiological stress on plants ,  r e su l t ing  i n  decreased reproduction 
and productivity, eventually leading t o  changes i n  t h e  p lant  and 
dependent connnunity (CNPS, 1 ,541.  Water qual i ty  standards lower than 
present l eve l s ,  i.e., higher TDS l e v e l s  (T,XXIX,210:9-121, w i l l  
increase plant  stress, decrease photosynthetic productivity of  marsh 
plants ,  k i l l  sa l t -sens i t ive  species,  r e t a rd  growth of new plants ,  and 
reduce plant species d ive rs i ty  (CNPS, 1,10). 

4.6.3 Other Tidal h r s h e s  

San Francisco Bay's t i d a l  marshes, ranging from fresh  t o  s a l t  
hab i t a t s ,  include 53 square miles of t i d a l  marsh, 15 square miles of 
diked marsh and 55 square miles of diked ponds (DFG, 7 , l ) .  Major 
areas of t i d a l  wetland occur on t h e  northeast shore of San Pablo Bay, 
speci f ica l ly  '&bbs Is land,  Napa and Petaluma Marsh. Diked marshes, 
ponds and mudflats a r e  extensive i n  t h e  south Bay (DFG, 7 , l ) .  

Bay area wetlands and aquatic hab i t a t s  support over hal f  of t h e  
Pacif ic  Flyway's wintering population of such waterfowl a s  canvasback 
ducks and a r e  very important fo r  scaup, scoters  and redhead ducks. A 
variety of species of w i l d l i f e  l i s t e d  a s  threatened o r  endangered by 
s t a t e  o r  federal  wi ld l i f e  agencies depend on Bay hab i t a t s  f o r  a l l  o r  



p a r t  of  t h e  year. S a l t  marsh harvest mice, California clapper r a i l ,  
black r a i l ,  California brown pelican,  and California l e a s t  t e r n  a r e  
l i s t e d  (DFC,7,13), I n  Bay marshes, s a l t  marsh b i rd ' s  beak and 
Mason's l i l a e o p s i s ,  a r e  l i s t e d  by t h e  s t a t e  a s  r a r e  plants .  Both 
p lants  a r e  dependent on brackish o r  s a l t  marsh conditions 
(T, XXX, 70: 1 9-23 ;T , XXX, 76: 5-22) and occur near t h e  upper reaches of  
t h e  Bay. 

Aquatic hab i t a t  and aquatic invertebrates a r e  important i n  t h e i r  
contr ibution t o  t h e  food supply o f  higher forms of  Bay wi ld l i fe .  One 
of t h e  most important food items f o r  canvasback ducks is t h e  
clam Macma bal th ica  and two other  molluscs, Mya .--- ------ 
arenaria and Musculus senhousia a r e  a l s o  extensively --- .---- ---- 
eaten. These molluscs are a l s o  food f o r  clapper r a i l ,  a s  a r e  a 
var ie ty  of  other  inver tebra tes  (DFG, 7,9). 

Although many Bay t i d a l  marshes a r e  r e l a t i v e l y  i so la ted  from Delta 
outflow and s a l i n i t y ,  t h e  nearby Bay waters a r e  affected by 
s t r a t i f i c a t i o n ,  gravi ta t ional  c i rcula t ion ,  and f lushing induced by 
outflow. To t h e  degree t h a t  mollusc and f i s h  species and aquatic  
habi ta t  productivi ty changes i n  t h e  Bay, t h e  value o f  t h e  adjacent 
marshes and beaches f o r  s e n s i t i v e  wi ld l i f e ,  such a s  r a i l s ,  t e rns ,  and 
pel icans,  may change (DFG, 7,10-12). 

4.7 Estuary Recreation Beneficial Use 

Ihe waters of  t h e  Estuary a r e  used f o r  a var ie ty  of contact  and non- 
contact forms o f  recrea t ion ,  among than, swimning, boating, f ishing,  
hunting, water sk i ing ,  and houseboating. The waters a r e  a l s o  used f o r  
competitive events,  marine parades and emerging a c t i v i t i e s ,  such a s  
boardsai l ing and j e t sk i ing  (EBRPD, 1-33). There a r e  a l s o  a var ie ty  of 
water-oriented, non-contact a c t i v i t i e s  such a s  sightseeing, whale- 
watching, b i rd  watching and beachcombing, a l l  of which depend on t h e  
e s t h e t i c s  o r  visual  qua l i ty  of  the  Estuary's waters t o  sune degree 
(EBRPD, 1-33] 

4.7.1 Sacramento-San Joaquin Delta and Tr ibutar ies  

Evidence was provided which projected user days and economic values 
f o r  freshwater recreat ion i n  the Delta a s  compared t o  s imi lar  types 
of  recrea t ion  a t  s torage  and export reservoi rs  and f a c i l i t i e s  
(SWC,65,24). Freshwater-oriented recreat ion i n  t h e  Delta was 
estimated t o  be  8.3 mil l ion user days in  1977-78, although this 
number includes some a c t i v i t i e s  which do not depend e n t i r e l y  on the  
Delta 's  waters. Brackish water, ocean and estuary a c t i v i t i e s  were 
not included i n  t h e  t o t a l  (SWC, 66,5). Testimony and evidence were 
a l s o  provided which indicated t h a t  recreat ion v i s i t s  to Estuary 
shorel ine park f a c i l i t i e s  have been growing rapidly compared t o  the  
project ions used by WC, i.e., 122 percent i n  two years vs. 0.8 
percent/year (EBRPD, 24,T. 1 ) . Millions of  user days and d a i l y  values 
of  $20 o r  more f o r  water use a r e  calculated f o r  recrea t ional  use of  
Estuary water (BISF,38,T4). Flow and s a l i n i t y  object ives which 
a f f e c t  those uses, e i t h e r  i n  t h e  area of  o r ig in  or  in  t h e  export 
a rea ,  w i l l  have an economic effect, but no testimony o r  evidence 



addressed quan t i t a t ive  effects of pa r t i cu la r  object ives on 
recrea t ional  uses. An extrapolat ion o f  old s tudies  o f  Delta 
recrea t ion  has generated est imates i n  t h e  range of 13 mi l l ion  
recrea t ion  days annually (PICYA,2,51). Testimony by lSWC suggested 
t h a t  these  est imates were high and should be  reduced t o  6.95 
million. However, no current  information, based on recrea t ion  use 
s tud ies ,  during this decade is avai lable  (T,LV, 137: 13-16). 

?here is a l s o  l i t t l e  evidence of  t h e  degree t o  which t h e  Estuary's 
water recreat ion would be af fec ted  by flow o r  sa l in i ty .  S u h i t t a l s  
by SWC argued t h a t  recrea t ion  i n  t h e  Delta depends on t h e  surface  
acreage and has l i t t l e  o r  no re la t ionship  t o  changes i n  flow of 
freshwater (SWC,66,14). On t h e  other  hand, there was no evidence 
given a s  t o  the  impacts of  s a l i n i t y  on corrosion, growth of  fouling 
organisms which might grow on boats  moored i n  the Delta, o r  t h e  c o s t s  
of  p i l i n g  replacement i f  marine boring organisms penetrated fu r the r  
i n t o  t h e  Delta a s  a r e s u l t  of  higher s a l i n i t y  o r  more prolonged 
in t rus ion of marine water i n t o  the  Delta. 

4.7.2 Suisun Marsh and Carquinez S t r a i t s  Area 

Sane evidence was submitted on the recrea t ional  use of  the  Suisun 
Marsh o r  Carquinez S t r a i t s  a rea  of  t h e  B a y a e l t a  Estuary. BAAC 
submitted evidence in fe r r ing  t h a t  b i rd  watching goes on i n  t h e  Suisun 
Marsh (BAAC, 20; 26; 27). From evidence submitted by EBRPD, estimated 
recreat ion a t  its Contra Costa shore l ine  f a c i l i t i e s  (Antioch and 
Martinez shorel ine)  has increased rapidly from 1981 t o  1987, growing 
from 84,000 v i s i t o r s  t o  287,000 v i s i t o r s ,  o r  about 340 percent i n  s i x  
years (EBRPD, 34, TI 1. Although t h e r e  is l i t t l e  evidence l ink ing  t h e  
quanti ty o f  recrea t ion  i n  th i s  reach t o  flow and s a l i n i t y  of  t h e  
water, both BAAC and EBRPD expressed concern t h a t  v i s i t o r s  t o  these  
recrea t ional  areas would experience losses  of  t h e  value they place on 
w i l d l i f e  and f i s h  resources which might be harmed i f  flow decreased 
and s a l i n i t y  increased (T,XXX,45: 12-23;T,LV, 184: 15-25,185: 1 4 ) .  

'Ihe r a t e  of  growth of recrea t ional  use i n  EBRPD u n i t s  with water 
qua l i ty  problems, Point I sabel  and San Leandro Bay, increased f ran  
71,000 t o  487,000 use r s  between 1981 and 1987, an increase of  over 
680 percent (EBRPD, 34,TI). This occurred despi te  ser ious  heavy metal 
contamination a t  these beaches. I n  comparison, t h e  r a t e  of  growth a t  
t h e  nearby, unpolluted Hayward and Mil lerxnox shorel ines has moved 
from 21,000 use r s  t o  196,000, an increase of 930 percent i n  the  same 
time. Without s p e c i f i c  information on t h e  fea tures  which prompt 
users  t o  attend the  various park u n i t s ,  o r  the  measurement method by 
which use est imates were made, it is probably u n r e a l i s t i c  t o  use 
these  f igures  t o  show t h a t  v i s i t a t i o n  and recreat ional  use would be 
harmed by changes i n  water flow o r  s a l i n i t y .  Moreover, it is 
noteworthy t h a t  users  did not avoid contaminated sites, and it does 
not seem reasonable t o  suppose t h a t  a moderate change (of one o r  two 
p a r t s  per thousand) i n  s a l i n i t y  would subs tant ia l ly  change fu tu re  
recreat ional  use. This might not be t r u e  i f  t h e  change were such a s  
to convert a freshwater beach t o  sa l twater ;  however, no data  a r e  in  
t h e  record on t h i s  subject.  



4.7.3 San Francisco Bay and Adjacent Ocean 

The Basin Plan for Region 2, the  San Francisco Bay Basin, i d e n t i f i e s  
most of t h e  same forms of  recreat ion a s  t h e  Delta. Recreational uses 
a r e  a l s o  ident i f ied  f o r  the  Pacif ic  Ocean and the  San Francisco Bay 
system and a l l  other surface waters (RWCCB,2.19751. Water-oriented 
recreat ion i n  the  San Francisco Bay area was estimated t o  t o t a l  over 
1 27 million user days (BISF, 38, T3 1. 

Evidence was presented t h a t  outflow t o  the  Bay and Paci f ic  Ocean and 
resu l t an t  s a l i n i t y  changes may a f f e c t  recreat ion,  but  quantif icat ion 
was not  made available.  The Basin 2 Plan spec i f i e s  a s a l i n i t y  
standard i n  ocean waters requir ing no s igni f icant  var ia t ion  beyond 
present natural  background levels .  A s ign i f i can t  var ia t ion  is 
"defined a s  any l e v e l  of water qual i ty  which has an adverse and 
unreasonable e f f e c t  on beneficial  water uses o r  causes nuisancen 
(RWBCB 2,1975,3-3). Several par t ic ipants  presented testimony to  t h e  
effect t h a t  past flow and s a l i n i t y  changes have impaired recreat ional  
benef ic ia l  uses, and t h a t  fu tu re  flow and s a l i n i t y  changes could 
impair them fur the r  (BISF, 38,40,41,46; EBRPD, 34). Other p a r t i e s  
submitted testimony and evidence which proposed t h a t  ecosystem 
changes i n  flow o r  s a l i n i t y  would a l s o  adversely a f f e c t  recreat ional  
uses (BAAC, 4;BCDC, 1 ;BISF, 50,5l; PRBO, 2;TIBCEN, 1,21. 

4.8 Other Beneficial Uses 

4.8.1 Navigation 

Navigation i n  t h e  Estuary includes both commercial and recreat ional  
a c t i v i t i e s .  There a r e  seven major por ts  i n  the  Estuary (San 
Francisco, Oakland, Alameda, Redwood City, Richmond, Stockton, and 
Sacramento) , serving more than 5,000 ships annually (NOAA, 1 986,891 ; 
the re  area lso  numerous o i l  t r ans fe r  terminals located between 
Richnond and Suisun Bay. In 1 984, imports a t  the  Estuary' s seven 
major por ts  were worth $10,419,000, while exports were worth 
$6,295,000 (NOAA, 1 986). S ix  mil l ion tons of  cargo have been 
transported annually i n  Stockton and Sacramento deepwater  ship  
channels (DWR, 1 987,601 . In 1 985 the re  were 143,646 recreat ional  
boats regis tered  i n  t h e  nine counties surrounding San Francisco Bay 
(NOAA,1986,741, and about 82,000 pleasure boats  a r e  regis tered  i n  the  
Delta area (DWR, 1987,601. These Delta area  boaters  a r e  served by 
more than 8,500 berths,  119 docks and 27 launching f a c i l i t i e s  
(DWR, 1987,601. 

Navigation is enhanced by a network of deepwater channels t o  the  
major ports.  Extensive dredging is  required t o  maintain these  
channels; i n  1985, f o r  example, nearly 8.6 million cubic yards of 
material  were dredged i n  the  Estuary a t  a cos t  of more than $17 
million (MOAA, 1986,971. 

lhese channels have tm major e f f e c t s  on the  Estuary. The deeper 
channels allow increased s a l t  water intrusion in to  t h e  Estuary 
(T,LVI, 176: 9-1 78: 8;DWR, 709,172). This increased s a l i n i t y  may have 
impacts on other benef ic ia l  uses such a s  recreat ional  boating which 



would see greater  maintenance cos t s  from h u l l  fouling,  corrosion of  
propellers  and s t ruc tu res ,  and re la t ed  problems (T,LV, 158: 1 -7). The 
second effect is t h e  impact of dredging and dredge s p o i l s  disposal  on 
water qual i ty  (see, f o r  example, T, XLVIII, 71 :20-102: 9 ) .  This impact 
w i l l  be  discussed i n  t h e  Pollutant  Policy Document. 

On t h e  other  hand, water qua l i ty  cons t ra in ts  t o  protec t  other  
benef ic ia l  uses may a f f e c t  navigation. Objectives set f o r  s a l i n i t y  
and flow may, f o r  example, influence t h e  cos t s  of maintaining or  
increasing t h e  depths of ex i s t ing  channels (DFG & USFWS, 1980,2-15). 
Closure of  the  Delta Cross Channel gates a l so  prohibi t s  recrea t ional  
boaters  from using the Cross Channel a s  a shortcut  between the 
Sacramento and Mokelumne r ive r s .  

Navigational requirements a l s o  have d i r e c t  effects on t h e  Sacramento 
River. The 5,000 c f s  minimum a t  Wilkins Slou&, j u s t  below Tisdale 
Wier, t h a t  t h e  CVP is required t o  provide (T,I,43:15-21), sus ta ins  a 
minimum flow i n  the  Sacramento River i n  t h e  absence o f  other  
regulations. 

'Ihe SWP and CVP export pumps current ly  operate under U.S. Army Corps 
of Engineers (COE) c r i t e r i a .  Maximua flow r a t e s  f o r  Cl i f ton  Court 
Forebay a r e  s t ipu la ted  f o r  various times of t h e  year (DWR, 708,lO). 
Operations devia t ing  from these  c r i t e r i a ,  such a s  addit ional  export 
with t h e  four new SWP pumps now under construction, w i l l  requi re  a 
new permit from t h e  COE (Dm, 1982,7). 

4.8.2 Dilut ion of  Pollutants  

Freshwater flows t o  d i l u t e  pol lu tant  burdens i n  t h e  Estuary and 
upstream was t h e  subjec t  of  considerable testimony, much of which 
concerned "flushing flowsn t o  reduce pollutant  burdens i n  south San 
Francisco Bay. Burdens here tend t o  be  higher because of  l imi ted  
exchange of  water between South Bay and the  ocean i n  t h e  absence o f  
subs tant ia l  freshwater inflows t o  d r ive  t h e  exchange. 

Evidence received on pol lu tants  w i l l  be used by Regional Boards 2 and 
5 t o  update t h e i r  basin plans. The S ta te  Board w i l l  provide guidance 
t o  t h e  Regional Boards i n  t h e  develowent of per t inent  provisions of  
these  plans and w i l l  review and approve Regional Board updates. 
During t h e  f i n a l  phase of t h e  hearing, t h e  Board w i l l  evaluate 
whether t h e  source control  of pol lu tants  proposed by t h e  Regional 
Boards is s u f f i c i e n t  t o  protec t  benef ic ia l  uses i n  t h e  Estuary. The 
need f o r  d i lu t ion  o r  f lushing flows through water r i g h t  amendments 
may be  considered only a f t e r  a l l  reasonable source control  methods 
have been implemented. 

4.9 Uses of Water Exported From t h e  B a y a e l t a  Estuary 

The following sec t ions  address water use i n  the  areas of export,  t h a t  
is, the  areas defined f o r  purposes of t h i s  Plan a s  being outs ide  t h e  
l ega l  boundary of and receive water diverted from t h e  Bay-Delta Estuary. 



4.9.1 Municipal and Indust r ia l  Uses 

The majority of California 's  population l i v e s  i n  semi-arid areas 
where population and indust r ia l  expansion have exceeded t h e  a b i l i t y  
of many communities t o  meet t h e i r  water needs with loca l  sources. 

Local a s  w e l l  a s  d i s t a n t  camuni t i e s  have seen the  Estuary's 
waters a s  a means t o  meet t h e i r  needs. Municipal and Indus t r i a l  (M&I) 
water exports t o  loca l  areas outside the  Estuary began i n  1929 when 
EBMUD i n i t i a t e d  t h e  f i r s t  export of Delta supplies by diver t ing  
Mokelumne River water through its Mokelumne Aqueduct to Alameda and 
Contra Costa counties. I n  1934 San Francisco began diver t ing  water 
from the  Tuolumne River through the  Hetch Hetchy Project f o r  use i n  
San Francisco, San Mateo, and Alameda Counties. I n  1940 t h e  Contra 
Costa Canal (CCC), t h e  f i r s t  u n i t  of t h e  CVP, was completed and began 
supplying water t o  the  Antioch-Pittsburg area. Tk;e City of Vallejo 
began importing Delta surface water from Cache Slough i n  1953. USBR 
began diver t ing  Putah Creek water via the  Putah South Canal t o  
Fa i r f i e ld  and Benicia in  1957. In  1965 t h e  South Bay Aqueduct of t h e  
SWP began exporting an interim supply of Delta water from the  Delta- 
Mendota Canal (DMC) t o  Alameda and Santa Clara Counties. The North 
Bay Aqueduct Phase I1 f a c i l i t i e s  of t h e  SWP d iver t  Delta waters from 
Barker Slough t r ibu ta ry  to Lindsey and Cache sloughs, and connect 
with t h e  Phase I f a c i l i t i e s  jus t  west of Cordelia. Water w i l l  be 
delivered t o  Solano and Napa counties (DWR, 207,l-7) . 
The f i r s t  non-local, statewide exports began i n  1968 when t h e  federa l  
Central Valley Project began exporting water t o  t h e  municipali t ies  of 
Coalinga, Huron and Avenal through t h e  CMC and San Luis Canal 
(Dm, 204,l) . In  1 971 the  SWP s California Aqueduct began exporting 
water t o  southern California through t h e  Edmondston Pumping Plant  
over the  Tehachapi Mountains (DWR, 207,l-7) . 
CVP statewide M&I de l ive r ies  a r e  approximately 430,000 AF/yr with a 
projected delivery i n  t h e  year 2010 of 1,033,116 AF/yr (Table 4.9.1- 
1 (USBR, 1987). I n  1985, SWP statewide M & I  de l ive r ies  were 
approximately 1,008,000 AF/yr (Table 4.9.1-2) (DWR, 461,l). No 
estimate of SWP projected de l ive r ies  t o  southern California was 
presented. Table 4.9.1-3 lists s t a t e  and federal  water t ransfer  
f a c i l i t i e s  and the  areas each serve. 

Population and economic projections indicate  growing M & I  water 
demands. The Department of Finance has estimated t h a t  the  s t a t e  
population w i l l  increase from 27,000,000 people in 1986 t o  36,280,000 
people i n  2010 (DOF, 1987). Of t h i s ,  t h e  population of t h e  s i x  most 
populated counties i n  southern California--Ventura, Los Angeles, 
Orange, Riverside, San Bernardino, and San Diego--are expected t o  
increase from a 1986 l eve l  of 15,290,000 people t o  20,220,000 in  2010 
(WC,6,7). 



Table 4.9.1-1 

Municipal and Industr ial Uater Contracts 
Central Valle Project 

(acre-feet! 

SACRAMENTO VALLEY AND AMERICAN RIVER SERVICE AREAS c/ SAN JOAPUIN VALLEY SERVICE AREAS 

Contracting Ent i ty  
=Pn========P=n=am===a===Pp.:e 
Bella Vista Y) d/ 
Ci ty  of Folsom d/ 
Ci ty of Redding d/ 
City/Redding(Buckeye) 
C i  ty/Redding(Buckeye) 
C i ty  of Roseville 
C i  ty/Sacrammto(mv) d/ 
City/Sacremento(SacRv) d 
Clear Creek CSD 
County of Colusa 
Diamond International 
D i d  Internetionel d/ 
East Ba ClllD 
East l o r o  CSD 
E l  Dorado ID 
ElDoradolD 
Elk Creek CSD d/ b ~olscm Prison d/ 
Foresthi l! WD 
G.U. U i l l i m a  
Keswick SO 
Lake CA (Rio Alto) 
Louisiana Pacif ic d/ 
Mather AFB (tcnnporary) 
Mantain Gate 
Napa Co. FCUW 
Parks 8 Recreation d/ 
Placer Co. Uater A d/ 
Rivervicsu Golf clutd/ 
San Juan Sukrrban W 
Sen Juan Suburban bD d/ 
Shasta County VA 
Shasta CSD 
Shaata Dm WD 
So. Cal. Uater Co. d/ 
Sacremento ClUD 
Sumnit Ci ty PUD 
U.S. Forest Service 

Con! rac t 
naximm a/ 

above 
10,300 

40 
510 
425 

150 000 
9,290 
2'875 
7: 500 
100 

4 000 
2:500 
130 
500 
200 
25 
350 
350 

7 500 
5,000 

150:m 
280 

5 600 n:m 
::8! 
3,227 
10 000 
7'500 
11170 

10 

. -  -.- - -  . . - 15~ ---=-- .--- 
DMDPfP 

75.000 Total San Joequin 418,?79 192,690 403.709 
280 =----==- 

5,600 Total Sacranento and 1,425,239 431,529 1,033,116 

331E 
San Josquin 

. - - - 
~ ~ ~ P ~ ~ ~ U D U ~ I I ~ ~ ~ ~ P U ~ P D ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ P ~ ~ I U ~ ~ ~ P P P ~ ~ P I = P D ~ ~ D P D ~ I D P ~ ~  

Tota! Sacrynento and 1,006,462 238.839 629,407 
American River 

a/ Want i t  i s  a contract maximm or i s  projected a 1  use within a c d i n a t i o n  n&l/agricultural water service contract. 
b/ ~ e l i v e r l e s  may include uater transferred from other contractors or purchased under provisions of the contract nd may therefore be higher than contract rmalluo. 
c/ Includes Solano FCUCD and Napa Co. FCUCD of Solano Project. 
d/ Contract includes water rights; msymenf i s  made t o  the United states fo r  water r ights water. 
e/ Present use includes City of Napa ich w i  11 cease when North Bay Aqueduct completed. 

Source: USER, Factsheet: uExhibits end T e s t i m y  before SURCB, Bay-Delta Hearing, 19W, 1987. 



Table 4.9.1-2 

SUP WATER DELIMRIES FOR AGRICULTURE MUNICIPAL AND INDUSTRIAL USES 
RECREATION USE AT SUP FACILITIES AND H~DROELECTRIC ENERGY, 1962 to  I&. 

Year 
~EEEEEPE 

Recreation 
Smmrted 

Water Delivered (Acre-Feet) 
O ~ I P L l P P J I J I P P P ~ ~ ~ ~ ~ ~ ~ ~ P P M = M ~ ~ E L 1 E ~ ~ D P ~ P D M ~ ~ P P P P P ~ ~  

(Rkreat ion 
Dave) b/ 

Entitlement Uater 
P S I D P P = D P P P ~ P P ~ E l P P D ~ ~ P f - ~  

lknicipml 8 Agricultural 
Indrrstrial Use Use Total 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ p P ~ p P c p p p P = p P ~  

;e:;ic 
Energy 
Generated 
~mgare t t -  
hours) c/ 

P P D P ~ D p f l E E D M P  

Other Deliveries 
----u--rOMPPPPSS=PISPPPP- 

Uunici 1 8 Agricultural Other Total 
l n d u s t r t l  Use Use Delivery 

P s W -  A % L L a a / = = - - = n P n n n  

I t P P P Z  
I I I 

MDPDPPPPPPPPIDlDD 
I 

Total d/ 9,209,162 10,186,214 19,395,376 210,720 5,523,429 2,885'386 28,016,909 76,689,600 54,187,000 

a/ Includes reconsolidation repayment water, emergency re l i e f  water, exchange water, regulated delivery o f  local s y l y ,  mn-SUP water delivered t o  Nape Covlty FCBYQ) 
through & faci l i t ies,  c of CVP water (including Decisian 1485 water) recreation water, and demarstrat on g& water f i l l  withdrawal. 

b l  A recreation dav i s  the v w & e  mman t o  a recreation area for  a m  uart of one d a ~ .  
, c/ Includes #1P share of eneratian f radH tt-Thermslito, Sen Luis Devil-Chnyar, Uarne, Castaic Pouerplents. 

dl In  addi tion, SUP demP !eve prevented mifiions of dollars worth of f load demage 
e l  Revised md corrected from. Bul let in 132-85 t o  ref lect  557 acre-feet o f  1978 & m e  water (MUDS Basin) changed from other uater t o  mul ic iml  and i d t r i a l  use 

entitlement water. 
f/ Revised md corrected from, Bul let in 132-85 t o  ref lect  126 are- feet  of 1982 exchange watep ( W S C  Basin) changed from other water t o  msricipel and industrial use 

entitlement water. 



Diversion Point ------- 
S t a t e  .- 
North Bay Aqueduct 
( Cache Slou*) 

South Bay Aqueduct 
(Clifton Court) 

California Aqueduct 

Feder a1 

Contra Costa Canal 
(Clif ton Court) 

Delta-Mendota Canal 
(Old River) 

TABLE 4.9.1 -3 
DELTA DRINKING WATER DIPRSIONS 

AND AREAS SERVED 

Area Served .---- 

Solano-Napa County 
Fai r f  i e l d  
Vacaville 
Vallejo 
Benic i a  
Napa 
American Canyon 

Livermore Valley 
Alameda CWD 
Santa Clara Valley WD 

Avenal 
Coalinga 
Kern County WA 
Antelope Valley 
MWDSC 
San Diego WA 
Crestline-Lake Arrowhead 
San Bernardino Valley 
Palm *rings 
Indio 

Concord 
Oakley 
P i t t sburg  
Antioch 
Martinez 
Pleasant H i l l  
Walnut Creek 

Tracy 
Huron 
Dos Palos 



The expected addit ional  M&I demand fo r  Bay-Delta water supply is s 
a r e s u l t  both o f  t h e  l o s s  o r  degradation of a l t e rna t ive  water 
supplies and of increases i n  population (SWC, 4,6). !%preme Court 
decisions on the  Colorado River have reduced MWD1s supply of water by 
692,000 AF/yr ( SWC, 3,2).  Ground water pollut ion and overdraft  have 
r e s t r i c t e d  t h e  use of some ground water basins (SWC,3,9). Studies 
performed by I M R  indica te  a shortage of 1.4 MAF between ex i s t ing  
dependable supplies and pro ted needs i n  southern California by 
2010 (SWC,3,2; DWR,707,43). ??= 
In  the  fu turz  t h e  SWP and the  CVP plan t o  expand de l ive r ies  t o  new 
areas and t o  areas  experiencing increased need. SAP is studying a 
Coastal Branch which w i l l  supply water to Santa Barbara and San Luis 
Obispo counties, and an East Branch enlargement which w i l l  increase 
de l ive r ies  t o  t h e  eastern pa r t  of t h e  Metropolitan Water Districtls 
service area. CVP is studying an extended San Felipe Branch which 
will supply water t o  Monterey and Santa Cruz counties, a s  well a s  an 
American River Aqueduct which w i l l  increase de l ive r ies  to EBMUD1s 
service  area i n  t h e  Bay Area. SrJP is a l s o  planning t r ans fe r  and 

-- storage f a c i l i t i e s  -&hat- w i l l  increase its water d i s t r ibu t ion  
capab i l i t i e s  a t  these locations: t h e  Kern Water Bank, Los Banos 
Grandes Reservoir, t h e  South Delta, and North Delta F a c i l i t i e s  and 
addit ional  pumps a t  t h e  Delta PMlpingPlant (DWR,707,42-53). 

' / One of the  assumptions of t h i s  study was t h a t  t h e  maximum s a l i n i t y  l eve l  
allowable a t  Clif ton Court would be set a t  100 ppm chlorides,  a projec t  
goal. The WRCB object ive  f o r  export use a t  t h i s  location is 250 ppm 
chlorides. Using information from DWR studies,  SWRCB s t a f f  estimated t h a t  
t h e  addit ional  volume of water needed t o  meet t h e  100 p p  chloride l eve l  
project  goal a t  Clif ton Cour- can be a s  much a s  200,000 acre-feet per year. 



4.9.2 Agriculture 

me CVP and SWP export water from the Estuary t o  support many 
farming and ranching operations (RWQCB 5, 1975). The main area of 
agricultural  use of export waters is the  San Joaquin Valley; three of 
its counties, Fresno, Kern, and Tulare, ranked f i r s t ,  second, and 
thi rd  i n  the nation i n  gross cash receipts  f r a  annual farm marketing 
in 1982 (CVAWU,411. The WP exports water for  agricultural  use 
primarily i n  the  ' M a r e  Lake Basin, with smaller amounts exported t o  
other areas. The CVP exports water for  agricultural  use a s  shown in  
Table 4.9.2-1 . 

TABLE 4.9.2-1 
CVP EXPORT MEAS 

Export Area .----- CVP Unit 

San Joaquin Basin 

Tulare Lake Basin 

Delta Wndota Canal 
San Luis 
Mendota Fool 

San Luis 
Crm Valley Canal 

Contra Costa County Contra Costa Canal 

The recently completed San Felipe Unit of the  CVP w i l l  soon make 
del iver ies  t o  Santa Clara and San Benito counties. 

By 1970 the  titlement of agricultural  contracts (including exchange 
contractors1? t o  CVP export waters totaled over two million 
M/yr (CVPWA, 10-1 1. With the  addition of the  Cross Valley Canal Unit 
and expansion of the  San Luis Unit, the  1980 t o t a l  was almost 2 1/2 
million AF'/yr ( CVPWA, 10-1 1. 

During the 1985 Water Year, the  various un i t s  of the  CVP exported a 
t o t a l  of about 2,750,000 acre-feet of water t o  serve 1,220,'000 acres 
(Table 4.9.2-2 1 . 

I Exchange contractors formerly diverted from the Spn Joaquin River, but 
exchanged the i r  diversion r igh ts  for a contract t ha t  granted more consistent 
water supplies from the DMC. The maximun contractual entitlement of these 
users is 840,000 AF/yr (USBR, 1987). 



TABLE 4.9.2-2 
AGRICULTURAL WATER EXPORTS AND SERVICE AREAS 

BY CVP UNIT FOR THE 1985 WATER YEAR 

CVP Unit Water Exported (AF) Area Served ( ac) .----------------------------------------------------------------- 

Delta Mendota Canal 1 ,050,000 
(including exchange (CVPWA, 1 1 ; USBR, 
contractors ) 1984;USBR, 1985) 

San Luis 1, Y15,OOO 
(CVPWA, 11 

Mendota Pool 94,000 
(CVPWA, 11 

Cross Valley Canal 64,000 
(CVFWA, 11 (b)-3) 

Contra Costa Canal 895 
(T,XXVI, 185: 16-21 ) 

.--------------I_---------------------------- 

TOTAL 2,754,000 1,221,000 

Although the  recently completed San Felipe Unit began making 
deliveries in  mid-1987, two contracts have been executed fo r  a t o t a l  
of 68,600 AF/yr (T,XXVI, l94:2-8). The projected water use by the 
exist ing CVP contractors is not expected t o  d i f f e r  substantial ly from 
t h i s  1 985 Water Year level  (T, XXVI ,208: 6-8 . However, additional CVP 
supplies a re  needed t o  help solve ground water overdraft (T,XXVI, 
209: 6-13). 

The SWP exports water fo r  agricultural  use via the  California 
Aqueduct to Oak F la t  WD i n  the  San Joaquin Basin, t o  the  Tulare Lake 
Basin and t o  southern California, and via the  South Bay Aqueduct t o  
Santa Clara and Alameda counties. The mapitude of SIP deliveries to 
the 13 southern California contractors fo r  agricultural  use was not 
identif ied i n  the  hearing record. The annual WP exports fo r  
agricultural  use (excluding southern California) increased from about 
237,000 AF in  1968 t o  about 1.3 million AF in 1985 (DWR, 461 1. The 
future  need for  exported SWP water fo r  agriculture should not change 
substantial ly from th i s  1985 amount (DWR, 707,111. However, Kern 
County needs an additional 300,000 AF/yr t o  help solve its ground 
water overdraft problem (SWC,412,5). 

The main change in  agricultural  production in  t he  San Joaquin Valley 
since 1955 has been the  increased acreage devoted t o  t he  production 
of vegetables, f r u i t s  and nuts (CVAWU,26). The acreage of vegetables 
increased from about 250,000 acres i n  1955 t o  almost 400,000 in  
1985. The acreage devoted t o  the production of f r u i t s  and nuts 
increased from about 550,000 acres in 1955 t o  about 1,300,000 acres 
in  1985 (CVAWU,26). The acreages of f i e ld  crops and seeds i n  the  San 
Joaquin Valley have remained re la t ively  s table  since 1955. Overall, 
the acreage devoted t o  these four major commodity groups (vegetables, 
f r u i t s  and nuts, f i e ld  crops, and seeds) i n  the San Joaquin Valley 
has increased only about 25 percent from 1955 t o  1985, from about 3.7 
million acres t o  about 4.6 million acres ( CVAtlU, 26). 



I n  1985, the  CVP u n i t s  l i s t e d  i n  Table 4.9.2-2 delivered over 2.7 
million AF of water t o  over 1.2 mi l l ion  acres  i n  t h e  export a reas  of 
the  San Joaquin Valley t o  produce crops with a gross value of  about 
$1.2 b i l l i o n  (CVPWA,12;EDF,ll,G-148) (Table 4.9.2-3). 

TABLE 4.9.2-3 
MAJOR CROPS GRWN I N  THE CVP EXPORT AREA 

BY ACREAGE AND GROSS CASH VALIJE 

Acreage 1 / Gross Cash Value 1 / 
C r -  (thousands of acres)  (mil l ions of d o l l a r s )  .- ---------YII--------------------------------- 

Cot ton 
Alfalfa 
Wheat 
Tomatoes 
Yelons 
Barley 
Almonds 
Table Grapes 
Apricots 
Lettuce 

TOTAL 1,221 1,200 

I' CVPWA, 12;EDF, 11 ,G-148 
2' Not avai lable  

In  1985, t h e  WP delivered over 1.3 mil l ion AF of  water t o  about 
445,000 acres i n  t h e  export a p i c u l t u r a l  a reas  o f  t h e  San Joaquin 
Valley t o  produce crops with a gross value of  about $431 million 
(DWR, 489h) (Table 4.9.24). 

TABLE 4.9.2-4 
MAJOR CROPS G R C W  I N  THE SWP EXPORT AREA 

BY ACREAGE AND GROSS CASH VALUE 

Acreage 1 / Gross Cash Value 1 / 
(thousands of acres)  (mil l ions of  do l l a r s )  EOP - - - - - -  -- - - - - - - -  - -  ------------ 

Cotton 
Alfalfa 
Almonds 
Wheat 
Pistachios 
Wine grapes 
Table Grapes 
O r  an ges 
Carrots 
Other 

TOTAL 44 5 431 

.-------------- 

I I DWR, 4 8 8  



Since water usage and acreage f o r  l ivestock,  poultry,  and dai ry  
production were not ident i f ied  in  t h e  hearing record by CVP or SrJP 
export a reas ,  an accurate account of t h e  e f f e c t  of  export water on 
the  market values of these  products cannot be given, I n  addition, 
project  export a reas  often use supplemental water suppl ies  from 
ground water and loca l  sources; only a par t  of  t h e  value of 
ag r i cu l tu ra l  production i n  the  export area can therefore  be  d i r e c t l y  
a t t r ibu ted  t o  projec t  exports. Only an ind i rec t  indicat ion can be 
made from t h e  f a c t  t h a t  the  market value of l ivestock,  poultry and 
dai ry  products f o r  t h e  e n t i r e  San Joaquin Valley in 1982 was over 
ha l f  t h e  value of a l l  crops (CVAWU,28): 

Crops 

Livestock, $199 mil l ion $751 mil l ion - -  $2,053 million 
Poultry, Dairy 

The hearing record does not indica te  any present o r  ant icipated 
fu ture  problem of adequate water qual i ty  f o r  ag r i cu l tu ra l  production 
i n  t h e  export areas. However, t h r e e  main problems have affected and 
w i l l  continue t o  a f f e c t  t h e  ag r i cu l tu ra l  uses i n  the export areas: 
( 1)  drainage; (2)  ground water overdraft ;  and (3) urbanization. The 
drainage problems on t h e  west s i d e  of  the  San Joaquin Valley have 
been well documented. The water qua l i ty  problems associated with 
drainage disposal  threatens ag r i cu l tu ra l  production i n  many p a r t s  of 
the  export a reas ,  e. g., Westlands WD and e n t i t i e s  dra in ing t o  
Grassland WD (EDF,11,I-2 and 1-31. The amount of  land with drainage 
problems will increase i n  the  export area. The use  of  evaporation 
ponds f o r  drainage disposal  removes ag r i cu l tu ra l  lands from 
production, especia l ly  i n  t h e  Tulare Lake Basin; pound water 
overdraft  causes lowered water t ab les  and land subsidence and i n  tu rn  
causes higher pumping cos t s  o r  increased demand f o r  export water; 
subsidence c rea tes  problems o f - p o i 1  compaction and unlevel f i e lds .  
The overdraft  problem is par t i cu la r ly  widespread i n  t h e  Tulare Lake 
Basin. Encroaching urbanization continues t o  remove agr i cu l tu ra l  
land from producti6n i n  the  export area. 

4.9.3 Fishery Habitat 

Export f i she ry  hab i t a t  cons is ts  primarily of  t h e  reservoi rs  and 
conveyance channels used fo r  movement and storage of Bay-Delta 
water south of  t h e  Delta. I n  a l l  cases t h i s  h a b i t a t  may be 
c la s s i f i ed  a s  warm water f i shery  habi ta t .  The major f a c i l i t i e s  
discussed here and i n  Section 4.9.5 (Export Recreation) are: 

a San Joaquin Valley and San Francisco Bay Area 

Delta-Mendota Canal, San Luis Canal, Edmund G. Brown 
California Aqueduct, Lake Del Valle, Bethany Reservoir, 
San Luis Reservoir (and O I N e i l l  Forebay), and Los Banos Reservoir. 



flGURE 4.951 State Watar Brow Re~reat10~ Developments 
(from: SWC, 65,6) 
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o Southern California 

West Branch California Aqueduct, East Branch California 
Aqueduct, Pyramid Lake, Castaic Lake, Silverwood Lake, and Lake 
Per r i s  (SWC,65,6). 

Recreational access a t  a l l  SWP f a c i l i t i e s  is shown i n  Figure 4.9.3-1 
(SWC, 65,6) . Expansion of t h i s  hab i t a t  w i l l  not occur unless 
addit ional  f a c i l i t i e s  a r e  b u i l t  ( e. g., Los Banos Grandes Reservoir) 
(DWR, 707). 

Some of t h e  eggs and larvae  of some f i s h  entrained i n t o  t h e  export 
pumps survive and develop i n  t h e  aqueducts and some of t h e  
reservoi rs  such a s  Bethany Reservoir and San Luis Reservoir (and 
0 'Neil1 Forebay) ( WC, 65,451 . The hearing record is unclear whether 
these  populations a r e  self-sustaining o r  a r e  maintained by addit ional  
entrainment. I n  other  reservoi rs ,  t h e  majority of f ish a r e  planted 
f o r  recrea t ional  f i s h i n g  (SWC,65,47) (see Section 4.9.5). ( I t  was 
inferred frm SWC,65,47 t h a t  DFG plants  t h e  f i s h  i n  these  reservoi rs ,  
but no d i r e c t  evidence was presented.) No information was presented 
on which species a r e  planted, o r  what percent of  t o t a l  statewide f i s h  
planting is dedicated t o  WP f a c i l i t i e s .  

The aqueducts tend t o  provide a r e l a t i v e l y  s t a b l e  hab i t a t  f o r  fish 
because t h e  export water qua l i ty  is maintained f o r  municipal and 
indus t r i a l  standards, and because water depth i n  t h e  aqueducts does 
not change. I n  some reservoi rs  such a s  San Luis, however, the  
hab i t a t  may change s ign i f i can t ly  due t o  e i t h e r  seasonal var ia t ion  i n  
temperature o r  drawdown t o  meet water demands. The San Luis 
Reservoir recrea t ional  s torage objective fo r  Labor Day is 6,900 acres 
of surface  area ,  o r  approximately ha l f  t h e  surface  area o f  t h e  f u l l  
reservoi r  (DWR, 708,141. However, t h i s  converts t o  an 83 percent 
reduction i n  s torage and, therefore ,  i n  f i she ry  habi ta t .  Other 
reservoi rs ,  especia l ly  the  terminal SblP reservoi rs  i n  southern 
California,  a r e  operated t o  r e t a i n  more s t a b l e  water l e v e l s  because 
of t h e  l eve l  of recrea t ional  a c t i v i t y  on them (T, 39,122:2-9) ; DWR 
presented t h e  spec i f i c  operat ing c r i t e r i a  (DWR, 708. ) 

4.9.4 Export Wildlife Use 

Water exported from the  Sacramento-San Joaquin watershed provides 
sane wetland, aquatic ,  and r ipar ian  hab i t a t  wherever it is 
delivered. Examples of  important w i l d l i f e  uses may be  found i n  a 
number of export a reas  (SWRCB, 1 4, I11 -9) . Water in  SWP reservoi rs  and 
in  w i l d l i f e  areas  i n  southern California provides aquatic  hab i t a t  
where the re  might formerly have been none o r  replaces wetland hab i t a t  
which was damaged o r  destroyed by e a r l i e r  urbanization o r  water 
developent .  Substantial  waterfowl hab i t a t  f o r  example is maintained 
with DMC water i n  t h e  Grassland Water D i s t r i c t ,  an area  t h a t  formerly 
received water frm San Joaquin River overflows and agr i cu l tu ra l  
re turn  flows which ceased when Fr iant  Dam began operat ions (EDF,lI,II- 
3). The qua l i ty  of exported water generally meets t h e  water qual i ty  
needs of wi ld l i f e  i n  the  export a reas ,  although supplies  a r e  
unre l iable  (DFG,2,A-8). Attempts t o  develop more w i l d l i f e  hab i t a t  by 
using agr i cu l tu ra l  drainage water have led  t o  t o x i c i t y  problems 
(EDF,ll,II-11). 



4.9.5 Export Recreation 

1 / ?he aqueducts and reservoirs  i q  t h e  SJP a r e  used f o r  recreat ion i n  
both cen t ra l  and southern California. Fishing and bicycle r id ing  a r e  
the  main a c t i v i t i e s  along t h e  aquedyctg, and numerow f i sh ing  acceas 
points a r e  avai lable  along them (SWC,65,6)(see Figure 4.9.3-1). The 
reservoirs  a r e  used fo r  a v ide  variety of water-contact and non-rater- 
contact a c t i v i t i e s ,  including f ishing,  swjmning, boating 
waterskiing, canping, picnioking and bird watching (SUC, &5,5). About 
f i v e  mil l ion v i s i t o r s  used the  SAP f a c i l i t i e s  south of the  Delta i n  
1985 and they spent an estimated $95 million t o  t r a v e l  t o  and use 
these sites (WC, 65,7,14) .More than one mil l ion game f i s h  were 
stocked i n  1985 (SWC, 65,7) to support recreat ional  f i sh ing  a c t i v i t y  
i n  t h e  four southern California SWP reservoirs.  No evidence was 
presented on a l t e r n a t i v e  sites fo r  freshwater recreat ion i n  southern 
California. 

The water qua l i ty  requirements f o r  s a l i n i t y  and other const i tuents  of 
SIP and CVP water t o  protect  municipal and indus t r i a l  uses a l s o  
protect  recreat ional  uses. The aqueducts a r e  usually f u l l ,  and t h e  
southern California reservoirs  are o p e r a t 4  t o  minimize impacts on 
recreat ion during t h e  peak recreat ion seagons (T,lMXIX, 122:2-9) 
primarily by l imi t ing  drawdown r a t e s  (JMR,708,15-18). 

Discussion is l imited t o  recreat ional  a c t i v i t i e s  d i r e c t l y  re la ted  t o  
export f a c i l i t i e s  of t h e  SdP. No inSonnation was grovided on recreat ion a t  
CVP export f a c i l i t i e s  other t b n  those used jo in t ly  by t h e  CW and WP, 
which a r e  included i n  t h e  SWP descriptions. These f a c i l i t i e s  a r e  l i s t e d  i n  
Section 4.9.3 (Export  Fishery Habitat).  
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5.0 OPTIMAL I.EVELS OF PRO'TEC'rION FOR BENEFICIAL USES OF BAY-DELTA ESTUARY WA'l'ER 

5.1 INTRODUCTION 

The l e v e l s  of flow and s a l i n i t y  considered t,o be optimal f o r  t h e  
pro tec t ion  of  bene f i c i a l  uses  a r e  presented i n  t h i s  chapter.  The 
l e v e l s  needed f o r  pro tec t ion  a r e  developed s o l e l y  f o r  t h e  bene f i c i a l  
use being addressed; o the r  bene f i c i a l  uses  a r e  not considered. Three 
l e v e l s  a r e  addressed: ( 1 )  t h e  no ac t ion  a l t e r n a t i v e ;  (2)  The advocated 
l e v e l ( s ) ;  and (3)  t h e  optimal l e v e l  of  protect ion.  

1. The no ac t ion  a l t e r n a t i v e  is considered t o  provide t h e  minimum 
l e v e l  of  flow and s a l i n i t y  pro tec t ion  f o r  t h e  bene f i c i a l  u s e  being 
discussed. It is t h e  l e v e l  of pro tec t ion  cu r r en t ly  e x i s t i n g  a t  any 
p a r t i c u l a r  site a s  a r e s u l t  o f  t he  Delta Plan, and t h e  l e v e l  
considered t o  be i n  complianrle with f ede ra l  gu la t ions  p ro t ec t ing  
e x i s t i n g  uses (40 CPR Section 131.3(e) and( f IF'. Those s tandards 
a f f e c t i n g  South Delta Water Agency (SDWA) were held i n  abeyance, a t  
t h e i r  request ,  await ing t h e  r e s u l t s  of negot iat ion among them, 
Department of Water Resources (DWR) and U.S. Wlreau of  Reclamation 
(3SBR). Therefore, t h e  e x i s t i n g  500 m g / l  TDS standards f o r  
Vernal is  contained i n  t he  New Melones water r i g h t  permit is 
considered the  "no ac t ionu  value f o r  t h i s  chapter.  This  standard 
would be i n  e f f e c t  f o r  t h i s  area i f  no fu r the r  ac t ion  occurred. 
Though water q u a l i t y  s tandards f o r  San Francisco Bay were not  
e x p l i c i t l y  addressed i n  t h e  Delta Plan, t h e  e f f e c t s  on t h e  Bay were 
i n d i r e c t l y  determined from Delta inflows regulated by t h e  Delta 
Plan. 

2. Advocated l e v e l ( s )  of  pro tec t ion  a r e  those recommended by witnesses  
during Phase I of  t h e  hearing. Testimony o r  e x h i b i t s  t h a t  
recommended flow and/or s a l i n i t y  l e v e l s  t o  p ro t ec t  a s p e c i f i c  
bene f i c i a l  use  a r e  sunmarized. (They a r e  not  given i n  any p r i o r i t y  
o r  ranking.) 

3.  The optinla1 l e v e l  of pro tec t ion  can be considered t h e  maximum leve l  
of  protect ion poss ib le  f o r  a bene f i c i a l  use. This  pro tec t ion  
l e v e l  is iden t i f i ed  f o r  a p a r t i c u l a r  site when appropriate ,  and 
when da t a  a r e  ava i lab le .  The l e v e l  can be  t h e  same a s  t h e  two 
previous l e v e l s ,  i f  e i t h e r  provides optimal pro tec t ion ;  o r  it can 
be  a separa te  l e v e l  based upon an independent evaluat ion of  
ava i l ab l e  da ta .  The optimal l e v e l  of pro tec t ion  w i l l  be used a s  a 
point  o f  comparison f o r  developing global ly balanced ob jec t ives  i n  
chapter 6 and 7. 

" h e  level of pro tec t ion  necessary t o  maintain t h e  bene f i c i a l  uses  a c t u a l l y  
a t t a ined  on o r  a f t e r  November 28, 1975 l e v e l  of  protect ion.  The l e v e l  is 
mandated t o  t h e  S t a t e  Board by EPA regula t ions  (40 CFR 131.12) and is 
considered t o  be t h e  minimum pro tec t ion  which may be afforded a bene f i c i a l  
use. 



5.2 Hydrologic Considerations 

Flow and s a l i n i t y  a t  any par t icular  locat ion i n  t h e  Delta is  dependent 
upon Delta inflows, ag r i cu l tu ra l  drainage return flows, consumptive 
uses, exports,  and the  placement of  t h e  Delta Cross-Channel gates. 
The major f ac to r s  a f f e c t i n g  t h e  overal l  Delta flow and s a l i n i t y  a r e  t h e  
magnitude and r e l a t i v e  d i s t r ibu t ion  of t h e  Sacramento and San Joaquin 
r i v e r ' s  inflows, s ince  they a r e  t h e  major sources of water f o r  the  
Delta. I n  t h e  southern Delta, t h e  flow and s a l i n i t y  is almost 
exclusively influenced by inflow and s a l t  loading from the  San Joaquin 
River due t o  its proximity t o  Vernalis. The in te rna l  Delta, on the  
other  hand, is influenced t o  some degree by both r i v e r  systans, 
especia l ly  when Delta exports a r e  high. For t h e  purpose of considering 
r i v e r  e f f e c t s  on t h e  benef ic ia l  uses discussed i n  t h i s  chapter,  a l l  of  
t h e  Estuary locat ions  were considered t o  be p a r t  of t h e  hydrologic 
c l a s s i f i ca t ion  of  the  Sacramento River system except t h e  following 
locat ions which were considered t o  receive water from t h e  San Joaquin 
River systan: San Joaquin River a t  Vernal'is; San Joaquin River a t  
Mossdale; San Joaquin River a t  the  former locat ion of Brandt Bridge; 
the  b i furca t ion  of Old and Middle River; Middle River a t  Howard Road 
Bridge; and Old River a t  Tracy Road Bridge. 

5.3 DETERMINING THE OPTIMAL LEVEL OF PROTECTION FOR BENEFICIAL USES 

5.3.1 Municipal and Indus t r i a l  

5.3.1.1 No Action Alternat ive 

Municipal and Indust r ia l  (MI) use is current ly  protected by 
standards developed i n  the  Delta Plan. These standards, l i s t e d  
i n  Table 5.3.1.1-1, cover both MhI categories of  benef ic ia l  
uses. The l eve l  of protection considered adequate t o  protect  
municipal uses was determined by t h e  Delta Plan t o  be  250 me/L  
chlorides. This l eve l  was not based on a primary heal th  
requirement, but on a secondary aes the t i c  requirement, set by 
the  Department of Health Services (DHS). 

The l eve l  set f o r  the  protection of indus t r i a l  uses was 
determined t o  be 150 mg/L chlorides. This standard, intended 
t o  protect  t h e  h i s t o r i c a l  water supply of  two paper 
manufacturing indust r ies  provided a s a l i n i t y  necessary to 
maintain industry products. 

5.3.1.2 Advocated Levels of Protection 

The pa r t i c ipa t ing  organizations making M & I  recommendations have 
recomnended t h a t  the  Delta Plan be retained i n  t o t a l  o r  in  pa r t  
t o  protect  M & I  use (DWR,280;T,LIX, 189: 1-7;T,VZ, 125:4-15). 
Modifications t o  the  Delta Plan !&I standards were recomnended 
by DWR, USBR, WC, and CCWD. DblR and USBR a r e  unif ied in  t h e i r  
r ecmended  modifications. X ' s  recomnended modifications 
f a l l  within the  recommendations made by !WR and USBR. The 
par t ic ipants '  r ecmenda t ions  are: 



Table 5.3.1.1-1--Decision 1485 
Water Qua1it.y Standards 

For t h e  Sacramento-San Joaquin Delta and % i s m  ~ a r s h "  

Beneficial  Use Protected Parameter Description 
and Location 

year vpe2/ Values 

MUNICIPAL AND INDUSTRIAL ! 
Contra Costa Canal Intake Chloride Maximum Mean Daily C1-  
a t  Pumping Plant No. 1 i n  m a / l  

Contra Costa Canal Intake Chloride Maximum Mean Daily 150 m g / l  
a t  P m ~ i n ~  Plant No. 1 Chloride f o r  a t  l e a s t  t he  

vl 
I 
W 

Antioch Water Works Intake 
on San Joaquin River 

number of  days shown during 
the  Calendar Year. Vust be 

A l l  

Number of Days Each 
Calendar Year Less 
than 150 mp/l Chloride -- 

provided i n  i n t e rva l s  of  not Wet 240 (56%) 
less than two weeks duration. Ab. Normal 190 (52%) 
(% of year shown i n  parenthesis) B1. Normal 175 (48%) 

Drv 165 (45%) 

City of  Vallejo Intake Chloride Maxim Mean Daily C1- 
a t  Cache Slough i n  m g / l  

c r i t i c a l  

Cl i f ton Court Forebay Intake Chloride Ir!aximum Mean Daily C1' A l l  
i n  mg/l 

1V ---. '---* 

Delta Hendota Canal Chloride Maximum Mean Daily C1' .411 
i n  m g / l  

'/ A l l  values for surface zone measurements. A 1 1  mean d a i l y  values 
a r e  based on a t  l e a s t  hourly measurements. A l l  d a t e s  a r e  inclusive.  

2/ The year f o r  t h e  preceding Water Year w i l l  remain i n  e f f e c t  u n t i l  t h e  i n i t i a l  
forecast of unimpaired runoff fo r  t h e  current  Water Year is available.  



WR, USBR, and WC (where noted by reference) 

- Eliminate the  250 m g / l  maximum mean da i ly  chloride 
qua l i ty  standard a t  Cache Slough. The City of  Vallejo 
w i l l  d ive r t  water from t h e  newly finished llorth Bay 
Aqueduct; the  Cache Slough diversion point  w i l l  only be 
used a s  a secondary M&I supply source (DWR, 280). 

- Add a qua l i ty  objec t ive  a t  the  North Bay .\queduct 
intake a t  Barker SloupJ. The r e c m e n d e d  objec t ive  would 
be set a t  a maximum mean da i ly  chloride l eve l  of 250 mg/l 
for  a l l  water year types. Barker Slough is an M&I 
diversion point  f o r  Napa, Vallejo, and Sonoma counties 
(DWR,280). 

- Eliminate t h e  150 mg/l chloride qua l i ty  standard a t  both 
the  Antioch Water Works Intake on the  San Joaquin River 
and the  Contra Costa Canal Intake a t  Rock Slough. This 
standard is set t o  protec t  indus t r i a l  uses i n  t h e  Antioch- 
Pi t t sburg  area. The recommendation t o  eliminate t h i s  
standard is based on the  evidence indica t ing  t h a t  
diversion of water f o r  industry of t h i s  qua l i ty  a t  
Antioch is not reasonable when considering the  Delta 
outflow required t o  maintain it (DWR,280;T,LIX,149:12-20). 

- Add a qua l i ty  objec t ive  a t  Old River near Rock Slough. 
The recommended objec t ive  would be s e t  a t  a maximum mean 
da i ly  chlor ide  l eve l  of 250 m g l l  f o r  a l l  water year 
types. This recommendation is based on t h e  conclusion 
t h a t  an object ive a t  Old River near Rock Slough w i l l  help 
i n  determining an "al locat ion of responsibility1'  f o r  
meeting the  standard a t  the  Contra Costa Canal Intake 
(DWR,280;T,VI,97:8-19;T,LIX,213:8-214,8). 

- Add a qua l i ty  objec t ive  a t  the  s i te  of t h e  fu tu re  intake 
t o  the  KelloggLos Vaqueros Reservoir. The locat ion of  
the  intake has not ye t  been determined. The recommended 
object ive would be set a t  a maximum chlor ide  l e v e l  of 50 
m g / l  for  the  months of April through June (T ,VII ,57: 13- 
19; T,VII, 118: 15-120,9). 

5.3.1.3 Optimal Level of Protection 

Retain the  Delta Plan standards t o  protec t  M & I  benef ic ia l  uses 
with the  following changes : 

o Retain t h e  250 m@l maximum mean da i ly  standard a t  Cache 
Slough a s  discussed i n  5.3.1.2, under t h e  condition t h a t  it 
would only be i n  e f f e c t  when water is being diverted from 
there  fo r  M&I uses. 

o Add a 250 m u 1  n~axin~un~ mean da i ly  chloride objec t ive  a t  
Barker Slough a s  discussed in  5.3.1.2. This o b j t ~ t i v e  
w i l l  provide protect ion fo r  M & I  uses a t  t h i s  new point of 
diversion. 



e Add a 250 m g / l  maximum mean da i ly  chloride object ive,  t o  
becmane e f fec t ive  when the  proposed f a c i l i t y  begins 
operation, a t  the  fu ture  intake t o  t h e  proposed Kellogg/Los 
Vaqueros Reservoir. The object ive w i l l  provide reasonable 
protect ion to  the  M&I uses supplied by the  proposed 
f a c i l i t y .  

e Retain t h e  150 mg/l maximum mean da i ly  chloride objec t ive  a t  
the  Contra Costa Canal intake/Antioch water works intake. 
Extend the  period of t i m e  t h a t  t h i s  objec t ive  is met t o  t h e  
f u l l  year. Indus t r i a l  water qual i ty  within the Delta is 
protected i n  t h e  Delta Plan by t h i s  standard. The amount of 
time t h i s  standard is i n  effect var ies  according t o  year 
type. Optimally, t h i s  objec t ive  would be m e t  f o r  t h e  f u l l  
yea- and is proposed a s  such under t h e  optimal l e v e l s  of  
protection. 

The advocated addition of a 250 mg/l chlor ide  objec t ive  a t  Old 
River near Rock Slough has been determined t o  be 
inappropriate. The current  standard a t  t h e  Contra Costa Canal 
Intake provides f u l l  protection f o r  M&I diversions a t  t h a t  
location. The advocated object ive,  located a d is tance  away 
from t h e  current  point  of  diversion; does not represent t h e  
s a l i n i t y  a t  t h e  point  of diversion; it therefore  does not  
protec t  t h e  MI benef ic ia l  uses served by t h e  Contra Costa 
Canal a s  w e l l  a s  they a r e  by the  current  standard. Also, t h e  
bas i s  f o r  t h e  recomnendation, i.e., t h a t  it would allow a 
"...later a l locat ion  of r e s p o n s i b i l i t i e ~ . . . ~  f o r  meeting t h e  
standard a t  the  Contra Costa Canal does not j u s t i f y  t h e  
addition of  a new standard. 

The CCWDts proposal t o  add a 50 m g / l  chloride objec t ive  a t  t h e  
in take  o f  t h e  proposed KelloggLos Vaqueros Reservoir should be 
re jec ted  because the  hearing evidence and testimony presented 
on M&I benef ic ia l  use needs do not j u s t i f y  it. The water 
qual i ty  standard f o r  MUN use  is 250 m g / l  chlorides,  which is a 
t a s t e  ra ther  than a heal th  consideration. Indust r ies  outs ide  
of t h e  Delta, many of which a r e  supplied from a diversion 
point  other  than t h e  Contra Costa Canal, have not s u h i t t e d  
evidence showing a need f o r  water qua l i ty  b e t t e r  than 250 m k / l  
chlorides. Based on t h i s  information, a l e v e l  of protect ion 
be t t e r  than 250 m g / l  is not jus t i f i ed .  

Table'5.3.1.3-1 is a list of averaged monthly s a l i n i t i e s  f o r  
each water year type. The source data a r e  mean monthly hourly 
s a l i n i t i e s  over a t i d a l  cycle simulated f o r  an unimpaired 
condition over t h e  Water Years 1922 through 1978. The data  
show t h a t  a t  no time do these average values exceed the  250 ppn 
chloride standard set fo r th  i n  the  Delta Plan. Table 5.3.1.3-2 

b 
lists t h e  locat ions  and optimal levels protection f o r  M&I 
uses. 



TABLE 5.3.1.3-1 
UNIWPAIRED F L W  HEAM SALINITY 

lmgldl chlorides) 

WATER YEAR 
INOEX JAU FEB IUR APR M Y  JUN U At& SEP OCT WOV DEC 

P=DDIPIPPI===IDPID====iO==EII~IPP=DDP~~flt=P-~_IfP3-=D=~~-=I~==i===I======I=P======== 

CLI  FTOY CQlRT 

CRITICAL 190 154 119 77 64 102 137 1% 
DRY 145 105 80 56 40 52 107 144 

B.NORUAL 114 85 63 45 29 44 91 130 
A. NORlW 100 53 45 32 21 32 74 114 

VET 74 63 52 36 21 22 50 99 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CRITICAL 
DRY 

0. NORM1 
A. NORMAL 

UET ---------- 

CRITICAL 
DRY 

B. NORMAL 

TRACY PUllPlNG PLANT 

CONTRA COSTA CANAL 

CACHE SLOUGH 

CRITICAL 16 16 16 16 17 
DRY 16 16 16 16 16 

B. NORlUL 18 18 18 18 18 
A.NOWlAL 18 18 18 18 18 

VET 19 19 19 19 20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LINDSEY SLOUGH (BARKER SLOUGH) 

CRITICAL 16 16 16 16 16 17 17 19 23 17 16 16 
DRY 16 16 16 16 16 16 17 17 17 18 17 16 

0.NORllAL 18 18 18 18 18 18 19 19 19 19 18 18 
A. NORM1 18 18 18 18 18 18 19 19 19 19 19 18 

VET 20 20 20 20 20 20 20 20 20 21 20 20 
=~=P~_I=P==PPPl==i~CP===O=Oa==~===DasP==PPPtIPP===P=P===P=OPI~==P1=3.==~PDPP=P==fDDD=D=============== 

I 



TABLE 5.3.1.3-2 
OPTIHAL LEVEL OF PROTECTION FOR 
MUNICIPAL AND INDUSTRIAL USES 

Beneficial Use Protected Parameter Description Year Type Values 
and Location .-_-------------------------------------------------------- 

MUNICIPAL 

Contra Costa Canal Intake Chloride Ma ximum A 1 1  250 
a t  Pumping Plant  i.l Mean Daily 

Chloride i n  m g / l  

Cl if ton Court Forebay Chloride Maximum A l l  
Intake a t  West Canal Mean Daily 

Chloride i n  m g / l  

Delta Mendota Canal Chloride Ma ximum A l l  
a t  Tracy Pumping Plant  Mean Daily 

Chloride i n  m g l l  

North Bay Aqueduct 
a t  Barker Slough 

Chloride Maximum A l l  
Mean Daily 

Chloride i n  m g / l  

City of  Vallejo 1ntake2/ Chloride Ma ximum A l l  
a t  Cache Slough Mean Daily 

Chloride i n  mg/l 

INDUSTRIAL 

Contra Costa Canal Intake Chloride Ma ximum 
a t  Pumping Plant !I1 Mean Daily 

Chloride i n  m d l  

A l l  

Antioch Water Works Intake 
on San Joaquin River 

" Tnis objec t ive  w i l l  reoain i n  e f f e c t  u n t i l  Contra Costa Water D i s t r i c t  
moves its in take  t o  Clif ton Court Forebay. 

2' Only used a s  a control  s t a t i o n  i f  City of  Vallejo is taking water f r c n  
t h i s  source. 



5.3.2 (not used) 

5.3.3 Agriculture 

5.3.3.1 No Action Alternat ive 

Western Delta 

I n  t h e  Delta Plan, t h e  0.45 millimhos/centimeter (wnhos/cm) 
e l e c t r i c a l  conductivity (EC) agr i cu l tu ra l  standards set f o r  
applied water i n  t h e  western Delta were based upon t h e  corn 
c r i t e r i o n  which provided 100 percent corn y ie ld  i n  t h i s  
region's  subi r r iga ted  organic s o i l .  These standards were 
relaxed i n  a l l  water year types except w e t  years a t  Ematon 
and Jersey Point,  and i n  t h e  above normal year a t  Jersey 
Point. The amount of relaxation was based on time weighted 
average of  water qua l i ty  over the  period April  1 t o  August 
15 f o r  conditions t h a t  would exist without Central Valley 
Project  ( CVP and the  S t a t e  Water Project (SWP) conditions 
(Without Project  conditions).  Adjustment of t h e  standards 
fo r  water year type was j u s t i f i e d  based on t h e  water qua l i ty  
t h a t  would have occurred i n  t h e  absence of t h e  projec ts  f o r  
such del iver ies .  Table 5.3.3.1-1 lists t h e  numerical 
standards set f o r  western Delta agriculture.  

TABLE 5.3.3.1-1 
WATER QUALITY STANDARDS FOR WESTERN DELTA AGRICULTURE1' 

Year, . 
Location Parameter Description Z /  --- - - - -  -- BE Values 

0.45 EC-- EC frcg Date 
A p r i l 1  t o  Shown t o  
Date Shown A u p s t  15 . ----- ---- .-- ---- 

E m t o n  on t h e  EC Max. 14-day Wet August 15 - 
Sacramento River Running Avg. Ab. Norm July 1 0.63 

of Mean Daily B1. Norm June 20 1.14 
EC i n  mmhos/cm Dry June 15 1.67 

C r i t i c a l  - 2.78 

Jersey Point on EC Max. 14-day Wet August 15 - 
t he  San Joaquin Running Avg. Ab. Norm August 15 -- 
R i ver of Mean Daily Ell. Norm June 20 0.74 

EC i n  mmhos/crn Dry June 15 1.35 
C r i t i c a l  - 2.20 

1 /  Water Quali ty Control Plan, August 1978 
2/ The year type for  the  preceding water year w i l l  remain i n  e f f e c t  u n t i l  the  

i n i t i a l  forecas t  of unimpaired runoff f o r  the  current  water year is 
available. 

3/ When no data a r e  shown EC l i m i t  continues from April 1. 



I n t e r i o r  Delta 

The Delta Plan agr icul tura l  water qua l i ty  standards f o r  t h e  
in te r io r  Delta were set using t h e  same corn c r i t e r i o n  a s  
in  the  western Delta. However, under Without Project  
conditions, water qual i ty  i n  t h e  i n t e r i o r  Delta during the  
i r r iga t ion  season was be t t e r  than i n  t h e  western Delta. 
Therefore, water year type relaxations f o r  t h e  i n t e r i o r  
Delta were not a s  severe. Table 5.3.3.1-2 lists t h e  
in te r io r  Delta water qua l i ty  standards set i n  the  Delta 
Planhearing process. 

TABLE 5.3.3.1-2 
WATER QUALITY STA W I A ~ S  FOR INTERIOR DELTA AGRICULTUAE 

Year, , 
Location ----- Parameter Descr&tion .---- --- =dl Values 

0.45 E-CEC frqn) Date 
April  1 t o  &own3' t o  

Date Shown A u ~ s t  15 .-------- .- --- 
Terminous on EC Max. 14-day Wet August 1 5 - 
the  Mokelumne Running Avg. Ab. Norm August 15 -- 
River of  Mean Daily B1. Norm August 15 -- 

EC i n  mmhos/cm Dry August 15 -- 
C r i t i c a l  - 0.54 

San Andreas EC Max. 14-day Wet August 1 5 - 
Landing on t h e  Running Avg. Ab. Norm August 15 - 
San Joaquin of  Mean Daily B1. Norm August 15 - 
River EC i n  mmhos/cm Dry June 25 0.58 

C r i t i c a l  - 0.87 

1 / Water Quality Control Plan, August 1978. 
2 /  The year type  f o r  t h e  preceding water year w i l l  remain i n  e f f e c t  u n t i l  t h e  

i n i t i a l  forecas t  of unimpaired runoff f o r  the  current  water year is 
available.  

3/ '&en no data a r e  shown EC l i m i t  continues from April 1. 

o Southern Delta 

Water qua l i ty  standards f o r  the  southern Delta in  t h e  Delta 
Plan were based on University of California guidelines f o r  
t h e  qua l i ty  requirements of two of the  most predominant s a l t  
s ens i t ive  crops grown i n  the  southern Delta, beans and 
a l f a l f a .  They recanmended an applied water qua l i ty  f o r  
beans of 0.7 mhos/cm EC from April through August, and 1.0 
nunhos/cm EC f o r  a l f a l f a  the  remainder of t h e  year 
(WQCP,8/79; VI-18,191. 



The standards were not implemented pending completion of 
New Melones Reservoir and an agreement among the  South Delta 
Water Agency, t h e  Department of  Water Resources, and t h e  
Bureau of  Reclamation t o  complete s u i t a b l e  c i r cu la t ion  and 
water supply f a c i l i t i e s .  Upon completion o f  New Flelones 
Reservoir in 1981, a 500 mu1 t o t a l  dissolved s o l i d s  (TDS) 
(770 mnhos/cm EC) standard a t  Vernalis came i n t o  e f fec t .  
In  the  Delta Plan the  Board s t a t ed  t h a t ,  i f  by January 1, 
1980 f a c i l i t i e r  and water supplies  were not i n  place, t h e  
Board would take appropriate enforcement act ion t o  prevent 
encroachment on r ipar ian  r i g h t s  i n  t h e  southern Delta. A t  
South Delta Water Agency's request,  t h i s  enforcement action 
was postponed awaiting r e s u l t s  of continuing negotiat ions 
among t h e  th ree  agencies. For t h e  purposes of  t h e  no act ion 
a l t e rna t ive  these  standards w i l l  be considered t o  have been 
i n  place. Table 5.3.3.1-3 lists t h e  southern Delta water 
qual i ty  standards used a s  t h e  no-action a l t e r n a t i v e  
objectives. 

TABLE 5.3.3.1-3 
WATER QUALITY STANDARDS FOR SOUTHERN DELTA AGRICULTURE / 

Year 
Location ,,,, Parameter D e s c r i s i o n  - -  -- T9!E~ 

Vernalis near TDS Max. 30-day ~ 1 1 ~ ~  
the  San Joaquin Running Avg. 
River of Mean Daily 

TDS i n  mu1 

Tracy Road EC Max. 30-day ~ 1 1 ~ ~  
Bridge on Running Avg. 
Old River of Mean Daily 

EC i n  mnhos/cm 

Old River near 
Middle River 

Brandt Bridge on 
San Joaquin River 

Vernalis near t h e  
San Joaquin River 

Values .----- 

April 1 t o  September 1 t o  
August 31 .-- -- March .----- 31 

1 / Water Quality Control Plan, August 1978 
2/ After New Melones Reservoir becomes operat ional  and unt,il t h e  standards 

below become ef fec t ive .  
3/ To become e f f e c t i v e  only upon the  conlpletion of su i t ab le  c i r cu la t ion  and 

water supply f a c i l i t i e s .  



5.3.3.2 Advocated Levels of Protection 

Central Delta Water Agency ( CDWA : 

e Water Quali ty Objectives 

The agr i cu l tu ra l  water qua l i ty  object ives f o r  the  Delta 
should be set a t  a minimum water qua l i ty  of 0.45 mhos/cm EC 
year round except f o r  adjustments i n  the  d r i e r  months of 
d r i e r  years. The object ive should not require a "leaching 
regimenf1 more rigorous than Itwinter flooding1' o r  " f a l l  sub- 
i r r iga t ionw more frequently than once i n  th ree  years 
(CDWA,Brief ,26-27). Delta leaching prac t ices  were defined 
i n  Section 4.4.1 of  t h i s  Plan. 

0 Monitoring Locations 

The CDWA requests  t h a t  monitoring s t a t i o n s  be established a t  
Old River near Holland Tract  o r  Rancho Del Rio and on Turner 
Cut near McDonald Island Bridge, i n  addition t o  those 
previously established by the  Delta Plan a t  Emnaton, Jersey 
Point,  San Andreas Landing and Terminous (CDWA,Brief,27). 

a Water Level Objectives 

CDWA s t a t ed  t h a t ,  "Water l e v e l  object ives need t o  be 
established t o  prevent t h e  operations of export diversions . 
from deplet ing loca l  channel volumes beyond t h e  point  t h a t  
ag r i cu l tu ra l  pumps and siphons a r e  not adequately supplied" 
(CDWA,Brief, 27-28). No spec i f i c  method of implementing 
t h i s  was recommended. 

Central Valley Project Water Users Association (CVPWA): 

e Water Quality Objectives 

Objectives should be established a t  1.5 mahoS/cm EC f o r  t h e  
April 1 through August 15 period a t  Emnaton and Jersey 
Point. This object ive should be adjusted t o  3.0 mnhos/cm EC 
i n  c r i t i c a l  Water Years (cVPWA,Brief, 49). No object ives 
need be established f o r  the  areas  of  the  Delta covered by 
contrac ts  with the  Department of Water Resources. DWR 
currently meets the  Delta Plan standards i n  cont rac ts  with 
ECCID and NDWA (CVPWA, Brief, 49) . 

e South Delta 

Meeting t h e  ex i s t ing  500 m g / l  TDS standard a t  Vernalis must 
be  t h e  responsib i l i ty  of a l l  water r igh t  holders on t h e  San 
Joaquin system (CWWA, B r  ief ,49 1. 



Contra Costa County Water Agency (CCCWA 1: 

Water Quali ty Objectives 

The CCCWA recommends t h a t  t h e  minimum water qua l i ty  
standard necessary t o  achieve a 100 percent y ie ld  of  corn be 
set a t  0.45 mmhos/cm EC f o r  organic s o i l s  i n  t.he Delta 
(CCWA,Brief, 17). 

Delta Tr ibutar ies  Agency Committee (DTAC) : 

a Water Quality Objectives 

DTAC recommends relaxation of  t h e  Delta Plan agr i cu l tu ra l  
standard i n  the  Central Delta, t o  t h e  range of 1.5 t o  2.5 
deciSimens/meter i n  a l l  but c r i t i c a l  years  (One 
deciSiemen/meter is approximately equal t o  one mnho/an EC). 
No object ives were suggested f o r  c r i t i c a l  years 
(DTAC,Brief ,6).  

Leaching Objectives 

Water qua l i ty  standards should be careful ly  established "to 
provide f a l l  leaching water a t  t h e  l eve l s  needed t o  leach a 
necessary minimum amount of s a l t  from the  crop root  zone of 
Delta s o i l s ,  but  such leaching standard should be re l a t ed  to 
t h e  quanti ty of water avai lable  f o r  such leachingtt 
(DTAC,BNIF, 6-71. 

Southern Delta Objectives: 

DTAC recommends t h a t  t h e  Board impose a shor t  t imetable f o r  
c a p l e t i o n  of  t h e  negotiat ions between SDWA, DWR, and USBR. 
Pending completion of such an agreement, the  Board should 
require elimination of  reverse flows i n  the  San Joaquin 
River which a r e  a t t r i b u t a b l e  t o  export pumping, and 
continuance of Delta plan standards (DTAC,Brief ,6-7) . 

Deparbent  of Water Resources (DWR): 

Water Quality Objectives 

"Water qua l i ty  object ives f o r  t h e  western and cen t ra l  Delta 
should be based upon t h e  r e s u l t s  and information derived 
from the  Corn Studyn (DWR,Brief ,281. No spec i f i c  numerical 
water qual i ty  c r i t e r i a  were recommended. 

8 Leaching Objectives 

An object ive f o r  post-harvest subi r r iga t ion  leaching should 
be provided fo r  a ten-day period between November 1 and 
December 20 a t  the  Emmaton and Jersey Point s t a t ions .  This 
object ive should be i n  e f f e c t  only when the  upstream October 
1 s torage conditions a r e  at o r  above the  normal operating 
level  which DWR defines a s  11 mill ion acre-feet fo r  the 
following major Sacramento River system reservoirs:  Shasta, 



Whiskey Town, Black Butte, Frenchman, Antelope, Grizzley 
Valley, Orovil le ,  Almanor, New Bullards Bar, Engelbright, 
Folsm,  Berryessa, and Trini ty.  Furthermore, a winter 
ponding objec t ive  should be provided a t  the  Junction Point 
and San Andreas Landing s t a t i o n s  f o r  t h e  months December 
through February (DW R ,  Brief ,29-30 1. 

Monitoring Locations 

DWR recommends t h a t  spec i f i c  Delta ag r i cu l tu ra l  object ives 
fo r  t h e  i r r i g a t i o n  season should be adopted f o r  t h e  
following locations: (1 Sacramento River a t  Emmaton; (2) 
San Joaquin River a t  Jersey Point; (3) Mokelumne River a t  
Terminous; (4 San Joaquin River a t  San Andreas Landing; and 
( 5 ;  Cache Slough near Junction Point (DWR,Brief, 30-31 1. 
hr thermore ,  t h e  water qua l i ty  object ive a t  Ematon should 
be eliminated when overland water supply f a c i l i t i e s  a r e  
developed f o r  Sherman Island (DWR,Brief,32). The objec t ive  
would be  moved t o  t h e  intake of  t h e  overland f a c i l i t i e s .  

Southern Delta Objectives 

Negotiations should be completed among the  IMR, USBR, SDWA 
t o  provide permanent so lu t ions  t o  t h e  problems of  loca l  
water l eve l ,  water qua l i ty  and c i rcula t ion  i n  t h e  southern 
Delta (DWR,Brief,32). 

North Delta Water Agency (NDWA) and East Contra Costa 
Irr igat ior ,  D i s t r i c t  (ECCID): 

e Water Quali ty Objectives 

NDWA and ECCID recommend t h a t  no change be  made i n  Delta 
ag r i cu l tu ra l  water object ives which would impair t h e  
contractual  r i g h t s  and obligat ions embodied i n  the  cont rac ts  
among NDWA, ECCID, and DWR (NDWA,Brief ,2).  These standards 
a r e  outl ined i n  summaries of testimony f o r  ECCID and NDWA. 

South Delta Water Agency (SDWA) : 

Water Flow and Quality Objectives (Without F a c i l i t i e s )  

SWDA advocated two sets of  recomendations. The f i r s t  a r e  
recommendations with no south Delta f a c i l i t i e s  (SDWA,115, 
1-21. The second a r e  recomnendations with south Delta 
f a c i l i t i e s  (SWDA,116,1-2). SDWA recommends t h a t  water 
qua l i ty  a t  any monitoring points  should not exceed an 
average of 400 mg.1 TDS f o r  the  period March 1 through 
September 30 and must not exceed 400 mg/l TDS on a seven-day 
running average during March through June 30 and 500 mg/l 
TDS seven-day running average between July 1 and October 
31. A TDS of 550 mg/l would be the  maximum permissible 
seven-day running average between November 1 and February 28 
(T,XV,31: 15-31:23). 



The minimum flow a t  Vernalis should comply with t h e  
following schedule t o  maintain t h e  above water qual i ty  
( t h e  following f igures  r e l a t e  t o  SDWA channel deplet ion,  
with a 500 c f s  %day running average minimum flow. They do 
not include a f lushing flow. : 

October 
November 
December 
January 
February 
March 
April 
&Y 
June 
July 
August 
September 

6% c f s  
583 
500 
500 
500 
600 
900 
900 

1000 
1300 
1204 
847 

Water Level Objectives (Without F a c i l i t i e s )  

Water l eve l s  a t  low t i d e  should not be less than zero mean 
sea l eve l  a t  any point north of Vernalis a t  any time. 
Export pump drawdown must not contr ibute t o  v io la t ions  of 
t h i s  objec t ive  (SDWA, 115,l).  

e Monitoring Locations (Without F a c i l i t i e s )  

SISWA proposes monitoring f o r  water l e v e l s  and water qua l i ty  
i n  the  San Joaquin River near Vernalis, Mossdale, the  
bifurcat ion of Middle River and Old River, Middle River a t  
Howard Road Bridge, San Joaquin River a t ,  o r  near, t h e  
former locat ion of  Brandt Bridge, Old River a t  Tracy 
Boulevard, Old River a t  Westside I r r iga t ion  D i s t r i c t  intake; 
and water l eve l  only a t  the  south end of Tom Paine Slough. 
The water flow should continue t o  be  monitored i n  t h e  
San Joaquin River a t  Vernalis (SDWA, 11 5 , l ) .  

Water Flow and Qual i ty  Objectives (With F a c i l i t i e s )  

"Water qua l i ty  required a t  the  inflow points  would be 
specif ied a s  a function o f  ne t  d a i l y  inflow r a t e  and of 
channel depletion by months for the channel reaches 
receiving water from each inflow point. The values would be 
i n i t i a l l y  determined by mathematical modeling of t h e  system 
t o  give water qual i ty  equivalent t o  t h e  no b a r r i e r  
standardsn (SDWA, 116,2). 

"The required net  da i ly  inflow r a t e s  a t  each inflow point 
would be i n  accordance with a monthly schedule s u f f i c i e n t  to  
maintain the  required undirectional net  da i ly  flow i n  each 
channel reachn (SDWA, 116,2). 



e Monitoring Locations (With F a c i l i t i e s )  

"Water l eve l s  would be monitored a t  Vernalis, on Old River 
a t  Middle Howard Road Bridge, on t h e  San Joaquin River near 
Paradise Cut, on Old River a t  Tracy Boulevard, on Grantline 
Canal a t  Tracy Boulevard, and a t  Clif ton Courtn 
(SDWA, 116,l).  

'Water qua l i ty  would be monitored a t  Vernalis, on the  
downstream (intake) s i d e  of  each ba r r i e r ,  a t  t h e  former 
locat ion of Brandt Bridge on t h e  San Joaquin River north of 
Old River and Tracy Boulevard. On Grantline Canal, flow 
would be lueasured a t  Vernalis and through each ba r r i e rn  
(SDWA, 116,172). 

e Water Level Objectives (With F a c i l i t i e s )  

"Water l eve l  r e s t r a i n t s  a t  t h e  monitoring points  would be 
the  same a s  f o r  the  no-barrier case except f o r  an addit ional  
required l e v e l  t o  be determined on t h e  San Joaquin River 
south of  Paradise Cut. Water l eve l  maintenance could a l s o  
be as s i s t ed  by seasonally functional  flow r e s t r i c t i o n s  i n  
Grantline Canal and i n  t h e  San Joaquin River Channel near 
Paradise Cut (SDWA, 116,2). 

S t a t e  Water Contractors (SWC): 

a Water Qual i ty  Objectives 

The 9dC recommend changing ex i s t ing  standards t o  r e f l e c t  
t h e  r e s u l t s  of t h e  corn study. Specific recomnendations a r e  
1.5 mnhos/cm EC from April 1 through August 15 f o r  a l l  water 
year types, and 3.0 mnhos/cm EC during c r i t i c a l  years 
(SWC,Brief ,143). 

a Monitoring Locations 

The measuring s t a t i o n  a t  Elmaton i n  the  Sacramento River 
should be  relocated to Three Mile Slough upon completion of 
overland water supply f a c i l i t i e s  t o  serve Sherman Island 
(SWC,Brief ,143).  

Wlreau of  Reclamation with Support from the  U.S. Departanent 
of In te r io r :  

Water Quali ty Objectives 

The USBR presented testimony on the  leaching requirements of 
t h e  f i v e  most s a l t  s ens i t ive  crops grown i n  the  Delta 
uplands. These were beans, f r u i t  and nuts ,  vineyards, corn 
and a l f a l f a  (USBR, 10 & A&B). From these  leaching 
requirements, average i r r i g a t i o n  season water qua l i ty  
object ives of 600 mg/l TDS i n  a normal year and 800 m g l l  TDS 
in  a dry year were developed f o r  Delta ag r i cu l tu re  
(T,XV, 139: 15-139: 21 ) . The USBR, however, did not formalize 
these i n t o  recommendations (T, XV, 140: 3-1 40: 9). 



5.3.3.3 Optimal Level of Protection 

Western and In te r io r  Delta : 

Water Qual i ty  

- I r r i g a t i o n  Water Quality 

Field corn, t h e  most widely grown crop i n  the  Delta, is 
grown on greater  than 21 percent of  t h e  t o t a l  Delta land 
area including grea ter  than 26 percent of  the  Delta 
lowlands (DWR, 304). The optimal l eve l  of protection 
f o r  t h e  western and i n t e r i o r  Delta w i l l  be based on t h e  
protection of corn a s  it is t h e  predominant crop and 
among the  most s a l t  s e n s i t i v e  crops grown i n  t h e  area. 

The r e s u l t s  of  t h e  corn study show t h a t ,  with reasonable 
farm management p rac t i ces ,  an i r r i g a t i o n  water EC of  1.5 
mnhos/cnl w i l l  provide 100 percent corn crop y ie lds  i n  
Delta organic s o i l s  t h a t  a r e  subirr igated.  An i r r i g a t i o n  
water s a l i n i t y  of  up t o  2.0 romhos/cm EC would provide t h e  
same protect ion f o r  corn on Delta mineral s o i l s .  Tn 
general, t h e  qua l i ty  l e v e l  of 1.5 mnhos/cm EC is met 
under unimpaired flow condit ions a t  a l l  s t a t i o n s  i n  a l l  
year types during t h e  i r r i g a t i o n  period of April  1 
through August 15. Based on t h e  need and t h e  
a v a i l a b i l i t y  of t h i s  qua l i ty  of water during unimpaired 
flow conditions, 1.5 nanhos/cm EC is proposed a s  the  
optimal level  o f  protection. From information given i n  
Phase I, it has been determined t h a t ,  even with t h e  
adoption of  these  optimal object ives,  Delta farmers w i l l  
on occasion need t o  monitor f i e l d  s o i l  s a l i n i t y  
conditions and provide e f f e c t i v e  leaching t o  br ing  t h e  
s o i l  s a l i n i t y  t o  below t h e  threshold value of  3.7 
nnnhos/cm EC (discussed below) before t h e  s t a r t  of  each 
i r r iga t ion  season. Results  of the  corn study a l s o  show 
t h a t  i r r i g a t i o n  water s a l i n i t y  may be increased t o  a s  
much a s  6.0 mnhos/cm EC a f t e r  t h e  end of July without 
l o s s  i n  crop y ie ld  f o r  t h a t  i r r iga t ion  season. The 
method o r  i r r i g a t i o n  did not influence the  s a l t  tolerance 
re la t ionship  of corn but  required increased leaching 
(SWRCB, 22-24). 

- On-Farm 

Should the  foregoing water qual i ty  object ives f o r  
i r r iga t ion  water be adopted, then leaching t o  remove 
excess s a l t  buildup w i l l  be required. Removal of s a l t  
from t h e  crop root  zone through leaching w i l l  be required 
when root  zone s a l i n i t y  exceeds 3.7 nanhos/cm EC. 



- Water Quali ty Objectives for Leaching 

D W R f s  proposal f o r  a winter ponding objec t ive  is 
appropriate. DWR did not propose a pa r t i cu la r  level  of 
water qual i ty ,  but did propose t h a t  it be i n  t h e  form of 
maximum monthly EC. To protect  t h e  Western Delta, t h i s  
object ive should be provided a t  t h e  Western and i n t e r i o r  
Delta monitoring agr i cu l tu ra l  locat ions  for  December 
through February. A maximum monthly EC objec t ive  of  1.7 
mnhos/cm is recomnended f o r  t h i s  purpose. This object ive 
is s u f f i c i e n t  t o  provide f o r  t h e  leaching needs 
throughout the  Delta. 

o Water Levels 

I n ~ u f f i c i e n t  information was presented on t h e  negative 
impacts of  water l eve l s  and possible so lu t ions  t o  set 
object ives i n  t h e  western and i n t e r i o r  Delta. 

Location of Objectives 

Water qua l i ty  object ives f o r  the western and i n t e r i o r  Delta 
should be  established a t  t h e  following locations: Emnaton 
on the  Sacramento River, Jersey Point on the  San Joaquin 
River, Terminous on the  Mokelumne River, San Andreas Landing 
on t h e  San Joaquin River, and Cache Slough near Junction 
Point. 

Southern Delta: 

0 Water Quality 

Beans, the  most widely grown s a l t  s e n s i t i v e  crop i n  t h e  
southern Delta, were chosen a s  a t a rge t  crop f o r  purposes of 
s e t t i n g  objectives. By s e t t i n g  object ives f o r  t h i s  crop, the  
less s a l t  s ens i t ive  crops would a l s o  be f u l l y  protected. 
Water qua l i ty  standards were developed i n  t h e  Plan f o r  the  
southern Delta based on bean growth (Table 5.3.3.1-3). A s  
New Melones Reservoir is now operat ional ,  t h e  500 TDS 
objec t ive  a t  Vernalis is not recomnended. The remaining 
standards, along with a change i n  t h e  descript ion from a 
30-day t o  a 14-day running average, should provide an 
optimal l eve l  of protection f o r  t h e  southern Delta. 

Water Levels 

The i ssue  of  protection from low water l e v e l s  was ra ised  i n  
Phase I of t h e  hearing. Maintaining adequate water l eve l s  
in  t h e  southern Delta can be accomplished through increased 



flow re leases  through regula t ing  export pumping, o r  through 
channel niodifications. It is believed t h a t  s t r u c t u r a l  
a l t e rna t ives  combined with dredging and regula t ing  export 
pumping operations a r e  f eas ib le  water l e v e l  so lu t ions  and 
t h a t  no flow object ive be set for  water l eve l s  i n  t h e  
southern Delta. 

a Flows ( -  

A s  discussed previously, SDWA requested a schedule of flows 
for  protection of southern Delta agr icul ture ,  i n  addit ion to -. 
minimum water qua l i ty  standards. Since water qua l i ty  
object ives t h a t  w i l l  su f f i c i en t ly  protect  t h e  crops grown i n  
the  southern Delta a r e  being recommended, t h e r e  is no need 
f o r  an addit ional  requirement f o r  flows. 

Location f o r  Set t ing  Objectives 

The agr i cu l tu ra l  water qua l i ty  object ives i n  t h e  southern 
Delta should be set a t  t h e  San Joaquin River near Vernalis 
and near Mossdale; a t  t h e  bifurcat ion of Old and Middle 
r ive r s ;  i n  Middle River a t  Howard Road Bridge; i n  Old River 
a t  Tracy Road Bridge; and i n  the  San Joaquin River a t  t h e  
former locat ion of  Brandt Bridge. 

Bay Agriculture: 

Insuf f i c i en t  information was presented i n  the  hearings t o  set 
object ives f o r  agr icul ture  i n  the  Bay region. 

5.3.3.4 Consideration of Water Avai labi l i ty  

Western and In te r io r  Delta 

Figures 5.3.3.4-1 through 5 show the  optimal object ives fo r  
the  western and in te r io r  Delta superimposed over unimpaired 
water qua l i ty  conditions f o r  an average water year type a t  
selected locat ions i n  the  western and i n t e r i o r  Delta. For 
the  f i v e  s t a t i o n s  i n  t h e  western and i n t e r i o r  Delta, the  1.5 
mnhos/cm EC object ive is exceeded a t  Ematon only i n  dry and 
c r i t i c a l  years and a t  Jersey Point only i n  c r i t i c a l  years. 

South Delta 

Figures 5.3.3.4-6 through 11 show the  optimal object ives 
f o r  t h e  southern Delta superimposed over average water year 
type of unimpaired water qua l i ty  conditions f o r  selected 
locat ions i n  the  southern Delta. A l l  s t a t i o n s  i n  the  
southern Delta a r e  below the  object ive of 0.7 mnhos/cm EC 
through t h e  month of June i n  a l l  year types. I n  a l l  cases, 
July, only the  c r i t i c a l  years exceed the  0.7 nanhos/cn~ EC 
objective. In August through November f o r  most year types, 
unimpaired water q u a l i t i e s  are  above the  0.7 nanhos/cm EC 
objective. 
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CACHE SLOUGH NEAR JUNCTION POINT 
MONTHLY MEAN OF YEAR TYPES 
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SAN JOAQUIN RIVER AT VERNALIS 
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BIFURCATION OF OLD AND MIDDLE RIVER 
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e San Francisco Bay Agriculture 

Until  addit ional  information is obtained tha t  i d e n t i f i e s  t h e  
needs of  Bay agr icul ture ,  no object ives can be set f o r  Bay 
agriculture.  

The optimal level  of protection f o r  ag r i cu l tu ra l  beneficial  
uses i n  the  Delta is presented in  Table 5.3.3.4. -1. - 

5.3.4 Chinook Salmon . z%-., - 

5.3.4.1 No Action Alternat ive 
&. i;"" -3 

1 " 

":s The 1978 Delta Plan contains flow object ives f o r  t h e  p r o t ~ t i o n  
of Chinook salmon migration throughout t h e  year i n  t h e  
Estuary. These standards a r e  30 day running averages of d a i l y  
flows a t  Rio Vista (see Table 5.3.4.1-1 which provide 
protect ion of Sacramento River Basin salmon. Special 
agreements, not included in  the  Delta Plan, which provide 
protect ion t o  salmon a r e  discussed i n  Section 5.3.4.3. Figure 
5.3.4.1-1 is a schematic ' representat ion of t h e  locat ion of 
sites, f a c i l i t i e s  and channels t o  be discussed. 

The Delta Plan a l s o  requires the  SWP and CVP, i n  a l l  water year 
types,  t o  c lose  the  Delta Cross Channel gates a t  Walnut Grove 
when t h e  da i ly  Delta Outflow Index a t  Chipps Island exceeds 
12,000 c f s  between January 1 and April 15. The i n t e n t  is t o  
minimize d ive r t ing  f r y ,  which rea r  i n  t h e  north Delta, i n t o  t h e  
cen t ra l  o r  southern Delta. Under t h e  Delta Plan's s t r iped  bass 
standards, DFG can request t h a t  t h e  gates be closed between 
April 16 through May 31 f o r  up t o  20 days but not  more than two 
out  of  four consectitive days. Such obqqures provide incidental  
protect ion f o r  emigrating smolts. 

The Delta Plan contains l imi ta t ions  and/or requirements f o r  
operation of  SWP and CVP f i s h  protec t ive  f a c i l i t i e s  a t  t h e i r  
respective Delta pumping plants  and f o r  maintenance of f i s h  
salvage records (SWRCB, 1978,40 1. The Delta Plan operational 
c r i t e r i a  fo r  t h e  f i s h  protect ion f a c i l i t i e s ,  however, apply to 
the  CVP secondary f i s h  screening system only t o  t h e  extent  t h a t  
they a r e  compatible with water export r a t e s .  

The Delta Plan l i m i t s  t o t a l  Delta exports t o  6,000 c f s  f o r  both 
t h e  CVP and ShlP (3,000 c f s  each) i n  tky  and June f o r  s t r iped 
bass protection. However, t h e  e n t i r e  San Joaquin River flow 
may be  diverted i n  May and June of most years (T, XXXVI, 166: 13- 
19) when exports exaeed San Joaquin River inflows. As exports 
increase r e l a t i v e  t o  inflows, more of t h i s  River's flow is 
drawn towards t h e  CVP avd WP pumps via Old River (DFG, 15,28; 
DWR, 50) (see Figure 5.3.4.1-2) and flows in  t h e  lower reaches 
of  Old, Middle, and the  San Joaquin r i v e r s  may reverse and move 
upstream towards t h e  export pumps. 



TABLE 5.3.3.4-1 

OPTIUAL LEVEL OF PROTECTION FOR 
AGRICULTURAL USES 

Bemf i c i a l  Use Protected 
and L w a t i m  Parameter Description Year Type Dates Valuea or Limit 

___________________--- - - - - - - - - - - - - - - - - . - - - - - - - - - - -* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

AGRICULTURE 

Western and I n t  r i o r  Electr i  a\ Uaxiam 14-Day A1 L 
Delta Irri ateon conducttvl ty Running Average 

~acremen!o R. at Emnuton Uean Dai Ly EC, &os/cm 

San Joaquin R. a t  Jersey Point 

Mokelum R. at Terminous 

San Joaquin R. at San Andreas Ldg. 

Cache SL. at Junction Pt. 

Swth Del a Electr ical  Uaximm 14-Day 
l r r igat fon Conductivity Running Average 

San Joaquin R. near Vernalis Uean Daily EC, mnhos/cm 

San Joaquin R. at Mossdale 

Bifurcation of Old and Middle r ivers 

Uiddle R. a t  Hauard Rd. Bridge 

Old R. a t  Tracy Rd. Bridge 

San Joa i n  R. at former s i t e  
of Bran% Bridge 

Delta Leaching (Pending) 

Emneton Electr ical Maximm monthly 
Jersey Point Conductivity aver e of 
Cache Slough at J w t i o n  Point mean%ily EC, 
San Andreas Landing mmho/an 

Dates EC 
4/1 - 8/15 1.5 



Table 5.3.4.1-1 --I975 Delta Plan Salmon Standards 

I. Salmon Migration-30 Day Running Average 
of Mean Daily Flow a t  Rio Vista i n  c f s  

Water Year Type 

Time 
Period 

Wet Above Below Dry C r i t i c a l  
Normal Normal 

January 2,500 2,500 2,500 1,500 1,500 

February 1- 3,000 2,000 2,000 1,000 1 ,000 
March 15 

March 16- 5,000 3,000 3 , 000 2,000 2,000 
June 30 

July 3,000 2,000 2,000 1,000 1 ,000 

August 1,000 1,000 1,000 1,000 1,000 

September 1- 5,000 2,500 2,500 1 ,500 1,500 
December 31 

I .  Cross Delta diversion of salmon f r y  

Jan 1-Apr 15 Close Delta Cross Channel Gates 
a t  Delta Outflow Index > 12,000 c f s  

111. CVP and SlJP Delta pumping plant  f i s h  protec t ive  f a c i l i t i e s  

CVP 
B ~ x z ~ a y  

.%June-Au g 3 1 

approach veloci ty 3.0-3.5 fps  Secondary system t o  be operated 
bypass ratio-1.2:l.O t o  1.6:l.O as  shown below t o  t h e  extent  compatible 
i n  primary and secondary channels with export ra tes :  
primary bay-use Bay B a s  f i r s t  "(a) secondary veloci ty 3.0-3.5 f p s  
choice Y b )  secondary veloci ty not t o  exceed 
velocity of water e x i t i n g  the  2.5 f p s  (preferably 1.5 fps ) .  
screened water system not t o  secondary veloci ty r a t i o  not 
exceed secondary channel reduced below 1:l.O 
approach veloci ty (c)  screened water discharge t o  lowest 

possible l e v e l  consistent  with its 
purpose 

(d) bypass r a t i o  i n  the  seconday should 
prevent excessive ve loc i t i e s  i n  the  
holding tanks but should not be 
less than t h e  secondary approach 
velocity 

lJ---.-------- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Applies t o  a 1 1  fish- 



FIGURE 5.3.4.1-1 khematic representation of the Delta and experimental smol release sites 
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FIGURE 5.3.4.1-2 Relationship between Delta exports and flows in the San Jsaquin River 
upstream and downstream of its confluence with Old River. This shows that as Delta 

exports increase relative to San Joaquin Riwer Inflows at Mossdale, flows downstream at 
Brandt Bridge will reverse and flow upstream (T, I 1,194:l-197:13) (from DWR 50) 

UPSTREAM FLOW (CFS) STAGNANT DOWNSTREAM FLOW (CFSI 

EXAMPLE;  EXPORT Q: 11000 9 0 0 0  5 0 0 0  6 0 0 0  6 0 0 0  6 0 0 0  6 0 0 0  
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Smolts of t h e  four Chinook salmon races  a r e  emigrating through 
the  Delta from about October througt? June, with t h e  grea tes t  
abundance typ ica l ly  from April through June when the f a l l  run 
emigrates. Average monthly salvage of  Chinook salmon a t  the . 
Harvey 0. Banks Delta Rrmping Plant  reflects t h i s  seasonal 
abundance of  young salmon i n  the  Estuary (see Figure 4.5.1.2-37 
(T, XXXvrI, 128: 13-129: 1).  

Since t h e  1978 Delta Plan was approved, t h e  survival  of f a l l  
run smolts m i g r a t i n g  through t h e  Estuary t o  t h e  ocean has been 
ident i f ied  a s  an issue of  concern. L i t t l e  information was 
avai lable  during t h e  hearing f o r  t h i s  plan. Since then, the 
USFWS on behalf of the  Interagency Ecological Studies Program, 
car r ied  out  s tudies  t o  evaluate t h e  survival  o f  f a l l  run m o l t s  
during t h e i r  emigration through the  Estuary. These s tud ies  
provide s ign i f i can t  new information about re la t ionships  between 
smolt survival  and Delta conditions under the  1978 Delta Plan, 
which a r e  discussed i n  d e t a i l  i n  sec t ion  5.3.4.3. USFWS has 
concentrated on Delta conditions a f fec t ing  f a l l  run smolts 
m i g r a t i n g  from the  Sacramento River Basln. Generally they 
found t h a t  smolt survival  improved with increasing flow, up t o  
a maximum. Limited data from s tud ies  of San Joaquin Basin 
m o l t s  show s imi lar  r e su l t s .  Evidence was not presented on t h e  
e f f e c t s  o f  ex i s t ing  es tuar ine  conditions on t h e  i m a t u r e  l i fe  
stages of t h e  other  three races  of  Chinook salmon. 

The recent  evidence developed by USFWS indica tes  t h a t ,  if t h e  
1978 Delta Plan salmon migration flows were t h e  con t ro l l ing  
flow standard, f a l l  run smolt survival  would be  minimal (see 
Table 5.3.4.1-2). However, under present conditions, other  
watersquality standards and operat ional  cons t ra in ts  on the  SWP 
and CVP r e s u l t  i n  subs tant ia l ly  higher flows during t h e  April  
througt? June f a l l  run smolt emigration period. Currently flow 
requirements t o  protec t  ag r i cu l tu ra l ,  f i s h  and wi ld l i f e ,  and 
s t r iped  bass benef ic ia l  uses provide higher flows than those 
required f o r  salmon migration (see Table 5.3.4.1-3). 
Uncontrolled flows during, and sometimes l a t e r  than, April i n  
wetter water years, a l s o  contr ibute t o  Rio Vista flows 
exceeding 1978 Delta Plan requirements (see Table 5.3.4.14). 

Very l i t t l e  information is ava i l ab le  about the  e f f e c t s  of 
present conditions on salmon smolts migrating through t h e  Bay. 
Information on Bay survival  w i l l  not  be  avai lable  f o r  several  
years. 

5.3.4.2 Advocated Levels of Protection 

Most of  the  p a r t i e s  presenting testimony on Chinook salmon 
agree t h a t  the  1978 Delta Plan salmon flow standards provide 
inadequate protect ion f o r  f a l l  run smolts, and t h a t  speci f ic  
causes o f  salmon mortal i ty upstream and in the Delta should be 
addressed t o  improve survival  r a t e s  of immature f i s h ,  Most 
par t ic ipants  analysed the  same data i n  preparing t h e i r  
testimony. Tne major differences deal th  with: ( 1 )  when, where, 



Table 5.3.4.1 -2--Estimated %r vival "index Values Under 1 978 Delta Plan 
Salmon Migration Flow Standards during April J u n e  

Water Year Type 

Wet Above Normal Below Normal Dry Cr i t i ca l  

Time Flow Survival Flow Survival Flow Sur viva1 Flow Survival Flow Survival 
Period (c f s )  Index (cfs)  Index (cfs)  Index (c f s )  Index (c f s )  Index 

vc April- 5,000 0.02 
I 3,000 0.0 3,000 0.0 2,000 0.0 2,000 0.0 

I June30 

' / % r v i v a l ; ~ .  000056Q-0.258 where Q=Rio Vista flows from 4,600-22,000 c f s  (from USFWS, 31 



Table 5.3.4.1 +-Estimated Controlling Delta Outflows "under t h e  1978 Delta Plan 
During F a l l  Run Smolt Migration Period. Values i n  
parentheses a r e  t h e  estimated su r  viva1 index values ( from USWS, 31 ) 
i f  these  flows occurred a t  Rio Vista 

Water year Type ---- 
Wet Above Normal Below Normal Dry C r i t i c a l  

Time Flow 
Period i n  c f s  

Flow 
i n  c f s  

Flow 
i n  c f s  

Flow Flow Mean 
i n  c f s  i n  c f s  Smolt Survival 

Apri l  10,000 
(0.30) 

May 1-5 10,000 
m 
I (0.30) 
ic, 
IU 

May 6-5 1 7,600 - 14, 0002/ 7,600 - 14, 0002/ 7,500-11,400~' 7,600 3,900 0.14-0.32 
(0.17 - 0.53) (0.17 - 0.53) (0.17 - 0.38) (0.17) (0.0) 

June 1-15 7,600 - 14,000~' 7,600 - 10,700~' 7,600-9,500~' 7,600 3,900 0.14-0.26 
(0.17 - 0.53) (0.17 - 0.34) (0.17 - 0.27) (0.17) (0.0) 

June 16-29 7,600 - 14,000~' 7,600 - 10,700~' 7,600-9,500~' 4,700 3,900 0.10-0.23 
(0.17) - 0.53) (0.17 - 0.34) (0.17 - 0.27) (0.01 (0.0) 

----_--------_-------------^--------__--_I^-Y_I----1_-1-- - - - - - - - - -  
Mean Survival 0.21-0.45 0.17-0.31 0.15-0.25 0.12 0-0. @i 0.13-0.T--- 

" Flsw Estimates derived from DWR, personal communication, t o  R. Satkowski,SWRCB,dated 2/9/88. 
2' if subnormal snowmelt lower value applies .  
3' if WP and CVP use r s  a r e  taking def ic iencies  i n  firm suppl ies  lower value applies .  



Table 5.3.4.1-4--Comparison of Mean Monthly Controlling 
Delta Outflows and Actual Delta Outflows 
i n  c f s  (from DWR Dayflow). 

Water Year April  -- May_ - June 
Year Type 

Actual ~ o n t r o l l i n g " ~ c t u a 1  Controlling Actual Controlling 

 ontro troll in^ o r  m i n i m  required Delta Outflow flows a s  shown on 
Table 5.3.4.1-3 from DWR t a b l e s  revised March 1986 sent  t o  R. Satkowski 
of  SWRCB, 1/9/88. I f  cont ro l l ing  flow var ies  within t h e  month each flow 
is weighted by t h e  number of days i n  t h a t  month f o r  which it applies .  
Carriage water is not included i n  these values. 

2/%bnormal s n o m e l t  c r i t e r i a  apply. 
3 / ~ i f f e r e n c e s  due t o  imprecision i n  channel depletion estimates and 

cor re la t ions  between flow and EC used t o  determine minimum required 
Delta Outflow. These do not represent v io la t ions  of  Delta Plan standards. --- 



and what ac t ions  should be taken; and (2 )  which f a c t o r s  were 
considered t h e  most in f luen t i a l  on adul t  and/or young salmon 
survival  and production. Only t h e  f i she ry  agencies and 
environmental groups advocated l e v e l s  of  protect ion essen t i a l ly  
d i f f e r e n t  from those of t h e  1978 Delta Plan. 

The pos i t ions  taken by t h e  p a r t i e s  a t  Phase I of t h e  hearing 
on Chinook salmon a r e  summarized below and i n  Tables 5.3.4.2-1 
throum 5.3.4.2-4: 

- Exist ing Delta Plan s t r iped  bass flow standards should be 
maintained a s  the  salmon flow objec t ives  u n t i l  adequate 
da ta  a r e  avai lable  t o  determine whether changes a r e  
required. 

Table 5.3.4.2-1 shows what t h e  s t r iped  bass flows would be 
frcxn May 6 throu* June under t h e  1978 Delta Plan and 
represents  an estimate of  t h e  l e v e l s  of protect ion advocated 
by the  SWC, USBR, and DWR. USFWS data were used t o  ca lcu la te  
t h e  estimated smolt survival  index under these flows t o  compare 
with l e v e l s  of  protection advocated by other  par t ies .  For 
comparison, Table 5.3.4.1-3 gives an est imate of  cont ro l l ing  
flows during t h e  e n t i r e  April throu* June smolt emigration 
period . 

- The ex i s t ing  s t r iped  bass standards should be  the  salmon 
standards. 

- Recent h i s t o r i c a l  l e v e l s  of  catch and escapement a r e  
already being maintained. 

USBR (T,LXt,120:24-131:6) 

- Natural salmon production should be  increased. 

- A system-wide management plan t h a t  addresses conditions 
i n  a l l  salmon hab i t a t s  should be developed. 

- Structura l  solut ions,  such a s  screens, t o  improve Delta 
survival  would be preferred t o  flow increases s ince  they 
would minimize impacts on other  benef ic ia l  uses. 

- Continue interagency s tud ies  and r e f i n e  monitoring t o  
determine effect iveness of  new programs. 

- Allow operational f l e x i b i l i t y  t o  respond t o  
recomnendations of  the  five-agency salmon group, composed 
of the  USFWS, DFG, NMFS, DWR and USBR, recent ly  formed t o  
reduce o r  solve salmon problerr~s i d e n t i f i e d  in  the Phase I 
hearings. 



Table 5.3.4.2-1 --Recommended Salmon Flow Standards with present Delta Plan 
Delta Outflows for Striped Bass (SWC, USBR, DWR). 
(USFWS survival index values are shown in parentheses). 

- Water Year Type 

Wet Ab. Norm. B. Norm. Subnormal Dry1/ Dry or 
Period Snowmelt crit ical2/ mowi-5x5- - - - - -pee- - - - - - -  

May6-31 14,000 14,000 11,400 6,500 4,300 3,300 
(0.53) (0.53) (0.38) (0.11 (0.0) (0.0) 

June 14,000 10,700 9,500 5,400 3,600 3,100 
(0.53) (0.34) (0.27) (0.04) (0.0) (0.0) 

'/Dry year following a wet, above normal or below normal year, 
from D-1485 Table 2 

2 / ~ r y  year following a dry or c r i t i ca l  year 



- Do not change e x i s t i n g  standards u n t i l  the 
recomnendations o f  t h e  five-agency salmon group can be 
evaluated. 

DTAC, TID/MID (TIDMD, Brief, 9-1 4) 

- The m o l t  survival  index should not be used a s  a standard. 

K3F'WS (USFWS, 31,3l d- j and 47) 

- Sacramento Basin f a l l  run smolts should be protected 
Apri l  1 through June 30 and San Joaquin Basin smolts 
fran April 1 throu& June 15. 

- Sacramento River flows a t  Rio Vista,  depending on water 
year type, should range from 21,500-1 0,000 c f s  and 
provide m o l t  survival  indices a t  the  1940's l e v e l ,  
ranging from 0.95 i n  wet years t o  0.30 i n  c r i t i c a l  years. 

- San Joaquin River flows a t  Vernalis should range from 
12,000-4,000 c f s ,  depending on water year type. 

- Eliminate reverse flows during m o l t  emigration. 

- Prevent delays t o  adu l t  migrants, maintain unobstructed 
migration route,  and maintain DO above 5 m d l  between 
Stockton and Turner Cut i n  t h e  f a l l .  

- Survival goals could be achieved by a combination of flow, 
operat ional  and physical modifications. 

Table 5.3.4.2-2 summarizes t h e  protect ion l e v e l s  
recomnended by USFWS and other f i shery  advocates. 

- I n  the  Sacramento River system, Delta smolt survival  f o r  
a l l  four races should be t h a t  which occurred under 1940 
l e v e l s  of  water developnent ( see Table 5.3.4.2-2). 

- The Water Qual i ty  Control Plan should contain a blend of 
physical and operational management measures as  w e l l  a s  
some increment of  flow increase t o  improve smolt 
survival .  

- Interim standards should be established fo r  the  San 
Joaquin River system t o  improve salmon production. 

9 DFG (T, XLIII, 76: 24-80: 24;DFG,64, and DFG, 30) 

- Survival o f  each race  i n  the  Delta should be based on 
1940 h i s t o r i c a l  , levels  (see Table 5.3.4.2-2). 



Table 5.3.4.2-2--Recommended Objectives f o r  Chinook Salmon (USFWS,DFG, NMFS) 
( frm USFWS, 31 d-i and 47) 

Sacramento Basin Smolts 

Water Year 
TY pe 

April - June April - June 
Survival Index Rio Vista Flow 

(CFS) 

>%p*- 
- - - - - I - - _ . - - - - - -  -- --- 

\Jet 0.95 2 f; 500 

Above Normal 0.85 20,000 

Below Normal 0.75 18,000 

Dry 0.65 16,000 

C r i t i c a l  0.30 10,000 

1. Keep smolts out  of  cent ra l  Delta. 

2 .  Keep temperatures below 66 diegrees F. 

3. Keep smolts out  of  upper Old River. 

4. Posi t ive  net  flow i n  t h e  San Joaquin, Old, and Middle r ivers .  

Sari Joaquin Basin Smolts - 
1. Same survival  l eve l s  a s  f o r  the  Sacramento Basin. 

2.  Vernalis i n  flows ranging from 12,000 cfs i n  w e t  water years t o  4,000 
i n  c r i t i c a l  water years. 

Central Valley Adults 

1. Maintain unobstructed migration route. 

2 .  Dissolved oxygen > 5 mg/l between Stockton and mrner  Cut  on t h e  
San Joaquin RiverT 



- Survival r a t e  for  Sacramento Basin f a l l  run salmon should 
based on the USFWS flow-to-survival re la t ionship  i n  
Exhibit 31. 

- Eliminate flow rever sa l s  by 1995 i n  t h e  San Joaquin River 
and in  Old and Middle r ive r s .  

- Survival l e v e l s  i n  t h e  San Joaquin River should a l s o  be  
based on h i s t o r i c a l  l e v e l s  but  these  still need to  be 
defined . 

- Physical and operat ional  measures should be considered to  
achieve protection. 

- USFWS flows recommended f o r  Sacramento Basin m o l t  
migration should be adopted. 

- Vernalis flows should range from 11,000-5,000 c f s  
depending on water year type. 

- Delta outflows should range from 31,000-10,000 cfs, 
depending on water year type. 

Table 5.3.4.2-3 summarizes t h e  flow conditions recommended by 
EDF. 

BISF (BISF,Brief ,85-86 and 93-98) 

- The spr ing  Delta outflows a t  Chipps Island,  measured a s  
a combination of  Sacramento and San Joaquin River 
flows, should not b e  less than 38,500 c f s  averaged over 
th ree  t o  f i v e  year periods. 

- Outflows could be reduced i n  dry years provided 
compensating flows a r e  avai lable  i n  other  years. 

- There should be  object ives f o r  wet, median and dry year 
spring flows a t  l e v e l s  grea ter  than D-1485. 

- Endorses other  measures proposed by USFWS. 

Table 5.3.4.2-4 summarizes t h e  standards recommended 
by BISF. 

5.3.4.3 Optimal Levels of Protection 

Evidence presented i n  Phase I of  the  hearing indica tes  t h a t  
Delta Plan object ives do not f u l l y  protect  a l l  t h e  d i f f e r e n t  
l i fe  stages of Chinook salmon using the  Estuary. The p a r t i e s  
presenting evidence a t  t h e  hearing reviewed much o f  t h e  same 
data and generally agreed t h a t  under ex i s t ing  conditions t h e  
Delta is a source of s ign i f i can t  mortal i ty fo r  m o l t s  
emigrating from upstream areas.  This sect ion summarizes 
avai lable  information on t h e  f ac to r s  contr ibuting t o  reduced 



Table 5.3.4.2-4--Recommended Salmon Smolt Protection Levels (BISF) 
(BISF,Brief , 8 5 4 6  and 93-98) 

Controlling 
Period -- Protection Level Beneficial Use -------- 

( ~ e ~ a ~ t - i n - c ' f  s > I ' 
Wet Years Apr J u n  38,500-42,oOO . salmon smalts, 
(wettest  10%) s t r iped  bass, 

shad 

Median Years Apr J u n  38,500-42,OOO salmon smolts 
(years between 
w e t  and dry) 

Dry Years AprJun ' 

( d r i e s t  10%) 
10,000 salmon smolts 

- - - - - -_-- - - - - - - -_-- -_-- - - - - - - - l_^--- l - - - - - - -  

Combined Sacramento and San Joaquin River flows t o  meet outflow 



Table 5.3.4.2-3--Recommended April J u n e  Salmon Smolt Migration Standards (EDF 
( f r m  EDF,23) 

Sacramento R. ~s t i rna t ed~ '  
Annual Total Export + Estimated 

Water Sur viva1 Rio Freeport Diversion '/ San Joaquin R. River Ch. Dep1.- Delta 
Year Index Vista Above RV a t  Vernalis (Freeport + E. Side Outflow 

Goal (cfs)  (cfs)  (cfs) Vernalis ) - - - - - - - - -  (cfs) (c fs )  TW? --------,---------- (cfs)  --- 
Wet 0.95 22,000 26,000 4, 0002/ 11,000 37,000 6,000 31,000 

U) 
I 

W 
Above N. 0.86 20,000 24,000 4, 0002/ 10,000 34,000 7,000 27,000 

ko 

klw  N. 0.75 18,000 22,000 4, 0002/ 9,000 31,000., 8,000 23,000 

Crit ical  0.30 10,000 15,000 5 , 0 0 0 ~ ~  5,000 20,000 10,000 10,000 

I /  From DWR Exhibit 50 
2/ Cross Channel closed, Georgiana Slough only 
3/ Cross Channel and Georgiana Slough 
4/ Based on recent his tor ic  DAYnOW records 



salmon production and hypothetical act ions which would 
eliminate these  mortal i ty fac tors  providing optimal protection 
for  t h e  salmon benef ic ia l  use i n  the  Delta-Estuary. Much of  
t h e  recent  evidence was based on s tudies  carr ied  out  s ince  t h e  
1978 Delta Plan went in to  effect. 'Ihese study r e s u l t s  were 
presented i n  terms of e i ther :  (1) corre la t ions  between f i s h  
survival  and flow o r  other conditions i n  t h e  Delta; o r  (2 )  
descript ions of r e s u l t s  fo r  which only a few years1 data were 
avai lable  and general, not always consistent ,  t rends  were 
apparent. 

Evidence has been presented showing t h a t  natural  populations of 
Sacramento salmon are declining and San Joaquin populations a r e  
undergoing extreme fluctuations.  Also, Del tz i  Plan salmon 
standards are not providing inadequate protection par t icular ly  
with regard t o  conditions a f fec t ing  t h e  f a l l  run smolts during 
t h e i r  spr ing emigration. 

Recent s tud ies  by t h e  USFWS showed a s ign i f i can t  pos i t ive  
corre la t ion  between April throu* June Rio Vista flows and 
survival  of marked hatchery smolts migrating through t h e  Delta 
(USFWS, 31,33111 1. Several years of data from t h e  San Joaquin 
Basin suggest a s imi lar  re la t ionship  (USFWS,31,65-71). These 
s tud ies  a l s o  indicated a pos i t ive  re la t ionship  between survival  
and keeping m o l t s  i n  the  main channels of  t h e  Sacramento and 
San Joaquin r i v e r s  (USFWS, 31,72-73;T,XXXVI, 152: 6-1 55: 23). 
Furthermore, survival  i n  both basins may be reduced when spring 
water temperatures a r e  above the  s t r e s s f u l  range of  66Oto 
70% (T,XXXVI, 159: 17-20;DWR,%2,60;TXXXVI, 150:24-151: 11; 
DFG, 1 5,26-27). 

The amount of flow is t h e  major determinant of  both t h e  
quanti ty and qua l i ty  of  f i shery  habitat .  However, it is not . 

f e a s i b l e  t o  t r y  t o  es tabl ish  o r  achieve precise numerical f i s h  
production goals s ince  many fac tors ,  a l l  of which may vary fran 
year to year, influence t h e  number of salmon re turning t o  
spawn. Instead,  determination is made by f i shery  b io log i s t s  a s  
t o  t h e  general hab i t a t  conditions needed to ensure t h e  highest 
probabi l i ty  o f  reasonable o r  optimal f i s h  production levels .  
This was t h e  approach taken i n  the  Interagency Delta salmon 
s tud ies  ca r r i ed  ou t  by the  USFWS. The point was made t h a t  
corre la t ion  does not mean causation (T,XXXVIII, 17: 14-1 6) and 
t h a t  more study is needed before spec i f i c  ac t ions  be taken to 
change benef ic ia l  use protection l e v e l s  contained i n  the  Delta 
Plan. However, a s  the  SWCts consultant t e s t i f i e d ,  t h e  
l ikel ihood of being able  to demonstrate causation when s o  many 
of  t h e  fac to r s  a r e  in ter re la ted  (T,XXXVIII, 17: 17-24) is 
d i f f i c u l t  (T,XXXVIII, 61:11-17). 

I n  t h e  following sect ions t h e  fac to r s  a f fec t ing  t h e  salmon 
benef ic ia l  uses a r e  discussed i n  d e t a i l .  Recommendations a r e  
a l s o  made which m u l d  theore t ica l ly  provide optimal protection 
t o  the f a l l  run Chinook salmon i n  the  Delta. No evidence 
regarding spec i f i c  protection l eve l s  needed by smolts of  the  
other three races  was submitted, therefore,  no discussion 
of  them is presented. 



- Problem 1: Decreased spr ing Delta inflows reduce f a l l  run 
snol t survival  . 
DFG t e s t i f i e d  t h a t  the  primary fac to r  l imi t ing  salmon 
survival  i n  the  Estuary is t h e  survival  r a t e  fo r  emigrants 
(T, XXXVII, 66: 11-1 4)  and t h a t  "there a r e  not s u b s t i t u t e  
measures outside the  Estuary t h a t  could canpensate f o r  a l l  
the  potent ia l  harm t h a t  could r e s u l t  from decreased survival  
within the  Estuary" (T, XXXVII, 69: 4-9). 

Since t h e  1940's upstream and in-Delta f a c i l i t i e s  have 
a l tered  seasonal flow patterns. Reservoir operations and 
water diversions have decreased spring inflows t o  t h e  Delta 
( see Figure 5.3.4.3-1 1. 

Histor ica l ly ,  t h e  magnitude of spring flow during the  f a l l  
run smolt emigration period has corresponded t o  t h e  number 
of adu l t s  returning t o  spawn about two and one-half years 
l a t e r .  In  the  Sacramento Basin before t h e  improvement i n  
hatchery production i n  the  1970 s, spawning escapement 
f luctuated i n  re la t ion  t o  conditions during t h e  m o l t  
emigration period (DWR, 561 ,17-20 1. An analysis  performed by 
WJR1s consultant indicated t h a t  pr ior  t o  1968, t h e  two year 
moving average of monthly A p r i l J u n e  Sacramento River flows 
during t h e  smolt emigration period correlated s ign i f i can t ly  
with t h e  two year moving average of subsequent Sacramento 
Basin spawning escapement (monthly R ranging from 0.53- 
0.72,P<0.01 o r  <0.05 f o r  April,  May, and June). April 
throu* July Delta outflow a l s o  correlated s ign i f i can t ly  
with spawning escapement (monthly R ranging from 0.52-0.77, 
P<0.01 o r  0.05). After 1968 no s igni f icant  corre la t ion  
between m o l t  emigration flows and l a t e r  adul t  escapement 
was found (DWR,561,34-48). Various events occurring a f t e r  
1967 a r e  thought t o  have eliminated t h i s  re la t ionship ,  
including, closure o f  the  Red Bluff Diversion Dam on t h e  
upper Sacramento River (DWR, 561,17-20;43-49), "an increase 
i n  Delta diversions by i n i t i a t i o n  of  SbJP exports,  t ransfer  
of Tr in i ty  River water t o  the  Sacramento Basin, and 
increased trucking of hatchery production around the  Deltav 
(USFWS, 31,77-79). 

The pract ice  of trucking and re leas ing hatchery reared 
smolts below the  Delta has enabled t h e  t o t a l  adul t  
Sacramento Basin f a l l  run population t o  be s t ab i l i zed  
despi te  t h e  "pers is tent  declinen of a l l  races of natura l ly  
produced salmon and those hatchery reared f i s h  which 
m i g r a t e  down the  Sacramento River and through t h e  Delta 
(T,XXXVII,153:-154:l). As discussed i n  sect ion 4.5.1.2, 
survival  of f i s h  trucked around the Delta is established to 
be s i x  t o  eight  times greater  than survival  of hatchery 
produced smolts migrating through the Delta (T,XXXVII,161: 
22-1 62: 1 1. 



Figure 53.4.3.1 Change in Delta Inflows from Unlmpalred Condition8 

SACRAMENTO VALLEY AVERAGE MONTHLY FLOW 
1922 THROUGH 1978 

0.00 ! . I . . m I . 1 

Oct Nav Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

MOMH 

SAN JOAQUlN VALLEY AVERAGE MONTHLY FLOW 
1922 THROUGH 1978 

1 

Oct Nw Dec Jan Feb Filar Apt M;aJ Jun Jul Aug Sep 

m 



Salmon escapement t o  the Feather and American r i ve r s  has 
increased, even though reservoir storage has al tered spring 
outflows, because hatchery rearing programs have replaced or 
augnented natural instream salmon production (DWR, 561,491. 
Flows i n  the lower American River were reported t o  have no 
influence on escapement because t he  run is primarily 
maintained by planting smolts in  the Estuary(DWR, 561,491. 
Feather River escapement has continued t o  be significantly 
correlated with Sacramento River flows i n  June 
(R=O. 75,P<0.01) and Delta outflow in July 
(R0.74,P<0.01) .Not a l l  Feather River hatchery salmon a re  
released in  the Estuary which may account fo r  t he  continued 
relationship between Sacramento River flows and escapement 
t o  the  Feather River. Feather River escapement increases to 
about 50,000 f i s h  when June flows i n  the Sacramento River 
range from about 16,000-25,000 c f s  (DWR, 561 40-50) and July 
Delta outflows range from about 6,000-1 2,000 cfs  
(DCJR, 56 1,411 . Feather River escapement appears to  have 
stabil ized (DWR, 561 ,251 and more escapement f i s h  a r e  
produced a t  lower flows since hatchery production began in 
1968 (DWR,561,49). 

?he support provided t o  the  Sacramento Basin salmon fishery 
by hatchery production has hidden the  decline of naturally 
produced f i sh  migrating down the r iver  (as  shown in  Figure 
4.5.1.211). This practice has a lso counteracted t he  
h i s to r ica l  relat ionship between spring flow conditions and 
subsequent adult escapement. However, recent USFWS studies 
of spring inflow t o  the Delta and m o l t  survival through the  
Delta indicate there is still an important relat ionship 
between these factors.  

USFWS found tha t  Delta m o l t  survival, a s  calculated by 
ocean t ag  returns of adults  marked and released a s  smolts in  
the Delta and harvested two t o  four years l a t e r ,  increases 
a s  mean dai ly  flows measured from April through June a t  Rio 
Vista increased up t o  about 22,500 c fs  (R 0.97,  P<0.01) 
(USFWS, 31,33-58) (see  Figure 5.3.4.3-2). Based on the  
s t a t i s t i c a l  relationship between Rio Vista flows and m o l t  
survival, USFWS calculated tha t ,  under the 1978 Delta 
Plan salmon flow objectives, the  spring smolt survival 
index would be l e s s  than 0.01 (USFWS, 31,581. In  other 
words, when the regression equation developed from the 
flow/survival relationship is used with the Delta Plan 
salmon flows, the resul t ing amount of salmn smolt expected 
t o  survive is less than one percent. The annual abundance 
of m o l t s  a t  Chipps Island also increases up t o  a maximm 
Rio Vista flow of about 30,000 c f s  (USFWS 31, 36-37). a o l t  
survival was negatively correlated with increasing water 
temperatures (R= -0.86,P<0.01) and percent of Sacramento 



FIGURE 5.3.4.3-2 Relationship of smolt suwival through the Delta to mean daily Rio Vista flow 
based on ocean recovery of tagged hatchery smlts. J/ 

(from USFWS, 31,35) 

Rio Vista flow in cfs 

l~ The years 1982-1984 are not included in the regression equation because either fish 
were released downstream of Sacramento or survival was > 1.0. 

9 Survival = (0.000056 x Rio Vista flow) - 0.258 



River flows diverted through the  Delta Cross Channel a t  
Walnut Grove during the f a l l  run m o l t  emigration periodof 
April through June ( R =  -0.65, P<0.05). Sacramento River flow 
a t  Rio Vista was considered t o  be  an index parameter 
representing t h e  combined in terac t ion  of higher Sacramento 
River flows, lower water tenperatures,  and a decrease i n  t h e  
r e l a t i v e  proportion of  Sacramento River flows diverted 
through the  Delta Cross Channel (USFWS, 3 1,55; T, XXXVI, 156: 
15-23). 

These experiments were ca r r i ed  out  primarily under 1978 
Delta Plan conditions, with normal exports and Cross Channel 
diversions. As discussed l a t e r  i n  t h i s  sec t ion ,  these  other  
f ac to r s  a l so  a f f e c t  m o l t  survival .  

In addit ion t o  ca lcula t ing  monthly survival  indices under 
Delta Plan conditions, USFWS took t h i s  index and mult ipl ied 
it by t h e  percentage o f  f a l l  run smolts passing Chipps 
Is land i n  each month ( a s  determined by annual trawl 
surveys) fo r  1978-1986 to der ive  an annual weighted survival  
index (USFWS, 3 1,56-57 1 ( see Table 5.3.4.3-1 ) . A s  shown i n  
Figure 5.3.4.3-3, annual weighted April through June smolt 
survival  f o r  a l l  1978-1 986 appears t o  be  much b e t t e r ,  
averaging 0.47, campared t o  expected survival  under the 
contro l l ing  Delta Plan flow object ives which ranges from 
0.134.24 (see Table 5.3.4.1-3 i n  sec t ion  5.3.4.1). The 
higher annual weighted survival  values, ranging from 0.12- 
1.0 f o r  any given year, r e f l e c t  the  f a c t  t h a t  s ince  1978 
s i x  out  o f  nine years have been wet. A s  mentioned 
previously, unrewlated  Delta flows i n  April and sometimes 
i n  May have been much higher than t h e  cont ro l l ing  flow 
standards ( see Table 5.3.4.1-4 1 . 
I n  order t o  est imate and cmpare  salmon m o l t  survival  f o r  
various h i s t o r i c  periods, DWR Dayflow Rio Vista flows values 
from 1930 t o  1987 were used i n  the USFWS m o l t  survival/Rio 
Vista flow equation. Smolt survival  indices for mean 
unimpaired flows for  each year type were a l s o  compared to 
t h e  mean h i s t o r i c a l  survivals  a s  shown i n  Table 5.3.4.3-2. 
USFWS reported t h a t  estimated mean weighted smolt survival  
using WRs 1940 level  of deve lopen t  hydrology was 0.76 
(USFWS,31e). The smolt survival  index values based on 
selected historic periods ind ica te  a decl ining trend,  from 
an average of 0.75 under unimpaired conditions t o  0.42 s ince  
1968. 

Several f ac to r s  may have contributed some b i a s  i n  the USFWS 
studies.  Many of  t h e  experimental re leases  of  smolts were 
made i n  May and June, although emigrating smolts a r e  present  
throughout April. April conditions a r e  thought t o  be more 
favorable t o  m o l t  survival  (see Figure 5.3.4.3-3) so t h a t  
t h e  re la t ionship  observed between flow and survival  may 
underestimate the  mean April through June survival  
(USFWS, 31,42441. Recently planted hatchery f i s h  may not 
survive a s  w e l l  a s  wild f i s h  adapted t o  r ive r  conditions. 



Table 5.3.4.3-1--Estimated Weighted Surviv?) 
Indices Under Delta Plan Conditions 

(Values i n  parentheses a r e  t h e  monthly percentage 
of smolts migrating past  Chipps Island) 

Water ~ ~ r i l ~ '  *Y June Annual 
Year Sur vi val Survival Survival Estimated urvival  

---- Index Index Index 39 Year Type - -  ( 1  ------(%)___Index-($) ----- - 

Mean 0.68 (23) 0.46 (51) 0.29 (26) 0.47 

* Low spr ing  flows due t o  subnormal snowmelt 
/ Numbers corrected from values In  USFWS, 31,57 Table 4-6, 

(P.Brandes pers. comn.) 
2' The monthly survival  index is calculated using formula: 

S d .  000056 Q - 0.258; where S=survival and Q=mean monthly 
Rio Vista flow i n  c f s  f o r  flows between 4,500 and 22,500 c f s  

3' The w e i a t e d  annual survival  index is the  sum of each monthly survival  
index times the percentage o f  smolts migrating past Chipps Is land i n  
t h a t  month 



FIGURE 5.3.4.3-3 Comparison of mean monthly smolt survfval for 1978 Delta Plan controlling flows 
versus weighted monthly molt survival based on actual Rio Vista flows and percent 

smolts passing Chipps Island, 1978 - 1986 

0.7 - WEIGHTED SURVIVAL 

APRIL  M A Y  

MONTH 

JUNE 

9 Assumes the controlling Delta outflow equivalent occurs upstream at Rio Vista. The upper flow 
values from Table 5.3.4.1-2 were used so that if the lower flows apply, survival would be 
reduced from the values shown. 



Table 5.3.4.3-2 COMPARISON OF APRIL-JUNE R I O  VISTA FLOUS FOR SELECTED HISTORICAL 
PERIODS 1/ AND CORRESWISDING W L T  SURVIVAL INDICES 

YEAR TYPE 2/ APRIL I U Y  JUNE AVERAGE 
PUPPPPEPPEU~PPPPPEDPPP~PPPPEPP~PPPPPOPOPDPPPPPP~~DEPIPPPD~POPOSMPMDEM~IPIBUP~PPU~IPI~POEUEPUUEE 

Flow Flow Survival Survival I Survival 

I 1930-1987 FLOUS 
---*--------------- 

Uet 
Above Normal 
Below Normal 

DV 
Cr i t i ca l  

Uet 
Above Normal 
Below Normal 

D rY  
Cr i t ica l  

- - - - - - - - - - - - - - - - - -_---*----*------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -*------ - - - - - - - - - - - - - - - - - - - - - - - -  

Average 

67 308 1-00 
51'279 1 .OO 
35'669 1 .OO 
24'205 1.00 
12:757 0.46 

Vet 
Above Normal 
Belou Normal 

Dry Cr i t i ca l  

--------------- 
Avera e 4/ 

Ueightd Avg.5, 

I 1953-1987 FLOUS ------------------- 

___________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Avera e 4/ I 32,77!3(17355) 0.72 I 22,278(15653) 0.62 I 12,385(10576) 0.35 
Ueightd Avg.S/ 

61 845(22414) 1.00 
46'753(~500! 1.00 
16'933(16333) 0.66 
13'205 12673) 0.45 
8,$69(h749) 0.26 

1930-1952 FLOUS ---------------- 

1.00 
0.89 
0.82 
0.79 
0.23 

54 248 1 .OO 
33'291 1.00 
28'869 1 .00 

I! it? 0.94 0.22 

30 468 1.00 
16'690 0.68 
12'785 0.46 
:&% 0.43 

0.00 

Avera e 4/ I 40,234(20328) 0.88 I 29,268(18650) 0.79 I 14640(11802) 0.43 
~e ighte8 Avg.5, 1 8% 

0.92 
0.73 
0.46 
0.30 
0.10 

41 769(22035) 0.97 
23'806(2087S) 0.90 
14'672(14554) 0.56 
10'818 10203) 0.31 
4956C4636) 0.04 

Uet 
Above Normal 
Below Normal 

Dry Cr i t i ca l  

24 408 18 580) 0.78 b 10'714 l0 f l 4 )  8:P7 
ct$!66t# o.12 
2:531(2531) 0.00 

-_-------------------------------------------------------------------.--------------------------------------- 

72 452(22500) 1.00 
51'182(22500) 1.00 
22'443(20672) 0.90 
22:015(20551) 0.89 

a 11 ,494(11494) 0.39 

ALL 

ALL 

ALL 

Footnote 1: Flows obtained from DUR DAYFLW for Rio Vista flows 1930-1987. 1930-1987 i s  the period of record. 
The flow on the l e f t  i s  the actual average flow for  a l l  months !n that The value i n  parentheses 
I s  the average of the monthly flows r i t h  r i t h  a cap of 22 500 cfs a  alp?%%&^ a t h l y  fla* u c n d i q  
th is  value. This i s  because USFUS data showed that 22,506 cfs produced a maxiae survival index of 1.00. 
It !s m s d  that f lows I n  excess of 22,500 cfs would not increme m o l t  survival. 1953-1987 i s  the 
r i o d  when the major water pro ects and Delta fac i l i t i es  w r e  i n  their  esent confi ration. 1930-1952 i s  the 

fore the CVP end SU? an me or Delta expots. 1953-1967 I s  the pre-& r id  19g-1978 i s  the e-Delta 
198 i s  the post- Delta Plen period. ~u rv i va l= (Fo  vibta ~low)*.000056-.%. Delta Plan period and %- 1 

Footnote 2: A p r i t - ~ u l ~  year type index 
Footnote 3: Fram Flouscience 
Footnote 4: Avera e flow for  that month over a l l  ear types,not the avera e of the year type values shom above. 
Fmtmte 5: ~ i g R t 4  survival i s  the average A p r ~ l - ~ m  survival t i r s  tRe h r  of years of each year t p ,  
divided by the to ta l  mmhr of years i n  the histor ical  period. 

29,332(16436) 0.66 

24,649CU292) 0.56 

29,387(15031) 0.58 

0.98 
0.81 
0.67 
0.60 
0.14 

58 653(22500) 1.00 

% 1% 
17'456 15762) 0.62 
4,h(&0) 0.03 

32 313(21436) 0.94 
12'184 12186) 0.42 
8 627(&027) 0.19 
9 ' n l  9731) 0.29 
d a d 2 1  0.00 

1953-1967 FLOUS ---------------- 
21,290(15876) 0.63 I 11,980(10582) 0.35 

1968-1978 LOUS ---------------- 
11,464(12361) 0.44 I 8,873(L.n) 0.25 

1979-1987 LOUS --------------- 
16,1)35(11619) 0.39 I ll,588(9513) 0.28 

- - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

0.55 

0.42 

0.42 



However, trawl sanples of the  abundance of unmarked f i s h  a t  
Chipps Island underwent similar numerical changes with 
changes in  flow, tenperature, and diversion r a t e  a s  were 
observed for  marked f i sh  (USFWS, 31 1. 'Therefore, the  
survival of the tagged hatchery f i sh  was assumed t o  be 
representative of the  general e f fec t s  of certain Delta 
conditions on a l l  emigrating smolts and accurate enough to 
be used a s  an index (USFWS, 31,411. 

In  the San Joaquin Basin, large annual f luctuations i n  the  
magnitude of spring flows during the m o l t  migration a r e  
followed by similar f luctuations i n  adult spawning 
escapement (T,XXXVI, 15: 10-23) (see Figure 5.3.4.3-4). The 
amount of spring flows during the  smolt emigration period 
correlates s ignif icant ly  with subsequent adult  escapement 
two and one half years l a t e r  (R=0.82,P<0.01) ( see Figure 
5.3.4.3-5). Between 1955 and 1985 when mean April through 
June flows a t  Vernalis were around 20,000 c f s  or more during 
m o l t  emigration, maximuu adult  escapement of around 40,000 
or  more f i sh  occurred two and one half years l a t e r .  
mtflows around 5,000 cfs  o r  less were generally associated 
with subsequent spawning escapement of less than 10,000 f i sh  
(USFWS, 31,651 (see Figure 5.3.4.3-4). The fluctuating 
salmon escapanent seen i n  the  San Joaquin Basin is probably 
more typical  of the  h i s to r ica l  response of salmon t o  varying 
water supply conditions and the resul tant  ava i lab i l i ty  of 
f i s h  habi ta t  with a minimal hatchery contribution; t h i s  
escapement is similar to what occurred in  the Sacramento 
Basin prior t o  the increased hatchery contribution of the  
1970's (DWR, 561,17-20). 

Recent USFWS studies of tagged smolts released in  the 
San Joaquin River t r ibu ta r ies  in  two w e t  water years when 
inflows exceeded exports (1982 and 19861, and one c r i t i c a l  
water year when exports exceeded inflows (1 98710, showed 
tha t  the highest survival indices, 0.58 and 0.62, occurred 
when flows measured a t  Vernalis were about 8,700 t o  12,000 
c f s  ( 1982 and 1 986 1. The survival index dropped t o  0.17 
when Vernalis flows were 2,100 c f s  (1 987) (USFWS, 31,70-71; 
T,XXXVI,163:11-21) (see Figure 5.3.4.3-6). Based on t h i s  
limited data, extending a l i n e  t o  in tersect  the 100 percent 
survival level  suggests t h a t  a Vernalis flow of about 20,000 
c f s  muld be needed (see  Figure 5.3.4.3-6). DFG estimated 
tha t  April through ear ly  June San Joaquin River inflows t o  
the Delta of about 17,000 c f s  would produce 70 percent of 
his tor ical  salmon escapement in  the San Joaquin Basin 
(DFG, 15,491. The estimates were based on (1 correlations 
between spring flows and adult  escapement by t h a t  year 
c lass ;  and (2) estimates of the  channel capacity of a 
part icular r iver (T,XXXVI, 22: 17-23: 12). Thus, several 
d i f ferent  evaluations suggest tha t  the  greatest salmon smolt 
survival and/or subsequent adult  production occurs when 
spring flows a t  Vernalis are around 17,000-20,000 cfs.  



FIGURE 5.3.4.34 Mean April through June San Joaquln Rhrer flows at Vernalis during smolt ernlgratlon 
and subsequent adult escapement 2 l /2 years later. (from USFWS, 31,66, Figure 4-8) 
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FIGURE 5.3.4.3-5 Relationship between mean April through June flows at Vernalis 
and adult spawning escapement 2 ll2 years later, 1956-1984 

(USWS, 31,65) 

10000 20000 30000 40000 

San Joaquin River flows h cfs 



FIGURE 5.3.4.3-6 Mean April to J u n  flows at Vernalls and the corresponding estimated smR survlvrl index' 
for marked smolt Probaed flows corresponding to maximum adu% escapement 2 l/2 years later are 
shown by the dashed Ilne. (from USWS, 31,70) (This relationship is shown for Infonnatiorral purposes 

only s b  only 3 years of data are available and there is no significant conelation) 
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Survival = 0.0046 (Mean Apr - Jun Vernalis flow) t 9.733 



Tne optimal protection l e v e l  described below is based on t h e  
flows t h a t  would, according t o  t h e  avai lable  evidence, 
confer optimal hab i t a t  protect ion and f a c i l i t a t e  maximm 
smolt survival  without regard t o  other  f ac to r s  which may 
a l s o  influence Delta smolt survival .  Reliance on hatcher ies  
and trucking young f i s h  around conditions shown t o  cause 
s ign i f i can t  mortal i ty i n  order to maintain adul t  production 
and harvest does not c o n s t i t u t e  optimal protect ion of  t h i s  
benef ic ia l  use. 

- Recommendation: For optimal protection of  f a l l  run 
m o l t s  emigrating down t h e  Sacramento River, t h e  April ,  
May and June mean monthly flows a t  Rio Vista should be  
22,500 c f s .  

For the  protection of  f a l l  run m o l t s  emigrating down the 
San Joaquin River, t h e  mean April, May and June flow 
should be 20,000 cfs .  

- Problem 2: Diversion of emigrating m o l t s  from h i s t o r i c a l  
. migration routes reduces t h e i r  survival .  

Tagging s tudies  show t h a t  Delta survival  decreases when 
m o l t s  a r e  diverted ou t  o f  t h e  main channels of  t h e  
Sacramento and San Joaquin r i v e r s  during emigration. 
Central and southern Delta conditions believed t o  contr ibute 
t o  reduced m o l t  survival  include: temperatures a t  
s t r e s s f u l ,  t o  near l e t h a l ,  l e v e l s  during t h e  l a t e  sp r ing  
emigration period; possible poor food supplies; migration 
delays due t o  diversion from normal migration routes  and 
reverse flows i n  Old, Middle, and the  lower San Joaquin 
r i v e r s  carrying f i s h  t o  t h e  CVP and SdP export pumps; h im 
predation r a t e s  near t h e  SWP's Clif ton Court Forebay; and 
t h e  fish salvage process a t t h e  CVP and WP export pumps 
(USFWS, 31 ,51-53 1. 

The Delta Cross Channel, which began operat ing i n  1950, 
s p l i t s  the Sacramento River flow' near Walnut Grove causing 
more young f i s h  t o  be diverted i n t o  t h e  cen t ra l  and southern 
Delta than would have passed via Georgiania Slough alone 
i n t o  these areas. Figure 5.3.4.3-7 shows t h e  re la t ionship  
between Sacramento River flows and flows i n  the  Delta Cross 
Channel and Georgianna Slough (DWR, SO). Even with t h e  gates 
closed, a ce r t a in  amount of  Sacramento River flow still 
moves i n t o  the  Mokelmne River and the  i n t e r i o r  Delta via 
Georgianna Slough (see Figure 5.3.4.1-1 1. A t  low flows, a 
greater  proportion of  t h e  Sacramento River flow moves 
through the  Cross Channel than a t  high flows. For example, 
a t  Sacramento River flows of  4,000 c f s ,  about 3,200 c f s  o r  
75 percent is diverted while a t  flows of 16,000 c f s  in  t h e  
Sacrmeqto River about 6,800 c f s  o r  42 percent is diverted 
through the  Cross Channel. 
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The USFWS reported t h a t  one study showed t h e  densi ty of 
salmon above t h e  Cross Channel t o  be s imi lar  t o  densi ty i n  
the  Cross Channel i t s e l f  when t h e  gates a r e  open suggesting 
t h a t  f i s h  may be diverted i n  proportion t o  t h e  flow s p l i t  
(USFWS,31,44). A t  lower r i v e r  flows a greater  r e l a t i v e  
proportion of f i s h  a s  w e l l  a s  water may therefore  be 
diverted. 

If smolts enter  t h e  cen t ra l  Delta via Georgiana Slough o r  
the  Cross Channel, they can st i l l  emigrate successful ly by 
moving down the  Mokelumne River and turning west where it 
joins the  San Joaquin River, then following the  San Joaquin 
downstream (see Figure 5.3.4.1-1) (USFWS,31,49). However, 
smolts migrating t o  t h e  Bay via the  i n t e r i o r  Delta t r a v e l  a 
longer, more c i rcui tous  route  and a r e  exposed t o  increased 
predation, higher temperatures, and many unscreened 
agr i cu l tu ra l  diversions (USFWS,31,44). A t  t he  junction of 
the  Mokelme and San Joaquin r i v e r s  they may a l so  encounter 
reverse flows moving southward toward the  SiP and CVP 
pumping plants  (USFWS, 31,4445).  

Smolt survival ,  a s  measured by ocean t a g  recoveries, was 
negatively correlated with t h e  percent of the  Sacramento 
River flow diverted through t h e  Delta Cross Channel 
(R=-. 65,P<0.05) flow a t  Sacramento (USFWS, 31,461 (see Figure 
5.3.4.3-8). Evaluation of  t h e  survival  of tagged smolts 
shows t h a t ,  with t h e  Cross Channel gates open, smolts 
released upstream of Walnut Grove survived approximately 
ha l f  a s  w e l l  a s  smolts released below the  Cross Channel i n  
th ree  out  of four years  (See Table 5.3.4.3-3). Survival of 
m o l t s  released above t h e  Cross Channel with t h e  gates 
closed (under low flow conditions and temperatures about 
66' F) was about 68 percent greater  than with t h e  gates 
open. When t h e  gates were closed, survival  of f i s h  released 
above the  Cross Channel was similar  t o  tha t  of f i s h  released 
below. Overall, these  experiments showed t h a t  survival  of  
Sacramento Basin smolts is grea tes t  when they a r e  not 
diverted i n t o  the  Delta Cross Channel (T,XXXVI,152:10- 
155:23). 

Studies were a l so  car r ied  out on smolts released a t  various 
locat ions i n  t h e  cen t ra l  and southern Delta t o  test the 
survival  of f i s h  diverted from the  main r i v e r  channels via: 
( 1 )  t he  Cross Channel; (2 )  export pumping from Old River; or 
(3)  reverse flows. Although the  r e s u l t s  of s tudies  i n  the  
cent ra l  Delta a r e  not a s  c l ea r  a s  those car r ied  out  i n  t h e  
Sacramento River, f i s h  released i n t o  the  cen t ra l  Delta 
exhibited somewhat lower survival  i n  two out of th ree  years 
compared t o  those migrating down the  Sacramento River with 
the  Cross Channel closed (T,XXXVI,155:10-17) (see Table 
5.3.4.3-3 and Figure 5.3.4.3-8). Overall, survival  of 
smolts released in Old River, where they would be subject  t o  
export pumping, was generally lower then the  other groups 
studied except in  1985 (USFWS,31,48-51;T,XXXVI,155:1-23) 
(see  Table 5.3.4.3-3 and Figure 5.3.4.3-9). 



FIGURE 5.3.4.3-8 Deb  smolt sunrival (based on ocean tag recoveries of marked salmon) versus percent 
diverted off the Sacramento River into the Cross Channel and Georgians Slough at Walnut Grove 

d during the time the marked fish were migrating downstream 
(USFWS, 31,46) 
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TABLE 5.3.4.3-3 Survival of marked smolts released at different locations in the Delta 

RELEASE Suwtval lndex to Chipps Island 
LOCATION % River Gates Gates Below 

Year Diverted Open Closed Gates 

1) 1984 SACRAMENTO ( 985 6 2 

RIVER 65 

(Delta Cross Channel) 1986 64 
1987 (0) 69 

Mean = 0.42 0.83 0.86 

Survival lndex to Chipps Island 

Year North Fork South Fork Lower 

1983 CENTRAL  DELTA(^) 
(Mokeiumne River) 

1985 
1986 

Mean = 0.38 . 0.45 

Survival lndex to Chipps Island 

Year ~ower (I) Upper San Joaquin R . ( ~ )  
Old River Old River below Old River 

1984 SOUTHERN DELTA 1985 

- -  - 

Mean = 0.23 0.33 0.59 

(1) from USFWS, 31,48, Table 4-2 
(2) values >l.0 suggest some sampling error and were reduced to 1.0 when calculating the mean 
(3) from USFWS, 31,70, Table 4-9 



flGURE 5.3.4.3-9 Mean Survival of tagged smob lleleased at dOfferent lOC81bns and recovered at Chlpps Island 
(after USFWS, 31, Tables 4-2 and 4-9) 
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Export pumping is a f ac to r  believed t o  contr ibute t o  reduced 
m o l  t sur  viva1 (USFWS, 31 ,44-51). A s  discussed i n  Section 
5.3.4.1, export pumping i n  t h e  spring frequently d i v e r t s  t h e  
e n t i r e  San Joaquin River inflow via Old River and can a l s o  
reverse flows i n  the lower reaches of  the San Joaquin , Old 
and MIddle r i v e r s  downstream of t h e  pumps. Even when most 
o f  the  San Joaquin River inflows were exported from Old 
River, smolts generally survived be t t e r  i f  they remained in  
t h e  main channel o f  t h e  San Joaquin River (T,XXXVI, 165: 
17-23). To test t h i s ,  groups of m o l t s  were released i n  the 
San Joaquin River below its junction with Old River and i n  
upper Old River enroute t o  the  export pumps. Fish released 
i n  the  San Joaquin River downstream of its junction with Old 
River had, on average, higher survival  r a t e s  compared t o  
m o l t s  released in Old River (T,XXXVI,165:7-23) where they 
would be car r ied  towards t h e  export pumps (see Table 5.3.4.3- 
3 and Figure 5.3.4.3-9). O f  smolts released i n  upper Old 
River (upstream of the export pumps) in  1985, 1986 and 1987, 
25  percent, 74 percent and 27 percent, respectively,  turned 
up a t  t h e  pumping plant  f i s h  protec t ive  f a c i l i t i e s  compared 
t o  3 percent, 3 percent and 8 percent of  smolts released i n  
the  San Joaquin River below its junction with Old River 
(T, XXXVIII, 47: 10-1 5;USFUJS, 31,701. However, recovery of 
experimental m o l t s  a t  Chipps Island is highest when m o l t s  
remain i n  t h e  main channels of  the  Sacramento and San 
Joaquin Rivers (USFWS, 3,4549;  Id . ,  74). Tagging s tud ies  
show t h a t ,  even though a l l  flows may be diverted through t h e  
pumping plants ,  some smolts a r e  able  t o  f ind t h e i r  way t o  
Chipps Is land (T,XXXVII,47:10-48:4). 

Fry a l s o  rear  i n  t h e  Delta and, a s  was mentioned i n  Section 
5.3.4.1 , the  1975 Delta Plan provides f o r  closure of  t h e  
Cross Channel gates when Sacramento River flows exceed 
12,000 c f s  between January 1 and April  15. Fry a r e  mostly 
present  i n  the  Delta from about January through April  
(T, XXXVI, 169: 8-10) , with t h e  highest abundance i n  the  Delta 
in  February o r  March (USFWS, 31,821 .As inflows t o  t h e  Delta 
increase s o  do t h e  number o f  fry.Also, t h e i r  d i s t r ibu t ion  
extends fur ther  downstream, sometimes a s  f a r  a s  San 
Francisco Bay (T,XXXVI, 169: 13-18). I n  wet years USFWS 
reported t h a t  f r y  survival  i n  the  cen t ra l  Delta was no 
d i f f e r e n t  than t h a t  i n  t h e  north Delta, but  i n  dry years it 
was lower (USFWS, 31,881. Ocean t a g  recoveries indica te  t h a t  
survival  of  f r y  i n  t h e  northern Delta is be t t e r  than t h a t  of  
f r y  released i n  t h e  cen t ra l  Delta. Survival of Delta f r y  is 
be t t e r  than t h a t  o f  f r y  released in  San Francisco Bay 
(T,XXXVX, 169: 21-170: 4). This evidence suggests t h a t  f r y  
survival  is improved i f  they a r e  kept out  of t h e  cen t ra l  
Delta in  d r i e r  years  but t h a t  t h e i r  locat ion i n  the  Delta 
e k e s  l i t t l e  di f ference  i n  w e t  years; furthermore, f r y  
carr ied in to  the  Bay by very high flows may not survive 
w e l l  . 



- Recommendations: Diversion of smolt o r  f r y  from t h e i r  
h i s t o r i c a l  migration route  o r  nursery areas can reduce 
survival.  For optimal protect ion o f  f r y  r ea r ing  i n  the  
Delta, t h e  Cross Channel gates should ranain closed 
between January and April under below normal, dry,  and 
c r i t i c a l  water year conditions. For optimal protection 
of  f a l l  run m o l t  emigration, t h e  Cross Channel gates 
should remain closed f ran  April  1 through June 30. 

- Problem 3: CVP and WP export pumping from t h e  Delta 
decreases salmon survival .  

USFWS presented evidence, described i n  the  previous sect ion,  
suggesting t h a t  smolts subjected to reverse flows associated 
with export pumping do not survive a s  w e l l  a s  smolts which 
are not. Flows i n  the lower San Joaquin, Old and Middle 
r i v e r  typ ica l ly  reverse when Delta exports exceed Vernalis 
inflows. In  the  20 years, from 1 968 t o  1987, the mean April 
through June exports exceeded mean Vernalis inflows 15 times 
(see Figure 5.3.4.3-10). TID/MIDts model o f  f ac to r s  
a f fec t ing  salmon production a l s o  suggests t h a t  increasing 
spr ing  Delta exports cont r ibute  s ign i f i can t ly  t o  decreases 
i n  t h e  magnitude of subsequent adu l t  escapement t o  t h e  San 
Joaquin Basin (TID/MID, 2 ,141 .  I n  addition t o  d ive r t ing  
emigrating smolts from t h e i r  normal migration routes ,  there 
a r e  d i r e c t  losses  of  f i s h  a t  the Delta pumping plants  which 
increase with increasing export r a t e s  ( see  Figure5.3.4.3-11) 

Salmon losses  and salvage values a r e  influenced by t h e  
timing, abundance and d i s t r ibu t ion  of  salmon i n  t h e  Estuary, 
hydrologic conditions and projec t  operat ions (DFG, 1 7,28; 
T,XXXVII, 35: 11-1 5;T,XXXVII, 124: 5-22). DFG t e s t i f i e d  t h a t  
losses  r e f l e c t  t h e  amount of water going through t h e  pumping 
plants  when f i s h  a r e  present i n  the  Delta (T,XXXVII,38: 
9-14). Monthly f i s h  losses  and salvage a r e  highest during 
Apri l  through June and lowest during Ju ly  through September 
(see Figure 4.5.1.2-3 1 (DF'G, 1 '/,Appendix Table 4) .  There a r e  
year t o  year s h i f t s  i n  t h e  peak o f  emigration through the  
Delta due t o  f ac to r s  upstream of  the  Delta. I n  general,  
San Joaquin Basin smolts migrate somewhat e a r l i e r  than 
Sacramento Basin smolts. Many Sacramento River Basin 
hatchery smolts released upstream of the  Delta reach the 
Delta in  June. Tagging s tud ies  show t h a t  Sacramento Basin 
smolts a r e  mostly entrained a t  t h e  SIP f a c i l i t i e s  while San 
Joaquin Basin smolts show up a t  the  CVP f i s h  screens 
(USFWS,31,53-55). The CVP exports averaged about 2,000- 
3,000 c f s  from the  Delta during the spr ing  i n  the  1950's 
(see Figure 5.3.4.3-1 0 ) .  The SJP began exporting from the  
Delta in  1968, and, under the 1978 Delta Plan, combined CVP 
and WP exports during t h e  spr ing  smolt migration period 
have increased t o  around 6,000 c f s  (see Figure 5.3.4.3-10). 
While average salmon losses  associated with CVP exports have 
remained s imi lar  s ince 1968, average losses  associated with 
9slP operations have more than t r i p l e d  s ince  the  1978 Delta 
Plan became e f f e c t i v e  ( see Table 5.3.4.3-4) . 



FIGURE 5.3.4910 Comparbn of mean Apn - June Delta exports and inflows at Vemalb, 1956 - 1987 (horn DWf?, Dyn*) 
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FtGURE 53.43.1 1 Charge On mean monthly amual Dsha exports and esthted Chlnook salmon losses, 1956 - 1986 
(from DWR, Dayflow, and DFG, 17) 

P 2,335,157 
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Table 5.3.4.3-4--Comparison of Mean Annual Estimated 
Chinook Salmon Losses and Monthly Exports 
a t  the CVP and 9dP Fish Protection Faci l i t ies  

1957-1986 (from DFG,17) and Mean Annual 
Exports i n  c f s  (MdR,&ayflow) 

CVF - 9rlP .- Total 

Mean Annual Wean Mean Annual Mean Mean Mean 
Salmon Annual Salmon Annual Total Total 

Period Losses Exports Losses Exports Losses Exports -------- ......................... ----- - 
1 957-1 967 68,886 1,843 O O 68,886 1,843 

"Ekgins 1957 when f ish losses calculated. Contra Costa Water District 
exports not included in to ta l  



The much higher losses a t  the  SnlP1s Harvey 0. Banks Delta 
Punping Plant compared t o  the  CVP1s Tracy Pmping Plant may 
be related t o  several factors.  Forebay conditions, 
including the  presence of predators, contribute t o  t h i s  
si tuation (DFG,17,16; DWR,560,2-3;DWR,560-6). Predation 
losses fo r  salmon in  Clifton Court average 75 percent 
(DFG, 17,17). Prescreening mortality fo r  salmon was 
estimated t o  average 75 percent a t  the SWP f a c i l i t i e s  a s  
compared t o  15 percent a t  the CVP f a c i l i t i e s  (DFG, 17,14; 
T, XXXVII,38: 4-8; T,XXXVII,35: 22-36: 8). The large increase 
i n  losses a t  the gnlP f a c i l i t i e s  suggest t ha t  a s  exports of 
water from the Sacramento River Basin, which produces many 
more salmon, have increased so has the  quantity of f i s h '  
entrained. The USFWS t e s t i f i ed  tha t  f i sh  salvage 
operational c r i t e r i a  in  D-1485 may provide some protection 
for f i sh  a t  the  CVP and SIP pumping plants (T,XXXVI, 166:20- 
21 1. However, according t o  DFG, these c r i t e r i a  preclude 
the f l ex ib i l i t y  needed t o  a l t e r  operations i n  response to 
yearly s h i f t s  in  the timing of peak f i s h  abundance 
(T,XXXVII, 134: 1-19). 

DFG and WR entered into  an agrement, which became 
effect ive  in  1986, for  a program t o  of f se t  losses of salmon, 
steelhead, and str iped bass a t  the  Harvey 0. Banks Delta 
Pumping Plant (DWR, 569,l). According t o  the  agreement, 
habi ta t  restoration and other non-hatchery measures a r e  to  
be given pr ior i ty ,  and special  anphasis is t o  be given t o  
the San Joaquin River system for  salmon habitat  
(DWR,560,6). No specific plans t o  reduce f i s h  losses i n  
Clifton Court forebay a r e  contained in  t h i s  agreement 
(DWR, 560,9). 

- Recommendation: Salmon survival is reduced during export 
of water from the Delta by the  CVP and S P .  For optimal 
protection of f a l l  run smolts, no water should be exported 
from the Delta by the  CVP and WP between April 1 and 
June 30. 

- Problem 4: Water temperatures during the spring m o l t  
emigration period reach levels  t h a t  cause stress to fish. 

Water temperature is another factor  identif ied a s  affecting 
m o l t  survival in  the Delta (see section 4.5.1.2). WR1 s 
consultant t e s t i f i ed  t ha t  since 1978, temperatures a t  
Sacranento have been two t o  three  degrees centigrade (about 
four t o  s i x  degrees Farenheit) higher (T,l[XXVII, 157: 11-1 5). 
Consequently, smolts emigrating l a t e r  i n  the  season are  
l ike ly  t o  suffer higher morta l i t ies  (T, XXXVII, 226: 15-20). 
Sacranento Basin smolts wu ld  be affected, part icularly 
hatchery reared f i sh  which a r e  released l a t e  in  the spring, 
because the  peak of migrat ion occurs sanewhat l a t e r  than in  
the San Joaquin Basin (T, =I, 215: 17-22;T, XXXVII, 225: 23- 
226: 7; DFG, 15,17-23;USFWS, 31,231. USFWS found tha t  based on 
ocean t ag  recoveries, smolt survival decreased a s  water 
tanperatures increased (R -0.86 P<0.01) ( see Figure 5.3.4. 
3-12). On the  other hand, t he  survival index exceeded 50 



flGURE 5.3.4.3-12 Relationship between mean water temperatures and 
survival of marked smolts between Sacmento and Suisun Bay 

(based on ocean recoveries) (from USFWS, $l,43) 

Temperature (OF) 



percent when Sacramento River temperature a t  Freeport was 
66% o r  less (USFWS, 31,431. Although temperature generally 
decreases a s  flow increases, there is a large temperature 
range a t  any given flow (T,lUXKCI,157:4-8). In May, 
Sacramento River temperatures ( a t  Freeport) are  typically 
less than 66% a t  flows between 25,000-30,000 cfs.  San 
JoaquinRiver temperatures a r e  generally less than 66% 
atvernalis  flows of 5,000 c f s  o r  more (WJR, 562,54; 
USFWS,31,148;DFG,15,26). When Sacramento River flows a re  
below 20,000 c f s  in June, the  5 day mean water temperature 
exceeds 66% about half the  time (T, XXXVII, 156: 24-1 57: 2). 
By June temperatures do not drop below 66% unless flows 
are  about 30,000-40,000 c f s  a t  Freeport (DWR, 562,55; 
USFWS, 31,148). 

Labwatory studies have shown tha t  a sanoltfs tolerance of 
elevated temperatures is improved when food supply is 
optimal (DWR, 563,l-3 ) . DWR s consultants t e s t i f i ed  tha t  
DFG1s records indicate tha t  the  abundance of Neomysia, 
one of the  primary foods of gnigrating salmon 
(T, XXXVII, 207: 23-25), has decreased s ignif icant ly  i n  the  
l a s t  20 years (T, XXXVII, 207: 25-208: 1 ) and tha t  upstream and 
estuarine food supplies may be poor. Taken together, these 
conditions could aggravate the  e f fec t s  of higher 
temperatures during emigration (T, XXXVII, 207: 3-91. 

- Recmendation: The recomnended flows for  optimal 
protection of f a l l  run m o l t s  should s ignif icant ly  
decrease May and June water temperatures i n  the  
Sacramento and San Joaquin r ivers .  

- Problem 5: Water quali ty conditions may block upstream 
migration i n  the  San Joaquin River. 

Within the Estuary, upstream migration of adult Chinook 
salmon occurs year round. The largest  numbers of adul t  
salmon are  present i n  the Estuary from July through Novanber 
(T,XXXVI, 171: 1-51 with the  f a l l  run predominating during 
much of t h i s  p e r i d .  The f a l l  run, which migrates upstrem 
from July through November, is the  only race in the  San . 
Joaquin Basin, while the  la te-fa l l ,  winter and spring runs 
migrate t o  spawning grounds i n  the  upper Sacramento Basin 
fran October to August (see Figure 4.5.1.2-1). A s  discussed 
i n  Section 4.5.1.2, adults  follow olfactory cues contained 
i n  downstream flows of water from the i r  hanestrean. The 
1978 Delta Plan contained specif ic  monthly Rio Vista flows 
for  salmon migration ranging from 1,000 t o  5,000 c f s  (see 
Table 5.3.4.1-1 1. No minimun flows of homestream water have 
been identif ied for successful upstream migration, though it 
has been reported tha t  salmon were able  t o  migrate up the  
San Joaquin River when flows past Stockton were a s  low a s  
500 cfs  ( 1 978 Delta Plan dra f t  EIR, p .III-80 1. It has been 
found tha t  temperatures of about 65%' and DO levels below 
5 m g l l  in  the  f a l l  have sanetimes par t ia l ly  blocked adult 
migration i n  the  San Joaquin River near Stockton 
(Urns, 31,941. 



To address t h i s  problem i n  t h e  San Joaquin River, an 
agreement was reached in  1969 among the USBR, DWR, and DFG 
(an agreement still i n  e f f e c t  although not  incorporated i n t o  
the  1978 Delta Plan conditions) under which lXJR monitors DO 
l e v e l s  i n  t h e  San Joaquin River between Stockton and Turner 
C u t  (Stockton Ship Channel) during t h e  f a l l  migration. If 
DO drops below 6 m d l ,  a temporary rock ba r r i e r  is ins ta l l ed  
across t h e  head of Old River t o  increase San Joaquin River 
flows past  Stockton thus improving DO l e v e l s  (T,XXXVII,85:4- 
22). Better treatment of  cannery wastes since 1978 
(reducing the  biochemical oxygen demand) and improved flows 
and water qual i ty  f ran  New Melones Reservoir operations were 
reported t o  have helped a l l e v i a t e  t h i s  problem 
(USWS, 31,941. Since then, the  Old River ba r r i e r  has been 
ins ta l led  i n  the  f a l l  of 1979, 1981, 1984 and 1987 (H. 
Proctor, DWR , pers . corn) . 
- Recommendation: For t h e  protect ion of adul t  Chinook 

salmon migration i n  the  Estuary, the re  should be 
downstream flows i n  t h e  Sacramento River equal t o  o r  
greater  than those required under the  1978 Delta Plan f o r  
salmon migration. Minimum flows i n  t h e  San Joaquin River 
past Stockton should be 500 c f s  from July through 
November f o r  protection of f a l l  run upstream migration. 
DO should not f a l l  below 6 m d l  in  the  San Joaquin River 
between Stockton and Turner Cut during these months. 

The theore t ica l  object ives which would provide optimal 
protection f o r  salmon i n  the  Estuary a r e  summarized i n  
Table 5.3.4.3-5. 

5.3.5 Striped Bass 

5.3.5.1 No Action Alternative: 

Striped bass a r e  included spec i f i ca l ly  i n  t h e  benef ic ia l  uses 
protected under the Delta Plan (Table VI-1 , pp. VI -31 -33,35) . 
Included a r e  speci f ic  e l e c t r i c a l  conductivity and flow 
standards a s  well a s  ce r t a in  operational const ra in ts  required of 
t h e  S4P and CVP. These standards evolved out of negotiations 
conducted among DFG, WR, USFWS, and USBR pr ior  t o  the  Delta 
Plan hearing a s  pa r t  of a d r a f t  Four-Agency agreement; t h i s  
agreement was never implemented (DFG,25,133). These standards 
have not accomplished the  intended goal of maintaining t h e  
actual  Striped Bass Index (SBI) a t  a long-term average of 79 
( the s o  ca l led  ltWithout Projectw conditions) . Based on a 
mathmatical re la t ionship  (predicted SBI; see below) developed 
by DFG, t h e  actual  SBI under the  Delta Plan ( 1979-1 985) should 
have averaged about 65 (corrected f ran  DFG,25,134-136 a f t e r  
consultation with KG s t a f f ) .  In  f a c t ,  during those years 
(excluding 1986, in  which t h e  index reached predicted l eve l s ) ,  
the actual  SBI averaged 22.4, about one th i rd  of t h e  predicted 
SBI (corrected f ran  DFG,25,136). In 1988, t h e  actual  SBI 
reached an all-time low of 4.6. 



Time 
Period -- 

Table 5.3.4.3-5--Optimal Levels of Protection f o r  Salmon 

July 1- 
November 30 

July 1- 
November 30 

A l l  Year 

January -1 
April-30 

April- 
June-30 

Location Objective/Action - Use Protected 

San Joaquin River Maintain DO - > Adult Migration 
between Stockton 6 mg/l ( f a l l  run) 
and Turner Cut 

San Joaquin River 500 c f s  flow 
a t  Stockton 

( f a l l  run) 

Sacramento River flows - > Delta Plan ( a l l  runs) 

Delta Cross Close gates under below Fry Rearing 
Channel normal, dry, and ( f a l l  run) 

c r i t i c a l  water years 

Delta Cross Close gates 
Channel 

Snrolt Emigration 
( f a l l  run) 

Sacramento R. 22,500 c f s  flow Smolt Emigration 
a t  Rio Vista ( f a l l  run) 

San Joaquin R. 20,OO c f s  flow S m l t  Emigration 
a t  Vernalis ( f a l l  run) 

Delta pumping No exports 
p lants  

Emigration/ 
Rearing 
( f a l l  run) 



The actual  SBI is a value obtained a f t e r  extensive f i e l d  
sampling and measuring of l a r v a l  s t r iped  bass each summer. This 
value is a measure of  t h e  r e l a t i v e  abundance of young s t r iped  
bass i n  t h e  Estuary when t h e i r  average length is 38 ma 
(1.5 inches). It is cal led  an index because it is a r e l a t i v e  
value and is not d i r e c t l y  t r ans la tab le  i n t o  an absolute value 
of t h e  number o f  larvae  i n  the Estuary. However, it is a 
legit imate and r e l a t i v e l y  s e n s i t i v e  measure of  t h e  change i n  
abundance of  l a rvae  between years. The actual  SBI tends t o  
underestimate t h e  l a rva l  abundance i n  very high outflow years 
(such a s  1 983 because many of  t h e  larvae a r e  carr ied  
downstream beyond the  DFG sampling s ta t ions .  The actual  SBI 
has been measured every year since 1959, except 1966. 

The actual  SBI is not t h e  only measurement of  s t r iped  bass 
populations. A var ie ty  o f  s a p l i n g  programs a r e  employed i n  
monitoring various components of t h e  s t r iped  bass population 
(Table 5.3.5.1-1 1. While t h e  decl ine  r a t e s  and pat terns  may 
vary somewhat, a l l  programs measuring s t r iped  bass abundance 
show la rge  declines from t h e  l eve l s  measured i n  t h e  1960's 
(DFG, 25,6: 25,9) . 



Table 5.3.5.1-1 d e t h o d s  t o  Assess Population 
Levels of  Striped Bass 

ADULTS 
.ae-- 

1. Petersen Estimate--Mark and recapture method; 1969 to present; i n  Delta 
and Sacramento River; s t a t i s t i c a l  analys is  o f  nmber  o f  f i s h  recaptured 
which were marked i n  previous years. 

2. Catch Per Unit Effor t  (CPUE) Index--Index of population based on number of 
f i s h  caught per standardized u n i t  o f  time; sane locat ions  a s  fo r  Petersen 
estimate; 1969 to present except 1977, 1978, and 1 981 ; possibly more 
r e l i a b l e  than Petersen est imate (DFG,25, Appendix 1 1. 

3. Tag Returns--1 958 to present ,  except 1962-1 964 and 1967-1 968; analys is  o f  
t a g s  returned by fisherman; provides b a s i s  f o r  canparison o f  f i s h i n g  vs. 
"natural* mortality. 

4. Party Boat Census--Annual r epor t s  submitted by par ty  boat operators;  
provides information on numbers o f  f i s h  caught, number o f  angler-days, and 
re la ted  information. 

5. Creel Census--Informal surveys o f  shorel ines,  p i e r s  and pr iva te  boats  t o  
exanine catch r a t e s ,  f i s h  s i z e s  and other  information f o r  other  than party 
boat operations; done sporadical ly,  with reduced e f f o r t  i n  recent  years. 

EGGS, LARVAE AND JUVENILES 
----------A- 

9. Petersen Fecundity Estimate--Annual s ince  1977; combines Petersen 
population est imate with fecundity (egg number) data fran Striped Bass 
Health Monitoring Program, with ce r t a in  correct ion fac to r s  (age and number 
o f  f i s h  spawning) t o  est imate t o t a l  number o f  eggs produced. 

2. CPUE Fecundity Index--Uses same procedure a s  above except t h a t  uses ca tch  
per u n i t  e f f o r t  (CPUE) index value f o r  number o f  spawing females r a the r  
than Petersen estimate. 

3. Egg and Larva arvey-Area sampled variable but  standardized i n  recent  
years  to Suisun Bay, c e n t r a l  and western Delta, and Sacranento River to 
Colusa ; 1966-1 973, 1975, 1977, 1984-1 986; in tens ive  sampling a t  75 
s t a t i o n s  i n  spr ing  t o  monitor number, growth, movanent and morta l i ty  of 
la rvae  up t o  about 14 mn i n  length; Sacramento River s t a t i o n s  a l s o  monitor 
egg abundance and movement. 

4. Tow Net Survey-1959 t o  present except 1966; Delta and % i s m  Bay; 
biweekly sanpling a t  30-40 s t a t i o n s  i n  sumner u n t i l  average length of 
la rvae  exceeds 38 mm length; provides index of abundance (ac tual  Striped 
Bass Index, o r  SBI) and d i s t r ibu t iona l  information. 

5. Midwater Trawl--Throughout BayDelta Estuary up t o  Rio Vista and Cl i f ton  
Court Forebay; 1967 t o  present except 1974 and 1979; typ ica l ly  monthly 
tows between September and December a t  a variable number of s t a t i o n s ;  
gives measure of  young-of-the-year abundance; more variable than SBI. 



Table 5.3.5.1-1 (Continued) 

RELATED SURVEYS .----- 

1. Salvage Records--Provides numbers of f i s h  salvaged from S i n n e r  Fish 
Protect ive F a c i l i t y  i n  Cl i f ton  Court Forebay; annual from about 1970 to 
present; provides general estimate of population trends and dens i t i e s  
based on number salvaged over time. 

2. Striped Bass Health Monitoring Program--1978 t o  present,  not a l l  years; 
1984 t o  present under consistent  format; analysis  of t i s s u e s  of 40 
prespawning adu l t  female f i s h  from Rio Vista and Antiach; provides samples 
f o r  fecundity data,  

3. Other--Various other specia l  purpose s tud ies  which provide specia l  
information on s t r iped  bass (Export Curtailment Study, gut content 
analysis ,  spr ing die-off monitoring, e t c .  1. 



There has been considerable confusion i n  t h e  testimony 
concerning whether the  SBI i n  t h e  Delta Plan has wworkedw or  

This is because t h e  Delta Plan set standards based 
on a predicted =I, a mathematical formula based on t h e  ------ 
re la t ionship  of t h e  h i s t o r i c a l  record of l a r v a l  abundance 
(actual  SBI) to  spring Delta outflow and exports. This 
formula provided a prediction of what t h e  SBI ought t o  be, 
given ce r t a in  flow and export conditions, and it was used t o  
develop t h e  export and outflow standards i n  the  Delta Plan. 
The discrepancy between t h e  ac tual  and the  predicted SBI is 
t h e  reason t h a t  some par t ic ipants  s t a ted  t h a t  "the SBI has 
fa i ledn.  However, the actual  SBI has not f a i l ed .  It continues 
t o  provide a comparative measure among years. I n  f a c t ,  t h e  
ac tual  SBI simply reflects t h e  f a c t  t h a t  t h e  Delta Plan 
standards have been inadequate t o  maintain s t r iped bass a t  1975 
levels ,  much less res to re  them t o  "without projectw levels .  

The actual  SBI is t h e  sum of two separate indices: The Suisun 
Bay index and t h e  Delta index (Table 5.3.5.1-2). Throughout 
t h e  1960ts, the  Delta index has been t h e  major contributor to 
t h e  overa l l  ac tual  SBI (Figure 5.3.5.1-1 1. Generally i n  t h e  
1970's and 1980's t h e  actual  SBI declined, i n  l a rge  pa r t  
because of  t h e  decline i n  t h e  Delta index (Figure 5.3.5.1-2). 
A s  shown i n  Table 5.3.5.1-2, during t h e  period 1959-1 970 
(except 1966) the  Delta index was greater  than 60 percent of  
t h e  t o t a l  actual  SBI i n  f i v e  of eleven years, and was less than 
40 percent of t h e  t o t a l  ac tual  331 i n  only one year (1967). By 
contrast ,  during the  18-year period 1971-1988, during which a 
s igni f icant  increase i n  Delta exports had occurred (see section 
5.3.5.31, t h e  Delta index was greater than 60 percent of t h e  
t o t a l  ac tual  SBI i n  only two years (1977 and 1988, both 
c r i t i c a l l y  dry years with very low outflow and low SBI1s), and 
was less than 40 percent of t h e  t o t a l  ac tual  SBI i n  12 of 18 
years. For t h e  ten-year period i n  which t h e  Delta Plan 
standards were i n  effect ( 1979-1 9881, the  Delta index was 
greater  than 60 percent of t h e  t o t a l  actual  SBI only i n  1988, 
and was less than 40 percent i n  seven of  t h e  t e n  years. These 
r e s u l t s  indica te  a substant ia l  s h i f t  i n  t h e  survival  pa t terns  
of s t r iped  bass larvae i n  recent  years. The probable reasons 
f o r  t h i s  s h i f t  a r e  discussed i n  Section 5.3.5.3. 

5.3.5.2 Advocated Levels of Protection 

The extensive testimony and exhibi ts  presented on s t r iped  bass 
emphasize t h e  point t h a t ,  despi te  years of study, the re  is no 
consensus on t h e  causes of t h e  s t r iped  bass decline. As a 
r e s u l t ,  two main and highly divergent approaches t o  the  problem 
evolved during Phase I of t h e  hearing. These approaches may 
be sumnarized a s  follows: 



TABLE 5.3.5.1-2 STRIPED BASS IWDEX DATA 

5-YEAR 
YEAR YEAR DATE JULIAN DELTA SUlSUN TOTAL RUNNING DELTA X PRED. ACTUAL % 

YEAR TYPE ( 1 )  TYPE ( 2 )  SET DATE INDEX INDEX INDEX AVERAGE OF TOTAL INDEX OF PRED. 
m- - 

1959 D 0 JULY 12 193 30.7 3.0 33.7 - 91.1 34.1 98.8 
1960BN-SNSU D JULY17 199 32.0 13.6 45.6 - 70.2 55.1 82.8 
1%1 D D JULY 21 202 25.2 6.4 31.6 - 79.7 45.5 69.5 
1962 BN BN JULY 26 207 46.8 32.1 70.9 - 59.3 79.1 W.7 
1963 U U AUG03 215 38.2 43.5 81.7 54.3 46.8 87.3 93.6 
1964 D D AUG 02 215 54.7 20.7 75.4 62.6 72.5 63.5 119.1 
1965 U U JULY 31 212 49.4 67.8 117.2 77.0 42.2 87.7 133.6 
1966 BN-SNSU BN NOT DETERMINED NOT DETERMINED 
l%7 U U AUG 12 224 35.1 73.6 108.7 95.8 32.3 92.7 117.3 
1968 I - S N S I I  D JULY 19 201 39.6 17.7 57.3 09.7 69.1 44.5 128.8 
1%9 U U AUGW 221 33.6 40.2 73.8 89.3 45.5 92.7 IP.6 
1970 U-SNSU D JULY 18 1W 36.6 41.9 70.5 79.6 66.6 66.8 117.5 
1971 U U AUG 11 223 24.6 45.0 69.6 77.6 35.3 83.4 83.5 
1972 EN-SNSII BN JULY 25 207 13.4 21.1 36.5 62.7 38.8 33.7 102.4 
1973 U BN JULY 15 196 15.6 47.1 62.7 63.8 24.9 53.8 116.5 
1974 U U JULY 22 203 17.4 63.4 80.8 65.2 21.5 63.1 128.1 
1975 AN Y JULY 30 211 23.4 42.1 65.5 62.6 35.7 83.8 70.2 
1976 C C JULY 16 198 21.1 14.8 35.9 55.9 58.8 45.6 78.7 
1977 C C JULY 24 205 8.3 0.7 9.0 50.8 92.2 47.5 18.9 
1970 U AN JULY 23 204 16.5 13.1 29.6 66.2 55.7 65.1 45.5 
1979 D BN JULY 19 200 5.4 11.5 16.9 31.4 32.0 54.9 30.8 
1980 U BN JULY 15 197 2.8 11.2 14.0 21.1 20.0 80.5 17.4 
1901 D C JULY 02 183 15.4 13.7 29.1 19.7 52.9 W.0 50.2 
1982 U U JULY 30 -211 9.5 39.2 48.7 27.7 19.5 '19.3 61.4 
1983 U Y AUG 05 217 1.2 14.2 15.4 24.8 7.8 76.3 19.7 
1984 U-SNSM BN JULY 13 1% 6.3 20.0 26.3 26.7 24.0 68.6 38.3 
1985 D D JULY 16 197 2.2 4.1 6.3 25.2 34.9 34.1 18.5 
1986 U-SNSU BN JULY W 190 23.8 41.1 64.9 32.3 36.7 65.1 89.7 
1907 C C JUNE 22 173 7.3 5.3 12.6 25.1 57.9 43.5 29.0 
1988 C C JULY 24 206 3.9 0.7 4.6 22.9 84.8 N.D. N.D. . . . ................................. 

NOTES: 
1. UATER YEAR TYPE ( 1 )  = BASED ON 1970 DELTA PLAH STANDARDS 
2. UATER YEAR TYPE ( 2 )  = BASED ON PROPOSED SACRAMENTO VALLEY APRIL - JULY FORMAT 
3. UATER YEAR TYPE CODE: W E T ;  AN=ABOVE NORML; BN=BELW N-; 

D=DRY; C-I T I CAL; SNSH=SIJBNORMAL SNOWMELT 
4. 5 YEAR RUNNING AVERAGE INCLUDES 4 YEARS ONLY FOR 1967 - 1970 
5. N.D. = NOT DETERMINED 



FIGURE 5.3.5.1 - 1 STRIPED BASS INDEX 
(NO SAMPLE IN 1966) 
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FIGURE 5.3.5.1-2 DELTA STRIPED BASS INDEX 
AS PER CENT OF TOTAL ACTUAL STRIPED BASS INDEX 

YEAR 



8 Retain Present Standards 

Because there is no agreement on what t o  do about striped 
bass, it was suggested tha t  the  present Delta Plan standards 
be retained for  the most par t  un t i l  "cause and effectw 
relationships have been determined. This position was 
advocated by SWC, DWR, and others (SWC, 203,4;DWR, 602,2). 
9rlC proposed f ive  major hypotheses for  the possible decline 
of str iped bass (SWC, 203,221. Four of these involve the 
e f fec t s  of water export e i ther  direct ly  or indirectly. The 
S I C ,  among others, advocate an extensive series of 
experiments t o  test these various hypotheses; but i n  the 
meantime, the current standards should be retained except t o  
f a c i l i t a t e  performing these tests. This approach is 
discussed further i n  Section 5.3.5.3. 

e Change the Delta Plan Standards to Attempt to Provide 
Additional Protection 

This position was advocated by DFG, USFWS, EDF and others. 
The main argument here is tha t  str iped bass a re  not being 
protected by the Delta Plan standards, and the population is 
i n  serious decline. Therefore, sunething must be done now, 
even if a l l  the reasons for  the decline a r e  not known; 
enough is known to a t  l ea s t  proceed in  same areas. 

?he major proposal for  changed objectives was put for th  by 
D l 3  (DFG,64,6-12) with support fran USWS in  the i r  own 
recommendations (USFWS, 47,- 1. Both agencies called fo r  
short-term measures, primarily in  the  form of greatly 
increased outflow and changes i n  the  operation of  the  Delta 
Cross Channel gates. Long-term proposals included 
recamendations for  eliminating reverse flows i n  the San 
Joaquin River by 1995, examination of new Delta water 
transfer f a c i l i t i e s ,  possible operational changes, and 
evaluation of current research and monitoring programs 
required by the 'Delta Plan (DFG,64,14-19). 

The overall goal of DFG was t o  achieve an annual production 
of young striped bass equal t o  a long-term average actual 
331 of 106, which they determined was the  whis tor ical  leveln 
(DFG, 64,6). DFG believes t h i s  is not a r e a l i s t i c  objective 
in  the near future  (DFG,64,6) and cannot be achieved with 
their present s t a t e  of knowledge about str iped bass 
(T,LX, 102:24-103: 16). In fac t ,  DFG estimated tha t  the i r  
increased flow recommendations and other changes would, on 
average, increase the SBI only t o  28, which is s i x  points, 
i .e . , 25 percent, higher than the average of the  1979-1 985 
period (T,LX, 102: 3-21 1. The proposed flow objectives do not 
c a l l  fo r  increased flow beyond the levels presently required 
under the Delta Plan for  c r i t i c a l  years, or for  dry years 
following dry o r  c r i t i c a l  years (DFG, 64,6; T,LX, 82: 2 4 ) .  
No changes i n  exports are  proposed except tha t  a limit of 
5,000 c f s  t o t a l  diversions would be imposed in  May and June, 
rather than the present 6,000 cfs ,  when water is being 
withdrawn frm storage for  export (DFG, 25,7;T,LX, 82: 11-1 5 ) .  



A larger  percentage of  t o t a l  Delta inflow is exported under 
low flow conditions i n  t h e  Delta; t h i s  provision would 
smewhat reduce impacts on s t r iped  bass larvae. DFG a l so  
proposed expansion of t h e  provision f o r  closure of  t h e  Delta 
Cross Channel gates to include t h e  a b i l i t y  to request 
closures when the  Delta a t f l o w  Index is less than 12,000 
cfs. Under the  Delta Plan, DFG can request closure of t h e  
gates only when t h e  Delta a t f l o w  Index is greater than 
12,000 cfs .  DFG did not recomnend any change i n  t h e  length 
of t h e  period during which such requests  can be made (April 
16--May 31 i n  a l l  years). A l l  other Delta Plan standards 
would remain i n  e f f e c t  (DFG,25,7). 

USFbJS proposed flow object ives and operational changes 
similar  t o  DFG a s  short-term measures, a s  w e l l  a s  s imi lar  
long-term recomendations, such a s  elimination of  reverse 
flows i n  t h e  lower San Joaquin River (USFWS, 47,561.  
However, they a l so  proposed t h a t  outflow be not less than 
10,000 c f s  during the  May through July period ttto keep 
larvae and young-of-the-year [ s t r iped  bass1 i n  Suisun Bay 
and maintain t h e  n u l l  zone (spring-summer) no fur ther  
[upstream] than Honker Bayt1 (USFWS, 47,5). This contradicts  
t h e i r  own recommendation i n  support of  t h e  Delta Plan flow 
standards, per DFG, f o r  c r i t i c a l  years, and dry years 
following dry o r  c r i t i c a l  years. No testimony was presented 
t o  resolve t h i s  contradiction. 

EDF a l s o  proposed increased outflow standards (EDF,25). The 
recomnendations a r e  similar  to, and a r e  based on DFG 
recownendations , but include a mul t ip l ier  f ac to r  of 1.5 i n  
May, 1.0 in  June, and 0.7 in  July to t h e  recomnended May- 
June flow increases t o  adjus t  f o r  t h e  greater  dens i t i e s  of 
eggs and larvae  which a r e  present i n  t h e  e a r l i e r  months 
(T,LVII,78:21-79:4). The recommended flow l e v e l s  were 
expected t o  provide survival  approaching "without pro jectw 
levels .  However, it was EDF1s opinion t h a t  protection a t  
"his tor ic  levelslt would require higher l eve l s  than those 
recommended; EDF did not determine what those flow l e v e l s  
might be  (T,LVII,79:5-18). I n  some years, the  reemended  
flows would ac tual ly  be greater  than unimpaired flows 
(T,LVII, 80: 7-81: 5) . 

5.3.5.3 Optimal Levels of Protection 

The s t r iped bass problem i n  t h e  Estuary is very complicated, 
and there  probably is no s ingle  answer to t h e  problem. 
However, important s teps  could be taken t o  protect  s t r iped  bass 
t h a t  a r e  not being employed a t  present. Therefore, the  
recamendation by some par t ic ipants  t h a t  the  present Delta Plan 
standards remain i n  e f f e c t  is rejected.  The s t r iped  bass 
population has declined too much (perhaps i n  excess of 70 
percent s ince  the  1950ts) t o  take no de f in i t ive  act ions t o  
provide addit ional  protection. None of t h e  par t ic ipants  
disputed t h e  f a c t  t h a t  there  is a problem with s t r iped bass, 
even i f  they di f fered  on what course t o  take. The record low 
1988 SBI of 4.6 fur ther  enphasizes t h e  need to take imnediate 
action. 



Qlanges i n  the  Delta Plan a r e  appropriate standards because 
they a r e  not doing what they were intended t o  do i.e., provide 
reasonable protection fo r  s t r iped bass. This benef ic ia l  use is 
not being protected t o  t h e  extent  o r ig ina l ly  intended by t h e  
Board i n  the  Delta Plan; therefore,  s t eps  must be  taken t o  
provide addit ional  protection. Certain s teps  have been 
suggested which a r e  not re la ted  to flow and s a l i n i t y  standards, 
or  which a r e  intended to  provide "equivalent protectionn for  
s t r iped bass. I n  general, these  proposed ac t ions  do not 
provide equivalent protection o r  a r e  not relevant  t o  act ions 
included under t h i s  Plan. These a l t e rna t ive  measures w i l l  be 
discussed i n  individual sect ions below a s  appropriate. 

In re jec t ing  continuation of t h e  current  Delta Plan standards, 
it is important t o  understand why those standards d id  not 
r k .  Spring flow and export standards have not  worked because 
they were being applied t o  a s i tua t ion  i n  the  Delta which was 
s igni f icant ly  d i f fe ren t  from the  one under which t h e  data used 
t o  develop t h e  formulas fo r  the  predict ive index were 
obtained. The or ig inal  re la t ionship  among t h e  predic t ive  SBI, 
outflows and exports was based on data developed during t h e  
period 1959-1970. During t h i s  period, exports i n  t h e  spr ing 
were primarily from the  CVP, and ce r ta in  major upstream storage 
projec ts  (Orovil le  and New Melones) had not been completed o r  
had not yet had a s igni f icant  effect on the Delta, As shown i n  
Figure 5.3.5.3-1, t o t a l  Delta exports (SWP,CVP,and CCC) were 
r e l a t i v e l y  constant a t  about 3,500 c f s  during t h e  April through 
July period. However, during the 1971 through 1976 period, 
when t h e  decl ine  i n  the Delta portion o f  the S I  began to 
become apparent, t o t a l  exports f o r  t h e  April through July 
period increased t o  an average of 6,000 cfs. When Delta Plan 
standards f o r  s t r iped  bass were i n  effect (1 979-1 9881, t h e  
average April through July t o t a l  exports were about 6,300 c f s ,  
o r  80 percent higher than f o r  the  1959-1970 period, and 45 
percent higher than the 1959-1976 period ( the  period used f o r  
developent  of  t h e  predicted 3 1  i n  t h e  Delta Plan). 

The re la t ionship  fo r  the  May through July periods, on which t h e  
Delta Plan standards were set, shows a similar  pat tern.  
Average May through July t o t a l  Delta exports fo r  t h e  period 
1959-1 970 were about 3,700 cfs .  During the  period 1971 -1 976, 
t h e  average exports increased t o  6,300 cfs .  For t h e  period 
t h a t  t h e  Delta Plan standards were i n  e f f e c t  ( 1979-1 9881, 
average May J u l y  exports declined s l i g h t l y  from the  1971 -1 976 
period t o  about 6,200 c f s ,  due t o  t h e  export r e s t r i c t i o n s  
imposed by the  Delta Plan. This r e s t r i c t i o n  represents less 
than th ree  percent reduction from t h e  1971-1 976 period, when 
the Delta index was declining. I n  effect, the Delta Plan 
standards s tabi l ized exports a t  post-1970 levels ,  but did 
nothing to provide protection canparable to  t h a t  found under 
the  or ig inal  relat ionship from the  1959-1970 period. Under the  
Delta Plan, average t o t a l  Delta exports in t h e  months of May, 
June, and July a r e  still 66 percent higher than the  1959-1970 
period, and 34 percent higher than the  1959-1 976 period ( t h e  
period used a s  t h e  bas i s  f o r  t h e  predic t ive  index). 



FIGURE 5.3.5.3- 1 TOTAL DELTA EXPORTS 
COMBINED SWP, CVP, AND CCC; APRIL - JULY AVERAGE 
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The d i rec t  and indirect  e f fec t s  of these increased exports have 
most l ike ly  been the major factor in  the recent decline of 
striped bass. A s  noted above, four of the  f ive hypotheses 
proposed by the SWC a r e  d i rec t ly  o r  indirectly related to flows 
and exports. A l l  the  participants acknowledge tha t  exports and 
the i r  attendant e f fec t s  on flows i n  the Delta do have 
deleterious e f fec t s  on striped bass. Below are  presented the 
particular problems related to  striped bass and the proposed 
recomnendations t o  provide them optimal protection. These 
recommendations a r e  sunmarized in  Table 5.3.5.3-1. Acceptance 
or  rejection of the  proposed objectives of the  participants 
w i l l  be discussed. A s  noted above, the  proposal to re ta in  the 
current standards is rejected. 



TABLE 5.3.5.3-1 
OPTMAL LEVELS OF PROTECTION FOR STRIPED BASS 

Time Location Recommendat ion Protection . _ _ I - _  

April 1 - J u n e  15 San Joaquin R. Maximun d a i l y  EC n o t  t o  Adult s t r iped  
( a l l  years Vernalis to exceed 0.3 mnhos/cm bass migration 

Antioch Bridge and spawning 

April  15- J u l y  31 Delta Cross Closed 
( a l l  years) Channel gates 

Reduce trans- 
locat ion  of  eggs 
and larvae  

Pgr i l  1 - J u l y  31 Sta tu tory  No withdrawals o r  exports Reduce egg and 
( a l l  years) Delta channels ( except f o r  emergency) l a rva  entrain- 

ment 

April 1--May 31 Chipps Island Daily Delta outflow Move l a rvae  to  
( a l l  years) a t  l e a s t  33,900cfs Suisun Bay 

nursery area  
and keep n u l l  
zone a t  Honker 
Bay o r  down- 
stream 

June 1-June 30 Chipps Island Daily Delta outflow Pbve larvae  to 
( a l l  years) a t  l e a s t  32,400 c f s  Suisun Bay 

nursery area  
and keep nu l l  
zone a t  Honker 
Bay o r  down- 
stream 

July  l - J u l y 3 1  ChippsIsland Daily Delta outflow Move l a rvae  to 4 
( a l l  years) a t  l e a s t  29,100 cfs Suisun Bay 

nursery area  
and keep nu l l  
zone a t  Honker 

4 
Bay o r  down- 
stream 1 

April 1 - J u l y  31 Vernalis 
( a l l  years) 

San Joaquin River Maintain 
component of Delta pos i t ive  down- 
outflow equal t o  o r  stream flow i n  

I 
greater  than a l l  Delta 4 

proportion under channels 
unimpaired flow { "  - 



- Problem 1 : Adult Striped Bass Spawning is Affected by 
Limitations on the  Spawning Area. 

DFG has t e s t i f i e d  t h a t  t h e  formation o f  a s a l i n i t y  b a r r i e r  
i n  t h e  mainstan San Joaquin River above Venice Is land 
tends t o  restrict spawning runs and spaming a c t i v i t y  i n  
t h a t  area (T, XtI,68: 1-69: 10). DFG a l s o  t e s t i f i e d ,  and other  
evidence shows, t h a t  h i s t o r i c a l l y  s t r iped  bass d id  spawn 
above t h e  Delta i n  the  San Joaquin River systan. Str iped 
bass a r e  not  able ,  under Delta Plan standards, t o  f u l l y  use  
t h e  h i s t o r i c a l  spawning habitat .  

a r r e n t  Delta Plan standards provide f o r  a maximun of 0.550 
mhos/cm EC a t  Prisoners Point,  on t h e  San Joaquin River 
from April 1 t o  May 5. DFG data (DFG,25,4446) (shows t h a t  
s t r iped  bass w i l l  not migrate through t h e  eastern Delta i n t o  
areas  where EC is greater  than 0.55 mhos/cm. I n  addit ion,  
t h e  majority o f  s t r iped  bass spawn i n  water with EC less 
than 0.3 mnhos/cm. Thus, the  Delta Plan standard 
e f fec t ive ly  blocks upstream migration o f  s t r iped  bass i n  t h e  
San Joaquin River beyond Prisoners Point i n  d r i e r  years, and 
may have an impact on spawning a s  well. The shor t  period of 
time (35 days) which is covered by t h e  Delta Plan standards 
may a l s o  be inadequate to provide f u l l  use of  the San 
Joaquin River migration and spawning habi ta t .  

There a r e  two aspects  t o  t h e  solut ion o f  t h i s  problem: 
Suff ic ient  flows must be provided t o  break up t h i s  s a l i n i t y  
b a r r i e r ,  and water qua l i ty  i n  the  San Joaquin River must be 
appropriate to promote migration and spawning upstream. 
Both can be  accomplished by providing water o f  s u f f i c i e n t  
qua l i ty  and quant i ty  a t  Vernalis, provided t h a t  exports  a r e  
not too  l a rge  t o  prevent adequate flow down the mainstan 
San Joaquin River below Mossdale, and t h a t  t h e  protect ion 
period is o f  su f f i c i en t  length t o  u t i l i z e  t h e  hab i t a t  fu l ly .  

None o f  the  pa r t i c ipan t s  proposed any objec t ives  t o  so lve  
t h i s  problen, o ther  than general proposals f o r  grea t ly  
increased outflows fo r  s t r iped  bass larvae. However, s ince  
San Joaquin River flows were not s t ipula ted  i n  these  
recommendations, it is assumed t h a t  t h i s  problem was not  
being s p e c i f i c a l l y  addressed. 

Based on evidence received, the re  appears t o  be no 
pa r t i cu la r  problem f o r  adul t  s t r iped bass, r e l a t i v e  to  
h a b i t a t ,  i n  t h e  Sacramento River, o r  t o  temperature regimes 
i n  e i t h e r  the  Sacramento or  San Joaquin r i v e r s ,  s ince  
spawning tends t o  b e  i n i t i a t e d  by increasing temperatures. 
The effects o f  warmer water i n  recent  years is discussed 
below i n  r e l a t i o n  t o  periods of  time i n  which t h e  objec t ives  
should apply. 

- Recommendation 1: E lec t r i ca l  conductivity i n  t h e  
mainstan San Joaquin River from Vernalis downstream to 
the  Antioch Bridge should not exceed a d a i l y  maximun of 
0.300 nmhos/cm fran  April 1 to June 15 i n  a l l  water year 
types. 



- Problem 2: Eggs and Larvae are Translocated i n t o  the 
Central Delta through the  Delta Cross Channel and 
Geor giana Slough. 

Eggs and small la rvae  o f  s t r iped  bass a r e  ca r r i ed  
passively down t h e  Sacramento River and a r e  transported 
i n t o  the cen t ra l  Delta through the Delta Cross Channel 
and Georgiana Slough. Translocation to  t h e  cen t ra l  Delta 
exposes t h e  eggs and larvae  t o  increased morta l i ty  
(DFG,25,54). The Delta area is less s u i t a b l e  a s  a 
nursery h a b i t a t  than the Suisun Bay area. Screening is 
not e f f e c t i v e  f o r  these  small eggs and larvae. 

Exist ing Delta Plan standards c a l l  f o r  c los ing of  t h e  
Delta Cross Channel gates when the  Delta outflow index 
(DOI)  is above 12,000 cfs, but  various conditions apply: 
DFG must request a closure,  t h e  potent ia l  closure period 
is only from April 16 through May 31, t h e  maximum number 
o f  days avai lable  f o r  'closure within t h i s  period is 20, 
and no more than tw out of  four days may be  
consecutive. DFG has proposed expanding t h i s  standard to 
include c losure  when the  DO1 is less than 12,000 c f s  , but 
fo r  only a t o t a l  o f  ten  days in  t h e  period, and no more 
than one day out  of four. Closure periods should be 
determined by real-time monitoring (DFG,64,7). The USFWS 
cal led  f o r  closure of  t h e  Delta Cross Channel ga tes  and 
f o r  modification of  export operations "when d e n s i t i e s  
[of eggs and larvae]  a r e  hight1 (USFWS,47,5). This 
r e c m e n d a t i o n  is broader than the  DFG r e c m e n d a t i o n ,  in  
t h a t  it appears t o  allow f o r  more f l e x i b i l i t y  i n  t h e  
closure period to acconanodate differences between years 
i n  s t r iped  bass spawning, but  "high dens i t iesn  is 
undefined. Neither r e c m e n d a t i o n  provides optimal 
protect ion,  however, s ince  nei ther  seeks t o  i s o l a t e  
Sacramento River eggs and larvae  from t h e  cen t ra l  Delta 
en t i r e ly .  

Georgiana Slough has no gates on it a t  present.  
Georgiana Slough in tercepts  l i t t l e  more than about 13 
percent of  the  Sacramento River flow a t  Freeport (DAYFLOW 
documentation). Given the other  recomnendations proposed 
below t o  enhance downstream flows i n  the  cen t ra l  Delta, 
no recomnendation f o r  protect ion of  s t r iped  bass passing 
i n t o  Georgiana Slough appears t o  be warranted. However, 
los ses  through the  Delta Cross Channel a r e  l a rge r ,  and 
protect ion can be  provided with present f a c i l i t i e s .  In 
t h e  absence of  proven technology t o  provide r e a l  time 

.monitoring, and because o f  the  need t o  provide f u l l  
protect ion,  t h e  following reclanmendabion is made. 

- Recommendation 2: The Delta Cross Channel gates 
should remain closed f o r  t h e  period April  15 through 
July 31 in a l l  water year types. 



The above sets of  recomnendations a r e  a l l  inadequate 
t o  protec t  s t r iped  bass eggs and larvae  f u l l y  because 
none provide flows s u f f i c i e n t  to  move a l l  la rvae  ou t  
of  t h e  cen t ra l  Delta i n t o  S i s u n  Bay nursery areas  i n  
a l l  year types. In  addit ion,  none c a l l  f o r  curtailment 
of  exports  t o  reduce reverse flows and entrainment. 
On t h e  other  hand, t h e  EDF, recomnendation f o r  38,000 
c f s  seems excessive s ince  DFC believes t h a t  33; 900 cfs 
w i l l  move 100 percent o f  t h e  eggs and larvae  past  
Col l insvi l le .  Since no recommendations f o r  April 
flows were received, the  DFG standard w i l l  be  applied 
t o  April  a s  well a s  May. April standards a r e  needed 
because s ign i f i can t  spawning occurs i n  the  Delta i n  
April ,  and these eggs and larvae  a l s o  requi re  
protection. 

The outflow recanmendations proposed w i l l  still not 
assure pos i t ive  downstream flows i n  a l l  Delta 
channels. In  pa r t i cu la r ,  exports  from t h e  Delta by 
t h e  WP and CVP can induce reverse flows i n  Old and 
Middle r ive r s .  Eggs and larvae  i n  t h e  c e n t r a l  Delta 
can b e  drawn i n t o  these  channels and entrained i n  the 
export f a c i l i t i e s  and agr i cu l tu ra l  diversions,  o r  b e  
ca r r i ed  t o  areas  o f  the  Delta which a r e  unsuited f o r  
t h e i r  survival .  I n  addit ion,  i f ,  a s  a r e s u l t  o f  
removal of the s a l i n i t y  b a r r i e r  on t h e  San Joaquin 
River, spawning re turns  t o  t h e  area around and above 
Vernalfs, eggs and larvae  produced upstream w i l l  be 
pulled i n t o  Old River and entrained i n t o  t h e  export 
f a c i l i t i e s .  These fac to r s  represent  addit ional  
mor ta l i ty  f o r  young s t r iped  bass. 

Based on the above discussion, a series of 
recommendations t o  address these  in te r re la t ed  problems 
a r e  proposed : 

To prevent entrainment of  s t r iped  bass eggs and larvae  
i n  municipal, i ndus t r i a l ,  and agr i cu l tu ra l  diversions 
and export f a c i l i t i e s  i n  t h e  Delta: 

- Recomnendation 3-1: No withdrawals o r  exports of 
water from the  s t a t u t o r y  Delta f o r  any purposes other  
than f o r  emergency conditions should be permitted f o r  
t h e  period April 1 through July 31 i n  any water year 
type 

To assure  movement of  s t r iped  bass eggs and larvae  
i n t o  the  Suisun Bay nursery area and t o  keep t h e  
entrapnent zone west o f  Col l insvi l le :  

- Recmendation 3-2: Daily Delta outflow should be no 
less than the  following in  a l l  water year types: 

April  1 through May 31 ------------ 33,900 cfs 
June 1 through June 30----------- 32,400 c f s  
July 1 throu@ July 31 ----------- 29,100 cfs 



- Problem 3: Striped Bass Eggs and Larvae i n  t h e  
Central Delta a r e  Lost i n  Large Numbers. 

Considerable evidence has been presented by DFG and 
USBR, among others ,  t o  demonstrate t h a t  the c e n t r a l  
Delta is not an appropriate environment f o r  survival  
of eggs and larvae  o f  s t r iped  bass. The primary 
causes o f  these  losses  a r e  entrainment i n  ag r i cu l tu ra l  
diversions,  export f a c i l i t i e s  and M&I intakes.  In  
addit ion,  the  reverse flows and longer residence times 
induced by the export pumps r e s u l t  i n  increased 
s tarvat ion  o f  and predation on eggs and larvae. Flows 
a r e  required t o  move t h e  eggs and larvae  down stream 
of  Co l l insv i l l e  on the  Sacramento River and i n t o  the 
a i s u n  Bay nursery area. Calculations developed by 
DFG (DFG,64,8) based on egg and larva sampling 
programs have determined t h a t  a Delta outflow of 
33,900 c f s  i n  May w i l l  move 100 percent of  s i x  mn 
s t r i p e d  bass la rvae  i n t o  the  Estuary west of  
Coll insv i l l e .  Equal protection in  June would requi re  
32,400 cfs, and i n  July ( f o r  seven mm f i s h ,  t h e  
smallest  s i z e  c l a s s  still present i n  t h a t  month) 
29,100 cfs .  The exhibit does not  specify what export 
l e v e l s  were present when t h e  data t o  develop these  
ca lcula t ions  were collected.  Nor does t h e  exh ib i t  
present  any indicat ion of  how t h e  flow should be 
proportioned between t h e  Sacramento and San Joaquin 
r ivers .  Despite evidence t h a t  spawning i n  t h e  cen t ra l  
Delta and the San Joaquin River occurs i n  April  
(DFG, 64,9) , no flow requirements o r  recomnendations 
were presented f o r  t h e  month of  April. 

USF'WS recamendations (USFWS,47,5) bas ica l ly  support 
those o f  DFG, but  a l s o  recommend t h a t  Delta outflow be  
not  less than 10,000 c f s  during t h e  May through July 
period, and t h a t  reverse flows be eliminated i n  the 
lower San Joaquin River a t  Jersey Point. No 
recommendations f o r  Delta outflow i n  Apri l ,  f o r  
required flows i n  the  San Joaquin River, o r  f o r  
elimination o f  reverse flows i n  Old and Middle r i v e r s  
were presented. 

A s  discussed above ( see sect ion  5.3.5.21, EDF proposed 
Delta outflows based on the  DFG data but  weighted f o r  
t h e  abundance of la rvae  i n  d i f f e r e n t  months (more 
l a rvae  present  i n  May, fewer in July).  EDF Exhibit 25 
c a l l s  for flows of  38,000 f o r  the  period May 6 through 
May '31 i n  wet years, decreasing t o  21,000 cfs  i n  
c r i t i c a l  years. Lesser flows a r e  proposed f o r  the  
months of June and July. A s  with DFG and USFWS, no 
flow is apportioned t o  the  San Joaquin River. 



To assure t h a t  pos i t ive  downstream flows a r e  
maintained i n  a l l  Delta channels and t o  move eggs and 
larvae downstream from the  San Joaquin River system: 

- Recmendation 3-3: The contribution of  the  San 
Joaquin River t o  t h e  t o t a l  Delta outflow should be a t  
l e a s t  equal t o  t h a t  proportion o f  flow which would be 
present under unimpaired flow conditions. 

- Problem 4: Disruptions of  the  Striped Bass Food Chain 
have occurred 

Striped bass may be  s tarving because of  l o s s  of f d  
from t h e  centra l  Delta. DFG presented evidence to '  
indica te  t h a t  zooplankton a r e  becaning depleted, o r  
t h e  species canposition of zooplankton has changed i n  
t h e  cen t ra l  Delta. This may have detrimental effects 
on s t r iped  bass when they first begin feeding 
(DFG, 25,95-102). 

- Recanwendation 4: The above recommendations t o  
maintain downstream flows i n  a l l  Delta channels and 
to move t h e  larvae  rapidly  i n t o  t h e  Suisun Bay nursery 
area,  where food o f  t h e  appropriate species 
composition is avai lable  and more p len t i fu l ,  should 
provide appropriate resolution of  t h i s  problan. 
a o u l d  t h e  other recommendations not be f u l l y  
implemented such t h a t  the  zooplankton food problan 
needs t o  be addressed, separate recommendations w i l l  
be  developed a t  t h a t  time. However, f o r  t h e  present,  
no recommendation f o r  t h e  protection of s t r iped  bass 
food supply is made. 

- Problem 5: Pollutant  Burdens 

Adult s t r iped  bass a r e  burdened with a var ie ty  of 
pol lu tants  which may a f f e c t  t h e i r  survival  and 
reproductive potential .  DFG and other par t ic ipants  
have introduced evidence t o  indicate  t h a t  adul t  
s t r iped  bass a r e  burdened with various organic and 
inorganic pol lu tants ,  which may a f f e c t  t h e i r  survival  
and t h e i r  a b i l i t y  t o  reproduce, par t icular ly  through 
resorption of  eggs i n  t h e  ovaries. In  addition, 
c e r t a i n  o f  these  contaminants may pose a heal th  r i s k  
to hunans i f  s t r iped  bass a r e  consumed too often. DFG 
f i sh ing  regulat ions include a precaution against 
consumption of too much s t r iped  bass because of  
mercury l eve l s  i n  t h e i r  f lesh.  

- Recommendation 5: 

This subject  is not d i r e c t l y  relevant  to Water Quali ty 
Control Plan standards. Actions proposed i n  the  
Pollutant  Policy Docunent may have benef ic ia l  effects 
fo r  s t r iped  bass. Other r e la ted  recomnendations a r e  
discussed i n  Qlapter 8. 



- Problem 6: Attract ion to Effluents  

Evidence presented by DFG indica tes  t h a t  some 
s t r iped  bass may be a t t r a c t e d  t o  ce r t a in  components of  
indus t r i a l  e f f luen t  streams and su f fe r  de ter iora t ion  
and starvat ion.  Laboratory tests indica te  t h a t  t h e  
f i s h  a r e  a t t r ac ted  even when these  chemicals a r e  
extremely di luted.  The f i s h  tend t o  r m a i n  i n  t h e  
e f f luen t  streams even though l i t t l e  o r  no food is 
available,  and they undergo f i n  ro t .  

- Recommendation 6: Additional study of  t h i s  phenomenon 
is warranted (see Chapter 8). Actions proposed i n  
the  Pollutant  Policy Docunent may a l s o  have benef ic ia l  
e f f e c t s  f o r  s t r iped  bass. 

- Other Problems and Considerations 

The above recomnendations represent  those l e v e l s  of 
flow, s a l i n i t y ,  and operat ional  cons t ra in ts  which 
w i l l ,  i n  theory, provide optimal protection f o r  t h e  
s t r iped  bass benef ic ia l  use. Certain aspects  of  t h e  
problem of t h e  decl ine  o f  s t r iped  bass, such a s  
pollutants ,  t h e  a i s u n  Bay spr ing  die-off,  and effects 
o f  upstream diversions on survival  of  eggs and larvae ,  
a r e  beyond the  scope o f  t h i s  Plan, i n  t h a t  they a r e  
not d i r e c t l y  r e l a t ed  t o  flow and s a l i n i t y  
considerations i n  t h e  Estuary. 

- Hatcheries 

Certain other co r rec t ive  o r  mi t iga t ive  measures, such 
a s  hatcheries or grow-out f a c i l i t i e s  fo r  f i s h  salvaged 
a t  the  export pumps, may be  capable of  providing some 
protect ion f o r  s t r iped  bass. The question o f  hatchery 
production should not b e  considered a t  t h i s  time. 
Although the re  has been sane recent  success i n  
producing s t r iped  bass i n  the  hatchery, t h e  f a t e  o f  
those f i s h  i n  the  Estuary (and ocean) and t h e i r  
recruitment t o  t h e  f i she ry  have not ye t  been 
determined. I n  addit ion,  and most c r i t i ca l ly , even  i f  
some hatchery f i s h  a r e  recrui ted  t o  the  f i she ry  and 
produce viable eggs and larvae ,  the  purpose of  t h a t  
recruitment is l o s t  if those eggs and larvae  a r e  
subsequently los t  t o  t h e  f i shery  because o f  t h e  
various problems discussed above. Likewise, t h e  
question o f  other  f a c i l i t i e s  cannot be addressed a t  
t h i s  time, s ince  no s p e c i f i c  f a c i l i t i e s  have been 
proposed. 



- Relationship of Recommended Outflows t o  Unimpaired 
Delta Outflow 

The Delta outflow recommendations proposed i n  
Recomnendation 5 above a r e  a s  follows: 33,900 fo r  
April  1 through May 31 ; 32,400 f o r  June 1 through June 
30; and 29,100 for  July 1 throu* July 31 i n  a l l  
years. Based on data  developed f o r  S R C B  exh ib i t s ,  
f o r  unimpaired flow a t  Chipps Is land fo r  the  years 
1922-1978, t h e  objec t ive  w i l l  be  met with unimpaired 
flows a s  shown below: 

Year Type April June July 

Wet A A A S 
Above Normal A A M N 
Below Normal A A S N 

Dry 51 N N N 
C r i t i c a l  S N N N 

A = reccmmended flow leve l  met i n  a l l  years 
M = r ecmended  flow leve l  m e t  on average; m e t  i n  most years 
S = recommended flow l e v e l  met i n  some years; not met on average 
N = recomnended flow leve l  not met i n  any year 

5.3.6 American Shad--Protection of  Beneficial Uses 

5.3.6.1 No Action Alternat ive 

Under t h e  Delta Plan the re  a r e  e s sen t i a l ly  no standards t o  
protect  American shad. While t h e  impacts of the  Delta Plan on 
shad could not be quantified, it noted t h a t  t h e  recommended 
plan f o r  s t r iped  bass protection was expected t o  provide shad 
protection a s  well i n  wet, above normal, and dry  water years, 
with a "def in i te  lessening of protectionw i n  c r i t i c a l  years 
(Plan,V-39,VI-9). 

The only spec i f i c  standards f o r  shad proposed i n  t h e  Delta 
Plan (Table VI-1, pg.VI-35) concerned operation of  the  CVP's 
Tracy Fish Protect ive Faci l i ty .  Certain secondary ve loc i t i e s  
and bypass r a t i o s  a r e  required " to  t h e  extent  possiblen between 
June 1 and August 31 t o  increase screening ef f ic iency f o r  shad 
and other  species. However, these  standards a r e  t o  be met " to  
the  extent  t h a t  they a r e  compatible with export rates ."  Tnus, 
shad protect ion is incidental  t o  the  operation of  t h e  CVP 
export pumps. There a r e  no standards addressing shad f o r  t h e  
SWP pumps. 

5.3.6.2 Advocate Recommended Levels of  Protection: 

a WACOC 

WACOC recommended continuing t h e  current  prac t ice  of 
r e l a t i n g  flow requirements f o r  t h e  protect ion of f i s h  and 
wi ld l i f e  t o  t h e  variat ion of each year ' s  runoff and storage 
conditions. Specif ical ly,  flow requirements "should be 



relaxed proport ionately i n  t h e  d r i e r  years  t o  meet t h e  
reasonable bene f i c i a l  needs o f  people, while  maintaining 
reasonable minimum water q u a l i t y  s tandards f o r  f i s h  and 
w i l d l i f e n  (WACOC, 4,8). 

BISF and SCLDF discussed t h r e e  "perturbationsw and r e s u l t i n g  
adverse e f f e c t s  on shad (BISF-SCLDF, Brief,57-58). These 
per turba t ions  were: reduced r i v e r  flow, reduced food supply 
f o r  young f i s h ,  and losses of  f i s h  entrained i n  water 
diversions.  General s ta tements  on co r rec t ive  measures were 
presented, bu t  no s p e c i f i c  ob jec t ives  were proposed. 

a DFG 

DFG discussed t h e  present  l e v e l  of  knowledge about shad 
(DFG, 23 ) . They made no s p e c i f i c  recomnendat ions f o r  
pro tec t ion  of  shad (DFG,64,12) because they be l i eve  t h e  
recommendations f o r  pro tec t ion  o f  s t r i p e d  bass  w i l l  provide 
bene f i t s  t o  Anierican shad a s  w e l l  ( s ee  d iscuss ion  of  s t r i p e d  
bass  recomnendations i n  Section 5.3.5.3). 

a USFWS 

USFWS proposed an o v e r a l l  goal of increas ing  young-of-the- 
year (YOY) production o f  shad. Two main mechanisms 
(wobjec t ivesv)  =re proposed t o  accomplish t h i s  goal. The 
f i r s t  is t o  increase Delta  inflow from Apri l  t o  June 
according t o  s t r i p e d  bass  and salmon flow needs. Though 
uns ta ted ,  USFWS appears t o  support DFGts bas i c  determination 
t h a t  recommended flows f o r  salmon and s t r i p e d  bass  w i l l  
bene f i t  shad a s  w e l l .  The second ob jec t ive  is t o  reduce 
f i s h  t r ans loca t ions  from t h e  Sacramento River i n t o  t h e  
c e n t r a l  Del ta  dur ing  Ju ly  t o  September. This  reduction 
would make t h e  l a rvae  less suscep t ib l e  t o  entrainment i n  a l l  
Del ta  water d ivers ion  f a c i l i t i e s ,  and s p e c i f i c a l l y  would 
reduce entrainment a t  CW and WP f a c i l i t i e s .  A va r i e ty  of  
implementation measures a r e  proposed (USFWS, 47,6) . 

5.3.6.3 Optimal Levels of  Protect ion : 

'Ihe testimony and e x h i b i t s  i n d i c a t e  t h a t  cu r r en t  s tandards do 
not  f u l l y  p ro t ec t  American shad. Evidence f o r  t h i s  conclusion 
comes from seve ra l  areas:  

The abundance of  a d u l t  shad appears t o  have declined from 
l e v e l s  e a r l y  i n  t h i s  century,  and more s p e c i f i c a l l y  from 
about 1945 on, although s p e c i f i c  population measurements 
from those  years  a r e  not  ava i l ab l e  
(DFG,23,1;DFG,23,16;T,XXXIX, 13: 15-17), 

a The range of  spawning runs has decl ined,  p a r t i c u l a r l y  i n  t h e  
San Joaquin River system, where runs i n  both t h e  mainstem 
.%n Joaquin and i ts  t r i b u t a r i e s  used t o  occur (DFG,23,2; 
T,XXXIX, 14: 5-1 1 ; 31: 5-1 1 ;47: 7-25). 



e Up t o  4.4 mil l ion shad have been salvaged annually a t  t h e  
CVP and SWP export pumps, and about ha l f  o f  those salvaged 
do not survive; many more larvae  and m a l l  f i s h  a r e  
entrained and l o s t  (DFG, 23,20-22;T, XXXIX, 17: 4-1 8: 4).  

Evidence was presented t o  indica te  t h a t  a var ie ty  of f ac to r s  
may be  involved i n  t h e  current  l imited protect ion f o r  
shad. Each fac tor  w i l l  be  discussed i n  tu rn ,  followed by 
recanmendations f o r  optimal protection. 'he recommendations 
f o r  optimal l e v e l s  of protect ion a r e  sumnarized i n  Table 
5.3.6.3-1. 

- Problem 1: Effec ts  of Decreased River Flows on Spawning 
Runs. 

Decreased flows i n  the  Sacramento and San Joaquin r i v e r s  and 
t h e i r  t r ibu ta ry  streams have reduced spawning runs o r  have 
l imited t h e  dispersion of  adu l t  shad i n t o  t r ibu ta ry  streams 
(DFG,24,4;DFG, 23;T, XXXIX, 14: 12-22; 16: 14-1 8; 31: 5-9; 33: 12- 
34:14). According t o  DFG testimony, ac tua l  inflow t o  the  
Delta i n  t h e  spr ing  was 32 t o  66 percent less than would 
have been avai lable  under unimpaired inflows f o r  the  years  
1978-1 982 (DFG, 23,241. USF'dS (USFWS,47,6) has recomnended 
t h a t  Delta inflow should be increased i n  t h e  A p r i l J u n e  
period according t o  l eve l s  demonstrated by DFG t o  have 
pos i t ive  e f f e c t s  on shad YOY production. DFG1s data 
(DFG, 23,191 a r e  shown i n  Figure 4.5.1.4-1. This 
re la t ionship  appears t o  have a decided break near the  20,000 
c f s  l eve l ;  above t h i s  l e v e l  of Delta inflow t h e  re la t ionship  
between YOY shad abundance and inflow does not  appear t o  b e  
s t a t i s t i c a l l y  s igni f icant .  However, s ince  spawning 
continues i n t o  ea r ly  July, t h e  period of protect ion should 
extend beyond t h a t  recomnended by USFWS (T, XXXIX, 1 4: 23-24) . 

- Recommendation 1 

Total  d a i l y  Delta inflow i n  a l l  year types should be a 
minimum of 20,000 c f s  fran April 15 to July 15. The 
contr ibution of t h e  San Joaquin River t o  t o t a l  Delta inflow 
should be a t  l e a s t  equal t o  t h a t  proportion o f  flow which 
w u l d  be present under unimpaired flow conditions. 

- Problem 2--Effects of Flow on Larval and YOY Shad. 

Variat ions i n  flows i n  t h e  Sacramento and San Joaquin r i v e r s  
and t h e i r  t r i b u t a r i e s  may a f f e c t  t h e  d i s t r ibu t ion  and 
outmigration of l a r v a l  and YOY American shad (DFG,23,10; 
T, )[XXIX, 1 6: 4-1 1 ; 16: 23-1 7: 3) . Lower flows may concentrate 
t h e  la rvae  i n  l imited areas ,  r e s u l t i n g  i n  depletion of  t h e  
food supply. Lower flows a l s o  lengthen t h e  time required 
f o r  la rvae  t o  get t o  su i t ab le  nursery h a b i t a t  (DFG,23,23). 
Appropriate flows a r e  required t o  d isperse  and t ranspor t  the 
eggs, la rvae  and YOY down t h e  t r i b u t a r y  streams and through 
the  Delta. Sane young shad do not migrate through the  Delta 
immediately but remain i n  sunmer nursery areas  i n  the  
Sacramento and Feather r i v e r s  and t h e  southern Delta. These 
shad begin t h e i r  outmigration through t h e  Delta l a t e r  i n  t h e  



TABLE 5.3.6.3-1 
OPTIMAL LEVEL OF PROTECTION FOR 

AMERICAN SHAD 

Location Recommendation Protect ion rime, ------,,,,,,--,,,,, ---- ,,-,,,,, ,,,,,,,,,,- 

April  15- Ju ly  15 Delta Minimum d a i l y  t o t a l  Delta Adult shad 
( a l l  years) in f lowcfs .  San Joaquin R. migration and 

component a t  l e a s t  equal t o  spawning hab i t a t  
proportion o f  t o t a l  inflow 
present under unimpaired flow 

%y 1 --November 30 Delta Same a s  Above 

May 1 -November 30 Delta Cross Closed 
( a l l  years) Channel Gates 

Egg and l a r v a l  
outmigration, 
nursery hab i t a t ,  
zooplankton 

Reduce trans- 
locat ion  of  eggs 
and larvae  

May 1--November 30 Statutory No withdrawals o r  exports Reduce egg, 
( a l l  years) Delta Channels (except f o r  emergencies) l a r v a l  and YOY 

& WP, CVP, CCC entrainment 



year and continue t o  do s o  a t  l e a s t  through November 
(DFG, 23,10-11). Flows a r e  required t o  f a c i l i t a t e  t h i s  l a t e  
outmigration a s  w e l l  a s  t h e  spr ing  and ea r ly  sumner 
outmigration (May t o  July).  In  order t o  r e s t o r e  runs i n  t h e  
San Joaquin River and its t r i b u t a r i e s ,  t o t a l  Delta inflow 
should be divided between the  Sacramento River and the  San 
Joaquin River i n  proportion t o  what m u l d  be present under 
unimpaired flow conditions. 

- Recomnendation 2 

Total  d a i l y  Delta inflow i n  a l l  water year types should not  
be less than 20,000 c f s  f r m  May 1 to November 30. The 
contr ibution of  t h e  San Joaquin River t o  t o t a l  Delta inflow 
should be  a t  l e a s t  equal t o  t h a t  proportion o f  flow which 
m u l d  be present  under unimpaired flow conditions. 

- Problem +-Losses of Larval and YOY Shad to Diversions and 
Exports. 

Shad larvae  and YOY a r e  subject  t o  mortal i ty from diversions 
and export f a c i l i t i e s  i n  the Delta. Shad o r ig ina t ing  i n  the  
Sacramento River system may be translocated i n t o  t h e  cen t ra l  
Delta, r e s u l t i n g  i n  entrainment i n  l o c a l  ag r i cu l tu ra l  
diversions (DFG, 23,20;DFG, 23,25) which a r e  f o r  t h e  most p a r t  
unscreened (T, XXXIX, 17: 9-10), These shad, plus those 
o r ig ina t ing  i n  the  Delta o r  the  San Joaquin River system, 
a r e  a l s o  subjec t  t o  entrainment a t  t h e  CVP and SWP pumps 
(DFG, 23,8-11 ;DFG, 23,20-21). Although the  export f a c i l i t i e s  
have screens, they a r e  ineffec t ive  f o r  eggs and m a l l  
larvae,  and larger  f i s h  a r e  subject  t o  a s  much a s  50 percent 
handling morta l i ty  because o f  t h e i r  f r a g i l i t y  (DFG,23,20- 
22;T,XXXIX, 17: 11-18: 4) .  

Based on these f indings,  a series of recommendations is 
presented a s  follows:. 

To reduce translocat ion of shad eggs, la rvae  and YOY i n t o  
t h e  cen t ra l  Delta : 

- Recommendation 3-1 

Tne Delta Cross Channel gates should be closed from May 1 t o  
November 30 i n  a l l  water year types. 

To reduce entrainment of shad eggs, la rvae  and YOY i n t o  
municipal, i ndus t r i a l  and agr i cu l tu ra l  diversions i n  t h e  
Delta and i n t o  the  export pumps. 

- Recomnendation 3-2 

No withdrawals o r  exports of water from t h e  s t a tu to ry  Delta 
for  any purpose other  than emergencies should be permitted 
from b y  1 t o  November 30 i n  a l l  water year types. 



- Problem 4--Disruption of Larval Shad Food Chain. 

Abundance of  l a r v a l  shad may b e  reduced because zooplankton 
on which they feed a r e  reduced. This reduction i n  
zooplankton abundance may r e s u l t  from d i r e c t  entrainment i n  
water diversion f a c i l i t i e s ,  o r  from high ne t  flows in Delta 
channels, due to export pumping, which provide a less s t a b l e  
enviroment f o r  zooplankton, (T, XXXIX, 18: 6-18) . The 
combination of  t h e  proposed recommendations and those 
proposed f o r  protect ion o f  other  benef ic ia l  uses i n  the  
Delta and S i s u n  Bay should provide adequate protect ion f o r  
the  shad food chain. Should the proposed measures be 
determined to not provide adequate protect ion,  separa te  
recotmendations spec i f i c  t o  zooplankton w i l l  be addressed a t  
t h a t  time. However, f o r  t h e  present ,  no recommendation f o r  
the  protect ion of  the  American shad food chain is proposed. 

- Problem 5 - L o s s  Measuranent and Mitigation. 

A t  present,  American shad losses  a t  the  SrJP export pumps a re  
no t  covered under t h e  lbo-Agency Fish Mitigation Agreement, 
and there is no agreement f o r  mit igat ion of  losses  a t  t h e  
CVP pumps (T, XXXIX, 32: 24-33: 9). In  addit ion,  no evaluat ions 
of  screening ef f ic iency fo r  American shad have been made 
(DFG, 23,201. These f a c t o r s  w i l l  be discussed fu r the r  i n  
Chapter 8. 

When combined, recammendations 1 and 2 above requ i re  d a i l y  
t o t a l  Delta inflow t o  be  a t  l e a s t  20,000 c f s  fran April 15 
t o  November 30 i n  a l l  year types,  with proportions o f  San 
Joaquin River flow t h e  sane a s  m u l d  be present under 
unimpaired flow conditions. 'Ihe approximate amount of  San 
Joaquin River flow required i n  the  April-November period i n  
d i f fe ren t  year types, and the  probabil i ty of  meeting those 
flows under unimpaired flow conditions, a r e  sumnarized i n  
Tables 5.3.6.3-2--5.3.6.3-4. 

Table 5.3.6.3-2 is derived from data used t o  prepare WRCB 
Exhibit 110, and it indica tes  t h e  average percent o f  t o t a l  
inflow i n  the  Delta which would or ig inate  from t h e  San 
Joaquin River under unimpaired flow conditions . Table 
5.3.6.3-3 converts t h e  percentages t o  reccxnmended flow 
values by multiplying each percentage by 20,000 cfs, the  
recamended l eve l  of t o t a l  Delta inflow. Table 5.3.6.3-4 
indica tes  t h e  unipaired flow a t  Vernalis (based on model 
r e s u l t s  used in  SWRCB Exhibit 110) and indica tes  t h e  
probabil i ty o f  meeting t h e  recomnended l eve l  of San Joaquin 
River inflow. 



TABLE 5.3.6.3-2 SAW JOAWlN  RIVER - PERCENT OF TOTAL DELTA l N F L Q l  
(UNIMPAIRED F L W  CONDITIONS; 1922 - 1978) 

YEAR I OF 
TYPE APR M Y  JUN JUL IW SEPT OCT W YEARS 

I P P = E P ~ E I s I P = I O P M = I ~ ~ D I D I ~ P D ~ ~ L I P ~ ~ P J P ~ ~ ~ ~ ~ ~  

UET 20 34 45 43 24 12 6 8 15 
AB NRML 24 38 46 39 18 8 9 11 12 
BL NRUL 21 32 39 26 10 8 8 10 14 

DRY 22 38 36 21 9 6 7 13 6 
CRITICAL 27 35 29 13 7 7 10 9 10 

TABLE 5.3.6.3-3 F L W  REWIRED AT VERNALIS ( I N  CFS) TO WEE? R E M H D E D  
PERCENT OF 20,000 CFS TOTAL DELTA INFLOW 

YEAR 
TYPE APR M Y  JUN JUL AUG SEPT OCT NW 

P ~ P ~ P P ~ ~ P P P P ~ P P D P P ~ ~ P = . P P ~ ~ I P P ~ D P M ~ ~ P P P ~ P P P P ~ ~ P - M P P P P ~ ~ ~ P ~  

UET 4084 6824 8936 8657 4 m  2468 1194 1606 
ABWRML 4769 7511 9174 7710 3562 1578 1800 2181 
BL NRML 4220 6418 7724 5280 2031 1582 1582 2026 

DRY 4500 7506 7249 4112 1727 1260 1420 2523 
CRITICAL 5356 6975 5825 2540 1400 1432 1920 1869 

TABLE 5.3.6.3-4 ESTIMTED UNlMPAlRED F L W  AT VERUALlS ( I N  CFS) AUD PRQBABILITY 
OF MEETING RE-NDED F L W  UNDER UNIMPAIRED CONDIll011S 

YEAR 
TYPE APR M Y  JUN JUL AUG SEPT OCT NOV 

YET 21012 37369 33876 12867 3014 1249 509 
A A A A S N N 

AB NRUL 18861 28015 20695 6604 1515 568 851 
A A A S N W S 

BL NRML 12889 19490 15059 3861 815 3% 752 
A A W S W N S 

DRY 10499 16214 9373 1992 556 449 607 

a P D P ~  

A = MET I N  ALL YEARS 
n = mr ON AVERAGE; MET IN MOST YEARS 
S = WET I N  SQlE YEARS; NOT HET 011 AVERAGE 
Nu NOT WET I N  ANY YEAR 



5.3.7 Suisun Marsh Wildl ife  Habitat Beneficial Use Alternat ive 

5.3.7.1 No Action Alternat ive 

Absent any other  ac t ion  by t h e  Board, operators  of t h e  SWP 
(DWR) and t h e  CVP (USBR) w i l l  continue t o  be bound t o  meet t h e  
w i l d l i f e  protect ion terms of t h e  Delta Plan. These terms 
include measures t o  meet o r  exceed ce r t a in  standards f o r  water 
qua l i ty  i n  the  channels of  the  Delta and Suisun Marsh 
(SWRCB,1978,22). The terms f o r  protection of  w i l d l i f e  were 
unchanged by t h e  1985 amendments, except f o r  some changes i n  
monitoring locat ions,  and t i m e  fo r  implementation. The 
o r ig ina l  terms required permittees DWR and USBR, i n  cooperation 
with other  agencies, t o  develop by July 1, 1979, a plan fo r  
protect ion of t h e  Suisun Marsh (Marsh Plan). This Marsh Plan 
together with EIR/EIS documentation, was t o  provide a 
monitoring network, construction of  physical f a c i l i t i e s ,  
operation and management procedures f o r  the  f a c i l i t i e s  and 
assurances by land managers t o  maintain t h e  Marsh a s  a brackish 
water wetland (SWRCB,1978,26). The permittees were required to 
manage the  Marsh t o  produce high qua l i ty  feed and hab i t a t  f o r  
waterfowl and other  w i l d l i f e  and t o  implement t h e  Marsh Plan 
f o r  f u l l  protect ion of t h e  Marsh by October 1, 1984 
(SWRCB, 1 978,26-27) . Subsequent extensions of time and 
modifications t o  monitoring locat ions  were granted by t h e  Board 
(DM, 505). 

I n  t h e  event the  Board takes no act ion,  t h e  terms of  t h e  Delta 
Plan, a s  extended in  1985, remain i n  ef fec t .  These terms 
provide interim p a r t i a l  protect ion t o  Suisun Marsh w i l d l i f e  i n  
t h e  managed wetland area a s  w e l l  a s  i n  p a r t  of t h e  na tura l  
t i d a l  brackish water marsh area  (SWRCB, 14,VII-4). 
Approximately 40 percent of  t h e  10,000 acres of unmanaged t i d a l  
brackish marshes around Suisun Bay were or ig ina l ly  protected by 
the  Delta Plan BCDC,5,12;BAAC,4;USF'WS, 17; 18;19;20). 

5.3.7.2 Advocated Levels of Protection 

o DWR, USBR, DFG, SRCD--Four Party Agreement 

A t  t h e  Phase I of the  hearing t h a t  addressing w i l d l i f e ,  
DWR provided testimony and exhibi t s  describing t h e  measures 
agreed upon by DWR, USBR, DFG and SRCD (hereafter  refer red  
t o  a s  Four Pa r t i e s )  t o  meet the  the  Delta Plan requirements 
(DWR,503; 504; 506A; 506B; 507A; 507B; 508A; 508B; 509; 510; 
511; 512; 513; 514; 517 A-B; 518; 519; 520 & 521). The 
measures included a Suisun 1.larsll Pfeservation Agreement, a 
Mitigation Agreement, a Monitoring Agreement, and a Plan of 
Protection f o r  t h e  Suisun Marsh. 

There a r e  differences between standards set i n  the  Delta 
Plan and its extension (used herein a s  the  rb Action 
Alternat ive)  and those agreed upon by t h e  Four Part ies .  
Principal differences a r e  t h e  addition of a dry year 
modification of water qua l i ty  standards i n  the  Suisun Marsh, 
changes i n  the  Chipps Island EC standard and a lower minimum 
mean monthly Delta Outflow Index (DWR,506(E),5). The 



monitoring requirements i n  t h e  Delta Plan f o r  t h e  Suisun 
Marsh (Terms 4 and 5) a re  s i l e n t  on ra re ,  threatened, or 
endangered species,  although by inference the  plan of 
protection (Marsh Plan) required in  Order term 7(a)  is 
intended t o  ensure protection of a l l  Marsh wi ld l i fe .  The 
monitoring agreement developed by t h e  permittees c a l l s  f o r  
census and surveys of only the  s a l t  marsh harvest mouse, and 
these would only be done i f  changes i n  t h e  general plant  
community a r e  found (DWR, 508 B, 3) .  There a r e  no provisions 
fo r  monitoring other threatened o r  endangered plants  or  
animals. The Board has not ye t  found t h a t  t h e  plan of  
protect ion,  which was required under the  D e l t a  Plan and 
prepared by DWR, DFG and USBR (DWR,511) is f u l l y  consistent  
with Term 7(a )  of  the  Delta Plan. According t o  testimony, 
t h e  Four Par t ies  have an agreement t o  implement t h e  plan of 
protection they have developed (T,XXIX,27,7-231, including 
t h e  monitoring. The agreement binds t h e  p a r t i e s  t o  p e t i t i o n  
t h e  Board t o  f ind t h a t  t h e  act ions a r e  appropriate t o  
protect  t h e  Marsh and t o  subs t i tu te  the  proposed standards 
for Delta Plan standards (DWR 506A, 14,151. There is nothing 
i n  t h e  agreement which requires it t o  be approved by t h e  
Board. Thus, i n  t h e  event of no act ion by t h e  Board, the  
p a r t i e s  t o  t h e  agreement would be obligated t o  continue t o  
operate t h e i r  projects  under the  D-1485 amended standards. 
These c a l l  f o r  standards t o  be met a t  some locations on 
October 1, 1988; i n  t h e  northwestern Suisun Marsh on October 
1 , 1991 ; i n  t h e  southwestern Marsh on October 1 , 1993; and 
i n  Suisun Slough a t  Volanti Slough and a t  Chipps Island and 
Van Sickle Island waterfowl management area water supply 
intakes on October 1, 1997 (DWR,505,1-2). 

a BCDC 

Experts t e s t i f y i n g  on behalf of BCDC proposed t h a t  t h e  Board 
revoke its decision of December 5, 1985 amending t h e  
standards compliance schedule i n  t h e  Delta Plan and changing 
t h e  locations (BCDC,5,31;T,XXIX,238:22-25). The BCDC 
testimony a l s o  proposed an addit ional  standard t o  protec t  
t i d a l  marshes adjacent to Suisun Bay (BCDC, 5, T4;T,XXIX, 239: 
25-240: 2). It is  BCDC 's posit ion t h a t  t h e  Board's 1985 . 
amendments t o  t h e  Delta Plan reduced protection f o r  
unmanaged t i d a l  marshes a s  w e l l  a s  delaying t h e  
implementation of measures t o  protect  water qua l i ty  and 
beneficial  uses i n  the  managed wetlands of t h e  Suisun Marsh 
(BCDC,5,5). 

a BAAC 

BAAC reconwended a flow and s a l i n i t y  standard which provides 
greater  protection fo r  brackish water t i d a l  marshes than 
does t h e  Delta Plan (T,)[XX,52:6-22). I n  addition, 
recornended s a l i n i t y  standards fo r  water qual i ty  i n  t i d a l  
marshes ( l eve l s  not specif ied) be set f o r  summer ra ther  than 
ending i n  May (T, XXX, 54: 10-21 1. The posit ion of BAAC was 
t h a t  t h e  brackish water marshes have already been degraded 



and they would l i k e  to see them improved and res tored  more 
toward t h e i r  na tura l  condition, which would requi re  more 
s t r ingent  s a l i n i t y  standards (T, XXX, 94: 20-95: 2 1. The BAAC 
testimony did  not  e x p l i c i t l y  s t a t e  what those freshwater 
flows o r  what s a l i n i t y  standards should be  t o  adequately 
approach na tu ra l  conditions. 

PRBO 

PRBO advocated freshwater outflow through t h e  Golden Gate 
a s  a means t o  provide a food supply t o  seabirds ten  t o  15 
miles away i n  the Farallones National Marine L i fe  Refuge 
(T,LIV, 140: 6-143: 8).  The San Francisco Bay plume of 

. freshwater is an important foraging area  i n  April and May 
(T,LIV, 145: 10-12,21-24). The s a l i n i t y  d i f f e r e n t i a l  and 
nu t r i en t  input produce a concentration of  food organisms f o r  
seabirds (T,LIV, 150: 17-23). Birds use t h e  plume f o r  feeding 
when t h e  normal marine food web closer  t o  the  Faral lon 
Is lands  f a i l s  t o  develop (T,LIV, 154: 21 -23). According to 
PRBO testimony, during El Nino events,  when upwelling of  
d e e p c o a s t a l  water is less than normal, marine food chains 
a r e  less productive and seabirds a r e  more dependent on the 
San Francisco Bay p l m e  (T,LIV,155:10-14). El Nino events 
a r e  poss ib le  during dry years  (T,LIV, 155: 4-6). The PRBO 
posi t ion is t h a t  i f  t h e  plume is less extensive o r  less 
frequently c lose  t o  the  Farallones during t h e  breeding 
season, seabirds which feed the re  w i l l  dec l ine  i n  abundance 
(T,LIV, 160: 24-1 61 : 1 1. During cross-exanination lit became 
c lea r  t h a t  t h e  l inkage between bird populations and t h e  s i z e  
of t h e  plume is not  completely predictable,  a s  populations 
have increased during some E l  Nino periods when the re  was 
l i t t l e  outflow, such a s  1977 (T,LIV, 164: 8-23). In  other  
years, El Nino events coincided with ext raordinar i ly  w e t  
years (T,LIV, 154: 19-1 55: 1). The plume is a primary foraging 
area f r an  February through May, while b i r d s  r e s o r t  to t h e  
plume i f  it is present and i f  upwellings f a i l  during June 
and July (T,LIV,161:22-24; T,LIV,162:20-22). No testimony 
o r  evidence was provided t o  indica te  how of ten  El Nino years  
would coincide with low outflow under unimpaired 
conditions. 

5.3.7.3 Optimal Level of Protection 

Considerations which were not  addressed i n  d e t a i l  i n  p r io r  
hearings on t h e  Bay-Delta Estuary include t h e  benef ic ia l  uses 
of water by threatened and endangered species. Protection f o r  
these species  is required by both t h e  s t a t e  and federal  
Endangered Species Acts. The Delta Plan did not weigh t h e  
obligat ion o f  non-project d i v e r t e r s  t o  protect  water qual i ty  
f o r  endangered species o r  other  public t r u s t  benef ic ia l  uses. 
The Board has t h e  author i ty ,  a s  the  public t r u s t e e  of water 
qua l i ty  f o r  f i s h  and wi ld l i f e ,  t o  condition a l l  water uses t o  
reasonably protect  f i s h  and wi ld l i f e  including threatened and 
endangered species . 



The s a l i n i t y  of  water provided t o  t i d a l  wetlands of t h e  W s u n  
Marsh influences t h e  survival  and reproduction o f  marsh 
plants .  For example, t h e  California Native Plant Society 
(CNPS) exhibi t  (CNPS,3) and testimony (T, XXX, 66: 11 -25;T,XXX, 67: 
2-1 3;T, XXX, 76: 15-23) ident i f ied  f i v e  r a r e ,  threatened o r  
endangered plant  species,  four of which would be  less l i k e l y  
to survive, have reduced growth o r  seed production, or become 
less numerous because o f  changes i n  flow o r  s a l i n i t y  i n  t h e  
&isun Marsh port ion of  t h e  Bay-Delta. Some 50 addit ional  
species m u l d  be ind i rec t ly  af fec ted ,  becaning less abundant o r  
widespread a s  a r e s u l t  of  land use changes induced by newly 
avai lable  water suppl ies  (T,XXX, 110:25-111: 23). The d i r e c t l y  
affected r a r e  p lan t  species occur i n  t h e  t i d a l  marshes. The 
CNPS testimony indica tes  t h a t  even during normal years, 
freshwater flow t o  the S i s u n  Marsh has been insuf f i c i en t  to  
prevent reductions 'in productivi ty (T,XXX, ,79: 18-20). 

With r a r e  species,  once a population is eliminated, it is very 
unlikely t o  reinvade because of  t h e  sca rc i ty  o f  seed sources. 
Thus, although common species such a s  a l k a l i  bulrush may b e  
adequately protected o r  o r  able  t o  recover from higher s a l i n i t y  
exposure during a c r i t i c a l  dry  year, r a r e  species would be a t  
r i s k  (T, XXX, 81 : 22-24). A s a l i n i t y  standard capable o f  
preventing reductions i n  numbers and range o f  threatened o r  
endangered species  m i g h t  therefore  requi re  a m a l l e r  dry year 
adjustment of  t h e  s a l i n i t y  standard. It would have t o  be  set 
a t  a l e v e l  a t  which t h e  species were capable o f  sus ta in ing 
normal sur  viva1 , productivi ty and germination. The S i s u n  
Marsh Preservation Agreement, proposed by the Four Par t ies ,  
does not  adequately address these  needs i n  its proposed 
standards. It is therefore  recomnended t h a t  t h e  Board r e t a i n  
jur isd ic t ion  t o  requi re  addit ional  protect ion f o r  s e n s i t i v e  
specia l  s t a t u s  species  r a the r  than f u l l y  endorse t h e  Agreement. 

& i t a b l e  pore water s a l i n i t y  f o r  f i v e  sens i t ive  p lants  ranges 
from zero t o  minus two megapascals (canparable to a range of 
zero t o  four p a r t s  per thousand (ppt) s a l i n i t y ,  o r  e l e c t r i c a l  
conductivity of  zero t o  6.25 mhos/cm) f o r  freshwater p lants  i n  
the  Delta (California hibiscus,  Delta t u l e  pea) to minus two to 
minus th ree  megapascals i n  Suisun Marsh ( four ppt t o  s i x  ppt , 
6.25 t o  9.36 mnhos/cm) f o r  Mason1 s l i l a e o p s i s  and S i s u n  a s t e r ,  
which t o l e r a t e  sanewhat brackish conditions (T,XM[, 76: 5-23). 
On the  o ther  hand, s a l t  marsh b i r d ' s  beak which grows i n  s a l i n e  
areas  could t o l e r a t e  minus four t o  minus f i v e  megapascals 
(e ight  ppt t o  ten  ppt , 12.5 t o  15.6 mnhos/cm). These pore 
water po ten t i a l s  should not  occur u n t i l  a f t e r  t h e  growing 
season, which extends from March t o  July (T, XXX, 79: 12-1 4 ) .  

The DFG has proposed a method t o  produce ce r t a in  s a l i n i t i e s  i n  
t h e  roo t  zones of  managed wetlands based on surface water 
qua l i ty  and timing o f  applied water (DFG, 5,T3). To protec t  the 
unmanaged vegetation along the  channels of  t h e  adjacent t i d a l  
marsh, canparable applicat ion timing and water qua l i ty  to t h a t  
DFG proposed f o r  managed wetlands may be  needed. If t h i s  
standard were set, it would requi re  s tudies  r e l a t i n g  pore water 
s a l i n i t i e s  i n  t h e  r o o t  zones of  r a r e  p lants  t o  flow and 



s a l i n i t y  i n  channels adjacent t o  those plants .  There is l i t t l e  
information i n  t h e  exhibi t s  o r  testimony which addresses t h e  
re la t ionship  between t h e  s a l i n i t y  of applied water and the  pore 
water s a l i n i t y  outside of managed wetlands. I f  s tudies  showed 
pore water s a l i n i t y  remained s u i t a b l e  f o r  s e n s i t i v e  p lant  
species even when channel s a l i n i t i e s  reached high values, 
r e l a t i v e l y  l i t t l e  Delta outflow would be required. Conversely, 
i f  s tudies  showed pore water s a l i n i t i e s  were a t  l e v e l s  which 
cause stress o r  reduced productivi ty o f  threatened o r  
endangered p lants ,  improved water qua l i ty  i n  adjacent channels 
would be needed t o  prevent a s i fp i f icant  impact. 

Water qua l i ty  i n  Suisun Marsh t i d a l  channels f o r  protect ion of 
r a r e  and threatened p lant  species should therefore  conform t o  
the dates  and s a l i n i t y  l e v e l s  specif ied in DFGts Table 3 
(DFG, 5,T3 1. Further,  applied water s a l i n i t y  should remain a t  
o r  below seven ppt (approximately 10.9 mnhos) t h r o u a  July  to 
f u l l y  protec t  threatened and endangered p lant  species 
(T,XXX,79: 12-14). The optimal object ive f o r  t i d a l  channels 
within Suisun Marsh is set f o r t h  i n  Table 5.3.7.3-1. The 
optimal objec t ive  f o r  t i d a l  wetlands adjacent to  Suisun Bay, 
but outside t h e  a i s u n  Marsh is set f o r t h  i n  Table 5.3.7.3-2. 
It should be  noticed t h a t  t h e  l i k e l y  s o i l  water s a l i n i t y  based 
on DFG's Table 3 would be a t  nine ppt i n  March, Apri l ,  and May, 
corresponding to  t h e  minus four t o  minus f i v e  megapascals 
to lera ted  by s a l t  marsh b i r d ' s  beak, but unsuitable f o r  Mason's 
l i l a e o p s i s  and Suisun as ter .  The ex i s t ing  d i s t r i b u t i o n  of  
r a re ,  threatened and endangered species is thought t o  reflect 
t h e  a v a i l a b i l i t y  of water meeting t h e  optimal object ives i n  
t i d a l  marshes during recent  years. These objec t ives  
spec i f i ca l ly  f o r  p lants  i n  the  Suisun Marsh, a s  set f o r t h  i n  
Table 5.3.7.3-3, should be continued while t h e  re la t ionship  
between applied water qua l i ty  and s o i l  water s a l i n i t y  i n  t h e  
r a r e  p lant  root  zone along t i d a l  channels is determined. 
Provision of water meeting these  object ives to  managed wetlands 
only would not guarantee protect ion threatened and endangered 
species on t i d a l  channel wetlands. 



TABLE 5.3.7.3-1 

OPTIMAL LEVEL OF PROTECTION FOR WILDLIFE 
( I n c l  udi ng Rare, Threatened and Endangered) 
USE IN SUISUN MARSH TIDAL CHANNEL WETLANDS 

T i  me Location Level o f  Protect ion Species Protected 
Station, Name (Section Proposed) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

October-July C2, Montezuma 
Slough a t  
C o l l i n s v i l l e  

n D7A, Gr izz ly  Bay 

n D10, Chipps Is land 

S10, Suisun 
Slough a t  
Boynton 

n .  S17, Cordel i a 
Slough a t  I b i s  

I1 S31, Suisun 
Slough a t  mouth 

I1 S94, Suisun Slough 
a t  Hunter's Cut 

n S42, Suisun Slough 
a t  Volanti  Slough 

n S48, Montezuma 
Slough a t  Cutof f  Slough 

TABLE 5.3.7.3-3 Suisun aster(SA), 
s o i l  water s a l i n i t y  Mason' s L i  1 aeopsi s (ML) 
no more than 9 par ts  
per thousand (PPT) TDS 
during growing season, s a l t  marsh harvest 
met by provid ing a mouse (SMHM) , Cal i fo rn i  a 
schedule o f  1 oweri ng clapper r a i l  (CR) 
sal i n i t y  i n  channels - '1 
p r i o r  t o  growing season CR, Del ta t u l e  pea (TP) 
by maintaining 7 PPT TDS 
i n  channels through Ju ly  CR, SA, slough t h i s t l e  
o f  a l l  year types. 
(Footnote 1) 

(ST) 

n S63, Denverton 
S1 ough 

CR, SMHM 

SA, TP 

CR, SMHM, ML 

TP, SMHM, s o f t  
b i rd 's  beak (SBB) 

SBB 

n S93, H i l l  Slough CR, SMHM, SA, ML 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Footnote 1 : Objectives based on DFG,S,T3. 



TABLE 5.3.7.3-2 

OPTIML LEVEL OF PROTECTION FOR WILDLIFE 
( I n c l  udifig Rare, Thteatened and Endangered) 
USE IN SUISUN BAY TIDAL CHANNEL WETLANDS 

OUTSIDE SUISUN MARSH 

Time Location Level o f  Protect ion Species Protected 
Stat ion, Name (Section Proposed) 

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

Oct-May 8, Point  Ed i th  Same as o r i g i n a l  b lack r a i l  (BR), s a l t  marsh 
A l l  Years D-1485, t a b l e  I1  harvest mouse (SMHM) , 

l e a s t  t e r n  (LT) 

11 D8b, Middle n 

Point, Sui sun 
BR, SMHM, LT, Ca l i f o rn ia  
clapper r a i l  (CR) 

n 9, Port  Chicago n JMHM, CR 

n D9a, Spoonbi 11 n 

Cut 

la Dl la ,  Sherman n 

Lake 

n 12, Brown's IS. n 

CR, SMHM 

Mason's L i  1 aeopsi s (ML) 

CR, ML, Suisun as ter  (SA) 
Del ta t u l e  pea (TP) 

n 13, Antioch tt SA, SMHM, ML 

n 21, Point 
Sacramento 

n f57, Suisun Bay n 

a t  Roe I s .  

R f59, Suisun Bay n C R 
a t  Seal Is land . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



TABLE 5.3.7.3-3 

OPTIMAL OBJECTIVES FOR SALINITY OF WATER IN SUISUN MARSH 
TIDAL CHANNELS TO MAINTAIN SENSITIVE PLANT SPEC1 ES* 

Month Appl i ed Water Pore Water Ratio, Pore Water 
Salinity Salinity Salinity to 

EC TDS EC TDS Appl i ed Water 
(mmho/cm) (p/thous) (mmho/cm) (p/thous) Salinity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

October 18.8 12 footnote 1 50.0 3 2 2: 1 

November 15.6 10 footnote 2 37.5 24 2: 1 

December 15.6 10 31.2 20 2: 1 

January 12.5 8 

February 7.8 5 

March 

Apri 1 

May 

June 

10.9 7 14.1 9 1.3: 1 

10.9 7 footnote 3 14.1 9 1.3:l 

July 10.9 7 14.1 9 1.3:l 

1/ The salinity of water applied in October (12 ppt) dissolves surface salts 
and is increased by 4 ppt (to 16 ppt), hence the 32 ppt TDS in the 
soil, which has a 2 to 1 ratio to applied water salinity (DFG,5,T3). 

2/ The salinity of water applied in November is increased by 2 ppt TDS 
(to 12 ppt) due to residual surface salts, hence the 24 ppt TDS in soil 
(DFG,5,T3) 

3/ The salinity of applied water and soil water in June and July is assumed 
to continue unchanged from May. 

* Table adapted from DFG,5,22. 



5.3.8 Other ( i .e., Navigation/Recreation) 

Other benef ic ia l  uses of  the  Estuary affected by flow and s a l i n i t y  
a r e  commercial navigation, and contact  and non-contact-water 
recreat ion.  Uses t h a t  a r e  p a r t  o f  non-contact-water recrea t ion  
include e s t h e t i c  appreciat ion and educational and s c i e n t i f i c  study 
(RWQCB 5,1975, %,I-2-21. 

5.3.8.1 No Action Alternat ive 

Under a no ac t ion  s i tua t ion ,  flow and water q u a l i t y  s tandards 
established by the  Delta Plan would be  continued and navigation 
uses and other  benef ic ia l  uses would continue t o  rece ive  t h e  
same l e v e l  of  protect ion they now have. 

No e x p l i c i t  standards f o r  t h e  protect ion o f  t h e  benef ic ia l  uses 
of navigation o r  recreat ion were addressed i n  the  Delta Plan. 
Because both a r e  among the  uses generally considered t o  f a l l  
within t h e  public t r u s t  purview, t h e  Board must provide f o r  t h e  
protect ion of  these  uses, even i f  no pa r t i c ipan t  addressed the  
needs during Phase I df t h e  hearing. 

Because t h e  e x i s t i n g  water qua l i ty  and f i s h  populations a r e  i n  
l a r g e  measure a t t r i b u t a b l e  to the  standards set by the  Delta 
Plan, a no ac t ion  a l t e rna t ive  would provide f o r  continuation of  
current  recrea t ion ,  navigation and e s t h e t i c  appreciat ion 
benef ic ia l  uses. 

5.3.8.2 Advocated Levels of Protection 

The PICYA prepared and submitted an exhibi t  regarding 
benef ic ia l  uses r e l a t i n g  t o  recrea t ional  navigation, but  
t h e i r  exh ib i t  was never made p a r t  o f  t h e  hearing record. 
The essence o f  the  PICYA s u h i t t a l s  was t h a t  swimnable, 
f i shab le  waters which supported ex i s t ing  populations and 
runs o f  f i s h  were an important p a r t  of  t h e i r  recrea t ional  
boating experience (PICYA, 1,3). In  addit ion,  t h e  PICYA 
docunent proposed improvements f o r  boat passage a t  the  Delta 
Cross Channel, protect ion of  e x i s t i n g  unleveed Delta i s lands  
and maintenance of through navigation (PICYA,4). 

EBRPD submitted testimony and exhibi t s  which showed t h a t  
rapid growth (122 percent increase i n  two years) in  water- 
oriented recreat ion was taking place within t h e i r  
ju r i sd ic t ion  (EBRPD, 34 , l ) .  These two p a r t i e s  emphasized 
t h e i r  i n t e r e s t  i n  providing abundant supplies  of 
uncontaminated f i s h  t o  provide boaters  and f i s h e r s  with an 
opportunity t o  experience successful f i s h i n g  (PICYA, 1.3; 
EBRPD, 34,3 . 



S C  presented testimony and exh ib i t s  which estimated t h e  
economic value of  recreat ion a t  CVP and SWP reservoi rs  and 
proposed t h a t  flow reduction i n  t h e  Delta would be of less 
economic harm than reduction i n  flows t o  reservoi rs  and 
canals i n  t h e  export area (SWC,66,13). No e x p l i c i t  
object ives f o r  flow or  s a l i n i t y  were proposed by SWC f o r  t h e  
protection of recreat ional  uses i n  t h e  Bay-Delta. SWC 
argued instead t h a t  added diversions would have no e f f e c t  on 
recrea t ional  f i sh ing,  and be t o  t h e  s t a t e ' s  economic 
advantage, because of  higher recrea t ional  values i n  southern 
California (,SWC,66,12). 

e BISF 

BISF submitted exhibi t s  and testimony regarding recrea t ional  
uses of  the San Francisco Bay area (BISF, 38,T2;T, XXX, 174:2- 
91, and ident i f ied  the  values of a variety of  water-oriented 
recrea t ional  a c t i v i t i e s  from t h e  California S t a t e  Parks and 
Recreation Department ' s PARIS model (BISF, 38,T3). Cross- 
examination indicated t h a t  some of t h e  recrea t ional  
a c t i v i t i e s  added i n t o  t h e  tabulat ion were such t h a t  they 
were c lea r ly  poorly r e l a t ed  t o  t h e  flow and s a l i n i t y  i n  the 
Bay4e l t a  Estuary (T, XXX, 199: 17-, 200: 19). Although BISF did 
not propose flow and s a l i n i t y  object ives during t h e  session 
on recreat ion,  they did s o  i n  a l a t e r  session 
(T,LVIII, 236: 18-240: 18). It was not c l e a r  t h a t  t h e i r  
recommendations f o r  flow and s a l i n i t y  a t  t h e  l a t e r  session 
were f u l l y  keyed t o  t h e  recrea t ional  values e a r l i e r  
described. 

9 Connnercial Navigation 

No advocate f o r  commercial navigation presented any testimony 
on flow or  water qua l i ty  during Phase I of t h e  hearing. A 
standard e x i s t s  f o r  protect ion of  shallow d r a f t  commercial 
navigation ; t h e  requirement being 5,000 c f s  year-round i n  
the  Sacramento River a t  GIilkins Slough near t h e  Tisdale 
Weir. This standard r e f l e c t s  h i s t o r i c a l ,  r a the r  than 
current  uses. 

5.3.8.3 Optimal Level of Protect ion 

To protect  navigation i n  t h e  Bay-Delta Estuary, flows i n  t h e  
upper reaches of  t h e  system must be s u f f i c i e n t  t o  maintain the  
d ra f t  i n  Delta channels (Table 5.3.8.3-1 1. Recent measures 
taken by DWR t o  control  s a l i n i t y  i n  south Delta channels 
(DWR, 349,3) and s t r u c t u r a l  measures t o  control  flows i n  t h e  
Suisun Marsh have been i n  potent ia l  c o n f l i c t  with navigation. 
Features such a s  boat locks have been included i n  some (e.g., 
Montezema Slougt?) but  not a l l  of  these  s t ruc tures .  The 
Montezuma Slough Control Structure includes a boat lock, but 
Roaring River Intake does not. If flow and s a l i n i t y  i n  t h e  
Estuary a r e  t o  be control led by s t r u c t u r a l  f a c i l i t i e s ,  t h e  
impacts on navigation w i l l  have t o  be considered, and t h e  
balance of public i n t e r e s t  i n  flows, s a l i n i t y  and navigation 
addressed. 
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Based on a recent  survey prepared fo r  the  California S t a t e  
Lands Commission (CSLC, May, 1986) of e x i s t i n g  marina capacity 
i n  the general v ic in i ty  of Sacramento, 26 percent of  moored 
boats  were under 25 f e e t  long, 65 percent were between 25 and 
40 feet long, and 9 percent were over 40 feet long. This 
survey indicated t h a t  moored boats tended t o  be  l a rge r ,  a s  a 
c l a s s ,  than t h e  e n t i r e  c l a s s  o f  boats  regis tered  i n  t h e  area by 
the  Department of  Motor Vehicles. When considering t o t a l  boat 
population, e a s i l y  t r a i l e r e d  boats  ( those under 21 feet long) 
made up about 87 percent o f  t h e  t o t a l  (CSLC,May, 1986). The 
a b i l i t y  of Bay-Delta channels t o  serve recreat ion and 
navigation is p a r t i a l l y  r e l a t ed  t o  the  s i z e  and d r a f t  of  the  
boats  using the channels. 

Boater a c t i v i t y  data derived from WR s tud ies  indica te  about 59 
percent o f  t h e  boaterst  time is spent f ishing,  4 percent water 
sk i ing ,  36 percent general pleasure boating, and less then 1 
percent s a i l i n g  o r  jet s k i i n g  (SRRS, 1 980 . The season of use 
f o r  boat f i sh ing  has a peak o f  27.9 percent of year-round 
a c t i v i t y  during April and 16.8 percent i n  May, and a lesser 
peak of 12.0 percent i n  October corresponding t o  s t r iped bass 
(spring) and salmon ( f a l l )  runs. Water sk i ing ,  a year round 
ac t iv i ty ,  is  concentrated during June, July and August, with 
about 85 percent o f  a l l  such use occurring i n  these  months. 
Cruising and general boating have nearly the  same pattern.  
Reduced r i v e r  flows and reduced channel width and depth during 
these  seasons would a f f e c t  navigation. 

There is a re la t ionship  between r i v e r  flow and the  width of  t h e  
channel, with t h e  channel narrowing during low flow periods. 
During these  lowered flows, the re  is less room t o  pass other  
boats  and moored vessels ,  and t r ave l ing  boats  a r e  required by 
federa l  law (33 USC Sec. 1006) to slow down t o  avoid damaging 
vessels  and docks with t h e i r  wakes. The S ta te  has adopted t h e  
federal  c r i t e r i a  ( T i t l e  14, California Administrative Code, 
Section 6615) and added spec i f i c  speed const ra in ts  f o r  vesse ls  
passing within 100 feet o f  swimers o r  200 feet o f  beaches, 
f l o a t s ,  l i f e l i n e s  o r  mooring areas  (Harbors and Navigation 
Code, Section 655.2). A t  extrane low water in Sacranento 
(approximate elevation 4 feet) ,  channel widths a r e  a s  narrow a s  
300 f e e t  a t  sane locat ions,  compared t o  widths of nearly 700 
feet a t  extreme high water (elevation 29 feet). The r e s u l t  is 
t h a t  flow a f f e c t s  not only depths, which w i l l  conf l i c t  with 
navigation by larger  boats ,  but  i f  low flows o r  s t ruc tu res  
reduce the  avai lable  channel width, below 200 feet in  areas 
where people s w i m ,  boat speeds w i l l  be constrained a s  well. 

The flow and water surf  ace elevation needed t o  prevent adverse 
e f f e c t s  on navigation w i l l  d i f f e r  i n  each channel. A s  a r u l e ,  
t o  protect  recreat ional  boating benef ic ia l  use, channels must 
remain open t o  passage. Furthermore, the  water i n  any channel 
must be su f f i c i en t ly  deep t o  permit passage by any boats which 
ordinar i ly  use t h a t  channel. These e f f e c t s  must be considered 
on a case-by-case bas i s ,  ra ther  than by adopting a uniform 
objective. 
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TABLE 5.3.8.3-1 
OPTIMAL LEVEL OF PROTECTION FOR NAVIGATION USE 

Time Location --- 
A l l  Year Wilkins Slough 

near Tisdale Weir 

A l l  Year A l l  Channels 

A l l  Year Channels affected 
by flow control  o r  
s a l i n i t y  control  
s t ructures  

Level of Protect ion -- .-- ---- 
5,000 c f s  

Protected 

Comnercial shallow 
d r a f t  navigation 

Maintain open t o  Recreational 
navigation a t  ex i s t ing  boating 
speeds by recreat ional  
watercraft on a case-by-case 
basis.  

Maintain ex i s t ing  channel High speed boating 
widths where over 100 water sk i ing  
feet, and with no swimming 
use of bank s i d e  devklopnent. 
Maintain ex i s t ing  channel 
widths where over 200 feet 
and adjacent t o  beaches, 
f l o a t s ,  l i f e l i n e s  o r  
mooring areas. Decision 
t o  be made on a case-by-case 
bas i s  . 



5.4 Summary 

Table 5.4-1 was prepared t o  show t h e  flows and water qua l i ty  objec t ives  
needed i n  the  Sacramento-San Joaquin Delta t o  provide optimal 
protection f o r  benef ic ia l  uses such a s  municipal, i n d u s t r i a l ,  
agr icul ture ,  f i s h ,  wi ld l i f e ,  and wetland habi ta t .  

Objectives f o r  optimal protection of  wetland hab i t a t  i n  t h e  t i d a l  
channels of  the  Suisun Marsh appear i n  t h e  form of e l e c t r i c a l  
conductivity l eve l s ,  which have been converted t o  approximate Delta 
outflows, based on a series of curves presented i n  DWR-57, Revised. 
For example, the e l e c t r i c a l  conductivity objec t ive  f o r  February is 7.8 
rmrhos/cm which would be accomplised i n  Suisun Bay by a Delta outflow of 
about 17,000 cfs. Other flows and water q u a l i t y  objec t ives  a r e  
introduced e a r l i e r  i n  t h i s  chapter. 



TABLE 5.4-1 

OPTIMAL WATER QUALITY OBJECTIVES (Footnote 1 
FOR M 8 I, AGRICULTURAL, UILDLIFE, SALllOW AND DELTA FI~HERI USES 

Beneficial Use Protected 
and Location Paremeter Description Year Type Dates Values or Limit 

--------------------------------------------------------*-----------------------------------------------*------*-------------------- .-------------  

WMICIPAL C l -  

Contra osta Canal 
at  purpFng plant 11 

Cl i f ton  Cwrt For 
Intake a t  Uest C a y  

Delta Mendota Canal . 
a t  Trecy Punping Plant 

North Bey 
a t  Barker 

City of Valle o 
Intake a t  Cacie St. 

INDUSTRIAL 

Chloride Uaximm 
Uaan Daily 
Chloride, mg/l 

Contra Costa 
Intake a t  Rq%lPlant # I  

Chloride Maximrm 

-or- 
Mean D f l y  

Antioch Uater Uorks 
Chlorib, ms/l 

Intake an San Joaquin R. 

AGRICULTURE 

Ucst rn and I n t  r f o r  
~ e ? t a  Irri t fan 

Electr i  a Maxi 14-Day 
Con~ct!v\ty R M ~  Average 

A1 l 
~acrameng R. at  ~ m t o n  Uaan Daily EC, mahos/cm 
San Joaquin R. a t  Jersey Point I( II (I tl 

Uokelume R. a t  Tarminous 

San Joequin R. a t  San Andreas Ldg. 

Cache Sl. a t  J m t i a n  Pt. 

South Del a Electr i  a 
~ r r i g a t t o n  

Maxi 14-Day 
~onr~ct !v l ty ~unx Average 

A1 L 
San Joaquin R. near Vernalis Hem Dei l y  EC, mshos/cm 
San Joaquin R. at  Uossdale 

Bifurcation of Old and Middle r ivers 

Middle R, at  Howard Rd. Bridge 

Old R. a t  Tracy Rd. Bridge n 14 II 

i n  R. at  former s i t e  
t?B%%! Bridge 

u w n n 

Delta Leaching (Pending) 

E~mmton Electrica ~eximua m t h l y  
Jersey Point C-tivlty averae f 
Cache Slough at  Junction Point 
Sen Andreas Landing 

meen $ivy EC, 
mrho/cm - -----------------------------------------------------------*-------------------------------------------------------------------*------------------  

Footnote 1: Opt iml l els of prot t ion  desi ned t o  pr tgct beneficial uses 
without consneratron of ?-t on other benef?cral uses or water needs. 



TABLE 5.4-1 cont'd. 

Beneficial Use Protected 

OPTIML YATER OUALITY OBJECTIVES Footnote 1 
 at n s I ,  AGRICULTURAL, WILDLIFE, S A L ~  AD DELTA FI~HERY USES 

%----- 
Paremeter Description Year Type Dates V a l ~  or Limit 

-------------------------------------------------------------------------------------------------------------------------------.--------------*--- 
FISH and WILDLIFE 

Suisun Marsh - - . - - . . -. -. . 
~i ld l  i f e tiabi t a t  Electr ical  Staff $!irate A1 1 

Channels Hjacant t o  Conductivity of sal n t y  end flow 
brackish t ida l  ne t lads  Delta Outf l o i  ( d o t p  

(Footnote 2) 
cf  s)needed 

m l l y  pr tect  

Delta Fisheries (Sacrmento R.) 
iPdTmr h hubptet 
around suesun Bay 

Salmon Hi rat ion 
Rio Bista 

F l o w  Uinimm dai ly  flow (cfs) 
(Footnote 3) 

Salmon Smo t Outmigration 
Rio VIsta 

Flow Uinimm dai ly  flow (cfs) A l l  V 6 3 0  
k.500 

Outmigrant Survival F Lou Cross Chamel Gates 
s a l y  ahad Constraint Status of both gates 

A1 1 

s t r  p d  bass 
Delta Cross Charnel 

Salmon Fry Reari Flow Crass Charnel Gates Be lw N rmal 
Delta ~rossnE[hamel Constraint Status of both gates ~ r y ,  cr f t i ca f  

1p-31 
Delta Fisheries (San Joaquin R.) 

A d l t  S a l m  Uigration Flow Uiniaun dei l y  flow (cfs) A l l  
Stockton V J ~ l n o  
Betwen Stockton Dissolved Oxyeen nininun da i ly  value (ng/L) ALL 
and Turner Cut 

7/1- 1/30 
6.1 

Salmon Smolt Outmigration Flow 
Sen Joequin R nr. Vernalis 

n i n i m  da i ly  f lw (cfs) A l l  

Strf Bass Adult nigration Electr ical  
wl P w n i n g  

Mean da i ly  value 
Conductivity not t o  exceed Ctunho/cm) 

A1 1 

e n  Joqquin R.nr. Vernalis 
t o  Antloch Bridge 

Delta Fisheries 

Shad Uigr t i on  Spanning 
end ~ a r v a f  ~ut i t ig re t ion  

Sacramento R a t  Freeport Canbined In f  low S of mininm daf l y  A1 1 
San Joaquin R nr. Vernal i s  Sacrementp plus ft"%s not less than (cfs) 

San Joaquln r iv .  (Footnote 4) 

Shed and S t r i  
Bass Larva=, Emon 

Export and Flov permitted exc t ALL 
Diversion 

Smolt Survival 
i n  emergencies ( c f 3  

Throughout Statutory Delta 

Striped Bass Larvae 
Movement t o  Suisun Bay 

C h i m  Island 

Delta Outflow Uininm dai 1 
outflow (cfsJ 

. . --------*------------------------------------------------------------------------------------***-.--.--.----------------------.------------------- 

Footnote 1: Optimal [eve!~ of protectjon designed t o  r o t q t  beneficial uses 
wrthwt consicjerat~on of rmpact on other geneficial uses or water needs. 

Footnote 2: w]ect!ve estlmated t o  f u l l  protect t i da l  wetlands of Suisun Bay 
rncludrng hab~ ta t  of rare rhreatened and endangered species. 

Footnote 3: Retain Delta Plan conditihns i n  the absence of evidence that these flows 
are not oattmal. 

Footnote 4: ~ rop&t ioh-o f -~& Joaquin River f l ou  t o  tota l  Delta inf lou t o  be the same 
as uould occur under unimpaired f l ou  conditions (see Table 5.3.6.3-3). 
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e California State Lands Commission, May 1986, River Marina Carrying Capacity 
Study, 160 pp. 5 appendices. Table 1 ,  pg. 10, Table 14 and Appendix 1 .  

e California Department of  Water Resources (Northern Distr ict ) ,  1982. 
Sacramento River Recreation Study, 1 980. 



DETERF4INATION OF REASONABLE NEEDS FOR CONSIR4PTIVE USES OF BAY-DELTA ._1_---1--_--__--_------------_----------------------- 
WATERS 

6.1 California Water Ethic 

Cal i fornia ' s  ground and surface  waters a r e  a precious, but  l imited 
resource. Water supplies ,  v i t a l  t o  homes, industry, agr icul ture ,  and 
f i s h  and wi ld l i f e ,  while abundant i n  one year, can become c r i t i c a l l y  
l imited i n  another, I n  t h e  pas t ,  dams were b u i l t  t o  control  flooding 
and provide appropriate supplies  during prolonged dry  periods. Today 
t h e  sum of water demands exceeds t h e  r e l i a b l e  supply. Additional 
ac t ions  a r e  required. A l l  Californians must become involved i n  the 
reasonable use of water. A l l  water users  throughout t h e  s t a t e  w i l l  be 
required t o  pa r t i c ipa te  i n  t h e  t a sk  of  sharing water. 

6.1.1 Balancing 

This Water Quali ty Control Plan balances t h e  reasonable water 
qua l i ty  and instream flow needs which protect  t h e  benef ic ia l  uses of 
Bay-Delta Estuary waters agains t  the reasonable consumptive daaands 
for  Estuary water both in- and outs ide  the  watershed. These 
consmptive demands occur upstream i n  t h e  Sacramento River Basin and 
San Joaquin River Basin and i n  export areas south and west o f  t h e  
Delta i n  t h e  San Francisco Bay area ,  San Joaquin Valley and southern 
California. The benef ic ia l  uses i n  the  Estuary include productive 
and valuable biological  a s se t s ,  over 1/2 mil l ion acres  of  f e r t i l e  
farm land i n  the  Delta, and extensive wi ld l i f e  habi ta ts .  The 
Estuary a l s o  provides water q u a l i t y  protect ion t o  those who d i v e r t  
water f o r  use elsewhere. Because t h e  e n t i r e  s t a t e  w i l l  be af fec ted  
i n  some way by t h i s  Plan and its implementation, it has become 
necessary t o  develop a water e t h i c  t h a t  involves a l l  Californians. 

The water e t h i c  includes t h e  coordination of several  programs, i n  
varying degrees, i n  every region o f  t h e  s t a t e .  Best management 
prac t ices  r e l a t ed  t o  the  use of water a r e  needed throughout t h e  
s t a t e .  Many benef i t s  can be real ized.  Careful water use  can 
decrease pol lu tant  loadings a s  w e l l  a s  reduce water demands. The 
following a r e  assumptions forming t h e  bas i s  of  the Calf fornia  water 
e t h i c  : 

e Conservation--!hnicipal and indus t r i a l  water users  
( r e s i d e n t i a l ,  i ndus t r i a l  and comnercial) w i l l  be  metered. 
With improved plumbing, appliances, leak detect ion,  and 
landscape i r r i g a t i o n  prac t ices ,  per capi ta  water use  w i l l  be 
s ign i f i can t ly  reduced. A l l  ag r i cu l tu ra l  users  w i l l  use  water 
a s  e f f i c i e n t l y  a s  f eas ib le ,  pa r t i cu la r ly  those who contr ibute  
drainage flows t o  s a l t  s inks  which preclude recovery o r  reuse. 

Reclamation--Where feas ib le ,  water reclamation and recycling 
consistent  with s t a t e  laws s h a l l  be required t o  reduce t h e  
demand on e x i s t i n g  potable water supplies. Water reclamation 
includes the  enhanced treatment of wastewater f o r  reuse,  t h e  
conversion of  s a l i n e  water t o  freshwater, and t h e  treatment of 
ground water to a s u f f i c i e n t  l eve l  t o  allow subsequent 
benef ic ia l  use. 



0 Conjunctive Use-Ground water s torage basins w i l l  be 
e f fec t ive ly  u t i l i z e d  i n  conjunction with d i s t r ibu t ion  of 
surface water. 

Sharing Responsibility-Adequate flows f o r  benef ic ia l  uses i n  
the  Estuary a r e  t h e  responsibi l i ty  of a l l  water users  i n  t h e  
Bay4e l t a  watershed. 

Physical Facilities--To b e t t e r  manage California 's  water 
resources, t h e  development of physical f a c i l i t i e s  is 
encouraged . 
Pollution Control-44aximurn p rac t i ca l  pollut ion control  takes  
precedence over re leases  of  freshwater f o r  f lushing flows. 

6.1.2 Actions Needed 

A l l  users  of Estuary waters, persons north, south and within t h e  
Estuary must share i n  t h e  responsibi l i ty  of  meeting object ives to 
protec t  Bay-Delta benef ic ia l  uses. A l s o ,  a l l  users  should pursue 
t h e  reclamation and reuse of water t o  its maximum potential .  Water 
conservation and reclamation w i l l  need t o  be practiced i n  a l l  
areas, not jus t  those south of  t h e  Estuary. Water users  i n  the  
areas of water o r ig in  w i l l  a l s o  need t o  pa r t i c ipa te  i n  t h i s  new 
water ethic.  

Tnis new water e t h i c  forms t h e  bas i s  f o r  determining reasonable 
consumptive water needs upstrean, within, and south of  the  Estuary 
a s  w e l l  a s  water projec t  operations which a f f e c t  water flows i n t o  
and through the  Estuary. These changes i n  use of water come with 
associated costs.  Within t h e  l i m i t s  of t h e  avai lable  data ,  these  
cos t s  have been considered here; addit ional  information on t h i s  
subject  should be received in  Phase 11. 

6.2 Reasonable Needs for  Consumptive Uses 

A review of optimal l eve l s  described i n  Chapter 5 shows t h a t  f u l l  
protection o f  a l l  benef ic ia l  uses i n  a l l  water years is impossible. 
There simply is not enough water. Some benef ic ia l  uses have competing 
needs fo r  l imited supplies,  and some, a s  noted, conf l i c t  with each 
other. Some acconnnodation has t o  occur. Pract ica l  applicat ion of t h e  
pr inciples  developed from t h e  California water e t h i c  can help ident i fy  
reasonable consumptive needs f o r  Bay-Delta water i n  areas  upstream, 
within, and exported from the  Estuary. These reasonable needs show t h a t  
current  water supplies can be managed i n  ways t h a t  s a t i s f y  e x i s t i n g  and 
fu ture  needs. I n  f a c t ,  a rigorous applicat ion of t h e  California water 
e t h i c  indicates t h a t  substant ia l  savings can be real ized.  

Reasonable consumptive needs a r e  projected 2010 agr icu l tu ra l ,  municipal 
and indus t r i a l  demands minus those potent ia l  savings achieved through 
water conservation and reclamation pract ices.  Following t h e  California 
water e th ic ,  water saving methods can be used which w i l l  decrease water 
needs yet  provide adequate supplies t o  support t h e  benef ic ia l  uses made 
of the  water. 



These reasonable consumptive needs and water saving methods a r e  
discussed below. The a b i l i t y  t o  increase April throu& July Sacramento 
and San Joaquin r ive r  flows through t h e  conjunctive use of surface  and 
ground water and t h e  a l t e r a t i o n  of  reservoi r  operations a r e  a l s o  
evaluated. 

6.2.1 Reasonable Consumptive Agricultural Needs 

Using projected changes i n  demand and potent ia l  savings due t o  more 
e f f i c i e n t  water use, projected 2010 consumptive ag r i cu l tu re  needs i n  
areas  receiving Bay-Delta water w i l l  be about 1,007 TAF/yr less than 
present needs (see Table 6.2.1-1 1. This overa l l  savings could be 
used f o r  other  benef ic ia l  uses. 

The water conservation potent ia l  ident i f ied  i n  Table 6.2.1-1 f o r  t h e  
San Joaquir and Tulare Lake basins is based on z modification of  t h e  
methodology of  the  Central Valley Water Use Study Committee 
(CVWUSC ) (CVAWU, 64A). CVWUSC s methodology defines water 
conservation a s  a reduction of deep percolation losses  t o  s a l i n e  
s inks ,  an area of  about 1.7 mil l ion acres  in  the  San Joaquin Valley 
(0.37 mil l ion acres i n  t h e  San Joaquin Basin and 1.34 mil l ion acres  
i n  the  Tulare Lake Basin). For comparison, t h e  t o t a l  i r r iga ted  
acreage i n  t h e  San Joaquin Valley i n  1980 was 5.37 mil l ion acres  
(2.06 mi l l ion  acres i n  the  San Joaquin Basin and 3.31 mi l l ion  acres 
in  t h e  Tulare Lake Basin (DWR, 14, 29)). The area o f  s a l i n e  s inks  
includes most of  the  west s i d e  of  the  San Joaquin Valley. The t o t a l  
water conservation savings f o r  t h i s  area a t  an I r r i g a t i o n  
Application Efficiency (IN) of 80 percentwas considered t o  be about 
230 TAF/yr by the  CVWUSC. Instead,  550 TAF/yr is considered t o  be a 
reasonable water conservation goal a t  80 percent IAE based upon t h e  
modifications t o  the  CVWUSC methodology discussed below. 

0 Contribution of  shallow ground water (SGC) toward meeting the  
evapotranspiration (ET) requirement of a crop. For areas  of  s a l t  
t o l e ran t  crops (only cotton and a l f a l f a  a r e  considered here)  
grown on land overlying shallow ground water, 20 percent of  t h e  
ET is assumed t o  be s a t i s f i e d  by t h e  ground water. Thus, f o r  
these  areas  t h e  IAE is redefined a s  follows: 

IAE = ET-SGC 
ATpm Water 

Analysis of  ne t  ta i lwater  and ground water losses  t o  the  San 
Joaquin River, i n  areas draining t o  the  San Joaquin River. The 
CVWUSC excluded a l l  but 100,000 acres  of  t h e  west s i d e  o f  the  San 
Joaquin River from consideration f o r  water conservation under the  
assumption t h a t  a l l  losses  returned t o  t h e  San Joaquin River. 
Instead,  l a t e r a l  flow r a t e s  from recent  s tudies  of  ground water 
on the  west s ide  were considered. These flow r a t e s  show t h a t  not 
a l l  of the  losses  re turn  t o  t h e  San Joaquin River. Thus, the  
water conservation potent ia l  on a l l  345,200 acres  of  t h e  west 
s i d e  of the  San Joaquin River ( D W R t s  Detailed Analysis Unit 
#216) which over l i e  a s a l i n e  sink was evaluated. 

e Assumption t h a t  t h e  minimum leaching requirement is met by t h e  20 
percent deep percolation which occurs a t  the  IAE of 80 percent 



TABLE 6.2.1-1 

REASONABLE CONSUMPTIVE AGRICULTURAL NEEDS 
(TAF/ yr 

Water Cons. Reasonable 
Basin Present (1985) Fbture (2010) (2010) Needs (2010) 
.---------------------Y---------------------------------- 

Upstream 1 / 

o Sacramento 4/ 6, 3384/ 
4/ 

6, 5054/ 0 6,505 
o SI (W/O s a l t  4,505 4,589 0 4,589 

sinks 

Delta ' 6 / 0 933 
S.F. Bay2/ 0 9 

SJ (w/salt sinks) 1 ,390~' 1,155 
'Mare  Lake 10, 6804/ 10,781 8/ 10,466 
Central coast 3/ 388;; 
S. California 1,405 1,108 3547/ 

354 
.--- -- 656 -- 

TOTALS 25,759 25,754 1,002 24,752 

bsed on net water use 
2/ Based on applied water use 
3/ Santa Barbara and San Luis Obispo areas only 
4/ Frm IklR,  707, S ta t i s t ica l  Appendix; adjusted for Delta agricultural needs 
5/ From CWR, 30b 
6/ From WR, 701b 
7/ From s ta f f  analysis 
8/ From T, XI X, 166: 9-1 4 



(assuming recycling of a l l  ta i lwater ) .  Thus, i n  t h i s  analys is  no 
addit ional  water f o r  leaching was added t o  t h e  applied water 
needs, a s  was done by t h e  CVWUSC. 

By t h e  CVWUSC def in i t ion ,  t h e  areas  i n  t h e  Bay-Delta watershed 
outs ide  of  t h e  0.37 mil l ion acres  i n  t h e  San Joaquin Basin overlying 
s a l i n e  sinks (i .e., t h e  rest of  t h e  upstream areas and the  Delta)  
do not have any po ten t i a l  f o r  water conservation. The losses  i n  
these  areas a r e  a l l  considered by t h e  CVWUSC t o  be recoverable and 
contr ibute t o  ne t  Delta outflow. However, i n  the  case of  losses  t o  
usable ground water, t h e  recovery of t h e  losses  usually comes a t  t h e  
expense of water qua l i ty  degradation and a t i m e  lag. The water 
qua l i ty  degradation occurs by d issolu t ion  of  s o i l  minerals from 
percolat ing water which over time w i l l  lead t o  expansion of t h e  area  
of s a l i n e  sinks. The time l a g  involved i n  ground water flow means 
t h a t  the  re turn  of t h e  water t o  a r ive r  system may come a t  a t i m e  
when addit ional  flows a r e  not needed. Therefore, water conservation 
may provide r e a l  water savings i n  these  areas. Unfortunately, they 
cannot be  quantif ied a t  t h i s  t i m e .  Nevertheless, s ince  these  losses  
in the  upstream areas  and the Delta a r e  considered generally 
recoverable, t h e  consumptive ag r i cu l tu ra l  needs a r e  based on net  
water use ( i  .e., crop ET). I n  areas not contr ibuting t o  ne t  Delta 
outflow, t h e  consumptive ag r i cu l tu ra l  needs a r e  based on applied 
water use. 

The water conservation po ten t i a l  ident i f ied  i n  Table 6.2.1-1 f o r  
southern California is based on hearing testimony by Imperial 
I r r i g a t i o n  D i s t r i c t  ( I I D )  and SbJRCB1s analys is  assuming a goal of  80 
percent IAE f o r  Coachella Valley Water District (CVWD). Losses from 
I I D  and CVWD both go t o  a s a l i n e  s ink ,  t h e  Salton Sea, and a r e  thus 
irrecoverable losses.  Based on hearing testimony by I I D ,  c e r t a i n  
projec ts  could be undertaken which would provide a water 
conservation potent ia l  of  up t o  368 TAF/yr in I I D .  A combined 
savings of  84 TAF/yr i n  the  CVWD and t h e  Desert Water Agency service  
areas  is based on increasing t h e i r  IAE t o  80 percent. 

Although t h i s  analys is  of ag r i cu l tu ra l  water conservation potent ia l  
is focused on s a l i n e  sink areas, t h e  goal of 80 percent IAE should 
be applied t o  a l l  ag r i cu l tu ra l  a reas  i n  California. Excessive deep 
percolation i n  nonsaline sink areas w i l l  lead t o  other  problans; 
e.g., contamination of ground water with pes t ic ides ,  n i t r a t e s ,  heavy 
metals, and other  const i tuents;  high ground water problems; and 
expansion of s a l i n e  s ink  area through dissolu t ion  of  s o i l  mineral 
s a l t s .  These problans could be reduced through improved i r r i g a t i o n  
management and achievement of a 80 percent IAE. 

The annual cos t s  associated with achieving an 80 percent IAE i n  t h e  
west s i d e  of  t h e  San Joaquin Valley have been estimated a t  $16 to 
$25 per ac re  (EDF, 11, Executive Sumnary; UC Comnittee of 
Consultants on Drainage Water Reduction, 1988). Based on an 
analysis  f o r  t h e  west s i d e  of the  San Joaquin Valley, these  cos t s  
per ac re  t r a n s l a t e  t o  between $25 t o  $40/AF of water conserved. The 
cos t  estimates for  I I D  water conservation projec ts  range f r a n  MWD1 s 
estimate of $64/acre-foot of water conserved (SWRCB Order WR 88-20 
p.22) t o  $160 - $275 of water conserved by I I D  ( I I D ,  1987). The 
$160/AF f i g u r e  only includes the  program items with iden t i f i ed  water 



savings, while the  $275/AF includes several  addit ional  programs. 
These cos t  est imates a r e  t h e  subjec t  of in tense  negotiations. 

Much of t h e  cos t s  o f  ag r i cu l tu ra l  water conservation would be 
incurred regardless of any decision by the  WRCB on water diversions 
from t h e  Bay-Delta. For example, in  September 1988 the  WRCB issued 
Water Rights Order WR 88-20, which requi res  I I D  t o  submit a wr i t ten  
plan containing d e f i n i t e  implementation measures designed to 
conserve a t  l e a s t  100,000 AF/yr by January 1994. It a l s o  s t a t e s  
t h a t  t h e  WRCB f inds  t h e  conservation of 367,900 AF/yr t o  be a 
reasonable long-term goal f o r  I I D ,  and it w i l l  r e t a i n  ju r i sd ic t ion  
t o  review f u t u r e  water conservation measures. The cos t s  of water 
conservation i n  I I D  a r e  not l i k e l y  t o  be borne by I I D  o r  the  farmers 
i n  I I D  because, a s  noted i n  WR 88-20, MWD (and possibly other  
agencies) have expressed an i n t e r e s t  i n  purchasing t h e  water saved 
by conservation f ran  I I D .  

Agricultural water conservation savings on t h e  west s i d e  of t h e  San 
Joaquin River may be  another example of  savings which would occur 
regardless of a WRCB decision on water diversions from the  Bay- 
Delta. The l e v e l  of  these  savings w i l l  depend on t h e  water qual i ty  
object ives set f o r  t h e  San Joaquin River by t h e  California Regional 
Water Quality Control Board, Central Valley Region ea r ly  next year. 
As with I I D ,  t h e r e  is t h e  p o s s i b i l i t y  of  f inancing such conservation 
measures by s e l l i n g  conserved water t o  other  water users.  This 
poss ib i l i ty  has been ra ised  i n  several  analyses of  drainage problems 
i n  the  San Joaquin Valley (e.g., San Joaquin Valley Drainage 
Program, 1987). 

6.2.2 Reasonable Consumptive Municipal and Indus t r i a l  Needs 

The present (1985) and projected (2010) consumptive municipal and 
indus t r i a l  needs i n  areas using Bay-Delta waters a r e  summarized i n  
Table 6.2.2-1. 

The t o t a l s  i n  Table 6.2.2-1 show t h a t  despi te  water conservation 
e f f o r t s  an addit ional  1,076 TAF/yr w i l l  be  needed by 2010 t o  s a t i s f y  
municipal and indus t r i a l  demand. Much of t h i s  increased demand 
could be  s a t i s f i e d  by t h e  savings from agriculture.  A s  with t h e  
ag r i cu l tu ra l  analys is ,  t he  municipal and indus t r i a l  water 
conservation potent ia l  i n  t h e  upstream areas  and the  Delta is 
considered to be  unquantif iable a t  t h i s  time and therefore  set t o  
zero. This is because t h e  losses  can be recoverable and generally 
contr ibute t o  ne t  Delta outflow. For the  municipal and indus t r i a l  
analys is  it is assumed t h a t  losses  t o  s a l i n e  s inks  i n  t h e  San 
Joaquin Basin a r e  minimal due t o  t h e  sparse population overlying 
these  areas. Again, f o r  areas where return flows do not contr ibute 
to  ne t  Delta outflow, t h e  consumptive use is based on the  applied 
water use; f o r  other  areas,  t h e  consun~ptive use is based on t h e  net 
water use. For example, applied water use is used f o r  Fresno and 
San Francisco, while net water use is used for  Sacramento and 
Stockton. The projected water conservation savings i n  t h e  ?an 
Francisco Bay Basin and export a reas  a r e  based on an aggressive 
water conservation and reclamation program which includes the  
following assumptions fo r  2010: 



TABLE 6.2.2-1 

REASONABLE CONSUMPTIVE MUNICIPAL AND INDUSTRIAL NEEDS 
(TAF/yr 

Water Cons. / 
Recl . Savings Reasonable 

Pa s i n  Present (1985) Fbture (2010) (201 0 Needs (2010) .------------------------------------------------------ 

Upstream 1 / 

Sacramento 67g3/ O 679 
SJ River 34431 0 344 

Bay -Delta 

Delta 1 / 
S.F. Bay2/ 

lb la re  Lake 729:; 
O4/ 729 Central Coast 1364/ 184/ 118 S. California .-L-, . 5 -L 221 . 1 -L 089 --- 4,132 

TOTALS 6,062 8,374 1,236 7,138 

' Based on n e t  water use 
2/ Based on appl ied water use 
3/ From WR, 707, S t a t i s t i c a l  Appendix; adjusted f o r  Delta M & I  needs 
4/ From s t a f f  analys is  
5/ F r m  T , M X ,  166:9-14 

From WC, 176, 3 



e 95 percent compliance with t h e  1978 California Plumbing Code fo r  
a l l  residences e x i s t i n g  in 2010; 

About ha l f  of the  water used by commercial and governmental/ 
public c u s t a e r s  is f o r  outdoor i r r i g a t i o n  o r  evaporative 
cooling; and 

o A s  a r e s u l t  of  improved i r r i g a t i o n  ef f ic iency and changes i n  
landscaping prac t ices ,  the re  w i l l  be a 20 percent reduction in  
ex i s t ing  outdoor r e s i d e n t i a l ,  ccwnercial and public water uses 
and a 40 percent reduction i n  new uses added between now and 2010. 

Although t h e  mix var ies  from agency t o  agency, i n  general t h e  
reasonable use analys is  involves th ree  areas  o f  addit ional  
conservation: indus t r i a l  use, indoor r e s iden t i a l  use, and outdoor 
use by r e s i d e n t i a l ,  comnercial, and public consumers. Additional 
conservation by indus t r i a l  users  is projected only f o r  t h e  t4WD 
service  area and the  San Francisco Bay Basin, and is t h e  smallest 
component of  t h e  proposed savings through conservation. This is 
because indus t r i a l  water use i n  California has f a l l e n  by 50 percent 
o r  more over t h e  past  15 years. This dramatic reduction i n  
indus t r i a l  water use is a nationwide trend t h a t  is a t t r i b u t a b l e  
la rgely  t o  enforcement of water pol lu t ion  cont ro l  lews. Because 
indus t r i a l  use is now a r e l a t i v e l y  small component o f  t o t a l  !&I use 
i n  California (about 10-13 percent) ,  t h e  gains from increased 
conservation i n  t h i s  component a r e  r e l a t i v e l y  small. 

The bas i s  f o r  t h e  analys is  of indoor r e s iden t i a l  conservation is 
the  1978 California Plumbing Code which mandated lower water-using 
t o i l e t s  and showers i n  new construction. Typical indoor r e s iden t i a l  
water use i n  a nonconserving home is about 77 gallons per capi ta  per 
day (gpcd), and it has been estimated t h a t  the  new standards 
contained i n  t h e  1978 Code would reduce t h i s  by about 15.2 gpcd if 
f u l l y  implemented. The appliances on s a l e  i n  California now meet o r  
exceed these standards, s o  t h e  only lack of  implementation can a r i s e  
from ex i s t ing  t o i l e t s  o r  shower heads t h a t  were ins ta l l ed  before 
1978 and meet t h e  e a r l i e r  standards. By 2010 a l l  such shower heads, 
and many such t o i l e t s ,  a r e  l i k e l y  t o  have been replaced. For t h e  
purposes of  analyzing reasonable use, it was assumed t h a t  t h e r e  
w u l d  be 95 percent compliance with t h e  1978 Code by t h e  year 2010, 
which implies an average savings o f  about 14.5 gpcd. Some of t h e  
project ions o f  2010 M & I  use presented during t h e  Phase I hearing do 
not appear t o  incorporate any savings a t t r i b u t a b l e  t o  the  1978 Code 
a t  a l l ,  while o thers  incorporate a smaller savings ( f o r  example, a 
savings of 1 1.5 gpcd , based on an assumption of 76 percent 
compliance). The incremental conservation i n  indoor r e s iden t i a l  use 
in-2010 t h a t  is implied by t h e  reasonable use analysis  is the  
difference between 95 percent compliance with t h e  1978 Code and t h e  
degree of compliance assumed i n  individual water agencies' 
project ions -- i.e., t h e  d i f ference  between 14.5 p d  and, f o r  
exanple, 11.5 gpcd. 

In the  pas t ,  much of the  e f f o r t  aimed by California water agencies 
a t  conservation i n  M&I use has focused on indus t r i a l  use and indoor 
r e s iden t i a l  use. However, 40 percent o r  more of a l l  M & I  use  i n  
California is  outdoor use, primarily f o r  lawn and garden i r r iga t ion  



by res iden t i a l ,  commercial, and public-sector customers. This 
appears t o  have received r e l a t i v e l y  l i t t l e  a t tent ion .  Whereas 
indus t r i a l  water use has f a l l e n  by a t  l e a s t  50 percent over t h e  pas t  
15 years and indoor r e s iden t i a l  use is projected t o  f a l l  by 15-25 
percent by 2010 under ex i s t ing  conservation programs, no reduction 
is projected f o r  outdoor uses. Indeed, there w i l l  probably be an 
increase i n  per-capita outdoor use by 2010 because of  a trend t o  
larger-sized l o t s ,  more development i n  t h e  ho t t e r ,  i n t e r i o r  regions, 
and the  growth of the  commercial sec tor  which appears t o  use 
s ign i f i can t  quan t i t i e s  of water f o r  outdoor i r r i g a t i o n  and 
evaporative cooling. Because of t h e  r e l a t i v e  lack of a t t en t ion ,  
there  a r e  l i k e l y  t o  be s ign i f i can t  opportunit ies  f o r  conservation i n  
outdoor use t h a t  have not ye t  been exploited. Accordingly, t h e  
t h i r d  canponent of  t h e  reasonable use conservation analys is  t a r g e t s  
outdoor use by r e s i d e n t i a l ,  commercial, and public consumers and 
proposed fcr 2010 reductions of 20 percent i n  current ly  ex i s t ing  
uses and 40 percent i n  new uses developed between now and 2010. 
There is subs tan t i a l  evidence t h a t  such reductions a r e  aninently 
feas ib le .  DWR (19841, f o r  example, a s s e r t s  t h a t  improved 
i r r i g a t i o n  prac t ices  on ex i s t ing  res iden t i a l ,  comnercial and 
governmental landscapes can reduce applied water by 20 percent,  and 
changes i n  landscape design can reduce water use by 40-90 percent. 
Ferguson (1 987) notes t h a t  even the  cheapest and most primit ive 
conservation measures can reduce urban i r r i g a t i o n  use  by 25 percent 
compared t o  a poorly designed or operated system, and argues t h a t  it 
is reasonable t o  shoot f o r  60-70 percent savings with more 
sophist icated planning and aggressive conservation measures. 

I n  t h e  San Francisco Bay Basin t h e  present per capi ta  water use is 
190 gallons per c a p i t a  per day (gpcd) and the  2010 water use is 
projected t o  be 179 gpcd. By applying the aggressive water 
conservation measures outl ined above, the  per capi ta  water use i n  
the  San Francisco Bay Basin could be  reduced by 19 gpcd t o  160 gpcd, 
f o r  a savings of 129 TAF/yr . 
In  the  Central Coast Basin only the  Santa Barbara and San Luis 
Obispo areas  a r e  considered i n  t h i s  analys is  s ince  they a r e  t h e  only 
a reas  planning t o  use Estuary water. I n  these  areas,  t h e  aggressive 
water conservation and reclamation program outl ined above could 
produce a niunicipal and indus t r i a l  water savings of 18 TAF/yr i n  
2010. Based on these  assumptions, M I  water use i n  the  Santa 
Barbara and San Luis Obispo areas ,  which is current ly  190 p d ,  
could be  reduced by 24 gpcd in  2010 from the  S t a t e  Water Contractors 
(SWC) projected level  of 181 gpcd t o  157 p d .  

The major population centers  i n  the  Tulare Lake Basin, Fresno and 
Bakersfield, a r e  outs ide  of  t h e  designated s a l i n e  s ink  area. Most 
of t h e  wastewater produced i n  t h e  basin is reclaimed f o r  i r r i g a t i o n  
use. Thus, the  only potent ia l  f o r  water conservation i n  t h e  Basin 
would be  through reduced evaporation from regula t ing  reservoi rs  
( p r i o r  t o  i r r i g a t i o n ) .  This amount is very small,  and therefore  the  
municipal and indus t r i a l  water conservation potent ia l  is assumed t o  
be zero, 



The t o t a l  water conservation and reclamation po ten t i a l  i n  the SWP 
service  area of  southern California shown in  Table 6.2.2-1 is 1,089 
TAF/yr i n  2010. This value includes 924 TAF/yr of water 
conservation savings and 165 TAF/yr of increased reclamation. For 
Metropolitan Water District (MWD), t o t a l  water conservation savings 
is 544 TAF/yr based on t h e  aggressive water conservation assumptions 
shown e a r l i e r  plus a small decrease i n  indus t r i a l  water use. The 
present  M&I water use i n  MHD is 207 gpcd. These conservation 
measures would reduce M&I use  i n  the  MWD se rv ice  area  from t h e  194 
gpcd projected by the  grlC f o r  2010 down t o  about 168 gpcd. 

Water conservation savings i n  non-YWD areas  o f  t h e  SWP se rv ice  area  
i n  southern California a r e  estimated t o  be 380 TAF/yr. O f  t h i s  
t o t a l ,  200 TAF/yr a r e  based on t h e  same reasonable use analys is  
a s  i n  MWD. A s  a r e s u l t  of  t h a t  analys is ,  t h e  non-golf course MgT. 
use i n  these areas  i n  2010 is reduced from t h e  l e v e l  of  287 gpcd 
projected by WC t o  about 222 gpcd. The other  180 TAF/yr represents  
potent ia l  savings i n  water use on golf courses. This  savings is 
based on a 20 percent reduction i n  water usage on e x i s t i n g  golf 
courses, plus an assumption t h a t  new golf course areas  w i l l  increase 
by not more than 50 percent from 1985 t o  2010, r a t h e r  than the  300 
percent increase assumed by t h e  S C .  

Las t ly ,  the  increased reclamation of 165 TAF/yr is projected only 
f o r  the  MtlD se rv ice  area,  and is based on data presented by FWD 
(SWC, 17, Table 2 and Figure 3;  T, XVII, 3, 11, 69-71 1 ident i fy ing 
reclamation projec ts  t h a t  could be developed by 2010 based on what 
MWD considers t o  be  reasonable cons t ra in ts  on member agencies. 

The primary motivating fac to r  f o r  addit ional  water conservation by 
industry between now and 2010 w i l l  continue t o  be the enforcement of 
water pol lu t ion  cont ro l  regulations. This w i l l  occur regardless of  
any decision by t h e  Board on water diversions from the Bay-Delta. 
Therefore, t h e  incremental c o s t s  of  such conservation should not  be  
a t t r ibu ted  t o  t h e  aggressive water conservation plan described. The 
discussion here focuses spec i f i ca l ly  on the  economic e f f e c t s  of  
conservation measures t h a t  a r e  proposed i n  t h e  analys is  o f  reason- 
able  use f o r  2010 and t h a t  go beyond those current ly  planned by M & I  
water agencies. 

There a r e  reasons t o  be l ieve  t h a t  the  c o s t s  associated with indoor 
r e s iden t i a l  conservation a r e  l i k e l y  t o  be modest. For example, 
there  have recent ly  been proposals t o  r ev i se  the  1978 Code t o  
require ultra-low f lush  t o i l e t s  and shower heads i n  new 
construction, t h a t  have been made possible by newer technologies. 
If f u l l y  implemented, t h i s  could reduce indoor r e s i d e n t i a l  use  in 
new u n i t s  by an addit ional  11-15 gpcd a s  compared t o  the  197'8 Code 
Itat l i t t l e  o r  no cos t  t o  customersn (EBMUD, 1988). East Bay MUD 
has s t a t ed  t h a t ,  i f  the  S ta te  Plumbing Code were revised i n  t h i s  
way, it would consider requi r ing  t h e  replacement of  e x i s t i n g  t o i l e t s  
and shower heads i n  its service  area with ultra-low f l u s h  uni ts .  
A l s o ,  Monterey County has recently implemented a measure mandating 
t h e  i n s t a l l a t i o n  of ultra-low f l u s h  t o i l e t s  on r e s a l e  of  r e s iden t i a l  
uni ts .  IrRJD has recently announced a new program of Financial 
Incentives f o r  Water Conservation under which it would subsidize 
pa r t  o f  t h e  cos t  t o  member agencies of  measures such as t h e  



i n s t a l l a t i o n  of ultra-low f lush  t o i l e t  and shower head uni ts .  Such 
measures would more than meet t h e  incremental indoor r e s iden t i a l  
conservation implied by the  reasonable use analysis .  

The cos t  of outdoor water conservation would be  greater  f o r  ex i s t ing  
landscapes than fo r  newly-developed landscapes. In  smaller 
r e s iden t i a l  u n i t s  without a sprinkler  system, t h e  cos t s  of  
i n s t a l l i n g  sp r ink le r s  o r  changing t h e  landscaping can be  
substantial,-  In an e f f i c i e n t  program, however, such users  would be 
t h e  l a s t  t o  b e  targeted; the  i n i t i a l  focus would be on l a r g e  
comnercial, public ,  and res iden t i a l  users  o f  i r r i g a t i o n  water. 
Moreover, s ign i f i can t  savings may be obtained from e x i s t i n g  users  a t  
r e l a t i v e l y  low cos t  through education and i r r i g a t i o n  scheduling 
programs. Also, a s  noted i n  IXJR 1984, replacing zprinkler  heads and 
i n s t a l l i n g  timers i n  ex i s t ing  spr inkler  s y s t m s  can be a cheap but  
e f f e c t i v e  m y  of reducing water use by 20 percent o r  more without 
harming t h e  vegetation. Accordingly, while there  w i l l  c e r t a i n l y  be 
planning and management cos t s  f o r  water agencies administering an 
e f f e c t i v e  outdoor water conservation progrm, a s  w e l l  a s  r e t r o f i t  o r  
conversion c o s t s  fo r  some ex i s t ing  users ,  it is believed t h a t  a well- 
designed program could achieve t h e  outdoor conservation goals of t h e  
aggressive water conservation program a t  a reasonable cos t  and i n  an 
equi table  manner. 

The project ions of increased reclamation a r e  based on statements by 
the  S t a t e  Water Contractors about wastewater reuse p ro jec t s  which 
they intend t o  implement by 2010 (SWC, 17). There is no indicat ion 
t h a t  t h e  implementation of  such projec ts  would be a t t r i b u t a b l e  t o  
spec i f i c  ac t ions  by t h e  SWRCB i n  connection with water diversions 
from the  Bay-Delta. Therefore, these  do not involve any addit ional  
economic impacts t h a t  a r e  a t t r i b u t a b l e  t o  the  aggressive water 
conservation and reclamation program discussed here. 

It should be noted, l a s t l y ,  t h a t  the  reasonable use analys is  assumes 
no reduction i n  population growth o r  new housing developnent frm 
t h a t  projected f o r  2010 i n  the  testimony presented during t h e  Phase 
I hearing. New construction would have t o  incorporate more 
e f f i c i e n t  plumbing f i x t u r e s  and water-conserving landscaping, but  
a l l  t h e  avai lable  evidence suggests t h a t  these  cos t s  would be 
extremely small ,  both absolutely and in  r e l a t ion  t o  the  t o t a l  p r i c e  
o f  t h e  housing uni t .  Thus, no s ign i f i can t  impacts on t h e  housing 
industry a r e  predicted a s  a consequence of t h e  aggressive water 
conservation and reclamation progran. 

6.2.3 Southern California Water Balance 

The present and f u t u r e  water supplies  and demands i n  southern 
California a r e  summarized in  Table 6.2.3-1. 

The decrease i n  t o t a l  supply shown in  Table 6.2.3-1 is due t o  two 
fac tors :  (1 )  the  projected decrease in  Colorado River supply due t o  
t h e  Central Arizona Projec t ,  and (2) t h e  reduced supply from the  Los 
Angeles Aqueduct a s  a r e s u l t  of  the  Mono Lake l i t i g a t i o n .  The 
demands shown in Table 6.2.3-1 were discussed in  Tables 6.2.1-1 end 
6.2.2-1. With the  conservation e f f o r t s  outl ined previously, t h e  



TABLE 6.2.3-1 

SUPRY AND DEMAND FOR SOUTHERN CRLIFORNIA AREAS m I C H  RECEIVE 
STATE WATER PROJECT WATERS ( I N  MAF/YR) 

present21 ~ u t u r e 3 /  --- ---- 
supply 

o Local surface  and ground water 2. lg5/ 4/ 
o Colorado River . 476/ 
o S t a t e  Water Project 0. 7g4/ 
o Los Angeles Aqueduct 0. 424/ 
o Wastewater reuse 0.15 0.34 

o Total a p p l y  

Demand 

o Agricultural w/o conservation 1.41 lo/ 
o Ag;ricultural w/ conservation 

l . l l lO/ 
1.03 11/ 

o M&I w/o conservation 
o M&I w/ conservation 

o Total Demand w/o conservation 5.02 6.33 
o Total Demand w/ conservation 5.33 . -^ -^ i - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Surp lusDef ic i t  0 -0.81 

Transferable water supply from 
agr icul tura l  water conservation i n  I I D  

Transferable water supply from 
agr icul tura l  water conservation i n  SJV 0.34 to  0.48'~' 

Remaining Surp lusDef ic i t  -0.10 t o  0.04 

'/ - Area includes the  following water d i s t r i c t s :  Antelope Valley-East Kern 
WA, L i t t le rock Creek I D ,  Palmdale WD, Coachella Valley WD, Desert W, 

San Corgonio Pass WA, Mojave WA, Cres t l ine  Lake Arrowhead WA, San Bernardino 
Valley WD, Castaic Lake WA, San Gabriel Valley MID, Ventura County FCD, and 
p t r o p o l i t a n  Water D i s t r i c t  
/ - 1985 level  

31 - 2010 level  
4/  - From WC, 4,3  
5/ - By di f ference  - 1985 del iver ies ;  from DWR, 1987 

- Estimate of reduced supply due t o  Mono Lake l i t i g a t i o n  - From WC, 4, 3 plus incremental reuse ident i f ied  in  WC, 17, Table 2 and 
Ripre 3 
Y/ Se t  equal t o  demand f o r  present '0'1 See Table 6.2.1-1 

I/- Includes conservation i n  CVWD only (0.08 MAF/yr) 
12/- See Table 6.2.2-1 
13/- Includes conservation only (reclamation of  0.17 MAFlyr was added to 
supply a s  wastewater reuse) 



14/- Savings from t h e  I I D  a s  discussed i n  Sect ion 6.2.1 
15'- 0.34 is a g r i c u l t u r a l  water conservat ion and conveyance l o s s e s  i n  a r ea s  
suppl ied e n t i r e l y  with p r o j e c t  water; 0.48 is a g r i c u l t u r a l  water conservation 
and conveyance losses i n  a r e a s  suppl ied a t  l e a s t  p a r t i a l l y  wi th  p r o j e c t  water 
( from s t a f f  ana lys i s )  



projected f u t u r e  (2010) demand would increase s l i g h t l y ,  from 5.02 
MAF/yr t o  5.33 MAF/yr . 
Despite water conservation e f f o r t s  i n  southern California,  
Table 6.2.3-1 indica tes  t h a t  the re  would be a d e f i c i t  of 0.82 MAF'/yr 
i n  2010. However, t h i s  d e f i c i t  could probably b e  s a t i s f i e d  by 
t r ans fe r r ing  water savings from conservation: (1)  o f  projec t  water 
i n  t h e  San Joaquin Valley , and ( 2 )  of Colorado River water i n  IID. 
The f i r s t  t r ans fe r  would come from increased 9dP supply, but  would 
not a f fec t  the  t o t a l  projec t  exports from t h e  Estuary. 

6.2.4 Methods to Increase April throu* July Net Delta Outflow 

The ne t  Delta outflow could be increased i n  April through July by 
r e d i s t r i b u t i n g  t h e  annual inflows and/or outflows to/from t h e  
Delta. 'No methods f o r  accomplishing t h i s  seasonal r ed i s t r ibu t ion  
o f  flow were evaluated : 

(1) conjunctive use of surface  and ground waters; and 

(2) reoperation of  Central Valley reservoirs .  

These methods could be applied separately o r  together t o  provide 
increased April throu& July flows. Conjunctive use  could be 
practiced i n  several  upstream areas  i n  t h e  Sacramento and San 
Joaquin basins. Reoperation o f  reservoi rs  i n  t h i s  study e n t a i l s  
meeting a l l  t h e  spec i f i c  demands of  reservoi r  operations (flood 
contro l ,  i r r i g a t i o n ,  f i s h  flows) except power production. Only 
those re leases  from reservoi rs  which a r e  made so le ly  f o r  power would 
be  af fec ted ,  s ince  most power could still be produced within t h e  
cons t ra in ts  of  t h e  other operations. For example, r e se rvo i r s  i n  t h e  
Central Valley could increase storage during August through March, 
while decreasing downstream flows i n  those months, and subsequently 
increase April throu* July discharges. However, during wetter 
years ,  reservoi rs  commonly reach t h e i r  flood control  maximm s torage  
by December and a r e  required t o  r e l ease  water t o  maintain flood 
control  space f o r  spr ing  runoff. I n  these  cases,  conjunctive use 
could be  coordinated with reservoi r  reoperation t o  s t o r e  t h e  excess 
water downstream of the  reservoi r .  

The potent ia l  f o r  s h i f t i n g  August through March flows to April 
through July was evaluated f o r  t h e  San Joaquin Basin. The range 
would probably be from 170 TAF/yr during c r i t i c a l l y  dry years to  
almost 700 TAF/yr during wet years. The average f o r  the  1972-87 
period over which t h i s  analysis  was performed was 490 TAF/yr. Based 
on a percolation r a t e  of one-third foot/day (from Kern Water Bank 
es t imates) ,  a spreading basin area of about 20,000 t o  30,000 acres 
w u l d  be required,  depending on whether the  spreading basins a r e  
operated throughout t h e  year on unused land o r  whether they a r e  
operated only during t h e  nonirr igat ion season on e x i s t i n g  farmland. 
Suitable sites f o r  conjunctive use could probably be located i n  both 
t h e  San Joaquin and Sacramento basins and i n  export areas.  

The cos t  of  conjunctive use i n  the  San Joaquin Basin depends, t o  a 
grea t  extent ,  on whether the  operation is planned t o  be year-round 
on land purchased for  spreading basins,  o r  whether it is t o  be 



operated only during the  nonirr igat ion season on farmland leased f o r  
spreading purposes. In  e i t h e r  case,  t h e  cos t  est imate of  $WAF f o r  
the  Kern Water Bank probably represents  a good upper est imate o f  t h e  
c o s t s  of  conjunctive use (DWR, 1986). The costs i n  the San Joaquin 
Basin, however, would probably b e  somewhat less than t h e  Kern Water 
Bank due t o  two advantages o f  the  San Joaquin Basin location: (1)  
more extensive e x i s t i n g  water d i s t r ibu t ion  systems, and (2 
shallower depth t o  ground water. The cos t  o f  reservoi r  reoperation, 
probably about $15/AF, would primarily be the  l o s t  power revenue 
created by s h i f t i n g  t h e  time o f  reservoir  r e l eases  f r m  August 
through March t o  April through July. 
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7.0 HATER QUALITY OBJECTIVES ----------------------- 
7.1 Introduction 

Chapter 5 i d e n t i f i e s  t h e  optimal l e v e l s  of protect ion f o r  t h e  benef ic ia l  
. - uses of Bay-Delta waters. A review of these  conf l i c t ing  needs indica tes  

t h a t  t h e  watershed of t h e  Bay-Delta Estuary does not  possess enough water 
t o  s a t i s f y  a l l  these  demands except possibly i n  the  wettest of years. 

s Therefore, each of these  demands must be  reevaluated i n  l i g h t  of t h e  
reasonableness t o  s a t i s f y  than. The concept of t h e  California water 
e t h i c  was presented i n  Chapter 6 t o  e s t ab l i sh  some ground r u l e s  t o  assess 
t h e  reasonableness of water use. Chapter 6 a l s o  evaluates t h e  reasonable 
needs of  Bay-Delta water supplies  f o r  areas  upstream and downstream of t h e  
Bay-Delta Estuary. Chapter 7 w i l l  present t h e  information used t o  evaluate 
t h e  reasonableness of instream flow and s a l i n i t y  object ives t o  protec t  the - 
benef ic ia l  uses of Estuary water. 

l%is chapter begins with an evaluation of  each benef ic ia l  use and 
a l t e r n a t i v e  l eve l s  of  protection f o r  each use. These a l t e rna t ives  were 
evaluated i n  light of the  water e th ic  pr inc ip les  discussed i n  Chapter 6 .  
The per t inent  pr inc ip les  f o r  t h i s  discussion are: 

0 Municipal and indus t r i a l  water users  should rece ive  s a l i n i t y  
protect ion of a t  l e a s t  t h e  secondary public heal th  standard of 
250 mg/l chloride. 

Delta ag r i cu l tu ra l  users  should receive water qua l i ty  t h a t  f u l l y  
protec ts  t h e i r  needs assuming t h a t  bes t  management prac t ices  a r e  being 
employed, t o  t h e  extent  t h a t  such qua l i ty  was avai lable  under 
unimpaired conditions with present day channel configurations (see 
Cal . Const., Art X, Sec. 2). 

p Aquatic l i f e  i n  the  Estuary should receive s a l i n i t y  and flows a t  an 
appropriate h i s t o r i c  level .  The appropriate h i s t o r i c  l e v e l  is 
established during t h e  balancing process a s  subsequently explained. 
(See Water Code Section 1243; Public Resources Code Section 21000, et 
seq. ; S t a t e  Board Resolution 68-1 6 ) .  

Once the  a l t e r n a t i v e  l e v e l s  o f  protect ion f o r  each benef ic ia l  use a r e  
determined, they a r e  assembled i n t o  log ica l  sets of a l t e rna t ive  water 
qua l i ty  objectives. S ix  a l t e rna t ive  sets of object ives were developed and 
evaluated. The effects of each of these  s i x  sets of a l t e rna t ive  water 
qua l i ty  object ives on beneficial  uses i n  t h e  Estuary and t h e  water supply 
and use  community were assessed. Through the  careful  weighing of these  
effects a set of r ecmended  water qua l i ty  object ives is proposed. 

7.2 Alternat ive Levels o f  Protection f o r  Each Beneficial Use 

This sec t ion  presents t h e  analys is  of  reasonable a l t e rna t ive  l eve l s  of 
protect ion for each benef ic ia l  use i n  t h e  Bay-Delta Estuary consis tent  with 
t h e  water e t h i c  (see Chapter 6 ) .  

7.2.1 Municipal and Indust r ia l  

A s  presented In Chapter 5, the re  a r e  f i v e  major municipal and 
- i ndus t r i a l  water' supply intakes i n  the  Estuary. Water customers ' .  1 .: 
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demand t h e  bes t  possible water qua l i ty  they can obtain. However, what 
users would l i k e  t o  have and what is reasonable, when a l l  competing 
demands a r e  considered, a r e  often very d i f ferent .  

Two major water qua l i ty  i ssues  were brought out  during, t h e  Phase I 
hearing. The f i r s t  dea l s  with trihalomethanes and t h e  second involves 
sa l in i ty .  

7.2.1.1 Trihalomethanes 

Trihalomethanes a r e  known carcinogens t h a t  can be produced 
during some water treatment processes, such a s  chlorinat ion,  
designed t o  pur i fy  water f o r  drinking. Trihalomethanes a r e  
generated i n  higher concentrations when t h e  source water contains 
high concentrations of two important precursors, organic 
compounds and hal ides,  e.g., chlorides and bromides such a s  those 
found i n  sea water. Since t h e  Delta contains s i m i f i c a n t  amounts 
of  organic s o i l  forpled when it was an inland marsh and s ince  it 
is located near the  ocean, the  Delta contains ample q u a n t i t i e s  of 
both chlorides,  bromides and organic materials.  

Some hearing pa r t i c ipan t s  suggested t h a t  f r e sh  water be used t o  
flush chlorides and bromides away from municipal intakes. Others 
suggested t h a t  extensive agr icul tura l  drainage systems be 
ins ta l l ed  t o  remove t h i s  unquantified portion of  organic loading 
t o  locat ions  f a r  downstream of municipal intakes. Bo.th of  these  
proposals could reduce trihalomethane precursors. However , they 
w i l l  not guarantee t h a t  concerns over the  formation of 
trihalomethanes w i l l  be resolved. Even water qua l i ty  i n  t h e  
Sacramento River a t  t h e  City of Sacramento krill not a t t a i n  t h e  
t r iha lmethane  standard i f  it is lowered (from 100 mu1 t o  50 
mg/l o r  less a s  EPA is considering) and the  water is t r ea ted  
through rout ine  chlorinat ion.  

Based on the  evidence presented during the  Phase I of t h e  
hearing, t h e  trihalomethane i ssue  i n  the  Delta is considered a 
water supply treatment issue.  The establishment of  reasonable 
water qua l i ty  object ives i n  the  Estuary w i l l  not resolve t h e .  
i ssues  surrounding t h e  formation of trihalomethanes i n  t h e  water 
supply treatment process. Technology curently exists f o r  water 
purveyors wtlo obtain water from the  Estuary t o  t r e a t  t h e i r  
supplies  ( a s  does t h e  Contra Costa Water D i s t r i c t )  without 
forming excessive trihalomethanes and other compo~mds. 

7.2.1.2 Sa l in i ty  

Chlorides 

S a l i n i t y  i n  drinking water can cause two types of concerns: 
t a s t e  and increased indus t r i a l  processing c o s t s  due t o  high 
chlor ide  levels .  

High chloride l e v e l s  can impart an unpleasant t a s t e  t o  
drinking water. A l l  e l s e  being equal, most users  would ra ther  
drink low s a l i n i t y  water than water with a s l i g h t  s a l t y  
t a s t e .  The Department of Health Services has recomized t h i s  



and adopted a secondary drinking water standard of  250 m g / l  
f o r  chlorides. This l eve l  of chlorides protec ts  t h e  public 
i n t e r e s t .  

Groups of water users  have expended funds ' to  build projec ts  
t o  achieve wat-er qual i ty  b e t t e r  than 250 mg/l.chloride. These 
projec ts  include d iver t ing  higher up on a water course, o r  t h e  
construction of s torage f a c i l i t i e s  t o  s t o r e  low s a l i n e  water 
during t h e  winter f o r  d i lu t ion  of s a l t i e r  summer supplies. 
Such ac t ions  a r e  loca l  i ssues  and a r e  appropriate provided 
statewide i n t e r e c t s  a r e  not unreasonably inipaired. 

In  t h e  1978 Delta Plan, the  Board developed water qual i ty  
objec t ives  f o r  t h e  Contra Costa Canal intake a t  Rock Slough 
f o r  chlor ide  l eve l s  of 150 m g / l  f o r  various times during t h e  
year, depending on the  wetness of t h a t  year. This objec t ive  
was intended t o  protect  the  h i s t o r i c a l  water supply of two 
paper manufacturing indust r ies .  

Other indus t r i a l  uses a r e  reasonably protected a t , t h e  250 
m g / l  chloride objective. ,Some indus t r i e s  use  s p q i a l  
treatment processes t o  remove e i t h e r  s a l i n i t y  o r  other  
cons t i tuents  t h a t  can a f f e c t  t h e i r  operations. Hdwever, such 
specia l  processing is a matter f o r  these  indus t r i e s  t o  resolve 
with t h e i r  water purveyor and not a matter of overriding 
statewide public in te res t .  Therefore, the  150 m g / l  chloride 
objec t ive  should be discontinued. The 250 mg/l chloride 
objec t ive  provides reasonable protection t o  municipal and 
indus t r i a l  uses. It is  used i n  each set of object ives 
presented i n  t h e  next sect ion t o  protec t  municipal and 
indus t r i a l  benef ic ia l  uses. 

A r e l a t i v e l y  new issue  re la ted  t o  s a l i n i t y  involves t h e  
consumption of sodium. Diets high i n  sodium, especia l ly  f o r  
people with a h i s to ry  of hea r t  problems, can contr ibute t o  
hea r t  problems. Some par t ic ipants  i n  t h e  hearing suggested a 
sodium objec t ive  be adopted t o  protec t  against  such concerns. 
Ot'ners were concerned about t h e  e f f e c t s  of  high sodium water 
on d i a l y s i s  machines. The information presented t o  t h e  Board 
shows t h a t  sodium contained i n  drinking water represents  a 
very m a l l  portion of normal da i ly  sodium intake. .People on 
very r e s t r i c t e d  sodium d i e t s  should consult  t h e i r  physician 
and d i e t i t i a n  t o  revise  t h e i r  d i e t  based on t h e i r  lodal  water 
supply o r  i n  very r a r e  cases consider bot t led  water low i n  
sodium. Concerns with d i a l y s i s  machine operations can be  
resolved by switching t o  other  lower s a l i n e  sources when 
s o d i m  leve l s  become a problem. 

Concerns r a i sed ,  re la ted  t o  s o d i m ,  do not warrant the  
adoption 'of specif io.sodiuq water qua l i ty  objectives. This 
concern can be  reasonably resolved by achieving the  250 m g / l  
chloride object ive in  Delta waters o r  specia l  ac t ions  by 
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health professionals a s  they become more knowledgeable of  the 
sodium l e v e l s  i n  t h e i r  water supply. 

7.2.2 Agriculture 

7.2.2.1 Western and I n t e r i o r  Delta Agriculture 
- .  

Chapters 4 and 5 review t h e  testimony presented during Phase I on 
t h e  water qua l i ty  needs of t h e  mostly organic s o i l s  found i n  the  
western and in te r io r  Delta. Following t h e  adoption of  the  1978 6 

Delta Plan, s tud ies  were designed t o  resolve concerns expressed 
by t h e  Board on t h e  lack of s p e c i f i c  information about t h e  needs 
of s a l t  s ens i t ive  crops when grown using subi r r iga t ion  on the  
Delta 's  r i c h  organic s o i l s .  The r e s u l t s  o f  t h i s  study show t h a t  
corn ( t h e  most s a l t  s ens i t ive  s ign i f i can t  crop grown i n  t h e  
western and in te r io r  Delta) can be grown with no y ie ld  decrement 
i n  s a l i n i t i e s  t h a t  do not exceed 1.5 mnhos/cm EC during the  
growing season (Apri l  1 through August 15). This assumes 
periodic leaching with water qua l i ty  a t  l e a s t  a s  good a s  1.7 
mnhos/cm EC during some winters. 

One of  t h e  pr inc ip les  i n  t h e  water e th ic  is t h a t  ag r i cu l tu ra l  
users  should receive water qua l i ty  t o  protec t  t h e i r  reasonable 
needs a s  l imited by t h e  a v a i l a b i l i t y  of t h i s  qua l i ty  water under 
unimpaired water runoff conditions. Achievement of t h i s  l e v e l  of 
water qua l i ty  would protec t  t h i s  benef ic ia l  use t o  t h e  extent  it 
would have been protected if man's a c t i v i t i e s  t o  modify r i v e r  
flows had not  taken place. The l e v e l  of s a l i n i t i e s  t h a t  would 
occur i n  these  western Delta areas under these  unimpaired water 
runoff conditions were reviewed. This review indicated t h a t  
water q u a l i t i e s  a s  good a s  1.5 mhos/cm EC occurred throughout 
t h e  growing season except i n  the  l a t t e r  p a r t  of c r i t i c a l l y  dry 
years. I n  order t o  reflect the  water qua l i ty  avai lable  under 
unimpaired conditions i n  c r i t i c a l  years ,  values should be allowed 
t o  r i s e  from 1.5 t o  3.0 mhos/cm EC beginning August 1 and remain 
no higher than t h a t  l eve l  through t h e  end of  t h e  growing season 
(August 15). These s a l i n i t y  l e v e l s  a r e  appropriate t o  protec t  
agr icul ture  i n  t h e  western and i n t e r i o r  Delta. These proposed 
object ives along with leaching water requirements a r e  used i n  
each a l t e rna t ive  set of  object ives presented i n  the  next sec t ion  
a s  the  water qua l i ty  object ives t o  protec t  western and i n t e r i o r  
Delta agr icul ture  benef ic ia l  uses. 

7.2.2.2 Southern Delta Agriculture 

Water qual i ty  i n  the  San Joaquin River a s  it en te r s  t h e  southern 
Delta near Vernalis has degraded i n  t h e  l a s t  50 years. Average 
s a l t  concentrations have more than doubled during t h i s  period. 
This degradation is caused by a combination of  two factors:  
increased s a l t  loadings from upstream agr icu l tu ra l  drainage and 
decreased flows, caused by upstream water development, t h a t  
helped d i l u t e  high s a l i n e  water. 

I n  the  1978 Delta Plan, t h e  Board adopted water qual i ty  
object ives t o  protect  southern Delta agr icul ture  on the  mineral 
s o i l s  i n  t h i s  area. These object ives d i f f e r  from those set for  



t h e  predominately organic s o i l s  found i n  t h e  western and i n t e r i o r  
Delta. The Board delayed implementation of these  object ives t o  
allow in teres ted  p a r t i e s  time to negotiate a long-term agreement 
t o  achieve these  objectives. While some progress has 
been made i n  t h i s  a rea ,  it has been too  slow and decis ive  ac t ion  
is needed. 

The 1978 Delta Plan object ives f o r  the  southern Delta have been 
reviewed i n  l i g h t  of t h e  testimony presented i n  the  Phase I of 
the  hearing. Beans, a s a l t  s ens i t ive  crop, a r e  grown i n  
s ign i f i can t  quan t i t i e s  i n  t h e  southern Delta. With bes t  
management p rac t i ces  by the  southern Delta farmers, t h e  current  
Delta Plan object ives protec t  t h i s  and other  crops grown during 
t h e  primary i r r i g a t i o n  season (April  through August) and other  
less s a l t  s ens i t ive  crops, e.g., a l f a l f a  and sugar beets ,  grown 
during the  remainder of t h e  year. 

However, two aspects  of these  object ives need review. F i r s t ,  t h e  
mean monthly monitoring frequency contained i n  the  Delta Plan is 
too long, a s  explained by t h e  South Delta Water Agency, and 
should be  reduced to  a 14-day running average consis tent  with 
western and i n t e r i o r  Delta object ives.  Second, the objec t ives  
need t o  be  t e s t ed  t o  see i f  they would be a t ta ined during 
unimpaired flow conditions. This analys is  indica tes  t h a t  the 0.7 
mnhos/cm EC set f o r t h  i n  t h e  object ives d u r i n g t h e  primary 
i r r i g a t i o n  season of  April through August generally would be 
avai lable  under unimpaired runoff conditions during a l l  water 
year types. This analys is  used water qua l i ty  t o  flow 
re la t ionships  for t h e  San Joaquin River t h a t  existed p r i o r  t o  
1945 (SDWA Exhibit 123 and New Melones Hearing USBR Exhibit 43). 

During t h e  secondary i r r i g a t i o n  season, September through March, 
t h e  1.0 mhos/cm EC provides wdter qua l i ty  s u f f i c i e n t  t o  protec t  
crops i r r iga ted  during t h i s  time of year, e. g. , a l f a l f a ,  pasture 
and sugar beets.  This q u a l i t y  protec ts  t h e  seedling s t ages  o f  
these  crops and is s u f f i c i e n t  f o r  winter leaching. Also, 
analysis  shows t h a t  1.0 mnhos/cm EC generally would be achieved 
during these  months under unimpaired runoff conditions. These 
object ives a r e  used f o r  each set of water qua l i ty  objec t ives  and 
a r e  shown i n  d e t a i l  i n  t h e  recomnended object ives presented l a t e r  
i n  t h i s  chapter. 

Export Areas 

Substantial  quan t i t i e s  of water a r e  exported from the  Delta f o r  
use i n  areas outs ide  the  Delta. The locat ions of these 
diversions a r e  t h e  same a s  t h e  municipal and indus t r i a l  
diversions discussed previously. The water qua l i ty  object ives 
t h a t  protec t  drinking water supplies  a t  these locat ions  (250 mg/l 
chloride)  a l s o  reasonably protec t  ag r i cu l tu ra l  uses of water f o r  
i r r iga t ion  of t h e  crops grown i n  t h e  Central Valley and southern 
California. 

The SWP contractors  have water supply cont rac ts  t h a t  have a goal 
of  de l iver ing  water with a qua l i ty  of 110 m g / l  chloride. This 
delivered qua l i ty  is achieved by blending good qua l i ty  water 
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diverted i n  t h e  winter with t h e  more s a l i n e  water diverted during 
t h e  summer. A t  times t h e  SWP a l s o  a l loca tes  a port ion of its 
water supply t o  improve water quality. t o  approximately 100 m g / l  
ch lor ide  a t  Cl i f ton  Court. This "carr iage watern requirement 
increases a s  exports increase during t h e  sumner. A s  much a s  one- 
th i rd  more water beyond t h a t  needed for  export may be  required 
t o  repulse sea water i n  some months. The water supply impact 
analys is  discussed i n  Section 7.3.1 assumes a maximum 250 mg/l 
chlor ide  l e v e l  a t  SEJP water supply intakes. The users  may choose 
t o  a l l o c a t e  a portion of t h e i r  l imited supply t o  fur ther  improve 
t h e  qua l i ty  o f  exported water. 

7.2.3 Delta Fisher ies  and Estuarine Habitat 

There a r e  two water projec t  r e l a t ed  effects on Delta f i sher ies .  They 
a r e  ( 1 )  River inflow and Delta outflow, which moves Delta f i s h  
downstream i n t o  t h e  more b io logica l ly  productive Suisun and San Pablo 
bays and away from the  e f f e c t s  of t h e  s t a t e  and federa l  export pumps 
and other Delta diversions and (2) exports,  which physically ent ra in  
f i s h ,  lead t o  increased predation, move f i s h  i n t o  less biologica l ly  
productive areas  and generally decrease productivi ty of  the  Delta 
environment by increasing cross Delta flows. 

7.2.3.1 Chinook Salmon 

a Flow 

A s  discussed i n  Chapters 4 and 5, evidence was presented 
showing t h a t  April  throu* June inflows t o  the  Delta a f f e c t  
t h e  qua l i ty  and quanti ty of f i she ry  h a b i t a t ,  smolt survival  
during outmigration, and subsequent escapement o f  f a l l  run 
Qlinook salmon 2 1/2 years  l a t e r .  The Sacramento Basin 
produces up to  90 percent of  Central Valley salmon. Since 
counts were first made i n  t h e  1950ts, t h e  na tura l  salmon 
population has declined by an estimated 75 percent. I n  t h e  
l a s t  20 years ,  although t h e  natura l  population has continued 
t o  decl ine,  an increase i n  hatchery produced f i s h  has 
s t ab i l i zed  the  t o t a l  Sacramento Basin population (see Figure 
4.5.1.2-4). This is achieved by re leas ing  many hatchery 
reared f i s h  downstream of t h e  Delta, thus  avoiding t h e  poor 
environmental conditions i n  the  Delta. 

San Joaquin River salmon populations f luc tua te  markedly, 
p a r t l y  i n  response to  spr ing  flow conditions, and range from 
less than one t o  26 percent of t h e  Central Valley salmon 
population. There a r e  th ree  o ther  races  of  Chinook salmon in  
t h e  Sacramento River, two of which have a l s o  experienced 
population decl ines s ince  t h e  l a t e  1960's. One race  was 
eliminated from t h e  San Joaquin Basin by the  construction o f  
Friant  Dam. Suff ic ient  evidence was presented i n  the  Phase I 
Hearing to determine Delta protect ions needed f o r  the  f a l l  run 
salmon bu t  not t h e  other  races  of Chinook salmon on the  San 
Joaquin o r  Sacramento River systems. 

Available data indica te  t h a t  r i v e r  flows in  April t h r o u a  June 
up t o  a ce r t a in  l i m i t  (22,500 c f s  on the  Sacramento River a t  



Rio Vista and 20,000 c f s  on t h e  San Joaquin River a t  
Vernal is) provide benef i t s  t o  salmon migration. These 
benef i t s  a r e  l inea r ly  re la ted  t o  increasing Sacramento River 
flows. Limited data from the  San Joaquin indicate a s imi lar  
relat ionship.  

In addition t o  t h e  optimal l eve l  and the  no act ion level ,  
th ree  a l t e rna t ive  l e v e l s  of salmon protection with d i f fe ren t  
Delta .inflow regimes were developed. One of t h e  pr inciples  
developed under t h e  water e t h i c  s t a t e s  t h a t  aquatic resources 
should receive protection equivalent t o  t h a t  received over 
same recent  h i s t o r i c a l  period. The a l t e rna t ives  presented 
below represent a range of  h i s t o r i c a l  periods and a r e  
evaluated l a t e r  i n  t h i s  chapter t o  determine a reasonable 
l eve l  of protection f o r  Chinook salmon. The a l t e rna t ives  are: 

(1 ) Optimal protection - April through June average monthly 
flows of 22,500 c f s  a t  Rio Vista on t h e  Sacramento River 
and 20,000 cfs a t  Vernalis on t h e  San Joaquin River. 

Average April through June flows i n  t h e  Delta generally 
r e f l e c t i n g  those p r io r  t o  physical modifications to 
enhance water de l ive r ies  south of  t h e  Delta ( 1 930-1 952 1. 
The year 1930 represents  t h e  e a r l i e s t  year of flow data 
avai lable  f o r  key i n t e r i o r  Delta locations. Some 
modification t o  t h e  ac tual  h i s t o r i c a l  value f o r  each year 
type was made by decreasing w e t  year flows and increasing 
d r i e r  year flows a s  has been experienced i n  recent years. 

(3 )  Average April through June flows f o r  t h e  e n t i r e  period 
f o r  which r e l i a b l e  data  e x i s t  a t  key in te r io r  Delta 
locations ( 1930-1 987 1. 

1 

(4) Average April through June flows which have occurred 
under t h e  present physical configuration of  the  Delta 
( 1 953-1 987 ) . 

(5) Flows a s  set fo r th  i n  t h e  1978 Delta Plan f o r  salmon. 

Tne average April throu* June flows f o r  t h e  above 
a l t e rna t ives  a r e  shown i n  Table 7.2.3.1-1. They a r e  shown a s  
averages f o r  each month and a r e  separated by water year type. 
These monthly average flows excluded flows t h a t  were above 
22,500 on the  Sacramento River a t  Rio Vista and 20,000 on t h e  
San Joaquin a t  Vernalis. Flows above these  values were not 
included because the re  is no c lea r  evidence t h a t  flows i n  
excess of these amounts benef i t  salmon migration through t h e  
Delta. Figure 7.2.3.1-1 s m a r i z e s  i n  graphic form how 
average April through June flows important t o  salmon have 
changed over various time periods and a r e  expected to change 
in  t h e  future.  

The USFWS and the  DFG reconmended the  establishment of 
average Delta inflows generally r e f l e c t i v e  of conditions pr ior  
t o  1950. The StJP contractors and others  recommended 
maintenance of  t h e  1978 Delta Plan f ishery flows in to  t h e  



TABLE 7.2.3.1-1 

ALTERNATIVE LEVELS OF PROTECTION 
FOR SACRAUENTO AND SAN JMWIN SALUON WTUIGRATION 

Benef i c i  a1 Use Protected 
and Location Parameter Description Year Type Values 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - -* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

FISH HABITAT Dates/ Cross Dates/ Cross Dates/ Cross 
CFS channel CFS Chamel CFS Chemel 
4/1-30 Status 5/1-31 Status 6/1-30 Status 

o Sacramento Salmon Flow a t  Rio Vista Flow pattern estimated t o  Yet 22,500 C 22,500 C 21,500 C 
Rio Vista and Cross-Channel provide protectton Ab. N o m l  22,500 C 22,500 C 12,000 C 
1930-1952 status. found from 1930-52, plus BL.Nom1 20,500 c 21,000 C 8,000 C 

(see Footnote) Cross-Channel closures to  Dry 20,500 C 16,000 C 9,500 C 
prevent s m l t  diversion Cr i t i ca l  11,500 C 4,500 C 1,000 C 

o San Joequin River Venal is  F low Flow pattern estimated t o  Wet 17,000 19,000 19,000 
salmon provide protection forad Ab. N o m l  12,000 14,500 11,500 
Vernalis from 1930-52 El. Normel 2,500 1,000 4,500 
1930-1952 Dry 1,500 2,000 

Cr i t i ca l  1,500 1,500 
1,m 
1,000 

------------------------.---------------------------------.--------.-----------------.------------------------*--------------------*---*--- 

o Sacramento Salmon Flow a t  Rio VDsta F low pattern estimated to  Yet 22,500 C 22,000 C 17,000 C 
Rio Vista and Cross-Chernel provide protection Ab. N o m l  22,500 C 21,000 C 7,000 C 
1930-1987 statua . found fran 1930-87 01. Normal 16,500 C 14,500 C 7,500 C 

D V  12,500 C 10,000 C 5,000 C 
Cr i t i ca l  8,500 C 5,000 C 4,000 C 

o San Joequin River 
u 
I 

Salmon 
03 Vernal Ds 

1930- 1987 

Vemalis Flow Flow pattern estimated t o  ~ e t  15,000 15,500 
provide protectton found hb. Normal 11,000 
from 1930-87 El. Normal ;:% 3,500 

DW 1,500 1,500 
Cr i t i ca l  1,500 1 , m  

---*-*------------- .-----------------------------------*--------*----*---------------------*---------  

o Sacranento Salmon Flow a t  Rio Vista Flow pattern estimated t o  Yet 22,500 C 22,000 C 17,000 C 
Rio Vista end Cross-Channel provide protection capparable Ab. Norare1 B,500 C 17,000 C 7,000 C1 
1953-1987 status. t o  that f ran 1953 t o  1987, El. Normal 14,000 C 11,500 C 7,500 C l  

plus Cross-Channel closures t o  Dry 8,000 C 7,000 C1 5,OqO C l  
prevent sane smolt diversion Cr i t i ca l  7,000 C 5,000 C1 4,000 0 

o Sen JOaqin River Vernalfs Flow Flou pattern estimated t o  Uet 
Salmon provide protection carperable Ab. N o m l  
Vernalis t o  that from 1953-87 O Vernalis El, N o m l  
1953-1987 (During buildup of SYP 8 CVP) Dry 

Cr i t i ca l  
--------------------------- . -----*-*-------------------------------------------------  

Subnormal Subnoml 
Snowmelt Snowme1 t 

o Sacramento Salmm Delta Outflow Delta Plan had no specif ic Uet 10,000 0 13,350 C 8,000 14,000 C 7,600 
Rio Vista. protection for  Salmon smolts Ab. Normal 7,600 0 12,950 C 7,600 10,700 0 7,600 
Delta Plan but other standards provided 81. Normal 7,600 0 10,800 C 7,600 9,500 0 6,850 

protection as indicated Dry 7.600 0 7.600 0 6.150 0 
c r i  t i c a l  6;700 0 4;350 0 3;900 0 

o Sen Joaquin River Vernalis Flow Delta Plan had no specific 
Salmon protection fo r  Salmon smolts 
Vernal i s  
Delta Plan 

- - - - . - - - . - - - - - - - -_- - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - .  

Footnote: C = closed, C1 = closed, open weekends only, 0 = open 



flGURE 7,2.3.1-1 Avera ~ p d ~ u n e  flows' for selected historical perbds pmvldlng 
dgrent levels of protection for Sahnon 

1930-1952 1930-1987 1953-1987 1972-1907 m e 3  
wo 1- amdRbnswith 

1978 Delta Plan 

' Average monthly flows calculated with a maximum Sacramento River flows at Rio Vista of 
22,500 ds  and maximum San Joaquin River flows at Vemalis of 20,000 ds because maximum 
salmon suwivaUproduction was shown by USFWS and DFG to occur at these flows. Therefore, 
it is assumed there is no additional benefit b fisheries at flows exceeding these values. 

* The apparent increase in Sacramento River flows over the 1972 - 1987 period is due to the fad 
that the average April-July runoff for the 1922 - 1978 hydrology used to cablate the expected 
flows is 14% wetter than the 1972 - 1987 period for the Sacramento River Basin. Average 
unimpaired runoff for both time periods on the San Joaquin system are within 1% of each other. 

Expected future conditions with the 1978 Delta Plan are those shown in DWR's 1990 Level of 
Development ope~ations study using 1922-78 hydrology (DWR, 30) 



future.  As can be seen from Figure 7.2.3.1-1 , continuation of 
t h e  ex i s t ing  flow object ives i n  the  Delta Plan (which do not 
spec i f i ca l ly  protec t  salmon outmigration) w i l l  r e s u l t  i n  a 
r e l a t i v e  decl ine  i n  important salmon m o l t  flows on the  San 
Joaquin River system when compared with flows experienced i n  
t h e  recent  past. The apparent increase i n  Sacramento River 
flows under expected fu tu re  condit ions is due t o  the f a c t  t h a t  
the  1922-78 period used i n  t h i s  analys is  is 14 percent wetter 
on the Sacramento system than t h e  1972-1987 period. The two 
hydrologic periods on t h e  San Joaquin system, however, a r e  
e s sen t i a l ly  t h e  same (less than one percent d i f ference) .  Some 
hearing pa r t i c ipan t s  recornended t h a t  a c t i v i t i e s  outs ide  the 
Estuary be  t r i e d  t o  resolve salmon survival  concerns. 
Ac t iv i t i e s  such a s  upstream hab i t a t  improvements might be 
successful on the  Sacramento River system given the  small 
expected decrease i n  sp r ing  flows under t h e  no act ion 
a l te rnat ive .  However, it is unlikely t h a t  such ac t ions  would 
be  successful  on t h e  San Joaquin River system with the  
decrease i n  April-June flows expected i n  the  future.  

Some p a r t i e s  suggested t h a t  addit ional  f i she ry  catch 
r e s t r i c t i o n s  o r  other  a c t i v i t i e s  outs ide  t h e  scope of  t h e  
Board's author i ty  be pursued t o  address salmon concerns. 
While t h e  option e x i s t s  t o  take  no ac t ion  re l a t ed  t o  the  
fu r the r  regulat ion of  flows and exports,  it is not reasonable 
t o  r e l y  on "out of Estuaryn measures t o  correc t  hab i t a t  
concerns r e l a t ed  t o  f a c t o r s  i n  t h e  Estuary. To do s o  would be  
t o  have one segment of  socie ty  mi t iga te  f o r  the  e f f e c t s  not  
caused by t h e i r  actions. Furthermore, f i shery  agencies 
t e s t i f i e d  t h a t  llout o f  Estuaryn r e s t r i c t i o n s  would have 
r e l a t i v e l y  l i t t l e  benef ic ia l  effect i f  m o l t s  migrating 
through t h e  Delta continued t o  experience poor condit ions 
within the  Delta. 

Moderate flows a r e  a l s o  needed f o r  homing by adu l t s  during 
the upstream spawning migration from July-December . The 1 978 
Delta Plan contains minimum flow objec t ives  f o r  upstream 
salmon migration i n  the Sacramento River. These object ives 
were developed before the  recent  information on outmigrant 
m o l t s  was known. I n  t h e  absence of  evidence t o  t h e  contrary, 
these  flows a r e  assumed t o  be adequate and should be 
retained. 

Qr ren t ly  the re  a r e  no requirements f o r  minimtan upstream 
flows on the  San Joaquin River fo r  upstream salmon migration. 
Low dissolved oxygen a t  Stockton may a l s o  cause a blockage t o  
upstream salmon passage. A 1969 agreement between D'VIR, USBR, 
and DFG provided f o r  1 )  i n s t a l l a t i o n  of  a temporary ba r r i e r  
across Old River when dissolved oxygen (DO) f a l l s  below 6 m g , l  
so  t h a t  flows increase down t h e  San Joaquin River, o r  2) i f  
t h a t  is not successful,  increased flow releases.  This 
objec t ive  should be incorporated i n  t h i s  Plan. 



a Exports and Diversions 

Salmon m o l t  migration through the  Estuary is a l s o  affected 
d i r e c t l y  by diversions and exports and ind i rec t ly  by flow 
reversa ls  caused by exports.  Since 1967, export r a t e s  from 
the  Estuary have increased over t h i s  same period while salmon 
populations have declined (see Figure 7.2.3.1-2). 
Alternat ives t o  address these  f i shery  impacts a r e  discussed i n  
t h e  sect ion below. 

Striped Bass 

Striped bass have undergone a decl ine  i n  t h e  numbers o f  young 
t h a t  survive t h e i r  first sumner. A gradual decl ine  began soon 
a f t e r  the  s t a r t  of operation of  t h e  S P  i n  1967 and became 
precipi tous i n  t h e  l a t e  1970's. This dec l ine  is shown on 
Figure 7.2.3.1-2. The exact cause f o r  t h i s  decl ine  is 
unknown. However, f i v e  causes have been postulated, of  which 
four r e l a t e  t o  water projec t  operations and one r e l a t e s  t o  
pollutants .  The Board's Striped Bass Health Monitoring 
Program has indicated t h a t  t h e  burdens of  various pol lu tants  
i n  adul t  s t r iped  bass,  and t h e  percentage of  egg resorption,  
have both improved i n  recent  years. Yet t h e  numbers of  young 
s t r iped  bass, a s  measured by t h e  s t r iped  bass index, continue 
t o  decline. 

(Xltflows move the  s t r iped  bass la rvae  (and young of American 
shad, salmon, etc.) out  o f  the  Delta and away from t h e  
influence of  export pumps, diversions and power p lants ,  and 
i n t o  t h e  Suisun Bay nursery areas. A re la t ionship  of  spr ing  
flow and exports t o  young bass populations i n  t h e  summer was 
developed from data  col lec ted  during t h e  mid-1950's to  t h e  mid- 
1970's. However, i n  recent  years ,  exports have increased 
beyond those f o r  which t h i s  re la t ionship  was developed. 
Therefore, it is not  surpr is ing  t h a t  t h i s  h i s t o r i c  
re la t ionship  no longer holds t rue.  Higher outflows and 
reduced exports appear t o  be  needed t o  help reverse t h i s  
recent  decline. 

- Alternat ive Levels of Protection 

New Delta outflow object ives fo r  s t r iped bass were 
recommended by DFG, USFWS and others .  These agency 
recomnendations a r e  shown i n  Table 7.2.3.2-1. The dry 
water year following a dry  o r  c r i t i c a l  water year relaxation 
proposed by DFG has been deleted from t h a t  shown i n  Table 
7.2.3.2-1 f o r  t h e  following reasons: (1 the  year type 
de f in i t ions  discussed previously now close ly  r e f l e c t  April- 
July runoff conditions; (2) the  year type de f in i t ion  already 
has a year a f t e r  c r i t i c a l  year relaxation b u i l t  i n t o  it; and 
(3)  recent projec t  operations indica te  t h a t ,  while f i she ry  
standards a r e  grea t ly  relaxed i n  c r i t i c a l  years, pro jec t  
operations a r e  not modified commensurate t o  the  f i shery  
relaxation;  operat ions,  i n  f a c t ,  use t h e  re laxat ion  t o  



FIGURE 72.3.1-2 

STRIPED BASS INDEX, SACRAMENTO/SAN JOAQUIN NATURAL 
SALMON POPULATION AND TOTAL DELTA EXPORTS 

SBI: 1959 - 1988, EXCEPT 1966; POPULATION: SR 1953 - 1984, SIR 1953 - 1984; EXPORTS: AVERAGE APRIL - JULY EXPORTS, 1953 - 1987 

(5 Year Running Average) 

Salmon 
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YEAR 



TABLE 7.2.3.2-1 

Beneficial Use Protected 
and Method Paremeter ----------------.--------------------- 

FISH HABITAT 

o Delta Outflow Uean Monthly 
Staff Delta Outflou 
Recarmandetian a t  Chipps Is. 

o Delta Outflow Wean Monthly 
DFG-USFUS Delta Outf Lou 
Racammendatim at  Chlpps Is. 

ALTERNATIVE LEVELS OF PROTECTION 
FOR DELTA FISHERIES (INUUDlNG STRIPED BASS) 

VIA DELTA WTFLOU 

Description Year Type 
,--- - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - -  

Habitat quali ty to  provide Wet 
egg and Larval transport Ab. N o m l  
through Delta and maintain Bl. Normal 
suitable habftat for  rearing D r y  
i n  Suisur Bay. Cr i t ical  

Hebitat quali ty t o  provfde Uet 
egg and Larval transport Ab. N o m l  
through Delta and maintain BL. N o m l  
suftable habftat for rearing Dry 
in Suisun Bay. Cr i t i ca l  

o Delta Outflow Mean Monthly Habltat quali ty t o  provide Yet 6700 
with 1 imits Delta Outf la, egg and Larval transport Ab. Nwmal 6700 
f ram 1978 a t  C h i p  Is. through Delta and m in ta in  BL. Normel 6700 
Delta Plan suitable habitat for  rearlng Dry 6700 

i n  Suisur Bay (Includes EC at Cr i t i ca l  6700 
Antioehof 1.5mdro/mfor D r y i l d e f i c  
spurting 4/15-5/5) 



continue t o  meet f u l l  projec t  demands. Therefore, such 
relaxation terms should be used only sparingly. 

Upon review of t h e  bas ic  data presented on s t r iped  bass 
during the Phase I hearing, an a l t e rna t ive  set of  object ives 
has been proposed f o r  consideration. T l i s  a l t e r n a t i v e  set 
provides protection i n  April and increases c r i t i c a l  year 
protection compared t o  DFG proposed levels .  These values 
a re  shown in  Table 7.2.3.2-1. Also shown i n  t h i s  Table a r e  
the  1978 Delta Plan flow object ives f o r  s t r iped  bass. 

Export Flows 

An in tegra l  fac tor  a f fec t ing  Delta f i s h e r i e s  is t h e  exports 
from t h e  CVP Tracy Pumping Plant and t h e  SfP Banks Pumping 
Plant which can c rea te  flow reversa ls  t h e  lower San Joaquin, 
Old and Middle r ive r s .  Appropriate limits on these  l a rge  
diversions a r e  t h e  subject  of much debate. Fishery agencies 
and other in teres ted  p a r t i e s  recommended t h a t ,  i n  t h e  long 
term, improvement of t h e  f i s h e r i e s  would r e s u l t  from posi t ive  
downstream flows i n  Old and Middle r i v e r s  during t h e  spr ing 
months. Such pos i t ive  downstream flows r e s u l t  when San 
Joaquin River flows exceed exports and channel deplet ions i n  
t h e  southern Delta. Therefore, export r a t e s  t h a t  w i l l  achieve 
posi t ive  downstream flows must be matched month by month with 
t h e  San Joaquin River inflows and channel deplet ions i f  t h e  
goal of pos i t ive  downstream flows is t o  be achieved. 

- Alternative Levels of Protection 

Four a l t e rna t ive  export water qua l i ty  object ives have been 
developed f o r  the  April through July period. They are:  

(1)  Posi t ive downstream flow in  Old and Middle r i v e r s  by 
coordinating export l e v e l s  with high .%n Joaquin River 
inflows r e s u l t i n g  from the  1930-1 952 flow object ives ; 

(2) Posi t ive  downstream flow i n  Old and Middle r i v e r s  by 
coordinating export l eve l s  with low San Joaquin River 
inflows r e s u l t i n g  from 1 %3-1987 flow object ives;  

(3 > Average pre-SWP export conditions ( 1 953-1 967 ; and 

(4) 1978 Delta Plan export limits. 

A l l  of these  object ives a r e  shown in  Table 7.2.3.2-2. The 
first a l t e rna t ive  evaluated the  export r a t e s  t h a t  would 
allow posi t ive  downstream flows (about 500 c f s )  in  Old and 
Middle r i v e r s  i n  about 35 percent of t h e  months assuming a 
San Joaquin River inflow generally equal t o  those t h a t  
occurred during the  period 1930-1952. The second 
a l t e rna t ive  evaluated t h e  export l eve l s  t h a t  were possible 
by using 1953-1 987 San Joaquin River inflows, ye t  still 
maintaining approximately t h e  same downstream flow pattern 
a s  i n  the  f i r s t  a l ternat ive .  



Beneficial Use Protected 

TABLE 7.2.3.2-2 

ALTERNATIVE LEVELS OF PROTECTION 
FOR DELTA FISHERIES (INCLUDNG STRIPED BASS) 

V I A  EXPORT LIMITS 

and Uethod Parameter Description Year Type Values i n  CFS 

FISH HABITAT 
4/1-30 5/1-31 6/1-30 7/1-31 

(1) Export Limits CombinedExports Export limitsneeded tohelp Uet 7,000 7,000 6,000 7,000 
with Pre-1950 SJR by CVP and SU? minimize loss of eggs, Larval Ab. N o m l  6,000 6,000 5,000 6,000 
in f  lous and ywng f ish through export E l .  Normal 5,000 5,000 6,500 

pimps and diversions by making D r y  3,500 3,500 5,?50 
flows positive (about 500 cfs) Crit ical 3,500 3,5C9 3,500 W 
dounstream i n  Old and niddle 
rivers. 4/1-30 5/1-31 6/1-30 7/1-31 

(2) Export Limits Combined Exports Export Limits needed to  help Yet 10,(#)0 8,000 6,000 4,000 
with 1953-87 SJR by CVP and SUP minimize loss of eggs, larval Ab. Normel 2,000 2,000 1,000 1,000 
Pwt-CVP and yomg f ish through export BL. N o m l  1,000 1,000 1,000 1,000 
inflows punps and.diversions by making Dry 1 no00 

flows positive (about 5 0  cfs) cr i t ice l  1,000 1,000 lmJ lmfJ 1,000 lhm 
downstream i n  Old and niddle 
rivers. 4/1-30 5/1-31 6/1-30 7/1-15 

(3) Export Limits Caabined Exports Exports vder recent historic Yet 10,000 8,000 6,000 3,300 
I with 1953-67 by CVP and SUP conditions which restricted Ab. Normal 2,000 2,900 3,700 4,200 
w 
Ul 

Pre-SUP Loss of and larval f ish Bl. Nonml 2,000 2,000 2,90D 3,300 
~vg .  exports to pmps and diversions, flaw Dry 3,000 3,300 4 , m  4,600 

i n  Old and niddle rivers Cri t ical  2,800 2,800 3,000 4,300 
general l y domatreem. 

4/1-30 5/1-31 6/1-30 7/1-31 

(41 Export Limits m i n e d  Exports Exports vder Delta Plan A1 1 ISA 6,000 6,000 9,200 
Delta PLw by CVP and SUP conditions intended to  reduce 

lose of ege and larval f ish 
to pnpa end diversions, no 
consideration for f lau 
direction i n  Sari Joequin, Old, 
or niddle rivers. 



e 

The t h i r d  a l t e rna t ive  addresses t h e  return '  t o  export 
conditions a s  they existed on t h e  average a f t e r  t h e  s t a r t  of 
subs tan t i a l  exports by t h e  CVP and operation of  the Delta 
Cross Channel gates (1953) but p r io r  t o  the  WP operation i n  
1967. The export r a t e s  during April-July f o r  t h e  various 
water year types (based on the  new San Joaquin River Basin 
de f in i t ion)  during th is  period were averaged t o  obtain these 
values. Exports were adjusted t o  be  higher i n  w e t  years 
than those ac tua l ly  observed during the  1 953-1 967 period. 
Pos i t ive  downstream flows i n  Old and Middle r i v e r s  would 
result with t h i s  a l t e rna t ive ' s  high San Joaquin River 
inflows even a t  t h e  elevated export r a t e s .  

During 1953-1 967, exports were much lower than they a r e  a t  
present.  Old and Middle r i v e r  flows were not  always 
pos i t ive ,  bu t  the  Delta f i shery  was less affec ted  by t h e  
e f f e c t s  of  exports than they a r e  today. As discussed 
previously, o f  t h e  f i v e  hypothesized causes f o r  t h e  recent  
s t r iped  bass decl ine,  four r e l a t e  t o  projec t  operations. 
Returning t o  export r a t e s  r e f l e c t i v e  o f  s time when Delta 
f i s h e r i e s  (especia l ly  s t r iped  bass) were doing much b e t t e r  
than they a r e  today is no guarantee t h a t  t h e  decl ines i n  
these populations w i l l  be reversed. However, it does 
provide fo r  improving spr ing  Delta conditions which 
presumably w i l l  benef i t  t he  f ishery.  This a l t e r n a t i v e  is a 
s t e p  toward achieving t h e  f i shery  agencies' desired goal of 
pos i t ive  downstream flow by reducing t h e  magnitude of  
reverse flows. It is anticipated t h a t  t h e  proposed 
conditions w i l l  a l s o  enhance overa l l  salmon m o l t  survival  
through increased streamflow and reduced entrainment. 

The four th  a l t e r n a t i v e  would r e t a i n  current  export 
l imi ta t ions  f o r  May, June and July  contained i n  the  1978 
Delta Plan, with no spec i f i c  export l imi ta t ions  f o r  April. 

7.2.3.3 Other Beneficial Uses 

American Shad 

A s  noted i n  Chapter 5, American shad have been impacted by t h e  
present Plan standards. The data presented by DFG do not 
provide an accurate p ic tu re  of what these  impacts are .  I n  
addit ion,  much o f  t h e  information developed on shad resul ted  
a s  a by product of  invest igat ions of  o ther  species,  r a the r  
than a de ta i led  study of the  pa r t i cu la r  needs o f  shad. I n  any 
case,  DFG did not propose any spec i f i c  object ives f o r  shad, 
j u s t  a s  they did not i n  the  1978 Plan. Their b e l i e f ,  then a s  
now, is t h a t  the  s t r iped bass objec t ives  they proposed w i l l  
benef i t  shad a s  w e l l .  

This concept of c o l l a t e r a l  protection f o r  shad seems t,o be 
appropriate for  the  present Plan a s  well. An examination of 
the  optimal needs f o r  shad i n  Section 5.3.6 shows t h a t ,  
pa r t i cu la r ly  during the  spring,  shad a r e  q u i t e  s imi lar  to 
s t r iped  bass, i n  terms of the  need f o r  adequate flows, reduced 
t rans locat ion  out  of  the  Sacramento River i n t o  t h e  cen t ra l  



Delta, and reduced entrainment by diversio(ls and exports.  'Ihe 
flows, export l i n ~ i t a t i o n s  and Delta Cross Channel ga te  
operations discussed f o r  salmon and s t r iped  bass should 
provide shad subs tan t i a l  increases i n  protect ion compared t o  
t h e  1978 Plan. 

The major d i f ference  between t h e  shad and s t r iped  bass is t h a t  
sane young shad remain i n  the Delta o r  i n  t r i b u t a r y  streams 
i n t o  t h e  summer and f a l l ,  while t h e  young s t r iped  bass tend t o  
be  l a rge ly  out  o f  the  Delta by t h e  end of July. These l a t e  
summer and f a l l  outmigrating shad w i l l  not  receive spec i f i c  
protect ion under t h e  proposed Plan. The proportion of  t h e  
population which a r e  l a t e  outmigrants is  not  known, but  it is 
assumed t h a t  increased protect ion f o r  s t r iped  bass provided i n  
the A p r i l J u l y  period w i l l  accomplish th ree  things: 1 ) 
provide b e t t e r  migration and spawning hab i t a t  f o r  adul t  shad; 
2) provide increased protection f o r  the e a r l i e r  migrants; and 
3) perhaps increase t h e  proportion o f  e a r l y  migrants because 
of t h e  increasd flows i n  t r ibu ta ry  streams during t h e  April- 
July period t o  meet Delta inflow and outflow requirements. 
Bet ter  documentation of  t h e  population dynamics and needs of 
American shad need t o  be provided before d e f i n i t i v e  object ives 
can be  considered f o r  t h a t  species. As noted, t h e  non-1978 
Delta Plan l e v e l s  of protection presented f o r  s t r iped  bass 
should provide addit ional  protect ion f o r  shad, campared t o  
present conditions. 

o Migratory Fish Food Chains 

The Phase I of t h e  hearing included considerable discussion of  
t h e  food chains i n  t h e  Bay and Delta, pa r t i cu la r ly  t h e  food 
requirements of  young outmigrating s t r iped  bass and shad. 
Limited information was presented on t h e  requirements of 
salmon m o l t s .  A l l  t h ree  species begin feeding on very small 
invertebrates,  such a s  copepods (and small insec t s  i n  t h e  case 
of  salmon and shad), and then progress t o  l a rge r  invertebrate 
species,  pa r t i cu la r ly  N a .  Tne data presented indica te  
t h a t  t h e  food chain of- Estuary, pa r t i cu la r ly  the Delta, is 
i n  a very dynamic s t a t e  a t  present. Delta phytoplankton 
blooms, presumed t o  be  a major component o f  t h e  base of  t h e  
food chain, have been dominated by t h e  chain diatom Melosira 
i n  recent  years. The value o f  t h i s  species  a s  food f o r  
copepods and Neanysis is unclear. I n  addit ion,  t h e  
t r a d i t i o n a l l y  dominant copepod Eurytemora, a preferred food 
source f o r  young s t r iped  bass, has been a t  l e a s t  p a r t i a l l y  
replaced by t h e  introduced copepod, Sinocalanus. The recent  
appearances of  t h e  clam Potamocorbula amurensis, and the  
benthic amphipod ~agunog== both recent ly  introduced 
and rapidly  expanding i n  range and numbers, fu r the r  complicate 
our l imited understanding of the  food chain dynamics of  young 
s t r iped  bass and shad. Attenpting to  set objec t ives  i n  such a 
changing environment is not possible a t  present.  

I n  general, t h e  proposed increased sp r ing  flows and reduced 
exports may r e s u l t  i n  a Delta and &ism Bay h a b i t a t  more 
conducive t o  t h e  propagation of  those species which have been 



benef ic ia l  t o  species i n  food chains o f  young anadromous f i s h  
i n  t h e  past ,  s ince  t h e  hab i t a t  w i l l  approximate those e a r l i e r  
conditions more closely. However, the re  is no guarantee t h a t  
t h i s  w i l l  occur. I n  any case, t h e  understanding of  t h e  
dynamics and in terac t ions  of t h e  food chains i n  the  Estuary 
must be great ly  increased before proposed object ives fo r  
protection of t h e  food chains can be considered. Indeed, 
the re  has not been denonstrated a t  present s o l i d  evidence t h a t  
the  changes i n  t h e  food chains a r e  having a dele ter ious  effect 
on young s t r iped bass, salmon, shad, o r  other Estuary 
species. Considerable addit ional  e f f o r t  i n  t h i s  area is 
warranted. 

Striped Bass Migration Up t h e  San Joaquin River 

A s  discussed i n  Chapter 5, s t r iped bass generally do not 
migrate upstream i n t o  water with an e l e c t r i c a l  conductivity 
(EC) i n  excess of about 0.550 mhos /m,  and appear t o  prefer  
spawning i n  water f resher  than about 0.300 mnhos/cm. The 
Delta Plan object ives c a l l  fo r  a maximum of 0.550 mhos/cm a t  
Prisoners Point f o r  t h e  period April 1 t o  May 5. While t h i s  
object ive  may still impose a migration limit on s t r iped  bass, 
the  other proposed object ives may somewhat compensate f o r  t h i s  
l imitat ion.  Increased outflows and reduced exports during the  
A p r i l J u l y  period should r e s u l t  i n  greater  outmigration of 
larvae  produced i n  t h e  San Joaquin River spawning area than a t  
present ,  with presumably greater  survival .  I n  addit ion,  
increased flows i n  t h e  San Joaquin River i n  w e t  and above 
normal years, combined with t h e  reduced exports,  may r e s u l t  i n  
water qua l i ty  b e t t e r  than t h a t  provided by t h e  proposed 
object ive.  This may r e s u l t  i n  removal o f ,  o r  a t  l e a s t  a 
reduction i n ,  t h i s  upstream bar r i e r  i n  wetter years. 
Additional monitoring of s a l i n i t y  i n  t h e  mainstem San Joaquin, 
combined with b e t t e r  sampling fo r  s t r iped bass eggs and larvae 
i n  t h e  eastern Delta, w i l l  provide addit ional  information on 
t h e  e f f e c t s  of  t h e  proposed object ives and t h e  potent ia l  use 
of t h e  San Joaquin River by s t r iped bass i n  wetter year 
types. Available data a r e  not adequate t o  a t t anp t  t o  propose 
a lower EC object ive  i n  t h e  San Joaquin River. 

Races of  Chinook Salmon Other Than Fal l  Run 

Very l i t t l e  information is avai lable  on t h e  o ther  three races  
of Chinook salmon using the  Estuary. What was presented i n  
t h e  Phase I of  t h e  hearing was not s u f f i c i e n t  t o  ident i fy  flow 
o r  water qua l i ty  needs, nor t o  develop water qua l i ty  
objectives. Additional s tud ies  a r e  needed t o  develop such 
information. 

a Other Aquatic Resources 

A var ie ty  of other aquatic resources considered i n  the  Phase I 
o f  t h e  hearing, including: phytoplankton and zooplankton i n  
San Francisco Bay, Bay outflow and offshore hab i t a t ,  
freshwater and es tuar ine  benthic organisms, bay f i sh ,  Delta 
resident  and other anadromous f i s h ,  pol lu tant  f lushing flows, 



upstream uses, export f i shery  hab i t a t ,  export recreat ion,  and 
Fatuary recreat ion.  After due consideration, no s p e c i f i c  flow 
o r  s a l i n i t y  object ives is proposed f o r  any o f  the%%@Zic 
resources. I n  most cases,  t h e  absence o f  s p e c i f i c  objec t ives  
is due t o  lack of  s u f f i c i e n t  information upon which t o  base 
object ives,  o r  because the  aquatic resources a r e  already 
protected under another objective. For example, no s p e c i f i c  
objec t ives  a r e  proposed f o r  export f i she ry  h a b i t a t  o r  export 
recrea t ion  because t h e  Municipal and Indus t r i a l  object ives 
discussed previously f o r  export water provides adequate 
protect ion f o r  these  aquatic  resources a s  w e l l .  The spec i f i c  
reasons f o r  the  absence o f  proposed objec t ives  f o r  these  
resources is discussed i n  Chapter 4. 

7.2.3.4 Suisun Marsh 

Managed Wetlands 

'he s i s u n  Ikrsh cons i s t s  of  about 50,000 acres  of managed 
wetlands and 7,000 acres  o f  t i d a l  marsh. DFG, Suisun Resource 
Conservation District, DWR and USBR have entered i n t o  an 
agreement t o  protec t  these managed wetlands and mi t iga te  f o r  
the  l o s s  o f  about 900 acres of  managed wetland and t i d a l  marsh 
impacted by f a c i l i t y  construction and reduced outflows. This 
agreement allows water qua l i ty  re laxat ion  beyond t h e  water 
qua l i ty  objec t ives  contained i n  t h e  1978 Delta Plan, Water 
Right Decision 1485 and S ta te  Board Order of DecaPber 5, 
1985. The only major difference between t h e  objec t ives  being 
considered and those i n  the  agreement is i n  t h e  determination 
of  water year types. For consistency with the other  
object ives,  compliance with these  objec t ives  w i l l  be 
determined by using the water year types set f o r t h  i n  
Qlapter 3. This includes t h e  use of  t h e  50th pe rcen t i l e  
forecas t  of f u t u r e  runoff conditions instead o f  the  20th 
pe rcen t i l e  a s  set f o r t h  i n  the agreement. 

e Tidal Marshes 

One concern lef t  unresolved i n  the  testimony presented i n  
Phase I is t h e  protect ion o f  r a r e  and endangered species  t h a t  
inhabi t  t h e  t i d a l  marsh i n  % i s m  Bay and t h e  Suisun Marsh 
areas  outs ide  t h e  managed wetlands. The provision o f  flows 
spec i f i ca l ly  t o  protec t  these areas  could r e s u l t  i n  an 
addi t ional  600,000 acre-feet t o  be  released on the average 
each year during dry periods. This amount is  above and beyond 
t h a t  required under t h e  a l t e rna t ives  discussed i n  t h e  
following sect ion.  ?he DFG, t h e  agency responsible f o r  t h e  
protect ion o f  rare and endangered species,  is requested t o  
provide t h e  Board i n  Phase I1 with its reconrnendations on how 
r a r e  and endangered species i n  the  t i d a l  marsh areas  of Suisun 
Bay and a i s u n  Marsh should be protected via t h i s  Water 
Quality Control Plan. 



7.2.3.5 San Francisco Bay 

San Francisco Bay was discussed extensively during the b a r d q  s 
Phase I of t h e  hearing. This information was addressed i n  d e t a i l  
i n  Chapters 4 and 5. Tne information presented did not provide 
an adequate connection between physical changes i n  t h e  Bay due to 
inflows and the  benef ic ia l  uses i n  t h e  Bay. The evidence 
presented was judged not s u f f i c i e n t  a s  a bas i s  for water qua l i ty  
objectives. Further s tud ies  should be performed t o  address these  
concerns. The concerns regarding protect ion of  San Francisco Bay 
should a l s o  be addressed during consideration of  t h e  water right 
permits of  any l a r g e  unconstructed water s torage projects .  

7.3 Developnent o f  Alternat ive Objectives 

There a r e  many possible a l t e r n a t i v e  sets of water qua l i ty  objec t ives  t h a t  
can be  developed from t h e  water qua l i ty  and flow needs f o r  Bay-Delta 
Estuary uses  presented i n  t h e  previous sect ion.  S ix  logica l  a l t e rna t ives  
t h a t  span t h i s  range of needs have been selected. The a l t e rna t ives  and the  
l eve l  of protect ion provided each benef ic ia l  use a r e  presented i n  
Table 7.3-1. 

This sec t ion  discusses t h e  global balancing of t h e  various benef ic ia l  
uses o f  Bay-Delta waters. This global process builds upon a l l  t h e  
information presented thus f a r ,  e spec ia l ly  t h e  California water e t h i c ,  t o  
produce a recornended set of water qua l i ty  object ives t h a t  reasonably 
protec t  t h e  benef ic ia l  uses of  Bay-Delta Estuary waters. 

I n  the balancing process, one must recognize t h a t  biological  resources have 
declined and current ly  a r e  not  experiencing the  same degree of  protect ion 
a s  o ther  benef ic ia l  uses. I n  l ight  o f  t h e  evidence s u h i t t e d  during t h e  
Phase I hearing, past  attempts t o  protec t  biological  resources i n  t h e  
Estuary have not achieved t h e  l e v e l  of protect ion sought. Declines i n  
biological  resources o f  the  Estuary need t o  be taken i n t o  consideration i n  
the current  balancing process. 

7.3.1 Effec ts  on Water Avai labi l i ty  

To develop balanced water q u a l i t y  objec t ives ,  assessment must be made 
o f  t h e  impacts r e s u l t i n g  from t h e  object ives under consideration. 
This is done by determining t h e  cont ro l l ing  flow and s a l i n i t y  
object ives,  i.e., those which requ i re  t h e  most water t o  a t t a i n ,  f o r  
each a l t e r n a t i v e  and comparing the  water requirements against  a base 
condition. Two base conditions were used t o  provide a range of 
impacts: ( 1 )  a 1990 level  of development operations study which uses  
t h e  water qua l i ty  standards of the  1978 Delta Plan a s  a cons t ra in t  and 
( 2 )  the  ac tual  h i s t o r i c a l  conditions t h a t  existed between 1972-1987, 
excluding the  wettest year of record, 1983. (Excluding t h i s  year, the  
wettest of  record t h a t  shows the  average, makes t h e  average San 
Joaquin River Basin April throu@ July unimpaired flows fo r  these  two 
hydrologic periods almost ident ica l . )  The differences between the  
a l t e rna t ive  and t h e  base a r e  then calculated fo r  each month and 
sunmarized by water year type. 



TABLE 7.3-1 

Reccinnended Plan 

ALTERNATIVE SETS OF UATER QUALITY OBJECTIVES --------------------------------------------------------------------------------------------------------. 
Alternatives (1) (2) (3) (4) 
---------------------------*----------------------------------------------------------------.----------- 

No Action 
Description of 
key provisions 

.... . . . . . . . . . . . . . . . .  
Beneficial Use 

Optimal Level High SJR Flow Moderate SJR Flow Moderate SJR Flous 
High Exports Lou Exports Delta Plan Exports 

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

Delta Plan 

Delta Plan 

New Uelones 

Hmicip. & Indust. 
(Footnote 1) 

150 lag/[ Chloride 
(Contra Costa Canal) 
250 mg/l Chloride 

elsewhere 

N O  mg/l Chloride 250 rug/! Chloride 250 mg/l Chloride 

Uest Delta Ag. 
(Footnote 2) 

1.5 mnho/cm EC 
3.0 amho/an EC 

Delta Plan' 

1.5 mdro/m EC 
3.0 nrmho/cm EC 

Delta Plan 

1.5 mnho/cm EC 
3.0 mnho/cm EC 

Delta Plan 

1.5 amho/cm EC 
3.0 mnho/ua EC 

Delta Plan South Delta Ag. 
(Footnote 3) 

Delta Plan 

Sacto. Salmon 
(Footnote 4) 

22,500 c fs  I 1930-1987 Delta Plan 

Delta Plan 

Delta Plan 

20,000 c fs  SJR Salmon 
(Footnote 4) 

Delta Fishery 
Outflow object. 

(Footnote 5) 
Opt iml  Flows Staff Staff DFG 

Delta Fishery 
Export l i m i  t 
(Footnote 5) 

NO axports nay-wov 

Optimal Sal in i t ies 

Pos. Dwnstream Flou 
nigh SJR 

4-Agency Agteement 

'08. Dmtreem Flou 
Lo@ SJR I Delta Plan Exports Delta Plan 

Delta Plan suieun nereh 
(Footnote 6) 

4-Agency Agreement I Delta Plan I 4-Agency Agreement 

San Francieco Bay 
(Footnote 7) -------------------. 

Further Study I Further Study I study . I 
---------------------------------------------------------*----- 

Further Study 

.................... 
Footnote 1: See Section 7.2.1 f o r  further description. 

Fwtnote 2: See Section 7.2.2.1 fo r  further description. 

Fwtnote 3: See Section 7.2.2.2 fo r  further description. 

Footnote 4: Sae Section 7.2.3.1 fo r  further description. 

Footnote 5: See Section 7.2.3.2 fo r  further description. 

Footnote 6: See Section 7.2.3.4 fo r  further description. 

Footnote 7: See Chepter 4 under Sen Francisco Bay for  further description. 



7.3.1.1 The 1 990 Level of Developent Operations Study 

The Operations Study used is t h a t  which was presented a s  DWR 
Exhibit 30 during the  Phase I o f  t h e  hearing, except t h a t  a 
ca r r i age  water requirement t o  meet a 250 m g / l  ch lor ide  objec t ive  
was used. This study uses the  1978 Delta Plan and New Melones 
c r i t e r i a  f o r  the  southern Delta a s  t h e  con t ro l l ing  Delta 
objectives. The operation study uses t h e  hydrological runoff 
conditions experienced from 1922 through 1978. 

There a r e  ce r t a in  p e c u l i a r i t i e s  about th i s  study t h a t  must be 
emphasized. F i r s t ,  t h e  average annual exports  a r e  about 6.1 
mi l l ion  acre-feet f o r  t h e  e n t i r e  study, whereas t h e  maximum 
export for any water year t o  d a t e  has been the  1985 level  of 
approximately 5.5 mi l l ion  acre-feet. Apparently the  1990 
operation study has a bui l t - in  expansion of  exports of  about 0.6 
mi l l ion  acre-feet beyond t h a t  seen i n  any year s ince  t h e  CVP and 
WP have been operating. Review of  t h e  data indica tes  t h a t  
v i r t u a l l y  a l l  t h i s  increase occurs i n  t h e  months of October- 
April. This f ac to r  is  important when comparing the  impacts o f  
these  s tud ies  t o  t h e  reasonable consumptive needs discussed i n  
Chapter 6. 

Second, t h e  operat ions study somewhat overs ta tes  D W R t s  1987 
est imates of  current  ag r i cu l tu ra l  n e t  use i n  t h e  Sacramento and 
San Joaquin basins. This is important when comparing 
a l t e rna t ives  t o  present o r  expected f u t u r e  conditions. The 1990 
operation has enough agr i cu l tu ra l  demand b u i l t  i n t o  it t o  s a t i s f y  
in-basin growth through t h e  year 2010 and beyond. 

Also, one must keep i n  mind t h a t  operations s tud ies  a r e  
est imates,  not r ea l i ty .  They a re ,  i n  e f f e c t ,  a set o f  common 
r u l e s  by which a l t e rna t ives  can be  compared; they a r e  not 
intended t o  r e f l e c t  how projec ts  w i l l  ac tua l ly  operate. The 
r e s u l t s  here  a r e  presented only t o  compare a l te rnat ives .  

The output o f  the  1990 operat ions study presented by DWR was used 
t o  perform the  analys is  of a l t e rna t ives .  By changing the  
cont ro l l ing  Delta inflow and outflow object ives o r  export l i m i t s  
and keeping a l l  other aspects  of  t h e  study t h e  same, we can 
compare the  increases,  o r  decreases, i n  flow required each month 
f o r  the a l t e r n a t i v e  i n  question beyond t h a t  of  t h e  1978 Delta 
Plan. Care must be taken when determining t h e  flows required to 
meet the  cont ro l l ing  object ives t o  evaluate cont ro l l ing  
object ives separately f o r  the  San Joaquin River, Sacramento 
River, a s  w e l l  a s  Delta outflow. By ca re fu l ly  evaluat ing months 
with surpluses, one can determine i f  water is saved under t h e  new 
a l t e r n a t i v e  o r  is needed t o  s a t i s f y  the  new object ives.  The 
process is simple i n  concept but  is canplicated i n  practice. 
Only summaries o f  t h e  r e s u l t s  o f  these s tud ies  w i l l  be presented 
here. 

7.3.1.2 The 1972-87 His tor ica l  Base 

'he second base from which water supply impacts of  t h e  various 
a l t e rna t ive  plans a r e  compared is the  1972-87 actual  h i s t o r i c a l  
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conditions. A s  s t a t e d  previously, t h e  year 1983 was not  used i n  
t h i s  analysis.  During most of the  1972-87 period the 1978 Delta 
Plan was i n  e f fec t .  During the  t i m e  p r io r  t o  1978, t h e  
object ives o f  the  Delta Plan were generally met with ext ra  flows 
i n  the Delta beyond water projec t  needs. 'he base flows f o r  each 
month i n  t h i s  period were compared with those needed t o  meet t h e  
flows of each of  t h e  a l t e rna t ives  based on year type. The 
h i s t o r i c a l  base flows were obtained from the  DWR DAYFLOW data  
set, except f o r  Delta outflow which was estimated using DWR 
consumptive use planning values (WRCB, 1, Q4). The process of 
comparison used is t h e  same a s  t h a t  discussed f o r  t h e  1990 
operations study. 

7.3.1.3 Assumptions Used i n  the  Evaluation of  Alternat ives 

A schematic showing the  Delta 's  hydrologic scheme used i n  the 
water supply impact analys is  is i l l u s t r a t e d  i n  Figure 7.3.1.3-1. 
The following a r e  t h e  assumptions used t o  evaluate t h e  water 
supply impacts of  a l t e r n a t i v e  water qua l i ty  object ives.  These 
assmpt ions  apply t o  both the  1990 operations study and the  1972- 
1987 h i s t o r i c a l  period: 

(1 A l l  of t h e  Estuary water qua l i ty  objec t ive  locat ions  were 
assigned t o  t h e  Sacramento River systan April throu@ July 
hydrologic c l a s s i f i c a t i o n ,  except t h e  following locat ions,  
which were assigned t o  the San Joaquin River systan April  
through July hydrologic c l a s s i f i ca t ion :  

o San Joaquin River near Vernalis 
o San Joaquin River a t  Plossdale 
o San Joaquin River a t  t h e  former locat ion of  Brandt Br. 
o Bifurcation o f  Old and Middle River 
o Middle River a t  Howard Road Bridge 
o Old River a t  Tracy Road Ekidge 
o Delta Mendota Canal a t  Tracy Pumping Plant 
o Cl i f ton  Court Forebay Intake a t  West Canal 

(2) The Delta flow and s a l i n i t y  conditions necessary t o  meet 
object ives can b e  achieved through control  of flows, 
exports,  o r  ga te  operations a t  the  Delta "control points." 
If t h e  control  point  flows, exports,  o r  gate operat ions a r e  
adequate t o  meet t h e  l o c a l  cont ro l l ing  object ive,  t h e  other  
(noncontrolling) object ives within loca l  influence o f  t h e  
control  points  a r e  assumed t o  be met. The Delta control  
points  a r e  a s  follows: 

o Chipps Island 
o San Joaquin River a t  Vernalis 
o Sacramento River a t  Sacranento 
o lhe Banks and Tracy Amping Plants  
o The Delta Cross-Channel near Walnut Grove 

These control  points  a r e  i l l u s t r a t e d  i n  Figure 7.3.1.3-1. 

(3) The following basic equations apply f o r  each of  t h e  
hydrologic bases : 
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FIGURE 7.3.1.3-1 

DELTA HYDROLOGIC SCHEME 
USED IN THE 

WATER SUPPLY IMPACT ANALYSIS 

SACRAMENTO RIVER 
ABOVE SACRAM ENTO / 

YOLO 
NET BYPASS 

CONSUMPTIVE USE I i' 
DELTA OUTFLOW 

MIN. REQUIRED 

CARRIAGE WATER 

+ SURPLUS 

EXPORTS TRACY PP 
EXPORTS SAW JOAQUIN RIVER 

NEAR VERNALIS 

CONTROL POINT 
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The Delta outflow a t  Chipps Is land,  DO is defined a s  
follows : 

DO = D I  - NETCU - AREADIV - B&TEXP (1 ) 

where: D I  = Delta inflow 
NETCU = Net Delta consumptive use 
AREADIV = Delta area diversions 
BATED = Banks and Tracy Pumping Plan exports 

The Delta inflow, D I ,  is defined a s  follows: 

D I  = SAC + YOU) + RF21 + SJR + EAST (2 1 

where: SAC = Sacramento River flow above Sacranento 
YOLO = Yolo Bypass flow 
RF21 = Return flow from deplet ion ares  21 
SJR = San Joaquin River near Vernalis flow 
E A S  = East s i d e  t r i b u t a r i e s  flow (Mokelumne, 

Cosmnes and Calaveras r i v e r s )  

0 The ne t  consumptive use, NETCU, is defined a s  follows: 

NETCU = CU - PREC (3 

where : CU = Delta consumptive use 
PREC = Delta prec ip i ta t ion  

o The Delta area diversions,  AREADIV, is defined as 
follows : 

AREADIV = VALL + NBA + CCC + MDIV (4 1 

where: VALL = City of Vallejo Diversions 
NBA = North Bay Aqueduct Diversions 
CCC = Contra Costa Canal Diversions 
MDIV = Miscellaneous Delta Diversions 

(MDIV = 0 f o r  the  1993 level-of-development 
runs) 

8 The Banks and Tracy Pumping Plants1 exports,  B&TEXP, is 
defined a s  follows: 

B&TEXP = BANKS + TRACY (5 1 

where : BANKS = Total Banks Pumping Plant  exports 
TRACY = Tracy Pumping Plant  exports  

The Delta outflow, DO, can a l s o  b e  divided i n t o  three 
components : 



where: MINRQDO = Minimum required Delta outflow a t  Chipps 
Island 

0 = Carriage water requirement a t  Chipps 
Island 

SURPDO = Surplus Delta outflow a t  Chipps Island 
The carr iage  water requirements can be adequately 
estimated using t h e  method described i n  WR Exhibit 30 
and t h e  e f f e c t i v e  export, EFFEXP. The e f f e c t i v e  export, 
EFFEXP, is defined a s  follows: 

EFFEXP = BANKS + TRACY - SJR - EAST - CCC (7 1 
( s e e  note below) 

Note: t h e  CCC llexportw was not included i n  WR1s 1990 
l e v e l  of  developnent (LUD) analysis ,  even though t h e  
car r iage  water curves were developed using t h e  nexportw 
of t h e  CCC; consequently, t h e  a l t e r n a t i v e  car r iage  water 
was estimated without t h e  CCC t o  conform with t h e  1990 
LOD analysis.  

Tne ca r r i age  water requirements f o r  the a l t e rna t ives  were 
estimated using CWR1s Carriage Water Table 5, which 
assumes t h e  following objectives: 

- 250 m g l l  ch lor ides  a t  Clif ton Court and Rock Slough i n  
a l l  years. (DWR assumed a Rock Slough noperationalw 
objec t ive  of 225 mg/1 ch lor ide  to provide an 
operational buffer t o  the  250 m g / l  ch lor ide  objective.) 

- 1.5 nmhos/cm EC a t  Jersey Point f r a n  April  1 through 
August 15 i n  a l l  years except EC c r i t i c a l ;  1.5 wnhos/cm 
EC a t  Jersey Point f ran  April  1 through June 30 and 3.0 
mmhos/cm EC from Ju ly  1 through August 15 i n  c r i t i c a l  
water years. 

If 1978 Delta Plan surplus Delta outflows occur, then 
projected reductions i n  minimum flow requirements i n  t h e  San 
Joaquin River near Vernalis and the  Sacramento River a t  
Sacramento a r e  considered water t h a t  could not  be saved; 
conversely, i f  1978 Delta Plan surpluses a r e  zero, then 
projected reductions i n  minimum flow requirements a r e  
considered llsavablell and a r e  applied t o  o f f s e t  water 
requirements i n  o ther  months. 

To the  extent  t h a t  surplus Delta outflow under the  1978 
Delta Plan is available,  it is used t o  reduce t h e  impacts of 
t h e  a l te rnat ives .  The surplus Delta outflow is adjusted 
depending on t h e  change in 1 Chipps Is land minimw flow 
requirements, 2)  car r iage  water requirements, and 3)  Banks 
and Tracy exports. If the  1978 Delta Plan surplus is zero, 
the  a l t e r n a t i v e  surplus is a l s o  zero. 

The YOLO, RF21, EAST, NETCU, and AREADIV a l t e rna t ive  flows 
remain the  same a s  i n  t he  1978 Delta Plan. 



Additional water needed t o  meet Delta object ives,  exports o r  
consumptive uses is  obt,aind from the  Sacramento River Basin 
through the  Sacramento River a t  Sacramento. 

7.3.2 Evaluation of  Alternat ive Plans 

In  order t o  evaluate these a l t e rna t ive  sets of water qua l i ty  
object ives,  a determination had t o  be made a s  t o  whether t h e  flow 
requirements of each could be achieved through implementation of  t h e  
new California water e t h i c  discussed previously o r  whether e x i s t i n g  
uses would need t o  be cur ta i led .  The present and fu tu re  reasonable 
water needs a r e  discussed i n  Chapter 6. Important f indings fo r  San 
Joaquin River Basin, Sacramento River Basin, and export a reas  a r e  
discussed below : 

In  t h e  San Joaquin River Basin April-July flows t o  t h e  Delta can b e  
increased through (1) an aggrecsive conjunctive use o f  surface  and 
ground waters, and (2) a reoperation of ex i s t ing  reservoi rs  i n  t h e  
Basin. An analysis  f o r  the  San Joaquin River Basin indicated t h a t  t h e  
po ten t i a l  increase i n  April through July flows would probably range 
from about 0.17 MAF/yr during c r i t i c a l l y  dry years t o  almost 0.7 

I W/yr during wet years. The average between 1972-87 was estimated a t  
about 0.49 MAF/yr. 

In the  Sacramento River Basin about 0.550 MAF of water supply reserves  
e x i s t  through t h e  year 2010 (DdR Bullet in 160-87). This reserve 
supply could be used t o  meet addit ional  flow requirements i n  t h e  Bay- 
Delta Estuary. 

For t h e  e n t i r e  S ta te  reasonable consumptive ag r i cu l tu ra l  needs w i l l  
decrease by about 1.0 MAF/yr from 1985 t o  2010. However, reasonable 
consumptive municipal and indus t r i a l  needs w i l l  increase by about 1.1 
MAF/yr from 1985 t o  2010. 

The south Coastal Area can provide adequate water supplies  t o  expected 
populations through the  year 2010 a t  ex i s t ing  Bay-Delta export l e v e l s  
provided ( 1 ) aggressive water conservation and reclamation measures 
a r e  pursued, and (2) water saved through agr i cu l tu ra l  water 
conservation i n  t h e  Coachella and Imperial and San Joaquin Valleys is 
made avai lable  t o  a u p e n t  expected decreases i n  water supplies  t o  the  
south Coastal Area from the  Colorado River Basin area. 

An analys is  has been made of  t h e  CVP and SWP a b i l i t y  t o  make up i n  
other  months, exports which a r e  foregone i n  April through July. I f  
exports a r e  cu r t a i l ed  during the  April-July period, about 0.7 t o  
0.8 MAF on the  average can be made up annually by u t i l i z i n g  current ly  
avai lable  pumping capacity i n  o ther  months (up t o  t h e  Corps of 
Engineers pumping c r i t e r i a )  provided ( 1  ) water supplies  from the  
Sacramento River system a r e  avai lable  t o  s a t i s f y  t h i s  demand and its 
ca r r i age  water requirements, (2) reservoir  s torage south of  t h e  Delta 
is more f u l l y  u t i l i z e d  during t h e  spr ing  and sumner, and (3)  municipal 
water users  u t i l i z e  a l t e r n a t i v e  water sources during the  sp r ing  and 
ea r ly  smer  ra ther  than re ly ing  on Delta Supplies. These users  could 
then switch t o  Delta supplies  during the  l a t e  f a l l  and winter. This 
analys is  u t i l i z e d  1985 export r a t e s  ( t h e  highest t o  d a t e  and 16 
percent higher than the  1979-1987 average) and compared them t o  



exports expected i n  t h e  f a l l  and winter months under the  1990 
operations study. Tne 1990 operations study shows t h a t  its average 
April throu& July exports a r e  s l i g h t l y  higher than those.experienced 
i n  1985. However, i t  a l s o  shows higher pumping i n  t h e  l a t e  f a l l  and 
winter than current ly  e x i s t s  under ac tual  1985 conditions by about 0.7 
MAF per year. The 1990 operations study uses e x i s t i n g  projec t  
f a c i l i t i e s .  Dqreases  i n  export pumping i n  April-July of  around 0.7 
MAF can be recouped i n  other  periods. 

Each a l t e rna t ive  set of water qua l i ty  object ives and t h e i r  water 
supply impacts a r e  discussed below. Table 7.3.2-1 tabula tes  t h e  
impacts o f  t h e  a l t e rna t ives  campared to the 1 9 9  l e v e l  of  developsnent 
and Table 7.3.2-2 does t h e  same but uses t h e  h i s t o r i c  base. 

7.3.2.1 Alternat ive 1 

Alternat ive 1 provides optimal protection t o  each benef ic ia l  
use i n  the  Estuary. This a l t e rna t ive  was developed to provide a 
s t a r t i n g  point  f o r  t h e  analys is  of  t h e  various other  
a l t e rna t ives  presented below. Each benef ic ia l  use i n  the  Estuary 
fo r  which adequate da ta  a r e  avai lable  was evaluated t o  determine 
what m u l d  be  t h e  idea l  set o f  conditions f o r  protect ion of  t h a t  
benef ic ia l  use. Each use was evaluated without regard f o r  any 
o ther  competing o r  complaentary benef ic ia l  use. The purpose of 
t h i s  exercise was t o  indica te  where d i f f e r e n t  benef ic ia l  uses had 
s imi lar  needs, s o  t h a t  a s ing le  o r  few objec t ives  could provide a 
measure of protect ion fo r  severa l  benef ic ia l  uses. For example, 
reductions i n  export l e v e l s  i n  t h e  sp r ing  months may provide 
benef i t  t o  the  young of shad, salmon, and s t r iped  bass, a s  well 
a s  f o r  western Delta agriculture.  This knowledge provided greater  
f l e x i b i l i t y  i n  developing t h e  other  a l t e rna t ives .  Table 7.3.2-1 
i l l u s t r a t e s  t h a t  April-July exports would be eliminated and 
average Delta outflow would increase by more than 7 mil l ion acre- 
feet. Large seglnents of  Cal i fornia9s  population m u l d  no longer 
receive a water supply. The impacts of  t h i s  a l t e r n a t i v e  c l e a r l y  
a r e  not reasonable. 

7.3.2.2 Alternat ive 2 

Alternat ive 2 provides t h e  next  highest l e v e l  of  protect ion of 
t h e  benef ic ia l  uses f o r  t h e  Bay-Delta Estuary. Salmon f i s h e r i e s  
a r e  protected a t  t h e  h i s t o r i c a l  l e v e l s  t h a t  existed generally 
p r io r  t o  the  19509s. Flows f o r  s t r iped  bass a r e  set a t  l eve l s  
i n i t i a l l y  proposed by S t a t e  Board s t a f f .  The DFG and the  USFWS 
recomnended achievement of pos i t ive  downstream flow i n  Old and 
Middle r i v e r s  during April-July. ?his a l t e r n a t i v e  constrains 
exports i n  April-July t o  provide these  flows about 38 percent of 
t h e  time. Since s t r iped  bass and salmon have declined in  the  
recent  pas t ,  act ions may be needed t o  prevent fu r the r  decl ine and 
allow a reasonable recovery. Alternat ive 2 attempts t o  do t h i s  
by increasing San Joaquin River flows on t h e  average by about 1.0 
t o  1.3 million acre-feet during April-July (see Tables 7.3.2-1 
and 7.3.2-2). This is an increase of  about 200 percent. !.s 
s t a t ed  previously, average flows i n  the  .%n Jonquin can be 
increased by only about 0.5 MAF with an aggressive conjunctive 
use and reservoir  reoperation program. Tncreases beyond t h i s  0.5 





TABLE 7.3.2-2 

APRIL - JULY UATER SUPPLY IMPACTS 
OF ALTERNATIVE SETS OF WATER QUALITY OBJECTIVES 

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

I Base Condi t i  ons 
(Mil l ions of  Acre Feet) ........................................ 

Average (Based on 15 years of  record 
Sacramento 4.358 
San Joaquin* 1.066 
Ex r t s ( - )  1.397 ~ tKr  FLOUS -0.202 .......... 

Total Delta Outflou 4.025 

HISTORICAL LEVEL OF DEVELOPMENT USING VALUES FROM 
YEARS 1972-87 (EXCEPT 1983) AS BASE .............................................................................................................................. 

Change i n  Base Flows Needed t o  Meet Alternative 
(Hi 11-iohs o f  Acre- Feet) ............................................................................................................................. 

Alternative 1 1 Alternative 2 1 Alternative 3 1 Alternative 4 1 Alternative 5 1 Alternative 6 

Total Delta ~ u t t  lou 9.999 ( 4.493 ( 2.172 I 2.074 1 1.092 I 1.12 I 0.m ( .................................................................................................................................................................... 

Wet (3 o f  15 years) ** 
Sacramento 8.231 

En JrETln 1.733 
1.506 

0 t K r  ~ 1 o . s  1.541 .......... 
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Sacrementa 
Sen Joaquin 1.018 
Ex r t s  -1  1.510 
0 t E r   tows -0.511 

0.516 
2.471 

-1.506 
-0- .......... 

v 
I 
w 
0 

.......... ..-.I-.- I Total Delta Outf lo. 1.546 ( ...................................................................................................................................................................... 

0.928 
1.340 
0.096 

-0- .......... 

Total Delta Outflow 1.335 1 8.645 1 1.496 1 1.539 1 1.0% ) t.M5 1 O.m@ I 1 ...................................................................................................................................................................... 

1.159 
1 .a66 
0.151 

-0- .......... 

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

-0.449 
0.224 

-0.324 
-0- .......... 

0.099 

Above Normal (1  of 15 years) 
Sacramento 5.4% 

2' ::?;n 2.905 
1.304 ~tgr ~ ~ o u s  -O.W .......... 

Total Delta Outflow 6.863 

........ - 0- 

Banks and Tracy Punping Plants only. ** Alternatives are sunnarized based on Sacramento Basin year types. However 
objectives for  San Joaquin River and exports were alwa s based on San Joaquin 
Basin year types, even when d i f fe ren t  from Sacramento L s i n  year type. 

X:% 
0.000 - 0- .--.-..- 
0 . m  
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0.302 

-0- .......... 
1.033 

1 ,748 
1.241 

-1.304 
-0- .......... 

4.293 

0.026 
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-0- 
-0- -.-..-..-- 

1.171 
-0.115 - 0. 

-0- .......... 
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0.539 
1.738 

-0.813 .......... 

0.826 
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-0- .---..---. 
0.693 

0.690 
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.......... -0- 
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-0.790 
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01127 
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C r i t i c a l  (4 of  15 years) 
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Ex r t s ( - )  1.085 
0 t R r   lou us -0.882 .......... 

Total Delta Outflow 1.057 

-0.064 
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-0.118 - 0.- .......... 

0.671 
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0.895 
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0 . m  
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-1.085 
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8.856 

0 . W  
0.000 
0.OOEI 

........ -0. 

0.501 
0.127 

-0.722 
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1.350 

838 
-0- - 0. .......... 

0.525 



MAF leve l  m u l d  l i k e l y  require a curtailment of  ex i s t ing  uses i n  
t h e  Basin. This a l t e rna t ive  would provide g rea t ly  enhanced 
protect ion t o  Estuary uses over those ex i s t ing  l e v e l s  while 
having a s ign i f i can t  impact on upstream users .  This  does not 
appear t o  be  reasonable. 

7.3.2.3 Alternat ive 3 

Alternat ive 3 provides protect ion t o  the  salmon resources i n  t h e  
Sacramento River system by preserving t h e  April-June flows (shown 
t o  be important t o  salmon) a t  l e v e l s  t h a t  have existed on the 
average over t h e  period o f  record (1 930-1 987). However, on the  
San Joaquin River system a more modest l e v e l  of  protect ion is 
sought. It represents  a more recent  period o f  flows r e f l e c t i v e  
of  the  current  Delta physical condition ( 195337 1. This l eve l  of 
protectton is more achievable on t h e  San Joaquin system than t h a t  
provided under Alternat ive 2. This l eve l  of protect ion is be t t e r  
than t h a t  provided under t h e  no ac t ion  a l te rnat ive .  It would 
prevent t h e  important spr ing  flows i n  t h e  San Joaquin River from 
dropping any lower i n  t h e  f u t u r e  a s  m u l d  be  expected under t h e  
no ac t ion  a l te rnat ive .  Since the  l e v e l  of  protect ion sought is 
an average over a 35-year period, and r e f l e c t s  a l e v e l  t h a t  
generally occurred before these  two f i she ry  resources were 
showing a dramatic decl ine,  it ac tua l ly  provides some increase 
over present  day flows. 

Striped bass protect ion is a t  l e v e l s  i n i t i a l l y  proposed by S ta te  
Board s t a f f .  Exports a r e  decreased t o  allow f o r  pos i t ive  ne t  
downstream flows i n  A p r i l J u l y  about 35 percent o f  t h e  time i n  
Old and Middle Rivers. 

A s  shown i n  Tables 7.3.2-1 and 7.3.2-2, Al ternat ive  3 reduces t h e  
average A p r i l J u l y  water flow demands on t h e  San Joaquin River 
system between 0.53 and 0.41 MBF above t h e  base flows. This is a 
more achievable level .  However, i n  s o  doing, it a l s o  c a l l s  f o r  
reductions i n  spr ing  exports over those planned i n  the fu tu re  by 
about 1.1 MAF. This represents  about a 65 percent decrease i n  
A p r i l J u l y  exports. Some o f  t h i s  decrease may b e  a b l e  to  be  
regained through increased exports i n  o ther  months a t  t h e  cos t  of 
bui ld ing addit ion storage south o f  t h e  Delta. However, t h i s  
e n t i r e  amount could not be regained without addi t ional  f a c i l i t i e s  
i n  t h e  Delta . 

7.3.2.4 Alternat ive 4 

Alternat ive 4 is  t h e  same a s  Alternat ive 3 except it r e t a i n s  the  
\ export l imi ta t ions  set f o r t h  i n  t h e  current  Delta Plan and t h e  

Delta outflows f o r  s t r iped bass a s  recommended by DFG and the  
USFWS. This means t h a t  t h e  only mechanism used t o  address t h e  
concerns ra ised  regarding the  s t a t u s  of  t h e  salmon and s t r iped  
bass f i s h e r i e s  is t o  increase flows. Exporters a r e  not asked to 
shoulder any of  t h e  burden even though export operat ions a r e  
known t o  have e f f e c t s  on in ternal  Delta flows and physically 
remove milions of young f i s h  each year. The water supply impacts 
a r e  shown in Table 7.3.2-1 and 7.3.2-2. Although t h i s  
a l t e r n a t i v e  has the  l e a s t  ove ra l l  impact on water users ,  it too 



does not provide an equi table  sharing o f  r e s p o n s i b i l i t i e s  to 
protect  beneficial  uses i n  t h e  Bay-Delta Estuary. 

Alternat ive 5 

Alternat ive 5 o f f e r s  t h e  l e v e l  of flows for protect ion o f  salmon 
a s  set f o r t h  under Alternat ive 3. However, outflow protect ion 
provided t o  s t r iped bass is commensurate with t h a t  recommended by 
the  DFG and the USFWS. Both the DFG and the  USFWS recornended 
t h a t  some reduction in  spr ing  exports be achieved. Yowever, 
ne i ther  made spec i f i c  recomnendations. Under t h i s  a l t e rna t ive ,  
i n  A p r i l J u l y  exports a r e  established t o  reflect the condit ions 
t h a t  occurred during a time when both s t r iped  bass and salmon 
populations were i n  much hea l th ie r  conditions, p r i o r  t o  the  
increased export of  the  9rlP (1 953-1 967 - see Figure 4.5.1.2-4) . 
Reducing exports t o  the  period before t h e  %P does not  always 
provide t h e  pos i t ive  downstream flow in Old and Middle r i v e r s  
sought by many f i she ry  groups. Under t h i s  a l t e rna t ive ,  pos i t ive  
flows occur only about 20 percent o f  t h e  time during April- 
July. It does reduce the  magnitude o f  reverse flows compared t o  
present conditions. A s a f e  l e v e l  o f  exports is not known. 
However, pre-SWP spr ing  export r a t e s  appears t o  be  a reasonable 
interim goal u n t i l  a s a f e  l e v e l  o f  exports is found. 

The average impact on e x i s t i n g  and planned sp r ing  exports is a 
decrease o f  about 0.67 MAF. Compared t o  t h e  l a s t  15  years of 
spring exports,  they would be reduced by about 0.2 MAF. In 
order t o  make up f o r  t h i s  decrease i n  sp r ing  exports t h e  CVP and 
WP could increase exports  i n  f a l l  and winter months above 
today's l e v e l s  a s  planned i n  t h e i r  1990 operat ions study. This 
is possible with e x i s t i n g  f a c i l i t i e s  a s  shown i n  WR1s 1990 
operations study. These ac t ions  would i n  e f f e c t  f reeze  ex i s t ing  
t o t a l  annual exports a t  about t h e  1985 levels .  The 1985 l eve l  of 
exports is t h e  highest t o  da te  and 16 p e r ~ e n t ~ h i g h e r  than t h e  
average l e v e l  of exports  s ince  implementation o f  t h e  1978 Delta 
Plan. However, a s  shown i n  Chapter 6, t h i s  l e v e l  of Delta supply 
is s u f f i c i e n t  t o  meet reasonable water demands south and west of 
the  Delta through t h e  year 2010. 

7.3.2.6 Alternat ive 6 

Alternat ive 6 is t h e  no ac t ion  a l t e rna t ive .  A s  s t a t ed  
previously, continuation of t h i s  a l t e rna t ive  is expected t o  
r e s u l t  i n  a decrease i n  April-June flows i n  both the San Joaquin 
River and the  Sacramento River a t  Rio Vista. Exports i n  t h e  
October-April period w i l l  increase by a t  l e a s t  0.6 YAF above t h e  
highest l e v e l s  experienced t o  date. A l l  t'nis w i l l  t ake  place 
while the  natura l  population o f  salmon continues t o  decl ine  and 
t h e  index of young s t r iped  bass is a t  its lowest l e v e l s  ever 
recorded. In addit ion,  the southern Delta w i l l  continue t o  
receive inadequate protection. 

In the  face  of these decreases i n  Estuary benef ic ia l  use 
protection and the  benef i t s  received by the  water use comnunity, 
t h e  no action a l t e rna t ive  appears to be inequitable. 



7.3.2.7 Recomnended A 1  t e rna t  ive  

I n  l igh t  of t h i s  review, Alternative 5 is t h e  recommended 
a l ternat ive .  

Figure 7.3.2.7-1 and Figure 7.3.2.7-2 show i n  bar char t  form t h e  
water supply impacts of t h e  recomnended a l t e rna t ive  u s i n g t h e  
1990 operations study a s  a base and the  1972-87 his to r i ca l  period 
a s  a base, respectively. The April-July data  shown i n  these  bar 
char t s  a r e  from Tables 7.3.2-1 and 7.3.2-2. The figures allow 
t h e  c a p a r i s o n  o f  recomnended changes t o  t h e  average base 
condition f o r  each control  point  i n  t h e  Delta, i.e., Delta 
outflow, Sacramento River, San Joaquin River and Tracy and Banks 
exports. 

The water qua l i ty  object ives derived from t h e  reconanended 
a l t e rna t ive  a r e  shown in  Table 1 ( see  Chaptee 1, Executive 
%mmary) . 
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PROGRAM OF IMPLEMENTATION .----------------------- 

8.1 Introduction and Discussion of Issues 

A Program of Implementation is required i n  a l l  water qua l i ty  control  
plans (WC Section 13242). This chapter provides t h e  program of 
implementation, and includes: a discussion of how and when t h e  water 
qual i ty  object ives set f o r t h  i n  t h i s  Plan a r e  t o  be implemented; 
sampling and s tud ies  t o  be performed; and a time schedule. 

The Board w i l l  use both its water qua l i ty  and water r i g h t  au thor i t i e s  t o  
implement t h e  object ives i n  t h i s  Plan. The most controversial  aspects  
of t h i s  Plan a r e  re la ted  t o  water r ights .  Water r i @ t  i ssues  w i l l  
ac tual ly  be determined by the  Board during Phase I11 sf t h e  hearing 
process f o r  t h e  San Francisco Bay/Sacramento-San Joaquin Bay Delta 
Estuary. To help provide in teres ted  pa r t i e s  with an idea of sane of  t h e  
i ssues  t h a t  w i l l  be discussed f u l l y  during Phase 111, presented below 
a r e  some of t h e  concepts and conditions addressed i n  t h i s  Plan a s  they 
r e l a t e  t o  water r i g h t  aspects. 

8.1.1 Water Right Issues 

8.1.1.1 California Water Ethic 

The California water e t h i c  is f u l l y  discussed i n  Chapter 6 of 
t h i s  Plan (see 6.1 1. The pr inciples  developed from t h i s  e t h i c  
a r e  discussed i n  sec t ions  of chapters 6 and 7 a s  they r e l a t e  t o  
determining reasonableness of  consumptive use needs (chapter 6) 
and t o  determine appropriately balanced object ives f o r  spec i f i c  
benef ic ia l  uses (Chapter 7). The Board can consider placing 
appropriate terms i n  water r i g h t  l icenses  and permits t o  ensure 
more e f f i c i e n t  use of t h e  s t a t e ' s  l imited water supply 
consistent  with t h e  California water ethic.  I n  Pnase I11 t h e  
Board should consider t h e  following i n  order t o  bes t  conserve 
and u t i l i z e  B a y a e l t a  waters: 

e The annual combined export quanti ty per water year from t h e  
USBR Tracy Pumping Plant and t h e  WP Banks Pumping Plant  be 
l imited,  except t h a t  i n  w e t  and above normal years,  water 
above t h a t  required t o  meet object ives i n  t h e  Bay-Delta may 
be pumped f o r  conjunctive ground water s torage  and offstream 
surf  ace storage ; and 

e The annual amount of water pumped per water year a t  t h e  WP 
Edmonston Pumping Plant f o r  use i n  t h e  southern California 
portion of t h e  SWP service  area be l imited,  except that :  
(1) an increase above t h a t  a u n t  equal to  t h e  quanti ty of 
water conserved through increased agr icul tura l  ef f ic iency i n  
the  San Joaquin Valley would be allowed; and (2) i n  wet and 
above normal years, water above t h a t  required t o  meet 
object ives i n  t h e  Bay-Delta may be pumped f o r  conjunctive 
ground water s torage and offstream surface storage;  and 

o Agricultural users who contribute drainage flows to  s a l t  
s inks should achieve a high but reasonably a t t a inab le  water 
use efficiency. 



8.1.1.2 Sharing t h e  Obligation t o  Meet Water Quality Objectives i n  t h e  
Estuary 

Currently, only ce r t a in  permits of t h e  CVP and SWP f a c i l i t i e s  
a r e  required to meet Bay-Delta Estuary water qua l i ty  and flow 
objectives. These projec ts  represent only about o n e h a l f  of t h e  
almost 30 mil l ion acre-feet of  water s tored within t h e  
watershed. The Board w i l l  consider an equitable sharing of t h i s  
responsibi l i ty  among a l l  users  of Bay-Delta Estuary waters 
during Phase 111. One p o s s i b i l i t y  t h e  Board may consider, t o  
c rea te  a more equitable sharing, would be t o  expand t h e  
responsibi l i ty  t o  maintain Estuary water qua l i ty  t o  a l l  
reservoirs  larger  than 100,000 acre-feet, This act ion would add 
31 reservoirs  t o  t h e  list of those assigned t h i s  responsibil i ty.  
Almost 90 percent of t h e  water stored i n  t h e  watershed would 
then be operated t o  help maintain Estuary objectives. 

I n  Water R i g h t  Decision 1594, t h e  Board set f o r t h  t h e  policy 
t h a t  a l l  new water r i g h t  permittees should not reduce flows 
needed t o  meet Bay-Delta water qua l i ty  object ives by placing 
water r i g h t  terms 91 and 93 i n t o  t h e i r  permits. The Board 
determined t h a t  water f o r  appropriation is no longer avai lable  
when terms 91 and 93 a r e  i n  e f fec t .  When t h i s  occurs new water 
users  must cease diverting. I f  appropriators use water during 
t h i s  period, they must show t h e  Board evidence t h a t  they have 
another water source being avai lable  t o  them and t h a t  they a r e  
using t h a t  a l ternaive  source of  supply. Terms 91 and 93 
estimate on a r e a l  time bas i s  when t h e  CVP and S P  re lease  t h e i r  
stored water t o  maintain B a y 4 e l t a  object ives.  During Phase 
111, t h e  Board may decide i f  s imi lar  terms should be placed i n  
t h e  permits and l icenses  of ex i s t ing  projec ts  t h a t  a r e  not 
current ly  operated t o  maintain water qua l i ty  object ives i n  t h e  
Estuary. Such act ions by t h e  Board would redefine the  water 
r i g h t  r u l e s  upon which t h e  water y ie ld  of not only these 
ex i s t ing  projec ts  but a l s o  t h e  water y ie ld  of  t h e  CVP and S4P 
a r e  defined. Taking t h i s  ac t ion may require  t h e  phased 
implementation of t h e  object ives contained i n  t h i s  Plan. 

8.1.2 Water Quali ty Issues 

I n  addit ion t o  t h e  concerns, concepts, and analyses discussed i n  
previous chapters which l ed  up t o  t h e  water qua l i ty  object ives 
presented i n  Chapter 7, an addit ional  i ssue  not addressed heretofore 
is discussed below. 

8.1.2.1 S a l t  Load Reduction Policy 

Two occurrences have degraded water qua l i ty  i n  t h e  southern 
Delta. They a r e  decreases i n  San Joaquin River flow and 
increases i n  s a l t  loads t o  the r i v e r  from i r r iga ted  
agriculture. I n  t h i s  Plan, these  flow issues and others a re  
addressed. Upon adoption of  t h i s  Plan, t h e  S t a t e  Board should 
consider requesting the  Central Valley Regional Water Quality 



Control Board to adopt a s a l t  load reduction policy. The goals 
of t h i s  policy should be t o  s t a b i l i z e  and t o  reduce t h e  s a l t  
loads discharged i n t o  t h e  San Joaquin River. The policy should 
be achieved through amending ex i s t ing  and new waste discharge 
requirements, adopting nonpoint source cont ro ls ,  and amending 
the Basin Plan. The policy should reduce s a l i n i t y  l e v e l s  t o  
protec t  benef ic ia l  uses. 

8.2 Monitoring and Special Studies 

A monitoring program is necessary t o  assess compliance with t h e  water 
qua l i ty  object ives of t h e  Water Qual i ty  Control Plan and t o  develop 
information t o  r e f i n e  t h e  water qua l i ty  object ives i n  t h e  future.  Very 
l i t t l e  information was presented i n  Phase I regarding an appropriate 
monitoring program t o  be  contained i n  t h e  Water Quali ty Control Plan. 
The components of  such a monitoring program should include: 

0 program coordination/data management and repor t ing  
e compliance monitoring 
e basel ine s tud ies  and spec ia l  s tud ies  

Concerns have been ra ised  about t h e  coordination and guidance provided 
by e x i s t i n g  programs and t h e  proper r o l e  of  t h e  S t a t e  and Regional 
Boards i n  interagency e f f o r t s  t o  study various aspects  of  t h e  Estuary. 
Specif ical ly,  concern has been expressed t h a t  t h e  Board's water qua l i ty  
monitoring programs which assess  pol lu tant  loads and effects need t o  be 
more c lose ly  integrated i n t o  other  interagency s tud ies  o f  t h e  Estuary. 
Also some groups bel ieve t h e  basel ine s tudies  required i n  D-1485 need to 
be b e t t e r  integrated i n t o  interagency study efforts and made more 
f lexib le .  

Pr ior  t o  the  1978 Delta Plan the S t a t e  and Regional Board's had very 
l i t t l e  involvement i n  t h e  interagency study e f f o r t s  of  t h e  Estuary. In 
D-1485 t h e  S t a t e  Board required spec i f i c  new s tud ies  of  San Francisco 
Bay be  performed. The Board has par t ic ipa ted  i n  s tud ies  of  t h e  Bay by 
sharing funding of t h e  hydrodynamic element of the San Francisco Bay 
Program with the  Interagency Study Program and by i n i t i a t i n g  t h e  Aquatic 
Habitat Program t o  evaluate pol lu tant  a f f e c t s  on t h e  Bay. However, a s  
discussed i n  t h e  Pollutant  Policy Document, b e t t e r  coordination of  S ta te  
and Regional Board s tud ies  on pol lu tant  e f f e c t s  both i n  and upstream of 
the  Estuary is needed. Consideration should be  given for the Board t o  
become a signatory t o  the Interagency Study Program s o  t h a t  the Board 
may b e t t e r  coordinate its s tud ies  i n  and upstream of t h e  Estuary with 
the  other  agencies. This would include data  manageent and report ing of  
t h i s  information. 

This d r a f t  plan does not contain a spec i f i c  basel ine study program. The 
ex i s t ing  program a s  set f o r t h  i n  the  1978 Delta Plan has not been 
a l t e red  s ign i f i can t ly  s ince  it was adopted. Baseline s t u d i e s  a r e  
necessary t o  iden t i fy  long-term t rends  but they should a l s o  be 
continuously reevaluated and appropriate changes made a s  required i n  t h e  
1978 Delta Plan and D-1485. This basel ine study program should be 
reevaluated i n  Phase I1 and consideration should be  given to merging it 
more closel'y with other  interagency s tudies  t o  make it more responsive 
to specia l  study needs of  these  programs while still providing an 
appropriate long-term trend analys is  on important parameters. 



8.2.1 Compliance Monitoring 

A compliance monitoring program w i l l  be established during Phase I11 
t o  assess  compliance with t h e  water qual i ty  object ives contained in  
t h i s  Plan. The program will include continuous monitoring e l e c t r i c a l  
conductivity recorders a t  each control  s t a t i o n  shown on Table 
7.3.2.7-1 or  a demonstration, t o  the  sa t i s fac t ion  of t h e  Board, - 
t h a t  monitoring a t  a nearby location ensures demonstration of 
compliance. Funding of t h i s  program may be more complex s ince  more 
p a r t i e s  may be required t o  help maintain these  objectives. In Phase.  
I11 t h e  cos t  a l locat ions  f o r  such a program w i l l  be decided. 

8.2.2 Baseline and Special Studies 

As s t a ted  e a r l i e r  t h e  basel ine program i n  t h e  1978 Delta Plan needs 
t o  be reevaluated and made more f lexible.  Information regarding 
t h i s  reevaluation should be presented by t h e  p a r t i e s  i n  Phase 11. 

Special s tud ies  a r e  a more complex subject. I n  t h e  1978 Delta Plan 
t h e  Board set fo r th  spec i f i c  specia l  s tud ies  t o  be  performed. The 
goal of these  s tudies  were t o  develop a b e t t e r  understanding of t h e  
hydrodynamics, water qua l i ty ,  productivity and s ign i f i can t  
ecological in terac t ions  i n  the  Estuary s o  t h a t  more accurate 
predict ions of t h e  e f f e c t s  of water projec t  operations on benef ic ia l  
uses could be made. The most s igni f icant  of these  new s tudies  were 
those i n  San Francisco and W s u n  Bay. Unfortunately, while these  
s tudies  provided information on t h e  physical effects of flow changes 
on s a l i n i t y  gradients, phytoplankton production, and f i s h  movement, 
they did not c l ea r ly  address how these  changes e f f e c t  benef ic ia l  
uses l i k e  f i s h  and wi ld l i fe .  Special s tud ies  i n  t h e  San Francisco 
Bay, Suisun Bay and the  Delta should continue t o  attempt t o  address 
t h i s  c r i t i c a l  information l i n k  needed t o  develop water qua l i ty  
objectives. 

Exist ing s tud ies  on the  effects on water projec t  operations o r  
salmon and s t r iped  bass should continue and new s tud ies  t o  r e f i n e  
our knowledge i n  t h i s  area should be performed. Studies which 
quantify t h e  e f f e c t s  of water project  operations on shad and 
res ident  f i s h  should a l s o  be performed. 

I f  t h e  S t a t e  Board were a f u l l  member of t h e  interagency study team 
it could provide more guidance t o  t h i s  group on t h e  t ype  of specia l  
s tudies  t h a t  a r e  most useful  t o  t h e  Board i n  s e t t i n g  water qua l i ty  
objectives. After going through t h e  volminous Pnase I hearing 
record, t h e  Board has ident i f ied  information gaps t h a t  when f i l l e d  
should provide a firmer base upon which t o  set standards. The Board 
can help study teams formulate t h e i r  study plans t o  gather t h i s  
missing information. 

Funding of basel ine and specia l  s tudies  programs i n  the Estuary 
should be evaluated in  Phase 111. 



8.3 Legis la t ive  Proposals 

Although l eg i s l a t ion  is not required f o r  t h e  implementation of t h e  water 
qual i ty  object ives i n  t h i s  Plan, the re  a r e  spec i f i c  areas  i n  which new 
leg i s l a t ion  may be helpful.  They are:  

e Legislat ion a s s i s t i n g  t h e  Board i n  implementing t h e  new California 
water e t h i c  through incentives t o  increase water conservation, 
reclamation, and conjunctive ground water and surface water use; 

e Legislation t o  assure t h e  Board's a b i l i t y  t o  enforce t h e  foregoing 
recmenda t ions .  

New objectives must be implemented i n  l a rge  measure through regulation 
of water r ights .  I n  keeping with t h e  appel la te  court  decision, a much 
greater universe of water r i g h t  holders w i l l  need t o  modify t h e i r  water 
project  operations t o  help achieve Bay-Delta water qua l i ty  objectives. 
These changes i n  operations w i l l  have t o  be evaluated on a real-time 
bas is  i n  order t o  assess compliance. A s  demonstrated during t h e  d r o u a t  
i n  1988, t h e  Board has minimal a b i l i t y  t o  assure  compliance by even a 
small percentage of diverters .  Also, increased monitoring and research 
w i l l  be needed t o  fur ther  r e f i n e  t h e  water qua l i ty  object ives discussed 
i n  preceding sections. I n  order t o  achieve an equi table  sharing of 
these respons ib i l i t i e s ,  t h e  following changes a r e  needed : ( 1 ) the  water 
r i g h t s  administration process should be streamlined t o  decrease 
requirements fo r  small projec ts  which have l i t t le  po ten t i a l  f o r  causing 
regional o r  statewide impacts; (2) compliance monitoring of  larger  
projects  needs t o  be automated; and ( 3 )  annual users  fees should be 
imposed on permittees and licensees. These fees would be used t o  help 
fund t h e  cos t  of continuing basel ine and specia l  s tud ies  on t h e  water 
qual i ty  and instream flow needs of  t h e  Estuary, and t o  fund t h e  
compliance s tud ies  discussed i n  t h i s  Plan. 

8.4 Time Schedule 

The deta i led  time schedule f o r  implementation of t h i s  Plan w i l l  be 
prepared a t  t h e  conclusion of Phase I11 of t h e  hearing process. An 
appropriate schedule cannot be prepared sooner because t h e  
responsibi l i ty  fo r  implementing various aspects  of t h e  Plan w i l l  not be 
addressed u n t i l  Phase 111. However, phased implementation of t h e  
object ives should be considered i n  no more than s i x  years a f t e r  adoption 
of t h i s  Water Quality Control Plan. 
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APPENDIX A -- Past Proceedings Related t o  Flow and Sa l in i ty  
Objectives f o r  the  Bay-Delta Estuary 

Water qua l i ty  object ives were f i r s t  proposed f o r  the  Delta on November 19, 1965. 
Water Right Decision 1275 (D-1275) and Decision 1291 adopted i n  1967, 
incorporated these  objec t ives  and other terms i n t o  t h e  permits issued f o r  t h e  
WP. The S t a t e  Boards1 predecessor agency, t h e  S t a t e  Water Rights Board, 
issued a Water Quality Control Policy fo r  the  Delta and Suisun Marsh in  1967. 
This was amended i n  1968. Pursuant t o  commitments made when D-1275 was issued, 
hearings regarding a s a l i n i t y  standard were i n i t i a t e d  i n  July 1 969. Following 
these  hearings, Decision 1379 (D-7 3791, containing new water qua l i ty  object ives 
f o r  the  Delta and Suisun Marsh, was issued i n  July 1971. However, subsequent 
l i t i g a t i o n  and court ac t ion  stayed the  implementation of  D-1379 so t h a t  t h e  
requirements of D-1275 remained i n  effect .  Regions 2 and 5 developed interim 
Basin Plans f o r  their respect ive  p a r t s  of  t h e  Estuary which were approved by 
the  S t a t e  Board in  1971. In  1973, i n  response to  EPA concerns regarding t h e  
above mentioned 1967 Fater  Quality Control Policy, t h e  S ta te  Board held a 
hearing and adopted a plan t o  supplement the  1967 policies.  Comprehensive 
Basin Plans f o r  the  Sacramento-San Joaquin Delta Basin (Basin 5B) and the  San 
Francisco Bay Basin (Basin 21, containing long-term water qua l i ty  object ives,  
were approved by the  S t a t e  Board i n  1975. Most of t h e  water qua l i ty  object ives 
incorporated i n t o  t h e  Basin Plan f o r  Basin 5B were s imi lar  t o  those of D-1379. 
In 1976 the  S t a t e  Board i n i t i a t e d  a jo in t  water qua l i ty  and water right hearing 
t o  coordinate s a l i n i t y  object ives f o r  the  Delta and Suisun Marsh. This 
resul ted ,  i n  1978, i n  adoption by t h e  S ta te  Board of  t h e  Water Quali ty Control 
Plan f o r  t h e  Sacramento-San Joaquin Delta and Suisun Marsh (Delta Plan) and 
Water Right Decision 1485 (D-14851. The Delta Plan contained flow and s a l i n i t y  
object ives superseding those i n  t h e  5B Basin Plan. D-1485 placed permit 
conditions on t h e  SWP and CVP t o  achieve s a l i n i t y  objec t ives  i n  t h e  Delta and 
Suisun Marsh through regulat ion of flows and operat ional  constraints .  I n  
November 1983, t h e  S ta te  Board adopted Water Right Decision 1594 pursuant t o  
its reserved ju r i sd ic t ion  over more than 500 permittees i n  t h e  Sacramento-San 
Joaquin Delta watershed. This decision placed conditions on permits issued 
s ince  1965, o ther  than SAP and CVP, generally prohibi t ing  diversions when 
natura l  and abandoned flows a r e  insuf f i c i en t  t o  meet t h e  D-1485 Delta water 
qua l i ty  objectives. Under insuf f i c i en t  flow conditions the  SIP and CVP have t o  
r e l ease  stored water t o  meet the  object ives contained i n  D-1485. 



APPENDIX 8 

DAYFLOW and Salmon Survival Data Sets 

The fol lowing tables, 81 - 812, provide the f low data from DWR's DAYFLOW 
program which were used t o  calculate f ishery  protect ion l eve l s  and average - 
h i s t o r i c a l  conditions. A1 so included i s  the Sacramento River (Rio Vista) 
Estimated Salmon Survival Index. Year type c1 assi f i ca t ions  are the proposed 
A p r i l  - Ju ly  water year types as defined i n  the Draf t  Plan. Sacramento Val ley 
year types are used throughout e x c e ~ t  f o r  Del ta exports and Vernal is (San . - 
Joaquin River) inflow, which use San Joaquin Valley year types. The e f fec ts  of 
Del ta i s land  f looding and dewatering are discounted from the export values. 

L i s t  o f  Tables 

B-1 Sacramento Val ley Ap r i l  - Ju ly  Inf low, 1953 - 1987 

8-2 Sacramento Val ley Ap r i l  - Ju ly  Inf low, 1953 - 1987, Year Type Summary 

8-3 Rio V is ta  A p r i l  - June Flow, 1930 - 1987 (wi th and without a cap o f  
22,500 c f s  on flow) 

B-4 Rio Vista Ap r i l  - June Flow, 1930 - 1987, Year Type Summary (w i th  cap o f  
22,500 cfs on f low) and Estimated Salmon Survival Index [3 pages] 

B-5 Rio V is ta  Ap r i l  - June Year Type Summary o f  Various H i s t o r i ca l  Periods 

0-6 Vernal i s  Ap r i l  - June Inf low, 1930 - 1987 (wi th and without a cap of 
20,000 c f s  on flow) 

B-7 Vernal i s  Ap r i l  - June Inflow, 1930 - 1987, Year Type Summary 

B-8 Total Annual Delta Exports, 1950 - 1987 

B-9 Total Ap r i l  - Ju ly  Delta Exports, 1953 - 1987 

B-10 Total Ap r i l  - Ju ly  Delta Exports, 1953 - 1987, Year Type Summary 

B-11 Delta Outflow, A p r i l  - July, 1953 - 1987 

8-12 Del ta Outflow, Ap r i l  - July, 1953 - 1987, Year Type Summary 



SACRAMENTO VALLEY HISTORIC FLOWS - CFS 1953-1987 
(SACRAMENTO RIVER PLUS YOU) BYPASS) FROM DAYFLOW ............................................................... 

WATER YR.YR. TYPE APR MAY JUN JUL AVG 



SACRAMENTO VALLEY FLOWS (SACRAMENTO R. + YOLO BYPASS) - CFS 
YEAR TYPE SUMMARY FROM DAYFLOW 
1953-1967 ............................................................... 
WATER YR-YR. TYPE APR - ' 

- ,  -- MAY --- JUN JUL --- AVG --_- 
AVERAGE 3yll 59,881  43,787 28,576 13 ,661  36,476 

1954 52,972 25 ,086  11,508 8 ,100  24,417 
AVERAGE BN 4 20,906 21,716 1 2 , 9 0 0 .  10 ,087  16,402 
AVERAGE 3401 15,718 13,672 10 ,265  10,797 12 ,613  - - - - - - 

---------L-----------.----------------.---------.-------------- 

GRND MEAN 15 37,369 26,065 15,812 10 ,661  22,477 
WTDGNDMN 15 37,250 28,624 18 ,375  11 ,573  23,956 

1968-1987 ............................................................... 
WATER YR.YR. TYPE APR MAY JUN JUL 
--====--.--!A=,====--====--- 

AVG 
-----------I------- -- ------ 

AVERAGE W(6) 69,571  39,913 29,137 20 ,670  39,823 
1978 AN 1 40 ,261  25,215 12,677 14,317 23 ,118  

AVERAGE BEY161 19 ,821  15,263 14,298 17,157 16 ,635  
AVERAGE 
,RAGE :I:{ 13,986 13,704 12,170 13 ,941  13 ,450  

11,954 10 ,597  9 ,665  12,706 11 ,230  ------.--.---------------------.---------------------.--------- 
GRND MEAN 20 31,119 20 ,938  15,589 15 ,758  20 ,851  
WGTGNDMN 20 33,319 21 ,989  17,423 16 ,696  22,357 

1979-1987 ............................................................... 
WATER YR.YR. TYPE APR MAY JUN JUL AVERAGE 

AVERAGE - 
AVERAGE 

1985 
AVERAGE ---------- 

GRND MEAN 
WTDGNDMN 

1953-1987 ............................................................... 
WATER YR.YR. TYPE APR MAY JUN JUL AVG 
-------------------------------------I--------- ........................................... 

AVERAGE 64,726 41,850 28,856 17 ,165  38,149 
AVERAGE 3 46,617 25 ,151  12,093 11,209 23,767 
AVERAGE BN 10  20,255 17 ,844  13,739 14 ,329  16 ,542  
AVERAGE Dl71 14,975 13 ,686  11,082 12 ,144  12,972 
AVERAGE C 4 11,954 10,597 9 ,665  12 ,706  11 ,230  ------.-------------------------------------------------------- 

GRND MEAN 35 31,705 21,825 15,087 13 ,510  20 ,532  
WTDGNDMN 35 35,004 24,832 17 ,831  14 ,501  23,042 ********* 
GRND MEAN = AVERAGE OF ALL YEARS I N  GROUP 

WTDGNDMN = AVERAGE O F  ALL YEARS I N  GROUP WEIGHTED BY FREQUENCY 
O F  EACH YEAR TYPE I N  GROUP 



YR 
YEAR TYPE 

===P=a==-=sI=: 

1930D 
1931 C 
1932 0 
1933 0 
1934 C 
1935 U 
1936 AN 
1937 AN 
1938 U 
1939 C 
1940 AN 
1941 U 
1942 u 
1943 AN 
1944 BN 
1945 BN 
1946 BN 
1947 0 
1948 U 
1949 BN 
1950 AN 
1951 BN 
1952 U 
1953 U 
1954 A)( 
1955 BN 
1956 U 
1957 BN 
1958 U 
1959 0 
1960 0 
1961 D 
1962 BN 
1963 U 
1964 D 
1965 U 
1966 BN 
1967 U 
1968 D 
1969 U 
1970 D 
1971 U 
 on BN 
1973 BN 
1974 U 
1975 Y 
1976 C 
1977 C 
1978 AN 
1979 BN 
1980 BN 
1981 C 
1982 U 
1983 U 
1984 EN 
1985 0 
1986 BW 
1987 C 

AVG 30-52 
AVG 53-87 
AVG 30-87 
AVG 53-67 
AVG 68-78 
AVG 79-87 
AVG n - 8 7  
AVG 72-87<-83) 

R I O  VISTA FLOUS, 1930-1987 
(From DUR OAYFLOU) 

APR 
a .--- .--as-= 

271 71 
6070 

23686 
18694 
13762 
79218 
38447 
46085 

' (13013 
14650 
94517 
92744 
61020 
46645 
14454 
22542 
27988 
18509 
46700 
25825 
30215 
21406 
69015 
20947 
3687s 
11231 
27375 
12753 

100201 
7569 

11337 
9677 

17544 
78676 
6364 

36728 
14142 
@Ssg 
7988 

39290 
7979 

32692 
6915 

13397 
942 16 
25744 
6814 
1615 

34486 
1 1 m  
17896 
12321 

104470 

JUNE 
a 

=- 
6392 
349 

14925 
12255 
1590 

16114 
14512 
12217 
31127 

916 
8923 

50901 
29054 
12415 
6689 

11063 
8786 
5350 

26828 
6574 

12852 
7023 

33756 
20307 
8247 
8597 

20392 
10880 
29308 
2542 
4577 
4665 
6115 

10514 
4999 
8253 
3667 

MM3 
4914 

15475 
5265 

16533 
6710 
8589 

14241 
13658 
4602 
1791 
5829 
5509 

10488 
4464 

18953 
61173 
7497 
6946 
5261 
4002 .----------. 

14640 
10903 . 
12385 
11980 
8873 

1 1588 
9982 
7903 

AVG 
a - 

16801 
3162 

22628 
15707 
6836 

45337 
25784 
30598 
64103 
7078 

43091 
76199 
46473 
a l p s  
13396 
18450 
19683 
10465 
39287 
Imo 
22282 
16868 
55438 
22159 
20683 
12301 
28227 
15966 
58597 
5143 
8227 
6973 

11675 
42029 
6183 

23054 
8399 

43398 
6545 

29725 
6871 

23569 
6657 

10480 
423% 
19438 
5466 
2132 

19004 
9081 

13386 
8168 

52984 
55724 
10106 
6815 

12172 
4994 .------ 

28047 
18821 
22480 
20868 
15662 
19270 
17438 
14885 

AVERAGE WHLY 810 VlSTA FLOU,1930-1987 
( M e x i a m  set to  22,500 cfs) 

(from,DUR,DAYFLOU) 

YR hPR M Y  W E  AVG 
IUR TYPE a a a a 

1930 0 
1931 C 
1932 0 
1933 0 
1934 C 
1935 U 
1936 AN 
1937 AN 
1938 U 
1939 C 
1940 AN 
1941 u 
1942 U 
1943 AN 
1944 BN 
1945 EN 
1946 BN 
1949 D 
1948 U 
1949 EN 
1950 AN 
1951 BN 
1952 Y 
1953 U 
1956 AN 
1955 BN 
1956 U 
1957 BN 
1958 U 
1959 D 
1960 0 
1961 D 
1962 BN 
1963 Y 
1964 0 
1965 U 
1966 EN 
1967 U 
1968 D 
1969 Y 
1970 D 
1971 U 
1972 8N 
1973 BN 
1974 U 
1975 U 
1976 C 
1977 C 
1978 AN 
1979 BN 
1980 BN 
1981 C 
1982 U 
1983 U 
1984 BN 
1985 0 
1986 BN 
1987 C 

AVG 30-52 
AVG 53-87 
AVG 30-87 
AVG 53-67 
AVG 68-78 
AVG 79-87 
AVG ?2-87 
AVG 72-87( -83) 

22300 
6010 

22500 
186% 
13762 
22500 
22500 
tzsoo 
22500 
14650 
moo 
22300 
22500 
22500 
144% 
22500 
22500 
18509 
22500 
22500 
22500 
21406 
22500 
20917 
22500 
11231 
22500 
12753 
22500 
7569 

11337 
9677 

17544 
tt500 
6% 

22500 
14142 
22500 
7988 

22500 
7979 
moo 
6915 

l a 9 7  
22500 
22500 
6814 
1615 

22500 
11738 
17896 
l a 2 1  
22500 
22500 
13515 
6303 

22500 
6008 ----*--.----. 

20328 
1SCO1 
17355 
16436 
14292 
15031 
14470 
13935 

16841 
3068 

22500 
16171 
5155 

22500 
22500 
W O O  
22500 
5668 

22500 
22500 
moo 
moo 
19065 
21745 
22276 
7536 

22500 
19262 
22500 
221 76 
22500 
22500 
16927 
17076 
22500 
22500 
22500 
5319 
8768 
6598 

11366 
22500 
7205 

22500 
7387 

W O O  
6733 

22500 
TMB 

21483 
6345 
9454 

18732 
18912 
4981 
2990 

16697 
9996 
Ilrn 
7718 

22500 
22500 
9305 
7197 
8605 
4972 

.----*-*-. 

18650 
13683 
15653 
15876 
12381 
11619 
11417 
1 0679 

6392 
369 

14925 
.I2255 

1590 
161 14 
14512 
12217 
moo 

916 
8923 

22500 
22500 
12415 
6689 

11063 
$786 
5350 

22500 
6574 

12852 
ma 

22500 
20307 
8247 
8597 

20392 
10880 
22500 
2542 
4577 
4645 
6115 

10514 
4999 
8253 
3667 

22500 
4914 

15475 
5265 

16533 
6710 
8589 

14241 
13658 
4602 
1791 
5829 
5509 

10488 
4464 

18953 
22500 
7497 
6946 
5261 
4002 



R I O  VISTA FLOUS, 1930-1987 
(Frm DUR DAYFLW) 
(naxinun flow m 22,500cfa) 

SALHON SWOLT SURVIVAL I/ 

YR APR llAY JUW YR APR MY JUN AVG UE 1 GHTED 
YEAR TYPE Q Q Q YEAR TYPE S S S S SURVIVAL ---- 

1935 Y 22500 22500 16114 1935 Y 1 .  1 .  0.66 0.88 ISwvival=averaee 
1938 Y 22500 22500 22500 1936 Y 1.00 1 .  1 .  1 .00JApr. -JU~SWV~W~ 
1911 U 22500 22500 22500 1941 U 1 .  1.00 1.00 l .OI*y&rtype 
1942 Y 22500 22500 22500 1942 Y 1.00 1.00 1 .  1.00Jfrcquerry 
1948 Y 22500 22500 22500 1948 Y 1.00 1.00 1.00 1.00 I 
1952 Y ZN00 22500 22500 1952 Y 1.00 1.00 1.00 1.00 1 
1953 Y 20947 22500 20307 1953 Y 0.92 1.00 0.68 0.931 
19% Y 22500 22500 20392 1956 Y 1 .  1 .  0.88 0.96 1 
1958 Y 22500 22500 22500 1958 Y 1.00 1.00 1.00 1.00 1 
1963 Y 22500 22500 10514 1963 Y 1.00 1.00 0.33 0.78 I 
1965 Y 22500 UU#) 8253 1965 Y 1.00 1.00 0.20 0.74 1 
1967 Y 22500 22500 22500 1967 Y 1.00 1.00 1.00 1.001 
l%9 Y 22500 22500 15475 1969 Y 1.00 1.00 0.61 0.87 1 
1971 Y 22900 21483 16533 1971 U 1.00 0.95 0.67 0.87 1 
1974 Y 22500 181J2 14241 1974 Y 1 .  0.79 0.54 0.78 1 

w 
I 197S U 22500 18912 13656 1975 Y 1.00 0.80 0.51 0.V I 
-F= 
I 1982 Y 22500 22500 18953 1982 Y 1.00 1.00 0.80 0.94 1 
c1 1903 Y 22500 22500 22500 1903 Y 1.00 1.00 1.00 1.00 I -------------------------------------------------------.-----------------------------------------------------------------.----- 

30-87 AVO 22414 22035 18580 30-87 AVO 1-00 0.98 0.m 0.92 1 0.29 
53-87 AVG 22371 21802 17152 53-87 AVG 0.00 0.96 0.70 0.89 1 0.30 
30-52 AVO 22500 22500 21436 30-52 AVG 1.00 1.00 0.94 0.98 1 0.25 

1936 All 
1937 All 
1940 AN 
1943 All 
1950 AY 
19% All 
1978 AN --..-------------- 

30-87 AVO 
53-87 AVO 
30-52 AVG 

1936 AN 1.00 1.00 
1937 AN 1.00 1.00 
1940 AN 1-00 1.00 
1943 AN 1.00 1.00 
1950 AN 1 1.00 
1954 AN 1.00 0.69 
1978 AN 1 .  0.68 

,---------------------------------*--- 

30-87 AVO 1 0.91 
53-87 AVG 1.00 0.68 
30-52 AVO 1.00 1.00 



30-87 AVG 16333 14554 7563 30-87 AVG 0.65 0.56 0.17 0.46 1 0.12 

53-87 AVG 14163 11381 7331 53-87 AVG 0.54 0.38 0.16 0.36 1 0.10 
30-52 AVG 20672 20901 8027 30-52 AVG 0.90 0.91 0.19 0.67 1 0.15 

-----------------------------------.------------.--------*---*---------.-----------------------------------------*.-----------* 

50-87 AVO 12673 10203 6619 30-87 AVG 0.45 0.31 0.12 0.50 ( 0.06 
53-87 AVG 8171 m27 4841 53-87 AVO 0.20 0.14 0.03 0.12 I 0.02 
30-52 AVO 2U551 15762 mJ1 30-52 AVO 0.89 0.62 0.29 0.60 i 0.10 



1931 C 
1934 C 
1939 C 
1976 C 
i o n  c 
1981 C 
1987 C ----------- 

30-87 AVG 
53 -87  AVG 
30 -52  AVG 

1931 C 
1934 C 
1939  C 
1976 C 
1977  C 
1981 C 
198'1 C ............................ 

3 0 - 8 7  AVG 
53 -87  AVG 
30 -52  AVG 

1/ Survivsl=(Rio V i e t a  flow .0000%)-258. F r a n  USfWS,sl. 

TOTAL UEIGHTED SURVIVAL, W-108T: 0.57 
TOTAL UEIGHTED SURVIVAL, 1953-1987: 0.47 
TOTAL UEIGHTED SURVIVAL, 1930-1952: 0.70 

AVERAGE SURVIVAL,l930-1967: 0.51 
AVERAGE SURVIVAL, t~3- imn 0.41 
AVERAGE SUUVIVAL, 1930-1952: 0.64 



RIO VISTA FLOUS, 1930-1987 
CF- WR DAYFLOU) 

YR APR WAY JUNE 
YEAR TYPE Q Q Q 

YR APR IU1 
YEAR TYPE Q Q 

1935 U 
1938 U 
1941 U 
1942 u 
1948 U 
1952 U 
1953 U 
1956 U 
1958 u 
1963 U 
1965 U 
1967 U 
1969 U 
1971 U 
1974 U 
1975 U 
1982 U 
1983 U -----------. 

30-87 AVG 
53-87 AVG 
30-52 AVG 
53-67 AVG 
68-78 AVO 
79-87 AVG 

b 

1936 AN 
1937 AN 
1940 AN 
1943 AN 
1950 AN 
1954 AN 
1978 AN -----------. 

30-87 AVO 
53-87 AVG 
30-52 AVG 
53-67 AVO 
68-18 AVG 
79-87 AVG 

30-87 AVO 
53-87 AVG 
30-52 AVG 
53-67 AVG 
6%-78 AVG - 78-87 AVG 

1930 D 27171 
1932 D 23686 
1933 D 18694 
1%7 D ' 18509 
1959 D 7569 
1960 D 11337 
1961 D 9677 
1966 D 6344 
1968 D 7988 
1970 D 7979 
lmi D 6303 ---------------------------. 

30-87 AVG 10214 
!i3-87 AVG 6680 
30-52 AVO 22015 
53-67 AVG 8732 
68-78 AVG 7984 
79-87 AVO 

1931 C 
1934 C ' 
1939 C 
1976 C 
1977 C 
1981 C 
1987 C -----------. 

30-87 AVG 
53-87 AVO 
30-52 AVO 
53-67 AVO 
68-78 AVO 
79-87 AVG 



VERMALIS FLW,1930-1987 
<Ile*imm f l w  = 20,000 cfs) 

YEAR 
YEAR TYPE 

1930 D 
1931 C 
1932 M 
1933 BN 
1934 C 
1935 AN 
1936 AN 
1937 U 
1938 U 
1939 C 
1940 M 
1941 u 
1942 Y 
1943 AN 
1944 BN 
1945 M 
1946 Au 
1947 D 
1948 BN 
1949 BN 
1950 1 
1951 BII 
1952 u 
1953 BY 
1954 Bfi 
1955 SN 
1956 u 
1957 BN 
1958 u 
1959 C 
1960 C 
1961 C 
1962 An 
1963 AN 
1964 0 
1965 Y 
1966 D 
1967 Y 
1968 C 
1969 U 
1970 BN 
1971 BN 
1972 D 
1973 UI 
1974 Y 
1975 Y 
1976 C 
1977 C 
1976 Y 
1979 Als 
1980 Y 
1981 D 
1982 U 
1983 Y 
1984 BW 
1985 D 
1986 Y 
1987 C ------------------ 

30-87 AVG 
30-52 AVO 
53-87 AVG 
72-87 AVO 
72-87 AVG<-83) 

YEAR 
YEAR TYPE 

19% D 
1931 C 
1932 AN 
1933 BN 
1934 C 
1935 AN 
1936 AN 
1937 u 
1938 u 
im9 c 
1940 AN 
1941 Y 
1942 Y 
1943 AN 
1944 BU 
1945 AN 
1946 All 
1947 D 
1948 BY 
1949 B# 
1950 BII 
1951 BP 
1952 Y 
1953 8W 
1954 811 
1955 BN 
1956 Y 
1957 BN 
1958 Y 
1959 C 
1960 C 
l%l C 
1962 M 
1963 An 
1964 D 
1965 Y 
1966 D 
1967 U 
1966 C 
1969 U 
1970 811 
l97l BII 
1972 D 
1973 W 
1974 Y 
1975 Y 
1976 C 
1977 C 
1918 Y 
lrn An 
1980 Y 
1981 D 
1982 Y 
1903 u 
1984 811 
1985 D 
1986 Y 
1987 C 

--*------------- 

30-87 AVG 
30-52 AVG 
53-87 AVO 
72-87 AVG 
72-67 AVGt-8) 

APR M Y  JUNE 
Q 9 Q 



VERNALIS FLOblS 1930-1987 
(DUR,DAYFLW bi Year Type) 

VERNALIS FLOU, 1930-1987 
(mimull flow = 20,000 cfs) 

YEAR APR M Y  JUNE AVG 
YEAR TYPE Q P Q P 

YEAR APR WAY JUNE AVO 
YEAR TYPE Q 9 Q Q 

30-87 AVG 
53-87 AVG 
30-52 AVG 

16901 17456 15490 16616 30-87 AVG 
16645 15242 11937 14608 53-87 AVO 
17514 '.2770 24018 21434 30-52 AVG 

30-87 AVG 
53-87 AVG 
30-52 AVG 

9179 10766 8781 9576 30-87 AVG 
4603 4355 3748 4235 53-87 AVG 

11795 14430 11658 12627 30-52 AVG 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --------------------------*--------------------------- 

30-87 AVG 2435 3558 3574 3189 30-87 AVG 2435 3558 3574 3189 
53-87 AVG 2392 2996 2687 2692 53-87 AVO 
30-52 AVG 

2392 2996 2687 2692 
2486 4213 4609 3769 30-52 AVO 2486 4213 4609 3769 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ----------*------------------------------------------- 

30-87 AVG 1690 1524 1250 1488 30-87 AVO 1690 1524 1250 1488 
53-87 AVG 1552 1282 1011 1282 53-87 AVG 1552 1282 1011 
30-52 AVG 2035 2130 1848 20% 30-52 AVG 2035 2130 1848 zOOe 

30-87 AVG 
53-87 AVO 
30-52 AVG 

1089 932 654 892 30-87 AVG 
1048 885 647 860 53-87 AVG 
1186 1040 670 965 30-52 AVG 



Does NOT include diversions from Byron-Bethany Irrigation District; 
DAYFLOW includes BBID in channel de letions. 

Total export value different from DAY g LOW; effects of Sherman Island 
flooding and dewatering (MISC) NOT included. 

Total export value different from DAYFVW; effects of Andrus and 
Brannon islands floodin and dewaterin (MISC NOT included. 

Total e ort value 1Nc~uDPs e ort MISC~ to Mo elumne Aqueduct 

d 
1, 

from zddlo River 9/1/77 -?/14/d8) , averaged over water years 
(1977 = 9 CFS; 197 = 26 CFS). 

Total export value different from DAYBLOW; effects of Delta island 
flooding and dewatering (MISC) NOT included. 

AVERAGE EXPORTS (ACRE-FEET 
YEARS 
-----I- 

TOT - --------pE====-===- 

L CVP+SWP ---------- ------- 
195001987 2,644,073 2,606,541 
1953-1967 1,283,349 1,220,857 
1953-1987 2,859,026 2,777,970 
1968-1987 4,040,784 3,945,804 
1979-1987 4,804,344 4,705,507 

8-8 



TOTAL DELTA EXPORTS (CVP, SWP, AND CCC) - CFS 
1953-1987 FROM DAYFLOW ............................................................... 

- WATER YR.YR.TYPE APRIL MAY JUNE JULY AVG 
------------I------------ ........................ - - - - - - - <  , ,  -- 

1953 BN 1,421 2,109 2,311 2,905 2,187 
1954 BN 2,052 1,371 3,001 3,293 2,429 

- 1955 BN 2,283 2,447 3,194 3,206 2,783 
1956 W 704 423 1,179 3,248 1,389 
1957 BN 2,353 2,186 3,277 3,591 2,852 
1958 W 152 599 772 2,931 1,114 
1959 C 2,757 2,661 3,564 4,005 3,247 
1960 C 2,605 2,688 3,825 4,095 3,303 
1961 C 2,900 2,837 3,992 4,656 3,596 
1962 AN 2,761 2,963 3,799 4,229 3,438 
1963 AN 1,231 2,774 3,543 4,198 2,937 
1964 D 3,065 3,261 3,795 4,619 3,685 
1965 W 1,204 3,193 3,694 4,361 3,113 
1966 D 3,108 3,381 4,075 4,597 3,790 
1967 W 1,207 1,921 2,162 2,697 1,997 
1968 C 5,380 5,6,11 4,708 5,168 5,217 
*I969 W 3,212 3,270 2,494 3,382 3,090 
1970 BN 4,653 4,012 4,997 5,227 4,722 
1971 BN 4,431 4,549 5,768 6,509 5,314 
*I972 D 6,356 6,495 5,350 5,074 5,819 
1973 AN 3,352 6,501 7,355 7,693 6,225 
1974 W 4,203 7,130 9,130 10,691 7,789 
1975 W 6,304 5,583 4,520 5,184 5,398 
1976 C 5,037 5,488 4,152 4,109 4,697 
1977 C 1,295 2,987 739 845 1,467 
1978 W 3,271 3,058 7,621 8,088 5,510 
1979 AN 5,882 6,245 . 6,341 9,339 6,952 
1980 W 5,343 4,630 5,961 . 6,869 5,701 
1981 D 8,090 4,478 4,032 7,046 5,912 
1982 W 9,603 5,994 3,935 4,032 5,891 
1983 W 3,814 3,293 5,010 5,207 4,331 
1984 BN 7,685 5,929 6,165 9,457 7,309 
1985 D 7,342 6,215 6,530 9,465 7,388 

.*I986 W 4,696 6,260 6,177 8,607 6,435 
1987 C 7,021 5,313 5,183 8,952 6,617 - - - -  - - - -  - - - -  
*VALUES DIFFERENT FROM DAYFLOW; DO NOT INCLUDE EFFECTS OF 
DELTA FLOODING AND DEWATERING 



TOTAL DELTA EXPORTS (CVP, SWP, AND CCC) - C F S  
YEAR TYPE SUMMARY FROM DAYFLOW 
1953-1967 ............................................................... 
WATER YR.YR.TYPE A P R I L  MAY JUNE J U L Y  AVG - -  ' .---I.-.-- - 

AVERAGE W(4) 8 17 1,534 1,952 3,309 1,903 
AVERAGE AN 2 1,996 2,869 3,671 4,214 3,187 
AVERAGE B N t 4 1  2,027 2,028 2,946 3,249 2,563 
AVERAGE 3,087 3,321 3,935 4,608 3,738 
AVERAGE 2,754 2,729 3,794 4,252 3,382 ------------------------------------------------.-------------- 

GRNDMEAN 15 2,136 2,496 3,259 3,926 2,954 
WTDGNDMN 15 1,987 2,321 3,079 3,775 2 ,791 

WATER YR.YR. TYPE A P R I L  MAY JUNE JULY AVG 
- -- - -- - - - - - - - - - - - - - - - - - - - -- 

AVERAGE W(8) 5,056 4,902 5,606 6,508 5,518 
AVERAGE AN 2 4,617 6,373 6,848 8,516 6,589 
AVERAGE BN131 5,590 4,830 5,643 7,064 5,782 
AVERAGE 7,263 5,729 5,304 7,195 6,373 

4,683 4,850 3,696 4,769 4,499 

GRND MEAN 20 5,442 5,337 5,419 6,810 5,752 
WTDGNDMN 20 5,349 5,152 5,308 6,547 5,589 

1979-1987* ............................................................... 
WATER YR.YR. TYPE APR MAY J U N  JUL AVG 

AVERAGE Sill 5864 5044 5271 6179 5,589 
1979 5882 6245 6341 9339 6,952 
1984 BN 1 7685 5929 6165 9457 7,309 

AVERAGE :I:{ 7716 5347 5281 8256 6,650 
1987 7021 5313 5183 8952 6,617 --------------------------------.------------------------------ 

GRND MEAN 9 6,834 5,576 5,648 8,436 6,623 
WTDGNDMN 9 6,608 5,373 5,482 7,664 6,282 

1953-1987* ............................................................... 
WATER YR.YR.TYPE A P R I L  MAY JUNE JULY AVG 
============--==I=S===---L==--I=--===-- ----- - 

AVERAGE 
A w R A G E  37) 3,643 3,780 4,388 5,441 4,313 

3,307 4 ,621 5,260 6,365 4,888 
AVERAGE BN 7 3,554 3,229 4,102 4,884 3,942 
AVERAGE 5,592 4,766 4,756 6,160 5,319 
A V E m E  3,856 3,941 3,738 4,547 4,020 ............................................................... 

GRNDMEAN 35 3,990 4,067 4,449 5,480 4,496 
WTDGNDMN 35 3,908 3,939 4,353 5,359 4,390 ********* 
GRND MEAN = AVERAGE O F  ALL YEARS I N  GROUP 

WTDGNDMN = AVERAGE O F  ALL YEARS I N  GROUP WEIGHTED BY FREQUENCY 
O F  EACH YEAR TYPE I N  GROUP * = VALUES DIFFERENT FROM DAYFIXlW; DO NOT INCLUDE 
EFFECTS O F  DELTA FLOODING AND DEWATERING I N  1969, 
1972 AND 1986 



CHIPPS ISLAND OUTFLOWS - CFS 
1953-1987 FROM DAYFLOW ............................................................... 
WATER YR.YR. TYPE APRIL MAY JUNE JULY AVG - 
===1=--====---==,-z--=,-=--------- 

----- ,------ 

1953 W 31,143 37,831 33,076 6,109 27,040 
1954 AN 58,670 30,223 6,865 1,314 24,268 
1955 BN 13,343 19,156 6,999 2,280 10,445 
1956 W 40,217 59,667 35,498 8,795 36,044 
1957 BN 20,480 32,732 15,581 2,427 17,805 
1958 W 153,782 78,859 50,529 12,009 73,795 
1959 D 11,607 7,303 1,322 2,561 5,698 
1960 D 16,878 12,407 3,847 2,244 8,844 
1961 3 13,397 8,580 3,541 1,672 6,798 
1962 BN 27,385 18,173 10,317 2,795 14,668 
1963 W 102,776 53,124 19,180 5,639 45,180 
1964 D 9,187 9,784 5,302 3,185 6,865 
1965 W 56,912 32,370 16,990 5,865 28,034 
1966 BN 18,946 9,835 2,460 3,155 8,599 
19 67 W 77,685 74,550 61,265 23,864 59,341 
19 68 D 9,932 6,737 3,666 3,684 6,005 
1969 W 69,375 64,564 46,596 13,143 48,420 
1970 D 11,027 10,761 6,214 5,256 8,315 
1971 W 36,983 26,406 21,218 11,654 24,065 
1972 BN 7,542 5,140 2,891 6,211 5,446 
1973 BN 22,191 11,699 7,211 4,599 11,425 
1974 W 109,547 25,544 16,943 9,365 40,350 
1975 W 34,519 28,796 22,508 11,129 24,238 
1976 C 8,833 4,066 3,915 4,343 5,289 
1977 C 3,083 3,999 2,521 3,212 3,204 
1978 AN 61,276 40,874 9,086 3,974 28,803 
1979 BN 14,485 13,435 5,326 5,384 9,658 
1980 BN 28,689 20,912 14,870 11,191 18,916 
1981 C 11,653 9,143 4,596 5,296 7,672 
1982 W 142,203 57,876 28,515 16,849 61,361 
1983 W 118,109 98,707 71,038 43,860 82,929 
1984 BN 14,732 11,204 8,038 10,252 11,057 
1985 D 6,913 7,378 5,215 4,934 6,110 
1986 BN 46,572 15,911 9,322 7,384 19,797 
1987 C 6,291 4,951 3,496 3,829 4,642 



CHIPPS ISLAND OUTFLOWS - CFS 
YEAR TYPE SUMMARY FROM DAYFLOW 
1953-1967 ............................................................... 
WATER YR.YR. TYPE APRIL MAY JUNE JULY AVG 

AVERAGE W 6) 77,086 56,067 36,090 10,380 44,906 
1954 58,670 30,223 6,865 1,314 24,268 & {  20,039 19,974 AVERAGE 8,839 2,664 12,879 

AVERAGE - 12,767 - 9,519 - 3,503 - 2,416 - 7,051 - ----------.------.-------.------------------------------------- 
GRND MEAN 15 42,140 28,946 13,824 4,193 22,276 
WTDGNDMN 15 43,494 32,306 18,185 5,594 24,895 

1968-1987 ............................................................... 
WATER YR.YR.TYPE APRIL MAY JUNE JULY AVG . 
AVERAGE W (6) 85,123 50,316 34,470 17,667 46,894 
197 8 AN 1 61,276 40,874 9,086 3,974 28,803 

AVERAGE BNI6j 22,369 13,050 7,943 7,504 12,716 
AVERAGE 
AVERAGE 

9,291 8,292 5,032 4,625 6,810 
7,465 5,540 3,632 4,170 5,202 ----.---------------------------------------------------------- 

GRND MEAN 20 37,105 23,614 12,032 7,588 20,085 
WTDGNDMN 20 38,198 23,405 14,659 9,277 21,385 

1979-1987 ............................................................... 
WATER YR.YR.TYPE APR MAY JUN JUL AVE 
===P=~~===l=~=u==--=====~=s=======~========---------- --- 
AVERAGE W (2) - 129,108 77,936 50,335 30,365 71,936 

AN 0 - - - - . 
AVERAGE BN[4I 26,120 15,366 9,389 8,553 14,857 

1985 6,913 7,378 5,215 4,934 6,110 
AVERAGE 9,131 6,994 3,981 4,201 6,077 ---------------------.--.--------------------------.------.---- 
GRND MEAN 9 42,818 26,918 17,230 12,013 24,745 
WTDGNDMN 9 43,097 26,522 . 16,822 12,031 24,618 

1953-1987 ............................................................... 
WATER YR.YR.TYPE APRIL MAY JUNE JULY AVG . 
........................................................ 

AVERAGE 
,,GE 3!:/ 81,104 53,191 35,280 14,023 45,900 

59,973 35,549 7,976 2,644 26,535 
AVERAGE BN 10 21,437 15,820 8,302 5,568 12,781 
AVERAGE D['i'{ 11,277 8,993 4,158 3,362 6,948 
AVERAGE C 4 7,465 5,540 3,632 4,170 5,202 ---------------------.--------.-------------------------------- 
GRND MEAN 35 36,251 23,818 11,869 5,954 19,473 
WTDGNDMN 35 40,468 27,220 16,170 7,699 22,889 ********* 
GRND MEAN = AVERAGE OF ALL YEARS IN GROUP 
WTDGNDMN = AVERAGE OF ALL YEARS IN GROUP WEIGHTED BY FREQUENCY 

OF EACH YEAR TYPE IN GROUP 



APPENDIX C 

Terms, Symbols and Abbreviations 

C-1 Glossary 
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and Citations 
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C-4 Lists of Symbols and Abbreviations 



BAY-DELTA HEARING, 
WATER QUALITY COWTROL PLAN 

GLOSSARY 

WORD/PHRASE 

1-in-20 dry year 

Acre-Foot (AF) 

Algae 

Anadromoue 

Arsenic (As) 

Banks, Harvey 0. 
Pumping Plant 

Baein plan 

Bathymetry 

Beneficial uses 

Benthos 

Beet manageeent 
prac tices 

DEFINITION 

A etatietical tera refering to a water year with a total 
annual runoff exceeded by 952 of the vater years vhich are 
likely to occur. 

The quantity of water which will cover an acre of land to a 
depth of one foot (1.e. 43,560 cubic feet or 325,900 
gallone 1. 

Simple rootleee plants that grow in bodie~ of water at rates 
in relative proportion to the amounts of nutrients available 
in the weter or, in the case of nitrogen, in the atmosphere 
overlying the weter body. 

Pertaining to fish that spend part of their life cycle in 
the mean and return to freshwater etreame to spawn (SWRCB 
Order no. WQ 85-1). 

A highly poieonous metallic element. Arsenic and its 
compounds are ueed in insecticidee, weed killere and 
induetrial proceeeea (SWRCB Order no. W. Q. 85-1 ) . 
The Department of Water Resources' State Water Project main 
deltapumping plant located West of Tracy. The eource of the 
vater in the California Aqueduct. 

A plan for the protection of water quality prepared by a 
Regional Water Quality Control Board in response to the 
federal Clean Water Act (SWRCB Order no. W. Q. 85-11. 

Meaeurements of the differences in depth between mean lower 
lor rater and the bottom of the bay. 

'Beneficial useen of the waters of the state that may be 
protected againet quality degradation include but are not 
limited to, domeetic, municipal, agricultural and industrial 
supply; power generation; recreation; esthetic enjoyment; 
navigation; and preeervation and enhancement of fish, 
vildlife, and other aquatic reeourcee or preserves. ICal. 
Water Code Sec. 13050(f)l 

The whole aeeemblage of plante or animals living on the 
bottom of a vater body: distinguished from plankton. 

A practice, or combination of practices, that ie determined 
after ...p roblem aeseeement, examination of alternative 
practicee, and appropriate public participation to be the 
most effective, practicable (including technological, 
economic, end institutional considerations) means of 



BAY-DELTA HEARING 
WATER QUALITY CONTROL PLAN 

GLOSSARY 

WORD/PHRASE DEFINITION 

Biota 

Blooar 

Carriage Water 

Chlaride (Cl) 

Coagulation 

preventing or reducing the aaount of pollution generated by 
nonpoint eourcee to a level compatible with rater quality 
goals. 140 CFRl 

All living organiems that exiet in an area. 

A proliferation of algae and/or higher aquatic plants in a 
body of water. 

The amount of Delta outflov needed to meet all of the rater 
quality requiremente of D-1485 lee8 (ainua) that needed to 
meet the requirements excluding thoee for Contra Coeta Canal 
at Pumping Plant No, 1 (D5) and Clifton Court Forebap Intake 
at West Canal (C9).  The quantity of additional Delta outflov 
(carriage vater) is a function of Delta export pumping and 
south Delta inflow ratee. It ie necessary to reduce the 
effects of sea water intrueion into the Delta around the 
south eide of Sherman Ieland (reverse flows up the San 
Joaquin River 1. 

Thie definition differe from that ueed by others in that it 
does not include additional Delta outflor vhich may be 
needed to meet certain contractual obligation8 of the 
Department of Water Reeouroee. 

The ionic form of the gaeeoue element chlorine, ueually 
found a6 e metallic ealt with potaeeiua or eodium (SWRCB 
Order no. W. Q. 85-1 ). 

A clumping of particlee in rater or waeterater which may 
result in the settling out of ewpended materials. often 
induced by the addition of chemicals such a6 lime or alum, 
or a change in the dieeolved ions in a water body euch ae 
that vhich occur6 in an estuary when the freeh rater inflow 
mixee with intruding eeawater (i.e., in the entrapment 
zone 1. 

Coneervative A constituent (or property) the concentration of which ie 
coneti tuent (or not effected by chemical or biological proceeeee. 

- - property ) IT, XLV, S:16-5:251 

Current flor Flow conditions ae they exiet at present. The feotors 
conditions considered when defining flow conditions include: land and - 

P water use patterne, reeervoir capacities and operating 
rulee, channel configuretione, divereion point locatlone 
sand capacitiee, etc. Hydrologic investigations typically - 
impose verioue sete of flow conditione upon the available 
"hydrologic recordu and analyze the reoultant effects. 
Within thie Plan current flow conditions are thoee ueed by 
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DAY FLOW 

Delta 

Delta Channel 
Depletion 

Diesolved oxygen 
(DO) 

Edmon~ton, A. D. 
Pumping Plant 

Electrical 
Conductivity (EC) 

Entrainment 

Entrapment Zone 

the Department of Water Reeourcee to produce the results 
from their 1990 level of development Operatione Study (e.g., 
DYR Exhibit 301. The DWR Operations Study ueed the 
hydrologic record for WY 1922 through 1978. 

A Department of Water Resources flow accounting model ueed 
to calculete daily Delta outflov at Chippe Island. It also 
estimates interior Delta flows at specified locatione, and 
fieh-related parameters and indices. 

The Sacramento-San Joaquin rivere delta as defined in the 
California Water Code Section 12220. 

The diverslone of Delta channel raters via pumps, siphons, 
and subeurface seepage onto the Delta uplands and lowlands 
for coneuaptive uee by agriculture and native plants. 

A measure of the amount of oxygen available for biochemical 
activity in a given amount of vater. Adequate levels of DO 
are needed to support aquatic life. Lov dissolved oxygen 
concentrations can result from inadequate vaste treatment 
(Environmental ~loesary 4th ed. 1. 

The Department of Water Reeourcee State Water Project (SUP) 
pumping plant located at the south end of the San Joaquin 
Valley. The prime mover for all SWP vater ueed south of the 
Tehachapi Hountaine, in Southern California. 

Heasures in milli- or micro- mhoe, or milliSiemene per 
centimeter (mmhos/cm, umhos/cm or dS/cm, resp.). The ability 
of a particular parcel of vater to conduct electricity. The 
EC of a rater sample is an indirect measure of the total 
dieeolved eolide (TDS) or salinity levels of a vater sample 
(i.e., the higher the EC the greater the TDS). 

Direct entrainment occurs when fieh are actually pulled 
along with vater into a diversion structure because of 
strong currents created by pumps. Indirect entrainment ie 
caused by the traneport of eggs or larve into less deeirable 
areas because of induced flows in channel8 surrounding 
diversion etructuree. 

An area in an estuary where euspended materials (including 
certain biote) accumulate. Net upstream transport of the' 
particulate materials that settle into the bottom density 
current is nullified by the net dovnstrea~ transport of 
meterials in the river inflov. As a result, certain 
suspended materials concentrate in the area vhere the bottom 
current8 are nullified (see Null Zone). [USBR,112,xll 
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Escapement 

Estuary 

DEFINITION 

The number of adult ealmon escaping harvest and returning to 
the epavning grounds. 

The mouth of a stream vhich servee ae a mixing zone for 
fresh and ocean vater. Uouthe of etreame vhich are 
temporarily separated from the ocean by sandbere are 
considered as eetuariee by the SWRCB. Eetyarine.ratere are 
generally considered to extend from a bay er,the open ocean 
to a point upetream vhere there ie no eignificant mixing of 
f.-esh vater and seevater. Eetuarine vaters are coneidered to 
extend eeavard if significant mixing of fresh and seawater 
occur8 in the open coastal vaters (SWWCB, Water Quality 
Control Policy for the Encloeed Bays and Estuaries of 
California, Uay 1974 1. 

Evapotranspiration The quantity of vater tranepired (given off) and evaporated 
from plant tieeue and eurronding soil eurfacee. 

Fluehing 

Food chain 

The process by vhich contaminant  concentration^ in a body of 
vater are diluted by river inflow and, vhere applicable, 
tidal exchange of "ev' uncontaminated vater combined vith 
the net advection of the contaminante away from their eource 
by reeidual currente. 

The pyramidal relationship of producers (plantel and 
consumers (animalel by vhich solar energy is converted 
through photosyntheeie to plant tieeue vhich is consumed by 
animals vhich are in turn consumed. At each etep up the food 
chain coneumers are usually larger but fewer in number. 

The stage in the life of a fish between the hatching of the 
egg and the absorption of the yolk eac (same ae sac fry or 
alevin). From this stage until they attain a length of one 
inch the young fieh are coneidered advanced fry. (Bell, 
H.C., Fieheriee Handbook of Engineering Requirements and 
Biological Criteria, U. S. COE, 1986 1 

Geometric Uean The antilogarithm of the mean of a group of logarithms of a 
meaeured variable. The geometric mean is used to transform 
logarithmically dietributed numbers for etatietical 
purpoees. (See definition6 for Logarithm and Logarithmic 
Distribution. ) 

Grab sample 

Gravitational 
Circulation 

A single eample taken at an instant in time to represent the 
condition6 at that inetant. 

Net internal motions caused by horizontal deneity gradients. 
The den~er fluid flove along the bottom and lighter fluid 
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along the eurface in an attempt to reetore a etable vertical 
etratificetion. In the case of a longitudinal ealinity 
gradient, thie produce8 a net landward bottom current and 
compeneating eeaward current of fresher water at the 
eurface. Aleo refered to ae Baroclinic Circulation. (Aleo 
eee Null Zone. 

Gravitational The formation of a lene of fresh water on the eurface of an 
Overturn eetuary during a period of high runoff. Also refered to as 

Gravitational Overflow. Thie eurface layer can epread beyond 
the mouth of the estuary into the ocean. 

Grow-out facilities Ponds at a hatchery or pumping facility where fish are kept 
until they are large enough to eurvive on their own. 

Gyre A circular or epiral motion: whirl: revolution. 

Habitat The eum of environmental conditione in a specific place that 
ie occupied by an organiem, population, or community. 

Historic Flows Depending on the context used can mean either ti) thoee 
flowe before man began influencing river flows (i.e., the 
Natural Flov), or (ii) the actual flows recorded during a 
specific period of time in the paet. 

The branch of phyeice having to do with the mechanical 
properties of water and other liquids and with the 
application of these properties in engineering. 

Hydrodynamic8 The motion and action of vater and other liquids, i.e., the 
dynamics of liquide, and the etudy thereof. 

Hydrology 

Leaching 

The ecience of water in nature: its properties, 
dietribution, and behavior. 

The flushing of salts from the soil by the downward 
percolation of vater. 

Logarithm (Log) The exponent expreeeing the power to vhich a fixed number 
(the base) muet be raieed in order to produce a given number 
(the antilogarithm). The moet common logarithms are for the 
baee 10. For example, 3 is the base 10 logarithm of 1,000 -- 
100 is the baee 10 antilogarithm of 2. 

Logarithmic 
Dietribution 

The distribution of a set of obeervations of a variable 
vhich is limited at its lower end by zero (i.e., cannot have 
a value of lees than zero) but ie otherwiee unrestrained. 
The logarithme of the observetione of a logarithmically 
dietributed variable are symmetrical about (i.e., SOX above 
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and 50X below) the logarithm of the geometric mean of the 
variable. 

Logarithmic Hean (or See definition of geometric mean. 
Log Hean) 

Lunar Day The time of rotation of the moon about the earth, 24.84 
hours. 

Uanganese (Un) A hard, brittle, grayish vhite metallic element, oxidizing 
rcadily and forming an important component of certain 
alloye, as manganese steel. (Funk & Wagnalle Standard 
College Dictionary, 1973) 

Marsh or marshland A tract of low, wet, soft land; swamp; bog; morase; fen. 

Natural or True The embayment and channel flows which existed at the time of 
Natural Flow the first Spanish exploration of California, i.e., before 

the Gold Rush. 

Nickel (Nil A hard, ductile, mallable, silver-white metallic element of 
the iron-cobalt group. 

Nitrate An ion composed of one atom of nitrogen bound to three atome 
of oxygen. An important plant nutrient. In high 
concentrations, it can bind to hemoglobin resulting in 
methemoglobinemia. also refers to salts of the nitrate ion 
vith other ionic substances, ueually metals. (SWRCB Order 
Ho. WO 85-1) 

Non-point Source SWRCB Definition: 
Any source of discharge to a surface water body that is not 
from a point source. I CCWD, 58A, GI0 3 

EPA Definition: 
Causes of water pollution that are not associated with point 
sources, such a8 agricultural fertilizer runoff, or sediment 
from conetruction. Examples include (i) Agriculturally 
related non-point eources of pollution including runoff from 
manure disposal areas, and from land ueed for livestock and 
crop production; (ii) Sivi~ulturally related non-point 
sources of pollution; (iii) nine-related sources of 
pollution including new, current and abandoned eurfaoe and 
underground mine runoff; (iv) Construction activity related 
sources of pollution; (v) Sourcee of pollution from disposal 
on land, in wells or in subsurface excavations that affect 
ground and surface water quality; (vi) Salt water intrusion 
into rivers, lakes, estuaries and ground water resulting 
from reduction of fresh water flow from any ceuee, including 
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DEFINITION 

irrigation, obetruction, ground vater extraction, and 
diversion; and (vii) Sourcee of pollution related to 
hydrologic modifications, including thoee caused by changee 
in the movement, flow, or circulation of any navigable 
vatere or ground raters due to construction and operation of 
dame, leveee, channels, or flov divereion facilities; [40 
CFR I 

The region in a partially- or vell-mixed eetuary where the 
reeidual bottom currents are effectively zero. Landward of 
this point there ie a net seavard residual velocity along 
the bottom caused by river inflov and seaward of the null 
zone, gravitational circulation produces a net landvard 
traneport of deneer more saline vater along the bottom. The 
null zone ie the theoretical upstream boundary of the 
entrapment zone. 

Partially-Hixed An eetuary in vhich vertical mixing due to tidal currente is 
Estuary large enough to prevent a distinct vertical deneity 

etratification between fresh and eeavater but not strong 
enough to completely remove any vertical variation in 
deneity. The northern reach of San Francisco Bay is typical 
of a partially-mixed estuary. 

Piecivore 

Point eource 

Fish eater. 

SWRCB Definition: 
Any diecernible, confined and diecrete conveyance, including 
but not limited to any pipe, ditch, channel, tunnel, 
conduit, well, diecrete fissure, container, rolling stock, 
concentrated animal feeding operation, or vessel or other 
floating craft, from vhich pollutante are or may be 
diecharged. [CCWD, SBA, GI1 I 

EPA Definition: 
The same wording as the SWRCB definition with the addition 
of an exclueion for return flowe from irrigated agriculture. 
[40  CFRl 

Potable water Suitable for drinking (Funk & Wagnalle Standard College 
Dictionary, 1973 ) . 

Progreeeive Wave A tidally-driven rave vhich travels along an estuary. This 
type of vave occur8 in long ehallov eetuariee vhere there ie 
a eignificant frictional resietance to the tidal flov and 
only weak wave reflection at the head of the estuary. The 
tide in the northern reach of Sen Francieco Bay travels 
upstream as a progressive vave. 
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Pulse Flow 

Quality of Water 

Recruitment 

Residual Current 

Riparian 

Riparian wetland 

Run 

Salinity 

Salvage 

San Francisco 
Bay-Delta Estuary 
(the Estuary) 

Selenium (Se) 

A substantial increase in the flow of water followed by a 
decrease within a relatively short period of time. 

Chemical, phvsical, biological, bacteriological, 
radiological, and other properties and characteristics of 
vater which affect its use. bCal. Water Code Sea. 13050(h)l 

Addition by reproduction of new individuals to a population. 

The net transport of a particle averaged over a complete 
tidal cycle. 

Pertaining to the banke and other terrestial environs 
adjacent to water bodies, watercourses, and surface-emergent 
aquifers ( e. g. springs, seeps, oases 1, whose wetere provide 
soil moisture significantly in excess of that otherwise 
available through local precipitation. Vegetation typical of 
this environment le dependent on the availability of excess 
water. 

A zone which may be periodically inundated by vater, 
characterized by moist soil and associated vegetation; 
typically bounded on one border by a drier upland and on the 
other by a freshvater body (SWRCB Order no. W.Q. 85-1). 

To migrate, especially to move in a shoal in order to spawn 
(American Heritage Dictionary 4th ed.). 

The total concentration of dissolved ions in water, a 
conservative property (T,XLV,5:12-5:25). The salt content of 
a water (SWRCB Order no. W. Q. 85-1 1. Usually expreesed as 
ppt (g/l), or ppm (mg/l). 

Those fish diverted away from or removed from screen8 at 
intakes to diversion structures and subsequently returned to 
a water body. 

San Francisco Bay, the Sacramento-San Joaquin Delta and 
Suisun Harsh, as defined in Section 29101 of the Cal. Public 
Resources Code, Sections 6610 and 66611 of the Cal. 
Government Code, and Section 12220 of the Cal. Water Code, 
respectively. 

A non-metallic element chemically resembling sulfur. 
Essential for animals at trace concentrations, selenium is 
toxic to animals in deficient or excesseive dietary exposure 
(SWRCB Order no. W.Q. 85-1). 
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Semidiurnal Tide 

Shoal 

Smolt 

Standing Wave 

Striped bass index 
(SBI 

Subsurface 
agricultural 
drainage system 

Tidal Prism 

Tile drains 

DEFINITION 

A tidal variation consisting of two high and two low tides 
per lunar day (24.84 hrs). In San Francisco Bay, the cycle 
typically consists of a high high folloved by a low low, a 
lor high, a high lor and back to a high high tide. 

A shallov place in any body of water, or an assemblage or 
multitude; throng (i.e., a school of fish (Funk & Wagnalls 
Standard College dictionary, 1973). 

An anadromous fieh that is phyeiologically ready to undergo 
the transition from fresh to salt vater; age varies 
depending on species and environmental conditions. (Bell, 
U.C., 1986). 

A vave which does not travel so the point of maximum 
amplitude (creet to trough) remains fixed in space. Standing 
vaves occur in an estuary vhen the resistance to the flov is 
small. The tide in South Bay is an example of a standing 
wave. 

An index of the number of young baes which have survived 
through their first summer..Young baes are sampled with nets 
which are most efficient for fish about 1.5 inches in 
length. Sampling methods are consistent (vith respect to 
location, frequency, technique, etc) so that the number of 
young striped bass caught may be compared vith the catch at 
various locations year to year. The number of young base 
caught by the standard sampling methods allows statistical 
treatment of data to eetimate the abundance of young striped 
bass and to correlate changes in the number caught with 
changes in environmental factors. (SWRCB, Final EIR for the 
1978 WQCP and D-1485, August 1978) 

A set of tile drains, collectors and, in ,most cases, one or 
more sump pumps which are installed in a field to remove 
water from the root zone of any crops which may be planted. 
Generally installed in areas with shallow perched vater 
tablee. 

The increase in water volume landvard of a given 
cross-section from low tide to high tide. Related to the 
tidal volume on the ebb and flood tide and the cumulative 
upstream inflows. 

A System of clay pipes installed beneath irrigated lands to 
artificially remove water saturating the soil of the crop 
root zone by gravity flow. 
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Total dissolved A measure of the salinity equal to the amount of material 
solids (TDSI remaining after evaporating a water sample at 103 to 105 

degrees Celsius (formerly centigrade) for one hour (SWRCB 
Order no. 'W. O. 85-11. 

Tracy Pumping Plant The U.S. Bureau of Reclamation Central Valley Project 
pumping plant in the Delta vest of Tracy. The source of the 
water in the Delta-Hendota Canal. 

Unimpaired Flow Tae embayment and channel flows vhich would exist in the 
absence of upstream impoundments and diversions of rainfall 
or snovmelt runoff, but in the presence of existing channel 
configurations, both upstream and in the Delta. 

Water Quality A designation or establishment for the vatere vithin a 
Control Plan specified area of (1) beneficial uses to be protected, (2)  

vater quality objectives, and (3) a program of 
implementation needed for achieving vater quality 
objectives. ICal. Water Code Sec. 13050( j 1 I 

Water Quality 
Objective 

Water Quality 
Standard 

Water rights 

The measureable limits or levels of water quality 
constituents or characterietics vhich are eetabliehed for 
the reasonable protection of beneficial usee of water or the 
prevention of nuisance within a specific area and time 
frame. Factors to be considered in establishing vater 
quality objectives shall include, but not be limited to all 
of the folloving: 

(a) past, present, and probable future beneficial ueee 
of vater, 

(b) environmental characteristics of the hydrographic 
unit under consideration, including the quality of 

water available thereto, 
(c) vater quality conditions that could reasonably be 
achieved through the coordinated control of all 

factors which affect water quality in the area, 
(d) economic consideratione, and 
(el the need for developing housing within the region. 

(California Water Code Section 13050 et seq.) 

A term used in connection with the federal Clean Water Act 
vhich is roughly equivalent to vater quality objective, 
except that a vater quality standard aleo includes a plan of 
implementation to achieve the standard. 

A form of property rights vhich give their holder the right 
to use public waters. During the history of California, a 
variety of procedures have been in effect by which a person 
could acquire a vater right A summary follows: 
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DEFINITION 

Appropriative rights initiated prior to December 19, 1914 - 
prior to the 1914 statutes which established the present 
system for appropriating water (taking water and putting it 
to a use removed from property adjoining the water source) 
two methods of appropriation existed. Prior to 1872, 
appropriative rights could be acquired simply by taking 
vater and putting it to beneficial use. In 1872, Sections 
1410 through 1422 of the California Civil Code enacted a 
permissive procedure by which priority of rights could be 
established as of the date of posting of notice of intention 
to appropriate water, subject to a show of diligence in 
carrying out construction of diversion vorks and actual use 
of water. Appropriators who did not follow the permissive 
procedure had priority from the date of actually putting the 
water to use. Because in an appropriative water rights 
syetem, first in priority means first served by available 
water, considerable advantage attaches to an earlier date of 
appropriation. 

Appropriative rights initiated after December 19, 1914 - an 
appropriation of water must now comply with provisions of 
Part Two, Division Tvo of the California Water Code. The 
right to use water appropriated under earlier procedures as 
well as under the current procedure maybe lost by 
abandonment or non-use. 

Riparian rights - an owner of land adjoining a water source 
has, under common law, the right to use a share of the water 
available from the source. Only those parcels of land 
adjoining the source may be served by it under riparian 
right, unless a nonadjoining parcel vas at one time part of 
a riparian parcel and the riparian right was transferred 
when the parcel was sold. No priority is established for 
riparian rights, and all riparian users must share the 
available supply. Riparian owners have priority of use over 
all appropriators. 

Prescriptive rights - rights obtained when water is taken 
and put to use for five years even though other 
rightholdersf interests are damaged, if the injured parties 
take no action in their ovn defense. California Water Code 
Section 1225 and State Water Resources Control Board 
policies have made obtaining eecure prescriptive rights 
essentially impossible since 1914 (SWRCB Order no. W.Q. 
85-1 ). 

The land area that drains into a body of water 
(Environmental Gloeeary 4th ed. ). 
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Yearling An organism that is one year old but Rae not completed ite 
second year. 

Young-of-year (YOY) Fish of other organisms lees than one (1) year old. 



ABBREVIATIONS FOR 
INFORIATION SOURCES AND CITATIOHS 

ABBREVIATION NAUE 

ACH 
ACWA 
AH1 
ANTIOCH 
A W A  

BAAC 
BADA 
BALIA 
BCDC 

BCF 
BISF 
CBE 
CCCU A 
CCWD 
CDWA 
CFBF 
CNPS 
CNRF 
COE 
CSP A 
CVAWU 
CVPUA 
CWA 
DAWDY 
DFG 
DHS 
DTAC 
DWR 
E A 
EBUUD 
EBRPD 
ECCID 
EDF 
EPA 
FA0 

FDA 
GDPUD 
HASTI NGS 
JOHNSON 
KCWA 
KINGS 

HET 

UID 
NAPA 
NAS 
NDWA 
NHFS 

THE CITIES OF AVENAL, COALINGA 8 HURON 
AUADOR COUNTY WATER AGENCY 
AQUATIC HABITAT INSTITUTE 
THE CITY OF ANTIOCH 
AIERICAN WATER WORKS ASSOCIATION: CALIF.-NEV. 
SECTION 
BAY AREA AUDUBON COUNCIL 
BAY AREA DISCHARGERS ASSOCIATION 
BAY AREA LEAGUE OF INDUSTRIAL ASSOCIATIONS 
SAW FRANCISCO BAY CONSERVATION AND DEVELOPHENT 
COHUISSION 
BUTTE CREEK FARUS 
THE BAY INSTITUTE OF SAN FRANCISCO 
CITIZENS FOR A BETTER ENVIRONIENT 
CONTRA COSTA COUNTY WATER AGENCY 
CONTRA COSTA WATER DISTRICT 
CENTRAL DELTA WATER AGENCY 
CALIFORNIA FARU BUREAU FEDERATION 
CALIFORNIA NATIVE PLANT SOCIETY 
CALIFORNIA NATURAL RESOURCES FEDERATION 
U. S. ARUY CORPS OF ENGINEERS 
CALIFORNIA SPORTFISHING PROTECTION ALLIANCE 
CENTRAL VALLEY AGRICULTURAL WATER USERS 
CENTRAL VALLEY PROJECT WATER ASSOCIATION 
CALIFORNIA WATERFOWL ASSOCIATION 
DAVID R. DAWDY 
CALIFORNIA DEPARTUENT OF FISH AND GAUE 
CALIFORNIA DEPARTMENT OF HEALTH SERVICES 
DELTA TRIBUTARY AGENCIES COUIITTEE 
CALIFORNIA DEPARTUENT OF WATER RESOURCES 
EA ENGINEERING, SCIENCE AND TECHNOLOGY, INC. 
EAST BAY UUNICIPAL UTILITY DISTRICT 
EAST BAY REGIONAL PARK DISTRICT 
EAST CONTRA COSTA IRRIGATION DISTRICT 
ENVIRONUENTAL DEFENSE FUND 
U.S. ENVIRONUENTAL PROTECTION AGENCY 
FOOD AND AGRICULTURAL ORGANIZATION OF THE UNITED 
NATIONS 
U. S. FOOD AND DRUG ADUINISTRATION 
GEORGETOWN DIVIDE PUBLIC UTILITY DISTRICT 
HASTINGS COLLEGE OF THE LAW 
PETER JOHNSON 
KERN COUNTY WATER AGENCY 
KINGS COUNTY STATE WATER.PROJECT AGRICULTURAL 
CONTRACTORS 
THE HETROPOLITAN WATER DISTRICT OF SOUTHERN 
CALIFORNIA 
HODESTO IRRIGATION DISTRICT 
THE CITY OF NAPA 
NATIONAL ACADEUY OF SCIENCES 
NORTH DELTA WATER AGENCY 
U.S. NATIONAL UARINE FISHERIES SERVICE 



NOAA 

NRDC 
OWD 
PALHDALE 
PGBE 
PICYA 
PRBO 
QED 
RD2068 
RIC 
RWQCB-2 

SACTO 
S ACTOCO . 
SAWPA 
SCLDF 
SDIEGO 
SDWA 
SEHC 
SFBAWUA 
SFCC 
SFEP 
SFRISCO 
SHELL 
SHUD 
SRCD 
SRWCA 
SWC 
SWRCB 
TIBCEN 

TID 
TLBWSD 
TRACY 
UAC 
USBR 
USDA-SCS 

USFDA 
USFWS 
USGS 
WACOC 
WESTERN 

U.S. NATIONAL OCEANOGRA?HI[C AND ATHOGPIIERIC 
ADHINISTRATION 
NATURAL RESOURCES DEFENSE COUNCIL 
OAKLEY WATER DISTRICT 
PALHDALE WATER DISTRICT 
PACIFIC GAS 8 ELECTRIC 
PACIFIC INTER-CLUB YACHT ASSOCIATION 
POINT REYES BIRD OBSERVATORY 
OED RESEARCH, INC. 
RECLAHATIOH DISTRICT NO. 2068 
RICE INDUSTRY COHHITTEE 
SAN FRANCISCO BAY REGIONAL WATER QUALITY CONTROL 
BOARD (REGION 2) 
LOS ANGELES REGIONAL WATER QUALITY CONTROL BOARD 
(REGION 4 )  
CENTRAL VALLEY REGIONAL WATER QUALITY CONTROL 
BOARD (REGION 5 )  
COLORADO RIVER BASIN REGIONAL WATER QUALITY 
CONTROL EJARD (REGION 7 )  
SANTA ANA REGIONAL WATER QUALITY CONTROL BOARD 
(REGION 8) 
SAN DIEGO REGIONAL WATER QUALITY CONTROL BOARD 
(REGION 9)  
THE CITY OF SACRAHENTO 
THE COUNTY OF SACRAHENM 
SANTA ANA WATERSHED PROJECT AUTHORITY 
THE SIERRA CLUB LEGAL DEFENSE FUND 
SAN DIEGO COUNTY WATER AGENCY AND THE CITY OF 
SOUTH DELTA WATER AGENCY 
SACRAHENTO ENVIRONHENTAL HEALTH COALITION 
SAN FRANCISCO BAY AREA WATER USERS ASSOCIATION 
SAN FRANCISCO COHHONWEALTH CLUB 
EPA's SAN FRANCISCO ESTUARINE PROJECT 
THE CITY AND COUNTY OF SAN FRANCISCO 
SHELL OIL COHPANY 
SACRAHENTO HUNICIPAL UTILITY DISTRICT 
SUISUN RESOURCE CONSERVATION DISTRICT 
SACRAHENTO RIVER WATER CONTRACTORS ASSOCIATION 
STATE WATER CONTRACTORS 
STATE WATER RESOURCES CONTROL BOARD (STATE BOARD) 
THE ROHBERG TIBURON CENTER FOR ENVIRONHENTAL 
STUDIES 
TURLOCK IRRIGATION DISTRICT 
TULARE LAKE BASIN WATER STORAGE DISTRICT 
THE CITY OF TRACY 
UNITED ANGLERS OF CALIFORNIA 
U. S. BUREAU OF RECLAMATION 
U.S. DEPARTHENT OF AGRICULTURE - SOIL CONSERVATION 
SERVICE 
U. S. FOOD AND DRUG ADHINISTRATION 
U. S. FISH AND WILDLIFE SERVICE 
U. S. GEOLOGICAL SURVEY 
WATER ADVISORY COHHITTEE OF ORANGE COUNTY 
WESTERN CONSORTIUH FOR THE HEALTH PROFESSIONS, 
INC. 



HONITORING STATIONS 

HONIMRINO STATION NAME 
SITE # 

C10 Sen Joaquin River near Vernalie 
C13 Little Potato Slough at Terminoue 
C19 City of Vallejo Intake 
C2 Sacramento River at Collineville Road 
C4 Sen Joaquin River at Sen Andreae Landing 
C5 Contra Coeta Canal at Pumping Plant #I 
C6 Sen Joaquin River at Brandt Bridge 
C7 Sen Joaquin River at Hoeedale Bridge 
C8 Old River at Hiddle River 
C9 Clifton Court Forebay Intake at Weet Canal 
CS1 Cache Slough at Junction Point 
Dl0 Sacramento River @ Chippe Island 
Dl2 (near) Antioch Watervorke Intake on the San Joaquin River 
Dl5 Sen Joaquin River at Jereey Point 
D22 Sacramento River at Emmaton 
D24 Sacramento River at Rio Vieta Bridge 
D29 Sen Joaquin River at Prieoner'e Point 
DHCl Delta Hendota Canal @ Tracy Pumping Plant 
HRH1 Hiddle River at Hovard Road Bridge 
NBAl North Bay Aqueduct at Barker Slough 
PI2 Old River'at Tracy Road Bridge (near Tracy) 
521 prop. Chadbourne Slough @ Chadbourne Road (propoeed) 
S33 Cordelia Slough 500 ft Weet of Southern Pacific 

Croeeing at Cygnue 
S35 Goodyear Slough at Horror Ieland Clubhouee 
542 Suieun Slough 300 ft South of Volanti Slough 
S49 Hontezuma Slough near Beldon Landing 
S64 Hontezuma Slough at National Steel 
S75 prop. Goodyear Slough South of Goodyear Slough Control 

Structure (propoeed) 
S97 prop. Cordelia Slough at Cordelia-Goodyear Ditch 

(propoeed) 



LIST OF SYHBOLS AND ABBREVIATIONS 

DEFINITION SYHBOL/ 
ABBREVIATION 

A F 
Ae 
BOD 
CFR 
COD 
CVP 
C1- 
D-1485 
D WC 
DO 
DO1 
EC 
Estuary 
FSA (8) 
HAF 
HGD 
nLLw 
Un 
Ni 
PPD 
SBI 
SWP 
Se 
T AF 
TDS 
THW 
WQCP 
WY 
YOY 
ac 
cf e 

P P ~  
PP=' 
P P ~  
sq. ft. 
eq. mi. 
ug/l 
uahos/cm 

Acre-Foot = 43,560 cubic feet = 325,900 gallon8 
Arsenic 
Biochemical oxygen demand 
U. S. Code of Federal Regulation8 
Chemical oxygen demand 
Central Valley Project 
Chloride ion 
SWRCB Water Righte Decieion 1485 
Delta-Wendota Canal 
Dieeolved oxygen 
Delta outflov index 
Electrical conductivity 
San Francisco Bay-Delta Estuary 
Flow etudy areate) 
nillion acre feet 
Willion(s of) gallone per day 
Uean lower low vater 
Hanganeee 
Nickel 
Pollutant Policy Document 
Striped bee8 index 
State Water Project 
Selenium 
Thoueand acre feet 
Total dissolved (filterable) solid8 
Trihalomethane 
Water Quality Control Plan 
Water year (October 1 through September 30) 
Young-of-year 
Acre = 43,560 equare feet 
Cubic feet per second = 448.8 gallone per minute = 
1.983 acre-feet per day 
Foot or feet 
Grams per liter 
Gallone per capita per day 
Hour ( e ) 
Pound 
Weter or metere = 3.28 feet 
Willigrams per liter 

a 4 
Hillimhos per centimeter (a measure of electrical 
conductivity) 
Parte per billion (approximately equal to ug/l) 
Parte per million (approximately equal to mg/l) 
Parte per thoueand (approximately equal to gill 
Square foot or feet I I 

Square mile = 640 acree = 259 hectare8 
Wicrograme per liter 
Hicromhoe per centimeter 



APPENDIX D 

Map of Water Quality Control Stations 
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O Current Water Quality Control Station 
0 New Water Quality Control Station 

Suisun Marsh Boundary - Legal Delta Boundary 

C-2 Sacramento River at Collinsville Road 
S-64 Montezuma Slough at National Steel 
S-49 Montezuma Slough near Beldon Landing 
S-42 Suisun Slough 300 ft. of Volanti Slough WATER QUALITY CONTROL STATIONS 
S-75 Goodyear Slough South of proposed Goodyear Slough Control Structure 
S-97 Cordelia Slough at Cordelia-Goodyear Ditch 
S-21 Chadbourne Slough at Chadbourne Road STATE OF CAUFORNIA 
S-35 Goodyear Slough at Morrow Island Clubhouse STATE WATER RESOURCES CONTROL BOARD 
S-33 Cordelia Slough, 500 ft. West of Southern Pacific crossing at Cygnus 0 

NOTE 
SACRAMENTO-SAN JOAQUIN DELTA 

8Asr U A P  Br THE IURLAU OF R C C L A M A T I O N  
a 


